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Reserve Growth

Definition

s Well stimulation,

Improved recompletions
recove

ew completions
of bypassed zones
Known Extent of

Proven Reservoir

" New reservoirs,
pools, or pay zones

Reevaluation of production perc
More efficient operations
Other revisions

Increases In successive estimates of recoverable volumes of crude

oil, natural gas, and natural gas liquids in discovered fields
® Delineation of additional in-place volumes (geological)

® Increases in recovery efficiency (technological)

® Recalculation of viable reserves in changing conditions (definitional)
= Economic, operating, and political/regulatory
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CUMULATIVE DISCOVERIES,

CUMULATIVE
PRODUCTION, QF’

PROVED RESERVES, Qg

From Hubbert (1974)
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San Joaquin Basin, Oil in Oi1l Accumulations
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Data from NRG Associates (2002)



San Joaquin Basin circa 1965

¢ 20,000+ wells
® Midway-Sunset Field
~ 1 BBO est. recoverables

® Cumulative production
~2 BBO

® Remaining ~ 6 BBO

® Steam was new i
teC h n O I Ogy Photograph courtesy of Ken Takahashi, USGS

Midway-Sunset Field, California
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San Joaquin Basin — Oil in Oi1l Accumulations
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Data from NRG Associates (2002); Oil & Gas Journal (1966)
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Causes of Reserve Growth

® Conservative initial estimates

® Exploration technology (3-D, 4-D seismic)
® Geologic insights

® Improved drilling technology

® Production technology (enhanced oll
recovery)

® Political and economic changes

T USGS



Reserve Growth at South Belridge

2,000,000
| | | |

South Belridge Oil Field Steamflood

Until steam began to be used to improve recovery from heavy oil ﬁﬁ?ﬁ:slon. uill
reservoirs in the 1960s, South Belridge field was expected to 9

1,600,000 | recover only about 130 MMBO. A series of substantial reserve

' additions from steamflooding fook place beginning in the late
1860s, and by 2000, about 3/4 of the 1.7 BBO of the heavy oil
1,400,000 +— originally in place in the Tulare Formation had been added to

' reserves. Meanwhile, methods for successfully recovering oil by
fracturing Monterey diafomite below the Tulare had been

1.200.000 4—— developed by about 1980, leading to more additions to reserves.
" The diatomite originally contained about 6 BBO; to date, probably _, i .
about 15 percent of that has been produced or added fo reserves, D'amm"f" f.ra-::u!rlpg
1,000,000 +— and the expected recovery from the field is approaching 2 BEBO. and infill drilling
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Current Recovery, San Joaguin Basin
Field Discovery | Original Oil | Recovery
Year In Place, BB | Efficiency (%)
Buena Vista 1909 2.8 24
Coalinga 1890 4.5 22
Cymric 1909 1.6 32
Elk Hills 1911 4.1 33
Kern River 1899 4.1 51
Lost Hills 1910 3.3 13
McKittrick 1896 1.0 32
Mid-Sunset 1894 7.5 46
N. Belridge 1912 0.9 13
S. Belridge 1911 8.3 23
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Is this magnitude of reserve growth
unigue to the San Joaquin Basin?

Photograph courtesy of Don Arnot
West Kern Oil Museum




Oil Fields in North and Central North Sea
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Mechanisms,
characteristics,
rates, and
guantities of
reserve growth
— Capital
iInvestments

— Advanced
technologies

— Careful data
collection

— Data well
reported and
publicly

Red line represents :
offshore country available

boundaries

a USGS

Map information from ESRI (1992), DTI (2001), NPD (2000), Brzozowska and others (2003) 11




Magnitude of Reserve Growth
North Sea Oil Fields — 1985 to 2000 (15 years)

® Reserve growth

— 1.9X10°Sm3 (12 X
10° bbls) since 1985

— 57 existing oll fields
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® New-field discoveries

— 0.3X10°Sm3 (2 X

0 10° bbls) since 1985
1965 1970 1975 1980 1985 1990 1995 2000 — at least 25 oil fields
Field-Discovery Year discovered after 1985

=

Cumulative Recoverable Crude Qil (10° Sm3)
w

Data from DEA, DTI, NPD (1985 to 2001)
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Magnitude of Reserve Growth
Southern North Sea Gas Basin Fields — 1986 to 2001 (15 years)
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Data from IHS Energy (1986 to 2001)
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1995 2005

® Reserve growth

— 19 X 10%2 ft3 (0.5 X
102 Sm3) since 1986

— 240 existing gas fields

® New-field discoveries

— 28 X 102 ft3 (0.8 X
102 Sm3) since 1986

— at least 259 gas fields
discovered after 1986
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Consider the world . . .

From USGS (2000)
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In 1996, USGS estimated that existing
fields might grow by 600 BB of oil

From USGS (2000)
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Global Additions to Reserves 1996-2003

Orange: New oil field discoveries
Green: Reserve growth of existing oil fields
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Yellow: New gas field discoveries
Red: Reserve growth of existing gas
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Global Additions to Oil Reserves 1996-2003

By Region
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Global Additions to Gas Reserves 1996-2003

By Region
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U.S. Additions to

Orange: New oil field discoveries
Green: Reserve growth of existing oil fields
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Reserves 1992-2000

Yellow: New gas field discoveries
Red: Reserve growth of existing gas fi
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U.S. Additions to Oil Reserves 1992-2000
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Alaska

By Region

Lower 48 Outer Entire U.S.
States Continental
Shelf

Data from NRG Associates (2002); USGS (1995), Lore and others (1
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U.S. Additions to Gas Reserves 1992-2000

Recoverable Natural Gas (TCF)
3

C
/2]
-,
w

By Region

O New-field discoveries

I Reserve

growth of existing fields

Alaska

Lower 48 Outer Entire U.S.
States Continental
Shelf
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PRODUCTION

Hubbert Curve--peak production

= marks midpoint of depletion
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From Ahlbrandt and the USGS World Energy Assessment Team(2001) 22
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What Will Drive
Future OIl Production?

Not just the world
resource volume

Demand

— Competition among
energy sources — oll,
natural gas, coal,
nuclear, others

— Technology
— Economics
— Politics

USGS

Production Is determined by
supply & demand!

Price

Suppl
Market HPRYY
Clearing p*

Price

Demand

q* Quantity
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CONCLUSIONS [

SJB-type reserve growth is
possible worldwide

Remaining world oil
resources are very large

7,

Experience in SJB fields
may be useful in
identifying global targets
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extrapolate from
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,;.,’J USGS Photograph courtesy of Don Arnot
ﬁ West Kern Oil Museum

science for a changing world




Thank You for Your Attention

® Tim Klett — tklett@usgs.qgov
® Don Gautier — gautier@usgs.gov
® Brenda Pierce — bpierce@usgs.goVv

® http://energy.usgs.gov

T USGS
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