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It’s that time of the year when we announce the dates for the CO2 confer-
ence. The 5th Annual Wyoming CO2 conference will be held at the Casper 
Event Center on the 13th and 14th of July. The timing could not be better 
as three acquisitions affecting development of CO2 enhanced oil recovery in 
Wyoming were announced in the last few months.  Elk Petroleum announced 
that they have entered a CO2 supply agreement with ExxonMobil that will 
allow Elk to pursue a CO2 miscible flood in the Grieve field in Natrona 
County. This project was initially modeled by EORI Senior Research Sci-

entist Shaochang Wo back in 2007 and it is very pleasing to see progress being made towards 
implementation. In addition, Linc Energy Limited recently announced that they intend to use 
byproduct CO2 from their Underground Coal Gasification (UCG) project in the Powder River 
Basin to flood 3 fields they recently purchased from Rancher Energy Corporation. In yet another 
deal Carbon Energy Limited announced that they have purchased rights to explore and lease 
coal tenements with Anadarko Land Corporation for UCG. This deal includes provision to sell 
byproduct CO2 to Anadarko for use in their CO2 EOR operations. We are delighted to have been 
able to help Carbon Energy in their acquisition process and look forward to working with them 
in the future. And just a few weeks ago, DKRW announced a major contract for sale of CO2 from 
their Medicine Bow Fuel & Power Coal to Liquids Facility to Denbury Resources for use in their 
CO2 EOR projects. 

But there’s more to EOR than just CO2. Minnelusa Consortium work has identified nearly 4 mil-
lion barrels of potential incremental recovery due to optimization and additional development of 
waterflooding in a single field.  EORI plans to expand projects to evaluate and improve flooding 
conformance in both waterfloods and EOR projects within Wyoming.

As Director it is extremely encouraging to see this progress and we thank all the entities involved 
for their commitment to Wyoming and their cooperation over the years with the EORI. There
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has been a tremendous amount of work done to date and still plenty to do and we are looking 
forward to continuing to contribute to the development of EOR in Wyoming in the years to 
come.

See you in Casper!

David Mohrbacher, EORI Director

  

    

    CARBON ENERGY TESTIMONIAL

    “Earlier this year Carbon Energy Limited finalized due diligence 
    investigations to identify suitable resources in the U.S. to deploy 
    the Company’s world-leading Underground Coal Gasification 
    (UCG) technology for the production of cleaner energy and chemi-  
    cal feedstock from UCG syngas.

    As part of these investigations, The University of Wyoming’s  
Enhanced Oil Recovery Institute (EORI) reported on key markets and infrastructure as well as 
complimentary opportunities for enhanced oil recovery.  The tailored market research and qual-
ity mapping provided by EORI was an integral component of the Company’s due diligence report.  
Carbon Energy is pleased to announce the recent execution of an agreement to acquire US compa-
ny, Clean Coal Inc. which will significantly increase its resource portfolio.  Carbon Energy would 
like to acknowledge and thank the EORI for contributing its extensive knowledge and expertise as 
the Company expands its operations in Wyoming.”

Peter Swaddle

General Manager Commercial

Carbon Energy Limited
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R O Z  P O T E N T I A L  O F  T E N S L E E P  R E S E R V O I R S ,  B I G H O R N  B A S I N

By Peigui Yin

Residual oil zone (ROZ) is the reservoir interval below oil-water contact, and is not perforated in the pri-
mary and secondary production.  According to the study on tectonic movements, hydrocarbon migration 
history, oil composition, and reservoir properties, Tensleep reservoirs in the Bighorn Basin is potential to 
have thick ROZ with high remaining oil saturation.  

During the preliminary study on cores, well logs, and production tests, the ROZ thickness in Tensleep 
reservoirs, Bighorn basin, can range from 10’s to 200 feet under the MPZ, in the MPZ out-skirt areas, 
and even in non-productive Tensleep closures.  Oil saturation in ROZ ranges normally from 20 to 40%, 
and up to 70% in the non-productive structures.  Based on the oil analysis checked, no significant differ-
ence is found between oil produced from the MPZ and oil samples collected from the ROZ.

