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1. Executive Summary

The objective of this project is to gain insight into the nature, formation, occurrence and physical properties of methane
hydrate-bearing sediments for the purpose of methane hydrate resource appraisal through the planning and conduct of
drilling, coring, logging, testing and analytical activities to assess the geologic occurrence, regional context, and
characteristics of marine methane hydrate deposits in the Gulf of Mexico and / or other areas of the US Outer
Continental Shelf. This effort includes the planning and execution a state -of -the-art deepwater, methane hydrate -
drilling program targeting methane hydrate reservoirs on the US continental margin.

In Phase 1, potential research expedition sites were identified and each site was appraised using available geophysical
and geologic data and ranked relative to one another using criteria developed in conjunction with DOE.

Following site selection, a pre-expedition drilling, coring, logging and sampling operation plan (Operational Plan) was
developed. At the culmination of Phase 1, a Complementary Project Proposal (CPP), based on this Operational Plan, was
submitted to the International Ocean Discovery Program (IODP) as a primary method of accessing a suitable drill ship /
science vessel. Concurrently during Phase 1, there was bench testing and modification of the DOE Pressure Coring
System (the PCTB) and planning for a Land Test of this system.

2. Introduction

This project “Deepwater Methane Hydrate Characterization and Scientific Assessment” was funded from the
Department of Energy in October of 2014. Phase 1 of this project encompasses the first year; October 1, 2014 to
September 30, 2015. This report provides a summary of activities in Phase 1 of the project and a collection of key
deliverables.

This report will pay particular attention to the Site Location and Ranking Report, Preliminary Field Program Operational
Plan Report, PCS Scientific Workshop Report, and PCTB Lab Test Report.

Table 1: Phase 1 Project Milestones
Task | Milestone Description

1.00 | M1A: Project Management Plan

1.00 | M1B: Project Kick-off Meeting

2.00 | MIC: Site Location and Ranking Report

3.00 | M1D: Preliminary Field Program Operational Plan Report
4.00 | M1E: Updated CPP Proposal Submitted

2.00 | M1F: Demonstration of a viable PCS Tool (Lab Test)

n/a M1G: Document results of BP1/Phase 1 Activities

3. Summary of Tasks

3.1. Task 1: Project Management and Planning

A. Goal:

The recipient will manage and control project activities in accordance with their established processes and procedures
to ensure subtasks and tasks are completed within schedule and budget constraints defined by the PMP. This includes
tracking and reporting progress and project risks to DOE and other stakeholders.
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B. Activities Phase 1:

B1l. Assembled team to meet project needs.

Title Status Name Date Hired

Postdoc Filled Stacey Worman August 2015

Postdoc Filled Stephen Phillips September 2015
Graduate Research Associate Filled Kevin Meazell March 2015

Sr. Program Coordinator Filled Colleen Morgan September 2015
Project Manager Filled Tessa Green June 2015

Project Manager Filled Carla Thomas June 2015

Research Scientist Associate |l Open TBD Expected Start Phase 2
Research Scientist Associate V Open TBD Expected Start Phase 2
Graduate Research Associate Open TBD Recruiting for Phase 2

Table 2: UT Austin team recruiting status

B2. Coordinated the overall scientific progress, administration and finances of the project

e Managed the compilation and delivery of data in support of the IODP CPP

e Negotiated land test location details and started associated contracts

e Coordinated meetings with ship vendors in preparation for Phase 2 Marine Test
e Developed Marine Test Scope of Work

e Managed the compilation and delivery of revised CPP

e Coordinated logistics of land test procedure, tool delivery, and personnel

e Finalized details of BP1 continuation application

e Monitored costs

B3. Communicated with project team and sponsors

e Project Management Plan created
o Kick-Off Meeting was held on December 11, 2014
e Several communication tools were established to ensure successful collaborative work and to exchange
information
e Organized regular team meetings
0 Monthly Sponsor Meetings
0 Monthly Team Meetings
e Actively monitored project risks and as needed reported to project team and stakeholders.
e SharePoint sites developed for each project team to facilitate online communication and collaboration
e Established email list serves for key project teams
e Managed SharePoint sites developed for each project team to facilitate online communication and collaboration
e Managed email list serves for key project teams
e Managed archive/website for project deliverables
e Completed Reports (as of the end of budget period one):
0 4 Quarterly Research Performance Progress Reports
0 Monthly Cost Accrual Reports
0 Monthly SF-425 Federal Financial Reports
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B4. Coordinated and supervised all subcontractors and service agreements to realize deliverables and
milestones according to the work plan

e Negotiated subawards with: Consortium for Ocean Leadership, Columbia University - Lamont-Doherty Earth
Observatory, & Ohio State University School of Earth Sciences

e Actively managed subcontractors and service agreements.

e Coordinated subcontractor Statements of Work

3.2. Task 2: Site Analysis and Selection

A. Subtask 2.1: Site Analysis

Al. Goal:
The Recipient will evaluate and compare prospective drilling locations using data available to the project.

The Recipient will establish (within 45 days of the award start date) and consult with an Advisory Team (expected to
include, but not limited to, DOE, BOEM and the USGS) to identify and evaluate sites (each site may contain multiple
potential locations), which have a high probability of containing high-saturation natural gas hydrate reservoirs and for
which there is significant existing data to complement the planned research expedition.

The Recipient will collect, compile and integrate geological and geophysical data, reports and publications to constrain
potential research expedition sites.

The Recipient will compile site / location information including, but not limited to, geographic location, and water depth
and will use all the available information to estimate lithology, in-situ pressure and temperature conditions,
approximate base of hydrate stability, gas hydrate occurrence / saturation and natural gas in-place at each potential site
/ location.

The Recipient will convene internal and external project workshop(s), as needed, in support of research expedition site /
location screening and review.

A2. Activities Phase 1:

A2.1. Established Advisory Team:

There will be a myriad of technical decisions during the project. We will be guided in our decisions by an the Project
Advisory Team (Figure 1) that will include the Project Team (UT Austin and sub-contractors), the US Department of
Energy, the Bureau of Ocean Energy Management (BOEM), United States Geological Survey (USGS), and industry.
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Ann Cook/Derek Sawyer
Professor, OSU

Project Advisory Group

== Project Team

Project

Peter Flemings

Investigator, UT-Austin

PM, UT-Austin

David Divins

Associate Director, UNH

Matt Frye

Chief, Resource Evaluation Division

- BOEM -

Bill Shedd

Supervisor, Resource Analysis

Tim Collett
- USGS
Senior Scientist
Rick Baker
Project Manager, NETL
- DOE
Ray Boswell

Technology Manager — Methane
Hydrates, NETL

Figure 1: Project Advisory Group

A2.2. Collected Data:
Purchased access to the data used to interpret existing 3-D seismic data over prospective drilling locations. Seismic

David Goldberg
Associate Director, LDEO

agreements were executed with Schlumberger WesternGeco covering the Orca Basin and Perdido areas. Schlumberger
WesternGeco also provided seismic data over the former DOE — Chevron JIP project (DE-FC26-01NT41330) sites (WR313
and GC955).

Non-disclosure agreement (NDA) amendment negotiated with BP for project’s use of Mad Dog data under existing
UT/Mad Dog Parties NDA

A2.3. Compiled site / location information

UT began building ArcGIS model encompassing data over all sites

11 sites identified — 9 primary, 2 alternate. See Figure 2 for map of site locations.

Terrebonne (WR313) — 3 sites
Sigsbee (GC955) — 1 site

Mad Dog — 2 sites

Orca — 4 sites (2 primary, 2 alternate)
Perdido — 1 site

Phase 1 Report

Page | 4



DEEPWATER METHANE HYDRATE CHARACTERIZATION AND SCIENTIFIC ASSESSMENT, DOE Award No.: DE-FE0023919

A2.4. Project Workshops/Meetings
A. Site Review was held in Austin, Texas on January 27 and 28, 2015. Site Review Team members, BOEM
representatives, and DOE sponsors attended
a. This meeting was to review the proposed sites for inclusion in the Complementary Project Proposal
(CPP). The team summarized strengths and weaknesses of each proposed location and created the
first draft of the CPP.
b. Results of this meeting contributed the results of Subtask 2.2, Task 4, Appendix A, and Appendix B.
B. Weekly meetings held in March with proponents to discuss seismic interpretation, drilling locations, etc. Site
scientific objectives, desired measurements, and tools required outlined for each potential site.

B. Subtask 2.2: Site Ranking

B1. Goal:

The Recipient, in consultation with its Advisory Team, will develop specific criteria for ranking and review of prospective
research expedition sites and specific locations within each site, with a focus on achieving the overall objectives of the
project in the most cost effective and efficient manner.

The Recipient, in consultation with the Project Advisory Team, will evaluate and compare all prospects identified under
Subtask 2.1 using the developed ranking criteria with the intent that, at a minimum, the 3 highest ranking prospects will
serve as primary drilling targets and other targets may be considered as available time / funding allows.

The Recipient will document both the process and resulting findings of the site analysis and ranking as a dedicated site
location and ranking report.

B2. Activities Phase 1:

Over the past year, the GOM? team considered seven possible drilling and coring locations in the northern Gulf of
Mexico: Alaminos Canyon 21 (AC 21), Perdido, Tiger Shark, Terrebonne, Orca Basin, Sigsbee and Mad Dog (Figure 2,
Table 3). These sites were identified by a variety of different methods. Several sites, AC 21, Terrebonne and Sigsbee
were previously drilled during the Gulf of Mexico Gas Hydrate Joint Industry Project (JIP) (Boswell et al., 2012) Leg 2.
Mad Dog was also identified by the JIP, but not drilled (Hutchinson et al., 2010). Shedd et al. (2012) identified Orca Basin
as having a prominent, discontinuous BSR. Perdido and Tiger Shark (Boswell et al., 2009) were previously drilled by the
oil and gas industry and measured well logs suggested significant gas hydrate accumulations.

During the fall and winter of 2014-2015, we collected and assessed scientific well log data, public industry log data,
published articles and public reports on each available site. ArcGIS maps were compiled at Ohio State of the hydrate and
industry wells drilled at each site, the extent of known BSRs from Shedd et al., (2012), and previous seismic data extent.
The maps, available data, and published papers and reports were put on SharePoint for the project advisory group to
assess. Several discussions and presentations were held on each site, within Pl meetings in the fall of 2014 and at the
proposal writing meeting at UT Austin in January of 2015. Two criteria was selected as important for the drilling project:
1) the likelihood of finding high saturation gas hydrate in sand systems at the site and 2) the potential to provide further
understanding about gas hydrate in sand systems in the Gulf of Mexico. From this data and from the subsequent
discussions. From this data and from the subsequent discussion, we decide to eliminate two sites: AC 21 and Tiger Shark.
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Figure 2: The seven sites considered for drilling and/or coring as a part of GOM2

The JIP Leg 2 drilled two logging-while-drilling (LWD) holes at AC 21 in 2009 (Boswell et al., 2012). The target was a
prominent, extensive, positive amplitude reflector within the gas hydrate stability zone (GHSZ), which could indicate a
gas hydrate filled sand layer. A thick sand layer was identified in both AC 21 LWD holes, however, it still remained
unclear of the sand contained gas hydrate due to a severe wash out in the target sand. A washout in a hydrate-filled
sand is unusual, as hydrate generally contributes to sediment stability and an in-gauge borehole. It could be that a low-
saturation of hydrate occurs in the layer, as a small increase in both resistivity and compressional velocity was measured
in the layer; Lee et al., (2012) suggest this layer contains ~20% gas hydrate saturation. Others argue that the small
increase in resistivity and compressional velocity can be explained by a lower porosity in the sand layer and gas hydrate
likely does not occur (Cook and Tost, 2014). Aside from the uncertainty surrounding the occurrence of gas hydrate, the
GOM? team was also concerned about the ability to collect and recover sand sediment in a core barrel, as this is often an
issue for scientific ocean drilling (Kominz et al., 2011). Further LWD or wireline logging would most likely not be able to
resolve whether gas hydrate occurs in the sand layer. For these reasons, AC 21 was removed from the list of potential
sites.

