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ABSTRACT 

 Pruet Production Co. and the Center for Sedimentary Basin Studies at the University of 

Alabama, in cooperation with Texas A&M University, Mississippi State University, University 

of Mississippi, and Wayne Stafford and Associates are undertaking a focused, comprehensive, 

integrated and multidisciplinary study of Upper Jurassic Smackover carbonates (Class II 

Reservoir), involving reservoir characterization and 3-D modeling and an integrated field 

demonstration project at Womack Hill Oil Field Unit, Choctaw and Clarke Counties, Alabama, 

Eastern Gulf Coastal Plain. 

 The principal objectives of the project are: increasing the productivity and profitability of 

the Womack Hill Field Unit, thereby extending the economic life of this Class II Reservoir and 

transferring effectively and in a timely manner the knowledge gained and technology developed 

from this project to producers who are operating other domestic fields with Class II Reservoirs. 

 The principal research efforts for Year 3 of the project have been recovery technology 

analysis and recovery technology evaluation. The research focus has primarily been on well test 

analysis, 3-D reservoir simulation, microbial core experiments, and the decision to acquire new 

seismic data for the Womack Hill Field area. 

 Although Geoscientific Reservoir Characterization and 3-D Geologic Modeling have been 

completed and Petrophysical and Engineering Characterization and Microbial Characterization 

are essentially on schedule, a no-cost extension until September 30, 2003, has been granted by 

DOE so that new seismic data for the Womack Hill Field can be acquired and interpreted to 

assist in the determination as to whether Phase II of the project should be implemented. 
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INTRODUCTION 

 Pruet Production Co. and the Center for Sedimentary Basin Studies at the University of 

Alabama, in cooperation with Texas A&M University, Mississippi State University, University 

of Mississippi, and Wayne Stafford and Associates are undertaking a focused, comprehensive, 

integrated and multidisciplinary study of Upper Jurassic Smackover carbonates (Class II 

Reservoir), involving reservoir characterization and 3-D modeling and an integrated field 

demonstration project at Womack Hill Oil Field Unit, Choctaw and Clarke Counties, Alabama, 

Eastern Gulf Coastal Plain. 

 Estimated reserves for Womack Hill Field are 119 million barrels of oil. During the 

production history of the field, which began in 1970, 30 million barrels of oil have been 

produced. Conservatively (additional 10-20 percent), another 12 to 24 million barrels of oil 

remains to be recovered through the application of advanced technologies in optimizing field 

management and production. Womack Hill Field is one of 57 Smackover fields in the regional 

peripheral fault trend play of the eastern Gulf Coastal Plain. To date, 674 million barrels of oil 

have been produced from these fields. The fields in this play have a common petroleum trapping 

mechanism (faulted salt anticlines), petroleum reservoir (ooid grainstone and dolograinstone 

shoal deposits), petroleum seal (anhydrite), petroleum source (microbial carbonate mudstones), 

overburden section, and timing of trap formation and oil migration. Therefore, the proposed 

work at Womack Hill Field is directly applicable to these 57 fields and can be transferred to 

Smackover fields located along this fault trend from Florida to Texas. 

 Phase I (3.0 years) of the proposed research involves characterization of the shoal reservoir at 

Womack Hill Field to determine reservoir architecture, heterogeneity and producibility in order 

to increase field productivity and profitability. This work includes core and well log analysis;  
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sequence stratigraphic, depositional history and structure study; petrographic and diagenetic 

study; and pore system analysis. This information will be integrated with 2-D seismic data and 

probably 3-D seismic data to produce an integrated 3-D stratigraphic and structural model of the 

reservoir at Womack Hill Field. The results of the reservoir characterization and modeling will 

be integrated with petrophysical and engineering data and pressure communication analysis to 

perform a 3-D reservoir simulation of the field reservoir. The results from the reservoir 

characterization and modeling will also be used in determining whether undrained oil remains at 

the crest of the Womack Hill structure (attic oil), in assessing whether it would be economical to 

conduct strategic infill drilling in the field, and in determining whether the acquisition of 3-D 

seismic data for the field area would improve recovery from the field and is justified by the 

financial investment. Parallel to this work, engineers are characterizing the petrophysical and 

engineering properties of the reservoir, analyzing the drive mechanism and pressure 

communication (through well performance data), and developing a 3-D reservoir simulation 

model. Further, the engineering team members will determine what, if any, modifications should 

be made to the current pressure maintenance program, as well as assess what, if any, other 

potential advanced oil recovery technologies are applicable to this reservoir to extend the life of 

the field by increasing and maintaining productivity and profitability. Also, in this phase, 

researchers are studying the ability of in-situ micro-organisms to produce a single by-product 

(acid) in the laboratory to determine the feasibility of initiating an immobilized enzyme 

technology project at Womack Hill Field Unit. 

 Phase II (2.5 years) of the proposed research will proceed along three lines if the results from 

Phase I justify the continuance of this work. Line 1 involves the integration of the 3-D seismic 

imaging of the structure and reservoir into the 3-D geologic model to assess the merits of 
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conducting a strategic infill drilling program in the field, including drilling in the interwell area 

and a crestal well, and if new well(s) are drilled assess by using fracture identification log 

technology whether a lateral-multilateral completion for these wells would be successful. Line 2 

involves integrating the data obtained from the 3-D seismic imaging, petrophysical and 

engineering data acquired from drilling new wells using lateral-multilateral well completions, 

and the results of the analysis of the well performance data (field/well pressure and rate 

histories). These integrated data will be used to refine the 3-D reservoir simulation model, 

implement modifications to the pressure maintenance program, and initiate any additional 

activities, such as further infill drilling and/or advanced oil technology applications to improve 

recovery. Line 3 involves confirming the ability of in-situ micro-organisms to produce a single 

by-product (acid) and injecting nutrients into the field reservoir to sustain the cells rather than to 

support cell proliferation for initiation of the immobilized enzyme technology project. 

 Phase III (0.5 year) of the proposed project involves monitoring the enhanced pressure 

maintenance program and advanced technology application project, and evaluating the viability 

of entering existing field wells for lateral-multilateral well completions to improve field 

productivity and profitability. Also, the immobilized enzyme technology project will be 

monitored to evaluate the impact of this technique on overall oil recovery from the field. 

 The objectives of this project are as follows: 

 1. Increase the productivity and profitability of the Womack Hill Field Unit, thereby 

extending the economic life of this Class II Reservoir and enhancing National economic and 

energy security. 
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 2. Demonstrate the feasibility of transferring the knowledge gained and technology 

developed from previous studies of Class II Reservoirs to the analysis of the Womack Hill 

shallow shelf (ramp) carbonate reservoir. 

 3. Demonstrate to producers in the Eastern Gulf Region the significance and procedures 

for developing an integrated reservoir approach based on geological, geophysical, petrophysical, 

and well performance data, highlighting reservoir characterization activities and utilizing 3-D 

reservoir simulation as mechanisms for making decisions regarding field operations, such as 

selecting well locations for strategic infill drilling, identifying wells for recompletion (and/or 

simulation), as well as for constructing and implementing programs of reservoir surveillance. 

 4. Demonstrate to producers in the Eastern Gulf Region the value of 3-D reservoir 

simulation in the design, implementation, and maximizing of a pressure maintenance program, 

including optimization of injection wells, well locations, and injection-production balancing, and 

the value of chemistry and chemical agents that can be used to improve injection conformance 

and increase oil recovery. 

 5. Demonstrate the usefulness of 3-D seismic imaging in defining the productive limits of 

the reservoir. 

 6. Demonstrate the value and utility of strategically targeted infill drilling to improve the 

productivity and profitability of heterogeneous carbonate reservoirs, including drilling wells that 

are optimal in the sense of location, well completion components, and well stimulation. 

 7. Demonstrate the usefulness of lateral-multilateral well completions in naturally 

fractured carbonate reservoirs to increase reservoir producibility. 

 8. Demonstrate the utility of an immobilized enzyme technology project to increase oil 

recovery effectiveness and efficiency. 



 

 5

 9. Transfer the knowledge gained, technology developed and successes and failures of this 

project to producers who are operating other fields with Class II Reservoirs through technology 

workshops, presentations at professional meetings, and publications in scientific and trade 

journals. 

 10. Contribute to the knowledge base on carbonate sequence stratigraphy, depositional 

systems, lithofacies analysis, diagenesis, and pore systems and to the understanding of carbonate 

reservoir architecture, heterogeneity and producibility, carbonate petroleum systems, fluid-rock 

interactions, petrophysical properties of carbonates, reservoir drive mechanisms and pressure 

communication in carbonates, immobilized enzyme recovery process, 3-D seismic imaging in 

carbonates, lateral-multilateral well completions in fractured carbonate reservoirs, and the 

dynamics of effective and balanced pressure maintenance in heterogeneous grainstone and 

dolograinstone reservoirs. 

 The principal problem at Womack Hill Field is productivity and profitability. With time, 

there has been a decrease in oil production from the field, while operating costs in the field 

continue to increase. In order to maintain pressure in the reservoir, increasing amounts of water 

must be injected annually. These problems are related to cost-effective, field-scale reservoir 

management, to reservoir connectivity due to carbonate rock architecture and heterogeneity, to 

pressure communication due to carbonate petrophysical and engineering properties, and to 

cost-effective operations associated with the oil recovery process. 

 Improved reservoir producibility will lead to an increase in productivity and profitability. To 

increase reservoir producibility, a field-scale reservoir management strategy based on a better 

understanding of reservoir architecture and heterogeneity, of reservoir drive and communication 

and of the geological, geophysical, petrophysical and engineering properties of the reservoir is 
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required. Also, an increased understanding of these reservoir properties should provide insight 

into operational problems, such as why the reservoir is requiring increasing amounts of 

freshwater to maintain the desired reservoir pressure, why the reservoir drive and oil-water 

contact vary across the field, how the multiple pay zones in the field are vertically and laterally 

connected and the nature of the communication within a pay zone. 

 Several potential opportunities have been identified which could lead to increased reservoir 

productivity. First, the drilling of the Dungan Estate Unit 14-5 well in Sec. 14, T.10N., R.2W. 

suggests that undrained oil (attic) may be present on the crest of the Womack Hill Field 

structure. The 14-5 well encountered oil in the Norphlet and Smackover at a horizon that 

previously was not productive in the field. These productive zones were structurally higher in 

this well then encountered in any of the field wells prior to the drilling of the 14-5 well. 

 Second, field scale heterogeneity affects the producibility of the reservoir. A major barrier to 

flow separates the field reservoir into a western portion and an eastern portion and results in 

structural compartmentalization in Womack Hill Field. This flow barrier dramatically impacts 

production strategy in the field. Only the western portion of the field has been unitized and only 

this part of the reservoir is experiencing pressure maintenance. The reservoir drive mechanism in 

the eastern portion of the field is a strong bottom-up water drive, while the drive mechanism in 

the western portion of the field is primarily solution gas. This flow barrier has been interpreted to 

be a major fault (megascopic heterogeneity) or change in permeability. If the barrier to flow is a 

result of lower permeability, the reduction in permeability could be due to a change in 

mesoscopic heterogeneity (depositional facies change), a change in microscopic heterogeneity 

(diagenetic change), or a combination of the two processes. Also, there are multiple shoal 

lithofacies in the field. The nature of the communication among and within these multiple pay 
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zones is unclear at this time. Carbonate depositional systems involve the complex interaction of 

biological, chemical and physical processes. Further, the susceptibility of carbonates to alteration 

by early to late diagenetic processes dramatically impacts reservoir heterogeneity. Diagenesis is 

the fundamental influence in determining which carbonate deposits will become seals, which 

will become reservoirs, and what the nature of the reservoir quality and producibility will be. 

Reservoir characterization and the study of heterogeneity, therefore, becomes a major task 

because of the physiochemical and biological origins of carbonates and because of the masking 

of the depositional rock fabric and reservoir architecture principally due to dolomitization. Thus, 

greater lithofacies and/or diagenetic variability (greater reservoir heterogeneity) translates into 

more difficulty in predicting between wells (interwell areas) at any spacing but particularly at 

Womack Hill Field were the well spacing is as great as 120 acres. 

 Third, prior investigations have suggested that Smackover carbonate reservoirs should be 

naturally fractured at depths of 11,000 ft. Therefore, well completions, such as lateral-

multilateral completions, that utilize the fractured nature of these carbonates should lead to 

increased producibility of the field. 

