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Abstract

Atmospheric carbon dioxide concentration is significantly higher than it has been
in the last 800,000 years; this unnatural increase is the cause of recent climate changes,
which are bound to have detrimental impacts on the environment. One effort to stabilize
the CO, concentration is the sequestration of CO, in geologic formations for long-term
isolation from the atmosphere. This study investigated the carbon storage potential of the
Newark Basin, a sedimentary rift basin located in New York and New Jersey, to
determine if any layers of the basin would be suitable for CO, sequestration.

Through the application of Archimedes’ principle and mathematical corrections,
bulk density and porosity of 20 widespread Newark Basin borehole core samples were
measured. 2 samples demonstrated relatively high porosity of 10% at depths of 1,433 ft
and 2,083 ft. Borehole data logs from the Newark Basin Coring Project were used to
calculate the storage potential of the high porosity layers to be 91,000 MtCO, and 41,000
MtCO,, respectively, and that of the basin to be 1.6 MMtCO,. The identification of
Newark Basin layers with high porosity is crucial in the advancement of carbon
sequestration, and this investigation aided in the global effort to stabilize the dangerously

excessive CO; concentration in the atmosphere.
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Introduction

When Charles David Keeling began measuring carbon dioxide levels in the
atmosphere in 1958, he not only developed the first significant evidence of rapidly
increasing atmospheric CO; levels, but ignited a movement to prove this increase as
inexplicable by natural causes: today, the amount of carbon dioxide in the air is higher
than it has been for the past 800,000 years (1). Although CO; is naturally occurring as
part of the Earth’s carbon cycle, ever since the Industrial Revolution of the 1700s, human
activities have significantly altered this cycle by spewing extra CO, into the atmosphere
and diminishing natural sinks, such as forests, to remove atmospheric CO,. Of the
greenhouse gases emitted through human activities, such the combustion of fossil fuels,
CO; is the primary emission at 84% (2).

Greenhouse gases act as a blanket to the Earth, absorbing energy and
slowing/preventing the loss of heat to space, known as the greenhouse gas effect. Since
pre-industrial times, the increase in CO, emissions and 40% increase in CO;
concentration has led to an increase in the greenhouse gas effect, and ultimately, climate
change (1). This climate change is believed to have impacts on global temperature,
precipitation patterns, ice, snow and permafrost coverage, sea levels, and ocean acidity,
altering countless habitats (3). More severe hurricanes occur with warmer oceans, and the
Atlantic Ocean off the east coast of the US reached a record high temperature this
summer, right before the immensely destructive Hurricane Sandy. Of the ten warmest
summers for the US, seven occurred since 2000, and coastal sea levels, which have
already risen by nearly on foot in the last 100 years, are projected to rise two to four feet

by the end of the century (4). As 30 billion tons of CO, continues to enter the atmosphere



each year, 1.5 billion from US coal plants alone (5), the impacts will continue to increase
(D).

Carbon sequestration has developed over the past few decades and provides
promise to help stabilize atmospheric CO, levels. In geologic storage, liquefied CO; is
injected into reservoirs, basins, aquifers, or basalts for permanent isolation from the
atmosphere. Since October 1996, Statoil and Sleipner Partners have been effectively
sequestering carbon dioxide in the Utsira Sand, an extremely porous (30-40%),
permeable, sandstone saline aquifer (6). Like the Utsira Sand, it has been found that
porous basins with high permeability and a solid caprock act as the best locations for
sequestration. Furthermore, basalts rich in magnesium and calcium may be ideal to form
carbonates in the deep-sea region (7), and areas around the world that have been
specifically studied for carbon dioxide sequestration include the Juan de Fuca and Walvis
ridges, with a worldwide potential carbon storage volume 8.2-41.2 Tt-C (8).

