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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof or of BP Exploration (Alaska) Inc.

ABSTRACT

Methane hydrates may contain significant offshore and onshore arctic gas resources. The Phase
1-2 reservoir characterization, development scenario modeling, and associated studies indicate
that 0-12 TCF gas may be technically recoverable from 33 TCF in-place Eileen trend gas hydrate
beneath industry infrastructure within the Milne Point Unit (MPU), Prudhoe Bay Unit (PBU),
and Kuparuk River Unit (KRU) areas on the Alaska North Slope (ANS). Modeled production
methods involve subsurface depressurization and/or therma stimulation of pore-filling gas
hydrate into gas and water components.

Phase 2 studies included ete forecasts and hypothetical well scheduling, methods typically
employed to evaluate potential conventional large gas development projects This work heped
quantify: 1. potential recoverable gas resource using conventiona petroleum technologies and
2. range of potential outcomes that could be narrowed by acquiring specific recommended data
and field testing. This systematic appraisal is designed to help determine whether or not gas
hydrate can become atechnically and economically recoverable gas resource.

Reference case forecasts with type-well depressurizationtinduced production rates of 0.4-2.0
MMSCF/D predict that 2.5 TCF of gas might be produced in 20 years, with 10 TCF ultimate
recovery after 100 years (typical industry forecasts would not exceed 50 years). The downside
case envisiors research pilot failure and economic or technical infeasibility. Upside cases
identify additional potential if future field testing confirms upside modeling results of pressure-
induced, thermally enhanced, or chemically stimulated gas hydrate dissociation into movable
gas. Phase 3a field studies to acquire data were formally approved in January 2006 to help
mitigate uncertainty in potential gas hydrate productivity. A Phase 3a stratigraphic test was
planned, permitted, and ready to drill by March 2006. However, third-party delays with the rig
and approaching end-tundra travel ice season led to well deferral. A Phase 3b production test is
not currently approved by DOE or BP.

Determining uccessful gas production from gas hydrate would yield both methane and fresh
water for potential use in existing or planned developments. The gas could potentially provide
fuel-gas to reduce consumption of richer conventional gas, provide lean injectiongas for
reservoir energy, provide fuel for potential viscous oil thermal recovery, or supplement future
export-gas. The fresh water could potentially be used in waterfloods and/or in association with
produced gas for steam injection The gas hydrate-bearing reservoirs may also provide a future
option for CO,-sequestration option during future gas and associated CO» production
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20 INTRODUCTION

The cooperative research between BP Exploration (Alaska), Inc. (BPXA) and the U.S
Department of Energy (DOE) is helping to characterize and assess Alaska North Slope (ANS)
methane hydrate resource potential and is helping to identify technica and commercia factors
that could enable government and industry to make more informed decisions regarding this
possible unconventional energy resource. Results of Phase 1-2 reservoir characterization,
reservoir modeling, schematic future development, and associated studies indicate sufficient
potential to enable approval to proceed into an initial data acquisition Phase 3a stratigraphic test.
A future production testing Phase 3b is a key goa of the Federal Research and Devel opment
program and may follow, but this remains to be evaluated. Collaborative research partners
include U.S. Geologica Survey (USGS), Arctic Slope Regional Corporation Energy Services,
Ryder Scott Company, APA Engineering, University of Arizona, University of Alaska
Fairbanks, and Pacific Northwest National Lab.

Methane hydrate may contain a significant portion of world gas resources within offshore and
onshore arctic regions petroleum systems. In the United States, deposits of gas hydrate occur
within pressure-temperature stability regions in both offshore and also onshore near-permafrost
regions. The USGS estimates that clathrate hydrates may contain up to 590 TCF of in-place ANS
gas resources (Figure 1). Over 33 TCF in-place potential gas hydrate resources are interpreted
within shallow sand reservoirs beneath ANS production infrastructure within the Eileen trend
(Figure 2). Gas hydrate accumulations require the presence of all petroleum system components
(source, migration, trap, seal, charge, and reservoir). Future exploitation of gas hydrate would
require developing feasible, safe, and environmentally-benign production technology within
areas of industry infrastructure. In the United States, the ANS onshore and Gulf of Mexico
(GOM) offshore are currently known to favorably combine these factors. The information and
technology being developed in this onshore ANS program will be an important component to
assessing the possible productivity of the potentially much larger marine hydrate resource.
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Figure 1: ANS Gas Hydrate Stability Zone Extent. The USGS has estimated 590 TCF
methane in place in hydrate form in this region (Courtesy USGS).
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Figure 2: Eileen and Tarn Gas Hydrate Trends and ANS Field Infrastructure (modified after
Collett, 1998).

In 1972, the existence of natural methane hydrate within ANS shallow sand reservoirs was
confirmed by data acquired in the Northwest Eileen-02 well. Although up to 100 TCF in-place
gas may be trapped within the gas hydrate-bearing formations beneath existing infrastructure
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areas, it has been primarily known as a shalow gas drilling hazard to the hundreds of well
penetrations targeting deeper oil-bearing formations and has drawn little resource attention due
to no ANS gas export infrastructure and unknown potential productivity. Characterization of
ANS gas hydrate-bearing reservoirs and improved modeling of potential gas hydrate dissociation
processes led to increasing interest to study gas hydrate production feasibility.

If gas can be technicaly produced from gas hydrate and if studies help prove production
capability at economically viable rates, then methane dissociated from ANS gas hydrate could
help supplement fuel-gas, provide additional leangas for reservoir energy pressure support,
sustain long-term production of portions of the geographically-coincident 20-25 billion barrels
viscous oil resource, and/or potentially supplement conventional export-gas in the longer term.

As part of a multi-year effort to encourage these feasibility studies, the DOE also supports
significant laboratory and numerical modeling efforts focused on the small scale behaviors of gas
hydrate. Concurrently, the USGS has assessed the potentia in-place resource potential and
participated n field operations with DOE and others to acquire data within many naturally
occurring gas hydrate accumulations throughout the world. There remain significant challenges
in quantifying the fraction of these in-place resources that might eventually become a
technically-feasible or possibly a commercia natural gas reserve. This study estimates this
potential ANS prize within the Eileen trend to help recommend future research, data acquisition,
and field operations.

A *“chicken and egg” problem has hindered unproven resource research and development in the
past; an “unconventiona” resource commonly requires a few positive examples before it can
generate stand-alone interest from industry. This was true for tight gas resources in the 1950-
1960’ s, Coal-Bed-Methane plays in the 1970-1980's and the shale gas resources in the 1990-
2000's. In each case, the resource was thought to be technically infeasible and uneconomic until
the combination of market, technology (new or newly applied), and positive field experience
helped motivate widespread adoption of unconventional recovery techniques in an effort to prove
whether or not the resource could be technically and commercially produced. In an attempt to
bridge this gap, the gas hydrate reservoir modeling efforts were coupled with a series of possible
future development scenarios to quantify a suite of potential recoverable reserve outcomes.

These hypothetical development scenarios indicate that 0-12 TCF gas may be technicaly
recoverable from 33 TCF in-place Eileen trend gas hydrate beneath industry infrastructure within
the Milne Point Unit (MPU), Prudhoe Bay Unit (PBU), and Kuparuk River Unit (KRU) areas on
the ANS. Reference case forecasts with type-well depressurizationinduced production rates of
0.4-2.0 MMSCF/D predict that 2.5 TCF of gas might be produced in 20 years, with 10 TCF
ultimate recovery after 100 years (typica industry forecasts would not exceed 50 years). The
downside case envisions research pilot failure and economic or technica infeasibility. Upside
cases identify additional potentia recoverable resource. Additional static data acquisition and
possible future productiontesting could help validate whether or not these upside model results
might occur in a future potential developmert using pressure-induced, thermally enhanced,
and/or chemically stimulated dissociation of gas hydrate into movable gas. Modeled production
methods involve subsurface depressurization and/or therma stimulation of pore-filling gas
hydrate into gas and water components. Phase 2 studies included rate forecasts and hypothetical
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well scheduling, methods typically employed to evaluate potential conventional large gas
development projects. This work helped quantify: 1. potential recoverable gas resource using
conventional petroleum technologies and 2. range of potential outcomes that could be narrowed
by acquiring specific recommended data during field operations.

Determination of the resource potential of gas hydrate and associated free gas resources could
increase ANS gas resources. Proving technical production and commercial feasibility of this
possible unconventional gas resource could lead to greater U.S. energy independence.

2.1 Project Open Items

Review of regional resource potential and field operations recommendations based on Phase 1
and 2 studies resulted in the January 2006 decision to proceed into field operations in the Phase
3a stratigraphic test. Quarterly reports 10-14 (January 2005 through end-March 2006) were
delayed by preparations for this Phase 3a decision and associated well planning, permitting, data
acquisition planning, and subcontracting. A topical report was submitted on the primary drilling
prospect in June 2005. Status and Technical reports will be brought into contractual compliance
by end-July 2006. Financial reports will be finalized by mid-August 2006. Third-party delays
with the drilling rig selected to accomplish the Phase 3a stratigraphic test operation and
approaching end-tundra travel ice season caused the mid-March 2006 decision to defer the
stratigraphic test until early 2007 since no other qualified rig was available. Phase 3a
stratigraphic test budget and scope-of-work definitization is in-progress. Contract amendments
10-11 initiated funds necessary for Phase 3a operations and associated studies following the mid-
September 2005 Continuation Application.

2.2 Project Status Assessment and Forecast

Project technical accomplishments from January 2005 through end-June 2006 are presented by
associated project task. The attached milestone forms (Appendix A) present project Phase 1
tasks 1 through 13 with task duration and completion timelines. Individual project status reports
for each quarter will be submitted by end-July 2006 to enable tracking progress.

2.3 Project Research Collaborations

Project dyjectives significantly benefit from DOE awareness, support, and/or funding of the
following associated collaborations, projects, and proposals. Section 5.4 provides additional
detail on collaborative research accomplishments during the reporting period.

1. Reservoir Model studies: DOE NETL coordination of reservoir modeling through the
efforts of Dr. Joseph Wilder and others significantly increased collaborative reservoir
modeling efforts between this project, Japan, Lawrence Berkeley National Lab (LBNL),
and Pacific Northwest National Lab (PNNL). This very important work should continue
into smulation of field-scale gas hydrate bearing reservoirs. The studies to-date have
facilitated a common understanding of how these different gas hydrate reservoir models
handle the basic physics of gas hydrate dissociation processes within gas hydrate-bearing
formations.  Contributors to this effort include: Masanori Kurihara (Japan Oil
Engineering Co., Ltd.), Yoshihiro Masuda (The University of Tokyo), Pete McGrall
(Pacific Northwest National Laboratory), George Moridis (Lawrence Berkeley Nationa
Laboratory, University of California), Hideo Narita (National Institute of Advanced
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Industrial Science and Technology), Mark White (Pacific Northwest National
Laboratory), Joseph W. Wilder (National Energy Technology Laboratory, U.S.
Department of Energy), Scott Wilson (Ryder Scott Company, Consultant to BP-DOE
project), Timothy Collett ( U.S. Geologica Survey ), and Robert Hunter (ASRC Energy
Services, BP Exploration (Alaska), Inc.),, PNNL has adapted the reservoir modeling
package STORM to model gas hydrate dissociation behavior.

DE-FC26-01NT41248: UAF/PNNL/BPXA studies to investigate the effectiveness of
CO, as an enhanced recovery mechanism for gas dissociation from methane hydrate.

DOE currently supports this associated project research which may help facilitate a future
field test of this technology.

3.UAF/Argonne National Lab project: This associated project was approved for funding

o

by the Arctic Energy and Technology Development Lab (AETDL), forwarded to NETL
for review, and was funded in mid-2004. The project is designed to determine the
efficacy of Ceramicrete cold temperature cement for possible future gas hydrate drilling
and completion operations. Evaluating the stability and use of a cold temperature cement
may enhance the ability to maintain the low temperatures of the gas hydrate stability field
during drilling and completion operations and help ensure safer and more cost-effective
operations. In early 2006, the Ceramicrete material was approved for field testing at the
BJ Services yard in Texas (primary contact Lee Dillenbeck). Although Ceramicrete was
not yet field tested in time to be evaluated for use in 2006 Alaska operations, successful
future yard testing of the material may enable limited testing in Alaska project operations.
We remain in communication with ANL and BJ Services. A meeting to discuss yard
testing of Ceramicrete is scheduled in Tomball, Texas (north of Houston) on August 8,
2006. Our UAF Pl will participate in the meeting.

Precison Combustion, Inc. (PCl) — DOE collaborative research project: Potential
synergies from this DOE-supported research project with the BPXA —DOE gas hydrate
research program were recognized in December 2003 by Edie Allison (DOE).
Communications with Precisson Combustion researchers indicate some significant
potential synergies, particularly regarding potential in-situ reservoir heating. Successful
modeling and lab work could potentially proceed into field applicatiors in either viscous
oil or future gas hydrate operations. BPXA provided a letter in April 2004 in support of
progression of PCI’ s project into their phase 2: prototype tool design and possible surface
testing; limited communications are continuing.

UAF shallow resource (gas hydrate and viscous oil) research initiatives. UAF
proposed that AETDL fund Alaska shallow resource research initiatives. This associated
research could provide benefitsto this project. It should be noted that industry could take
aleadership role in these initiatives, similar to the approach taken in this project.

Japan gas hydrate research: Progress toward completing the objectives of this project
remain aligned with gas hydrate research by Japan Qil, Gas, and Metals Nationa
Corporation (JOGMEC), formerly Japan National Oil Corporation (JNOC). JOGMEC
remains interested in research collaboration, particularly if this project proceeds into
production testing operations. Communications with JOGMEC were limited during the
reporting period, but recently reinitiated in June 2006, to inform JOGMEC that the BP-
DOE project is proceeding into Phase 3a stratigraphic test field operations. JOGMEC
may proceed into future (2007-2008?) production test operations at the Mallik field site.

India gas hydrate research: India’s Institute of Oil and Gas Production Technology
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(IOGPT) indicates a continued interest in participating with the BPXA — DOE research
program in correspondence/discussion with DOE. BPXA has not initiated contact with
IOGPT. However, Dr. Tim Collett, partner in the BPXA research team, and Ray
Boswell, DOE gas hydrate program lead are currently leading and participating in,
respectively, certain aspects of the data acquisition at multiple offshore India field sites.
The value of international research collaboration is recognized.

8. Koreagashydrateresearch: Korea may be developing a gas hydrate research program.
They have discussed potential participation in future Alaska gas hydrate research with
USGS. BPXA has not initiated contact with Korea.

9. U.S. Department of Interior, USGS, BLM, State of Alaska DGGS: An additional
collaborative research project under the Department of Interior (DOI) provides significant
benefits to this project. The BLM, USGS, and the State of Alaska recognize that gas
hydrate is potentially a large untapped onshore energy resource on the ANS. To develop
a more complete regional understanding of this potential energy resource, the BLM,
USGS and State of Alaska Division of Geological and Geophysical Surveys (DGGS)
have entered into an Assistance Agreement to assess regional gas hydrate energy resource
potential in northern Alaska. This agreement combines the resource assessment
responsibilities of the USGS and the DGGS with the surface management and permitting
responsibilities of the BLM. Information generated from this agreement will help guide
these agencies to promote responsible development if this potential arctic energy resource
becomes proven The DOI project is working with the BPXA — DOE project to assess
the regional recoverable resource potential of onshore natural gas hydrate and associated
free-gas accumulations in northern Alaska, initialy within current industry infrastructure.

2.4 Project Performance Variance

Detailed project performance variance is noted by quarter in the Project Status Reports on
standard forms 4600. BPXA and DOE decided in mid-January 2006 to acquire additional data in
Phase 3a stratigraphic test well operations. However, this well was deferred in mid-March 2006
due to third-party rig delays and approaching end-tundra travel ice limits.

30 EXECUTIVE SUMMARY

This Quarterly report encompasses project work from six quarters from January 1, 2005 through
end-June 2006. Coverage of research during this reporting period is comprehensive and this
report is submitted in lieu of individua quarterly reports for this timeframe. Project
communications between BP-DOE during the reporting period were accomplished via alternative
means including June 30, 2005 Drilling and Data Acquisition Planning Topical Report; July 25,
2005 Quarterly report covering July 2004 through end-December 2005; regularly scheduled
teleconferences, electronic and paper correspondence; scheduled meetings, internal project
conferences; external conferences; and regularly weekly scheduled Phase 3a stratigraphic test
well planning meetings. Future quarterly reports will be submitted within 30-60 days of the end
of each quarter. Sections 4 and 5 provide detailed project tasks report. The below bulleted
summary highlights project accomplishments during the reporting period:

Submitted combined Quarterly technical report through end-December 2004 in July 2005
Submitted Drilling and Data Acquisition Planning Topical Report in June 2005
Submitted Status and Financial reports through March 2005
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Maintained project electronic and hardcopy files, documentation, and backups
Updated project contracts for phases 2 and 3a and modified scope-of-work and budget

0 Modified scope-of-work to assess potential regional resource development

scenarios and to plan and implement stratigraphic test well operations

0 Reviewed Draft Phase 2 SOW/budget with BP and DOE

0 Input scope-of-work and budgets to Amendments 8-12 and updated subcontracts
Presented and discussed Phase 1 and 2 project summary and Phase 3a project plans,
budget, and issues at DOE NETL in Morgantown in April 2006
Prepared agendas, briefed management, and held meetings with DOE, industry, Alaska
State, and Federal government in Houston and Anchorage (June 2005)
Contributed to April 2006 meetings on Barrow, Alaska gas hydrate research proposal

o ldentified gas hydrate presence risk and discussed phased program to mitigate risk

0 ldentified potential synergiesto BP-DOE Alaska North Slope research program
Responded to multiple media inquiries on project results, significance, and future plans
Maintained limited project communications with JOGMEC gas hydrate research program
Reviewed downhole heating methods for application to potential production testing

o0 Included electromagnetic, radio- frequency, electrical, and downhole combustion
Evauated value of and participated in multiple invited technical conferences
Provided project input to State Department gas hydrate conference (April 2005)
Presented project summary for DOE Advisory Committee meeting (June 2005)
Prepared and presented 3-panel project poster, AAPG Calgary (June 2005)
Helped plan presented project summary, and contributed to gas hydrate
workshop, co-sponsored by State of Alaskaand USGS (August 2005)

0 Presented project summary for DOE Advisory Committee meeting (April 2006)

0 Presented project summary to AAPG/SPE Pacific Section Conference (May 2006)

0 Declined participation in several non-essential invited technical conferences
Presented project results and plans to BP Technical Advisory Committee (August 2005)

0 Project was one of six Alaska “emerging technology” areas of interest
Submitted project to BP-internal Helios awards program (June 2005 and June 2006)
Participated in viscous oil technology development meetings with BP and Schlumberger

o0 Worked potentia synergies of viscous oil to gas hydrate technology devel opment
Reviewed and responded to Federal and State initiatives designed to encourage gas
hydrate testing, research, and devel opment

0 Responded to Federal (BLM/MMYS) Rulemaking on royalty relief incentives

o0 Tedtified to State of Alaska “challenged” gas/oil resource development incentives
Presented MPU seismic study and gas hydrate prospectsto MPU staff and manegement
Planned and coordinated Phase 2 reservoir modeling and regional resource assessments

o0 Completed gas hydrate regional development scenario assessment to help

facilitate decision to proceed into Phase 3a stratigraphic test

Initiated long-lead well permit discussions to allow potential future well operations
Developed long-lead materials and rig plans to alow possible future well operations
Prepared Continuation Application, Budget, Decision Support Package, and Authority to
Negotiate documentsto support January 11, 2006 Phase 3a stratigraphic test approval
Provided operational integrity and HSE requirements for stratigraphic test operations
Completed NEPA Environmental Questionnaire with inputs from BP HSE and Drilling

© 00O
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Prepared initial procedures, plans, and cost estimates for stratigraphic test well operations
Planned Stratigraphic Test Well and held regular weekly meetings with BP/DOE/team
Developed and implemented task schedules for well permits, materials, plans
Identified critical tasks and pathfor well permits, materials, contracts, and rig
Documented risks, addressed concerns, and developed plans to mitigate risks
Developed contacts and contracts with appropriate operations subcontractors
Prepared and checked surface ice pad/road and well bottom hole location (BHL)
Developed agenda, convened, and moderated weekly well planning meetings
» Provided task status updates and coordinated well operations plans
Selected ice road route to ensure safe access within existing infrastructure
Developed logging-during-drilling, wireline, and MDT evaluation program
Evaluated cement program options and initiated discussions with Schlumberger
Evauated mud program and incorporated DrillCool, Inc. mudchilling system
Planned core program and procedures with Corion (ReedHycal og)
Planned core handling and processing program with OMNI and others
Initiated and reviewed detailed plan of operations for well permits
Initiated and reviewed drilling and data acquisition time and cost plans
= Determined inability to drill well due to third party rig delays and
approaching end-of-tundra travel and ice seasondrilling (March 14, 2006)
= Notified DOE and subcontractors of drilling delay and test deferral
o Deveoped, reviewed, and submitted detailed Phase 3a program drilling, data
acquisition, and data evaluation budget
Initiated review of potential alternative gravel pad options for future Phase 3 test site(s)
o Evaluated potentia gas handling options for possible future production test well
= Evaluating potential GTL facility synergy with Alchem Field Services, Inc
Completed Phase 1 and 2 stratigraphic and structural studies within MPU and expanded
these studies into Eileen trend area-of-interest within PBU and KRU
Initiated facies analysis, paleodepositional reconstruction, and AOI volumetrics
Completed formation damage assessment experimental setup and studies

OO0 O0O0O0O0

O 00000 O0O0

40 EXPERIMENTAL

During the reporting time period from January 2005 through end-June 2006, primary
experimental activities were:
1. UAF studies limited to minor experiment apparatus design, setup, and execution
2. Continuation of UA reservoir and fluid characterization using 3D seismic and well data,
3. Continued reservoir and development scenario modeling.

4.1 TASK 5.0, Logging and Seismic Technology Advances

Prior quarterly reports and the June 30, 2005 topical report document seismic attribute study
within the Milne 3D seismic data and the interpreted rel ation between seismic amplitude and gas
hydrate-bearing zone thickness and saturation within 20-50 foot thick (relatively thin-bedded)
gas hydrate-bearing formations. The Mt Elbert-01 stratigraphic test well (Phase 3a) data
acquisition wireline logging and coring program was designed to delineate this direct seismic
detection of thickness and pore fluid saturation within these interpreted gas hydrate-bearing
reservoirs. Seismic nodeling and interpretation confirm that seismic velocity, amplitudes, and
wavelet character may respond to fluid and reservoir changes within the gas hydrate-bearing
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reservoirs. Multiple gas hydrate-bearing prospects have been interpreted within fairways of the
Eileen gas hydrate trend within the MPU. The Mt Elbert-01 stratigraphic test well is designed to
delineate the highly-ranked Mt Elbert gas hydrate prospect. Sectiors 5.8 and 5.11 provide
additional details on data acquisition planned within this well.

42 TASK 6.0, Reservoir and Fluids Char acterization

The University of Arizona (UA) continued resource characterization studies revealing shallow
sand reservoir stratigraphic heterogeneity and structural compartmentalization throughout the
MPU, KRU, and PBU Eileen trend area-of-interest. Progress continues on geol ogic/geophysical
project tasks. Full integration of well and seismic data interpretations remains incomplete.
Section 5.6 provides additional details, results, recommendations, and conclusions.

43 TASK 7.0: Drilling, Completion, and Production Lab Studies

The University of Alaska Fairbanks (UAF) gas hydrate phase behavior and relative permeability
laboratory studies were presented in Quarterly Report 9 (Juy 25, 2005). Further experimental
studies were suspended during the reporting period pending decision to acquire additional field
data in Phase 3a studies. The phase behavior and relative permeability experiments conducted
on gas hydrate-bearing porous media would be setup to study core samples collected within the
Eileen trend within the proposed Mt Elbert-01 stratigraphic test well. Additional experiments are
planned pending collection of data from this well. UAF refined standard testing procedures to
evauate formation damage using completed experimental apparatus. Section 5.7 provides
additional details, results, and recommendations.

50 RESULTSAND DISCUSSION

Project technical accomplishments from January 2005 through end-June 2006 are presented in
chronological order by associated project task.

51 TASK 1.0: Research Management Plan

Task schedulesfor phases 1, 2, and 3a are presented in attached milestones forms (Appendix A).
Project expenditures are reported separately on financial forms 269A and 272. Project status
reports for each quarter are reported separately on forms 4600.

Updated project contracts and modified scope-of-work and budget as needed
0 Prepared, reviewed, and approved Phase 2 Statement of Work and budget
= Designed to assess regional resource potential and develop operations plan
= |nput project Statement of Work and budgets into Amendments 8-12
= Updated subcontracts accordingly
Executed contract amendments 8, 9, 10, and 11
Received contract amendment 12 for additional Phase 3a funds allocation
Submitted Continuation Application (9/12/05)
Implemented scope-of-work and budget to initiate stratigraphic test operations plans
0 Prepared project budget estimates and tracked subcontracts spend/invoices
Participated in project teleconference discussions with DOE project manager
Prepared agenda, briefed management, and held DOE Anchorage meetings 6/9-10/05
0 BP: Discussed well operations decision and contract timing
0 AOGCC, DNR, ExxonMobil, ASRC Energy Services, ConocoPhillips

O 00O
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Coordinated, compiled, and wrote project status, technical, and financia reports
0 Submitted combined Quarterly technical report encompassing project work period
from July 1, 2004 through end-December 2004 (in July 2005)
0 Submitted Drilling and Data Acquisition Planning Topica Report (June 2005)
0 Submitted Status and Financial reports through March 2005
0 Updated U.S. Treasury ASAP protocols as- needed
Prepared project briefs and coordinated Phase 2 results and Phase 3a plans documentation
0 Presented project summary for DOE NETL at Morgantown, April 2006
0 Discussed budget, Phase 3a plans, and outstanding issues with CO and COR
Monitored scope-of-work task accomplishments and coordinated change modifications
Maintained current contacts and specifications for U.S. Treasury ASAP system
Prepared and presented Phase 1 and 2 resource characterization, modeling, and regional
resource devel opment scenario study results
Developed well operations plans and procedures for stratigraphic test well (Phase 3a)

5.2 TASK 2.0: Provide Technical Data and Expertise

Planned and coordinated reservoir modeling work, meetings, teleconferences with DOE
NETL reservoir modeling cooperative studies
Prepared and executed project electronic file backups and maintained hardcopy files
Provided and reviewed maps for reservoir and regiona development modeling studies
Transferred and reviewed gas hydrate zone polygon maps for regional development study
Reviewed university publications and theses and recommended modifications
Participated in meetings, teleconferences, and correspondence regarding Barrow, Alaska
gas fields area gas hydrate research proposal

0 Met with research proposal team and USGS in Barrow (April 4-5, 2006)
Identified gas hydrate presence risk and discussed phased program to mitigate risk
Identified potential synergies to BP-DOE Alaska North Slope research program
Recommended inclusion of UAF research team for increased research synergy
Reviewed pre-proposal and proposal prior to submission by North Slope Borough

o 00O

5.3 TASK 3.0: Wellsof Opportunity, Data Acquisition

Monitored BP drilling schedules and communicated with BP operations groups
Discussed potential wells of opportunity with ConocoPhillips within the KRU prior to
2005-2006 exploration ice pad drilling season

54 TASK 4.0;: Research Collaboration Link

Reviewed, edited, wrote, and approved specific external publications

0 Reviewed gas hydrate literature and recent developments
= Maintained and transferred knowledge of relevant other-project research

o Edited relative permeability publication with University of Alaska Fairbanks

0 Prepared, reviewed, and compiled team input to 2006 Pacific Section SPE

manuscript draft for presentation and publication

= Draft was not approved, but essential results are included in this report
= Changed presentation venue from SPE poster/publication to AAPG oral
= Presented project to AAPG/SPE Anchorage meeting on May 9, 2006
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Responded to multiple media inquiries on project results, significance, and future plans
0 BP-approved responses help manage external expectations
Maintained project electronic and hardcopy files, documentation, and backups
Reviewed downhole heating methods for application to potential future production test(s)
o Included electromagnetic, radio- frequency, electrical (conduction & induction)
= Note JOGMEC initiated and dropped earlier EM initiative
0 Downhole combustion; maintained dialog with Precision Combustion, Inc. (PCl)
= [Initiated dialog between PCI and BP-led viscous oil development team for
potentia future technical field trials
=  Presented separate proposal to AETDL; proposal not funded
= Alaskaviscous oil team may consider future application or test
= Considered application at Alberta Research Council test site
Wrote carbon sequestration demonstration proposal related to gas hydrate project
0 Discussed proposal with potential CO, Sequestration Partnerships
0 Proposal did not pass BP-interna review
o0 Proposal would have studied potential to sequester CO, within ANS gas hydrate
o Difficulty in CO; source; current ANS CO-, not separated (no export line for gas)
=  Would have required trucking CO, from Washington state
Evaluated value of participation in multiple invited technical conferences
0 Selected technical conferences in which to present project interim results & plans
* Prepared, reviewed with BP, and presented project summary for DOE
Advisory Committee meeting, Galveston (June 2005)
=  Prepared and presented 3-panel project poster, AAPG Calgary (June 2005)
Participated in AAPG Gas Hydrate Subcommittee meeting
= Provided project input to but not direct participation in April 2005 State
Department gas hydrate conference
= Helped plan and participated in August 2005 gas hydrate workshop
Co-sponsored and results published by State of Alaska and USGS
Successfully attracted multiple industry/government stakeholders
* Provided input to and approved AAPG Rocky Mountain Section
presentation, September 2005 in Jackson, Wyoming for MPU gas hydrate
prospect study
* Prepared, reviewed with BP, and presented project summary for DOE
Advisory Committee meeting, Washington D.C. (April 2006)
* Presented project summary to well-attended joint AAPG/SPE Pacific
Section Conference, Anchorage (May 2006)
0 Declined participation in multiple invited technical conferences
= March 2005 Intercontinental Drilling Program in Germany
= May 2005 Victoria, Canada gas hydrate conference
= QOctober 2005 CanCon (Catalyst Group) “Catalysis for Future Energy and
Fuel Demands’ meeting in Philadelphia
= December 2005 American Geophysical Union meeting in San Francisco
= March 2006 Science and Technology Issues in Methane Hydrate R&D in
Hawaii (conflict with dratigraphic test planned operations); NETL
presented on behalf of BP-DOE project
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= April 2006 GOM Hydrate JP/DOE Drilling Data & Hydrate Tool &
Protocol Development Workshop (conflict with stratigraphic test planned
operations)
Presented project results and plans with DOE NETL to Exxon (June 2005; Houston
upstream research and Alaska) and ConocoPhillips (June 2005) and maintained dialog
with staff from both companies
Presented project results and plans to BP Technical Advisory Committee (August 2005)

0 Project 1 of 6 Alaska technology areas presented to this prestigious committee

0 Wrote 1 page summary and 15 page extended abstract pre-read for Committee

o Positive reaction of Committee to research results and plans; caution to manage
external expectations and recognize timeline to potentially identify new resource

0 Presented project summary PowerPoint slides to BP management and Committee

0 Updated and presented 3-panel poster to BP management and Committee
Submitted project to BP-internal Helios awards program (June 2005 and June 2006)

o Enabled increased corporate awareness of research program goals and potential
Participated in viscous oil technology development meetings with BP and Schlumberger

0 Worked potential synergies of viscous oil to gas hydrate technology development

o0 Evaluated viscous oil production technologies & potential synergies to possible
future gas hydrate production technology

= Attended presentation by Farouq Ali and discussed analogy to gas hydrate

= Recognized major issue of lead time to develop or test new technologies

= Recognized Cyclic Steam Injection and SagD technologies most applied
Evaluated Worldwide Gas Hydrate (WWGH) proposal for potential future application to
gas hydrate production test (Phase 3b)

0 Held meeting, brainstormed, and recorded notes from 6/7/06 tel econference
Reviewed and responded to Federal and State initiatives designed to encourage gas
hydrate testing, research, and devel opment

0 Prepared, coordinated review, and submitted response to Federal (BLM/MMYS)
Rulemaking on royalty relief incentives for gas hydrate development

0 Emphasized early research given some positive preliminary indications, but that
production potential remains unknown (reason for this research)

0 Prepared gas hydrate testimony, coordinated review, and testified to State of
Alaska unconventional (“challenged’) gas and oil resource development
incentives

Maintained limited project communications with JOGMEC gas hydrate research program

55 TASK 5.0: Logging and Seismic Technology Advances

United States Geological Survey

USGS Principle Investigator: Timothy Collett

USGS Participating Scientists. David Taylor, Warren Agena, Myung Lee, Tanya Inks (1S)
This project continued to fund a portion of consultant studies during the reporting period. The
major portion of the research and contributions of USGS staff were funded internally by the U.S.
Department of Interior. Major results of this study were reported in the June 30, 2005 Topical
Report and the July 25, 2005 Quarterly Report for the period of June 2004 through December
2004. February 2005 presentation of this MPU seismic study and gas hydrate prospects to MPU
staff and management resulted in an improved understanding of significance of project results.
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5.6 TASK 6.0, Phasel, 2and 3a: Reservoir and Fluids Characterization

University of Arizona

UA Principle Investigator: Robert Casavant

UA Co-Principle Investigator: Roy Johnson, Mary Poulton

UA Participating Scientists: Karl Glass, Ken Mallon

UA Graduate Students: Casey Hagbo, Bo Zhao, Andrew Hennes, Justin Manuel, Scott Geauner
UA Undergraduate Student Assistant: Greg Gandler

This section discusses gas hydrate research activities that were completed or are in progress
between January 1, 2005 through June 30, 2006 at the University of Arizona (UA). The report
documents significant progress in the regional MPU, KRU, and PBU reservoir characterization
of the gas hydrate and associated free gas resources.

5.6.1 Phase 1l Reservoir Characterization Summary and Accomplishments

All of the UA subtasks designated for Phase 1 have been addressed and/or completed. Activities
related to specific Phase 2 (e.g. Subtasks UA 2.1.1.1; UA2.1.1.2). are in progress. Structural-
stratigraphic studies and multidisciplinary evauations of gas hydrate and free-gas prospective
areas and preliminary assessments of resource volumes within MPU have been completed.
Preliminary seismic attribute analyses of gas hydrate and free-gas resources throughout the MPU
area have been completed (figures 34) and await full integration with completed logbased
evaluations. Structural-stratigraphic linkages will guide predominantly log-based assessments
throughout the remaining (beyond MPU) Area-of-Interest (AOI) in Phases 2 and 3.

5.6.1.1 Regional AOI Stratigraphic Correlation, Facies, and Fluid Studies

5.6.1.1.1 Phase1 Stratigraphic Studies (Subtasks1.1.1A.1; 1.1.1A.3; 1.1.3.1)

The Phase 1 stratigraphic analyses and mapping concentrated on an interval from the mid-
Eocene shale/siltstone unit (UA marker L_37-36) down to the top of the heavy-oil prone Ugnu
sandstone formation (noted as correlation marker L 24 or T/Ugnu Ss) where gas hydrate
resources and associated free-gas have been interpreted from earlier USGS studies. The Ugnu
sands equate to USGS marker 11.

Independent lithostratigraphic sequence correlation markers (20+ surfaces) relating to the Gubik
and Sagavanirtok (Sag) formations have been completed across the whole of the AOI within the
MPU, KRU, PBU Eileen areas. Approximately 10 other correlation markers are defined benesth
the Sag (e.g. Upper and Lower Ugnu sands, Upper and Lower WSak sands, etc.).

Good agreement was observed with USGS correlation units below USGS marker 16 (mid-
Eocene thick marine gltstone unit) down to USGS marker 13. These lithostratigraphic
(lithostrat) markers trandated to the independent UA correlation scheme as marker L_36 through
L_33. The UA scheme identified more units within the lower portion of the Sag. This marker
defines the top of the uppermost sand member of the “ Staines tongue” reservoirs within the AOI.
Above this zone, stacked marine mouth bar sequences dominate the section and exhibit
considerable “apparent” stratigraphic continuity and geographic extent based on net sand and
net/gross isopach maps across the AOI and also within the MPU. This interval contains the
majority of USGS and UA inferred gas hydrate-prone occurrences.
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Between marker L_33 and the underlying L_31 marks a rapid transition from dominantly marine
to fluvia-deltaic deposition. From ones L_31 down to the top of the L_24 (top Ugnu Sand),
available mudlog descriptions and well log patterns reveal that thin-bedded mixed fluvia-deltaic
sand units, and shallow reworked marine sand-rich units are the dominant reservoir facies types.
This lower half of the Sagavanirktok is dominated by a major sequence of stacked coarse-grained
channels and point bar deposits with associated intervening thin coals and fine- grained mudstone
and siltstone units of varying thickness. Although these lithostratigraphic sequences appear to be
fairly correlative across the AQOI, detailed stratigraphic correlations and thicknesses of individual
sands units within these sequences indicate limited reservoir continuity and extent are likely
characteristic of the lower Sagavanirktok interval.

Regional structure, gross isopach, net sand, and net- gross sand maps have been completed for all
lithostratigraphic sequences throughout the MPU and the whole of the AOI. These maps have
been integrated with fault maps and fault-seal integrity studies, and are being used to guide the
development of automated fluid and facies predictors, volumetric analyses, and support on-going
and upcoming reservoir characterization studies.

All structural and stratigraphic mapping done to-date has been constrained to relatively thick
intervals defined by lithostratigraphic markers. Within the MPU, however, a chronostratigraphic
correlation framework has also been derived that links genetic, but variable reservoir sand
distribution and quality within unconformity-bound intervals. The apparent value of this
framework will be best realized in planned reservoir connectivity studies and associated reservoir
modeling (non UA-task) to be accomplished within Phase 3. Planned for the first half of Phase 2
(2005) is a systematic slice- mapping of these units at the finer parasequence scale. This planned
progression will provide a more robust and accurate characterization of the stratigraphic and
structural elements that provide control on the distribution of gas hydrate and associated free-gas
resources. Geologic mapping aong with cross-section analysis have clearly shown that, in
addition to faulting, stratigraphic pinchouts and intraformational truncations of reservoir units
will play a definitive role in defining gas hydrate and associated free gas occurrence. Much of
this phenomenon likely remains below the resolution of the 3D seismic. However, structural
control may still play a significant role in gas trapping mechanisms as discussed in sections
5.6.2.1and 5.6.2.4.

Enhancements of fluid and facies classifiers and the completion of the full-field stratigraphic-
structural framework anticipated to be completed during Phase 2 studies will be instrumental in
providing adequate prospect evauation, given the lack of available shallow seismic data
throughout the KRU ard PBU Eileen areas. Reservoir modeling at the well scale would be able
to take full advantage of the reservoir description derived from the seismic- and logbased
characterization in the MPU and logbased derivatives throughout the KRU and PBU Eileen
regions.

Phase 2 studies should complete the classification and mapping of reservoir facies, which was
commenced in Phase 1 within the MPU, portions of the KRU, and across the rest of the AOI.
Facies classes, derived from diagnostic log-patterns and validated by available mud log and core
log descriptions, will be used to train and strengthen interpretation of outputs from on log-based
expert systems and artificial neural network algorithms that may be used to help accurately
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identify facies and fluids in future prospective regions. These approaches are planned to be
extended to interrogation of facies and fluids via seismic waveform analysis in Phase 2-3 studies.
This attempt to develop a different seismic-based interwell analysis would be coupled with
standard seismic waveform attribute studies currently in progress via the Landmark workstations.
Resulting maps would be used to develop paleodepositional reconstructions of the gas hydrate-
bearing sediments within the MPU and be related to the structural trends observed in sequence
stratigraphic interpretations of MPU 3D seismic. This pilot work would be used to guide
mapping throughout the AOI-wide gross interval, net sand, and net/gross isopach maps of
selected lithostratigraphic intervals in the pursuit of understanding first-order structural-
stratigraphic linkages.

5.6.1.1.2 Phase1 MPU AOI Study (Subtask 1.1.1A.4)

Within only the MPU 3D seismic area, both litho- and chronostratigraphic sequences were
defined, completed, and contrasted with the lithostratigraphic framework. Maps were generated,
which demonstrate caution in evaluating in the extent of resource volumes and modeled reservoir
extent and sand continuity. UA chronostratigraphic sequences throughout the MPU were based
on logbased cross section interpretation of intraformational unconformities whose surfaces
extended across the AOI and were identified by the truncation of individual sand units below the
chronostratigraphic marker and the downlap or onlap of sand members and packages above the
chronostratigraphic marker. Severa of the upper marine dominated sequences were subdivided
into 2-3 subunits represented by parasequence sets.  Preliminary study of intraformational
unconformities on the MPU 3D seismic data set was started in Phase 2 studies (2005).
Continuation of the seismic sequence analysis is scheduled for Phase 2 activity as proposed.
Data and study needed to confirm earlier UA time-depth conversions have been dow to
materialize. Seismic sequences have been noted on some MPU seismic lines. Phase 2 will see
better definition and mapping of interpreted seismic sequence units. They are thicker and less
abundant than what is identified from well logs due to seismic resolution limits. In Phase 2, we
hope to define and fully illustrate major seismic sequences across not only the MPU, but within
the greater Eileen trend AOI (although no seismic data outside the MPU area is currently
available to project studies).

5.6.1.2 Phasel Coal Study (Subtask 1.1.1A2 through 1.1.1A.4)

Preliminary analyses indicated that thin coal seams were often noted below some of the gas
hydrate-bearing zones. This led to preliminary review of coal (lignitic, subittuminous)
occurrence and thicknesses by lithostratigraphic interval to assess the spatial association of coals
relative to inferred gas hydrate resource presence and reservoir sand units. Some wells with the
greatest amount of coa (e.g. NW Eileenand MPK-pad areas) also exhibited the greatest amount
of gas resource in the lower units (e.g. Staines tongue) overlying the coal-rich sections (L_30-29
and L_27-T/Ugnu). Preliminary results indicate that the location of coals may be indicative of a
depositional low associated with the downthrown position relative to a nearby fault that
repeatedly reactivates. This would also make these areas good candidates for sealing and
trapping of gas over time. These results were presented in Quarterly Report #9, July 2005.

5.6.1.3 Phase1 Volumetric Study (Subtasks1.1.1A.2; 1.1.2.3)

WEell log-based ret pay mapping of interpreted gas hydrate and associated free-gas resources has
been completed for al litho-stratigraphic intervals within the limits of the MPU. A draft report
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ison file (documented in Section 5.6.1.4 of Quarterly Report #9, July 2005) with a detailed final
report still in-progress that addresses the procedures and outcomes of this comparative |og-based
and preliminary seismic attribute approach. The idea of taking on a comparative approach using
severa methods and data sets provides a range of resource estimates ranging from most likely
through upsides. Reservoir net “sand” cutoff determinations involve studies of gamma-ray (GR)
log analysis, normalizations requiring bulk shifting of log curves, editing of outlier GR data,
contouring of GR mean values to determine areas affected by GR normalization, and manual
guality-control. Gas hydrate and free-gas pay isopachs and volumetric tables are on file for each
interval.

The UA team is adso evaluating gas hydrate and free gas polygons usng the USGS
interpretations as shown in Figure 5 (this USGS data was aso used in the regional development
scenario modeling documented in Section 5.10). The UA analysis incorporates seismic attribute
analyses, a new structural-stratigraphic model that links the structural architecture through time
with basin formation and sand occurrence, changes in depositional facies, reservoir sand quality,
and reservoir sand thickness.

Sand body facies identification and dimensions were reviewed in light of gas hydrate and
associated free gas interpretaions derived from log analyses and of automated fluid
classifications-identifications (expert system and artificial neural network based).
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Figure 3: Seismic interpretation of waveform anomalies within the MPU 3D dataset are
consistent with petrophysical interpretation of well data within gas hydrate-bearing sediments of
the Sagavanirktok formation
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Hydrate Consistent Anomalies
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Figure 4: Fault throw and seal interpretations from the MPU 3D seismic dataset help define a
potential relation between faulting and gas hydrate occurrence.
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Figure 5: “Hydrate C” prospect outlines (equivalent to UA L_35-34 lithosequence) overlain on
fault map interpretation from MPU 3D seismic dataset. The Mt Elbert prospect is evident in the
southeastern portion of the map and is not penetrated by awell.



DE-FC-01NT41332 Quarterly Report 15 (inclusive of 10-15), June 2006 Page 22 of 212

5.6.1.4 Phase 1 Structure and Seismic Studies (Subtasks 1.1.2.7,1.1.3.1,1.1.3.1, 1.1.3.2)

Lack of reservoir continuity can result from complex faulting whose sealing properties are
variable laterally and vertically. Studies of fault complexity, fault distribution, fault throw, fault
displacement timing, and fault seal capacity were completed across the MPU area and integrated
with log-based and seismic attribute studies of gas hydrate occurrence (figures 6-8).

Fault maps were completed at all levels within the available MPU 3D seismic data set; fault
throw and timing of dip-dlip displacement per stratigraphic interval along al maor fault traces
have been mapped (Figure 7); 3D mapping of fault seal capacity along faults incorporates the
amount of dip-slip and mapped shale content of the faulted interval. Fault compartmentalization
is verified and mapped. Studies of the role of fault compartmentalization on facies distribution
and quality, and distribution of gas hydrate ard free-gas emplacement continue (Figure 9).
Findings from MPU work as presented at the Hedberg Conference in 2004 (documented in the
July 25, 2005 report) will guide on-going and final completion of this work.

