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Traci spent countless hours finding and documenting sources and pro-
vided an unending stream of encouragement when the light at the end 
of the tunnel was barely flickering. Thanks for making this book happen 
and everything else you do for me. Grace, thank you for your under-
standing and patience during the many hours I spent writing and re-
searching this book. You will always be my little girl.

Commonly Used Abbreviations
bbl	 barrel
bbl/d	 barrels per day
boe	 barrels of oil equivalent
boe/d	 barrels of oil equivalent per day
bop/d 	 barrels of oil per day
mboe	 thousand barrels of oil equivalent
mcf	 thousand cubic feet
mcf/d	 thousand cubic feet per day
mmcf	 million cubic feet
mmcf/d 	 million cubic feet per day
bcf	 billion cubic feet
bcf/d	 billion cubic feet per day
tcf	 trillion cubic feet
6:1	 boe conversion ratio of six mcf to one bbl
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marginally profitable for many producers. But this low pricing and 
seemingly limitless supply was a boon for American consumers: be-
tween 1949 and 1970, due both to the booming postwar economy and 
prices that were largely locked at 1959 levels, America’s appetite for natu-
ral gas exploded.13 Annual marketed natural gas production during this 
halcyon period of American manufacturing jumped an enormous 304 
percent, from 5.42 trillion cubic feet (tcf) per annum in 1949 to 21.92 in 
1970.14

The first signs that demand for natural gas was outstripping supply 
appeared in 1970, when industrial users found their supplies curtailed 
to avoid cutoffs to residential consumers.15 A study by the US govern-
ment’s Office of Technology Assessment (OTA), published in 1975, 
detailed the scope of the curtailments in the early 1970s and projected 
a further deficiency during the winter of 1975–76.16 Table 1.01 below 
shows the cutoffs to industrial users in the early 1970s.17

While the OTA’s study is helpful in understanding the amount of 
gas that was unavailable to customers in the early 1970s, it doesn’t even 
scratch the surface of the damage that resulted from natural gas curtail-
ments, both to the American economy and to the American psyche.

By early 1970, large industrial concerns such as US Steel were expe-
riencing natural gas curtailments. As part of the company’s earnings re-
lease for the first quarter of that year, Chairman Ed Gott attributed US 
Steel’s drop in profits to “difficult and costly operating conditions and 
the curtailment of operations in many plants due to natural gas short-
ages.”  18 In 1973, the University of Texas was forced to cut off heat to stu-
dent dormitories in Austin and delay the start of its second semester by 
a week.19 In November 1975, textile manufacturer Dan River Inc., based 

Table 1.01. Total curtailment volumes of interstate pipelines.

Year (April 1 to March 31) Curtailment (tcf)
Approximate percentage  

of total consumption
1971–72 .48 2.18%
1972–73 .82 3.17%
1973–74 1.19 5.50%
1974–75 2.01 9.86%
1975–76 2.92* 14.79%

Source: Congressional Board, Office of Technology Assessment document, EIA.
* Projected.
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Figure 1.01. American Gas Association advertisement, Life magazine, October 
22, 1971.

The gas supplies are there. The problem is get-
ting at them. Today our country faces a growing 
need for all types of energy, including gas. Our 
continent has gas. Huge reserves of it. But much 
of it is deep down. Hard to get at. Some of it 
is under water. And there have been important 
new discoveries in the far-off Arctic. It’s going 
to take time and money to make additional gas 
available.

There’s no worry your home will run out of gas. 
In some areas, the amount of additional natural 
gas to large-scale industrial users is limited. But 
wherever there is any problem, gas companies 
are giving top priority to their residential cus-
tomers. We’ve been serving you for a hundred 
years — and we don’t intend to stop now.

The gas industry is drilling, piping, importing, 
researching to increase the gas supply. The gas 
industry and government are working together 
on an accelerated research program to convert 
coal into clean-burning gas. The gas industry is 
piping in gas from Canada and importing lique-
fied natural gas from overseas.

It will take higher prices to keep gas coming. 
For years gas prices at the wellhead have been 
kept artificially low — while drilling and other 
costs have skyrocketed. Recently more realistic 
price levels have been approved to get the huge 
job of exploration and drilling done. The higher 
costs incurred will mean somewhat higher 
prices to you, but gas will still remain more eco-
nomical comparatively than other forms of en-
ergy. And it’s worth more to keep this essential 
energy coming.

It make sense to save clean gas energy. Nowa-
days we all know we should use our natural re-
sources wisely. There are many things we can 
do to save natural gas — like weatherproofing 
our homes and not wasting gas when we cook. 
Saving gas makes sense even after new sup-
plies become available. Gas is clean energy — a 
pure, natural energy that doesn’t foul the air we 
breathe. It’s going to be important in giving us a 
cleaner world to live in. Natural gas is valuable. 
Use it wisely.
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Ironically, despite this protestation from the AGA — ​that “it will take 
higher prices to keep gas coming” — ​higher natural gas prices did not, 
in fact, keep the gas coming — ​at all. Less than two years after that ad 
appeared, US-marketed natural gas production peaked at 22.64 tcf per 
annum. More importantly, despite a more-than-400-percent increase in 
wellhead prices between 1971 and 1978, marketed US natural gas produc-
tion declined 11.2 percent during this period. Table 1.02 clearly shows how 
increased wellhead prices for natural gas did not result in increased pro-
duction. 

Apparently, the AGA’s promise that gas would be available at the 
right price was absolute balderdash. As I will discuss in Chapter 4, I find 
many similarities between the AGA’s campaign to create a false sense of 
security about America’s natural gas deliverability in the 1970s and more 
recent campaigns to generate complacency with regards to America’s 
future natural gas deliverability.

The gas crisis of the early 1970s had a significant impact on the elec-
tric utility industry. Since America was no longer able to increase its 
supplies of natural gas thereafter, the only way to rebalance the nation’s 
electricity market was to destroy demand for natural gas. It is difficult 
to overstate the importance the growth in nuclear and coal electricity-
generating capacity had in mitigating the crushing tightness in the 

Table 1.02. Marketed US natural gas production 
and average wellhead price.24

Year
Marketed US natural  
gas production in tcf

Average wellhead  
price per mcf

1968 19.32 $.16
1969 20.69 $.17
1970 21.92 $.17
1971 22.49 $.18
1972 22.53 $.19
1973 22.64 $.22
1974 21.60 $.30
1975 20.10 $.44
1976 19.95 $.58
1977 20.02 $.79
1978 19.97 $.91

Source: eia.doe.gov/dnav/ng/hist/n9050us2a.htm,  
eia.gov​/dnav/ng/hist/n9190us3A​.htm.
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natural gas market during the 1970s. Coal and nuclear electricity genera-
tion grew 65 percent and 1,051 percent respectively from 1970 through 
1980 and allowed for the percentage of electricity generated from nat-
ural gas to drop from 24.3 percent in 1970 to only 15 percent in 1980. 
To meet increased demand for electricity now that natural gas was be-
coming increasingly expensive and scarce, America went on the largest 
coal-fired power plant building binge in its history. Figure 1.02 shows the 
enormous coal generation capacity brought online during this period.25

As can be seen from Table 1.03, natural gas declined as a feedstock for 
electricity generation while the use of alternative fuels exploded during 
the 1970s.26

The bad news for us, now? Such a reduction in our reliance on natu-
ral gas for electricity generation is highly unlikely during the upcom-
ing natural gas deliverability crisis. Why? Simply put, we’re not putting 
our policies where our problems are: instead of reducing our reliance 
on natural gas as a feedstock ahead of the deliverability crisis, the US 
continues to do the exact opposite. The EPA’s MATS (Mercury and 
Toxic Air Standard) rules — ​which are set to take effect in 2015 and will 
likely accelerate the shutdown of 15 percent of America’s coal genera-
tion fleet — ​guarantee that we will rely more on natural gas for power 
generation over the next five years. The addition of significant new 
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nuclear generation capacity is also unlikely for the foreseeable future, 
especially since Japan’s nuclear accident of March 2011 heightened fears 
over nuclear safety. Further, while advances in technology have made 
renewable power sources such as wind and solar much more competi-
tive within the mainstream market, renewables still have a long way to 
go before they will make a material contribution in meeting America’s 
electricity demands. In 2010, all forms of renewable generation, outside 
of hydroelectric sources, accounted for only four percent of all electricity 
generated in the US.27

But let’s get back to the 1970s. This was a time when elected officials 
wanted to be seen to be “doing something” about the natural gas short-
age, though few were willing to tackle reform in any meaningful way. 
With his presidency crumbling at his feet, Richard Nixon delivered a 
special message to Congress on energy policy on April 18, 1973, that 
was steeped in blather and political double-talk about the many dilem-
mas facing the natural gas market. President Nixon clearly realized that 
the existing pricing structure of the natural gas industry was no longer 
working, but was not yet ready to let market forces determine the price 
of natural gas:

It is clear that the price paid to producers for natural gas in inter-
state trade must increase if there is to be the needed incentive for 
increasing supply and reducing inefficient usage. Some have sug-
gested additional regulation to provide new incentives, but we 

Table 1.03. 1970s Electricity Generation by Fuel Type in Billion Kilowatt Hours.

Year Natural gas Coal Petroleum Nuclear All sources
1970 372.9 704.4 184.2 21.8 1,535.1
1971 374.0 713.1 220.2 38.1 1,615.9
1972 375.7 771.1 274.3 54.1 1,753.0
1973 340.9 847.7 314.3 83.5 1,864.1
1974 320.1 828.4 300.9 114.0 1,870.3
1975 299.8 852.8 289.1 172.5 1,920.8
1976 294.6 944.4 320.0 191.1 2,040.9
1977 305.5 985.2 358.2 250.9 2,127.4
1978 305.4 975.7 365.1 276.4 2,209.4
1979 329.5 1,075.0 303.5 255.2 2,250.7
1980 346.2 1,161.6 246.0 251.1 2,289.6

Source: EIA eia.doe.gov/emeu/aer/pdf/pages/sec8_8.pdf.
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Despite the efforts of President Carter and the FPC, the natural gas 
shortage became so acute in January 1977 that the US Mint announced 
that two facilities, one in New York and one in Philadelphia, would re-
duce their consumption of natural gas. You know things are bad when 
the US Mint gets its supply of natural gas curtailed!  34

While the temporary lifting of price limitations on natural gas pre-
vented some of the economic damage the cold winter of 1977 would 
have otherwise inflicted, additional actions would be needed for the gas 
market to find a new equilibrium. Despite several years of damaging nat-
ural gas supply shortfalls, sweeping legislative reform of the natural gas 
industry had to wait until 1978, when the National Energy Act (NEA) 
was passed through Congress and signed into law by President Carter, 

Figure 1.03: Letter from the US Mint.
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Office (CBO), by June 1982 high-cost gas averaged $7.41 per mcf — ​even 
though the average wellhead price for 1982 was only $2.46; quite a differ-
ence! But pipeline companies paid up in order to secure new supplies, 
because they believed they would be able to blend high-priced new gas 
with lower-priced legacy gas and still remain profitable.2

According to a 1983 CBO study on the deregulation of the natural 
gas market, much of the impetus behind the deregulation of prices in 
1978 was to allow them to rise enough so that natural gas would achieve 
parity on an energy equivalent — ​or British thermal unit (BTU) basis — ​
with oil.3 (Approximately six thousand cubic feet of natural gas contain 
the energy equivalent of one barrel of oil.) While the NGPA did suc-
ceed in increasing gas production in 1979, the year after its enactment, 
its two-tiered pricing mechanism caused serious market distortions. 
The 1981–82 recession, which caused a drop-off in demand and lower 
prices for “new gas,” resulted in substantial economic losses for pipeline 
companies, who were locked into take-or-pay contracts despite lower-
cost new gas being available on the open market. Instead of taking all 
the losses they would have incurred by selling gas to customers below 
the price they were paying producers, they simply cut back on purchases 
of cheaper new gas. According to the CBO, as the price of oil fell and 
the price of gas continued to rise in the early 1980s, average natural gas 
prices came close to parity with oil on a BTU basis, and gas even be-
came expensive to burn compared to fuel oil for industrial boilers. Here 
is how the CBO described the huge distortions caused by take-or-pay 
contracts in the natural gas market in November 1983:

Table 2.01. Average US Natural Gas Price 
and Annual Production 1979–1984.1

Year
Wellhead price 

of NG (mcf)
Marketed NG 

production (tcf)
1979 $1.18 20,471
1980 $1.59 20,179
1981 $1.98 19,955
1982 $2.46 18,711
1983 $2.59 16,884
1984 $2.66 18,304

Source: Energy Information Agency.
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of non-manufacturing goods and services — ​drop 12 and 7.6 percent re-
spectively. While some of these decreases can be explained by changes 
in weather patterns, they are large enough to indicate that many homes 
and businesses that were once heated with natural gas converted to elec-
tric heat. 