Laying under one of the most densely populated regions of the country, the

Newark Basin is a rift basin filled with sediments, covering over 7,000 km?, stretching

from northern New
Jersey to southern New
York and south-eastern

Pennsylvania. In 2010,

o= NBCP drill sites

New York and New Jersey combined produced 292.05
The Newark Basin (10)
million metric tons of CO,, emissions that could be
sequestered if the Newark Basin was shown to be suitable for CO, storage (9). The

Department of Energy and numerous national labs have been currently assessing the



basin’s CO, injectivity, storage capacity, and sequestration effectiveness through the
TriCarb project (11), and the Newark Basin Coring Project (NBCP) recovered over 6,770
m of continuous core from 7 sites, spanning 30 million years (12). Although the primary
objective of the NBCP was to refine the region’s climate and tectonic history, numerous
other scientists have studied the cores and data collected by the project (13, 14, 15). As
seen through the work of these various efforts, the Newark Basin is loaded with research
opportunity in environmental science, and is in a prime location to sequester millions of
tons of CO,.

However, before any sequestration is possible, the physical properties of the rocks
must be evaluated to identify the potential reservoirs and seals. With the use of the cores
and data logs collected from the NBCP, this investigation involves the calculation of the
bulk density and porosity values of various samples scattered throughout the Newark
Basin. Porosity is a main reservoir property that controls storage capacity and is not
easily measured. By looking at a wide range of samples across the basin through highly
precise, low-cost porosity measurements, the reservoir properties and storage capacity of
the associated layers has been evaluated. Ultimately, this investigation determined which
samples, if any, are suitable for carbon sequestration, and theoretically projected the
carbon storage potential of the areas surrounding the suitable samples.

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

e If so, what is the theoretical carbon storage potential?



Methods

As previously stated, porosity is a key factor in storage potential and reservoir
identification. It is not easily measured in boreholes, where it is influenced by many other
factors, nor in the laboratory environment. Especially for low-porosity, clay-rich rocks
like the Newark Basin samples, measurement of porosity usually requires a high-pressure
apparatus and special substances, such as helium or mercury. Despite these challenges,
porosity was calculated through a low-cost approach using bulk density and Archimedes’
principle.
Materials

Twenty Newark Basin core samples were selected to represent a wide variety of
rock compositions and depths of the Newark Basin to determine whether any of the
layers could be potential reservoirs. These samples were selected based upon location,
depth, color and grain size, and obtained from Rutgers University Core Repository in
March 2012 (see Figure 1).

Measurement of bulk density

The first measurement, bulk density, was obtained by measuring the dry weight
and submerged weight of each sample, and by applying Archimedes’ principle, stating
that buoyancy equals the weight of displaced fluid. The calculation of bulk density
required not only dry weight and submerged weight, but air temperature and water
temperature, as well, which were recorded in every trial. In order to measure submerged
weight, the sample needed to be hung off a scale into distilled water. The string used to
hang the samples was a 20 cm plastic fish line tied into a sliding loop, so it could

effectively hold each sample yet have minimal impact on the measurement. To measure



Figure 1: Sample List

core sampled depth (ft) color grain size sample #

Martinsville 577.00-577.25 gray claystone, mudstone 1
1030.50-1030.70 green basalt 2
2468.80-2468.95 red siltstone, fine sandstone 3

Somerset 2683.50-3683.60 red siltstone, fine sandstone 4
Rutgers 599.90-600.00 gray mudstone 5
1859.10-1859.20 red mudstone, siltstone 6
2011.95-2012.00 black mudstone 7
2242.40-2242.45 | gray-black mudstone 8
2788.70-2788.80 | gray-black mudstone 9

Titusville 76.15-76.20 | gray-black mudstone 10
1766.25-1766.30 red fine sandstone 11
2586.40-2586.45 | gray-black mudstone 12

Nursery 360.20-360.25 | black(gray) claystone (mudstone) 13
917.60-917.70 | gray-black mudstone 14

1357.05-1357.15 red siltstone 15
1738.75-1738.80 black mudstone 16

Princeton 521.50-521.55 | purple-gray fine sandstone 17
826.50-826.55 | gray-black siltstone 18

1432.95-1433.00 | purple-gray coarse sandstone 19
2082.95-2083.00 gray fine sandstone 20

dry weight, the samples were dried for 24+ hours at 100 degrees Celsius in the oven and

then let to cool to room temperature. The string was tied around the sample and the

sample was weighed to the fourth decimal digit.