Structural interpretations are available at all horizons and will be reviewed in light of fault
reactivations (Hennes et a., 2004) and structural inverson of the KRU and MPU areas
(Casavant, 2001, 2004)

Seismic waveform attribute analysis has been completed in Phase 1 studies to delineate potential
seismic attribute changes and distribution related to lithology, reservoir quality (e.g. porosity),
and fluid saturations. Definitive distinctions have been noted; however, definitive distinctions
between the above requires further study to eliminate potential ambiguity. Confirmation of time-
depth conversions and verification with geologic models will be necessary.
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Figure 6: Fault interpretation of the MPU 3D seismic dataset enabled interpretation of “clay-
smear potential”, which may correlate to gas hydrate traps within the area-of-interest.
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Figure 7: Pre- and syn-depositional faulting is interpreted from the MPU 3D selsmic dataset and
may influence gas hydrate trapping and thickness of gas hydrate-bearing sediments.
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Figure 8: Fault trends interpreted from the MPU 3D seismic dataset may correlate to gas hydrate
occurrence.
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Isopachs Mkr 3034
Mkr 2830

Figure 9: Isopach mapping between chronostratigraphic markers may reveal alinkage between
faulting, sediment deposition, and gas hydrate occurrence.

The morphology and distribution of MPU #ults and variations in sand deposition across the
MPU area supports the presence transtensional deformation and basin formation that both pre-
dated and influenced deposition of the Sagavanirktok and likely affected subsequent
hydrocarbon emplacement.

5.6.1.4.1 Fault Relation to Interpreted MPU Gas Hydrate Accumulations

A preiminary study of potential spatial linkage between gas hydrate and associated free-gas
occurrence in relation to fault proximity, fault morphology, and orientation was completed
(figures 10-11). It was thought that such a study might prove insightful to help determine fird-
order attributes that would in turn help understand reservoir charge, seal, and fluid distribution.
All statistical results and resource locations were linked to the appropriate UA seismic interval
fault map. Preliminary results of this study indicated the following:

(1) Fault Proximity

- Wals that were closest to a fault are interpreted to have a greater chance of gas and gas
hydrate occurrence (Figure 10). The closer awell is to a fault, the greater the amount of
gas hydrate resource interpreted within that well.
There appeared to be no correlation between the density of faults around a well and the
occurrence or amount of gas hydrate resource. More work is needed along this line of
study since time-depth relationships between the seismic and well logs require further
validation.

(2) Fault Morphological Characteristics
A positive correlation may exist between gas and gas hydrate accumulations versus
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crudely expressed fault complexity (Figure 11). In general the more fault splays that
existed close to awell, the higher the chance of occurrence of interpreted gas hydrate and
free-gas.

This interpretation may relate to the presence of increased fracturing and increased
permesbility associated with greater displacement and deformation as well as preferred
depositional settings (e.g. structural lows) produced by the faulting.

(3) Fault Orientation

Sediments near faults with an azimuth > 10 degrees appear to be more gas hydrate-prone
than those that have an average azimuth of less than 10.

There may also be a relation of fault orientation to fluid-conductive faults and gas
migration conduits.
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Figure 10: Spatial analysis of faulting relative to well location to help determine whether or
not gas hydrate-bearing sediments are more common proximal to certain faults.

A larger area of seismic coverage and more well control may be required, however, for this type
of analysis to be statistically robust. Plans are to expand the analysis outside of Milne Point to
include the whole of the AQOI if additional seismic data or fault map data become available.
Linkage to paleodeposition and facies distribution have yet to be analyzed.



DE-FC-01NT41332 Quarterly Report 15 (inclusive of 10-15), June 2006 Page 26 of 212

Density of major fault surfaces

— K.

Figure 11: Fault density and complexity may correlate to gas hydrate occurrence.

5.6.1.5 Phase 1l GasHydrate Prospect Assessment (Subtasks 1.1.2.5, 1.1.2.6, 1.1.2.7)

Review of the UA 2004 Hedberg abstracts and presentations as summarized in Quarterly Report
#9 (July 2005) reveals the integrative and multi-faceted nature of this endeavor. Normalization
of key logs for net pay assessment and a preliminary conparative volumetric analyses were
completed for both gas hydrate and associated free-gas occurrences within the MPU. Resource
evaluation has incorporated geologic cross-section and map data at all geologic levels, as well as
associated net pay volume maps, automated pay predictors, and an early volumetrics study
derived from preliminary seismic attribute analyses. Both a new automated log-based expert
system, and an independent but preliminary artificial neural network framework have been
developed for identifying and mapping specific rock facies ard fluid types (ice, gas hydrate, free-
gas, oil, water, coal gas). The results have been encouraging and are being used to help guide
log-based and seismic-based prospect studies.

Lithostratigraphic correlations have guided seismic time-depth (T/D) conversions based on
seismic synthetics derived from available sonic logs, Vertical Seismic Profile (VSP), and seismic
checkshot data within the MPU area. T/D relationships, derived for the MPU shallow seismic
data set, appear close to matching seismic mapping horizons currently used within BP. Given
that -D conversions still appear to be somewhat different between the UA and USGS MPU
seismic data sets, a future review and recalibration of the T-D conversions will be needed in
order for UA to adequate link to or provide a definitive review and independent ranking of the
prospect leads generated in the seismic prospect evaluation exercise of Task 5.0.
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5.6.2 Phase2 Reservoir Characterization Studies—March 2005 Status— (Subtasks2.1.1,
212,213

The Phase 2 reservoir characterization will see the continuation, refinement and integration of
Phase 1 characterization products and the extrapolation of findings and linkages (integrated
seismic and log-data) into the KRU and PBU areas where seismic is currently unavailable.

Continued work on the recognition and mapping of facies and fluid types from the seismic data
is planned using combining standard seismic attribute analyss and neural network
classifications. AOIl-wide petrophysical-based analysis or gas hydrate and associated free-gas is
anticipated to be completed for prospect analysis and well site selections. Emphasis will be
placed on visualization of the geologic models that were started in Phase 1 and anticipated to be
completed in Phase 2.

5.6.2.1 Phase 2 Stratigraphic Framework Summary

A second, more detailed AOI regional correlation exercise is nearly completed, is linked
and adapted to prior MPU stratigraphic framework, and will result in revised and
finalized well logbased interpretations of lithostratigraphic and sequence stratigraphic
picks and frameworks across KRU and PBU.

AOI aoss section generation and interpretation will be completed by mid-March 2005.
New surface picks to be re-entered into UA database by end March 2005.

Previous gross interval units, used for MPU correlation work, have now been further
subdivided into subunits comprised of parasequence and parasequence sets in order to
achieve more detailed analysis of facies architecture and their linkage to hydrocarbon
occurrence, which was first noted in the Phase 1 MPU analysis.

Revised and detailed set of stratigraphic maps, structure maps cross-sections and unit
statistics should be available for review/presentation in late-April 2005.

These layers and associated heterogeneities related to facies dimensions/reservoir
properties should serve as the framework surfaces in future 3D reservoir and production
modeling grids and volumetric estimates in both MPU and rest of AOI.

Model intervals or unit boundaries are defined by either correlative sequence boundaries,
intraformational unconformities (SB), and/or maximum flooding surfaces (MFS).
Outcomes from the MPU analysis have demonstrated structural control on interpreted gas
hydrate/free- gas occurrence within the MPU.

0 This structural trapping control interpretation corroborates the Phase 1, Task 5.0
seismic and gas hydrate prospect studies within the MPU and may also indicate
that free gas was originally trapped within structural traps before later conversion
into gas hydrate with onset of permafrost conditions, lowering of the geothermal
gradient, and combination with available pore waters.

The Phase 1 work aso reinforced the importance of completing as much stratigraphic
analysis as possible as allowed by data availability. It appears that subtle structural-
stratigraphic controls on reservoir heterogeneity and resource distribution in the MPU are
much more pronounced throughout the KRU-PBU area.

Stratigraphic analysis of shallow Sagavanirktok formation sediments within KRU and
PBU has continued since January 2005. In addition to building the sequence stratigraphic
framework, the focus has shifted to understanding facies associations and distributions
that link most often to the occurrence of gas hydrate, free gas and oil as inferred from UA
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log analysis, expert system and artificial neural net algorithms that were first developed
and tested in MPU during Phase 1 studies.

Several of the more significant Sequence Boundaries have been recognized and defined
within MPU seismic data. Final confirmation of log-seismic horizon linkage awaits
outcome of UA request for additional BP data and finalization of UA Time-Depth
conversion review.

Changes in sedimentary base level drops link to changes in mean sea level as well as
syndepositional fault reactivation (e.g. regional tilting/normal faulting associated with
mid- Tertiary Brookian orogeny and fault reactivation resulting in structural inversion).
Miscellaneous structural-stratigraphic research is completed. Gas hydrate and free gas
resource occurrence is linked to timing of structura movements, persistence and
reactivation of deeper-seated structures, and sedimentation histories (e.g. high-growth
expanded versus condensed sections), aided by distinguishing faulted sections from
unconformities, confirmation of sequence boundaries, interpreted subtle stratigraphic
traps, prediction of erosional surfaces, interpreted impermeable paleosol development on
structural crest of folds, and confirmation of sequence dtratigraphic framework.
Preliminary analysis is completed using coal burial history diagrams, palinspastic
reconstructions, delta depth-depth plots and Time-Depth (seismic fault throw-depth) plots
The mgjority of gas hydrate/free gas resource throughout the AOI appears to be
condensed sections related to mostly upper and lower delta plain distributary channel and
composite point bar facies as indicated in earlier quarterly reports and data presented at
the 2004 Hedberg conference.

The upper and lower delta plain distributary channel and composite point bar facies are
relatively thinner, unconformity-bounded sequences marked by significant vertical and
lateral variation, but which on the whole can be correlated across the AOI. They are
characterized mostly by single as well as stacked distributary channel sandstone units that
have incised into one amother and by lower delta plain and transitional proximal delta
front units that are commonly interpreted as distributary mouth bar deposits. These
channel-prone sequences also contain the greatest number of coal-bearing strata and are
often capped by coal-bearing units.

The spatial association of coal with gas hydrate-bearing units within the MPU and the
potential that CMB could be interpreted as a contributing local gas source for gas hydrate
occurrence as was suggested at the 2004 Hedberg conference. Any definitive linkage
between coals and gas hydrate resources appears to be only of a depositional nature at
this time (i.e. association of interbedded coals with gas hydrate-bearing sand facies). A
growing number of recent studies are beginning to suggest, however, that
misinterpretations of thermal histories and oil- generating potential may be the result of
the vitrinite reflectance suppression and contamination due to cavings and mudcake.
Thus, related gas formation and charge from low- grade coals within shallower, immature
basins can actually be feasible to consider.

Facies architecture is interpreted within shallow sediments within the MPU by integrating
both seismic and log data. Thisis the subject of a student MS thesis that is underway and
is scheduled for completion in late summer 05. Preliminary outputs from Scott
Geauner’s seismic architectural analysis look promising.
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After the UA Time-Depth relationship is reconfirmed or adjusted, artificia neural
network algorithms can be developed and trained in aiding the seismic facies and gas
hydrate/free gas/oil classification schemes

Results of these seismic-driven analyses combined with well data-based interpretation of
gas hydrate and associated free gas resource-prone facies will be used to revise/refine
previous UA estimates of gas hydrate distribution and volumetrics derived from both well
log data and early UA seismic attribute analyses. Results will also be compared to
resource volume estimates derived from Phase 1, Task 5.0 MPU seismic prospects.

3D visua renderings of these facies and fluid interpretations will be attempted.

A detaled logbased study of facies architecture and mapping (vertical-horizontal
connectivity, reservoir dimensions) and fine-tuning of reservoir properties (porosity)
across the KRU-PBU is the focus of M S thesis work (J. Manuel) scheduled to commence
in early Fall 2005 and completed in early Spring 2006. Estimations of facies dimensions,
distribution, etc. will be guided by published data and results from the MPU seismic data.
Sand Net/Gross ratios within these sequences are relatively high and their lateral
correlations and log patterns suggest that many of the gas hydrate-bearing reservoir-prone
units are linked to the deposition of composite point bar parasequences and in some
locales, well-developed and stacked crevasse splay sandstones.

Where such sand units are well-developed and thicken, mapping shows that they occur
within up to three channel meander belts that trend from west-east and southwest-
northeast across the AOI. These belts are separated by adjacent fine-grained floodplain
deposits that include interbedded coas and stacked crevasse sand units. The tops of
many of these sequences are defined by relatively persistent coal units and paleosols,
some which had been misidentified as gas hydrate or gas bearing units in previous
studies. One of the better-developed and wider meander belts is typified in the KRU.
Current activities include characterization vertical connectivity of individual sand bodies
within fault-bounded compartments, mudstone barriers present between some sand
bodies can affect sand and fluid connectivity.

5.6.2.2 Comparison of Phase 2, Task 6.0 Studiesto Phase 1, Task 5.0 MPU Prospects

As of March 2005, the UA fluid prediction studies, stratigraphic-structural analyses, and
preliminary seismic attribute studies al suggest that the models presented at the September 2004
Hedberg conference remain viable for interpretation of gas hydrate-bearing reservoirs within the
MPU. Post-conference analyses across the KRU and PBU show structural- stratigraphic linkage
between fluvial source regions, confirming the role of channel pathways and depocenters that are
interpreted to accumulate reservoir-quality gas hydrate-bearing sands within structura traps.
This was first interpreted with Phase 1 isopach and structural mapping at several levels within
and below the gas hydrate-bearing Sagavanirktok formation. A review of the 2004 Hedberg
presentations (also documented in the Quarterly Report #9, July 2005) reveals the limits of a
deeper inverted basin and resulting change in depositional dip that is associated with prospective
gas hydrate resources in the region. This section provides a qualitative ranking based on UA
studies within the MPU of several potential gas hydrate-bearing prospect areas recommended for
future data collection and resource testing.

The UA studies conclude that most gas hydrate-bearing reservoirs within the MPU occur within
a general area in the eastern MPU where thick and coarser marine and nonmarine sands were
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deposited downdip of the eastern flank of the Colville high and along strike where inflections
and alessening of dip are interpreted.

One such site was previously reported at the 2004 Hedberg conference and related to structural-
stratigraphic elements associated with transtensional deformation that resulted in the formation
of a small pull-apart basin within the eastern portion of the MPU (Casavant et al., 2004). This
area is characterized by a persistent increase in sand deposition and gross unit thickness of
stacked sequences as noted in isopach maps and cross-sections and by the presence of minor
structural inversion and the downdip flattening of horizons along the eastern flank of the Colville
high. Within this general structural-stratigraphic framework, gas hydrate resources in the MPU
appear be localized within updip traps, defined in part by variations in sealing capacity along
north-northeast-trending faults (Hennes et al., 2004), as well as by the location of older, deeper
transtensional fault systems that are well expressed immediately below the Sagavanirktok
formation.

The deeper Northwest-trending fault fabric, which is manifested as a monoclina or hingeline in
the shallower Sagavanirktok, is a subset of the larger and wider Northwest Eileen fault complex.
The latter fault complex is interpreted to relate to the Late Jurassic to Early Cretaceous rifting of
the Alaska Arctic terrane. Interpretations reveal that the nature of this fault system at depths
below 40000 BMSL is partly transtensional in cheracter. The latter may well provide key
linkages for sourcing and updip leakage of gas resources from the underlying Early Tertiary to
Cretaceous Ugnu, West Sak and Kuparuk sandstone reservoirs as suggested by previous studies.

Table 1 summarizes zone fluid and depositional environment interpretations for several wells
within the MPU. The generd interpreted western limit of gas hydrate prospectivity may impact
the Mt Elbert gas hydrate prospect interpretation (Task 5.0) within the MPU and is best shown
by net sand maps. That limit is represented by a line roughly connecting the MPC-pad to the
WestSak-25 well area. At this point the margin of the prospective area bends to the southeast
approximately 1 mile south of the MPS-15 well. The interpreted easternmost margin of gas
hydrate prospectivity is less well defined, but could be crudely described by aline drawn roughly
from the MPD-01 well south into the MPE-26 pad area. The approximate limits of the most
prospective area for gas hydrate occurrence within the MPU appears to be related to a
depositional basin or structural flat within the MPU that includes an area that extends south and
southwest of the MPB-pad and includes the MPA-pad area. Interpretation of seismic and
stratigraphic data indicates that the structurally flat character of this depositionally low area may
be due aso in part to the partial structural inversionof aformer basin with the greatest amount of
inversion occurring along the former basin axis.

The westward limits of the prospective area have yet to be well defined, and include potential
gas hydrate accumulations localized by both structural and stratigraphic trapping in the vicinity
of the MPU }, G-, |- and H-pad areas. Recent shallow data acquisition within the MPI-16 well,
confirmed earlier models for the potentia updip stratigraphic as well as structural trapping of
gas hydrate resource to the west and northwest of the NWE2-01, MPA-01, MPS-15, and MPE
26 well areas. The UA lithostratigraphic zones involved include L_31, 33, 34a, and 35a. The
upper sands of zones 34a and 35a include the USGS C and D gas hydrate-bearing intervals,
respectively. The structural and stratigraphic location of the MPS-15 well places it in an
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approximate axial position within this structural-stratigraphic basin mentioned above. The
western margin of the basin is defined by an increase in dip along the eastern flank of the
Colville high and is characterized by one or two North-Northeast-trending upthrown fault blocks
bordered by en echelonfaulting. The easternmost block contains the West Sak-25 well (herein
referred to as WS25 block), while the westernmost block is bordered by a fault west of WS25
and another east of the West Sak-17 well. At this time we currently consider the WS25 block
and the complex fault zone that marks its eastern flanks just east of WS25 to be of high risk, and
as such, have it as the westernmost limit of the prospect area. Although previous Task 5.0
analysis does extend correlative gas hydrate-prone units into the updip WS25 fault block, any
prospective gas hydrate-bearing zones would likely lie within or near the lower portion of the
ice-bearing permafrost (IBPF). Consequently this makes it difficult from a geophysica
standpoint to distinguish gas hydrate-bearing zones from ice-bearing intra-permafrost sands.

Although the lithostratigraphic and sequence stratigraphic correlations show that the gas hydrate-
prone units are common to wells MPS-15, MPI-16 and MPA-01, independent log-based fluid-
prediction analysis, extrapolation of the base IBPF from the NW Eileen wells, and current
structural characterization do not provide definitive support for the WS25 interpretation. We
note that the footwall position and close proximity of the WS25 well to a major north-northeast-
trending fault that has undergone repeated reactivation suggests that the fault zone has a high
potential for being a sealing fault near WS25. There is the potentia that gas may not have
migrated beyond this fault zone near WS25, but could have migrated up dip to the north before
resuming migration to the west. Preliminary waveform classifications indicate the gas hydrate-
like classification interpreted in the vicinity of the WS-25 well aso exists north within the block;
however, this interpretation might be invalid considering that early UA seismic attribute analysis
and waveform classification had designated the WS-25 as a training well for gas hydrate-bearing
reservoirs per early USGS published interpretationof gas hydrate within that well. The recent
analysis based on structural and stratigraphic mapping suggests caution in extrapolating gas
hydrate-bearing sediments from MPA-pad southwest to the WS25. This area should be
considered higher risk; however, confirmation of gas hydrate existence in the WS25 block by
additional drilling and shallow data acquisition is recommended. Data to evaluate would include
drilling and fluid shows as well as, resistivity and density/neutron/sonic porosity logs.

The northwest hingeline or monocline apex of Hennes et a (2004) is interpreted to be the
shallow expression of a Northwest-trending wrench fault at depth. The hingeline continues just
north of the MPA-01 well area and defines what is interpreted to be the northern limit of the gas
hydrate-prospective area. Analyses of potential gas hydrate-bearing reservoirs within the MPU
B-, C-, and D-pad areas differs from Task 5.0 Phase 1 studies in that much of the gas hydrate-
bearing log signatures interpreted in these areas are interpreted to be better attributed to the
presence of lowpermeability fluvial units associated with the development of intraformational
unconformities and associated interpreted paleosols. Study is underway to determine from
seismic response as to whether or not these dense zones ®rve to trap and seal gas hydrate-
bearing reservoirs just northeast and downdip of these pad areas (and associated with the north
dipping flank of a northwest-trending monocline). In that sense, a cluster of northwest-trending
prospect polygons located north of these pads as interpreted in Task 5.0 seismic-based studies
may be either (1) interpreting actual potential gas hydrate accumulatiors or (2) misidentifying
the high-velocity responses of these cement-prone units as gas hydrate-bearing reservoir sands.
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Net sand and Net-Gross ratio maps show a depositional or erosiona southern limit of the
prospective area interpreted to extend to the south from MPU. The MPE-26 and MPS-15 wells
occur along the eastern margins of this prospective polygon area. Log and seismic-based gas
hydrate-bearing prospect leads within the MPA-pad area are located within the northeast
guadrant of what is interpreted as a north-northeast trending elliptical polygon that is structurally
controlled by rorth-northeast-trending faults on its eastern and western flanks and  underlying
northwest-trending fault zones on its northern and southern flanks. The UA structural-
stratigraphic model, artificial neural net (ANN), and expert system (ES) fluid analyses, coupled
with the supervised seismic waveform classification scheme independently converge on the gas
hydrate prospectivity presented for this region.

5.6.2.3 Phaseland 2 Seismic Attribute Analysis and Time-Depth Conversion

Hagbo et al (2003) and Hennes et al (2004) provided early assessments of gas hydrate-prone
areas across the MPU based on a variety of seismic attribute analyses. These linkages between
resource and seismic attributes are directly related to the soundness of the time-depth conversion
developed and applied to the 3D data set. The preliminary attribute work was largely linked to
gas hydrate occurrences as they were inferred in certain wells reported in Phase 1.0, Task 5.0
studies. The Phase 1 and 2, Task 6.0 studies were supplemented by an independent logbased
geologic and several automated fluid prediction studies. Although a number of seismic attributes
have been successful mapped and analyzed regarding the identification of gas hydrate-bearing
reservoirs within the MPU, the Task 6.0 confidence in definitively distinguishing between the
presence and quality of thin-bedded gas hydrate-bearing reservoir sands and seismic attribute
heterogeneity related to nonresource structure-stratigraphic elements remains inconclusive at
thistime. For example, an earlier polarity switch interpretation from Task 5.0 studies assigned to
the presence of a hydrate-free gas contact was alternatively interpreted by Task 6.0 studies to be
an unconformity within this stratigraphically-complex system.

Interpretations based on aoss-section analysis, structural mapping, and net sand and net/gross
sand maps indicated that a number of geologic elements can affect the magnitude and variation
of seismic amplitude response withinthe MPU area. Examples include rapid facies changes,
abrupt changes n reservoir thickness/presence associated with stratigraphic pinchouts and/or
truncation of sand-rich units, zones of complex structural disruption (commonly interpreted to be
associated with deeper faulting), downward propagation of surface noise within the 3D dataset,
variation in the relative thickness and occurrence of coal-bearing units, and even the presence of
interpreted paleosols(?) or relatively dense, resistive zones seemingly associated with interpreted
intraformational unconformities or sequerce boundaries, etc. Thus, accurate time-depth
conversion is critical to correctly characterizing the distribution and quality of gas hydrate and
free-gas occurrence within the MPU.

The issue of observed mismatch in time-depth conversions between UA-interpreted Task 6.0 and
USGS-interpreted Task 5.0 log-defined seismic horizons dating back to February 2004 suggests
that caution should be taken in stating definitive interpretations of seismic attributes. In an effort
to findize resolution of the issue, the UA team began reviewing the results of the time-depth (T-
D) conversion in 2004 through 2005.
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Following the September 2004 Hedberg mnference, the USGS-based team reviewed log ties
between the UA and USGS datasets. UA review of several USGS-interpreted seismic lines
truncated down to 950 ms is till unable to account for the 100 ms discrepancy seen between the
two datasets. We believe this may not just be a function of differences in time-depth conversion
UA’s derived from checkshot surveys and synthetics while the USGS's ties taken from pseudo-
synthetics derived from shallow and deep resistivity logs. It is noteworthy that only one
checkshot survey was common to both the USGS and UA T-D analysis. We are currently in the
process of re-evaluating our checkshot analysis and T-D conversion and hope to arrive at a
resolution this Spring semester 2005, if we can receive additional deep velocity and/or additional
seismic data around specific boreholes. Until our linkages to well log data can be re-verified, we
recommend that the UA seismic attribute analysis as well as the USGS analysis be considered
preliminary at best.

Previous discussions with BP geophysicists indicate that seismic-log marker horizons that
resulted from the UA T-D conversion appeared to match closely with horizons used and tracked
by BP personnel. Given that the UA conversion was limited in its scope by having only seismic
velocity data down to only 950 ms, we recognize the importance of seeking and integrating
deeper velocity datain our effort to validate and, if necessary, reconstruct our T-D conversion.
Acquisition of additional deep velocity data would allow the UA to complete a final review of
seismic-well log ties and better relate our research findings (e.g. stratigraphic studies, seismic
analysis, artificial neural net, etc.) and prospect analyses with the USGS seismic prospects. Until
our T-D conversion is validated, our ability to assess prospective areas for future operations and
data collection, and modeling of GH occurrerce will rely primarily on log-based geologic
modeling and mapping.

5.6.2.4 Phase 2 (2005) Geologic Setting Studies

Cross sections and geologic mapping within the MPU show that gas hydrate (GH) and free-gas
(FG) resources are contained mostly within distal deltaic and nearshore marine sand units.
Gamma-Ray (GR) — Resistivity deep Rd) log pattern interpretations indicate that the higher
quality gas hydrate-bearing reservoirs within the MPU are contained mostly within thin sand-rich
distributary channel and in some cases the upper portions of relatively thicker distributary mouth
bar parasequences. Some resistive “hydrocarbon” zones thought to be prospective appear to be
related to thin point bar units that log responses suggest could in fact be paleosol horizons.

Stratigraphic analysis of interpreted gas hydrate-bearing reservoirs to the south within the KRU
and NW Eileen area of western PBU indicates that the mgority of GH and FG zones are
stratigraphically lower than those within the MPU and are constrained to mostly stacked fluvial
and delta plain deposits related to incised valley deposits that have cut into distributary mouth
bar units during low-stand deposition. Distributary mouth bar units are the subsidiary reservoir
facies asindicated in Table 1.

Shallow seismic mapping within most of the MPU reveals that numerous north-northeast-
trending, mostly down-to-the-east normal faults compartmentalize interpreted nearshore marine
and fluvio-deltaic reservoir sands within the shalow Sagavanirktok formation. In some locales
these faults appear to extend to surface, offsetting the coarser, gravel-rich units of the upper
Sagavanirktok and overlying Gubik formations.
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Seismic interpretation within the MPU reveals the presence and influence of at least two
northwest-southeast-trending basement fault zones that underlie the shalow strata of the
Sagavanirktok and Gubik formations and have dightly deformed (minor lateral trandation, little
or no dip dlip) and influenced deposition of these formations. Although these fault zones are not
directly imaged because they exist just below the extent of the shallow seismic data truncated at
950ms, their presence is expressed by an inflection in the regiona dip of the shallow strata.

Detailed 3D analyses of this seismic data shows that where north-northeast-trending normal
faults intersect the underlying northwest-trending faults, the amount of dip dip on the north
northeast faults either decreases or terminates; there is commonly an associated inflection and/or
termination in fault trend in map view and in some locations, fault polarity switches. These
faults define major structural blocks are interpreted to represent the northern continuation of a
northwest-trending basement trend commonly referred to as the Northwest Eileen (NWE) Trend.
Related fault-bounded highs are interpreted to continue to the southeast and may control deeper
hydrocarbon production within the western third of the giant Prudhoe Bay field.

The basement faults that core these structures represent only a subset of the complexly faulted
north-dipping eastern flank of the Colville High. Consisting of a mostly down-to-the- northeast
horst-graben architecture, variable displacement along these faults may be linked to a late
Jurassic to early Cretaceous-age rifting of the Alaska Arctic Terrane (AAT) and subsequent
Cenozoic reactivation associated with shortening of the Brooks Range and consolidation,
differential uplift and minor translation of basement blocks that characterize the northern margin
(Barrow Arch) of the rifted terrane (Casavant, 2001). The apex of east-west Barrow Arch can be
tracked within the adjacent Kuparuk River Unit to the west and again is picked up the PBU area
to the east and northeast. A left-stepping offset or northeast bend in the axis of this regiona
basement uplift occurs along an approximate line that may equate to the eastern margins of the
MPU and KRU field areas.

Within the MPU, stratigraphic pinchouts occur at subtle structura inflections that overly the
margins of Northwest Eileen fault blocks. Where shallower north-northeast-trending faults with
greater displacement intersect underlying northwest-trending fault zores, structural trap doors
may exist. In these 3-way closures, hanging wall traps of GH and associated FG are interpreted
in updip positions. These gas and gas hydrate-bearing reservoir sands within these hanging wall
traps are thicker as a result of syndeposition or fault-related sand preservation (isolated from
erosiona scouring and truncation associated with the formation of numerous intraformational
unconformities that defined sequences within the Sagavanirktok). However, their role in updip
trapping of GH remains inferred. Net sand and net- gross maps indicate potential areas exist such
asthe area around or east of the MPE-pad and east of the MPS-15 well. This interpretation may
corroborate the Phase 1, Task 5.0 studies of the Mt Elbert prospect area.

Table 1. The following pages present a summary of UA Task 6.0 MPU well data interpretation
and preliminary seismic attribute analysis (NOTE: See legend following table; blue color
indicates well lies within/adjacent to a UA prospective site; relation to Phase 1, Task 5.0
prospect polygons are noted where applicable).
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USGS Zone E USGS Zone D USGS Zone C USGSZoneB USGS Zone A or FREE GAS
Well USGSMarker 15a | USGSMarker 15 | USGS Marker ~14 | USGS Marker 13 Staines Tongue | Undifferentiated
UA ZonelL 35a35 | UA ZonelL 35-34 | UA ZonelL 34-33 | UA ZonelL_33-31 | USGS Marker 12-13 | Zone Intervals
UA ZonelL 31-29
PF, MB PF, MB PF, MB/F PF, MB NLS, L_31-30 Rd
3K-06 inc, but not Vel,
Rhob-Neut approach
each over (x-over) in
channel-like sands
NLS NLS (wet) NLS NLS NLS
BEECHYPT-01
NA, noMG Fair LS, MG, LS, fair MG, good LS, good MG, no | Similarto MPK-38
CASCADE-01 SW of Mt ES/ANN for FG, logs through upper
Princeton prospect, | CH 1/3interval, zone
SA ,WF, DMB faulted?, CH, PB
PF, neg. ES/ANN PF, V poor, neg. Faulted out, neg. NLS, Rdinc, Ve NLS, /2 of L_30to
EUGNU-01 ES, ANN coals ANN poor, faulted L_31 appears faulted
section out
PF?, no Rhob/Vel NLS, DMB, v poor | Good 10"+ Rd inc, NA, log gap, thin NLS, small Rd
KAVEARAK-32 logs, NLS, small Rd | Rdinc., no DMB, no Rhob/Vel | Rd zonescorrel to | w/coals

inc. and correl to

Rhob/Vel logs, no

logs, no logsfor ES

MPE-26, PAL?PB, | ES/ANN, SA,WF | or ANN, SA ,WF,
no Rhob/Vel logs, far W of Mt Elbert
no logs for ES/ANN prospect

MPE-26

PF PF PF, neg. ESexcept | NLS, ES saw NLS, some thick
KRUGNU 2 thin bits ~1940, water zone, but Rd | coals
1960 istoo high, ANN
neg. for FG
NA, SA,WF NA, MG, SA does | NA, within NA NA Y
MP18-01 not appear unique | Crestone prospect, within Mt.
to horizon or SA does not appear Shavano
prospect location, | uniqueto horizon or prospect
prospect location
PF?, PB, NLS, v Mod-good LS, LS, MG, ES, ANN NLS, no Rd/Vel NLS, ail?, low Rd &
M PA-01 poor Rd, Vd, inc., DMB, good ANN, [ (1-5' coals), CH, PB | inc, FG indicated Vel., poor-fair MG,
no MG, potential ES, good MG within prospect, SA | on USGS x-sect? neg. ES, neg, ANN,

PAL thatis
correlative thru B, E
& K-pads, etc.,
CH/PB, SA,WF

starts, increase in
N/G; “East basin”
model, increase in
net sands on east
flank of Kuparuk
structure; updip of
gas charged sands
to SE, SA,WF

appears more robust
relative to locations
outside prospect, N-
G mapping and
“East basin” model
predict mod-good
GHtotheSW & S
SA WF

correlates to section
showing oil and low
Vp indicate on USGS
x-sect for WSAK 25
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LS, PB, mod Rd, V, | poor LS, DMB, NLS, CH/PB, thin NLS, up half NLS
PB-01 no RHOB log, thin Rd/Vel inc, Rd & Vel, assoc w/ | faulted out, looks
correl well w/MPB- | no Neut & Rhob shale, SA,\WF wet
02, PAL, SA\WF logs, potential
PAL, SA\WF
NLS? mod Rd & LS?DMB, thin NLS, CH/PB, NLS NLS
MPB-02 Vel increase, zone of Rd inc, SA,\WF
however, RHOB ES show w/coals,
alsoinc.= potential neg. ANN, SA,WF
PAL?, PB,
SA WF
PF, NLS, SA,WF Good MG, DMB, NLS, DCH, within | NLS NLS Y
MPC-01 far west of Crestone prospect, within polygon W
Snuffles prospect, | well located W of of Mt Shavano
SA does not SA anomaly, SA prospect
appear unique to appear uniqueto
horizon or horizon and
prospect location, prospect location
SA WF
NA, SA,WF NA, NA, within NLS NLS Y
MPC-03 Crestone prospect, within prospect
SA does not appear W of Mt Shavano
unique to horizon prospect
LS, PB, poor Rd, Thin LS, DCH, NLS NLS NLS Y
M PD-01 Vel. inc, close to signif, Ve, inc. within Little Bear
BIBPF), neg. ESor | Rhob NA, PAL?, prospect (Staines)
ANN; potential SA WF
PAL, SA,WF
NLS, poor ANN, NLS, DCH/DMB, | vpoorlLS, NLS, v poor Rd, NLS,
MPE-26 neg. ES, mod Rd & | W of Mt. Bierstadt | DCH/DMB, v thin | thin zones of neg. ESANN
Vel inc. and RHOB | & Mt Elbert Rdinc., neg Rhob/neu cross-
inc.= PAL?, noted prospects, SA,WF | ES/ANN, far W of over, good ES,
same zone in NWE Mt Elbert prospect, | neg. ANN, minor
ST-2, but Rhob SA WF FG reported on
decreasing in NEW, USGS x-sect
SA,WF
NA, GR only NA, GR only NA, GR only, NA, GR only, Inc. in Rd observed
MPI-16 possible updip play | possible updip in several thin zones,
to NWE2-01 and play to MPS-15 & | look like crevasse

MPS-15,depends on
BIBPF, maybe
better than Rd incin
NWE2-01 which is
south and updip to
MPS-15

NWE2-01, maybe
better Rd inc than
in NWE2-01
which is south and
updip to MPS-15

splays sands
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NA NA NA LS, GF, ~80’ LS, FG, better than SAUA
M PK-25 gross, 50" net K-38
NLS, PB, v. poor Good LS, DCH, LS, DCH, fair MG LS, DCH, FG, LS, CH/CV/PB, FG, | SAUA
M PK-38 Rd inc., but w/ GH?, only Rd, thin | correl to Cascade, >40-50 ohm, 55’ neg. ES/ANN despite
RHOB inc.= PAL zone of Rhob/Neut | SA,WF gross, 35’ net, Rd inc, thin ANN
stack? x-over below GH, good ES/ANN FG | coals
but neg. Rdinc
(FG), correl to
Cascade MG
show, neg. Ve,
good ES GH, good
ANN (GH & FG,
SW of Princeton
PF, NA PF PF or near BIBPF NA NLS
MPL-01
PF or interval good LS, good v thin LS, good NLS, no Rhob, NLS, coals, thick sds, | Prospective play
MPS-15 pinched out, large ES/ANN, SA\WF | ANN FG, neg. ES, neg. ES, ANN neg. ESSANN, updip to the west
washout NA coal? SA,WF NA of thiswell
NA, no MG, NA, probable LS, NA, thus no MG, nologsover | thinprominent MG
PRUDHOE-01 ES/ANN unknown good MG, ES/ANN, excellent | up. 2/3 of interval, | zones,
unknown ES/ANN | MG, probable GH 3 v thin sdsw/
equiv showsin Rhob/Neut x-over,
NWE2-01, NEW - thin ES/ANN zones
2, Beechst-01 FG,
K071112 MG,
poss. Chev. 18111
PF, NA PF, NA PF, NA NA NA L_33-30,
SIMPSON-01 NLSL_30-29
PF PF PF PF NLS, Rd inc w/coals
WS-17
PF, NLS, PF, DCH/DMB, LSf(BIBPF), NLS, CH/DMB, NLS, CH/PB, CV,
WS-25 DCH/DMB, MG slight MG, neg. correl. to NWE2 poor Rd, M G, DCH, DMB, thin Rd
wi/coals @2400’, ES/ANN, SA,WF | well suggestszone | neg. ESANN incw/coals, M Ginc.
SAWF just within PF, CH, only w/ coals, ail &

well located W of
prospect, SA of
polygon does not
appear unique
within sequence
givenUA T-D
conv., SA,\WF

low Vp noted on
USGS x-sect, neg.
ES/ANN
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Table 1l L egend:

ANN = GH inferred by artificia neura network

BIBPF = base of ice-bearing permafrost

ES = GH show inferred by expert system predictor

FG = associated free gas (interpreted)

GH = gas hydrate (interpreted)

LS = GH show inferred by wirdline log responses (e.g. favorable Rd, sonic, Rhob, & GR responses)

MG = mud gas present (total background gas)

NA = no logs available through interval

Neut = neutron log response

NLS = no GH/FG show based on log curve responses (e.g. insufficient Rd, sonic, & porosity log responses)

PF = interval lies within permafrost, making log interpretation ambiguous with IBPF log response

Rd = resistivity log responses

Rhob = bulk density log response

SA = total amplitude response observed on UA seismic ling(s) infadjacent to USGS polygon (UA Time-Depth conversion)

Ve = sonic, deltatime log

WEF = in/near areaidentified in UA waveform classification as “gas hydrate consistent anomaly” (scheme derived from Phase 1, Task 5.0 gas
hydrate picks of variable quality, analysis done only for gas hydrate zones E, D, & C within MPU)

Y =wdl lieswithin or near Phase 1, Task 5.0 free gas prospect polygon

FACIES of reservoir unit containing resour ce (log patter n-based)

Huvio-deltaic Facies

CH = channd

PB = point bar sand

L = channel levee

CV = crevasse sand

PAL = paeosol, cemented zone

Ddtaic-Marine Facies

DMB = distributary mouth bar
DCH = distributary channel
RW = reworked marine sand
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Based on wireline data, stratigraphic maps, and fault architectures, many of the UA-defined
prospective GH sites within the MPU seem to be located above or just downdip of the
hingeling(s) where dips have lessened. At the shallow levels in which the GH occurrence is
inferred, these underlying fault zones are expressed only as hingelines. The MPA-01 and MPS-
15 well areas, which both contain relatively thick sand reservoirs, aso both lie atop or near two
different Northwest-trending hingelines.

Linkages between gross isopachs and net/gross sand maps and the distribution of GH as defined
by well log analysis and fluid prediction algorithms (e.g. UA expert system and artificial neura
network) reinforce the basic premise that GH-bearing reservoirs will most likely be limited to
intervals of adequate “sand” quality and thickness in updip structura-stratigraphic traps as
interpreted by Phase 1 Task 5.0 and Task 6.0 studies. Our Task 6.0 studies show that increases
in the accumulated thicknesses of stacked nearshore and fluvio-deltaic sands are noted where
decreases in structural dip occur down the flank (half-graben settings). Isopach maps and
structural analyses within the MPU reveal the influence of two underlying northwest-trending
normal fault zones characterized by down-to-north displacement (Werner, 1987; Hennes et al.,
2004; Casavant et a., 2004). Fault morphologies suggest a complex fault zone marked by
transtensional or oblique- normal displacement (Casavant, 2001; Casavant et a., 2004).

WEells associated with candidate areas for GH occurrence and associated wireline and seismic
leads are abbreviated in the table below. Based on our current time-depth relationships,
preliminary fluid predictors, and structura and stratigraphic mapping, we concur that a
reasonable potential for GH occurrence within the “C” interval (L_35-34) existsin an area south
and southwest of line connecting the MPD-01 and WS-25 wells. Net/Gross sand ratio maps
indicate a structurally-controlled fairway (paleo-shoreline or trend of sand preservation) that
reflects the influence of the Northwest-trending and North-Northeast-trending fault sets. The
most prospective sites include an area due south of the MPU B-pad.

5.6.2.5 Phase 2 Paleosol Horizon Alternative Interpretation

WEell logbased stratigraphic interpretation within the MPU reveals the presence of potential
single and stacked paleosol units that may be aternatively interpreted as potential gas hydrate-
bearing reservoir zones in previous studies. A lack of available core data and cuttings for
analysis keeps this alternate paleosol interpretation speculative.  The interpreted paleosols
appear as one and/or severa relatively thin resistive zones that are characterized by low GR
readings and are immediately overlain by above-normal velocity and bulk density responses.
Thicknesses of individual resistive units (possibly ankerite or calcite cemented beds) range from
1-4 meters. These units can be interleaved with shale zones comprising what is commonly
referred to as a paeosol stack, which commonly produce intermittent, but relatively strong
impedance contrasts along sequence boundaries in seismic data.. These vary in thickness within
the MPU and appear to reach thickness of 5 meters or more (e.g. ~ 1930'MD in MPB-02). The
paleosol interpretation might explain the notable lack of increase in background or “total” gas
seen on mud logs across these previoudy interpreted “gas hydrate-bearing” zones within the
MPU. Similar intervals have been correlated and noted in many other wells in the KRU and
PBU areas and are the subject of ongoing research. Reviews of any available core and/or
sample descriptions, drilling exponents, and porosity log litho-identification and MSFL analysis
would prove most useful in validating this preliminary interpretation. Although this data had
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been requested early in the project, little is available for study. We continue to assess this issue
and its integration into MPU log- and seismic-based prospect analysis, reservoir characterization,
and future modeling during Phases 2 and 3a.

Table 2 lists the MPU wells that are thought to contain potential paleosol intervals based on well
log interpretation. Paleosol horizons are based on petrophysical calculations where relevant logs
available and correlative horizons where logs for complete petrophysical anaysis are not
available.

Table 2: Interpreted Possible Paleosol Intervals within MPU Wells.

Well USGS- UA-zone Comment

zone
MPB-02 E L_35a- 35
M PE-26 E L_35a-35
MPA-01 E L_35a—35 Possible thicker paleosol stack interbeds
MPK-38 E L_35a- 35 Possible thicker paleosol stack interbeds
MPB-02 C L _34-33 2 meter interval may correlate to 3-4 meter interval interpreted

above GH in NWEileen-02

MPB-01 E L_35a- 35 Logs for complete petrophysical analysis not available
Kavea32-25 E L_35a- 35 Logs for complete petrophysical analysis not available
MPD-01 E L_35a- 35 Logs for complete petrophysical analysis not available
MPA-01 E L_35a- 35 Logs for complete petrophysical analysis not available
MPK-25 E L_35a- 35 Logsfor complete petrophysical analysis not available
Cascade-01 E L_35a- 35 Logsfor complete petrophysical analysis not available
WSak-25 E L_35a- 35 Logsfor complete petrophysical analysis not available
MPB-01 D Logsfor complete petrophysical analysis not available
MPB-01 C L_34-33 Logsfor complete petrophysical analysis not available

UA chronostratigraphic or sequence stratigraphic analysis shows that these interpreted pal eosol
units are commonly linked to the upper beds of incised channel deposits or upper units of point
bar parasequences that overlie intraformational unconformities. This spatia relationship and
their regional correlability also makes these units ideal indicators for detailed sequence boundary
interpretation. The latter are critical to accurate chronostratigraphic correlations that ultimately
lead to more accurate characterization of reservoir connectivity, potential production modeling,
refinement of volumetric assessments, and paleodepositional reconstructions. Phase 2 studies
are planned to assess the relations between potential paleosol horizons within the MPU area and
the adjacent Eileen trend area (within KRU and PBU) and their potential linkage to underlying
northwest-trending fault zones and, in some locations, syndepositional rorth-northeast-trending
faulting. Both are expressed as reactivated structural areas that could well have been associated
with subaerial exposure, erosion and subsequent formation of paleosol units that currently occur
within the GH stability zone within the MPU area. Their role in the constraining of GH and FG
occurrences are not fully understood. Plans exist to incorporate this facies into the UA fluid
expert system and in the near future into the artificia neural network (ANN) algorithms that will
be aso used interrogate the 3D seismic dataset. This data will also be taken into account in an
upcoming review of the earlier seismic attribute analyses completed at the UA after our second
time-depth conversion (if needed) is validated.
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5.6.2.6 Phase 2 Interpretation of PBU L-pad and V-pad Area

In March 2005, a request was made for University of Arizona input into the regional
development scenario modeling studies conducted under Task 10 and documented separately in
Section 5.10.1. The response was preliminary and compiled over a 2-day period, but is included
here to document the interpretation status and discussion. Benefits of this exercise were
anticipated to assist the development scenario modeling by adding some stratigraphic trend lines
to help determine where to start "development” in certain potential sweet spots. This was a high-
level exercise, so detailed interpretation was not incorporated at this stage of studies.

5.6.2.6.1 Preiminary Stratigraphic Interpretation

The current interpretation indicates that the PBU L-pad area is more prospective than the V-pad
area. Interpretation of Sagavanirktok channel complex trends are not currently well understood,
but in general may trend from west-southwest to northeast. The next mapping phase should
better constrain this interpretation. Wells that are currently interpreted to represent depositional
axes of eight individual channel complexes include: 1. WS25 to MPE26, 2. KRU1H-06 to
MPS-15, 3. KRU1D-05 to WS-24, 4. NWE1-01, 5. WT-01, 6. WS-06, 7. WETW, and 8.
KUPST-01.

