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Laboratory Results
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Significant reserves in gas hydrate deposits
within coarse-grained systems

Arctic sands

00 TCF US Gas Reserves: 350 TCF

Global Gas Reserves: 6850 TCF

Marine sands
1000-10000 TCF

Fracured marine muds
77

seafloor mounds
n

Marine muds
10000s TCF
more difficult to recover

increasing resource volumes
generally decreasing resource concentration

l

(From Fire and Ice, Fall 2006, Boswell & Collett)




The Challenge:

Systems understanding of gas hydrate formation
and dissociation in coarse-grained rocks

a. Response to Depressurization

* Need physical samples to
understand fluid and
sediment properties

* Marine physical samples
never acquired in U.S.

program prior to UT-
GOM2-1

Evelving Petrophysical Character with Dissociation

-

(Boswell et al., 20106)
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Technical Status

10 year drilling and science program to study coarse-grained methane

hydrate deposits
* UT-GOM2-1 Engineering Test (2017)
 UT-GOM2-2 Hydrate Coring Program (2022)




Project Timeline

e Previous Tasks/Events shown in blue with solid line
*  Future Tasks/Events shown in orange with dashed line
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Goal: capture pressure
cores across hydrate
bearing interval:

Gas source

Pore water
composition
Sediment texture
Concentration
Permeability
Rel. permeability
Geomech. Props.

UT-GOM2-1 Goals
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TVDSS (m)

-2000

Seismic data courtesy of Western Geco
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1000 m

(Meazell et al., in review)
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Spud-in for HOO2 Well
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Recovering

pressurce core
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A B C D E F G H
Depth GC955-H001 Resistivity 1002 Core | 1002 H002 HO05 H005 H005
(mbsf) Intervals Core | Pressure Core Core | Pressure

K OV T00 Recovery | Condition| Intervals | Recovery | Condition
— 405
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during core processing during coring
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Lithofacies

Sandy Silt Gamma P-wave
. . density velocity .
* Interbedded with clayey silt. el e oy SlDinEge
— 10 cm average but up to 1 m. Je 18 20 S S Xeray  XrayCT  Lithofacies
* low density and high velocity
* Cross-bedding 20 -
* Continuous underformed _
__30F
samples. E
@
e |
e YT
Clayey Silt -
: : O 5l
* Interbedded with sandy silt -
— 3 cm average ol
* High density and low velocity :
 Generally massive and motre 70 L —=
(A) (B) (C) (D) (E)

deformed
(Phillips et al., in review) 14



—
.« v—
9
>
o)
-
Q]
9




Depositional Model for GC-955

Lith ofac es T

351

(Meazell et al., in review)
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(Santra et al., in press)



Hydrate Concentration (§,)

Examples from ~20 cm length sections

A
25
@+ HO05-1FB-3 (silty clay)
— 20 —O— HO005-4FB-2 (sandy silt)
'iﬁ —— HO05-4FB-5 (clayey silt)
= 1
o
@ 10
o
o DD
b
iﬁ'“. Sh:32w
sn205% O 10 15 20
5 Total methane volume at STP (L)

(Flemings et al., in review)
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Hydrate Concentration (S,)

Core H005-04FB

Core . .
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All Hydrate in Sandy Silt

Increasing hydrate saturation

clayey silt clayey silt clayey silt silty clay
bulk d(50)=13 um bulk d(50)=16 um bulk d(50)=7 um bulk d(50)=3 um
S 87% S 30% S 14% S 1 2% S 1 <1%
Vp (m 5‘1 VP (ms1) VP (ms-1) Vp (ms-1) Vp (ms1)
DD Re® RIS \60010001600 o0 ,\500,190“ PogPe® PP e®
HO05-04FB-2 HO005-04FB-5 HO05-04FB-3 HO005-11FB-1 H005-01FB-3

A) (B) (C) (D) (E)
(Phillips et al., in review) 19



C1/C2+

Gas interpreted to be microbial in origin

with possible trace thermogenic

10° -
® ©
104 -
% ,
10° | Primary .
microbial ;
10° |
101 =
100 | <
\{hermogenic
10_1 I ] L ] N L

-100 90 -80 -70 60 -50 40 -30
513C-CHy (%o VPDB)

(Phillips et al., in review)

DEROOOD>OOe®

UT-GOM2-1 GC955

JIP I ATM-2

Seep hydrate

Seep gas

DSDP 96 hydrate

DSDP 96 void gas

JIP | void gas

Shelf microbial gas reservoirs
Jolliet reservoir

Genesis Field reservoir
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Reservoir Bounding Units
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Water-Bearing Interval
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Analysis of Pressure Cores

Operations on permeameter

Load Cell Assembly
Hydrate Core Sample

Test Chamber Assembly.

