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Abstract. The gloomy, dmogt crisslike outlook for the future of domedtic naturd ges in the
late 1970's st in motion a st of nationalevd energy initiatives for adding new gas supplies.
Two of the mogst vauable of these were (1) the joint government/industry R&D programs in
tight gas, gas shdes and codbed methane by the Department of Energy’s Office of Fossl Energy
(DOE/FE) tha edablished the essentid exploration and production technology for these
reources, and, (2) the unconventiond gas economic incentives (Section 29 tax credits) that
buffered the economic risks faced by the early set of unconventiond gas developers and helped
attract scarce investment capital to this emerging resource.

Now, twenty years later, unconventiond gas offers one of the impressve technology success
dories. A poorly understood, high cost energy resource is now providing mgor volumes of
annud gas supplies and he ping meet the growing domestic demand for natura ges.

Unconventiond naturd ges provided 4,500 Bcf of supply in 1999, up threefold from
about 1,600 Bcf twenty years ago.

Proved reserves of unconventionad gas are 53 Tcf, up from less than 20 Tcf when the
R& D and incentive programs started.

Asesd recoverable resources of unconventiond gas are now estimated a 400 to 500

Tcf, providng confidence that with technology progress the contribution of
uncornventiond gas will continue to grow.

Behind these spectacular numbers are a host of dedicated activities, occasond falures and
many succeses, dl underlain by subgantid investments in R&D and technology. Tight gas, the
flagship of unconventiond gas is now pursued routindy by independents and mgors dike in
over a dozen mgor domedtic basins. Gas shdes development has expanded from the Appadachian
Basn to new basns in Michigan (Antrim) and North Texas (Barnett). Codbed methane, a
resource once labded “moonbeam gas’, has been converted from a mining hazad to an
economic source of new gas resarves. Ironicaly, geopressured methane, the resource dated as



hodng “a 1,000 years of gas’, came up short once the bright, hot light of serious scientific
inquiring was turned on.

The look a the higory of unconventiond gas dso provides a rich sat of “lessons learned”. These
“lessons’ demondrate that combining a wdl managed joint government/industry R&D
technology program with performance-based incentives for early gpplication of new technology
can be highly successful, providing significant economic benfits to the U.S. economy.

Introduction.  After decades of plentiful supplies, low costs and public indifference, in the
1970s naturad ges findly moved to the center of nationd atention. The winter of 1975-76 saw
worrisome curtallments in naturd gas supplies leading to dosng of schools and public fadlities
In the fdlowing winter the problems of supply curtalments grew worse, leading to
Congressond hearings and a scramble for explanations.

While numerous reasons were posed for the cause of the problem, the one set of answers
that ganed broad public and palitical acceptance was tha “the naion was rgpidly running out of
naiurd gas supplies” Prominent in the winning debaie were two dominating figures, M. King
Hubbert and the Federa Power Commission, both painting apessmisgtic, depleting future:

King Hubbet, who had ganed condderdble credibility among energy policy and
Congressond  daff by correctly forecagting the pesk and subsequent decline in
domegtic oil production, gpplied his same forecading methods to naturd gas.  In widdy
followed Congressond tesimony, he st forth a future of limited naturd gas resources
and a pending criss in gas supplies Hubbert viewed a low domestic naturd gas
resource base of 1,050 Tcf of which nearly one-hdf had dready been produced. He
predicted that the pesk in naurd gas productions would occur shortly (in 1977)
followed by adramatic decline, Figure 1.

The Fedeard Power Commission, responsble for regulating the price and profitability of
naturd gas production, confirmed its stance for continued price controls defending it by
daing -- why deregulate naturd gas when thereis o little I eft to find?

Search for New Resources. The blesk, uncertain outlook for naturd gas st the stage for
ground bresking legidaion -- phased removd of welhead price controls incentives for new
naiural gas development, and redtrictions on gas use for eectric generation (NGPA, Public Law
%H-621). The concern over future gas supplies dso set in motion a search for new sources of
natura gas, in settings that had been previoudy overlooked.

