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Abstract 
 
It is widely believed that shale plays will provide an abundant and inexpensive supply of natural gas that can also be produced at a great profit 
to operators. While shale gas has added significantly to U.S. supply, the plays are marginally commercial at best, and the resources and reserves 
are considerably less than commonly believed. Shale plays will probably add 7-10 years of supply, but much of that will be non-commercial 
unless gas prices increase dramatically. The marginal cost of shale production for most operators is about $8/Mcf so prices must increase above 
that level to sustain these plays without corresponding increases in drilling, completion, land, and operating costs. 
 
Current levels of drilling and over-supply of gas are likely to persist at least into mid-2011, which implies that prices will remain near current 
levels for a while. The present emphasis on liquid-rich plays does little to mitigate low gas prices because most of these plays produce 
considerable volumes of gas. 
 
Because most operators are spending beyond cash flow and have high debt loads, some may run out of capital and experience financial distress 
if loan covenants are triggered. If this happens, the myth of abundant, cheap gas supply from shale will be exposed, and gas prices will increase. 
The U.S. has ample natural gas resources for at least the next 25 years, but it will probably cost more than is generally assumed today. 
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Shale gas reserves are not as great or as inexpensive as are 
commonly believed

• Commercial outcomes from shale gas plays will be marginally commercial but 
have not been calibrated to other unconventional plays with more history.
• Shale gas is at the bottom of the resource pyramid: resource volumes are 
large, but costs are high and recovery efficiency is low. 
•There are at most 20 years of natural gas supply in the United States. Claims 
of 100 years are not consistent with credible reserve estimates. 
• Type curves produce over-stated reserve forecasts and must be replaced byType curves produce over stated reserve forecasts and must be replaced by 
more realistic methods.
• Low decline-rate hyperbolic models are not supported by empirical production 
history data.

Th f i d l h f il d• The manufacturing model has failed. 
• All shale plays have contracted to core areas a                                                 
fraction of the size of the play as originally                                            
advertised.advertised.
• The trend suggests that natural gas prices                                                     
will equilibrate.
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A view from the bottom of the resource pyramid

• Unconventional gas plays 
became important as better 
plays were exhaustedplays were exhausted.
• Economics are similar to 
tight-gas sandstone & coal-
bed methane plays—p y
marginal.
• Except that entry, drilling & 
completion costs are 
enormousenormous.
• And the drilling treadmill 
never ends because of high 
decline rates.
• There is no technological 
revolution, just improvement 
through extensive & 
expensive trial-and-error
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expensive trial and error.
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No 100 years of natural gas because of shale plays
• Potential Gas Committee  (PGC) June 2009 Report misinterpreted.

• Technically recoverable resources are not reserves.

• Probable shale gas component is 147 tcf.

• That’s a lot of gas but it is not 100 years of supply.

“There is clearly sufficient North American gas supply to last for a bunch of 
years; 50 years at least. And there is clearly no need for us to import LNG 
(liquefied natural gas) for multiple years to come.”
--Mark Papa, EOG CEO, November 2010

Assumes no demand growth and only 20 years if that is true.

Presenter’s notes: PGC estimates are higher than Medlock’s (2010), which we use for our evaluation because they are more consistent 
with our experience and view, and because they break out individual shale plays and include Canada.  PGC is a credible mid-range 
estimate for the US, and less optimistic than industry-sponsored groups, like American Clean Skies Foundation (ACSF) & Navigant
Consulting, The Canadian Society for Unconventional Gas (CSUG).
You asked about the evolution of the PGC’s evaluations.  Their methods have been quite consistent through their biennial report. The 
difference in 2009 was that they added shale as a legitimate resource for the first time. That increased the overall resource by 1/3.

4



Shale gas plays in the U.S. are commercial failures
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• Claims of profitability at less than $5.00 /mcfg are based largely on point-forward 
economics at odds with costs reported to the Securities and Exchange 
Commission in 10-K filings—all sunk costs written off.

It i t k fit if h t

Source:  Company Reports
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• It is easy to make a profit if you have no costs.
• Interest expense and G&A (overhead), dry hole cost, P&A expense and others 
not considered.



Type curves produce over-stated reserve forecasts:  Barnett Shale example

Group average has significant hyperbolic flattening matched by a hyperbolic 
b-exponent of at least 0.75.
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Decline-curve analysis of individual wells result in lower average EUR

• Much lower b-exponents.

• Remaining reserves 44% lower than group decline.

S i hi bi d k / f th i• Survivorship bias and work-overs/refracs are the main cause.
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Encana Barnett type curve example:  mean over-predicts reserves

• Light blue is mean.

• Median (purple) better approximates P50 case (red)—15% less than mean
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Median (purple) better approximates P50 case (red) 15% less than mean.

• Huge probabilistic spread but operators usually claim one EUR value.



