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Overall Objective

The overall objective of this project is to assess the feasibility of 40-acre infill well locations in the Wamsutter field.  The field is currently being developed on 80-acre spacing, and various operators within the field are currently assessing the feasibility of a 40-acre infill well drilling program.  Based on past experience, it is expected that part of the production from an infill well will come from depleted sands accessed by existing wells (acceleration component); another part will come from the virgin, newly connected, sands (incremental component).  We intend to quantify these two components by properly accounting for dynamic continuity in the geologic model.  The producing sand connectivity will be a function of the underlying geology as well as the well spacing.  Given the extremely low permeabilities in the tight gas sands, we are not interested in static sand connectivity only.  More importantly, we are interested in the dynamic connectivity of the pore volumes within a given time frame.  By identifying the dynamic connectivities and only incorporating the affected sands for a given well spacing in the numerical simulation, we can predict the well performance.  Subsequently adding new sands as the new wells are drilled, we will be able to optimally evaluate the performance of the potential 40-acre spacing wells.  We will also be able to high grade the locations where the potential is the greatest, and will identify areas where no infill wells are needed.  The field verification component will include drilling of at least one 40-acre infill well based on the results of this study.  We will modify and refine our methodology based on the comparison of predicted versus observed results. 
Individual Tasks
The overall time line for the individual tasks is shown below.  The individual tasks and the associated descriptions of each task follows.
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Figure 1:  Project Time Line

Task 1.0 Project Management Plan

The University of Tulsa (TU) shall develop a Project Management Plan consisting of a work breakdown structure and supporting narrative that concisely addresses the overall project. TU shall provide a concise summary of the objectives and approach for each Task and, where appropriate, for each subtask. TU shall provide schedules and planned expenditures for each Task including any necessary charts and tables, and all major milestones and decision points. TU shall identify key milestones that need to be met prior project proceeding to the next phase. 

Task 2.0 Technology Status Assessment

TU shall perform a Technology Status Assessment and submit a summary report describing the state-of-the-art of the proposed technology. The report should include both positive and negative aspects of each existing technology. The report should be no more than five typewritten pages in length. 

Task 3.0 Technology Transfer

TU shall designate 2.5% of the amount of the award for funding technology transfer activities. Throughout the project, TU shall work with RPSEA to develop and implement an effective Technology Transfer Program at both the project and program level.

Task 4.0 Geostatistical Modeling

We will work closely with Devon Energy geoscientists to select representative areas within the Wamsutter field.  These areas will represent different sand continuities based on the geologic understanding and field evidence, as well as the presence or absence of certain formations within the main sand units.  We will use input from geoscientists supplemented by published data, analogues, and outcrops to develop both the macro and meso-scopic models of the reservoir architecture.  Many sand units in the Wamsutter field appear to be continuous over large distances; however, within each of those units, fine-scale heterogeneities exist which represent different geological facies and variations in petrophysical properties.  As a result, the gas molecule may have to take a very convoluted path.  In particular, for a low permeability environment (between 0.1 to 0.001 mD), the travel time along the path can be so large for a given pressure distribution that, for all practical purposes, the sand is not dynamically connected to the well and is thus not producible under current well spacing.  To account for this convoluted path, we will build several representative models of fine-scale distributions of sand bodies which will reflect various parts of the Wamsutter field.  These distributions will reflect the relationship between sand thickness and areal continuity.   We will use state-of-the-art geostatistical procedures to build these models, and, if necessary, will develop new techniques to account for variations in lateral continuities of the sand. 
Task 5.0 Quantifying Dynamic Sand Continuity

One of the important factors in improving the recovery from tight gas reservoirs via infill drilling is an objective estimation of the drainage volumes associated with the existing wells and the potential increase in accessible volumes because of infill wells. In tight gas reservoirs, simple accessibility does not necessarily translate to economic producibility. We need to have adequate pressure drop to realize the potential in a timely fashion. Thus, we need a dynamic measure of connectivity that will indicate the drainage volumes associated with the wells, as well as quantify the change in drainage volumes with time. Drainage volumes will change not only because of propagation of the “pressure fronts” but also because of mutual interaction between the wells as new wells are drilled. Any dynamic measure of drainage volumes should be capable of capturing both of these effects. We propose a novel streamline-based dynamic measure for identifying the drainage volumes and infill targets in tight gas reservoirs.