A Federd Power Commission task force identified that 600 Tcf of gas in place existed
in three lage Western basns.  These gas resources were held in geologicaly complex,
extremdy low permegbility (“tight”) reservoirs where exiging technologies were
insufficient for ensuring economic production.

The Bureau of Mines identified that consderable volumes of methane (pure naturd ges)
were being vented for safety reasons from coa mines, wasting a va uable resource.



Gas bearing Devonian-age shades were judged to hold severa thousand Tcf of gas in the
Appdachian Basin, “one of the least defined domestic gas producing regions.”

And, public interes was dirred by mgor atides in Fortune and The Wal Street Journd
that a new naturd gas resource - geopressured aquifers -- could provide ges for a 1,000
years.

Numerous specid purpose dudies and narrowly focused R&D efforts were initiated to
further understand and pursue these large, little-understood naturd gas resources, Fgure 2.

Foundation for a Coordinated R&D Program. Faced with a growing body of new,
sometimes  promotiond  information on unconventiond naturd ges, the Energy Research and
Development Adminigration (ERDA) commissoned a comprehensve study of these resources.
Advanced Resources Internationd, then cdled Lewin and Associates, with Mr. Velo Kuuskraa
a Swudy Director, was contracted to peform this broadly scoped, landmark sudy. The
introductory page of this sudy, “Enhanced Recovery of Unconventioral Gas (Volumes I, I, and
[11),” February 1978, pointedly set forth the chalenge:

“As conventiond domestic natura gas supplies dwindle, the nation must seek ways to dow
these trends and obtain new supplies. The choices faced are controversid, costly and risky. They
entall difficult badancing among higher prices accderated development, reliance on imports and
new technology. This sudy has been conducted to assst public decison-makers sdect among
these many choices by addressing two questions:

How severe is the need for additiond future supplies of natura gas?

What is the economic potentid of providing a portion of future supply through
enhanced recovery from unconventiond natural gas resources?’

As important, the dudy set forth the framework for an aggressive, coordinated program of
resserch and devdopment on unconventiond naurd ges “... the dudy sarves to assig the
Department of Energy (the successor to ERDA) design a cost-effective research and development
program to simulate industry to recover this unconventiona gas and to produce it sooner.”

Objectives, Design And Implementation Of The Program. The Depatment of Energy’s
unconventiond gas R&D/incentives progran has had many politica twists and policy turns
during its twenty years of exigence. The outline and objectives of the origind Enhanced Gas
Recovery Program, that responded to the supply criss amosphere of the lae 1970's, was st
forth in the FY 1978 Congressond Budget Request. Subsequent adminidrations, reflecting ther
own Nationd priorities and energy drategies, shaped and modified this program continuoudy.

Origind DOE R&D Program Objectives. The draegic policy god was to devdop and
dimulate the deployment of advanced exploration, devedopment ad production technologies for
recovering new gas supplies from the massve but complex unconventiond gas resources -- tight
gas, codbed methane, gas shdes and geopressured methane. The technicd objectives were to
incree2 par wel gas recovery efficiencies and lower unit development costs while providing
incentives (through tax credits) for prompt, orderly development of the nation’s gas resources.




In addition, two quantitetive, nationatlevel naturd gas supply gods were set forth for the
Enhanced Gas Recovery Program:

Increase gas production by an incremental 3 billion cubic feet per day by 1986, and
Add 10 Tcf of producible reserves by 1985.

Changing Horses in Mid-Stream.  Even before the results were in, the politicd winds and
market conditions shifted. The Reagan adminidraion, in 1980, fird scded back the R&D
program and then pushed to diminae government involvement in short-teem gas supply R&D,
citing that “the privaie sector has the financia and technica resources to develop the tchnology
needed for new unconventiond ges resources” Congressond intervention maintained the
program, dthough only at alife-support leve.

In 1991/92, with the publication of the adminigration’s Nationd Energy Strrategy and the
growing R&D role of the Gas Research Inditute in unconventiond gas, much of the remaning
DOE R&D progran was diminaied, with only the low permesbility (“tight sands’) aea
aurviving.  When, in 1994, the Gas Ressarch Inditute dso shifted its priorities, terminating its
focus on unconventiona gas in favor of a more generic technology-based R&D program, for dl
practicd purposes public R&D on unconventionad gas came to an end. With subsequent loss of
public support, the Gas Research Inditute€s R&D program on gas supply is now dso being
phased out.

