Marathon Center of Excellence for Reservoir Studies
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August 1, 2009    

CENTER MISSION, RESEARCH AND EDUCATIONAL OBJECTIVES: 

MCERS Mission:  Educate and train students in engineering, geology, geophysics, petrophysics, and other key disciplines involved in reservoir studies by providing timely solutions to industry reservoir problems.  To accomplish the mission, MCERS brings together CSM faculty, students, industry professionals, and private consultants to provide high-level technical solutions to reservoir problems.  
The MCERS model is somewhat unique in that the Center is housed in the Department of Petroleum Engineering and funds students in the PE department and other departments at CSM.  

In Table 1 (attached), we have presented the MCERS funding for the fiscal year 2009, which amounted to $2,200,000. However, since 2003, the total research funds brought to MCERS is $3,500,000 (please see Table 2). In addition, Marathon has donated $1,000,000 toward future housing of MCERS in the Marquez Hall.
Center Participants for Fiscal Year 2009 (July 2008-June 2009):  

· Dr. Hossein Kazemi (Chesebro’ Distinguished Chair Professor and Member US National Academy of Engineering) -- Co-director of the center has been part of the center since inception in 2003. Currently, he advises 11 PhD students, 2 MS students, and co-advised one PhD student who successfully defended his dissertation.  He teaches PE graduate classes; collaborates on research projects in FAST consortium (CSM), RCP (CSM), University of Kansas, and University of Wyoming. He is also involved with collaborative research projects at Rice University and University of Texas in Austin on a project involving the sixth largest oil field in the world. Similarly, he is involved with research projects at the Abu Dhabi Petroleum Institute and Kuwait Institute for Scientific Research.  In fall 2009, he will teach two graduate courses in petroleum engineering and will co-teach, with Dr. Rick Sarg, a carbonate geology course.
· Dr. Erdal Ozkan -- Co-director of MCERS since 2003.  Teaches PE undergraduate and graduate courses and heads up the Graduate Application Review Committee. He advises 17 graduate students (thesis). Dr. Ozkan represents MCERS and CSM in many research related organizations and committees. He is a member of the SPE Reservoir Dynamics and Description Advisory Committee, a Technical Director for the SPE Research and Development Technical Section, and Co-chair of the Organizing Committee for the 2008 and 2010 SPE Shale Gas Production Conferences.
· Dr. Yu-Shu Wu -- a new senior faculty member to CSM and MCERS, has begun to advise MCERS students. Dr. Wu has been the review Chair for the SPE Journal since 2006.
· Dr. Xiaolong Yin -- a new faculty member to CSM and MCERS, advises graduate students in MCERS. 

· Dr. Binshu Ju -- post-doctoral scholar, works with Dr. Wu.

· Denise Winn-Bower -- MCERS part-time Program Manager.
Students: 
· PHD - Ayyoub Eghtesadi Heris - RA Fall ’08 & Spring ‘09
· PHD - Jeff Brown - Summer ’08 hourly RA/TA-Fall ‘08 & Spring ‘09
· PHD - Benjamin Ramirez - RA Fall ‘08 – Spr’09 self supported
· PHD - Mojtaba Kiani - RA Fall ’08 & Spring ‘09
· PHD - Baharak Barzegar Alamdari - RA Fall ’08 & Spring ‘09
· PHD - Sarinya Charoenwongsa - RA/TA Fall ’08 & Spring ‘09 

· PHD - Mohammed Al-Kobaisi -  government  supported
· PHD - Ajab Al-Otaibi -  government  supported
· PHD - Ali Al-Sumaiti -  government  supported 

· PHD - Omar Alnahdi -  government  supported 
· PHD - Mansur Ermila -  government  supported  

· PHD - Mahmood Ahmadi – self supported

· PHD - Osman Apaydin – self supported

· PHD - Mehdi Izadi Kamouei – self supported

· PHD - Tuba Firincioglu – self supported
· PHD - Perapon Fakcharoenphol – self supported
· PHD - Thanh Nguyen – self supported 
· MS/PHD   - Najeeb Alharthy - RA/TA Fall ’08 & Spring ‘09
· MS   - Juan Carlos Carratu - RA/TA Fall ’08 & Spring ‘09
· MS   - Peggy Brown - RA/TA Fall ’08 & Spring ‘09 
· MS   - Basak Kurtoglu - Graduated Fall ‘08 - RA Fall ‘08
· MS   - Ali Al Binali -  government  supported 