Good channel development and associated potential gas hydrate-bearing reservoir sands should
be expected in and around both PBU L and V pads at various stratigraphic levels. The
recommendation is to place a west-southwest-northeast trend in modeling of gas hydrate
resource in the area of both pads. Thistrend of the gas hydrate (GH) and free-gas (FG) resource
is a function of not only genera trend of reservoir facies (primarily channel deposits incising
high-stand distributary channel- mouth bar units), but also the trend and limits of the Base of Ice-
bearing Permafrost (BIBPF) located just to the northwest whose trend varies with depth (and
structure) and ranges from north-south to southwest-northeast depending on stratigraphic
horizon. The role of fault containment can only be inferred at this time given the data we
currently possess. However, we are currently in the process of compiling a detailed AOI
composite fault map derived from published data of faults at different stratigraphic levels across
the general PBU and KRU areas. The fault compilation map will be used to refine prospect
assessments and structural controls in the Phase 2 and 3 studies.

The characterized "sweet spot” stratigraphic units both updip and downdip of the L-pad and V-
pad areas. Sweet spot is actually a misnomer for there can be several within a single sequence as
well as being vertically stacked. Their position varies slightly from layer to layer and appears to
be a function of channel position/dimension (width/thickness) and the structural position (updip
trapping related to either an inferred fault or stratigraphic pinchout).

Currently, individual channels or channel meander belts have not yet been mapped at the various
levels, although this is planned in future studies. They have been noted and generally discussed
more often throughout a detailed correlation exercise that has taken place over the past 2 months
across the KRU-PBU areas. This updated stratigraphic framework is being used to guide
detailed stratigraphic and facies studies during this semester and next. A new set of fieldwide
picks for al the wells is anticipated to be completed during Phase 2 studies to capture the
detailed log-based characterization across the AOI scheduled for summer and fall 2005.

Completion of the tighter vertical stratigraphic framework would allow more precise mapping of
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variations in individual parasequences and parasequence sets and would be an improvement over
the earlier and gross correlations completed in the preliminary regional correlation and mapping
studies within the MPU that was provided to guide Phase 1 seismic attribute analysis and time-
depth conversion studies. This more detailed framework would be used to re-evaluate the MPU
seismic cube as it relates to (1) finalizing Time-Depth validation between the USGS and UA and
(2) assisting with Phase 2 attribute mapping and associated neural network studies.

5.6.2.6.2 Upper Sagavanirktok Stratigraphy

The upper prospective intervals in the L-pad area include the UA litho- & sequence-stratigraphic
units 35a-35, 35-34a, and 34a-34. These resource prone units are typed in the nearby NW
Eileen State 2 well. The 35a35 includes the poorly developed USGS zone E gas hydrate-
bearing unit, which is commonly interpreted as a relatively thin point bar sequence (pb) above an
unconformity that cuts into both distributary mouth bar (dmb) units as well as laterally
equivalent fluvial channel (fch) and composite point bar (cpb). In higher areas such as the B
and D-pad areas within the MPU, the resistive character of the unit appears to be in some locales
associated with a cemented and less permeable strata (paleosol?) that can be tracked for some
distance (e.g. BeechyPt, etc.) rather than a gas hydrate. In some locales, the earlier USGS
correlations have the E hydrate pick crossing UA-defined stratigraphic intervals (e.g. zone E
crosses down to the 35-34a zone in the nearby 33-29E well and unit 35-34a elsewhere is
typicaly equivalent to the USGS Zone D hydrate-bearing unit.

In the L-pad area, however, the zone E gas hydrate-bearing unit looks reasonable and can be
expected to pinchout updip to the northwest between the 33-29E and the NWEileen St 2 wells
and downdip some unknown distance to the northeast. To the southeast, the unit structurally
rises again and is present in the KUPST-01 according to the Expert System/Artificial Neural
Network (ESYANN) fluid predictors and log analysis. This agrees well with the net sand map
trends and the dlight increase in total background gas seen on mud logs for this zone.

The zone D gas hydrate-bearing unit lies within the upper sand units of the UA litho unit 35-
34a. We anticipate gas hydrate resource in this zone to extend northwest updip to a location
beyond 33-29E to a point as far out as NWE2-01. This of course depends on interpretation of
the BIBPF (base ice-bearing permafrost). If the BIBPF pick is placed below the upper sand as
interpreted by UA ES fluid/facies model (K. Glass), then the gas hydrate resource limit would
extend to just beyond the 33-29a well. If the BIBPF is interpreted to be shallower (as direct
correlation from the NW Eileen St 2 well over to WS-25 might indicate), and therefore, above
zone D, then gas hydrate resource potentia in this interval could possibly extend out to the
NWE2-01 well and beyond into the next depositional trough to the northwest ("East basin"),
which contains the sand-rich zones penetrated by the MPS-15 well (2004 Hedberg Casavant et
al. & Poulton papers). To the northwest and updip is MPI-16. GammaRay (GR) logs indicate
that zone D sands are still well-developed in this area. This zone is prospective if a shallower
BIBPF is picked in the MPS-15 well. To the southeast, the zone D gas hydrate-bearing unit is
interpreted to extend to the CHEV 18112 well, but terminate before the WETW well, which
exhibits no increase in resistivity response over background. Prospectivity of zone D in the
WETW, if any, is attributed to only severa thin zones of moderate gas increase in the mud logs.
To the west, the limits of gas hydrate-bearing zone D are interpreted to extend nearly to or just
beyond the WS-24 well, again depending on the depth of the BIBPF.
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Most promising for gas hydrate-bearing reservoirs in the L-pad is unit 34a-34 (upper well-
developed sand(s) contain the USGS C-hydrate zone). This unit is characterized by well-
developed channel units (fch) that like the other zones incise to various degrees mixed dmb and
fluvia units in the upper part of the underlying 34-33aunit. Palinspastic reconstructions in some
locales indicate that some of the better developed dmb, dch, and fch occur together in the same
area because of the persistence of paleo-depositional lows that apparently created significant
accommodation space for depocenters. Whether these depocenters are derived from structure or
incision, is not always easily to interpret. The northwestern limits of the 34a-34 hydrate-bearing
sands are interpreted to be just north/northwest of NWE2-01 well.

The upper sands of unit 33-34 in NWE2-02, which is updip of well 33-29E, contain severa
stacked cpb sequences below the zone C-hydrate that appear to contain prospective gas hydrate-
bearing sands. These reservoir sands exhibit a similar response, gain, and separation of deep to
shallow resistivity logs as seen in the NW Eileen St 2 well area. No porosity logs were available
to UA over this interval to further assess this lead. These same units appear wet in the MPS-15
which is to the northwest and downdip and many of them shae out farther north in the updip
MPI-16 wdl. However, the uppermost sand in this unit remains well-developed and could
contain hydrates, depending on where the BIBPF is interpreted. Except for GR, there are no
logs available over this interval. The sands in the MPS-15 and MPI-16 appear to be a separate
southwest-northeast channel complex whose trend is not well constrained, but approximates the
Eileen trend interpretation to the south.

5.6.2.6.3 Lower Sagavanirktok Stratigraphy

Lithostratigraphic unit L_33-31 may contain some gas hydrate-bearing reservoir sands based on
UA analysis and fluid predictors. This unit isjust above the upper Staines(?) and includes USGS
zone B gas hydrate-bearing unit (where picked). Unit L_33-31 may represent a west-southwest-
trending channel complex, informally referred herein as the "Eileen complex”. In the NWE2-01
well, a gas prospect may be present updip as interpreted from the mudiog gas show in the nearby
33-29E well to the south. The deep resistivity reading is beginning to increase in the NWE2-01
well in this interval (no sonic, porosity logs). The 33-29E well logged mudlog gas increases
within the L_33-31 interval, but the deep resistivity appears to indicate primarily water-saturated
sands. The WS-24 well log interpretation reveals thinner stacked cpb sands, a good response for
gas hydrate-bearing sands incised into shales, not dmb as in the downdip NWE1-01 well.

South of the "Eileen complex"”, another west-southwest trending channel complex, informally
referred herein as the “WETW complex” and present within the CHEV 181112 well. This well
and the area just updip exhibits excellent free-gas response in a regionally-persistent and well-
developed uppermost sand of unit L_33-31. The interpretation indicates that a northwest-
trending fluvial channel (fch) incises into a well-developed and thick dch/dmb parasequence unit
bordered by marine shales. This zone is correlative to gas-bearing sands in MPK-pad-Cascade-
01 area. The WETS well is downdip to CHEV 181112, but still exhibits same free gas responses
in channel sand. The WKUPSt-01 and NWE1-01 wells also show channel sand developed in
this interval and within lithostratigraphic unit L_30-29 (USGS zone A).
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Lithostratigraphic unit L_30-29 sands are well developed in the NW Eileen St #2 well area.

Updip of the NWE1-01 well, the L_30-29 sands are also well developed with a significant deep
resistivity response to interpreted gas within several stacked fchcoal-crevasse splay(cv) facies.
This response may increase updip in NW Eileen St 2 area in a potentia fault trap. The L_30-29
sands are aso present in the WETW and CHEV 181112 wells and still exhibit some interpreted
free gas responses within this channel sand.

5.6.2.7 FuturePhase 2 Work Planned in 2005

Future Phase 2 studies planned in 2005 include:
Mature PBU L- and V-pad interpretation through AOI mapping and MPU seismic studies
Compare MPU seismic facies architecture interpretation to well data interpretation
Expand Artificial Neural Network studies to include seismic interrogationand modeling
Compileregioral fault maps across Eileen trend AOI from published data
Extend paleosol interpretation from MPU into the KRU/PBU Eileen trend

5.6.3 Phase2 Reservoir Characterization Studies— July 2005 Status Report

The information in this section is compiled from a quarterly report encompassing the period from
January 3, 2005 through June 30, 2005 submitted by UA on July 5, 2005. The report is dlightly
modified to ensure clarity and help relate to other project tasks. Some comments are added in
parenthetical italics (Pl Note:...) by the project Principle Investigator and primary report author,
Robert Hunter, to help relate Task 6.0 studies to completed or in-progress work accomplished in
Task 5.0 and associated U.S. Geological Survey and other studies. Potential conflicting Task
6.0 versus Task 5.0 interpretations remain valuable to assess gas hydrate prospect potential
within the study area.

5.6.3.1 Task 5.0 MPU Prospect Comparison Studies

UA studies of Task 5.0 MPU gas hydrate prospects were undertaken from January 21, 2005
through March 15, 2005. The results of these studies are also summarized in Table 1 and in
Section 5.6.2.2.

a. Submitted UA prospect summary table and report (3/9/05) summarizing UA well
log & seismic review and technical comments related to al USGS seismic
prospects within MPU (see also Section 5.6.2.2 and Table 1)

b. Transmitted UA marker data (tops) for Kavearak 32-25 well and other key
prospect wells (5/16/05) for analysis/planning related to development scenario
modeling (Task 10) and stratigraphic prediction within the Mt. Elbert prospect

c. Completed UA review (4/05-5/05) of prospectivity in Mt. Elbert (E-pad) and Mt.
Antero (J-1 pad) areas for input into development scenario modeling (Task 10)

I.  Submitted Bob Casavant summary with embedded structure maps, gross,
net sand and net-gross isopachs, and well log cross sections to Scott
Wilson for assistance in modeling; this aso included a teleconference
meeting (4/28) between Bob C., Scott Wilson (Ryder Scott), and B.
Hunter (BP)

ii. Recommended well log acquisition and coring and formation testing of
resource in the Mt. Antero area before Mt. Elbert prospect activities are
initiated in order to prove presence or absence of resource north of the
Northwest Eileen well area. (Pl Note:  Task 5.0 geophysical
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interpretation and studies suggest that the Mt. Elbert prospect is a much
thicker and reasonably highly-saturated gas hydrate accumulation as
documented in Quarterly Report #9 submitted July 25, 2005 and in the
Topical Report submitted June 30, 2005).

Predicted presence of reservoir rock in both Mt Antero and Mt Elbert
(Task 5.0) prospect locations. UA logbased geologic model favors Mt.
Antero area (southwest of MPA-pad and east of WSak 17 and WSak 25.
re. Casavant et al, 2004, Hedberg). Mt. Antero is defined by more well
control, is on structural and stratigraphic trend with gas hydrate-bearing
reservoirs infaround NW Eileen State pad, within a highly faulted area
with known reactivation, and updip & uphole from excellent Ugnu source
beds. (Pl Note: Task 5.0 interpretations agree with statement that Mt.
Antero prospect is better delineated by well control than Mt. Elbert
prospect). Our analyses show that USGS Mt Elbert play concept is also a
sound play and is based on proposed gas hydrate formation resulting from
the updip migration of free-gas development seen on logs in the downdip
MPU K-pad area. The prospect is, however, within in an unproven fault
block that exhibits less faulting (lack of structural continuity to deeper
sources), and is outside the MPU “eastern basin” (Casavant, Hedberg,
2004). (Pl Note: Task 5.0 studies suggest there is little link structurally
between deeper structures and overlying gas hydrate-bearing reservoirs;
the pull-apart basin interpretation is not believed to impact deposition of
Mikkelsen Tongue sands within potential gas hydrate-bearing USGS Zone
C, D, or E). Logbased isopachs of reservoir sand and resource suggest
uncertainty just east of the MPU E-pad area. Discussed issues with
project team and linked to UA’s risk assessmert. Seismic analysis of the
prospect revealed that adequate gross thickness of the L34-L33 units
existed, however, the amplitude and attribute anomalies associated with
the Mt. Elbert did not seem unique to the prospect polygon and were noted
elsewhere throughout the MPU. (Pl Note: Task 5.0 studies directly
conflict with this interpretation; it appears from statements in Section
5.6.3.2c, Geophysical activities, that UA decided to not use the USGS
reprocessed seismic volume in Task 6.0 studies). Thus, it was
recommended by that gas hydrate-related seismic attributes should be
risked accordingly. Operationa or facility access factors were not taken
into account in the UA assessment.

5.6.3.2 Geophysical Studies

a. Seismic Modeling to Better Quantify Gas Hydrate Response
i.

The aim of this modeling project is to use sonic and density logs to
determine the normal-incidence seismic response of gas hydrate-bearing
reservoirs and compare it to the response free gas-bearing sand reservoirs,
water-bearing reservoir sands, and permafrost. This new modeling effort
is directed at concerns about the ability of various data sets to resolve gas
hydrate- and gas-bearing units within the Milne Point Unit. The 2D
modeling should give a more quantitative idea of the minimum thickness
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of sand that can be detected for different pore-filling materias, and
provide a comparison of the responses for different fills.

Density and sonic values are being taken from sand zones that have a
known pore fill and substituted for a single sand in one well log.
Everything except for the sand of interest remains constant. This ensures
that other zones that may vary between wells do not influence the
response. New models are being built to show variation of the seismic
response with differences in sand thickness and pore fill. The seismic
wavelets used in the modeling have spectral characteristics determined
from the Milne Point 3D data sets and later tests may include extracted
wavelets.

AVO (Amplitude Versus Offset) modeling would be a better approach to
investigate seismic response, however the UA only has post-stack seismic
data for Milne Point to compare to the modeling. Normal-incidence
modeling will provide an estimate of the detection limits of the sands and,
depending upon agreement with the seismic data, may indicate that AVO
modeling should be a future step.

b. Finalization/validation of time-depth conversion (1/15-6/30/05)

UA rereview of check shot surveys concluded. Most are deemed
adequate.

As aresult of discussions held at the 2004 Hedberg Conference between
B. Hunter, USGS, and the UA, the UA once again requested some
additional deep seismic data from MPU for Phase 2 studies in order to
investigate and rectify (if needed) an apparent 100ms+ difference in time-
depth conversions that exists between the UA and USGS data sets. The
time-depth discrepancy has been an outstanding issue and recognized
technical handicap since the very early stages of Phase 1 research. It is
critical to performing seismic interpretations, integrating log-based and
seismic attribute analysis, and performing accurate resource and prospect
evauations. The UA request to incorporate deeper seismic data into the
analysis was denied.

In acknowledgment of concerns regarding release of deeper seismic data,
UA then requested only a very limited amount of deep data in the form of
10 traces on each side of the of 13 key wells with the sole objective of
using it to improve and/or confirm its earlier time-depth (T-D)
conversions. Another idea proposed was to simply export a zig-zag 2D
line that connected key wells on the UA list for deep structural datain a
fashion that could not be used for deep structura interpretation. UA
further requested to receive formats for any of the data released (for both
the traces around the wells and the USGS processed data) to be in both
SegY format and Landmark formats. UA recently began performing
wavelet extraction and well tying on a more user-friendly PC-based
system. The data and data format request were denied.

UA then asked to get a better handle on the processing flow used in the
“processed” seismic that UA had received. UA requested only a brief
description of the processing flow and replacement velocity(ies) used in
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MPU data set—knowing that the processing details of a survey are critical
to establishing sound interpretation. No brief was provided to the UA
seismic processing group as of July 2005 (Pl Note: The original
processing report for Milne Point 3D Seismic Survey (by Kelman Seismic
Processing, dated April 22, 1998) was transmitted to UA on March 2,
2005, signed by UA on March 10, 2005). Even if the UA did chose,
instead, to use the USGS processed data (Pl Note: USGS reprocessed
data also transmitted to UA on March 2, 2005, signed by UA on March
10, 2005), all previous UA work (including multiple MS theses) had been
done with the original processing, so the UA still needed to understand
how that data had been processed. Written and oral requests for
improvement in technical collaboration between al parties have been
consistently issued by the UA. The advisory roles defined in Task 20
have not fully materialized at this time. (Pl Note: The UA was provided
with the significant data and expertise at the start of Phase 1 studies,
including 3D seismic volume truncated to 950ms, area-of-interest well
data, and all USGS historical files and notes; updates to this information
have continued to be provided).

v. It was decided by the UA research team to move forward with their well
log ties rather than spending any more time trying to resolve the
discrepancy with the USGS seismic data. (Pl Note: This discrepancy is
recognized; the UA is working with depth-shifted seismic volume, but it is
unclear if this shift is accounted for in their well log ties). To our
knowledge throughout Phase 1, the UA timedepth conversion were
similar to those reported for conversions used within BPXA).

c. BP coordinated release to UA of the reprocessed USGS 3D MPU seismic data
down to 950 ms in early March with the hope that the so-called “higher
frequency” data might prove beneficial to the UA seismic attribute analysis. The
release and comparison were warranted and appreciated. UA geophysicists (RJ,
LP) reviewed the USGS data and it was concluded that the data was in fact not
higher frequency, but that reprocessing had actually resulted in lower resolution
and less noise, the original data having been processed with a smoothing function.
(Pl Note: This statement is incorrect according to USGS records and associated
Task 5.0 studies which show that the USGSreprocessing resulted in an
improvement in frequency content nearly double that of the original processed
cube). Although the data looks “better behaved” than the processed BP data that
was released to us and then reprocessed here at the UA, a comparison to the UA
data currently used revealed the latest USGS data would not make an appreciable
difference in the UA seismic attribute analyses done previously or in progress, nor
would it help resolve the more problematic 100ms T-D discrepancy noted
between the USGS and UA data setsin earlier activities of Phase 1.

5.6.3.3 AOI GasHydrate Alternative Coal -Gas Sour ce Study
a. ldentification and re-assessment of coal occurrence and continuity
i.  Identification of coal-bearing units has helped in identifying the tops and
bottoms of the fluvia-dominated flow units in the lower Sagavanirtok
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formation (e.g. coal seam(s) capping L-27, 28, 29 and sometimes L_30
lithostratigraphic parasequences). Sand units become sandier(?) and
thinner upwards. Coal frequency and thickness also increase upward. In
the vicinity of the MPU, preliminary studies showed that coal seam
abundance was highest between L_31-L29. Although coal seams are most
abundant in the overlying L_31-29 sequences, they are aso less
continuous due to increased incision due to channelization, presence of
intraformational unconformities, and associated with thinning and
reduction in sequence thicknesses associated with a fluvia (and estuarine)
dominated low-stand systems tract (Figure 12). Figure 12 illustrates the
correlation and apparent regional extent of relatively thin coal-bearing
units that define the tops of highly-interbedded  fluvial-dominated
lithostratigraphic parasequences (e.g. L_30 through L_26) in an interval
that encompasses most of Sagwon member (Noonan, 1987) in the lower
third of the Sagavanirktok formation. The stratigraphic datum for the
section is the coal-bearing unit capping the L_27 sequence. Interwell
distances the Figure 12 cross section are 6.6, 6.4, and 8.5 km, respectively.
Coal continuity can only be speculated, but units that exhibit any
significant lateral extent across the AOI such as the L-27 cod are usually
greater than 2-3 m in thickness with thicker units often composed of 2 or
more individual seams. The coals are usualy underlain by a thicker shale-
rich package, interpreted from well log character to consist of underclays,
soil horizons, abandoned channel fill, and interbedded thin crevasse splay
sands and limited-extend abandoned channel sands, but of good reservoir
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quality. No core materia or drill cuttings have been made available to the
UA for this study, therefore paleodepositional reconstructions are
considered preliminary at this time. The shale unit overlies a fining-
upward to blocky coarse-grained parasequence and parasequence set
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whose gamma ray and resistivity log patterns suggest interbedded point
bar, abandoned channel sand deposits, and associated interbedded fine-
grained shale drape and levee units. Significant horizontal and vertical
heterogeneity exist within these units, which can reach thickness
exceeding 200 feet. The apparent lateral extent of the coal-bearing unit
(21.5 km) and log character of underlying units suggest periods of tectonic
guiescence and subsidence following uplift and erosion as marked by the
highly variable transitional facies probably composed of coarser grained
fluvial and interbedded finer-grained estuarine deposits.

An investigation into spatial and stratigraphic associations between coal
distribution, thickness, and the location of deep oil-gas reservoirs in
relation to distribution of shallower gas hydrate resources was started in
Phase 1 in the MPU (Figure 13) and was being extended through the AQI
in Phase 2 The primary goal was to identify potential source areas that
may link directly to uphole/updip gas hydrate formation (e.g. Coalbed
Methane (CBM), if any, derived from downhole and/or downdip Tertiary
coals, underlying reservoirs, etc.). This description will guide future
sampling and isotopic studies that could be readily done at the UA.

Despite previous verbal and written comments to the contrary, the
potential contribution of deeper CBM in the formation of shallower gas
hydrate is poorly understood. A preliminary spatiad analysis of coal
occurrence and the distribution of shallow gas hydrate-bearing reservoir
sands within the MPU completed in Phase 1 was intriguing enough to
warrant further investigation in Phase 2 and 3 (Casavant et a, 2004,
Hedberg Conference). Whether there exists a direct linkage to gas hydrate
sourcing or whether the coal distribution is smply related to similar
tectonic-depositional processes/settings that also happen to control gas
hydrate distribution is the crux of the investigation. Satistical and map
analysis (e.g. Gandler & Casavant, 2004; Casavant et a, 2004; and UA
Phase 2 work) revedls that gas hydrate and downhole coal accumulation
seem to be associated with intensely faulted blocks that have experienced
reactivation. (Pl Note: Task 5.0 and associated USGS studies indicate
that coals are limited to the Staines Tongue stratigraphic interval, which
is below all significant gas hydrate-bearing reservoir sands within the
predominantly marine Mikkelsen Tongue stratigraphic interval. These
studies and associated geochemical source studies suggest that while
coalbed methane may provide a local source for some gas, there is a
significant (at least 50%) source contribution from mature deeper
thermogenic sources, likely related to gas migration from deeper
hydrocarbon accumulations through conductive faults into shallower
traps. It is possible, however, that nearly 50% of the gas could be sourced
from in-situ microbial action from the Staines Tongue interval coal-gas.
However, Task 5.0 geophysical studies identified gas hydrate and
associated free gas prospects within the Staines Tongue interval reservoir
sands. The MPS15 and MPI-16 wells-of-opportunity penetrated and
acquired shallow data within these zones. This data (presented in Section
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5.5 of Quarterly Report #9, July 25, 2005) indicated that these reservoir
sands contained low (<5-10%) saturations of gas, which would likely
indicate a leaky seal and/or low charge. A low charge may be consistent
with a local coalbed methane source and indicative of the limited source
potential of these coals).

b. The log-based expert system coal predictor developed by Glass and Casavant
(Poulton, Casavant, Glass, 2004) was reviewed and upgraded during Phase 2
studies. The expert system algorithm was extended to all wells within the AOI to
assess the hypothesis and explore linkages to upcoming facies mapping,
paleodepositional reconstruction maps (Justin Manuel) and to assessments of
reservoir continuity effected by facies dimensions, types, and fault offsets and
estimated sealing capacities (Hennes et al., 2004). The analysis is complete but
date entry, final mapping and documentationremain outstanding at this time.

i. Knowledge about the quality and distribution of coal-bearing units may be
quite useful in fine-tuning the seismic time-depth relationship within the
Sagavanirktok formation. (Pl Note: coals are not used as timelines in
chronostratigraphic or sequence stratigraphic studies).
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Figure 13: Prelimihafy and outdated map of total coal thickness for 24 wellsin the MPU area.
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ii. Also interesting are isopachs of coa per individual lithosequence. A
preliminary investigation of spatia linkages to updip hydrate occurrence,
structural setting, facies distributions, and resource volumetrics was begun in
Phase 1. Phase 1 findings are awaiting full documentation and integrations
with the results of the Phase 2 and Phase 3 studies that encompasses the whole
of the AQOI.

iii.  Stratigraphic and upcoming facies analysis at the UA will incorporate the cod
study (e.g. lateral and vertical distribution of coal related to areas of
subsidence/depositional lows/ floodplains adjacent to channel complexes,
quality/type/thickness of uphole sands) and presence/absence of hydrate
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resource. (Pl Note: Task 5.0 and associated USGS studies indicate that no
coals exist within the Mikkelsen Tongue zones E, D, and C prospective gas
hydrate bearing units. Coals are within the lower Sagavanirktok or Staines
Tongue stratigraphic interval).
c. The cod study would help distinguish CBM from other potential conventional
sources of downdip/downhole gas that link to the sourcing of shallow gas hydrate.
A quick-look analysis done in May 2005 along these lines, has already provided
important insights in assessing and risking gas hydrate exploration plays across
the AOI where seismic data is not currently available to UA.

5.6.3.4 GasHydrate Stability Study

A robust re-analysis of the gas hydrate stability field, based on the UA log-based expert system
and published USGS temperature data and based on preliminary findings from Phase 1 study
results was undertaken by Glass and Casavant. (Pl Note: During this time period, the USGS
also provided all their permafrost and base gas hydrate stability zone data to UA). To produce
an initial estimate of the depth to the base of the ice-bearing permafrost (BI BPF), temperature
measurements were obtained for thirteen wells from the USGS website. The thirteen wells
chosen for the estimate are WSAK -1, WSAK-11, WSAK-14, WSAK-16, WSAK-17, MPC-01,
MPD-01, PBA, PBB, PBG, PBH, PBM, and NHIGHLANDST. Temperature profiles were
constructed for the wells. Linear regression constants were derived from the temperature profiles
within the ice stability field (ISF) and below the ISF. The BIBPF was determined from the
measured depth at which the two linear equations intersect, and is interpreted to be the base of
the ice-bearing permafrost. T,gpr Was the temperature at which the intersection occurs. (Pl Note:
UA may not have compared this methodology to published and provided USGS results, as
discussed below, however, the UA method does apparently account for the change in geothermal
gradient from within to below the BIBPF).

The estimates of the BIBPF in eight wells that existed in the UA data base were contoured, and
this contour map became the original predicted estimates for wells in which no temperature data
were available. To refine the BIBPF estimates in each well, electrical resistivity and
compressional wave velocity profiles were used to further refine the estimate of the BIBPF. The
depth to the BIBPF was chosen as the depth at which the compressiona wave velocity and
electrical resistivity profiles could not support an interpretation of ice, or where the character of
the permafrost velocity and resistivity values, as characterized by the near-surface region,
changes.

A similar procedure was chosen to estimate the depth to the base of the gas hydrate stability field
(BGHSF). In this case the depth and temperature limits for gas hydrate stability were taken from
the laboratory testing of Westervelt (2004) and modeling by Collett (1993). Wells used for this
analysis are the same as used for estimating the BIBPF. Results for the thirteen control wells
(those having measured temperature profiles) were compiled and each well within the AOI was
assigned a sub-permafrost geothermal gradient and surface-temperature intercept based on the
nearest control well. The regression equation surface-temperature intercept was then adjusted to
fit the BIBPF in each well to be estimated. An estimate of the BGHSZ for each well was made
by projecting the new regression equation downward from the BIBPF to its intersection with the
published models for temperature/pressure limits for gas hydrate stability.
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UA’s modeling of the base of the ice-bearing permafrost (BIBPF) and base of the gas hydrate
stability zone (BGHSZ) was compared to the USGS data. The preliminary analysis was
completed just prior to the close of Phase 2a contract (6/30/05). Our preliminary findings have
important implications (Pl Note: these important implications have not yet been fully
documented) to upcoming well tests, planning, reservoir and production modeling efforts, and
future site selection. We have completed a preliminary investigation that has provided a much
clearer understanding of linkages between the gas hydrate stability field and the tectono-
stratigraphic framework of the AOI. Finalization of maps and documentation will commence in
Phase 2-3a studies.
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the ice-bearing permafrost (BIBPF).

The Figure 14 map is more robust than previously published deta and includes BIBPF derived
from the UA logbased expert system and incorporates al available published temperature log
data. Yellow to purple colors represent shallow to deepening depths, respectively. In afew wells
where the predicted BIBPF fell within a thick shale or siltstone interval, manual adjustment of
the pick was based on the depth of the BIBPF in nearby wells. The above interpretation
incorporates the small number of wells (13) where downhole temperature data was acquired.
The preliminary characterization proposes linkages between deep and shallow structure and
associated stratigraphic control on the BIBPF (e.g. Collett et al, 1989; Casavant, 2001).
Reactivation of basement-surface fault structures and related facies changes within the ice-
bearing permafrost interval may be linked to abrupt variations in depth and orientation of some
well-constrained contours observed in several maps. Noted is a spatial coincidence between
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abrupt changes the morphology of the gas hydrate stability field and some major fault segments
that bound the northwest-trending Eileen fault block and with the distribution of mapped
reservoir facies. North-northeast offset and rapid changes in trends from the predominant
northwest gradient relates to deep-to-shalow north-northeast-trending faults that studies indicate
were reactivated during and since Sagavanirktok time. Linkages to the distribution of certain
facies types both within and below the gas hydrate stability field were being investigated.
Documentation of methodology and interpreted tectono-stratigraphic linkages is planned during
Phase 2 and 3 studies.

FMTORS - BRSE_GEQTHERM_KG [KG] - KG hese hydrete stabdity zone derived from gao-

VP07
L i
W RN W‘:‘F 7 e

-3
el T L, AT

EEiEGUEslEaRRaaaEE

L]

FEET

T RAAA A

Figure 15: Preliminary UA fluid map on the base of the base of the gas hydrate stability
zone (BGHSZ).

Yellow to purple colors in Figure 15 represent a general shallow to deepening of this P-T related
fluid horizon from west to east. Note the position of the MPU in relation to gradients and
orientation. The methodology of how this surface was derived, linkages to the geology and
distribution of gas hydrate resource, and strategies for exploration are planned to be fully
documented during Phase 23 studies Figure 16 illustrates a fluid map of the BGHSZ from
USGS-published data. Figure 17 shows the thickness of that portion of the gas hydrate stability
zone between the interpreted BIBPF and BGHSZ fluid structures shown in figures 14 and 15,
respectively. Documentation of methodology and implications of the maps shown in figures 15-
17 regarding characterization of gas hydrate resources are planned in Phase 2-3 studies.



DE-FC-01NT41332 Quarterly Report 15 (inclusive of 10-15), June 2006 Page 54 of 212

The University of Arizona

A5 a5 Hydrate Froject
Stnewr Iep_§HSZ UISGS

CoNToURE
TR+ §HEZ_USOR UEGE) - USSE hae oriyaraie silll wore
FINTD ol HEE_ISORUSEE GR

Conb B - 25 Bl

—

@ ORercometzat wo vdrme (USOS kel
Q) ORUmemamd wo A (UEIS FErTD

)
REINDEE

L r

REWARKE
WGEDeRL,
v
By s
AP PROJESTI

Tisk A AmmZore +(HADT)
Trereierse Mevake Prokdlon
&

&
REINDEER 1700

00004051
ALY
00
i A00EETL
- 0000E T

TORO000N

3340 Firlin

FigLre 17: Isopach map of the UA’s BIBPF to BGHSZ showing variations in
thickness of the gas hydrate stability field.
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5.6.3.5 Relation of Structural Control to Gas Hydrate Occurrence

The relation of deep structural control to shallow gas hydrate occurrence (although previously
implied in published reports) was begun across the AOI in Phase 2 UA studies.

a. Structural and isopach maps of the deeper units within the AOI have proven
useful in understanding deep-shalow structura-stratigraphic linkages in the
absence of seismic data in the KRU and PBU areas and deep seismic data in the
MPU. This facet of research was first investigated in the MPU (Casavant et d,
2004; Hennes et a, 2004) during Phase 1 studies and was extended to the KRU
and PBU areas in Phase 2 (the latter phase also included the incorporation of an
additional 40 wells to the data base, some of which lie outside the AQI).
Numerous deep marker picks/correlations were made down to below the Highly
Radioactive Zone (HRZ) marker (e.g. Kuparuk River formation and Lower
Cretaceous Unconformity (LCU).

b. Although preliminary and differing somewhat from the tops known to be used in
industry, the map and cross-section products have been useful in fine-tuning
shalower correlations and identifying/predicting subtle changes in structure and
facies within the shallower Early Tertiary-Late Cretaceous) Ugnu and West Sak
formations and overlying Tertiary Sagavanirktok sediments as a result of the
basement fault reactivation as discussed in Casavant (2001). (Pl Note: Definite
linkage of deep structure to overlying depositional systems may not be as clear as
stated here. Some published deeper fault maps would probably be more
beneficial to this portion of the research than isopachs of deeper formations).

I. Cross-sections (not shown here) have demonstrated the linkage between
deep fault structures and flexures to subtle changes in dip, fault offset, and
stratigraphic changes within the shallow Sagavanirktok formation. The
structure map in Figure 18 reveals a major and complex northeast-
southwest-trending basement fault zone to the south of the MPU. This
and other structural fabrics are manifested in a variety of other mapped
data (stratigraphy, fluid contacts, etc). (Pl Note: It remains important to
note that this interpretation is based on fault compilation maps and log-
based studies only (no seismic data incorporated into the analyses). The
potential linkage of deep structures to overlying depositional systems
remains speculative). Comparison of maps like that shown in Figure 18
with shallower maps of facies and fluid boundaries indicates deep
structural control on shallow resource distribution and may warrant
continued investigation. Completion and documentation of this work is
planned for Phases 2 and 3.

c. Well-log-based tectono-stratigraphic analysis of AOI continued. Precursory
sudies in the latter part of Phase 1 and during Phase 2 revealed complex linkages
between gross formation thickness, net-gross characteristics of stratigraphic
sequences, and connectivity of flow units within the Sagavanirktok formation to
the location and quality of published gas hydrate or free-gas. This issue was
discussed in previous Phase 1 UA progress reports, in initidl MPU volumetric
analyses, and in presentations at the 2004 Hedberg conference. The UA team
continued these studies in effortsto re-address this concern, primarily in support
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Figure 18: Prelimi nary structure map of aregional marker bed within the (depths of
5000 to 9000+ ft TVDSS).

of production forecasting and reservoir modeling activities. Future analysis will
incorporate the location/depth of UA interpreted gas hydrate and free gas
occurrences compiled across the entire AOI and not just the MPU as was done for
Phase 1. Up to this point only published gas hydrate occurrences across the AOI
have been used in the UA analysis. (Pl Note: UA has clearly completed
independent gas hydrate occurrence assessment from log analyses and
correlation studies).

5.6.3.6 Log Normalization Update

a The UA well log data base has grown from 96 well to 130 wells since the early
stages of Phase 1. Given the attention on the regional characterization of the AOI
in the latter part of Phase 1 and in Phase 2 and the higher number of wells
involved it was determined that GR normalization would be reviewed. GR
normalization is a useful approach to establish and goply statistically valid GR
shift where needed in order to nullify man made variations in tool response that
are linked to a geologic units whose composition varies little to none (Geauner et
al, 2004). GR normalization played a key role in our earlier net-sand and net-
gross calculations in our Phase 1 reservoir mapping and resource assessment
work. A second normalization based on new and old wells was completed in late
May 2005 and both results compared. The median shift of the population did not
appreciably change, however, outlier wells in the normal distribution increased in
the magnitude of required GR shift.

b. A determination of a new sand-shale cutoff for each individua well within only
the Sagavanirktok interval was also started in order to remedy some erroneous
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bulk GR shifts that were associated with problem logs in the earlier GR
normalization. We had not used these wells in our Phase 1 work, but now want to
include them (after adjusted) into our Phase 2 and 3 analyses. We have noted that
cutoffs and bulk shifting of log curves can only be applied to similar geologic
packages and not to the entire curve. In certain wells, the GR logs sometimes
abruptly shift across regional unconformities and where log runs either terminated
or were sutured to another GR run. Sand-shale cutoffs are critical to our
upcoming volumetric analysis of the whole of the AOI (Phases 2 and 3). This
work should be completed during Phase 2-3 studies.

5.6.3.7 Seismic Time Slicing and Reservoir Analyses
Seismic time-dicing and reservoir seismology analysis/mapping was initiated during Phase 2
studies.

a. Scott Geauner (Casavant, MS student) is researching scaling issues for phase and
amplitude attributes in preparation for reservoir seismology study initiated in
Phase 2. Channel-like sand units have been observed in Phase 1-2 well log
analysis and correlation studies; in some areas, these channel-like units appear to
be gpatially associated with interpreted gas hydrate and free-gas accumulatiors.
Such linkage till remains speculative at this time, but worthy of investigation
given their high reservoir quality, linkage to gas hydrate resources, and wide-
spread distribution within some zones.

b. Reservoir seismology and seismic geomorphology research is anticipated to
continue during Phase 2 studies within stratigraphic sequences that can be linked
to and validated by log-based studies. The MPU seismic geomorphic anaysis
will be integrated into the regional log-based facies characterization and mapping
done by J. Manual (introduced below).

c. During Phase 2 studies, Scott had begun his research into attribute clustering for
depositional facies identification (primarily channel), use of Principle Component
Analysis and other statistical and processing methods and had produced pilot or
test dices from the shallow MPU time cube. (Pl Note: This most likely refersto
the UA MPU seismic volume, not the USGSreprocessed seismic volume). These
dices exhibited significant variation in amplitude and interesting elemental forms
(real or artifact) that require further study and validation against log-based
geologic maps (control set). (Pl Note: It should be noted here that the log-scale
resolution is much finer scale than the seismic dataset resolution. It should also
be recognized that many of the log correlations between the wells within the AOI
are made over a distance of miles, which may call into question the ability to
determine lateral continuity of facies discerned within an individual well log
within only a log-based study. An alternative method would be to conduct a
geostatistical approach using geobodies calculated from facies interpretation of
sands within a single well log and distributed accordingly within the study AQI.
A related question is whether or not the frequency of the well-log-based data is
sufficient to determine or interpret the lateral continuity of certain facies.) The
foundation of this thesis will rest on both the integration of many activities
discussed above and on the accurate identification of channel-facies before further
seismic characterization can proceed. Scott’s study will integrate the distribution



DE-FC-01NT41332 Quarterly Report 15 (inclusive of 10-15), June 2006 Page 58 of 212

and quality of gas hydrate resources as interpreted by the UA Phase 1 work within
the MPU area and compare/contrast these findings with facies typing, estimated
continuity, and volumetric calculations derived from Phase 1 work and from
Justin Manuel’s Phase 2 and 3 thesis work.

Figure 19: Time-dice of an interval within the 3D MPU dataset

This image shown in Figure 19 is atime-dlice within an interval of the 3D MPU
seismic volume. Absolutely no geological interpretations should be made from
this very preliminary image showing a time-dlice flattened on what the current
time-depth analysis indicates is the USGS Zone E horizon as picked and
autotracked across Milne Point Hennes (2004). 10ms time-slices were
constructed, sliced through a stratigraphic sequence capped on top by the Zone E
horizon, and confined on the bottom by UA marker or sequence pick S 34 (also
picked and tracked by earlier by Hennes, 2004). It is anticipated that the slices
will help identify and distinguish variability within the sequence with respect to
key depositiona facies, which in turn may relate to hydrocarbon potential and
reservoir characterization across the MPU and AOI. Further review indicates that
horizon repicking will be necessary in some areas of the MPU since some of the
attributes on this very precursory image are associated with horizon mispicks
related to the autotracking. New additional horizons and thinner-scale sequences
observed will also be correlated and mapped based on the identification of
unconformities in wells and seismic, which had been noted and reported, but not
mapped, inPhase 1 studies.
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5.6.3.8 Facies, Paleodepositional Reconstruction, and Volumetric Studies

WEell log-based facies analysis, paleodepositional reconstruction, and AOI volumetric studies
were initiated in Phase 2.

a. Conceptua studies in this subject were completed in Phase 1 and work was
anticipated to be completed in Phase 2.

b. Facies variations across the AOI can be linked to a variety of reservoir poro-perm
characteristics, dimensions (volume) and connectivity (important to drilling and
production engineering strategies), and economic forecasting.

c. J. Manua (Casavant, MS student) continues to train in recognizing and mapping
discrete facies packages for paeodepositional mapping and AOI volumetric
analysis, given that gas hydrate resources occur within a variety of facies types.
Modern and ancient sand body dimensions as well as deterministic mapping of
the AOI data will be integrated into definitions/predictions of sand body type
dimension, extent and connectivity.

d. The above will be used to high-grade MPU AOQI volumetrics and provide
preliminary and comparative assessment to the USGS volumes across the AOI.
This work will be integrated with other facies work and integrated into recovery
and reservoir engineering models ypon its completion in Phase 3 (2006).

5.6.3.9 Sequence Boundary and Flow Unit Assessment

In conjunction with the facies determination Phase 2 studies are planned to develop a
reproducible and accurate “unconformity flag” for improved sequence identification and fluid
flow unit assessment that is based on both log signature and seismic criteria, where available.

5.6.3.10 Stratigraphic Studies of Staines Tongue and Zone C

Ken Mallon (KM) initiated stratigraphic studies of 2 main potentialy gas hydrate-bearing sand
intervals, the Staines Sand and the Zone C horizon, in order to explore and document
stratigraphic heterogeneities that might impact gas hydrate reservoir morphology and volumes.
(Pl Note: The Saines interval reservoir sands were reported on in Task 5.0, Quarterly Report
#9, and shown to be of low-gas and gas hydrate saturation as interpreted from the wells-of-
opportunity MPS-15 and MPI-16. The low saturation calculations are interpreted to be due to
leaky prospect seals and/or poor gas charge (see related discussion in Section 5.6.3.3 with
regard to coalbed methane).
a. Tested various display designs in Petra and/or Landmark to determine benefitsin
exhibiting the stratigraphic complexities of the C Horizon and the Staines sand.
Decided to use Petra due to its ease of use and data transfer.
b. Overlaid net to gross maps for the C and the Staines with well log curve displays
to illustrate sand characteristics and facies changes, and those relationships to
Net/gross anomalies.
c. Displayed Gamma Ray curves and expert system fluid predictor curves for the
intervals. ANN curves will be incorporated in the future.
d. Imported and overlaid seismic fault maps from Milne Point on the sand maps and
log curve displays, providing further opportunities to delineate potential gas
hydrate-bearing reservoirs.
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5.6.3.11 Artificial Neural Network (ANN) and Expert System (ES) Studies

a. ANN anaysis of al wells in Milne Point and several wells in eastern Kuparuk
River Unit have been completed. A computer code has been developed to extract
salient features from normalized gamma logs and other logs for use in
depositional facies classification and an initial ANN is trained b identify some
major depositional facies (e.g. sand, coals, shales). Additional “expert” or
deterministic tweaking of this preliminary ANN is required. It is hoped to
develop an ANN that will be able to identify individual sand body types for future
work.

b. Results of the log-based fluid prediction in the ANN and ES schemes has been
completed for every well containing shallow data within the MPU and checked
against geologic evidence and quick-look analysis to determine the credibility of
the predictions. We have confidence that the automated systems correctly predict
the presence or absence of gas hydrate, where sufficient well log data are
available.

c. ES facies and fluid predictions have been completed now for most of the wells
within the AOI. Predicted outcomes include facies such as coals, soil horizons or
cemented intervals (potential sequence boundaries), and fluid types such as gas,
gas hydrate, oil, free gas, and water.

d. Work on the Landmark-MATLAB interface will commence to enable extracting
seismic data from Landmark and performing the ANN classification of seismic
facies and fluid types. Once we have our ANN and expert system facies and fluid
predictors imported into Landmark we should be able to attach a more credible
geological interpretation to the classified seismic facies and fluid types. We will
be creating maps of depositional environments to correlate with the seismic data,
cross sections, structure analysis, and do a re-analysis of the USGS prospect
polygons. This work and summary of results is scheduled for the latter half of
Phase 2 or Phase 3.

5.6.3.12 Regional Fault Map Studies

The locations of maor regiona faults across the AOI have been compiled from pre-existing
studies and published data. At thistime only shallow faults within the MPU, which were derived
from the UA MPU seismic interpretation (Hennes et al., 2004) are being displayed and
considered in analysis on UA map products. Older maps of deeper fault sets (E. Cretaceous
faults in the KRU, Paleozoic faults in the PBU) derived from published studies, were being
digitized and would have been geospatially registered and displayed alongside the shallower
MPU faults. This information has and will continue to support our geologic characterization of
gas hydrate resource distribution within the AOI.