Program Definition, Desgn and Implementation. The origind DOE R&D program had its
roots in Volume Ill of the sudy -- “Enhanced Recovery of Unconventiond Geas (1978) -- and
was shgped consderably by industry and outsde technicd input.  Unfortunatdy, in subsequent
years the political process rather than science and andyss shgped much of program design.  In
contrast, the GRI R&D programn on unconventiond gas was able to day, a least during its
formative years, outsde the politicadl process. The two R&D programs complemented each
other, with the DOE program often conducting the exploratory, fundamental science and the GRI
program providing the gpplied science and technology trandfer.

Each organization rdied gregly on outsde technicd experts research organizations and
industry to perfform and commercidize its R&D. This hdped to bring vauable cos-efficiency
and cog-shaiing to the program, paticularly during the fidd documentations dages and to
accelerate technology commercidization.

Supporting Policy Mechanisms. Two economic incentives were set forth in Congressond
legidation to encourage the development of unconventiond gas - -  incentive pricing and tax
credits.

Incentive Pricing Under NGPA. The fird st of economic incentives for encouraging
exploration and development of unconventional gas were st forth in the Naturd Gas Policy Act
of November, 1978. Section 107 of this act deregulaed the well-head sales price of naturd ges
fran Devonianage gas shdes, cod seams and geopressured brines.  Section 102 of this Act
endbled tight gas to become digible for the highest celing price within the NGPA regulated
categories, providing this resource with modest economic incentives.




Section 29 Tax Credit. A separae st of economic incentives for unconventional gas were
placed into the Crude Oil Windfdl Profits Tax Act of 1980. Section 29 of this act provided tax
credits to qudified unconventiond ges wels and formations While producers initidly needed to
sdect which sat of incentives to use the deregulation of naturd ges in 1981 made this choice
moot. With amendments, the Section 29 tax credit qudifying period for new unconventiond ges
wellslasted until the end of 1992, withtax credits provided for gas produced through 2002.

The incentive provisons of the Section 29 tax credit were designed to reward efficient
unconventiond gas devdopment and peformance. During a time when naiond average
welhead naturd gas prices were between $1.50 and $2.50 per Mcf, the tax credit for tight ges
was about $0.50 per Mcf and for gas shdes and was on the order of $1.00 per Mcf for coabed
methane, adding condderable economic vaue to the efficient production of these resources The
tax credits a0 helped judtify the high investment needed for initia infrastructure.

Response  to Incentives. Not surprisngly, industry’s deveopment and production  of
unconventiond natural gas responded strongly to these incentives:

The production o Section 29 “legdly digible’ tight gas a resource with many
undeveloped badns and reedily avalable technology, grew from 240 Bcf in 1980 to
1180 Bcf in 1986, plateauing theresfter.  Overdl production from this resource,
induding “legdly” and “geologically” defined tight gas was consderably higher as
numerous low permesgbility aeas and preexiding tight gas production remaned
unapproved by FERC or a FERC-designated State agency.

Lacking a aufficient base of technology, codbed methane had little opportunity to use
the tax credits until the end of the 1980's. Even with this late sart, over 5000 CBM
wells were drilled and completed before the qualifying period for tax credits expired.

Drilling for gas shdes incressed subgantidly in the Appaachian Basin and with R&D
opening up the Michigan Basin drilling boomed, averaging over 1,200 wels per year in
thelast Sx yearsof tax credits.

Pog Tax Incentive Activity. A mog dgnificant outcome of the tax incentive program was
that unconventiond gas wdl drilling and completions Stayed strong after the expiration of
the tax credits:

After abrief lull, tight gas well completions rebounded to 3,000 wells per yeer.

Codbed methane wel completions dumped somewhat in the mid-1990's but now have
reached new highs with the strong activity in the Powder River Basin.

Gas shde wdl drilling has averaged 900 wdls per year for the sx years dnce the
expiration of the tax credits, only somewhat less than the 1,200 wells per year prior.

