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" Will the natural gas supply meet the demand in North America? "
Jean Laherrere e-mail: jean.laherrere@wanadoo.fr

The god of this paper isto deliver to the reader alarge number of graphsin order to alow
him to choose the ones that he consider as important to make his own opinion. Graphs from
data are more important than statements which are mainly interpretation and palitica. But the
problem isthat the data are fairly unreliable.

Thereis only one oil market as ail is chegp to transport around the world for about 1%/b, but
gasis 6 to 10 times more expensve to transport and there are three main gas consumer
markets: North America, Europe, and Asia Pacific. But the Persian Gulf will become afourth
producing centre. Gas supply in North Americais only local when excluding imported LNG,
whichisavery smdl part.

The graph from IEA WEO 2001 shows clearly that the gas import price in Japan from 1987 to
1997 was about 3.5 $MBtu when it was about 2.5 $MBtu in Europe and only 2 $¥MBtu in
the US. But in 1999 & 2000 US gas was more expensive than in Europe.

Figure 1. gasimport pricesin Japan, Europe and US.
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The caorific value of gas varies with the producing country (from IEA/WEO 2001) and as
the oil equivaent (assuming 1toe=42 GJ and a gravity of 33°API (0.86) or 1 toe= 7.3 boe).
grosscdarificvdue MJ/m3 toe/1000 m3  boe/kcf

Netherlands 333 126 6.1

Russa 376 111 54

Uzbekigan 379 110 53

Saudi Arabia 38 1.10 53

Canada 381 110 53

UsS 383 109 53

UK 393 107 52

Germany*



Indonesia 406 1.03 5.0

Norway 41 102 49

Algeria 42 100 48

The US and Canada gasisin the middle of the range between the low cdorific gasin the
Netherlands and the rich gasin Algeria

In 1999 US supply was 85% from production and 15% net import with LNG covering only
1%.

1999 production  netimports  tota supply = Canadalmports LNG

Gcfild 521 9 615 103 04

Tcfla 190 33 224 38 01

% supply 85 15 100 17 1

The lagt gas crigsin North Americawas due to a shortage of loca supply as most of the gas
comes from the US and Canada, Mexico being and will be more and more a net importer. The
low pricefor oil and gas at end of 1998 led to a shortage of investment in drilling.

Technology has enabled huge progressin producing gas cheaper and faster, and the decline
rates of gas wells have increased sharply over the last 30 years and are now about 50%/a
Most new gas wells are needed not to fulfil the demand increase, but to prevent the supply to
decrease because of the dragtic decline of present producers. The sharp increase in gas prices
at the end of 2000 leads to a decrease in gas demand in 2001, which then resulted in adrop in
price.

Future production (in fact the remaining reserves) has to be studied from the past discoveries,
the past production and from the estimate of the undiscovered.

We are going to analyse the rdliability of the data (politica versustechnicd) for the three
countries (US, Canada and Mexico), the pattern of discovery (creaming curve), thefidd sze
digtribution (parabolic fractd), the correlation between annua discovery and annua

production after a certain time shift, and last the modelling of future production from ultimate.
We will study first the present situation and second the forecast for future production

-US

-Present situation

-data and rdiability

-number of producersand wells

Oil & Gas Journd (OGJ-Oct 1, 2001) lists the 200 US companies (OGJ200) which produced
in 2000 11.5 Tcf (58% out of 19.7 Tcf tota production) from 119 Tcf of proved reserves
(71% out of 167 Tcf). It meansthat thereis avery large number of gas producers (in
thousands as the difference of 8.2 Tcf is produced by companies producing less than 0.01
Tcf/q), quite different from countries outside North America where the number of gas
producersislimited to afew tens. The distribution of annua production and reserveslisted by
rank of decreasing sze) displays afractd digribution in figure 2:

Figure 2. US gas producers. fractal distribution
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Gathering the data from so many companiesis quite difficult and inaccurate,

The USDOE provides alarge set of data (it is the best available source of data on theworld's
oil and gasindustry) on US production and for the rest of the world. Unfortunately the qudlity
of these dataiis questionable.

If the number of gas companiesis by thousands, the number of producing gaswellsis by
hundreds of thousands as shown in figure 3.

Figure 3: Number of US producing wells
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From 1985 to 1998, the number of producing oil wells decreased from 650 000 down to 550
000 in 1998 when the number of gas wells increased from 250 000 to 315 000.

But the number of wells drilled in US up to 2000 is about 3.5 million with 48% being ail

wells and 18% being gas wells. But these wells are either development wells or exploratory
wellswhich can bein part New Fidd Wildcats (NFW) and these wells can result either in ail
wells, gaswels or dry wells,

The number of al wells drilled in the US peaked in 1920 (with 30 000), 1940 (30 000), 1955
(55 000) and 1980 (90 000 with 40 000 ail wells and 20 000 gas wells), but the number went
down with the price of oil and gas between 1986 and 1996. The number of gas rigs went from
400 in 1996 to a peak of 600 in 1998 down to 350 mid-1999 and now at 1000 mid 2001.
Figure 4: Number of dl wellsfrom 1860 to 2000
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The successratio in gas development, which was 85% in 1880, decreased to 55% in 1970 and
rises again up to 80% in 2000.

The success ratio in gas exploration, which was around 20% in 1950, has increased to 35%in
the second hdf of the 90s. More and more exploratory drilling is closer to development

drilling.

Figure 5: Number of exploratory wells from 1950 to 2000
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Reporting the number of wellsis unreliable asin 1998 USDOE corrected the reported number
of gaswellsfor 1996 being 560 and not 943. The 1996 success ratio was corrected from 45%
down to 32%.

The number of New Field Wildcats (roughly haf of the exploratory wells), which was about
9000 in 1956, went down to 5000 in 1970, up to 9000 again in 1981 and down to 1000 in
1995. But the NFW success ratio (from USDOE) has increased from 10% during the 50s and
60s to over 20% in the 90s. The maturity of the exploration is up, more data and better
seismic exploration leads to higher successratio, but finding smaler fidd size for both oil and
gas.

Thelast DOE/EIA annua report in 1999 is more up to date and dightly different. The success
ratio for the second haf of the 90sis about 30%.

It isinteresting to note that the US cost of drilling varies sharply up and down. The cost for
gaswdlsis dightly higher than for oil wells The cogt of drilling in $/ft hasincreased sharply
since 1992 from 80 $/ft to more than 120 $/ft in 1998.

Figure 6: US average completed well cost per footage drilled
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The cost varies with the wellhead price as shown in the next graph.
Figure 7: Gaswdl current cost in $ft versus nomind wellhead price in $/kcf the year before
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It s;emsthat there is agood linear relationship between drilling cost and wellhead price and
that the technological progress does not show up too much!

-production

The USfossl fuds production is dmogt flat snce 1970, as shown in figure 8 (given in PBtu
(10E15 Btu) close to EJ (exgoule, closeto Tcf or Gh/6)).

Fgure 8: USfossl fues production
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The decline of oil is compensated mainly by the increase of cod and partly of gas Snce 1985
(after the pesk of 1972).

The detail of oil and gas production in Gb and Tcf is given in figure 9 and figure 10:

Figure 9: US ol & gas annud production
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The monthly production (Mb/d and Tcf/month) in figure 10 shows that the NGL in Mb/d was
equal to the gasin Tcf/month from 1973 to 1982 but increases since 1982 as gas plants
sripped of more liquids which was more vauable than staying into gas.

