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Subsurface Carbon mineralization resources in Hawaii Basalt (current project starting 2023)

Downhole logging, sampling and pressure testing using the HSDP 3500m deep well
Geophysical imaging of subsurface reservoirs

Geochemical characterization of formation fluids

Reactive transport modeling of trapping and mineralization

Hydrogeologic modeling of ambient circulation and impacts of injection
Laboratory experiments on glassy basaltic clastic rocks from the section

ok wnNE

Large-scale carbon storage potential of saline volcanic basins (2019 — 2023)

1. Geochemical characterization of archived fluid samples and implications for mineralization

2. Hydrologic modeling of thermohaline circulation and subsurface temperatures

3. Basin scale flow and reactive transport modeling of CO, injection in saline basalt formations to
evaluate structural and solution trapping and mineralization

4. Laboratory experiments to constrain kinetics of mineralization

5. Development of TOUGH+ module for CO, hydrate trapping

6. Inversion of water level and tidal data for deep permeability
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Initial assessment is summarized in 2021 IJGGC paper

International Journal of Greenhouse Gas Control 110 (2021) 103396

Contents lists available at ScienceDirect TR =
Greenhouse
Gas Control

International Journal of Greenhouse Gas Control

journal homepage: www.elsevier.com/locate/ijggc

Opportunities for large-scale CO, disposal in coastal marine volcanic basins
based on the geology of northeast Hawaii
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Concept for large scale CO, disposal

The concept is based on the subsurface geology and hydrology of the NE portion of the island
of Hawaii, for which there is direct information available from previous drilling and coring

- “Deep saline volcanic basins” (basalt and
njection . . .
well cea level andesite) may be able to utilize multiple
trapping mechanisms:

(1) Lower temperatures make CO, less
buoyant

(2) Large formation thicknesses (>3 km) and
heterogeneity provide structural trapping
Volcanic rocks

 Basalt and/or andesite P : (3) Pure CO, could potentially be injected
from onshore wells

(4) Dissolution, capillary, and mineral
trapping, as well as CO,-hydrate

Schematic concept of near-shore geological and thermal structure of large oceanic f . Id ib
volcanic edifices like those of Hawaii .ormatl.o.n., could contribute to
immobilizing CO,
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Existing 3540’ deep well drilled and cored as part of an NSF project in 1999 — 2005 (HSDP)
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Basaltic rocks are geologically young (< 1 Ma) and
reactive, enhancing mineralization potential

HSDP2 Generalized Lithology
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New project is focused on
1. Downhole logging, sampling, and injection testing using the
_____ 6 mbsi HSDP 3500m deep well

2. Perforating casing to allow sampling of fluid at different levels
and pull-push-pull tests to evaluate reactivity and injectivity

3. Geophysical imaging of subsurface reservoirs using ambient

------ : $”°° mos! seismicity

4. Geochemical characterization of formation fluids from specific
depth intervals

- 5. Reactive transport modeling of trapping and mineralization

~ Likely . ) . . . .
<—Exm levels for 6. Hydrogeologic modeling of ambient circulation and impacts of

forati TR
perforation injection

shown
7. Laboratory experiments on glassy basaltic clastic rocks from the
section
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Evaluating mineralization rates with dissolution experiments
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Closed-system experiments performed at RITE
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30g solid with 300g fluid
Fluid has seawater Na, Cl, Mg (no Ca, Fe, Si, etc)

Fluid sampled at varying intervals, 10 samples
per experiment over 275 days

Time correction made to account for decreasing
fluid volume from sampling

Fluids measured for Ca, Mg, Fe, Si, Al, and trace
elements Mn, Sr, Ba

4 experiments at 80°C and 100 bar
80 CPX:20 Plag w/ N, and CO, atmosphere
80 Plag:20 CPX w/ N, and CO, atmosphere

Measured Sr/Ca used to determine proportions
of minerals dissolving
(Sr/Capjag = 13 x Sr/Capy)

Calculations assume geometric surface area
(24 m?/kg for CPX; 31 m?/kg for Plag)
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Simple analysis: [Ca] data fit with logarithmic functions
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Limitations of 15t order kinetics in reactive transport models

10_7 E I I | I | I 1 E

s CPX dissolution : _ .

i 80°C 100 bar CO2 - Our experiments were also simulated
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B Irst order -
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/ —— —u
ToughReact simulation
with first order kinetics
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experlment

-

o
LN
o

15t order kinetics produces some
slowing of dissolution as [Ca]
increases in solution, but does not
capture the 1000x slowing found in
the experiments
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Key questions for proof of concept
1. What is the likely range of vertical permeability in submarine volcanic sections?

2. What is a likely range of horizontal permeability, how much interconnected pore space is
typical, and on what length scales?

3. How efficient is capillary trapping in basalt or andesite lava flows?

4. Can mineralization rates be adequately estimated? What is the tradeoff between CO,
density (low-T; high-P) and mineralization rates?

5. Can storage capacity be estimated? Are glass-rich horizons effective seals? Are they self-
sealing?

6. How effective is hydrate formation as a CO, trapping mechanism?

7. Does the combination of characteristics and multiple trapping mechanisms ensure
permanent storage”?
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Direct electrosynthesis of sodium hydroxide and
hydrochloric acid from brine streams

AmitKumar'%5*, KatherineR. Phillips ©35, Gregory P. Thiel'?, Uwe Schréoder* and JohnH. Lienhard V©1'2*

A proposed approach to de-acidifying the oceans is to

1. use electro-hydrolysis to produce NaOH and HCI from
seawater or from saltwater residue from desalination

2. put the NaOH back into the ocean to increase its pH and
allow it to dissolve additional CO, from the atmosphere

3. dispose of the HCl by reacting it with rocks (like basalt)

Question 1 is whether basalt, as in Hawaii, could be used for HCI disposal
(0.5 M HCI if from seawater, more concentrated if from desalination)

Question 2 is whether HCl and CO, disposal could be combined

Question 3 is whether concurrent HCl and CO, disposal could be used
somehow to increase the mineralization rate of CO,
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