While wellhead natural gas prices peaked in 1984 at an average price 
that would not be seen again for another 16 years, the credit for breaking 
the upward spiral of prices of the late-1970s cannot be assigned to any 
policy initiatives or increased supply. Rather, demand destruction eventu-
ally re-balanced the US natural gas market.

One of the most important pieces of legislation spawned by the en-
ergy crisis of the 1970s was the Crude Oil Windfall Profit Tax of 1980. 
Buried deep within a law designed to force the oil industry to pay in-
creased taxes was a clause that gave tax benefits for the development of 
unconventional oil and gas. These benefits, which came to be known as 
Section 29 credits due to their location in the IRS code, gave producers 
of unconventional energy resources such as oil shale, shale gas and coal 
bed methane (CBM) a credit of $.50 per million BTUs, an amount that 
eventually reached $1.10 per BTU by 2002 due to inflation adjustments. 
Section 29 credits were fundamental to the jumpstarting of the US un-
conventional natural gas industry. But despite their long-term positive 
effects on the development of America’s unconventional resources, they 

Table 2.02. Natural Gas Consumption in Decade after Passage of the  
NGPA (in tcf).8

Year Residential Commercial Industrial 
Elecricity 

generation Total
GDP 

growth
1978 4,903 2,601 8,405 3,188 19,627 5.6%
1979 4,965 2,786 8,398 3,491 20,241 3.1%
1980 4,752 2,611 8,198 3,682 19,877 −0.3%
1981 4,546 2,520 8,055 3,640 19,404 2.5%
1982 4,633 2,606 6,941 3,226 18,001 −1.9%
1983 4,381 2,433 6,621 2,911 16,835 4.5%
1984 4,555 2,524 7,231 3,111 17,951 7.2%
1985 4,433 2,432 6,867 3,044 17,281 4.1%
1986 4,314 2,318 6,502 2,602 16,221 3.5%
1987 4,315 2,430 7,103 2,844 17,211 3.2%

Source: US EIA and US Department of Commerce/BEA.
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marketing firms such as Enron and the formation of the independent 
power industry (IPP).

The Gas Bubble Emerges
After natural gas prices finally topped out in 1984, a period of remarkable 
price stability developed. During this period, which lasted for approxi-
mately 15 years (1985 through most of 2000), natural gas prices largely 
bounced between $1.50 and $2.50 per mcf. When prices fell to unprof-
itable levels, many producers shut in their uneconomic wells. During 
periods where prices approached $2.50 per mcf, new and shut-in wells 
were brought onstream, until a glut of supply developed and prices re-
treated. While consumers welcomed a decade and a half of stable natu-
ral gas prices after the shortages and price volatility of the 1970s, many 
US natural gas producers considered the era a “gas bubble,” since prices 
were never able to break above materially $2.50 per mcf for any length of 
time. Additionally, the 282 percent increase in Canadian imports during 
this 15-year timeframe (see Table 3.01) masked the growing maturity and 
declining productivity of America’s natural gas production base. For ex-

Table 3.01. US Supply, Ave. Price, US Rig Counts and Active US Natural Gas 
Wells (1985–2000).7

Year

Marketed US 
production  

in Tcf

Canadian 
imports  

in Tcf

Average  
price per  

mcf in USD

Average US 
natural gas  

rig count

Active US 
natural  

gas wells
1985 17.27 .926 $2.51 NA NA
1986 16.86 .749 $1.94 NA NA
1987 17.43 .993 $1.67 NA NA
1988 17.92 1.276 $1.69 354 NA
1989 18.10 1.339 $1.69 404 262,483
1990 18.59 1.448 $1.71 463 269,790
1991 18.53 1.710 $1.64 351 276,987
1992 18.71 2.094 $1.74 331 276,014
1993 18.98 2.267 $2.04 364 282,152
1994 19.71 2.566 $1.85 427 291,773
1995 19.51 2.816 $1.55 385 298,541
1996 19.81 2.883 $2.17 465 301,811
1997 19.87 2.899 $2.32 564 310,971
1998 19.96 3.052 $1.96 560 316,929
1999 19.80 3.368 $2.19 496 302,421
2000 20.20 3.544 $3.68 720 341,678

Source: EIA, Baker Hughes Inc.
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Due in large part to this growth, natural gas demand from the elec-
tricity-generating sector grew a whopping 60 percent in the decade be-
tween 1990 and 2000. 

The Age of Volatility Begins
Growth in demand for natural gas for electricity generation boomed 
throughout the 1990s — ​but production was not keeping pace with de-
mand growth, despite a 55 percent increase in the natural gas-directed 
rig count and a 26 percent increase in the number of producing natural 
gas wells between 1990 and 2000 (see Tables 3.01 and 3.02). Periods of 
stagnating supply and growing demand are a recipe for price volatility, 
and that is exactly what happened. The world received a prelude to the 
coming age of natural gas volatility in the waning weeks of 2000, when 
a severe cold spell gripped the Western United States and sent natural 
gas prices spiraling upwards. Natural gas prices went from $4.40 on No-
vember 1, 2000 to $10.49 per mcf on December 21, 2000, an incredible 
138 percent rise in only 51 days.13

Figure 3.01 on the next page shows the sharp rise in prices.14
I first learned of the spike in natural gas price when I was returning 

from a vacation to Costa Rica. I was spending the night before my trip 
home at a hotel near the airport. When I logged onto an hourly Internet 

Table 3.02. Natural Gas Consumed for 
Electricity Generation (TCF), 1990–2000.12

Year
Consumed for  

electricity generation (tcf)  *
1990 3,245
1991 3,316
1992 3,448
1993 3,473
1994 3,903
1995 4,237
1996 3,807
1997 4,065
1998 4,588
1999 4,820
2000 5,206

* Includes combined-heat-and-power plants
Source: eia.doe.gov/emeu/aer/pdf/pages/sec6_13.pdf.
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computer in the hotel’s lobby and saw the data, I was so shocked at the 
movement in price that I asked the gentlemen at the desk whether the 
prices the computer was showing were in local currency or dollars. I 
wondered if I had completely lost my mind from too much sunshine. 
Turns out, natural gas prices had just experienced their biggest jump in 
more than 16 years.

But it didn’t stop there. Soon to come was nothing less than a mad 
scramble for gas as demand began to outstrip supplies. In the next chap-
ter I examine how the changing natural gas market dynamics after the 
turn of the millennium made natural gas prices among the most volatile 
of any commodity over the next decade.
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expand my discussion of shale gas when I examine each of America’s 
major fields in Part III.)

While US domestic marketed natural gas production grew only 
modestly between 1990 and 2002, imports from Canada boomed. As evi
denced by Table 4.01, this period witnessed an ever-increasing torrent 
of natural gas pouring in from Canada. In fact, our imports increased a 
staggering 161 percent in only 12 years — ​while US domestic production 
grew only 6.9 percent. 

By 2002, the year that marked the first important peak for net nat-
ural gas imports from Canada, Canadian imports accounted for ap-
proximately 16 percent of total US gas supplies. Natural gas production 
peaked in Canada in 2002, due to the advancing maturity of many of 
the country’s largest fields and, sensibly, their exports to the US peaked 
the same year. Canada’s production decline was not for a lack of try-
ing. The country’s average natural gas-directed rig count increased from 
179 rigs running in 1999 to 271 rigs in 2003.6 It was not until the tail end 
of Canada’s drilling frenzy — ​in 2007, a year after the average annual rig 
count reached 361 — ​that exports to the US would match their all-time 
peak 2002 levels . . .before falling off for a second time. Despite the dis-
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covery of two of North America’s most prospective shale plays, Canada’s 
production has not been able to eclipse 2002 levels. In fact, as of late 
2012, Canadian production has fallen approximately 25 percent from its 
peak and continues to decline.7

Even with this drop in supply from our northern neighbor, US con-
sumers of natural gas would have had little reason for concern — ​if the US 
had been able to increase its own production. However, marketed US 
natural gas production reached a post-1973 peak in 2001 of 56.35 bcf/d.11 
After the 2001 peak, it continued to fall for the next four years, despite rising 

Table 4.01. US NG Imports from Canada and US Marketed Production.2,3,4,5

Year

Canadian  
natural gas 

production (tcf)

Canadian  
natural gas  

rig count

Net US  
imports from 
canada (tcf)

US marketed 
production (tcf)

1990 3.49 NA 1.45 18.59
1991 3.72 NA 1.71 18.53
1992 4.11 NA 2.09 18.71
1993 4.55 NA 2.27 18.98
1994 4.90 NA 2.57 19.71
1995 5.23 NA 2.82 19.51
1996 5.42 NA 2.88 19.81
1997 5.51 NA 2.90 19.87
1998 5.66 NA 3.05 19.96
1999 5.73 179 3.37 19.80
2000 5.92 209 3.54 20.20
2001 6.05 231 3.73 20.57
2002 6.08 184 3.78 19.88

Source: EIA, Statistics Canada, Baker Hughes.

Table 4.02. Canadian NG Production, Canadian NG Count 
and US Net NG Imports from Canada.8,9,10

Year

Canadian natural 
gas production 

(tcf)

Canadian  
natural gas  

rig count

Net US  
imports from 
canada (tcf)

2003 5.88 271 3.43
2004 5.91 275 3.60
2005 6.03 355 3.70
2006 6.06 361 3.58
2007 5.83 215 3.78
2008 5.62 220 3.59
2009 5.21 122 3.27
2010 5.10 148 3.28

Source: EIA, Statistics Canada, Baker Hughes.
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prices, a continuous increase in the US natural gas-directed rig count and 
a record number of natural gas wells on production. As you can see from 
Table 4.03, US marketed production would not surpass its 2001 level un-
til 2008. It should be noted that between 2000 and 2008, a ramp-up in 
CBM drilling in both the US and Canada somewhat reduced per well 
productivity, since CBM wells are far less productive than wells on the 
Gulf Coast, for example. However, even when considering the changed 
make-up of US drilling activity, producers were drilling more wells and 
producing less gas. 

Though the modern shale gas industry was in the process of a large 
ramp-up in production between 2002 and 2008, albeit from a modest 
base, production from shale reservoirs was not enough to offset a slow-
down in growth from coal bed methane (CBM) and falling production 
from both conventional onshore fields and the Gulf of Mexico (GOM). 
Marketed production from US GOM federal waters peaked in 1997 
at 14.26 bcf/d and fell to an average of 4.98 bcf/d in 2011, a 65-percent 
drop,16 and continues to fall. Furthermore, though hurricanes Katrina 
and Rita took an estimated 803.6 bcf of gas production offline between 
August 26, 2005 and June 19, 2006, US marketed natural gas produc-
tion was not even holding steady prior to Katrina and Rita.17 In fact, US 
marketed production dropped nearly 2 percent from 2002 to 2004, despite 
a 48-percent increase in the natural gas-directed rig count, and an incredible 
85-percent increase in average wellhead prices.

Table 4.03. US Natural Gas Production, Prices, NG Rig Count, Number of 
Producing Wells 2000–2008.12,13,14,15

Year
US marketed NG 
production (tcf)

Average US  
NG rig count

Average US NG 
price per mcf

Number of gas 
producing wells

2000 20.20 720 $3.68 341,678
2001 20.57 939 $4.00 373,304
2002 19.88 691 $2.95 387,772
2003 19.97 872 $4.88 393,327
2004 19.52 1,025 $5.46 406,147
2005 18.93 1,186 $7.33 425,887
2006 19.41 1,372 $6.39 440,516
2007 20.20 1,466 $6.25 452,945
2008 21.11 1,491 $7.97 476,652

Source: EIA, Baker Hughes Incorporated.
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liquefaction capacity is scheduled to come online over the next several 
years (largely from Australia), surging import demand from Asia and 
the Middle East will likely keep the world LNG market tight for the 
foreseeable future. In Asia, according to a February 2010 report by in-
vestment bank UBS, China is aggressively building out its LNG import 
capacity, which stood at a mere 0.5 bcf/d in 2008.25 The report predicts 
that by 2015 China will have re-gasification capacity of approximately 
5.9 bcf/d.26 In other words, in the span of less than seven years, China 
is likely to have expanded its LNG import capacity eleven-fold. After 
a horrific nuclear disaster in March 2011, Japan, already the largest im-
porter of LNG in the world, significantly increased its imports to make 
up for the loss of nuclear generating capacity.

