
The $50 Plus 
Breakeven Oil Reality: 
Making Steamfloods 
Work in the Illinois 
Basin



Forty Years of 
Oil Prices 

Adjusted For 
Oil Service PPI-

a $40 move in 
18 months 

• To Draw a “Best Fit” 
Line of PPI Adjusted Oil 
Price Through the 
Actual Oil Price, a Jan 
86 Oil Price of $19.52 
per barrel is required.  
This makes the average 
escalation factor 3.5% 
over the last 40 years.  
But 90% of the move 
happened in an 18-
month period around 
20 years ago.



Three 5+ MMBOPD 
Rollovers in History-

US 
Conventional(70), 

USSR(88), North 
Sea(04)

• Grozen forecasts 
Permian Ultimate 
Recovery of 35 BBO, 
about half the size of 
the North Sea.  The 
projection shown uses 
this Ultimate Recovery 
Number and an 
economic limit of 10 
BOPD with 100,000 
wells.

US Rolls 
Over



When is the Permian Going to 
Rollover?



The Elusive 
Rollover of 
World Oil 
Demand 
Wash,Rinse, 
Repeat



A Story-
California Steamflood Engineer

Fluid Saturations

The Abbey Unit is a 3.3 million barrel pore 
volume which has recovered 208 MSTBO 
in 50 years.  Even though an estimated 2 

million barrels of water has been injected, 
only 208,000 barrels of that water have 

served to displace the original oil in place.    
Therefore, oil saturation has been 

reduced by 6.3% and water saturation has 
increased by 6.3%.



Porosity Type Log & Core Analysis
Abbey Unit



TNav Simulator Initialization
Waterflood Mobile Oil in Place 2.965 MMSTB

Abbey Unit Volumetric 
Iterations



Every 
Explanation 

for This 
Problem is 

Contained in 
Darcy’s Law

• An $80,000 Reservoir Model 
isn’t really required
• What if your sand well?

• Had 100 psi static 
bottomhole 
pressure

• You couldn’t 
stimulate it

• The oil was 5-8 times 
more viscous than 
normal



Why Only 220 MSTBO Recovery?
Less Than 10% of the OOIP

Horizontal 
Fracture 

Propagation

Injection 
Pressure 

Function of Burial 
Depth

Video- It went 
around it not 
through it…..



Terrain 
Dependent 
Injectivity
Lifting 
Overburden



The Oil Producers Goal is to minimize 𝑆𝑜

Only way is to increase 𝑆𝑤  and/or 𝑆𝑔 

What Matters is Δ𝑆𝑜

What if this reservoir was sitting atop the 
ground and you were looking at it?

Steam is one of the only known substances 
that has the theoretical capability to reduce 
So to 0 in light oil applications



Laboratory Rolling Ball 
Viscosimeter 
Oil Viscosity versus 
Temperature 
Abbey Unit
One Suspects There is a 
Tremendous Quantity of 
Illinois Basin Oil
Which Would Behave 
Similarly



First Principle 
Aside- The Effect 

of Oil Viscosity 
Reduction on the 

Displacement 
Process

• The Shape of the Higher 
viscosity fractional flow 
curve illustrates that a lot 
of oil remains in the 
ground above a 90% 
water cut, nearly 20% of a 
pore volume, or a million 
barrels in the case of the 
Abbey Unit or Union 
Chapel.



Laboratory 
Data from the 

Literature-
Two Additive 

Effects of Light 
Oil Steam



What About 
Successful 
Water Floods?-
Jackson Sand 
Union Chapel



Transmissibility- 
the 
Proportionality 
Constant in 
Darcy’s Law



Curlew Sand 
Omaha-  Kh/u 
a tenth of the 
Abbey Unit



First 
Principles

How Much to 
Heat and How 

Much to 
Recover?