Advanced Resources International has evaluated the ROZ potential for 13 Tensleep reservoirs in the 
Bighorn Basin.  Based on their modeling estimation, the amount of CO2-EOR potential within ROZ is 
almost equal to OOIP in the MPZ.  Much larger potential of the CO2-EOR within ROZ can probably 
accomplished if the ROZ potential in non-productive structures is accounted.

Oil recovery from ROZ by CO2 flooding has been successful in several San Andrews carbonate reservoirs 
in US Permian Basin.  In their practice, oil saturation in the new cores deepened to ROZ is close to that 
in the MPZ after several decades of water flooding, and same quality of oil produced from the ROZ as 
that produced from the corresponding ROZ.   The oil production increases significantly by including the 
ROZ for the CO2 flooding. 

During the primary and secondary production period, most of the oil reserve in the residual oil zone is 
not touched.  After intensive water flooding, current remaining oil saturation in the main pay zone of 
Tensleep reservoirs is already close to that in the ROZ, and most of the MPZ have produced oil with 
extremely high water-cut after intensive water flooding.  CO2-EOR is one of the promise techniques to 
recover the remaining oil from these mature reservoirs.  The EOR potential will significantly increase 
by adding the ROZ reserve to remaining potential in the PMZ.  If ROZ potential can be proved in the 
Bighorn Basin Tensleep reservoirs as predicted, rich ROZ potential is also potential to exist in Tensleep 
reservoirs of  other basins and even other productive horizons. 
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E O R I  W E B S I T E  D E V E L O P M E N T  A N D  D E S I G N

By Vandy Jones

The University of Wyoming has recently launched Phase 1 of the new UW website.  The full launch will 
be complete in the fall of 2011.  The new website design provides UW with a consistent branded appear-
ance along with the flexibility for individual customization within college, department and support-unit 
sites.  EORI has been in the process of recreating their webpage and is planning on releasing it by mid 
April, 2011.

 The new website will still retain some of the old pages, but will also include several new pages, including: 

• About EORI: 

 • Director’s Message

 • History of EORI

 • Testimonials

 • Vision and Mission

• Areas of Focus:

 • Data generation

 • Field demonstrations

 • Research

 • Technology

• Working with us:

 • Collaborative research

 • Consortia

 • Screening and scoping

• Resources will include:

 • Talks given at conferences

 • Conferences sponsored by EORI

 • Commission meeting talks

 • EORI Workshops

• Staff and associated faculty.

There are still several of these areas that need more information, but work is being done to get them ready 
to be published.  Thank you for your patience as we progress with the launch.
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F U T U R E  E O R I  O U T R E A C H  A N D  E D U C AT I O N

The staff at EORI is constantly trying to promote the work done at the institute and receive feedback.  
The following is a list of conferences and classes some of the staff is attending and/or presenting at in the 
near future.

O U T R E A C H

• The 16th European Symposium on Improved Oil Recovery        
Cambridge, UK, April 12-14, 2011         
Pubudu Gamage and Geoffrey Thyne, Gamage oral presentation

Systematic Investigation of the Effect of Temperature during Aging and Low Salinity Flooding of 
Sandstones

Abstract

Low salinity waterflooding has been widely studied during the last decade by various research groups as 
one of the most inexpensive enhanced oil recovery (EOR) method. Many studies have confirmed that 
this method can increase the waterflooding efficiency by 2-30% depending on the brine composition, 
crude oil composition and rock type. While limited data have demonstrated the effect of temperature on 
low salinity response, as yet no systematic data is available to quantify the role of temperature either dur-
ing aging of the oil-brine-rock system or during waterflooding. 

Single phase and two phase laboratory core flooding experiments were performed on outcrop Berea sand-
stone with a Minnelusa crude oil over different temperatures ranging from 25 to 90°C. The single phase 
experiments provide the baseline for the two phase experiments. Two phase experiments were conducted 
in both secondary and tertiary modes. 

All the experiments showed incremental recovery with injection of low salinity water.  The incremental 
recovery was usually coincident with changes in salinity and pH, while pressure changes occurred over a 
longer duration. The maximum oil recovery, both for initial displacement and incremental production, 
occurred at the lowest temperature for cores with the same aging and flooding temperature.  However, 
for cores aged at the highest temperature (90°C), the greatest incremental recovery was obtained at an 
intermediate displacement temperature (60°C).