The reason for the drong post tax incentive activity was that unconventiond gas
exploration and development technology had progressed sufficiently and the infrastiructure was in
place such that the indusry remained economic and could atract capitd without the need for
further incentives or subsidies.



Monitoring And Evaluation. The initid DOE and GRI unconventiond gas R&D programs
placed conddersble emphass on edablishing rdiable, efficdent monitoring and  evauation
sysems. Explicit supply enhancement gods, detaled R&D program plans, and benefit to cost
andyses were used in annua budget judifications. However, as the gas supply conditions moved
from shortage to surplus and the politica support for public R&D waned, the rules of the game
and the measures of success changed.

The DOE R&D Program. The initid DOE R&D progran’'s monitoring and evauaion
process, involving independent outsde technicd experts, sarved the program wel. As new
information was collected and compared with expectations, a series of Sgnificant shifts in the
program occurred.  For example, the geopressured methane resource was found to be
geologicdly flawed, the program was teminated. At the same time, other priorities and budget
shifts occurred with increases for tight gas and codbed methane and decreases for gas shaes,
bringing the individua technology area budgets into doser line with their resource potentid.

However after a few years as the gas shortege turned into a gas surplus, much of the
naiond level evduations and mid-course adjusments became politicdly driven rather than
andytically founded. The codbed methane R&D program was essentidly shut down. The ges
shde R&D progran dayed on life support only due to Appdachian Basin politica  support.
Subsequently the program was terminated in 1992,  Tight gas R&D survived, but a a
dramaticaly reduced leve.

In recent years, DOE's R&D monitoring and evaluation process has again become much
more andyticd and rigorous. While no sense of urgency hes yet emerged for usng R&D or
incentives to simulate additional naturd gas production (even though naturd gas prices are @ an
dl time high and concans exis agan dout gas curtalments), severd important management
seps have been taken. A Strategic Certer for Naturd Gas has been established a the Nationd
Energy Technology Laboratory and a Nationd Research Council/National Academy of Sciences
evadudion of the accomplishments and bendfits of each of the unconventiond gas technology
areasisunderway.

The GRI R&D Program. From its inception, the Gas Research Inditute was mandated by
the Federd Energy Regulatory Adminigration (FERC) to peform extensve cost-benefit
andyses, st forth rigorous budget judifications and hold severd levds of advisory boad
review. This process and a clear focus on unconventional gas served GRI and its R&D program
well. In 1994, however, GRI switched from a resource-based program addressng unconventiond
gas to a generic E&P technology-based program. At that point, GRI began to look like any other
indusrid R&D shop, logt its nationd ges supply mandate, and found difficulties judifying its
program cogts and benefits to industry.

Discussion Of Results. Unconventiond gas offers one of the great success saries of nationd
benefits and progress in technology. A poorly-undersood, hightcost energy resource, one that
the US Geologicd Survey had not even incduded in its naiond apprasds of future gas
resources (until their most recent 1995 assessment), is now providing mgor volumes of annud
gas supplies and helping meet growing domestic naturd gas demand (Table 1):




Unconvertiond naturd gas provided 4,500 Bcf of supply in 1999, up from 1,600 Bcf
twenty years ago.

Proved reserves of unconventiond gas are 52 Tcf, up from 20 Tcf twenty years ago;
remaining recoverable resources of unconventiond ges are edimated a 400 Tcf to 500
Tcf, Table 2.

Looking ahead, based on projections by DOE/EIA’s Naiond Energy Modding Sysem (in
AEO 2001), condderdble further development of this resource base is expected, assuming a
continuing strong pace of technology progresss By 2010, annua unconventiond gas production
is expected to reach 6,700 Bcf. The recent NPC Natura Gas Study expects a similar contribution
from unconventiond gas, estimating 6,800 Bcf of supply in 2010 from these resources.

Thexe lofty expectations for unconventiond gas depend on continued strong technology
progress.  Recent cutbacks in indudtridl R&D, the smal size of DOE's gas supply program, and
the termination of the Gas Research Inditute's public R&D on unconventionad gas raise serious
concerns on the future pace of technology progress The NPC Study highlights its concerns by
dating, “However, recent (declining) trends in resserch and development spending raise concerns
regarding this (aggressive pace of technology improvement) assumption.”