· MS   - Waleed Alameri -  government  supported
· ME   - Mohamed Elhage - Graduated Spring ’09 – self supported
SCHOLARSHIPS: 
Publications:  There have been 40 published papers since the inception of the center. A list of 18 publications written in the FY 2009 is presented below:
2008
	SPE #
	SPE Res Eval & Engr Journal, April  2008, pp. 267-279

	Title
	Estimation of Storativity Ration in a layered Reservoir with Crossflow

	Authors
	N.M. Al-Ajmi, H. Kazemi, and E. Ozkan 

	
	
	
	

	SPE#
	SPE Res Eval & Engr Journal, October  2008, pp. 902-911

	Title
	Productivity and Drainage Area of Fractured Horizontal Wells in Tight Gas Reservoirs

	Authors
	F. Medeiros, E. Ozkan, and H. Kazemi

	SPE #
	113651
	
	

	Title
	Multiscale Compositional Simulation of Naturally Fractured Reservoirs

	Authors
	B. Ramirez, S. Atan and H. Kazemi 

	
	
	
	

	SPE #
	113651
	
	

	Title
	Modeling Particle Gel Propagation in Porous Media

	Authors
	Y-S. Wu and B. Bai

	
	
	
	

	SPE #
	116136
	
	

	Title
	Semianalytical Representation of Wells and Near-Well Flow Convergence in Numerical Reservoir Simulation

	Authors
	B. Kurtoglu, F. Medeiros, E. Ozkan and H. Kazemi

	
	
	
	

	SPE #
	116255
	
	

	Title
	Numerical inversion of Laplace Transforms in the Solution of Transient Flow Problems with Discontinuities

	Authors
	N. Al-Ajmi, M. Ahmadi, E. Ozkan and H. Kazemi 

	
	
	
	

	SPE #
	117411
	
	

	Title
	Testing and Analysis of Wells Producing Commingled Layers in Priobskoye Field

	Authors
	A. Davletbaev, E. Ozkan, A. Slabetskiy, V. Nikishov, and T. Usmanov

	
	
	
	

	ITU
	
	
	

	Title
	Semi-Analytical Simulation of Flow in Heterogeneous Reservoirs: Theory and Applications

	Authors
	F. Medeiros and E. Ozkan

	
	
	
	

	2009
	
	
	

	
	
	
	

	SPE #
	118223
	
	

	Title
	A Multidomain Approach to Multiscale Compositional Reservoir Simulation

	Authors
	M. Al-Matrouk, M. Al-Kobaisi, H. Kazemi and E. Ozkan

	
	

	SPE #
	121290

	Title
	Comparison of Fractured Horizontal-Well Performance in Conventional and Unconventional Reservoirs

	Authors
	E. Ozkan, M. Brown, R. Raghavan, and H. Kazemi

	
	

	SPE #
	122972

	Title
	A Simple Method to Account for Permeability Anisotropy in Reservoir Models and Multi-Well Pressure Interference Tests

	Authors
	C. Yetkin, B. Ramirez, M. Al-Kobaisi, H. Kazemi and E. Ozkan.

	SPE#
	SPE Res. Eval. & Engr. Journal, April 2009, pp 189 -199

	Title
	Verification and Proper Use of Water-Oil Transfer Functions for Dual-Porosity and Dual-Permeability Reservoirs

	Authors
	A. Balogun, H. Kazemi, E. Ozkan, M Al-Kobaisi, and B. Ramirez

	
	

	SPE#
	SPE Res Eval & Engr Journal, April 2009, pp 200-210.

	Title
	A Critical Review for Proper Use of Water/Oil /Gas Transfer Functions in Dual-Porosity Naturally Fractured Reservoirs: Part I,

	Authors
	B. Ramirez, H. Kazemi, M. Al-Kobaisi, E. Ozkan and S. Atan

	
	

	SPE#
	SPE Res Eval & Engr Journal, April 2009, pp 211-220

	Title
	A Critical Review for Proper Use of Water/Oil/Gas Transfer Functions in Dual Porosity Naturally Fractured Reservoirs: Part II

	Authors
	M. Al-Kobaisi, H. Kazemi, B. Ramirez, E. Ozkan and S. Atan.