Transfer Chamber

Assembly
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Analysis of Pressure Cores

Testing procedures

— @® Sample Extrusion
(7]
/‘ v
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Load cell chamber o} L : :
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fluid inlet - Pupdown_PO . g g y
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! —@® Permeability Measurement
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s :
c E £
E : . .
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0 0 .
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o
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Q -
Water Permeability: Kk, =M 24
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Effective Permeability Estimate: 0.1-0.6 md (1 to 6 e'® m?)
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Intrinsic Permeability of
Reconstituted Sandy Silt

Undercompaction

I ou

Express

Coarse sandy soils or non-plastic material

Sandy silt
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Intact vs. Reconstituted Sandy Silt

Sandy silt

(a) HO05: 4FB-8 (207 ~ 215 cm)  (b-1) Reconstituted lithofacies 2 (4FB-8)
— by undercompaction (for fluid flow test)

207
il 0
208 - Il
4 T #4
209 i
a 2
210 i
il 3 -
211 -
2124 (b-2) Reconstituted lithofacies 2 (4FB-8)
il by undercompaction (for CRS test)
2134
214
215

(Fang et al., AAPG Bulletin, accept pending revisions)



In comparison with other hydrate reservoirs

3 —— ] —
Clay ';= Silt ';':
101 '
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10 0 1 2 31 0
10 10 10 10

Mean Particle Diameter, Dso (um)

: 11.8 mD (1.18%10'* m?) at in-situ effective stress (3.8 MPa)
Clayey silt: 3.84x104 mD (3.84x10-1% m?) at in-situ effective stress (3.8 MPa)

(Fang et al., AAPG Bulletin, accept pending revisions)



Effective (~0.5 md) vs. Intrinsic (~12 md) Permeability

107 —— —————— 110
Intrinsic Permeabirity (ko) of sandy silts
14 1
107 ® 310
: m g ;
el 55 0 pn 1
15 ——keff = 0.63 mD 0
,.,\10 _ ® @ g = 0.46 mD 10 .
E ° €
>107°% ° o ® 101
= N\—feft = 0.081 mD %
® - Nt .. m©
o) F ”"Q’(@)O o)
o i Felaye,, . o
10781 Y Silts 10‘3
_19- -4
10 - @ 4FB8-1 (intact core, kef) 10
F |m 4FB8-3 (intact core, ke#) In-situ Stress
10_20- @ 13FB1 (intact core, ker) ‘/- 10_5
0.1 1.0 10

Vertical Effective Stress (MPa)
(Fang et al., AAPG Bulletin, in preparation)

Intrinsic permeabilities of sandy silt and clayey silt lithofacies provide end members

of the permeability in GC 955 hydrate reservoirs.
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2022: UT—GOMZ—ZA Scientific Drilling Program: WR 313

5500

WR313-G001| WR313-H001! WR313-001
51'&?\)’\'4’ Q!ﬁu‘!’w 91'4.‘{0’11‘ 91‘442‘0'\'4’ 9\'4:?\"’ 91‘4?0'\\" ?1'3?0’\"' 91‘8!:0‘\" 9"311!'“"
N

6000

6500

70005 2 14007

7500
Hrz 4300

epth in feet below sea level (s'eismic reflection délum)

¥
| TBONE-03B| |
_TBONE-01B

depth below sea level (ft)

Lithology & Fluid (in well)
o mud [ hydrate
sand - water



Pressure & Conventional Coring & Pressure and temp.

0 =
Drilling
M PCTB-FB w/ center bit
[C] PCTB-CS w/ center bit
500

Tools & Coring
1000 [E T2P deployment

[E RCB conventional core

[ APC/XCB conventional core
1500 I PCTB-FB pressure core (spot)

[ PCTB-FB pressure core (reservoir) Y

[C] PCTB-CS pressure core (spot) G-

Depth (fbsf)

2000 PCTB-CS pressure core (reservoir)

2500

glue Sand.l

3000 —1p—--_——— BSR
Kiwi Sand ““""Orange Sand

3500



GOM2-2 Research Questions

1. Reservoir Properties (we have sampled 1 marine sand hydrate reservoir)

k,p,S,,m,, X = | Reservoir Simulation |=—»| Production Design,

A.More characteristic of producible reservoir
B. Multiple reservoirs at different thermodynamic and
stress states

