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Objectives 

The main objectives of the proposed study are as follows: 

• To understand and evaluate an unusual primary oil production mechanism which results in 

decreasing (retrograde) oil cut (ROC) behavior as reservoir pressure declines. 

• To improve calculations of initial oil in place so as to determine the economic feasibility of 

completing and producing a well. 

• To optimize the location of new wells based on understanding of geological and 

petrophysical properties heterogeneities. 

• To evaluate various secondary recovery techniques for oil reservoirs producing from 

fractured formations. 

• To enhance the productivity of producing wells by using new completion techniques. 

These objectives are important for optimizing field performance from West Carney Field located 

in Lincoln County, Oklahoma.  The field, which was discovered in 1980, produces from Hunton 

Formation in a shallow-shelf carbonate reservoir.  The early development in the field was 

sporadic.  Many of the initial wells were abandoned due to high water production and constraints 

in surface facilities for disposing excess produced water.  The field development began in 

earnest in 1995 by Altex Resources.  They had recognized that production from this field was 

only possible if large volumes of water can be disposed.  Being able to dispose large amounts of 

water, Altex aggressively drilled several producers.  With few exceptions, all these wells 

exhibited similar characteristics.  The initial production indicated trace amount of oil and gas 

with mostly water as dominant phase.  As the reservoir was depleted, the oil cut eventually 

improved, making the overall production feasible.  The decreasing oil cut (ROC) behavior has 

not been well understood.  However, the field has been subjected to intense drilling activity 

because of prior success of Altex Resources. 
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In this work, we will investigate the primary production mechanism by conducting several core 

flood experiments.  After collecting cores from representative wells, we will study the 

wettability of the rock and simulate the depletion behavior by mimicking such behavior under 

controlled lab conditions. 

Another difficulty in producing from the Hunton Formation is the inability to correctly predict 

the well locations.  At present, the locations of wells have been determined in a haphazard 

manner without significant geological consideration.  To develop the entire field, it is imperative 

that the depositional model be clearly understood and quantified.  This can be done by collecting 

core samples, running modern imaging logs and describing the geological facies in some detail.  

This will allow us to quantify the geological model, enabling a geostatistical description of 

lithofacies.  By quantifying uncertainties in the model, the future well locations can be 

optimized.   

West Carney Field is at the end of an exploitation phase.  All the wells are under primary 

production.  However, the pressure in the reservoir is decreasing and eventually some additional 

mechanism will have to be used to recover the remaining resources.  For proper exploitation of 

the reservoir, it is best that we examine alternate methods of secondary recovery.  One possible 

method we are going to investigate is huff-n-puff of gas injection.    We will investigate both 

CO2, methane and flue gas as possible injection fluids.   

The overall project goal would be to validate our hypothesis and to determine the best method to 

exploit reservoirs exhibiting ROC behavior.  To that end, we have completed the Budget Period I 

and have fulfilled many of the objectives.  We have developed a viable model to explain the 

reservoir mechanism and have been able to develop a correlation between core and log data so 

that we can extend our analysis to other, yet unexploited, regions.   In Budget Period II, we will 

continue to drill several additional, geologically targeted wells.  Depending on the depositional 

system, these wells can be either vertical or horizontal wells.  We will closely examine the 

secondary recovery techniques to improve the ultimate recovery from this field.  In the mean 

time, we will continue to refine our geological and petrophysical model so that we can extend 
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our approach to other adjacent fields.  In the Budget Period III, we will monitor the field 

performance and revise and refine our models to further optimize the performance. 

To ensure that the technology developed in this project is communicated to a wide cross-section 

of interested individuals, we will undertake an aggressive technology transfer program.  This 

will include publishing and presenting papers at various technical meetings, publishing a semi-

annual newsletter and conducting technical workshops for small operators and independents at 

the beginning of Budget Periods II and III. 