Submerged weight was measured using the same scale with some modifications.

Instead of placing the sample and string on the scale, the sample was hung from a paper

clip, attached to the top of the scale, into a plastic cup filled with distilled water. A

wooden shelf apparatus was created to slide into the scale for the cup of water to be

placed on. Once the sample was submerged in water, however, saturation began to occur

instantaneously so the submerged weight of each sample had to be projected. To do this,

as soon as the sample was submerged, a timer was started. Once the sample and cup were

in the scale, the weight and time were recorded. Weight was recorded every 15 seconds




for the first 4 minutes, and then every 30 seconds until 5 minutes after submersion. These
time vs. submerged weight data points were plotted and the submerged weight with no
saturation was projected using a linear graph. Each graph was examined individually to
determine the best trend line to use, and thus, most accurate submerged weight.

There were many outside influences that had to be controlled for the submerged
measurement. It was imperative that the sample was not touching the cup on any sides,
and that there was as little extra string submerged as possible, which impacted buoyancy.
When the sample was submerged, small air bubbles usually formed which created
buoyancy forces on the sample and threw off the weight. To counter this, the sample was
lightly tapped against the side of cup after submersion. Also, movement around the scale,
such as other lab members walking past, caused the string to move and threw off the
scale and measurement. To counter this, a piece of paper was used to cover the open side
of the scale and block air movement.

In order to calibrate the measurements, a piece of quartz with known density was
measured for dry and submerged weight, before and after all of the samples. These quartz
trials were compiled to measure our accuracy and precision (Appendix #6). Multiple
trials were done on each Newark Basin sample to not only better the procedure, but also
to increase repeatability.

Measurement of porosity

The next measurement, porosity, was obtained by measuring dry weight and
saturated weight, and by using the submerged weight from the density measurement. Like
the density measurement, the samples were dried for 24+ hours at 100 degrees Celsius

and weighed for dry weight. The samples were then saturated through the use of a
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vacuum apparatus. The samples were places in a plastic bowl filled with distilled water,
and the bowl was placed in a vacuum container. The vacuum was turned on for ~5
minutes, just enough time to decrease the pressure and remove the air from the samples,
but not let the water boil out of the bowl. The vacuum was then left sealed for different
increments of time to saturate the samples. Before opening the vacuum to measure the
samples, the vacuum was turned on again for ~5 minutes. After each saturation session,
the weight of each sample was taken to monitor changes due to saturation; it was
established that the weight reached a plateau after a week, meaning that no further
saturation was occurring. The samples were saturated for a total of 150 hours; first left for
a day to saturate, and then eventually left for multiple-day time periods for the best
saturation.

To measure the saturated weight of each sample, the sample had to be removed
from the bow! and placed on the scale individually. However, as soon as the sample was
exposed to air, the water began to evaporate out of the sample. The evaporation rates of a
few samples were measured by timing how quickly the weight of the sample dropped.
Since this drop was significant, evaporation was minimized as much as possible by
wrapping each sample in Saran wrap after being lightly dried with microwipes to remove
surface water. The wrap for each sample was weighed prior to wrapping each rock. As
soon as the sample was taken out of the water, a timer was started, and the sample was
dried, wrapped and weighed by ~45 seconds. The sample was left to sit on the scale for 1
minute to ensure that no evaporation was occurring with the wrap on. The wrap weight

was subtracted from the sample+wrap weight to get the saturated weight.
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Calculations

To control the measurements described above, and in attempt to strive for the
greatest accuracy, various corrections were applied to the measurements via
mathematical calculations. High precision was extremely necessary because the density
of rocks changes very little between different types; for example, a 0.1 gram/cubic
centimeter is a significant change. Thus, the mass and volume must be measured very
precisely.

Calculations/corrections of bulk density measurements

Bulk density was determined through the use of Archimedes’ principle, stating
that buoyancy equals the weight of displaced fluid. Thus, dry weight (corrected to find
mass) divided by the difference between dry weight and submerged weight, or weight of
displaced fluid (divided by the density of water to get volume) equals bulk density.