The maturation of many of the Middle East’s largest oil producing 
fields is causing a sea change in how the region views natural gas. For 
much of the history of the oil industry in the Middle East, there was no 
market for natural gas and producers flared trillions of cubic feet into 
the atmosphere. Due to the low cost of producing oil in the Middle East, 
nearly all of the countries in the region built their economies around this 
cheap source of energy. However, the combination of booming popula-
tions and increased costs to produce oil has now caused countries such 
as Kuwait to convert their desalination plants and electricity generation 
facilities from running on oil to being fueled by natural gas. The govern-
ment of Kuwait has publicly stated that it wants to reduce the country’s 

Table 4.04. US LNG Import 2001–2007.22,23,24

Year
LNG imports  

(bcf)  
US natural gas 

wellhead prices

LNG imports as 
percent of total  
US consumption

2001 238 $4.00 1.07%
2002 229 $2.95 0.99%
2003 507 $4.88 2.27%
2004 652 $5.46 2.91%
2005 631 $7.33 2.87%
2006 584 $6.39 2.69%
2007 771 $6.25 3.33%
2008 352 $7.97 1.51%
2009 452 $3.67 1.98%
2010 431 $4.16 1.79%

Source: EIA.
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arisen over the accuracy of the country’s natural gas reserves.31 Accord-
ing the EIA, the vast majority of these reserves are located in the coun-
try’s massive offshore North Field. Figure 4.02 shows the field.32

Much of the skepticism about the size of Qatar’s reserves surfaced 
after ConocoPhillips drilled a dry hole into the North Field in 2005 and 
the government subsequently halted new developments until at least 
2014 in order to study the reservoir. An article by Dave Cohen titled 
“Questions About the World’s Largest Natural Gas Field” chronicling 
the numerous uncertainties about the North Field’s true reserves ap-
peared on The Oil Drum website (www.theoildrum.com) in June 2006. 
In it, Cohen attributed the following quote to the late Matt Simmons, 
author of Twilight in the Desert:

Persain Gulf

Natural Gas Field

Oil Field

Oil and Gas Field

Qatar

North Field

South Pars

Maritime Border
of Qatar and Iran

Figure 4.02. Map of Qatar’s North Field.
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production from these six plays, along with Michigan’s Antrim Shale (a 
shallow Devonian-age shale that was mostly developed during the 1990s 
and early 2000s), had reached approximately 14 percent (8.5 bcf/d) of 
total US natural gas production46; by mid-2012 it had reached approxi-
mately 19 bcf/d, or nearly one-third of total US production. With the 
increased usage of horizontal drilling and multi-stage hydraulic fractur-
ing — ​which significantly increased initial production rates as well as 
costs — ​it seemed as though the US had finally found the answer to a 
secure energy future. Or had it?

By early 2010, the limits of shale gas production growth began to ap-
pear. Largely due to the very high production decline rates shale wells 
experience in their first two years of production, production from the 
Barnett Shale began to level off. After peaking at slightly more than 
5.45 bcf/d in December 2010, production from the Barnett has remained 
fairly stable, due largely to increased in-fill drilling and the completion 
and tie-in of wells drilled in 2008 and left standing due to the collapse in 

Figure 4.03. Shale Gas Plays, Lower 48 States.45
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Extended Continuous 
Barnett Shale Gas 
Assessment Unit

Greater Newark East
Frac Barrier Continuous
Barnett Shale Gas
Assessment Unit

Figure 4.05. Important Geological Features of the Barnett Shale.52

Figure 4.04. Barnett Shale Core Areas.51
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Devon Energy claims that its average well will produce 2.2 bcf of 
natural gas as well as 100,000 barrels of natural gas liquids (NGLs; the 
component of natural gas that is a liquid at the surface in field facilities 
or gas-processing plants) over its life, while Berman’s analysis cuts that 
number approximately in half.55 Why the huge gap in expectations? It 
likely rests on Devon’s claim that the proper way to model production 
from a Barnett Shale well is to use a hyperbolic rather than an exponen-
tial decline curve. What’s the difference and why does it matter? An ex-
ponential curve is one where a well shows a steady decline throughout 
its life, while a hyperbolic decline curve experiences an initial period 
of fairly steep decline before flattening. Between three and five years of 
data is often required to determine whether a reservoir will have wells 
with an exponential decline or a hyperbolic decline and even with sig-
nificant production data, results are open to interpretation.

Figure 4.06 shows how a Barnett well decline curve can contain both 
a transient portion and an exponential portion. 

Figure 4.07 provides examples of exponential, harmonic and hyper-
bolic decline curves and their accompanying b-factors. 

While an in-depth discussion of decline curve analysis is beyond 
the scope of this book, a short review of b-factor, a formula used by 
petroleum engineers to model a well’s decline curve, is useful. In brief, 
the higher the b-factor, the shallower the decline curve and the longer 
the productive life of the well. It is considered good practice in petro-
leum engineering to exclude a well’s transient period from a decline 
curve analysis since a valid decline curve analysis cannot be done un-
til a well has reached a steady state decline. Research done by Michael 

Table 4.05. Devon Energy Barnett Shale Estimated 
Ultimate Recovery Examples.54

Index Well vintage EUR Number of wells
1 DVN 2004 1,555,508 91
2 DVN 2005 1,172,450 160
3 DVN 2006 1,034,726 289
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
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Figure 4.06. Barnett Well Decline Curves.56

Figure 4.07. Exponential, Hyperbolic, Harmonic Declines.57
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J. Fetkovitch et al., one of the nation’s leading experts on decline curve 
analysis, described in a peer-reviewed Society of Petroleum Engineers 
paper (SPE 28628), supports the exclusion of transient flow from decline 
curve analysis.58 However, shale gas operators often touted b-factors of 
higher than 1 by including the transient portion of a shale well’s life in 
decline curve analysis when b-factors can range between 1 and 4. One 
company that consistently provided overly optimistic b‑factors to in-
vestors was Chesapeake Energy. Figure 4.08 was re-created from a slide 
that appeared in the company’s 2010 Analyst and Investor Day presen
tation.59

As you can see from Figure 4.08, the company presented to investors 
that its four large shale gas plays at the time, the Haynesville, Marcellus, 
Barnett and Fayetteville, all had b-factors ranging between 1.4 and 1.6. It 
should be noted that by mid-2011, once it became clear the b-factors that 

Figure 4.08. Natural Gas Shale Plays — Type Curves.
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Like the other shale gas myths, a reserve life of more than 40 years is 
not supported by the data coming out of the Barnett. Once again, bor-
rowing from the work of Arthur Berman, who has extensively studied 
the expected productive life of Barnett wells, we see that a significant 
portion of the wells that have been drilled in the past 10 years have ei-
ther been plugged and abandoned or produce less than 1 million cubic 
feet (mmcf) per month (which generally means they are not generating 
enough cash flow to cover operating costs). Figure 4.09 shows the per-
centage of Barnett wells that have either stopped producing or produce 
below the 1 mmcf per month threshold. 

To be fair, there is nothing illegal about using a 40 to 65 year reserve 
life for the booking of shale gas reserves. The US Securities and Ex-
change Commission allows it, though I cannot understand why, since 
reserves booked beyond year 12 have hardly any NPV and there is little 
observed evidence to suggest that most modern shale gas wells will pro-
duce for multiple decades. Given the many variables and uncertainties 
involved in predicting well performance over even a couple of years, the 
allowance of reserve bookings over multiple decades is hard to justify 
and grossly distorts the economics of shale gas production.

Defenders of this practice use two key points to defend it: 1) that 
some natural gas wells, including some vertically drilled wells produc-
ing Devonian Shale in Appalachia, have been producing for 100 years,66 

0%

5%

10%

15%

20%

25%

30%

35%

40%

2000 2001 2002 2003 2004 2005 2006 2007 2008

19%

27%

32%

23%

35%

24%

21%

9%
10%

Figure 4.09. Barnett Wells Producing Less than 1 MMcf per Month or Dry.65



56    Cold, Hungry and in the Dark

committee estimates that the US has potential natural gas resources of 
1,897.8 tcf.77 Shale gas accounts for 686.6 tcf, or 36 percent of the total. It 
should be noted that the PGC’s estimation of potential supply is in ad-
dition to America’s total proven reserves of 272.5 tcf, as estimated by the 
US Department of Energy’s Energy Information Agency as of Decem-
ber 31, 2009.78 When combined, reserves and resources total 2,170.3 tcf 
of natural gas potential, or about 86 years at current consumption rates. 

It is vital to remember that there is a big difference between poten-
tial resources and actual natural gas deliverability. In other words, while 
the PGC rightly points out that the US has substantial natural gas in the 
ground, there is evidence to suggest that production may decline even at a 
time of rising resource estimates. In its 2000 assessment of US natural gas 
resources, the PGC increased its resource base 4.4 percent from its 1998 
estimate to 1,091 tcf.80 However, as I showed in Table 4.03, US marketed 
production actually reached a post-1973 peak in 2001 at 20.57 tcf and did 
not reach this level again until 2008, after the biggest natural gas drilling 
boom in American history. How could this happen? With a resource 
base, in 2000, of nearly 50 years of consumption, how could production 
fall? Production declines from existing fields outstripped producers’ 
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came clear that the vast majority of drilling up to that time occurred in 
two distinct core areas, one in the southwestern part of the state and 
another in the north-central portion. I focused my research efforts on 
Pennsylvania since West Virginia has very little Marcellus data available 
to the public and New York had placed a moratorium on hydraulic frac-
turing, thus eliminating all Marcellus drilling. 

So how big are these two core areas and what percentage of all pro-
duction is coming from them? Based on data from the DEP, I discov-
ered that approximately 95 percent of all Marcellus production in the 
state for the period July 1, 2010 through December 31, 2010 came from 
only 10 counties. Table 5.01 shows core area counties and the number of 
acres contained in each. 

Due to the heterogeneity of shale rock, there can be wide variations 
in the production potential of even the core areas of shale plays. There-
fore, I would suggest that only one-third of all acreage in the 10 core 
counties, about 2.095 million acres, comprise the Marcellus Shale core 
area. Assuming future drilling in the Marcellus validates the core acre-
age, there is a possibility that the Marcellus may produce 50 tcf over its 
lifetime — ​a far cry from Dr. Engelder’s 489 tcf but a huge amount of gas 
nonetheless. (I based this very crude estimate on 25,000 wells with an 
average estimated ultimate recovery of 2 bcf per well. While there will 

Table 5.01. Pennsylvania Core 
Counties and Acreage.30

County Acres
NE Core Counties

Bradford 736,429
Clearfield 734,285
Potter 691,949
Tioga 725,587
Susquehanna 526,630
Lycoming 790,304

SW Core Counties
Fayette 505,690
Greene 368,550
Washington 548,538
Westmoreland 656,307

Total Acres 6,284,269

Source: US Census.
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Table 6.01. US Electricity Industry Consumption of NG from 1970–1985 and 
1994–2011.2

Year
Electricity industry  

NG consumption in tcf 
Total NG US 

consumption in tcf

Electricity as 
percentage of total  

NG consumption
1970 3.932 21.139 18.60%
1971 3.976 21.793 18.24%
1972 3.977 22.101 17.99%
1973 3.660 22.049 16.59%
1974 3.443 21.223 16.22%
1975 3.158 19.538 16.16%
1976 3.081 19.946 15.44%
1977 3.191 19.521 16.34%
1978 3.188 19.627 16.24%
1979 3.491 20.241 17.24%
1980 3.682 19.877 18.55%
1981 3.640 19.404 18.75%
1982 3.266 18.001 17.92%
1983 2.911 16.835 17.29%
1984 3.111 17.951 17.33%
1985 3.044 17.281 17.61%

1994 3.903 21.147 18.45%
1995 4.237 22.207 19.07%
1996 3.807 22.609 16.83%
1997 4.065 22.737 17.87%
1998 4.588 22.246 20.62%
1999 4.820 22.405 21.51%
2000 5.260 23.333 22.54%
2001 5.342 22.239 24.02%
2002 5.672 23.007 24.65%
2003 5.135 22.277 23.05%
2004 5.464 22.389 24.40%
2005 5.869 22.011 26.66%
2006 6.222 21.685 28.69%
2007 6.841 23.097 29.61%
2008 6.661 23.226 28.67%
2009 6.887 22.834 30.16%
2010 7.387 23.775 31.07%
2011 7.601 24.309 31.27%

*Includes combined-heat-and-power plants (which is between 15% and 20% depending on 
year).
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Table 6.02. US Renewable Generation in Thousand Megawatt Hours.

