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Briefing Outline

1. Why Alaska?

2. Hydrate Resources Flow Chart - ALASKA
- WHERE-HOW-WHY Hydrates Occur in Nature?
- HOW MUCH Hydrates and Gas?
- Production Methods
- Motivations - Economics and Political
- Gas Hydrate Resources
3. Ongoing Research Activities
- USDOE-Industry-et al Projects
- BLM-USGS-D6G6GS Gas Hydrate Assessment
- MMS National Marine Gas Hydrate Assessment
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Interest in Gas Hydrates

Energy Resource
Operational Hazard

- Slope stability and
platforms
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- Drilling
Global Warming

- Methane 20 times more

effective greenhouse gas
than CO,
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Climate Change Studies

Late Pleistocene

Average surface temperature: about -10 degrees C

Permafrost and associated
discontinuous methane hydrate

Geothermal heat

Present day
methane released to atmosphere

Average water temperature: 0 to 2 degrees C

: Sea level rise of about 100m
Permafrost and associate over the last 18,000 years

discontinuous methane hydrate

releases methane gas and water
A A
Geothermal heat



Gas Hydrate Drilling and Production Problems
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Gas hydrate energy
resource flow chart

- Evolution from a nonproducible
unconventional gas resource to
a producible energy resource
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Alaska NS Gas Hydrates
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Controls on the Occurrence Gas Hydrate
-Gas Hydrate Petroleum System-

-Formation temperature
-Formation pressure

-Pore water salinity

-Gas chemistry

-Availability of gas and water

-Gas and water migration pathways

-Presence of reservoir rocks and seals

for a changing world




Alaska NS Hydrate Stability Map
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Prudhoe-Kuparuk Methane Hydrate Stability
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Eileen Gas Hydrate Accumulation
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Eileen Gas Hydrate Accumulation
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Tarn Gas Hydrate Accumulation
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Eileen and Tarn Gas Hydrate Accumulations
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Wells of Opportunity - Geochemical Sampling
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Eileen and Tarn Gas Hydrate Petroleum System
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Milne Point Gas Hydrate Accumulation

_Milne Pt 3D sowt 4y
—____ FREE GAS
SUKY%Y T I5'O|NT' o . i —\

Texaco Colville ) L FIELD Reindeer Island #1 <5

Gulf Colville Delta #1 & 1A T = _ 3 a7t N P
Deta St #1 g

\ o i i ' 4 ‘¢’ No Nama
Bay #1 oy A 2 4 u
2 ;» {-_ / _¢_ kil it < A tsland ¥
_‘ i
—(i‘r -¢' Cobvilla Dalta &2

ikl Delta #25-13-6

3 ,-‘;fi(:phﬂlo_’,)_e!m!:s____ Ak - ~ | | Y e s 2 | ¥-0181-1
8 & W, Sak23 . \ ’ - < e
{ukn KFL-3A%) ¥ s
! : East Ugnu #1 | : Q
Union Kalubik {0 _¢_ " O

Groek &1 A
Ugnu#t G-\ ,*
s ke ) KUPARUK — _ (eFR) A >
| RIVE T A iy A\~ R~
gt QU FIELD )/ PRUDHOE BAY
" ‘ ' / o * OIL FIELD

7 A% Conite\_)
‘ '.Hiver:: @ \

Kookpuk #1

1 =g 1 - et Sak 015
; " TARN, N L Wi
Nuigsut A~ \ OIL F|ELD '-m“ I _¢_wz| 104

. . \ CTEN -
NPRA | \ ""‘?%w¢,g:$°$; T
/ TaN Carqua 82/ ’ ) | [
A8 E \ . %.': m‘ . | -¢—
Ve - HYDRATE,
e, N \ /\ GAS p il ; -¢— Toolik #2 .
North Franklin

“ / HYDHATE ¢T°°"”3' / | Blulfs #1 4 .

?— Itkillik: #1 raby ot

£ Sequala #1




MPU Seismic Evaluation Project Workflow

 Wavelet Processing
* Project Preparation
— Synthetic ties
— Stratigraphic ties

— Historical Tops

o Petrophysical Analysis
and Attribute
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Structural
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Calculation of Base
Hydrate Stability Zone
(BHSZ)

Intra-Gas Hydrate
prospecting
Sub-Hydrate Gas
prospecting
Volumetrics
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Shale over Gas-Filled Reservoir Sands
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Shale over Hydrate-Filled Reservoir Sands
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Seismic Response to Saturation Changes
in Gas Hydrate-bearing Reservoir Sands

*
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Thickness cut-off
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Relative amplitude
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MPU Seismic Evaluation Project Workflow

* Wavelet Processing e Structural
* Project Preparation Interpretation
— Synthetic ties o Calculation of Base
— Stratigraphic ties Hydrate Stability Zone
— Historical Tops (BHSZ)
* Petrophysical Analysis  « |ntra-Hydrate
and Attribute prospecting

