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What is natural gas?

Figure 1. Schematic 3-D representation of the
bonding orbitals in a methane (CH,) molecule.
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Figure 2. Madden gas processing plant near Lost Cabin, northeastern Wind River Basin. At this
plant, carbon dioxide and hydrogen sulfide are removed from gas produced from the Madison
Limestone. Photograph courtesy of Burlington Resources.




How is methane formed?

Biogenic methane
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Figure 3. Schematic cross section of the Earth’s crust, showing proposed origins, migration, and
accumulation of methane (CH ). Buoyant methane migrates upward through rock pores and
fractures and either accumulates under impermeable layers or eventually reaches the surface and
dissipates into the atmosphere. Modified from Howell and others, 1993,




Abiogenic methane

Thermogenic methane
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Figure 4. Generation of gas with depth from two
major sources of organic matter. C , represents
hydrocarbons heavier than CH, in' gas phase.

is generated initially as NH . ' Modified from
Hfmt 1979.




What elements form an economic resource
of natural gas?

What are the conventional types of
natural gas traps?
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Figure 5. Examples of types of traps for
natural gas. Structural traps include
anticline or dome (a) or fault (b). A
stratigraphic trap, such as a sandstone
enclosed in shale, is shown in (c) and a
combination structural and stratigraphic
trap is shown in (d). A typical faulted
anticlinal trap found in Wyoming is
shownin (e).




What unconventional gas systems exist in
Wyoming?

Basin-centered gas
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Figure 6. Wyoming sedimentary basins and selected natural gas fields. Areas of coalbed methane
development are only shown for the Powder River Basin.




Coalbed methane
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Where is natural gas found in Wyoming?

Figure 8. Typical coalbed methane well site
in the Powder River Basin with water and gas
lines installed. Control box (red) is about 3 1/2
feet above ground surface. A small well house
will be installed to protect the equipment.
Photograph from Wyoming Coalbed Methane
Clearinghouse website, 2004.

Figure 9. (Right) Stratigraphic units in Wyoming
that produced at least 30 BCF of natural gas in
2002. Actual production shown in parentheses.
Other stratigraphic units not shown produced
natural gas in lesser quantities (see De Bruin,
2002, for a list of all units). Photograph of Devils
Tower is from Richard W. Jones.
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Table 1. Cumulative natural gas production
through 2002 from the top five reservoirs in
Wyoming. Production is in fields with reservoirs
that have produced at least 5 BCF. ) )
Production

Rank Reservoir (TCF)

1 Frontier Formation 6.872

Madison Limestone 5.267

Muddy SangdStone 2.643

Almond Fojﬂilion 2.391

Nugget Sandstone 2.291

Total g __19.464

When was natural gas first discovered in
Wyoming?

What is the history of Wyoming’s natural
gas industry?
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Figure 10. Natural gas production (trillions of cubic feet) in Wyoming from 1917 to 2002 and in
the U.S. from 1947 to 2001. Wyoming production from Biggs and Espach (1960), U.S. Bureau of
Mines Natural Gas Annals (1958 to 1966) for marketed production only, U.S. Energy Information
Administration (1967 to 1969), and Wyoming Oil and Gas Conservation Commission (1970 to
2002). U.S. production from U.S. Bureau of Mines Natural Gas Annals (1947 to 1966) for marketed
production only and U.S. Energy Information Administration (1967 to 2001). Photograph of the
Absaroka Mountains is from Richard W. Jones.




How much natural gas does Wyoming
have left?

[l Probable
[ ] Possible

Bl speculative

™
S
E
e
'V
2
IE
£
=
Q
=
IE
T
[

GGRB
Provmce

Figure 11. Wyoming’s most likely resources of recoverable, traditional natural gas, by gas province,
for all reservoirs. GGRB = Greater Green River Basin, WRB = Wind River Basin, BHB = Bighorn Basin,
PRB = Powder River Basin, and OTB = Overthrust Belt. Estimates as of year-end, 2000. Modified from
Potential Gas Committee (2001). Photograph of drilling rig in Bridger Teton National Forest in the
1980s is from Lance Cook.




Table 2. Most likely resources of traditional natural gas (in TCF) for Wyoming gas provinces at the
end of 2000. Modified from Potential Gas Committee, 2001.

Province 0-15,000’

15,000-30,000’

Subtotal

17.595
8.195
3.172
4.276
3.700

Greater Green River Basin
Wind River Basin

Bighorn Basin

Powder River Basin
Overthrust Belt

25.953
13.214
5.982
5.276
4.350

8.358
5.019
2.810

1.00
0.650

Grand Total 36.938

~ #17.837 54.775

How are the major components of natural
gas used?

Methane

Condensate

Helium




Table 3. Comparison of Wyoming’s proved re- Table 4. Wyoming’s ranking in proved reserves
serves of dry natural gas (TCF) for the years of dry natural gas (TCF) at the beginning of
1980 through 2002. Source: U.S. Department 2003. Source: U.S. Department of Energy,
of Energy, 2003. 2003.