 Fourth, understanding and accurately predicting the flow units and barriers to flow in this 

heterogeneous reservoir is vital to improving producibility. An enhanced pressure maintenance 

program, advanced oil recovery application, and/or immobilized enzyme technology project that 

accounts for inherent properties of this heterogeneous reservoir, multiple pay zones, and the 

nature of the variable drive mechanisms and oil-water contacts in the field should result in 

increased producibility of Womack Hill Field. The improved connectivity in this compartmental-

ized reservoir should result in the production of more incremental oil. 
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 The project will build on the experiences and lessons learned from the previous Class II 

Reservoir studies. Techniques, methods and technologies utilized in previous studies will be 

applied and modified accordingly for application to the Womack Hill reservoir. These 

technologies and techniques include reservoir characterization and modeling, reservoir 

simulation, 3-D seismic imaging, infill drilling, horizontal/lateral drilling, and waterflood design 

for Class II reservoirs. The particular advanced technologies applied will include developing an 

integrated geoscientific and engineering digital database for Womack Hill Field, characterizing 

the Smackover reservoir and modeling (in 3-dimensions) these heterogeneous carbonates for 

cost-effective management of the reservoir on a fieldwide scale and for making decisions 

regarding field operations. These data and this modeling will be integrated with petrophysical 

properties of the reservoir, field pressure and production data, and other engineering information 

and used in 3-D reservoir simulation to evaluate the effectiveness of the existing pressure 

maintenance program and to assess the viability of initiating other advanced oil recovery 

applications in the field. These data and 3-D geologic modeling will also be utilized in 

developing an infill drilling strategy for this heterogeneous reservoir. 

 The project results will be vigorously transferred to producers through five technology 

workshops in project Years 4, 5 and 6. The first workshop (Year 4) will focus on the results of 

Phase I of the project and will include carbonate reservoir characterization, data integration, 

carbonate reservoir modeling, and 3-D reservoir simulation. The second workshop (Year 5) will 

focus on aspects of the integrated field demonstration project and will include the results of the 

3-D seismic imaging and the new wells drilled in the field. Workshops 3, 4 and 5 (Year 6) will 

focus on the results of using lateral-multilateral well completions in the field, results of the 

enhanced pressure maintenance program and advanced oil recovery application project, and the 
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results of the immobilized enzyme technology project. These workshops will be conducted in 

cooperation with the Eastern Gulf Region (EGR) of the Petroleum Technology Transfer Council 

(PTTC). 

EXECUTIVE SUMMARY 

 Pruet Production Co. and the Center for Sedimentary Basin Studies at the University of 

Alabama, in cooperation with Texas A&M University, Mississippi State University, University 

of Mississippi, and Wayne Stafford and Associates are undertaking a focused, comprehensive, 

integrated and multidisciplinary study of Upper Jurassic Smackover carbonates (Class II 

Reservoir), involving reservoir characterization and 3-D modeling and an integrated field 

demonstration project at Womack Hill Oil Field Unit, Choctaw and Clarke Counties, Alabama, 

Eastern Gulf Coastal Plain. 

 Phase I (3.0 years) of the proposed research involves characterization of the shoal reservoir at 

Womack Hill Field to determine reservoir architecture, heterogeneity and producibility in order 

to increase field productivity and profitability. This work includes core and well log analysis; 

sequence stratigraphic, depositional history and structure study; petrographic and diagenetic 

study; and pore system analysis. This information will be integrated with 2-D seismic data and 

probably 3-D seismic data to produce an integrated 3-D stratigraphic and structural model of the 

reservoir at Womack Hill Field. The results of the reservoir characterization and modeling will 

be integrated with petrophysical and engineering data and pressure communication analysis to 

perform a 3-D reservoir simulation of the field reservoir. The results from the reservoir 

characterization and modeling will also be used in determining whether undrained oil remains at 

the crest of the Womack Hill structure (attic oil), in assessing whether it would be economical to 

conduct strategic infill drilling in the field, and in determining whether the acquisition of 3-D 
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seismic data for the field area would improve recovery from the field and is justified by the 

financial investment. Parallel to this work, engineers are characterizing the petrophysical and 

engineering properties of the reservoir, analyzing the drive mechanism and pressure 

communication (through well performance data), and developing a 3-D reservoir simulation 

model. Further, the engineering team members will determine what, if any, modifications should 

be made to the current pressure maintenance program, as well as assess what, if any, other 

potential advanced oil recovery technologies are applicable to this reservoir to extend the life of 

the field by increasing and maintaining productivity and profitability. Also, in this phase, 

researchers are studying the ability of in-situ micro-organisms to produce a single by-product 

(acid) in the laboratory to determine the feasibility of initiating an immobilized enzyme 

technology project at Womack Hill Field Unit. 

 The principal problem at Womack Hill Field is productivity and profitability. With time, 

there has been a decrease in oil production from the field, while operating costs in the field 

continue to increase. In order to maintain pressure in the reservoir, increasing amounts of water 

must be injected annually. These problems are related to cost-effective, field-scale reservoir 

management, to reservoir connectivity due to carbonate rock architecture and heterogeneity, to 

pressure communication due to carbonate petrophysical and engineering properties, and to 

cost-effective operations associated with the oil recovery process. 

 Improved reservoir producibility will lead to an increase in productivity and profitability. To 

increase reservoir producibility, a field-scale reservoir management strategy based on a better 

understanding of reservoir architecture and heterogeneity, of reservoir drive and communication 

and of the geological, geophysical, petrophysical and engineering properties of the reservoir is 

required. Also, an increased understanding of these reservoir properties should provide insight 
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into operational problems, such as why the reservoir is requiring increasing amounts of 

freshwater to maintain the desired reservoir pressure, why the reservoir drive and oil-water 

contact vary across the field, how the multiple pay zones in the field are vertically and laterally 

connected and the nature of the communication within a pay zone. 

 The principal research efforts for Year 3 of the project have been recovery technology 

analysis and recovery technology evaluation. The research focus has primarily been on well test 

analysis, 3-D reservoir simulation, microbial core experiments, and the decision to acquire new 

seismic data for the Womack Hill Field area. 

 Geoscientific Reservoir Characterization has been completed. The upper part of the 

Smackover Formation is productive from carbonate shoal complex reservoirs that occur in 

vertically stacked heterogeneous porosity cycles (A, B, and C). The cycles typically consist of 

carbonate mudstone/wackestone at the base and ooid and oncoidal grainstone at the top. The 

carbonate mudstone/wackestone lithofacies has been interpreted as restricted bay and lagoon 

sediments, and the grainstone lithofacies has been described as beach shoreface and shoal 

deposits. Porosity has been enhanced through dissolution and dolomitization. The grainstone 

associated with Cycle A is dolomitized (upper dolomitized zone) in much of the field area. 

Although Cycle A is present across the field, its reservoir quality varies laterally. Dolomitization 

(lower dolomitized zone) can be pervasive in Cycle B, Cycle C and the interval immediately 

below Cycle C. Cycle B and Cycle C occur across the field, but they are heterogeneous in 

depositional texture and diagenetic fabric laterally. Porosity is chiefly solution-enlarged 

interparticle, grain moldic and dolomite intercrystalline pores with some intraparticle and vuggy 

pores. Pore systems dominated by intercrystalline pores have the highest porosities. Median pore 

throat aperture tends to increase with increasing porosity. Probe permeability strongly correlates 
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with median pore throat aperture, and tortuosity increases with increasing median pore throat 

aperture. Larger tortuosity and median pore throat aperture values are associated with pore 

systems dominated by intercrystalline pores. 

 Petrophysical and Engineering Characterization has included extensive efforts to integrate 

and correlate the core and well log data for the field. Reservoir permeability has been correlated 

with core porosity, gamma ray well log response, and resistivity well log response. The 

petrophysical data have been segregated into flow units prescribed by the geological data, and 

for the data in these flow units a histogram of core porosity and the logarithm of core perme-

ability were prepared. These histograms yield statistical measures, such as the mean and median 

values, which will be used to develop spatial distributions and to provide data for the numerical 

simulation model. Evaluations of production, injection and shut-in bottomhole pressure data for 

the field have been interpreted and analyzed using appropriate mechanisms, such as decline type 

curve analysis and estimated ultimate recovery analysis. The volumetric results are relevant as 

virtually every well yielded an appropriate signature for decline type curve analysis. However, a 

discrepancy in the estimate of total compressibility for this system has arisen, and the absolute 

volumetric results will need to be revised. The estimation of flow properties, such as perme-

ability and skin factor has emerged as a problematic issue because little early time data, which 

are required for this analysis, are available. Therefore, the results of these analyses should be 

considered qualitative. The correlation of estimated ultimate recovery and the Nc  product is 

consistent suggesting that a strong relationship exists between contacted oil-in-place and 

recovery. 

 Microbial Characterization has involved initially taking water samples and core samples 

from wells in the Womack Hill Field that yielded no micro-organisms capable of growing at 
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90˚C. This result was due to a combination of factors, including the fact that the core samples 

were exposed to air for decades and the equipment necessary to maintain an anaerobic 

environment was inadequate. Well cuttings from the Smackover Formation acquired from a field 

near Womack Hill Field were analyzed for micro-organisms. Growth of micro-organisms was 

evident in the samples prepared from these well cuttings in association with oil from the 

Womack Hill Field. These organisms consumed ethanol and are presumed to produce carbon 

dioxide or the gas was derived from organic acids produced from the oil reacting with carbonate. 

These findings suggest that micro-organisms capable of producing acetic acid from ethanol have 

a high probability of being present in Womack Hill Field and of being induced to grow and be 

metabolically active at the subsurface temperature in the reservoir. 

 A 3-D Geologic Model has been constructed for the Womack Hill Field structure and 

reservoir(s). The 3-D geologic modeling shows that the petroleum trap is more complex than 

originally interpreted. The geologic modeling indicates that the trap in the western part of the 

field is a fault trap with closure to the south against the fault, and that the trap in the central and 

eastern parts of the field is a faulted anticline trap with four-way dip closure. The pressure 

difference between wells in the western and central parts of the field and wells in the eastern part 

of the field may be attributed to a flow barrier due to the presence of a north-south trending fault 

in the field area. The modeling shows that the Smackover reservoirs are heterogeneous. Four 

reservoir intervals are identified in the field area: Cycle A, Cycle B, Cycle C, and the interval 

immediately below Cycle C. A permeability barrier to flow is present potentially between the 

western and eastern parts of the field. 

 A 3-D Reservoir Simulation of the Womack Hill Field reservoir(s) has been accomplished. 

The static data for the reservoir simulation model were obtained from the 3-D geologic model. 
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The geologic model was upscaled from 77 layers to 17 layers for the simulation. The simulation 

tasks have included model construction and history matching. The results are acceptable in a 

qualitative sense but concerns remain regarding the availability of recent reservoir pressure data 

and recorded water production data prior to 1990 for an accurate history match. 

 Microbial Core Experiments have shown that the acid produced from ethanol will react with 

calcium carbonate, and a facility to conduct core flood studies at 90°C has been assembled. 

Growth of the oil-degrading cultures that grow at 90°C are growing very slowly in cores 

comprised of dolomite (dolostone) as compared to calcite (limestone). Because the solubility of 

dolomite in association with anhydrite is significantly less than that of calcite, longer exposure to 

bacterially-produced acetic acid may be necessary to produce the desired dissolution and 

resulting porosity/permeability enhancement. In that much of the Womack Hill Field reservoir is 

dolomitized, this observation is significant to the immobilized enzyme technology project. 

 Recovery Technology Evaluation, involving the results of the geoscientific reservoir 

characterization, petrophysical and engineering characterization (well test analysis), 3-D 

geologic modeling, and 3-D reservoir simulation, have shown that certain areas of Womack Hill 

Field contain oil that potentially has not been drained using current field operations. Four 

specific areas have been identified as priority areas for infill drilling or using lateral completion 

technology in existing wells. These priority areas would benefit from further assessment through 

refined seismic interpretation resulting from the acquisition of new seismic data. 

EXPERIMENTAL 

 Overview 

 The principal research efforts for Year 3 of the project have been recovery technology 

analysis and recovery technology evaluation. The research focus has primarily been on well test 
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analysis, 3-D reservoir simulation, microbial core experiments, and the decision to acquire new 

seismic data for the Womack Hill Field area. 

 Work Accomplished in Year 3 

 Task RTA-2. 3-D Reservoir Simulation 

 Description of Work.--This task builds a numerical simulation model for the Womack Hill 

Field that is based on the 3-D geologic model (stratigraphic and structural framework), 

petrophysical properties, fluid (PVT) properties, fluid-rock properties, and the results of the well 

performance analysis (Tables 1 and 2). The geological/geophysical model will be coupled with 

the results of the well performance analysis to determine flow units, as well as reservoir-scale 

barriers to flow. The purpose of this work is to build forecasts for the Womack Hill Field that 

consider the following scenarios: base case (continue field management as is); optimization of 

production practices (optimal well completions, including stimulation, injection/production 

balancing, etc.); active reservoir management (includes replacement and development wells); 

targeted infill drilling program; and enhanced oil recovery scenarios of gas injection, 

water/chemical injection, and immobilized enzyme technology. 

