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ABSTRACT

The computed tomography (CT) facilities and the Multi-Sensor Core Logger (MSCL) at the
National Energy Technology Laboratory (NETL) in Morgantown, West Virginia, were used to
characterize Paradox Basin core from Grand County, Utah.

The primary impetus of this work is a collaboration between the U.S. Department of Energy
(DOE), the Utah Geological Survey, the University of Utah, and Zephyr Energy to characterize
and make publicly available core information from the Cane Creek interval of the Paradox Basin.
This stratigraphic well and the core data produced in this report will aid in understanding the
structural complexities of the Cane Creek interval and its production potential. The resultant
datasets are presented in this report and can be accessed from NETL's Energy Data eXchange
(EDX) online system using the following link: https://edx.netl.doe.gov/dataset/paradox-state-16-
2.

All equipment and techniques used were non-destructive, enabling future examinations and
analyses to be performed on these cores. None of the equipment used was suitable for direct
visualization of the pore space in the fine-grained structures studied; fractures, discontinuities,
and millimeter-scale features were readily detectable with the methods tested. Imaging with the
NETL medical CT scanner was performed on the entire core. Targeted higher resolution CT
scanning of select sections was performed with NETL’s industrial and micro CT scanner.
Qualitative analysis of the medical CT images, coupled with X-ray fluorescence (XRF), P-wave,
and magnetic susceptibility measurements from the MSCL were useful in identifying zones of
interest for more detailed analysis. The ability to quickly identify key areas for more detailed
study with higher resolution will save time and resources in future studies. The combination of
methods used providesa multi-scale analysis the core; the resulting macro and micro
descriptions are relevant to many subsurface energy related examinations traditionally performed
at NETL.
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1. INTRODUCTION

Evaluation of core data from ongoing and emerging unconventional reservoirs has long beena
priority of the U.S. Department of Energy’s (DOE) National Energy Technology Laboratory
(NETL). In fulfillment of this mission, the goal of this report s to characterize and disseminate
data from the State 16-2 well, a stratigraphic test well in Southwest Utah, drilled to explore the
structural complexity and production potential of the Crane Creek resource play and aid in
developing a strategy to produce from this emerging play. This report builds on the techniques of
previous core characterization technical reports and aims to meet the growing demand for high-
quality and comprehensive lithological data.

The primary objective for this study was to characterize core froman unconventional reservoir in
a growing and emerging field, utilizing methods not available to most researchers. The computed
tomography (CT) and the Multi-Sensor Core Logger (MSCL) at NETL in Morgantown, WV,
provides a means to characterize the well and disseminate the data to the public in several
formats; including this report and through NETL’s Energy Data eXchange (EDX). While the
data presented in this report is meant to assist other researchers more detailed analyses,
additional analyses on the complex interplay of pressure and fracture transmissivity in subcores
from the Cane Creek formation have been described elsewhere (Paronish etal., 2021).

1.1  SITE BACKGROUND

Located in the southeastern region of Utah, the Paradox Basin has a legacy of natural resource
production of oil, natural gas, helium, and potash. A hydrocarbon resource study by Whidden et
al. (2012) calculated the total oil present in the Cane Creek portion of the Paradox Basin to be
215 million barrels, and in excess of 471 million barrels in the extended region (Whidden etal.,
2012). The surrounding clastic intervals have also shown signs of economic hydrocarbon
reservoir potential. The Paradox Formation contains 29 halite cycles, with the Cane Creek
interval sitting between cycles 21 and 22. The halite provides a hydraulic seal that prevents
hydrocarbons from escaping from the bounded intervals. However, the plastic deformation of the
halite over extended time, has fractured the stiff reservoir rock. Due to the complexity of the
halite cycles, a limited number of companies have attempted to drill and produce from the Cane
Creek.
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Figure 1: Map of the Paradox Play in southeastern Utah; the green diamond represents the
State 16-2 well location.

Including the recent horizontal well drilled for this project, 38 wells have been drilled into the
Cane Creek and 27, all horizontal, have been deemed producers. Figure 1 defines the legacy
production of the Cane Creek, land ownership, and other associated project details. The
producing wells have almost all been drilled in the central Cane Creek interval. With the
successful drilling of the project well in the north Cane Creek, it is anticipated that the
understanding gained from the successful central Cane Creek wells and the application of the
testing and reservoir evaluation work performed within this project will enable more efficient
access to the more than 206 million barrels remaining within the interval.