Chevron drilled the Tiger Shark exploration well in Alaminos Canyon Block 818 in 2004 (Boswell et al., 2009). A 13-m
thick sand was encountered near the base of the GHSZ that contained high saturations of gas hydrate. Hydrate was not
recovered from the well, but sidewall cores were taken in the hydrate-bearing formation. The sidewall cores confirmed
the hydrate-bearing unit is part of the Frio Sand, an Oligocene volcanoclastic sand. The Frio is considerably older and a
significantly different lithologic type (as it is composed of volcanoclastic sand with a low grain density) than most shallow
sand units in the northern Gulf of Mexico within the GHSZ. This suggested that the information learned by further
drilling at Tiger Shark might not be applicable to other areas within the Gulf of Mexico. In addition, the Tiger Shark gas
hydrate accumulation is positioned on the top of a large, steeply dipping anticlinal fold raising serious concerns that
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drilling Tiger Shark could be dangerous without a riser. For these reasons, Tiger Shark was eliminated from possible
drilling sites.

Following the elimination of the first two sites, seismic data and industry well log data was ordered or obtained over our
five remaining sites of interest: Perdido, Terrebonne, Orca Basin, Sigsbee and Mad Dog. At each site, extensive mapping
of each of the prospects took place. Maps of the aerial extent and the amplitude of the BSR were produced, maps of
interest horizons (especially, horizons with phase reversals), and maps of the gas legs below the BSR. In areas with
multiple horizons of interest, such as Orca Basin and Terrebone, amplitude maps were overlaid to see where optimal
drilling locations could be placed to target several sands with one hole. Based on these amplitude maps and integration
with the well data, potential drilling locations were selected by the team in mapping team discussions and each site was
included as a primary site in our March 2015 (initial submission) proposal submission to the International Ocean
Discovery Program (IODP).

In July of 2015, we received the reviews of our March 2015 IODP proposal. There were two main comments that
affected our site selection process. First, the reviewers thought it was not always clear what hypothesis or questions we
were asking at each site because our priorities at each site were varied. Second, the reviewers noted that including all
five sites would result in a cruise that was much too long, and that further refinement of the sites and drilling plan was
needed.

To address these concerns, we chose to focus our IODP proposal questions on methane migration mechanisms within
sand and we identified sites with observable seismic patterns in dipping sand bodies suggestive of gas hydrate
occurrence for the October 2015 IODP proposal resubmission. The observable seismic patterns consist of these three
traits: a strong, leading-positive reflection above the GHSZ or bottom simulating reflector (BSR), a phase reversal at the
BSR, and a leading negative below the BSR. The Terrebonne location, drilled by JIP Leg 2 in 2009 and originally named
‘WR 313’, has two dipping sand bodies, the Blue Sand and the Orange Sand, that have both the observable seismic
pattern as well as confirmed high gas hydrate saturations in the GHSZ (Boswell et al., 2012; Frye et al., 2012). It is highly
likely that the observable seismic pattern is caused by high saturation of gas hydrate within the GHSZ, and free gas in the
sand below the GHSZ.

Terrebonne is considered our main drilling and coring site because high gas hydrate saturations occur in dipping sand
units. In the October 2015 IODP proposal, we propose to drill 2-3 locations at Terrebonne to recover gas hydrate
samples from the Blue and Orange Sands preserved in pressure cores, to study the geochemical, microbiological and
physical properties of these samples. We will also measure basic physical properties in the Blue and Orange Sands in
hole, including permeability, shear velocity, temperature and pore pressure.

Two other sites, Orca Basin and Mad Dog, also have similar observable seismic patterns as Terrebonne, where a leading-
positive reflector changes phase at the BSR. This suggests that Orca Basin and Mad Dog also have gas hydrate filled
sands within the gas hydrate stability zone, however, this hypothesis is unconfirmed. To confirm that gas hydrate occurs
in sand at Mad Dog and Orca Basin, we proposed in the October 2015 IODP proposal to drill two LWD holes at each site,
targeting the strong positive reflectors with the GHSZ. If either Mad Dog or Orca Basin yields high saturation gas hydrate
within coarse-grained units, we may return to the site for further coring instead of drilling and coring a third hole at
Terrebonne.

The Sigsbee location, first drilled by JIP Leg 2 in 2009 and called ‘GC 955’, also has a sand unit with high saturation gas
hydrate (Boswell et al., 2012). Unlike Terrebonne, Sigsbee does not have a dipping sand layer that causes a phase
reversal at the BSR. Instead, Sigsbee is an uplifted, highly faulted 4-way closure. For this reason, we have relisted Sigsbee
on our October 2015 IODP proposal as an alternate site. More importantly, Sigsbee has been selected as the primary
location to test the pressure-coring tool before the IODP cruise. Currently, 10 pressure cores are planned to be collected
in the Sigsbee sand reservoir in spring or fall of 2016.
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Lastly, the Perdido location was removed from the possible sites. It is unclear if a gas hydrate filled sand occurs at
Perdido, as one interpretation of the measured industry well logs suggest Perdido may have a gas hydrate filled sand,
while another interpretation of the well log patterns indicate Perdido may only contain gas hydrate in fractured mud.
Moreover, Perdido does not have the observable seismic pattern indicating gas hydrate in a dipping sand unit, and thus,
lacks similarity to the main sites in the October 2015 IODP proposal: Terrebonne, Mad Dog and Orca Basin.

In October 2015, additional 3D seismic data was ordered for the Orca Basin, because the optimal drilling locations
selected were near the edge of the seismic data set. The new seismic data has several promising locations and the
proposed drilling locations will likely be moved from those proposed in the October 2015 drilling proposal.

Sites

Previous drilling
in area of interest

Gas hydrate
in sand
confirmed

Gas hydrate
suspected in
sand

Outcome

Alaminos
Canyon 21

JIP Leg 2, AC 21

possibly

possibly

Eliminated because of lack of confirmed hydrate
in sand. There were additional concerns that
coring in the potential hydrate sand may be
difficult because the sand easily washes out.

Perdido

Statoil, 2001

possibly

possibly

Eliminated because of lack of confirmed hydrate
in sand and no phase reversal. There is some
evidence that this site contains only gas hydrate
in fractured muds.

Tiger Shark

Chevron, 2004

yes

Eliminated because of drilling safety questions,
deep water, and strong concerns that Tiger Shark
does not represent a typical GOM hydrate
accumulation because of reservoir age and
lithology.

Terrebonne

JIP Leg 2, WR 313

yes

Selected for drilling & coring because high
saturation gas hydrate found in multiple sand
layers.

Orca Basin

yes, phase
reversal

Selected for LWD drilling because of strong phase
reversal and high amplitudes within stability zone.

Sigsbee

JIP Leg 2, GC 955

yes

Selected for pressure coring because gas hydrate
was found in high saturation in a thick, ~30 m
sand unit.

Mad Dog

yes, phase
reversal

Selected for LWD drilling because of strong phase
reversal and high amplitudes within stability zone.

Table 3: Summary of sites considered for GOM? including reasons for elimination or selection.

3.3. Task 3: Develop Pre-Expedition Drilling/Logging/Coring/Sampling Operational Plan

A. Goal:

For the three sites / locations identified in Subtask 2.2, The Recipient will develop, in consultation with the project

Advisory Team, pre - expedition drilling / logging / coring / sampling Operation Plan.

This Operational Plan will use the geologic and geophysical information compiled during Subtask 2.1 (as well as any

additional information considered to be necessary) to identify appropriate equipment and determine whether there are

any gaps in technology that must be addressed for drilling of wells, the collection of pressure cores, conventional cores,

Phase 1 Report
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sidewall cores and in situ temperature & pressure measurements and will identify the specific shipboard science and
measurements that will need to be performed.

The developed Operational Plan for each site will include, but not be limited to, a time estimate for vessel transit, drill
string assembly, the performance of planned drilling, logging, coring and sampling operations and the shipboard science
and measurements to be performed.

B. Activities Phase 1:

The operational plan describes how this project will drill for and test the geothermal resources at those sites defined in
Subtask 2.2 as part of the CPP. See Appendix A for Preliminary Operational Plan. This is a preliminary operational plan
and will change in Phase 2 of this project.

3.4. Task 4: Complete and Update IODP CPP Proposal

A. Goal:

The Recipient will complete and update, as necessary, a Complementary Project Proposal (CPP) for the International
Ocean Drilling Program (IODP) based on the sites identified in Task 2 and the preliminary Operational Plan developed in
Task 3. The goal of this CPP proposal will be to gain access to a research vessel suitable for conducting the planned
research expedition. This CPP proposal will include all content required by the CPP proposal process. The proposal will
include, at a minimum, a summary of the science proposed, detailed identification of the sites / locations to be drilled,
and specification of the planned scientific program to be conducted.

The Recipient will develop the CPP proposal in consultation with the established Project Advisory Team.

The initial CPP proposal will be submitted in accordance with deadlines established by the IODP (estimated to be in late
March 2015) and modified or updated as necessary or as requested by IODP.

The Recipient will document the submitted IODP CPP proposal and relevant content to DOE via normal project quarterly
progress reporting.
B. Activities Phase 1:

Science in IODP is driven by community-generated proposals targeting the research themes outlined in the program'’s
overall Science Plan, Illuminating Earth’s Past, Present, and Future (www.iodp.org/program-documents). Because the

level of investment per expedition goes beyond an individual researcher or research group, the proposal structure,
review and planning processes are comprehensive and differ from those applied to typical grant applications. The
biggest difference is that the IODP process is somewhat iterative and open to communication between the science
proponents, the advisory panels, and the drilling platform operators. It is a process designed to transform exciting
science into successful expeditions.

A Complementary Project Proposal (CPP) is a Full Proposal that has a commitment from a third party source for a
substantial amount of financial support. Expeditions arising from such proposals follow the normal IODP rules and the
IODP Sample, Data and Obligations Policy that defines the data moratorium, data access, and publication
responsibilities. The level of scientific staffing for the entity contributing the CPP funds is negotiated on a case-by-case
basis.
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An IODP CPP is a desirable option to conduct our field program. The detailed technical planning permitting,
implementation, and financial responsibilities for ship operations are managed within IODP. In addition, CPPs can
receive fast-track consideration if required by the situation (e.g., funding source, operational plans, etc.).

