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OBJECUVES

¢ To develop anlassessmenitmedel ergas
hydrates in the OCS: VMoedel needsiierIe:
— Statistically rigerous
— Able to assess technically’ receverableramouni

— Capable of assessing ecenemic value: and il
market value

—Applicable at various levels of geelegic SetiiRe:

# Assess technically recoverable amoeuni o
gas hydrates in the OCS using the new.
methodology and model

MMS

Last OCS Hydrate Assessment

1995 USGS Hydrate
Resource Assessment
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I =PlEcErGasHEEIeIENRESOINIGCE
DistrpUheR e e ERIEERSTZIES
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MIMS AssessmenitSehedtie

Planning/Brain Storming ‘

Model/Methodology
Development

Field Testing

’ Model Completion ‘

’ Resource Assessment ‘

UnconVventioneal Petioletnn
SYSIEMIS

4 70’s — Subecenemic or
marginally’ econemic gas
resources such as coallbbed
methane, shale gas, and tighit
gas (low perm)

+ Present — Economically/ vialle;
not buoyancy-driven pervasive
accumulations, commoenily
iIndependent of structural er
stratigraphic traps.

- Law & Curtis (2002)

MMS



Unconventional Gas Resource
- Gas Hydrate Comparison
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HYaieNDERLSININPEES

¢ Structurally’ Controelied Bydirate

+ Stratigraphically: Contrelled Hydrace
¢ Hydrate Associated! Eree Gas

+ Surficial Unstable Hydrate™




For the pPUipeSE Gl tiISIaSSESSITIEN
the hydraierdepositSAVlINSENEZIEE
aS W) SEPAAIENPES

+ Hydrates with definablerhouneaies
< Continuous deposits - unboeunRd

MajerChallEnges

+ Defining ther Beundames

¢ Defining the Recovery Processs
Rates

¢ Challenges in Applying an
Economic Model

Kumar et al 2003




DERNNEHENESOUREEPES

< Description o distinclr ENuIES
— Continueus Vs, discrete

+ Mathematical Descriptien
— Clustering and spatial relatienships

Kumar et al 2003

Limitations of Current Seismic Technology

Seismic Data are currently not sufficiently
accurate to determine the amount, location,
or presence of hydrates

Migrated Depth Section .
% . *Hydrates have been found with no

BSR present
ll -\BSR’s have been present with no
hydrates present
*Advancement in seismic attribute
Analysis could improve the ability
to determine the presence of hydrates
and concentration estimations

Depth (m)

Bottom Simulating Reflector (BSR)

Source: Chevron Technology

MMS Kumar et al 2003



DENRNENENRECOVER
PIOCESSTRAIES

+ Describing heundary, conditerRsHol:
Various types oif acctmulations

—Need to Impreve definitien of
parameters in each type ol
accumulation

«Area

¢ Thickness

¢ Porosity
+Saturation, etc. etc.

Kumar et al 2003
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Crzls p)\elfeites n) inle Gl of Vexico

4 Chil mred s nieepa il chsmrip Bl Conmmutiters
'* Shallos snd dewp Bacleral g Bydrats
P Snstow marmeganic ges hydrsis

o Dewprwales natursl gas snd ol dwoveries and Sside.

Gas hydrate, seeps, and fields after Sassen et al., 1999 Bathymetry courtesy of Dr. W.Bryant

MMS From: Milkov 2003

Challenges of Estimating Recovery Factor/Rates

Various Possible Methods to Produce and Enhance
the Flow Rate of Hydrate Gas

*Depressurizing of free gas zone

*Very long horizontal wells

- *Multilateral wellbores
Hydrate Free Gas

Production

sy Equipment

Be-ta—1 -Circulating oil from deeper formations

«Circulating heated water from the surface or a
deeper formation

«Carbon dioxide replacement

*Microwave or acoustic energy input

*Mining

Source: Chevron Technology



ChallEneesiPARRIIRENET
ECoRemICIVIoEE]

< Timing (next 10 or S0Iyears ey
more?)