This paper provides profound information pertinent to the oil recovery by law salinity flooding which 
could be utilized to maximize the response of experimental system and help screen candidates for low 
salinity waterflooding.

             

            

CONT INUED ON NEXT  PAGE . . .
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• AAPG National Annual Conference        
Houston, TX, April 11-14, 2011         
Geoffrey Thyne and Peigui Yin attending

• SPE International Symposium on Oilfield Chemistry      
The Woodlands, TX, April 11-13, 2011        
M. Kazempour, E.A. Sundstrom, V. Alvarado, E-Poster: SPE-141331 presentation

Effects of Alkalinity on Oil Recovery during Polymer Floods in Sandstone

Abstract

Alkaline flooding has been purported as a promising process for enhancing heavy oil recovery, while alkaline-
polymer (AP) and alkaline-surfactant-polymer (ASP) injection represent commercial flooding strategies for 
lighter oils. The alkali in an ASP flood can reduce adsorption of surfactants and react with acids in the oil 
to form soaps. Polymers increase the viscosity of water and control mobility ratio. The addition of an alkali 
to a straight polymer flood can further increase the efficiency in polymer flooding. The alkali can react with 
the rock and polymer to reduce polymer adsorption and decrease polymer solution viscosity allowing higher 
injectivity. 

We report results of core experiments for polymer, alkali, and AP tertiary floods. The conditions tested corre-
spond to Wyoming’s Minnelusa sandstone reservoirs. Berea cores were waterflooded to residual oil saturation, 
and then a tertiary injection of a polymer, alkali or AP solution was run, followed by waterflooding. We also 
show results of polymer solution viscosity with varying alkali concentration. Polymer adsorption results from 
dynamic and static experiments with and without alkali are reported. Numerical history match of coreflood-
ing results was performed using k-partition method using CMG-STARS. 

Results show that a tertiary alkali injection produces negligible oil recovery and pressure drop increase. 
Straight polymer injection produces considerable oil recovery with a significant increase in pressure drop that 
may not be favorable for field designs. The injection of the AP solution also produced considerable oil re-
covery, but the increase in pressure drop was less than that of the straight polymer flood. The effects of alkali 
on polymer and rock surface lead to significant impact on recovery factor, resistance factors and also residual 
resistance factors. 

Results of this study can be utilized to improve the engineering design of polymer flooding with the addition 
of alkali to improve the injectivity and reduce the loss of polymer due to adsorption on the rock surface.

             

CONT INUED ON NEXT  PAGE . . .
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• 73rd EAGE Conference and Exhibition and SPE EUROPEC 2011     
Vienna, Austria, May 23-26, 2011         
M. Kazempour, E.A. Sundstrom, V. Alvarado, oral presentation SPE-143479-MS

GeochemicalModeling and Experimental Evaluation of high-pH Floods: Impact of Water-rock  
 Interactions in Sandstone

Abstract

Alkaline flooding, either for enhancing heavy oil recovery, or in alkaline-polymer (AP) and alkaline-surfac-
tant-polymer (ASP) flooding for lighter oils, represents an important EOR strategy. Injection of alkaline solu-
tions leads to mineral dissolution and precipitation with likely resulting changes in permeability and porosity 
of reservoirs, which in turn alter solution pH. Accurate prediction of pH, alkali consumption and aqueous 
chemistry changes are required to design suitable chemical flooding blends. Excessive consumption of alkali 
can result in degradation of flood performance and lower than expected oil recovery. 

We report results of state-of-the-art geochemical simulations for sandstone reservoir mineral assemblages and 
alkali solutions (NaOH, Na2CO3, and NaBO2) employed in AP and ASP formulations. The strategy has 
been tested for conditions of the State of Wyoming in Minnelusa reservoir and Berea sandstones. Single-
phase high-pH floods were completed in the lab to calibrate and validate geochemical simulations. 