Year
Hydroelectric 

generation
Other renewable 

generation*
Total renewable 

generation
Combined % of 
total generation

1996 347,162 75,796 422,958 12.28%
1997 356,453 77,183 433,606 12.41%
1998 323,336 77,088 400,424 11.06%
1999 319,536 79,423 398,959 10.79%
2000 275,573 80,906 356,479 9.37%
2001 216,961 70,769 287,730 7.70%
2002 264,329 79,109 343,438 8.90%
2003 275,806 79,487 355,293 8.94%
2004 268,417 83,067 351,484 8.85%
2005 270,321 87,329 357,650 8.81%
2006 289,246 96,525 385,771 9.49%
2007 247,510 105,238 352,748 8.48%
2008 254,831 126,212 381,043 9.24%
2009 273,445 144,279 417,724 10.57%
2010 260,203 167,173 427,375 10.36%
2011 325,074 194,993 520,067 12.67%

*Includes wind, solar photovoltaic, solar thermal, geothermal, wood, black liquor, other 
wood waste, biogenic municipal solid waste, landfill gas, sludge waste, agriculture byprod-
ucts and other biomass.14
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this trend recently ended. In fact, the re-industrialization of America be-
gan in 2010 and will continue for decades, for five main reasons:

1. A Weaker US Dollar
At the turn of the millennium, the strong US dollar (USD) played a 
major role in shifting industrial production to foreign locations. In 
2000, despite the popping of the technology and telecom bubbles, the 
USD enjoyed top billing amongst the world’s major currencies. Japan 
was still trying to recover from its lost decade and the world had just 
been introduced to a new European currency. Ten years ago, the now-
troubled European Monetary Union (EMU) was still finding its legs 
after having converted to a single currency in 1999. A weak euro gave 
German exporters a significant advantage over their American com-
petitors. However Germany, whose export industries were also aided 
by the growth of the country’s workforce after reunification in 1990, was 
not the only country whose exports benefitted from a strong USD. At 
the turn of the millennium, many Asian countries, still trying to recover 
from the Asian flu that devastated their economies and currencies in 
1998, became a great place for American companies to locate manufac-
turing operations because most Asian currencies were still well below 
their pre-crisis levels.

Table 7.01. US Industrial Natural Gas 
Consumption 2000 to 2011.1

Year

Industrial 
consumption 

in tcf

Industrial 
consumption 

as % of total US 
consumption

2000 8,142 34.89%
2001 7,344 33.02%
2002 7,507 32.62%
2003 7,150 32.09%
2004 7,243 32.35%
2005 6,597 29.97%
2006 6,526 30.07%
2007 6,654 28.80%
2008 6,670 28.65%
2009 6,167 26.92%
2010 6,517 27.41%
2011 6,714 27.62%
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Looking forward, I expect demand for natural gas to heat and cool 
America’s residential and commercial buildings to remain stable for 
the next decade or so, for a couple of reasons. First, the collapse of the 
real estate bubble in 2005–2006, and the huge inventory of unoccupied 
homes and commercial buildings that continues to plague America’s 
cities and towns, will almost certainly prevent our country’s building 
stock from expanding for the foreseeable future. However, much to the 
chagrin of America’s banks — ​who are now among the country’s biggest 

Figure 8.01. Predominance of Electricity as Buildings Energy Source.2
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Table 8.01. US Heating and Cooling Demand.6

Year

Residential 
demand  

in tcf

Commercial 
demand  

in tcf
Total  
in tcf

1980 4.75 2.61 7.36
1985 4.43 2.43 6.86
1990 4.39 2.62 7.01
1995 4.85 3.03 7.88
2000 4.99 3.18 8.17
2005 4.82 2.99 7.81
2010 4.78 3.10 7.88

Source: EIA.
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Despite substantial policy efforts to encourage their adoption, NGVs 
represent a tiny fraction of all vehicles on US roads today. According 
to the International Association for Natural Gas Vehicles (NGVA), as 
of December 2010, there were approximately 112,000 NGVs in service.3 
Even factoring in substantial growth in their adoption in the two years 
since the study was completed, vehicles powered by natural gas still ac-
count for far less than 1 percent of the estimated 250 million registered 
vehicles on US roads today.4 Surprisingly, even though the amount of 
natural gas consumed by NGVs has steadily increased over the past 15 
years (see Table 9.01) — ​from 8.3 bcf per annum in 1997 to 32.8 bcf per 
annum in 2011 — ​the number of refueling stations has dropped, from 
1,400 to slightly fewer than 1,000 during this period.5 Nearly all refu-
eling stations in use today in the US are for the support of fleet vehi-
cles, with only a small fraction open to public use. To compare, there 
are approximately 164,000 refueling stations in the US for gasoline and 
diesel alongside America’s roads and highways.6 Another headwind fac-
ing wider adoption of NGVs was the passage of the 2008 National De-
fense Act, which designated hybrid electric vehicles (HEVs), such as the 
Toyota Prius, as eligible to meet AFV requirements.7 The more choices 

Table 9.01. NGV Demand 1997 to 2011.8

Year
US natural gas vehicle fuel 

consumption (mmcf)
1997  8,328 
1998  9,341 
1999  11,622 
2000  12,752 
2001  14,536 
2002 14,950
2003  18,271 
2004  20,514 
2005  22,884 
2006  23,739 
2007  24,655 
2008  25,982 
2009  27,262 
2010  30,670 
2011 32,850

Source: EIA
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fifty miles wide and four hundred miles long and is the source rock for 
the Austin Chalk and the giant East Texas Oil Field.5 Figure 10.02 shows 
how there are three distinct “windows” within the Eagle Ford; the oil 
window, the wet gas/condensate window and the dry gas window. 

Developers of the play benefit both from the area’s topography and 
the existing gas-gathering and -processing infrastructure that was built 
during the development of the Austin Chalk play. Several new natural 
gas pipelines planned for the play will boost take-away capacity over the 
next several years.7

Table 10.01. World’s Largest NG Producers in 2011.2

Country Production in tcf
US (includes TX) 22.99
Russia 21.43
Texas 7.60
Canada 5.67
Iran 5.36
Qatar 5.18
China 3.62 
Norway 3.58
Saudi Arabia 3.50

Figure 10.01. Railroad Commission of Texas — Oil and Gas Division District 
Boundaries.3

	 District Office
	 1 & 2	 San Antonio
	 3	H ouston
	 4	 Corpus Christi
	 5 & 6	 Kilgore
	 7B	 Abilene
	 7C	 San Angelo
	8 & 8A	 Midland
	 9	 Wichita Falls
	 10	 Pampa
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While the Eagle Ford is undoubtedly one of America’s brightest oil 
prospects and will be the center of industry activity for years to come, 
the play’s natural gas deliverability remains uncertain. Though many 
very productive wells — ​in excess of 3 mmcf/d — ​have been drilled in 
both the dry gas window and the wet gas window, the play has a lim-
ited history of gas production. According to the Texas RRC, from 2004 
through September 2012, the Eagle Ford had produced 900 bcf of natu-
ral gas from both gas wells and oil wells (casinghead gas).8 It should be 
noted that while the Eagle Ford has produced since 2004, the vast ma-
jority of drilling in the play has occurred since 2008. While the Eagle 
Ford is a very meaningful unconventional oil and gas discovery that is 
likely to grow for years to come, it has yet to make District 1 a large pro-
ducer of natural gas. In 2011, the district accounted for approximately 
four percent of gas production in the State of Texas.9 District 1 produc-
tion grew from 0.25 bcf/d in 2008 to 0.84 bcf/d in 2011, a 234 percent 
increase.10

Figure 10.02. Eagle Ford Shale Play — Location, Wells and Petroleum Windows.6
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wells and the increased focus of new drilling efforts on the more liquids-
rich part of the play, I suspect 2011 will mark the high-water mark for 
natural gas production from both the Barnett Shale and District 9.

District 10
Located in the Texas Panhandle, District 10 has seen activity increase 
significantly in recent years due to the application of horizontal drilling 
technology to the Granite Wash formation. The Granite Wash is a tight 
sands horizon that was first developed vertically in the 1950s and is cur-
rently being developed horizontally with great success. Operators such 
as Cimarex Energy (NYSE:XEC), Linn Energy (NASDAQ:LINE), 
Newfield Exploration (NYSE:NFX), Chesapeake Energy and Forest 
Oil (NYSE:FST) have used horizontal wells and multi-stage fractur-
ing to bring new life to the Panhandle. Similar to the Eagle Ford Shale, 
activity in the Granite Wash has remained strong despite the weak gas 
prices of recent years due to the high liquids content of the natural gas 
production stream. For example, in July 2010, Linn Energy announced 
that its second horizontal well from its Stiles Ranch project area in the 

BC
F

0

1,000

500

1,500

2,000

2,500

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

11 14 20 26 28 34 41 79 135
221

304
380

503

716

1104

1612

1776
1847

1936

Figure 10.3. Newark East (Barnett Shale) Gas Well Gas Production (1993–2011).22



Texas: The Big Enchilada    117

Lastly, Texas is a classic lesson in how geology trumps technology. 
Similar to the countless old, large oil fields, such as Mexico’s Cantarell 
and California’s Kern River, that saw a temporary bump in production 
after the application of secondary recovery technology, the incredible 
technology that has been deployed in the gas fields of Texas can no 
longer hold back natural depletion. With natural gas drilling activity 
in the state down substantially from 2008 peak levels, look for produc-
tion declines for America’s largest producing state to accelerate until at 
least 2015.
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Shreveport became one of the first Southern cities to have gas service 
after a pipeline was laid to connect the town to the prolific Caddo Field.5 
Though fields in the northwestern portion of the state provided the ma-
jority of early production, by the early 1950s, southern Louisiana was ex-
periencing a production boon due to the discovery of numerous prolific 
fields. It was these new discoveries that supplied the feedstock for the 
rapid growth of America’s chemical and fertilizer industries in the 1950s 
and 1960s. However, no boom lasts forever. Production from southern 
Louisiana peaked at over 12 bcf/d in the early 1970s and then entered a 
terminal decline as existing fields matured and were not supplemented 
by new discoveries.6 In 2011, onshore southern Louisiana produced 
slightly more than 1 bcf/d, a 92 percent drop from its early 1970s peak.7

One of the main drivers behind the falloff in natural gas production 
in southern Louisiana is the high-pressure, fast-depleting nature of its 
producing formations. Southern Louisiana geology is dominated by the 
Gulf Coast Salt Dome Basin, which is characterized by deep (typically 

Figure 11.01. Map of the Salt Dome Basin.9
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12,000 feet), high-permeability, hydrocarbon-bearing structures created 
through the upward migration of salt during the creation of Louisiana’s 
land mass.8 Figure 11.01 shows the outline of the Salt Dome Basin. 

Early operators exploring for oil found it easy to identify and exploit 
hydrocarbon structures adjacent to salt domes with the prospecting 
technology of the era, such as the torsion balance and the seismograph.10 
Trillions of cubic feet of natural gas were also found in salt dome struc-
tures. Figure 11.02 shows how the mobilization of salt created many of 
the hydrocarbon traps of southern Louisiana. 

Offshore Louisiana
Natural gas production in Louisiana’s offshore area is likely to con-
tinue its terminal decline due to its advanced maturity. Production 
off the state’s waters has fallen from a high of 1.7 bcf/d in 1973 to only 
191 mmcf/d in 2011, a drop of 89 percent. However, the application of 
advanced seismic, drilling and completion technology has the potential 
to open up the very deep horizons that sit below a thick layer of salt 
(often referred to as a salt weld and commonly found at approximately 
25,000 feet) that could hold trillions of cubic feet of gas reserves. Due 
to the extremely high pressures and temperatures found in formations 

Figure 11.02. Salt Dome Trap.11

Salt is a peculiar substance. If you put enough heat and pressure on it,the salt will 
slowly flow, much like a glacier that slowly but continually moves downhill. Unlike 
glaciers, salt which is buried miles below the surface of the Earth can move upward 
until it breaks through to the Earth’s surface, where it is then dissolved by ground- 
and rain-water. To get all the way to the Earth’s surface, salt has to push aside and 
break through many layers of rock in its path. This is what ultimately will create the 
oil trap.

Here we see salt that has moved 
up through the Earth, punching 
through and bending rock along 
the way. Oil can come to rest 
right up against the salt, which 
makes salt an effective trap 
rock. However, many times, the 
salt chemically changes the rock 
next to it in such a way that oil 
will no longer seep into them. In 
a sense, it destroys the porosity 
of a reservoir rock.Salt dome trap

Dome

Oil
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below the salt weld, operators are having to develop new methods for 
testing and completing these ultra-deep wells. The company that is 
leading the charge into deep horizons in Louisiana’s offshore region is 
McMoRan Exploration (NYSE:MMR). Figure 11.03 is a graphical dis-
play of the various water depths in which the company operates and the 
numerous targets it is pursuing all the way down to 35,000 feet. 

Though MMR has been in the news over the past few years with its 
ultra-deep (and very expensive) Blackbeard and Davy Jones wells in fed-
eral waters, the company is also pursuing deep natural gas prospects in 
the shallow state waters off the coast of Louisiana (federal waters begin 
approximately three miles from shore)13 as well as onshore. The com-
pany has succeeded in developing a few above-the-weld deep prospects 
onshore but has not had much success in state waters so far.14 While the 
deep horizons of Louisiana’s shallow waters, both above the salt weld 
and subsalt, may hold vast potential, MMR and other operators are still 
in the early stages of exploration and it will be years before the full po-
tential of deep horizons can be quantified. Lastly, though there has been 
much excitement in the media over the potential of sub-salt resources, 
as of late 2012, no company has been able to commence production 
from a productive formation below the salt weld either onshore or in 
the Gulf of Mexico.