 Rationale.--This task is the critical step for any enhanced oil recovery technology. Reservoir 

simulation is used to forecast expected reservoir performance, to forecast ultimate recovery, and 

evaluate different production development scenarios. In itself, modeling of the current scenario 

at Womack Hill Field is necessary to establish whether or not the existing efforts in reservoir 

management (i.e., evaluation of the existing pressure maintenance program) are sufficient, and if 

not, how could these activities provide optimal performance. Conceptually, it is important to 

understand (i.e., be able to model) the current behavior at Womack Hill Field prior to initiating 

any new activities. Probably the most important aspect of the simulation work will be the setup  
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Table 2 
   

Milestone ChartYear 3 
 

Reservoir Characterization Tasks (Phase I) M J J A S O N D J F M A 

 Recovery Technology Analysis        
             
  3-D Simulation        
 xxxxxxxxxxxxxxxxxxxxx       
             
  Core Experiments        
 xxxxxxxxxxxxxxxxxxxxx       
             
 Recovery Technology Evaluation             
             
  3-D Seismic          
       xxxxxxxxxx    
             
  Pressure Maintenance             
             
  IET Concept             
             
 Decision for Implementation             
              

 
 Work Planned  
 Work Accomplished xx 
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phase. Developing a detailed reservoir model for the Womack Hill Field is essential because this 

is a geologically complex system, and the long production/injection history has not been 

evaluated relative to a detailed reservoir description. Much should be learned about the reservoir, 

including in particular, insight regarding the carbonate reservoir architecture and regarding the 

inherent heterogeneities in such a complex reservoir system. 

 Subtask 1 is the setup phase and will be conducted in conjunction with the creation and 

validation of the integrated reservoir description. However, this work has more specific goals 

than simply building the simulation data file. Considerable effort will go into the validation of 

the petrophysical, fluid (PVT), and fluid-rock properties to establish a benchmark case, as well 

as bounds (uncertainty ranges) on these data. In addition, well performance data will be 

thoroughly reviewed for accuracy and appropriateness. 

 Subtask 2 is the history matching phase. In this phase we will continue to refine and adjust 

data similar to the previous subtask, but in this work the focus will be to establish the most 

representative numerical model for the Womack Hill Field. Adjustments will undoubtedly be 

made to all data types, but as a means to ensure appropriateness, these adjustments will be made 

in consultation and collaboration with the geoscientists on the research team. In this phase, the 

goal is not to obtain a perfect match of the model and the field data, but rather to scale-up the 

small-scale information (core, logs, etc.) in order to yield a representative reservoir model. We 

envision the use of a black oil formulation, but it is conceivable that a compositional model may 

be incorporated if the black oil formulation is deemed insufficient. 

  3-D Reservoir Simulation 

 The static data for the reservoir simulation model, i.e. permeability, porosity and geometry 

were obtained from the 3-D geologic model. This model was "upscaled" for simulation purposes. 
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This is necessary so that the simulation can be run over the thirty years of field history in a 

reasonable time (usually 2 to 4 hours). We note that the geologic software only interpolates 

petrophysical data from known values at the wells. This may result in the property distributions 

being too "smooth" i.e. small scale interwell heterogeneity is neglected. The permeability of 

zones A, B and C of the geologic model are shown on Figure 1. The fluid property (PVT) data 

for the model came from one fluid report on a fluid sample from Well Permit #1639. Figures 2 

and 3 show the reported oil formation volume factor and oil viscosity functions. No special core 

analysis is available with measured relative permeability and capillary pressure. These 

parameters were therefore treated as history matching parameters. Sensitivity studies with the 

simulator show that the simulated results are quite sensitive to the saturation endpoints. The oil-

water contact has been reported as 11,360 ft. This was varied during history match but seems to 

be a reasonable location. Once the capillary pressure and oil-water contact location were defined 

in a particular run the simulation was initialized with an initial fluid distribution (Fig. 4). 

Production data for the study was obtained from the State Oil and Gas Board of Alabama 

records. Injection data were obtained from Pruet Production Co. Data were reported monthly 

which may mask some variability. Well completion/perforation depths were also obtained from 

the State Oil and Gas Board of Alabama records. The dates on which perforations were made 

(important in the case of recompletions) is being obtained from Pruet. We note there have been 

some significant changes in production operations in the field. In 1990-91 jet pumps were 

installed in all production wells. We are uncertain whether the increase in the field watercut that 

occurred at that time is coincidental with this operational change. Acid treatments were also 

performed periodically in most wells. 
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Figure 1.  Permeability of A, B and C zones in the geological model. 
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Figure 2.  Oil Formation Volume Factor, Well 1639 Womack Hill 

 
 

 
Figure 3.  Oil Viscosity, Well 1639 Womack Hill 
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Figure 4.  Initial fluid distribution 
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 With the completion of the construction of the simulation model for the Womack Hill Field, 

the task of history matching has been undertaken. The history matching process initially made 

global changes to the model (changing the oil-water contact depth or changing the aquifer 

strength) in order to achieve the best possible match of the reported water and oil production 

data. Of particular interest were parameters related to possible communication between the 

western and eastern portions of the field. To evaluate this communication scenario, a series of 

reservoir simulation runs were performed based on the following assumptions: a strongly sealing 

barrier between these two zones, a weak barrier between the zones, and no barrier at all. 

Reservoir simulation runs were also performed with an aquifer underlying the entire reservoir as 

well as with an aquifer underlying only the eastern portion of the reservoir. In Table 3, we 

provide the parameters considered in a systematic set of reservoir simulation runs which were 

designed to evaluate the influence of the location of the oil-water contact, aquifer orientation, 

aquifer strength, and the east-west transmissibility barrier. 

 The results of these parameter variations are shown in the form of a "tornado chart" in 

Figure 5. The tornado chart is a bit ambiguous for this particular application, so some 

explanation is in order. Each of the horizontal trends of points in this figure represents a set of 

simulation runs generated using every possible combination of the four parameters given in 

Table 3. The runs are coded by symbol and color in each horizontal trend according to the value 

of a particular parameter. Figure 5 shows that the location of the oil-water contact has the most 

consistent impact on the cumulative water production from the field. 

 The data presented in Figure 5 were further analyzed to assess which of the parameter 

combinations ensured that, as much as possible, the water produced from the field was assigned 

to the correct wells. Two additional "tornado charts" were produced (as shown in Figs. 6 and 7).  
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Table 3.  Parameters varied in a systematic assessment of global parameters 
 on field-wide performance. 

 

Parameter  Variations 

Oil-water contact depth, ft 11,330 ft 
 11,340 ft 
 11,350 ft 
  

Aquifer location Underlying entire reservoir 
 Underlying Eastern portion of the reservoir only 
  

Aquifer Infinite aquifer 
 Aquifer strength reduced by a factor of 0.1 
  

East/west barrier Strong (transmissibility reduced by a factor of 0.01) 
 Weak (transmissibility reduced by a factor of 0.1) 
 No barrier 
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Figure 5.  "Tornado chart" representation of the effect of global parameter varia-tions described in Table 1 
for cumulative oil production (Womack Hill Field). 

 
 
 
 

 
 

Figure 6.  "Tornado chart" representation of the effect of global parameter varia-tions described in Table 1 
on the sum of the water production mis-match over all wells in the Womack Hill Field. 
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Figure 7.  "Tornado chart" representation of the effect of global parameter varia-tions described in Table 1 
on the sum of the squared percentage error in water mismatch over all wells in the Womack Hill Field. 
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In Figure 6, we present the data in terms of the total water production misfit (the sum over all 

wells of the absolute percentage difference in the reported and simulated water production from 

the well). This error measure is likely to be dominated by wells with large mismatches between 

simulated and reported water production. This led us to also consider the format shown in 

Figure 7 which presents the data in terms of the sum of the squared percentage error in water 

production over all the wells. These "tornado charts" suggest that the distribution of the produced 

water is predicted best using the oil-water contact depth of 11,350 ft (we note that these results 

and our conclusions are particular to the set of relative permeability and capillary pressure values 

used). 

 The properties of the aquifer and existence of a flow barrier between the eastern and western 

portions of the field could not be clearly determined from this "tornado chart" analysis. In 

subsequent runs an aquifer underlying the eastern portion of the field only was used in the 

reservoir simulation (we note that this assumption was supported by the differing pressure 

behavior in wells from both sides of the field). 

 After completing our assessment of major factors using the "tornado chart" analysis, we 

conducted other simulations where we considered "local" changes in various parameters in order 

to achieve optimal matches for the performance of individual wells. These local property 

changes typically involved varying the porosity distribution around a given well, and we also 

considered changes to well productivity indices and the relative permeability curves. We note 

that both stages of the history-matching process (the refinement of "global" and "local" 

parameters) are labor and computation intensive. 

 Table 4 summarizes the match of cumulative water production from the individual wells. It 

should be noted that water production data were not reported before 1980 and may not have been 
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Table 4.  Match of cumulative water production from individual wells. 
 

Well # Actual water production 
(MSTB) 

 Simulated water production 
(MSTB) 

1573  0 0 
1591  0 3,245 
1639  2,219 947 
1655  5,750 6,762 
1667  1,328 3,667 
1678  2,481 3,550 
1720  0 14 
1732  0 103 
1748  243 1184 
1760  0 2 
1781  2,498 2,982 
1804  292 546 
1825  0 41 
1826  25 102 
1847  5,447 2,113 
1890  32 15 
1899  283 575 
2109  5,533 3,118 
2130  720 1,263 
2248  1,860 158 
2257  2,485 2,369 
2263  397 296 
2327  1,632 297 
2341  7,973 3,677 
3452  149 141 
3657  1,472 931 
4575  504 876 
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 accurately reported subsequently (at least prior to 1990). Figure 8 shows the match of the field-

wide watercut versus time and Figures 9 to 20 show the matches of the historical water 

production for individual wells (we only present cases that produced over 1,000 MSTB of 

water). Many of the wells show excellent matches of the historical water rate for at least a 

portion of their productive life. 

 The oil saturation maps based on the current version of the reservoir simulation model are 

shown in Figures 21 to 25. These maps (not to scale) present areal slices through the first five 

layers of the reservoir model (there are 19 layers) and illustrate the remaining oil saturation (as of 

October 2000). These maps imply that there may be sufficient remaining oil which could justify 

a future infill drilling program. 

 The western portion of the unitized part of the field appears to have little remaining oil and 

offers little potential for additional drilling. In the central and eastern portions of the field, there 

are two areas of interest for infill drilling. The first is in the southern part of the field, near Well 

2248 and the fault that forms the southern boundary of the field. Further evaluation of the exact 

geometry of this fault is recommended using a seismic survey to confirm the location of this fault 

relative to the existing wells. The second drilling target is approximately 2,900 ft north of well 

1826 and about 1,050 ft east of well 1732. This area appears to possess both structural elevation 

and remaining oil saturation. As with the first target location, further evaluation is recommended 

in this zone to confirm the reservoir structure (we also recommend the acquisition and analysis 

of additional seismic data in this region of the field). 

 Simulation of a new well in the second target area suggests that oil rates of substantial 

proportions could be achieved, although it is likely that a substantial associated water production 

will also occur (as shown in Figure 26). Realization of these production rates from a new well in 
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Figure 8.  Actual and simulated field-wide watercut versus time in the history matched model. 
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Figure 9.  Actual and simulated watercut versus time for well 1639. 
 

 
 

Figure 10.  Actual and simulated watercut versus time for well 1655. 
 

 
 

Figure 11.  Actual and simulated watercut versus time for well 1667. 
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Figure 12.  Actual and simulated watercut versus time for well 1678. 
 

 
 

Figure 13.  Actual and simulated watercut versus time for well 1781. 
 

 
 

Figure 14.  Actual and simulated watercut versus time for well 1847. 
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Figure 15.  Actual and simulated watercut versus time for well 2109. 
 

 
 

Figure 16.  Actual and simulated watercut versus time for well 2248. 
 

 
 

Figure 17.  Actual and simulated watercut versus time for well 2257. 
 



 34

 

 
 

Figure 18.  Actual and simulated watercut versus time for well 2327. 
 

 
 

Figure 19.  Actual and simulated watercut versus time for well 2341. 
 

 
 

Figure 20.  Actual and simulated watercut versus time for well 3657. 
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Figure 21.  Oil saturation distribution in layer 1 of the history matched model. 
 

 
 

Figure 22.  Oil saturation distribution in layer 2 of the history matched model. 
 

 
 

Figure 23.  Oil saturation distribution in layer 3 of the history matched model. 
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Figure 24.  Oil saturation distribution in layer 4 of the history matched model. 
 