Development
P e Sub-Hydrate Gas

prospecting
* Volumetrics



MPU Gas Hydrate Prospects




MT. ELBERT “C” and “D” Hydrate Anomaly

-C16 Seismic Marker

C16 Seismic Marker -Ci6 Ge ;ﬁ?ﬂarker

U
28 “SEIEm#4arker

Jo®co MPU D-1

Fault-Bounded \ 4
Trap, Gas | i
Hydrate-Bearing
Reservoir

0 MPU B-2



MPU Seismic Evaluation Project Workflow

* Wavelet Processing e Structural
* Project Preparation Interpretation
— Synthetic ties o Calculation of Base
— Stratigraphic ties Hydrate Stability Zone
— Historical Tops (BHSZ)
* Petrophysical Analysis  « Intra-Hydrate
and Attribute prospecting

Development
P e Sub-Hydrate Gas

prospecting
* Volumetrics



MPU Gas Hydrate/Free Gas Prospects
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Gas hydrate energy
resource flow chart

- Evolution from a nonproducible
unconventional gas resource to
a producible energy resource
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1995 USGS Hydrate Resource Assessment

MAP OF THE ALASKA GAS HYDRATE PLAYS
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Alaska Gas Hydrate Play
Based Assessment

Mean value
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Alaska Gas Hydrate “"Resource” Assessments
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Hydrate Resource Assessment
"Economically Recoverable Assessment”
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Gas hydrate energy
resource flow chart

- Evolution from a nonproducible
unconventional gas resource to
a producible energy resource
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Gas Hydrate Production Methods
Depressurization = Thermal Injection Inhibitor Injection

Steam or (— Methanol
A2

Hot Water
Gas Gas (— Gas
Out Out = \Y Out

Dissociated
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Mallik 2002 Gas Hydrate Production Test Well
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Mallik BL-38 Geological Setting
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Three well concept
Depth .
(m) 3L-38 4L-38 enabled a diverse and
] flexible program

Controlled production
experiments, with real time
formation monitoring

Access for experimental
logging and cross hole
geophysics

Integrated permafrost and
gas hydrate research
program

500

1000



Mallik-2002 Production Testing and Modeling
PROJECT ACCOMPLISHMENTS:

- Tested the response of a in-situ natural gas hydrate occurrence to
changes in pressure and temperature conditions.

- Produced gas from gas hydrate by thermal stimulation and reservoir
depressurization.

- Production test results, combined with other project data, have
provided the scientific and engineering data set needed to develop
and calibrate gas hydrate production simulators.

- Calibrated Mallik specific gas hydrate production simulations.

- Used calibrated simulators to project the results of the Mallik 5L-38
gas hydrate thermal production test beyond the duration and
conditions of the actual test.



Temperature (°C)

4 2 0 2 4 6 8 10 12 14 16
o | [ [ [ [ |
1.00 | Mallik 5L-38 Gas Hydrate| | 100
: Production Experiments | |
2.00 ; | - 200
| |
. . IO e mee b on =l : — 300
0N b -
4.00 : NN Met - 400
\ : \ ></ stability cTArve i
p— \ : \ \+40ppt salt 500
Mallik 5L-38 gas _ \. \\\ !
hydrate thermal X \ Y -

. . . £ .0 f \ - 700
stimulation & reservoir T 7 ; \ _
depressurization 2 800 | \ - 8

: : g ' N
production experiments £ | hermitTest - 900
10.00 : MI\II:I'I.I)-:I'S-G ~ 1000
' I MDT- |
11.00 E M[R;‘r- — 1100
12.00 : A 1200
|
13.00 : - 10
1400 : - 1400
. : I
; \ - 1500

15.00

Equivalent Depth (m)



Mallik 5L-38 MDT
Pressure Transient Analyses
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Production Testing
Thermal Stimulation Production Testing
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Cumulative Gas Production - 5 days
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Cumulative Gas Production - 10 Years

Cumulative Gas Production, Sm3
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Hydrate Production - "Surface Area”

Vertical well penetration (29m) - 10 m°
Horizontal well penetration (300m) - 105 m°
Stratigraphic contact (3.2x4.8km) - 5,000,000 m?




Gas hydrate energy
resource flow chart

- Evolution from a nonproducible
unconventional gas resource to
a producible energy resource

= USGS

science for a changing world

HYDRATE
RESOURCES

MOTIVATION
- Economics

- Political

PRODUCT.
METHODS

HOW MUCH
HYDRATE
AND GAS?

HOW DO WHY DO

HYDRATES ||| HYDRATES
OCCUR? OCCUR?

WHERE DO
HYDRATES
OCCUR?