I I
GC 955 - Hydrate reservoir GC955 - Hydrate reservoir I

I
Completely unconfined, l:'eBlgsFl Gamma Resistivity P-wave Terrebonne - Orange Sand WR313 - Orange Sand ]
30 AP 140|0.2 OHMM 400 3

) . ) T GO0 WS 3200 MBSF ~ ] o
4km b 1.25 km 9 no ponding Saltcreatesaponded | “meters |— Giwma- — .Recilf?lr\l‘ll ly 500 Prt’vsavsemc
3km 125 km environment ™. i e i

~T\ nodeposition /)~
Y0 A\withinchannel /4 ) T | D — N\andlledchannel” AT\
NN N S — & | ! y

~ - - 425 - . '
Thin, interbedded, silty sands “‘-\ Clean, thick, ama g_.ar“:t-a-d. laterally —

within fault-compartimentalized — | " continuous sands within the levees £ b
- 450 825

- 800 —




GOM?2-2 Research Questions

1. Reservoir Genesis and Exploration Model
A. Geochemical & sedimentary profiles from seafloor to base
hydrate stability zone
1) Gas Source (thermogenic vs. biogenic)?
2) Is gas sourced locally or is transported long distances?
3) What 1s the microbial activity? What are the methanogenesis
kinetics?
B. Evolutionary model to predict basins most likely to form
concentrated reservoirs in coarse-grained systems
A. Role of biogenic vs. thermogenic source, burial history, and
fluid flow in generating deposits
B. Critical to understanding
hydrate system but also all shallow gas systems
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ILessons I.earned from UT-GOM2-1

* Extensive resources must be allocated to project management

* Permitting process 1s exhaustive and requires enormous focus
and commitment.

* Must have strong institutional support (bonding, permitting,
contracting, insurance).

* Pressure coring is still a developing technology:
* Must bench and field test all equipment prior to going to sea.

* Cannot make even minor changes after field testing

* Laboratory testing of pressure cores is a time-intensive process
continually pressing the boundaries of technology

* Permitting process should begin earlier.
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Synergy Opportunities

* We are a global resource that supports research into
hydrate system

* Technical Advisory Group reviews sample requests.
* Samples to NETL, USGS, JOGMEC (Japan), Georgia Tech

* Open Shared testing of pressure coring tools with Japan
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Project Summary

* Key Findings
* [nterbedded clayey silt and silty sand at cm to
m scale.
* 90% hydrate saturation in silty sand
* Microbial origin

* Permeability

* Effective permeability (Sh=0.9) : ~0.5 md
* Absolute permeability: ~12 md
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Project Summary

— Steps Forward: UT GOM2-2
* Explore for new hydrate location
* Drill and Core 2nd depositional environment (sheet sands)

* Full suite of pressure coring and standard coring to capture
downhole behavior.

— Steps Forward: International Experimental Program

* Systematic analysis of hydrate petrophysics through U.S. and

international partners.
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Appendix

— These slides will not be discussed during the presentation, but
are mandatory.
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Benefit to the Program

* 'This effort will acquire and analyze the petrophysical properties
of hydrate-bearing coarse grained reservoirs.

* It will address the question of how to produce them
environmentally, safely and economically.

* Specifically, it will determine what are the basic flow and
mechanical properties of these systems so that we can
understand this behavior?
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Project Overview
Goals and Objectives

* Describe the project goals and objectives in the Statement of
Project Objectives.

— How the project goals and objectives relate to the program
goals and objectives.

— Identify the success criteria for determining if a goal or
objective has been met. These generally are discrete metrics
to assess the progress of the project and used as decision
points throughout the project.
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Organization Chart

* Project Team

— The University of Texas Institute for Geophysics is the prime
contractor, responsible for leading development and execution of all
scientific, technical, and logistical aspects of the project.

— 'There are five sub-recipients on this project:

Ohio State University: Site characterization and technical science lead
Oregon State University: Microbiology lead

University of New Hampshire: Lithostratigraphy lead

University of Washington: Organic and inorganic geochemistry lead

Lamont-Doherty Earth Observatory: Wireline logging and logging-while-drilling lead

41



Organization Chart
Project Team

Peter Flemings
Principle Investigator

UT Austin
Jesse Houghton Carla Thomas
Project Manager Program Manager
UT Austin UT Austin
] ] ] ]
Ann Cook David Goldberg David Divins Rick Colwell Evan Solomon
Co-P.I. Co-P.I. Co-P.I. Co-P.I. Co-P.I.