(Dry Weight)/(Weight of Displaced Fluid)=Bulk Density
In order to accurately measure bulk density, air buoyancy, water density, saturation
time/weight and string corrections must be applied.

Dry weight was corrected by accounting for the string and air buoyancy. First,
half of the weight of the string was subtracted from the measured dry weight. (Half of the
string’s weight/volume were used because roughly half of the string cancelled out
between the dry and submerged measurements.) Air density was calculated through
Equation 1 (16):

3.4848 (p —0.0037960U - ¢,) %107
273.15+1¢

p (air) =

where

= air pressure (kPa),
relative humidity (%),

temperature (°C),
saturation vapor pressure (kPa),

~ Qv

e, =1.7526x 10° exp[ —5315.56/(¢ + 273.15)].
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Through sensitivity analysis of environmental factors, it was determined that
humidity and air pressure values did not have a significant impact on the air density
value, so humidity was kept constant at 30% and air pressure was kept at 1 atm for the
purpose of calculations. Thus, air temperature was the determining factor in air density.
Using air density, along with estimated density of the sample (determined by using the
uncorrected dry and submerged measurements) and measured weight, mass of the sample

was determined using Equation 2 (see Appendix #1) (16):

. w{] - p(ai}'}f'p(weights} ]
1- p(air)/p(sample)

Submerged weight was calculated by projecting the weight of the sample with no
saturation. This was done by plotting the submerged weight of the sample vs. time
submerged, and projecting the weight to the time of initial submersion/no saturation
using a linear graph. Each graph was examined individually to determine the best trend
line to use. Usually, there were two distinct slopes, steeper at first to represent the water
rushing into the surface pores, and then less steep to represent the water slowly
penetrating deeper. The steeper trend line was used to account for the fast saturation, and
the new projected weight was used as the submerged weight (see Appendix #2).

This value was then subtracted from the corrected dry weight to calculate weight
of displaced fluid. The weight of displaced fluid was then divided by the density of water
(~0.9975 g/cm? at 23 degrees Celsius) to get the volume (see Appendix #3). Half of the
string’s volume was then subtracted from the volume to get the volume of the sample
(see Appendix #4). Lastly, mass was divided by volume to get bulk density. However,

since the air buoyancy correction required a tentative density in the equation, the air
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buoyancy correction was repeated five more times using the new calculated density each
time, resulting in the final bulk density values (see Appendix #5).

Calculations/corrections of porosity measurements

Porosity was determined by dividing the volume of empty space by the volume of

the body.
(Vol. Empty Space)/(Vol. of Body)=Porosity

To determine the volume of empty space, dry weight was subtracted from
saturated weight. As in the bulk density measurements, the dry weight was corrected for
air buoyancy using equations 1 and 2. This difference in weight was divided by the
density of water (at 23 degree C=0.9975 g/cm®) to get the volume of empty space. The
volume of the body was calculated as it was in the bulk density measurement; the
difference between dry weight and submerged weight (to get weight of displaced fluid)
was divided by the density of water (0.9975 g/cm®) to get the volume of the body. The
densities of water cancelled out, and volume of void divided by volume of body resulted
in porosity.
Results

Laboratory data: core samples

The bulk density and porosity values are outlined in Figure 2. Most of the samples
were characterized by low porosity, ranging from 0-5%. Carbon sequestration in geologic
formations with ~20-25% porosity is ideal, but relative to this investigation, Samples 19
and 20 exhibited the highest porosity values of 10%. These final samples were not clays

like the other samples, but they were sandstones, characterized by larger grain size and
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higher porosity. Samples 19 and 20 and their respective layers were used in theorizing the

carbon storage potential of sections of the Newark Basin.