The Science Evaluation Panel (SEP) reviews all IODP proposals, together with external reviews, and any additional
information requested and provided by the proponents. They also review all available site survey data to characterize
the completeness and adequacy of the data. The SEP then decides whether the proposal should advance to the JR
Facility Board for possible implementation.

The final decision whether a proposal will be implemented is made by the JR Facility Board. During consideration by the
Facility Board, the Full Proposal may be subject to additional requirements (for example, safety review by the
Environmental Protection and Safety Panel) and must satisfy all additional conditions made by the Facility Board before
it can be implemented.

Below are summarized the activities accomplished during Phase 1 with respect to the submission of the IODP CPP
proposal.

Held meetings to develop text of proposal, coordinate progression of analysis, documentation, and submittal.

1. Various phone/web meetings held throughout Phase 1
2. Proposal Writing Workshop, January 2015
3. CPP Writing Workshop, August 2015

Submitted CPP to IODP, uploaded and categorized the data available for the IODP SSDB, created materials for IODP CPP
meeting. Revised seismic, log and bathymetric data at Terrebonne and Sigsbee locations in support of CPP proposal.

1. First submittal of CPP, April 2015

2. Uploaded data to IODP SSDB, May 2015

3. Revised submittal of CPP, October 2015

4. Data upload for revised submittal to be completed in Phase 2

Final submittal from October 2015 attached: Appendix B: Genesis of Methane Hydrate in Coarse-Grained Systems:
Northern Gulf of Mexico Slope (GOM”2)

3.5. Task 5: Pressure Coring and Core Analysis System Modification and Testing

The Recipient will initiate planning, modification or upgrade, lab, and/or land-based testing of pressure coring and core
analysis tools, as deemed necessary by mutual agreement of the Recipient, DOE and the Project Advisory Team, to
assure the readiness of the systems for use in the planned research expedition or post-expedition analysis efforts, as
defined within the initial Operational Plan (Task 3). Continuation of these efforts may extend into Phase 2 of the project.

A. Subtask 5.1: Pressure Coring Tool with Ball (PCTB) Scientific Workshop

Al. Goal:
The Recipient will organize a Scientific Planning workshop to assist with planning the pressure coring strategy and
scientific objectives for the Task 5.0. The goals of the workshop are to:

e review scientific, technical and logistical goals of the DOE drilling experiment;
e review recent scientific achievements in pressure coring;
e review current pressurized coring capabilities;
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e develop Science Plan for DOE Drilling;

e shipboard science, and sampling

e shore-based analysis

o develop a project team composed of scientists and institutions enthused with participating in research program.

A2. Activities Phase 1:

On March 9th and 10th, 2015, 27 scientists and engineers from around the world held a Scientific Planning workshop to
assist with planning the pressure coring strategy and scientific objectives for the Genesis of Methane Hydrate in Coarse-
Grained Systems: Northern Gulf of Mexico Slope Project (“GOM?”). For details and results of that workshop, see
Appendix C: Methane Hydrate Pressure Coring and Analysis: Gulf of Mexico Scientific Planning Workshop Report

B. Subtask 5.2: Pressure Coring Tool with Ball (PCTB) Lab Test

B1. Goal:

The Recipient will perform a Lab Test of the PCTB tool to obtain a high degree of confidence in overall PCTB operation
with focus on pressure retention. The Recipient will carry out full function lab test using bench test apparatus, recording
PCTB internal pressures using fish pills, and recording retained pressure using pressure gauges or pressure transducers.
The function test will be repeated until a high degree of confidence in overall PCTB operation, with focus on pressure
retention, is obtained.

B2. Activities Phase 1:
Completed lab testing of the PCTB tool see Appendix D: Hybrid Pressure Coring System (PCTB) 2015 Laboratory Test
Program Final Report

C. Subtask 5.3: Pressure Coring Tool with Ball (PCTB) Land Test Prep

Cl1. Goal:
The Recipient will perform all necessary activities in preparation for the Land Test of the PCTB tool. This includes but is
not limited to; contracting vendors, tool modifications, developing a test plan, and shipping tool.

C2. Activities Phase 1:

Performed all necessary activities in preparation for the Land Test of the PCTB tool. Activities included contracting
vendors, tool modifications, developing a test plan, and shipping tool.

e Finalized Statement of Work for Schlumberger Cameron Test and Training Facility (CTTF). Completed necessary
University paperwork to execute contract.
0 Schlumberger provided use of CTTF a full-scale test facility and staff to test Pressure Coring Tool with
Ball (PTBC) coring and logging technology under actual wellsite conditions in a controlled and
confidential environment. The knowledge gained by this rigorous assessment helps meet the
requirements of the Department of Energy project objectives and improve tool design prior to actual
wellsite execution.

e Finalized Statement of Work for Geotek Coring Inc. (GCl)
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0 Geotek Coring Inc. provided fabrication, engineering development, and testing of the Department of
Energy (DOE) Hybrid Pressure Coring System (HPCS) as it relates to the project scientific assessment and
production potential. This includes sea trial, staff training, and a feasibility study.

e Finalized Statement of Work for Pettigrew Engineering, PLLC

0 Pettigrew provided engineering development, and testing of the Department of Energy (DOE) Hybrid

Pressure Coring System (HPCS) as it relates to this project objectives.
e Refined experimental plan.
e Tool Modifications

0 Meetings were held with subject experts and vendors to review tool issues and discussed possible
modifications. We discussed possible modifications, the effects of mud weight, and filtrates.

0 Envisioned Plan Forward: First, we will determine which modifications can be performed prior to the
field test. Second, we will work with subject matter experts to decide which of the longer term
modifications to pursue.

e Tool Fabrications

0 Concurrent to discussions of tool modification we are moving forward with fabricating a 9 7/8 bit, bit
sub, and stabilizer to be used in the BP2 Land Test.

0 Thereis a broad consensus that a narrower bit is advisable. Pettigrew calculated the annular velocities
for a 10-5/8 BHA and a 9-7/8 BHA and got some interesting results. The annular velocity past the 8-1/2
drill collars is increased ~60% by going to a 9-7/8 BHA. Similarly, the annular velocity past 5-1/2 drill pipe
is increased ~20% by going to a 9-7/8 BHA. Therefore, it is advisable we go with a 9-7/8 BHA for the sea
trial and full deployment.

0 Interms of the ID (inner diameter), nothing changes. Thus, there is no impact on the ability to pass other
tools.

O The outer diameter (OD) of the main bit will change from 10-5/8” to 9-7/8”. The bit sub will be rebuilt so
that its apparent OD will drop 10-5/8” to 9-7/8".

We will build a 9-7/8” stabilizer that will go right on top of the outer core barrel assembly.
We are adding the new stabilized bit sub (4’ long), the new bit (order 18” long), and adding the
stabilizer.

e Created service van and pipe shipping plan

4. Products Developed
4.1. Publications, conference papers, and presentations
Cook, A., Sawyer, D., Accepted, August 31, The mud sand crossover on marine seismic data, Geophysics.

Cook, A., Hillman, J., Sawyer, D., 2015, Gas migration in the Terrebonne Basin gas hydrate system, Abstract 0S23D-05 to
be presented at 2015, Fall Meeting, AGU, San Francisco, CA, 14-18 Dec.

Meazell, K., 2015, Methane hydrate-bearing sediments in the Terrebonne basin, northern Gulf of Mexico , Abstract
0S23B-2012 to be presented at 2015 Fall Meeting, AGU, San Francisco, CA., 14-18 Dec.

Phase 1 Report Page | 12



DEEPWATER METHANE HYDRATE CHARACTERIZATION AND SCIENTIFIC ASSESSMENT, DOE Award No.: DE-FE0023919

Phillips, S.C., Flemings, P.B., Meyer, D.W., You, K., Kneafsey, T.J., Germaine, J.T., Solomon, E.A., and Kastner, M., 2016,
Extraction of pore fluids at in situ pressures from methane hydrate experimental vessels, Poster to be presented at 2016
Gordon Research Conference from Feb28 to Mar04 in Galveston, TX, United States.

4.2. Website(s) or other Internet site(s)
Project Website: http://ig.utexas.edu/energy/genesis-of-methane-hydrate-in-coarse-grained-systems/

Project SharePoint: https://sps.austin.utexas.edu/sites/GEOMech/doehd/teams/
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6. Acronyms

AIST National Institute of Advanced Industrial Science and Technology
APC Advanced Piston Corer

APCT-3 Advanced Piston Corer Temperature-3

BHA Bottom Hole Assembly

BOEM Bureau of Ocean Energy Management

BP1 Budget Period 1

BP2 Budget Period 2

BSR Bottom Simulating Reflector

CKOH Carolyn A. Koh
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cm Centimeter

CPP Complementary Project Proposal

CRS Constant Rate of Strain

CT scan Computed Tomography scan

CTTF Cameron Test and Training Facility

DOE Department of Energy

FFF Free-Fall Funnel

FMI Formation Microimager

GC Gas Chemistry

GCl Geotek Coring Inc.

GH Gas hydrate

GHSZ Gas hydrate stability zone

GOM? Genesis of Methane Hydrate in Coarse-Grained Systems: Northern Gulf of Mexico Slope
HBS Hydrate-Bearing Sediments

hr Hour

HYACE Hydrate Autoclave Coring Equipment

ID Inner Diameter

IODP International Ocean Discover Program

IPTC Instrumented Pressure Testing Chamber

JIP Joint Industry Project

JOGMEC Japan Qil, Gas and Metals National Corporation
JR/IRSO Joides Resolution/Joides Resolution Science Operator
KIGAM Korean Institute of Geoscience and Mineral Resources
LBNL Lawrence Berkeley National Laboratory

LDEO Lamont—Doherty Earth Observatory

LPSA Laser particle size analyzer

LWD Logging-While-Drilling

m Meter

MAD Moisture and Density

MAS-NMR Magic-angle spinning in nuclear magnetic resonance
mbsf Meters below sea floor

MDT Modular Dynamics Test

micro-CT Micro Computed Tomography

Phase 1 Report

Page | 14




DEEPWATER METHANE HYDRATE CHARACTERIZATION AND SCIENTIFIC ASSESSMENT, DOE Award No.: DE-FE0023919

MPU Milne Point Unit

MSCL Multi-sensor core logger

NDA Non-disclosure agreement

NEPA National Environmental Policy Act

NETL National Energy Technology Laboratory
NMR Nuclear magnetic resonance

oD outer diameter

osu Ohio State University

PBU Prudhoe Bay Unit

PCATS Pressure Core Analysis and Transfer System
PCB Pressure Core Barrel

PCCT Pressure Core Characterization Tools

PCS Pressure Core Sampler

PCTB Pressure Coring Tool with Ball

PMP Project Management Plan

PNATSs Pressure-core Nondestructive Analysis Tools
TACTT Transparent Acrylic Cell Triaxial Testing System
PTCS Pressure Temperature Core Sampler