• The Reservoir Volumetric Specific Heat (ρC)res would be calculated as follows:

• (ρC)res= (1-φ)ρrcr+φ(Swρwcw+Soρoco)

• (ρC)res=(1-.17)(165)(.22)+.17*(.35*62.4*1+.65*53.3*.46)

• Cres=36.6 BTU/ft3 deg F

•  Assuming an acre with 15-foot thickness, the bulk volume would be 653,000 cubic feet 
and the heat required to raise the temperature one degree F would be 24 million BTU.  To 
obtain the objective temperature of 160 degrees F across that acre with 100% efficiency would 
require an input of 2.4 billion BTUs, or the equivalent of 2,400 MCF, or 400 barrels of oil.

• That same acre would have a pore volume of 19,800 barrels.   The initial oil saturation of 
72% gives an original oil in place of 14,300 barrels.  A residual oil saturation to water of 28% 
results in an estimated displaceable saturation of about 40%, or nearly 8,000 barrels of oil per 
acre.   This represents 56% of the original oil in place, which is not unreasonable compared to 
the results obtained from a heavy oil steamflood at a similar depth.

• The Energy Efficiency of the ideal process so outlined would be 95%.  Only 5% of the 
energy produced would be consumed as fuel.    Currently natural gas delivered retail at this 
location is trading at a 50% energy discount to posted crude oil, the revenue efficiency would 
be 97.5%, or potentially 40 times your money on fuel purchased.  

• There is a lot of room for inefficiency in this idealized process.



Thermal 
Efficiency, 
Eh 



Steam Oil 
Ratio (SOR)

• Amount of oil recovered by barrel of steam injected

• A barrel of water weighs 350 lbs

• A pound of steam at the necessary temperature and 
pressure for this project contains around 1,200 btus.

• So a barrel of steam is around 420 MBTUs, or 0.42 
MMBTU (MCF)

• So at a SOR of 2.4, one MCF recovers one barrel of oil.

• The idealized process assumed above works out to a 
steam oil ratio of 0.7 (5,700 barrels of steam to recover 
8,000 barrels of oil), so everything is about efficiency.



Fuel Costs Per Barrel of Oil 
Versus MMBTU Price and SOR



Analog Project 
in Oklahoma
This Just 
Doesn’t 
Happen



Steam 
Injection- 

Consider the 
Benefits 

• Low Injection Pressure and Establishment of Matrix 
Displacement
• 1 =  𝑆𝑜 + 𝑆𝑤 + 𝑆𝑔-> Doesn’t matter if you’re not in 

zone
• Sors<Sorw in light oil environment due to steam 

distillation 

• Limit/Control Horizontal Hydraulic Fracture Propagation
• Contrast this With Polymer/Alkaline Flooding
• Mobility Ratio improvement not by increasing water 

viscosity, but reducing oil viscosity

• Recovered Heat at Tank Battery utilized to Deliver Hot 
Water to Remainder of Field

• Arbitrage Opportunity to Convert Low Value BTUs (gas) 
into High Value BTUs (oil)







Practical 
Considerations

 

• Regulatory
• Groundwater Protection

• Quantifying the Groundwater Resource
• Designing an Effective Protection Program
• Must Preserve Expensive Heat in Zone
• If monitoring has to be conducted- extremely 

shallow and inexpensive

• Fuel Source
• ANR Interstate Pipeline 1 mile from Unit Boundary
• Ohio Valley Gas in Tell City can provide a 4” 60 psi 

line

• Source Water
• Patoka Regional Water is 4,400 feet away-pricing a 

line



Conclusion

• Geology/Reservoir Engineering Hold the Key:
• Last 20 years-  Make Pres, Perm & Negative Skin
• Next 20 years- Good Perm, Reduce Vis and Sor



Supporting Slides Follow



Gulf Fireflood 
Western 

Kentucky Tar 
Sands

• Some Degree of 
“Channeling” is 
Viewed Positively in 
Low Mobility Thermal 
Applications
• To the Point of 
Artificially Creating It



Sample Tnavigator Thermal Model
Geology Will Rule



Supatra etal 
Update and 
Forecast
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