The University of Tulsa  Page 5 

Contact No. DE-FC26-00NT15125  15-January-2003 

Summary of Technical Progress 

The summary of progress is divided into three sections.  The first section discusses the field 

activities.  The second section discusses the petrophysical and engineering progress. 

Field Activities 

The field activities continued during this period.  The field is being developed rapidly, and Marjo 

Operating Company drilled two horizontal wells during this period.  In addition to drilling new 

wells, the production from the existing wells is being carefully monitored. 

Petrophysical Analysis 

 
Sandeep Ramakrishna and Mohan Kelkar 
 
In the Budget Period I, we developed a procedure of electrofacies analysis.  This analysis allows 

us to divide the log data into five different categories – which we call electrofacies.  We had 

observed that electrofacies 4 and 5 represent fine matrix, whereas, electrofacies 1, 2, and 3 

mostly represent coarse matrix and vuggy carbonate.  In this quarter, the log analysis continued 

with the calculations of recovery factors. Figures 1 to 4 show a good correlation between the oil 

and gas production and the proportion of electrofacies 4+5. Recovery factor calculation was 

done to better understand and quantify this correlation. Hydrocarbons in place for each of the 

electrofacies 1+2+3 and 4+5 from each well have been estimated. Cumulative oil and gas 

production for a period of six years had been calculated using a 50% per year decline.  
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Figure 1: Barrels per acre-foot for facies 1+2+3 

 

 
Figure 2: Barrels per acre-foot for electrofacies 4+5 
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Figure 3: Cumulative Oil production 

 

 
Figure 4: Cumulative Gas production 
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Due to the complex nature of the reservoir, it has been a difficult task to determine the thickness 

of the oil and gas layers. Initial work done by Joshi (discussed in the following section) suggests 

that this could be a volatile oil reservoir. In order to calculate the recovery factors, all the gas 

produced has been assumed to be in solution at reservoir conditions.  

                                Recovery Factor Oil (Rfoil) = 
N

BN oip *
* 100                                              (1) 

Where: 

Np = Oil produced (Stock tank barrels, STB)  

Boi = Initial oil volume factor (bbls/STB) 

N = oil in place (bbls) 

 

                               Recovery Factor Gas (Rfgas) =


















si
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p

R
B
N

G

*
* 100                                        (2) 

Where: 

Gp = Gas produced (Million cubic feet, MCF) 

N = oil in place 

Boi = Initial oil volume factor (bbls/STB) 

Rsi = Initial solution Gas oil ratio 
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Equations (1) and (2) were used to calculate the recovery factors. Figure 5 shows the plot of 

recovery factors for oil with the proportion of electrofacies 1+2+3. Figure 6 shows a plot of 

recovery factors for oil with the proportions of electrofacies 4+5. 
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Figure 5:  Recovery Factor for oil Vs Proportion of electrofacies 1+2+3 

 

Figure 5 shows that in most of the wells, the higher the proportion of electrofacies 1+2+3, the 

lower the recovery of oil. This indicates that oil in the electrofacies 1+2+3 resides as isolated 

globules and it is difficult to recover oil from these electrofacies types. 
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RFoil vs Facies 4+5
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Figure 6: Recovery Factor for oil Vs Proportion of electrofacies 4+5 
 

Figure 6 shows that, in most of the wells, higher the proportion of electrofacies 4+5, higher is the 

recovery. The electrofacies 4+5 seem to be well connected and hence we see good recovery from 

these electrofacies. 

Figure 7 shows a plot of the recovery factors for gas with the proportion of electrofacies 1+2+3 

and figure 8 shows a plot of the recovery factor for gas with the proportion of electrofacies 4+5. 

Both these figures show consistent results with our earlier findings. 
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Rf gas Vs facies 1+2+3
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Figure 7: Recovery factor for gas Vs. Proportion of electrofacies 1+2+3 
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Figure 8: Recovery factor for gas Vs Proportion of electrofacies 4+5 
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We cross validated our approach through two wells drilled by Marjo Operating Company.  

