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GeoH,

* GeoH, is a new consortium at the University of Texas to conduct geoscience &
economic research to facilitate and advance the development of a hydrogen
economy at scale

* Research focus:
* Geological storage of hydrogen
* Techno-economics of integrated value chains and market analysis
* Novel subsurface concepts (e.g. in-situ generation)

* World-class research capability with proven track-record of high-value research and
impact

* Multi-company consortium-approach offers cost-effective means of R&D and
knowledge transfer
* Members steer research
* Leverage multi-member participation
* Focus on applied research
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Team GeoH,

Resource Characterization, Geology, Geophysics, Petrophysics, Geomechanics, Reservoir Engineering, Energy Economics
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Geological Storage

* Geological storage provides best options for large capacity storage

Natural Gas
Storage Capacity
Bci

* Viable geological storage
* Dissolution caverns in salt domes Qum 8 vwmars

* Depleted oil & gas fields
e Saline aquifers
* Lined caverns

* Geographic coverage important
* Generation sites
* End-use sites
* Infrastructure

(D Area underlain by rock salt

Area of salt domes or
salt anticlines
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Indicative H, Storage Options by Unit Capacity
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16000
14000
12000
10000

8000

H2 WORKING CAPACITY (MT)

6000

4000

2000

(0]
Spherical Vessel Pipe Storage Pre-stressed Liquid Hydrogen Cryo-compressed Salt Cavern Lined Rock Depleted
Concrete H2 Cavern Field/Aquifer

; STORAGE TYPE
% BUREAU OF
Economic
=~ GroLocy Data from Ahluwalia et al, 2019




Bulk Geological Storage of H,
m-z-“

Salt 3 industrial H, * Lowest cost bulk storage * Limited geographic Resource assessment,
(dissolution) storage sites in * Proven technology distribution of suitable salt expanded catalog of suitable

caverns

Depleted oil
& gas fields

Aquifers
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Texas; 1 in
Scotland

Untested for H,
storage, proven
for NG, natural
gas/H, blends

Untested for H,
storage, proven
for NG, natural
gas/H, blends

Rapid injection/production

Wide geographic
distribution

Suitability of sealing
caprocks

Potential for stacked CCS

Widest geographic
distribution

Potential for stacked CCS
Brine disposal

deposits
Brine disposal
Limited size

H,-reservoir interaction is
not well understood
Integrity of abandoned
wells

Oil/gas interaction

H,-reservoir interaction is
not well understood
Suitability of sealing
caprocks

sites
Screening criteria
Cost/life-cycle analysis

Resource assessment,
catalog of suitable sites
Screening criteria/best
practices

Reservoir simulations
Chemical reactions
Geomechanics, risk analysis
Cost/life-cycle analysis

Pilot field tests
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Integrated Subsurface Evaluation

 Reservoir characterization for
regional resource assessment

* Geophysics & petrophysics for
trap-scale reservoir

A Z Net CO, Capacity A Net CO, Capacity
H H | / Total Project Area ‘ & Offshore Texas
characterization - S s

* Reservoir flow simulation—
optimization of well geometry
& injection/production

Storage Resource
assessment — link

H, and CCS
strategy
 Seal & seismic risk analysis
 Techno-economic analysis
* Field test design
* Integrity monitoring Factoring in existing ::;;:::,R:.:.;‘;;m.si.‘;'::‘;“;

S CO2 Pipeline
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Geophysics for H, storage

Kirchhaff PSTM Time Migration Kirchhoff PSDM Depth Migration RTM Depth Migration

(2013, displayed in depth) (2013)

Use geophysical surveys and
techniques to evaluate
suitable reservoirs for H2
storage in the subsurface

Integrate geology,
geophysics, and reservoir
engineering to estimate H2
storage capacity

_- _ N S
Reverse Time Migration Thompson et al. (2021) SMRI

Monitor storage

Depth (km)

BUREAU OF Synthetic seismic wedge model in sandstone reservoir  Bhattacharya, 2021
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Hydrogen Storage in Salt Caverns

Warren (2006)

Feed solve nt

(water)
B
fine = Outer
Fluid blanket <« /Casmg

* Current H, subsurface
storage method in the
onshore Texas Gulf Coast

* Need to improve our ability
to predict internal shear ) =
zones/impurities to s ower o actn
maximize placement of
caverns in salt domes

TEXAS LOUISIANA
COASTAL BASIN
BASIN_—

* Understand feasibility of
H, storage in caverns in ‘ | | £ = |
bedded salt Y ; N S .