 
 

Figure 25.  Oil saturation distribution in layer 5 of the history matched model. 
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Figure 26.  Simulated performance of a new well drilled in infill target No. 2. 
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 this area is strongly dependent on the existence of the structural elevation, porosity, and 

permeability predicted in the geologic model of the reservoir existing in this area. The predicted 

cumulative production (over five years) for this well is 1,384 MSTB of oil and 172 MSTB of 

water. We concede that these volumes are estimates, but certainly justify consideration. 

 We note that simulation of our hypothetical infill well begins in November 2000 and runs for 

five years. The simulation model has only been history matched to this point because water 

injection data since that time has not yet been made available. Simulation of the new well 

assumes that water injection continues into the reservoir at October 2000 injection rates. A final 

evaluation of the history matched model and locations for additional drilling will require that we 

account for the production and injection profiles that have occurred since October 2000. 

 A satisfactory history match of the performance of the Womack Hill Field has been 

developed using integrated reservoir characterization and reservoir simulation. The history 

matched model implies there is remaining oil in the field which could potentially be accessed by 

drilling at least one additional well in the eastern portion of the field. Further appraisal by acqui-

sition of seismic data is recommended prior to pursuing a drilling program. 

 
 Well Test Analysis 

 In May 2002, a series of pressure transient tests (Fig. 27) were designed and implemented at 

Womack Hill Field for the express purpose of estimating reservoir pressure, effective perme-

ability, skin factor, and a variety of other properties (e.g., fracture half-length (a surrogate for a 

high degree of well stimulation due to a rotational series of acid treatments on individual wells)). 

 The analysis of these well tests was somewhat challenging, particularly because of the need 

for an accurate production or injection history. As such, we chose to be pragmatic—we analyzed 

each case (except Well WH 1655) with accounting for the reported production/injection history 
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Figure 27.  Field Map of Well Locations (bottomhole locations) — Sites of May 2002 Well Tests, Womack 
Hill Field. 
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 contemporary with the particular test. Each well test sequence is summarized and discussed 

below. 

 Well 1655.--Well WH 1655 has produced since 1971 (Fig. 28a), and we note that the 

production trend has a number of decline/recovery trends—indicating stimulation, recompletion, 

or both. The well has been on a constant (exponential) decline in oil production since 1992—

while water production was essentially stable in this period (at about 1500-1800 STBW/D). The 

watercut plot (Fig. 28b) indicates a very high watercut at present, with an apparent stimulation in 

well performance in 1985. Interestingly, the watercut profile consistently increases from 1985 to 

present, despite substantial changes in oil and water production performance. 

 When reviewing the "strip chart" plot (Fig. 28c) for Well WH 1655 the pressure drawdown 

data appear to indicate unreported rate changes. On the other hand, the pressure buildup data are 

very smooth (continuously increasing) and contain no spikes or any apparent inconsistencies in 

the data. In the "summary analysis" plot (Fig. 28d) for Well WH 1655—we note that the pressure 

derivative function has a "zigzag" character indicative of a changing wellbore storage scenario. 

We also note an apparent radial flow region as well as an apparent closed boundary feature in the 

late-time pressure derivative function. The simulated pressure drop and pressure derivative func-

tions match the well test data very well—suggesting a representative model has been developed. 

 While we must be careful not to "over interpret" a particular scenario, the case for reservoir 

compartmentalization is supported by the data and the reservoir model. We believe that the well-

reservoir model proposed for this case is appropriate and accurate. 

 Well 1678.--Well WH 1678 has been a water injection well since 1993 and was put on 

injection as a mechanism for pressure maintenance. We note that Well WH 1678 was put on 

production in 1972 (Fig. 29a) and produced at a very high watercut (Fig. 29b). The injection 



 41

 
 

Figure 28a.  Production History for Well WH 1655 — Womack Hill Field. 
 

 
 

Figure 28b.  Watercut for Well WH 1655 — Womack Hill Field. 
 



 42

 

 
 

Figure 28c.  "Strip Chart" Data Summary Plot (No Analysis) for Well WH 1655 — Womack Hill Field 
(testing sequence of May 2002). 

 

 
 

Figure 28d.  Summary Plot (No Rate History) for Well WH 1655 — Womack Hill Field (testing sequence 
of May 2002). 
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Figure 29a.  Production History for Well WH 1678 — Womack Hill Field. 
 

 
 

Figure 29b.  Watercut for Well WH 1678 — Womack Hill Field. 
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 rate/pressure summary plot (Fig. 29c) shows consistent trends of injection rates and pressures. It 

can be argued (based on analogous behavior in other fields) that the general decline in injection 

rates (log scale) with a relatively constant injection pressure (Cartesian scale) is common for an 

area that is "pressuring-up." In other words, this appears to be a typical injection scenario. 

 From the "strip chart" plot (Fig. 29d) for Well WH 1678, we note that the injection portion of 

the data is severely affected by a cyclic pressure profile that is not synchronous with any natural 

feature (such as tidal motion (for example)). Conversely this behavior is anomalous, and there is 

no obvious explanation—a representative of the operating company has suggested that this is a 

surge and release feature caused by the injection pump and manifold system. This is an entirely 

plausible explanation. Regardless of the cause, the injection portion of the data is rendered 

invalid for analysis without specific data to "deconvolve" the cyclic pressure features. As such, 

we have elected to focus solely on the "pressure falloff" portion of the data (we note that these 

data appear to be smooth and continuous). 

 The pressure falloff data (Fig. 29e) are analyzed presuming that the given injection profile is 

appropriate and are analyzed separately without assuming an injection history (other than having 

a constant injection rate over a protracted time period). Considering the "rate history" case we 

find that the data appear to indicate a strong component of well stimulation (acidization or 

fracturing—for this case a small fracture has probably evolved). From the "no rate history" 

analysis (Fig. 29f), we note that this analysis is essentially identical to the "rate history" case, 

with the noted difference that the configuration of the presumed boundaries are different in these 

cases. In particular, the "rate history" analysis presumes "parallel faults" while the "no rate 

history" case presumes 2 faults at a 90° angle. This analysis confirms our previous contention 

that the Womack Hill reservoir is more compartmentalized than previously thought. It is also  
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Figure 29c.  Injection Data Summary Plot (No Analysis) for Well WH 1678 — Womack Hill Field. 
 

 
 

Figure 29d.  "Strip Chart" Data Summary Plot (No Analysis) for Well WH 1678 — Womack Hill Field 
(testing sequence of May 2002). 
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Figure 29e.  Summary Plot (Includes Rate History) for Well WH 1678 — Womack Hill Field (testing 
sequence of May 2002). 

 

 
 

Figure 29f.  Summary Plot (No Rate History) for Well WH 1678 — Womack Hill Field (testing sequence 
of May 2002). 
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relevant to note that the calculated effective permeability to water is quite high for this case (≈ 6 

md)—however, such an estimate is not improbable given the water-wet character of the 

Smackover rock. 

 Well 1804.--Well WH 1804 is a unique entity in Womack Hill Field—it has been a prolific 

producer since 1973 (Fig. 30a), with a total cumulative oil production of over 3.2 MMSTB. We 

note a unique production history in that the well produced at its physical limit of about 400 

STB/D for almost 17 years before going on decline. We also note that the well responds 

extraordinarily well to stimulation (in this case acid treatments) as can be seen by the production 

response in 1999-2000. Lastly, this well produced no water until 1990—suggesting that natural 

water influx is a major factor. A final comment, more subjective than definitive, is that Well WH 

1804 appears to be producing from an isolated compartment—the well is not located in close 

proximity to other wells, and it is not clear that Well WH 1804 has interference of any kind with 

the wells in its vicinity. 

 From the watercut history (Fig. 30b) for Well WH 1804, we note that water production did 

not occur until 1990 (despite our reservations regarding the produced water records, we have 

confirmed with staff at the operating company that Well WH 1804 did not produce water prior to 

1990). The watercut history is well-behaved, and appears to confirm our suggestion that the 

mechanism for water encroachment is a "slow" water influx. 

 From the "strip chart" plot (Fig. 30c) for Well WH 1804, we note that the most distinguishing 

characteristics shown on this summary plot are the pressure increase during the drawdown (most 

likely the rate is declining during this period) and the very smooth character of the pressure 

buildup profile. As the rate was reported to be constant during the drawdown (and yet the  
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Figure 30a.  Production History for Well WH 1804 — Womack Hill Field. 
 

 
 

Figure 30b.  Watercut for Well WH 1804 — Womack Hill Field. 
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Figure 30c.  "Strip Chart" Data Summary Plot (No Analysis) for Well WH 1804 — Womack Hill Field 
(testing sequence of May 2002). 
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pressure increased during this test sequence), we have concluded that these data can not be 

analyzed without a more detailed rate history (which is not available). 

 From the analysis summary (Figs. 30d, e), we note a very strong indication of substantial 

well stimulation—and our "best match" of the early time data utilizes the model of a vertically 

fractured well of infinite fracture conductivity. This behavior is almost certainly a product of the 

well stimulation practices in use by the current operator for the last few years (i.e., acid 

stimulation). The "later" data suggest two significantly different scenarios—the "includes rate 

history" case indicates an infinite-acting radial flow behavior (which certainly is plausible), 

while the "no rate history" case provides a clear indication of a closed reservoir boundary. 

Unfortunately, these interpretations are somewhat equal in weight as each can be argued from 

both theoretical and practical considerations.  

 The inclusion of the rate history (Fig. 30d) is the most rigorous approach—provided that the 

rate history is accurate. The exclusion of the rate history (Fig. 30e) is often the most practical 

approach as the rate history is frequently unknown (or is given as a poor representation of the 

true behavior). While we would be reluctant to label these interpretations as equally probable, 

both interpretations have strong support—again, from both practical and theoretical standpoints. 

In the end, it is completely unrealistic that such a prolific well would produce as it has from a 

compartment of less than 1 acre (as the analysis suggests)—however, if we separate the result 

from the pressure signature, we must agree that this signature warrants consideration. In 

summary, we will consider the analysis of the "includes rate history" case as the preferred 

analysis/interpretation. Given the strength of the theory and the general conclusion that an 

"uncorrected" signal yields a less viable interpretation, the analysis derived from the “includes 

rate history” case should be given preference. 
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Figure 30d.  Summary Plot (Includes Rate History) for Well WH 1804 — Womack Hill Field (testing 
sequence of May 2002). 

 

 
 

Figure 30e.  Summary Plot (No Rate History) for Well WH 1804 — Womack Hill Field (testing sequence 
of May 2002). 
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 Well 4575-B.--Well WH 4575-B is a replacement well which was drilled and put on 

production in mid-1985 (Fig. 31a). We note that this well is also a prolific producer with a sus-

tained production on the order of 500 STBO/D for about the first 10 years of production. From 

the field map, we note that Well WH 4575-B is located very near the presumed fault that defines 

the southern limit of Womack Hill Field. We also note that Well WH 4575-B began (abruptly) 

producing water in 1995 and the water production rate has recently exceeded the oil production 

rate. We note that the watercut profile (Fig. 31b) is well-behaved, though rapidly increasing. 

 This behavior suggests that water influx in Well WH 4575-B may be tied to a geologic 

mechanism—in particular, it appears from well records that Well WH 4575-B is completed in 

the lowest part of the Upper Smackover sequence (even below the established lower limit of 

"Zone C"). While we can not resolve all of the production character, we can comment that Well 

WH 4575-B is a prolific producer, and it appears that water encroachment/influx is a major influ-

ence. Our intuition is that the water support is more "from the bottom," but this is an intuitive 

conclusion, based on the perforated interval. As a final comment, it is clear that the oil produc-

tion in Well WH 4575-B is declining, and that this decline in oil production is roughly coincident 

with the onset of water production—we advise remedial action such as production logging to 

assess points of entry for water and oil, and possibly efforts to isolate zones of high water 

production. 

 In reviewing the well test data sequence for this case, we can make a summary comment that 

the data quality is excellent and that the execution of the test sequence, though marked by an 

operational issue that required a second drawdown/buildup event, also appears well-coordinated. 

From the "strip chart" (Fig. 31c) for Well WH 4575-B, we find (as noted above) that two 

separate pressure drawdown/buildup sequences are conducted (again, due to an operational 
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Figure 31a.  Production History for Well WH 4575-B — Womack Hill Field. 
 

 
 

Figure 31b.  Watercut for Well WH 4575-B — Womack Hill Field. 
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Figure 31c.  "Strip Chart" Data Summary Plot (No Analysis) for Well WH 4575-B — Womack Hill Field 
(testing sequence of May 2002). 
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 issue). Although both pressure drawdown events appear competent, we focused our activities on 

the analysis and interpretation of the pressure buildup events—in particular, the second (longer 

duration) pressure buildup event. We validated that both buildup events are representative—we 

note a textbook case of a well test sequence with two pressure drawdown/buildup events, in 

particular, the pressure buildup data for both events overlay exactly (Fig. 31d). 