Figure 11.03. Regional Conceptual Model — Ultra–Deep Play.12
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North Louisiana
Since the commercialization of the Haynesville Shale in 2007–2008, the 
play has been the focal point of industry activity on the Sabine Uplift, an 
area of prolific oil and gas production for more than a century. By mid-
2009, this play had become the driving force in the state’s production 
growth. 

Due to the high deliverability of many early Haynesville wells — ​
some have initial production rates of over 15 mmcf/d — ​and the aggres-
sive promotion of the play by several of early entrants, expectations for 
the Haynesville grew quite high. Though Haynesville wells are more 
costly than other shale wells, approximately $10 million each due to the 
depth of the formation, they are also expected to have higher recover-
ies per well. According to a December 2010 Oil and Gas Journal article, 
PetroHawk Energy, one of the most active early players in the play, es-
timated that each Haynesville well could be expected to recover 10 bcf, 
or nearly four times what the industry would expect to recover from a 
Barnett Shale well.16

One early notable promoter of the Haynesville was Chesapeake En-
ergy CEO Aubrey McClendon. Here is an excerpt from a Platts’ article 
that appeared on the Rigzone website in February 2009:

Figure 11.04. Haynesville Contribution to Louisiana Gas Production.15
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Figure 11.05. Haynesville Shale Well Activities by Month.20

Month Producing

Waiting on 
completion/

fracturing/testing/
other operations

Drilling  
in  

progress
Permitted/ 
not drilling

Total  
well  

count
1 Sep 2011 1,615 467 186 1,074 2,030
2 Oct 2011 1,691 464 214 500 2,093
3 Nov 2011 1,752 410 214 525 2,150
4 Dec 2011 1,811 460 140 390 2,202
5 Jan 2012 1,870 388 112 525 2,251
6 Feb 2012 1,910 285 140 122 2,286
7 Mar 2012 1,942 323 87 366 2,320
8 Apr 2012 1,977 304 69 122 2,349
9 May 2012 2,010 182 77 98 2,373
10 Jun 2012 2,036 258 46 146 2,397
11 Jul 2012 2,055 198 36 98 2,415
12 Aug 2012 2,071 205 26 134 2,432

Current State of the Hayneville

The weak gas price environment of 2009 to 2012, significant financial 
distress by several of its leading operators and the end of drilling to hold 
leases in the play combined to greatly reduce activity by the summer of 
2012. As you can see in Figure 11.05, by August 2012 there were only 26 
wells actively drilling, down from 186 a year earlier. 
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The 86 percent drop in drilling over the course of 12 months is pos-
sibly the best indicator of the future deliverability of the play. After 
peaking at an estimated 6 bcf/d (the Louisiana Department of Natural 
Resources does not separate Haynesville production from its statewide 
figures) in late 2011, production from the Haynesville is declining. 

Lastly, when attempting to determine the ultimate recovery of any 

Figure 11.06. Haynesville Shale Gas Play Well Activity Map.21
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play it is important to understand its aerial extent, which limits the num-
ber of potential drilling locations. Unless successful Haynesville wells 
can be drilled outside of the areas currently under development, the 
ultimate recovery of the play will be only a fraction of early estimates. 
Figure 11.06, taken from the Louisiana DNR website in September 2012, 
shows how tightly clustered Haynesville wells are around the parishes of 
Caddo, DeSoto, Red River, Bienville, Sabine and Bossier. 

Statewide Production History
While production growth in the Haynesville had a profound impact on 
the state’s and the nation’s production between 2008 and 2011, gas pro-
duction in Louisiana seems to have resumed its multi-decade slide. As 
you can see from Figure 11.07, prior to the development of the Haynes-
ville, the state’s production had entered a terminal decline, which I be-
lieve has recently resumed. 

Figure 11.07. Louisiana Natural Gas Production 1945–2011.22
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According to a December 2009 assessment of the federal GOM 
by the US Bureau of Ocean Energy Management, Regulation and En-
forcement (formerly known as the Minerals Management Service), as 
of December 31, 2006, the federal waters of the GOM have remaining 
proven gas reserves of 16.9 tcf and an additional 8.3 tcf of unproven re-
serves.4 Proven and unproven reserves together total 25.2 tcf, approxi-
mately enough to supply the US with natural gas for one year or about 12 
years of production at the 2011 annual production rate of approximately 
5 bcf/d.

Table 12.01 shows that remaining GOM proven natural gas reserves 
have been declining since 1985, when they reached a peak of 45.8 tcf. 

More importantly, if we look at current reserve estimates from a his-
torical perspective, it is quite clear that the best days of natural gas pro-
duction from the GOM have passed. According to the above-cited 2009 
report by the MMS, the 10 largest gas fields ever tapped in the GOM were 
discovered before 1964. Though MMS distinguishes between oil and gas 
fields, fields that are designated as oil fields also often produce substan-
tial amounts of natural gas. Table 12.02 provides an excellent summary 
of the history of hydrocarbon discovery and production in the GOM. 
Natural gas fields are denoted with a “G” in the “Field type” column. 

Figure 12.01. Gulf of Mexico Reserves and Resources.3
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Table 12.01. Proven oil and gas reserves and cumulative production at end of year, 
1975–2006 for Gulf of Mexico, Outer Continental Shelf and Slope.5

Year

Number 
of fields 
included

Proven  
reserves

Historical cumulative 
production

Remaining proven 
reserves

Oil Gas BOE Oil Gas BOE Oil Gas BOE
1975 255 6.61 59.9 17.27 3.82 27.2 8.66 2.79 32.7 8.61
1976 306 6.86 65.5 18.51 4.12 30.8 9.60 2.74 34.7 8.91
1977 334 7.18 69.2 19.49 4.47 35.0 10.70 2.71 34.2 8.80
1978 385 7.52 76.2 21.08 4.76 39.0 11.70 2.76 37.2 9.38
1979  1 417 7.71 82.2 22.34 4.83 44.2 12.69 2.88 38.0 9.64
1980 435 8.04 88.9 23.86 4.99 48.7 13.66 3.05 40.2 10.20
1981 461 8.17 93.4 24.79 5.27 53.6 14.81 2.90 39.8 9.98
1982 484 8.56 98.1 26.02 5.58 58.3 15.95 2.98 39.8 10.06
1983 521 9.31 106.2 28.21 5.90 62.5 17.02 3.41 43.7 11.19
1984 551 9.91 111.6 29.77 6.24 67.1 18.18 3.67 44.5 11.59
1985 575 10.63 116.7 31.40 6.58 71.1 19.23 4.05 45.6 12.16
1986 645 10.81 121.0 32.34 6.93 75.2 20.31 3.88 45.8 12.03
1987 704 10.76 122.1 32.49 7.26 79.7 21.44 3.50 42.4 11.04
1988  2 678 10.95 126.7 33.49 7.56 84.3 22.56 3.39 42.4 10.93
1989 739 10.87 129.1 33.84 7.84 88.9 23.66 3.03 40.2 10.18
1990 782 10.64 129.9 33.75 8.11 93.8 24.80 2.53 36.1 8.95
1991 819 10.74 130.5 33.96 8.41 98.5 25.94 2.33 32.0 8.02
1992 835 11.08 132.7 34.69 8.71 103.2 27.07 2.37 29.5 7.62
1993 849 11.15 136.8 35.49 9.01 107.7 28.17 2.14 29.1 7.32
1994 876 11.86 141.9 37.11 9.34 112.6 29.38 2.52 29.3 7.73
1995 899 12.01 144.9 37.79 9.68 117.4 30.57 2.33 27.5 7.22
1996 920 12.79 151.9 39.82 10.05 122.5 31.85 2.74 29.4 7.97
1997 957 13.67 158.4 41.86 10.46 127.6 33.17 3.21 30.8 8.69
1998 984 14.27 162.7 43.22 10.91 132.7 34.52 3.36 30.0 8.70
1999 1,003 14.38 161.3 43.08 11.40 137.7 35.90 2.98 23.6 7.18
2000 1,050 14.93 167.3 44.70 11.93 142.7 37.32 3.00 24.6 7.38
2001 1,086 16.51 172.0 47.11 12.48 147.7 38.77 4.03 24.3 8.35
2002 1,112 18.75 176.8 50.21 13.05 152.3 40.15 5.71 24.6 10.09
2003 1,141 18.48 178.2 50.19 13.61 156.7 41.49 4.87 21.5 8.70
2004 1,172 18.96 178.4 50.70 14.14 160.7 42.73 4.82 17.7 7.97
2005 1,196 19.80 181.8 52.15 14.61 163.9 43.77 5.19 17.9 8.38
2006 1,229 20.30 183.6 52.97 15.08 166.7 44.74 5.22 16.9 8.23

1 Gas plant liquids dropped from system.
2 Basis of reserves changed from demonstrated to SPE proved.

It should not come as a surpise to serious students of the oil and gas 
industry that the largest fields in the GOM were the first to be discov-
ered. A similar pattern of discovery occurs in nearly every hydrocarbon-​
producing region. For example, the super-giant fields of the Middle 
East such as Ghawar in Saudi Arabia or Kuwait’s Burgan complex were 
among the first to be found in the region. More importantly, these 
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Middle Eastern discoveries, as well as hundreds of others in the region, 
were made using exploration techniques that would be considered 
primitive by today’s standards. Explorers simply looked for topographi-
cal features that were known indicators of hydrocarbons such as anti-
clines as well as areas where oil and gas historically seeped to the surface 
(think burning bush) to identify some of the world’s largest deposits of 
oil and gas. This pattern has repeated itself in the Gulf of Mexico. No 
need for seismic ships equipped with the latest seismic bouys and super
computers — ​the majority of GOM reserves were discovered decades 
ago using far less sophisticated technology.

One of the best indicators of future production is the number of rigs 
drilling for natural gas. The maturity of the GOM, combined with sev-
eral damaging hurricanes in the past decade and the April 2010 Deep
water Horizon (Macondo) tragedy and subsequent oil spill, have greatly 

Table 12.03: GOM Natural Gas Rig Count, Daily 
Production and Prices 1992 thru 2011.7

Year

Average 
NG rigs  
in GOM

Avg. daily 
marketed GOM 
NG production 

in bcf/d

Average 
wellhead  
NG price

1992 NA 12.81 $1.74
1993 NA 12.83 $2.04
1994 61 13.45 $1.85
1995 63 13.30 $1.55
1996 91 14.12 $2.17
1997 99 14.26 $2.32
1998 91 13.91 $1.96
1999  80 13.78 $2.19
2000 117 13.52 $3.68
2001 118 13.77 $4.00
2002 95 12.36 $2.95
2003 98 12.07 $4.88
2004 90 10.88 $5.46
2005 75 8.58 $7.33
2006 81 7.95 $6.39
2007 68 7.67 $6.25
2008 61 6.34 $7.96
2009 38 6.65 $3.71
2010 16 6.15 $4.48
2011 18 4.98 $3.95

Source: Baker Hughes, EIA.
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reduced natural gas-directed drilling in the Gulf. Table 12.03 shows that 
such drilling activity in the GOM has remained near historic lows for 
much of the past three years. 

The advanced maturity of the GOM becomes quite clear when look-
ing at the relationship between drilling, production and prices in Table 
12.03. The lack of a production response to higher prices after the turn of 
the millenium is astonishing considering the thousands of miles of gath-
ering infrastructure already in place along the seabed floor that could 
have been used to enhance the economics of any successful exploration 
efforts. Declining production in the face of rising prices is a sure sign 
that a region is in terminal decline.

The federal waters of the Gulf of Mexico, once the backbone of 
America’s natural gas industry, are in their twilight as a significant natural 
gas-producing region. Despite being the testing ground for nearly every 
major advancement in offshore technology over the past sixty years, the 
GOM has seen its natural gas production decline since peaking in 1997. 
While there exists some hope that the potential riches below the salt 
weld may someday reverse the GOM’s decline, as of late 2012, no gas is 
being produced from below the weld and it will likely be years (if ever) 
before ultra-deep wells in the GOM make a meaningful contribution to 
America’s gas supply. 
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sandstones they were targeting.5 However, after the engineers at 
McMurray Oil Company were able to use modern fracturing techniques 
to coax gas out of the tight sands in the nearby Jonah field in the early 
1990s, operators soon discovered the same approach could be used at 
Pinedale.6 Since commercial development got into full swing in the 
Pinedale in 1997, more than 1,400 wells have been drilled and 3.36 tcf 
have been produced through year-end 2011.7 In 2011, the Pinedale field 
produced an average of 1.52 bcf/d,8 making it the state’s largest produc-
ing field. While production has been on a plateau since 2010, substantial 
resources remain in the field, which should allow production to increase 
once gas prices rebound. Figure 13.01 is a map displaying both the Pine-
dale and Jonah fields. 