The CT imaging, characterization, and permeability work performed on the extracted core from
this well are being used to understand how the fluids are traveling within the rock matrix and
fractures. This work is also being coupled with simulations, field measurements, and external
laboratory testing to understand how the existing fracture network within the Cane Creek may be
utilized to enhance the hydrocarbon production while keeping the bounding halite layer stable.
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2. COREPHOTOGRAPHS

Core photographs are presented to complement the CT imaging and core logging.
State 16-2 Core:
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9,666-9,681ft 9,681-9,696 ft
Figure 2: State 16-2 corephotographs from9,638 to 9,696 ft.
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9,726-9,741ft 9,741-9,748ft
Figure 3: State 16-2 corephotographs from9,696 to 9,748 ft.
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3. DATAACQUISITION AND METHODOLOGY
The core was evaluated using CT scanning, MSCL, and X-ray fluorescence (XRF) spectrometry.

3.1 MEDICAL CT SCANNING

Core scale CT scanning was conducted with a Toshiba® Aquilion TSX-101A/R medical scanner
as shown in Figure 4. The medical CT scanner generates images with a resolution in the
millimeter range, with scans having voxel resolutions of 0.43 x 0.43 mm in the XY plane and
0.50 mm along the core axis. The scans were conducted at a voltage of 135 kV and ata current
of 200 mA. Subsequent processing and combining of stacks were performed to create three-
dimensional volumetric representations of the cores and a two-dimensional (2D) cross-section
through the middle of the core samples using ImageJ (Rasband, 2018). The variation in greyscale
values observed in the CT images indicates changes in the CT number obtained fromthe CT
scans, which is directly proportional to changes in the attenuation and density of the scanned
rock. Darker regions are less dense. As can be seen in Figure 11 through Figure 20, filled
fractures, open fractures, and changes in bedding structure can all be resolved via careful
examination of the CT images. While the medical CT scanner was not used for detailed
characterization in this study, it allowed for non-destructive bulk characterization of the core.

Figure 4: Toshiba® Aquilion™ Multislice Helical CT Scanner at the NETL used for core
analysis.
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3.2 INDUSTRIAL CT SCANNING

High-resolution CT scans were performed on intervals of interest using the North Star Imagining
Inc. M-5000® Industrial CT System shown in Figure 5. The system is used to obtain higher
resolution scans, resolving some unclear features from the medical scans.

The scans were performed at varying voltages and currents to provide a balance between
resolution and a sufficient sample penetration for each sample. Scans consisted of 1,440
radiographs, or at every 0.25°; radiographs were comprised of 10 images averaged with a 5

second acquisition for each image to ensure sufficient image contrast.

. 0\
s 2 ‘ N

Figure 5: North Star Imaging Inc. M-5000 ® Industrial CT Scanner at NETL used for core
analysis.

3.3 MICRO-CT SCANNING

Micro-CT scanning was performed using two scanners, a ZEISS Xradia MicroXCT-400 (Xradia)
scanner and a Tescan DynaTOM micro-CT (Dynatom) scanner. The Xradia system has the
highest resolution of the scanners at NETL and scans samples sized from sub-mm to 25 mm. The
Dynatom performs both dynamic and static imaging and has the ability to scan both sub-mm to
cm-scale samples (Figure 6). Both scanners provide detailed image data that can be used to infer
porosity, mineralogy, and structure.
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Figure 6: Tescan DynaT OM micro-CT scanner used for high-resolution CT imagesat NETL
usedfor core analysis.

3.4 STEADY STATE PERMEABILITY

The Randolph Steady-State Core Analysis Laboratory (RaSSCAL) is a custom-made
permeability measuring device designed to measure low permeability samples with a steady
differential pressure and gas flow across a tight core. A schematic of the RaSSCAL can be seen
in Figure 7.

|Downstream |
Tank |

Supply

D3
= Temperature T
= Controlled Low

Enclosure Drain

From Water

Supply

Figure 7: Schematic for the RaSSCAL.
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The system uses a Hassler style core holder with a large volume gas cylinder on the upstream
and downstream side of the system. These large volumes allow the system to maintain a
consistent pressure gradient across the sample for long-term testing. The upstream pressure
setpointis at least 1 psi higher than the downstream to induce flow. A small segment of line of
known volume downstream of the core is connected to a differential pressure gauge and a
pneumatically actuated valve. When the downstream segment reaches 0.45 psi, the valve opens,
and the gas is purged to equilibrate to downstream pressure. This process is repeated until the
integrated time to reach the 0.45 psi threshold is consistent at which time permeability can be
calculated (Figure 8). Further information on the calculation methods used to directly determine
the permeability is given by Hannon etal. (2019).