Figure 10: US oil & gas monthly production
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The big problem with gas production satidtics isthat very often it is not indicated if the
production is gross withdrawal, marketed wet or marketed dry. Most of the times when not
indicated it is assumed to be dry production. The differenceis quite large as shown in figure
11 between gross withdrawa and dry production:

Figure 11: US gas production and withdrawas
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USDOE/EIA givesthe 2000 gas flow as below in
http://www.ela.doe.gov/emeu/aer/diagramg/diagram3.ntmi:
Figure 12: US 2000 gas flow
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The grosswithdrawa is 24.7 Tcf/aand dry production only 19.2 Tcf/a (78%).

3.7 Tcf (15%) isrepressured, but 3.4 Tcf is drawn from storage. It is not specified where the
gasisrepressured (fied or storage). If it isin Sorage it should be compensated by the
withdrawal from the storage. The reference data should be raw (gross) and not dry production.



Gas production from gas wells and gas production from oil wells are shown in figure 11 and
to study in detall the evolution of the associated gas production from oil wellsis compared to
oil production in figure 13.

Figure 13: Gas production from oil wells and petroleum production
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It is gtriking that associated gas production was in line with oil production from 1950 to 1979
but from 1979, oil declines when gas increases.

In his book "Alternative energy resources’ in 1976, James Hartnett gave on page 35 his
forecasts on oil & gas US production until 2020. He forecasted for il a continuous decline of
the Lower 48, anew cycle with Alaska Prudhoe Bay since 1975 and another cycle due to
EOR (Enhanced Oil Recovery), expecting 2.1 Gb/ain 2000 for conventiond oil and another 1
Gb/afor EOR. In fact oil US production was at 2.1 Gb/a, but the dreams of EOR did not come
true. But for naturd gas he forecasted aso Alaskan production in addition to declining Lower
48 with atotd of 15 Tcf/ain 2000 and an additiona 12 Tcf/afor new techniques (27 Tcf/ain
2000), but al declining since 1985. In fact North Slope gasiis not there, total production for
2000 was about 18 Tcf (dry), but risng since 1985. Hartnett was al wrong.

Why has gas production been increasing since the trough of 1985? It comesin part from gas
wells but also surprising in part from oil wells, despite the decline of oil. As shown in figure

13, gas production from oil wells rises from 1985 when ail declines sharply: Why?

It iswell known that at the end of an ailfield associated gas production rises. The increase of
gas production from oil wells ssemsto indicate the near end of most US ailfidlds. This
behaviour was not forecast by most of the experts.

One good example of increasing associated gas with declining oil is shown with Brent oilfield
in UK and Parentis ailfield in France

Figure 14: Brent ailfield production of oil and gas
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From 1996 oil declines and gas rises sharply. GOR (gas ail ratio) jumpsfrom 2,5t0 8
Gcf/Mb.
Figure 15: Parentis ailfield production of oil and gas
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From 1993 GOR jumps from 0,05 Gcf/Mb to 0.25, when the il production keeps declining.
-Reserves

The remaining reserves (which are future production) vary by author. USDOE data shows a
change in vaue in 1979 when they took over the duty of reporting from APl (American
Petroleum Ingtitute) and AGA (American Gas Association).

Figure 16: Remaining US reserves
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In the US to comply with the SEC (Securities & Exchange Commission) listed companies

have to report only proved reserves (estimated with reasonable certainty to be commercidly
recoverable,), omitting probable reserves. In the rest of the world reserves are reported as
proventprobable. Under the SPE/WPC/AAPG rules, proved reserves are defined as "a high
degree of confidence" under the deterministic approach or with a"90% probability to be
equalled or exceeded" under the probabilistic gpproach. "Probable reserves are those

unproved reserves which analysis of geological and engineering data suggests are more likely
than not to be recoverable. In this context, when probabilistic methods are used, there should
be at least a 50% probability that the quantities actually recovered will equal or exceed the
sum of estimated proved plus probable reserves'. Thereis a contradiction in the deterministic
approach where probable being as likely or unlikdly i.e. 50%, when in the probabilistic

gpproach it is proved+probable being 50%.

The poor US practice on proved reserves leads to a very strong revision and the concept of

reserve growth, whereas using the mean (or expected value) reserves for proven+probable

results gatigticaly in no growth.

The experts are clear:

Ross 1998 wrote: "The term "reserves' often istreated asif it were synonymous with "proved
reserves'. This practice completely ignores the fact that any prudent operator will have, at
least internally, estimates of probable and possible reserves'

DeSorcy 1993 for the Canadian Standing Committee on Reserve Definition wrote: "There are
currently almost as many definitions for reserves as there are evaluators, oil and gas
companies, securities commissions and government departments. Each one uses its own
version of the definitions for its own purposes’

Capen, one of the best US expertsin reserve definition, wrote in 1996: " An industry that
pridesitself on its use of science, technology and frontier risk assessment findsitself in the
1990s with a reserve definition more reminiscent of the 1890s" "illegal addition of proved
reserves’



It isamazing to find in the oil and gas industry so much advanced technology such asthe
deepwater and so much obsol ete practice such as usng the old term of bbl (being the blue
barrd: why blue?) or refusing to use the system of internationd units (Sl (it was the cause of
the lost of the Mars Climate Orbitor which crashed when NASA sent ingtructions of thrust in
newtons when Lockheed has built it in pounds), dill usng M for thousand when the layman
uses Y 2K and not Y2M. Most of US gas producers refuse the probabilistic gpproach in
estimating the reserves, as they use only area (pacing) in acre, net pay in foot and recovery as
cubic foot per acre-foot from the closer field, or often ten times the annua production!

One of the biggest mistakes in deding with proved reserves is that aggregation of the proved
field reserves does not give the proved reserves of the country or abasin, it underestimatesiit.
But every officid agency or media does it. Only the addition of "mean” field reserves
corresponds to the "mean" reserves of the country.

The comparison between the current proved remaining reserves and the backdated mean
(proven+probable) reserves (corrected usng MMS reserve growth model) shows alarge
difference in volume and in decline rate. The "mean" reserves have declined since 1965 and
the dope is constant since 1980 at 2.5%/a, whereas the current proved stays flat since 1988.
Figure 17: US remaining gas resarves. current proved versus backdated mesan

US remaining gas reserves: current proved versus
backdated proven+probahle discoveries minus
cuniulative dry production
Taa
&0
iz
= 500
E 400
f
ED 300
a8
g 200
: l
1a0 dizc. 2P backdated minns dry production (1992=25 Tref]
e F] prored reserves
a I I I I I
1240 1240 12a0 1270 1320 1230 2000
year

The biggest problem in forecasting US production is the poor quaity of the reserves data
because of the SEC rules and the conservatism of the gasindustry in reporting data.

-Gulf of Mexico

Datais difficult to gather onshore US because of the number of producers and confidentiaity
of the data- gasis owned by the landowners. It seems that the Situation should be better in the
federd waters of the Gulf of Mexico = GOM OCS (Outer Continental Shelf) where ail and
gasis owned by the Federd Adminidiration (selling leases to private companies) and
productions are managed by the USDOI MMS (Minerad's Management Services).



It issurprising to see the increase of the federa lands in the production of fossil fuelsfrom

3% in 1950 to more than 30% in 1998 and it is likely to continue in the future and to increase
more if the access to federd landsis more open to exploration and production.