= USGS

science for a changing world

ECONOMIC STUDY OF HYDRATE PRODUCTION*

Thermal Depres- Conventional
injection  surization gas
Investment (M USS$) 5,084 3,320 3,150
Annual cost (M USS$) 3,200 2,510 2,000
Total production
(MMcf/year)** 900 1,100 1,100
Production cost
(US$/Mcf) 3.60 2.28 1.82
Break-even wellhead
price (US$/Mcf) 4.50 2.85 2.25

* Assumed reservoir properties: h=25ft, 0=40%, k=600md
** Assumed process: injection of 30,000 b/d of water at 300 F




science for a changing world

UNIQUE MOTIVATIONS LEADING TO
GAS HYDRATE PRODUCTION

* Industry uses of natural gas in northern Alaska:
- Generate electricity for field operations

- Miscible gas floods

- Gas lift in producing oil wells

- Reinjection to maintain reservoir pressures

- Steam generation for EOR projects
-?
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Gas hydrate energy
resource flow chart

- Evolution from a nonproducible
unconventional gas resource to
a producible energy resource

= USGS

science for a changing world
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Briefing Outline

1. Why Alaska?

2. Hydrate Resources Flow Chart - ALASKA
- WHERE-HOW-WHY Hydrates Occur in Nature?
- HOW MUCH Hydrates and Gas?
- Production Methods
- Motivations - Economics and Political
- Gas Hydrate Resources

3. Ongoing Research Activities
- USDOE-Industry-et al Projects
- BLM-USGS-D6G6GS Gas Hydrate Assessment
- MMS National Marine Gas Hydrate Assessment

for a changing world




GAS HYDRATE PROJECTS
IN NORTHERN ALASKA

- USDOE/BPXA/U-ARZ/UAF/USGS: Resource
Characterization and Quantification of Natural Gas-
Hydrate and Associated Free-Gas Accumulations Prudhoe
Bay - Kuparuk River Area, North Slope of Alaska

- USDOE/Maurer/Anadarko/et al: Methane Hydrate
Production from Alaskan Permafrost

- BLM/USGS/DOG-DGGS: Alaska North Slope Gas
Hydrate Assessment

- MMS: EEZ National Marine Gas Hydrate Assessment

USBLM-USGS-DGGS



Resource Characterization and Quantification of Natural Gas-
Hydrate and Associated Free-Gas Accumulations Prudhoe Bay -
Kuparuk River Area, North Slope of Alaska

US Department of Energy, BP Exploration (Alaska) Inc.,
University of Arizona, University of Alaska, US Geological Survey

-Project Mission-

Characterize, quantify, & determine commerciality of gas hydrate &
associated free gas resources in arctic regions through
integrated academic, industry, & government collaborative
research to promote safe, low cost, & environmentally
responsible production of abundant, strategic, & secure energy
resources.



Alaska Methane Hydrate
Estimated Resource Extent
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Methane Hydrate Production from Alaskan Permafrost

US Department of Energy, Maurer Technology Incorporated,
Anadarko Petroleum Corporation, Noble Engineering and
Development, University of Alaska, University of Oklahoma

-Project Objective-

The objective of this project is to analyze existing geological and
geophysical data and obtain new field data required to predict
hydrate occurrences; to test the best methods and tools for
drilling and recovering hydrates; and to plan, design, and
implement a program to safely and economically drill and
produce gas from hydrates.
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Evaluation of Alaska North Slope Gas Hydrates

US Bureau of Land Management, US Geological Survey, State of
Alaska Division of Geological and Geophysical Surveys

-Project Work Plan-

Phase-I. Assess existing geologic, geophysical, and engineering data
to characterize the resource potential of the Eileen and Tarn
gas-hydrate/free-gas accumulations (FY 03-04).

Phase-TI. Assess existing geologic, geophysical, and engineering
data to characterize the resource potential of the
undiscovered gas hydrate accumulations in NPRA, ANWR, and
the State lands between the Canning and Colville Rivers (FY 05-
06).

Phase-III. Conduct an assessment of the economically recoverable
resource potential of gas hydrates and associated free-gas
accumulations in northern Alaska (FY 07).

USBLM-USGS-DGGS



Phase-I. Eileen and Tarn Hydrate Accumulations
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Phase-II. Hydrates in NPRA, ANWR, and State Lands
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http://aurora.ak.blm.gov/arctic/_vti_bin/shtml.exe/default.html/map
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Phase-III. Hydrate Resource Assessment
"Economically Recoverable Assessment”
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EEZ National Marine Gas Hydrate Assessment
Minerals Management Service

-Project Work Plan-

Phase-I. In-place natural gas hydrate volumes include all hydrate
bounded methane molecules within an area, defined here as the
offshore US Economic Exclusion Zone (EEZ).

Phase-II. Technically recoverable natural gas hydrate resources
form a subset of in-place volumes.

USBLM-USGS-DGGS



MAP OF THE BEAUFORT SEA, BERING SEA, ALEUTIAN TRENCH,
AND GULF OF ALASKA GAS HYDRATE PLAYS
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1995 USGS Hydrate Resource Assessment

MAP OF THE ALASKA GAS HYDRATE PLAYS
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for a changing world

Summary

The occurrence of the Eileen and Tarn gas
hydrate accumulations have confirmed that gas
hydrates may represent an important energy
resource for the future.

The occurrence of gas hydrates in a definable
petroleum system provides us with a gas hydrate
exploration model.

Significant technical issues need to be resolved
before gas hydrates can be considered a viable
energy resource option.
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