Figure 13.01. Pinedale and Jonah Field Locator Map.9
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Figure 13.02. Powder River Basin CBM.14
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into streams (20 percent);20 another 13 percent is used for irrigation.21 
While some surface owners have used produced water for cattle or crop 
irrigation, others have objected to the building of containment ponds 
and the discharge of produced water into streams.

Sour Gas In Wyoming
In addition to Wyoming’s substantial tight sands and CBM produc-
tion, the state is also home to two significant sour gas fields. Sour gas 
is generally defined as natural gas that contains enough hydrogen sul-
fide that it requires processing before it can be sold into the pipeline 
system. Covering approximately 63 square miles, the LaBarge Complex 
in Sublette County is the state’s largest sour gas-producing area (it is 
actually three fields). LaBarge is operated by ExxonMobil,22 which 
processes all raw LaBarge gas, approximately 720 mmcf/d, at its Shute 
Creek and Black Canyon gas plants.23 The average composition of the 
natural gas produced at LaBarge is approximately 66% carbon dioxide, 
22% methane, 4% hydrogen sulfide, 7.5% nitrogen and 0.5% helium.24 

Figure 13.03. Wyoming Coalbed Methane Production (mcf).17
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The carbon dioxide is used in enhanced oil recovery (EOR) at several 
oil fields in Wyoming as well as one oil field in Colorado. According to 
a representative at the Wyoming State Geological Survey, “the methane 
is sold as fuel; the helium production is over 1 bcf per year which makes 
[LaBarge] the largest helium-producing area in the US.”  25 Due to facil-
ity constraints and the large size of the sour natural gas fields at LaBarge, 
production will likely remain at 720 mmcf/d for decades.

Another source of sour gas in Wyoming is the deep (up to 25,000 feet) 
Madison Limestone of the Madden Field in the Wind River Basin.26 
Wells completed in the deep Madison have very high deliverability of up 
to 45 mmcf/d and produce raw gas that contains approximately 12 per-
cent hydrogen sulfide (H2S), 19 percent carbon dioxide (CO2) and 69 
percent methane.27 All gas from the Madden field — ​315 mmcf/d — ​is pro-
cessed at the ConocoPhillips-owned Lost Cabin gas plant.28 Denbury 
Resources (NYSE:DNR) purchases CO2 from Lost Cabin and ships it 
for reinjection into its Belle Creek EOR project in Montana via a re-
cently constructed 232-mile pipeline.29 Denbury estimates that Belle 
Creek may contain up to 200 million barrels of recoverable oil and plans 
to initiate its CO2 flood at Belle Creek in 2013.30
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large reserves and the high deliverability of Fruitland CBM wells en-
couraged operators to ramp up production despite the weak gas prices 
of the late 1980s.

The Fruitland coal seams of the San Juan Basin are found 600 to 
3,500 feet below the surface and wells producing from them have av-
erage peak production of between 700 thousand cubic feet and 1 mil-
lion cubic feet of gas per day (mmcf/d).5 A typical well can be expected 
to recover 2 billion cubic feet (bcf) over its lifetime, far more than any 
other CBM play in the US.6 Through the end of 2010, the San Juan Basin 
(including the Colorado portion) has produced approximately 16 tcf of 
CBM and has accounted for approximately 66 percent of all CBM ever 
produced in the US.7 Figure 14.02 not only illustrates the large ramp-up 
in CBM production in the San Juan Basin during the 1990s, but also 
puts into perspective the field’s size relative to other CBM basins in the 
US (note that the graphic includes production from the Colorado por-
tion of the San Juan Basin). 

Figure 14.01. Major oil and natural gas production and coal resources in New 
Mexico.2
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CBM production in New Mexico’s portion of the San Juan Basin 
peaked in 1999 at 612 bcf and remained fairly stable for eight more years 
as operators down-spaced the field and optimized existing wells.9 How-
ever, as shown in Table 14.01, CBM production has fallen more rapidly 
in recent years and is now more than 42 percent below its 1999 peak. 
The table contains data provided by the New Mexico Oil Conservation 
Division for San Juan CBM production from 1994 through 2011. 

In a presentation he gave in June 2010, US Geological Survey Sci-
entist Emeritus James E. Fassett provided many interesting facts about 
the San Juan Basin, including the following (once again these figures 
include the Colorado portion of the Basin):11
•	The SJ is the second largest gas basin in the US behind the Hugoton 

Complex of Kansas, Oklahoma and Texas.
•	Conventional fractured sandstone reservoirs have produced 

24.4 tcf of gas through September 2009.

Figure 14.02. CBM Production History by Basin in the US.8
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•	The Basin contains more than 150 gas fields and more than 39,000 
wells.

•	Field-down spacing has greatly enhanced conventional gas produc-
tion.

Figure 14.03 shows how densely drilled the SJ Basin has become. 
In addition to the San Juan Basin, New Mexico is home to a portion 

of the Las Vegas Raton CBM play. Similar to the San Juan play, the Raton 
Basin straddles the New Mexico–Colorado border (see Figure 14.01). In 
the mid-1990s several operators, led by play leader Evergreen Resources, 
began producing small amounts of CBM from the Vermejo Formation 
coal bed in Colfax County.13 As gas prices rose significantly after the 
turn of the millennium, so did CBM production from the Raton Basin, 
from slightly more than 1 bcf in 2000 to a record 26.5 bcf in 2011.14

The final major area of natural gas production in New Mexico is 
the state’s share of the prolific Permian Basin, one of America’s largest 
hydrocarbon-producing basins. Despite a pick-up in drilling activity in 

Table 14.01. New Mexico Coalbed 
Methane Gas Production.10

Year
NM San Juan 

CBM gas in bcf
Percentage 

change
1994 531 NA
1995 572 +7.7%
1996 603 +5.4%
1997 601 0.0%
1998 608 +1.1%
1999 612 +.6% 
2000 584 −4.5% 
2001 533 −8.7%
2002 486 −8.1% 
2003 464 −4.5% 
2004 485 +4.5% 
2005 494 +1.8% 
2006 498 +.8% 
2007 482 −3.2% 
2008 450 −6.6% 
2009 424 −5.7%
2010 381 −10.1%
2011 353 −7.3%

Source:  New Mexico Oil Conservation Division.
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recent years as operators pursue the oil-prone Avalon and Wolfcamp 
Shale formations in Lea and Eddy counties, natural gas production in 
the New Mexico portion of the Permian remains in terminal decline. In 
the decade between 2002 and 2011, it dropped from 587 bcf per annum 
to only 411 bcf per annum, a decline of 30 percent.

Due to the advanced maturity of New Mexico’s two major gas-
producing basins, the San Juan and Permian basins, annual natural gas 
production in New Mexico has been on a steady downward path since 
peaking in 2001. Figure 14.04 displays gas production in New Mexico for 
years 1970 to 2011. 

Figure 14.03. San Juan Basin Wells Drilled — October 2009.12
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The production decline of more than 400 bcf per annum, approxi-
mately 1.1 bcf/d or 24 percent, over the course of the decade between 
2002 and 2011, is proof positive that New Mexico gas production has en-
tered a terminal decline. With the discovery cupboard now nearly bare 
and many of the state’s largest fields nearly completely drilled out, there 
is little that can be done to slow down New Mexico’s dropping natural 
gas production.

Figure 14.04. New Mexico Natural Gas Production 1970–2011.15
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the country’s first natural gas drilling boom began along the shores of 
Lake Erie as residents of the area tapped into the shallow, naturally frac-
tured Devonian shale to heat homes and power factories.2 By the begin-
ning of the twentieth century, nearly every home and factory within a 
mile of the shores of Lake Erie had its own natural gas well.3 Many of 
the wells, typically less than a thousand feet deep, produced for decades, 
though pressure changes due to weather variations impacted their pro-
ductivity at times. Some wells drilled in the early twentieth century still 
provide gas to residents of Erie County today.4

In 1930, the North Penn Gas Company drilled the first successful 
Oriskany sandstone well, in Tioga County.5 The Oriskany sandstone, 
which is found directly below the Marcellus Shale throughout much of 
the state, has now been a steady producer for over eighty years, with 
more than 1,700 wells drilled to date.6 The formation continues to pro-
duce gas and is used as gas storage in north-central Pennsylvania. Figure 
15.01 is a map of Oriskany fields. 

Figure 15.01. Map of the Oriskany Play.7
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The Marcellus Changes Pennsylvania Forever

While the Oriskany played an important role in the early growth of the 
state’s gas industry, it also provided today’s Marcellus developers with 
significant insight. When drilling Oriskany wells, many operators no-
ticed significant gas kicks while drilling through the Marcellus Shale, 
and drilling often had to be halted to let the gas dissipate. Further evi-
dence of the potential of the Marcellus was confirmed when the Depart-
ment of Energy undertook the Eastern Shale Gas Project (EGSP) in the 
1970s and ’80s. One of the most important studies undertaken during 
the EGSP was the mapping of the Marcellus and other Devonian-aged 
shales through the use of gamma ray logs.8 Figure 15.02 is a map show-
ing the varying thickness of the Marcellus and other shales throughout 
Pennsylvania. 

It should be noted that nearly all development of the Marcellus in 
Pennsylvania as of mid-2012 is within the area the EGSP rated as being 
greater than one hundred feet thick.

Though the EGSP identified the Marcellus as a promising shale re-
source as far back as the 1970s, it remained undeveloped because of the 

Figure 15.02. Distribution of Thickest Sequences of Shale.9
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lack of available extraction technology and the low gas prices that per-
sisted until shortly after the turn of the millennium. It wasn’t until 2004, 
when Range Resources (NYSE:RRC), an early operator in the Barnett 
Shale, drilled the Renz #1 well in southwestern Pennsylvania, that com-
mercial development of the Marcellus got underway.10 Range and other 
early operators had a very good indication of the most prospective 
areas of the Marcellus through their drilling in the deeper Oriskany and 
Trenton Black River formations (many of the early Marcellus operators 
originally acquired their acreage in Pennsylvania to pursue the Trenton 
Black River formation and later abandoned the play due to high costs 
and inconsistent results). By 2006, dozens of operators had leased acre-
age throughout the still largely unproven Marcellus fairway. Land prices 
skyrocketed from the typical $25 per acre with a 12.5 percent royalty in 
the early days to over $10,000 per acre with a 25 percent royalty by early 
2012.11 Larger companies that were not able to lease meaningful acre-
age positions acquired companies that had been early participants in the 
Marcellus land rush.12

As in other modern shale plays that have been commercialized in the 
US, such as the Barnett, Fayetteville and Haynesville, operators in the 
Marcellus aggressively ramped up production to hold leases. As you can 

Table 15.01. Pennsylvania Annual Production 2000 thru 
mid-2012 in Billion Cubic Feet.13

Year Conventional Marcellus Total
2000 NA NA 150
2001 NA NA 130
2002 NA NA 157
2003 NA NA 159
2004 NA NA 197
2005 NA NA 168
2006 NA NA 175
2007 NA NA 182
2008 NA NA 185
2009 NA NA 274
2010 NA NA 573
2011 249 1,086 1,335
2012 (6 months) NA 895 895

Source: EIA.
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Figure 15.03. Hydraulic Fracturing Illustration.17

operators.18 Figure 15.04, a graphic taken from the PennEnvironment 
study, neatly summarizes violations handed down by the DEP between 
2008 and 2011. 

While most of the violations were related to incidents that did not 
cause major damage to the environment, there were several notable ex-
ceptions. Here are a few examples:
•	EOG Resources was fined more than $350,000 and threatened with 

the termination of its operator license in Pennsylvania following 
the June 2011 blow-out of a well in Clearfield County that spewed 
an estimated 35,000 gallons of fracture fluid into the air during the 
16 hours the well was out of control. According to a Pittsburgh Post-
Gazette story, Pennsylvania Environmental Secretary John Hanger 
ordered EOG and one other company involved in the blow-out 
to ensure their drilling practices are safe for their workers and the 
neighboring community. Mr. Hanger also added that if “If EOG 
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violates this order, we are headed to terminate their privilege to do 
business in Pennsylvania.”  20

•	In April 2011, at the request of the DEP, Chesapeake Energy shut 
down all fracturing operations in the state for three weeks after the 
company lost control of its Atgas 2H well in Bradford County dur-
ing completion operations. According to the DEP, fluids from the 
well mixed with rainwater and flowed into a nearby creek. CHK 
paid a $190,000 fine as a result of the incident.21

•	In May 2011, Chesapeake Energy was fined $900,000, the largest 
fine ever handed down by the DEP, for contaminating private water 
wells in Bradford County due to improper well casing.22

•	Cabot Oil and Gas was fined $240,000 for its failure to comply with 
a November 2009 DEP order to plug three wells in Dimock Town-
ship, Pennsylvania, that had contaminated the water supplies of 14 
residences with gas. The DEP identified poor or improper cement 
casings were the cause of the contamination.23

Figure 15.04. Environmental Violations by Category 2008–2011.19
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Does Hydraulic Fracturing Impact Water Wells?