Ohio State LDEO UNH Oregon State uw




Organization Chart

Project Advisory Group

— The Project Advisory Group is responsible for guiding technical project

decisions. This group includes members of the Project Team, BOEM,

USGS, DOE, and industry.

Project Advisory Group

Project Team

BOEM USGS

DOE

Matt Frye L Tim Collett

=] Chief, Resource . L
Evaluation Division Senior Scientist

Jared Ciferno

Director, Strategic Center for
Natural Gas and Oil

Bill Shedd

— Supervisor
Resource Analysis

Rick Baker
Project Manager
NETL

Ray Boswell
Hydrates Advisor
NETL
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PHASE 1: Oct 2014 — Sep 2015

Gantt Chart

1D Task Mame a1, 2015 atr 2, 2015 Qrr3, 205 Qrr 4, 2015 a1, 2016
Sep Oct Now | D Jan Feb Mar Apr | Bay Jun Jul Aug | Sep Oct Baow
1 Task 1.0: Project Management and Planning
2 M1A: Update Project Management Plan 3 & 318
3 M1B: Project Kick-off Meeting o 12/1
4 | Task 2.0: Site Analysis and Selection
5 M1C: Site Location and Ranking Report 9/30
& | Task 3.0: Develop Pre-Expedition Operational Plan
T M1D: Preliminary Field Program Operational Plan Report 9/30
& | Task 4.0: Complete IODP CPP Proposal
a M1E: Updated CPP Proposal Submitted » 10/1
10 | Task 5.0: Pressure Coring System Mods & Testing
11 M1F: Demonstration of a viable PCS tool (Lab Test) 9/30
Task Inactive Task Manuzl Summary Rollup e Extemnzl Milestone <
P'rD_jECt: GOM2_Phase1 Split oo nen Inactive Milestone Manual Summary r— Deadline ¥
Milestone L 4 Inactive Summary I I Start-only C Progress
Summary r—1 Manual Task | ]  Finish-only 1 Manual Progress
Project Summary ] 1  Duration-only External Tasks




Gantt Chart

PHASE 2: Oct 2015 — Jan 2018

ID Task Name 5 Half 1, 2016 Half 2, 2016 Half 1, 2017 Half 2, 2017 Half 1, 20
slolnulolslrlmlalmlslslalslolnlols|lrlmlalmls|s|alslolnuln F
1 | Task 1.0 Project Management
2 | Task 6.0: Technical and Operational Support of CPP Proposal 1
3 M2A: Submit Updated CPP Proposal & 172
4 M2B: Scheduling of Hydrate Drilling Leg by IODP * 5/8
5 | Task 7.0: Cont'd Pressure Coring System Mods & Testing [r—
6 M2C: Demonstration of a viable PCS tool through land-testing & 12725
7 | Task 8.0: PCTB Marine Field Test [ 1
8 M2D: Demonstration of a viable PCS tool through marine test ¢ 6/1
9 | Task 9: Pressure Core Transport, Storage, and Manipulation
10 | Task 10.0: Pressure Core Analysis I
11 | Task 11.0: Update Pre-Expedition Operational Plan [
12 | Task 12.0: Research Expedition Vessel Access |
Task Inactive Task Manual Summary Rollup S Extemnzl Milestone &
. Split wnmn o Inactive Milestone Manual Summary [— Deadline +
Project: GOMZ2_Phase 2 Summa ) )
Date: Fri 7/27/18 Milestone L Inactive Surnmary I Start-only C Progress
Summary r——1  Manual Task | Finish-only 1 Manual Progress
Project Summary I 1 Duration-only External Tasks