5.6.4 Phase2 Reservoir Characterization Studies— October 2005 thr ough end-January
2006 Status Report

5.6.4.1 Educational Component of the UA Gas Hydrate Research Program Studies

A mid-2004 a small preliminary spatial statistical study of fault locations, morphology and
interpreted gas hydrate occurrence across the MPU was undertaken by Gandler and Casavant.
This work comprised a significant component of a senior geological engineering undergraduate
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study by Greg Gandler in the Department of Mining and Geological Engineering. Greg's study
represented just one of several examples of student projects (roughly 12) undertaken at the UA
as a result of the industry-government-university collaboration and data afforded by the gas
hydrate research. As a result of the project studies, students have had significant exposure to a
“typical” chalenging and multi-disciplinary industry project as well as the various professions
this represents. As aresult of this exposure and experience with the project, Greg and several of
his close colleagues chose to continue their education in natural resource development in
graduate school. Greg was selected to attend the Petroleum Engineering graduate program at the
University of Texas, Austin and will have acquired a M.S. degree in petroleum engineering. To
date, the UA gas hydrate research program has provided partial or full support for 5
undergraduate studies or research assistantships within the Department of Mining and Geol ogical
Engineering and contributed directly or indirectly to the completion of 6 graduate theses from the
Departments of Mining and Geological Engineering and Geosciences. One hundred percent of
UA students who elected to participate in the gas hydrate research program received employment
offers early in their programs and elected to start careers in natural resource development.
Roughly 80% percent of the UA graduating gas hydrate studies students have taken on or will
begin careers in the petroleum industry, while the remaining 20% have elected employmert in
geohydrology and environmenta science, respectively. This outcome does not include a number
of “nongas hydrate” students who elected to change majors and/or consider career choicesin the
energy industry as a result of their association with the student and/or faculty research
participants.

As is apparent from the above small and large student projects such as the example mentioned
above, support of this research program provides both undergraduate and graduate students a
unique and applicable eduwcation experience a various levels of difficulty and
comprehensiveness that are all too often not available in many university programs (even though
some may proclaim so). Since 2001, the DOE-BP funded UA gas hydrate program research has
provided numerous high-quality opportunities for learning, teaching and expanding fundamental
knowledge and skill sets needed to tackle the complex 3D and 4D reservoir engineering and
petroleum geology projects that underpin our nation’s security and prosperity. Furthermore, the
availability of industry data and support allow all project participants to immediately and directly
apply and test their knowledge and skills in an integrative project where information and
research outcomes may affect actual business decisions related energy exploration and
development in the past student’s professional lifetime.

The UA gas hydrate research program has allowed earth science and earth engineering students
(both undergraduate and graduate) to become familiar with a number of state of-the-art
interactive seismic and subsurface geologic workstation systems in common use in the industry
today. Students have received exposure to and have had to integrate a number of other common
industry surficial and subsurface geological and geophysical software in their studies (including
petrophysical, mathematical, statistical, graphics, and image processing). They have acquired
fundamental skills and knowledge in petrophysics, wellsite geology, and drilling engineering,
and have learned how to perform interdisciplinary research that involved the collection,
integration, analysis, and mapping of a variety of subsurface and surface geologic and
engineering data. They have developed a basic proficiency in three- and four-dimensional
conceptualization and interpretation and have also completed professional quality presentations
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on the geology, engineering and thermodynamic and rock-fluid phenomena that relate to the
characterization of gas hydrate resource occurrence on the ANS. It is difficult to exaggerate the
positive benefits that programs such as these have on the training and development and of our
future workforce in the energy industry. In addition to and irrespective of any or all technical
outcomes from university research programs such the UA gs hydrate program, the educational
component and environment that such integrative and supported programs provide cannot be
understated and over-appreciated for that matter. The capacity of these collaborative and fully
supported programs to lay basic groundwork for educating tomorrows workforce regarding
natural resource management and sustainability and the ability of such programs to provide a
balanced technical and political environment to explore and learn about the energy industry is
simply unsurpassed.

Programs, like the DOE-BP funded UA gas hydrate research, are in effect a very productive and
profitable investment by industry and government. As a result of such programs and support
they afford our universities, natural resource departments across our nation can attract and
support students and faculty in a manner they could not do otherwise. This is critica in that
faculty who have considerable technical and intimate hands-on experience in the business of the
industry, can be supported and join the academic ranks to lead and collaborate in the
comprehensive and challenging process of educating and preparing the future industry
workforce. Industry and government supported programs such as this are critical to replenishing
a creative and capable, but aging workforce within the energy industry. Also, being hosted
within a large and renowned research university in a non-oil state, programs like the UA gas
hydrate research aso provide much needed social perspective and talent to students and faculty
who speciaize in other technical and nontechnical fields and vocations (e.g. environmental
science, civil service, political science, business, etc.), which at avariety of scales can and often
do wield far-reaching and more productive outcomes for the industry The more educated our
nation's workforce and voting population become regarding natural resource exploration,
management, and sustainability, the greater the business and societal contributions of the energy
industry will become.

5.6.4.2 Regional (AOI) Structural Analysisand MPU Seismic Sequence Stratigraphy and
Facies Char acterization

The Phase 2 fault and Phase 3 structural characterization across the MPU via 3D seismic data
(Hennes and Hagbo M S theses) continued through late 2005. The earlier seismic-based fault and
structural characterization of the MPU was extended throughout the entire AOI during late Phase
2 and early Phase 3, using well log information and available published fault maps (e.g. Collett.
Carmen Hardwick, Casavant). Since the November 2004 Hedberg gas hydrate conference, an
additional 78 well logs were added to the UA well log data base and all available published fault
and structural maps across the AOI were incorporated into the studies. One component of the
UA research has focused on improving our understanding of fault morphologies and occurrence
at the shallow Sagavanirktok formation level, their spatial relationship and connectivity with
deformation at deeper levels across the AQOI (e.g. within the KRU at the Ugnu-WSak (4000 feet
BMSL) and Kuparuk River (6000 feet BMSL) and the western half of the PBU at the Sadlerochit
(9000 feet BM SL)), and their linkage to reservoir facies types, distributions, and quality as these
may relate to gas hydrate and free-gas resource distribution and volumes. Although preparatory
groundwork and a preliminary tectonostratigraphic framework were presented at the 2004
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Hedberg conference by the UA research team, sufficient data and linkages revealed in the
presentations indicated an unequivocal, but complex interaction between structural and
stratigraphic controls associated with basement fault reactivation, syndepositional faulting and
known and inferred gas hydrate/free gas occurrences. Examples of the shalow gas hydrate
accumulation and trapping at the intersections of conjugate north-northeast- and northwest-
trending basement fabrics was also superbly illustrated by Task 5.0 seismic based prospects
presented at the conference such as the Mt. Elbert prospect.

Results of that preliminary Gandler study mentioned above were presented in a poster format at
the 2004 Hedberg conference (Gandler, G.L., R.R. Casavant, R.A. Johnson, C.E. Glass, and T.S.
Collett, 2004, Preliminary Spatial Analysis of Faulting and Gas Hydrates-Free Gas Occurrence,
Milne Point Unit, Arctic Alaska). The work signaled implications for exploration of gas hydrate
resources outside of the MPU area where fault mapping via available 2D seismic and well logs
might be adequate. One of the more significant outcomes of the study suggested a that moderate
relationship existed between fault density per unit area and morphology of a fault zone with (@)
occurrence of gas hydrate-bearing units as interpreted at that time from earlier USGS fluid
assessments and (b) distribution of net reservoir sand as mapped by the UA team across the
MPU. It was hypothesized that the correlation may relate to those complex and basement-rel ated
fault zones (FZs) that have (1) a higher probability of reactivation, (2) controlled the distribution
of shallower coarser-grained fluvia-deltaic deposits within the Sagavanirktok formation, and (3)
have intersected at depth multiple oil reservoir rocks (sources) that now have direct linkage with
the overlying Sagavanirktok reservoir rocks via fault conduits. As Collett (2004) had pointed out,
such FZs probably are good avenues for periodic and/or continuous leakage of light gas
components from the deeper hydrocarbon sources. Recent spatial analysis and mapping by
Casavant on the WSak-Ugnu reservoirs in the KRU support this hypothesis and this
documentation is in progress.

As a result of that earlier Gandler study, the UA team expanded the scope of its structural
investigation across the entire AOI. Detailed findings from the earlier MPU 3D seismic data
have been extrapolated south and west into KRU and southeast into PBU areas and integrated
with published regiona fault patterns in those units. This regional data will help investigate
structural linkages to general facies distribution across the AOI and specific reservoir sand unit
dimensions in the MPU as identified from well logs and 3D seismic data, respectively. Current
MS research, facilitated by S. Geauner involves the identification and mapping of seismic facies
within the MPU. This study is coeval with a regional chronostratigraphic study that is
addressing facies types and their distribution across the entire AOI (J. Manuel thesis).

Scott’s MPU 3D seismic fault review and seismic facies characterization builds upon work that
was started by Hennes et d (2004) and Casavant et a. (2004). It involves the identification of
seismic sequences within the Sagavanirktok formation, which were not identified or broken out
in “topset play” and dope channels of the “turbidite play” intervals in the thick Brookian
sequence (e.g. Houseknecht and Schenk, U.S.G.S. ANWR 102 Open File Report 98-34).
Confirmation of the finer UA seismic sequence stratigraphic framework and interpreted systems
tracts is also being integrated and constrained by a regional sequence stratigraphic framework for
the whole AQI that is based on well log control (Manuel and Casavant). The goal of Scott’'s
detailed seismic facies study and our regional chronostratigraphic anaysis is to see if we can
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better characterize local and regional structural-stratigraphic controls on gas hydrate occurrence,
which published studies to date have mostly described in genera terms (e.g. Collett et al, 1988).
Several components of this work are the focus of arobust MS research project by Scott Geauner
(MGE). Scott’sthesis: “Fault analysis, seismic facies modeling and volumetric reassessment of
gas hydrates in the Milne Point Unit, North Slope, Alaska,” is scheduled for completion in May,
2006.

While some of the findings from Scott’s detailed fault characterization validate preliminary
linkages stated in the Gandler-Casavant 2004 study, other findings are new. For example his
more extensive analyses validate some characteristics common among the larger north-northeast-
trending faults. These faults are more often han not complex multi-splay fault zones (FZs)
containing mostly synthetic and few antithetic splays. Previous USGS, UA, and industry studies
have mostly depicted these zones as single fault features on published maps and have addressed
mostly the larger fault displacement only (e.g. Hennes, 2004; Hagbo, 2004). But as Gandler et al
(2004) and Casavant et a (2004) pointed out, the multiple splay zones may characterize zones of
repeated fault block reactivation and it is highly probable that these link to sand deposition and
updip fluid migration in numerous ways. The FZs described by Scott vary in width along an
individual zone and relative to other zones. Changes in width are often associated with much of
the north-northeast displacement being partitioned across and taken up by low dip-displacement,
but possibly more lateral displacements along north-northwest-trending FZs. We hypothesize
that the low dip-offset of the north-northwest-trending FZs have caused these FZs to be under-
characterized when it comes to their role in fluid migration, entrapment and facies changes.

The north-northeast-trending FZs are characterized by intense faulting, are laterally extensive,
and often exhibit the greatest amount of throw if one adds total displacements acrossasingle FZ.
As Casavant et a (2004) demonstrated at the 2004 Hedberg conference regarding sand thickness
in the MPU, these zones are interpreted to bound a transtensional basin. Scott’s more recent
characterization has mapped in detail the locations of al the multiple normal fault splays that
characterize the basin-bounding FZs. Within the limits of the MPU a few extensive and
prominent north-northeast-trending FZs do exhibit what appears to be a single, fault plane (e.g.
severa high-angle west-dipping north-northeast-trending faults that bound two half- grabens west
of the WSak 17 and WSAK 25 wells, respectively. For a majority of north-northeast-trending
FZs, however, 3D seismic data show that predominantly west-dipping displacement is
partitioned across anywhere from three to six fault splays. All of the fault splays are interpreted
to be high-angle and do not converge within the shallow seismic data set available to us (above
950 ms). Their downward projection does suggest convergence with depth with what has been
interpreted a master basin-bounding sidewall fault associated with a deeper-seated pull-apart
basin (Casavant et a., 2004). If this hypothesis is validated, the latter mostly likely formed above
a reactivated basement-seat wrench zone (possibly related to a paleo-transform or near-margin
transcurrent FZ that was reactivated during earlier Paleozoic and later Mesozoic rift events that
shaped the current morphology of the Alaska Arctic Terrane (Casavant, 2001).

Given that the total displacement on a fault system is the sum of throws across the multiple
splays of that system, Scott will be re-investigating fault displacements associated with these FZs
in an effort confirm or re-establish total displacement. Locations of many interpreted gas
hydrate and free-gas occurrences along major FZs across the AOI suggest that reservoir sand
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juxtaposition may play an important role in gas hydrate entrapment or that these resources are
simply retained within these zones having migrated up along fault planes (Collett et al., 1988).
Our reinvestigation of fault throws may prove very important if we are to accurately assess
reservoir sand continuity across individual splays within a FZ to establish whether the trapping
of gas hydrate occurred at the fault. These descriptions in prospective areas should be accounted
for in future reservoir engineering models and integrated with interpretation of seismic data
wherever possible. This work will be compared to and linked with earlier studies on resource
trapping and distribution (e.g. Hennes et al, 2004; Hennes thesis), which addressed the potential
role of clay smearing along fault planes as a mechanism (and predictor) for gas hydrate and free-
gas resource trapping against faults in up-dip positions (Figure 6).

Major components of Scott’s detailed MPU fault characterization and mapping unequivocally
validated many of the preliminary observations shown at the 2004 Hedberg conference
(Casavant et al, 2004) and validated during Phase 2 studies. These include: (1) deformation
along many of the largest and more complex (multi- splay) north-northeast-trending fault zones
(FZs) and intermittent northwest-trending FZs that extend from the basement to the surface and
in some locations appear to control the geomorphology of some rivers and coastline trends
within the MPU. This was demonstrated along the Barrow arch and in KRU-PBU areas in
Casavant, 2001); (2) a minor, but recognizable transtensional component along the north
northeast-trending basin bounding FZs as validated by fault oversteps or transfer zones as
illustrated at the Hedberg conference by Casavant et a (2004); (3) basement fault reactivation
occurrence along both north-northeast- and northwest-trending FZs within the MPU; and (4) the
northwest-trending “hingeline” swath of Hennes et a (2004) & one of several discontinuous
zones of northwest-trending FZs (Casavant et al, 2004). These FZs exhibit only minor normal
displacements at the Tertiary-level. This may reflect the presence of a larger trandational or
strike-slip component that is more difficult to reconcile on vertical seismic lines.

Recent stratigraphic analysis and paleodepositional mapping across the entire AOI by Manuel
and Casavant (in progress) confirm several phases of Tertiary reactivation along severa of the
major northwest- and north-northeast-trending FZs as documented by Casavant (2001), and
discussed again by Casavant and others (2004 and Hennes and others (2004) at the Hedberg
conference. The nature of structural-stratigraphic linkages with regard to control on facies
distributions, paleodepositional environments, gas hydrate occurrence, and reservoir volumes are
being finalized in UA regional studies and will be documented in several papers and thesis
(J.Manuel) due for review in mid-2006.

5.6.4.3 Gas Hydrate Stability Study and Expert System Fluid and Facies Predictor

Structural and fluid analysis in Phase 1 2004 and Phase 2 2005 studies by Glass and Casavant
also reveal the association of relatively thick coarse-grained low-stand tract fluvial deposits that
have been identified within AOI. The fault systems that controlled the location of what appears
to be incised channel systems may have a pronounced influence on where one picks the depth of
the base of the ice-bearing permafrost in such areas, and thus, the gas hydrate stability window
required for resource accumulations to be interpreted or explored. Several papers by Glass and
Casavant that are in preparation at this time (listed below) document Phase 2 and 3 UA studies
pertaining to regiona “quick-look” fluid predictions. Preliminary isopachs of the gas hydrate
stability interval argue strongly for structural-stratigraphic control on the gas hydrate stability
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field. Expected completion of these drafts (in progress) for subsequent review and submission
for peer-reviewed publication is also planned during summer 2006. Three planned publications
include:

1. Edimating the Base of the Ice-bearing Permafrost Using Simulated Well Bore
Temperature Logs, North Slope of Alaska

2. Use of Thermal Corductivity Modeling to Distinguish Gas Hydrate from | ce-bearing
Sediments within the I ce-bearing Permafrost on the Central North Slope, Alaska

3. Expert system for estimating pore fluid concentrations below permafrost using
petrophysical well logs on the Alaskan North Slope

Work on the artificial neural network research (ANN) has progressed minimally since late 2004
to mid-2005. The principal investigator, anticipates possible reactivation of the ANN research
during the summer 2006 when sufficient time for research can be dedicated. ANN training and
prediction of facies and fluid types using only well log data resulted in modest success in Phase 1
and 2. Results of that work were presented at the 2004 Hedberg conference (poster by Poulton,
Casavant, and Glass). The next phase of the proposed ANN research is now scheduled for
summer 2006 and providing that funds still remain during the no-cost extension period, it will
focus on trying to identify and train ANN markers associated with the presence of gas hydrate-
bearing reservoir rocks within the MPU seismic data. Given that much of the geologic
characterization will be completed and available to the ANN algorithms, there is anticipation of
ANN being able to discern gas hydrate-bearing sands from lithologic facies changes. Although
this seems plausible based on similar studies performed elsewhere, results are quite difficult to
predict at this early stage of the research.

5.6.4.4 Regional Composite Fault M ap

During the summer and fall of 2005, aregional composite fault map of the AOI from various
stratigraphic levels was compiled and sutured from a variety of published sources by Casavant
and MGE undergraduate student, Gywn Smith. Vertical and lateral extrapolation of regional
north-northeast- and northwest-trending FZs from formations within the PBU (lvishak formation
level) and KRU (Kuparuk River formation level) into the MPU has been completed and is being
integrated in our study of variations in the gas hydrate stability field and mapping of reservoir
sands and facies within Sagavanirktok parasequences in which gas hydrates and free-gas are
known or interpreted to occur.

5.6.45 Regional Sequence Stratigraphic Characterization and Paleodepositional
Reconstruction

During the last half of 2005, a sequence stratigraphic framework that was devel oped and applied
within the MPU after initial proposal and presentationat the 2004 Hedberg conference (Geauner
and Manuel, 2004; Casavant et al., 2004) was extended throughout the whole of the Eileen trend
AOIl. As Wagoner and others (1990) succinctly state, sequence stratigraphic analysis “involves
the recognition and correlation of a hierarchy of stratal units including beds, bedsets,
parasequences and parasequence sets and sequences bounded by chronostratigraphically
significant surface of erosion, non-deposition, or their correlative surfaces’. The UA framework
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shows that the Sagavanirktok formation topset play can be subdivided into severa regionally
correlable sequences.

A clearer understanding of the role of intraformational unconformities on the distribution of
stratigraphic units especialy in the western half of the AOI has been achieved. A former model,
which invoked most of the lithostratigraphic units climbing up-dip from east to west into the
permafrost region does not adequately characterize the heterogeneity observed from detailed
well log correlations and seismic attribute analysis. UA analysis (in progress) will show multiple
intraformational erosional surfaces (2-3 sequences) removing gas hydrate-bearing sequences
from east to west and more adequately account for the absence and/or preservation of
stratigraphic units, facies types, and gas hydrate-bearing reservoir sands along the flanks and
nose of a section of the Colville High known as the southeast-plunging Kuparuk anticline. The
chronostratigraphic analysis is tied to both a regional structural characterization across the AOI
and to a detailed seismic-based structural study within the MPU. Some of this work is the topic
of a MS Thesis by Justin Manuel entitted “A chronostratigraphic framework of the
Sagavanirktok rmation, North Slope Alaska: Incorporating facies characterization, reservoir
continuity ad dimensions in relation to gas hydrate and associated free-gas resources.”

Major fluvia, trangitional and nearshore marine facies belts and their general lateral and vertical
distributions have been mapped for several of the mgor gas hydrate-bearing intervals across the
AOI. The structural influence of both north-northeast- and northwest-trending fault systems on
the development and extent of ancient fluvio-deltaic systems within the high-stand system tracts
and locations of incised channel deposits within low-stand systems tracts is now much better
understood (Figure 20). This integrative structural-stratigraphic study is anticipated to help
distinguish control types and combinations that have the greatest or most frequent effect on gas
hydrate and free-gas distributions and entrapment. The final UA analysis on fluid distributions is
anticipated to be completed by the summer 2006 and a final look at volumetrics over several
prospective drilling areas is planned to be reviewed again.

The upper gas hydrate bearing units in the Northwest Eileen02 well belong to two separate
sequences defined by unconformities and different depositional sequences. The map illustrated in
Figure 20 shows a thinning over two (and possibly three) underlying northwest-trending
“hingelines’ across the AOI which coincide with the location of structural flats (dip changes)
along the eastern flank of the underlying southeast-plunging mid-Tertiary Kuparuk high. These
are interpreted to be faulted zones at the Sagavanirktok level. To the east of the easternmost
hinge, facies are dominated by nearshore marine, whereas to the west, facies are dominated by a
mixture of highly-variable transitional and fluvia facies Slices above and below the
stratigraphic interval shown on this map (Figure 20) show the migration of the facies and
locations of interpreted persistent incised valley channel sand deposits (not shown well here) that
fed these systems and incised into the underlying deltaic and marine facies. Manually contoured
maps better highlight many of these features. Sand body types and dimensions are being
analyzed for future modeling and volumetric purposes. North-northeast structural influences on
the paleodeposition can also be seen in this example “time” slice such as south of KRUUGNU-
01 and achannel in the MPA-01 location.
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Figure 20: 5-foot contoured net sand slice map (all wells QCd) in the uppermost paft of the
thickest gas hydrate-bearing parasequence within the Northwest Eileen-02 well (Zone C). (PI
Note: Notethat the L-106 and V-107 log data are not yet included in this analysis.)

5.6.5 Phase 12 Accomplishments and Phase 3 Study Recommendations — March 2006
Status Report

5.6.5.1 Subtask 6.3.1, Petrophysical Studies of Gas Hydrate-Free Gas Occurrence

5.6.5.1.1 Estimate Net Sand and Pay Volumesin Zones C and B

Net sand and net pay volumes are estimated through interpretations of wireline log, available
core, and drill-stem test data (NWEileen-02). Net sand and net pay volumes are essential to
estimating the maximum likelihood of gas hydrate and free gas accumulations as a resource and
to compiling a realistic 3-dimensional reservoir model for the North Slope Eileen gas hydrate
trend. UA Phase 1-2 activities progressed from the assessment of net reservoir quality and
distribution within the MPU to throughout the entire Eileen trend Area-of-Interest (AOI). The
results will help evaluate and select sites of opportunity for additional shallow data acquisition
and potential future well testing in MPU, western PBU, and/or possbly KRU. Detailed
assessment involving structural and sequence stratigraphic synthesis is being conducted during
the no cost extension only for the better developed gas hydrate and free-gas bearing reservoir
Units C and B (UA parasequences 34 and 33, respectively).

5.6.5.1.2 Visually Verify Expert System (ES) Estimates of Gas Hydrate, Free Gas,
Petroleum and Water Occurrencesin Zones C and B acrossthe AOI

The Expert System (ES) was employed to provide quick, preliminary estimates of pore-filling

fluid phases and saturations (gas, water, gas hydrate, oil) within each of the more than 140 wells

in the AOI database (Glass and Casavant, 2006a)'. An ES was chosen for this task for the

following reasons: 1. Experienced petrophysicists have difficulty evaluating more than two to
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three data sets at a time. Correct estimates of free gas and gas hydrate occurrences within a well
require a simultaneous evauation of a minimum of six independent wireline logs (sonic,
resistivity, density, gamma ray, caliper, and neutron porosity), mudiogs and other tests, and gas
hydrate stability constraints (base of permafrost and depth to the base of the gas hydrate stability
field) at each measurement location (usualy 0.5 foot increments) within the upper 3,500 feet of
the well. That corresponds to over 42,000 independent evaluations for each well in the database.
Confronted with such a task, petrophysicists can commonly concentrate on datasets with which
they are most familiar and can subconsciously exclude potentially important information in other
datasets from the decision process. 2. ES estimates represent precise and objective log and
statistical-based mathematical calculations. The discernment of the presence of free gas, gas
hydrate, water, and oil-bearing reservoirs using these wireline log datasets is also a complex
pattern recognition task requiring an experienced petrophysicist to evaluate and sipplement
computer calculations, provide quality control, and produce geologically reasonable results. The
free gas, gas hydrate, oil, and water saturation calculations of the ES are therefore carefully
verified by an experienced petrophysicist prior to being included within the resource assessment.
The ES is especialy helpful in flagging transition areas and trends where gas hydrate, free-gas,
and petroleum concentrations are variably saturated and gradually increasing. These areas are
easy for an analyst to miss, especially where well control is sparse or well datais incomplete. 3.
Thorough quantitative and 3-dimensional analysis of particular log-curve elements aso involve
recognition and quantification of facies (coal, sand, shale), regions of reservoir interfingering or
pinchout, and 3-D spatial assessment of drilling elements, such as borehole washouts. In some
locations, borehole washouts are additional indicators of syn- and post-drilling gas hydrate
dissociation and can be integrated with the stratigraphic interpretation, structural mapping, and
pay assessments.

5.6.5.1.3 Estimate Net Sand and Pay Volumes in Sagavanirktok Zones A, D, E (Eileen
trend) and Ugnu-WSak (Tarn Trend)

5.6.5.1.3.1 Eileen Trend

Free gas- and gas hydrate-bearing Sagavanirktok formation reservoirs also exist both above and
below zones C and B gas hydrate-bearing reservoirs within the Eileen trend. Only preliminary
estimates of net sand have been made to-date for most of these additional reservoir units. To
estimate the total potential free gas and gas hydrate resource within the AQI, these additional
reservoir units would need the same level of analysis devoted in prior studies to zones C and B.

5.6.5.1.3.2 Tarn Trend (potential future work).

This trend is southwest and west of the primary current AOl. Regional analysis corroborates
previous USGS studies that indicate significant gas hydrate resources also occur within the Tarn
trend. Although not currently a priority study within the primary AOI, this trend could be
evaluated at a later time in the context of the regional sequence stratigraphic framework, which is
critical to identifying and predicting gas hydrate prospects and to understanding the up dip
connectivity of gas hydrate-bearing reservoir units as they become truncated and/or sealed by
intraformational unconformities (presently undefined) that mark higher-order sequence
boundaries within the Ugnu and upper West Sak formations. Prior to undertaking this potential
future analysis, al wireline, drilling and mudlog data for al wells within the Tarn trend would
need to be obtained.
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5.6.5.2 Subtask 6.3.2, Thermal Conductivity Modeling

5.6.5.2.1 Permafrost, Gas Hydrate Stability Zone, and Transitions, Eileen trend

In addition to the petroleum system components, a necessary condition for the occurrence of gas
hydrate is a pressure/temperature zone within which gas hydrate is stable. Thermal conductivity
modeling guides the evaluation of gas hydrate and associated free gas resources (Glass and
Casavant, 2006b)?. This evaluation also enables estimating the 0°C (base of the permafrost)
contour, the —=1°C (upper limit of the base of the ice rich permafrost) contour, and corresponding
depths to the base of the gas hydrate stability zone. Combined with regional sequence
stratigraphic analysis, identification of intraformational unconformities, net sand mapping, and
structural mapping, the thermal conductivity modeling helps estimate updip and downdip limits
of gas hydrate and free gas resources across the AOI. It has also allowed mapping of intervals or
corridors marked by variable phase transitions which are localy dependent on sand/shale
content, pressure, and salinity anomalies.

5.6.5.2.2 Intrapermafrost GasHydrate

For the first time we have been able to identify and distinguish gas hydrate within the ice-rich
permafrost of the North Slope (Glass and Casavant, 2006c)®. The approach can be described
simply as follows, “If a material conducts sound and electric current like ice, but conducts heat
like water, it must be gas hydrate.” The technique is demonstrated for the only two wells we
have in our database having the necessary thermal and wireline logs. Both wells show
intrapermafrost gas hydrate up dip from known gas hydrate occurrences in NWEILEEN-2.
Intrapermafrost gas hydrate, if it can be identified, may significantly increase the known gas
hydrate resources on the North Slope. However, accessing the potential intra-permafrost gas
hydrate resource would add the complexity of an ice phase to the resource extraction process.
Future well data acquisition is recommended to help verify intrapermafrost gas hydrate
occurrence including thermal logs, wireline logs, mudlogs, and cores.

Later studies, if approved, could test the intrapermafrost gas hydrate detection technique by fully
logging several new wells of opportunity being drilled for deeper targets in the Milne Point,
Kuparuk River, and/or Prudhoe Bay areas. Well log measurements should include resistivity,
acoustic Vp-Vs, bulk density, neutron density porosity, NMR, electromagnetic, image logs and
drilling mud gas and tenperature logging both within and below the permafrost in areas where
the likelihood of gas hydrate occurrence is high (e.g. twinning the NW Eileen wells, the PBU L-
and V-pad areas). As was stated in the August 2005 Alaska DNR_USGS Alaska Gas Hydrate
workshop (AKDNR report, 2005), both conventional wireline logging and LWD (logging while
drilling) should be completed to fully assess the distribution of potential gas hydrate resources
both within and below the permafrost interval on the North Slope of Alaska. It is recognized,
however, that potential production of intrapermafrost gas hydrate would be more problematic.

5.6.5.3 Subtask 6.3.3, Saturation Estimate, Gas Hydrate and Free Gas-bearing Reservoirs

5.6.5.3.1 GasHydrateand Free Gas Volumetric Estimates, Eileen Trend Zones C and B

This is a high-priority task. The wlumetric estimates are based on petrophysical interpretations
that incorporate detailed structural and sequence stratigraphy analyses, and verified ES estimates
of pore fluid saturations. Maximum value estimates include an interpretation of possible
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intrapermafrost gas hydrate, gas hydrate below the permafrost but above the lowest depth to the
base of the hydrate stability zone (depth projected from the 0°C contour), and free gas both
within and below the gas hydrate stability field. Minimum value estimates include an
interpretation of gas hydrate below the base of the permafrost (0°C contour) and above the
maximum depth to the base of the gas hydrate stability zone (depth projected from the 0°C
contour). Expected value estimates include petrophysical interpretation of the likelihood of gas
hydrate existing within the zone defined by the -1°C contour and the base of the gas hydrate
stability zone (depth projected from the -1°C contour). Free gas typically occurs only below the
gas hydrate stability zone, but can also occur within the gas hydrate stability zone within
stratigraphically-isolated units or where sufficient formation water is not available.

5.6.5.3.2 Develop ESUsing Mallik Training Site

The ES has been developed within a Microsoft EXCEL environment and trained on interpreted
pore fluid saturations from the JAPEX/INOC/GSC Mallik 2L-38 gas hydrate research well,
Mackenzie Delta, Northwest Territories, Canada. Please refer to Section 5.6.5.1.2 for a
discussion of the rationale behind the use of the ES. However, it is recognized that differencesin
formation properties, salinities, and other reservoir parameters may prevent this site from being a
valid comparison for these statistical, predictive Alaska North Slope reservoir estimates.

5.6.5.3.3 Test ESUsing NW Eileen State 2 Site

The accuracy of the ES is demonstrated using the Arco-Exxon NW Eileen State 2 well (UWI =
500292011700). This well was chosen for demonstration because it is the only well to date on
the Alaskan North Slope in which gas hydrate-bearing sandstones were directly sampled (cored)
and confirmed. Please refer to 5.6.5.1.2 for adiscussion of the rationale behind the use of the ES.
(PI NOTE: Even though they were not cored wells, the PBU L-106 and V-107 wells with more
modern suites of logs would be better to use for this EStraining. These wells should at least be
used/added within the ES)

5.6.5.3.4 Verify ESUsing Human Interpretation in Zones C and B
Refer to Section 5.6.5.1.2 for a discussion of the rationale behind the use of the ES.

5.6.5.3.5 Gas Hydrate and Free Gas Volumetric Estimates, Eileen Trend Zones A, B, D
and Tarn Trend Ugnu

Refer to Sections 5.6.5.1.2, 5.6.5.1.3, and 5.6.5.3.1 for discussion.

5.6.5.3.6 Refine ESUsing More Sophisticated Shape Detection

At the present time the ES is confined to searching for distinctive absolute log values or
variations in log values from background values (using low-pass filters to define background
behavior). It is possible that better discrimination is possible using more phisticated shape
recognition techniques. For example, at the present time the ES demands that the gamma ray 1og
display counts below 55 prior to assigning a pore fluid as gas hydrate, ice, free gas, or petroleum.
All logs within the AOI will be verified as normalized to account for vintage, acquisition settings
changes, and cased versus open-hole. Gas hydrate certainly occurs preferentially in sand, but we
have also observed that gas hydrate most often occurs within fluvial point bar and channel sand
deposits, and less frequently in marine mouth bar sand deposits. One such approach to improving
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ES efficacy would include the automatic (or interpretive) detection of fluvial point bar and
channel signatures based on their diagnostic shape on the gamma ray log.

5.6.5.4 Subtask 6.3.4, Artificial Neural Network (ANN) to Assess Reservoir Properties

5.6.5.4.1 Prepareand Refine ANN for Application to MPU 3D Seismic Cube

Early attempts at ANN training and modeling using wireline log data as an aid to objectively
identify and map sand, shale and coal facies as well as gas hydrate and free gas intervals were
met with less than optimal success. As a result, we were unable to complete the ANN program
and achieve final verification and quantification of this approach relative to standard
petrophysical interpretations and the ES model results. Petrophysical verification of the
preliminary ANN results (Phase 2) indicated that ANN results were inadequate when compared
with results from standard petrophysical interpretation and ES modeling.

Given the Phase 2 and 3 findings achieved via the structural and stratigraphic characterizations
related to Subtasks 6.3.1, 6.3.3 and 6.3.6 and acquisition of additional research personnel,
continuation of the ANN training and investigation of the MPU 3D seismic data may be possible.
This work would need to be refined and validated first if it were to be of practical use. If
validated within the MPU dataset, its application to KRU and PBU 3D seismic data set could
become most promising. Priority of thiswork in subsequent UA activities, although downgraded
in priority at thistime, could be elevated accordingly if verification of its ability to resolve facies
and hydrate-bearing rocks from the seismic signa is achieved (if within tuning ability), and if
additional seismic data sets are made available in the KRU and/or PBU.

5.6.5.5 Subtask 6.3.5, Regional Sequence Stratigraphic Framework

5.6.5.5.1 Extend Lower Sagavanirktok Stratigraphic Framework throughout AOI

Phase 2, Task 5.0 studies of the Staines Tongue unit indicate that there may be significant
saturation risk with charge or sea issues as demonstrated by the data acquired within this
interval in the MPS-15i and MPI-16 wells-of-opportunity. Former Task 6.0 studies of this
complex formation have addressed reservoir continuity within a lithostratigraphic framework.
Though lithostratigraphic analyses are useful for quick-look regional synthesis, sequence
stratigraphic analyses are required for understanding true reservoir continuity, achieving
meaningful linkages between stratigraphic and structural controls on gas hydrate occurrence, and
resolving and predicting stratigraphic trapping and reservoir continuity.

5.6.5.5.2 Analyze Sequence Stratigraphy of Zones C and B with Emphasis on Structural
and Stratigraphic Controls on Gas Hydrate and Free Gas Occurrence

Although the sequence stratigraphic approach has been applied across the lower half of the
Sagavanirktok (below the mid-Eocene unconformity), detailed analysis of reservoir distribution,
dimensions, connectivity and gas hydrate/free gas emplacement have been addressed primarily
for those parasequences that have the highest potential for containing sizeable gas hydrate and
free-gas resources within the NW Eileen trend area (western PBU, southern MPU, eastern KRU).
As dated in Section 5.6.4.5, ngjor fluvial, transitiona and nearshore marine facies belts and
their general lateral and vertical distributions have been mapped for several of the major gas
hydrate-bearing intervals across the AOI.* The structural influence of both north-northeast- and
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northwest-trending fault systems on the development and extent of ancient fluvio-deltaic systems
within the high-stand systems tracts and locations of possible incised channel deposits within
low-stand systems tracts is now much better understood. The sequence stratigraphic analysis is
tied to both a regional structural characterization across the AOI and to detailed seismic-based
structural study in the MPU.

Importantly, erly results suggests that this integrative structural-stratigraphic study will help
distinguish types and combinations of controls that have the greatest effect on gas hydrate and
free-gas distribution, saturation, and quality. A final anaysis on fluid distributions and
volumetricsis being provided over several prospective drilling areas throughout the AQI that can
be incorporated into future well planning and data acquisition activities.

5.6.5.5.3 Analyze Seismic Stratigraphy of Zones D, C, B and RefineMPU Structure

Previous seismic studies have tended to generalize the distribution of facies types and their
linkages to gas hydrate and free gas resource occurrences. Seismic interpretation is linked to well
control and provides exceptiona detail of an area that is a subset of the regional synthesis
described in Sectiors 5.6.4.5 and 5.6.5.5.2. The identification of seismic sequences and seismic
attribute responses to different sand facies designations (well log-based) is a major objective of
this project task.

Seismic dices may revea in higher-resolution significant vertical and lateral variation in the
distribution and quality of reservoir facies.® This is important for accurate estimates of reservoir
continuity that affect production models. Higher resolution mapping of both faults and seismic
facies should provide better information regarding dimensions and connectivity of reservoir
facies, and predicting which fault systems contribute to gas and gas hydrate sourcing, charging,
and trapping.’ Risk assessments can then be refined at a number of scales and for a variety of
geologic elements (fault types, facies type, reservoir sand thickness, etc.).

5.6.5.5.4 Analyze Sequence Stratigraphy of Zones A, D, E (Eileen Trend), and Ugnu,
WSak (Tarn Trend)

5.6.5.5.4.1 Eileen Trend

As discussed in Section 5.6.5.5.1, published studies and UA Phase 2 work in the MPU show that
free gas and gas hydrate-bearing reservoirs occur both above and below C and B gas hydrate-
bearing reservoirs and within the Tarn trend. Although preliminary estimates of net sand have
been made for most of these units across the AOI, we have not been able to devote the detailed
attention to these units during the no-cost extension period that we have for zonesC and B. To
fully evauate the free gas and gas hydrate resource within the AOI, these units need the same
degree of attention as zones C and B.

5.6.5.5.4.2 Tarn Trend (potential future work)

The Tarn/Cirque trend is southwest and west of current Eileen Trend AOI. Our regional analysis
agrees with previous USGS studies that indicate significant gas hydrate-bearing reservoirs and
resources occur within that trend, and we are well prepared to evaluate them in the context of the
regional sequence stratigraphic framework first tested and defined in the MPU and extended
throughout the AOI for zones C and B. We have found this framework critical to identifying and
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predicting gas hydrate prospects and to understanding the updip connectivity of gas hydrate-
bearing reservoirs where truncation and sealing by intraformational unconformities occur
increasingly to the west. Wireline log, drilling and nudlog data for al wells within that trend
would need to be obtained for this potential future work.

5.6.5.6 Subtask 6.3.6, Integrate Regional Structural and Stratigraphic Controls on Gas
Migration and Gas Hydrate Accumulation

5.6.5.6.1 Synthesize Fault Maps across AOI

A series of published fault locations were compiled and integrated into a regional fault map to
help guide regional stratigraphic and structural analysis related to gas hydrate occurrence and
prediction across the AOI. This work is the extension of a regional synthesis that investigated
subsurface resource distributions to geomorphic expressions of the reactivation of long-lived
subsurface structures’.

5.6.5.6.2 Reinterpret AOI Structure Map at Sagavanirktok L evel

Wirdline log-based computer mapping shows regional structure across the AOI at the
Sagavanirktok level as a low-gradient, relatively smple surface that dips to the east- northeast.
Detailed 3D seismic structural mapping within both MPU and analysis of published structure
maps in the KRU and western PBU, however, clearly show that structure across the AOI is much
more complex and variable. After integrating a number of structure maps and fault data (subtask
6.3.6) from various stratigraphic levels in the KRU, MPU and PBU, this study would provide a
more rigorous interpretation of the AOI structure during mid-Tertiary time and link to
stratigraphic variations and location of reservoir sands both within and beneath the permafrost.

Early results from this task indicate that some of the sand-rich fairways or depocenters at the
mid-Tertiary level link to deeper structural-stratigraphic controls that influenced older
paleodepositional systems in a generally similar manner. Some of the interpreted gas hydrate
occurrences across the AOI appear to be located within or near these structural anomalies, which
are best illustrated in hand-contoured map interpretations. Locations of the anomalies appear to
be most often at the intersection of interpreted reactivated northwest- and north-northeast-
trending fault systems. They are characterized by the truncation of stratigraphic units on
upthrown blocks and by differential compaction associated with thicker and/or preserved coarse-
grained units on downthrown block. (PI-NOTE: If true, this interpretation could definitely
adversely impact the Mt. Elbert Prospect interpretation (the primary Task 8.0 Drilling
Candidate). This alternate interpretation should be thoroughly investigated within the AOI and
extending into MPU with integration of 3D seismic inter pretation).

5.6.5.6.3 Integrate Regional  Structural-Sequence  Stratigraphic  Analysis  for
Characterization of Gas Hydrate-bearing Zones C and B

The integration of ES and manually-interpreted gas hydrate and free gas occurrences in the C
and B intervals and structural and stratigraphic mapping was extended beyond the MPU into the
rest of the AOI during late Phase 2. This work proceeded as the sequence stratigraphic
framework was refined and modified through regiona correlation studies. The pace and
completeness of this work was linked to the acquisition of additional well log data and
progression of our fluid analysis studies Gubtasks 6.3.1 and 6.3.2) and structural mapping
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activities (Subtasks 6.3.5 and 6.3.6). Documentation of the entire 6.3.6 subtask would require
additional funding beyond the no-cost extension period (end-2006).

5.6.5.6.4 Conduct a Regional Structural Analysis of Eileen Trend UnitsA, D, E and Tarn
Trend Ugnu-W Sak

See Section 5.6.5.5.4 for discussion and relevance.

5.6.5.6.5 Pull-apart Basin Relation to Gas Hydrate and Free Gas Occurrence

Based on 3D seismic fault mapping in Phase 1 a north-northeast trending pull-apart basin,
located in the eastern half of the MPU, was interpreted in Phase 2 studies. Subsequent research
has revealed that this basin influenced the maority of sand deposition and constrained the
distribution of gas hydrate-bearing sands within the MPU. (PI-NOTE: Thisisa major statement
and should be given high-priority to verify this alternate interpretation; verification of this
alternate interpretation could significantly impact the current Mt. Elbert prospect Drilling
Candidate interpretation. This alternate interpretation should be thoroughly investigated within
the AOI and extending into the MPU with integration of 3D seismic interpretation.) Fault
anaysis and reinterpretations of mid-Tertiary structure southward into the KRU suggest a
continuation of the same or similarly-sized basin feature along the eastern margin of the KRU.
Structural features such as this can control sand deposition and are important for reservoir
modeling purposes.

5.6.5.6.6 Link Geomorphologic Indices to Subsurface Structures Associated with Inferred
Sub- and Intra-per mafrost Hydrate Distributions

Sequence stratigraphic analyses, seismic fault mapping in the MPU and local tectonic
geomorphologic indices indicate that some fault zones have been repeatedly reactivated and
extend upward from the basement through the JJermafrost to surface, and that mid- Tertiary
deformation is still active in parts of the AOI**®. The UA is well poised to complete this
investigation between geomorphic linkages and subsurface structures that are conducive to gas
migration and sub and intra- permafrost gas hydrate formation. Our studies show that certain fault
zones are complexly faulted and probably represent leaky fault systems that periodically charged
shallow reservoir sands with gas that leaked from deeper oil bearing reservoirs. Outcomes of this
research would help define prospective gas hydrate “fairways’ in regions where 3D seismic data
and/or available diagnostic well log data are scarce. Extension of this study outside the AQOI
would require additional diagnostic wireline, drilling, mudlog and temperature survey data.

5.6.5.6.7 Evaluate Corrédation, if Any, of Shallow Gas Hydrate Occurrence With Deeper
Coal Occurrence

5.6.5.6.7.1 Spatial Correlation Between Coalsand Gas Hydrate

A spatial and quantitative study of coa bearing units within the Sagavanirktok formation was
completed in the MPU during the early part of Phase 2 studies. Preliminary findings, presented at
the 2004 AAPG Hydrate Hedberg conference’, indicated the thickest net coal was present along
the flanks of a sand-rich basin (subtask 6.3.6). It is unknown whether the presence/absence of
coal was due to non-deposition or due to scouring by incised channel units that represent
important updip or shelf elements in our sequence stratigraphic reconstruction of the
Sagavanirktok. We did not have time in early Phase 2 to link coa distribution with overlying
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reservoir facies or to the location of gas hydrate resources interpreted by manual or ES analyses.
Studies of coals in deeper formations on the North Slope, however, indicate that coals can
contribute a considerable coal gas or coalbed methane (CBM) component to sourcing overlying
or updip reservoirs. Completion of this study could provide data and interesting linkages that
could be integrated into future studies of gas hydrate and CBM across the AOI and elsewhere.

Coa beds and interbedded coal-bearing units have been quantified in our ES model. Model
results have been successfully validated and tested with manual interpretations and published
cod studies in the Ugnu and West Sak Formations.

5.6.5.7 Referencesto March 2006 Status Report

1 Glass, C. E. and R. R. Casavant, 2006a, Expert system for estimating gas hydrate
concentrations using petrophysical wireline logs on the Alaskan North Sope, in fina preparation
and informal review prior to AAPG submission.

2 Glass, C. E. and R. R. Casavant, 2006b, Smulating Well Bore Temperature Using Gamma Ray
Logs, in fina preparation and informal review prior to Journal submission.

3 Glass, C. E. and R. R. Casavant, 2006¢, Using Thermal Conductivity Modeling to Distinguish
Gas Hydrate-bearing Sediments from lce-bearing Sediments within the Permafrost on the
Central North Sope, Alaska, in final preparation and informal review prior to journal
submission.

4 Manuel, J., 2006, A chronostratigraphic framework of the Sagavanirktok Formation, North
Sope Alaska: Incorporating facies characterization, reservoir continuity and dimensions in
relation to gas hydrate and associated free-gas resources, MGE Masters Thesis, University of
Arizona. Anticipate preparation of study for internal review and journal submission.

5 Geauner, S., 2006, Fault analysis, seismic facies modeling and volumetric reassessment of gas
hydrates in the Milne Point Unit, North Sope, Alaska, MGE Masters Thesis, University of
Arizona. Anticipate later adaptation of study for internal review and journal submission.