Streamlines are “instantaneous lines that are everywhere tangential to a velocity field”. There is no specification as to which “velocity” in this definition. There is no restriction that the velocity be steady state. There is no requirement that fluids be incompressible. Simply put, streamlines are defined once we have a velocity field. For our applications, the velocity will be obtained from a commercial finite-difference simulator capable of incorporating all the structural, geological, and field related complexities. 

For drainage volume calculations, we will trace the streamlines starting from the producing well of interest and compute the travel time to the well along the streamlines (a measure of the time required for a gas molecule to reach producer). By thresholding the travel time, we can visualize the drainage volume dynamically as a function of time. We can also examine the readjustment of the drainage volume as new wells are drilled and as a result the pressure field and, hence, the streamlines change. By using a certain time of flight threshold, we can compute the dynamically connected volume and then only use the connected sands in our upscaled models for simulation and performance predictions. 

Streamlines will provide us with dynamically connected volumes for a given well spacing.  We will compare the connected volumes with the actual cumulative production from the wells.  We will naturally expect that for a given well, higher the dynamically connected volume, higher will be the EUR.  If we observe discrepancy between the two, it will be an indication to revisit the geological model and adjust the model to ensure consistency between connected volume and the EUR from a given well. 

One of the goals of our project is to come up with a computationally efficient scheme so that infill potential can be evaluated rapidly.  To minimize the simulation time, we will upscale the model while preserving the dynamic connectivity of the sand.  This can be challenging in tight sands because of pay/non-pay juxtaposition in many regions of the geologic model.  The common industry practice of uniform coarsening results in mixing of pay and non-pay and increases the sand continuity, thus reducing the infill potential.  We will use algorithm which would preserve the fine scale behavior while upgridding the reservoir model.  Our results differ from previous studies in that we rely on a statistical analysis of the static properties of the model that appears to identify the best grid for dynamic reservoir simulation.

At any given stage of field development, the simulation model will include only the dynamically connected sands to existing wells.  By eliminating non-connected sands from our upscaled model, we ensure that we are not changing the connected volume during the upscaling procedure.  This way, when we drill a new in fill well in our model, the model will access not only the already depleted sands by other wells, but also “new” sands which are yet to be depleted. This would allow us to properly evaluate the performance of the infill wells.  This is a very unique approach because in conventional simulation models, we do not have the ability to “add” new volumes as new wells are drilled.  However, for tight gas reservoirs, this is extremely important to assess the potential of infill wells.  Our approach will allow us to dynamically change the accessed volume during simulation while keeping the workflow relatively simple and straightforward.
Task 6.0 History Matching

History matching will involve matching the simulated performance with the actual well performance.  If the streamline-based approach results in proper identification of the connected volumes, we should be able to match the EUR from a well relatively easily.  However, to match the rate, we will need to match the near well bore fracture conductivities and skin.  If PLT (production logging tool) data are available, we can also match the individual layer contributions by adjusting individual layer fracture conductivities.  We can either add the fractures using local grid refinements or, if possible, the use of negative skin factors.  The key difference between conventional history matching and the procedure we are going to use is the difference in the reservoir volume.  As new wells are drilled, we will add more connected volume.  This volume needs to be incorporated in the upscaled model.  For example, after matching 160-acre spacing wells, if we want to history match 80-acre spacing wells, we would first output pressure and saturation data from the simulator.  Then, using the streamline-derived newly connected volume (based on 80-acre spacing) and the previous, partially depleted volumes on the fine scale, we would upscale the model.  This approach will allow us to add new volumes in the reservoir as new wells are drilled.  Furthermore, if we do not include the new volumes, we would also be able to determine how much the well would have produced because of acceleration.  Using the procedure above, we will history match several representative sections within the Wamsutter field.

Task 7.0 Future Performance Prediction

Once we determine the newly connected volumes based on 40-acre spacing, we can simulate the future performance of a well.  Without adding newly connected volume and evaluating the performance of a well, we would also be able to determine the performance of a new 40-acre well just due to acceleration.  We can, therefore, separate the contributions coming from acceleration and from incremental volume drained.  We will high grade certain areas based on the performance evaluation and make recommendations to drill certain wells if they are economically viable. To account for uncertainties in the performance, we will consider the possible uncertainties in fracture conductivities in various reservoir formations.

