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Methane Hydrates

* Crystalline solid consisting of gas molecules,
usually methane, each surrounded by a cage of
water molecules

e Natural gas hydrate is an enormous global
storehouse of organic carbon. Estimates of carbon
trapped in natural gas hydrate exceeds that of
known coal, oil and gas resources combined

e Methane is less carbon intensive fuel than other
hydrocarbon, 44% less CO2 than coal, 29% less
than oil, per unit energy release.

e Bridging energy more environmentally acceptable
than coal or oil on the way to a carbon-free world
based on alternative energy solutions

* Methane is 20x stronger global warming gas than
CO,
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US National Gas Hydrate Program

Program Mission

e Determine the potential for methane hydrates as an
energy source,

* ldentify environmental impacts associated with
production, and it’s role in the global climate cycle.

Near-term Goals (2020)

e Demonstrate long-term Technical Recoverability
(Alaska)

e Confirm Gulf of Mexico Resource Assessment
e Continue International Collaborations

Long-term Goals (2025)

e Confirm scale of US resource base (+ Atlantic)

e Demonstrate Production Approach (Alaska +
International)

An Interagency Ra:
for Methane Hydrdt

AN INTERAGENCY ROADMAFP FOR
METHANE HYDRATE RESEARCH
AND DEVELOPMENT: 20152050
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Realizing the
IGY POTENTIAL

e Develop consensus view on GH/Climate
linkages via field programs + modeling
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http://www.nsf.gov/
http://www.blm.gov/nhp/index.htm

US National Gas Hydrate Program

Major Program Areas

Marine Resource Characterization / Confirmation

e Marine drilling and coring programs throughout US OCS
e Focus on major drilling/logging/coring field effort in GoM with UT

Production Science
e Evaluating behavior of GH in response to induced change

e Focus on establishment of long term GH production test in AK

Fundamental Science

e Fundamental scientific efforts in geophysics, experimentation, simulation, tool
development and other areas to support scientific understanding necessary for
resource characterization, exploration and production of GH

e Conducted with Academia, National Labs and other Federal Agencies

GH Role in the Natural Environment

e Investigate the nature of hydrate response to warming climates and implications for
ocean and atmospheric chemistry, , through the acquisition of field data and
development of predictive models,

e Conducted with Academia, National Labs and other Federal Agencies

International Collaborations
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GOM? Expedition: UT Austin |
e Physical samples for gas composition, age, sediment texture,
pore water chemistry Falla W A, AW
« Validate and calibrate log-based hydrate saturation ’ P AL A T
e Petrophysical and geomechanical measurements on physical
samples 2309139352233 ;5833598832833
e Single site, two-hole, test of pressure corer, core transfer and e B | s i Wﬁ‘;ﬂﬂ ) i
core analysis. (UT, DOE-NETL, USGS, Geotek) 4 _ : 'W’WWW “;W‘ "hm ¥ umwga
e Py
e Full science program to undergo analysis by multiple research AT b |
groups:UT,USGS,NETL,AIST,etc. o A 555329230 eEE2EaNa3885823
e Second expedition for logging, pressure coring on multiple sites pead wdea
Alaska Long-term Production Test: DOE-JOGMEC-USGS o s
* Understand behavior of GH system in response to induced change e
over prolonged period (6 mo. Minimum) ;)\;*J I
* Evaluate technologies and approaches for initiating and maintaining J | ] ] ] I
flow AT | e I
e Alaska North Slope represents ideal test bed: well characterized, L S— - L T,ﬁ,
hydraulic isolation, high quality reservoir (saturation, . "'::'" 0 i
temperature, intrinsic permeability) - e }E.;“i'.;;_j;@";:mﬁ__,%
e Confirmation on production technology and well stimulation, i SRS

pressure coring
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NETL R&IC Gas Hydrate R&D

e Overarching goal

e To promote understanding of intricate hydro-thermo-
mechanical coupled processes in hydrate systemes,

e To provide key parameters for reservoir simulators of
production potential prediction, and

e To advance the fundamental sciences filling knowledge
gaps for safe and economic exploitation of hydrate
deposits.

e Approach:

* Improved understanding of the fundamental behavior of
hydrates, both in situ, and during man-made disturbances.