Gantt Chart

PHASE 3: Jan 2018 — Sep 2019

ID |Task Name atr 1, 2018 atr2, 2018 Qtr3, 2018 Qir 4, 2018 Qrr1, 2019 atrz, 2019 Qtr 3, 2019 Qtr 4, 20)
Dec Jan | Feb | Mar Apr | May | Jun Jul | Aug Sep Oct | Moy Dec Jan Feb | Mar Apr May Jun Jul Aug Sep Oct
1 write Phasez Rtpon —
2 M2E: Update Operational Plan ¢ 412
3 M2F: Documnent results of BP2/Phase 2 Activities & 4/15
4 | PHASE 3
5 Task 1.0: Project Management and Planning (Cont'd)
[ Task 6.0: Technical and Operational Support of CPP Proposal (Cont'd)
7 Task 9.0: Pressure Core Transport, 5tg., and Manipulation (Cont"d)
8 Task 10: Pressure Core Analysis (Cont'd)
12 Task 13.0: Maintenance and Refinement of Pressure Core Transport, Storage,
and Manipulati
13 Task 14.0: Performance Assessment, Modifications, and Testing of DOE r 1
Pressure Coring System
14 M3A: Demonstration of a viable PCS tool for hydrate drilling: Lab Test 1N
15 M3B: Demonstration of a viable PCS tool for hydrate drilling: Land Test + 4N
16 Task 15.0: Field Program Preparations
17 M3C: Complete Refined Field Program Operational Plan Report + 1N
18 M3D: Completion of required Field Program Permits 1N
19 Budget Period 3 Go/No-Go Decision Point 1
Task Praject Summary I I Manual Task 1 I Start-only Deadline
Project: GOM2_Phase3_2018_F| split st Inactive Task Duration-only Finish-only Progress
Date: Fri 7/27/18 Milestone L d Inactive Milestone Manual Summary Rollup External Tasks Manual Progress
Summary =1 Inactive Summary Manual Summary =1 External Milestone &




Gantt Chart

PHASE 4: Oct 2019 — Sep 2020

ID |Task Name Start Finish o |2 22 | ar2. 2029 | ‘ s ‘ Qw4 2020 | Q1. 200
i} Qct by Dec Jan Feh Mar Apr Ma Jun Jul Aug Sep Qct

0 | BUDGET PERIOD 4 Tue 10/1/19 Wed 9/30/20
1 Task 1 - Project Management and Planning Tue 10/1/19 Wed 9/30/20 0
2 M4A - Document Results of BP3 Activities Tue 12/31/19 |Tue 12/31/19 ¢ 12/3
3 Task 10 - Core Analysis Tue 10/1/19 Wed 9/30/20
4 Subtask 10.4 - Continued Pressure Core Analysis (UT-GOM2-1) Tue 10/1/19  Wed 9/30/20
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Task 11 - Update Operational Plan for UT-GOM2-2 Scientific Drilling ProgriTue 10/1/19  Wed 9/30/20
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10 Task 13 - Maintenance & Refinement of Pressure Core Transport, Tue 10/1/19 Wed 9/30/20

Storage, & Manipulation Capability
1 Subtask 13.1 - Hydrate Core Manipulator and Cutter Tool Tue 10/1/19  Wed 9/30/20
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25 Task 15 - UT-GOM2-2 Scientific Drilling Program Preparations Tue 10/1/19 Wed 9/30/20
26 Subtask 15.3 - Permitting for UT-GOM2-2 Scientific Drilling Program Tue 10/1/19  Wed 9/30/20
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Gantt Chart

PHASE 5: Oct 2020 — Sep 2022
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0 | Budget Period 5 Thu 10/1/20 Fri9/30/22
1 Task 1 - Project Management and Planning Thu10/1/20 Fri9/30/22
3 - Resul ; T ) 3 8 23
| 3 | Task10- Core Analysis Thu10/1/20 Frig/30/22
4 Subtask 10.4 - Continuved Pressure Core Analysis (UT-GOM2-1) Thu 10/1/20  Frig/30/22
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12 Task 12 - UT-GOM2-2 Scientific Drilling Program Vessel Access Thu10/1/20  Mon 5/3/21 1
13 g g of SOM2-2 with g 21 Mo 21 + 53
| 14 | Task 13 - Maintenance & Refinement of Pressure Core Transport, Storage, Thu10/1/20  Fri9/30/22
& Manipulation Capability
I Subtask 13.1 - Hydrate Core Manipulator and Cutter Tool Thu 10/1/20  Frig/30/22 |
16 Subtask 13.2 - Hydrate Core Effective Stress Chamber Thu 10/1/20  Frig/30/22 |
17 Subtask 13.3 - Hydrate Core Depressurization Chamber Thu 10/1/20  Fri9/30/22 |
| e | Subtask 13.4 - Develop Hydrate Core Transport Capability for UT-GOM2-2 Thu 10/1/20  Fri 9/30/22 |
18 Subtask 13.5 - Expansion of Pressure Core Storage Capability for UT-GOMZThu 10/1/20  Fri9/30/22 |
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[z | Subtask 13.9 - Transportation of Hydrate Core from UT-GOM2-2 Wed 6/1/22  Fri7/15/22 .~ J
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% d Mo o 718
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Gantt Chart

