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Anthropogenic CO, Emissions

Global anthropogenic CO, emissions Cumulative CO,
Quantitative information of CH, and N,0 emission time series from 1850 to 1970 is limited emissions
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Environmental Limits — Call for Mitigation
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Carbon Capture and Storage

Without carbon capture and storage fossil fuels will have to be phased out
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Geologic CO, Storage
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Problem of Scale

* 1,000 Mwe coal-fired power plant: 10 Mt CO,/year -> 700 Mt CO,
* Total CO, volume ~1 km?3 (density of 780 kg/m?3 at 40°C, 150 bar)

* CO, foot print in the subsurface could reach 100 km? (Pruess et al.




Risk of Leakage
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Mineral Carbonation
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CarbFix Pilot Injection Site
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Tracer injection system
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Goal:

SF¢ concentration (ccSTP/g)

SF¢, SF.CF;, DIC & pH monitoring

Monitor solute transport in subsurface
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14C monitoring

* Goal: Monitor CO,-fluid-rock reactions (carbon mass balance)
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Carbon mass balance

1. Calculating mixing between injected solution and reservoir fluid using
SF

[SE;], = X[SF] s+ (1- X)[SF5]

2. Calculating theoretical dissolved inorganic carbon concentration
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14C mass balance
expected vs measured *C concentration
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Future Opportunities at CarbFix Test Site

Study effect of gas composition (impurities) injected into subsurface on
geologic carbon storage efforts on industrial scale

Improvement and optimization of gas separation techniques

Develop new and refine existing chemical and geophysical monitoring and
verification techniques

Study practical tolerance levels of injected gas composition (impurities) with
regard to pipeline and well design and separation capabilities

Definition and evaluation of environmental safety risks associated with
impure CO, injections
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Mineral Carbonation in Mantle Peridotite
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Hydrogeological Model — Carbonation Flow Path

‘ Evapotranspiration

Recharge ~200+
55 mn%}/y 200+25 mm/y
'Si— Surface runoff
— ~30 mm/y
— N
~~

= M !!‘nsg.-__ Alkaline Spring
Depth to Travertine deposits
reaction
zone
<400m
Thickness of
fissured zone
Type Il: Ca-OH ~50 m
Deep groundwater

Closed system

Reaction zone :
Mg — serpentine? pH >11; no life; H2
HCO3—> MgCQ3?

—> CaCQOs37?
— CaMgCQO3?

Partially serpentinized peridotite

Not to scale; Adapted from Dewandel et al., 2005



Natural Mineral Carbonation Rate

* rate of solid carbonate formation in Oman is ~104 to 10° tons

CO,/year

* 1000 tons CO,/km3/year in actively carbonating upper 15 m



Engineered Carbonation System
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Research Opportunities Oman Drilling Project

Oman Drilling Project will provide a subsurface laboratory to study CO,-rock-
water interactions relevant for CO, storage, to evaluate feedback
mechanism between CO,-rock-water reactions and geomechanics, and to
test novel chemical and geophysical monitoring techniques related to
geologic carbon storage

Study feedback mechanism between CO,-rock-water interaction and
geomechanics

Understand generation of abiotic methane and hydrogen