In 2011, Robert Jackson and Avner Vengosh and two other researchers 
at Duke University published a study linking elevated methane in water 
wells in Pennsylvania to Marcellus development. The study, which was 
published online in May 2011 by the Proceedings of the National Acad-
emy of Sciences website, found methane levels in water wells located 
within one kilometer of a gas well that was hydraulically fractured to 
be up to seventeen times higher than other wells.24 The Duke research-
ers also found elevated methane levels in 85 percent of the sixty water 
wells they tested in northeast Pennsylvania and upstate New York.25 
Figure 15.05 shows the high occurrence of elevated methane levels in 
water wells (dots) less than 1,000 meters from a hydraulically fractured 
gas well. 

Figure 15.05. Methane Concentration Near Gas Wells.26
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early acreage acquisitions now form the bulk of the Fayetteville’s core 
area.

Now that the Fayetteville has been producing for over seven years, 
we can make three important observations based on a meaningful 
amount of production data. First, it is obvious that though the Fayette-
ville Shale underlies a large portion of northern Arkansas, a relatively 
small core area of the play has delivered all of its economic wells. With 
over four thousand wells drilled in the play by mid-2012, a distinct core 
area has developed in Conway and Van Buren counties,5 with a second-
ary core area in White County. Figure 16.02 shows the drilling through 
mid-2012 by play leader Southwestern Energy in the Fayetteville. 

It should be noted that only wells represented by the red and blue 
dots — ​those that had initial production (IP) rates over three million 
cubic feet per day (mmcf/d) — ​should be considered economic given 
the approximately $3 million required to drill and fracture stimulate a 
Fayetteville well.

The second important conclusion we can draw about the Fayette-
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ville is that the estimated ultimate recovery (EUR) per well will be far 
smaller than the rosy predictions put out by its operators. In its Au-
gust 2010 operations update, Chesapeake Energy announced that the 
company had moved up its EUR per Fayetteville well from 2.4 billion 
cubic feet (bcf) to 2.6 bcf due to “continued strong production results.”  7 
Could Chesapeake, which sold its Fayetteville assets to BHP Billiton for 
$4.5 billion in February 2011, have made an overly optimistic assump-
tion about the Fayetteville well productivity? I think so. To put into 
perspective how optimistic CHK’s claim of 2.6 bcf was, consider the fol-
lowing: of the 4,258 wells completed in the Fayetteville Shale between 
January 2005 and the end of July 2012 (by Chesapeake/BHP and other 
operators), only 1,116 (26 percent) have produced more than 1 bcf and 
only 86 wells — ​2 percent — ​have produced more 2 bcf.8 Despite the an-
nouncement of “continued strong production results” in 2010, the av-
erage cumulative production per well amounted to only 719 mmcf for 
the 887 wells Chesapeake/BHP drilled in the Fayetteville through July 
31, 2012.9 In Q2 2012, less than 18 months after acquiring Chesapeake’s 
Fayetteville assets, BHP wrote off $2.84 billion of its Fayetteville assets, 
more than a 50-percent reduction from the purchase price.10

It is not just Chesapeake that may have overstated recoveries from 
the Fayetteville. On its Q4 2010 earnings conference call in February 
2011, Southwestern Energy upped its EUR for its proven undeveloped 
Fayetteville drilling locations from 2.2 bcf per well at the end of 2009 to 

Figure 16.02. Southwestern Energy — Fayetteville Shale Focus Area.6
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slightly above 2 bcf/d. While I do not expect a rapid decline in produc-
tion from the shale in the next few years, a modest decline can be ex-
pected should Southwestern continue drilling.

Figure 16.03, which charts Arkansas natural gas production history 
from 1980 through 2010, shows limited but stable production before a 
significant ramp upwards once the development of the Fayetteville be-
gan in 2005. 

Table 16.01. Fayetteville Shale — Horizontal Well Performance.13

Time frame

Wells 
placed on 

production

Average  
IP rate 

(Mcf/d)

30th-day 
average rate 
(# of wells)

60th-day 
average rate 
(# of wells)

Average 
lateral 
length

1st Qtr 2007 58 1261 1066 (58) 958 (58) 2104
2nd Qtr 2007 46 1497 1254 (46) 1034 (46) 2512
3rd Qtr 2007 74 1769 1510 (72) 1334 (72) 2622
4th Qtr 2007 77 2027 1690 (77) 1481 (77) 3193
1st Qtr 2008 75 2343 2147 (75) 1943 (74) 3301
2nd Qtr 2008 83 2541 2155 (83) 1886 (83) 3562
3rd Qtr 2008 97 2882 2560 (97) 2349 (97) 3736
4th Qtr 2008  1 74 3350  1 2722 (74) 2386 (74) 3850
1st Qtr 2009  1 120 2992  1 2537 (120) 2293 (120) 3874
2nd Qtr 2009 111 3611 2833 (111) 2556 (111) 4123
3rd Qtr 2009 93 3604 2624 (93) 2255 (93) 4100
4th Qtr 2009 122 3727 2674 (122) 2360 (120) 4303
1st Qtr 2010  2 106 3197  2 2388 (106) 2123 (106) 4348
2nd Qtr 2010 143 3449 2554 (143) 2321 (142) 4532
3rd Qtr 2010 145 3281 2448 (145) 2202 (144) 4503
4th Qtr 2010 159 3472 2678 (159) 2294 (159) 4667
1st Qtr 2011 137 3231 2604 (137) 2238 (137) 4985
2nd Qtr 2011 149 3014 2328 (149) 1991 (149) 4839
3rd Qtr 2011 132 3441 2666 (132) 2372 (132) 4847
4th Qtr 2011 142 3646 2606 (142) 2243 (142) 4703
1st Qtr 2012 146 3319 2421 (146) 2131 (146) 4743
2nd Qtr 2012 131 3500 2454 (121) 2003 (77) 4840

Source: Southwestern Energy.
1 The significant increase in the average initial production rate for the fourth quarter of 2008 
and the subsequent decrease for the first quarter of 2009 primarily reflected the impact of 
the delay in the Boardwalk Pipeline.
2 In the first quarter of 2010, the company’s results were impacted by the shift of all wells 
to “green completions” and the mix of wells, as a large percentage of wells were placed on 
production in the shallower northern and far eastern borders of the company’s acreage.
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Figure 16.03. Arkansas Natural Gas Marketed Production (mmcf).14
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irrespective of prices. For example, despite a huge ramp-up in drilling 
between 2002 and 2008 that coincided with prices moving from an aver-
age of $3.83CDN per thousand cubic feet (mcf) in 2002 to $7.73CDN in 
2008, production dropped 8.5 percent during this period.1 While much 
of the increased drilling was directed towards low-productivity Horse-
shoe Canyon CBM wells in Alberta, falling production during a period 
when prices nearly doubled shows that conventional Canadian produc-
tion has entered terminal decline.

Will Canada’s emerging plays and the unconventional plays under 
development be enough to arrest the country’s decade-long production 
slide? Not for a while. With only 83 gas rigs running as of October 12, 
2012 and prices still far below the break-even point for virtually every gas 
play, Canadian production is likely to fall to close to 12 bcf/d by year-end 
2012.2 As you can see from Table 17.01, Canadian production has been 
falling for a decade. 

While Canada’s unconventional plays hold trillions of cubic feet of 
gas — ​just how much is largely unknown due to limited production his-
tory — ​developing them will take considerable time and cost billions of 
dollars. Based on a realistic development scenario, it is reasonable to 
expect that the Montney, a shale/siltstone hybrid play straddling the 
Alberta/British Columbia border, can grow from its current 1 bcf/d to 

Table 17.01. Canadian Daily NG Production 2001 to 2012.3

Year
Average daily 

production in bcf/d  1
% Change from 
previous year

2001 16.56 NA
2002 16.69 +.01%
2003 16.12 −2.8%
2004 16.14 0%
2005 16.55 +2.5%
2006 16.60 0%
2007 16.17 −2.65%
2008 15.27 −5.6%
2009 14.22 −6.9%
2010 13.96 −1.8%
2011 14.05 +.01%
2012  2 13.00 −7.5%

Source: Natural Resources Canada.
1 Billion cubic feet per day.
2 Author’s estimate.
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between 2 and 3 bcf/d over the next three to five years. This growth in 
Montney production assumes gas prices on Canada’s AECO Hub — ​the 
country’s major pricing hub — ​rise substantially to increase drilling activ-
ity. Additionally, it is easy to envision production from the Horn River 
Basin increasing to 3 bcf/d by 2017, compared to only approximately 
350 mmcf/d currently. Figure 17.01 shows Canada’s two most important 
unconventional gas plays, the Montney and the Horn River Basin. 

In addition to the play’s distance from markets, the big constraint 
on Horn River development will be the need to build treatment facili-
ties to remove CO2 from the production stream. Approximately 12 per-
cent of the gas production stream in the Horn River is CO2.5 Outside 
of the Montney and Horn River plays, numerous other unconventional 
gas plays already under development — ​such as the Cardium, Viking and 

Figure 17.01. Map of Montney and the Horn River Basin.4
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Wilrich formations — ​are likely to make up an increasing percentage of 
Canada’s gas production over the next decade.

Considering the contributions from Canada’s existing and emerg-
ing unconventional plays and subtracting out the continuing decline in 
conventional production, the country’s overall production should stabi-
lize somewhere between 10 and 11 bcf/d over the next few years. Unlike 
the U.K., which is experiencing a production death spiral as its North 
Sea reservoirs are rapidly depleted, Canada’s large endowment of high-
quality, undeveloped, unconventional reserves ensures the country will 
be a major producer of gas for many years.

Canadian Demand
According to the country’s National Energy Board (NEB), Canada’s 
consumption of natural gas rose to an all-time record in 2011 of 8.3 bcf/d, 
up 8 percent from 2010.6 As you can see from Figure 17.02, similar to 
US consumption patterns, Canada is witnessing growing industrial de-

Figure 17.02. Canadian Natural Gas Demand by Sector.7
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mand, largely because the country is home to some of the lowest gas 
prices in the Western world. 

One area of industrial demand that should see continued growth 
over the next several years is the fertilizer sector. For example, in mid-
2012 fertilizer maker Yara International announced an expansion of 
its Canadian urea production facility due to increased demand in the 
Northern Plains.8 I expect many more companies to expand or build 
new plants given the profitability of the Canadian fertilizer business.

However, the biggest driver of industrial demand growth for the 
next decade will be the oil sands sector. With numerous large-scale oil 
sands projects already under construction or in the advanced permit-
ting stages, demand from the oil sands will continue to grow from the 
1.4 bcf/d that was consumed in 2011 (up 14 percent from 2010 levels).9 
Figure 17.03, taken from the National Energy Board’s Canadian Energy 
Overview 2011, clearly shows the large ramp-up in demand from the oil 
sands sector over the past decade. 

With 787,905 barrels of oil sands capacity under construction in 
October 2012, a 35-percent increase on existing production capacity 

Figure 17.03. Average Annual Purchased Natural Gas Requirements for Oil 
Sands Operations.10
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of 2,250,400, it is easy to see how demand for natural gas from the oil 
sands will reach approximately 2 bcf/d by 2015.11 Additionally, should 
oil prices remain near $100 per barrel and oil sands take-away issues 
get resolved in a reasonable amount of time (e.g., with the building of 
the Keystone XL Pipeline to take oil sands production to US refiner-
ies or approval of the Northern Gateway Pipeline to transport produc-
tion to British Columbia for shipment to Asia), oil sands production 
could reach more than 4 million barrels a day by 2020. Such a scenario 
would result in natural gas demand from the oil sands of approximately 
2.5 bcf/d.

Adding It All Up
While it’s impossible to say exactly when Canada will cease exporting 
gas to the US, the trend is clear. Due to Canada’s dropping production, 
increased domestic demand and its ability to export LNG to Asian markets 
by 2014, the US could see net imports from Canada drop to nearly noth-
ing as early as 2015. In Table 17.02 I have estimated demand flows for the 
Canadian gas market for 2012 based on a reasonable extrapolation of 
current trends. 

So how will the US replace declining Canadian imports at a time of 
falling US production? It won’t. US natural gas prices will have to rise to 
destroy enough demand for the market to reach a new equilibrium. As 
we know from the 1970s gas crisis, demand destruction through escalat-
ing prices can be a very painful process.

Table 17.02. Supply and Demand Flows 2012 and 
Projected 2015

2012 2015
Supply
Canadian production 13 bcf/d 11 bcf/d

Demand
Oil sands 1.5 bcf/d 2 bcf/d
Rest of Canada demand 6.8 bcf/d 8 bcf/d
Net exports to US 4.7 bcf/d 0.3 bcf/d
LNG exports 0 bcf/d 0.7 bcf/d

Total 13 bcf/d 11 bcf/d

Source: Author’s estimates.
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prices between 2002 and 2008 — ​there was little relief, and there won’t 
be next time either. Worldwide demand for natural gas reached a record 
114 tcf in 2011, up 31 percent from 2001 levels, and, despite recent export 
capacity additions from countries such as Qatar (see Chapter Four), the 
worldwide market for LNG is very tight.4 In this chapter I will review 
the supply/demand dynamics of the worldwide LNG market and dis-
cuss the difficulties the US will face when it needs to increase imports.