Date Dry natural gas State Dry natural gas
1980 9.100 Texas 44.297
1981 9.307 Wyoming 20.527 [
1982 9 758 New Mexico 17.320
1983 10.227 Oklahoma 14.886
1984 10.482 Colorado 13.888
1985 10.617 Louisiana 8.960
1986 9.756 Alaska 8.468
1987 10.023 Kansas :.932
Utah A3

1323 18?33 Alabama 3.884
1990 9.944

1991 9.941

1992 10.826

1993 10.933

1994 10.789

1995 12.166

1996 12.320

1997 13.562

1998 13.650

1999 14.226

2000 16.158

2001 18.398

2002 20.527

Carbon dioxide
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Figure 12. A typical wellhead and production
“Christmas tree” at a deep well completed in
the Madden Field. This is the deepest producing
gas field in the Rocky Mountains. Rod De Bruin,
author of this pamphlet, for scale. Photograph
by Robert M. Lyman.

Hydrogen sulfide

Figure 13. Wellhead and surface production
facilities at the Bighorn No. 2-3 gas well in the
Madden Field. The well reached a total depth
of 24,250 feet in the Gros Ventre Formation
(Cambrian) and was completed in the Madison
Limestone (Mississippian), establishing the
deepest commercial gas production in the
Rocky Mountains. Initial gas composition was
68% methane, 20% carbon dioxide, and 12%
hydrogen sulfide (Brown and Shannon, 1989).




Does natural gas go directly from
producers to consumers?




How is natural gas transported?

Figure 14. Colorado Interstate Gas Company’s
Laramie Compressor Station west of Laramie.
This is one of a number of similar facilities along

the pipeline corridor that traverses southern
Wyoming.

How safe are natural gas pipelines?




Why does natural gas smell so bad?

How is natural gas sold?

Who regulates natural gas wells in
Wyoming?




Table 5. Units of measurement for natural gas, metric units, and caloric equivalents for fuels.

_Units of measurement for natural gas }
MCF=1000 cubic feet of natural gas Metric
MMCF=1,000,000 (one million) cubic feet of natural Value  prefix American English
gas=1000 MCF [ 10° Kilo(k) thousand (M) thousand
BCF=1 billion cubic feet of natural gas=1000 MMCF= 1 10° mega(M) million (MM)  million

million MCF _ | 10° giga(G) billion (B)  thousand million
TCF=1 trillion cubic feet of natural gas=1000 BCF=1 mil- | : = K
10"*  tera(T) trillion (T) billion

lion MMCF=1 billion MCF : et =

1 MCF=1,031,000 Btus or approximately 1 million Btus | 10" peca(P) quadrillion (Q) thousand billion
. o 18 intilli 11IH

1 therm=100,000 Btus=approximately the heat contained | 10 exa(E) quintillion trillion

in 100 cubic feet or 0.1 MCF of natural gas .|

Approximate caloric equivalents {bas'ed-on average densities for various fugls)
| short
short tons™y barrels
barrels tons bit. anth. barrels Tes.fuel
MCF gas crude oil coal coal gasoline oil Btu
T - .
Foe. v na';:!:_! L |  0.178 0.0431 0.0406 0.196 0.164 1.031x10°
1 barrel crude olls| 5.618 1 0.243 0.228 1.105 .-_ﬁlgiﬂ 5.8x10°
: . ; -
1short ton bituminous cofiags 5y 4 445 1 0.941  4.554% 3.802 23.9x10¢
and lignite= - =
1 short ton anthracite=| 24.63% 4.386 1.0627 a4 4.840 4.04 25.4x10°
1 barrel of gasoline=| 5.102 0.995 0,220 w0207 1 0.835 5.248x10°

1 barrel residual fuel oil=| 6.098 1.083 0.263 0.2475 1.198 1 6.287x10°
1 short ton wood=| 16.21 2.88 0.699 0.658 3.18 2.66 1.67x107

How important is the natural gas
industry to Wyoming?




Figure 15. Grey Wolf Drilling Company’s Rig

No. 558 drilling a 24,000-foot deep well to
the Madison Limestone at the Madden Field,
northeastern Wind River Basin. This rig is one of
the largest land-based drilling rigs in the world,
capable of drilling to 30,000 feet.




What is the future of natural gas in
Wyoming?

Year

Figure 16. Natural gas prices (dollars per MCF) for Wyoming from 1947 to 2002 and for the U.S.
from 1947 to 2001. Wyoming prices from U.S. Bureau of Mines Natural Gas Annals (1947 to 1972),
U.S. Energy Information Administration (1973 to 1977), U.S. Minerals Management Service, Federal
Royalty Payments (1978 to 1988), Wyoming Department of State Lands and Investments, State
Royalty Payments (1989 to 1997), and Wyoming State Geological Survey average Opal prices (1998
to 2002). U.S. prices from U.S. Bureau of Mines Natural Gas Annals (1947 to 1972) and U.S. Energy
Information Administration (1973 to 2001). Photograph of Seminoe Mountains and Reservoir is
from Richard W. Jones.
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State of Wyoming agencies to contact

about natural gas:

Oil anfi G:as Conservation Wyoming State Geological Survey
Commission

Others to contact about natural gas:
Petroleum Association of Wyoming

U.S. Bureau of Land Management

Cover: Abstract map of estimated ultimate
recovery of natural gas from the Jonah Gas
Field, a giant field in the Green River Basin,
Wyoming. For a more detailed map, refer to
Figure 7 of this publication. Modifed and used
with permission of AEC Oil & Gas.