RCB Rotary Core Barrel

RIH Run in hole

SCIMPI Simple Cabled Instrument for Measuring Parameters In-Situ
SEM Scanning Electron Microscopy

SSDB Site Survey Data Bank

T2P Temperature 2 Pressure Probe

TCF Trillion Cubic Feet

TD Total depth

UNH University of New Hampshire

us United States

USGS United States Geological Survey

uT The University of Texas

UTIG The University of Texas Institute for Geophysics
XCB Extended Core Barrel

XRD/XRF X-ray diffraction/X-ray fluorescence
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Appendix A: Operational Plan

Introduction

The purpose of the preliminary Operational Plan is to define and scope the technical activities required to achieve the
scientific goals of our proposal. The selected set of measurement technologies included in this plan draws on the
operational and technical successes of the previous industry, academic, and national methane hydrate field programs,
including the International Ocean Discovery Program (and its predecessors), the U.S. Gulf of Mexico Joint Industry
Projects (JIP Legs 1 and 2), the India National Gas Hydrate Program NGHO1/NGHO02 expeditions, the Mallik drilling and
testing project in northern Canada, and the Mount Elbert and Ignik-Sikumi drilling projects in northern Alaska. Based on
these experiences, we determine the critical measurements and technologies required to address the scientific
objectives at each of the target sites to be drilled, including but not limited to, the collection of pressure cores,
conventional cores, conventional and enhanced wireline logging, Logging-While-Drilling (LWD) operations, in situ
temperature measurements, in situ fluid sampling, and pressure drawdown and permeability testing. In many of these
previous hydrate drilling projects, LWD operations preceded coring and wireline logging to allow for detailed pressure
coring and well testing plans to be designed. This Operational Plan makes use of the same approach at all of the
proposed sites and has been partitioned into Stage 1 (LWD) and Stage 2 (coring and wireline) operations.

The Operational Plan also provides a timeline for our proposed field program, establishing boundaries for the amount of
work that can be completed in the time available and allowing for the most efficient use of that time. To be consistent
with the baseline requirements of a Complementary Project Proposal (CPP) for the International Ocean Discovery
Program (see section 3.4), we have also prepared this Operational Plan to meet all requirements of that program and in
close consultation with the IODP Science Operator at Texas A&M University and the IODP Science Evaluation (SEP)
review process. In particular, the Operational Plan preserves the 56-day timeline of a standard IODP scientific
expedition, as per SEP recommendation, and identifies alternate sites locations (three) and proposed activities in the
event that any of the primary sites (seven) are not completed as planned or as time becomes available. Other specific
and unique requirements related to the measurement technologies for achieving our scientific goals (i.e., deployment of
large-diameter drilling pipe or ROVs from D/V JOIDES Resolution) have been discussed with IODP Science Operator and
are included in the Operational Plan to the extent possible at this time. On this basis, the Operational plan also provides
a framework to consider the technical and scientific staffing needs and logistical consideration for the proposed
expedition.

The preliminary Operational Plan with technical and rig time details at each primary site are provided below. Alternate
site locations are discussed in Section 2.2. These will be revised as needed until the actual drilling program.

Operational Plan

The expedition is designed as a standard 56-day scientific IODP expedition (Tables 4 & 5). The scientific objectives are
best achieved with 2 operational stages. Stage 1 will drill four (4) LWD holes at Mad Dog and Orca. Stage 2 will conduct
coring and wireline operations at three Terrebonne locations. Coring will feature conventional APC/XCB and RCB coring
tools, as many as 30 PBCT runs, wireline logging (including NMR and penetrometer testing), in situ fluid sampling and
short-duration formation pressure tests using the MDT straddle packer tool.

This two-stage strategy allows for shipboard analysis of the LWD results prior to Stage 2 and improved time and cost
efficiency with mid-expedition personnel and equipment transfers. We estimate preliminary rig times for Stage 1 and 2
activities, including transits, BHA assembly, and drilling, coring, and logging operations (Tables 4 & 5). These estimates
are computed using the Coring Time Estimator with input from the JR Science Operator at Texas A&M University.
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Stage 1 Activities

We will drill four (4) LWD holes at Mad Dog and Orca sites. The LWD program will include: geoVISION (GVR), EcoScope,
SonicScope, SonicVison, TeleScope, and ProVision-Plus (NMR) tools. Based on prior experience, operational times are
estimated assuming that LWD tools are combined and penetrate at 25 m/hr (average) in a separate lowering at each

site.

Stage 1 Operations

Table 4: GOM2 CPP Preliminary Operational Plan and Time Estimates for Stage 1 drilling. Times are based on the JRSO Time
Estimator and recent hydrate drilling experience. Average rate assumptions: LWD 25 m/hr; APC 9 m/hr; RCB/XCB 4.5 m/hr; PCBT
4 hr/run; penetrometer 2 hr/run; RIH, Pulling pipe 560 m/hr.
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Stage 2 Operations

Table 5: GOM2 CPP Preliminary Operational Plan and Time Estimates for Stage 2 drilling. Times are based on the JRSO Time

Estimator and recent hydrate drilling experience. Average rate assumptions: LWD 25 m/hr; APC 9 m/hr; RCB/XCB 4.5 m/hr; PCBT
4 hr/run; penetrometer 2 hr/run; RIH, Pulling pipe 560 m/hr.

Stage 2 Activities
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Three coring holes will be drilled at Terrebonne. Conventional core will be processed according to standard IODP
procedures and interspersed with pressure coring in hydrate bearing intervals. PCTB pressure coring tool will be
deployed at approximately 10 different intervals in the Orange and Blue sands. Coring will be punctuated by in situ
temperature and pressure measurements made using SETP/T2P wireline penetrometers. Temperature-depth record
from the APCT-3 will be recorded.

We will deploy wide-diameter wireline logging tools, including NMR for direct measurement of pore structure and
hydrate saturation, MDT to measure open-hole permeability and recover in situ fluid samples, and FMI to collect
formation images with twice the borehole coverage. This will require leasing large-diameter drill pipe and using the new
handling capability on the JR rig floor. These tools can be deployed in a new hole drilled explicitly for logging or in the
RCB hole after coring. In both cases, a free fall funnel is placed at the seafloor for re-entry and the larger-diameter drill
pipe is lowered and used as a conduit to the interval to be logged/tested. The MDT will be then be set at selected depths
to perform a borehole drawdown test and recover in situ fluid samples (Tables 4 & 5).
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DEEPWATER METHANE HYDRATE CHARACTERIZATION AND SCIENTIFIC ASSESSMENT

Appendix B: IODP Complementary Project Proposal for Genesis of Methane Hydrate in
Coarse-Grained Systems: Northern Gulf of Mexico Slope (GOM~2)

This appendix contains the Complementary Project Proposal (CPP) submitted by this project October 2015. A
Complementary Project Proposal (CPP) is a Full Proposal that has a commitment from a third party source for a
substantial amount of financial support. Expeditions arising from such proposals follow the normal IODP rules and the
IODP Sample, Data and Obligations Policy that defines the data moratorium, data access, and publication
responsibilities. The level of scientific staffing for the entity contributing the CPP funds is negotiated on a case-by-case
basis.
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Appendix C: Methane Hydrate Pressure Coring and Analysis: Gulf of Mexico Scientific
Planning Workshop Report

1. Executive Summary

On March 9th and 10th, 2015, 27 scientists and engineers from around the world held a Scientific Planning workshop to
prioritize research goals, identify gaps, and plan for the analysis of pressure cores acquired during UT’s DOE-supported
hydrate drilling program entitled ‘Deepwater Methane Hydrate Characterization and Scientific Assessment’. The specific
goals of the workshop were to:

1. Determine the critical information needed to be gained from pressure coring
Determine what types of analyses needed to be done to achieve the critical information.

3. Take this information to develop an overall scientific plan for drilling, logging and coring that addresses these
goals and that was technically feasible.

4. Develop a collaborative team composed of scientists and institutions enthused with participating in the research
program

During the first day, there was an overview of the existing technical capabilities. This was followed by a discussion of
previous experimental results and proposed future experimental results. The second day was spent in breakout groups
developing a strategy for the experimental plan.

A Science Plan for DOE Drilling was developed that looked at both on ship and shore-based sampling and analysis. Over
sixty-five measurements were identified as either critical or useful for meeting the three Scientific Objectives of the
project: understanding the characteristic physical properties of methane hydrate reservoirs in sand; identifying the
source gas and migration mechanism for methane hydrate systems in sand-rich marine reservoirs; and gaining a better
understanding of the production potential of methane hydrate reservoirs in sand sediment.

Day 1 Presentations
Goal 1. Review of scientific, technical and logistical goals of the DOE drilling experiment

Drilling for Methane Hydrates in the Gulf of Mexico [P. Flemings]: Peter Flemings opened the workshop by reviewing the

agenda, reviewing the goals of the workshop, and presenting an overview of the proposal submitted to the International
Ocean Discovery Program (IODP) entitled ‘Genesis of Methane Hydrate in Coarse-Grained Systems: Northern Gulf of Mexico
Slope’. The workshop goals represent one component of the main project goals which are to drill, core, and perform in-situ
testing of sand-rich marine hydrate reservoirs in the Gulf of Mexico. The workshop focus was to outline a process and a
scientific plan for the successful analysis of pressure cores.

Specific workshop goals were reviewed for each day including how the breakout sessions would work on the 2" day of the
workshop. The UT project will characterize methane hydrate morphology, concentration, formation permeability,
geochemistry, and in situ thermodynamic conditions in marine sand reservoirs in the Gulf of Mexico. The project will acquire
new data never acquired in U.S.; strengthen the understanding of methane hydrate morphology, concentration, physical
properties, geochemistry, and geological characteristics; and provide a foundation to model and predict production behavior
of these reservoirs. In the longer term the project will impact our understanding of energy security in the U.S. by
characterizing methane hydrates in marine sands as a first step toward demonstrating that production is feasible. Decades of
DOE investment in basic research in unconventional resources (shale gas/tight gas/tight oil) transformed US energy supply
and methane hydrate resources are of a similar scale.

Flemings reviewed the three phases of the UT project: Phase 1- will analyze and identify drilling locations, submit drilling
proposal, to develop the drilling & experimental program, and to submit an International Ocean Discovery Program (IODP)
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Complementary Program Proposal; Phase 2 (Tasks 5-11) will strengthen the project by nurturing a Complementary Project
Proposal (CPP), securing research vessel access, refining the science and operational plans, contracting pressure coring teams,
completing National Environmental Policy Act (NEPA) requirements, and securing a Pressure Coring and Core Analysis System;
and Phase 3 (through Task 16) will finalize drilling & operational plans, complete drilling program, and perform post-cruise
science.

The top scientific objectives the project intends to address were reviewed as well as the some of the specific knowledge to be
gained through the IODP.

e What are the characteristic physical properties of methane hydrate reservoirs in sand?
0 What is the response of methane hydrate deposits in coarse-grained systems to natural and induced
perturbations?
0 What controls the formation of methane hydrates in coarse-grained sedimentary systems?
e What is the source gas and migration mechanism for methane hydrate systems in sand-rich marine reservoirs?
e What is the production potential of methane hydrate reservoirs in sand sediment?