Task 8.0 Field Implementation

The field implementation involves the drilling of at least one (and perhaps more) 40-acre spacing wells based on the recommendations of this project.  We will compare the performance of the newly drilled well(s) with the simulated performance.  Ideally, we would like to see that the actual performance is within the bounds of uncertainties.  If not, we may need to revise the connected and depleted zones to match the results.  This will require some re-calibration of the procedure.  Once the procedure is refined, we should be able to develop a procedure that will enable us to predict the performance of new wells by only evaluating connected volumes and depleted volumes.  Our goal is to predict the performance of a well by developing a correlation between the well performance and connected volumes.  Such correlation can be used for other areas so that we can predict the performance without history matching.

Task 9.0 Report

In addition to providing reports to RPSEA as per the requirements, we will also provide a quarterly report to Devon Energy.  We will make periodic presentations to Devon Energy to explain the progress and the overall procedure.
Major Milestones/Decision Points
Figure 1 provides the beginning and the end of each of the tasks in the project.  Major milestones in the project include completion of geostatistical models and developing methodology for differentiating between connected and unconnected sands; history matching of the production data and proposal to drill new well locations; drilling of a new well and monitoring of the performance of a new well; and the final report submission.   At the end of each milestone, we will get together with all our partners and refine our course of action if needed.  The most important decision point in this project is the decision to drill an infill well.  Based on our evaluation of the past performance of the field, as well as the prediction of the performance of a new infill well, we will have to examine the economic feasibility of drilling a new well.  We will examine multiple locations and high grade them; however, the economics has to make sense for Devon Energy to drill a well.  Devon Energy is obligated to drill at least one well in the project; however, as a practical matter, if our methodology is successful and economically attractive, Devon Energy can drill more than one well.   The more wells that are drilled based on our methodology, the better the data set that will be available to us; and that will make our proposed methodology more robust and statistically significant.  
Planned Expenditures

The schedules for each task are provided in Figure 1.  Below, we provide the breakdown of labor hours for each task followed by the costs associated with each task on a yearly basis. 
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Task 1.0

   Hours

20

50

0

   Amount

-

$          

 

-

$                

 

1,553

$   

 

938

$     

 

-

$            

 

822

$         

 

-

$        

 

-

$                 

 

-

$        

 

-

$                

 

1,385

$         

 

4,697

$         

 

Task 2.0

   Hours

20

100

0

   Amount

-

$          

 

-

$                

 

1,553

$   

 

1,875

$  

 

-

$            

 

1,131

$      

 

-

$        

 

-

$                 

 

-

$        

 

-

$                

 

1,906

$         

 

6,465

$         

 

Task 3.0

   Hours

0

0

0

   Amount

-

$          

 

-

$                

 

-

$           

 

-

$         

 

-

$            

 

-

$              

 

-

$        

 

-

$                 

 

-

$        

 

-

$                

 

-

$                

 

-

$                

 

Task 4.1

   Hours

10

0

200

0.096153846

   Amount

-

$          

 

-

$                

 

777

$      

 

-

$         

 

3,323

$    

 

256

$         

 

-

$        

 

2,843

$         

 

-

$        

 

-

$                

 

2,279

$         

 

9,478

$         

 

Task 4.2

   Hours

10

0

300

0.144230769

   Amount

-

$          

 

-

$                

 

777

$      

 

-

$         

 

4,985

$    

 

256

$         

 

-

$        

 

4,264

$         

 

-

$        

 

-

$                

 

3,203

$         

 

13,485

$       

 

Task 4.3

   Hours

50

0

500

0.240384615

   Amount

-

$          

 

-

$                

 

3,883

$   

 

-

$         

 

8,308

$    

 

1,281

$      

 

-

$        

 

7,107

$         

 

-

$        

 

-

$                

 

6,778

$         

 

27,356

$       

 

Task 5.1

   Hours

0

0

0

   Amount

-

$          

 

50,000

$       

 

-

$           

 

-

$         

 

-

$            

 

-

$              

 

-

$        

 

-

$                 

 

-

$        

 

-

$                

 

-

$                

 

50,000

$       

 