Figure 18: percentage of production in federa lands
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Reserves have been changed in the 80s because of the change in definition from API
(American Petroleum Ingtitute) to SPE (Society of Petroleum Engineers) rules
Figure 19: GOM OCS: evolution of origina reserves and production
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Theincomplete MMSS data gives a distribution of gas reserves and production versus water
depth, which shows that gasis mainly in the shalow waters.
Figure 20: GOM percentage of gas discovery and production versus water depth from MMS
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The MM S data displays a peak in the annua number of discoveries (in the graph the number
is multiplied by 10) around 1984 (70) and that the average size of the origina reserves which
was around 0.6 Tcf in the 50s has sharply declined since 1973. The average water depth of the

discoveries, which was around 200 ft in the 70s, is around 150 ft in the 80s and the first half
of the 90s.

Figure 21: GOM OCS: annud average size and number of gas discoveriesfrom MMS
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The cumulative gas discoveries (from MMS) shows that the main part comes from water
depth less than 1000 ft, but this part decreases since 1980.
Figure 22: GOM OCS cumulative gas discoveries detailed by water depth from MMS
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The MMS proved gas field (984 fields) reserves grown to 2P (or mean) with MMS reserve
growth factor (the first year estimate is multiplied 50 years later by 4.5) are plotted with a
fractd diplay (rank of increasing Sze versusfield Szein alog-log graph) for each decade.
This graph shows that the largest fidlds are found first and that an ultimate curve can be
drawn.

Figure 23: GOM gasfidd sze from MMS: fracta display
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MMS provides on the web the data up t01998 giving the detail of the evolution of every fied
since 1975 in the GOM OCS, totdling 984 fidds. Unfortunately the huge database (197
pages) on resarve higory shows on thefirgt page for the firgt field cumulative oil dedlining a
the fifth line (for 1979), meaning that the annud oil production was negetive (which is
impossible!). It is obvious that operators sent flawed data (change in grouping?) to MM,
which did not bother to check if it is correct.

Figure 24: GOM OCS: MMS proved & industry unproved discoveries
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We have compared for the degpwater of the GOM the data given as oil equivalent (initia)
reserves from MMS, Infields and Wood Mackenzie (WM). The comparison for the samefield
between two files X and Y is given in percentage of change ((X-Y)/Y*100) and the

percentage is ranked by increasing percentage. The plot shows that the change varies from —
80% to +150%. Thetotal of the reserves for about 50 fieldsis 7.5 Gboe for Wood Mackenzie
and 7.4 Gboe for Infields, being close, but the difference was larger when compared with
MMS. For 20 fields MM Stotal is 2.3 Gboe when WM is 3 Gboe. For 27 fiedlds MM Stota is
3.3 Ghoe when Infiddsis 3.6 Gboe.

Figure 25: GOM deepwater: comparison of field reserves from Infield, Wood Mackenzie and
MMS
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When these databases are plotted as cumulative discovery versus time, the discrepancy is
huge. For deepwater (>1000 ft) the cumulative discovery up to 1998 is 15 Tcf for Infield, but
8 Tcf for MMS.

Figure 26 cumulative gas discovery up to 1998 versus water depth from Infield and MM S
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It is obvious that MM S database is incomplete having only 39 fidds againgt 132 fields for
Infields. The plot versus time shows that the discrepancy starts in number since 1985 and in
discovery since 1988

Figure 27: cumulative gas discovery versus time from Infield and MMS
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MMS s incomplete and late to report, now only up to 1998.

To get updated data, it is necessary to rely on published papers such as Dodson in Offshore
January 2001. Gas production is flattened since 1990 with lessthan 5 Tcf/aand oil hasrisen
since 1990 because of the deepwater.

Figure 28: GOM oil & gas production up to 2000
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Figure 29: decline of GOM production from gas wells from 1972 to 1998
http://www.eia.doe.gov/oiaf/servicerpt/depletion/table_gl.html
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Table G1. Average Production from Wellsin the Federa Offshore

Gulf of Mexico, 1972 to 1996
Year Peak Production kcf/d Percentage of Peak Production 23 Months Later
1972 4198 0.633



1976 5591 0.648

1980 5533 0.502
1984 4477 0.591
1988 4915 0.497
1992 5294 0.417
1996 6070 0.314

Source: Energy Information Adminigtration, Office of Oil and Gas, Reserves and Production
Divison (Ddlas, TX).

-Reserve growth

In 1981, faced with the unreiability of the so-called proved reserves, the USGS (in an
assessment of undiscovered conventiond oil and gas as of end 1979), called them measured
reserves, and called inferred reserves the expected additions on these measured reserves,
which is now called reserve growth by the new team.

Reserve growth is the most important problem in assessing the US oil & gas potentid, asa
proper approach needs to deal with "mean” vaues, called "proven + probable’ in most of the
countries outside the US and Canada.

Technology alows chegper and faster production, seldom to increase the conventiona
reserves (but in contrast to unconventiond oil and gas). The best proof isthat the depletion
rate of gaswells has increased dradticaly over the last 20 years, being now over 50%/ain the
GOM.

What iswrong isthe US practice of estimating reserves because the SEC rules prohibit
reporting probable reserves as is donein the rest of the world. It iswhy from 1988 to 1999
new gas field discoveries represent only an average of 5% of the total reserves additions, and
the revisions of the past discoveries represents 95%, meaning that the past estimates are pretty
lousy. US practice for reporting reservesis very poor (as obsolete as the punched cards of the
last presidentia eectiong!). This poor practice leads to a strong reserve growth wrongly
attributed to new technology when in fact it is due to poor methodology. But such practice
dlows oil & gas companies to report growth even without any discovery and they loveit.
The evolution of the percentage of the origind reserves versus the reported value in 1998 for
12 largest gas fields discovered from 1948 to 1969 (average year of discovery 1955 and
average water depth 60 ft) shows alarge range of variation but the average rises sharply from
1975 (first year of data) to 1985, then the estimate went down following the counter shock of
1986 to return in 1998 to the 1985 vaue.

It means that the evolution is stabilised and no significant reserve growth should be expected
datigticdly, but despite that some fields can till vary up or down.

Figure 30: GOM gasfidds evolution of origind reserves with time
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The degpwater production has redly only started since 1990 as shown in figure 28 and the
behaviour in these new conditionsis still immeature. Some deepwater development have
shown some disappointment as the Shell Macaroni field (devel oped with subsea equipments
peaking at 15 000 b/d instead of the 35 000 b/d expected)

The study of the production of individua mature fields shows a different story from whét is
reported as reserves. The three largest GOM gasfields (all found before 1958) are TS000
(Tiger Shod), VRO14 (Vermilion) and VRO39 with about 3 Tcf each.

The evolution of origina reserves given by MMS since 1975 shows that for TS000 (found in
1958) by 13 ft of water) the ultimate was about 3.7 Tcf around 1985 to go down to 3.2 Tcf in
1998. The evolution of the ultimate with up and downs is not smooth, likely coming from
gods varying with years.