6 Casavant, R.R., 2001, Morphotectonic Investigation of the Arctic Alaska Terrane: Implications
to Basement Architecture, Basin Evolution, Neotectonics and Natural Resource Management,
Ph.D thesis, University of Arizona.

7 Casavant, R.R., A.M. Hennes, R.A. Johnson, & T.S. Collett, 2004, Sructural analysis of a
proposed pull-apart basin: Implications for gas hydrate and associated free-gas emplacement,
Milne Point Unit, Arctic Alaska, AAPG Hedberg Conference, Gas Hydrates. Energy Resource
Potential and Associated Geohazards, Vancouver, BC, CAN, 5 pp.
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5.7 TASK 7, Phase 2: Drilling, Completion, and Production Lab Studies

University of Alaska Fairbanks (UAF)

UAF Principle Investigator: Shirish Patil

UAF Co-Principle Investigator: Abhijit Dandekar

UAF Research Professional: Narender R Nanchary

UAF Graduate Students. Jason Westervelt, Sephen Howe, Namit Jaiswal, Prasad Kerkar,
Hemant Phale

UAF Undergraduate Student Assistant: Phillip Tsunemori

5.7.1 Educational Component of the UAF Gas Hydrate Research Program Studies

5.7.1.1 Phase Behavior, Reservoir Engineering, Formation Damage Assessment, and
Reservoir Model Studies

Significant progress has been made and objectives met for ailmost all the Phase 1 study sub-tasks.
However, there are still several beneficial studies that can be accomplished in Phase 3 studies.
The following subsections briefly summarize the University of Alaska Fairbanks (UAF) research
accomplishments and experimental capabilities. This research will help transition into Phase 3
studies and enable UAF to continue to play a key role in Alaska gas hydrate research. Key
accomplishments of these studies were reported in detail in Quarterly Reports 1-9.

5.7.1.2 Experimental Capabilitiesat Petroleum Development Laboratory

Asapart of the collaborative project with DOE NETL and BPXA, UAF has been able to utilize
a state-of-the-art gas hydrate research laboratory (Figure 21). Using these facilities, UAF has
been able to make key contributions in the areas of phase behavior, relative permeability
measurements, and formation damage assessment to address potential productivity issues.

Relative permeability, fraction
°

g

Gas saturation, %

Figure 22: Relative Permeability Plots

Figure 21: UAF Lab Eqi pment

5.7.1.3 Relative Permeability and Reservoir Modeling Study Accomplishments

The gas-water relative permeability data for gas hydrate systems is essential when either
considering the depressurization methods or inhibitor injection methods for dissociation and
recovery of gas from gas hydrate formations. Such types of data are virtually non-existent in the
literature. UAF has indigenously designed and developed a displacement apparatus capable of
forming gas hydrate and conducting relative permeability experiments. UAF has successfully
measured the gas-water relative permeability functions, in the presence of gas hydrate saturations
ranging from 536%, for unconsolidated Oklahoma sand and for Anadarko Hot Ice #1 core
samples. The key gaswater relative permeability results are shown in Figure 22 (and prior
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reports). Results indicate a reduction in relative permeabilities as gas hydrate saturation
increases.

UAF has adapted a commercia simulator, CMG STARS, to model gas hydrate dissociation
caused by depressurization of an adjacent free gas accumulation in an ANS gas hydrate
accumulation. Even though CMG is a commercially available smulator and capable of handling
thermal oil recovery processes, UAF developed a novel approach to modify the simulator by
formulating kinetic and thermodynamic models to describe the gas hydrate decomposition.
Results are very encouraging and demonstrate the potential of the depressurization production
method by dissociation of gas hydrates adjacent to free gas. UAF modeling indicates that as free
gas is produced at rates of up to 25 MMscfd/d per well, the free gas-bearing zone depressurizes
and the adjacent gas hydrate accumulation begins to release significant additional gas (Figures
23 and 24).
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Figure 23: Gas Hydrate Production Modeling Figure 24: Gas Hydrate Economic Variables

The potential of gas production from formations containing gas hydrate is analyzed using the
results of the sensitivity study. This study provided a useful tool to predict the potential and
economic viability of a recovery process. The modified CMG STARS is user friendly and easy
to initialize unlike other commercial simulators. It has been adapted to handle temperatures
below O°C. A variety of operating conditions and constraints may be specified for each of the
multiple and/or horizontal wells. The modified smulator also works well for gas hydrate
accumulations in different geologic media and for different production mechanisms.

5.7.1.4 Continuation into Phase 3 Research

The gas-water relative permeability data for gas hydrate systems, obtained in the Phase 1 studies
is primarily for reconstituted sediment samples. However, we are still lacking the realistic gas-
water relative permeability data for gas hydrate systems for actual field samples. Obtaining such
data will be feasible only by acquiring sediment samples from objective field areas. Actual field
samples are critical inputs to the reservoir ssimulation work, as gas-water relative permeability
data provides direct input to reservoir and fluid flow modeling. Additionally, issues related to
the kinetic reaction parameters and ice formation reactiors also need to be resolved before we
are in a postion to compare our results with the existing simulators such as the EOSHYDR
TOUGH2. We aso need to determine if formation of ice may inhibit or contribute to gas
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dissociation from gas hydrate during production. We need to compare the order of magnitude of
heat released while forming ice to that of becoming resistant to gas flow. Similarly, there is also
a need to investigate the phase behavior characteristics of gas hydrate systems in actua field
samples, as the studies carried out so far were mostly on synthetic samples. This is also an
important aspect of reservoir simulation as this directly relates to the production of ‘additiona’
gas from gas hydrate dissociation.

In order to address evaluation of drilling fluid and assessing formation damage under borehole
conditions, a set up has been designed and built, where a specially designed dynamic filtration
core holder used to study permeability impairment under dynamic flow conditions. The
refrigerated circulator maintains drilling flow temperature around 5°C and 1500 ps of
overburden pressure is applied on the Berea sandstone sample with water and Isco 500DX pump.
The drilling mud is circulated across the face of a core with the Drilling Fluid Recirculation Unit
and the dynamic filtration rate is measured. Permeability changes measured in this manner will
help study the depth of invasion of both the mud filtrate and the mud solids and the resulting
permeability impairment. After mud circulation, reverse injection of methane gas can be
performed. Return permeabilities would also be measured. Despite a strict time frame and
patience required for the experiment, we are optimistic about the availability of actual drilling
fluid samples from Baroid to make this analysis truly representative.

Depending upon the mud rheology i.e. flow index factor, the flow rate required to maintain
particular shear rate can be calculated based on the width across the core face and core holder
gap. The cumulative filtrate collected in gas-liquid separator placed on weighing balance on the
formation side of the core over extended period of time for 200 psi overbalance pressure drop
will be specific to the in-situ drilling fluid and shear rate employed on the sample. The decrease
in return permeability from the formation to wellbore side of the sample may help direct
formation damage studies due to drilling fluid invasion. This is an important contribution to the
overall project objectives.

In Phase 3 UAF will play key role in analyzing core samples acquired from field work by
measuring rock and fluid properties, helping design appropriate mud systems, assessing
formation damage and core studies, while continuing the work on production modeling and
economic studies.

572 Phase 2 Subtask 7.1: Design Integrated Mud System for Effective Drilling,
Completion, and Production Operations

Objectives for subtask 7.1 include: 1. design fully integrated mud system for permafrost and gas

hydrate bearing reservoirs, 2. determine mud contamination and formation damage risk, and 3.

evaluate mud chiller system. These studies are discussed further in Section 5.11, Task 8.0.

5.7.3 Subtask 7.2, Phase 2: Assess Formation Damage Prevention

This section is compiled from a pre-publication (in-review) entitled “Assessment of Formation
Damage from Drilling Fluids Dynamic Filtration in Gas Hydrate Reservoirs of the North Slope
of Alaska” by P. B. Kerkar, S. L. Patil, A. Y. Dandekar, G. A. Chukwu, S. Khatniar and R. B.
Hunter.
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5.7.3.1 Abstract

Drilling with warm drilling fluids through gas hydrate can be hazardous and lead to dissociation
of gas from gas hydrate. A significant decrease in potential productivity near the well-bore could
occur due to the invasion of fine solids from drilling or completion fluids, forming external and
internal filter cake under dynamic conditions. An experimental setup for the evauation of
formation damage at in-situ conditions was designed to assess completion fluids suitability and
formation damage. At the confining pressure of 1500 psi, chilled drilling fluids at 41-50°F are
circulated across the Berea sardstone core for 10 hours in a dynamic filtration core holder.
KCl/polymer water-based Mackenzie Delta base mud, flocculated mud, flocculated mud with
starch based filtration control material and dispersed mud are tested at 30, 40, 80 sec’! and
100/200 ps overbalance with absolute permeability measurement both before and after the
drilling fluid circulation. The drilling fluid type, its flow rate, and shear rate, effective particle
Size, additive concentration, and the amount of static and dynamic overbalace were
characterized to establish their influence on drilling mud leak-off volume and the post mud
circulation permeability.

5.7.3.2 Introduction

WEell productivity can be significantly affected by near-wellbore formation damage caused by
drilling or completing with poorly-compatible fluids within the reservoir sections. Historically,
the use of perforated completions alowed for penetration of the producing formation beyond the
damaged area, but the recent trend towards highly deviated, horizontal, and multi-lateral non
perforated wells has resulted in an increased emphasis on formation damage control. This, in
turn, has increased the importance of evaluating drilling fluids and completion techniques used
from areservoir damage perspective. Moreover, for gas hydrate-bearing reservoirs, this need for
establishing the suitability of a drilling fluid containing hydrate inhibitors and promoters is
emphasized. During the last ten years, there has been a very significant increase in the number of
highly deviated and lorizontal wells drilled through hydrocarbon reservoirs. The driver for the
increased numbers of deviated wells, horizontal wells, and multilateral wells, some with open
hole completions using advanced drilling technology has been to more cost-effectively develop
resources. Open hole completions undoubtedly allow production from a greater percentage of the
wellbore surface but this increase will only be realized in practice if the damage caused by the
drilling and completion fluids can be minimized. The objective of this study is to evaluate
formation damage due to water-based drilling fluid incompatibility with gas hydrate-bearing
reservoirs. The permeability impairment data obtained through this analysis for the near wellbore
formation would help to predict the production data, near wellbore skin and recovery factor. The
filtrate loss amount to the formation for various mud compositions can be calculated over the
entire wellbore length.

5.7.3.3 Experimental Set-up

Typical formation damage analysis involves the flow of drilling fluid resembling wellbore
annulus withinitial and post circulation permeability measurement. The experimental set-up is
designed for formation damage testing of core samples, at in-situ conditions of pressure and
temperature in arctic permafrost regions. Besides these objectives and previous analysis from
literature, the conditions to form gas hydrate inside the core sample, static / dynamic filtration
with oil / water-based drilling fluid, followed by gas hydrate dissociation modeling are
envisioned to design an experimental system which can include reservoir gas, initiad oil or
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condensate saturation, secondary water flooding, formation damage testing with leak-off through
the core, and before-and-after permeability measurement, in both forward and reverse (backflow
for damage clean up) directions. Brine, oil, condensate, water or oil based drilling mud, gels or
other fluids can be injected into and through the core sample. The permeability measurements
can be done with both gases and liquids. Two Isco 500DX metering pumps are used; one for
pumping liquid through the core and another for maintaining overburden pressure and
replenishing the mud in the circulation loop.

Despite of the procurement of core equipment from manufacturers, for instance, dynamic
filtration core holder (DFCH; Figure 25), drilling fluid recirculation system, floating piston
accumulator, back pressure regulators from Temco Inc., flow meters from Omega, differential
pressure transducers and multi-channel demodulator from Validyne, weighing balances from A
and D Weighing, and refrigerated recirculation unit from Julabo, the whole design and setup is
unique in its own way since each of these units are customized and/or modified from their off-
the-shelf specifications to meet oecific needs for future gas hydrate formation and dissociation
studies in arctic conditions and measuring the associated formation damage by drilling fluids.
An integra part of the system shown in Figure 26 is the RPS-2500 drilling fluid recirculation
system and SmartRPS software provided by Temco Inc. The customized computer data-
acquisitionrand-control system hardware provides on-screen display of all measured values
(pressure, temperature, volumes, etc.), automatic logging of test data and means to control some
of the operational parameters such as drilling fluid flow rate.

The special DFCH (Figure 5) supplied by Temco Inc. has been used to allow drilling and
completion fluids (or gels, etc.) to be injected at the face of the core (simulating flow through the
borehole, across the rock face) and through the core (smulating flow in both directions between
the formation and the borehole.) Test conditions can be up to 1500 psi flowing pressure and 2000
psi overburden (confining) pressure, at 350°F (177°C). The inlet pressure into the core sample
(that is, the pressure at the flow-through face) is measured with a pressure transducer. Likewise,
the differential pressure across the core (across face and the drilling fluid) and overburden
pressure are measured with two differential pressure transducers.

Leak-off fluids produced through the core sample are collected in a separator, rested on a
weighing balance. The fluids, which flow by the face of the core, without leaking through it, can
be measured by subtracting the cumulative leak-off volume from the cumulative volume pumped
by the recirculation pump. The system is aso designed for the measurement of liquid
permesbility.

Severd design features such as the use of two single stage gas regulators in series to have an
effect of constant downstream pressure double stage regulator for methane source, or the
arrangement of valves to facilitate the measurement of the dual directional permeability with
same reservoir fluid source and same back pressure regulator settings, or the minimum dead
volume without compromising over the tubing size for thick drilling fluid for extended analysis
make the system more adaptable for arctic conditions.
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5.7.3.4 Experimental Conditions and Procedure

5.7.3.4.1 Representative core samples— Bereasandstone

Analysis of cores recovered from Blake Ridge (Ginsburg et al., 2000) and the Cascadian margin
(Shipboard Scientific Party, 2002) revealed that gas hydrate saturations were highest in coarse
grained, reservoir quality sediments. Core samples from a well in the Canadian Arctic, subjected
to extensive analysis (Winters et al., 1999), also revealed that gas hydrate resided primarily in the
coarsest sand and gravel intervals. Much less gas hydrate was found in fine-grained mudstones.
Similar trends were noted in borehole cores from the Nankai Trough (Matsumoto, 2002a). It
appears to be well established that hydrophilic porous media such as sands and sandstones
remain liquid-water-wet in the presence of water ice. It can be argued that the growth habits of
ice and gas hydrate may be similar because many of their physical properties are similar
(Dvorkin et a., 2000). Alaska onshore gas hydrate in Prudhoe Bay-Kuparuk-Milne Point unit
areas are interpreted within a series of sandstone and gravel layers interbedded with multiple
thick siltstone units (Kamath and Patil; 1994). Over 50 exploratory and production well-logs
have interpreted gas hydrate occurrence in six laterally continuous sandstone and conglomerate
units. The gas hydrate is geographicaly restricted to the area overlying the western part of
Prudhoe Bay oil fied (Collett; 1993 and 1998). The widely used standard porous rock for
experimental work in the petroleum industry (Murlidharan et al.; 2002) is the Berea sandstone.
Yousf et a. (1991) have aso successfully formed methane hydrate in Berea sandstone to study
depressurization phenomena. Moreover, Marshall et a. (1997) have recommended standard
materials such as Berea sandstone, synthetic disks or reservoir core, if available, while defining
the standard methodology for formation damage testing. Keeping these caveats in mind and
looking at the availability, Berea sandstone with average porosity 17.88% and absolute
permeability 105-145 md is a reasonable choice as a representative sample 0 study formation
damage phenomena.

5.7.3.4.2 Overburden pressure and temper ature conditions

Geothermal gradients calculated from a series of high-resolution temperature surveys conducted
in 11 closely spaced Prudhoe Bay Unit wells (Collett et al.; 1988) range from 1.55 to 1.90°C/100
m in the ice-bearing permafrost sequence, and from 2.55 to 3.17°C/100 m below the base of the
ice-bearing horizons. Hence, there is a local variation in the geothermal gradient as great as
0.62°C/100 m in a region that is characterized by generally uniform rock types and constant
external temperatures.

Most gas hydrate stability studies assume that the subsurface pore-pressure gradient is
hydrostatic (9.795 kPa/m or 0.433 psi/ft). A pore-pressure gradient greater than hydrostatic will
result in a thicker gas hydrate stability field. Pore-pressure gradients calculated from shut-in
pressure recorded during shallow (approximately 1312 to 6561 ft) drill-stem testing in wells
from the Alaska North Slope range from 9.3 to 11.2 kPa/m, with an average gradient of 9.7
kPa/m (0.43 psi/ft), which is nearly hydrostatic. Collett (1993) evaluated pore-pressure, acoustic
trangit time and gammarray logs from 22 wells. Within the near-surface (0-1500m or 0-4921 ft)
sedimentary rocks of the Alaska North Slope, however, no significant pore-pressure
discontinuities were observed. Hence, the gas-hydrate overburden pressure determination in this
study assumes a hydrostatic pore-pressure gradient (9.795 kPa/m or 0.433 psi/ft). A well log
based characterization study by Collett (1998) in the Prudhoe Bay-Kuparuk area has revealed the
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presence of stable hydrates between 210 and 950 m (690 and 3120 ft). For this analysis, the
depth of 1055 m (3464 ft) combined with the hydrostatic pressure gradient of 0.433 psi/ft yields
an overburden pressure of 1500 psi.

5.7.3.4.3 Drilling fluids temperature conditions

One of the techniques to avoid consequences during drilling of gas hydrate, such as well
circulation through plugging of choke and kill lines or plugging of BOP, is reducing the
temperature of drilling fluid. If gas hydrate is present, mud should be cooled and balanced to
offset gas cut versus borehole erosion, the circulation rate should be increased to remove the gas,
the penetration rate should be decreased and mud gas samples should be tested to confirm the
presence of gas hydrate.

The JAPEX/INOC/GSC Mallik 2L-38 gas hydrate research well in the Mackenzie Delta,
Northwest Territories, Canada drilled to a depth of 1150 m (Dallimore et al.; 1999). Drilling and
coring of the permafrost section (0-670 m) proved to be chalenging, with significant borehole
erosion in some zones and limited core recovery. Mud temperatures during drilling of the main
hole beneath the permafrost casing (670-1150 m) were maintained near 35.6°F (2°C) using a
plate type heat exchanger in an effort to minimize permafrost thawing and to depress the mud
temperature lower than the in situ formation temperatures, while drilling through gas hydrate-
bearing zones. In this analysis, we circulated the coolant in the jacket around the DFCH as well
as around the drilling fluid recirculation unit to maintain drilling fluid temperature at around 41-
50°F (5-10°C). Temperature surveys by the USGS indicate that the temperature of the
permafrost above the gas hydrate-bearing zones at the Mallik site is up to 10°C warmer than the
Alaska North Slope permafrost intervals. Therefore, to avoid excessive hole erosion caused by
sdtsin a freeze-suppressed mud system, it is recommended to run casing over the permafrost-
bearing interval before penetrating the gas hydrate-bearing interval with the chilled drilling fluid.

5.7.3.4.4 Drilling fluids static and dynamic filtration pressure conditions

The pressure drop of 100 and 200 ps across the formation and wellbore side has been
recommended by Marshall et a. (1997) as a standard practice for formation damage testing.
Hence 100 and 200 psi, overbalance conditions are maintained and filtrate on the formation side
of the core was collected in a fluid measuring system.

5.7.3.4.5 Experimental procedure

A water saturated Berea sandstone core of maximum diameter of 1.5-inch and length of 2-inch
was installed in DFCH-1.5. The desired temperature was set in Esetpoint mode with the
circulation of the Thermal HS5S fluid from Julabo refrigerated circulator (FP50-MC). The
overburden pressure of 1500 ps was applied in the steps of 500 psi and sufficient time was
allowed for core to aign itsaf in the overburden pressure before measuring the absolute
permeability. The drilling fluid recirculation system, its by-pass loop, and mud face and the
floating piston accumulator were filled with the chilled drilling fluid. The static and dynamic
filtration was carried out at overbalance pressure with continuous leak-off measurement followed
by damaged permeability measurement from wellbore to reservoir side and return permeability
from reservoir to wellbore side of the core sample. The detailed procedure for each operation can
be found in Kerkar (2005).
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5.7.3.5 Resultsand Discussions

5.7.3.5.1 Drilling fluids rheology

The choice of drilling fluids was based on the formulation used in drilling the
JAPEX/INOC/GSC Mallik 2L-38 gas hydrate research well in the Mackenzie Delta, Northwest
Territories, Canada. Quickgel, finely ground, premium grade, high yielding Wyoming sodium
bentonite and barite in water-based drilling fluid, would act as the viscosifier. Sodium sulfite
(N&SOgs) is a moderately strong reducing agent yielding sodium sulfate on oxidation. It aso
removes oxygen to help prevent corrosion. Potassium chloride, which is used asa shale inhibitor
in the second mud formulation, will allow analysis of the flocculated dispersed colloidal system
such as clay. The analysis with Dextrid LT, modified potato starch, would provide filtration
control properties of the flocculated mud with minimum viscosity. Since Ferrochrome
Lignosulfonate, Q-Broxin, can be used in all dispersed water-based systems and it functions well
in dispersed fresh water fluids or saturated salt water based fluids, its analysis would test its role
as athinner or filtration control agent. The relationship between shear stress and shear rate can
be established using a Fann-V G viscometer. Traditionally, water based drilling fluids are known
to follow a power law model. The rheology of the drilling fluid samples selected for this analysis
isgiven in Table 3.

5.7.3.5.2 Drilling fluid flow conditions

The linear velocity and the flow rate required to obtain the desired shear rate across the core face
are calculated using the equation (1) and shown in Table 1. The core holder used in the present
analysis, has a specific, constant flow-through gap at the core face and width of flow through
area. Hence, knowing the power law index of drilling fluid, the flow rates were determined for
intended shear rate values of 30, 40, and 80 sec’* for this analysis.

nwGapQw12...302+=7? (1)
where,
Q = Recirculation pump flow rate, mlI/min

’?W = Shear rate across core face, sec

Gap = Flow-through core holder gap (at core face), cm
W = Width of flow-through area of core holder (at core face), cm
N = Power law index

5.7.3.5.3 Mackenzie Delta Base Mud — Effect of shear rate

The deposition of mud particles on the sand face to initiate the formation of a mud cake is
controlled by the hydrodynamic forces acting on particles in the mud. The fluid loss into the
formation is the driving force pushing the particle towards the core face. The shear stress exerted
by the mud on the core is the force tending to entrain the particle in the flow loop. When the
flud loss to the formation is small (low overbalance pressure, low permeability) the
hydrodynamic force tending to push the mud colloids onto the formation is insufficient and all
the mud solids are entrained.
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Figure 27 isaplot of cumulative filtrate volume versus cumulative time at different shear rates or
annular velocities for Mackenzie Delta base mud (BM) on Berea sandstone. It is clearly seen that
a early times, the filtration rate is high. As the mudcake builds up, filtration rate decreases until
an equilibrium filtration rate has been attained. During mudcake build-up under dynamic
filtration conditions, the force preventing particle deposition on the surface is proportional to the
shear rate. Therefore, at higher shear rates, the mudcake formed is thin and the filtration rate is
high. Because no mudcake is present during the spurt loss period, the shear rate does not affect
spurt loss, which can be seen in Hgure 27. Figure 28 indicates the permeability impairment at
various shear rates of base mud. At higher shear rates solid particles near the core face
experience the higher entraining force into the flow loop and hence the return permeability is
more than that obtained at lower shear rates.

5.7.3.5.4 Mackenzie Delta Base Mud — Effect of overbalance

Figures 29 and 30 illustrate the effect of overbalance pressure on the dynamic filtration ad
permeability damage respectively at the same shear rate. The overbalance pressure of 200 psi led
to higher dynamic fluid leak-off and significant damage to the core, resulting in 20% return
permeability of the initia permeability. However, attainment of only minima gas hydrate
saturation may have increased ability to transmit a pressure-pulse within the sample, given that
the remaining pore space would contain a mobile fluid phase.

5.7.3.5.5 Static and dynamic filtration with base mud

Figure 31 compares the filtration results for BM at the same overbalance pressure. The dynamic
filtration rate declines continuously with time until equilibrium is reached, whereas static
filtration rate was found to be constant. Less fluid leak-off resulted commensurate with the
increased mudcake thickness, which occurs in the absence of erosion.

5.7.3.5.6 Flocculated mud dynamic filtration — Effect of Shear rate

Figures 32 and 33 illustrate the effect of particle size on the dynamic filtration rate and the
corresponding formation damage (permeability), respectively. It is anticipated that the particle
size in the NaCl (flocculent) containing mud is larger than that in deflocculated mud. The
complete Brownian motion for all dispersed particles would be extremely rare and undesirable in
a drilling fluid. As the degree of flocculation of the mud increases, so does the degree of
flocculation of the filter-cake solids. Figure 32 shows the effect of shear rate on the dynamic
filtration, giving increased fluid lesk-off due a to a more permeable filter-cake, on the order of
700 to 900 ml, unlike the 150 to 250 ml in the case of base mud.

The permeability reduction within the sample penetrated by flocculated mud is small and the
return permeabilities are on the order of 66, 83 and 95% of original permeability for 30, 40 and
80 sec! shear rates, respectively, as shown in Figure 33. These are much higher than those
observed in the case of base mud. This indicates that the mud particles in case of flocculated mud
do not invade to a greater depth, giving higher return permeability.

5.7.3.5.7 Flocculated mud — Effect of overbalance

Figure 34 indicates a difference of 700 ml in the dynamic fluid leak of both muds at 80 sec™
shear rate and 100 psi overbalance. This difference increases about 1000 ml at 200 psi
overbalance pressure and 40 sec shear rate, as shown in Figure 35. Moreover, as the
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overbalance pressure conditions become high, the damage becomes more severe, giving return
permeability of 65% at 200 psi as shown in Figure 36.

There are two mechanisms thet cause permeability impairment in these fresh water muds; (a)
fresh water filtrate causes fines release and migration and (b) clay particle invasion. In the case
of flocculated mud, near the core face, both clay invasion and fines migration may play a role.
But since the fines release is significantly reduced by the high salinity filtrate, this mechanism is
expected to be insignificant at a higher core depth in a flocculated mud system. Comparison of
Figures 27, 28, 32, 33 revedls that the higher dynamic filtration rate does not aways imply
higher damage. The filtrate volume of the BM-NaCl mud is twice as large as that of the base
mud, but the permeability reduction is less and the return permeability is higher for BM-NaCl
mud. As explained above, higher salinity filtrates inhibit fines release and migration and
therefore cause significantly less damage. The comprehensive summary of the experiments with
base mud and that with NaCl is presented in tables 4 and 5.

5.7.3.5.8 Mackenzie Detadrilling fluid — Effect of shear rate

Dextrid is used as a filtration control additive in water-based drilling fluids. In this analysis, 50
gm of a commercial Dextrid was added to the base mud with 50 gm potassium chloride. The
resultsin Figure 37 clearly show that spurt loss was significantly reduced. The increase in shear
rate has opposite effect on cumulative leak off. This indicates that the Dextrid mudcake reduces
the permeability at the wellbore to formation interface and that the mudcake, which can resist the
shear rate applied by the flowing the mud stream, is thinner and with higher strength. The lower
mudcake permeability can also be inferred from the damaged permeability values in Figure 38.
With Dextrid, there is adequate supply of bridging material in the form of barites and mudcake
filtration is controlling the filtration process. The effect of controlling particulate deposition and
mudcake properties has a greater influence on fluid loss than shear thinning effects upon filtrate
viscosity. The return permeability at higher shear rate is of the order of 80-90%.

5.7.3.5.9 Mackenzie Ddtadrilling fluid — Effect of overbalance

The effect of overbalance pressure at 200 psi is found to cause more cumulative leak-off (Figure

39) and severe damage Figure 38), entraining more solids into the core sample. The static
filtration rate at 100 psi overbalance is found to be negligible as compared to that in the dynamic
case (Figure 40). The experimenta conditions and summary of the results with Mackenzie mud
are given in Table 6.

5.7.3.5.10 Disper sed mud dynamic filtration — Effect of shear rate

Q-Broxin (chrome lignosulfonate) lowers the filtration against flocculated mud primarily
through deflocculation, but can act as a colloidal bridging and plugging agent if it is present in
sufficient quantity. Filter cakes from highly deflocculated muds are known to show reduced
compressibility, owing to the close packing of solids, which lowers filtration rates as shown in
Figure 41 but often decreases mudcake lubricity. For QBroxin added mud, the permeability
impairment Figure 42) is more severe than that in the flocculated mud system, especialy at
higher shear rates. Since the mud particles are dispersed and therefore smaller, it is to be
expected that the probability of capturing the smaller particles is bwer than that of the bigger
particles. Since smaller particles penetrate deeper before being captured, they cause permanent
damage. It is important to note that there is no mudcake on the core after 10 hours of mud
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circulation for Q-Broxin mud. Comparison of this severe permeability damage with a
flocculated mud system reveals that the higher dynamic filtration rate does not always imply
higher damage. The filtrate volume of flocculated drilling mud was higher, but the permeability
reduction was less and the return permeability was higher. As discussed earlier, this may pertain
to the fact that higher salinity filtrates inhibit fines release and migration, and therefore cause
significantly less damage.

5.7.3.5.11 Disper sed mud — Effect of overbalance and static filtration

Figure 43 and 44 show the effect of overbaance pressure and static filtration on cumulative leak-
off of dispersed mud respectively. The permeability impairment with respect to higher
overbalance pressure conditions is shown in Figure 42. The permeability damage at higher
overbalance pressure is much more severe. The cumulative leak off at static conditions is higher
than that observed at a moderate shear rate of 30 sec’’. The summary of the experimental
conditions and results with dispersed mud is givenin Table 7.

5.7.3.6 Conclusions

Using the experimental apparatus for formation damage testing, with leak-off through a core at
insitu conditions of pressure and temperature, KCl/polymer water-based drilling fluids at
overbalance pressure were analyzed for static and dynamic filtration and return/damaged
permeability through Berea sandstone. At the confining pressure of 1500 psi, chilled drilling
fluids at 41-50°F are circulated across the core for 10 hours in a dynamic filtration core holder.
The Mackenzie Delta base mud, flocculated mud, flocculated mud with starch based filtration
control material and dispersed mud are tested at 30, 40, 80 sec™! and 100/200 psi overbalance to
draw the following conclusions on the effect of individual components, their amounts in drilling
fluids, particle size, and filtrate amount on permeability impairment.

1. Annular fluid velocity or shear rate or flow rate has a pronounced effect on dynamic
fluid loss. Mackenzie Delta base mud and flocculated and deflocculated drilling fluid
systems exhibit increasing cumulative leak-off with shear rate. However, the addition of a
filtration control agent gives the reverse trend.

2. The extent of overbalance was found to be a very important parameter, with greater
overbalance causing more fluid leak-off and more damage. The damage at the highest
investigated overbalance pressures of 200 psi was severe. Hence, the critical overbalance
drilling pressure, below which no filter cake will be formed on formations with
permeability on the order of 103 md, may not be as high as 200 psi. However, according
to previous investigations, for low permeability formations (K<1md), maintaining the
drilling at unreasonably high overbalance pressure just above critical pressure (thus
ensuring mudcake formetion) can be difficult unless the annular velocity is low.

3. The dynamic filtration mud leak-off amount is found to be much more than that in
static filtration, with al drilling fluid formulations and same overbalance pressure
conditions. Dynamic filtration conditions, even at moderate shear rate (30 sec’) always
give higher spurt loss and filtration rates than static conditions. This underlines the
importance of this research at representative borehole conditions.
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4. Formation damage due to fines release and migration controlled by high salinity filtrate
can be significant as far as cumulative leak-off amount is concerned. The flocculated
drilling fluid with salt results in more cumulative leak-off. This emphasizes the necessity
of salt concentration higher than the critical salt concentration required to prevent the
fines release and migration. However the return permeability values are found to be high,
indicating the higher cumulative leak-off does not necessarily mean higher damage,

especially when it is compared with that of a deflocculated mud system.

5. The permeability impairment is strongly dependent on the state of dispersion of mud.
The deflocculated mud with lignosulfonate causes more damage, by invading deeper with
smaller particles. The flocculated mud gives poor quality filter cake, with more filtrate
loss into the formation. The drilling fluid formulation giving a low permeability, high
strength external mudcake would be ideal to minimize formation damage.

6. The presence of 50 gms of filtration control agent, Dextrid (starch based material), in a
liter of water reduces the spurt loss and subsequent filtration rates significantly. The
return permesability is found to be 94% after mud circulation at 80 sec™ shear rate.

5.7.3.7 Tablesand Figures
The following sectiondisplays tables 3-7 and figures 25-44 referenced in Section 5.7.3.

Coolant Outlet T
Overburden
Pffiir e T T e
1Fi [trate _1
Dran
sample .
P Drilling
Fluid

Figure 25: Dynamic Filtration Core Holder (DFCH-1.5)
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Table 3: Water-Based Drilling Fluids Compositions, Rheology and Flow Rates for Desired Shear Rates

Power nggtztfnlfy Plastic Apparent | Yield Point; Density: Shear Flow Linear
Compositiors Law Ibf.sec” /’100 Viscosity; | Viscosity; YplIb/100 | 5 ' | Rate Rate Velocity
Index, n T PV cp cp ft? fmud PG | g1 gpm ft/min
BM: 1 liter water + 0.3 30 0.3503 10.8794
gMN&SOs +03gm | 5777 | 003653 15 2.25 1 g3 |40 | 04671 | 14.3859
Barite+ 0.5gm KOH + 3 80 0.9342 287718
gm Quickgel ' '
30 0.3087 9.5069
BM + 50 gm KCI 0.5142 0.1417 15 3 2 8.5 40 0.4116 12.6759
80 0.8231 25.3518
30 0.3626 11.1683
BM + 58;?:& 159m | 07365 |  0.04555 3 4.125 15 86 | 40 | 04835 | 14.8011
80 0.9671 29.7822
30 0.3626 11.1683
SMES0gm* DM | 07365 | 0.03087 3 2.75 15 86 | 40 | 04835 | 14.8911
80 0.9671 29.7822
Table 4: Summary of the Experimental Parameters and Results with Base Mud
Mud Shear | Fow Velocit Core Core CCc/);e Overbalance | Damaged | Return Eiltrate Projected | Volume
Composition | rate rate Y| diameter length aea Pressure k/ko k/ko invasion | circulated
sect | gpm | ft/min inch inch | inchf psSi ml ft liter
30 |0.3503| 10.7896 | 1.469 | 2.028 | 1.694 100 0.2826 | 0.5761 | 139.1018 | 2.2325 | 795.6421
BM 40 |04671| 143861 | 1.469 | 2.024 | 1.694 100 0.1347 | 0.7959 | 218.9143| 3.5135 | 1060.8561
80 [0.9343| 28.7722 | 1.465 | 2.028 | 1.685 100 0.2212 | 0.8138 | 255.4 41211 | 2121.7122
40 |04671]143861 | 1461 | 1937 | 1.676 200 0.0856 | 0.2126 | 305.5679| 4.9572 | 1060.8561
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Table 5: Summary of the Experimental Parameters and Results with Base Mud with NaCl
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Mud Shear | Fow Velocit Core Core CCc/);e Overbalance | Damaged | Return Eiltrate Projected | Volume
Composition | rate rate Y| diameter length area Pressure k/ko k/ko invasion | circulated
sect | gpm | ft/min inch inch | inchf psSi ml ft liter
30 |0.3087| 9.5068 1.457 | 2.067 | 1.667 100 0.1461 | 0.4597 | 701.411 | 11.4406 | 701.0490
BM+50gm | 40 |04116| 12.6757 | 1.465 | 2.067 | 1.685 100 0.2668 | 0.8358 | 904.9449 | 14.6021 | 934.7320
KCI 80 [0.8232| 253515 | 1449 | 1.937 | 1.649 100 0.5198 | 0.9532 | 953.028 | 15.7141 | 1869.4640
40 |0.4116] 12.6757 | 1457 | 2.028 | 1.667 200 0.0946 | 0.6859 | 1358.288 | 22.1548 | 934.7320
Table 6: Summary of the Experimental Parameters and Results with Mackenzie Delta Mud
Mud Shear FHow Velocit Core Core CC(;;e Overbalance | Damaged | Return Filtrate Projected | Volume
Composition | rate rate Y| diameter length aea Pressure k/ko k/ko invasion | circulated
sect gpm ft/min inch inch | inchf pSi ml ft liter
BM + 50 am 30 [0.362659 | 11.1687 | 1.437 | 2.051 | 1.622 100 0.1837 | 0.7448 | 151.4157| 2.5378 | 823.6020
KCI+15 ggm 40 | 0.483546| 14.8916 | 1.398 | 2.004 | 1.535 100 0.0825 | 0.8154 | 139.9715| 2.4801 | 1098.1360
Dextrid 80 [0.967092| 29.7833 | 1.457 | 1.996 | 1.6672 100 0.0765 | 0.9422 | 132.9289 | 2.1682 | 2196.2721
40 10483546 14.8916 | 1.398 | 1.976 | 1.535 200 0.0425 | 0.6700 | 221.8416| 3.9307 | 1098.1360
Table 7: Summary of the Experimental Parameters and Results with Deflocculated Mud
Mud Shear Flow Velocit Core Core CC(;;e Overbalance | Damaged | Return Filtrate Projected | Volume
Composition | rate rate y diameter | length aea Pressure k/ko k/ko invasion | circulated
sect gpm ft/min inch inch | inctf pSi ml ft liter
BM + 50 am 30 [0.362659 | 11.1687 | 1.457 | 2.016 | 1.667 100 0.23077 | 0.39615| 149.65 | 2.4409 | 823.6020
KCl+ 50 gm 40 |0.483546| 14.8916 | 1.398 | 2.028 | 1.535 100 0.24895 | 0.83000 | 239.448 | 4.2426 | 1098.1360
Q-Broxign 80 |0.967092 | 29.7833 | 1.437 | 2.016 | 1.622 100 0.47999 | 0.87995| 430.478 | 7.2151 | 2196.2721
40 10483546 | 14.8916 | 1429 | 2.024 | 1.605 200 0.04889 | 0.30174| 662.88 | 11.2331 | 1098.1360
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Figure 26: Flow Diagram of Formation Damage Assessment System with Drilling Fluid Dynamic Filtration
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Figure 27: Effect of Shear Rate on the Dynamic Filtration of Base Mud at 100 psi Overbalance
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Figure 28: Effect of Shear Rate on Permeability Impairment with Base Mud at 100 psi
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Figure 29: Effect of Overbalance Pressure on Dynamic Filtration of Base Mud at 40 sec Shear
Rate
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Figure 30: Effect of Overbalance Pressure on Permesability Impairment with Base Mud at 40 sect
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Figure 31: Comparison of Static and Dynamic Filtration
(40 sec’t) of BM at 100 psi Overbalance
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Figure 32: Effed of Shear Rate on the Dynamic Filtration of Flocculated Mud at 100 psi
Overbalance
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Figure 33: Effect of Shear Rate on Permeability Impairment with Flocculated Mud at 100 ps
Overbalance
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Figure 34: Effect of Flocculent on the Dynamic Filtration at 100 psi Overbalance and 80 sec?
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Figure 35: Effect of Flocculent on the Dynamic Filtration at 200 psi Overbalance and 40 sec?
Shear Rate
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Figure 36: Effect of Overbalance Pressure on Permeability Impairment with Flocculated Mud at
40 sec’! Shear Rate
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Figure 37: Effect of Shear Rate on Dynamic Filtration of Mackenzie Mud at 100 psi Overbalance
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Figure 38: Effect of Shear Rate and Overbalance on Permeability Impairment of Mackenzie Mud
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Figure 39: Effect of Overbalance on Dynamic Filtration of Mackenzie Mud at 40 sec™! Shear
Rate
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Figure 40: Comparison of Static and Dynamic (30 sec’t) Filtration of Mackenzie Mud at 100 psi
Overbalance
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Figure 41: Effect of Shear Rate on Dynamic Filtration of Dispersed Mud
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Figure 42: Effect of Shear Rate and Overbalance on Permeability Impairment with Dispersed
Mud
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Figure 43: Effect of Overbalance Pressure on Dynamic Filtration (40 sec’) of Dispersed Mud
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Figure 44: Comparison of Static and Dynamic (80 sec') Filtration with Dispersed Mud at 100
psi Overbalance
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5.7.4 Petrophysical and Other Physical Properties of Gas Hydrate Core Samples
No core samples were acquired during the reporting period.

5.8 Phase2 Task 8.0: Design Completion and Production Testing for Gas Hydrate Well

This task was modified by mutual agreement between BP and DOE during the reporting period.
The modified task carried forward into Phase 3a Task 8.0 well operations is entitled: Plan and
Implement Drilling of Stratigraphic Test Well as reported below in Section 5.11.
Accomplishments toward Task 8 during Phase 2 are documented in this section and culminated
withthe January 11, 2006 approval for drilling the stratigraphic test well.

Initiated long-lead well permit discussions to allow potential future well operations
Developed long-lead materials and rig plans to alow possible future well operations

o Data acquisition to include wireline core, full openhole logging, MDT
Met with Corion for wireline core technical discussion and applicability
Met with OMNI Lab for core processing and analyses
Met with CoreMonger Lab for core processing and storage discussions
Evaluated core storage options with ASRC Energy Services (AES) and others
Evauated mud-chilling options and providers and selected DrillCooal, Inc.
Evaluated and planned open-hole logging program and met with Schlumberger
Prepared Continuation Application, Budget, Decision Support Package, and “ Authority to
Negotiate” documents to support Phase 3a stratigraphic test approval (January 11, 2006)

0 Met with BP Gas and MPU management for discussions and decisions

0 Developed stratigraphic test plans with BP MPU technical and drilling staff

o Completed “Authority to Negotiate” document and worked through approvals

0 Obtained Stratigraphic Test well operations approval January 11, 2006
Provided operational integrity and HSE requirements for stratigraphic test operations

o0 Provided justification for rig operations and safety requirements

0 Assured clarified processes and procedures conformed to BP standards

0 Proposed turnkey operation with newly consigned rig, Doyon Arctic Fox

0 Sdected BP-led operation with Doyon Arctic Fox rig and ASRC Energy Services
Prepared initial procedures, plans, and cost estimates for stratigraphic test well operations

OO0 O0O0OO0Oo

59 TASK 9, Phase 2. Develop Field Operations and Data Acquisition Plans for Well(s)
of Opportunity and/or Dedicated Test Well(s)

This task was modified by mutual agreement between BP and DOE during the reporting period.
The modified task was carried forward into Phase 3a well operations within Task 8 as
documented in contract Amendment 11 and reported below in Section 5.11.

5.10 TASK 10, Phase 2 Reservoir Modeling and Project Commercial Evaluation and
Continuation of Progression into Phase 3

Planned and coordinated Phase 2 reservoir modeling and regional resource assessments
0 Provided input to DOE NETL-coordinated reservoir model comparison studies
o0 Coordinated and Implemented regional Eileen trend fieldwide potential
devel opment scenario studies
= |nput Sagavanirktok zone polygons from USGS studies
= Developed statistical approach and sequential devel opment scenario
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» Reviewed preliminary study results and implemented improvements
= Ranked potential future development areas
=  Documented study results as discussed below
Completed reservoir simulation studies using CGM STARS and coupled with regional
potential field development scenario studies
0 Resulted in BP-DOE decision to proceed into Phase 3a stratigraphic test well
operations (Mt Elbert-01 well).

5.10.1 Regional Screening Study of Large Scale Gas Hydrate Production on Alaska's
North Slope, Ryder Scott Company (Scott Wilson)

5.10.1.1 Summary

Using the current understanding of the gas hydrate resource potential within current facility
infrastructure on the North Slope of Alaska and production characteristics as defined by testing
a the Mallik research well and reservoir modeling, a set of scenarios was developed to define
ranges of potential gas production volumes and associated costs. The reference case outlines
results as predicted from available information from the Mallik production experiments,
University of Alaska Fairbanks (UAF) and Ryder Scott Company simulations using CMG’s
STARS and ProCast, USGS geologic characterization and mapping studies, and coordination by
BP through ASRC Energy Services

Reference case forecasts predict from 2.5 TCF of gas may be produced in 20 years, and nearly
10 TCF ultimate recovery after 100 years (note that a typical industry forecast does not exceed
50 years). Downside cases envision simple “pilot” well operations to acquire additional
reservoir data (Phase 3a and 3b studies) leading to a conclusion of technical or economic
infeasibility. Upside cases identify future potential if both dissociation and thermal stimulation
yield positive results, while an extreme upside case captures the full potential of an
unconstrained possible future development with highly productive, widely spaced wells. With
the explicit goal of identifying the magnitude of the potential “prize” to be obtained by
continuing down the research and development path, this work shows that continued research is
justified based on the stakes and potentially lost value further data is not acquired to help
determine whether or not these resources might one day be considered to be technically
producible reserves.

5.10.1.2 Introduction

In an effort to quantify the resource potential of the gas hydrate-bearing formations on the
Alaska North Slope, a project was undertaken to forecast and schedule gas production from
gas hydrate using methods typically employed in conventional large natural gas development
projects. Hydrate gas is defined here as methane gas evolved during the dissociation of
naturally occurring natural gas hydrate within shallow reservoir sands on the North Slope of
Alaska. These resources have been previously mapped, studied, and quantified at about 44
TCF gas in-place (Collett, 1993) and are being further characterized by University of
Arizona studies (Task 6) of this project. However, until recently, there has not been a
concerted effort to determine the amount of the resource that might be recovered by means of
conventional petroleum technologies and to quantify the ranges of potential outcomes that
could be narrowed by use of specific recommended field testing and data acquisition.
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This section of this report documents the work done to describe a systematic development
plan, consistent with current industry practice, to potentially make the gas hydrate resource
an accessible, significant part of the ANS gas resource portfolio. This section of this report
does not estimate reserves in the sense of financial reporting standards but, is only a
preliminary step in understanding the potential magnitude of the resource, and what
milestones would need to be met before that resource might become a legitimate reserve as
defined by the SPE/WPC (See Definitions).

