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PDL Mission: Resource Development 
Mission: Resource Development 
• conventional oil 

• viscous/heavy oil 

• natural gas  

• hydrate/associated free gas 

• GTL Transportation, and 

• CBM resources  

Vision: 
 Through integrated academic, industry, & 

government collaborative research to 
promote safe, low cost, & environmentally 
responsible production of abundant, 
strategic resources and secure energy 
needs of the State of Alaska and the 
nation. 

NETL-US DOE 

BP Exploration (Alaska) Inc. 



Composite of 

A-F Hydrates 

Collett et al., 2004 and BPXA, and NETL-USDOE 

ANS Heavy Oil and Gas Hydrate Resources 







 Vanishing IFT and Coreflooding Set-ups 





           

                             

 

Chandler 1910 HPHT Curing 

Chamber 

Chandler 8340 HPHT 

Consistometer 

Chandler Atmospheric 

Consistometer 

Chandler 4265-HT UCA (Ultrasonic Cement Analyzer) HPHT Filter Press (fluid loss) 

Cement Testing Equipment 

Uniaxial Loading Rock Mechanics Lab 



HPHT  Consistometer and Curing 

Chamber used simulate well 

temperatures and pressures. 

The Cement Testing Laboratory is newly 

equipped to determine properties of 

cement under range of pressure and 

temperature conditions.   

HPHT equipment- test temperature up to 600°F and pressures of 30,000 psi 

Ultrasonic Cement Analyzer:  

Provides real time compressive 

strength data 
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Chemical Flooding  



Application of Compositional Viscosity Models   
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Oil Sample A 10.868 9.196 3.078 

Oil Sample B 37.266 44.673 4.292 
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Case number 

Exp. Sim.

Case 

Numb

er 

K 

(md) 
Porosit

y (%) 

Swi  

(%) 

1 500 20.1 25.0 Waterflooding 

2 500 20.3 26.0 1.48 HCPV liquid CO2 

3 500 20.1 25.0 0.72 HCPV liquidCO2 

5 500 20.4 27.2 0.17 HCPV liquid CO2 

(wag) 

6 1500 27.6 17.6 Waterflood 

7 1500 26.8 19.7 0.09 HCPV liquid CO2 

(wag) 

 8 1500 27.6 24.5 Waterflood (T=100°F) 

9 1500 26.8 20.8 0.08 Gaseous CO2 + 

Waterflood (T=100°F)  

CO2-EOR Sequestration in  

Heavy Oil Reservoir 
 

 

Objective: Quantify the amount 

of CO2 than can be stored in 

Alaska oil reservoirs 

  

This is a multi-disciplinary 

research, with focus on how and 

how much CO2 can be 

sequestered and used as an 

EOR solvent. 

 

Investigating pure CO2, enriched 

CO2 and CO2-WAG injection for 

ANS reservoir  

 

  





MEOR 
• Objective 1: Isolate and identify indigenous 

biosurfactant producing bacteria from 6 different ANS 
heavy oil reservoirs 

 

Liquid enrichment cultures 

(incubated 1-3 months)  

Spread 

bacteria onto 

agar plates 

Inoculate 96-well plate 

with colonies 

Optical distortion assay 

(Chen et al., 1997) 

Isolate and 

identify 

positive 

organisms 



Electromagnetic heating of Reservoirs:  

Application to Methane Hydrates and Heavy Oil Recovery 

• Good well stimulation 

technique for heavy 

oil reservoirs on the 

ANS. 

• Can be applied to 

dissociate methane 

hydrates and unlock 

the gas. 

• Temperature Profile after 1 year of EM heating 
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Production profile 

EM heating

• Initial Viscosity ~ 3000cp 

• After 1 year of heating ~ 96cp 

• Initial Temperature = 120 ⁰F 



UMIAT- Challenges and Opportunities 



The Gas Hydrate 

 Resource Pyramid 

 

• increasing in-place 

• decreasing reservoir quality 

• decreasing confidence in resource 
estimates 

• increasing technical challenges  and 
likely decreasing % recoverable 

Gas Hydrate sample – 

2002 Mallik Gas Hydrate 

Production Test 

Mallik - 

2002 

GH-saturated fractured clays – Bay 

of Bengal  

Massive GH seafloor mound – Gulf 

of Mexico 

 

GH-saturated turbidite – Nankai 

trough 

GH-Saturated conglomerate  – NW 

Canada (Mallik) 
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Gas Hydrate Production Modeling 

Mt. Elbert GH Saturation
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Barrow Gas Hydrates 

(Opportunity?) 