Differential Pressure Curves (First Differential and Median Filtered)

N TETEA T T
ﬁ ﬂ IRERNE.
Ti1T

: LR LR

Measurement Number

Figure 8: Differential pressure curves fromsteady state measurements.

3.5 CORELOGGING

Geophysical measurements of P-wave travel time, magnetic susceptibility, and attenuated
gamma counts were obtained with a Geotek® Multi-Sensor Core Logging system on competent
sections of the core (Figures 26 and 27). Additionally, the system was used to measure bulk
elemental chemistry with a built-in, portable XRF spectrometer.

The compiled core logs were scaled to fit on single pages for rapid review of the combined data
from the medical CT scans and XRF readings. Core scale CT scanning was done with a medical
Toshiba® Aquilion TSX-101A/R medical scanner.

3.5.1 Magnetic Susceptibility

Magnetic susceptibility is a measure of the degree of magnetization in a sample. The sampleis
exposed to an external magnetic field and magnetic susceptibility is the measured magnetic
response to that field:
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J=kH

Where, J is the magnetic response (per unit volume), k is volume susceptibility, and H is an
external magnetic field. The measurement unit is dimensionless (abbreviated simply as SI). All
materials have magnetic susceptibility. Positive values of magnetic susceptibility indicate that
materials are paramagnetic and occur in rocks that are the majority ferromagnetic, ferrimagnetic,
or antimagnetic (iron bearing) materials. Negative values of magnetic susceptibility indicate that
materials are diamagnetic and they occur in rocks dominated by non-iron material (i.e., calcite or
quartz). Table 1 lists examples of common magnetic susceptibility ranges (Hunts etal., 1995).

Magnetic susceptibility is measured using the Bartington point sensor, where a 1-cm diameter,
low intensity (8.0 A/m RMS), non-sensitive, alternating magnetic field (2 kHz) is generated for
10 seconds. To minimize any potential drift in the oscillating field the point sensor is zeroed at
the beginning and end of the sample, as well as, after every fifth measurement. The point sensor
due to the small field, is limited in whole core measurements, and additionally is temperature
dependent (Geotek Ltd. Multi-Sensor Core Logger Manual, Version 05-10).

Table 1: Magnetic Susceptibility Values for Common Minerals (Huntsetal.,1995)

| Mineral | X (*10-6)SI
Water 9
Calcite -7.5t0-39
Halite, Gypsum -10to-60
Illite, Montmorillonite 330to 410
Pyrite 5to 3,500
Haematite 500t0 40,000
Magnetite 1,000,000 to 5,700,000

3.5.2 P-wave Velocity

P-wave velocity measurements are performed to measure the acoustic impedance of a geologic
sample with compressional waves. Acoustic impedance is a measure of how well a material
transmits vibrations, which is directly proportional to density and material consolidation. An
example of a material that has a low acoustic impedance would be air, with a wave speed of

330 m/s, whereas granite would have high acoustic impedance, with a wave speed of >5,000 m4.
These measurements can be proxies for seismic reflection coefficients and can be translated to
field use when doing seismic surveys.

The software associated with the MSCL measures the travel time of the pulse with a resolution
of 50 ns. The absolute accuracy of the instrument measurements is + 3 m/s with a resolution of
1.5 m/s (Geotek Ltd. Multi-Sensor Core Logger Manual, Version 05-10; Geotek Ltd., 2010).

10
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3.5.3 Gamma Density

Gamma density is acquired by subjecting the sample to gamma radiation and then measuring the
attenuation of that radiation. The attenuation is directly proportional to the density of the sample
and is acquired by measuring the difference between radiation energy at the emission source and
after it passes through the sample. Specifically, the MSCL software calculates the bulk density,

p =

Where u is the Compton attenuation coefficient, d is the sample thickness, I, is the source
intensity, and I is the measured intensity.

3.6 XRFSPECTROMETRY

In addition to the geophysical measurements, a portable handheld Innov-X® X-Ray Fluorescence
Spectrometer was used to measure relative elemental abundances of aggregated “light elements”
up to and including sodium, and various heavy elements which were measured individually
(Figure 9). Elemental abundances are reported in ppm relative to the total elemental composition
(i.e., the total XRF counts).