 As with our previous work in the analysis and interpretation of the well test data, we again 

consider the cases of "includes rate history" (Fig. 31e) and "no rate history (Fig. 31f)." These two 

cases illustrate essentially identical "early time" behavior (as we would expect)—again, we find 

the behavior of a stimulated well where we have used the model of a fractured well to best 

represent this behavior (arguably this could also be represented by a large negative skin factor 

and the radial flow model). We then find that both cases exhibit a radial flow signature in the 

pressure derivative function during "middle times" (i.e., the horizontal pressure derivative 

behavior). This flow regime is used to derive the estimate of effective permeability and is one of 

the most distinctive characteristic behaviors illustrated by the pressure derivative function. 

 From the "includes rate history" case, we find that the "late time" behavior of the pressure 

derivative function suggests two parallel, sealing faults. From the "no rate history" case, we find 

that a "fault signature" exists, but in this case the scenario is that of a single fault (as opposed to 

two faults). We could debate the merits of including or not including the rate history—and again, 

we would arrive at the practical issue of whether or not we believe that the rate profile is 

representative. In contrast to that path, we will simply conclude that the well test data for this 

case clearly indicate one or more flow obstructions near the well. Given the proximity of Well 

WH 4575-B to the large normal fault at the southern boundary of the field, we can simply 

conclude that this is conclusive evidence of that feature. 
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Figure 31d.  Well Test Summary Plot (Both Pressure Buildup Sequences) for Well WH 4575-B 
(Drawdown Pressure Derivative Functions) — Womack Hill Field (testing sequence of May 2002). 

 
 

 
 

Figure 31e.  Summary Plot (Includes Rate History) for Well WH 4575-B (Second Pressure Buildup Test 
Only) — Womack Hill Field (testing sequence of May 2002). 
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Figure 31f.  Summary Plot (No Rate History) for Well WH 4575-B (Second Pres-sure Buildup Test Only) 
— Womack Hill Field (testing sequence of May 2002). 
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 Summary of Well Test Results.--The results are presented in Table 5 and in Figures 32 and 

33. 

 In Figure 32 we present a crossplot of permeability calculated from production and well test 

data versus the harmonic average of the permeability from core analysis. Granted these data are 

of different types (the core data are “air permeability” values which are generally higher than the 

“absolute” permeability, and the permeabilities derived from production and well test data are 

“effective” permeabilities (generally to oil)) however, the comparison on a log-log scale suggests 

that it is simply a matter of a “shift” from one type to another. We obtained a relation that 

suggests that the in-situ, effective permeabilities are on the order of 1/80 of the “air” 

permeabilities derived from the core data. 

 Similarly, in Figure 33, we compare the effective permeabilities derived from the production 

data with the effective permeabilities derived from the well test data. There is a considerable 

spread of the data, particularly for the case of Well WH 1678 where we compare oil permeability 

from production data to water permeability from a pressure falloff test sequence. We have placed 

a trend line arbitrarily through the middle of these data, where this trend suggests that the oil 

permeability from production data analysis will be on the order of one-half of the oil 

permeability obtained from well test analysis. Obviously this comparison is an oversimplification 

given the complexity of the data and the small number of well test cases. Regardless, this work 

confirms the utilization of production data to estimate reservoir properties, and we also recognize 

the value of pressure transient testing to assess pressure levels in the reservoir, as well as to 

distinguish reservoir behavior (boundaries, faults, etc). 
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Figure 32.  Data Integration Plot for Production, Well Test, and Petrophysical Analysis Results — Womack 
Hill Field. 
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Figure 33.  Data Integration Plot for Production and Well Test Analysis Results — Womack Hill Field. 
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Table 5. Results summary for well test analysis—Womack Hill Field 
(testing sequence of May 2002). 

 

 
 

Well 

 
Rate 

history 

Well/ 
reservoir 

model 

ko 
(or kw) 
(md) 

koh 
(or kwh) 
(md-ft) 

s or xf 
(dim-less 

or ft) 

Distance 
to boundary 

(ft) 

1655 No ICVF-CWBS 0.873 147 7.89 (ft) 310 (re (circle)) 
1678 Yes RadFlw-WBS-Skin 5.83 1150 -0.031 L1=120, L2=105 (║) 
1678 No RadFlw-WBS-Skin 5.83 1150 -0.031 L1=L2=195 (∟) 
1804 Yes ICVF-CWBS 0.162 19.5 14.0 (ft) (infinite-acting) 
1804 No ICVF-CWBS 0.162 19.5 14.0 (ft) L1=180 (□) 

4575-B Yes ICVF-CWBS 1.34 146 10.1 (ft) L1=L2=69.2 (║) 
4575-B No ICVF-CWBS 1.31 143 10.1 (ft) L1=175 (│) 

 
 Task RTA-3. Core Flood Experiments 

 Description of Work.--This task involves the maximization of the chemical addition 

program using core flood experiments. Live cores are anticipated for use in this work. If live 

cores are not available, artificial cores will be prepared from stratal material from archived cores. 

The cores will be incorporated into the core flood apparatus. The chemical addition program 

from Task RC-3 will be employed initially and changes made to maximize acid production while 

minimizing cell proliferation. All experiments will be conducted under anaerobic conditions at 

reservoir temperature. In addition to the parameters monitored in Task RC-3, a variety of other 

parameters will be monitored including oil recovery and petrophysical characteristics. These 

studies will finalize the chemical addition program to be implemented in the field demonstration 

project. 

 Rationale.--As stated in Task RC-3, researchers at Mississippi State University have 

demonstrated the cost-effectiveness of utilizing the growth of indigenous microbes in enhancing 

the efficiency of an active waterflood for the recovery of incremental oil. This technology 

expands on the previous study by using the ability of in-situ microbes to generate acetic acid as a 
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growth by-product. This IET is applied to a carbonate reservoir at a depth of 11,300 ft. It is 

anticipated that the acetic acid will act to break down the reservoir through dissolution, thereby 

increasing porosity and permeability in less permeable zones of the reservoir. This should result 

in reduced reservoir compartmentalization and more contacted oil, thereby increasing 

producibility of the reservoir.  

 Microbial Core Experiments 

 Results of work performed thus far on this task have shown the following: (1) micro-

organisms have been found in cuttings from the Smackover Formation from a newly drilled well 

near the Womack Field that will grow at 90°C and produce acid from ethanol, (2) the acid 

produced from the ethanol will react with calcium carbonate, and (3) a facility has been 

assembled to conduct core flood studies at 90°C. 

 Growths of the oil-degrading cultures that grow at 90°C are growing very slowly and it was 

decided to try to conduct some studies at 30°C for ease of operation. The cores employed in this 

experiment were received from Omni Laboratories, in Pearl, Mississippi, and were characterized 

as dolomite (dolostones). The cores were evacuated and filled with injection water containing 

anaerobic oil-degrading bacteria. The cores were then placed in Hassler Sleeves and treated with 

various solutions as shown in Table 6. A pressure of 100 psi was employed in Cell 1, while a 

pressure of 300 psi was required for Cell 2. The flow rates for this set of cores were much lower 

than was observed in previous experiments, especially for the core in Cell 2. One possible 

explanation for the inability of the treatment regime employed for Cell 2 could have been caused 

by the lack of calcite in this core. Further explanation as to why the treatment of the core with 

ethanol failed to increase the flow rate is given later in this report.  
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Table 6. Results after treatment of one-inch core plugs 
from the Smackover Formation. 

 

Day Cell 1 (core 12) Cell 2 (core 2) 
 Treatment Flow rate (ml) Treatment Flow rate (ml) 

Mon. (2-10) -- 0 PO4 0 
Wed.  NO3 0 NO3 75 
Fri. PO4 120 PO4 95 
Mon.  NO3 75 NO3 105 
Wed. PO4 75 PO4 30 
Fri. Ethanol 85 Ethanol 25 
Mon.  NO3 125 Ethanol 20 
Wed. PO4 75 Ethanol 15 
Fri. NO3 75 Ethanol 5 
Mon.  PO4 145 Ethanol 15 
Wed. NO3 115 Ethanol 11 
Fri. PO4 125 Ethanol 45 (48h) 
Mon.  PO4 115 Ethanol 10 
Wed. NO3 100 Ethanol 4 
Mon.  NO3 105 Ethanol 4 
Wed. PO4 105 Ethanol 6 
Fri. NO3 125 Ethanol 65 (48h) 
Mon. NO3 135 Ethanol 10 
Wed.  PO4 125 Ethanol 2 

  
 Another set of cores was received from Omni Laboratories and were obtained from the Pruet 

Production Co. well in Vocation Field, Section 10-3N-7E in Monroe County, Alabama, and 

ranged in depth from 13,937.7 ft to 13,962.3 ft. For this experiment, Core #25 was placed in 

Cell 1 and Core #2 was placed in Cell 2 after inoculation with the desired bacterial cultures as 

described above. The annulus pressure for both Cells was set at 450 psi and the inlet pressure set 

at 425 psi. This experiment is currently in progress. 

 Work with oil-degrading cultures that grow at 90°C is continuing. Currently, all cultures are 

being carried in mineral salts broth containing crude oil from the Womack Hill Field. Stains have 

been made of the cultures and have shown the presence of small Gram + cocci. A new solid 

medium has been prepared using the mineral salts broth, Womack Hill crude oil and Phytagel™ 

as the solidifying agent. Bottle slants of the new solid medium have been prepared and streaked 
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with the enrichment culture described above. The bottle slants are placed in 1-gallon cans 

containing sand to eliminate fluctuations in temperature during incubation at 90°C. Samples of 

coal from Suncor (North Dakota coal) are being tested as another potential source of 

thermophilic oil-degrading cultures. Stains of the enrichment cultures revealed small Gram + 

cultures similar to those referred to above. Attempts to obtain pure cultures of oil-degrading 

bacteria capable of growing at 90°C are continuing. 

 Experiments designed to test procedures for imaging organic/inorganic relationships in 

Womack Hill rocks are continuing and bacterially-mediated dissolution experiments have begun. 

The following imagining techniques are being tested. Thin section petrography is being used to 

typify the mineralogy and porosity distribution in the rocks before and after the MEOR proce-

dure. Experiments using different low-viscosity impregnation agents, such as paraffin, are under-

way in order to discover a procedure that easily allows the direct imaging of both the organic and 

inorganic components of the rocks. Laser confocal microscopy experiments have shown that 

relatively simple stains such as acridine orange or safranin can be used with the confocal 

microscope to identify organic matter in the Smackover rocks. Scanning electron microscopy 

(SEM) is being used to study the detailed relationships between organic material and minerals. 

 Pieces of 1" diameter core thought to be mineralogically similar to the Smackover Formation 

at Womack Hill Field are being used in experiments designed to investigate porosity 

enhancement by bacterially-produced acetic acid. Live oilfield bacteria are added to the core 

pieces and then fed phosphate and nitrate for two weeks to encourage growth. The experiments 

are performed in a standard vacuum filtration device modified to accept the limestone core 

pieces. Acetic acid production is initiated when 15 micromole ethanol is introduced into the core. 

In the first experiment, ethanol was added to the core for 4 days. 
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 The results of this first porosity-enhancement experiment have been disappointing. Figure 34 

is a petrographic image of the Smackover core used in these experiments. It is composed almost 

entirely of dolomite with minor anhydrite and intercrystalline porosity. The porosity-enhancing 

experiment was designed and previously tested on limestone. Calcite, the major mineral 

component of limestone, is conspicuously absent from the samples tested here. Figure 35 is a 

scanned cathodoluminescent image of a core sample from the first acetic-acid production 

experiment. Rock matrix fluoresces green and safranin-stained organic matter (bacteria and 

biofilm) fluoresces red, indicating that the bacterial population introduced into the rock has 

become established during the two-week feeding time. Figure 36 is a SEM image that shows the 

most common morphology of dolomite in the core. Smooth and euhedral crystal faces that show 

little or no sign of etching or dissolution are often covered with organic biofilm. Evidence of 

minor etching on some crystals is not uncommon, however, it is unclear if that dissolution 

occurred during or before the experiment (Fig. 37).  