Marjo Operating Company drilled two wells the Suzy Q 1-15 in the north east of section 15, 

TN15, R1E and the Stephanie 1-15 in the north west of sec 15, T15N, R1E.  It is evident from 

the Figure 9 that the wells were drilled in regions highly saturated with hydrocarbons and high 

proportions of electrofacies 1+2+3, but low saturations of electrofacies 4+5. These wells have 

been average to low producers. These wells have very low proportions of electrofacies 4+5; 

hence they do not have good productivity. This validates our finding that wells with higher 

proportions of electrofacies 4+5 have better recovery factors than the wells with higher 

proportions of electrofacies 1+2+3.   

 

 
Figure 9 : Map showing the barrels per acre-foot for electrofacies 1+2+3 along with the 
location of the new wells drilled. 
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Simulation Analysis 

In the previous Budget Period, we concentrated on modeling the reservoir behavior using black 

oil model.  However, the PVT analysis of the two wells in the field indicated a very complex 

phase Behavior.  We, therefore, decided to use compositional modeling to capture the reservoir 

behavior. 

Compositional modeling and simulation of field requires adequate representation of phase 

behavior and defining fluid composition. Sample from Morrow 1-27 was used to conduct 

Constant Composition Test and to determine Pressure volume relations of Gas Cap Gas. The 

well-stream fluid composition was recombined at a GOR of 3017 at 14.7 psia and 60F.  

The equation of state (EOS) used for simulation was 3-component Souve Redlich Kong 2. The 

EOS is tuned to the PVT test data by performing regression before it is used in simulation using 

the E300(Eclipse Geoquest)3 compositional simulator. 

The well-stream is a 35-component fluid with non hydrocarbons (nitrogen, carbon dioxide), 

intermediate hydrocarbons and heavier hydrocarbons( characterized by C30+ ). The components 

were grouped into pseudo-components to be used for compositional simulation. Criterion used in 

grouping was molecular weight. Hydrocarbons with similar molecular weights were grouped 

together. Nitrogen was combined with C1 and carbon dioxide with C2. Once the grouping is 

done a regression was performed to tune the EOS with the CCE (Constant Composition 

Expansion) test data. The fluid is reduced to 9 pseudo-components from the original 35. 

The tuned EOS is used to generate the phase plot of the well stream fluid and determine the 

critical point as well as determine the nature of reservoir fluid based on initial reservoir 

conditions. Since there was some uncertainty as to exact gas oil ratio at initial conditions, 

different well stream compositions are generated using different GOR values and the nature of 

recombined reservoir fluid at that GOR is determined using the phase plot. We were looking for 

a fluid with a bubble point close to initial reservoir pressure.  It can be seen from the phase plot 

below, that at a GOR 3017 the reservoir fluid is a volatile oil given the initial reservoir 
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conditions. Different well stream fluid samples with different GOR can also be used for 

matching the reservoir production history. However with a GOR of 3017 fluid sample could be 

considered the best representation of original reservoir fluid.  

The tuned EOS and pseudo-components are used to carry out compositional simulation. 

 

Fig 10 : Phase plot of fluid composition system 

 

Model Building and Simulation 

The tuned EOS fluid model is used in model building and compositional simulation. The 

simulator used was E300, a commercial Eclipse Compositional Simulator. A radial single well 

reservoir model is constructed to explain the primary production mechanism and to match 

reservoir production history. The radius of single well drainage area is 1500ft. The model 

consists of two layers. To be geologically consistent the upper layer is matrix in which oil 

resides, whereas the lower layer is fractures, which is initially occupied by water. Each layer is 

divided into 12 linear and 6 angular grids. Total number of grids is 144. Depth of the reservoir is 

taken as 4900ft. The aim of the model is to capture the unique production characteristics of the 
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reservoir i.e. initial increase in oil and gas production, gas increasing faster than oil and increase 

in GOR after shut in.  

Primary Mechanism 

As soon as the well is put on production, water is produced along with some amounts of gas. 