Review of current pressurized coring capabilities and recent scientific achievements in pressure coring analysis

Pressure Core Handling & Processing and PCATS [P. Schultheiss]:  Peter Schultheiss of Geotek Coring presented a review of

pressure core handling and analysis showing the history of pressure coring development and data starting with the Pressure
Core Barrel (PCB) developed in the early 70’s. Schultheiss also reviewed three wireline pressure coring tools; the Pressure
Core Barrel (PCB), the Pressure Core Sampler (PCS), and the Pressure Temperature Core Sampler (PTCS) developed for
JOGMEC. He then described the transition from stand-alone coring tools (that had no significant analysis capability) to the
development and details of integrated systems that included wire-line coring tools that are compatible with pressure core
analysis capabilities. These included the coring tools developed during the European Hydrate Autoclave Coring Equipment
(HYACE and HYACINTH) programs as well as the successors to earlier PCS tools including the current PCTB (Pressure Coring
Tool - with Ball valve) as is intended to be used in this project.

Schultheiss provided a detailed review of the Pressure Core Analysis and Transfer System (PCATS), which included schematics
and descriptions of core transfer, cutting, storage, and analysis. Analysis capability of the PCATS includes non-destructive
techniques of X-ray imaging, p-wave velocity, and gamma density measurements; and a depressurization chamber with gas
collection. He then discussed subsampling for longer term storage, third-party analysis, and the PCATS Tri-axial test
apparatus. Third parties measurements included P&S wave velocities, resistivity, and penetration strength. The tri-axial
system is capable of measuring tri-axial stress/strain properties, elastic properties from resonance data, and direct-flow
permeability.

Schultheiss concluded his review with a discussion about GOM2 emphasizing that the program should help maximize
information and improvements from the various expeditions outlined including: tool deployment and procedures; core
recovery and quality; and core handling, testing, sub-sampling.

Expected Performance, Predicted Core Quality [T. Pettigrew]: Tom Pettigrew of Pettigrew Engineering then presented

on pressure coring tools detailing the steps of coring starting with getting the corer down the hole. Pettigrew discussed the
different PCTB Bit configurations and provided detail schematics on running the hole, landing the corer, coring, latching the
core, and pulling the core. Pettigrew then provided a list of initial issues resulting from the on shore testing of the PCTB (under
the prior DOE-Chevron JIP project) that have been resolved and discussed future testing plans.

Pressure Core Characterization Tools - Overview, components, and possibilities [S. Dai]: Sheng Dai, of DOE’s National Energy

Technology Laboratory (professor, Georgia Institute of Technology), together with Bill Waite of the United States Geological
Survey (USGS) gave a review of the Pressure Core Characterization Tools (PCCT) outlining the different testing chambers used
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at Georgia Tech. Dai discussed the manipulation of pressure cores showing many photos of the PCCT manipulation and
analysis tools. The analysis tools reviewed included the Instrumented Pressure Testing Chamber (IPTC), Bio Chamber,
Effective Stress Chamber, Direct Sheer Chamber, and Controlled Depressurization Chamber. The IPTC was first deployed in
Gulf of Mexico for JIP drilling in 2005, but has also been used for hydrate drilling programs in India (NGHP-01), Korea (UBGG-
1), and Japan. It has eight ports for direct contact sensors like the Bender Element to measure S-wave velocity (Vs), the
Pinducer to measure Compressional Wave Velocity (Vp), the Strength Cone to measure Su, and the Electrical probe to
measure Oele; among others. Waite followed with a discussion of the PCCT deployment in Japan for the Japanese-led Nankai
Trough project. Waite’s description of the key conclusions about properties and behavior of hydrate-bearing sands is included
in: (Santamarina et al, 2012)

Gas Hydrate Bearing Sediment Core Sample Characterization & Re-Formation/Dissociation Investigations [C Koh]: Carolyn

A. Koh of the Colorado School of Mines, explored the structure and composition of hydrates using MAS-NMR, Raman, and Gas
Chromatography of Liquid-Nitrogen preserved and re-Pressurized Hydrate-Bearing Sediments (HBS) Core Samples. Koh also
discuss the centers experience in Mineralogy, Multi-scale imaging, Physical Properties, and Acoustic resonance at the center
and with their partners at the USGS and Lawrence-Berkeley National Labs. (Koh et al., 2011)

Nankai-Trough 2012/2013 Drilling/Coring/Production Test [K. Kiyofumi]:  Kiyofumi Suzuki reviewed JOGMEC’s experience
with pressure coring, including some discussion of their drilling procedure and some resulting drilling-induced structures

found in their cores from the Nankai Trough 2012/2013 Drilling/Coring/Production Test. He also described the geological
setting of the Nankai Trough Test site and briefly touched on results from their gas production test.

Methane Hydrate Pressure Coring and Analysis: Gulf of Mexico Scientific Planning Workshop [B Anderson]:  Brian Anderson,

of West Virginia University, reviewed production tests within hydrate reservoirs and efforts to simulate production of
methane hydrates. Industry tests were pursued in the 1970’s. However the rates were low and the issue was not pursued. In
1998 and 2002 tests were performed at Mallik (NW Canada). In 2007 BP-DOE-USGS performed the “Mt. Elbert” (MPU) field
test. In 2007 & 2008 Mallik (NW Terr. Canada) Depressurization. In 2011/2012 the Ignik Sikumi Test (PBU) was performed.
This was a scientific field trial of chemical exchange that was followed by a period of depressurization. Finally, in 2013
JOGMEC/METI/JAPEX performed a depressurization test in the Nankai Trough, offshore Japan. Anderson then reviewed
results from the ‘International Methane Hydrate Reservoir Simulator Code Comparison Project’ (Anderson et al, 2011).
Anderson then discussed efforts to simulate the production of the Orange Sand at the Walker Ridge 313 Block in the Gulf of
Mexico (Myshakin et al., 2012). Anderson pointed out that we have not yet demonstrated how to produce hydrates in
complex and sensitive settings. We have not demonstrated the ability to obtain and maintain required flow rates to be
economic. There is the possibility that there will be high water production. In addition, the sands are unconsolidated. We
must understand the implications for sand production, subsidence, and well stability.

Development of the Pressure-core Nondestructive Analysis Tools (PNATs) for Methane Hydrate Sedimentary Cores— Part 1

(Tool Development, Permeability) [Y. Konno]: Yoshihiro Konno and Jun Yoneda of National Institute of Advanced

Industrial Science and Technology (AIST) gave a review of their Pressure Core Non-Destructive Analysis Tools (PNATs). PNATs
can provide reservoir parameters such as hydrate saturation, X-ray CT image, wave velocity, permeability, mechanical
properties and so on, under pressure. The components of PNATS include the Core Storage Cabinet (PNATs-Cabinet), the X-Ray
CT Imaging Tool (PNATs-X), the Manipulation and Cutting (PNATs-Manipulator), the Transparent Acrylic Cell Triaxial Testing
System (PNATs-TACTT), the Depressurization Testing Chamber (PNATs-AIST IPTC), and Sub Sampling (PNATs-Sub Sampler);
some of these components are under construction. Konno then described analysis of pressure cores that were recovered from
hydrate-bearing sandy sediments in the Eastern Nankai Trough, June —July 2012. In this operation, PCATs by Geotek was used
for Chikyu onboard operation, and the USGS PCCT and PNATSs (under development) by AIST were used at the AIST Hokkaido
center. Konno compared different measurements of effective permeability for hydrate-bearing sandy sediments in the range
of 1-100 md and showed P-wave velocity, gamma density, and X-ray image measurements from PCATs. Konno also discussed
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the comparison of compressional wave velocity (vp) and hydrate saturation data to Helgerud (2001) model predictions to
understand hydrate morphology (Yamamoto and Ruppel, 2015 ).

Development of the Pressure-core Nondestructive Analysis Tools (PNATs) for Methane Hydrate Sedimentary Cores — Part 2

(Mechanical properties) [J. Yoneda]: Yoneda discussed AIST’s investigation of the mechanical properties of hydrate-bearing

sediments using PNATs (Yamamoto and Ruppel, 2015). Pressure-core-based tri-axial compression testing was conducted on
natural gas hydrate-bearing sediments while maintaining the pore pressure within the hydrate stability zone. Several images
of hydrate bearing sediments taken through the observation window of the PNATs-TACTT were shown as well as images
through the transparent acrylic cell during compression. Yoneda discussed their process for determining shearing speeds and
showed stress and strain curves for the sediments measured. Yoneda demonstrated that sediments containing natural gas
hydrate exhibited brittle failure, while hydrate-free sediments exhibited ductile failure; the effective friction angle for the
sediments without hydrate was shown to be 30° to 37°; the strengthening of sediments is mainly caused by the cohesion
induced by hydrates (Santamarina et al., 2015). Yoneda closed with a discussion of triaxial testing of hydrate samples placed in
liquid nitrogen prior to loading in the experimental device.

Laboratory Generation of Methane Hydrates [D. Meyer]: Dylan Meyer, David DiCarlo and Kehua You of the University of

Texas Institute for Geophysics (UTIG) together with Tim Kneafsey of Lawrence Berkeley National Laboratory discussed their
findings with artificially generated methane hydrates specifically looking at salinity-buffered hydrate formation and hydrate
front propagation (You et al., 2015).

Science and Logistics Planning for Pressure Core Analyses (Post-PCATS) [C. Ruppel]: Carolyn Ruppel, Project Chief of the USGS

Gas Hydrates Project, opened her presentation by posing the question of how we establish Gulf of Mexico coring analysis
program by 2018. Ruppel reviewed the history of coring analysis starting with the ODP PCS system in the mid 90’s which could
only analyze short depressurized core, touched on the history of Parr Vessels, and re-capped the current analysis capability of
the US Portable Pressure Core Analysis System. Ruppel stressed the importance of measuring and using multiple properties
from pressure cores as indirect constraints on the corresponding reservoir characteristics. Ruppel reviewed their experience
with Georgia Institute of Technology on the integration of PCCT measurements with other datasets. She emphasized the
value and difficultly of obtaining pressure cores. She emphasized that unlike conventional cores where extensive analysis is
done on every core, pressure cores must be carefully sub-divided and dedicated to specific analyses. Ruppel emphasized the
exhaustive pressure core analysis is best done substantially after the cruise (following post-cruise science planning workshops)
and provided evidence that the cores would still provide accurate data even after delays as long as they are stored,
transported, and tested at pressure and temperature conditions within the hydrate stability zone.

Ruppel proposed that four phases are fundamental to a scientific plan for coring: 1.) what needs to be thought through before
the cruise?; 2.) what should be done on the ship?; 3.) what needs to be done after the cruise?; and 4.) how will the data be
integrated post-cruise? Ruppel then provided some key logistical considerations for the PCCT Analyses, including the
requirements for cold rooms, ventilation, and especially shippable storage chambers. Ruppel then discussed what was needed
immediately and in the long term for the project. Short term needs include obtaining US Department of Transportation and
American Bureau of Shipping Certification of storage chambers, and altering the PCCT. Long term needs include extending the
use of the bio cell for subsampling, refining the core sawing and depressurization process, and possibly creating a portable
visualization cell, which would be a community responsibility. A framework for the management of the project similar to the
Interlab Comparison Team was suggested.