 There are at least two factors responsible for the failure of this experiment to significantly 

enhance the porosity of the core. The mineralogy of the core was not what was expected. The 

solubility of dolomite and anhydrite is significantly less than that of calcite and it may be 

possible that longer exposure to bacterially-produced acetic acid could produce the desired 

dissolution. Secondly, Figure 35 clearly shows that the bacteria introduced into the core 

produced copious amounts of biofilm. This material coated much of the rock surface (Figs. 36 

and 37) and the bacteria. Thus isolated from the ethanol, acetic-acid production was probably 

minimized. A new sample suite of Smackover core has been acquired and the mineralogy of 

those rocks is currently being evaluated by petrographic and X-ray diffraction techniques in 

order to identify limestone samples. The porosity-enhancement experiments will be performed 
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Figure 34.  Petrographic image (plain polarized light) of Smackover core.  Dolomite (D), anhydrite (A), 

and intercrystalline porosity (blue color) is present. 
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Figure 35.  Laser confocal image of red-fluorescing organic matter (bacteria and biofilm) in the Smackover core 

(green) from the first acetic-acid production experiment. 
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Figure 36.  SEM image of unetched dolomite crystal from first acetic-acid production experiment.  Smooth crystal 

faces are differentially covered with organic biofilm (B). 
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Figure 37.  SEM image of a dolomite crystal with minor etching (E).  Biofilm (B) is present on an unetched crystal 

face. 
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 on these or other calcite-rich samples. Longer duration experiments will also be performed on 

dolomite-and anhydrite-rich rocks. 

 Task RTE-1. Evaluation and Acquisition of 3-D Seismic Data 

 Description of Work.--This task involves the use of the 3-D geologic model to determine 

whether there are zones in the Womack Hill reservoir where uncontacted oil remains and 

whether there is attic oil remaining in the field. The task also includes evaluating whether the 

acquisition of 3-D seismic data is required to confirm the presence of uncontacted oil, including 

attic oil in the Womack Hill Field Unit. If so, 3-D seismic data will be acquired, processed and 

interpreted as part of this task to facilitate the implementation of the integrated demonstration 

project of the Womack Hill Field Unit. 

 Rationale.--Petroleum companies have been extremely successful in the Eastern Gulf 

Region in exploring for and developing Upper Jurassic Norphlet, Smackover and Haynesville 

Fields using 3-D seismic data. Utilizing 3-D seismic data, in combination with well logs, has 

proven to be a powerful tool in imaging Smackover structures and reservoirs in the Eastern Gulf 

Region. It is anticipated that 3-D seismic imaging of the reservoir structure, in combination with 

the 3-D geologic model, which incorporates the 3-D structural interpretation of the Womack Hill 

petroleum trap, generated by using GeoSec software and a series of balanced cross sections for 

the field, will provide the information required to determine whether uncontacted oil and attic oil 

remain in the Womack Hill Field Unit. The importance of using petrophysics data and balanced 

cross sections in combination with 3-D seismic data for reservoir and structure modeling has 

been shown by a study of the Ellenberger in West Texas. Standard industry software, such as 

2d/3d Pak and SeisWorks, will be used to perform this task. 
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 Seismic Data 

 As discussed in the last quarterly report, the results from the geoscientific reservoir 

characterization and 3-D geologic modeling have been utilized to evaluate areas of the field that 

would benefit from further assessment by using 3-D seismic data. Four areas were identified 

from the reservoir characterization and modeling work as priority areas. 

 These include the (1) northern part of the northeast quarter of Section 16, south of Well 

Permit #2109, in the unitized portion (western part) of the field, (2) the area around Well Permit 

#4575B in the west-central part of Section 14 in the unitized portion of the field, (3) the northern 

part of Section 14 and part of the northwest quarter of Section 13, north of Well Permits #1826, 

#1825 and #1760, in the eastern part of the field, and (4) the lower half of the northeast quarter 

of Section 13, around Well Permits # 1847 and #2327, in the eastern part of the field (Fig. 38). 

Well Permit #2109 is a very productive well (cumulative production of 1.7 million barrels) and 

has only been perforated in reservoir zone C. The area south of this well is structurally high and 

has great potential for unrecovered (attic) oil. The fault trap in this part of the field is the result of 

a combination of closure against the fault to the south and 3-way dip closure to the north, east 

and west. Well Permit # 4575B is one of the most productive wells in the field (cumulative 

production of 2.4 million barrels), has not been perforated in zones A, B or C, and is located in 

the structurally highest part of the field. This part of the field has excellent potential for the 

recovery of additional oil. Well Permits #1825 (cumulative production of 364,831 barrels) and 

#1760 (cumulative production of 349,215 barrels) are marginally productive; however, 

productive Well Permit #1826 (cumulative production of 981,820 barrels) located also to the 

south of the prospective area in Sections 13 and 14 has only been perforated in reservoir zone A. 

Very productive Well Permit #1781 (cumulative production of 1.951 million barrels and  
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perforated only in reservoir zone A) and very productive Well Permit #1847 (cumulative 

production of 1.914 million barrels and perforated only in reservoir zone B) are located to east of 

the prospective area, and Well Permit #1804 (cumulative production of 3.3 million barrels and 

the most productive well in the field) is located to the west of the prospective area. The 

prospective area in Sections 13 and 14, therefore, has high potential for unrecovered (attic) oil. 

The trap in this part of the field is a salt anticline with 4-way dip closure, and the prospective 

area appears to be structurally high to the area of Well Permits #1781 and #1847 located to the 

east and to the area of Well Permits #1826, #1825 and #1760 located to the south. 

 The project management team met at the offices of Pruet Production Co. on February 6, 

2003, to review the project results to date. The team concluded that at least four areas of the 

Womack Hill Field were prospective for the recovery of additional oil from the field. Two of the 

prospective areas in the unit area probably could be drained by perforating porous and permeable 

zones in the upper part of the reservoir in wells #2109 and #4575B, respectively. Completion of 

the evaluation of the current pressure maintenance project in the field should confirm this 

assessment. The prospective area in the eastern part of the field in Section 14 and Section 13 will 

require the drilling of a new well(s). The acquisition of new 2D or 3D seismic data are required 

to locate strategically the drill sites(s) of the new well (wells). 

 Pruet Production Co. is discussing with Boone Exploration, Inc., the prospect of acquiring 

new seismic data for the Womack Hill Field area. However, we estimate the acquisition, proc-

essing, interpretation and evaluation of the new seismic data will require several months of work 

beyond the scheduled completion date of Phase I of the project. The drill site(s) location selec-

tion for a new well(s) in the field will require additional months of work. The project team 

members, including Pruet Production Co., are interested in drilling a new well(s) in the field if 
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the seismic data confirm that additional commercial quantities of oil can be recovered from the 

field. 

 Work Planned 

 Task RTE-1. Evaluation and Acquisition of 3-D Seismic Data 

 Description of Work.--This task involves the use of the 3-D geologic model to determine 

whether there are zones in the Womack Hill reservoir where uncontacted oil remains and 

whether there is attic oil remaining in the field. The task also includes evaluating whether the 

acquisition of 3-D seismic data is required to confirm the presence of uncontacted oil, including 

attic oil in the Womack Hill Field Unit. If so, 3-D seismic data will be acquired, processed and 

interpreted as part of this task to facilitate the implementation of the integrated demonstration 

project of the Womack Hill Field Unit. 

 Rationale.--Petroleum companies have been extremely successful in the Eastern Gulf 

Region in exploring for and developing Upper Jurassic Norphlet, Smackover and Haynesville 

Fields using 3-D seismic data. Utilizing 3-D seismic data, in combination with well logs, has 

proven to be a powerful tool in imaging Smackover structures and reservoirs in the Eastern Gulf 

Region. It is anticipated that 3-D seismic imaging of the reservoir structure, in combination with 

the 3-D geologic model, which incorporates the 3-D structural interpretation of the Womack Hill 

petroleum trap, generated by using GeoSec software and a series of balanced cross sections for 

the field, will provide the information required to determine whether uncontacted oil and attic oil 

remain in the Womack Hill Field Unit. The importance of using petrophysics data and balanced 

cross sections in combination with 3-D seismic data for reservoir and structure modeling has 

been shown by a study of the Ellenberger in West Texas. Standard industry software, such as 

2d/3d Pak and SeisWorks, will be used to perform this task. 
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 The acquired seismic data will be interpreted (Table 7). 

 Task RTE-2. Evaluation of the Pressure Maintenance Project 

 Description of Work.--This task is designed to verify/dispute the effectiveness of the 

existing pressure maintenance activities being conducted at Womack Hill Field Unit. The 

reservoir simulation history matches will be used as a mechanism to establish water loss and to 

provide insight as to large-scale water movement within the unit. The well performance activities 

will be designed to determine if the water injection program is being effective. Efforts will be 

made to: evaluate pressure and fluid communication in the field (data analysis, data correlation), 

review injection/ production behavior on a pattern basis to verify pressure support in a particular 

area, and review completion and production practices. The short-term goal of this work is to 

determine if modifications are required for the injection strategy, as well as to determine whether 

or not an advanced oil recovery technology (such as the introduction of chemicals) should be 

considered or discarded. The long-term goal is to establish the practices and procedures for 

implementing optimal pressure maintenance, regardless of the mechanism (waterflood, chemical 

injection, etc.). 

 Rationale.--Profitability is currently down at Womack Hill Field Unit because production is 

declining and the cost of operations is escalating. The operator has cited water loss due to the 

heterogeneous nature of the Smackover reservoir as a major source of the production decline 

(i.e., pressure support is insufficient to provide good pressure/fluid communication). It is clear 

that modification of the existing pressure maintenance project and/or the addition of an advanced 

oil recovery technology has the potential to extend the life of this reservoir by increasing 

profitability. 
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Table 7 
 

Milestone Chart 
 
 

Reservoir Characterization Tasks (Phase I) M J J A S        

             
Recovery Technology             
             
 3-D Seismic             
             
 Pressure Maintenance             
             
 IET             
             
Decision for Implementation             
             

  
 Work Planned  
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 Subtask 1 consists of additional analyses of the production/injection data to establish the 

state of pressure/fluid communication at Womack Hill Field. In particular, a separate evaluation 

of the production and injection data on a per-well basis using a multiwell reservoir model will be 

considered. In theory, it is possible to analyze per-well performance using an analytical solution 

for a closed multiwell reservoir; but, because of reservoir heterogeneities, it may not be feasible 

to implement a multiwell solution. Interference and/or injector/producer communication, as well 

as utilizing the conventional (albeit simplified) analysis of injection well rates and pressure (the 

Hall and Hearn plots), will be studied. 

 Subtask 2 will focus on the use of the results from the history-matches obtained in the 

reservoir simulation tasks. The focus will be to correlate simulated performance with other 

analysis results to verify pressure/fluid movement in different areas of the field. The work in this 

subtask will guide the efforts to optimize injection/production behavior, as well as to identify 

possible target areas for infill drilling and/or enhanced recovery activities (cyclic injection, IET, 

etc.) 

 The present pressure maintenance project will be evaluated. 

 Task RTE-3. Evaluation of the Immobilized Enzyme Technology Project Concept 

 Description of Work.--This task involves the evaluation of the laboratory results of the 

proposed IET project at Womack Hill Field Unit to determine whether it is feasible to implement 

an IET field-scale demonstration project at Womack Hill Field Unit. 

 Rationale.--MEOR technology has been demonstrated to be profitable at North Blowhorn 

Creek Field Unit, Alabama. The reservoir at this field is a sandstone at a depth of -2,300 ft. The 

application of this biological technology to Smackover carbonates at a depth of 11,300 ft has the 
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potential to increase oil production at Womack Hill Field Unit, thereby increasing profitability 

and saving this endangered mature field from premature abandonment. 

 The feasibility of implementing an immobilized enzyme project will be evaluated. 

 Task. Decision to Integrate Demonstration Project 

 Description of Work.--The project results, to date, will be evaluated by Pruet Production 

Co. and DOE to determine whether project continuation is justified. 

 Rationale..--his activity represents the decision process on whether it is feasible for Pruet 

Production Co. to implement the technologies addressed and evaluated in Phase I of this study. 

The decision may be to implement an enhanced pressure maintenance project, initiate an 

advanced oil technology application, implement a strategic infill drilling program, and/or initiate 

an immobilized enzyme technology project at Womack Hill Field Unit. This activity also 

presents DOE with the opportunity to decide whether DOE will continue to support the project. 

 New data will be integrated into the project database. 

 Task. Decision to Implement Integrated Demonstration Project 

 Description of Work.--The project results, to date, will be evaluated by Pruet Production 

Co. and DOE to determine whether project continuation is justified. 

 Rationale.—This activity represents the decision process on whether it is feasible for Pruet 

Production Co. to implement the technologies addressed and evaluated in Phase I of this study. 

The decision may be to implement an enhanced pressure maintenance project, initiate an 

advanced oil technology application, implement a strategic infill drilling program, and/or initiate 

an immobilized enzyme technology project at Womack Hill Field Unit. This activity also 

presents DOE with the opportunity to decide whether DOE will continue to support the project. 