GTL: The Gel Strength Problem 

Outside Temperature:    -40°F 

Pipeline Temperature: 

Elapsed Time:  

90°F 

Day 0 

L = 80 miles 
(pump station to pump station) 

Pressuremax = 1200 psi 

Day 5 Day 10 Day 15 

0 Dyne/cm^2 10 Dyne/cm^2 80 Dyne/cm^2 700 Dyne/cm^2 

50°F 20°F 0°F 

Fluid Gel Strength: 

No Flow Condition 

Fgel = τgel * (π * D * L) 

τgelmax = 190 dyne/cm^2 

Heat Loss 

Restart Impossible! 



Miscible Injectant (MI) and CO2 for 

Enhanced Recovery of Heavy Oil 
Moving Closer to Producing Alaska’s Heavy Oil 

John Cheshire 

 
Undergraduate Research Assistant 

Permafrost Subsidence Project Lead 

Petroleum Development Laboratory 

University of Alaska Fairbanks 



Alaska’s Heavy Oil 

Resources 

Location of Alaskan Heavy Oil (BP Exploration) 

What is heavy oil? 

• Flows like syrup 

• More dense than 

conventional oil 

Where is it found in Alaska? 

• On North Slope near 

conventional deposits 

• Shallower depth than 

conventional oil 

How much is there? 

• 24 – 33 billion barrels 

What’s the challenge? 

• High viscosity makes the 

oil difficult to produce 

economically 



Enhanced Recovery of 

Heavy Oil 
Methods: 

• Water Flood 

• Low cost 

• Implemented on the Alaska North Slope (ANS)  

• Poor recovery efficiency 

• Thermal 

• Injection of steam heats oil, helping it flow more easily 

• Arctic environment makes steam injection on ANS difficult 

• Solvents 

• Mix with oil causing it to flow more easily 

• Carbon dioxide and light hydrocarbons are typical solvents 

• Could be available on ANS with gas sales 

• Research ongoing 
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Research Background 
Background: 

• Blend of carbon dioxide and 

light hydrocarbons have 

potential to increase heavy 

oil recovery 

• Numerical simulations are 

used to make development 

decisions 

• Phase behavior of heavy oil 

when combined with carbon 

dioxide and light 

hydrocarbons is not well 

described numerically so 

difficult to simulate 
Carbon Dioxide and Heavy Oil Forming 

Two Liquid Phases 



Conclusions 
• Ongoing research is step 

toward additional production 

of heavy oil resources from 

ANS 

• CO2-MI blend would utilize 

existing ANS resources to 

increase heavy oil 

production 

• Sequestration of carbon 

through injection of CO2-MI 

blend  

• Additional production would 

be boon to TAPS 



Future Research 

• Identify CO2-MI blend that 

eliminates formation of second 

liquid phase 

• Measure density and viscosity of 

heavy oil in contact with 

optimized CO2-MI blend • Tune or develop a numerical 

simulator to match empirical 

phase and property behavior 

• Evaluate recovery potential of 

development scenarios using 

numerical simulator   

• Conduct slim-tube experiments to 

determine minimum miscibility 

pressure of optimized CO2-MI 

blend 



Protecting ANS Wells and 

Infrastructure from Permafrost 

Subsidence 
 

 

 
 

Tom Polasek 

 
Undergraduate Research Assistant 

Permafrost Subsidence Project Lead 

Petroleum Development Laboratory 

University of Alaska Fairbanks 



Alaska Heavy Oil Resource  

Source: BP Exploration Alaska, 2011. www.aoga.org 



Permafrost Thaw and Subsidence 

Ground Surface 

Base of  

permafrost 

silt 

silt 

sand 

sand 

permafrost 

thawed 
~1400 ft 



Permafrost Thaw and Subsidence 

Thaw Bulb 

~1400 ft Base of  

permafrost 

silt 

sand 

sand 

silt 



Thawed gravelly silty sand till  Frozen gravelly silty sand till 

Ice rich frozen silt  

Ice Content Upper Permafrost Soils 

Ice poor frozen till  

Source: I. Holubec Consulting Inc, Geotechnical Site Investigation Guidelines  



Experimental Equipment 
Controls:  

Brine filled 
annulus 

Low Thermal 
Conductivity gel 
filled annulus 

Vacuum insulated 
tubing  

Silt 

 

Sand 

 

Looking Top-Down 

Tubing 

Casing 

Oil or 

Steam 

Space 

(Annulus) 

Data Collection 
~100 thermistors (heat sensors) 