Pore-scale physical property characterization [H. Daigle]: Hugh Daigle of the University of Texas, Petroleum and Geosystems

Engineering, presented on his experience with pore-scale physical property characterization stressing the importance of pore-
scale characterization in conventional cores to obtain the proper interpretation of pressure core results as pore-scale
properties have a strong influence on the distribution of hydrates, even in sands. Daigle reviewed the specific pore-scale
properties that influence the location and rates of hydrate formation including: the availability of methane and water; pore
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size (magnitude and distribution); grain surface area; and surface charge/cation exchange capacity. Daigle proposed several
parameters that should be included in the scientific plan and then discussed some specific considerations for the
measurement of permeability, diffusion, pore-size, surface area, and exchangeable cations. (Daigle and Dugan, 2011)

Determination of In-Situ Salinity [K. You]: Kehua You, Dylan Meyer and Kristopher Darnell of UT reviewed the basic approach

to depressurization (Milkov, 20114). She then presented a model to describe the mass balance and pressure vs. time behavior
during depressurization. Discussion then focused on what approach should be taken for depressurization. Depressurization
can be done directly from the coring autoclave. This involves dedicating one of a limited number of autoclaves to
depressurization (hence it cannot be used for further coring) and also involves sacrificing the entire pressure core to the
analysis. However, it has the advantage that it limits the amount of additional fluid added to the system. Alternatively,
depressurization could be done in PCATS, but this is not recommended. Finally, depressurization of a sub-sample could be
done in a decompression chamber after sub-sampling with PCATS. There was discussion about the impact of having significant
amounts of fluid introduced into the PCATS during the subsampling. It was pointed out that the water added into PCATS could
be tagged with a tracer and thus we could use this to correct measurements at the end to the in situ concentration. Kehua
next emphasized the importance of developing an approach for extracting pore fluids from hydrate samples under in-situ
pressure and temperature conditions. Three techniques were reviewed. 1) Efforts have been made to use a syringe system
with the IPTC system. However, the sample is stiff, it is difficult to remove the fluids, and the pressure conditions are changed
when using a syringe. 2) A second approach is to displace the fluid from the pressurized core using a non-wetting and high
viscosity fluid under high pressure. This technique has been proposed but not yet successfully demonstrated. 3) Finally, one
direct approach is to use a downhole wireline tool such as Schlumberger’s MDT to directly pull a fluid sample from the
formation.

Pressure core based study of GH in the Ulleung Basin, Korea [l.Y. Lee]: Joo Young Lee, of the Korean Institute of

Geoscience and Mineral Resources (KIGAM), Gas Hydrate R&D Organization gave a presentation titled “Pressure core based
study of GH in the Ulleung Basin, Korea”. They successfully recovered twenty-one pressure cores described how the cores
were subdivided for gas quantification, production experiments, and 3D CT scans. Lee reviewed some of the data acquired on-
board the ship including p-wave, gamma density, X-ray, and 3D CT scans showing a gas hydrate saturation of 0.21 (Lee et al.,
2013). Lee also showed some of the data from subsequent on-shore results of degassing and production tests. The
depressurization test quantified electrical resistivity, vertical effective stress, void ratio, and hydraulic conductivity as a
function of three depressurization steps.

Day 2 Breakout Sessions
Goal 4. Developing a Science Plan for DOE Drilling: a plan for the successful acquisition and analysis of pressure cores

The scientific objectives of the project were again reviewed in preparation for the breakout sessions. The scientific objectives
were posed as follows:

What are the characteristic physical properties of methane hydrate reservoirs in sand?
What is the response of methane hydrate deposits in coarse-grained systems to natural and induced perturbations?
What controls the formation of methane hydrates in coarse-grained sedimentary systems?

P wnNR

What is the source gas and migration mechanism for methane hydrate systems in sand-rich marine reservoirs?
5. What is the production potential of methane hydrate reservoirs in sand sediment?

Breakout Session 1 & 2:

The first two breakout sessions focused on the following questions. Breakout 1: What are the key parameters we need to
achieve our research goals [our scientific objectives above]? And Breakout 2: Measurement logistics. How and where do we
measure these desired parameters? In Breakout Session 1, the workshop attendees were divided into two groups. Group A,
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led by Tetsuya Fujii and Brian Anderson, focused on the parameters needed for understanding Reservoir Genesis. Group B, led
by Hugh Daigle, focused on the parameters associated with Reservoir Perturbation. In Breakout Session 2 the workshop
attendees were again divided into two groups. Group A led by Hugh Daigle and Peter Schultheiss, discussed what parameters
could be measured on the ship while the second group, Group B led by Sheng Dai & Bill Waite, discussed what could be
measured on shore, post-cruise, again assuming no limitations on shipping pressurized cores to different laboratories.
Between both groups over sixty-five different measurements were identified as being critical or useful for meeting the
scientific objectives as shown in Table 7. A spreadsheet with the full list of parameters and their corresponding scientific
objective and possible measurement location (ship or shore) is available and a view the contents can be found in the Table 6.
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Table 6: Output of Breakout Sessions 1 & 2

Pressure Conv. Or Potential
core (under | degassed | Whole Contact Status of
Measurement Shipboard | Land | Both | pressure) Core core? Tool person Development
Gas chemistry
Headspace: Hydrocarbons, CO2
and Fixed Gases (N2, 02) X N Y Y GC
Void Gas: Hydrocarbons, CO2 and
Fixed Gases (N2, 02) X N Y Y GC
Pressure core degassing (gas &
fluid analysis) X Y N Y GC
Pure hydrate degassing (gas &
fluid analysis) X Y Y Y GC
Stable carbon isotopes (C1, C2,
C02) X Y Y Y Mass spec/spectrometer
Stable hydrogen isotopes (C1) X Y Y Y Mass spec
d13C-DIC X Y Y Y Mass spec
Location of dissociating gas
hydrate (infrared) X N Y Y IR track

Phase 1 Report

Submitted: 22-Dec-2015

Page | 77



DEEPWATER METHANE HYDRATE CHARACTERIZATION AND SCIENTIFIC ASSESSMENT, DOE Award No.: DE-FE0023919

Pressure Conv. Or Potential
core (under | degassed | Whole Contact Status of
Measurement Shipboard | Land | Both | pressure) Core core? Tool person Development
Fluid chemistry
Chloride X Y Y Y Titration
Salinity X Y Y Y Refractometer
pH X Y Y Y Titration
S04, Br (if not measured
shipboard) X Y Y Y IC
Alkalinity X Y Y Y Titration
Other fluid chemistry X Y Y Y Other (ICP, IC, etc.)
Dissolved gas concentrations X Y N Y ?? USGS / NETL
Solid chemistry
Total Carbon (TC) X N Y N CHN analyzer
Bulk Carbonate X N Y N CHN analyzer
d14C-DIC X N Y N Mass spec
C and N stable isotopes X N Y N Mass spec
Rock eval/pyrolysis X N Y N Rock eval
Cation exchange capacity X N Y N Titration
Mineralogy/elemental X N Y N XRD/XRF CKOH
Hydrate structure X Y N Y Raman/MAS-NMR CKOH
Cage occupancy X Y N Y Raman CKOH
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Pressure
core Conv. Or Potential
(under degassed | Whole Contact Status of
Measurement Shipboard | Land | Both | pressure) Core core? Tool person Development
Basic index properties
(can be done on
disturbed samples)
Liquid and Plastic Limit X N Y N Atterberg test TEST
USGS / CSM
Specific Surface X N Y N Methylene blue / LBNL
USGS / LBNL
Grain Size distribution X N Y N Sedigraph/Settling column/LPSA | / NETL/ CSM
Fine grain distribution X N Y N Sedigraph/Settling column/LPSA | USGS
Grain Shape/texture USGS /
(optical, cryo-SEM) X N Y N optical microscope, SEM +0OTHERS
LAURA
Hydrate grain size/shape X N Y N Cryo SEM STERN, USGS
USGS / NETL
Grain density X N Y N Helium pycnometer / LBNL
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Pressure
core Conv. Or Potential
(under degassed | Whole Contact Status of
Measurement Shipboard | Land | Both | pressure) Core core? Tool person Development
Physical properties
(require minimally
disturbed samples)
In situ pressure,
temperature, & stress X N N N LWD/penetrometer
Thermal conductivity X Y Y Y PCCT/Needle probe
thermodynamics of SCHULTHEISS
hydrates at T,P,gas / BOSWELL /
composition, water ALLWITH P
chemistry/salinity X Y N Y PCCT CORE
SCHULTHEISS
/ BOSWELL /
Hydrate metastability ALLWITH P
during dissociation X Y N Y PCCT CORE / CSM
Paleomag X N Y N Magnetometer HUGH
PCATS/PCCT/Chlorinity/resistivity
Hydrate saturation X Y Y Y etc. ALL
Continuous density from
gamma ray X Y Y Y MSCL/PCATS/PCCT
P-wave velocities X Y Y Y MSCL/PCATS BOSWELL
Electrical resistance X Y Y Y MSCL/PCCT USGS
Natural gamma radiation X N Y Y MSCL
Magnetic susceptibility X N Y Y MSCL
Moisture and Density
(MAD) (porosity) X N Y N Helium pycnometer USGS / LBNL
Wettability X Y Y Porous plate/PCATS/PCCT CSM
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Pressure
Ship core Conv. Or
boar (under degassed | Whole Potential Status of
Measurement d Land | Both | pressure) Core core? Tool Contact person | Development
Physical properties (require
minimally disturbed samples)
Gas saturation below base of
stability X Y N Y PCATS
Archie parameters X Y Y Y Resistivity probe HUGH
Routine sedimentological USGS / UT
description X Y Y both X-ray, visual description AUSTIN
Heat capacity X N N N Calculation
Capillary pressure & residual
water saturation X Y Y Y Porous plate/PCATS/PCCT HUGH
X-Ray Imagery/CT
imagery/micro-CT
imagery/synchrotron X Y Y Y X-ray/micro-CT/CT HUGH
Permeability/relative
perm/anisotropy X Y Y Y PCATS/PCCT/CRS/Triax BOSWELL
Pore scale salinity distribution
and hydrate distribution during
production - using a
micromodel with a
tracer/florescent; micro-CT NETL/ LBNL/
with BaCl2 exclusion X Y N Y CT/micro-CT CSM
HUGH /
Diffusion coefficient X Y Y Y NMR MELANIE
micro-CT/porous NETL/ LBNL/
Pore size X Y Y Y plate/MICP/SEM/NMR CSM / HUGH
Fines mobility X Y Y Y PCATS/PCCT
Shear velocity X Y N Y PCCT/PCATS BOSWELL
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Pressure Conv. Or Potential

core (under | degassed | Whole Contact Status of
Measurement Shipboard | Land | Both | pressure) core core? Tool Person Development
Mechanical properties
Shear Strength X Y Y Y PCCT/PCATS BOSWELL
Compressibility/overconsolidation
ratio/settling due to dissociation X Y Y Y PCCT/PCATS BOSWELL
Attenuation/damping X Y Y Y PCCT/PCATS
Stress-strain constitutive properties X Y Y Y PCCT/PCATS BOSWELL
KO X Y Y Y PCCT/PCATS BOSWELL
Friction angle X Y Y Y PCCT/PCATS BOSWELL
Microbiology
Biomass (cell numbers, DNA
quantity) X Y N Y PCCT COLWELL
Microbial diversity (16S rDNA
community characterization, intact
polar lipids) X Y N Y PCCT COLWELL
Microbial activity (14-C-labeled
substrate turnover,
metatranscriptomics) X Y N Y PCCT COLWELL
Functional capabilities
(metagenomes, targeted functional
genes) X Y N Y PCCT COLWELL
Cultivations, growth studies X Y N Y PCCT COLWELL
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Table 7: Identified ship-board measurements contributing toward scientific goals 1-3.