Task 5.2

   Hours

25

0

500

0.240384615

   Amount

-

$          

 

-

$                

 

1,941

$   

 

-

$         

 

8,308

$    

 

641

$         

 

-

$        

 

7,107

$         

 

-

$        

 

-

$                

 

5,698

$         

 

23,695

$       

 

Task 6.1

   Hours

10

0

500

0.240384615

   Amount

-

$          

 

-

$                

 

777

$      

 

-

$         

 

8,308

$    

 

256

$         

 

-

$        

 

7,107

$         

 

-

$        

 

-

$                

 

5,051

$         

 

21,498

$       

 

Task 6.2

   Hours

5

0

70

0.033653846

   Amount

-

$          

 

-

$                

 

388

$      

 

-

$         

 

1,163

$    

 

128

$         

 

-

$        

 

995

$            

 

-

$        

 

-

$                

 

863

$            

 

3,537

$         

 

Task 7.1

   Hours

0

0

0

   Amount

-

$          

 

-

$                

 

-

$           

 

-

$         

 

-

$            

 

-

$              

 

-

$        

 

-

$                 

 

-

$        

 

-

$                

 

-

$                

 

-

$                

 

Task 7.2

   Hours

0

0

0

   Amount

-

$          

 

-

$                

 

-

$           

 

-

$         

 

-

$            

 

-

$              

 

-

$        

 

-

$                 

 

-

$        

 

-

$                

 

-

$                

 

-

$                

 

Task 8.1

   Hours

0

0

0

   Amount

-

$          

 

-

$                

 

-

$           

 

-

$         

 

-

$            

 

-

$              

 

-

$        

 

-

$                 

 

-

$        

 

-

$                

 

-

$                

 

-

$                

 

Task 8.2

   Hours

0

0

0

   Amount

-

$          

 

-

$                

 

-

$           

 

-

$         

 

-

$            

 

-

$              

 

-

$        

 

-

$                 

 

-

$        

 

-

$                

 

-

$                

 

-

$                

 

Task 8.3

   Hours

0

0

0

   Amount

-

$          

 

-

$                

 

-

$           

 

-

$         

 

-

$            

 

-

$              

 

-

$        

 

-

$                 

 

-

$        

 

-

$                

 

-

$                

 

-

$                

 

Task 9.1

   Hours

6

370

10

0.004807692

   Amount

5,000

$  

 

-

$                

 

466

$      

 

6,938

$  

 

166

$       

 

2,443

$      

 

5,000

$ 

 

142

$            

 

-

$        

 

-

$                

 

4,209

$         

 

24,364

$       

 

Task 9.2

   Hours

0

0

0

   Amount

-

$          

 

-

$                

 

-

$           

 

-

$         

 

-

$            

 

-

$              

 

-

$        

 

-

$        

 

-

$                

 

-

$                

 

-

$                

 

TOTAL

   Hours

156

520

2,080

   Amount

5,000

$  

 

50,000

$       

 

12,114

$ 

 

9,750

$  

 

34,560

$  

 

7,215

$      

 

5,000

$ 

 

29,564

$       

 

-

$        

 

-

$                

 

31,372

$       

 

184,575

$     

 

$184,575

$56,424

Direct Labor

Year 1


Figure 2:  Cost Breakdown by Task – Year 1
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Total

Task 1.0

   Hours

0

0

0

   Amount

-

$          

 

-

$                 

 

-

$           

 

-

$          

 

-

$            

 

-

$              

 

-

$        

 

-

$                 

 

-

$                 

 

-

$                

 

-

$              

 

-

$                

 

Task 2.0

   Hours

0

0

0

   Amount

-

$          

 

-

$                 

 

-

$           

 

-

$          

 

-

$            

 

-

$              

 

-

$        

 

-

$                 

 

-

$                 

 

-

$                

 

-

$              

 

-

$                

 

Task 3.0

   Hours

0

0

0

   Amount

-

$          

 

-

$                 

 

-

$           

 

-

$          

 

-

$            

 

-

$              

 

-

$        

 

-

$                 

 

-

$                 

 

-

$                

 

-

$              

 

-

$                

 

Task 4.1

   Hours

0

0

0

   Amount

-

$          

 

-

$                 

 

-

$           

 

-

$          

 

-

$            

 

-

$              

 

-

$        

 