	
	

	SPE #
	122456

	Title
	Conceptualization and Modeling of Flow and Transport Through Fault Zones

	Authors
	Y-S. Wu and K. Karasaki

	
	

	SPE #
	118944

	Title
	A Multi-Continuum Model for Gas Production in Tight Fractured Reservoirs

	Authors
	Y-S. Wu, G. Moridis, B. Bai, and K. Zhang

	
	

	SPE #
	118830

	Title
	Efficient Simulation for Low Salinity Waterflooding in Porous and Fractured Reservoirs

	Authors
	Y-S. Wu and B. Bai


Submitted Research Proposals:
Dr. Yu-Shu Wu 
1. Submitted research proposal: “Optimum Multi-Phase Flow Modeling in Carbonate Reservoirs,” to Korea Institute of Geosciences & Mineral Resources (KIGAM), with funding at about $25,000/year for three years.  The project funding started in July, 2009. 

2. Submitted research proposal: “Investigation of Mathematical Models and Their Applications for Oil, Water and CO2 Flow in Reservoirs,” to Research Institute of Petroleum Exploration and Development (RIPED) of PetroChina, Beijing, China with funding $200,000 for the one-and-half-year. The contract was approved and signed in April, 2009. 
3. With collaborators from New Mexico Tech submitted a $310,000 research proposal on “Validation of Carbon Capture and Storage in China through Pilot Tests of CO2 Storage with Enhanced Oil Recovery” on July 11, 2008 which was not awarded.
4. Submitted with other CSM faculty (M. Batzle, C. Koh, N. Lu, M. Prasad, D. Sloan, A. Sum, D. Wu, and Y-Shu Wu): “Advancing Production and Safety of Hydrates in Nature,” on November, 2008, with a total of budget of $1,350,125. (Approval is pending)
5. With other CSM faculty submitted a $10,000,000 geothermal research proposal to the DOE in August 2008. The matching fund was $5,300,000 by Pioneer. We had letters of support from the Colorado Governor's Office.  The proposal was not awarded.
6. Submitted a collaborative research effort by the Colorado School of Mines, Lawrence Livermore National Laboratory, Lawrence Berkeley National Laboratory, University of Wyoming, and University of Oslo on  CO2 issues to the DOE on November 2008 but was not awarded.
7.
With other CSM faculty submitted a $2,700,000 RPSEA proposal on “Investigation of Effective and Efficient Technologies for Enhanced Gas Recovery from Unconventional Tight Gas Reservoirs.”  The team included: Dr. Yu-Shu Wu (PI); Dr. H. Kazemi and Dr. Jennifer L. Miskimins, Colorado School of Mines (CSM); Dr. Tongwei Zhang, University of Texas at Austin (UT-Austin); Dr. Baojun Bai, Missouri University of Science and Technology (MS&T); Dr. Tim Kneafsey and Dr. George Moridis, Lawrence Berkeley National Laboratory (LBNL). The project was not awarded.
8.
Submitted a $1,000,000 collaborative RPSEA proposal to the DOE (with CSM share of $ 250,000) on: “Hydraulically Creating a Controllable Fracture Network in a Single Fracture Stimulation in Shale and Tight Gas Sands.”
9
Submitted a $900,000 three-year research project  to EPA: “Formation, Evolution, and Breakthrough of Fractures in Caprocks Overlying CO2 Sequestration Reservoirs.”  Investigators: PI: Yu-Shu Wu (Contact); Co-PI’s: Ning Lu; Ramona Graves; Baojun Bai; Shari Dunn-Norman; and Robert Lee.  Institution: Colorado School of Mines (CSM); Golden CO 80401 (for PI and the first two Co-PI’s); Missouri University of Science and Technology (MST), Rolla, MO 65409-0410 (for the third and fourth Co-PI’s); New Mexico Institute of Mining and Technology (NMT), Socorro, N.M. 87801. Project approval is pending.
10.
Submitted, as PI with other CSM faculty members on a DOE proposal: “Simulation of Coupled Processes of Flow, Transport and Storage of CO2 in Saline Aquifers.”  Principal Investigators: Yu-Shu Wu, Xiaolong Yin, Hossein Kazemi, and Zizhong Chen (Colorado School of Mines); and Karsten Pruess (Lawrence Berkeley National laboratory) 
Total Project Cost: $2,000,000, (Pending)