The XRF spectrometer measures elemental abundances by subjecting the sample to X-ray
photons. The high energy of the photons displaces inner orbital electrons in the respective
elements. The vacancies in the lower orbitals cause outer orbital electrons to “fall” into lower
orbits to satisfy the disturbed electron configuration. The substitution into lower orbitals causes a
release of a secondary X-ray photon, which has an energy associated with a specific element.
These relative and element specific energy emissions can then be used to determine bulk
elemental composition.

The “Mining-Plus Suite” was run at 10 cm resolution for 60 s exposure time analysis. The
Mining-Plus Suite utilizes a 2-beam analysis that resolves major (Mg, Al, Si, P, S, Cl, Fe, K, Ca,
and Ti), minor (V, Cu, Ni, Cr, Mn, and Pb), and trace elements (Co, Zn, As, Zr, Mo, Ag, Cd, Sn,
Sb, Hf, W, and Bi). The system also resolves an aggregated ”light element” (H to Na).

11



Computed Tomography Scanningand Geophysical Measurements of State 16-2 Well in the Paradox Basin

TR [ hemm |
1 2

H Light Elements He
1|;|:|:';': berdlum [ carton irogeEn oAyREn Buring 4|'Iy:'l-I|T.
3 4 5 6 7 ] 9 10

Li | Be B|C|N|[O|F]|Ne
Heavy Elements
sodiom | magnesiam aluminium slicon phasphorus sullur chionine aron
1" 12 13 14 15 16 17 18

Na | Mg Al|Si|P|S |Cl|Ar
22,960 24.305 26,962 28 30.974 32.085 35453 39948
[potassium caldum seandum litanium wanadum chromium | manganise Iron cobalt rickel copper ne Qallum germanium arsenk: salenum brcamine krypion
19 20 2 22 23 24 25 26 27 28 29 30 kil 32 33 34 35 36

K |Ca Sc|Ti| V|Cr|Mn|Fe|Co| Ni|Cu|lZn|Ga|Ge|As|Se|Br|Kr
30,068 40078 44,956 47867 50842 51,99 54,908 55,845 58,033 68,603 B354 65.39 69723 12.61 74922 78.96 79.904 B3.80
rubidum | stonium yiirm zirconum | it [molybdenum| tectnetiom | ruenum | rhodiom | palladiom silver ‘cadmium ndium in anfimony | telurum Todine o
37 38 39 40 4 42 43 44 45 46 47 48 49 50 51 52 53 54

Rb | Sr Y |Zr Nb{Mo|Tc|Ru|Rh|Pd[Ag|Cd| In (Sn|Sb| Te| | | Xe
G548 a7.62 £3.006 91.224 92008 05.94 58] 100.07 10201 106.42 10787 112.41 11482 11811 121.76 127,60 126.90 131.20
cassium Larium |uletiam heatnivm tanlahm ungsten thenium asmium ridum platirum ok mefeury allurm lead Bismulh pokonium aslating radan
55 56 57-70 m 72 73 74 75 76 17 78 79 80 81 82 83 84 85 86

Cs|Ba| * |Lu|{Hf [ Ta| W|Re|Os| Ir | Pt |Au|(Hg| Tl |Pb| Bi | Po| At [Rn
132.01 13733 174.97 17845 1680.95 183,64 186.21 15023 192.22 195.08 196.97 200.59 204.38 201.2 208,68 [20 2104 [
francum radium lewrencoum [nuthertordum| — dubnium | seaborgium bohnum hassium meinanum | wnnium | mununam | ununbim ununquadium

87 88 89-102 103 104 105 106 107 108 109 10 m 112 114

Fr|Ra|*x| Lr| Rf |Db|Sg|Bh|Hs | Mt |Uun/Uuu/Uub Uuqg

122y 1226 [262] [261] 2621 266 1264 269 268 [eL0) 12 B 1289

Figure 9: Periodic table showing elements measurable by the Innov-X® X-Ray Fluorescence
Spectrometer using the Mining-Plus and Soil modes (shaded).

3.7 DATACOMPILATION

Strater® by Golden Software® was used to compile the medical CT data into a series of logs. The
data used to generate these logs can be accessed from NETL's EDX online system using the
following link: https://edx.netl.doe.gov/dataset/paradox-state-16-2.
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4. RESULTS
Processed 2D slices of the medical CT scans through the cores are shown in this section.