Domal salt cavern fields
<@ Brine production :
2> Waste disposal

A Active salt mine
@ Cavern storage % Inactive salt mine

@ ro Storage Further offshore salt domes and salt massifs to the south J
@ Natural gas storage (e. g. Posey & Kyle 1988)

. BUREAU OF . @ Crude Ol (SPR) -
ECONOMIC https://www_domeenergy_com/understa ndi ng_ @ Hydrogen (Salt domes from Halbouty, 1979; Martin, 1980; Louisana Geological Survey, 1981; U.S. Department of Interior, 1983)
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Predicting Heterogeneities in Domal Salt

Large incl AEY
__(sinking shear zones Rising inclusion
= above and o es)-. — " (shear zones on
4 ides and beneath)

s*'FA"ﬁﬁ“*

State of Texas Advanced Resource Recovery

~Shearingat
base of intra-salt
allochthonous sheet

Thrust related Pre-salt Y
to shortening Complex welding
of multilayer salt

casing deformed
* out of vertical

Duffy et al. (in prep.) BEG * out of round
*joints

Roof overthrust
(translated landward flap)

g Translated
Eroded hangingwall

(1) PhySicaI mOde”ing Shallow salt \ /backthrust Level of horizontal
- . | detachment sections in Figure 11

(2) Numerical modelling e S

(3) Seismic-based mapping §

Tc Model 3 - 30 cm shortening

Caverns that intersect
intra-salt bodies or
shear zones are prone
to (1) salt falls, (2)
cavern failure, (3) well
damage and (4) gas
outbursts

“Displaced  Major outward plume (1 & 2) Highly inflated
source-layer source salt (plume 2)

salt

Oblique Movement

assoc. w/ overhangs

’ = internal
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Hydrogen Storage in Porous-media Reservoirs
(Depleted Fields and Saline Aquifers)

Injection &
production

Leakage

Fluid-rock
interactions

Injection/production

Gas-gas and gas-
brine interactions
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Reservoir Simulation Workflow

* Validate the PVT model against Workflow
measured H, properties (density,
solubility, and viscosity) Natural Gas Hydrogen
Storage Storage
* Use calibrated history matched
dynamic geological models: Saline
Aquifer
* Compare storage results of H, with NG
and CO, Wells « Orientation
agm m . . L ti . i
- Sensitivity cases and optimize H, R * Porforation
Sto ra ge Hydrogen is more mobile than CO,or CH, PVT models match measured H, density and viscosity
. H, is 10x less dense than Methane ty, T=150F ° Re|atl\’e
: Physical Permeability/
Properties Capillary
Pressure
F— * Cycle
Gas Injection .'gme
Process ump
wells
activation
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Gas Volume
(BSCF)

Compare H, vs. NG Storage

Gas volumes stored in the reservoir Gas saturation after the last injection cycle

LA

11/18/10 4/1/12 8/14/13 12/27/14 5/10/16 9/22/17 2/4/19

12

—— NG Storage
10 4 H2 Storage

4—/

Time (day-month-year)

Compared to NG
* 10% less H, volumes injected due to well constraints (H, higher insitu pressure)
« 32% less working gas capacity
* 3% higher average H, saturation in the top layer
Need to optimize storage for H, due to its different properties
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Risk analysis: Leakage potential, top seal
integrity & induced seismicity

* Diffusion into seal/caprock

* Two-phase flow into seal
Caprock saturated with brine

 Chemical interaction with top seal may
affect chemically aided fracture growth &
fault reactivation

* Risk of seal failure by fracture growth &
fault reactivation

Brine-filled reservoir

Caprock saturated 'with brine

Hydrogen
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Hydrogen Value Chain Analysis

Supply ? Demand ?

. . . ion? 2
What is the optimized Location? Usag

infrastructure buildout for scaling

up a hydrogen sector as part of the
energy system?

Renewable

 What are the optimum storage and .
transportation options for various . )
market scenarios ? - =

* Interconnection and tradeoff of the Nuclear

new technologies versus existing / Generation Storage Transportation Industrial and
options? (w/ CCS if fossil) [\ Transportation
' s

* Opportunities for conversion of oil and
gas infrastructure to hydrogen

Fossil (NG)

. . Infrastructure ?
- Many scenarios...many questlons Storage ?

Salt cavern ? Depleted Field ? Saline Aquifer ?
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Techno-economic analysis
Storage value and cost modeling

Estimate total demand for H, as energy carrier and investment cost and return for H, storage using demand scenatrios.
* Input: Storage process cost and capacity parameters / Demand assessment (prices and demand quantity)
* Output: Cost estimates of H, storage / Valuation of H, storage project (Net Present Value, Internal Rate of Return)

Calculations for West Texas

Hydrogen Storage Schematic . .
o Araque & Lin, unpublished
Injection

Total Cost by Site Cost Breakdown by Storage Type

Cost Breakdown by Storage Type (Right: Levelized Cost $/kg; Left: Cost by

Total Capital Cost Plus O&M Cost for Assumes "
componentin MMS$)

Geological Sites

Millions

Underground
Storage
b
Metering )
and Dehydration Expansion Heat
Filtering Tank Exchange

Withdrawal

= \Water & Cooling Cost, MM$

O&M
M Capital

H2
Distribution
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Thank You !

Contact:
Mark Shuster Peter Eichhubl
Deputy Director Senior Research Scientist
Pl, GeoH, Co-PI, GeoH,
mark.shuster@beg.utexas.edu peter.eichhubl@beg.utexas.edu
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