IR thermal image camera 



• Collect data to analyze how best to 
protect  current and future wells 

 

• Acquire empirical data for tuning 
permafrost thaw computer simulations 

 

• Gain lessons learned for future research 
using frost cell equipment 

 

Project Objectives 



Project’s Current Progress 



Project’s Current Progress 



Impacts on Future Alaska 

North Slope Oil Production 

1. Estimated 24 – 33 billion barrels of 
heavy oil, much of it is inaccessible 
without thermal EOR 

 

2. One step closer to unlocking access 
to heavy oil on Alaska’s North Slope 

 

 

 



Future Work 

1. More complex/multilayered models. 
UAF is the first to do this type of 
physical modeling. 

 

2. Further research into geomechanical 
forces on scaled down wells 

 

3. Collaboration with Alaska’s energy 
industry 

 



Oil & Gas Related R&D at UAF 

Synergies, Partnerships (University, State Govt., 

Federal Govt., and Industry) 
 

• Phase Behavior, Asphaltene Precipitation- Viscous/ 
Heavy Oil 

• Chemical Flooding and Conventional EOR 

• Wettability and Improved Oil Recovery 

• Chemical & Microbial Characterization- Viscous Oil 

• Methane Hydrates 

• CBM- Rural Energy Applications- Ft. Yukon 

• Novel Ceramicrete Technology for the Arctic 

• Carbon Sequestration 

• GTL Transportation 

 
Workforce Development 

New Reserves to Declining Production 

Economic Development NETL-US DOE 





Now with BP Alaska Now with Shell, Houston Now with Shell, Houston Now with BP Alaska 

Now with Chevron, Houston 

Now with BP Alaska & Occidental, CA Now with Baker Hughes, Houston 

UAF Petroleum Engineering Student Success  



Petroleum Engineering Alum 

featured in USA Today 

            
Abhijeet Kulkarni, UAF/CEM Petroleum Engineering alum 

(MS, class of 2005), now Reservoir Engineer with Shell in 

Denmark was featured in "USA Today" on February 18, 2013 

as New Face of Engineering. Since 2005, Abhijeet has 

worked numerous assignments for Shell in Netherlands, 

Middle East and Denmark. He also is the Chairman of the 

SPE Young Professionals Program, mentoring young 

petroleum engineers throughout the world. Kulkarni is a 

reservoir engineer who designs methods to enhance oil and 

gas production from the North Sea fields. He was nominated 

by the Society of Petroleum Engineers. 

The New Faces of Engineering is a recognition program that 

focuses on highlighting engineering contributions of young 

engineers two to five years out of school. These engineers 

are nominated by Engineers Week sponsoring societies from 

among their membership. 

 

 

UAF Petroleum Engineering Student Success  

http://www.eweek.org/Site/Engineers/newfaces2013/index.shtml


Partnership for Economic Development 

 

 

 

 

Potential Prize: 
100 TCFof NG in 
Gas Hydrates 
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Thank you. 
www.uaf.edu/ine 

 
 
 
 
 
 
Contact: 

Shirish Patil, Director 
Petroleum Development Laboratory 
Institute of Northern Engineering 
College of Engineering and Mines 
(907) 474-5127 
slpatil@alaska.edu 
 



EXTRA SLIDES 



Current Research Projects- PDL 

• LowSalTM Water Flooding Studies for ANS Fields 

 

• CO2-MI Phase Behavior Studies 

 

• Reservoir Engineering Studies in Support of Umiat Field Development 

 

• Development of Zeolite Based Cement for HTHP Geothermal Wells 

 

• CO2 Sequestration and CO2 EOR 

 

• Shale Study Project 

 

• Umiat Field Development Study 

 

• EOR For Conventional Oil Recovery 

 



Component Chemicals Effect 

Alkali NaOH 

Decreases 

IFT, regulates 

phase 

behavior 

Surfactant Anionic/Cationic 
Decreases 

IFT 

Polymers PAM  
Controls 

sweep 

• Proven recovery technique worldwide 

• Mature fields 

• Declining reservoirs 

• Permafrost presence doesn’t allow thermal recovery methods 

• Heavy oil recovery 

• Saved injection gas can be used to generate revenue. 