Low decline-rate hyperbolic models are not supported by long-lived 
empirical production-history data:  Barnett Shale Devon Energy examples

Index WELL VINTAGE EUR NUMBER OF WELLS
1 DVN 2004 1,555,508 91
2 DVN 2005 1,172,450 160
3 DVN 2006 1 034 726 2893 DVN 2006 1,034,726 289
4 DVN 2007 1,139,035 459
5 DVN 2008 1,358,715 573
6 DVN 2009 1,156,912 287
7 DVN 2010 1,074,705 431

DVN WTD AVG 1,189,856 2290

• Devon claims their average g
well EUR will be 2.2 bcf
• Reserves are 
approximately 50% of 
operator claims
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The manufacturing model has failed

OPERATOR NAME TOTAL GAS (BCF) NUMBER OF WELLS
DEVON ENERGY CORPORATION 1.47 2,373
CHESAPEAKE OPERATING, INC. 1.23 2,178
XTO ENERGY, INC. 1.12 1,657, ,
EOG RESOURCES, INC. 0.85 1,593
QUICKSILVER RESOURCES, INC. 0.38 887
ENCANA OIL & GAS(USA) INC. 0.29 424
RANGE PRODUCTION COMPANY 0.20 335
ENERVEST OPERATING, LLC 0.13 187

• 8 6 million acres (13 500 sq mi)

WILLIAMS PRODUCTION  0.12 214
CARRIZO OIL & GAS, INC. 0.12 223
TOTAL  5.92 10,071

• 8.6 million acres (13,500 sq mi).
• 14,500 wells producing wells.
•72% of production from Devon, 
Chesapeake, XTO and EOG.

92 % f d ti f t• 92 % of production from ten 
operators. 
• The core areas (red and yellow) are 
the only part of the play with the 
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potential to be commercial.



The manufacturing model has failed

• All shale-gas plays have contracted 
to core areas.
• These core areas represent a p
fraction of the size of the plays as 
originally advertised.

"There was a time you all were told 
that any of the 17 counties in the 
Barnett Shale play would be just as 
good as any other county," 
M Cl d id "W f d tMcClendon said. "We found out 
there are about two or two and a 
half counties where you really want 
to be.”  

--Bloomberg News October 14,
2009
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First 6‐month cumulative production for Barnett Shale 
horizontal wells.  Data source:   HPDI
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Shale plays have contracted to a fairway or core area:  
Haynesville Shale example

•The emerging core area  includes  
~110,000 acres or about 5 
Townships.
• This represents approximately 10% 
of the play area in Louisiana defined 
by limits of drilling (1.5 million acres 
or 65 Townships).
• A few years ago, this was 
promoted as the 4th largest gas field 
in the world, and the largest in North 
America.
• Core areas are structurally 
influenced.

First 6‐month cumulative production for Haynesville Shale 
horizontal wells (with contours).  Data source:   HPDI

Presenter’s notes: All shale plays contract to a core area or areas that represent a fraction of the resource that was originally promoted.
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Shale plays have contracted to a fairway or core area:  
Fayetteville Shale example at least partly related to structure

First 6-months cumulative production for the Fayetteville 
Shale horizontal wells.  Data source:  HPDI

• Contraction to core areas not as extreme in the Fayetteville as other plays.
• Structure plays a strong role in the western core area.
• Associated natural fracturing is also an important factor.
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The elephant in the room:  decline rates

• Static analysis involves adding no new wells for the last 12 months of reported 
production.
• Resulting annual decline is 44 percent.
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Resulting annual decline is 44 percent.
• This means that to keep production flat, new wells must be continually drilled.



U.S. Crude Oil vs. Natural Gas Investment Index

• U.S. over-production is significant and commercially unjustifiable.
Th hift t il i h l ill lt i ilib ti f d ti
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• The shift to more oil-rich plays will result in equilibration of gas production 
and price but will take a few years.



Shale gas reserves are not as great or as inexpensive as are 
commonly believed

• Commercial outcomes from shale gas plays will be marginally commercial but 
have not been calibrated to other unconventional plays with more history.
• Shale gas is at the bottom of the resource pyramid: resource volumes are 
large, but costs are high and recovery efficiency is low. 
•There are at most 20 years of natural gas supply in the United States. Claims 
of 100 years are not consistent with credible reserve estimates. 
• Type curves produce over-stated reserve forecasts and must be replaced byType curves produce over stated reserve forecasts and must be replaced by 
more realistic methods.
• Low decline-rate hyperbolic models are not supported by empirical production 
history data.

Th f i d l h f il d• The manufacturing model has failed. 
• All plays have contracted to core areas a                                                 
fraction of the size of the play as originally                                            
advertised.advertised.
• The trend suggests that natural gas prices                                                     
will equilibrate.
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