Figure 31: GOM Tiger Shod gasfidd: reserves evolution
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The analysis of the annua production versus cumulative production shows a decline from
1975 to 1990 giving an ultimate around 3.5 Tcf (explaining the 3.7 Tcf in 1985) but since
1991 the depletion has been accelerated and the present ultimate is around 3.3 Tcf againgt
MMS egtimate of 3.18 Tcf

Figure 32: GOM Tiger Shod gasfidd: production decline
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Thefourth largest gas reserves Eugene Idand 330 ailfidd (found in 1971 in 246 ft of water
and in 1998 the largest oil and gas origind reserves with 760 Mboe) is interesting as this fied
was taken by the Wall Street Journd (Cooper 1999) as the example of refilling of reserves
and to wonder about a deeper origin for ail, and to explain the huge increase in the Middle
Eadt reserves in the second half of the 80s. In fact, because of the large depletion of pressure,
thisfield seems to have been charged again from the source-rock, by one of the largest (the
Red Fault) and best faultsin the GOM studied by many university seismic surveysin 4D
(http:/Amww.ldeo.columbia.edw/4d4/ta ks/expl/index.html). But again the firg oil esimates
reported to MM S seem odd and different from OGJ estimates and the increase in1995 due to
an increase in annua production is minor compared to the decrease of 1988. An analys's of
the pressure should explain the recharge of the reservoir. The difference between MM S and
OGJ on the cumulative production seems to be mainly discrepancies between 1977 and 1979.
Figure 33: GOM Eugene Idand 330 fidd: gas reserves evolution



Eugene Island 330 (1971). MMS evolution of gas
reserves

2 e
1 JEu Yo
rp,f

—

-

Iu

—

-

[ig8 ]

cumulative production &
original reserves Tcf

0,5
0,6 w2 118] TRIETVES
0,4 4 sl 110 1AM e prOdUCion
0,2
a4
1975 1950 19585 1990 1995 20010

year

The new increase in annud oil production starting in 1993 pesked in 1996 and declined again.
The last value plotted for 2000 is only an estimate from the month of May in MMS last

report. The pre 1993 ultimate estimate from the decline was about 350 Mb, after the recharge
the estimate is now about 400 Mb (416 MMS & 389 OGJ).

Asfor ail production, the El 330 associated gas production declined since 1977 to 1993 to
rise until 1996 and declined again. Before 1993 the ultimate could have been estimated at
about 1.75 Tcf, after the recharge the present decline rate suggests (questionable vaue for
2000 as only for one month) the ultimate is about 2 Tcf (1.93 Tcf MMS)

Figure 34: GOM Eugene Idand 330: gas production decline
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In the DOE/EIA annua report 1997 the reserve growth on federd offshore is given as 33 Tcf
Annual report DOE/EIA 1997 Crude QO Natura Gas (Dry) Natural Gas Liquids

Gb Tcf Gb
Lower 48 States
Discovered
Proved Reserves (EIA, 1997) 17 157 7
Reserve Growth - conventiona, onshore+State offshore (USGS 1991) 47 290 13
Reserve Growth - conventiona, Federa Offshore (MMS, 1995) 2 33 NE
Unproved Reserves, Federal Offshore (MMS, 1996) 2 4 NE
Undiscover ed, Technically Recoverable
Conventiond, onshore + State off (USGS, 1993) 22 190 6
Continuous-type - sandstone, shale, chak 2 308 >2
Continuous-type - coabeds NA 50 NA
Federa Offshore - conventional (MMS, 1994). 21 142 >2
Subtotal 113 1174 NA

We believe that it is completely wrong to measure the reserve growth as aratio of the estimate
of proved reserves at discovery year. The estimate is only reliable after afew appraisa wells.
Furthermore the proved reserves depend on the number of wells drilled and it is better to wait
for the complete development of the field to assess the redl value of the proved reserves. In
the past when APl was in charge of reporting the reserves, the first Sx years after discovery
were considered as unreliable. Offshore the development is decided only after gppraisd wells
and the only reliable estimate should be the first one at the decison of development whichin
fact is decided not on "proved” reserves but on "mean” resarves, if not the size of the
development is underestimated costing money later.

Proved values are the values reported to the outside but the technical vaues, which are
different, are kept confidentia in house. In the North Sea a study by BP and the DTI show
that the proven+probable used in UK shows less reserve growth (see Laherrere 1999). A



recent sudy by Wood Mackenzie (1999) consider the year zero as the development year and
the " reserves creep " before. In fact the reserves estimates 4 years before the development
were 13% higher. They increase for the first 8 years then decrease but increase again to reach
avaue 25% higher 13 years |ater.

A gas sudy in 1992 by the Nationa Petroleum Council gave the following graph, which
displays an erratic cloud from 0 to 30 times multiplier for the 60 years period. They draw a
curve within this cloud but it could be any curvel

Figure 35: NPC 1992 study: Gas reserve growth
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From more recent datain the GOM MMS claims that the first year estimate hasto be
multiplied by about 4.5 to get the ultimate recovery 50 years later.

In his Jan. 2001 article in Offshore Nehring studies the Gulf of Mexico (GOM)'’ s reserves and,
contrary to the USGS, he gives the proved as well asthe proved plus probable (by growing
the proved by about 30% after afew years and then stopping the growth, which is completely
different from the 2000 USGS lower 48 reserve growth or the MM S reserve growth).

Figure 36: GOM gas remaining reserves proved and grown from MMS and Nehring
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Nehring increases by 20% to get grown (from 27 to 33 Tcf for deepwater) when MMS model
grows OCS by about 90% (from 30 to 57 Tcf)

The dam of increasing the reserves because of technology is confused with increasing the
initia production. If initid production are improved with new technology, the subsequent
declineis dso increased sharply as shown in figure 29 for the GOM and in fact the ultimate
recovery per well decreases asin the study for gasin Texas.

Gary Swinddll 1999 provides the Texas gas well performance from 1971 to 1998 with an
initid rate (first month) being 52 Mcf/month in 1971 decreasing to alow of 15 Mcf/monthin
1983 and increasing again through 1998 up to over 40 Mcf/month. The increase beginning in
1989 corrdates with the acceeration of horizontd drilling in the Augtin Chak fields of
Giddings and Pearsdll Filds. Increases prior to that are likely due to improved, high volume
fracturing technology and high productivity in South Texas drilling. But the first year decline
has increased from 10%/ain 1971to over 55%/ain 1998. The ultimate per well decreases
continuoudly (except 1989) from 6 Gcf/w in 1971 down to 1 Gef/w in 1998.

Figure 37: Texas gas performance from 1971 to 1998
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It is obvious from the technicd data that technology alows for conventiona gas to produce
faster and chesgper but hardly to incresse reserves. Reserve growth is mainly due to poor
reporting when using proved reserves, but the use of "mean’ reserves dlows datigticaly to
avoid reserve growth.

Generdly spesking, al studies assume that gas production will grow thanks to new
technologica developments, asif the smple extragpolation of the past production trends was
missing this aspect. Thisis of course untrue because technology has improved over timein
the past and thisimprovement is an integral part of the past production profile. So, the
addition of a"technology improvement” should be understood as an extraimprovement
compared to its natura evolution with the generd increase of the productivity of the factors.
Given the fact that the leved of pricesis supposed to remain a the level of the 90s, this extra
improvement cannot be attributed to prices. So, where doesit come from?

In short, in dl these forecasts, there is a contradiction between the evidence of a supply
problem arising from past production trends and the optimistic assumption that technology
will reverse these declining trends. In fact, unless the price environment changes significantly
(an hypothesis that none of the NPC, GRI, DOE,...forecasts anticipates) it is difficult to admit
that the trend of technology improvements (that is included in the past production, for
ingtance with the growth of non-conventiond gas or that from deep offshore), will suddenly
acceerate and be the "deus ex machind'.

In conclusion, if one dismisses the possihility of the opening of federd lands that are
presently closed to exploration, and if one congders that, unless prices rise significantly,
technology will only continue the same steedy trend of progressive improvement as before
(with no "slver bullet™), future production will continue to decline, possibly a an accelerating
rate.

-Creaming curve

uSdl



The creaming curve (concept from Shell) represents the cumulative discoveries versus the
cumulative number of new fidd wildcats. It displaysthe dassc law of diminishing returnsin
minerd exploration. Usudly it displays one or severd hyperbolas.

Up to 1998 1150 Tcf of "mean” discoveries has been found with 320 000 NFW. The
modelling shows that doubling the present number of NFW will increase only the total
discoveries up to 1400 Tcf.