Analysis Category Measurement: What are What is the | What is Ship | Land | Both
1. Can be done on the Source Gas | the
disturbed samples characteristi | and Productio
2. Require minimally cs of Migration n
disturbed samples Hydrate Mechanism | Potential?
Reservoirs? ?
1 Gas chemistry Headspace: Hydrocarbons, 2 X
CO2 and Fixed Gases (N2,
02)
2 Gas chemistry Void Gas: Hydrocarbons, CO2 2 X
and Fixed Gases (N2, 02)
3 Gas chemistry Pressure core degassing (gas | 1 2 X X X
& fluid analysis)
4 Gas chemistry Pure hydrate degassing (gas 1 2 X X X
& fluid analysis)
5 Gas chemistry Stable carbon isotopes (C1, 2 X X X
C2, CO2)
6 Gas chemistry Stable hydrogen isotopes 2 X X X
(C1)
7 Gas chemistry d13C-DIC 2 X
8 Gas chemistry Location of dissociating gas 1 X
hydrate (infrared)
9 Fluid chemistry Chloride 1 X
10 | Fluid chemistry Salinity 1 X
11 | Fluid chemistry pH 1 2 X
12 | Fluid chemistry S04, Br (if not measured 2 X
shipboard)
13 | Fluid chemistry Alkalinity 1 2 X
14 | Fluid chemistry Other fluid chemistry X
15 | Fluid chemistry Dissolved gas concentrations X
16 | Solid chemistry Total Carbon (TC) 2 X
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Analysis Category Measurement: What are What is the | What is Ship | Land | Both
1. Can be done on the Source Gas | the
disturbed samples characteristi | and Productio
2. Require minimally cs of Migration n
disturbed samples Hydrate Mechanism | Potential?
Reservoirs? | ?
17 | Solid chemistry Bulk Carbonate 2 X
18 | Solid chemistry d14C-DIC 1 2 X
19 | Solid chemistry 2 X
20 | Solid chemistry Rock eval/pyrolysis 1 2 X
21 | Solid chemistry Cation exchange capacity 1 X
22 | Solid chemistry Mineralogy/elemental 1 X
23 | Solid chemistry Hydrate structure 1 X
24 | Solid chemistry Cage occupancy 1 X
25 | Basic index properties? Liquid and Plastic Limit 1 X X X
26 | Basic index properties? Specific Surface 1 X X X
27 | Basic index properties? Grain Size distribution 1 X X X
28 | Basic index properties? X
29 | Basic index properties? Grain Shape/texture (optical, | 1 X X X
cryo-SEM)
30 | Basic index properties? X
31 | Basic index properties? Grain density 1 X X X
32 | Physical properties In situ pressure, 1 2 3 X
temperature, & stress
33 | Physical properties? Thermal conductivity 1 3 X X X
34 | Physical properties? 1 X X X
35 | Physical properties? 1 X
36 | Physical properties? Paleomag 1 X X X
37 | Physical properties? Hydrate saturation 1 2 3 X X X
38 | Physical properties? Continuous density from 1 X X X
gamma ray
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Analysis Category Measurement: What are What is the | What is Ship | Land | Both
1. Can be done on the Source Gas | the
disturbed samples characteristi | and Productio
2. Require minimally cs of Migration n
disturbed samples Hydrate Mechanism | Potential?
Reservoirs? | ?
39 | Physical properties? P-wave velocities 1 X X X
40 | Physical properties? Electrical resistance X X X
41 | Physical properties? Natural gamma radiation 1 X X X
42 | Physical properties? Magnetic susceptibility 1 X X X
43 | Physical properties? Moisture and Density (MAD) | 1 X X X
(porosity)
44 | Physical properties? Wettability 1 3 X
45 | Physical properties? Gas saturation below base of | 1 2 3 X
stability
46 | Physical properties? Archie parameters 1 X
47 | Physical properties? Routine sedimentological 1 2 3 X
description
48 | Physical properties? Heat capacity 1 3 X X X
49 | Physical properties? Capillary pressure & residual | 1 3 X
water saturation
50 | Physical properties? X-Ray Imagery/CT 1 X X X
imagery/micro-CT
imagery/synchrotron
51 | Physical properties? Permeability/relative 1 2 3 X X X
perm/anisotropy
52 | Physical properties? 1 X
53 | Physical properties? Diffusion coefficient 1 2 X
54 | Physical properties? Pore size 1 2 X
55 | Physical properties? Fines mobility 1 3 X
56 | Physical properties? Shear velocity 1 X X X
57 | Mechanical properties Shear Strength 1 X X X
58 | Mechanical properties Compressibility/over 1 3 X
consolidation ratio/settling
due to dissociation
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Analysis Category Measurement: What are What is the | What is Ship | Land | Both
1. Can be done on the Source Gas | the
disturbed samples characteristi | and Productio
2. Require minimally cs of Migration n
disturbed samples Hydrate Mechanism | Potential?
Reservoirs? | ?
59 | Mechanical properties Attenuation/damping 1 X
60 | Mechanical properties Stress-strain constitutive 1 3 X
properties
61 | Mechanical properties KO 1 3 X
62 | Mechanical properties Friction angle 1 3 X
63 | Microbiology Biomass (cell numbers, DNA 1 2 X
quantity)
64 | Microbiology Microbial diversity (16S rDNA | 1 2 X

community characterization,
intact polar lipids)

65 | Microbiology Microbial activity (14-C- 1 2 X
labeled substrate turnover,
metatranscriptomics)

66 | Microbiology Functional capabilities 1 2 X
(metagenomes, targeted
functional genes)

67 | Microbiology Cultivations, growth studies 1 2 X

The parameters identified as critical for answering the question “What are the characteristic physical properties of
methane hydrate reservoirs in sand?”, scientific objective 1, that need to be collected shipboard were: gas and liquid
analysis of from degassed pressure cores, gas and liquid analysis from degassed pure hydrate, identification of the
location of dissociating gas hydrate using infrared analysis, liquid analysis of salinity, pH, and alkalinity. The gas and
liquid analysis of degasses core could and should also be done on shore. Many indices of physical and basic properties of
rocks should also be measured on the ship and on shore.

In addition to the parameters that should be measured on ship and shore, several other parameters were discussed that
did not need to be or could not be measured on the ship and so should be measured on shore. These include
identification of the solid chemistry, wettability, pore size, permeability, and various indications of microbiology.

The parameters identified as critical for answering the question “What is the source gas and migration mechanism for
methane hydrate systems in sand-rich marine reservoirs?”, scientific objective 2, that need to be collected shipboard in
addition to what was already identified for Objective 1 were: measurements of headspace and void gas chemistry,
measurements of gas stable carbon and hydrogen isotopes, and sulphate and bromide fluid chemistry.

The parameters identified as critical for answering the question “What is the production potential of methane hydrate
reservoirs in sand sediment?”, scientific objective 3, that need to be collected shipboard and on shore all fall into what
was already identified for Objective 1.
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Breakout Session 3:

In Breakout Session 3, our goal was to develop a scientific plan for a marine hydrate drilling program. In order to
facilitate the discussion, a scenario based on previous drilling at Walker Ridge 313 was outlined with text and figures by
Flemings. The scenario was summarized as follows:

1. The location has previously been drilled and logged with LWD (logging while drilling). Two important hydrate-
bearing intervals in sands are present.

The proposed plan is to acquire a full suite of wireline logs during the experiment.

One MDT (Modular Dynamics Test) will be performed

Up to 10 PCS cores may be acquired.

vk wN

Pressurized cores can be shipped to specific land-based laboratories.
6. You have 10 to 15 days of ship time

David Divins led the discussion in Breakout Session 3. The broad goal was to outline a broad PCS experimental plan that
will be applied to sites where we pressure core. The discussion was divided into two parts: 1) what is the plan with
respect to pressure cores; and 2) What are some of the other non-pressure core measurements that need to be made.

Pressure Core Analyses:

We outline a broad experimental plan for ship-based and shore based pressure core research as shown in Table 8 and
Figure 3.

Subsamples of the pressure cores will be processed at research institutions around the globe with capability to
manipulate and analyze pressure cores. The Pressure Core Characterization Tool (PCCT) is one such system now housed
by the USGS at Woods Hole (Santamarina et al., 2012; Santamarina et al., 2015).

Core Sampling:

High-resolution pressure core sampling will occur through the transitions from mudstone to gas hydrate-bearing sands.
These pressure cores will quantify gas hydrate saturations, and characterize background pore water profiles. Limited
testing will occur at sea due to time constraints, but each pressure core should have a detailed sub-sampling program
guided by pressure velocity, density, and cat-scans of the entire core taken immediately upon recovery. It seemed
obvious to the group that PCATS, or a PCATS like system, should be used on the ship for this and to execute the sub-
sampling plan once established.

Exceptions to running every core through velocity, density and cat-scans might be to ensure minimal contamination
from the surrounding drilling fluid/sea water through rapid degassing followed by dunking in Liquid Nitrogen (this might
also be done on cores were the pressure is not holding to preserve as much hydrate as possible). Another exception
might be slow depressurization of the core straight from the Autoclave while on the ship. This, while ensuring minimal
contamination of the cores from the surrounding drilling fluid/sea water, holds up the autoclave for maybe too long of a
period and is risky since there is no PCATS data to suggest the presence of hydrate. Also, unlike depressurization in the
PCCT, there is no way to penetrate the liner to ensure the lithology will be preserved nor there be a way to measure the
internal core temperature. There was some consideration for storing the PCATS samples in immiscible fluid or gas
instead of sea water, but nothing came out of the discussion.
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Ship-board Analysis:

After the site is finished and the detailed sub-sampling plan determined. One to two sub-sections (~10 cm) from each
core will be cut and degassed shipboard for quantitative analysis of total methane concentration and gas hydrate
saturation, and other sub-samples will be dedicated to shipboard triaxial analyses. Any sample degassed on ship and not
kept in liguid nitrogen should receive all of the shipboard measurement routinely done on conventional cores and/or be
shipped for additional shore based analysis as conventional cores.