* Development of predictive modeling codes that accurately
describe gas production, responsive ground deformation,
and environmental impacts.

e Laboratory characterizations that support numerical
simulations by providing accurate input data on physical
properties of hydrate.
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NETL Natural Gas Hydrate
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Mayjor Tasks

* Numerical Simulation Support:
e Gas Production Prediction
e Solid Production Simulation
e Basin and Petroleum System Modeling
e Laboratory test calibration and validation

e THCM Code Development:

e Fully Coupled Open Source THCM hydrate system modeler

e Laboratory Study for Basic Science:
e Hydrological/Geomechanical Properties
e Pore-Scale observations and Modeling
 Fundamental Understanding of HBS

* Pressure Core Analysis Tool Development: PCXT

e Field Production Test Support:
e Shut In Procedure
e Well Completion Method
* Economic analysis of gas resources and supply/demand
* Promoting interagency and international collaboration:
e Code comparisons,
e Core Analysis Working Group
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Numerical Simulations Supports
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* Importance

Maintain and develop numerical modeling capability to support planning, executing, and analysis of
international and domestic field production tests and long-term prediction of reservoir performance and
environmental impacts.

 Work Scope

Numerical modeling supports for Long-term production tests in permafrost of Alaska North Slope and the
marine gas hydrate deposits, including the Gulf of Mexico and the offshore of India.

Collaboration support between NETL and JOGMEC (Japan) on development comprehensive reservoir
models for Kuparuk 7-11-12 Site on the Alaska North Slope.

Core scale simulations to complement laboratory studies on functional forms of relative permeability
functions governing multiphase flow

Development of the Non-empirical relative permeability model accounting for the effects of capillary
pressure to predict multiphase flow in hydrate-bearing sediments.

Application of Machine Learning Technology to estimate Key Parameters (e.g., Hydrate Saturation) using
limited well log data

3D Basin and petroleum system model of Terrebonne mini-basin (Gulf of Mexico) and East Coast Basin,
New Zealand to aid the understanding of gas hydrate reservoirs and their sensitivity to changing geologic
conditions

.S. DEPARTMENT OF
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e (Case A: Core measurements
of effective permeability

Reservoir Simulations Support

Alaska Long-term Production Test Modeling

* Development and application of the permafrost reservoir models for gas production potential at

Prudhoe Bay Unit, Kuparuk Site 7-11-12 to support the field test planning and execution. (~10 md)
* Incorporating similar thermodynamic, thermal, hydrological models and approaches into TOUGH+, ° ,Cﬁt‘se B:F?R‘Slgfnaéf ;
. mterpretations or crrective
CMG STARS, and MH21 simulators based on consensus between NETL and JOGMEC teams. pretat
permeability (~0.1 md)
2.0 — v v
30 o G R ——Case A o=
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8.05 o l ‘ E /
0.0 0.0 4 1 s L 4 L 1 ) 0.00 0.00 s ' . ' ' ' ' e
0 2 istamefomthenelm 100 T e 15 30 45 60 75 % 4 & oo o e o
Time (days) Time (days)

Gas Hydrate Saturation (Unit B) at 90d the gas production at~1,000 m3/day and up to The water production at ~700 m?/day and
~24,000 m3/day after 90 days. ~1,900 m3/day after 90 days of depressurization.

e |nitial effective permeability plays a crucial role in determining reservoir performance.
e Expanded simulations for operational sensitivity and coupled THCM modeling are underway
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Terrebonne Basin, GOM B
* An integrated workflow developed for /YA 0= Import/aC
modeling gas hydrates that begins at basic data | ——rv
import and quality control and ends at a /4 Log Interpretation
calibrated basin model.

e Interpreting geologic horizons from seismic and
well log and mapping into 2D model,