With increasing time, gas production increases and after about 6 days oil is produced. Oil 

production increases slowly till 100 days after which it starts declining. This behavior can be 

explained by the fact that as the lower layer (fractures) contains water, it is connected to the well. 

As the well starts producing, water from the fractured layer is produced. Due to this there is a 

decrease in pressure in the fracture layer. Oil residing in the matrix layer flows down into the 

fracture layer. The initial pressure in the reservoir is taken to be equal to the bubble point 

pressure as predicted by the phase plot. As a result of pressure decrease due to water production 

the pressure in grids containing oil is lower than bubble point pressure and gas is liberated which 

flows through the fractures and is produced. Gas moves rapidly through the fractures because of 

its low viscosity and zero critical saturation. Oil, being more viscous and having a finite residual 

saturation moves slowly and is produced after a few days. 

When the well is shut-in, gas because of its higher mobility is accumulated at the sand face. The 

quantity of accumulated gas is much higher than that of oil. Once the well is put on production 

this gas is produced instantly and there is a transient increase in GOR. 

History Matching 

To match the production history of the reservoir the reservoir parameters are adjusted. The 

matrix layer is not connected to the well bore. Also because of delayed oil production, the oil in 

the matrix layers is made to reside at some distance away from the reservoir (380ft). The matrix 

layer has a very low horizontal permeability and a comparatively high vertical permeability. The 

depth of matrix variable is also a variable but is maintained at about 40ft. to match production 

history. The field BHP is varying, but in the simulation the BHP is kept constant at 900 psi. Data 

was normalized to match the production. Two cases were considered to match production: 
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1. Dual Porosity Model: E300 offers dual porosity modeling whereby the reservoir is 

divided into matrix and fractured layers and separate flow equations are used for each 

layer. The dual porosity model assumes that there is no flow between matrix and that 

flow is only between matrix and fracture. The flow horizontal direction is the matrix 

layer is therefore zero. There is flow from matrix to fracture grids (vertical). Another 

important parameter in dual porosity model is matrix-fracture coupling factor, which is 

actually treated as a history matching parameter. The relative permeabilities in fracture 

are linear with no critical saturations for any phases. The dual porosity model is 

successful in predicting the reservoir production performance given the following values 

of reservoir parameters. 

Thickness of matrix layer: 40 ft. 

Thickness of fracture layer: 10ft. 

Horizontal Permeability of fracture layer: 55 md 

Vertical Permeability: 10 md 

Matrix Fracture Coupling Factor (Sigma): 0.005 

Connate water saturation: 0.15 

Residual oil saturation: 0.21 

Distance of oil from well bore: 380 ft. 

The value of vertical permeability can be altered to match geological data by making 

changes to value of sigma, as the product of sigma and vertical permeability dictates the 

flow from fractures into the matrix.  

As seen in Figures. 11-13, the general match of all oil gas and water production is good. 

The breakthrough time for oil is close to field time of 6 days. Gas production is slightly 

higher than what  is observed in the field. The model effectively captures declining water 

production rate. 
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Fig 11 : Comparison of simulated and field (Schwake) oil production 
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Fig 12 : Comparison of simulated and field (Schwake) water production 
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Fig 13 : Comparison of simulated and field (Schwake) gas production 
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Fig 14 : GOR increase after shut-in (50 days) 
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2. Conventional/Single Porosity Model: This model assumes a single porosity model but the 

linear permeabilities are assumed to be linear. The model uses a dual permeability system 

whereby relative permeabilities in fracture layer are linear and without any critical 

saturations. The production characteristics are the same as that explained by a dual 

porosity model. The single porosity dual permeability model can adequately describe the 

unique production characteristics. However the model does not show a marked increase 

in GOR after shut in (Fig 15). The model can be better tuned to reproduce the GOR 

characteristics also.  
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Fig 15 : GOR increase after shut-in (50 days) for single porosity model 

 