41 MEDICAL CT SCANS

As was discussed previously, the variation in greyscale values observed in the medical CT
images indicates changes in the CT number obtained, which is directly proportional to changes
in the attenuation and density of the scanned rock (i.e., darker regions are less dense). Detailed
information in logbooks and photographs of the core was used to confirm the locations of
missing core and depths.

4.11 XZ Planes

A 2D image through the center of each core can be found in Figure 11 through Figure 20. These
are referred to as XZ planes with the coordinatesthat are shown in Figure 10. Thereisa 2 cm
scale bar shown in these images; the retrieved core has a diameter of 2 in. (5.08 cm) for
reference. The labels below each 2D XZ plane in Figure 11 through Figure 20 are the depth
range of each boxed core section; the full range of core lengths shown in each figure is listed in
the figure captions. The greyscale range was maintained for all core CT images.

-

z
1
X
Y

Figure 10: Schematic of the XZ isolated plane through the vertical center of the medical CT
scans.
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State 16-2:

9,638-9,641ft 9,641-9,644ft 9,644-9,647 ft 9,647-9,650ft

Figure 11: 2D isolated planes through the medical CT scans of the State 16-2 from 9,638 to
9,650 ft.
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9,650-9,652ft 9,652-9,654 ft 9,654-9,657 ft 9,657-9,660ft

Figure 12: 2D isolated planes through the medical CT scans of the State 16-2 from 9,650 to
9,660 ft.
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9,660-9,663ft 9,663-9,666 ft 9,666-9,669ft 9,669-9,672ft

Figure 13: 2D isolated planes through the medical CT scans of the State 16-2 from 9,660 to
9,672 ft.
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9,672-9,675ft 9,675-9,678ft 9,678-9,681ft 9,681-9,684ft

Figure 14: 2D isolated planes through the medical CT scans of the State 16-2 from 9,672 to
9,684 ft.
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9,684-9,687ft 9,687-9,690ft 9,690-9,693ft 9,693-9,696ft

Figure 15: 2D isolated planes through the medical CT scans of the State 16-2 from 9,684 to
9,696 ft.
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9,696-9,699ft 9,699-9,702ft 9,702-9,705ft 9,705-9,708ft

Figure 16: 2D isolated planes through the medical CT scans of the State 16-2 from 9,696 to
9,708 ft.
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9,708-9,711ft 9,711-9,714ft 9,714-9,717ft 9,717-9,720ft

Figure 17: 2D isolated planes through the medical CT scans of the State 16-2 from 9,708 to
9,720 ft.
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9,720-9,723ft 9,723-9,726ft 9,726-9,729ft 9,729-9,732ft

Figure 18: 2D isolated planes through the medical CT scans of the State 16-2 from 9,720 to
9,732 ft.
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9,732-9,735ft 9,735-9,738ft 9,738-9,741ft 9,741-9,7441t

Figure 19: 2D isolated planes through the medical CT scans of the State 16-2 from 9,732 to
9,744 ft.
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9,744-9,747 ft 9,747-9,748ft

Figure 20: 2D isolated planes through the medical CT scans of the State 16-2 from 9,744 to
9,748 ft.
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4.2 ADDITIONAL CT DATA

Additional CT data can be accessed from NETL's EDX online system using the following link:
https://edx.netl.doe.gov/dataset/paradox-state-16-2. The original CT data is available as 16-bit tif
stacks suitable for use with ImageJ (Rasband, 2018) or other image analysis software. In
addition, videos showing the variation along the length of the cross-section images shown in the
previous section are available for download and viewing. A still image from these videos is
shown in Figure 21. The red line through the XZ-plane image of the core shows the location of
the XY-plane displayed above. The videos on EDX show this XY variation along the entire
length of the core.

Figure 21: Medical CT video of 9,699 to 9,702 representing a transition from dolomitic
mudstone to anhydrite.

4.2.1 Industrial CT Scanning

Detailed scans of sections of interest were performed with an Industrial CT scanner. The selected
core sections are listed in Table 2 along with the voxel resolution and the image title on EDX. A
montage image of “Paradox_9686 scan” is shown in Figure 22 as an example of the industrial
CT images.