Worldwide LNG Supply
From nearly a standing start a decade ago, the tiny country of Qatar has 
come to dominate the world LNG trade. As discussed in some detail 
in Chapter Four, the country has greatly expanded its production, con-
sumption and exports of gas over the past decade,5 and accounted for a 
whopping 31 percent of worldwide LNG exports in 2011; the next largest 
LNG exporter was Malaysia, with only 10 percent of the world total.6 
Table 18.01 lists the world’s top exporters of LNG in 2011. 

Though it was only fourth in 2011, Australia is set to challenge Qatar 
as the world’s largest exporter of LNG by the end of the decade. Ac-
cording to a recent Reuters article, Australia currently has $170 billion 
of LNG export projects under construction.8 The country has plans to 
increase its export capacity four-fold between early 2012 and the end 
of 2018, to approximately 3.13 tcf per year, as eight new projects come 
onstream.9 Australia’s rise to near the top of the LNG export charts 

Table 18.01. World’s 10 Largest LNG 
Exporters in 2011.7

Country LNG exports in tcf
Qatar 3.623
Malaysia 1.176
Indonesia 1.031
Australia 0.914
Nigeria 0.914
Trinidad and Tobago 0.667
Algeria 0.603
Russia 0.508
Oman 0.384
Brunei 0.331

Source: 2012 BP Statistical Review.
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However, tougher times are ahead for the country’s natural gas sec-
tor. While 2011 production was only down 4.2 percent from the record 
level of 2010, the country has taken several major reserve write-downs in 
recent years. According to the Oil and Gas Journal, Trinidad and Tobago 
has seen its proven reserves decline from 25.9 tcf in 2006 to 14.4 tcf in 
2011, a drop of 44 percent.16 Table 18.02 shows the year-over-year decline 
in the country’s proved reserves since 2005. 

An August 2011 reserve report by reservoir engineering firm Ryder 
Scott found that proved reserves had declined further, to 13.46 tcf.18 
With approximately nine years of proved reserves left at today’s rate 
of production, the country is in desperate need of new discoveries. 
Unfortunately, all 56 wells drilled on the island nation during the first 
nine months of fiscal 2011 were development wells — ​wells drilled for 

Figure 18.01. Natural Gas Production and Consumption Trinidad & Tobago, 
2000–2010.15

Table 18.02. Proved Reserves of Natural Gas in Trinidad & Tobago,  
2005–2011.17

Year 2005 2006 2007 2008 2009 2010 2011
Trillion cubic feet 25.887 25.88 18.77 18.77 18.77 15.4 14.416
Percentage change YoY 0% 0% −38% 0% 0% −22% −7%

Source: EIA.
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title of the world’s biggest LNG importer in less than five years time as it 
shifts towards cleaner-burning natural gas.

Despite its moribund economy, Japan continues to set new re-
cords for LNG consumption. The country’s imports have shot up since 
its nuclear generation industry was shut down following the March 
2011 Fukushima–Daiichi disaster. Japan imported a record 10.35 bcf/d 
(3.78 tcf) of natural gas via LNG in 2011, up from 9.21 bcf/d (3.36 tcf) in 
2010, an increase of 11.1 percent.25 Figure 18.02 shows the country paid a 
record amount for natural gas imports in 2011. 

There was no relief to Japan’s record high prices in 2012. Due to 
competition for spot cargoes and high Brent crude prices (spot LNG 
prices are priced off of oil prices), the country paid approximately 
$18 per MMBtu (one Mcf = 1.023 MMBtu) in July 2012 before prices 
backed off in early August.27 Japan’s elevated level of LNG imports is 
likely to continue for some time since the country has been very slow 
to return nuclear reactors to service — ​the first one came back online in 
July 2012 — ​due to public safety concerns.28 Figure 18.03 is a chart that 
includes Japanese LNG import prices for the first eight months of 2012. 

The second major swing in demand for LNG over the next few years 
is increasing demand from South America. Argentina’s price for landed 

Figure 18.02. Natural Gas Prices $/Mmbtu.26
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Gas and Shale Oil Plays” in July 2011, details on the agency’s logic be-
came clearer.14 As the title suggests, this document provides an over-
view of all oil and gas shale plays in the US and a partial explanation for 
the EIA’s arrival at such a significant natural gas resource base. I find it to 
be chronically flawed for several reasons.

First, the “Review of Emerging Resources: US Shale Gas and Shale 
Oil Plays” was not prepared by the Energy Information Administration. 
The EIA commissioned independent consulting firm Intek, Inc. to pre-
pare the report. So who is Intek and why are they performing a task that 
is fundamental to the mission of the EIA? Intek is a private consulting 
firm established in 1998 that has done extensive work for the Depart-
ment of Energy and other governmental agencies.15 While some may 
not see a problem in using an outside consulting firm in report prepara-
tion, I do. The “Review of Emerging Resources: US Shale Gas and Shale 
Oil Plays” is central to the mission of the EIA and should not have been 
outsourced. Unlike a private consulting firm, the EIA can use its weight 
as an agency of the federal government to extract information from pri-
vate sources that might be unwilling to discuss confidential production 
information with a private firm for competitive reasons. Another rea-
son I disagree with the outsourcing of work that is critical to the EIA’s 

Figure 19.01. US Dry Gas Consumption by Production Type.13
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production history available from the Marcellus in 2008, using a pro 
forma well type curve which projects Marcellus wells to have an esti-
mated ultimate recovery (EUR) of 3.75 bcf in a report published in July 
2011 shows just how little care or effort Intek and the EIA put into their 
report on the potential of shale gas plays.

Third, Intek/EIA’s “Review of Emerging Resources: US Shale Gas 
and Shale Oil Plays” grossly overstates technically recoverable shale gas 
resources. Central to its estimate was a table on page 5 of the report (re-
produced here as Table 19.01) that listed all the identified shale plays in 
the US and the amount of gas contained in each play. 

It is very clear that Intek and the EIA gave little credence to historical 
drilling data when preparing and including the above mentioned table 
in the report. It is difficult to understand how the EIA could publish a 
report in July 2011 based on “estimates of technically recoverable shale 
gas and shale oil resources remaining in discovered shale plays as of 
January 1, 2009” (see date on Table 19.01). Publishing shale gas projec-
tions that are two and half years old was a disservice to readers of the 
report since it ignores a great deal of production history and significant 

Figure 19.02. Marcellus Decline Curve and Estimated Ultimate Recoveries 
Example.18
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Table 19.01. Intek Estimates of Underdeveloped Technically Recoverable Shale 
Gas and Shale Oil 1/1/2009.19

Onshore lower-48 
oil and gas supply 
submodule region Shale play

Shale gas 
resources  

(tcf)

Shale oil 
resources 

(bbls)
Northeast Marcellus 410 —

Antrim 20 —
Devonian Low Thermal Maturity 14 —
Great Siltstone 8 —
Big Sandy 7 —
Cincinnati Arch 1 —

Subtotal 472 —
Percent of total 63% —

Gulf Coast Haynesville 75 —
Eagle Ford 21 3
Floyd-Neal & Conasauga 4 —

Subtotal 100 3
Percent of total 13% 14%

Mid-Continent Fayetteville 32 —
Woodford 22 —
Cana Woodford 6 —

Subtotal 60 —
Percent of total 8% —

Southwest Barnett 43 —
Barnett-woodford 32 —
Avalon & Bone Springs — 2

Subtotal 76 2
Percent of total 10% 7%

Rocky Mountain Mancos 21 —
Lewis 12 —
Williston-Shallow Niobraian 7 —
Bakken — 4

Subtotal 43 4
Percent of total 6% 15%

West Coast Monterey/Santos — 15
Subtotal — 15
Percent of total — 64%

Total onshore 
Lower-48 States

750 24

Note: From previous EIA estimates and thus not assessed in the INTEK shale report. Subtotals 
and total may not equal sum of components due to independent rounding.
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leased for development) of 10,622 square miles and an undeveloped 
area of 84,271 square miles (classified as prospective but not currently 
leased).27 Intek/the EIA estimates the active area has a technically re-
coverable resource (TRR) of 177.9 tcf and the undeveloped area con-
tains a whopping 232.44 tcf.28 Table 19.02, reproduced from the report, 
further dissects how these numbers were derived. 

I find several problems with Table 19.02. First, its numbers do not 
make sense. Should 8 wells per square mile eventually get drilled into 
the active area (nearly 85,000 wells) — ​a highly unlikely scenario — ​and 
each well recovers the above-mentioned 3.5 billion cubic feet equivalent 
(bcfe), TRR from the Marcellus active area would be approximately 
297 tcf. Intek provided no explanation on the methodology it used to 
arrive at a TRR of 177.9 tcf for the active area. Even more troubling was 
its estimate of 232.44 tcf of TRR in the undeveloped category of the 
Marcellus. To estimate that the unleased area of the play could eventu-
ally support the drilling of 674,168 wells (8 wells per square mile) and 
recover 232.44 tcf is absurd. Once again, the TRR for the undeveloped 
portion of the Marcellus does not correspond to the estimated number 
of drilling locations and EUR per well in Table 19.02.

Since the report was published in July 2011, the EIA — ​in its Annual 
Energy Outlook (AEO) 2012 Early Release Overview, released in Janu-
ary 2012 — ​has significantly revised downward its estimate of the poten-
tial recoveries from the Marcellus, to only 141 tcf, a decline of 65 percent.30 
Also included in the 2012 AEO Early Release was a major downward 
revision of total technically recoverable unproved shale gas resources, 
from 827 tcf in AEO 2011 to only 482 tcf, a reduction of 42 percent.31 
Though the 2012 estimate suggests the US now has unproved shale gas 
resources of approximately twenty years of US consumption at current 
rates, the EIA is still likely overstating future shale gas recoveries by a 
factor of more than three.

Table 19.02. Marcellus Average EUR and Area.29

Active Undeveloped
Area (sq. miles) 10,622 84,271
EUR (Bcfe/well) 3.5 1.15
Well spacing (wells/sq. mile) 8 8
TRR (Tcf) 177.90 232.44
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Gemasolar: how it works
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Figure 20.01. Gemasolar Technology Illustration.11

two other solar projects with storage capacity, adjacent 50-megawatt so-
lar plants with storage in Cadiz, Spain, that generate enough electricity 
to supply forty-thousand homes.15 The company is also pursuing oppor-
tunities to develop new solar generating facilities with storage in south-
ern Europe, the Middle East, North Africa and the southwestern US.
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Dutch government determined that additional resource management 
initiatives were needed to ensure long-term supply security. To achieve 
this end, in 1995 the government adopted the Third Energy Policy Paper 
that set an annual production ceiling of 2.85 tcf for the entire country, 
to ensure “a prudent use of the Groningen field.”  25 Then, in 2003, after 
a downward adjustment of expected production from small fields and 
to extend the life of Groningen, the government passed the Natural Gas 
Law. This reduced the country’s production ceiling to 2.68 tcf per year 
for years 2003 through 2007 with a further reduction to 2.47 tcf for years 
2008 through 2013.26

So what can the US learn from the Dutch experience of resource 
management? While mandatory reductions in natural gas production 
may seem anti-competitive and un-American, the US actually has a 
long history of resource management. After the discovery of the mas-
sive oil fields in east Texas in 1930 and 1931, which drove the price of oil 
down from $1.10 per barrel prior to “Dad” Joiner’s famous discovery on 

Figure 20.02. Annual Gas Production in the Netherlands in billion m3.24
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times the price it had paid.10 Who better to sell to than foreign firms 
with deep pockets and little or no shale gas experience or expertise? Just 
as Wall Street firms dumped toxic mortgages and derivatives on foreign 
banks, US shale gas operators offloaded unproven acreage upon unwit-
ting foreign companies and often signed deals that funded much of their 
drilling efforts between 2008 and 2012.

An Alternate Future Reality
Though many shale gas optimists paint a rosy picture in which Amer-
ica reduces or eliminates its need for foreign oil by converting much of 
its transportation fleet to natural gas, enjoys a cleaner environment by 
replacing coal-fired electricity generating plants with natural gas-fired 
plants and experiences a prolonged manufacturing renaissance thanks 
to our cheap new source of energy that puts hundreds of thousands of 
people back to work, I see a decidedly different future. While every oil 
and gas play is different, I see many parallels between the Austin Chalk 
play of Texas and Louisiana and modern shale gas plays. The Austin 

Figure 21.01. Map of Austin Chalk Play.11
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