 A decision will be made by Pruet and DOE as to whether the project moves into Phase II. 
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RESULTS AND DISCUSSION 

 The Project Management Team and Project Technical Team are working closely together on 

this project. 

 Geoscientific Reservoir Characterization 

 In the Womack Hill Field, the Smackover Formation ranges in thickness from 220 to 422 feet 

with an average thickness of 340 feet and overlies sandstone beds of the Norphlet Formation. 

The Norphlet Formation overlies the Jurassic Louann Salt, which in combination with faulting, is 

responsible for the petroleum trap at the field. The Smackover Formation is overlain by the 

Buckner Anhydrite Member of the Haynesville Formation. These anhydrite beds form the seal in 

the field. The Smackover Formation includes lower, middle and upper units in the Womack Hill 

Field. The Smackover lower member or unit typically is composed of peloidal packstone and 

wackestone (Benson, 1988), which has reservoir potential in the field area but generally is not 

the reservoir in the Womack Hill Field. The middle member or unit includes laminated carbonate 

mudstone and fossiliferous wackestone and mudstone. The upper member or unit ranges in 

thickness from 30 to 209 feet with an average thickness of 120 feet, and consists of a series of 

three cycles, Cycle A, Cycle B, and Cycle C. Porosity is developed in the upper part of the 

middle Smackover in the central part of the field along the Tombigbee River on the Clarke 

County side of the river. Cycle A (carbonate shoal) is an upward shoaling cycle composed of 

lower energy, carbonate mudstone and peloidal wackestone at the base and is capped by higher 

energy, ooid grainstone. The carbonate mudstone and wackestone have been interpreted as 

restricted bay and lagoon sediments, and the grainstone has been described as beach shoreface 

and shoal deposits (McKee, 1990). Although Cycle A is present across the field, the reservoir 

quality in this cycle varies. The thickness of Cycle A ranges from 9 to 82 feet with an average 
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thickness of 30 feet. The grainstone associated with Cycle A is dolomitized (upper dolomitized 

zone) in much of the field area, and is the main reservoir perforated in the field. Hydrocarbons 

have been produced from Cycle A in 21 of the 27 productive wells in the field. Six wells (Permit 

#1678, #1781, #1826, #2257B, #2327 and #3657) only have been perforated in Cycle A, and the 

cumulative oil production ranges from 127,000 to 1.9 million bbls for these wells. Porosity and 

permeability in the more productive wells (Permit #1678) average 16 percent and 11.5 md, 

respectively, and porosity and permeability in the less productive wells (Permit #2327) average 

12 percent and 3 md, respectively. The mudstone/wackestone associated with this cycle has the 

potential to be a barrier to vertical flow in the field. Cycle B and Cycle C also occur across the 

field. Cycle B thickness ranges from 8 to 101 feet with an average thickness of 47 feet, and the 

thickness of Cycle C ranges from 11 to 86 feet with an average thickness of 40 feet. These cycles 

are part of shoal complexes which include lagoonal deposits. The reservoirs associated with 

these cycles are a result of depositional and diagenetic processes, particularly dolomitization. 

Dolomitization (lower dolomitized zone) can be pervasive in the shoal grainstone lithofacies and 

in the lagoon wackestone lithofacies in these cycles and the interval immediately below Cycle C. 

Hydrocarbons have been produced from Cycle B in 17 wells, and oil and gas have been 

produced from Cycle C in 5 wells in the field. Three wells (Permit #1847, #2248B and #2263) 

only have been perforated in Cycle B, and the cumulative oil production is 350,000 to 3.2 

million bbls for these wells, respectively, One well (Permit #2109) only has been perforated in 

Cycle C, and its cumulative oil production is 1.7 million bbls. Porosity and permeability in well 

Permit #1847 average 17.5 percent and 9 md, respectively. The large scatter of the porosity and 

permeability data for this well illustrates the heterogeneity in Cycle B. Production from the upper 

part of the middle Smackover interval immediately above Cycle C is from the only two wells 
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perforated in this interval that are located in the central part of the field. Cumulative oil 

production for well Permit #2130B is 2.8 million, and cumulative oil production for well Permit 

#4575B is 2.4 million bbls. Porosity and permeability in well Permit #4575B average 19 percent 

and 15 md, respectively. Permeability shows good correlation (0.87) with porosity in this interval 

probably due to dolomitization of these carbonates. The best producing well (Permit #1804) is 

perforated in Cycles A, B and C, and the well production is 3.3 million bbls of oil. Porosity and 

permeability in Cycle C in this well average 20 percent and 4 md, respectively. The variability of 

the porosity and permeability data for this well and wells (Permit #1732B and #4575B) 

illustrates the heterogeneity within and among Cycles A, B and C. 

 Although the primary control on reservoir architecture in Smackover reservoirs, including 

Womack Hill Field, is the fabric of the depositional lithofacies, diagenesis plays a significant 

role in modifying reservoir quality (Benson, 1985). Of the diagenetic events, the multiple 

dolomitization and dissolution events probably had the greatest influence on the quality in 

Smackover reservoirs. While the dolomitization created only minor amounts of intercrystalline 

porosity, it significantly enhanced permeability; it also stabilized the lithology which reduced the 

potential for later porosity loss due to compaction (Benson, 1985). The dissolution events 

enlarged primary (interparticle) and early secondary (moldic and intercrystalline) pores (McKee, 

1990). Although the dissolution did not create large amounts of new porosity, it did expand 

existing pore throats and enhanced permeability (Benson, 1985). 

 Porosity in the shoal grainstone reservoirs at Womack Hill Field is chiefly secondary. The 

main pore types in the Smackover reservoirs, including the Womack Hill Field area, are solution-

enlarged interparticle, intercrystalline dolomite, and grain moldic. Primary interparticle porosity 

has been reduced in the field due to compaction and cementation. Solution-enlarged interparticle 
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and grain moldic porosity is produced by early leaching in the vadose zone that dissolved 

aragonite in the Smackover carbonates (McKee, 1990). Moldic porosity is produced by early, 

fabric selective dissolution of aragonitic grains and is associated with areas of subaerial exposure 

(Benson, 1985). Intercrystalline porosity is chiefly a result of mixed-water dolomitization 

resulting from the mixing of marine and meteoric waters or from the mixing of evaporitic brines 

with meteoric waters (McKee, 1990). Several phases of dolomitization have been identified in 

the Smackover carbonates at Womack Hill Field. The upper zone of dolomitization is fabric-

destructive and is a result of an early stage diagenetic event that involves downward-moving, 

evaporitically-concentrated brine, and the lower zone of dolomitization is, in part, fabric-

destructive creating large amounts of intercrystalline porosity and permeability and is a result of 

mixing zone processes. Vuggy porosity of Choquette and Pray (1970), which is common in the 

field area, is the product of late, non-fabric selective dissolution of calcite or dolomite and is 

produced by solution enlargement of earlier formed interparticle or intercrystalline pores 

(Benson, 1985; Benson and Mancini, 1999). Reservoirs characterized by vuggy porosity have 

good porosity and permeability (Benson and Mancini, 1984). Shelter, intraparticle, and fracture 

pores are also present in the Smackover reservoirs in the Womack Field area (McKee, 1990). 

 Pore systems are the building blocks of reservoir architecture. Pore origin, geometry, and 

spatial distribution determine the amount and kind of reservoir heterogeneity. Pore systems 

affect not only hydrocarbon storage and flow but also reservoir producibility and flow unit 

quality and comparative rank within a field. Hydrocarbon recovery efficiency and total recovery 

volume are determined by the 3-D shape and size of the pores and pore throats (Kopaska-Merkel 

and Hall, 1993; Ahr and Hammel, 1999). Therefore, the pore systems (pore topology and 

geometry and pore throat size distribution) of the Womack Hill Field reservoirs are extremely 
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important. Pore throat size distribution is one of the important factors determining permeability 

because the smallest pore throats are the bottlenecks that determine the rate of which fluids pass 

through a rock. Permeability has been shown to be directly related to the inherent pore system 

and degree of heterogeneity in Smackover reservoirs (Carlson et al., 1998; Mancini et al., 2000). 

Generally, the more homogeneous (little variability in architecture and pore systems) the 

reservoir, the greater the hydrocarbon recovery from that reservoir. However, heterogeneity at 

one scale is not necessarily paralleled by heterogeneity at other scales. For example, the shoal 

grainstone reservoirs at Womack Hill Field can be dominated by a moldic or intercrystalline pore 

system and have low mesoscopic-scale heterogeneity but low to high microscopic-scale 

heterogeneity, depending upon the pore system. The heterogeneity is a function of both 

depositional and diagenetic processes. The grainstones accumulated in linear shoal 

environments, which tend to have uniformity of paleoenvironmental condition within a given 

shoal, but these carbonates can be later subjected to dissolution and dolomitization, such as at 

Womack Hill Field, to produce dolograinstones and large crystalline dolostones. The moldic 

pore system is characterized by multi-sized pores that are poorly connected by narrow pore 

throats. Pore size is dependent on the size of the carbonate grain that was leached. The 

intercrystalline pore system is characterized by moderate-sized pores that are well-connected by 

uniform pore throats. The size of the pores is dependent upon the dolomite crystal size. 

Interparticle porosity of Lucia (1998), which includes intergrain and intercrystal pore types in 

grainstones, dolograinstones and large crystalline dolostones, provides for high connectivity in 

carbonate reservoirs and results in high permeability (Lucia, 1998; Jennings and Lucia, 2001). 
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 Petrophysical and Engineering Characterization 

 Petrophysical and Engineering Characterization has involved extensive efforts to integrate 

and correlate the core and well log data for the field. Reservoir permeability has been correlated 

with core porosity, gamma ray well log response, and resistivity well log response. The 

petrophysical data have been segregated into flow units prescribed by the geological data, and 

for the data in these flow units a histogram of core porosity and the logarithm of core 

permeability. These histograms yield statistical measures, such as the mean and median values, 

which were used to develop spatial distributions and to provide data for the numerical simulation 

model. Evaluation of production, injection and shut-in bottomhole pressure data for the field 

have been interpreted and analyzed using appropriate mechanisms, such as decline type curve 

analysis and estimated ultimate recovery analysis. The volumetric results are relevant as virtually 

every well yielded an appropriate signature for decline type curve analysis. However, a 

discrepancy in the estimate of total compressibility for this system has arisen, and the absolute 

volumetric results will need to be revised. The estimation of flow properties, such as 

permeability and skin factor has emerged as a problematic issue because little early time data, 

which are required for this analysis, are available. Therefore, the results of these analyses should 

be considered qualitative. The correlation of estimated ultimate recovery and the Nc+- product is 

consistent suggesting that a strong relationship exists between contacted oil-in-place and 

recovery. A series of pressure transient tests were designed and implemented for the Womack 

Hill Field. The well test data suggest compartmentalization in the Womack Hill Field reservoir. 

 Microbial Characterization 

 Microbial Characterization has involved initially taking water samples and core samples 

from wells in the Womack Hill Field that yielded no micro-organisms capable of growing at 
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90˚C. This result was due to a combination of factors, including the fact that the core samples 

were exposed to air for decades and the equipment necessary to maintain an anaerobic 

environment was inadequate. Well cuttings from the Smackover Formation acquired from a field 

near Womack Hill Field were analyzed for micro-organisms. Growth of micro-organisms was 

evident in the samples prepared from these well cuttings in association with oil from the 

Womack Hill Field. These organisms consumed ethanol and are presumed to produce carbon 

dioxide or the gas was derived from organic acids produced from the oil reacting with carbonate. 

These findings suggest that micro-organisms capable of producing acetic acid from ethanol have 

a high probability of being present in Womack Hill Field and of being induced to grow and be 

metabolically active at the subsurface temperature in the reservoir. Core samples of Smackover 

dolomites (dolostones) have shown flow rates much lower than those observed from core 

samples from limestones (calcite). The solubility of dolomite is less than calcite; therefore, it is 

anticipated that the dolomite will require a longer exposure time to the acetic acid produced by 

the microbes to provide the desired dissolution. 

 3-D Geologic Model 

 The 3-D geologic model shows that the petroleum trap at Womack Hill Field is more 

complex than originally interpreted. The 2-D seismic data assists with the location of the major 

fault to the south of the field. However, the seismic data are not adequate to determine if the 

petroleum trap is a fault trap (bounded on three sides by dip closure and on a fourth side by a 

fault) or a faulted anticline trap (four-way dip closure). The geologic modeling shows that the 

trap in the western part of the field is a fault trap with closure to the south against the fault, and 

that the trap in the central and eastern parts of the field is a faulted anticline trap with four-way 

dip closure. In addition, the fault salt anticline trap appears to consist of two distinct highs 
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separated by a structural low in the central part of the field. The 2-D seismic data, which is along 

the northern margin of the field, shows a north-south trending fault in the vicinity of the 

Choctaw-Clarke County line. If the fault trace is projected south to intersect with the major 

west-east fault, the offset in the two structural highs along the southern margin of the field may 

be attributed to the effects of this north-south trending fault. Also, the pressure difference and 

well Permit #4575B between wells (Permit #4575B) in the western and central parts of the field 

(unitized area) and wells (Permit #1804) in the eastern part of the field may be attributed to the 

flow barrier in the field due to this fault. 