Laboratory-to-in situ data comparison: borehole logs

A borehole log is a record of a geologic
formation penetrated by a borehole or well.
Measurements of the log may be made visually,
when the samples from the hole are brought to the
surface (geological log), or they may be made by
instruments lowered into the hole (geophysical
log). The Newark Basin Coring Project collected
both of these measurements, as the geological logs
were used as the physical samples for this study,
and the geophysical logs were used to locate the
layers that the samples came from. These borehole
log data provide continuous measurements of
various physical properties (i.e. density, gamma
ray) corresponding with depth, and can be used to

identify depth and thickness of different layers.

Figure 2: Bulk density and
porosity results

Bulk
Density
Sample | (g/cm?) Porosity

1 2.678 0.4%

2 2914 1.6%

3 2.649

4 2.713 2.6%

5 2.622 5.5%

6 2.686

7 2.692 1.9%

8 2.708 0.9%

9 2.727 1.6%
10 2.660 3.5%
11 2.776 1.2%
12 2.672 0.6%
13 2.647 0.8%
14 2.707 1.0%
15 2.697 0.6%
16 2.717 1.5%
17 2.763 0.5%
18 2.699 1.3%
19 2.378 10.6%
20 2.432 10.3%

The geophysical logs were found online from the Borehole Research Group (17), and

using the porosity values calculated and depths for samples 19 and 20, the samples’

corresponding layers were identified: the samples’ calculated porosity values were

plotted on the core’s porosity data derived from the online density log (see Figure 3).
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Princeton Core Log: Porosity (from bulk density)

Figure 3: Online porosity data for
Princeton borehole with samples plotted
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to produce theoretical reservoirs for carbon sequestration.

Measurement errors and uncertainties

Since the samples were obtained from cores previously studied through the
Newark Basin Coring Project, there was a plethora of online data and logs describing the
cores and samples. So, why not just use the log density and porosity data to determine the
storage potential of these samples? The log data gathered from the NBCP was obtained as
the rocks were cored, and these measurements differed dramatically from measurements
made on the cores and samples individually. This is due to a variety of factors, including
depth errors, different measurement volumes on samples and logs, different physics of
each measurement, cumulative measurement errors, and porosity rebound (expansion of
sample when removed from earth). Thus, measurements on individual samples and
calculations were executed with great rigorousness.

Due to the sensitivity of the samples, extensive corrections were applied to the
measurements to counteract outside influences, including saturation time, air buoyancy,
string interference, and water density, outlined in the appendix. To measure accuracy and
precision with these measurements and corrections, quartz measurements were taken
multiple times per lab work session and used as a constant (see Appendix #6). The
accepted value of quartz density is 2.648 g/cm?®, and our measurements averaged to 2.647
g/cm®; a 0.00038% difference. With a quartz measurement standard deviation of 0.003,
measurements can be assumed to be within 2 standard deviations of the true value.

When evaluating the Princeton borehole core logs from the Newark Basin Coring
Project, it was determined that the density log would be more reliable. The porosity log,

measured in NPHI (neutron porosity), is known to overestimate porosity, especially in
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claystones. Since the neutrons are sensitive to hydrogen, they cannot distinguish
hydrogen in water filling pores from hydrogen in clays. The method used in this
investigation, of measuring bulk density and saturating the cores, provided the lower
bound estimate of “effective porosity.” Thus, derivation of porosity from the bulk density
log was deemed more reliable.

Discussion

Storage potential

Storage potential was then calculated using the formula (18):

Q=V*e*e*p,  wherethe notation is the following:
Q - storage capacity of the reservoir (MtCO2), V — total volume of reservoir (km®),

@ — reservoir porosity (%), e — storage efficiency (%), p — CO, density (kg/m®).

Storage efficiency varies from 2-30%, so for the purpose of this investigation, the
average value of 15% was used. CO, density was set at 725 kg/m?, as per the temperature
and pressure estimates at this depth. Sample 19’s section yielded a total of ~91,000 Mt
CO; and Sample 20’s section: ~41,000 Mt CO,, resulting in a total estimated storage
capacity of ~132,000 Mt CO.. In looking at Figure 3, it is obvious that there seems to be
multiple more sections or layers with similar porosities. Counting roughly 12 more layers
of similarly high porosity, the estimated storage potential of this theoretical reservoir of
the Newark Basin is ~1,584,000 Mt CO..