* Examining gas hydrate stability zone and gas
saturations through time on a 3-D test case and 2. Midland Valley Move

sensitivity analysis with lithology and boundary Salt Restoration
conditions -

Geologic Process

and Reservoir

Property
Modeling

Velocity Modeling

1. Petrel - 3. GPM

1

Surface Creation

*Additional Inputs
for Marine Hydrates

4, PetroMod

-Increase layer and time
r— |t resolutions (minimum 0.1 m
Basin Model* - 3 : and 100 yrs., respectively)

e - . -Define hydrate fm. to
- specific lithologies, salinity,
K A /' and min. gas saturation

H Risking, |\ /', -Choose migration method

East Coast Basin, New Zealand ety J & “Choose migration me
-Refine PVT phase
conditions and biogenic
reaction kinetics

and Sensitivity

e Successfully modeled the qualitative impact
of tectonic uplift on gas hydrate dissociation
in the basin.

Alaska North Slope

* Developing integrated and cohesive data
platform of gas hydrate system for predictive
regional-scale model of hydrate distribution Camio D d0 do B D o0 dodo 1o

T kmi1d 20 30 40 30 60 70 S0 do 190 110

)

epth (km

8 10.07
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2025 ’_i:é%;u Tt
* Key parameter estimations from field log data s 2
e Machine Learning (ML) combining statistics, applied :\ '
math, and computer science = = Sl
. . . . z o c c
e 12 supervised learning algorithms to estimate key SE o
parameters, e.g., hydrate saturation (S,) ;; S| FT
* Identify underlying functional dependency with some 1 sl .
readily ayallable parameters, no-mat.hematlcal A N Ao R DO
formulations or well-specific calibration (no | )
specialized well logs, e.g. NMR-porosity) ’ “=_ | Train with
. . . . . . 0
e Training and validation with 15-60% of data (Mt. i s = éig()fthe
Elbert: GR, $neut, Paens Prmr, P, Re, Vp) to evaluate S e | “; " II;eanl;_tr;_for
the rest of the well as well as blind wells (Ignik Sikumi - Ogg;f’m
or Hydrate-01). " GrateniBoosing  kteret Neghrs Popomiegresson _wans  newainewonr  WLC #8
} :_3 -:3 _Ll (¢neut1 Pb;
a-:_-:"mﬂ 3 . ) ;:f vp)
= :
Lo 10 0.0 Ds: 10 0.0 Ds: L0 0.0 ;: 1a
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]dDDRid B;RE Eisrt:iun fDE: Daciin;';fl;r;‘e Test Of Sh
e Key parameter estimations from field log data i% Prediction
. . £ eoo ' ~ for a blind
 Near 80% accuracy of predicting hydrate saturation 5 % well #1 with
with a well log combination (¢pneyt, Pb, Vp) on WLC #8
[ [ LJ 0.0 0s 1.0 0. 0s 1.0 0.0 § 0.5 1.0 0.0 0.5 1.0 0.0 0.5 1.0 CI.D 0.5 1.a (¢neut, pb'
L] Automated Well-log processlng and thhofacles 1 AdaBoost Gradient Boosting  k-Nearest Neighbors Polynomial Regression 'vp)
recognition with supervised ML: Neural-Network ; :
performed consistently well with up to 90% accuracy
with SL.
e Application of ML on larger scale data framework o
development for AK
Test of S},
(WLC# 55) (WLC# 93) P red ICtIOﬂ
S run AA025T for a blind
200 [ p— 0% well #2 with
2050 WLC #8
2075 2000 e j | \ B (¢neuta Pb:
g 2100 :s x g a0 | g:adien‘:-;uusti:: k—cmeares:.:eih::rs Po?:mmia?;e re::ion v = - D.:leural‘}l.‘:el\l\l\m':{-c vp)
g 2125 £ dﬁ.'a | .‘ e g 200 [ <l :: 2 :
Well-1 Well-2
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* Importance

e Stress induced impacts on flow and formation integrity is critical on high quality prediction of
production potential and environmental risk associated with changes in structural integrity during
hydrate decomposition in hydrate-bearing sediment

e Fully coupled flow-geomechanical formulations (flow, formation deformation, solid migration)

under natural conditions and all possible gas production scenarios (e.g. depressurization, thermal
stimulation, brine injection, CO,/N, injection etc.)