11
Submitted, as PI with other CSM faculty members on a DOE proposal: “Development of Advanced Thermal-Hydrological-Mechanical-Chemical (THMC) Modeling Capabilities for Enhanced Geothermal Systems,” 
Team Members: Yu-Shu Wu and Hossein Kazemi, Colorado School of Mines 
Golden CO 80401; and Keni Zhang and Tianfu Xu, Lawrence Berkeley National 
Laboratory, Berkeley CA 94720. Total Project Cost: $1,500,000, (Pending) 
Dr. Xialong Yin
1. Submitted as PI with other CSM faculty members on a DOE proposal:  “Simulation of coupled processed of Flow, Transport and Storage of CO2 in Saline Aquifers”:  Team Members:  Xiaolong Yin, Yu-Shu Wu, Hossein Kazemi, Zizhong Chen, Colorado School of Mines and Karsten Pruess, Lawrence-Berkeley National Laboratory.  Total Project Cost: $2,000,000 (Pending)

2. Submitted as PI with other CSM faculty members on a DOE proposal:  Multi-scale modeling of CO2 Displacement, Dissolution, and Reaction in Saline Aquifers:  Team Members:  Xiaolong Yin, Yu-Shu Wu, Colorado School of Mines.  Total Project Cost:  $300,000 (Pending)
Recognitions: 
· Dr. H. Kazemi: 2009 SPE Rocky Mountain North America Regional Reservoir Description and Dynamics Award
· Dr. H. Kazemi: SPE Distinguished Lecturer for 2010-2011

· Dr. H. Kazemi:  Induction in the Society of Petroleum Engineering’s Legion of Honor, 2009.

· Dr. E. Ozkan: SPE Distinguished Member, 2009

Invited Presentations, Appearances, and Leadership: 
· Dr. H. Kazemi (October 2008, Kuwait):  Keynote Speaker on “EOR in Fractured Reservoirs” and seated on the Technical Discussion Panel.
· Dr. H. Kazemi (January 2009, Denver): SPE Presentation, Denver Section:  “How well do we know reservoir fractures?”   

· Dr. H. Kazemi (March 2009, Golden): CSM Academy Presentation: “Oil Reserves and Energy Gain Issues”
· Dr. H. Kazemi (June 2009) SPE Forum Discussion Leader, “Maximizing Oil Recovery in the 21st Century”  
· Dr. E. Ozkan (September 2008, Macae, Brazil): Invited presentation for the North Fluminense State University and Petrobras Research Center: “Application of the Method of Source and Sinks in the Solution of Transient Flow Problems in Porous Media”
· Dr. E. Ozkan (June 2008, Istanbul, Turkey): Invited presentation at the 18th Petroleum and Natural Gas Engineering Exhibition and Seminar: “Semi-Analytical Simulation of Flow in Heterogeneous Reservoirs: Theory and Applications”
· Dr. E. Ozkan (June - November 2008): Co-Chair of the Organizing Committee, SPE Shale Gas Production Conference, Irving, Texas, Nov. 17-18, 2008

· Dr. E. Ozkan (December 2008 - Current): Co-Chair of the Organizing Committee, SPE Shale Gas Production Conference, Pittsburgh, Pennsylvania, Feb. 23-25, 2010
· Dr. E. Ozkan (2005 – Current): Member of the SPE Reservoir Dynamics and Description Advisory Committee.
· Dr. E. Ozkan (2007 – Current): Technical Director, SPE Research and Development Technical Section.
· Dr. E. Ozkan: Member of the Editorial Board, SPE Reservoir Engineering and Evaluation Journal.
· Dr. Y-S. Wu: Member of the Editorial Board, SPE Journal.
FINANCIAL INFORMATION:   
· Marathon Oil Company has given CSM 2 1/2 million -- $600,000 to MCERS, $1,000,000 million for the new location of MCERS in Marquez Hall, and scholarship and discretionary funds to the petroleum engineering department. 
· In-Kind contributions:  Marathon and Carbo-Ceramics have offered field data for in-kind participation in DOE projects.
· Budgets for each project are attached to this report.
· Research Project Summary Sheets for each project are also attached.