To summarize the results from the simulation study, two different porosity models were used to 

simulate the reservoir model and it was observed that both models are capable of replicating the 

production mechanism and predict reservoir behavior. The single porosity model can be further 

adjusted to predict the shut in behavior also.  We intend to simulate the performance of these 

wells in the future and will examine different gas injection processes to determine a feasible 

method for producing additional oil from the reservoir.  
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Technology Transfer 

The following presentation and publications were made: 

 

1. U.S. DOE-Sponsored Study of West Carney Hunton Field, Lincoln & Logan Co., OK:  A 

Preliminary Report 

By James R. Derby, F. Joe Podpechan and Jason Andrews, and Sandeep Ramakrishna. 

Shale Shaker (Journal of the Oklahoma City Geological Society, vol 53, no. 1, pages 9-19, 

and  vol. 53, no. 2, pages 39-48, 2002. 

2. Development Case Study of a Karsted Carbonate “Island” Hydrocarbon Reservoir: West 

Carney Hunton Field, Oklahoma 

By James R. Derby, F. Joe Podpechan, Jason Andrews, and Sandeep Ramakrishna.  

American Association of Petroleum Geologists, Electronic Publication: Search and 

Discovery,  Article #20008 (20002) 

 

3. U.S. DOE- Sponsored Study of West Carney Hunton Field, Lincoln & Logan Co., OK:  A 

Preliminary Report 

By James R. Derby*,  F. Joe Podpechan*, Jason Andrews,  and Sandeep Ramakrishna.  

*Speakers 

Presented at noon luncheon meetings of the Tulsa Geological Society,  Nov. 13, 2001, and 

the Oklahoma City Geological Society, Jan. 23, 2002. 

 

4. Development Case Study of a Karsted Carbonate “Island” Hydrocarbon Reservoir: West 

Carney Hunton Field, Oklahoma 

By James R. Derby, F. Joe Podpechan, Jason Andrews, and Sandeep Ramakrishna.  

Presented by James R. Derby on May 16, 2002 at the International Symposium on the 21st 

Century Petroleum Exploration and the 2nd Forum on Marine Carbonate Reservoirs in China, 
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Hangzhou, China, May 14-17, 2002. [This paper was presented at the request of the 

American Association of Petroleum Geologists who provided travel arrangements and 

expenses for the presentor]. 

 

5. Development Case Study of a Karsted Carbonate “Island” Hydrocarbon Reservoir: West 

Carney Hunton Field, Oklahoma 

By James R. Derby, F. Joe Podpechan, Jason Andrews, and Sandeep Ramakrishna.  

 Presented by James R. Derby , May 21, 2002, at the invitation of the Tulsa Geological Study 

Group, at their evening meeting. (A repeat of the Hangzhou presentation).  

 

6. Development Case Study of a Karsted Carbonate “Island” Hydrocarbon Reservoir: West 

Carney Hunton Field, Oklahoma 

By James R. Derby, F. Joe Podpechan, Jason Andrews, and Sandeep Ramakrishna. 

Presented by James R. Derby , Oct. 30, 2002, at the invitation of the University of Tulsa 

Department of Geoscience, Noon Seminar Series. 

 

7. Development Case Study of a Karsted Carbonate “Island” Hydrocarbon Reservoir: West 

Carney Hunton Field, Oklahoma 

By James R. Derby, F. Joe Podpechan, Jason Andrews, and Sandeep Ramakrishna. 

Presented by James R. Derby at the invitation of the Tulsa Geological Society, for their 

evening meeting  Nov. 5, 2002, in conjunction with a talk by David Chernicky and Scott 

Schad of New Dominion on the  discovery and development of West Carney Hunton Field 
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8. Exploitation and Optimization of Reservoir Performance in Hunton Formation, Oklahoma 

By Mohan Kelkar, Ph.D., J.D. 

Presented by Mohan Kelkar at the U.S. DOE Class II Shallow Shelf Carbonate Review, 

December 12, 2002, at The University of Texas, Permian Basin, Odessa, TX. 
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