Results show that rock-fluid interactions are a strong function of mineral type and amount, alkaline solution 
injection flowrate, and composition of injected and formation water. It is found that anhydrite has a signifi-
cant impact on pH buffering capacity, water chemistry changes and permeability damage against conven-
tional alkali agents in chemical flooding particularly in the case of Na2CO3, but no significant pH buffer-
ing is observed during NaBO2 flooding. Experimental data and model results show that the pH-buffering 
effect is maintained even after several pore volumes of alkaline solution are injected, if a sufficient fraction of 
relevant minerals are present. Comparison between linear core and field flooding simulations show that short 
reaction times tend to minimize these effects and may lead to conclusions that cannot be readily transferred 
to field cases. 

By applying reaction-transport modeling, the design of chemical flooding can be improved and formulation 
effectiveness losses caused by reservoir mineralogy can be avoided, even in cases where traditional laboratory 
screening procedures would indicate a suitable formulation for chemical flooding.

             

CONT INUED ON NEXT  PAGE . . .
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• AAPG Regional Rocky Mountain Conference       
Cheyenne, WY, June 25-29, 2011         

1) G. Thyne, M. Tomasso, S. Bywater-Reyes, D. Budd and B. Reyes, Thyne oral presentation   
Session Title: CO2 EOR and Sequestration I        
Session Date and Time: June 28, 2011, 8:40AM to 9:00AM

Characterization of Petrophysical Properties for CO2 Sequestration Models in the Mississippian Madi-
son Group, Moxa Arch-La Barge Platform, Southwestern Wyoming

Abstract

Petrophysical data for the Mississippian Madison Group in southwestern Wyoming was compiled and 
evaluated to relate petrophysical properties to stratigraphic facies in the Madison Group.  The study was per-
formed to help develop accurate storage estimates and provide baseline data for the geologic model required 
for carbon sequestration.  Public-domain geological and petrophysical data from core analyses, wire-line 
logs and core from wells that penetrate the Madison Group were used to place the wells within the regional 
structural and sequence stratigraphic framework, and detail porosity-permeability relationships.  The use 
of log-based porosity calibrated against core-based porosity greatly extended petrophysical characterization.  
Log-based porosity allowed regional-scale observation of trends in petrophysical properties.  

Based on statistical analysis, we characterize the Madison as having three petrophysical facies. The first 
facies is characterized by low porosity (<4%) with a highly variable permeability to porosity relationship. 
Preliminary data indicate the low porosity carbonate facies’ highly variable permeability is related to micro-
fracturing.  Examination of core with accompanying petrophysical data showed that the lower porosities 
are mostly present in micritic to wackestone facies, and also thinly-bedded packstones and grainstones.  The 
second petrophysical facies has intermediate porosity (4-12%) with a variable-to-log permeability to porosity 
relationship.  The third petrophysical facies has higher porosity (>12%) with a log permeability to porosity 
relationship.  The higher porosities are present in packstone- to grainstone-dominated facies.  The best poros-
ity in the study area is present in the lower portion of the formation in dolomitic packstone-to-grainstone 
dominated facies near the top of the transgressive systems tract, with high porosity zones extending over 10’s 
of kilometers. In terms of porosity, all of these petrophysical facies can be related to depositional facies as a 
first-order control.

CONT INUED ON NEXT  PAGE . . .
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2) John C. Lorenz and Scott P. Cooper, oral presentations      
Session Title: Rocky Mountain Basins and Arches

Fracture Patterns within the Tensleep Formation over a Spectrum of Laramide-age Thrust Structures, 
Wyoming

Abstract

Analysis of outcrop and core fracture data over a spectrum of Laramide thrust structures (broad low-angle 
arches to tight high-angle folds) in Wyoming shows the Tensleep Formation is cut by numerous intersect-
ing fractures, including 1) inherited F0 fracture patterns unrelated to folding are present in some structures 
2) fold-related extension fractures trend approximately normal (F1) and parallel (F2) to the axis of folding.  
Hinge-normal F1 extension fractures typically formed in response to horizontal stress prior to uplift and 
prior to the hinge-parallel F2 fractures that formed during folding.  Areas on broad anticlines that were not 
significantly folded, i.e., relatively planar backlimbs, contain only the early, F1 fractures.  Shear fractures (FS) 
in tightly folded structures can have strike-slip, thrust, and/or bed-parallel motions of slip.  Fractures of all 
sets (F0, F1, F2, and FS) were locally reactivated in both shear and extension as folding intensified.  