Figure 38: US gas discovery: creaming curve
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The cumulative discoveries versus time is disturbed by the stops and gos of exploration, for
an active exploration it digplays alogidtic curve trending toward an asymptote of 1400 Tcf.
Figure 39: US gas fidds cumulative discovery modelled with logistic curve

In this graph, the number gasfields/100 means that the number of fiddsis divided by 100: the
number trends towards 42 000.
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-Forecast
-GOM

MM S forecasts for 2000 to 2005 that gas production in shallow water will continue in average
to decline and in deepwater to start to decline in 2003.
Figure 40: MM S forecast for gas production 2001 to 2005
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A 2000 report from Gas Research Ingtitute (GRI, now GTI = Gas Technology Indtitute) "The
long term trends in US gas supply and prices' (Cocheter 2001) illustrates with the following
graph that Gulf of Mexico gas production shows a continuous decline from the shelf Snceits
peak of 1970, and the rise of the degpwater since 1990. GRI adds in its forecast the arrival of
asharply rising ultra-deep production. The GRI degpwater gas production peaking around
2005 isin line with Nehring' s assessment, but not this new concept of ultra-deep gas
production, which is contrary to the finding that the deeper the water, the less gasthereis.
Figure 41: GRI forecast for the GOM
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Cocheter gives the breakdown by areas for 2015:
figure 7 production Tcf 1998 2015
L ower 48 19 27.8
West 03 04
Rocky Mountains 29 49
Permian 43 48
STexadLouisana 51 57
GOM 49 81
East 15 4
Alaska 05 07
Canada 56 7.7
BC 06 11
Alta Sask Manitoba 5 6
Eastern Canada 0 0.6

The USDOE/EIA AEO 2001 and GRI forecasts for US gas production show a drastic break
from the trend of the past 10 years production.

Nehring’ s forecast (Jan. 2001) for degpwater GOM gas production from his estimated
resource of 56 Tcf (current discoveries = 27 Tcf) isapeak in 2008 at 3 Tcf/a Unfortunately
Nehring did not define what he calls deepwater. For the MM S degpwater is more than 1000 ft
but from the next graph it seemsthat Nehring' s definition is less than 1000 ft, it isclose to

EIA vaues which take degpwater at 200 m. MM S federal agency is obliged (?) to usethe S
unit and the degpwater royalties are defined with water depth in meter and the leases are
classfied as 0-200 m, 201-400 m, 401-800 m, 801-1000 m and >1000 m. For some with the
progress of the drilling, degpwater starts at 500 m or even 1000 m.

Nehring describes the difference between the continental shelf where about 65% of the oil and
gas reserves are gas, and the deepwater where gas represents only 30% of the oil and gas



reserves. Thereisless gasin the degpwater because of the low thermal gradient, which creates
low temperatures in the gas generation zone. For the GOM deepwater Nehring seesapeak in

2008 at 3 Tcf/a

Figure 42: US degpwater GOM: natura gas production from known and future discoveries up
to 2010 from Nehring

U8 deepwater GOM: natural gas production from known
and fatare discoveries from Hehring 2001

[R— = T R
3 arown knowm = &P
— CITELt kD OWM = prove

35

= —0— EIA =200 m
E L5 s Diodzon =1000 ft
I—.
2
E
=
(=1 13
=
=
a 1

ns

0

1990 199z 1994 19946 199% 2000 200@ 2004 L0046 2008 2010
Vear

Nehring (March 2001) in "Gulf of Mexico Risng Star; then over the Hill" said that the
anticipated US supply in 2010 would be short by 3-4 Tcf. For the globa GOM, he sees a peak
(average high and low) around 2007 about 6.5 Tcf/a.

Figure 43: Nehring forecast for the GOM
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The MMS " mean" discovery is plotted on graph 44 as annud discovery and shifted in order
to get the best fit with annua production. Thefit is best for 25 years and this shift alows
forecasting the future production using the last 25 years of discovery. Thefit looks good
despite the unrdiable data (not so much for old data) and it is obvious that the annud gas
production has been steedy (new data more unreliable) for the last 20 years and production
will soon decline sharply.

Figure 44: GOM (from MMS): annua production and annud discovery shifted by 25 years
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For the GOM deepwater (>300 m), the most complete file from Infields is used to modd with
the same logitic curve the cumulative discovery and cumulative production. The modd is not
very good for discovery because of the ups and downs of degpwater exploration. An ultimate
of 30 Tcf isused to modd it as degpwater holds only one third of gas compared to oil when it
is the contrary on the shelf where gas represents two thirds compared with oil. This changeis
well explained by Nehring (Jan. 2001) because the low thermd gradient below deepwaeter.
Figure 45: GOM degpwater modelling cumulative discovery and cumulative production from
Infields data. The cumulative number of fiddsis divided by 10.
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From this graph discovery seems to have passed the midpoint and gas production will do so
around 2005.

-USall

The corrdation of annud production with shifted annua " mean™ discovery shows afar fit
for ashift of 20 years. The problem isthat it is not known if the reserves are estimated as raw
or dry gas.

Figure 46: US gas production and " mean" discovery shifted by 20 years
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This shift of 20 years dlows forecagting thet for the next 20 years US gas production will
decline.

Using ultimates is another way. The creaming curve of figure 36 suggests an ultimate less
than 1500 Tcf for conventiona gas. As the unconventiond gas ultimate is less than 400 Tcf
(see bdow) the maximum ultimate is less than 2000 Tcf.

The modeling with ultimates shows ether a decline around 2000 for U=1500 Tcf or 2000 -
2100 = 570 Tcf and acoming peak in 2010 for U= 1900 Tcf or 2000 - 2100 = 970 Tcf.
Figure 47: US gas production modelled with ultimates 1500 Tcf and 1900 Tcf
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Our forecast is far from the one by the officia agencies.
Fgure 48: US gas production with DOE/EIA and GRI forecasts

U nataral gas production & consumption from ITSDOE
with forecasts from GRI & EIA
an
. r
il o,
fl o
o 13 y N
Pra ‘i
[T A
= - -
1 it
n wJ
3
3 13
B e 0L SNINPEOL
11 0 1033 With dranrals —
g e Mtk eted production
11 production
. - forecwtGRIZ000 |
= = = forecast AED 2001 dry
04 ! ! ! !
1930 1940 1930 1960 1970 1980 19%0 000 010 20x0
WEar

The detall of the gas production is given
Figure 49: USDOE dry gas forecast up to 2020
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The bulk of the 10 Tcf increase in US production from 1999 to 2020 is from the lower 48
onshore nonassociated (8 .8 Tcf) and haf of it from unconventiona

AEO 2001 from 1999 to 2020
Lower 48 wellhead price +1 $1999/kcf
Dry production Tcf

U.S. total +10.4
Lower 48 onshore +8.4
Associated- Dissolved -04
NonAssociated 8.8
Conventiona 47
Unconventioral 41

L ower 48 offshore +1.8
Associ ated- Dissolved 0.1
Non-Associated 1.7
Alaska +0.1

-US unconventional gas

The forecast on unconventiona gas production is found at EIO 2000:
http://mww.eia.doe.gov/oiaf/andys spaper/images/uncon_figl.,jpg

US unconventiona gas production comes presently mainly from tight sands and one fourth
from codbed methane (CBM), but the increase from 1999 to 2020 is dightly lessthan in EIO

2001.

Figure 50: US gas production 1990-2020 from EIO 2000




Figure 1. Natural Gas Production, 1990-2020
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Energy Qutlook 2000, DOE/EIA-0383(2000) (Washington, DC,
December 1999), reference case.