 Work Scope

* The working version of the NETL's Mix3HRS-GM THCM simulator with capabilities for various

predictions of hydrate reservoir responses including gas production, water production, sediment
deformation, sand migration, etc.

* Implementation of advanced nonlinear geomechanical constitutive model

e Extended numerical modeling to assess risk of sand production during gas production
 Participating 2" International Code Comparison study (ICCS2)
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Thermal-Hydro-Chemo-Mechanical Simulator ENERGY
Mix3HRS-GM TL LABORATORY
Objective Structure of Mix3HR-GM IGHCCS2 Benchmark Problems
e Development of a Thermal-Hydro-Chemo-Mechanical (THCM) fully MixaHydrateRessim =
coupled simulator (Mix3HRS-GM) for methane hydrate reservoir

Approach

modeling that can predict nonisothermal flow and geomechanical
deformation.

Implemented with the latest split-stress coupling technique, non-

Similitude Variable (r'8), miday

linear elastic constitutive mechanical model, time dependent O, AT, A5y

boundary condition, pore pressure projection algorithm, mesh
generator, stress redistribution terms, intrinsic permeability
reduction, for realistic 3D simulations for gas production from hydrate
reservoir.

Benchmark Problems from the 2nd International Gas Hydrate Code

Comparison Study validates performance of the newly developed

simulator.

Performing numerical study on laboratory isotropic consolidation test

and field reservoir production tests using the developed Mix3HRS-GM. impermeable £

Current work

Sand migration capability integration and parallelization in progress

o, e . . . .
L’—l Hydrate Reservoir Production Simulation
GM
Selection of constitutive
models
constant og
impermeable
constant T
0 5 10 15 20 25
d Pw 0.0% +oeiee ! f t
o's constant o, o
-— | £-1.0%
nalaed & | Gy [T s S
‘ ° o -2.0%
g e o
U O £-3.0%
£
Smm 3 .4.0%
Pruour= Pgoun >° F
constant T, A0 L

Incorporating elastoplastic model and permafrost constitutive model
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Sand Migration Prediction

Sensitivity Study for Conditions to cause sand migration
Detached solid volume

e Motivations reom VeV 5]

* Identify what conditions most dominantly cause sand migration, l
for example, is it pressure drawdown? Degressurlzatlon rate? *
Intrinsic permeability? Sediment stiffness: 20

e Accomplishment

e Sand migration is likely to continue due to both hydraulic and
mechanical changes caused by hydrate dissociation.

15

production zone (5 m)

* Sand migration preferentially occurs at the top and bottom end £ aas t-30davs
of production zone reom 45m
* Higher risk of sand migration with heterogeneity due to greater 1{_ r‘ r T T—
shearing deformation caused by non-uniform hydrate
dlSSOClation. t=5 days t =10 days t =30 days
e Higher hydrate saturation area has less risk and the most ePreeen i perenserembity. Varying ondtions CrekboT | seney e
. . S R Hyd rate saturation e 54.2 %
effective to reduce the risk. _ Pressure drawdown 292%
. . . &0F 55 % confidence 1 Effective permeability ve 6.0%
e Shearing deformation and pressure drawdown dominantly Nl e | oncpememity | e 4%
affect the produced sand volume. z Depressureation ate 00%
e Design Suggestions: 3 ul _ __
N L. . . . = Parameter Descrl_ptlon _ _ Sensitivity index
* To effectively mitigate the risk of sand migration; smaller o | oL | Efecivestes educion e o gran Qe | 00%
drawdown will help but lowering the depressurization AN [l o6
prtessu.TIe rtaw p g p ®3 Increase in i with hydrate 319%
rate will not. 0 T A S S 4 Shearing deformation to detachment potential 58.3%
. . oy e . . . L 15 0 & 80 75 25 Settling/lifting gradient reduction 00%
 To identify conditions for ﬁgs production with lower risk of sand Sholiunsiins i) | crial rdient e fuly wtersatoraed | 79%
migration; higher S, and higher permeability.
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Fundamental Property Characterizations

* Importance

* Hydrate relevant physical properties (hydrological, thermal, and geomechanical) are critical for accurate
predictions of hydrate bearing sediment behavior and flow migrations.