1 Tight Gas Sands. By the mid-1970's, industry knew that large quantities of naturad ges
resources exided in tight (low permegbility) formations However, the flow and production of
gas from mogt of these tight formations were too low to support economic recovery. A handful
of independents explored for areas where nature had sufficiently fractured this tight rock to make
it productive, lut generaly with a poor record of success.

The combined DOE, GRI and industry R&D programs, plus a set of modest tax incentives,
unlocked the gas resource hed in these tight rocks. The gas play, born in the Appaachian and
San Juan basns, expanded repidly into the mgor Rocky Mountain gas basins and more recently
into Texas and the Mid-continent. By 1999, annud tight gas production was 2,900 Bcf, up from
1,500 Bcf in the mid 1970's. Proved tight gas reserves were 35 Tcf from over 50,000 producing
wdls (not including the numerous older low producing tight gas wels in the Appdachian Basn),
with 50 Tcf of tight gas having been produced since the initiation of the R&D program.

2. Gas Shdes. At the dtart of the DOE R&D Program, the Appaachian Basin gas shades
were a gndl, dedlining resource providing 70 Bcf per year. Annud new wdl drilling averaged
only 200 wdls and proved reserves were below 1 Tcf. Wells were being completed open hole,
with little definition of productive pay zones and were being dimulated with nitroglycerine (a
remnant of early 1900's technology). Much of the activity was centered in the Big Sendy area of
eastlern Kentucky. Little underdanding existed on key gas storage and production mechanisms
nor about gedlogicaly smilar gas shde plays in other parts of the country.

By 1999, annud gas shde production had reached 370 Bcf. Proved resarves were 5 Tdf,
with another 4 Tcf having been produced in the twenty years from 1978 to 1998. Stimulated by
Section 29 tax credits and the expangon into new gas shde basns in Michigan and North Texes,
wdl drilling dimbed sharply. Over 17,000 productive ges shdes wels were drilled from 1978 to
1999 with a pesk of 1,700 gas shde wdls completed in 1992, the last year wells could qudify for
tax credits.



3. Codbed Methane. The combination of building a sdentific base of knowledge,
fostering gppropriate technology and providing economic incentives launched the birth of a new
naurd ges industry -- codbed methane -- now with nearly $10 hbillion of cepitd invesment.
Much of the early devdopment was by independent production companies such as Devon
Energy, Meidian Oil and Taurus Energy, who saw their gas production, reserve holdings and
market capitalization rise sharply.

Coalbed methane production climbed from essentidly zero at the gtart of the R&D program
to 1,250 Bcf in 1999, from three sgnificant basins. Proved reserves were 13 Tcf from over 7,000
producing wels with another 8 Tcf having dready been produced. The introduction and
continuing adaptation of technology enabled the indudry to remain profitable and vigorous even
after the 1992 expiration of Section 29 tax credits. Today, severd new codbed methane basns
and plays ae beng adivdy devdoped, induding the Powder River (Wyoming), Raton
(Cdlorado), and Uinta (Utah), providing a base for continued growth.

4. Geopressured Methane. While condderable geologic and reservoir  knowledge was
gained, no commercid naurd gas production was edtablished for this resaurce. Stll, the R&D
program in geopressured methane hdped bring a drong dose of redity and undersanding on the
vigbility, or lack of, for this gas resource and helped dispd the speculation that “a 1,000 years of
natural gas’ was a hand.

L essons L earned.

Twenty years have passed since the DOE R&D and incentive programs were launched in
unconventional naturd gas. What lessons and ingghts might one be adle to draw from this rich
base of experience that would be relevant to other emerging DOE R&D programs such as Carbon
Sequedtration? Among the many “lessons learned,” ten stand out:

1. Whenrigoroudy planned and managed, government supported R& D can be highly
successful, providing significant benefits to the domegtic economy. The DOE and GRI
R& D programs introduced knowledge and hardware that turned low productivity, high
cost resources into areliable source of new natura gas reserves and supply. Using anet
profits value of $0.50 per Mcf of additiona naturd gas production and reserves dueto
advances in technology and economic incentives, the nationa economic benfits of
unconventiona gas are over $50 hillion, not indluding future devel opment.