The amount of proved unconventiona gasis about 50 Tcf with two thirds in tight sands and
the rest mostly coabed methane (CBM). CBM has been in the beginning mainly from the San
Juan basin (New Mexico) which is now peaking and the risng basin iswith Colorado.

Figure 51: US CBM production



US coalbed methane production
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The proved reserves of unconventional gas are about 34 Tcf in tight sands, 13 Tcf in CBM
and 4 Tcf others.
Figure 52: US unconventional gas proved reserves



Figure 2. Unconventional Gas: Historical
Beginning-of-Year Proved Reserves
by OGSM Region, 1998
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Mote: OGSM Regions: 1 = Northeast, 2 = Gulf Coast, 3 =
Midcontinent, 4 = Southwest, 5 = Rocky Mountain, 6 = West
Coast (see Figure 4 for map).

Source: Advanced Resources International, Inc. (ARI), com-
pilation of various privately and publicly held data sources.

The amount of unconventiond gas in undevel oped resourcesis about 370 Tcf with 70%in
tight sands and the location is shown in the next graph.
Figure 53: US unconventiona gas undeveloped resources



Figure 4. Unconventional Gas: Undeveloped Resources by OGSM Region as of January 1, 1998
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1998- 1697 model results from AEOQZD0) Nabonl Energy Modeling System, nun BASIN DOGIGO0A {June 2000)

The production of unconventiond gasisnow a 4.5 Tcf/awith USDOE EIO 2000 forecast in
2020 between 4.5 and 7 Tcf/a depending on the degree of technology. It isfar from the 4.7
Tcf of increase from 1998 to 2020 from EIO 2001. These reports lack continuity and
homogeneity.

Figure 54: US unconventiona gas production 1998-2020 from USDOE EIO 2000



Figure 11. Projected Effect of All Unconventional
Gas Technologies on Unconventional
Gas Production, 1998-2020
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Source: AEQ2000 National Energy Modeling System, runs
BASIN.DOB0G00A and UGRTO4,DOS1600A,

Unconventiona gas will not be the dterndive to the declining conventiond present fields.
Future discoveries will only compensate for the decline of the present fields.

In concluson the US gas production is forecast by officid agencies to increase by around 10
Tcf inthe next 20 years but it is more to satisfy the forecasted demand which is now with the
present recession very questionable. There are many plans for new electric plants requiring a
large amount of new gas, but many projectswill fail and the demand will be much less than
actually forecasted

More likely, US gas production will stay stable for awhile before declining.

Any growth of the US demand has to befilled from imports from Canada or by LNG.

-Canada

The Canadian remaining gas reserves are reported (current proved) to be around 60 Tcf while
they were close to 100 Tcf 8 years ago, with adrastic drop in 1993. This drop seemsto be
mainly areporting problem as the technical reserves ("mean” backdated) shows a pesk around
120 Tcf in 1986 declining dowly to 90 Tcf in 1997.

Figure 55: Canada remaining gas reserves from political sources (current proved) and
technical sources (proven+probable backdated)
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The higtorical pattern of gas poolsin Alberta from 1900 to 2000 shows adragtic increase in
gas cumulative discovery starting in 1950 (Leduc reefs discovery), asdow down during the
80s, but an increase in the 90s.

Figure 56: Alberta gas pool cumulative discovery and production
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The creaming curve for the Western Canadian sedimentary Basin displays two hyperbolas,
one since 1904 and a second one in 1990 (I do not see any clear reason!). Up to 1997, about
160 Tcf has been found with about 90 000 exploratory wells. But the hyperbolic model shows
that only less than 30 Tcf will be added when drilling another 90 000 additiona exploratory
wells, and only 40 Tcf with 200 000 additiond wells, far from the 88 Tcf potentia for
undiscovered from 200 000 new wells from the Canadian Gas Potentid Committee (CGPC),
needing another hyperbola. It is difficult to foresee the drilling of 200 000 new wellsin the
coming 30-40 years when it took 100 years to drill 90 000 exploratory wellsin the past.
Figure 57: Western Canadian sedimentary basin: creaming curve up to 1997
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Cocheter for GRI gives the breakdown of their production forecast for US and Canada for
2015:

GRI 2000 fig. 7

dry production Tcf 1998 2015
Lower 48 19 27.8
Alaska 05 07
Canada 56 7.7
BC 06 11

AltaSask Manitoba 5 6
Eastern Canada 0 0.6

GRI hopesthat Canada gas production will grow by 2.1 Tcf from 1998 to 2015. The 1999
NEB (Nationa Energy Board) was more optimigtic with its scenario case 1 producing 9 Tcf in
2015 (3 Tcf increase) rising to 10 in 2025 and the other scenario case 2 peaks a 8 Tcf in 2015
(2 Tcf increase) and down to 7.5 Tcf in 2025.

But drastic changes have occurred after the Cdifornia gas shortage.



The Canadian Gas Potentiad Committee (CGPC) has released their new report on Sept 11,
2001. It isadrastic change from their previous report in 1999, cutting their estimate by about
haf. It seems to be a reaction towards the demand from the US for Canadacto fill their gas
need. Canada does not want to be obliged to produce too quickly their gas supply to satisfy
the US hunger for gas. (See below onthe NAFTA Act)

http:/Aww.canadiangaspotentia .com/2001report/mediarel ease.html

Figure 58: Canada gas potentia from CGPC
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Canadian Gas Potential Committee wrote:

<<As of end 1998 there remained 233 Tcf of nominal marketable conventional gas resources,
but without economic consideration.

The Western Canada Sedimentary Basin held an estimated 54 trillion cubic feet of gas
reserves plus 88 trillion cubic feet of undiscovered nominal marketable gas, a total of 142
trillion cubic feet. The Western Canada resour ce represents 61 percent of the remaining

mar ketable gasin Canada.

The Committee estimated that the 150 largest undiscovered pools are high-impact exploration
targets that range in size from 40 billion to 1 trillion cubic feet. This attractive group of
prospects contains about one quarter of the marketable gas potential in Western Canada.
Another 25 per cent of the potential is expected in 3,000 pools that range in size from 2.5
billion to 40 billion cubic feet. An additional 40 percent of the nominal marketable gasis
expected from 65,000 smaller pools, the study said.

At current rates of discovery in Western Canada, as many as 200,000 exploration wells, twice
as many as have already been drilled, may be required to tap the undiscovered conventional
gas potential, the Committee said

The near frontiers of Canada, namely offshore Nova Scotia, the Mackenzie Corridor and the
Mackenze Delta, hold an estimated 35 trillion cubic feet of discovered and undiscovered
nominal marketable gas. Thisis about 15 percent of Canada’ s total marketable gas,



Non-conventional gas sources, such as coalbed methane, may provide important gas supplies,
but will require extensive research into production methodol ogies. The successful conclusion
of active pilot production studiesis critical before a reserve potential can be estimated. <<
CGPC uses aforecasting method called Petromines where they introduce the undiscovered

fiddsin the holes of ther digtribution size-rank digtribution. Theoreticaly it is justified when

the accuracy of the discovered Sizeis good, but it is not the case.

We prefer to combine the parabalic fractd with creaming curve (figure 57) to forecast
undiscovered. CGPC forecasts 150 pools yet to discover over 40 Gef in the WCSB. Our

forecast is about less than this number.

Figure 59: WCSB gasfidd size: parabolic fractal display
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The comparison between the 1999 study (NEB with two estimates) and the new estimate
CGPC is driking.