* Deficiency in physical properties including relative permeability and geomechanical strength should be
improved for high quality prediction based on numerical reservoir simulations.

 Work Scope

* To measure mechanical and hydrological properties of hydrate-bearing sand at various effective stresses
(grain crushing), hydrate saturations, and clay contents, including permeability, strength, stiffness,
dilatancy, and acoustic velocity,

* To complete pore scale experimental study of relative permeability in hydrate-bearing sediments
complimented by numerical and analytical models.

* To visualize hydrate morphology in sediments during brine saturation process to understand hydrate
formation mechanisms in nature and provide guidance for laboratory specimen preparation and
enhanced test data interpretation.

* To impact of sand crushing on permeability under extremely stress condition and stress-dependent
permeability and permeability anisotropy

* To develop optimal x-ray CT visualization conditions for phase separation under 3-phase hydrate stable
condition.

U.S. DEPARTMENT OF
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HBS Hydraulic Test Results LA BO RATORY
. oge raw data data process
* Relative Permeability ——— T
e 1 or 2-phase gas-liquid relative permeability tests on e - / 1 .
. . . 3 _ " D rel. permeabilit
HBS with different hydrate saturations (0, ~20, ~40%) a7 pEog //’ﬁf..,,“..w..m : :
* The first set of effective, relative, and intrinsic - T R i
epey e . . . . 1] seomo e oy Bl ®
permeabilities of HBS specimens with clay inclusion ) e S o ,, ‘
* To develop a rel. perm. model that can better = -
represent the characteristics of gas-liquid flow e WO 7S
through HBS than the conventional models (B-C, vG, L i s Sy o
etC.) g:v | : g o T o om  om o o
z: | 72 Scuaz
 Triaxial v [ -1,
« Synthesized core with clay (5wt%) under stable and EEEREAAT B e w
diSSOCiation Conditions . HBS Geomechanical Test Results
* To support modeling effort by providing input for 2
geomechanical constitutive model development 7 s rens
2 ;|
8 —— Multi-Stage (S, = 48%)
N -- SilngIeI-Stavge {Is,, :.44'0.%-.50'[.)%)

0 5 10 15
Axial Strain, &, [%]
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Stress dependent permeability and permeability anisotropy LABORATORY
. . Permeability anisotropy cell: the double-ring method
* Motivations ‘
* Permeability is one of the key parameters governing Q"o Jn
gas/water flow and thus the gas production efficiency i
e Lab core tests provide vertical permeability while field Qo | )
production is mainly governed by horizontal J | =\
permeability and affected by vertical permeability \\\
. Recent Updates ! o
* Supporting the NGHP-02 project Qo1 Q'

* A customized permeability anisotropy measurement cell

. . Increasing permeability anisotropy with stress
(conventionalized core)

100

e Stress-dependent vertical and horizontal permeability ; g ; )
data ERRCE I T - B o

e Permeability anisotropy is amplified by stress, i.e., 2 R .::i:g__n ------
vertical permeability decreases faster than horizontal CJER EERRE Rt S, (L
permeability with increase stresses g

* New test cell for permeability measurements P

Vertical stress o, [MPa]
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X-ray CT Visualization of HBS
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High Resolution Visualization of Methane Hydrate LABORATORY

* In-line propagation based phase contract technique

e Enhanced contract with Kl salt

Source to Sample Distance R1 =50 mm Sample to Detector Distance R'> =50 mm
Rz= 10 mm

— X-ray Wave Front
=1 X-ray Amplitude Distribution

L B8 MG = Methane Ga|
S, QS = Quartz Sand

N
a
S

n
=}
15}

-
@
=}

Methane Hydrat,

Voxel Intensity
=
(=]
o

50

Y | Hydrate (excess water)

Voxel Location




X-ray CT Visualization of HBS N= [
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Triaxial compression test and Deformation tracking LABORATORY

* Triaxial compression experiments with pore-scale scans
before and after loading to visually investigate the role of
hydrate.