5.10.1.3 Development Planning Process

5.10.1.3.1 Areal Extent

The development planning effort started with areal estimates of gas hydrate occurrence as
presented by Collett! (1993) and shown in figure 45-47. Figure 45 and the individual zone maps
(Figure 46) were modified to incorporate an understanding of the temperature and pressure
equilibrium data in conjunction with the regional structure maps.  This effectively moved the
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Figure 45: Alaska North Slope facilities and Gas Hydrate Extent (Collett, 1993%)




DE-FC-01NT41332 Quarterly Report 15 (inclusive of 10-15), June 2006 Page 101 of 212

interpreted free-gas / gashydrate interface farther to the northeast. Using uniform average
reservoir properties, these changes increased the calculated origina hydrate gas in place
(OHGIP) by 5 TCF to approximately 49 TCF. Scaling these values back based on recent more
detailed work indicate a more likely risked OHGIP of 33.9 TCF as shown Table 8.

Table 8:
Eileen Trend Hydrate Gas In Place Estimates

Zone GIP Risk Risked
Name Factor GIP
A 17.9 0.35 6.3
B 8.9 1.00 8.9
C 10.8 0.82 8.9
D 6.1 1.00 6.1
E 6.1 0.60 3.7

|  Total 49.8 0.68 33.9 |

Although quoted extensively as a potential in-place resource, both in-place and potential
recoverable volumes remain difficult to quantify. Since there is little commercial history of gas
production from gas hydrate, bypassed opportunities to collect wireline and core measurements
across the zones of interest make occurrence and continuity difficult to predict, even in densely
drilled areas like the Alaska North Slope.
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5.10.1.3.2 Vertical Extent

This areal extent was broken down by structural components to define the depositional vertical
character of the gas hydrate accumulations known as sub-zones A through F as shown in the
Figure 48 cross section. Although other classification systems have been used, this one matches
the level of detail and areal scope that is required for this regional study. Additional discussion
of variance between the volumes described within these zones and those defined for specific
areas as described by descriptive work done by the University of Arizona (Casavant, 2004%).
That (Task 6.0) work shows somewhat smaller inplace volumes and significantly less
homogeneity. For purposes of this work, however, the differences fell within the range of
variance in the production forecasts.
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Figure 47. Gas Hydrate Stability zones and selected wells (Collett, 1993)

These maps were composited to identify those areas with multiple target horizons and were
compared to more recent measurements of the base of the Ice-Bearing Permafrost layer (BIBPF)
and the base of the Gas Hydrate Stability zone. These updated surfaces were used to map each
zone and catalog potential well locations. As is common in large-scale staged developments,
those areas with the greatest potential and fewest obstacles were targeted for the earliest
development. This methodology focused attention on the Prudhoe Bay L and V padsin the C, D
and A zones as areas with multiple thick gas hydrate bearing horizons within existing
infrastructure. The cross-section in Figure 48 shows that zones are not always continuous across
the area.  The work presented from Task 6.0 in this report corroborates that the gas hydrate-
bearing zones of interest may be even more laterally discontinuous.
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Figure 48: Gas Hydrate Zone Designations (Collett, 1993)

5.10.1.3.3 Type Well Development

Type wells were built based on the CMG STARS ™ modeling work presented first at the
Vancouver AAPG Hedberg Conference (Wilson et al, September 12-16, 2004°). These single
well forecasts are based on small scale chemical / therma models implemented within a
simulation grid to reflect large scale production forecasts for various reservoir and well
configurations. Several studies were done to develop type wells for a variety of producing
conditions, reservoir and fluid properties, and thermodynamic conditions.

5.10.1.3.4 Permeability/Producibility Studies

Using the MDT results from the Mallik 5L-38 gas hydrate production research well (SH.
Hancock, 2004%), relative permeabilities within the type-well grids were set such that gas hydrate
saturated formations would have an initial net relative permeability to water and gas on the order
of 0.02 md. This vaue fals within the range of the in-situ measured permeabilities at Mallik and
can be considered the best current estimate of the initial permeability of gas hydrate-bearing,
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high permeability shallow sand reservoirs. A very aggressive exponential growth relative
permeability curve had to be used to transition from gas hydrate filled pores with dissociation
induced by depressurization to water and gas filled pores which show permeability on the order
of 300 md.

The magnitude of the change required to transition from 0.02 md to 300 md was not one
normally seen in classic simulation studies using only liquid gas and rock phases, but is easily
concelvable when considering the dynamics of a dissociating solid phase and its affect on
clearing pore throats. At this microscopic scale, this is only a first estimate of the potential
relationships between relative permeability to water and gas as a function of gas hydrate
saturation. However, these values agree in principle with older studies of the same subject that
found that some finite permeability existed even after what was thought to be complete pore
closure due to ice and gas hydrate formation (SturgeonBerg, 1996°). It is recommended that
similar studies be developed for gas hydrate-bearing porous media. The relative permeability
plots in Figure 49 show the Water relative permeability curve used. A similar curve was
generated for the gas relative permeability.
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Figure 49: Water relative permeability curves used to match Mallik
MDT results

5.10.1.3.5Wdl Layout

Simple trial runs with a vertical well model and the Mallik-derived relative permeability curves
quickly showed that commercial rates were not possible with a vertical configuration and simple
pressure depletion. A horizontal well model was built to increase formation exposure and
potential rates. The grid was modified to contain smaller cells near the horizontal wellbore so
that gridding related issues could be minimized while maintaining reasonable run-times. Figure
50 shows an xy view of a 2100 ft (600 Meter) horizontal well in a 640 acre drainage area. The
pressure has been pulled down to highlight the anisotropic drainage patterns with blue being the
lowest pressure and red being the highest.
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Figure 50: Map view of
horizontal well in 640 acre
drainage area.

In the vertical direction (z), a second layer was included to provide ambient heat-flux.
Recommended hesat flux constants from Mallik results were doubled to smulate transfer from
both top and bottom surfaces. Although other descriptions could have been used, this system is
finding success in producing difficult reservoirs like the West-Sak field in Alaska and in the thin
coal zones near Poteau, Oklahoma. Although the type well only incorporated a single horizontal

et A T ST -

| Hydrate Satursted Formation 4771 AP e

Figure 51. Example Multi-lateral well in several distinct Gas Hydrate zones.

well path, multiple horizontal completions could be drilled to drain isolated layers. These multi-
laterals would look like the example shown in Figure 51.

These type wells within a regional development would be essentially additive at the expected
rates. Forecasting can be handled by incorporating multiple type-well events at the same
location, but with shared pad and surface casing costs. Technical forecasts using this
simplification should be sufficiently rigorous since the only expected effect of a multilateral
compared to two isolated laterals would be that the two legs may interfere on a long term
temperature recharge. With high water production expected from all cases, lift cost and method
may actually decrease as measured in $/mscf due to economies of scale.

5.10.1.3.6 Underlying Gas Pressure Dissociation

A large fraction of past reservoir modeling efforts have concentrated on the pressure dissociation
of a gas hydrate body by offset depletion of an underlying gas body (Howe®, Hong’, McGuire®).
If placed optimally in the reservoir, water production can be minimized by alowing water to
under-run the producing wells. This option is, under all circumstances, the most economical to
implement since it shares synergies with conventional gas production development strategies.
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However, for purposes of a full life-cycle staged testing plan, this option is not the optimal early
stage target for several reasons. Although it is the least technology intensive, dissociation by
associated gas-zone pressure depletion requires the longest lead time to evolve gas from gas
hydrate. It aso provides the least definitive information concerning the hydrate-derived gas
production process, since there are severa anecdotal examples where this process may already
be occurring, although it cannot be proven definitively or used in the extension of the technology
to other applications (Makogor®). Additionally, within the majority of the study area,
accumulations of free gas do not exist regionally adjacent to the gas hydrate accumulations; this
can be further complicated by stratigraphic and structural compartmentalization as documented
in tasks 5 and 6. Recent interpretation of the base of the gas hydrate stability zone has pushed
this regional contact farther to the north and east than shown in figures 45 and 46. For these
reasons, this method was not used in this planning exercise until the late stage development when
it is assumed that sufficient technology development has delineated the gas hydrate resource and
gas market demand would require use of al remaining gas sources.

5.10.1.3.7 Low-Saturation Gas Hydrate-bearing Reservoir Sand Completions

Since a mgjority of the gas hydrate is not interpreted to be in direct connection with a free gas
accumulation, it is imperative to estimate the stakes and potential of a gas hydrate-only
development where wells would be drilled directly into a gas hydrate accumulation and produced
as dedicated gas dissociated from gas hydrate-bearing reservoir producers. Based on current
modeling, this well type would require long horizontal sections to gain sufficient reservoir
exposure to initiate and sustain gas dissociation from gas hydrate. In addition, significant
quantities of fresh water would likely be produced with the dissociated gas and this water would
have to be used or properly disposed. Some scenarios envision dissociated water remaining in
the reservoir while gas is stripped off the top of the dissociated zone. This is possible under
some circumstances and can be viewed as an upside production option.

5.10.1.3.8 High-Saturation Gas Hydrate-bearing Reservoir Sand Completions

There has been a great deal of discussion over the in-situ freewater saturation of North Slope
gas hydrate-bearing reservoir sands. Based on the results from the Mallik well test experiments
and MDT tsting, which showed small but positive permeability, and well log interpretations
which are inconclusive in estimating actual saturation of both gas hydrate and free water, a case
can be made where gas hydrate exists in a matrix of pressure conductive free water and rock.
Although this sounds detrimental to production practices, it provides a means of propagating a
low pressure front farther into the formation than the equivalent higher gas hydrate saturation
case. Thisled to the counter-intuitive premise that the best gas hydrate producers would be those
wells with moderate gas hydrate saturations, while those with the highest gas hydrate saturation
may become secondary or complementary targets due to less ability to propagate a pressure front
to induce gas hydrate dissociation

As shown in Figure 52 and first presented at the AAPG Hedberg conference in September, 2004,
this characteristic was confirmed in modeling efforts which compared gas hydrate production
responses for severa different water saturations.
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High Water Saturation case for 30, 150, 300, and 1000 md
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Figurse 52: Different Gas Rate Forecasts based on initial water saturation (Wilson,
2004°)
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5.10.1.3.9 Type Well Details

Table 9 outlines the sdlient features of each type well and the associated gas development
options. Type wells were tested at various native permeabilities, initial water saturations, and
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relative permeabilities. These parameters were found to be the greatest drivers of the production
response at the anticipated development spacing of between 640 and 160 acres/well.

Table9: Type well descriptions and maor differences

Estimated

X Years to Production
Type Well Names Ultimate Recovery | Peak Rate Peak Rate Character
@ 40 years

Mallik Relative Permeability

Low Water Saturation 5% @ 640 acre 1 mmscfpd 100+ years Long slow incline,

Hydrate Producer spacing low gas, water

Mallik rel-perm production rates

High Water Saturation 15%@ 640 acre 2 mmscfpd 65 years Moderate incline, low

Hydrate Producer spacing gas, water

Mallik rel-perm production rates

Infill wells 60%@ 160 acre 1 mmscfpd NA Flat production,

High Water Saturation spacing interference and

Hydrate Producer decline after 20

Mallik rekperm years, low gas, water
production rates

Pilot Wells : Mallik rel-perm

Pilot Test Well: 20%@ 40 acre 4 mmscfpd 1 year Moderate incline,

High Water Saturation spacing moderate gas, water

Hydrate Producer production rates

Pilot Test Well: 20%@ 40 acre 2 mmscfpd 1 year Moderate incline, low

Low Water Saturation spacing gas, water

Hydrate Producer production rates

Extended Pilot Area NA (unconstrain ed 2 mmscfpd 40 years Moderate incline, low

9 Spot Test Well: drainage) gas, water

Low Water Saturation production rates

Hydrate Producer

Upside Case: Classic rel-perm

Low Water Saturation 40% @ 640 acre 12 MMscfpd 10 years Moderate incline,

Hydrate Producer spacing high gas, water

Classic rel-perm production rates

High Water Saturation 60% @ 640 acre 22 MMscfpd 3 years Rapid incline, high

Hydrate Producer spacing gas, water

Classic rel-perm production rates

Large Scale Systems

Associated Gas under Hydrate | 70% 25 MMscfpd - NA - Simple Decline, No

water Production

The term “Mallik rel-perm” is used to describe the effective permeability to gas and water
measured in the Mallik well tests. “Classic rel-perm” is used to describe a typical gas-water
relative permesbility relationship for rocks with absolute permesbility in the range of 300 md.
Selected sample type well production forecasts are shown graphically in figures 53 — 54.
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Reference Case forecasts for selected type wells are presented in Figure 53.
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Upside type well production forecasts for selected type wells are presented in Figure 54.
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Figure 54. Upside Case gas and water forecasts for selected type wells in upside case
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5.10.1.3.10 Development Timing

Development phasing is predicted to follow historical patterns where initial positive results are
built upon with ever expanding implementation until development reaches the point of
diminishing return and is scaled back. For purposes of this work these various stages are:

Stage 1: Single well pilot testing

Stage 2: Multi-well pilot testing and performance calibration
Stage 3: Limited initial development

Stage 4: Full scale devel opment

Stage 5: Resource harvesting and optimization

Stage 6: Resource management and infrastructure optimization
Stage 7: Re-devel opment and technology enabling advances

Each of these successive stages builds upon the prior and relies on poorer and more technically
challenging resources.

5.10.1.3.10.1 Stage 1: Single Well Pilot Testing

At recommended candidate prospect location(s), one or more wells are drilled and data is
acquired to help mitigate uncertainties. The well or a subsequent well is completed, extensively
tested, and monitored to identify production and reservoir description parameters (Figure 55).
Preferably, this well is managed as a long term test and is studied under a variety of conditions
and possible production scenarios. If unsuccessful, the well would ultimately be abandoned and
further testing may be recommended under a new scenario or cancelled. If successful, these
results could be used to optimize testing plans for Stage 2.

2nd Refined Milne Point grid: 6/372004
Ternary 2018-10-20 "

Figure 55: Stage 1 Single Well Pilot Testing

The first “pilot” well could be a fairly simple single well test with a vertical section or even
backside completion in a current or new prospect location. Figure 56 shows an example well
specifically targeting a small isolated gas hydrate accumulation. Constraining the data collection
to a well defined area would likely help minimize ambiguity and accelerate full-life-cycle data
collection.
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Figure 56: Stage lawith Further delineation with second pilot well

5.10.1.3.10.2 Stage 2: Multi-well Pilot testing and performance calibration

Several wells would be drilled to confirm and define variances of the “pilot” well(s). These
results would be more indicative of a larger scale development and many not target as high of
potential areas, so that upside and downside risk can be better quantified. A multi-well program
in asmall area could be used to gather data representative of long term potential of wider spaced
Stage 3 wells. Stage 2 could proceed when and where alocal gas source would be of use.
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Figure 57: Stage 2 Multi-Well Pilot Testing
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5.10.1.3.10.3 Stage 3: Limited Initial Development

Stage 3 would be the first stage with an intention of reaching commercial rates and economies of
scae. A high potential area of the field would be used in conjunction with the areas within
existing infrastructure as illustrated schematically in Figure 58. Outlying areas with good
reservoir properties would probably be tested in Stage 3 in order to fully evauate larger scale
devel opment commitments during Stage 4.

Stage 3 would be analogous to the West Sak 1J viscous oil development but with additional step-
out testing. It would require a maor capital commitment but would likely begin to be self-
funding after a few years. This would be the first time that significant gas volumes would be
booked as proved reserves based on the performance of the pilot tests, the evidence of extensive
geologic continuity of resource, and, by this time, a gas market or at least demonstrated local
need for gas (for example, gas for steam generation to assist viscous oil development).

Figure 58: Stage 3 Limited Initial Development
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5.10.1.3.10.4 Stage 4: Full scale development

Full Scale development would begin when the entire structure is mapped and widely spaced 640
acre wells could be drilled to fully delineate the resource. These wuld be drilled initially off
existing gravel pads and infrastructure. Infill wells could be drilled as needed for rate
acceleration and to improve ultimate recovery. Figure 59 has small cross-hairs on all potential
locations that might meet the requirements stated in this schematic model. The circles beneath
selected locations indicate the net pay in the A sand below that location. During Stage 4
infrastructure specific to gas hydrate development would need to be included in capita
budgeting. In theory, facilities surplussed / under-utilized following significant oil decline could
be re-used.
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Figure 59: Stage 4 Full Scale Development
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In the southwest corner of the mapped area (Figure 59), several wells are highlighted as “thermal
stimulation candidates’ where the gas hydrate within zone A is likely too shallow to fall within
the “target” depths and are not scheduled as pressure depletion producers. The target depths at
any surface location are those that fall below the Base Ice Bearing Permafrost (BIBPF) but above
the Base Gas Hydrate Stability Zone (BGHSZ). In theory, these gas hydrate-bearing reservoirs
could be dissociated by pressure reduction alone if ambient temperatures could be maintained.
Dissociating gas hydrate above the BIBPF would likely also require thermal or chemical means.
Figure 60 from the USGS shows this relationship in simplified form for conditions common on
the North Slope of Alaska.
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Figure 60: Gas Hydrate Stability curve for common ANS conditions
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5.10.1.3.10.5 Stage5: Resource Harvesting and Optimization

WEel| penetrations would be infilled to the tightest spacing (160-80 acres) to fully develop the
resource. Additional work would concentrate on improving existing wells, identifying missed
opportunities and minimizing costs through optimization. Additional major capital expenditures
for facility/pad extensions are evaluated on a case by case basis. The small red circles on Figure
61 are new drill sites that may be required to effectively drain the resource. The wells to the far
southwest are above the BIBPF depth but are assumed to be productive due to technology
advances or innovative uses of existing infrastructure.

As one example of an enabling technology advance, work is underway within the MPU to use
hot water produced from deep water-bearing Ivishak sands as orsite hot water injection. This
will increase injectivity in shallower zones compared to the central injection water system that
arrives at the wellhead colder and loads the gathering and distribution pipelines.
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Figure 61: Stage 5 Resource Harvest and Optimization
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5.10.1.3.10.6 Stage 6: Resource Management and | nfrastructure Optimization

WEell penetrations within current infrastructure areas would be completed with new widely
spaced locations drilled in high potential new areas as determined from penetrations to date
(Figure 62). Extensive use of multi-lateral completions would develop the remaining smaller
accumulations. Barring additional discoveries or technology improvements, the resource would
be on decline until redevel opment.
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Figure 62: Stage 6 Resource Management and expansion
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5.10.1.3.10.7 Stage 7: Redevelopment and technology enabling advances

Continued improvements in drilling and production technology may enable development of 160
acre locations, perhaps through Stage 6 wellbores (Figure 63). These wells would not be as
productive as prior wells but would continue to increase recovery factors incrementally as
modeled. Although this 160 acre well density looks unrealistic when placed near the current
North Slope infrastructure, extensive 20 and even 10 acre developments in tight gas basins and
steam-drive heavy oil reservoirs serve as precedents that, given economic incentives, a more
dense well spacing could potentially move forward.
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Figure 63: Stage 7 Re-Development and technology enabling advances
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5.10.1.4 Fieldwide Production Forecasts

Figures 64-66 outline production trends that are predicted in this schematic regional development
scenario modeling using the type wells and development timing outlined in this report.
Development timing is also schematic for purposes of this modeling exercise (tables 10-12).
These forecasts are broken into four cases:
A Downside Case indicating disappointing “pilot” test well(s) results, confirmed by
additional testing and ultimate project economic failure, but a technical success in
evaluation the resource potential.
A Reference Case where encouraging pilot results would transition into large scale pilots
and ultimately field-wide 160 acre development through al pressure dissociation targets.
An Upside Case where good pilot results would move into 160 field-wide development
and heat or chemical assisted production.
An Extreme Upside Case where outstanding pilot response would prove up a very
attractive resource and development would move forward at a fast pace to the point of
oversdling. This case has a precedent in the lowerd8 Coa Bed Methane (CBM)
Resource development starting in the early 1980's. This case aso benefits from reduced
well counts based on better drainage from each well.

5.10.1.4.1 Downside case description

The downside case is equivalent to exploration well dry hole investments. Minimal capital is
spent to gain knowledge. Although drilled wells may be abandoned, investment is kept to a
minimum and data collection and interpretation is given highest priority. In this case the pilot
results are disappointing and the experiment may continue to subsequent pilots, but may also be
abandoned. No sales gasis generated, so a production forecast is not relevant. The direct cost of
this case would be on the order of $2-20MM and could be shared with many interested parties.

5.10.1.4.2 Reference case description

The reference case would start with positive but not remarkable pilot test results. After a 2 year
evauation and planning effort, a pilot expansion would be implemented. Development would
continue at a pace consistent with North Slope operations. Table 10 outlines the Reference case.

Table 10: Reference Case Details
Type Well and/or

D Ri Well Well T
Current focus description start Date '9 name ell Count ell type
Pilot 1/2006 Pilot Well Rig 1 Pilot
Multi-Well Pilot 1/2009 Pilot Rig2 20 highsw
12/2009 Pilot Rig3 18
640 Acre Development wells 1/2013 Hydrate Rigl 20 Highsw
2/2013 Hydrate Rig2 20
Pilot Thermal wells 1/2014 Hydrate Rig3 16
Full 640 Acre Development 6/2014 Hydrate Rig4 14 Highsw
within infrastructure 1/2015 Hydrate Rig5 14
6/2015 Hydrate Rig6 25
Late Life infills and new pad 1/2020 Hydrate Rig7 25 Highsw
640’s
Total Complete in 2023 5 rig peak 173 Highsw

Figure 64 shows a map with schematic well locations, production forecasts and development
timing assumptions for the Reference Case.
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5.10.1.4.3Upside case description

The upside case would occur if the pilot results are better than expectations and development
is determined to be significantly “economic”. Development could move forward at a
“reasonable’ pace. Greater density wells would be drilled in the “target” area and thermal

methods could be developed in conjunction with pressure dissociation wells. This case is
similar to the reference case but would be developed more rapidly and with greater front-end
capital loading due to the lower risk profile investments. Infill wellsto 160 acres would carry
a large fraction of the reserve load and would increase peak rates and well counts. This case
carries the highest overall recovery at 100 years due to the increased drilling density.

Table 11 and the production plot in Figure 65 summarize this upside case.

Table11: Upside Case description

Type Well and/or

Start Dat Ri Well C t Well T
Current focus description art bate '9 name eli Loun ell type

Pilot 1/2006 Pilot Well Rig 1 Pilot

Multi-Well Pilot 1/2009 Pilot Rig2 20 Highsw
3/2009 Pilot Rig3 18 Highsw

640 Acre Development wells 1/2013 Hydrate Rigl 20 Highsw
2/2013 Hydrate Rig2 20 Highsw

Pilot Thermal wells 1/2014 Hydrate Rig3 16 Highsw

Full 640 Acre Development 6/2014 Hydrate Rig4 14 Highsw
1/2015 Hydrate Rig5 14 Highsw
6/2015 Hydrate Rig6 25 Highsw

160 Acre Infill Wells 9/2015 Hydrate Rig7 36 160 Highsw
12/2015 Hydrate Rig8 36 160 Highsw
3/2016 Hydrate Rig9 36 160 Highsw

Late Life 1/2026 Hydrate Rig10 28 Highsw

Total Complete in 2027 4 rig peak 284

Figure 65 shows a map with schematic well locations, production forecasts and development
timing assumptions for the upside case.
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5.10.1.4.4 Extreme Upside Case description

It is typical that statistical predictions of expected outcomes can under-predict the range of
possible outcomes. In order to capture the most positive potential development scenario, an
extreme upside case was developed to capture the entire resource with highly productive wells
that follow the San Juan Basin CBM development pattern. What began there as a government
incentivized science experiment moved, slowly at first, but then rapidly toward a classic
resource development rush where values were bid up past economic realities and a price
collapse in the basin ensued. The same thing happened in the Powder River Basin (PRB) in
2002 where insufficient pipeline capacity led to inability to transport al the gas that was
coming on line from PRB coal gas producers. In that case, obtaining permits became the
limiting factor in developing the resource.

For the highly improbable extreme upside case, a very positive response would develop to
pressure dissociation and development would progress at a rapid pace. Some thermal
stimulation testing might be attempted in the areas not well suited for dissociation, where the
native formation temperature is near or below the water freezing point and the dissociation
reaction cannot be maintained without outside heat input. These wellsare modeled to perform
essentially the same as the reference case dissociation wells and create a long, but low rate
production profile. The rate for these wells cannot be seen until 2035 when the primary
dissociation reserves are depleted. Tota recovery for this case at 100 years is lower than the
upside case because of the wider well spacing and accelerated recovery which might decrease
the motivation to infill partly depleted areas.

Table 12 outlines this extreme upside case and Table 13 summarizes the development
scenarios.

Table 12: Extreme Upside case description
Type Well and/or

D Well T
Current focus description S e Rig name Well Count ell Type

Pilot 1/2006 Pilot Well Rig 1 Pilot

Multi-Well Pilot 1/2009 Pilot Rig2 18 Upside
3/2009 Pilot Rig3 18 Upside

640 Acre Development wells 1/2010 Hydrate Rigl 10 Upside
2/2010 Hydrate Rig2 10 Upside

Pilot Thermal wells 1/2011 Hydrate Rig3 10 HighSw

Full 640 Acre Development 6/2012 Hydrate Rig4 10 Upside
1/2013 Hydrate Rig5 10 Upside
6/2013 Hydrate Rig6 15 Upside
9/2014 Hydrate Rig7 10 Upside
12/2015 Hydrate Rig8 10 Upside
3/2016 Hydrate Rig9 10 Upside
6/2016 Hydrate Rigl0 10 Upside

total Complete in 2016 2 Rig Peak 142

Figure 66 shows a map with approximate well locations, production forecasts and
development timing assumptions for the extreme upside case.
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Table 13 Development Scenario

Case name
Downside case
Reference Case

Upside Case

Extreme Upside

5.10.1.5 Forecast Results

Summary

Description

Pilot Fails, Additional
testing neqgative

160 Acre development
in “target” Area

Some 160 Acre
development in
“target” Area &
thermal methods in
up-structure area

640 acre development
in all areas, low well
count due to
decreased in-fill
needs.

Well
Count
1-5
165

283

141
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Results from the various potential schematic development scenarios show a wide range of
outcomes. Itiscrucial to note that none of these forecasts would qualify for Proved, Probable,
or even Possible reserve categories using the SPE/WPC definitions since there has yet to be a
fully documented case of economic gas production from gas hydrate.

Each of these categories, by definition, would require a positive economic prediction, supported
by historical analogies, prudent engineering judgment and rigorous geological description of the
available resource. In this case, the initial work on describing the geologic resource has been
input from a general regional characterization exercise and continues on many fronts (Tasks 5.0
and 6.0), while developing a historical analogy, from which mathematical models can be based,

is the obvious next step.

Table 14 outlines those forecasts and the range of possible outcomes.

Case name

Downside case

Reference Case

Upside Case

Extreme Upside

Table 14: Ranges of Forecast Results

description

Pilot fails, additional
testing negative

640 Acre development
in “target” Area

Some 160 Acre
development in
“target” Area &
thermal methods in
up-structure area

640 acre development
in all areas, low well
count due to
decreased in-fill
needs.

Well

Count Cp @ BCF
1-5 0
172 2.5 TCF @ 40 years
9.6 TCF @ 100 years.
283 3.6 TCF @ 40 years
11.8 TCF @ 100 years
141 8.8 TCF @ 40 years

9.3 TCF @ 100 years.
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5.10.1.6 Summary and Conclusions

Significant time and resources have been spent over the past 25 years in studying and
guantifying gas hydrate occurrence. In the past 15 years, the technology of gas hydrate plugging
mitigation in pipelines has been of great interest due to increased use of sub-sea multiphase
flowlines. Although significant natural gas hydrate deposits have been identified, quantification
of potential recoverable gas from these deposits is impractical due to lack of empirical or even
anecdotal evidence. This screening study was undertaken to set ranges on the 33 TCF in-place
potential resources within the Eileen gas hydrate trend that might someday be recoverable given
various potential future production scenarios. These ranges are from the downside case of
effectively zero Estimated Ultimate Recovery (EUR) to 12 TCF EUR under the dense spacing
upside case. The extreme upside case has lower recoveries due to wider well spacing.
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Government nor any agency thereof, nor any of their employees, makes any warranty, express or
implied, or assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or represents that its use
would not infringe privately owned rights. Reference herein to any specific commercia product,
process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily
constitute or imply its endorsement, recommendation, or favoring by either BPXA or the United
States Government or any agency hereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of BPXA or the United States Government or any agency
thereof.
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5.10.1.10 Regional Development Scenario Studies Planning Tools

5.10.1.10.1  Mapping and Well Layout Tools

Well Layouts were generated using the interna plotting functions within Excel coupled with
Visua Basic utilities which can generate ASP X and Y Coordinates from Township-Range legal
descriptions: "T10NR12E section 12 NE/4 of NE4”. A full suite of approximately 1500, 80
acre well locations was generated and categorized in each of the criteria shown in Table 15.

Table 15: Well location categorization

Category Sour ce of data

SEQNUM Generated

LEASE Generated

TWP Input

RGE Input

M SECT Input

QTRQTR Input

X Calculated from TRSQTR

y Calculated from TRSQTR

WellType Input

StartY ear Input

StartM o Input

A existence Modified from USGS (Collett, 1993) Mappinc

B existence Modified from USGS (Collett, 1993) Mappinc

C existence Modified from USGS (Collett, 1993) Mappinc

D existence Modified from USGS (Collett, 1993) Mappinc

EF existence Modified from USGS (Collett, 1993) Mappinc

PadName Based on BP Base Map within 2 miles

UNIT Based on BP Base Map

Xpos Calculated from TRSQTR

Y pos Calculated from TRSQTR

Code Binary code indicating occurrence of each zone

ASPX Calculated from Xpos

ASPY Calculated from Y pos

A sand Top Interpolated from USGS (Agena) Well Picks contoured into a
B sand Top Interpolated from USGS (Agena) Well Picks contoured into a
C Sand Top Interpolated from USGS (Agena) Well Picks contoured into a
D Sand Top Interpolated from USGS (Agena) Well Picks contoured into a
E Sand Top Interpolated from USGS (Agena) Well Picks contoured into a
IBPFDepth Interpolated from USGS (Agena) Well Picks contoured into a
HSZDepth Interpolated from USGS (Agena) Well Picks contoured into a
Net A sand in Target Calculated from union of formation top, thickness, BIBPF,
Net B sand in Target Calculated from union of formation top, thickness, BIBPF,
Net C sand in Target Calculated from union of formation top, thickness, BIBPF,
Net D sand in Unstable zone Calculated from union of formation top, thickness, BIBPF,
Net E sand in Unstable zone Calculated from union of formation top, thickness, BIBPF,
InCompositArea Modified from USGE (Collett, 1993) Mappinc

Stage Input based on most likely scenario for well planning
AsandVol Calculated

BsandVol Calculated

CsandVol Calculated

DsandVol Calculated

EsandVol Calculated
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Given the ability to select and highlight individuals based on a complex set of criteria enabled
fairly complex well scheduling to be implemented in a short period of time. This scheduling
mechanism was used to develop well counts and iming that fed into a development planning
tool “Forecast” which is capable of scheduling rate-table based type wells into a drilling schedule
to additively forecast field-wide production scenarios The May 12, 2005 version of this
spreadsheet is included in the project report CD. The spreadsheet has Tabs and 4 macro modules
that contain functions that automate repetitive tasks as shown in Table 16.

Table 16: Worksheet Tabs and Macros driving the spreadsheet to forecast devel opment scenarios

Map

Hydrate Wells

Gas Only Wells

Townrange Corners

Data Well_Depths

Data Well_Depths for
Surfer

A Sand Grid Depths

C Sand Grid Depths

E Sand Grid Depths

|ce and HydDepths data+

IBPF Grid Depths

HYDSTAB Grid Depths

Zone Net and Gross H,
Props

Bitmap of field and clear well locator map. Thisisthe
figure that can be used to identify well locations in relation
to surface features.

Detailed well listing giving al relevant parameters. Only
the top line has live calculations for grid interpolations and
net thickness.

Well locations originaly thought to be below the BGHSZ.
Subsequent mapping showed them as gas hydrate-bearing.

Traces of the edges of selected geographical features.
Available mostly to tie-in xy locator routines.

Eileen Gas Hydrate Zones— modified from Collett (1993)

Eileen Gas Hydrate Zones— modified from Collett (1993);
formatted with single line column headers.

Open grid of A sand depths from contoured raw data.

This is the page where 3D locations are interpolated from
for each well location.

Open grid of C sand depths from contoured raw data.
Thisis the page where 3D locations are interpolated from
for each well location.

Open grid of E sand depths from contoured raw data. This
is the page where 3D locations are interpolated from for
each well location.

Depths to Base Ice and Base Gas Hydrate Stability Zones
for selected wells as Provided by USGS (Agena) 2005.

Open grid of Ice Bearing Permafrost depths from
contoured raw data. Thisis the page where 3D locations
are interpolated from for each well location.

Open grid of Gas Hydrate Stability zone depths from
contoured raw data. Thisis the page where 3D locations
are interpolated from for each well location.

Various general parameters describing zonal properties
from Collett, USGS
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5.10.1.10.2 Field development Planning Rollups

Forecast was used to roll up complex production type wells. This program is written in C++ and
generates daily forecasts by layering type-well forecasts over a summation array as each well is
drilled and completed. The following agorithm is used to generate the field-wide forecasts:

1) Determine earliest drilling date and initialize summary arrays

2) Read first rig parameters and load type well as of completion date

a. For each completion, add daily type well rate to summary arrays for 100 years

3) Read next rig

4) Repeat step 2a for each rig and well
Although this process sounds fairly ssimple, the algorithms involve millions of summations for
each case, so the raw summation arrays are then used to generate cumulative curves from which
any time resolution can be derived. This program is available to project participants at
www.ryderscott.com\download?\setupforecast.exe. Figure 67 shows a sample of the resulting
production forecast and well scheduling display.
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5.10.2 CMG STARS Reservoir Modeling Discussion and Per spective

The below discussion is adapted from January 3, 2005 correspondence with Scott Wilson, Ryder
Scott Company, to document some additional perspective of earlier reservoir modeling efforts
during the Phase 1 studies. The commentary also recommends additional experimental work
using the lab apparatus developed at the University of Alaska Fairbanks to conduct relative
permeability and other studies at higher gas hydrate saturations within porous media.

The first attempt to use CMG STARS as a gas hydrate reservoir smulator may date back to the
Shell work in the early 1990's or perhaps to Hong and Pooladi-Darvish at the University of
Cagary. Steven Howe, in his MS thesis at UAF, accomplished studies using a slanted strip
model, which laid the foundation for groundwork for further work by Scott Wilson at Ryder
Scott by creating a running framework, identifying its deficiencies, and presenting complete and
honest results, including shortcomings.

Scott Wilson resolved the maor shortcomings of early UAF modeling by applying significant
industry experience level simulation and extending that work to what was presented at the 2004
Hedberg conference Scott also added an initial te phase to the framework to close the gap
between STARS mathematical capabilities and those of the other models (EOSHY DR, Masuda).
CMG dtaff may see an opportunity for a new market and may work to clear the remaining
limitations in their code (i.e. "modified CMG STARS is user friendly and easy to initialize unlike
other commercial smulators. It can handle the temperatures much below 0°C. ") It remains
much easier to provide inputs to and obtain outputs from the industry-standard STARS model
than the current alternatives. However, there remains concern that the STARS model may not
handle the very near-wellbore high-pressure drawdown area, resulting in poor modeling of near-
wellbore formation of ice or reformation of gas hydrate at the wellbore if cooling associated with
pressure drawdown during production allows temperatures to fall below 0°C (ice) or self-limits
gas dissociation within the gas hydrate temperature stability field (gas hydrate).

Throughout this process, al gas hydrate reservoir simulators have used the 3phase relative
permeability data inherited from prior work: Steven (UAF) from Pooladi-Darvish (University of
Calgary), Scott Wilson from UAF, etc. When input variables are uncertain, the strategy was to
assume reasonable values were assigned to the given variables by preceding studies, then to
double-check simulator outcomes for reasonableness. In the UAF case, Steven initialized the
entire grid with 10% gas saturation in order to create a mobile gas phase. Scott Wilson shifted
this arbitrary value down to 1% by distorting the gas relative permeability at low gas saturations
to enable pressure transmission within the model. The resulting data indicates a very pessimistic
gas flow regime where at only 5% gas hydrate saturation, water relative permeability is 0.5 while
gas relative permeability is only 0.02. The trend toward reduced relative permeability with
increased gas hydrate saturation is intuitive, but the magnitude is dramatic. Experimental values
generated by relative permeability studies at UAF on the Hot Ice samples, have a similar kw/kg
ratio for the 34% gas hydrate saturation case, which is interesting, but may be coincidental .

Directionally, this work is provocative if one extrapolates this data to >70% gas hydrate
saturations. Scott Wilson recommends further studies with gas hydrate-bearing porous media to
compare to the Sturgeon-Berg work at Colorado School of Mines (MS thesis (T-4920) by
Richard Sturgeon-Berg, 'Permeability Reduction Effects Due to Methane and Natural Gas Flow
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Through Wet Porous Media," dated 9/30/96, CSM). Richard found positive and measurable
permeability even after total freezing of a water saturated core, which is different than one would
assume based on the plot in the pdf file. These results could be intuitively extrapolated to
indicate that, even in a fully-saturated gas hydrate-bearing reservoir sand, sufficient relative
permeability could exist to at least transmit a pressure pulse and at most to enable production of
insitu, mobile phase pore waters to induce dissociation of gas hydrate by production of the
mobile water phase.

New work at UAF aould close the gap between these relatively low hydrate saturations tested
experimentally during the Phase 1 UAF experiments and the total ice/gas hydrate saturation used
by SturgeonBerg at CSM. UAF has also provided assistance in doing the theoretical derivation
of reaction constants used with CMG STARS. It remains to be seen if this work can ultimately
be fed directly into large scale simulators. Sadly, relative permeability is one of the first places a
modeler turns when in need of a history match parameter, and henceforth, the measured data can
be rendered useless.

Some of the comments in the file might be mis-used if taken out of context. For example, the
statement "UAF modeling indicates that as gas is produced at rates of up to 25 mmscfd/d per
well, the free gas zone depressurizes and the adjacent gas hydrate accumulation begins to release
significant additional gas' must be read very carefully to realize that the 25 mmscfpd is the free-
gas zone rate, whereas the gas hydrate zone is modded as producing only about 3-4 mmscfpd
but over many years.

5.10.3 UAF Mt. Elbert Prospect Modeling | nterim Planning

UAF constructed a reservoir model within the characterized Mt Elbert gas hydrate prospect.
These studies were accomplished by Hemant Phale in collaboration with Scott Wilson and
entitled “Simulation Study on Injection of CO2-microemulsion for Methane Recovery from Gas
Hydrate Reservoirs’. The complete results of this study will be presented in a later report
following thesis finalization. A brief review of preparatory work is presented in this section.

5.10.3.1 Abstract

Gas hydrates are crystalline substances composed of water and gas, mainly methane, in which a
solid water lattice accommodates gas molecules in a cage like structure. Large methane-gas
hydrate reservoirs have been found on the North Slope of Alaska that may be exploited as a
future energy source. The total volume of natural gas in-place within these gas hydrate reservoirs
is estimated to be about 37 to 44 TCF. Depressurization, thermal stimulation, or a combination of
these methods is being evaluated for commercia production of natural gas from hydrate-bearing
geologic formations. An alternative method of gas hydrate production using CO; is being
investigated. This concept has severa attractive features. 1) CO- is thermodynamically favored
in gas hydrate, 2) the heat of formation of CO, hydrate is 20% greater than the heat of
dissociation of CH,4 hydrate, 3) refilling pore space with CO, hydrate is expected to maintain
mechanical stability of the hydrate-bearing formations during production, and 4) the process is
climate friendly, removing CO, from the atmosphere while simultaneously producing clean
burning natural gas. This study focuses on the simulation study of methane recovery with
simultaneous CO, sequestration from a reservoir located at Mt. Elbert site which is a part of
Milne Point Unit (MPU) on North Slope of Alaska using a smulator STOMP-HYD (Subsurface
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Transport over Multiple Phases, Hydrate Operational Mode). Series of simulations will be
caried out to verify different production scenarios, including the effect of pressure and
temperature of injected CO,-microemulsion on methane hydrate dissociation rate, effect of
different porosity and permeability values of the formation, variation in location of injection well
for CO,, effect of CO, injection rate and the effect of concentration of injected CO,-
microemulsion. From this study, a set of optimum parameters for methane gas production with
simultaneous CO, sequestration will be presented.

5.10.3.2 Problem Statement

Gas-hydrates are crystalline substances composed of water and gas, mainly methane, in which a
solid lattice accommodates gas molecules in a cage like structure. These sources have been
regarded as a potential unconventional source of natural gas because of their enormous gas
storage capacity. Significant quantities of naturally occurring gas- hydrates have been detected on
the North Slope of Alaska. On the North Slope of Alaska, the nethane-hydrate stability zone
extends beneath most of the coastal plain province (Figure 1) and has thickness greater than 1000
meters in the Prudhoe Bay area.

The occurrence of natural gas-hydrate on the North Slope of Alaska was confirmed in 1972
(Collett, 1993) when ARCO and Exxon successfully recovered a core containing gas hydrate.
This core was obtained from a depth of 664 to 667 metersin the Northwest Eileen State-2 well
(Figure 77), located in the Prudhoe Bay oil field. The occurrence of gas hydrate in the cored and
tested interval of the Northwest Eileen State-2 well was evident on the mud and open-hole well
logs by the release of unusually large concentrations of methane during drilling and an increase
in acoustic trangit-time velocity and electrical resistivity.

In the Prudhoe Bay-Kuparuk River area, all of the well-1og inferred gas- hydrate occurs below the
regional Eocene unconformity and within the 450 to 700 neter thick nonmarine to marine
seguence overlaying the Ugnu sandstones. Most of the North Slope gas- hydrate occurs within six
laterally continuous lower Tertiary sandstones and conglomerates and are geographicaly
restricted to the area overlaying the eastern part of the Kuparuk River oil field and the western
part of the Prudhoe Bay ail field.

This smulation study uses the ssmulator STOMP-HYD (Subsurface Transport over Multiple
Phases, Hydrate Operational Mode) which is being developed by Dr. Mark White at Pacific
Northwest National Laboratory (PNNL), Richland, Washington. The researchers at PNNL have
investigated the possibility of CO,-microemulsion injection for methane recovery from the gas
hydrate-bearing reservoir sands The current study focuses on the simulation study of CO,-
microemusion injection for methane recovery from gas hydrate reservoir located at Mt. Elbert
prospect site within the MPU. Two potential gas hydrate-bearing reservoir zones have been
identified at this location which are zone C and zone D. The zone D has been identified as the
upper layer of formation whereas the zone C is the lower layer of the formation at Mt. Elbert site.

5.10.3.3 Data Required
The following initial data was needed in order to get a true picture of the reservoir description:
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Hydrologic Property Distribution Data:

1) Porosity distribution maps for the formations within the reservoir

2) Permeability distribution maps for the formations within the reservoir
3) Gas hydrate saturation map for the formations within the reservoir

Formation Property Data:

1) Saturation-Capillary Pressure-Permeability relationship
2) Thermal Conductivity

3) Grain Density

4) Bulk Density

5) Rock Compressibility

Fault Information:
Also the information regarding the faults present within the formation was also needed.

5.10.3.4 Data Received

The following data was received from the correspondence with investigators of the BP-DOE
Alaska gas hydrate research team, including Dr. Tim Collett, Mr. Robert Hunter, and Mr. Scott
Wilson. All the collected information is summarized below:

Hydrologic Property Distribution Data:

1) Porosity:
Unit Porosity Low  Porosity Best  Porosity High Source
C 34 38 40 NWEIL2
D 36 37 38 NWEIL2
2) Permeability:
Unit Permeability, md
C 300 (Uniforminl, J& K directions)
D 300 (Uniforminl, J& K directions)

3) Gas Hydrate Saturation:

The input data files for gas hydrate saturation for zone C and D were received. The contour maps
of gas hydrate saturation for these two zones were then generated using the software Surfer. The
contour maps of gas hydrate saturations for zone C and D are shown below. The values of gas
hydrate saturation are given in percentages.

1. ZoneC:
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Figure 68: Contour map of hydrate saturation for zore C

Data file used for generating this contour map: mtelbertCsaturation_rectangle.asc

2. ZoneD:
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Figure 69: Contour map of hydrate saturation for zone D

Data file used for generating above contour map: mtelbert Dsaturation_rectangle.asc

Mr. Robert Hunter has also suggested investigation using uniform gas hydrate saturation () of
60% with 20% of mobile water saturation and 20% irreducible water saturation (Swir).

4) Thickness:

The input data files for formation thickness of zone C and zone D were received and using that
data & with the help of software Surfer, the contour maps of thickness for these two zones were
generated. The contour maps are shown below:

1. Zone C:
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Figure 70: Contour map of thickness for zone C

Data file used for generating above contour map: mtelbertCthickness_rectangle.asc

2. ZoneD:
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Figure 71: Contour map of thickness for zone D

Datafile used for generating above contour map: mtelbertDthickness rectangle.asc

5) Depth of formation:

The input data files for depth of formation of zone C and zone D were received. With the help of
the software Surfer and the data received, the contour maps of formation depth for these two
zones were generated. The contour maps are shown below:

1. Zone C:
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Figure 72: Contour map of depth for zone C

Data file used for generating above contour map: mtelbert Cdepth_rectangle.asc

2.Zone D:



DE-FC-01NT41332 Quarterly Report 15 (inclusive of 10-15), June 2006 Page 139 of 212

6024000

6022000

G0z0000

012000

016000

Y co-ordinate

014000

6012000

6010000 =

Go0s000 -

aEg000 &5Y0000 572000 574000 AS76E000 578000 530000

® co-ordinate

Figure 73: Contour map of depth for zone D
Data file used for generating above contour map: mtelbertDdepth_rectangle.asc

From figures 72 and 73, it is clear that zone D is upper layer whereas zone C is the lower layer of
the gas hydrate-bearing reservoirs at the Mt. Elbert prospect site.