2. Egablishing a sdentificaly-bassd knowledge base “the intdlectud foundetion,” is an
essentid fird step.  The negative outlook for codbed methane, tha semmed from an
il-advised and unsuccessful “drill and hope’ fidd demondration project, was overcome
when a strong scientific foundation was established.

3. Joint _indugtry/government  partnerships _and _implementation _help  leverage  R&D
resources, bring practicdity to the program, and accelerate commercid implementation.
The GRI unconventiond gas program regulaly benefited from industry cogt sharing
and advice DOE began to redize smila vaues when it increesngly turned to
industry/government partnerships for implementing tight gas and gas shales R&D.
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10.

A criticd mass of funding and sufficient time are essentid for achieving success,
paticulaly for ambitious, breskthrough efforts.  The timdy and effident deveopment
of the codbed methane resource had a maor setback when the DOE R&D was
prematurdy terminated.  Fortunatdy, GRI continued the R&D on this resource and
mede it one of its high priorities, enabling the technology to maiure, to be rigoroudy
field tested and to achieve success.

Economic_and tax incentives can gredly accderate indudry’s adoption of technology
by heping judify cepitd, by lowering economic risk and by chalenging the financid
community’s imaginaion. The tremendous boogt in new investment and wel drilling,
seen by dl three of the unconventiond gas resources, is a testament to the power of
properly structured economic and tax incentives.

Specid  purpose “performance based” rather than broadly sructured or “input based”
economic _incentives are a key to successs  The highly focused Section 29 tax hed
consderably larger impacts credits to the unconventiond gas industry then the generd
purpose R& D tax credit avallableto dl indudtry.

For _maxmum_effectiveness, the incentives need to be sufficiently dtractive and long
leding but a0 have a “sunst provison.” Section 29 tax credits Sgnificantly
improved project economics during the initid risky phase of unconventiond ges
devdopment.  As the technology and resource understanding matured, these risk
premiums became less, endbling the unconventional gas industry to compete for project
gpprova and capita without the need for continued incentives.

Independent  evduation of fundamentd assumptions, data and results, is essentid for
avoiding wasting scarce R&D resources.  The independent review of the geology and
stience of geopressured methane helped close down a large R&D program targeting
this geologicaly flawed and economicaly nan-viable resource.

Cog reductions and efficiency improvements in_geologicaly based technologies rey as
much on adapting the technology to the geologic sdting a on fundamenta
breskthroughs.  Successful results in the various coabed methane and gas $ide basns
required sdectivdly adapting technology rather than blindy gpplying methods that
worked in other geologic sdttings Assembling detailed geologic and reservoir data on
eech of the high potentid basins needs to be a priority for R&D.

Efficiently disseminating technology to indudry requires a comprehensve program of
technology trander ranging from publications for the informed layman to high vishility
“flagship” fiedd demondrations.  GRI's publication of the “Quarterly Review of
Methane from Cod Seams Technology,” the numerous articles prepared by its technica
contractors and the mgor fidd laboratory a Rock Creek coupled with direct greetly
reduced the time for technology penetration and implementation by industry.
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Table 1. Unconventional Gas. Past and Present
1978 1999

Tight Gas Sands

« Production (Bcf) 1,560 2,900

* Reserves (Tcf) 19 35

Gas Shales

« Production (Bcf) 70 370

* Reserves (Tcf) 1 5

Coalbed Methane

« Production (Bcf) - 1,250

» Reserves (Tcf) - 13

TOTAL

* Production (Bcf) 1,630 4,520

* Reserves (Tcf) 20 53

Table 2. Status Of Natural Gas Resour ces (L ower -48)

(Tcf)
Proved Reserves Additional Resources
* Conventional Onshore 72 586
* Unconventional 53 371
» Federal Offshore 33 352
» Deep Gas 7 x

TOTAL (L-48) 158 1,309

*Included in conventional onshore