* Axial loading on hydrate bearing sediment vertically until
the specimen reached its failure state.

e CT images recording loading and displacement.

e Wellbore stability and settlement assessment at pore
scale to understand geomechanical behavior of hydrate
bearing sediments

e 3D tracking of deformation and its impacts from hydrate
distribution with CT images

e Linkage between pore scale studies and larger scale (core
and reservoir)

% U.S. DEPARTMENT OF
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X-ray CT Visualization of HBS
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Triaxial test and Sans Crushing LABORATORY

Initial: Sand + Water After formation: Sand + Hydrate Loading to 1% strain: near elastic

e HBS strength while CT scan

e HBS strength {, as T 1 (8-12
C)

e Sand particles crushes - well
clogging

| __I_ . i .‘ 4 . _..‘ N a -. F < R ), ] - ! ? 3 ; . . r ; y N \
o ] ;. ". o b 3 “ " - i ; .
i : A, d ; id b
4 : 38
o U.S-DEPARTMENT OF (-« [oiieietenilel Increasing T: Massive crushing Loading to 5% strain: Failure Loading to 3¢
@/ ENERGY 21
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X-ray CT Visualization of HBS ENERGY
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Anisotropic Permeability of Hydrate Bearing Sediment
. e K Calibration: Resolution effects on permeability
Developed a process to estimate 3D permeability O Assume: ubiclength =200 u; Pore dameter = 100
. . . 2 m; Theoretical permeability = 61. m?
from virtual sediment recreated from micro CT " " e
i m a ge Total voxel number 2 3 4 6 8 10 12 16 20 40 60 80 100 200 500
Resolution (um/voxel) 100 66.7 50 33.3 25 20 16.7 12.5 10 5 3.33 235 2 1 0.4

92.6 304.7 49.6 105.0 66.8 125.1 95.0 829 72.0 69.9 67.2 66.3 63.5 61.82
50.9 396.6 -19.2 T2

e Calibration: influence of image resolution on the ———
accuracy of permeability simulation. Ervor (%)

352 17.3 13.9 9:5 8.1 35 0.74

Partial volume effect

() . -

e Segmentation: Real 3D CT images > Binary 3D
images (Sand + Pore) Velosity coutons

e Calculate permeability of (Sand+Pore) model in 3
directions

Expanding for hydrate-bearing sediment:

* Segmentation: Binary 3D images = Water +
[Sand+Hydrate+Gas in hydrate]

e Calculate permeability of (Water +
[Sand+Hydrate+Gas in hydrate]) model, and
compare results

Real 3D CT images = Binary 3D images

* Calculate permeability of model with/without x diecton |y diecton |2 direcion Veloci comtonr v ik
. - Ty (vOXel's) 0.3393322 [0.2477588 |0.3420171 e°°{yc_°” °“”:‘y Irection
hydrate in other tests (total = 10) ey o Tossssse Tossiss Tossese Porosity = 33.726%
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Pressure Core Characterization and X-ray CT visualization Tools(PCXT)
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* Importance
e Tools to characterize pressure cores retrieved from natural condition without any PT

disturbance and to visualize hydrate accumulation habits in pore scale are critical for success
of hydrate developments

 Work Scope

To conduct compressibility, hydraulic conductivity, strength measurements of synthetized
and/or pressure cores with ESC

To visualize hydrate pore-habit of natural pressure cores from Gulf of Mexico under various
conditions

3D maps of hydrate pore habit in natural sediments and linkage to larger scale physical
properties

Upgrading current PCXT and adding new modules for expanded capabilities

Numerical simulation of fluid and matrix behavior based on digital pore scale structures and
estimated physical properties.

Beyond: Extend the knowledge learned from pressure cores to guide future research and
exploration.