Tcf  NEB 1999 ultimate1 NEB 1999 ultimate2 CGPC 2001
WCSB Conventional 335 265 249

WCSB Unconventiona 75 75 0
Other Convertiond 20 20 32
Frontier 303 303 61

Totd Canada 733 662 342

CPGC is pessmigtic on the frontier areas and on unconventiona gas.

But the USGS 2000 report, which is very optimistic, adding for the world during the next 30
years 8536 Tcf of conventional gas (4976 undiscovered and 3560 reserve growth), isvery
pessmigtic on Canada, giving lessthan 25 Tcf of undiscovered. USGS did not give for
Canada any reserve growth (which should be on the same ratio as the US), as Canada uses
aso proved reserves, when the rest of the world uses proven+probable. Using the US ratio of
reserve growth over known discovery, Canada could have a reserve growth of 60 Tcf, asUS



has 355 Tcf of reserve growth for 854 Tcf produced as of 1996 and 172 Tcf remaining, when
Canada has produced 67 Tcf produced as of 1996 with 118 Tcf remaining proved.

But USGS forecasts 81 Tcf undiscovered in East Greenland!

The moddling of future production with the different ultimates is shown on next graph.

Figure 60: Canada gas production with NEB forecasts and modelling

Canada natural gasproduction & modeling

10 | ———TT = 670 Tef

—0—MHEE ease 1 TI=733 Tof

EiR
L

|17 =500 Tef

—O0—HEE wize 2 TI=662 Tef
! U= 335 Tof
|1
6 \ }rf” ___,;—-—T_T = 280 Tef
"".\i /5{\’ e U P Fapr
3 TEDOE drr

4 \‘q—!"{ l\\ —'—HEE markendble CP=115
; ¥ 5
i‘a_
1 ﬁa.ﬂ__q N 15&.""'1..,_“_
04 M""‘*:m.. M o

1960 1960 1970 1920 1090 2000 2010 2020 2020 2040 2000 2060 2070 2080 2090 2100

annual production Tefla

J

production year

In fact the NEB case 1 peaking at 10 Tcf/ain 2025 corresponds to an ultimate of 670 Tcf and
not 733 Tcf. Case 2 peaking at 8 Tcf/ain 2017 corresponds to an ultimate of 500 Tcf and not
662 Tcf. The new ultimate of 340 Tcf correspondsto apeak at 7.3 Tcf/ain 2007 and a peak at
6.2 Tcf/ain 2003 corresponds to an ultimate of 280 Tcf.

The comparison of annud production and shifted mean discovery gives afair fit for a shift of

20 years. This shift dlows guessing that the present production will peek soon and decline
sharply.

Figure 61. Canada gas production and discovery shifted by 20 years
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Stark 2001 in the IHS mid 2001 Review is pessmistic on the gas production because of the

fast decline in productivity. He wrote:

<<Smilarly, deterioration in Alberta gas well productivity is evident in Figure 6 by
significant increases in decline rates and decrease in peak production volume between 1990
and 1999. Correspondingly, the USGSin its World Petroleum Assessment 2000 dropped its
estimate of Western Canada gas resources to 19 Tcf. This compares to an estimate of about
170 Tcf by a Canadian source. <<

In conclusion the Canadian gas production is likely to peak soon and will not fulfil the

forecasted demand from the US. Further more Nikiforuk (2001) in "The next gas crigs’ is
pessmigtic about the supply and mentions that "the oil sands, the source of Canada’ s future

oil supply, by 2020, will be hogging nearly 25% of Alberta’s gas production in order to fire
the boilersto heat the water that melts the tarry sands into usable oil"

-Mexico

Mexico was for along time in dispute with the USGS on their reporting of reserves, these
being over-estimated in order to have good loans from the IMF and World Bank. The
remaining gas reserves from politica sources dropped in the last few years from 65 Tcf down
to 30 Tcf (after Sgning the NAFTA Agreement). The technica data (mean backdated) shows
adecline from a peak of 45 Tcf in 1083 down to 30 Tcf in 2000.

Figure 62: Mexico gas remaining reserves from technica sources (current proved) and
technical data (backdated proven+probable)
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The cumulative discovery versus cumulative number of New Field Wildcats displays two
cycle hyperbolas (second cycle starting in 1975) trending towards an ultimate of 100 Tcf
when more than doubling the number of wildcats.
Figure 63: Mexico gas discovery: creaming curve
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The disdlay in fracta format (Sze-rank, log-log) with the distribution for each decade shows
that in 1980 most of the largest gasfidds (>1 Tcf) were found and that for the last 20 years
most of the discoveries have been fidds lessthan 1 Tcf. The parabola extrapolating the largest
fidds dlows estimating the ultimate around 100 Tcf as for the creaming curve.

Figure 64: Mexico gasfidds parabolic fractal distribution and ultimete
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The corrdation of the annua gas production with the shifted gas discovery isfair for a shift of
20 years as shown in the next graph. It looks again that the gas production will peak soon and

will decline.

Fgure 65: Mexico gas production and discovery shifted by 20 years
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Asour estimate of ultimate is around 100 Tcf and that the cumulative production up to 2000
isaround 50 Tcf it is the mid-point and close to peak.

All the previous graphs for Mexico were for conventiona gas, but there is no greet potentia
for unconventiond ges.

It isassumed by amost everybody that Mexico is unable to increase its production and will be
obliged to import more gasto fill its growing demand.

-East Greenland

As Greenland belongs to North America, it is necessary to present this country.

There are some gas discoveries in the Labrador Seain Canadian waters, but none in the West
Greenland. Because good source-rocks outcrop in East Greenland and there is some
comparison with the potentia of North Seathe USGS in their 2000 report on undiscovered
esimates that thereis 47 Gb of oil and 81 Tcf of gas. We bdieve (Laherrere 2000 on USGS)
that this estimate is very unlikdly first to occur and second to be developed, given the
obstacles to bring gas to consumers from this remote area, covered with ice during 10 months
each year.

It is better to forget Greenland in the North America gas supply.

-USt+Canadat+Mexico

Using the dry production as the reference datais mideading as the baance of injection and
withdrawa from the storage is not taken into account. It is unknown where the gasis
repressured (field or storage). Raw (gross) production should be taken as the base, but it is not
aways available. USDOE recognises that they do not have a homogeneous database of raw
and dry production for North America (Andy Dikes persond communication). As for

resarves, it is unknown if they are estimated as dry or gross future production!

Nevertheess, it isinteresting to obtain globa graphs for the three countries.

In 1994 USGS estimated that the three countries have an ultimate for conventiona gas of 2.1
Pcf. In 2000 USGS wanted to distinguish reserve growth (it was included in the 1994 study)



as an important part for the US that they wanted to extrapolate to the rest of the world
globaly without giving the detall by country. The comparison isimpossble, but it is obvious
that US gas potentia was grestly increased, and Canada and Mexico greatly decreased.
conventiond USGS2000 USGS 1994

gas disctundisc  reserve growth disc+undisc
us 1553 355 1438
Canada 210 ? 609
Mexico 118 ? 247

North America 1881 ? 2121

It is obvious that poor reporting on known reserves, and production (raw or dry), leadsto a
poor estimate of the ultimate discovery.

From the poor data by fields which has been corrected (with a very poor reserve growth
model) to obtain the mean vaue for reserves, the creaming curve displays two hyperbolic
cycles, the second gtarting in 1967. Up to 1997 1400 Tcf has been discovered with about 400
000 new fidd wildcats. The potentia from drilling another 400 000 wildcatsis less than 300
additiond Tcf.