PHASE 6: Oct 2022 — Sep 2024

D Task Name Start Finish Half 1, 2023 Half 2, 2023 Half 1, 2024 Half 2, 2024 Half 1, 20
s 10Nl s lelulatmbslilalslolutolylelulatutolslals|aly

0 | Budget Period 6 Sat 10/1/22 Tue 10/1/24

1 Task 1 - Project Management and Planning Sat 10/1/22 Mon 9/30/24

2 Mé6A - Document Results of BPS Activities Sat 12/31/22 |Sat 12/31/22 ¢ 12/31

3 Task 10 - Core Analysis Mon 10/3/22 Mon 7/1/24 1

4 Subtask 10.4 - Continued Pressure Core Analysis (UT-GOM2-1) Mon 10/3/22 Fri3/31/23

5 Subtask 10.5 - Continued Hydrate Core-Log-Seismic Synthesis (UT-GOM2-1) Mon 10/3/22 Fri3/31/23

6 Subtask 10.6 - Additional Core Analysis Capabilities Mon 10/3/22 Fri9/29/23

7 Subtask 10.7 - Hydrate Modeling Mon 10/3/22 Mon 7/1/24

8 Subtask 10.11 - Continued Pressure Core Analysis (UT-GOM2-2) Mon 10/3/22 Mon 7/1/24

9 Subtask 10.12 - Continued Core-Log Seismic Synthesis (UT-GOM2-2) Mon 10/3/22 Mon 7/1/24

10 Task 13 - Maintenance & Refinement of Pressure Core Transport, Storage, & Mon 10/3/22 Mon 7/1/24 1

Manipulation Capability

1 Subtask 13.1 - Hydrate Core Manipulator and Cutter Tool Mon 10/3/22 Mon 7/1/24

12 Subtask 13.2 - Hydrate Core Effective Stress Chamber Mon 10/3/22 Mon 7/1/24

13 Subtask 13.3 - Hydrate Core Depressurization Chamber Mon 10/3/22 Mon 7/1/24

14 Subtask 13.6 - Continued Storage of Hydrate Cores from UT-GOM2-1 Mon 10/3/22 Fri3/31/23

15 Subtask 13.7 - X-ray Computed Tomography Mon 10/3/22 Mon 7/1/24

16 Subtask 13.8 - Pre-Consolidation System Mon 10/3/22 Mon 7/1/24

17 Subtask 13.10 - Storage of Hydrate Core from UT-GOM2-2 Mon 10/3/22 Mon 7/1/24

18 Subtask 13.11 - Hydrate Core Distribution Mon 10/3/22 Mon 7/1/24

19 Task 16 - UT-GOM2-2 Scientific Drilling Program Field Operations Mon 10/3/22 Thu6/1/23 1

20 Subtask 16.4 - Post-Expedition Permitting Mon 10/3/22 Thu 6/1/23

21 Task 17 - Project Data Analysis and Reporting Mon 10/3/22 Tue 10/1/24

2 ME6B - G Preliminary UT-GOM2-2 Expec Sat 12/31/22 |Sat 12/31/22 ¢ 12/

23 Subtask 17.1 - Sample and Data Distribution and Archiving Mon 10/3/22 Mon 7/1/24

24 Subtask 17.2 - Collaborative Post-Field Project Analysis of Geologic Data and SatMen 10/3/22 Tue 10/1/24

25 MEC - Initiate Comprehensive Scientific Results Volume Thu 6/1/23  |Thu 6/1/23 1‘5? 1

26 Subtask 17.3 - Scientific Results Volume and Technical Project Presentations Thu 6/1/23  Mon 9/30/24
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Coring A ball valve closes

(A eylindrical thing (A ball valve tums 90 degrees,
via the middle is core) and a bottom closes)

http://www.jamstec.go.jp/cdex/e/developtec/coring/category03/

01 — Flemings, et al., GOM2: Prospecting, Drilling and Sampling Coarse-
Grained Hydrate Reservoirs in the Deepwater Gulf of Mexico






UT-GOM2-1 Expedition - May 2017

HO02

HOO05

A B C D E F G
Depth HO02 Cored |H002 Core| H002 | HOOS Cored |HOOS Core| Hoos
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I:l Pressure core

- Pressure core compromised
during core processing
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Pressure core compromised
during coring
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pressure cores in
main hydrate
reservolr
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Ongoing Experimental Analysis: UT Pressure Core Center

(a) Pressure Core Chamber and Mini-PCATS (b) KO Permeameter

Cold Storage Room




Production tests of increasing scale in Japan and China

In Gulf of Mexico 4,000 TCF

recoverable methane in hydrate
sands

2012 US Consumption ~25 TCF

(httD: www.eia.cov/tools/faqgs faq.cfm?id:33&t:6>.