 The 3-D geologic modeling also shows that the Smackover reservoirs at Womack Hill Field 

is heterogeneous. Four reservoir intervals are identified in the field area. These include Cycle A, 

Cycle B, Cycle C, and the interval immediately below Cycle C. Although the Cycle A reservoir 

is the most productive areally (has been productive in 21 wells), the production from this 

reservoir is highly variable with cumulative oil production ranging from 127,000 to 1.9 million 

bbls for wells only perforated in Cycle A. The thickness and lateral and vertical reservoir quality 

are also variable for the Cycle A reservoir interval. The Cycle B reservoir interval also is 

heterogeneous in thickness and lateral and vertical reservoir quality; however, the overall 

porosity as indicated by density log analysis is higher in this interval than the other reservoir 

intervals. The Cycle C reservoir interval also is heterogeneous in thickness and reservoir quality. 

Although the total oil production from this interval is not as high as the Cycle A and Cycle B 

reservoir intervals, production from well Permit #2109, the only well solely perforated in this 

interval and located in the western part of the field has had a cumulative oil production of 1.7 

million bbls. The reservoir interval immediately below Cycle C has only been perforated in two 

wells (well Permit #2130B and well Permit #4575B) in the central part of the field. Reservoir 
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quality is high and production is high. The geologic modeling indicates this reservoir interval has 

the potential for high reservoir quality in the western part of the field in the vicinity of well 

Permit #1667 and well Permit #2109. The high reservoir quality and productivity in this interval 

in well Permit #2130B and well Permit #4575B is attributed to mixing zone dolomitization (fresh 

water lens development in structurally higher areas of the field). The area around well Permit 

#2109 is in a structurally higher area in the field. 

 A permeability barrier to flow, especially in the Cycle A reservoir interval is present 

potentially between the western (well Permit #4575B) and eastern (well Permit #1804) parts of 

the field. Communication in the field through the Cycle B reservoir interval appears likely, in 

comparing the porosity and permeability data between well Permit #1732B and well Permit 

#1804 and in comparing the area of well Permit #2130B with the area of well Permit #1804. The 

improved reservoir communication in the Cycle B interval is probably due to dolomitization. 

Porosity and permeability data are insufficient in the field to assess the potential of a 

permeability barrier to flow in the Cycle C reservoir interval and the reservoir interval 

immediately below Cycle C. Communication between the western part of the field and the area 

of well Permit #1804 appears likely, but communication between the wells in the western part 

and the other wells in the eastern part of the field probably is limited. 

 Reservoir Simulation 

 Reservoir simulation has produced a model for the Womack Hill Field reservoir based on the 

3-D geologic model, and this model has been used for history matching. The history match of the 

performance of the field is satisfactory and indicates that oil remains to be recovered in the 

central and eastern portions of the field.  
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CONCLUSIONS 

 Pruet Production Co. and the Center for Sedimentary Basin Studies at the University of 

Alabama, in cooperation with Texas A&M University, Mississippi State University, University 

of Mississippi, and Wayne Stafford and Associates are undertaking a focused, comprehensive, 

integrated and multidisciplinary study of Upper Jurassic Smackover carbonates (Class II 

Reservoir), involving reservoir characterization and 3-D modeling and an integrated field 

demonstration project at Womack Hill Oil Field Unit, Choctaw and Clarke Counties, Alabama, 

Eastern Gulf Coastal Plain. 

 Phase I (3.0 years) of the proposed research involves characterization of the shoal reservoir at 

Womack Hill Field to determine reservoir architecture, heterogeneity and producibility in order 

to increase field productivity and profitability. This work includes core and well log analysis; 

sequence stratigraphic, depositional history and structure study; petrographic and diagenetic 

study; and pore system analysis. This information will be integrated with 2-D seismic data and 

probably 3-D seismic data to produce an integrated 3-D stratigraphic and structural model of the 

reservoir at Womack Hill Field. The results of the reservoir characterization and modeling will 

be integrated with petrophysical and engineering data and pressure communication analysis to 

perform a 3-D reservoir simulation of the field reservoir. The results from the reservoir 

characterization and modeling will also be used in determining whether undrained oil remains at 

the crest of the Womack Hill structure (attic oil), in assessing whether it would be economical to 

conduct strategic infill drilling in the field, and in determining whether the acquisition of 3-D 

seismic data for the field area would improve recovery from the field and is justified by the 

financial investment. Parallel to this work, engineers are characterizing the petrophysical and 

engineering properties of the reservoir, analyzing the drive mechanism and pressure 
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communication (through well performance data), and developing a 3-D reservoir simulation 

model. Further, the engineering team members will determine what, if any, modifications should 

be made to the current pressure maintenance program, as well as assess what, if any, other 

potential advanced oil recovery technologies are applicable to this reservoir to extend the life of 

the field by increasing and maintaining productivity and profitability. Also, in this phase, 

researchers are studying the ability of in-situ micro-organisms to produce a single by-product 

(acid) in the laboratory to determine the feasibility of initiating an immobilized enzyme 

technology project at Womack Hill Field Unit. 

 The principal problem at Womack Hill Field is productivity and profitability. With time, 

there has been a decrease in oil production from the field, while operating costs in the field 

continue to increase. In order to maintain pressure in the reservoir, increasing amounts of water 

must be injected annually. These problems are related to cost-effective, field-scale reservoir 

management, to reservoir connectivity due to carbonate rock architecture and heterogeneity, to 

pressure communication due to carbonate petrophysical and engineering properties, and to 

cost-effective operations associated with the oil recovery process. 

 Improved reservoir producibility will lead to an increase in productivity and profitability. To 

increase reservoir producibility, a field-scale reservoir management strategy based on a better 

understanding of reservoir architecture and heterogeneity, of reservoir drive and communication 

and of the geological, geophysical, petrophysical and engineering properties of the reservoir is 

required. Also, an increased understanding of these reservoir properties should provide insight 

into operational problems, such as why the reservoir is requiring increasing amounts of 

freshwater to maintain the desired reservoir pressure, why the reservoir drive and oil-water 
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contact vary across the field, how the multiple pay zones in the field are vertically and laterally 

connected and the nature of the communication within a pay zone. 

 The principal research efforts for Year 3 of the project have been recovery technology 

analysis and recovery technology evaluation. The research focus has primarily been on well test 

analysis, 3-D reservoir simulation, microbial core experiments, and the decision to acquire new 

seismic data for the Womack Hill Field area. 

 Geoscientific Reservoir Characterization has been completed. The upper part of the 

Smackover Formation is productive from carbonate shoal complex reservoirs that occur in 

vertically stacked heterogeneous porosity cycles (A, B, and C). The cycles typically consist of 

carbonate mudstone/wackestone at the base and ooid and oncoidal grainstone at the top. The 

carbonate mudstone/wackestone lithofacies has been interpreted as restricted bay and lagoon 

sediments, and the grainstone lithofacies has been described as beach shoreface and shoal 

deposits. Porosity has been enhanced through dissolution and dolomitization. The grainstone 

associated with Cycle A is dolomitized (upper dolomitized zone) in much of the field area. 

Although Cycle A is present across the field, its reservoir quality varies laterally. Dolomitization 

(lower dolomitized zone) can be pervasive in Cycle B, Cycle C and the interval immediately 

below Cycle C. Cycle B and Cycle C occur across the field, but they are heterogeneous in 

depositional texture and diagenetic fabric laterally. Porosity is chiefly solution-enlarged 

interparticle, grain moldic and dolomite intercrystalline pores with some intraparticle and vuggy 

pores. Pore systems dominated by intercrystalline pores have the highest porosities. Median pore 

throat aperture tends to increase with increasing porosity. Probe permeability strongly correlates 

with median pore throat aperture, and tortuosity increases with increasing median pore throat 
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aperture. Larger tortuosity and median pore throat aperture values are associated with pore 

systems dominated by intercrystalline pores. 

 Petrophysical and Engineering Characterization has included extensive efforts to integrate 

and correlate the core and well log data for the field. Reservoir permeability has been correlated 

with core porosity, gamma ray well log response, and resistivity well log response. The 

petrophysical data have been segregated into flow units prescribed by the geological data, and 

for the data in these flow units a histogram of core porosity and the logarithm of core 

permeability were prepared. These histograms yield statistical measures, such as the mean and 

median values, which will be used to develop spatial distributions and to provide data for the 

numerical simulation model. Evaluations of production, injection and shut-in bottomhole 

pressure data for the field have been interpreted and analyzed using appropriate mechanisms, 

such as decline type curve analysis and estimated ultimate recovery analysis. The volumetric 

results are relevant as virtually every well yielded an appropriate signature for decline type curve 

analysis. However, a discrepancy in the estimate of total compressibility for this system has 

arisen, and the absolute volumetric results will need to be revised. The estimation of flow 

properties, such as permeability and skin factor has emerged as a problematic issue because little 

early time data, which are required for this analysis, are available. Therefore, the results of these 

analyses should be considered qualitative. The correlation of estimated ultimate recovery and the 

Nc  product is consistent suggesting that a strong relationship exists between contacted 

oil-in-place and recovery. 

 Microbial Characterization has involved initially taking water samples and core samples 

from wells in the Womack Hill Field that yielded no micro-organisms capable of growing at 

90˚C. This result was due to a combination of factors, including the fact that the core samples 
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were exposed to air for decades and the equipment necessary to maintain an anaerobic 

environment was inadequate. Well cuttings from the Smackover Formation acquired from a field 

near Womack Hill Field were analyzed for micro-organisms. Growth of micro-organisms was 

evident in the samples prepared from these well cuttings in association with oil from the 

Womack Hill Field. These organisms consumed ethanol and are presumed to produce carbon 

dioxide or the gas was derived from organic acids produced from the oil reacting with carbonate. 

These findings suggest that micro-organisms capable of producing acetic acid from ethanol have 

a high probability of being present in Womack Hill Field and of being induced to grow and be 

metabolically active at the subsurface temperature in the reservoir. 

 A 3-D Geologic Model has been constructed for the Womack Hill Field structure and 

reservoir(s). The 3-D geologic modeling shows that the petroleum trap is more complex than 

originally interpreted. The geologic modeling indicates that the trap in the western part of the 

field is a fault trap with closure to the south against the fault, and that the trap in the central and 

eastern parts of the field is a faulted anticline trap with four-way dip closure. The pressure 

difference between wells in the western and central parts of the field and wells in the eastern part 

of the field may be attributed to a flow barrier due to the presence of a north-south trending fault 

in the field area. The modeling shows that the Smackover reservoirs are heterogeneous. Four 

reservoir intervals are identified in the field area: Cycle A, Cycle B, Cycle C, and the interval 

immediately below Cycle C. A permeability barrier to flow is present potentially between the 

western and eastern parts of the field. 

 A 3-D Reservoir Simulation of the Womack Hill Field reservoir(s) has been accomplished. 

The static data for the reservoir simulation model were obtained from the 3-D geologic model. 

The geologic model was upscaled from 77 layers to 17 layers for the simulation. The simulation 
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tasks have included model construction and history matching. The results are acceptable in a 

qualitative sense but concerns remain regarding the availability of recent reservoir pressure data 

and recorded water production data prior to 1990 for an accurate history match. 

 Microbial Core Experiments have shown that the acid produced from ethanol will react with 

calcium carbonate, and a facility to conduct core flood studies at 90°C has been assembled. 

Growth of the oil-degrading cultures that grow at 90°C are growing very slowly in cores 

comprised of dolomite (dolostone) as compared to calcite (limestone). Because the solubility of 

dolomite in association with anhydrite is significantly less than that of calcite, longer exposure to 

bacterially-produced acetic acid may be necessary to produce the desired dissolution and 

resulting porosity/permeability enhancement. In that much of the Womack Hill Field reservoir is 

dolomitized, this observation is significant to the immobilized enzyme technology project. 

 Recovery Technology Evaluation, involving the results of the geoscientific reservoir 

characterization, petrophysical and engineering characterization (well test analysis), 3-D 

geologic modeling, and 3-D reservoir simulation, have shown that certain areas of Womack Hill 

Field contain oil that potentially has not been drained using current field operations. Four 

specific areas have been identified as priority areas for infill drilling or using lateral completion 

technology in existing wells. These priority areas would benefit from further assessment through 

refined seismic interpretation resulting from the acquisition of new seismic data. 
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