, U.S. DEPARTMENT OF




NATIONAL

Pressure Core Characterization ¥E ENERGY. v

Pressure Core Characterization and X-ray CT visualization Tools(PCXT) LABORATORY

e Completed fabrication of high-pressure sub-corer,
cutter, manipulator, and effective stress chambers as
a part of pressure core characterization tool

 First sub-coring capability for pressure cores for
high resolution visualization of pore space

 Completed first sub-coring successfully and
cores under CT scans
e Completed design for anisotropic permeability
measurement cell (APC)

e Multi-directional permeability measurement
capability with pressure-core based sediments

U.S. DEPARTMENT OF
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e All cores will be scanned before cutting
e Eight 10-cm sections will be tested with ESC
e Eight 4-5-cm sections will be tested with

ESC-1 (10 cm) MCT-1,2 (8 cm) T 7 . ESC-4 (10 cm) MCT-3,4 (10 cm)

IVI I C rO-CT MCT-5,6 (10 cm) ESC-5 (10 cm) ESC-6 (10 cm) ESC-7 (10 cm) MCT-7,8 (10 cm) ESC-8 (10 cm)
e Residual cores from ESC will be further
tested with APC

ESC-1,5 Initial Condition Natural o' 1 to 20 MPa Dissociation at Freezing Permeability (HBS),
MCT.15 temperature, pore Pl o'=constant B B Compress!blllty, N
Z ESC (all steps): pressure P and Anisotropic permeability,

ESC-2,6 Permeability effective stress o’ _ - Freezing APC P-&S-wave velocity, Elastic
Acoustic Dissociation at o’ 1 to 20 MPa moduli, Poisson’s ratio,

MCT-2,6 Compressibility o'=constant -- -- Stress-strain curve, HBS
MCT (all steps): Permeability . strength, 3D digital HBS,

2620 Scan Acoustic Dissociation at Freezing APE - Contact angle.

MCT-3,7 Permeability MCT Scan o’=constant - - -

ESC-4,8 Multi-stage triaxial Dissociation Freezing APC

MCT-4,8 extension Triaxial compression -- --
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The First Micro CT image of natural hydrate bearing sediment

10 micro resolution 3 micro resolution
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Field Test Supports

* Importance

* to have a well completion that allows downhole pressures, fluid flow rates, production zone isolation, and
solids production to be controlled as tightly as possible.

* to mitigate and overcome hydrate reformation that can be expected to occur in the borehole during un-
intended well shut-ins

* FY19 Scope

* Well Completion Design and Research:
e potential engineering solutions to mitigate operational and completion issues
e the well to be robustly operated for one or more years of proposed experimental operation and observation
» utilizing the most proven completion technology to prevent solids production
* requiring as little intervention as possible
* to minimize the impact on the reservoir and thus on the scientific goals of the test
e Well Shut in Research:
e allows quick restart of well operations following a shut-in

e the proposed electric submersible pump (ESP) well completion (co-mingled gas and water production through the
same production tubing) requires a revised shut-in procedure to mitigate potential re-formation of hydrates in the
wellbore necessary
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* Importance

e Credible forecasts of both gas supply and demand in 2100 time frame.

e Systems Engineering and Analysis (SEA) efforts provide justification for federal R&D programs that seek
to expand US gas supply

* FY18-19 Scope

* A high-level evaluation of the long-term domestic natural gas supply and demand scenarios in the
United States; to estimate the likely timeframe at which existing sources can no longer meet supply
and to estimate the size of the potential supply shortfall through the remainder of the study period

e Developing tools to allow us to broadly replicate existing projections to 2050 and to extend them as far
as 2100
e Accomplishment

e Development of Excel-based gas production modeling platform to approximately replicate existing
forecasts including four prominent shale gas plays

 Machine learning algorithm to refine the model based on model components for functionality to
estimate and forecast drilling activity, well development, and productions in the major plays of interest
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e Personnel in-House:

* Laboratory: Y. Seol, J. Chot, Liang Lei, Tachyung Park, K.
Jarvis

* Modeling: E. Myshakin, X. Gai, H. Singh, Lingli Pan
* Field Support: Ray Boswell, Tom McGuire
* Basin Modeling: Gabe Creason

* University Collaborations:
* Lin, J.-S., U. Pitt, Geomechanics modeling
* Uchida S., RPI, Geomechanics modeling

* Dai, S., GT, Physical properties and pore scale simulation
* Scheirer, A. Dafov L. Barton, Z. Stanford, Basin Modeling
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