Sub-Sampling and Shore-based Analyses:

Sub-samples for physical properties and pore water geochemical analyses will be stored under pressure in storage
containers, and then processed on shore. <1.2 meter is the envisioned standard length and they should be stored at 4-6
degrees. Sub-samples for shore-based microbiology experiments and analyses including measuring the rates and
activities of methanogens will be stored under in situ conditions; these samples will span all pressure coring depths and
will particularly focus on the interface between mudstone and sand.

Some sub-samples for shore-based characterization should be stored in liquid nitrogen after very rapidly
depressurization. The group discussed that it might be possible to cryo-freeze under full pressure, then depressurize,
then put in nitrogen, then ship to shore. Thus reducing ice crystal formation and damage to the sample.

Once on-shore, further sub-sampling of pressure cores will be done. Pressurized flow experiments will be planned to
look at capillary pressure, measuring permeability at different hydrate saturations over a long term pressure
deactivation in some type of tri-axial vessel. Conventional CT or Micro CT will be run as well as run controlled
depressurization experiments looking at the thermodynamics of hydrates with temperature, pressure, gas composition,
water chemistry/salinity, and geochemistry. Microbiology measurements that don’t depend upon pressure but might
depend on selecting samples of different grain size could be done on degassed sub-samples if the lithology is known.
The group also touched on the possibility of using Cryo-SEM to image hydrates which, if possible, would be very
significant.
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Table 8: Board Experimental Plan for Ship and Shore Based Analyses

1) Routine Coring Velocity, bulk density, and linear X-rays will be done to all pressure cores
Measurements immediately as they are recovered on deck.
2) Temporary Core Storage | Next, 3 m pressure cores that are acquired will be placed in a storage chamber. Any
pressure cores recovered at the site will be stored until the conclusion of drilling the
site.

3) Complete Sampling Plan | After the Site is finished, a sampling plan will be developed that will subdivide plans
for Shipboard Analysis and those for Post-Cruise Analysis:

3a) | Shipboard Sampling and | Shipboard measurements will be used to confirm hydrate presence and

Analysis concentration. We will cut 1 or 2 samples from each pressure core (~10 cm) and put
these into a cell. We will measure permeability, measure pore fluid chemistry,
measure hydrate concentration and perform degassing.

On select pressure cores, pore water will be extracted under pressure to sample true
background composition. Once the samples are degassed they will be analyzed for
standard properties in the shipboard core flow. This will either be through a syringe
type device or through displacement of fluid during a permeability test.

3b) | Sampling for Shore Storage under pressure: Cores will be subsampled and placed in pressure containers
Based Analysis for delivery to individual research institutions. These samples could be later further
subsampled on shore.

Liquid Nitrogen: Some samples will be stored at atmospheric pressure in liquid
nitrogen. The samples will be rapidly depressurized and plunged into liquid nitrogen.
Plans are underway to develop an approach to freeze the samples under pressure
and then depressurize these samples and plunge into nitrogen.

4) Shore-Based Analysis Shore based analysis will include analyses now done with the PCCT such as
permeability, mechanical properties, hydrate saturation and the taking of biologic
samples. We hope to develop the ability to perform Micro CT on pressure core
samples.

Phase 1 Report Page | 89



DEEPWATER METHANE HYDRATE CHARACTERIZATION AND SCIENTIFIC ASSESSMENT, DOE Award No.: DE-FE0023919

Figure 3: Board Experimental Plan for Ship and Shore Based Analyses
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Additional Important Measurements:

Beyond pressure coring, the following was recognized to be of critical importance. Whole round conventional cores from
the mudstone need to be taken to look at pore water composition and material properties in the absence of hydrate. In
the well, in-situ temperature (penetrometer, or APC), and in-situ pressure (penetrometer, XPT) should be taken. A Single
probe drawdown and sample (XPT) might be done. The group discussed packing off an interval. If you pack off an
interval, the borehole volume overwhelms the measurement in low permeability material. A drill-stem across a packed
interval might be appropriate. Some type of borehole monitoring or borehole experiment could be done such as
monitoring the long term temperature and pressure as the system equilibrates by leaving the thermal and acoustic fiber
in the hole. The application of the Simple Cabled Instrument for Measuring Parameters In-Situ (SCIMPI) from the IODP
should be explored as well as a possible tracer injection.

The Project Team
Goal 5. Developing a project team composed of scientists and institutions enthused with participating in research
program

Workshop attendees from around the globe freely contributed their knowledge in pressure coring to the workshop.
When, and if, pressure coring occurs in the DOE-sponsored Gulf of Mexico Methane Hydrate drilling program, it is
envisioned that workshop participants will be given the opportunity to participate in the experimental analysis of the
pressure cores. This may occur through shipment of cores to particular institutions or through participation at facilities
with particular areas of expertise.

Summary

On March 9th and 10th, 2015, 27 scientists and engineers from around the world held a Scientific Planning workshop to
prioritize research goals, identify gaps, and plan for the analysis of pressure cores acquired during UT’s DOE-supported
hydrate drilling program entitled ‘Deepwater Methane Hydrate Characterization and Scientific Assessment’. During the
first day, there was an overview of the existing technical capabilities. This was followed by a discussion of previous
experimental results and proposed future experimental results. The second day was spent in breakout groups
strategizing components of the experimental plan.

Scientific, technical and logistical goals of the DOE drilling experiment were reviewed by the group including a discussion
of the impact of the project to the energy security in the US and abroad as predicted based on the new knowledge that
will be gained through this project and on the history of similar projects in unconventional reservoirs which have
transformed the US energy supply.

A Science Plan for DOE Drilling was developed that looked at both on ship and shore-based sampling and analysis. Over
sixty-five measurements were identified as either critical or useful for meeting the three Scientific Objectives of the
project: understanding the characteristic physical properties of methane hydrate reservoirs in sand; identifying the
source gas and migration mechanism for methane hydrate systems in sand-rich marine reservoirs; and gaining a better
understanding of the production potential of methane hydrate reservoirs in sand sediment.

A project team composed of scientists and institutions enthused with participating in research program was identified.
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Table 9: Methane Hydrate Pressure Coring and Analysis: Gulf of Mexico Scientific Planning Workshop Agenda

Monday, March 9t
Overview and Technical Review
8:00 am Research Program and Workshop Goals [P. Flemings]
8:30 am Pressure Core Handling & Processing and PCATS [P. Schultheiss]
9:00 am Discussion
9:15am PCS - Expected Performance, Predicted Core Quality [T. Pettigrew]
9:45 am Discussion
10:00 am  Break
10:15am  Pressure Core Characterization Tools (PCCT) [S. Dai]
10:45 am  Discussion
11:00 am  Applications of PCCT [W. Waite]
11:30am  Discussion
12:00 pm Lunch

Experience and Approach

Previous Experimental Results/Field Experiences
1:00 pm Laboratory-Scale Experimental and Modeling Investigations of Hydrate Bearing Sediments [C. Koh]
1:20 pm  Nankai-Trough 2012/2013 Drilling/Coring/Production Test [K. Suzuki]
1:40 pm Reservoir Modeling - Coring Program Input Parameters [B. Anderson]
2:00 pm Development of the Pressure-core Nondestructive Analysis Tools (PNATs) for Methane Hydrate
Sedimentary Cores — Part 1 (Tool Development, Permeability) [Y. Konno]
2:20 pm Development of the Pressure-core Nondestructive Analysis Tools (PNATs) for Methane Hydrate
Sedimentary Cores — Part 2 (Mechanical Properties) [J. Yoneda]
2:40 pm Laboratory Generation of Methane Hydrates [D. Meyer, T. Kneafsey, D. DiCarlo, K. You]

Proposed Experimental Program to Achieve Project Goals
3:00 pm Proposed Pressure Core Analyses - Science Planning, Workflow, & Logistics [C. Ruppel]
3:40 pm  Pore-scale Physical Property Characterization [H. Daigle]
4:00 pm Determination of In-Situ Salinity [K. You, D. Meyer, K. Darnell]
4:20 pm  Pressure Core Study of Gas Hydrates in Ulleung Basin [J. Lee]
4:20 pm  Review of Key Parameters for Science Goals

7:00 pm Dinner at the Flemings’ Home

Tuesday, March 10th
Scientific Plan Development
8:00 am Review of Goals for Day [P. Flemings]
8:30 am Breakout 1: What are the key parameters we need to achieve our research goals?
10:00 am Breakout 2: Measurement logistics: how and where do we measure the desired parameters?
11:30am  Brief Working Group Reports
12:00 pm Lunch

Experimental Program and Next Steps
1:00 pm  Breakout 3: Reconvene to define experimental program
4:00 pm  Define near term action items to move forward

Table 10: Attendees and Contact Information

Last Name First Name Email Organization
Anderson Brian brian.anderson@mail.wvu.edu West Virginia University
Baker Rick richard.baker@netl.doe.gov National Energy Technology Laboratory
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Dai Sheng dais@netl.doe.gov National Energy Technology Laboratory

Daigle Hugh daigle@austin.utexas.edu The University of Texas at Austin

Darnell Kris kdarnell@utexas.edu The University of Texas at Austin

DiCarlo David dicarlo@mail.utexas.edu The University of Texas at Austin

Divins David david.divins@unh.edu University of New Hampshire

Espinoza Nicolas espinoza@austin.utexas.edu The University of Texas at Austin

Flemings Peter pflemings@jsg.utexas.edu The University of Texas at Austin

Fujii Tetsuya fujii-tetsuya@jogmec.go.jp Japan Oil, Gas and Metals National Corporation

Holland Melanie melanie@geotek.co.uk Geotek Coring

Kneafsey Tim tikneafsey@Ibl.gov Lawrence Berkeley Lab

Koh Carolyn cannkoh01l@gmail.com Colorado School of Mines

Konno Yoshihiro yoshihiro-konno@aist.go.jp National Institute of Advanced Industrial Science and
Technology

Lee Joo Young jyl@kigam.re.kr Korean Institute of Geoscience and Mineral Resources

Meyer Dylan meyerdw3@gmail.com The University of Texas at Austin

Nagao Jiro jiro.nagao@aist.go.jp National Institute of Advanced Industrial Science and
Technology

Pettigrew Tom pettigrew.engineering@windstream.net  Pettigrew Engineering

Polito Peter peter.polito@jsg.utexas.edu The University of Texas at Austin

Ruppel Carolyn cruppel@usgs.gov United States Geological Survey

Schultheiss Peter peter@geotek.co.uk Geotek Coring

Seol Yongkoo yongkoo.seol@netl.doe.gov National Energy Technology Laboratory

Suzuki Kiyofumi suzuki-kiyofumi@jogmec.go.jp Japan Oil, Gas and Metals National Corporation

Tachau Anna anna.tachau@austin.utexas.edu The University of Texas at Austin

Waite William (Bill) wwaite@usgs.gov United States Geological Survey

Yoneda Jun jun.yoneda@aist.go.jp National Institute of Advanced Industrial Science and
Technology

You Kehua khyouml@gmail.com The University of Texas at Austin
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Appendix D: Hybrid Pressure Coring Tool with Ball Valve (PCTB) 2015 Laboratory Test
Program
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