Formation Property Data:
1) Thermal Conductivity:
1. ZoneD:

Thermal Conductivity of Rock: 2.743E+05
Thermal Conductivity of Water: 5.35E+04
Thermal Conductivity of Oil: 1.653E+06
Thermal Conductivity of Gas: 7400
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2.ZoneC:

Thermal Conductivity of Rock: 5.4E+5
Thermal Conductivity of Water: 5.35E+04
Thermal Conductivity of Oil: 1.653E+06
Thermal Conductivity of Gas: 7400

2) Grain Density:
Dr. Tim Collett has suggested using a value of 2.65 g/cc for grain density of the formation.

3) Bulk Density:

Calculate the bulk density from the assumed value of porosity, grain density and water
density. (Dr. Tim Collett)

4) Rock Compressibility:
1. ZoneD:
Rock Compressibility: 2.347E+06 /psi

2.ZoneC:
Rock Compressibility: 1.0E+14 /psi

Fault Information:

The input data file for CMG simulator containing the fault information was received, but it was
not clear how to wse that information in the current study other than as boundaries to the 3-way
structural trap of the Mt Elbert prospect.

5.10.3.5 Work Plan

1. Based on the contour maps for zone C and D, it appears that both of these zones have different
shape and size. This needs to be taken into consideration while generating the grid system for the
simulation. According to the input data file received (002-expKg
TypeWell160A cSpacingHighSwNoFreeGas300md.dat), it seems like Mr. Scott Wilson is using a
rectangular grid system of 50 x 50 x 2. So if needed, the same approach will be used for defining
the grid system. The gas hydrate saturation, depth of formation and formation thickness data is
available for both of these zones in the form of a 32200 x 32200 matrix. Therefore, it is required
to convert that same data for a matrix of 50 x 50 for each zone.

2. After gathering all the required information, the next step is to define the grid system of 50 x
50 x 2 over each contour map for zones C and D in order to extract al the information for the
entire reservoir that needs to be defined in the ssimulation.

3. The information regarding the faults present at Mt. Elbert site is available in the form of an
input file, but the way it has to be used is not known yet.

4. Mr. Scott Wilson has suggested using constant values of porosity and permeability; therefore
there will not be any variation in the value of these two properties for a given single case.
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However, since we have generated contour maps for gas hydrate saturation, thickness and
formation depth for individual zones, this data will be used for the simulation input. Some
geostatistical tools (e.g. WinGSlib) will be used to calculate the variation in the property over the
entire filed and the correlations obtained from these geostatistical tools will be used for the
simulation input.

5. Bulk density of the formation needs to be calculated from the knowledge of grain density,
porosity and water density.

6. The following different production scenarios will be tested during this ssmulation study, so as
to analyze their effect on the potential production of natural gas from the gas hydrate-bearing
reservoir sands:

a) Variation in the porosity values

b) Variation in the permeability values

) Variation in the temperature and pressure of injected CO,-microemulsion

d) Variation in the injection rates of CO»-microemulsion

€) Variation in the CO,-microemulsion concentration

f) Variation in the location for injection and production wells

5.11 TASK 8.0, Phase 3a: Plan and Implement Drilling of Stratigraphic Test Well

5.11.1 Task 8, Phase 3a, Executive Summary
Completed NEPA Environmental Questionnaire with inputs from BP HSE and Drilling

(0]
(0]
0]

Prepared list of questions and requirements and compiled BP HSE/Drilling input
Compiled inputs from newly consigned/constructed Arctic Fox rig
Defined stratigraphic test operation plans as Categorical Exclusion within MPU

Planned Stratigraphic Test Well and held regular weekly meetings with BP/DOE/team

(0]
(0]

(0]
(0]

Developed and implemented task schedules for well permits, materials, plans
Identified critical tasks and path for well permits, materials, contracts, rig, and ice
pad/road; modified task schedules as needed
Evaluated task risks and developed risk mitigations
Developed contacts and contracts with appropriate subcontractors for well
permitting (ASRC Energy Services (Lynx)), operations (ASRC Energy), wireline
coring (Corion), core processing (OMNI and Core Mongers), wireline and MDT
evaluation program (Schlumberger), and other
Prepared and checked surface ice pad/road and bottom hole location (BHL)
= Discovered and corrected BHL discrepancy
Developed agenda, convened, and moderated weekly well planning meetings for
Mt EI bert prospect location beginning mid-January 2006
Setup planning meetings, agendas, and timelines to accomplish 2006 well
* Provided task status updates and coordinated well operations and data
acquisition plans
= Developed statement of risks document, addressed concerns, and
developed plans to mitigate risks
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0 Selected ice road route to ensure safe access within existing infrastructure, roads,
pads, pipelines, and power lines
= Evaluated ice pad access from MPU E and B-pads
» Selected B-pad access route to minimize traffic and infrastructure
disturbance
0 Developed detailed wireline and MDT evaluation program with team
o Initiated cementing program with Schlumberger, MPU provider
= Evauated aternate Ceramicrete technology, and selected conventiona
cementing program due to no current Ceramicrete field tests
= Met with ASRC Energy Services, Argonne National Lab, BJ Services, and
UAF to discuss status of Ceramicrete cement testing (2/1/06)
o Initiated mud program, evaluated alternative technologies, and incorporated
DrillCool, Inc. mudchilling system
o Planned core program and procedures with Corion
= Planned compatibility of Corion and Doyon Arctic Fox rig equipment
Helped ensure 5° RAMS available for hookup to Corion tubulars
o Initiated planning of core handling and processing program with OMNI
o Initiated and reviewed detailed plan of operations for well permits
= Discussed and reviewed well plans and permits with appropriate industry
and State of Alaska representatives
= Developed and reviewed figures for drilling permit
o Initiated and reviewed drilling and data acquisition time and cost plans
= (3/14/06) Determined inability to drill well due to third party rig delays
and approaching end-of-tundra travel and ice seasonal drilling
= Notified DOE and subcontractors of decisionto defer drilling of well
o Developed, reviewed, and submitted program drilling, data acquisition, and data
evaluation budget
= |dentified areas for potential cost savings for desktop and field operations
= Cadculated potential cost savings and evaluated budget options
» Provided backup documentation for materials, contractors, and budget
Initiated review of potential alternative, gravel pad options for future stratigraphic and/or
potentia future Phase 3b production test
0 Prepared and reviewed draft proposal for evaluation
o Evaluated potential gas handling options for possible future production tes well
(test not currently approved by DOE or BP) at aternative gravel pad site
= Evaluating potentia synergy with Alchem Field Services, Inc — DOE
prOject which developed skid- mounted gas-to-liquid facility
Multiple units may be constructed in commercial venture with
Waste Management, Inc. and be available for lease by early 2007
Units apparently have capability to convert 0.5-2.0 MMCF/d
methane into approximately 25-100 BPD #1 low-sulfur diesel fuel
Unit construction/operating costs may be up to $3MM; however,
leased unit may alternatively be available as demonstration plant
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5.11.2 Planning and Implementing Drilling of Stratigraphic Test Well

5.11.2.1 Task Definition

The planning and execution of a stratigraphic test well within the MPU Mt. Elbert prospect has
been adopted as an integral project objective. This objective is defined as Task 8.0 within
Amendment 11 of the BP-DOE Cooperative Agreement:

“Task 8.0 - Plan and Implement Drilling of Stratigraphic Test Well:

Recipient will implement appropriate data acquisition @nsisting of a drilling and evaluation
program based on a single vertical stratigraphic test well with appropriate logging, coring and
MDT testing of the previously documented "Mt. Elbert" or comparable prospect within the
Milne Point Unit. The field activity will be designed to determine the validity of pre-drill
seismically-based predictions of gas hydrate occurrence and reservoir quality and to collect other
data as necessary to enable a decision whether or not to conduct future dedicated gas hydrate
reservoir production testing on the Alaska North Slope. Recipient will maximize synergies with
existing and planned ANS developments. Recipient will either plug and abandon the well before
moving off or suspend the well with or without instrumentation for future use as an observation
well”

5.11.2.2 Plan of Operations

5.11.2.2.1 Introduction

In 1Q06, BP Exploration (Alaska) Inc. (BPXA) prepared a Plan of Operations (Appendix Bl) to
support permit applications to drill the Mt. Elbert-01 stratigraphic test well in the northern
portion of the Eileen gas hydrate trend within the Milne Point Unit (MPU). The surface owner at
this location is the State of Alaska and BPXA has valid rights to drill and operate at this site
under lease number ADL 255231 within the MPU. BPXA would retain a working interest in the
prospect after the well is drilled. Synergies with existing and planned ANS developments have
been maximized by the utilization of existing BPXA drilling engineering and operations staff to
plan and manage the drilling concurrent with ongoing drilling operations within the MPU and
adjacent fields. Operations support infrastructure to be utilized is in place in the form of the
MPU production complex and existing drilling rig service and support contracts. All required
environmental permits have been obtained under both existing and operation specific permitting
criteria and the final permit to drill has been obtained from the Alaska Oil and Gas Conservation
Commission.

5.11.2.2.2 Drilling Operation Schedule

The initial Plan of Operation called for the Mt. Elbert #1 well to have been drilled in March and
April of 2006 from an ice pad with ice road access. Regulatory and operational criteria dictated
that drilling and plugging be completed by April 30 and site clearance operations be completed
by May 15, the end of the seasonal cross tundra travel period. By the end of February 2006 all
well design, permit applications, equipment specification and location surveying had been
accomplished. Contracts for services were in place and mobilization plans were complete. The
drilling rig selected for the project was the Doyon Drilling rig Arctic Fox (Figure 74), which was
at the time under contract to another operator. A BPXA rig contract was prepared contingent
upon timely completion of the previously contracted wells. In the final week of February and the
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first week of March 2006 it became increasingly obvious that there was significant delay in the
rig availability due to drilling operations difficulties for previously contracted third-party wells.
Support equipment mobilization and ice construction were temporarily suspended. By mid
March, it was confirmed that the rig would not be released to BPXA in time to meet the planned
operational schedule. On March 16, 2006 the BPXA / DOE project management team reached
the decision to defer the program until the 2007 winter drilling season.

Figure 74: Doyon Arctic Fox on ANS operations, 2005-2006 Winter Exploration Season
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BPXA has re-evaluated the rig selection for this project. At thistime BPXA would plan to utilize
Doyon Drilling Rig #14 which is currently under contract to BPXA. It is anticipated that the rig
would be available to begin drilling the Mt. Elbert #1 well by early 2007.

5.11.2.3 Drilling and Evaluation Program Design

5.11.2.3.1 Well Design Process

As operator of the Milne Point Unit, BPXA has collected considerable area-specific engineering
and operational data relating to drilling mechanics, formation characteristics and reservoir fluids.
This data was evaluated and utilized in the engineering design of the Mt. Elbert #1 well. It was
determined that the well objectives can be met by an up-to 4000 foot vertical hole following
what have become standard MPU engineering criteria for wells of this depth. The well design
was collated into a Drilling Plan Summary. This summary contains information on all technical
aspects of the drilling plan and is the data packet submitted to the Alaska Oil and Gas
Conservation Commission (AOGCC) in support of an application for Permit to Drill (AOGCC
Form 10-401). On March 6, 2006 the AOGCC issued Permit No: 206-033 Appendix B2)
granting approval and stipulations to the Drilling Plan Summary.

5.11.2.3.1.1 Generalized Drilling and Abandonment Procedure

The drilling procedure sequence does not vary significantly from standard MPU practice. Minor
variations for utilizing a Kelly rig and incorporation of the mud cooler and wireline retrievable
coring equipment were adopted. The general procedure consists of constructing the location and
mobilizing the rig. Surface hole of 12 ¥4 inches would be drilled to 1950 feet and 9 5/8 inch
casing would be set and cemented. Next the interpreted gas hydrate-bearing interval from 1950
feet to up to 2600 feet would be cored with a 7 7/8 x 3 inch core bit. The hole would then be
opened to 8 1/2 inches and drilled out to up to 4000 feet total depth. Well evaluation logging
with electric line tools would be conducted in the open hole and multiple wireline formation tests
would be run using the Modular Formation Dynamics Tester (MDT) tool on drill pipe. The well
abandonment would be conducted in conformance with AOGCC requirements and BPXA
standard practice. Sections of the open hole would be plugged with balanced cement plugs and
cement would be lapped into the casing shoe. The casing would be plugged near the surface and
the casing and wellhead would be cut off below tundra level. The location would be cleared and
cleaned to ADEC specification and inspected after the ice pad melts. A Time versus Depth plot
for thiswell plan is presented as Appendix B3.

5.11.2.3.1.2 Well Plan Engineering Detail

Discussion of engineering and operational details of the well plan is presented. Specific design
data can be found in the Drilling Plan Summary which is part of Appendix B2 and other
referenced attachments.

5.11.2.3.1.2.1 Drill sitelocation

The Mt. Elbert-01 location is 1,242 feet fromnorth-line (FNL) and 4,183 feet from-east-line
(FEL) of Section 30, T13N, R11E UM onshore on State of Alaska lands approximately one half
mile east of MPU EPad, North Slope Borough (NSB) Resource Development District in the
Prudhoe Bay area of Alaska(Figure 75).
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5.11.2.3.1.2.2 Ice Road and Pad

The ice road and pad would be constructed on frozen tundra to mitigate potential impacts to
wetlands. Water and ice aggregate for ice road and pad construction and mainterance, rig
operations, camp and maintenance use would be obtained from permitted sources within the
area. |ce construction methods of spraying and flooding would be employed. The ice road to the
ice pad would be a spur from MPU B-Pad to the drill site location (Figure 75). Ice road sections
would be of sufficient thickness (6 to12 inches) and width (50 feet) to provide adequate surface
protection and allow safe transport of personnel, equipment, and supplies to the drill site. Ice
pad dimensions would be 400 feet by 400 feet and occupy an area of approximately 3.7 acres.
Pad thickness would be a minimum of 6 inches or as required for pad leveling and bearing
capacity. A working surface of timbers and matting boards would be placed on the ice pad to
support the rig structure, and an impermeable plastic membrane would be placed in the well
cellar area. Maintenance activities for the ice pad and water source ice roads include plowing,
and resurfacing and re-grading with water as needed. The ice structures would thaw during
breakup. Security markers and remnant debris would be collected for disposal prior to summer
compliance inspection.

5.11.2.3.1.2.3 Major Equipment Considerations

511231231 Rig selection

Rig mobilization to the Alaska North Slope is extremely expensive and time consuming. Rig
selection was consequently limited to rigs already present in the area. The selection criteria were
further narrowed to specify rigs not obligated under existing contracts or involved in pre-
established drilling schedules. As the well design is ample and shallow by local standards, rig
capabilities were not a significant criterion. It was found that the Doyon Drilling rig Arctic Fox
was the only unit that appeared to be available for the project as planned.

511.23.1.232 Thermal Modeling and Mud Chiller

The nost atypical design criterion for this well is the requirement to minimize the disruption of
the thermal regime through the gas hydrate stability zone. This element is critical to the entire
evaluation program and especially to the recovery of relatively undisturbed cores from the
interpreted gas hydrate-bearing interval. Previous drilling results utilizing chilled mud were
reviewed and therma flux computer models were run. It was concluded that the target
temperature for mud going down hole was 2° C. An analysis of the market availability of
qualified rental mud chillers resulted in the selection of Drill Cool Systems Inc. to install and
supply a modular mud cooling system like the one used during operations of the 2002 Mallik gas
hydrate program (Figure 76).

511.2.3.1.233 Coring Technology

The well evaluation program calls for continuous coring through the primary zones of interest
within the gas hydrate-bearing intervals and recovery of the cores in a relatively undisturbed
state. Wireline retrievable coring technology including the ability to run drilling bit inserts was
required. REED Hycalog Coring Services (Corion) was selected as the vendor for this service.
Corion expertise and equipment contributed to the approximately 95-100% gas hydrate-bearing
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core recovery during the 2002 Mallik gas hydrate program. Detailed equipment specifications
and operational procedures were developed for inclusion in the well plan.

T, WILNE POINT 1801

RT0E
A11E

oAl
SN

Ml

";, ADL #)0 ?ﬂr;a/ 7
; |
PROJECT LOCATION
v |
‘\ | 2 2

myg
@
E ':H
MILSNE POINT UNIT I

|
' |
{ MPU i
‘gH PAD
= 34 a2 | < o 34
L
[ 028231 | T13N
Thiz map |z based on U 5,3,5, quad Beechy Paolnt (B=4, B-5) l
and on the Unlt Operator's Faclllty Maps. }irﬂﬂm
PROJECT LOCATION:

CENTROID FOR GAS HYDRATES STRATIGRAPHIC WELL

LAT, = 70°27 20.31" NORTH
LOMG, — 1457 24" 38,83" WEST

X = 572168 88 FEET EAST

¥ = 601660350 FEET NORTH

ALASKA STATE PLANE ZOME 4, NAD 27
SEC. 19 & 30, T13N, R11E, UMIAT M.,

ADL # D47438, ADL # 028231

DATUM: MEAN SEA LEVEL
FLURPDSE: EXPLORATION WELL

BP EXPLORATION (ALASKA) INC.
ADJACENT PROPERTY OWNER;

STATE OF ALASKA MILNE POINT UNIT
GAS HYDRATES
STRATIGRAPHIC WELL
VICINITY MAP

DATE! SCALE!
January 2006 1"=1MILE 1

Figure 75: Mt Elbert-01 Stratigraphic Test Well Location within MPU.
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Figure 76: Mud-Chilling Unit (red building), Courtesy Mallik Research Project, 2002

5.11.2.3.1.2.4 Pore Pressure and Fracture Gradient

Pore pressure and fracture gradient were evaluated through analysis of offset well data
Prospect-specific seismic data was reviewed for any indicatiors of pressure anomalies. No
unusual indications were noted other than those associated with the interpreted presence of gas
hydrate-bearing intervals. The pressure gradient appears typica for the area at 0.433 psi per foot
and the fracture gradient is expected to equal 1.0 psi per foot.

5.11.2.3.1.25 Mud Program

The well would be drilled in two sections. The surface hole to 1950 feet would be drilled with a
simple fresh water gel mud system. In order to meet the temperature requirements, the final hole
section to up to 4000 feet would be drilled with a potassium chloride —polymer Low-Solids Non
Dispersed (LSND) system with 8% KCI. This concentration would alow mud temperature
depression down to -3.87° C.

5.11.2.3.1.2.6 Casing Program

In order to utilize casing inventory already on hand and to accommodate the coring and MDT
logging tool assemblies required for the evaluation program, a standard MPU casing design was
selected. Twenty inch conductor would be set at 80 feet subsurface. Nine and five eights inch
casing would be set at 1950 feet, just above the interpreted gas hydrate-bearing coring interval. A
7 inch contingency liner would be available if hole conditions require it. Table 17 illustrates the
planned casing program.

Casing Program:

Hele Size Crg Diam Wv | Grade | Conn | Burst | Collapee | Length | Tep Bottom
Ft

Moy | MO

; TVDrkb | TVDrkb |

30" 0" U2 | HaD | Weld | 1530 | 520 | BOR | 20 | 100ft

PN [ a0 | 160 | BTC | 5750 | 3090 | 1932ft| 18 | 1950ft

B o 26 | LB0 | BIC | 7240 | 5410 | 21501 | 1850 f | 4,000 fi
cantingency

limzr

Table 17: Mt Elbert-01 Casing Program
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5.11.2.3.1.2.7 Cement Program

The standard surface casing cement utilized in the MPU is formulated to be mixed with 70 © F
water. This would enable the durry to set a the sub freezing temperatures in the permafrost
region. The setting process is an exothermic reaction and a significant amount of heat is released.
Laboratory tests to determine the affects of lowering the mix temperature were conducted. It was
noted that no significant reduction could be made without adversely affecting the setting time
and compressive strength build rate of the durry. It was decided that the ArcticSet cement, which
was available from the contracted service company, should be used in its normal fashion. If
unacceptably high temperatures were to occur in the well after cementing, chilled mud would be
circulated prior to further drilling into the interpreted gas hydrate-bearing interval. Table 18
illustrates the planned cement program.

Cement Program:

Casing Size 9%", 40ppf, L-80, BTC

Type: Surface Casing to 1950,

Basic f 80" shoo jts, 150% in permatrost {12-1/4" hole), and cament to

ispigterd surface. Shoe Depth: 1950° MD. 1450° Arctiset Lite @ 10.7 ppg and

e 500' ArcticSet @ 15.8 ppa

Cement Volume: | Spacer 5 bbl of water, 10 bbl CW 100 ardd 40 bbi Mud Push
'[*;g‘é: @ |2708xs (2125 bbis). ArcticSet Lite @ 10.7 ppg. Yield
1450 ) 4,43 ft3/ax, mix fluid 20,667 gps.
(T%c @ | 446 5% (79.50 bbis), ArciicSet @ 15.8 ppg. Yield 1.05
1450 f) ft3is, mix fluid 4.10 gps.
| Temp 2°C @ 1850 ft MD.

Casing Size 7' 26ppf, L-80, BTG Contingancy Liner

Type: Production Liner from 4000 TD to 1800° { 150° ﬁn.ar_kap]

Basis for B shoe joints, 30 % excess in open hole. 500" ArcticSet Lite @

Caleulation 10.7 ppo and 1700 Class G at 15.8 ppg.

Cement Volume: | Spacer & bbl of water, 10 bbi CW 100 and 30 bbl Mud Push
Lead 120 sxs (158 bbis), ArcticSet Lits @ 10.7 ppg. Yisld
gﬁm W |44 Ralsx, mixluid 20.667 gps.

Taill (TOC | 256 axs (53.0 bbl) Class G @ 15.8 ppg. Yeild 1.16
@ 2300 #) | 3isx, mix fluid 497 gps.
Temg 24" C @ 4000 ft MD.

Table 18: Mt Elbert-01 Cement Program

An dternative cementing program was considered using the experimental “Ceramicrete” cement
under development as discussed in Section 2.3. However, this cement has not yet completed
yard testing, a necessary precursor to field testing. If future field testing of this cement were to
occur, it is recommended it be first attempted on a well conductor, second (if conductor
successful) on a well surface casing, and third (if surface casing successful), on a later well
production casing. Advantages of this experimental cement may include minimizing formation
and/or annular space damage while maintaining gas hydrate temperature stability during
completion operations.

5.11.2.3.1.2.8 Drilling Mechanics and Bit Program

The Arctic Fox rig is a mechanical drive unit with a kelly rather than a top drive. It was planned
to utilize standard rotary bottom hole assembly design and a 12 % inch milled-tooth tricone bit in
the surface hole to 1950 feet. The intermediate interval would be rotary-cored with a7 7/8 inch
core bit to 2600 feet and then opened to 8 1/2 inches and drilled to total depth of up to 4000 feet



DE-FC-01NT41332 Quarterly Report 15 (inclusive of 10-15), June 2006 Page 150 of 212

with rotary equipment and a milled-tooth roller bit. Drilling mechanics and mud hydraulics were
based on standard practice.

5.11.2.3.1.2.9 Wdl Control

The maximum anticipated bottom hole pressure and maximum surface pressure are calculated to
be 1740 psi and 1340 psi respectively. A standard 3000 psi Blow-out Preventor (BOP) stack
would be utilized and all well control procedures consistent with AOGCC regulations and BPXA
standard practice would be utilized. A formation integrity test would be performed after drilling
out the surface casing shoe. Chilled mud, proper hole cleaning and controlled drilling rates
would be used to control gas breakout from drilled gas hydrate-bearing reservoirs. A wireline
BOP, circulating sub and packoff would be utilized when retrieving cores.

511.2.3.1.2.10 Drilling Hazards and Contingencies

The drilling and coring of highly-saturated gas hydrate-bearing intervals likely presents the most
severe hazard in this well. Gas hydrate is interpreted to be present from the base of the
permafrost to approximately 2850 feet Measured Depth (MD) in the vertica well. Mud system
design specifies an 8 % KClI LSND system which would have a thermal crystallization
temperature of - 3.78°C. Operating temperature of mud being pumped down hole would be
maintained at 2.0°C. Circulating temperature, mud chemistry and drilling mechanics would be
optimized to minimize gas hydrate dissociation while maintaining primary well control. All
circulating system components would be monitored and actively protected from freeze up, both
while circulating and during static periods. Cores would be alowed to pressure stabilize below
the wellhead and flow checks would be conducted prior to continuing the retrieval and opening
the wireline riser to lay down cores. The core would be laid down, removed from the floor,
sectioned, and containerized at sub-freezing temperatures. All core storage and any onsite
geoscience or analytical studies would be conducted in a refrigerated, containerized unit remote
from the wellbore.

The possibilities of stuck pipe, pack off or lost circulation exist throughout the well. BPXA and
industry standard drilling practices have evolved for mitigating these risks. Proper drilling
mechanics and operational techniques, mud chemistry and adequate hole cleaning would be
exercised to combat these risks.

Hydrocarbons in the form of methane hydrate are expected from the base of the permafrost
through the base of the gas hydrate stability zone at + 2850 feet. Neither liquid hydrocarbons nor
free gas hydrocarbons are anticipated in any drilled section. There are no faults or hydrogen
sulfide-bearing intervals interpreted for the well location and there are no anti-collision issues
with existing wellbores.

5.11.2.3.2 Evaluation Program and Data Acquisition

Much remains unknown regarding gas hydrate-bearing reservoir sand petrophysical properties
and lateral continuity based on sedimentary characteristics and depositional environment.
Although the gas hydrate stability zone has been safely and successfully penetrated by hundreds
of wells within the AOI, the primary targets of these wells are deeper, oil-bearing reservoirs and
very few of these wells have specifically acquired complete data sets within the gas hydrate-
bearing intervals of interest to this study. Furthermore, since ANS oil reservoir development



DE-FC-01NT41332 Quarterly Report 15 (inclusive of 10-15), June 2006 Page 151 of 212

occurs from centralized gravel pads which access these reservoirs through directional drilling,
the data collected within shallow sands (500-2,500 feet below surface) is typically centered
within a few hundred feet of the gavel pads since most wells do not begin to build angle until
near or below the base of ice bearing permafrost (approximately 1,800 feet below surface). The
last dedicated well to acquire data within the gas hydrate-bearing reservoir sands was the
Northwest Eileen-02, drilled in 1972. This well acquired a few feet of conventional core data
and tested severa zones using Drill Stem Testing (DST) techniques (Figure 77).

The possibility to induce in-situ gas hydrate dissociation through producing connate waters from
within an under-saturated gas hydrate-bearing reservoir establishes saturation and permeability
as key variables which, when better understood, could help mitigate productivity uncertainty.
Approved field operations will enable acquisition of gas hydrate-bearing reservoir data within
Phase 3a studies (2006-2007). A key part of this analysis will be targeted acquisition of cores
and wirdline logs within gas hydrate-bearing reservoir sands and associated sediments. The
wireline logging is planned to include Modular Dynamic Testing (MDT). Anaysis of these core,
log, and MDT data should help reduce the uncertainty regarding gas hydrate-bearing reservoir
productivity. The Mt Elbert-01 well is planned to be a vertical penetration from an ice pad
located directly above the Mt Elbert gas hydrate prospect within the MPU. The vertical well
should facilitate safer and more successful acquisition of core, log, and MDT data.

5.11.2.3.2.1.1 Mud Log and Gas Show Data Acquisition during Drilling Operations

One of the most diagnostic tools indicative of shallow gas hydrate-bearing sands is the mud log
with gas detection. Mud logs will be acquired in the surface and production holes to help
facilitate identification of gas hydrate-bearing sands within the gas hydrate stability zone.

5.11.2.3.2.1.2 Log Data Acquisition during Drilling Operations

The base plan for log data acquisition during drilling operations (LDD) will be limited to
gammearray, resistivity, and directional at the bit to facilitate stratigraphic correlations and
associated picking of surface casing near base permafrost and core intervals. The chilled drilling
fluids should maintain the stability of the gas hydrate-bearing zones and preserve the integrity of
the wellbore, alowing high-quality wireline log and MDT in-situ data acquisition. However,
MPU field well operations experience in wells drilled without chilled fluids may favor adding a
full suite of logging-during drilling (LDD) tools, including NMR, dipole sonic, and acoustic
caliper through the production hole, as a contingency in case hole stability problems occur and
since acquisition of log data remains a high-priority objective for this project. The current base
plan is to acquire only limited LDD data with full-suite openhole wireline data acquired after
the core is cut and the well drilled to total depth (TD). Analternate contingency LDD program
could be implemented in recognition and risk-mitigation for the potential for hole stability
problems to develop during the severa days required for coring and drilling to TD. Current field
experience indicates that attempts to acquire data with the Schlumberger LDD CMR+ tool do not
yield the data quality of that acquired with the Halliburton LDD NMR tool. The Schlumberger
wireline dipole sonic is much better than the Sperry-Sun LDD BAT sonic for low velocity shear
wave data acquisition Baker Hughes INTEQ has a full waveform LDD sonic; the older APX
model did not deliver as high a data quality as was expected in early trids, but the redesigned
tool is supposed to work better in this environment. There are also alternative ways to design
this program to eliminate all wireline except the MDT, but this is not the primary plan
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Figure 77: Northwest Eileen State-02 Type Well and data acquired within gas hydrate-
bearing zones of interest.

5.11.2.3.2.1.3 Log Data Acquisition during Open-Hole Wireline Oper ations

Since the well is planned to be near-vertical, wireline logs are planned to acquire high-quality
gas hydrate-bearing reservoir petrophysical data, provided that the mud-chilling operations
maintain adequate borehole stability and in-situ conditions (preventing borehole washouts and
gas hydrate dissociation during drilling, coring, and data acquisition operations). Wireline logs
would be run from approximately 1,950 to 4,000 feet (or TD) in the “production” hole below
surface casing below BIBPF as shown in Figure 77-78. The MPE-26 type log shown in Figure
78 is directly beneath MPU E-pad within the shalow zones of interest. MPE26 is
approximately 1,500 feet west of the proposed Mt Elbert-01 well location (Figure 79).
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Wireline logs planned would include gammarray, resistivity, neutron-density in the “platform
express’ along with dipole sonic (with shear wave data), nuclear magnetic resonance (NMR),

and formation micro-imager (FMI) to help determine gas hydrate-bearing reservoir properties.
Planned data acquisitionis summarized in Table 19.

Evaluation Program:

12%" Surface Hole

Caring Program:
Mud Logging:
Open hole Logs:

Mone
Surface to casing shos

MW D:DirectionalGarmma/FResistivity

815" Intermediate Hole

Coring Program:
Mud Logging:
Cpen hole Logs:

Aun 1: Continuous Gore, Wirefine retieved from
2000 to 26007
Casing poirt 1o TD.

Run-1: 1850-4000 Platform Express (hydrate)
-High Resalstion Laterclog Array-5F Log (HRLA)

-Compensaled Mautron Litho Density Log

-frray Induction-5F Log (AIT)

-Electromagnatic Propagation Tool Log (EPT) -
DiElectric msmt

Run-2; 1850-3500 [ipale Shear imager (nydrate)
-Dipole Shear Imager Log

-Matural Gamma Ray Spectroscopy Leg
-Envirenmantal Measurement Sonde Log

Aun-3: 1850-3500 Formation Microlmager
(nydrats)
-Fhl Borghole Imags Log

Run-4: 1850-3500 CGombinable Magnetic
Resonance Tool (hydrate)

~Combinabls Magnetic Rescnance Log
-Matural Gamma Ray Spectroscopy Log
-Environmental Measurement Sonde Log
-CMR Station Log-Elemantal Capture Sonda

Ruin=5: XPFT (Optional)

Run-6: MOT Opan Hole; 2 poinls per sand, two
sands expected

Casead Hala Lngs:

Run-1: MDT cased hole contingency only

Table 19: Data Acquisition Plan Summary, Mt Elbert-01 Stratigraphic Test

5.11.2.3.2.1.4 CoreAcquisition during Drilling Operations

Drilling a near-vertical well and maintaining borehole stability with chilled drilling fluids should
help enable acquisition of quality core data within the interpreted gas hydrate-bearing intervals
and associated sediments. No studies of ANS gas hydrate-bearing porous media have been made
in the past. From 400-600 feet of continuous core is planned within the interpreted reservoir
sands and associated sediments within the gas hydrate stability zone (Figure 80). Wireline
coring will facilitate quick core acquisition and tripping to help preserve core quality once
overburden pressures are removed during core recovery to surface. Analyses of the core will
include petrophysical, mineralogical, depositional environment, and select sampling for
experimental studies, including phase behavior, relative permeability, formation damage,
geomechanical, and other assessments.
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Figure 80: Gas hydrate occurs as a pore-filling phase evident within 3-inch Corion wireline-
retrieved cores of reservoir sands at Mallik (Courtesy Mallik 2002 gas hydrate program).

5.11.2.3.2.1.5 Modular Dynamic Testing Data

During the 2002 Madllik gas hydrate program Modular Dynamic Test (MDT) data provided some
valuable insights into the potential productivity of gas hydrate-bearing reservoir sands. These
tests revealed for the first time that movable connate waters could be produced through the MDT
tool within gas hydrate-saturated reservoir sand intervals. This revelation may importantly
indicate an ability of the gas hydrate-saturated reservoir to transmit a pressure pulse with offtake
of mobile connate waters. The ANS MDT tests are expected to yield important data regarding
gas hydrate-bearing reservoir connate water mobility, permeability, relative permeability,
dynamic permeability (during dissociation of gas hydrate), and other data in combination with
core and wireline logs. Anaysis of this data is anticipated to help promote a better
understanding of the potential productivity and potential production methods of these gas
hydrate-bearing reservoirs. Three to four separate MDT sites within 2-3 interpreted gas hydrate-
bearing reservoir sands are anticipated to be tested for up to 10.5 hours per test. The MDT tool
basically allows alimited down-hole production test, which can yield this very important data.

5.11.2.4 Remaining Tasks and Recommendations

Pre-operational drilling engineering, permitting and equipment selection for the Mt. Elbert #1
stratigraphic test well was complete at the time of project deferral in March 2006. The deferral,
combined with the change in drilling rig selection, has resulted in severa issues which would
have to be addressed before operations could commence. These considerations and the required
actions are presented below. Timing for implementation of these recommendations varies and is
contingent upon confirmation of the approximate date of rig availability.
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5.11.2.4.1 Scheduling

The project is presently listed on the BPXA drilling schedule as being drilled by the Doyon
Drilling Rig #14 beginning in early 2007. This schedule should be confirmed to the project team
as soon as possible and any potential conflicts eliminated or addressed.

5.11.2.4.2 Staffing
The drilling engineers who developed the original operational plan for this project and the
specialized service company personnel required for it may have assumed other positions. It is

recommended that they or their management be contacted to confirm their availability to rejoin
the project team in atimely manner.

5.11.2.4.3 Permitting

All permits must be reviewed for currency. The application for Permit to Drill would need to be
modified to reflect a change in drilling rig assignment.

5.11.2.4.4Major Equipment

The layout of the mud cooling and coring equipment needs to be integrated with the new rig.
This work should be accomplished and equipment lists finalized significantly in advance of the
equipment being mobilized from California and Canada, respectively.

5.11.2.4.5 Service Company Contracts and Mobilization

All service companies involved with the project should be contacted to ensure current contract
status and availability of required equipment and personnel.

5.11.2.4.6 Drilling Engineering

The well plan engineering and operations procedure should be reviewed in light of the change in
rig assignment. In particular, the change from a kelly rotary to top drive system would affect
both specification of down hole drilling assemblies and specific operational sequences.

5.11.2.4.7 Operational Well Plan

The final Operational Well Plan, which would incorporate all equipment specifications,
operational sequences and specialized service procedures, should be completed well in advance
of rig mobilization to the location.

6.0 CONCLUSIONS

Phase 1 and 2 conclusions and Phase 3a plans from desk-top studies are presented in this report.
The first dedicated gas hydrate coring and production testing well, NW Eileen State-02, was
drilled in 1972 within the Eileen gas hydrate trend by Arco and Exxon. Since that time, ANS
methane hydrates have been known primarily as a drilling hazard. Industry has only recently
considered the resource potential of conventional ANS gas during industry and government
efforts in working toward an ANS gas pipeline. Consideration of the resource potentia of
conventional ANS gas helped create industry - government alignment necessary to reconsider the
resource potential of the potentially large (44 — 100 TCF in-place) unconventional ANS methane
hydrate accumulations beneath or near existing production infrastructure. Studies show this in-
place resource is compartmentalized both stratigraphically and structurally within the petroleum
system.
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The BPXA — DOE collaborative research project enables a better understanding of the resource
potential of this ANS methane hydrate petroleum system through comprehensive regiona
shallow reservoir ard fluid characterization utilizing well and 3D seismic data, implementation
of methane hydrate experiments, and design of techniques to support potential methane hydrate
drilling, completion, and production operations.

Following discovery of natural gas tydrate in the 1960-1970's, significant time and resources
have been devoted over the past 40 years to study and quantify natura gas hydrate occurrence.
However, only in the past decade have there been significant attempts to understand the potential
recoverability of methane from hydrate. Although significant in-place natural gas hydrate
deposits have been identified and inferred, estimation of actual recoverable gas from these
deposits is difficult due to the lack of empirical or even anecdotal evidence.

The potential to induce gas hydrate dissociation across a broad regional contact from adjacent
free gas depressurization is demonstrated by the results of the collaborative BPXA-LBNL pre-
Phase 1 scoping reservoir model (presented in the March 2003 Quarterly report and technical
conferences) and corroborated by the results of continued UAF and Ryder Scott reservoir model
research as presented in Section 5.9 of the December 2003 Quarterly report and herein.

The possibility to induce in-situ gas hydrate dissociation through producing connate waters from
within an under-saturated gas hydrate-bearing reservoir establishes saturation and permeability
as key variables which, when better understood, could help mitigate productivity uncertainty. A
schematic potential development screening study was undertaken to set ranges on the potential
resources that might one day be recovered (if production is technicaly and economicaly
feasible) given various possible production scenarios of the ANS Eileen gas hydrate trend, which
may contain up to 33 TCF gas-in-place. Type-well production rates modeled at 0.4-2 MM SCF/d
yield potential future peak field-wide development forecast rates of up to 350-450 MM SCF/d.
Individual wells would exhibit a long production character with flat declines, analogous to
Coabed Methane production.

Results from the various scenarios show a wide range of potential development outcomes. None
of these forecasts would qualify for Proved, Probable, or even Possible reserve categories using
the SPE/WPC definitions since there has yet to be a fully documented case of economic
production from hydrate-derived gas. Each of these categories would, by definition, require a
positive economic prediction, supported by historical analogies, prudent engineering judgment
and rigorous geological characterization of the potential resource before a decision on actua
development could proceed.

Approved field operations will enable acquisition of gas hydrate-bearing reservoir data within
Phase 3a studies (2006-2007). A key part of this analysis will be acquisition cores and wireline
logging of gas hydrate-bearing reservoir sands and associated sediments. The wireline logging is
planned to include Modular Dynamic Testing (MDT). Anaysis of this core, log, and MDT
results may help reduce the uncertainty regarding gas hydrate-bearing reservoir productivity and
may lead to Phase 3b gas hydrate production test studies, athough these Phase 3b studies are not
currently approved.
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8.0 LIST OF ACRONYMSAND ABBREVIATIONS
Acronym Denotation

2D Two Dimensional (seismic or reservoir data)

3D Three Dimensional (seismic or reservoir data)

AAPG American Association of Petroleum Geologists

AAT Alaska Arctic Terrane (plate tectonics)

AETDL Alaska Energy Technology Development Laboratory
ADEC Alaska Department of Environmental Conservation

ANL Argonne National Laboratory

ANN Artificial Neural Network

ANS Alaska North Slope

AOGCC Alaska Oil and Gas Conservation Commission

AOI Area of Interest

AVO Anplitude versus Offset (seismic data analysis technique)
ASTM American Society for Testing and Materials

BGHSZ Base of Gas Hydrate Stability Zone

BIBPF Base of Ice-Bearing Permafrost

BLM U.S. Bureau of Land Management

BMSL Base Mean SeaLevel

BP BP or BPXA

BPXA BP Exploration (Alaska), Inc.