• Increase in recovery factor – Simulation results  

 



CO2 EOR- Enriched with Nano-Particles 



No 
Name of the 
region 

Permafrost 
temperature, 

C 

Thickness of 
permafrost, 

m 
Ground ice Permafrost related hazards 

1 
Arctic Coastal 
Plain 

–7…–11 200-650 
Active ice wedges, 
pingos 

Thermokarst, thermal 
erosion 

2 “Sand Sea” –5…–8 200-350 
Pingos, small active 
ice wedges 

Wind erosion, thermokarst, 
thermal erosion 

3 “Silt belt” –5…–8 200-550 
Huge ice wedges, 
pingos  

Thermal erosion, 
thermokarst, thaw slumping 

4 Arctic Foothills –5…–7 250-550 Ice wedges 
Thermal erosion, slope 
processes, thermokarst 

5 
Moderately high 
mountains 

–4…–6 100-300 
Buried glacier ice, 
small ice wedges 

Slope processes, thermal 
erosion 

 

Schematic map of the Northern Alaska permafrost regions  
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Injection  and pressure monitoring ports 

Piston • Use an experimental 

setup to answer the 

following questions 

• What is the effect of 

reservoir rock and fluid 

properties on 

• wormhole length, 

• wormhole stability, 

• wormhole pattern? 

 

CHOPS Process 

• Is carbonate acidizing a useful 
analog for the CHOPS process? 

• Are concepts like pore volumes to 
breakthrough useful in this 
context? 



Shale Resource Development 

Focus is on enhancing understanding of shale resources 

dynamic behavior in order to optimize their 

development. Both analytical and simulation techniques  

are used to help ADNR to put in place a successful 

management plan to facilitate development of these 

resources: 

Warren and Root, 1962 

Thin streaks 

representing 

natural fractures 

In Depth Understanding of Development Challenges 

in Unconventional Shale Reservoirs 

  

Objective: Identify the challenges associated with 

development of Alaska shale resources including 

leasing and fracturing, as well as expected recovery 

  

This project includes simulation study in two different 

areas: Hydraulic fracturing and Reservoir simulation.  



UAF Petroleum Engineering Graduates 



Energy Technology Division 

Argonne National Laboratory 

PDL-Established Research Partnerships 

http://www.netl.doe.gov/main.html
http://www.natcogroup.com/Content.asp?t=NATCO&UD=no
http://www.natcogroup.com/Content.asp?t=CynaraMembraneSeparationSystems


Recent NETL-DOE Funded Oil & Gas Related R&D at UAF 

Synergies, Partnerships (University-Federal Govt., State Govt., Industry, Non Profits) 

Phase Behavior/ Solid Organic  
Deposition and EOR Potential of  

ANS Viscous Oil Reservoirs 
UAF-PNNL-BPXA-CPAI 

Patil and Dandekar 
Funded By AETDL (2005-08) 

Novel Chemically Bonded  
Phosphate Ceramic Borehole  

Sealants for Arctic Environment 
UAF-ANL-BJ Services and 

Patil, Wagh, Chukwu, Khataniar, 
Chen, Dawson 
Funded By  

AETDL (2004-08) 

Alaska Gas Hydrate Project 
BPXA, UAF, UAz, USGS 
Hunter, Patil, Dandekar,  

Funded by NETL (2002-08) 

Characterization and  
Development of Alaska 
Heavy Oil Reservoirs 

UAF and BLM (Alaska) 
Patil and Dandekar 
Funded by BLM 

(2005-07) 

 

ENERGY SECURITY,  
ECONOMIC DEVELOPMENT 
ANS Gas Commercialization 

IOR, VO/HO, Gas Hydrates, 
Coalbed Methane 

Pipeline & Transportation 
CO2 EOR and Sequestration 

 

Chemical and Microbial  
EOR for Viscous Oil  
Patil and Dandekar 
UAF-CPA-BPXA 

Funded by AETDL  
(2006-08) 

Resource Characterization 
And Quantification- 
Barrow Gas Hydrates 

Walsh, Patil, Dandekar 
In collaboration with 

PRA and NSB 
(2006-08) 

Rural Alaska Coalbed 
 Methane: Application  
of New Technologies to  
Explore and Produce  

Energy 
UAF-DGGS(DNR-AK)-GWS 

Ogbe, Clough, Patil 
Funded by AETDL (2003-06) 

 

 
Characterization &  

Alteration of Wettability  
States of Alaskan Reservoirs 

To Improve Oil Recovery 
EfficiencyUAF-PNNL-BPXA 
Dandekar, Patil, Khataniar 

McGuire, Saripalli 
Funded by AETDL (2004-08) 

 

 

Carbon 
Sequestration 
UAF-BPXA 

Patil, Dandekar, 
Clough, McGrail 

Funded By 
AETDL (2004-06) 