(Frye 2008)

An Energy Coup for Japan: ‘Flammable Tce’

20,000 m3/day—2013 (6 days) Eg§
8300 m3/day—2017 (24 days)

Combustible 1ce heralds clean energy

By Zheng Xin and Zou Shuo | China Daily | Updated: 2017-09-04 07:10

f vin +

A\ I . BErsa

Chinese technicians check their combustible ice mining equipment during an on-the-spot operation in Shenhu

Area in the South China Sea, 320 kilometers southeast of Zhuhai city, Guangdong province. [Photo by Guo
Junfeng/China Daily]
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http://www.eia.gov/tools/faqs/faq.cfm?id=33&t=6

UT GOM2-1 Executed Spring 2017
May 2 Mobilize
May 11 Execute
May 23 Demobilize
May 26 Establish shore-based lab
June 3 Complete Operations
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Load cell chamber

fluid inlet

Downstream
Pressure

Pdown

Porous Disc

Confining
Pressure P_

Membrane

Confining
fluid inlet

Upstream
Pressure
P

up

Flow Rate

KO Permeability Measurement

Core 6FB-2

Load Cell

Memibrane Clamp
Membrane Clamp

Bottom Cap

44

Axial stress o,

]

Sea Floor Direction ——>»

Hydrostatic

Drained Hydrostatic
Consolidation

—> - /
> <«
¢$ \ Permeability
Measurement
KO Condition
Drained KO
X2 / Consolidation
e \ Permeability
Measurement

v Tests pre- and post-dissociation

v" Consolidation at Hydrostatic stress
v" Consolidation K0 condition

v' 3 permeability tests per stress state

(22 consolidation tests & 61 perm tests)
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Permeability (mD)

Initial Permeability Measurements

Permeabiilty
102 T T T T T
O Hydrostatic (Pre-Dissociation)
O KO Condition (Pre-Dissociation)
A KO Condition (Pre-Dissociation)
0 2\ KO Condition (Pre-Dissociation - Reloaded)
10 GOM El Model
y A A
1072 ° s A A A
© O
8 o 5
107
l In situ ¢'v= 3.8 MPa
2 4 6 8 10

v' Effective permeability (Sh=0.8) : ~102mD to ~103mD pre-dissociation

Effective Vertical Stress (MPa)

v" Absolute permeability: ~0.5 mD to 102 mD post-dissociation
v" Mudrock layer in sample may drive low permeability measurement
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Initial Permeability Measurements
Result of Compressibility

Void Ratio - Effective Vertical Stress

0.70 T .
O Hydrostatic (Pre-Dissociation)

O KO Condition (Pre-Dissociation)

A KO Condition (Post-Dissociation)

/A KO Condition (Post-Dissociation - Reloaded)
GOM El Model

De._

0.65

Void Ratio
(o]
[e)]
[ ]

0.55
050} -
In jitu av= 3.8 MPa
0.45 brm
107" 10Y 10?

Effective Vertical Stress (MPa)

Consolidation Timing:

V" Pre-dissociation:
1)  Consolidation under hydrostatic stress
2)  Consolidation under KO conditions

Compressibility index C_ = 0.09

V" Post-dissociation:
3) Consolidation under KO conditions
4)  Unloading and reloading under KO conditions

Compressibility index C. = 0.15
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UT-GOM2-2 Scientific Drilling Program

Plan Overview
e Will occur in 2022

e UT contracts industry vessel similar to Helix

Q4000

¢ Conventional and pressure core two holes in
Terrebonne Basin at JIP LWD locations:
— WR313-H002

~28 pressure coring deployments, including 7 continuous
pressure cores through and around the Orange Sand

— WR313-G002

~19 pressure coring deployments, continuous conventional
coring to 250 fbsf, conventional spot coring below 250 fbsf
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Introduction

What is methane hydrate?