Lithology also influences fracturing with limestones accommodating much of the larger-scale bed-parallel 
shear through brecciation, although it is not always obvious due to weathering and secondary re-cementa-
tion.  From a distance, many of the limestone beds in fact appear to be unfractured.  The eolian sandstone 
facies accommodated strain by extension fractures, and by shear both parallel and oblique to the large-scale 
cross bed foresets and bedding.  Fracture intensity is dependent upon fold-style and degree of folding.  Ideal-
ized fracture models can be constructed but significant variations in structural style and lithology must be 
taken into consideration.

  

     

CONT INUED ON NEXT  PAGE . . .
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• 2011 Symposium of Core Analysts        
Pubudu Gamage and Geoffrey Thyne, poster presentation #A035     
An Experimental Investigation of Low Salinity Waterflooding in Berea Sandstone

Geoffrey Thyne and Pubudu Gamage, poster presentation #A082     
Assessment of Oil Recovery by Low Salinity Waterflooding in Minnelusa Fields of Wyoming 

Peigui Yin, poster presentation         
ROZ Potential of Tensleep Reservoirs, Bighorn Basin

  

     

CONT INUED ON NEXT  PAGE . . .
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• 2011 SPE Annual Technical Conference and Exhibition (ATCE)     
Denver, CO, October 30-November 2, 2011        
Geoffrey Thyne and Pubudu Gamage, Thyne oral presentation SPE-147410-PP

Evaluation of the Effect of Low Salinity Waterflooding in Wyoming on 26 Fields

Abstract

Low salinity waterflooding has been widely studied during the last decade by various research groups as one 
of the most inexpensive enhanced oil recovery (EOR) method. However with few exceptions the studies 
have been confined to laboratory examples. Data from field studies has been confined to single fields. In 
this study, we examined 51 fields in Wyoming from the same formation. Approximately half were flooded 
with low salinity water and were analyzed to try and quantify any additional production compared to fields 
flooded with reservoir brine.  The comparison of recovery factor from these fields allows an evaluation of the 
potential for increased recovery using a much larger dataset than previously.

A total of 130 fields in the Minnelusa sandstone have been waterflooded in Wyoming.  Of these 55 were 
flooded with low salinity water, 52 with mixed salinity water and 23 with formation brine.  Data necessary 
to calculate the recovery factor is available for 26 low salinity and 25 mixed or high salinity cases.  Analysis of 
the effect of low salinity flooding on the recovery factor showed no significant increase for the fields that used 
low salinity injection compared to fields flooded with reservoir brine.

We used core and crude oil from the Formation, together with synthetic formation brine to study this 
oil-brine-rock system. The laboratory studies showed no incremental oil production during low salinity 
injection. Geochemical models of water-rock interaction offer some insight into the reason the low salinity 
process was ineffective for the Minnelusa Formation.  The modeling showed the mineralogy of the formation 
substantially alters the injection water chemistry by increasing the salinity due to mineral dissolution.

The level of investigation into low salinity waterflooding has sharply increased in the past three years. Most 
of the studies have been conducted in the laboratory.  Both laboratory and field studies have produced mixed 
results in which low salinity flooding does not always create incremental production.  Our work contributes a 
large number of field cases for evaluation and coupled to laboratory experiments and geochemical modeling 
offers an explanation for the lack of incremental recovery.

CONT INUED ON NEXT  PAGE . . .
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E D U C AT I O N

Fractured Reservoirs: From Geologic Concepts to Reservoir Models

Date: June 18-23, 2011          
Location: Casper, WY, prior to the AAPG Rocky Mountain Section Meeting    
Tuition: $1895, AAPG members; $1995, non-members (increases to $1995/$2095 after 5/23/2011); 
includes course notes and refreshments.        
Content: 3.2 CEU          
Instructors: John Lorenz, Geoflight LLC, Edgewood, NM;      
Ahmed Ouenes, Prism Seismic, Greenwood Village, CO;      
Scott Cooper, Cooper Geological Consulting LLC,

Who Should Attend

Geologists, geophysicists, reservoir engineers, and geomodellers who deal with fractured reservoirs and who 
need to develop them using all types of available data. The course will be very useful to all geoscientists 
involved in clastics, carbonates and shale plays where fractures play a major role.