When calculating the storage potential, pressure, temperature, CO, density had to
be estimated according to the depth. It was assumed that temperature increases by ~25
degrees C/km, starting at the ground level value of 23 degrees Celsius, and pressure
increases ~250 bar/km. Using these assumptions, temperature and pressure were

estimated, and used to project the CO, density. CO transitions into a supercritical fluid at
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~100 bar and ~300 K (19), so at both of the samples’ depths of 1433 ft and 2083 ft, the
supercritical point would be reached. This makes CO, much denser and allows for more
efficient use of the pore space than in the gaseous form. However, in reality, being too
close to the transition point should be avoided because any slight variation in pressure or
temperature may cause dramatic changes, and create unstable, unsafe conditions. This is
why it is CO, sequestration is preferred at greater depths, around 3,000 ft.

Due to the fact that tracking the layer of high porosity would require extensive
topographical analysis, as the basin dips ~15 degrees west (12), the volume of this high
porosity section was theorized for the purpose of this investigation. The depth of the
section was estimated by comparing the samples to the Princeton borehole log, and
finding the depth of the section based on the log’s porosity values. The length and width
were set at 10 km each, which do not exceed the Basin’s dimensions.

The United States Environmental Protection Agency (EPA) compiled state CO,
emissions from fossil fuel combustion from 1990 through 2010, organizing into sectors:
commercial, industrial, residential, transportation, and electric power (9). The theoretical
basin measured in this investigation, with a storage capacity of 1.6 MMtCO,, does not
compare to the magnitude of emissions produced in New York State in 2010: 173.83
MMtCO,. This theoretical basin could hold roughly 10% of the emissions produced from
the sector with the lowest emissions in New York, industrial: 10.29 MMtCO,. For
comparison, all of the CO, emitted from the commercial sector of New Hampshire, 1.27
MMtCO,, the industrial sector of New Hampshire, 0.76 MMtCO,, and the commercial

sector of Maine, 1.77 MMtCO,, as well.
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Conclusion

Located under one of the most densely populated areas of the country, the Newark
Basin has been a hotspot for scientific research in an array of environmental studies. This
research ties in to the wide-spread efforts of investigating the Newark Basin as a
possibility of carbon storage, by not only projecting the storage potential of a few layers
of high porosity to be ~1,584,000 MtCO,, but by proving that there are areas of the Basin
with relatively high porosity, a necessary component of carbon storage.

To further this research, the depths around the high porosity samples should be
investigated for similarly high porosity, as well as other sections of the basin at similar
depths to determine the volume of the high porosity layers. It would also be required to
pursue studies at greater depths, for more ideal carbon storage, and studies to locate low-
porosity caprocks, another necessary element of carbon storage to physically trap the
carbon. Lastly, compositional analysis of the layers should be investigated, to determine
if the basin contains contents that would chemically trap the CO,, as well.

As carbon sequestration research and technology continues to develop, the
Newark Basin may one day be the reservoir for millions of tons of carbon dioxide that
would otherwise be harming the Earth and its inhabitants. As seen through the EPA’s
compilation of CO; emissions throughout the United States, the numbers are
continuously rising from year-to-year, and it has become increasingly evident that
Americans must take action to combat the excessive amount of CO; in the atmosphere.
Although much research is still to be done, my investigation broadened the knowledge
about the Newark Basin, and was part of the global effort to help create a cleaner,

brighter future for all.
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Appendix

1: Impact of Air Buoyancy

Correction on Mass

3: Impact of Water Density Correction on

Original | Corrected
Sample | Air T | Dry WT | Mass

1 24 27.643 27.651
2| 23.7| 21413 21.418
3| 235 17.960 17.965
41 235| 16.376 16.381
5| 235 11.736 11.740
6| 235| 16.760 16.765
7| 233| 10.791 10.794
8| 232| 14.868 14.872
9| 228| 20.611 20.617
10 23| 16.315 16.319
11 23 13.407 13.411
12 23| 18.774 18.779
13 23| 18.025 18.031
14 23| 15.088 15.092
15 23 17.486 17.491
16 23| 21.204 21.210
17 23| 16.196 16.200
18 23| 10.076 10.079
19 23| 10.906 10.909
20 23| 14.808 14.812