. Water molecule cage

@

CH, Gas Hydrate pa cL
+ Stability Zone " ‘
®

)

® &
o
5.75 ‘ Gas molecule
o (e.g., methane)
H,O CH,-5.75H,0

(Collett et al., 2009)




Sandy Silt

Silt Clay : Silt
/ ) Clay (< 2 ym) |
pores oy
§ d((?.5) =48 um
n Hemipelagic ;_>)‘ I
% 4 | 1
= d(0.5) =1
=, (0.5) =13 ym
Cl I Lgl:J
- t
ayey-si o
20 T T TTTTY

Sandy-silt 0 0.1 1 10 100
i &° in size bi
14— Clay Grain size bin (um)
sitt (I\/Ieazell, n prep)




Where are we today?

Massive natural gas reserves trapped in hydrates in the
deepwater

For coastal nations with limited energy resources--a
potential domestic energy source to provide energy
security today.

Can we produce environmentally, safely and economically?

What are the basic flow and mechanical properties of
these systems so that we can understand this behavior?
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Results of Intrinsic permeability

Void Ratio, e (-)
10_13 0.3 04 0.5 06 07 0.8 09

™

-
o
-
[}
T

In-situ g'v
(3.8 MPa)

Intrinsic Permeability, k (m?)
S
3
Intrinsic Permeability, k¥ (mD)

—

o
L
[{=}

10—21
0.2

Porosity, » (-)

(Fang et al., AAPG Bulletin, accept pending revisions)

: 11.8 mD (1.18X101* m?) at in-situ effective stress (3.8 MPa)
Clayey silt: 3.84X10* mD (3.84X10!” m?) at in-situ effective stress (3.8 MPa)
Intrinsic permeability is lithology-dependent.

80



Capillary behavior of Sandy Silt & Clayey Silt

Sandy silt: 4FB-8 (Undercompacted at i = 0.39)
—&— Clayey silt: 11FB-1 (Post-CRS test at s = 0.37)

Wetting Phase Saturation, Sw (-)

4 (a)

= — F T T T T E _3,-—-..
n“'j102 - Q bl 110 g. 4
= s |2 10
Qé: 2102; _510—2 UJ-

— - O 1 o

2 g e SN |

% 0 g 10°¢ Pmodar -'E—10'1 E

DI:10 3 g = _102
= e g | "

= =107 F {100 2
2101} 2 198 141
U ] et

o 5o e 8
%0 > Prmodal 110! ©
§|1U 3 | g _10[]
§ %10_2 1 1 1 1 w

0 0.2 04 0.6 0.8 1

Height above Free Water Level, /s (m)

(Fang et al., AAPG Bulletin, accept pending revisions)

Facies Hydrate Saturation Equivalent Pore Diameter (micron)
Sandy silt 0% 17.28
Sandy silt 90% 0.35
Clayey silt 0% 0.18
Clayey silt 10% 0.07
Clayey silt 20% 0.06
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Why hydrate does not form in lithofacies 3?

350 . : —
dp = 0.06 um (Clayey silt, Sw = 80%) /[ GC 955
dp = 0.07 um (Clayey silt, Sw = 90%) K K K 42400
dp = 0.18 um (Clayey silt, Sw = 100%) /
dp = 0.35 um (Sandy silt, Sw=10%) :
dp = 17.28 pm (Sandy silt, Sw=100%)
400 o ,
i f {12450
) hydrate-bearing .
= J sediments -
® A 7
a! : 0
£ 450 3
e Hydrate Solubility K ) -
° in clayey silt ' i ol
o T 54 Hydrate Solubility . 12500 GJ
(o] gg .............. o) in sandy silt /
(DE ;'
28 ,
85 .
500 £3 e
g AN 42550
3 g = TRl
& g = § 5 T
-t::‘ ;;" E 3_ \D"“ = o
[ ] 7 SIS
550 ] ] / [ )
0.14 0.15 0.16 017 0.18

Solubility, mol (CHa)/kg H20
(Fang et al., AAPG Bulletin, accept pending revisions)

Path (1): Methane source in clayey silt (biogenic degradation of organic matter)

Path (2): Methane invades in sandy silt (free gas invasion) g2



UT-GOM2-2 Scientitic Drilling Program

Coring Plan — Graphical Representation

LWD logs LWD logs
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Drilling
W PCTEB-FB w/ center bit
[ PCTB-CS w/ center bit

Tools & Coring
[ T12P deployment

[ RCE conventional core

B APC/XCB conventional core

Il PCTB-FB pressure core (spot)

B PCTB-FB pressure core (reservoir)
[ PCTB-CS pressure core (spot)
PCTB-CS pressure core (reservoir)
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Kiwi Sand

e sa0d
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UT-GOM2-2 Expedition - 2022
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