CMR Combinable Magnetic Resonance log (wireline logging tool — see also NMR)

DOl U.S. Department of Interior
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DGGS
DNR
EM
ERD
FG
GEOS
GH
GOM
GR
GTL
GSA
HP
BN
Jp
INOC
JOGMEC
KRU
LBNL
LDD
LNG
MGE
MPU
MSFL
NETL
NMR
ONGC
PBU
PNNL
Sag
SPE
TCF
TCM
T-D
UA
UAF
USGS
USDOE
Vp

Vs

VSP
WOO

Alaska Division of Geological and Geophysical Surveys

Alaska Department of Natural Resources

Electromagnetic (referencing potential in-situ thermal stimulation technology)

Extended Reach Drilling (commonly horizontal and/or multilateral drilling)

Free Gas (commonly referenced in association with and below gas hydrate)

UA Department of Geology and Geophysics

Gas Hydrate

Gulf of Mexico (typically referring to Chevron Gas Hydrate project JIP)

Gamma Ray (well log)

Gasto Liquid

Geophysical Society of Alaska

Hewlett Packard

JohnsonBossler-Naumann method (of gas-water relative permeabilities)

Joint Industry Participating (group/agreement), ex. Chevron GOM project

Japan National Oil Corporation

Japan Qil, Gas, and Metals National Corporation (reorganized from JINOC 1/04)

Kuparuk River Unit

Lawrence Berkeley National Laboratory

Generic term referencing Logging During Drilling (also LWD and MWD)

Liquefied Natural Gas

UA Department of Mining and Geological Engineering

Milne Point Unit

Micro-spherically focused log (wireline log indication of formation permeability)

National Energy Technology Laboratory

Natural Magnetic Resonance (wireline or LDD tool — see dso CMR)

Oil and Natural Gas Corporation Limited (India)

Prudhoe Bay Unit

Pacific Northwest National Laboratory

Sagavanirktok formation

Society of Petroleum Engineers

Trillion Cubic Feet of Gas at Standard Conditions

Trillion Cubic Meters of Gas at Standard Conditions

Time-Depth (referencing time to depth conversion of seismic data)

University of Arizona (or Arizona Board of Regents)

University of Alaska, Fairbanks

United States Geological Survey

United States Department of Energy

Velocity of primary seismic wave component

Velocity of shear seismic wave component (commonly useful to identify GH)
(also component in Di-pole sonic logging tool)

Vertical Seismic Profile

Well-of-Opportunity
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9.1 APPENDIX A: Project Task Schedulesand Milestones
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9.1.1 U.S. Department of Energy Milestone L og, Phase 1, 2002-2004 (SOW in
Amendments 1-8)

Program/Project Title: DE-FC26-01NT41332: Resource Characterization and Quantification
of Natural Gas-Hydrate and Associated Free-Gas Accumulations in the Prudhoe Bay - Kuparuk

River Area on the North Slope of Alaska

Pl anned Act ual
| dentification| Description Conpl eti on | Conpl eti on
Nunber Dat e Dat e Comment s
Research Management Plan 12/02 — 12/06 | 12/02 and Subcontracts Completed
Task 1.0 Ongoing Research Management
Provide Technical Data and MPU: 12/02 MPU: 12/02 Ongoing, See Technica
Task 2.0 Expertise PBU: * PBU: * Progress Report
KRU: * KRU: *
WEélls of Opportunity Data Ongoing Ongoing Ongoing, See Technica
Task 3.0 Acquisition Progress Report
Research Collaboration Link Ongoing Ongoing Ongoing, See Technica
Task 4.0 Progress Report
Subtask 4.1 | Research Continuity Ongoing Ongoing
Logging and Seismic Technology | Ongoing Ongoing, See Technica
Task 5.0 Advances Progress Report
Reservoir and Fluids 12/06 Ongoing to Interim Results presented,
Task 6.0 Characterization Study Phases 2 and 3 | 2004 Hedberg Conference
Subtask 6.1 | Characterization and 12/06 Ongoing to Interim Results presented,
Visualization Phases 2 and 3 | 2004 Hedberg Conference
Subtask 6.2 | Seismic Attributes and 12/06 Ongoing to Interim Results presented,
Cdlibration Phases 2 and 3 | 2004 Hedberg Conference
Subtask 6.3 | Petrophysics and Artificial Neural | 12/06 Ongoing to Interim Results presented,
Net Phases 2 and 3 | 2004 Hedberg Conference
Laboratory Studiesfor Drilling, 6/04 6/04
Task 7.0 Completion, Production Support
Subtask 7.1 | Characterize Gas Hydrate 6/04 6/04 Results presented, 2004
Equilibrium Hedberg Conference
Subtask 7.2 | Measure Gas-Water Relative 6/04 6/04 Results presented, 2004
Permeabilities Hedberg Conference
Evduate Drilling Fluids 12/04
Task 8.0
Subtask 8.1 | Design Mud System 11/03
Subtask 8.2 | Assess Formation Damage 9/05 Into Phase 2
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Design Cement Program 12/04
Task 9.0

Study Coring Technology 2104 2104
Task 10.0

Reservoir Modeling 12/06 Ongoing task | Interim Results presented,
Task 11.0 2004 Hedberg Conference

Select Drilling Location and 9/05 Topica Report submitted,
Task 12.0 Candidate June 2005

Project Commercidity & Phase2 | 9/05 Redesigned BPXA and DOE decision
Task 13.0 Progression Assessment 2005 Phase 2

* Date dependent upon industry partner agreement for seismic data release

9.1.2 U.S. Department of Energy Milestone L og, Phase 2, 2006 (SOW in Amendment 9)

Program/Project Title: DE-FC26-01NT41332: Resource Characterization and Quantification
of Natural Gas-Hydrate and Associated Free-Gas Accumulations in the Prudhoe Bay - Kuparuk

River Area on the North Slope of Alaska

Pl anned Act ual
I dentification| Description Conpl eti on | Conpl eti on
Nurber Dat e Dat e Comment s
Research Management Plan 1/05 - 1/06 Ongoing Subcontracts Compl eted
Task 1.0 Research Management
Provide Technical Data and MPU: 12/02 MPU: 12/02 Ongoing, See Technica
Task 2.0 Expertise PBU: * PBU: * Progress Report; Industry
KRU: * KRU: * Support more feasible?
WEélls of Opportunity Data Ongoing Ongoing Ongoing, See Technica
Task 3.0 Acquisition Progress Report
Research Collaboration Link Ongoing Ongoing Ongoing, See Technical
Task 4.0 Progress Report
Subtask 4.1 | Research Continuity Ongoing Ongoing
Logging and Seismic Technology | Ongoing Ongoing, See Technica
Task 5.0 Development and Advances Progress/Topica reports
Reservoir and Fluids 12/06 Ongoing into
Task 6.0 Characterization Study Phases2 and 3
Subtask 6.1 | Structural Characterization 12/06 Ongoing into
Phases 2 and 3
Subtask 6.2 | Resource Visualization 12/06 Ongoing into
Phases2 and 3
Subtask 6.3 | Stratigraphic Reservoir Model 12/06 Ongoing into
Phases2 and 3
Laboratory Studies for Drilling, 12/06 Some Hiatus, Phase 2-3a
Task 7.0 Completion, Production Support design, studies, & decision
Subtask 7.1 | Design Mud System 12/05
Subtask 7.2 | Assess Formation Damage 1/06
Subtask 7.3 | Measure Petrophysical and Other | 9/06 Phase 3a No Samples Acquired;

Physical Properties

await Phase 3aacquisition
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Design Completion/ Production 4/06 Mt Elbert-01 Design of Phase 3a Strat
Task 8.0 Test for Gas Hydrate Well strat test only | Test operation Complete
Field Operations and Data 4/06 Mt Elbert-01 | Planning for Potentia
Task 9.0 Acquisition Program Planning drat test only | operations underway
Reservoir Modeling and Project 1/06 Regional Resource Review
Task 10.0 Commercia Evauation & Development Planning
Subtask 10.1 | Task 5-6 Reservoir models Ongoing
Subtask 10.2 | Hydrate Production Feasibility 1/06
Subtask 10.3 | Project Commercidity & Phase 1/06 January 2006 approval for

3a Progression Assessment

Phase 3a Stratigraphic Test

* Date dependent upon industry partner agreement for seismic data release

9.1.3 U.S. Department of Energy Milestone L og, Phase 3a, 2006-2007 (SOW in
Amendment 11)

Program/Project Title: DE-FC26-01NT41332: Resource Characterization and Quantification
of Natural Gas-Hydrate and Associated Free-Gas Accumulations in the Prudhoe Bay - Kuparuk

River Area on the North Slope of Alaska

Pl anned Act ual
| dentification| Description Conpl eti on | Conpl eti on
Nunber Dat e Dat e Comment s
Research Management Plan 1/06 — 12/06 Ongoing* Subcontracts Compl eted
Task 1.0 Research Management
Provide Technical Data and MPU: 12/02 MPU: 12/02 Ongoing, See Technica
Task 2.0 Expertise PBU: ** PBU: ** Progress Report; Industry
KRU: ** KRU: ** Support more feasible?
Wells of Opportunity Data Ongoing As-identified | Ongoing, See Technical
Task 3.0 Acquisition Progress Report
Research Collaboration Link Ongoing Ongoing* Ongoing, See Technica
Task 4.0 Progress Report
Subtask 4.1 | Research Continuity Ongoing Ongoing*
Logging and Seismic Technology | Ongoing* As-needed Ongoing, See Technica
Task 5.0 Development and Advances Progress/Topical reports
Reservoir and Fluids 12/06 Evduating extension into
Task 6.0 Characterization Study 2007 for defined scope
Subtask 6.1 | Structural Characterization 12/06 Current contract to 12/06
Subtask 6.2 | Resource Visualization 12/06
Subtask 6.3 | Stratigraphic Reservoir Model 12/06
Laboratory Studies for Drilling, 12/06 Evduating extension into
Task 7.0 Completion, Production Support 2007 for defined scope
Subtask 7.1 | Design Mud System 9/07* Current contract to 12/06
Subtask 7.2 | Assess Formation Damage 9/07*
Subtask 7.3 | Measure Petrophysical and Other | 9/07*

Physical Properties
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Implement completion/production | 3/07* Stratigraphic Test on 2007
Task 8.0 Test for gas hydrate well Drilling Schedule
Reservoir Modeling and Project 12/07* Ongoing Regiona Resource Review
Task 9.0 Commercia Evauation & Development Planning
Subtask 9.1 | Task 5-6 Reservoir models 12/07* As-needed
Subtask 9.2 | Project Commerciaity & Phase 12/07* Early decison | Phase 3a Stratigraphic Test
3b Production Test Decision possible to mitigate uncertainties

*  Date dependent upon project continuation beyond December 2006 (Amendments 12°)
** Date dependent upon industry partner agreement for seismic data release

9.1.4 U.S. Department of Energy Milestone Plans

(DOE F4600.3)
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DOE F 4600.3#

U.S. DEPARTMENT OF ENERGY FEDERAL ASSISTANCE MILESTONE PLAN: PHASE 1

2. Program/Project Title Resour ce Characterization and Quantification of

1. Program/Project Identification No. DE- FC26- 01NT41332 Nat ural Gas- Hydrate and Associ ated Free-Gas Accurul ations in the

Prudhoe Bay - Kuparuk River Area on the North Sl ope of Al aska

3. Performer (Name, Address)

BP Expl oration (Al aska), Inc., 900 East Benson Blvd, P.O Box 196612, Anchorage, Al aska 99519-6612

4. Program/Project Start Date 10/ 22/ 02*

5. Program/Project Completion Date
12/ 31/ 06 (through Phase 3)

6. Identification | 7. Planning Category (Work

8. Program/Project Duration (Currently illustrates 2002-2004) 9. Comments
(Primary work

Number Breakdown Structure Tasks) olInlplalelmlalumlslslalslolIniols e Imla v |s 3 |A [sD|pPerformen
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Addi tional significant mlestones presented in Quarterly Technical Progress Reports.
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Prudhoe Bay -

Gas- Hydrate and Associ ated Free-Gas Accumul ations in the

Kuparuk River Area on the North Slope of Al aska
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8. Program/Project Duration (Currently illustrates Phases 2-3, 2005 - 2006)
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I mpl enent 2007 Strat Test APA. BPXA
Task 8.0 Eval uat e/ Desi gn Producti on ! - = DOSSSSSSSS> S5>. - - - - SSSS| SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS] SSS 5555 AES’ UAE '
Test & Phase 3b progression ’
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9.2 APPENDIX B: Plan and Implement Stratigraphic Test Well

9.2.1 APPENDIX B1: 2005-06 I ce-Season Plan of Operations, MPU Mt Elbert-01

The Milne Point Unit Draft Plan of Operations for the Gas Hydrate Stratigraphic Test Project for
the proposed 2006 winter exploration program are shown in this section.

9.21.1 LIST OF FIGURES
Figure B1: Regional Location Map
Figure B2: Land Tenure Map
Figure B3: Ice Road and Ice Pad Location
Figure B4: I1ce Road Specifications
Figure B5: Drilling Pad Layout
Figure B6: Water Use Resources

9.21.2 INTRODUCTION

BP Exploration (Alaska) Inc. (BPXA) and the U.S. Department of Energy (DOE) plan a Gas
Hydrate Stratigraphic Test Project in the Milne Point Unit (MPU) of the North Slope of Alaska
(see Figure 1) as part of ajointly supported collaborative gas hydrate research project.

BPXA has prepared this Plan of Operations (herein “Plan”) to support applications to drill one
stratigraphic test well, Mt. Elbert-01, approximately one half mile east of MPU E-Pad (figures 1,
2, and 3). The well will be drilled in the northern portion of the Eileen gas hydrate trend at the
Mt. Elbert gas hydrate prospect from an ice pad just south of alarge unnamed lake. The surface
owner at this location is the State of Alaska and BPXA has valid rights to drill at this site under
lease number ADL 255231. BPXA will operate the well based on BPXA’s extensive North
Slope experience and because BPXA is the Unit Operator. BPXA will retain a working interest
in the prospect after the well is drilled.

The following Plan describes all activities necessary to drill this stratigraphic test well, including
ice road and pad construction, drilling activities, data acquisition, camp/waste management,
plugging and abandonment and site cleanup.

9.21.21 Project Summary

BPXA is undertaking these operations as part of the BPXA-U.S. Department of Energy (DOE)
gas hydrate Cooperative Research project. Operations are planned within the Mt Elbert Prospect
within the MPU on the North Slope to help determine if gas hydrate could become an
economically recoverable gas resource. If proven capable of production at economically viable
rates, methane hydrate gas within existing infrastructure areas could supplement export gas, fuel-
gas, and /or leangas for reservoir energy pressure support, and/or help sustain long-term
production of portions of the geographically-coincident 20-25 billion barrels viscous oil
resource.

As shown on the maps (figures 1, 3, and 3), BPXA is currently proposing to build an ice road
and ice pad for the drill site to enable acquisition of data within avertical well. The drill site area
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is accessible by existing gravel roads with an ice road spur constructed from MPU BPad to
access the ice pad drill site.

The ice road and pad specifications are shown in Figure 3 and 4 and discussed in Section 8.2.1.4.
Limited ancillary facilities are planned. A temporary mobile camp for project personnel will be
located on MPU B-Pad. Temporary storage facilities for fuel and drilling waste will be located
a MPU CFP. Iceroad and pad site preparation is expected to begin mid-February 2006.

Drilling activities are described in Section 8.2.1.5. Drilling of the well is expected to begin in
mid to late March 2006. If warranted, a temperature thermocouple sensor may be cemented onto
the outer casing for future temperature data readings using smart well completion technology.

BPXA isrequesting that permits extend at a minimum through May 15, 2006 as a contingency to
complete well drilling and site cleanup, as needed. If permitting approvals or drilling rig are not
obtained prior to end of the winter 2005-2006 season, the project may be reinitiated in winter
2006-2007.

General operations, including a preliminary schedule are provided in Section 8.2.1.5; local and
community issues and site access are discussed in Section 8.2.1.6; and plugging and
abandonment (P& A) and regulatory requirements are outlined in Section 8.2.1.7.

9.21.3 DRILL SITE LOCATION

Theice pad is located onshore on State lands approximately one half mile east of MPU E-Pad, in
the MPU North Slope Borough (NSB) Resource Development District. The ice road and pad
will be constructed on frozen tundra to mitigate potential impacts to wetlands. The exact
position of the surface drilling location may shift in response to newly acquired data, stream
determinations, or to accommodate configuration constraints of equipment, but will remain
within the genera drilling area as shown in Figure 2 and 3. The bottom hole depth may dightly
vary, depending upon ongoing geological and geophysical evaluations, but is expected to be less
than 4,000 feet true vertical depth sub-sea. A legal description of proposed site operations
follows.

Drill Site: 967" FWL, 1232 FNL, Section 30, T13N, R11E, Umiat Meridian

Bottom hole: BPXA plans to drill a vertical hole to optimize data acquisition. Specific
bottomhole location has been submitted for approval in the Permit to Drill issued by the Alaska
Oil and Gas Conservation Commission (AOGCC) and for an exemption of hydrocarbon spill
potential to be submitted to the Alaska Department of Environmental Conservation (ADEC).

9.21.4 ICEROAD AND ICE PAD CONSTRUCTION

Water and ice aggregate for ice road and pad construction and maintenance, rig operations, camp
and maintenance use will be obtained from permitted sources within the area (Figure 6). Water
will be obtained from permitted sources. Withdrawal rates and quantities will be in accordance
with permit stipulations.
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Ice construction methods of spraying and flooding will be employed. Ice chips may be obtained
from permitted sources, including shallow lake ledges that are frozen to the ground, or from
lakes frozen to the ground.

Water withdrawal pumping velocities and screening techniques will be in accordance with
Alaska Department of Natura Resources/Office of Habitat Management and Permitting
requirements, and compliance with these requirements will be included in the contract between
the ice road/pad contractor and BPXA.

9.2.1.4.1 IceRoad Construction

The planned ice road to the ice pad will be a spur from MPU B-Pad to the drill site location.
Specifications on ice road construction are presented in Figure 4. All new ice road sections will
be of sufficient depth (6 to 12 inch) and width (50 feet) to provide adequate surface protection
and allow safe transport of personnel, equipment, and supplies to the drill site.

9.2.1.4.2 IcePad Construction

Proposed ice pad dimensions will be 400 ft. by 400 ft. and occupy an area of approximately 3.7
acres (Figure 5. The pad will be constructed by applying successive layers of water and ice
aggregate over an initial snow base until it reaches the desired thickness (minimum thickness of
6 inches). A working surface of timbers and matting boards will be placed on the ice pad to
support the rig structure, and an impermeable plastic membrane will be placed in the well cellar
area

Clean equipment (such as drill pipe) may be stored on the tundra adjacent to the ice pad. There
will be no storage of dry or liquid chemicals or fluids on lakes. Only non-hazardous materials
will be stored off the pad. Maintenance activities for the ice pad and water source ice roads
include plowing, and resurfacing and re-grading with water as needed. The ice structures will
thaw during breakup. Security markers and remnant debris will be collected for disposal prior to
summer compliance inspection.

9.215 GENERAL OPERATIONS

BPXA will act as operator of the drilling program and will be responsible for al surface and
subsurface activities. General operations at the site are described below.

9.2.1.5.1 Proposed Schedule
Following is a proposed schedule of planned activities:

Permitting January — March, 2006

Site Surveying & Preparation February 25 — February 27, 2006
Ice Construction February 28 —March 9, 2006
Chiller & Rig Mobilization March 10 — March 21, 2006
Drilling and Data Acquisition March 22 — April 20, 2006

Rig Down April 21— April 29, 2006

Site Closure and Cleanup April 30— May 15, 2006

Site Inspection July — August, 2006
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9.2.15.2 Work Force

Approximately 30 people will be involved in this project onsite. Most labor will be housed in a
mobile camp located at MPU B-Pad. As an option for some portions of the program, personnel
could be housed in existing Prudhoe Bay or Milne Point area facilities and drive to the site on a
daily basis. The MPU CFP will provide food service for the drilling camp personnel and be
responsible for food quality and proper storage. All food and food wastes will be stored at MPU
CFP to prevent wildlife attraction.

A small support camp facility may remain onsite to support possible data acquisition activities
following rig release.

During construction activities workers will be housed off-site and commute to the ice pad drill
gte on a dally basis. During drilling, trailers may be provided for critical personnel (e.g.,
Drilling Supervisors) who monitor the operation 24 hours a day and for support of acquisition of
subsurface core sample operations, processing, and analyses.

9.2.1.5.3 Operations Water Supply
Estimated water use requirements for the project are summarized in the table below:

Activity Total Gallons

Site Preparation and Construction

Ice Road Spurs to Water Sources, approximately ¥ mile, 40’ wide | 200,000

Ice Road Spurs to Ice Pad, approximately 1-%2 mile, 50’ wide 1,100,000

Ice Pad: 400’ x 400’ 2,000,000

Operations and Maintenance

Rig drilling use: 20,000 gpd/rig for 20 days 400,000
Mobile camp use: 30 people @100 gpd/person for 45 day 135,000
Ice pad, and ice spur road maintenance (if needed) 100,000
TOTAL PROGRAM 3,935,000

Figure 6 also illustrates area water sources. BPXA intends to control water usage to minimize
storage, hauling and disposal requirements. Drinking water will be treated and stored in sanitary
tanks for human use at MPU Pad facilities. Water used for rig and cuttings wash will be
recycled into the drilling mud to the extent practicable.

9.2.1.5.4 Drilling and Data Acquisition Operations

Facility layouts will be similar to previous North Slope winter ice pad programs (see Figure 5).
The layout is based on preliminary rig selection for this program, and will be atered as needed.
The ice pad will be sized to house the rig, ancillary equipment, data acquisition activities, mud
chiller equipment, and the temporary storage area for drill cuttings. When operations are
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completed, the rig will be transported out of the project area and areas of operation will be
inspected and cleaned as necessary.

BPXA plans to contract with Akita/Doyon for the use of the Arctic Fox #1 for this project.
Mobilization of the rig to the drill site is expected to occur in mid March 2006. Drilling
operations are expected to take between 15 and 20 days but could run longer. Liquid fuel (e.g.,
diesel) and chemicals (e.g., drill mud additives) necessary to support drilling operations will be
stored in lined containment areas and handled in accordance with BPXA’s Best Management
Practices (BMPs). Well control will be handled according to commonly accepted, safe oilfield
practices utilizing a diverter, blowout preventer, and other resources as necessary. Based on
offset well control, no oil-bearing zones are anticipated to be penetrated in the operations. Upon
final demobilization of the rig, al support equipment will be removed from the temporary ice
pad location.

The test is exploratory in nature and any required well work will be accomplished using
approved industry techniques and procedures in accordance with sound engineering. Fluids
produced from operations would be stored in portable tanks for not more than a few days, and
then trucked from the location by approved carrier for use or disposal, as appropriate.

9.2.15.5 Fuel Storage

Fuel transportation, storage, and wse will be in accordance with North Slope Borough, Alaska
Department of Natural Resources (ADNR), and Alaska Department of Environmental
Conservation requirements. Fuel storage will be located in the drilling rig (approximate 8,500
galons in secondary containment), at the MPU CFP and MPU BPad facilities, and at water
source pumps.

Secondary containment for al drill site fuel storage tanks will be a minimum of 110 percent of
the single largest tank or any group of tanks permanently manifolded together. Fuel flow
diagrams, fuel transfer procedures, valving details, and safety precautions for the drilling rig are
listed in the drilling contractor's Spill Prevention, Control, and Countermeasures (SPCC) Plan.

Fuel will not be stored on lakes or river ice. However, small day tanks (approximately 100
galons) must be sited at pumps located at water sources and refilled at those locations
periodicaly.

Fuel supplies will be brought to the area by a fuel truck. Fuel trucks will travel to the drill site via
existing gravel roads and the site ice road.

9.2.1.5.6 Waste Disposal
Drilling and non-drilling wastes will be managed as described below.

9.2.1.5.6.1 Drilling Wastes

All drilling waste storage will be temporary. There will be no surface disposal of the wastes on
gte. Drill cuttings will be trucked to the PBU Dirill Site 4 (DS-4) Grind and Inject facility or
other approved facility. Waste drilling fluids will be trucked for injection to PBU DS-4 or other
approved facility. There will be no storage of drilling waste on site; a container truck will be
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available on the ice pad for placement of wastes prior to transportation to the PBU DS-4 facility
for disposal. Any oil-based products in use will be recycled back to the rig or packaged in drums
and hauled to Prudhoe Bay for shipment to an approved recycle facility.

9.2.1.5.6.2 Non-drilling wastes

All waste disposal procedures will conform to local, state and federal requirements. The general
waste management plan is to temporarily store wastes and periodically haul waste materials back
to existing North Slope facilities for proper treatment and disposal.

Combustible and non-combustible wastes from the drill rig and rig camp will be bagged and
trucked to the North Slope Borough waste disposal facility on aregular basis.

Sanitary and domestic wagewater will be trucked to BPXA's Base Operations Center (BOC)
waste disposal facility or other approved facilities. However, sanitary and domestic wastewater
could be discharged in accordance with NPDES Permit No. AKG-33-0000.

Storm water discharges are covered under NPDES Permit No. AKG-33-0061 and are subject to
the permit and SWPPP conditions.

9.2.1.5.7 Air Emissions

BPXA will not require an individual Air Quality Construction Permit from ADEC. Drilling
operations will be covered under Air Quality Control Minor Permit No. AQQ0977M SS01 or other
minor permit. The drilling contractor will operate combustion equipment in accordance with all
air quality regulations. If required, BPXA will place bilingual signs on the tundra and the road
leading to the drill pad or on the pad, which establish public access safety zone(s). It is expected
that no off-pad safety zone will be required for compliance with air quality standards.

9.2.1.5.8 Oil Discharge Prevention and Contingency Plan

The proposed Mt. Elbert-01 well is a stratigraphic test well that will be drilled in non-oil-bearing
zones. A statement from the AOGCC has been requested and will be submitted to the ADEC for
an Oil Discharge Prevention and Contingency Plan (ODPCP) exemption. If the exemption is not
received, the well will be covered by an amendment to the MPU ODPCP and if required, will
obtain approval by the Alaska Department of Environmental Conservation (ADEC). Personnel
will be briefed on procedures for fuel transfer and storage, oil spill reporting requirements, spill
prevention, and the requirements of the ODPCP. The BMPs are contained in the ODPCP.

A discharge of oil or diesal during the winter would result in contamination of snow and ice.
Response to such a spill would include the deployment of mechanical ard manual means to
recover the hydrocarbon release.  The ODPCP contains additional information on spill response
scenarios.

9.2.1.5.9 Environmental and Safety Training

All BPXA and contractor project personnel will receive Health, Safety, and Environmental and
North Slope orientation (NSTC training). Training components may include permit requirements
and conditions, cultural awareness, spill prevention and reporting, wildlife interaction, site
safety, etc. Additionally, al personnel will participate in a specific training program for polar
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bear awareness and safety. The polar bear component consists of a video on polar bear safety and
a briefing on the Polar Bear Interaction Plan.

9.2.1.5.10 Wildlife

Winter operations should have no detrimental effects on local wildlife. Wildlife that may be
expected in the area during winter months include caribou, arctic foxes, snowy owls, over
wintering fish if they are present in permitted water sources, and ravens.

As part of the environmental training program, all personnel will be instructed not to disturb or
feed wildlife. Operations will be conducted in accordance with the BPXA Polar Bear Interaction
Plan, which details site layout, snow management, garbage control, waste management, material
storage, lighting, and personnel control. The interaction plan is designed to minimize the
potential for humanbear interactions through site and personnel management.

9.2.1.5.11 Communications

A satdllite link and cellular phones will be used for communication. A BPXA representative will
be on site-at all times during drilling and data acquisition operations. Designated contacts are:

Name Title Company  Office (907) Cell (907)
Mike E. Miller  Drilling Manager BPXA (removed for this report)
Scott A. Digert  MPU Project Manager BPXA (removed for this report)

Robert Hunter ~ Gas Hydrate Project Lead =~ ASRC Energy (removed for this report)
BPXA 24-hour Security Switchboard (removed for this report)

MPU Front Desk (removed for this report)

9.216 LOCAL AND COMMUNITY ISSUES

9.21.6.1 Subsistence

BPXA will conduct exploration in a manner that prevents unreasonable conflicts between
exploration and subsistence activities. A key measure in BPXA'’s approach to reducing possible
subsistence effects is the overall approach taken to minimize effects on tundra, lakes, and fish,
bird, and wildlife populations.

9.2.1.6.2 Site Access

For proprietary and safety reasons, access to the rig or rig facilities will be restricted to
authorized persons and regulatory personnel only. Authorized regulatory personnel carrying
photo identification may access the pad at any time. They must contact the on-site drilling
supervisor if they wish access to rig facilities and they must comply with all applicable safety
regulations and policies. All other personnel must obtain authorization from the BPXA Drilling
Department at BPXA’s Anchorage office, located at 900 East Benson Boulevard. The telephone
contact for BPXA'’s Drilling Superintendent is (907) 564-(removed for this report). BPXA will
not deny access or assistance to hunters or travelersin distress
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9.21.7 WELL ABANDONMENT AND SITE RESTORATION

Upon completion of drilling and data acquisition operations, the well will be plugged and
abandoned in compliance with relevant State of Alaska regulations. A thermocouple encased in a
stainless steel tube may be cemented onto the outer well casing to provide additional future data
measurement of the gas hydrate zone. The thermocouple would remain below grade level and
future data readings would need to be accessed by helicopter or approved off road vehicle.

Ice pads will be cleared of equipment and ice surfaces cleaned. All equipment and supplies will
be removed and the location will be cleaned of any debris. Ice structures will thaw during
breakup.

9.2.18 REGULATORY REQUIREMENTS
Environmental permits and approvals required (or potentially required) for the proposed drilling

project are listed below.
Agency Authorization
USDOE NEPA —Categorical Exclusion
ADNR/DOG L ease Operations Plan Approval
ADNR/DML&W Temporary Water Use Permit (existing)
ADNR/DML&W Land Use Permit LAS 25132 (existing)
ADNR/OHMP Title 41 Fish Habitat Permit
ADNR/OPM &P Coastal Project Consistency Determination
ADNR/SHPO Cultural and Archeological Clearance
ADEC/DAQ Air Quality Control Minor Permit
ADEC/SPAR Amendment to ODPCP
NSB Administrative Approval - Ice Road / Pad
NSB Administrative Approva - Drilling Operations
9.2.1.9 FIGURES

The following pages display the figures referenced in the Appendix B1, Draft Plan of 2006
Operations report.
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9.22 APPENDIX B2: AOGCC-Approved Drilling Permit, MPU Mt Elbert-01

STATE OF ALASKA / meesmmes e

ALASEA OIL AND GAS 333 W 7 AVENLE, SLATE 100
Dan Kara CONSERVATION COMMISSION CHORAGE,ALASKA 50501 259

Senior Drilling Engineer P {507 276-7542

BP Exploration [Alaska) Inc.
PO Box 196612
Anchorage, AK 99519-6612

Re: Milne Point Unit, Mt, Efbert-01
BF Exploration (Alaska) Inc,
Permit No: 206-033
Surface Location: 1242° FNL, 4183’ FEL, SEC. 30, T13N, R11E, (Planned)
Bottomhole Location: 1242° FNL, 4183 FEL, SEC. 30, Ti3N, R11E, (Planned)

Dear Mr. Kara:

Enclosed is the approved application for permit to drill the above referenced
exploration well.

This permit to drill does not exempt you from obtaining additional permits or
approvals reguired by law from other governmental agencies, and does not
authorize conducting drilling operations until all other required permits and
approvals have been issued. In addition, the Commission reserves the right fo
withdraw the permit in the event it was erroneocusly issued. A weekly status report
is required from the time the well is spudded until it is suspended or plugged and
abandoned. The report should be a generalized synopsis of the week's activities
and is exclusively for the Commission's internal use.

All dry ditch sample sets submitted to the Commission must be in no greater than
30" sample intervals from below the permafrost or from where samples are first
caught and 10 sample intervals through target zones.

Operations must be conducted in accordance with AS 31.05 and Title 20, Chapter
25 of the Alaska Administrative Code wunless the Commission specifically
authorizes a variance. Failure to comply with an applicable provision of A8 31.05,
Title 20, Chapter 25 of the Alaska Administrative Code, or a Commission order, or
the terms and conditions of this permit may result in the revocation or suspension
of the permit. When providing notice for a representative of the Commission to
witness any required test, contact the Commission's petroleum field inspector at
(907) 659-3607 (pager).
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Mit. Elbert-01
206-033

Sincerely,

Cathy ?; Foerster

H Commissioner
DATED this ¢ day of March, 2006

o Department of Fish & Game, Habitat Section w/o encl.
Department of Environmental Conservation w/o encl,
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STATE OF ALASKA
ALASKA OIL MIJG.I.SEOFHEFWATIDN COMMIZEION

RECEIVED
FEE 2 4 1006

. Address
.0, Box 196612, Anchoraga, Maskn.  BE516-6512
i Loaatan ol WAk [Grverrrsnial Secse):
Surlacs:

124 FHL, 4183 FEL, BEC. 30, T13N, R11E, [Flannad)

TR FHL, 418 FEL, SEC. 30, TN, A11E (Planaed)

Top of Productrve Monzon: Ewmm

Talal Depth:
1242 FHL, 4183 FEL, SEC. 30, T1aN, A1E, (Mansed)

ML 4000 Tvin 4000 Mina Polnd Uit
7. Propary Designation:
ADL i
3. Approwimai Spud Date:
Apri 1, 2008
Acras In Proparty: T, Destanca 50 Maanesl Progsarty;
250 ToagE

[AE. Locanon of veel [Siais Dass Flane Comikates):
Surisom  x- Eong-
(16 Waols: ; Peora

=0 a0 H
1210 N L BT
[ Rl T L83 BTC
1, PAESENT WELL CONDITION SUMBMARTY [T b complnad o Aedal and Re-emiry O
Tootal D MO (R): | Total Depth TVD N:Ll:ummm F_mlmpmmml: whnm‘-n'ﬂﬁj-] Rk (e
Casing Lengih WL e |
Condusior J Slnuctonl
{Production
jLnor
[Fariortion Dopth MD (5): F«mmmﬁ:
0. Allachmants [ [E Fing Foo, §100 (B BOP Skotch [ Dribing Program [ Time v Depth Fiot O Shetlow Heazam Ansyss

O Property Plat [ Diverter Sketch

[ Sasid Fapor B Dviling Fuid Peogram . [ 20 AAC 35060 Rogainements

Fr. Warbal Approwal. Comemission Reprosonmaiive:

Dol
ZE 1 haereby Cortly i T foregeing 15 tus And coman. Coaroet Ges Liwts, S68-M57 |
Frinkad Hame Dan K Titke  Senior Driling Eginess
| Signalum Tj!'ﬁ '511_ - Pihare Bl-5G4T ;_EJJ'IJBI'. Sondm Slowman, 564-475)
v o ol
Numbar: z.c:.g.-cﬁﬂ _&azi'qis::az—m
Tonsfons of fppronad:
H e b hu e, vl mmatry ot by Lsoed i mpior for, e, or prodecn coafbad g by o e cantaingd shalas: [
Hﬂ‘;\tq,mrﬁﬁqu\ e Sangiss P @vee Qb

HS Massmaives: [ Yaa
omer: 3000 g TP et St et Po e B Ve
LI':-.[.:.*.\, "-'\mﬁ

Tely = O b Dabe

. i Lo Pl E/E o
Bead o Mmfﬁ,_ﬁ.}ﬁr

il gt EgTess Lamptsion, ﬁﬁmr."n

AFPROVED 0Y THE COMWISSON
- , COMBIBEIDNER

Form 10401 Flevissd 1R005 D

Submit In Duplicate
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o

[Well Name: |Mt. Elbert # 1

Drilling Plan Summary
[Type of Well: [ Stratigraphic Test
Surface Location: “[iz#z fi. FHL and 4,183 f1. FEL
(4= Pmpuﬁgd) Section 30, T13N, F11E UM

X=5T210, ¥=-6HeE0s ASP4
Laf = 70455841648, Lon= -1 40410786174
Hate; the section is ~40 shor of 5,280 in EW direction.

Distance to Proparty lins

7545 ft. MPL unit boundary

Distance to nearest weall

T34 @ 4000 fi. MO from MP E-08

AFE Number: | GS2420H156

2006

Estimated Start Date: |~ 1-

Rig: |[Dovaen Arctic Fox

Rig days to complete:

25

MD:| 4,000 | [TVD: [4000° |

[Max ines] ™|

[KOP: [None| [KBE:[24"

Ob ve: | Gas Hydrates

Well Design: | Stratigraphic Test

Mud Program:

1244” Surface Hole (0' <1950):  Fresh water spud mud

Density (ppgl PV YP pH__ | APl Filtrate | Chiorides (mg/l)]
<04 10-30 | 25-50 | 9-95 | NC-10 NC
8%" Intermediate Hole (1,950°— 4,000 8% KCILSND { -3.78" C TCT )
Density(ppd - - PV. | - YP | —.pH | APIFilirate] Chiorides| - MBT .
B.9-0.5 10-25 15-20 | 7.0=80 <8 39,850 <25

Waste Disposal: NO ANNULAR INJECTION. Drill Guttings taken to DS-4 disposal e
Call the Pad 4 waste disposal site prior to truck laaving location so the sile can be ready to
unload waste. Exemipt liquid wastes can be taken lo DS-4 or CPAl KRU 1R-18.

A0 Mt. Elbert #1 Well Plan Sommary / APT

Page 1

of 7
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Casing Program:

Hole Gize Csg Diam Wy | Grade Conin Burst | Collapse | Length Tep Bottom
Fr MV MDY
TWDrkb | TVDrkb |
" r 92 | H-4d Weld 1530 520 a0 0t 20 100 ft
12" 9" 40 | L-E0 BTC 5750 3080 1932 it 13 1950 ft
B T 26 | L-80 BTC T240 s400 | 215006 | 1850 fi | 4000 ft
contingency
limver

Cement Program:

Casing Size 5%, 40pgt, L.BO, BIC
Type: Surface Casing to 1950'.
Basis for BO' shoa jta, 150% in permafrost (12-1/47 hola), and cement to
surface. Shoa Depth: 1950° MD. 1450° Arctiset Lite @ 10.7 ppg and
Caleulation
500" ArcticSet @ 15.8 ppg
Cement Volume: | Spacer 5 bkl of water, 10 bbl CW 100 and 40 bbl Mud Push
t';‘g% @ 2705k (2125 bbis), ArctioSet Lite @ 10.7 ppg. Yield
1450 1) 4.43 ft3/sx, mix Mluld 20,667 gps.
F%C @ | 448 5xs (79.50 bbls), ArctioSat @ 15.8 ppg. Yield 1.05
1450 ft) ft3vsx, mix fluid 4.10 gps.
[ Temp 2°C @ 1950 il MD.
Casing Size 7' 26ppf, L-80, BTG Continganey Liner
Type: Production Liner from 4000' TD to 1800° ( 160 liner lap)
Basis for B0’ shoe joints, 30 % excess in open hola. 500° ArcticSet Lite @
Calculation 10.7 ppg ard 1700 Class G at 15.8 ppg.
Cament Volume: | Spacer & bbl of water, 10 bbl CW 100 and 30 bbl Mud Push
{L.fg% o |20sKs (168 bbis), ArcticSot Lite @ 10.7 ppg. Yield
2300 ff) 4,43 #3sx, mixfluld 20,667 gps.
Tall (TOG | 256 sxs (53.0 bbl) Class G @ 15.8 ppg. Yeild 1.16
@ 2300 ft) | ftaisx, mix fluid 4.97 gps.
Temg 24 ° C @ 4000 fi MD.
220G Mt. Elbert #1 'Well Plan Summary / AFD Page 2of T
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Evaluation Program:

12%" Surface Hole

Coring Program:
Mud Logging:
Open hole Logs:

Mone
Surface to casing shoa

MW D-DirectionalGamma/Resstivity

814" Intermediate Hole

Coning Program:
Mud Lagaing:

Cpen hole Logs:

RAun 1; Continuous Core, Wirsline refrisved from
20007 to 2600°
Casing poirt to TO.

Run-1: 1850-4000 Platform Express (hydraie)
<High Resolstion Laterclog Armay-SP Log (HALA)

-Compensated Moutron Litho Denslty Log

-furray Induction-SF Log (AIT)

-Electromagnatic Propagation Tool Log (EFT) —
nElectric mamt

Rur-2; 1850-3500 Dipols Shear Imager (nydrate)
-Dipale Shear Imager Log

-Matural Gamma Ray Spectroscopy Leg
-Environmental Measurement Sonds Log

Run=3: 1850-3500 Formmation Microlmager
{ydrats)
-FMI Borehole Imaga Log

Run-4: 1850-3500 Combinable Magnatic
Bissonance Tool (hydrate)

-Combinable Magnetic Resonance Log
-Matural Gamma Ray Spectroscopy Log
-Enviranmental Measurement Somds Log
-CMR Station Log-Elemental Gapture Sonde

Run-5: XPT (Optional)

Run-6: MDT Opan Hole; 2 points per sand, two
sands expadciad

Cased Hole Logs:

Run-1: MOT cased hole centingency only

TLR00G M. Elbert #1 Well Plan Summary / APD

Pige 3 of 7
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Formation Markers:

Formation Tops “{:3 T[':'? m[wg . EEW! jgal)
Top Mikkaison Tongus 1450 1450 830 8.35
Base Panmairost 1800 1600 TAE 8.35
“F Hydrate 2000 2000 BEE B35
T Hydrae 2100 00 EH [ED)
Top Siaines Tongie : =70 EFE 1503 Ba5
| Base Gas Hydrate Stamilly Zone " 2Es3 2853 1238 B35
| G12 Selemiz Marker [~ @m0 | 3380 Tarz B35
Top Ugnd ] | arie 0 | 1736 5
|
Recommended Bit Program:
BHA | Holo Size | Dopth (MD) | Footage Bit Type TFA | GPM
1| d2w 0 — 1950° 1950° | Baker Hughes MX-1 | .84 | 650
2 Bl 1,600'— 4,000 | 2200 | Baker Hughes Mx-1 | 71 450

Well Control:
Surlacafdntermediate hole:

" & & & &

Bedmum anficipated BHP; 1,740 psl & 4000° TVD

BMecdmum surface pressure: 1,340 psi { Basad on full gas colurmn to swrsce & 0.1 psift)

Planned BOP test pressure: 3,000 psi

Intagrity tests FIT to 11.5 ligal 20' below the 9 58" shoa.

Wireline core ratrieval: Wiraline BOP, circulating sub and packoff to ba uifzed when
retrieving cores.

Drilling Hazards & Contingencies:
Hydrate drilling, coring and handling:

ARA006 Mt. Efbert #1 Well Plan Summary ! APD Page 4 of 7

Hydrates will be present from the base of the permalrost o approximataly 2850 ft ML, Mud
aystem dosign spacifies an 8 % KCI Low Solids Mon Disparsed sysiem which will have a
thermal crystalization temparaiure of minus 3.78 * C. Operating termparature of mud baing

down hole will b2 maintained at minus 2,0 C. Circulating temperature, mud
chemistry and drifing mechanics will be optimized to minimize hydrate sublimation while
maintaining primary well control,

All circulating system componente will be monitored and activaly protected from freeze up both

while circulating and during stath perods.
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« Rig gas detector system will bs fully operational and portable gas sansors will be utiized in the
affecied areas prior to cuttings handing or core processing.

= During coring operations mud properties and temperatures will be maintamned ko minimize
hydrate sublimation,

+ Gore retrleval wil be conductsd with wirgline utilizing wirsfine BOP, circulating sub and pachaoff
head.

« Coras will be allowed io pressure stablilze below the wellhaad and flow chacks will be
conducted prior 1o continuing the retrieval and spening the winsline riser 1o lay down cores.

«  Core will be recoverad in 24 ft sactions contained in aluminum cors sleeves, The sleaves are
slotied to prevent pressure entrapment. The core will be lain down, removed from the floor,
secticned &nd containadzed all at sub freezing temperatures.

+ Al core siorage and on slte gec-science will b conducted in a refrigerated comtainerized unit
remote from the wall bare,

Drilling mechanics, lost circulation and stuck pipe:

« Losses are pozslble in the entira interval due 1o tight hole or pack off, NOTE: Elavated mud
weights ara NOT required for confrolling hydrales. Condral hydrate gas evohstion with mud
praperties and hole cleaning.

« Slicky clays may be preaant fram the lower pesmiafrost on down to tofal depth.

+ Potential tor packing offiatuck pips, tight hole, and swabbing ests throughout the wall and
particularly from 2,800° to total depth.

Expected Pressures:
« Pore pressure is expecied (o be a fresh water gradient (8.35 ppg) from surface to fokal dapth.
Pad Data Sheel:
+ FAsview MPU E and B Pad Data Shoets
Hydrocarbons:
+  Hydrocarbons In the form of Methane Hydrales are expectad from the base of the permafrost
through the base of the hydrate stability zone at + 2850,
= Mo liquid hydrocarons are anticipated in any well sacticn.
s Mo fres gas hydrocarbons are anticipated in any well section.
Faults:
+ Mo faull intersactions ara expacted in this vertical well,
Hydrogen Sulfide:
*  MP s not designated ag an HzS arsa,
Anti-collision lssues:
+ ML Elbert #1 poses no collision risk to any MPL wells.

# ML Blbert #1 surface location ls 7545 . from the MPU unit boundary
= ML Elbart #1 is 734' @ 4000 ft, MD from MP E-08

LG M, Elbert 1 Well Plan Summary f APD Page 5o0f 7
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RILLIN RE:

|

e i I

b R N S e

wi =i (0 O
~er

12
13
i4.
15.
16.
17.
18.
18,
20,
21.
22,
23,
24,
25,
26,
27,
28,

Survay in ice road and pad,

Construct ice road end pad.

Drill and sat and cement 20" conductor casing and well cellar.
Drill mouse hola and rat hola,

Inatall FMC landing ring on conductor.

MW Doyon Drilling Diverter System prior Lo rig move,

Hedd pre-spud meeting in Anchorage and at MPU Base Camp.

Conduct emergency respense training with MPU ERT, BP Drilling, and Doyon Rig
Crews,

Move in ard rig wp Doyon Arctic Fox Drilling Rig.

Inztall and test Mud Chillar, MWD unit, LWD wnit, Wirsline unit.

Take on water and spud mud.

Function Tost Diverter System,

Make up12%" Trcone drill bit on packed rolary assembly and spud to + 300'. POOH
Make up BHA #1: 12%" packed rotary assemibly w' MWD tools, Drill 124" surface hole
o+~ 1,950°. Maintain mud femparature at -2" C with mud coolar.

Circulate and condition for casing,

Fun 9 58" surlace casing.

Ceament 8 58" surlace casing.

M diverter system, install wellhead and NUTest BOPE.

ML BHA #2, 7 /8" core bit with drilling insert on packed rotary coring assembly. RIH
to + 1800" and tesl casing to 3000 psi.

Dirilll ot shoe track, lioats, rathobe and 20° of new formation.

POOH to 1850 and padfarm FIT ta 11.5 PPG EMW.

Dl to core point at = 20007,

Wiroling retrieve driling insert and run core sleave.

Core 7 7/8° open hole sectlon from + 2000' 1o £2600",

POOH and lay down core barmal.

P/U B %" bit and MWD on packed rotary assambly.

FReam and MWD log to 2600°

[rrill %" Intermadiate hale saction to TD at 24000

POOH and Lay down MWD,

R/U Wireline loggers.

Run open holz e-line kogs.

P/U 8 %" cleanout assembly,

Make clean out run fo £ 3200°

POOH and /D clean out BHA,

WU MOT tools for drill stem conveyed MDT

RIH to first MDT pont at £ 2600'

212212006 M. Elbert #1 Well Plan Summary ¢ APD Pagebof 7
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29.
a0,

oo A

Perform & sequential MOT from 28007 to 2000°
POOH and LD MDT tools.

L: Ho=, hﬁ_C,f.‘i’C:CL'c‘-«_{'QQ T Sjw%cjt s Ag? ?1;?-%
PIU comenting stinger and AIH to 200’ balow bottom hydrate interval. { + 26007) =
Spot 1007 viscous mud pill
POOH 100 and set batanced plug from + 2600° to 2100°
POOH 1o 2000' and clear cemanting string
WL 6 hre and tag plug per AQGCE regulations.
Clear cementing string and set bakanced plug from 2100° to 1700°
POOH to 1600" and clear cemeant string.
WOC & hrs and tag plug per AQGCC regulations. Clear cament string and POOH
[aying down pipa.
L'D remaining drill pipe in derick,
RIH with drill pipe and side portad stinger.
Spot 100' {5 bbl) of weighted viscous mud pil from 350° to 250°,
POOH to 250
Aig up cement lines and cement to surace.
POOH to 25' and flush casing, welhead and BOF.
POOH and LD stinger,
Nippla down BOP and welhead. Cenfirm TOC and top up to 5 sub surface if required.
Extamally cut off 20" conductor and 9 5/8" casing at lsast 3 below tundra surface.
Woald on prefabricated wall cap and marker par AGGCC requirements,
Move Arctic Fox Drilling Rig off location
Abaredon well cellar and conductor saction as per ADGCC ragulations.
Clean up location and ice road. Notify MPU Environmaental Depd. for sile inspection.

2206 M, Elbert #1 Well Plan Summary | APD Page 7 of 7
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BP Gas Hydrate Stratigraphic Test — Mt. Elbert #1
Proposed Completion with Open Hole

30™ Haole 1o
98 MD

2" Conducior
@ £ 98" MD

12 14" Hale to
+ 1960°

B 5/8" Surface
CSG @+ 1950° MD

& ¥"Open Hole

TD & £ 4000" MD

Fabruary 23, 2006

Wallhead Daslgn:
11" §K FMC Generation Y Wethead on 207

startar 'BFNDI

F;:nlng Deslgn and Open Hale
Descripticn  Hods CeG MD= WL Grade
Slze ob ™D
Conducior o.0" Hrp BH ¥ HAD
Surtace 12507 GEZL  OST 40 L&
Open Hole 85 - A
Camanting Program

Conductor: Cement fo sudace.

Surlase casing: ArcticSet Lita at 10,7 ppg o
1450° & ArcticSet =t 15.8 ppg from 1450° 1o
1850°

Abandonment Barriers

Oipen hale phag will be sel from 100 balow any

" ydrocarbon intenval to 1007 above tive casing
shioa

150" surface plug fram 4" below ground level will

be sel in 9 5/8" casing

Slophen K. Lewis/ASAC Energy
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PACLECT LOCATION:

CEMNTROID FOR GAS HYDRATES STRATIGRAPHIC WELL
LAT, = FIF2r 20.31° NORTH

LOMGE. = 1450 247 35 83" WEST

X = STI198.58 FEET EAST

¥ = GOMGE0I 50 FEET NORTH

ALAZFA STATE PLANE 20ME 4, MAD 27

BEC. 19 A 30, T13N, R11E, UMIAT M.

ADL # 047638, ADL # 028231 o ! EIMiIaﬂ

DATLUM: MEAM SE& LEVEL

PURPGSE: EXPLORATION WELL
BP EXPLORATION (ALASKA) INC.
STATE OF ALASKA B MILNE POINT UNIT
GAS HYDRATES
STRATIGRAPHIC WELL
VIGINITY MAP

e | B | ™

PR
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9.23 APPENDIX B3: Mt Elbert-01 Time/Depth Plot
The plot is estimated based on the Doyon Arctic Fox rig. Substitution of Doyon 14 rig would likely reduce this drilling time estimate.
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