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The Keeling Curve

~Atmospheric Carbon Dioxide
Measured at Mauna Loa, Hawaii

Annual Cycle

Jan Apr Jul Oct Jan

1960 1970 1980 1990 2000

http://asymptotia.com/2009/01/28/the-keeling-curve/

Carbon dioxide concentration (ppmv)



Introduction

Atmospheric CO, levels higher than they have
been in the last 800,000 years

Greenhouse Gas Effect
— Detrimental impacts on the environment
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Figure 2. Temperatures Worldwide, 1901-2009

http://althouse.blogspot.com/2007/02/polar-bears-on-melting-ice-cap-
photo.html

Hurrican

http://www.epa.gov/climatechange/science/indicators/weather-climate/temperature.html

EPA, 2012; Kristof, 2012; Schmidt, 2007



Carbon Sequestration

Storage of CO, in geologic formations for long-term
Isolation from atmosphere

Necessities: High permeability and solid caprock
Utsira Sand, Sleipner field, Norway

elpner injection wel
(offline)

7

http://www.sciencedirect.com/science/article/pii/S0360544204001549

http://esd.lbl.gov/research/projects/induced_seismicity/co2/

Arts, 2008; Goldberg, 2008



The Newark Basin

Sedimentary rift basin (NY-NJ-PA)

TriCarb Project
— CO, Injectivity and storage effectiveness

Newark Basin Coring Project

TriCarb, 2012; Olson, 1996



Newark Basin Coring Project

Enormous research opportunity
6,770 m of continuous cores from 7 sites
Cores used by various scientists

http://mww.ldeo.columbia.edu/BRG/

http://www.ldeo.columbi.edu/~polsen/nbcp/basinevo t
alk.html
Burgdorff, 2012; Matter, 2006; Goldberg



Research Questions

 Does the Newark Basin contain layers
of porosity suitable for carbon
sequestration?

 If so, what Is the carbon storage
potential?



Methods
»Porosity

« Challenging measurement
* Bulk Density
« Archimedes’ principle
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http://amybohac.wikispaces.com/file/view/porosity
1.jpg/33212877/253x191/porosityl.jpg

http://www.tutorvista.com/content/science/science
i/gravitation/buoyancy-archimedes.php



+eeeees

A

e

core

Martinsville

Somerset

Rutgers

Titusville

Nursery

Princeton

577.00-577.25
1030.50-1030.70
2468.80-2468.95
2683.50-3683.60
599.90-600.00
1859.10-1859.20
2011.95-2012.00
2242.40-2242.45
2788.70-2788.80
76.15-76.20
1766.25-1766.30
2586.40-2586.45
360.20-360.25
917.60-917.70
1357.05-1357.15
1738.75-1738.80
521.50-521.55
826.50-826.55
1432.95-1433.00
2082.95-2083.00

color

gray
green
red
red
gray
red
black
gray-black
gray-black
gray-black
red
gray-black
black(gray)
gray-black
red
black
purple-gray
gray-black
purple-gray
gray

grain size
claystone, mudstone
basalt
siltstone, fine sandstone
siltstone, fine sandstone
mudstone
mudstone, siltstone
mudstone
mudstone
mudstone
mudstone
fine sandstone
mudstone
claystone (mudstone)
mudstone
siltstone
mudstone
fine sandstone
siltstone
coarse sandstone
fine sandstone

sample #

|_\

© 0O ~NO O WNDN



Measurement of Bulk Density

Mass/volume (g/cm?3)

Dry weight (after drying 24+ hrs @
100° C)

Submerged weight: Archimedes’ principle

Archimedes' Principle

,4 the buoyant force ig equal to

y the weight of the displaced water
b

1.
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Measurement of Porosity

P& Volume of voids/total volume (%)
»@ Dry weight

% Submerged weight
aturated weight
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. : L . . i N o
http://earthemphasis.com/key -arti ts-of-per ility-and-porosity-evolution-on-simulated-earthquakes/

http://www. 2spi.com/catalog/supp/techni-dome-large-vacuum-
desiccator.php



Calculations/Corrections

Dry Weight

W

Weight of Displaced Fluid

(Dry weight — submerged weight)

String corrections

Air buoyancy
Saturation time/weight
Water density



1. String Correction
2. Alr buoyancy

3.4848 (p—0.0037960L - ¢;) <
273.15+¢ i

p (air) = 107

air pressure (kPa),

relative humidity (%),
temperature (°C),

saturation vapor pressure (kPa),

I ( 1- p(air)/p(weights) W
| 1-p(air)/p(sample) )

=MASS

Impact of Air Buoyancy on Mass
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Calculations/Corrections: Dry Weight

Guide



Calculations/Corrections: Submerged Weight
& Displaced Fluid

& 3. Projected weight at “time 0" due to instantaneous
(@ saturation

Sample 19 Sample 19-2

4. Dry WT- Subm. WT = Displaced fluid
| ewater
- volume of string



Calculations/Corrections: Porosity

Vol. of Empty Space
Vol. of Body

« Saturated WT — Corrected Dry WT
* Dry WT — Subm. WT



Very sensitive
measurements

»Quartz
measurements &
calibrations

2.648 g/cm?

12,687
12.6875

12.709
12.6717|
12.6712)
12.6715

12.671
12,6707
12.6706|
12,6706
12.6709)
12.6709)
12.6709)
12.6737
12.6756|
12.6714

Calibration and Accuracy

Stan. Dev O 003



Results: Lab Data

* 0-5%
 Ideally 20-25%
« Samples 19 and 20: 10%
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Results: Borehole Data

Borehole Log: record of a geologic
formation penetrated by a borehole or well

Thickness/depth of layers & properties
®@W\BCP online density log - porosity

s § - i o O




Princeton Core Log: Porosity {from bulk density)

« Sample 19: depth 1416-1442ft (26 ft)
« Sample 20: depth 2072-2084ft (12 ft)



Discussion: Storage Potential
Q=V*ep*e*p

V — total volume of reservoir (km?3) Volume
p — CO, density (kg/m3) Length: 10 km

.. Width: 10 km
e — storage efficiency (%)

Depths: Sample 19: 0.0079 km
¢ — reservoir porosity (%) Sample 20: 0.0037 km

CO, Density: 725 kg/m?3
Storage Efficiency: 15% »~25° C/km
»~250 bar/km

Porosity .
Sample 19: 10.6% Sample 19: 91,000 MtCO,
Sample 20: 10.3% Sample 20: 41,000 MtCO,

= 132,000 MtCO,



Porosity

Princeton Core Log: Porosity (from bulk density)

0O @M, @

Depth (ft]

=1,584,000 MtCO,

Log Data

Sample 17
Sample 18
Sample 19

Sample 20




Discussion

CO, — supercritical fluid at ~100 bar and

300 K

— Too close to transition
point

— Preferred around 3,000 ft

supercritical

4444 44e sl

critical point

gas

(Finney)



B2.TE

* Theoretical storage potential: 1.6 MMtCO,
* New York Emissions 2010: 174 MMtCO,,

(EPA, 2012)



Theoretically...

Using a basin volume of 1,500,000 km? at
10% porosity yields a carbon storage
potential of: 163,000 MMtCO,




Conclusion

®& Proved existence of high porosity layers of
aasa Newark Basin

)\ Broadened knowledge of Newark Basin

Y




Future Research

Further investigate depths around high
porosity samples

Study greater depths
PALocate low-porosity caprocks
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Dr. David Goldberg, Natalia Zakharova,
Mr. Inglis, Mrs. Carnahan and my
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Questions?