Table 1:  MCERS Funding for Fiscal Year 2009
	Project #
	PI
	Name
	Sponsor
	Total Award
	Amount paid
	FY '09 spending

	634259 
2710-43400-1200
	Kazemi
Ozkan
	Marathon Center of Excellence for Reservoir Studies
	Marathon Oil Company
	$600,000 
	$100,000 
	$54,756 

	446701
64001-43600-1200
	Kazemi
Ozkan
	Multi-Scale Reservoir Simulation - Phase I
	Repsol YPF & PEMEX
	$69,244 
	$69,244 
	$69,244 

	449215
40350-43600-1200
	Kazemi
Ozkan
	Evaluation and Numerical/Analytical Modeling of Efficacy of Horizontal Wells in the Thamama 1 A in the Upper Zakum Field
	Petroleum Institute
	$259,479 
	$113,256 
	$7,170 

	449216
40360-43600-1200
	Kazemi
Ozkan
	Evaluation and Numerical Simulation of CO2 WAG Process in the Thamama 1A in the Upper Zakum Field
	Petroleum Institute
	$307,829 
	$143,364 
	$7,948 

	449217
40307-43600-1200
	Kazemi
Ozkan
	Fracture Characterization and Waterflood Modeling of the Thamama 1A Formation in the Upper Zakum Field
	Petroleum Institute
	$307,829 
	$143,364 
	$34,718 

	449966
50150-43600-1200
	Kazemi
Ozkan
	Simulation of Naturally Fractured Reservoirs with Improved Physics
	Aramco Service Company
	$155,000 
	$35,000 
	$2,100 

	450004
450004-43600-1200
	Kazemi
Ozkan
	Simulation of Hysteresis in CO2 and Other Gas Injection EOR Applications
	Saudi Aramco
	$160,000 
	$80,000 
	 

	Project #
	PI
	Name
	Sponsor
	Total Award
	Amount paid
	FY '09 spending

	449290
52420-43600-1200
	Kazemi
Ozkan
	Development of New Algorithms for Modeling Fractured Reservoir Simulation
	Saudi Aramco
	$360,000 
	$360,000 
	$25,160 

	449279
52420-43600-1200
	Kazemi
Ozkan
	Reservoir Study of Cupen Mahuida Field: Phase 1 - Analysis of pressure Transient and Producing Flow Rate Data
	Repsol YPF  
	$69,224 
	$69,224 
	$6,900 

	470001
470001-43600-1200
	Wu
	Investigation of Mathematical Models and Their Applications for Oil, Water and CO2 Flow and Storage in Reservoirs
	PetroChina
	$200,000 
	$200,000 
	 

	449297
52480-43600-1200
	Kazemi
Ozkan
	Simulation of Optimal Surfactant Placement in Cantarell Field for Wettability Alteration via Advanced Well Geometries
	Rice University
(PEMEX)
	$312,775 
	$99,282 
	$29,085 

	
	
	
	Total:
	$2,201,380 
	$1,312,734 
	$237,081 


Table 2 – MCERS Funding from 2003 
	Project #
	Dates
	PI
	Name
	Sponsor
	Total Award

	449968
	5/17/04-6/1/06
	Ozkan
Kazemi
Hurley
Gardner
	Wasatch and Mesaverde Reservoir Characterization
	Westport Resources Crop.
	$360,000.00

	449991
	2/1/05-12/31-05
	Kazemi
Ozkan
	Reservoir Simulation
	 
	$20,434.00

	449947
	1/1/04-3/31-04
	Kazemi
Ozkan
	Infill Drilling in a Fluvial Reservoir Under Waterflooding
	Maxus Energy Corporation
	$53,287.00

	449946
	12/1/03-1/31/04
	Kazemi
Ozkan
	Reservoir Study of Margarita Gas-Condensate Field
	Maxus Energy Corporation
	$13,784.00

	449972
	6/1/04-11/30/04
	Kazemi
Ozkan
	Margarita Field Reservoir Study - Phase 3: Streamline Modeling of Dual-Porosity Reservoirs
	Maxus Energy Corporation
	$55,217.00

	446700
446701
	1/1/06-12/31/09
	Kazemi
Ozkan
	Multi-Scale Reservoir Simulation - Phase I
	Repsol YPF & PEMEX
	$70,000.00