Objectives

The short course provides a unique opportunity to learn all the aspects related to the understanding and 
modeling of fractured reservoirs. The unique feature of this course is the ability to take the geologic concepts 
and use them in reservoir modeling. Hands-on sessions are devoted to the examination of outcrop, core and 
log data and using that information and software to create 3D fractured reservoir models. The first part of 
the workshop covers the geologic aspects which allow the geoscientist to recognize different types of fractures 
from outcrop, cores and boreholes. Once the fractures are recognized, their impact on the reservoir and its 
performance is examined. Six case studies are used to illustrate all the geologic concepts. The second part of 
the workshop covers all the aspects of modeling fractured reservoirs. Using modeling software and actual data 
from Teapot Dome, (WY), and the geoscientist will be able to construct fracture models that integrate geol-
ogy, geophysics and reservoir engineering. Emphasis will be given to the critical use of seismic attributes de-
rived from inversion, volumetric curvature and spectral imaging. Using actual Teapot Dome field data from 
the Tensleep and Niobrara Shale formations and a hands-on approach, the workshop allows the geoscientist 
to identify fractures and to construct predictive 3D fracture models that can be used to identify productive 
zones, plan wells and to create fracture porosity and permeability models for reservoir simulation. 

Prior to starting the modeling exercises, a field trip to the Tensleep outcrop around Casper (WY) will provide 
to the students the unique opportunity to see the large scale features related to fractures.

The student can take the concepts learned in this class and use them to solve his/or her own fractured reser-
voirs problems.

CONT INUED ON NEXT  PAGE . . .
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Content

Part 1: Geologic Aspects of Fractured Reservoirs       
A. Introduction: Fracture Types and Variability       
B. Fractures in Core: Natural Fractures        
C. Fractures in Core: Induced Fractures, Types and Uses      
D. Fracture Mechanics          
E. Fractures on Anticlines          
F. Fracture Spacings          
G. Fracture Effects on Reservoirs         
H. Case Histories

Part 2: Modeling Fractured Reservoirs        
A. Introduction           
B. Factors Affecting Fracturing         
C. Methodologies to Characterize Fractured Reservoirs       
D. The Use of Seismic to Improve the Fracture Modeling      
E. Integrated Workflow Applied to Fractured Reservoirs      
F. Hands-on Application: 2 Different Datasets from the Teapot Dome (WY)

Part 3: Field Trip to Tensleep Outcrops
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5th Annual Wyoming CO2 Conference

The 5th Annual Wyoming CO2 Conference will be held on the 13th and 14th of July 2011, at the Casper 
Events Center, Casper WY. Please keep checking the EORI website for further information, including ac-
commodation deals.

Click HERE for Casper Events Center Location.      

There is no registration fee for this meeting.        
Please click HERE to register.

For all enquiries, including speaker/sponsor opportunities, please contact Glen Murrell (gmurrell@uwyo.
edu).

Proudly sponsored by:

 

3rd Recovering Stranded Oil Through Improved and Enhanced Oil Recovery Technologies Conference

The 3rd Recovering Stranded Oil through Improved and Enhanced Oil Recovery Technologies Conference 
will be held at the Snow King Resort, Jackson WY, on the 12th and 13th of September, 2011.  Please check 
the EORI website periodically for details and registration.

 

http://maps.google.com/maps?oe=utf-8&client=firefox&ie=UTF8&q=Casper+Events+Center&fb=1&gl=us&hq=Casper+Events+Center&cid=0,0,9700664282755960971&z=16&iwloc=A
https://survey.uwyo.edu/TakeSurvey.aspx?SurveyID=84KInn20J
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E M P L O Y M E N T  O P P O R T U N I T I E S  AT  E O R I

The Enhanced Oil Recovery Institute will soon be seeking applications for the following positions:

1. Office Manager

2. Administration Assistant

3. Senior Geologist Scientist

4. Senior Modeler

Job advertisements are in various phases of the University of Wyoming requisition process.  Please check the 
EORI website periodically for job description details and application processes.