< Hydrates as a primany/ or
secondary objective?

Kumar et al 2003

Speculative Time Horizons For Gas Hydrate Commercialization

/7

Technical Developments
Production Testing, Evaluation and Hazards Mitigation

10 15 20 25 30
Investment Horizon (Years) Kumar et al 2003
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Types of Methane Hydrate Deposits

Slow seepage of thermogenic methane gas from below

WIS Methane Hydrate Advisory Committee Report 2002

Gas Hydrate Petroleum System

‘Gas Migration

11



ANS vs. Canada Schematics
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Hydrates with definable/boundaries

Continuous depasits - uaound!

GeospatialiStatiSticaliMethiodoloyy

Pool Size Equation

Pool Size =
(Constant x Pool Area x Net Pay
X Porosity x HC Saturation X
Recovery Factor )/Gas Formation Volume Factor

13



\/ariables, tor Consider

# I n addition| ter conveniticonail
— Source
— Migration (timing)
— Reservoir
— Seal

€ \We need to consider
— Reservoir Temperature &
— Reservoir Pressure

— Gas hydrate conc. in pere
space etc.

— Resource density

MMS

_Unbound plelreiies

Exposed Hydrate Mound with Johnson Sea Link
Submersible in Background
On seafloor

Phato: John Pinksion

McDonald, 2003
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Methane Hydrate Advisory Committee Report 2002
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SS/DA Profile Showing Base of Hydrate Stability Zone
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Thickness of the methane GHSZ

~~ "\ Boundary of the gas hydrate resource estimation area
- "’"\ Thickness of GHSZ (100% CHy) contour lines
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From: Milkov 2003
WIS

Clay dominated gas hydrate reservoirs

Site/Well Depth of Thickness Porosity Hydrate
gas hydrate of hydrate saturation
(m) (m) (%) (%)

ODP Site 994 212.0-428.8 57.0 3.3
ODP Site-995 193.0-450.0 58.0 5%,

ODP Site 997 186.4-450.9 58.1 5.8

ODRP Site 889 127.6-228.4

Collett 2003, USGS

Volume of
of gas per
square km

(cubic m)

669,970,673
1,267,941,673
1,449,746,073

466,635,705
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Sand dominated gas hydrate reservoirs

Site/Well

Eileen-2 Unit C
Eileen-2 Unit D

Eileen-2 Unit E

Mallik 2L.-38
METI Nankai

Collett 2003

MMS

Depth of
gas hydrate
(m)

651.5-680.5
602.7-609.4

564.0-580.8

888.8-1,101.9
190.0-268.0

Thickness Porosity Hydrate

of hydrate
(m)

29.0
6.7

16.8

PARCH
10-20

(%)

35.6
35.8

38.6

29.3
35.0

saturation
(%)

60.9
33:9

32.6
Total --
47.0

Volume of
of gas per
square km
(cubic m)
1,030,904,796
133,382,462
346,928,811
1,511,216,069

4,812,744,164

Fairee inlels gf Soztiiel| Dtz
Analysis

& Poinit Pattern Analy/sis
— Longitude and latittides % andhy

+ Geostatistical Data

—Continueus spatial suriace

¢ Polygons or [Lattice Data
— Counties, cities, Census; tracts
— Discrete Objects

17
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SpatialiARaISISISADECISIEN
Assistance (SADA)

Anthracene Probahility Map (Ordinary Kriging)
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SUMIMEN,

€ Gas Hydrate'is a vialderrespurceroifthe
near fiuture

¢ |t can supply natien’s energy, demaneNol:
many years to Come

¢ Quantitative assessment oif seme hydrate

plays.can be dene using existing play;
pbased probabilistic: methedoelogies wiili
some modifications te adjust er additenzl
risks.

¢ In some cases, however geospatial
probabilistic analysis may providerbetter
result.

MMS
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