Volume
Sample | Water T | Original | Corrected
1 23 | 10.3063 | 10.33213033
2 23 | 7.3406 | 7.358997494
3 235 6.772 | 6.788972431
4 23| 6.0299 | 6.045012531
5 23 | 4.4728 | 4.484010025
6 23 | 6.2334 | 6.249022556
7 23 | 4.0067 | 4.016741855
8 23 | 5.4842 | 5497944862
9 22.9 | 7.5486 | 7.567518797
10 23| 6.1265 | 6.141854637
11 23 | 4.8266 | 4.838696742
12 23| 7.0168 | 7.034385965
13 23 | 6.8013 | 6.818345865
14 23| 5.5691 | 5.583057644
15 23| 6.4762 | 6.492431078
16 23| 7.7951 | 7.814636591
17 23 | 5.8557 | 5.87037594
18 23| 3.7318 | 3.741152882
19 23 | 4.5824 | 4593884712
20 23| 6.0829 | 6.098145363

2: Impact of Adapted Trendlines on
Select Samples' Submerged Weight

Original Adapted Subm.
Sample | Subm. WT | WT
3 2.653 2.651
5 2.624 2.623
6 2.688 2.687
19 2.399 2.379
20 2.447 2.433
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4: Impact of String Correction on

5: Impact of Repetition of Air
Buoyancy Correction on Density (5

Bulk Density
Original Corrected

Sample | Bulk Density | Bulk Density
1 2.681 2.672
2 2.916 2.907
3 2.653 2.643
4 2.716 2.707
5 2.624 2.616
6 2.688 2.680
7 2.692 2.686
8 2.710 2.703
9 2.729 2.721
10 2.662 2.654
11 2.776 2.770
12 2.674 2.666
13 2.649 2.641
14 2.708 2.701
15 2.699 2.691
16 2.719 2.711
17 2.764 2.757
18 2.699 2.693
19 2.399 2.372
20 2.447 2.426

Runs)
Original Corrected

Sample | Bulk Density | Bulk Density
1 2.681 2.678
2 2.916 2.914
3 2.651 2.649
4 2.714 2.713
5 2.622 2.622
6 2.687 2.686
7 2.691 2.692
8 2.709 2.708
9 2.729 2.727
10 2.662 2.660
11 2.776 2.776
12 2.674 2.672
13 2.649 2.647
14 2.708 2.707
15 2.699 2.697
16 2.719 2.717
17 2.764 2.763
18 2.698 2.699
19 2.378 2.378
20 2.433 2.432
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6: Quartz (calibration measurements)

Date Air T Water T Dry WT Sub WT Density
24-May 23.2 22.7 12.687 7.5058 2.441
24-May 23.2 23.2 12.6875 7.913 2.649
24-May 23.2 23 12.709 7.9085 2.639
24-May 23 22.9 12.6717 7.895 2.645

4-Jun 23.2 23 12.6712 7.8986 2.647
4-Jun 23 23 12.6715 7.8984 2.647
6-Jun 23.2 12.671 7.8989 2.647
6-Jun 23.2 23 12.6707 7.8956 2.645
12-Jun 23 22.9 12.6706 7.8964 2.646
12-Jun 23.2 23 12.6706 7.8957 2.646
13-Jun 23.5 23 12.6709 7.9074 2.652
13-Jun 23.5 23 12.6709 7.8972 2.646
26-Jun 22.8 22.8 12.6709 7.8926 2.644
26-Jun 23.2 23 12.6737 7.9116 2.653
26-Jun 23.5 23 12.6756 7.9029 2.648
28-Jun 22.8 23 12.6714 7.901 2.648
28-Jun 23 23 12.6703 7.8979 2.647
Average: 2.647
Stan. Dev: 0.003
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