	449176
	11/1/06-2/28/08
	Ozkan
Kazemi
Miskimins
	Analysis and Evaluation of Horizontal Well Performances in the Bakken Shale of North Dakota and Montana
	Marathon Oil Company
	$131,365.00

	449215
	9/1/07-8/31/10
	Kazemi
Ozkan
	Evaluation and Numerical/Analytical Modeling of Efficacy of Horizontal Wells in the Thamama 1 A in the Upper Zakum Field
	Petroleum Institute
	$259,479.00

	449216
	9/1/07-8/31/10
	Kazemi
Ozkan
	Evaluation and Numerical Simulation of CO2 WAG Process in the Thamama 1A in the Upper Zakum Field
	Petroleum Institute
	$307,829.00

	449217
	9/1/07-8/31/10
	Kazemi
Ozkan
	Fracture Characterization and Waterflood Modeling of the Thamama 1A Formation in the Upper Zakum Field
	Petroleum Institute
	$307,829.00

	Project #
	Dates
	PI
	Name
	Sponsor
	Total Award

	449966
	5/17/04-12/31/08
	Kazemi
Ozkan
	Simulation of Naturally Fractured Reservoirs with Improved Physics
	Aramco Service Company
	$155,000.00

	51280
	6/1/06-7/18/08
	Ozkan
	Horizontal-Well Perforation Optimization
	Baker Hughes
	$80,000.00

	634259
	Start Date: 9/1/03
	Kazemi
Ozkan
	Marathon Center of Excellence for Reservoir Studies
	Marathon Oil Company
	$600,000.00

	470001
	5/6/09-5/5/12
	Wu
	Investigation of Mathematical Models and Their Applications for Oil, Water and CO2 Flow and Storage in Reservoirs
	PetroChina
	$200,000.00

	449290
	1/1/09-12/31/09
	Kazemi
Ozkan
	Development of New Algorithms for Modeling Fractured Reservoir Simulation
	Saudi Aramco
	$360,000.00

	449279
	6/1/06-12/31/07
	Kazemi
Ozkan
	Reservoir Study of Cupen Mahuida Field: Phase 1 - Analysis of pressure Transient and Producing Flow Rate Data
	Repsol YPF  
	$69,224.00

	449297
	1/1/09-12/31/09
	Kazemi
Ozkan
	Simulation of Optimal Surfactant Placement in Cantarell Field for Wettability Alteration via Advanced Well Geometries
	Rice University
(PEMEX)
	$312,775.00

	 
	1/1/09-12/31/10
	Kazemi
Ozkan
	Simulation of Hysteresis in CO2 and Other Gas Injection EOR Applications
	Saudi Aramco
	$160,000.00

	
	
	
	
	
	$3,516,223.00

	
	
	
	
	
	


Infrastructure:
With the addition of two new faculty members, Dr. Yu-Shu Wu and Dr. Xiaolong Yin, the Center is now capable of conducting more research and handling more projects.  

We have applied several times to the DOE to obtain funds for CO2 sequestration, geothermal energy production, and rejuvenating brown (oil) fields.  We also have applied to the DOE for funds in conjunction with gas production from very low permeability sand and shale reservoirs.    

To support our efforts, especially in the area of recovering oil and gas from ultra-unconventional reservoirs, CSM can provide us funding for the needed equipment to conduct laboratory experiments.  

Plans:
Increase the number of post-doctoral researchers at the center.  We also plan to upgrade our capability to conduct multi-phase, multi-component experiments in support of our theoretical research.  

We have borrowed and fixed a very old centrifuge from Dr. Michael Batzle to conduct preliminary EOR experiments for the PI projects.  Also, we have requested funds to purchase a state-of-the-art centrifuge for EOR experiments in conjunction with the PI projects; funds were approved in August 2009.  Three PhD students will be involved in this effort.  The EOR experiments will include double displacement and surfactant wettability alteration experiments. 

Dr. Erdal Ozkan will be on sabbatical leave for the Academic Year 2009-2010. He will be working at Marathon Oil Co., Houston, Texas, from September through November 2009 to develop new projects on unconventional shale oil and gas production. From December through June 2010, Dr. Ozkan will be working at the Northern State University of Fluminense, Macae, Brazil, in conjunction with Petrobras Research Center, Rio de Janeiro, to develop collaborative research projects on multiply fractured horizontal wells, unconventional reservoirs, and mathematical methods of oil and gas recovery.  
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