-

$                 

 

-

$                 

 

-

$                

 

-

$              

 

-

$                

 

Task 4.2

   Hours

0

0

0

   Amount

-

$          

 

-

$                 

 

-

$           

 

-

$          

 

-

$            

 

-

$              

 

-

$        

 

-

$                 

 

-

$                 

 

-

$                

 

-

$              

 

-

$                

 

Task 4.3

   Hours

0

0

0

   Amount

-

$          

 

-

$                 

 

-

$           

 

-

$          

 

-

$            

 

-

$              

 

-

$        

 

-

$                 

 

-

$                 

 

-

$                

 

-

$              

 

-

$                

 

Task 5.1

   Hours

0

0

0

   Amount

-

$          

 

50,000

$       

 

-

$           

 

-

$          

 

-

$            

 

-

$              

 

-

$        

 

-

$                 

 

-

$                 

 

-

$                

 

-

$              

 

50,000

$       

 

Task 5.2

   Hours

15

0

0

   Amount

-

$          

 

-

$                 

 

1,200

$   

 

-

$          

 

-

$            

 

396

$         

 

-

$        

 

-

$                 

 

-

$                 

 

-

$                

 

667

$          

 

2,263

$         

 

Task 6.1

   Hours

30

0

0

   Amount

-

$          

 

-

$                 

 

2,399

$   

 

-

$          

 

-

$            

 

792

$         

 

-

$        

 

-

$                 

 

-

$                 

 

-

$                

 

1,334

$       

 

4,525

$         

 

Task 6.2

   Hours

25

0

430

0.206730769

   Amount

-

$          

 

-

$                 

 

2,000

$   

 

-

$          

 

7,359

$    

 

660

$         

 

-

$        

 

6,112

$         

 

-

$                 

 

-

$                

 

5,203

$       

 

21,333

$       

 

Task 7.1

   Hours

50

0

500

0.240384615

   Amount

-

$          

 

-

$                 

 

3,999

$   

 

-

$          

 

8,557

$    

 

1,320

$      

 

-

$        

 

7,107

$         

 

-

$                 

 

-

$                

 

6,981

$       

 

27,964

$       

 

Task 7.2

   Hours

20

0

200

0.096153846

   Amount

-

$          

 

-

$                 

 

1,600

$   

 

-

$          

 

3,423

$    

 

528

$         

 

-

$        

 

2,843

$         

 

-

$                 

 

-

$                

 

2,792

$       

 

11,185

$       

 

Task 8.1

   Hours

0

0

0

   Amount

-

$          

 

-

$                 

 

-

$           

 

-

$          

 

-

$            

 

-

$              

 

-

$        

 

-

$                 

 

2,500,000

$   

 

-

$                

 

-

$              

 

2,500,000

$  

 

Task 8.2

   Hours

5

0

100

0.048076923

   Amount

-

$          

 

-

$                 

 

400

$      

 

-

$          

 

1,711

$    

 

132

$         

 

-

$        

 

1,421

$         

 

-

$                 

 

-

$                

 

1,174

$       

 

4,838

$         

 

Task 8.3

   Hours

10

0

400

0.192307692

   Amount

-

$          

 

-

$                 

 

800

$      

 

-

$          

 

6,846

$    

 

264

$         

 

-

$        

 

5,685

$         

 

-

$                 

 

-

$                

 

4,251

$       

 

17,846

$       

 

Task 9.1

   Hours

1

520

450

0.216346154

   Amount

5,000

$  

 

-

$                 

 

80

$        

 

10,043

$ 

 

7,701

$    

 

3,341

$      

 

5,000

$

 

6,396

$         

 

-

$                 

 

-

$                

 

9,910

$       

 

47,471

$       

 

Task 9.2

   Hours

0

0

0

   Amount

-

$          

 

-

$                 

 

-

$           

 

-

$          

 

-

$            

 

-

$              
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Figure 3:  Cost Breakdown by Task – Year 2
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Figure 4:  Cost Breakdown by Task – Year 3
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Figure 5:  Cost Breakdown by Task – Years 1-3 Combined
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Figure 6:  Baseline Cost by Task – Year 1
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Figure 7:  Baseline Cost by Task – Year 2
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Figure 8:  Baseline Cost by Task – Year 3
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