Figure 66. USt+Canadat+Mexico gas mean discovery: creaming curve
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The correlation of the annual production (raw or dry) with the shifted discovery isfarly good
for ashift of 20 years. This shift alows extrapolating future production towards a very soon
peak and afairly steep decline for the present decade.

Figure 67: USt+Canada+Mexico gas production and shifted mean discovery by 20 years
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-Conclusion on the local gas supply of North America

If officid reports from governmenta agencies are optimigtic on the gas supply to fill the

demand, it is obvious that the demand is based on very optimistic assumptions on both the

price and the volume.

But technicians have a more pessmigtic view on the supply estimate, such as Nehring or

IHSE.

The IHSE mid-2001 report by Stark (2001) writes:

<<EIA believes that supplies will be adequate to cover predicted 4.6% (1.03 Tcf) growth in
demand that would accompany an economic rebound in 2002. Recent extrapolations from
IHSE databases indicate that even current levels of Canadian and USgas directed drilling
could be pressed to cover a 1.03 Tcf increase. If so, US gas supply and demand margins
would narrow and increase the likelihood for higher prices by the end of 2002. <<

But it seemsthat the gas future demand is based on optimistic growth based on chegp price
(2%/Mcf in 2020) and large resources of conventiona and unconventiona ges.

| f the locd future supply declines as technicd data shows, the price will go up and the

demand will immediately decrease asit did this summer after the peak on gas price of the past
winter (this decrease of demand was not forecasted by any economist). Much has been written
on the blackouts of Cdifornia due to capping the retail eectric power price under so-cdled
industry deregulation. But most economists thought that this price cap was no problem asthey
have only in mind a decrease in price (GRI 2000 forecasted 1.94 $1998/Mbtu in 2015!).
Increase in priceis paliticaly (as well as economicdly) incorrect! We are living in a culture

of growth, needing lower prices!

Theincreased need for energy in North Americais forecasted to come mainly from gas,

mainly for eectricity. But there are other dternatives than gas. First cod and in figure 8

showing the US foss| fuels production it is clear that cod production isrising in 2000 to a

level never reached. Coal projects for dectric plants were dow because of the Kyoto



agreement which is now rejected by the US. Secondly there are nuclear plants and the
rgjection of nuclear by the US consumers seems to be less after the blackouts in Cdifornia
Nuclear is safer (less deaths) than the gas consumption (numerous blow outs) outside the
wadgte problem which can be solved

Wefed that the gas demand will be less, and the gas supply will be able to satisfy it from the
locd production and from increased LNG from the rest of the world. The gas potentia outside
North Americasis sudied in the following chapter.

-Potential of importing gasto North America from therest of the world

-World

The reporting of conventional gas reserves shows arising trend from political sourcesand a
leveling from technica sources at around 6 000 Tcf (6 Pcf) since 1980.

Figure 68: World remaining gas reserves from political sources and technical sources
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The correlation between annuad conventiona gas discovery and production is not very good.
We plotted aso the production curve by shifting it backward by 40 yearsto fit with the
discovery curve. Thefit isfair.

Up to now, 9 Pcf has been discovered and only 2.5 Pcf has been produced.

There are many stranded gas fields waiting to be developed, because the low price of gas and
high cost of the transport. But the Situation isimproving, in Nigeria gas has been flared for
decades but now LNG plants have been built.

Figure 69: World gas annud discovery and annud production
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It is better to compare cumulative production and discovery and to model them with the same
logigtic curve. The best fit for alogistic curve occurs with a shift of 40 years.

Thefit of the logigtic with the discovery curveis not too good during the 70s as a very large
volume of gas have been discovered in the two most prolific places for gas: Western Sberia
and Middle East. In 1971 the world' s largest gas field was discovered in Qatar as North Field
with its extengon in Iran being South Pars. Thisfield is at least three times bigger than the
second largest gas fied being Urengoi in Western Siberia. But Urengoi is declining Snce

1987 and has produced now about 50% of its ultimate. North Field is just beginning to be
developed. But large gas export developments need palitical stability and the Middle East is
barrels of powder!

Figure 70: World conventiona cumulative gas production and discovery
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We have modelled with alogidtic curve assuming thet the ultimate is 10 Pcf. Thisultimate is
the result of 4 large reports written with three other retired geologists during 8 years, dedling
with more than 80% of the world' s individua fields and the main Petroleum Systems of the
world. The fit with past production is good and forecasts that the peak (mid-point at 5 Pcf)
will be reached around 2015.

In front of the coming pesk for il (in fact the second as world's oil consumption has peaked
aready in 1979 and took 15 yearsto reach back thislevel), there are many articles on the
potentia of gas-to-liquids techniques (GTL) as an dterndtive for oil with gas pesking well
after ail. If some gasis converted into oil, there will be less gas for dectric plants. GTL is4ill
on the pilot stage (Shell Bintulu in Malaysia) as economics were not to good up to now. GTL
looks good when the price of ail is high and when the vaue of the gasis very little (it could

be negative as in Nigeriawhen flared (pendties). If gas prices goes up, the economics of GTL
will suffer. It islikey that GTL will be auseful addition to the dedlining ol but will not

change much the dedine of liquids

But consumption curves must include every component, as unconventiond oil and gas and
even refinery gains. Our ultimate for liquidsis 2.8 Th and for gas 12.5 Pcf (Perrodon et
1998). The modelling of future production forecasts a peak for liquids before 2010 and for gas
around 2030 about 23 Gboefa or 140 Tcf/a.

Figure 71: World liquids and gas production 1925-2125
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It is obvious that the world has enough gas reserves for the next 20 yearsto help North
Americato solve their need for gas before finding dternatives to their declining gas
production. Import of LNG from outside North Americais the eesest and quickest answer to
their local gas shortage

It isamazing to find that the IPCC 2000 scenarios are based on very unlikely assumptions
made by [1ASA (Laherrere 2001 on [IASA gas perspectives). The 40 gas scenarios cover a
very broad range but unfortunately exceed the most likely scenario based on technical data
(figure 71) as shown in the next graph (consumption given in EJ= 10E18J A Tcf/a)

Figure 72: IPCC 2000 gas consumption scenarios compared to forecast from technica data
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It means that the IPCC 2000 conclusions are as unlikely as their assumptions are based on the
concept of very abundant resources and cheap price. They confuse reserves and recoverable
resources with resources as volume in place. They confuse wishful thinking with redity.

It is very important that the academic agencies work on better data. IPCC has to work again
on their moddling with better assumptions on future hydrocarbon production.

-Global conclusion

Mogt of official forecasts on North America gas supply and demand are questionable. The
main reason is that the scenarios are based on the concept of abundant resources and cheap oil
and gas, but aso on unrdiable data. The 10%/b for il in 1998 is mainly due to the "missing
barrels'. The IEA reported an underestimated demand and an overestimated supply, giving a
wrong impression of abundance.

Before improving forecasting methods (which needs to be taken out of politica pressures), it
IS necessary to improve the data collected by the USDOE and MMS by changing the rules of
reserves reporting with the SEC.

The demand (for oil and gas) as forecasted by officia agenciesis unlikely to occur (high price
will increase energy savings asin 1979) and the gas supply will be much less than forecasted
as shown by most of the graphs, but the balance for gas can be solved with the import of
LNG. Energy savings can be both by using less energy (change of behaviour suchasdriving
less) and improving efficiency (change of equipments).

The additiond demand for dectricity can dso be filled with cod and nuclear, if renewables
cannot do it.

We hope that our god to inform the reader with many graphs has been partly fulfilled, and
has brought some light on the North America gas supply.
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