Table 2: Industrial CT images from State 16-2 Well

‘ Depth (ft) ‘ Name ‘ Voxel Resolution (um?3)
9,686 Paradox_9686 26.6
9,672 Paradox_9672 52.3
9,700 Paradox_9700 71.6
9,717 Paradox_9717 45.9
9,737 Paradox_9737 80.6
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Figure 22: State 16-2 industrial scan montage “Paradox_9686”.

4.2.2 Micro CT scanning

Detailed scans of section of interest were preformed using NETL’s Dynatom and XradiaCT
scanners. Table 3 and Table 4 list the selected intervals with depth and voxel resolution for each
scanner. An example of the DynaTOM CT images are shown in Figure 19, where each image is
an isolated slice along the length of the core (note each scale barrepresents 0.5 cm).
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Table 3: Micro CT Images fromthe TESCAN DynaTOM

Depth

Name Resolution

9,639.3 Paradox-Sample1.tif 60.4
9,639.3 Paradox-Sample1v2.tif 60.4
9,648.15 Paradox-Sample7.tif 59.13
9,648.15 Paradox-Sample7v2.tif 59.13

9,656 Paradox-Sample11.tif 62.1
9,658.1 Paradox-Sample12.tif 50.8
9,661.1 Paradox-Sample13.tif 60.16
9,661.1 Paradox-Sample13higher_res.tif 325
9,661.1 Paradox-Sample13v2.tif 60.16
9,663.1 Paradox-Sample14.tif 60.6
9,664.4 Paradox-Sample15.tif 57.3
9,665.8 Paradox-Sample17.tif 61.4
9,670.1 Paradox-Sample20.tif 59.8
9,670.1 Paradox-Sample20v2.tif 59.8
9,670.1 Paradox-Sample20v3.tif 59.8
9,670.1 Paradox-Sample20v4.tif 59.8
9,679.25 Paradox-Sample27.tif 59.8
9,682.1 Paradox-Sample28.tif 59.8
9,693.1 Paradox-Sample 35.tif 58.6
9,695.9 Paradox-Sample37.tif 57.1
9,703.9 Paradox-Sample43.tif 60.2
9,703.9 Paradox-Sample43v2.tif 60.2
9,705.1 Paradox-Sample44.tif 60.2
9,705.1 Paradox-Sample44v2. tif 60.2
9,710.1 Paradox-Sample48.tif 60.2
9,712.2 Paradox-Sample49.tif 60.2
9,719.05 Paradox-Sample54.tif 62.62
9,719.05 Paradox-Sample54v2.tif 62.62
9,726.1 Paradox-Sample58.tif 58
9,728.1 Paradox-Sample60.tif 61.4
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Table 4: Micro CT Images fromthe ZEISS Xradia MicroXCT-400 Scanner

Depth (ft) Name Voxel Resolution (um?3)

9,672 20211008 Paradox Basin EmoryC1B89672.0 4.02
9,672 20211015 Paradox Basin EmoryC1B89672.0 sample 2 — 10x 9.94
9,672 20211015 Paradox Basin EmoryC1B89672.0 sample2 —M70 4.02
9,734.2 20211020 Paradox Basin EmoryC2B28 9734.2 — 10x 9.94
9,734.2 20211015 Paradox Basin EmoryC1B89734.2 - M70 4.02

Organic-rich Mudstone

Figure 23: MicroCT image reslices fromthe DynaTOM CT scanner. The numbersare
related to the namesin Table 3, color of labelis related to lithology inthe bottom leftcorner.
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43 PERMEABILITY MEASUREMENTS

Core scale permeability tests were performed on 12 subsamples selected from the State 16-2 well
at increasing effective confining pressures (500 to 4,500 psi) using the RaSSCAL. Samples 1, 7,
11,12, 13,14, 15,17,20, 24,37, 48,53, 54,and 60 listed above in Table 3. The results shown in
Figures 20 and 21 are separated by dominate lithology and sandy-siltstone, respectively. The raw
data associated with these plots is available on EDX.
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Effective Confining Pressure (PSI)

Figure 24: Permeability vs. effective confining pressure foranhydrite-dolomudstone samples.
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Figure 25: Permeability vs. effective confining pressure for sandy-siltstone samples.

44  COMPILED CORE LOG

The compiled core logs were scaled to fit on single pages for rapid review of the combined data
from the medical CT and MSCL. Two sets of logs are presented in this section: the first set with
data for the major elements and elemental ratios, and the second set with elemental proxies and
CT image data. Features that can be derived from these combined analyses include determination
of mineral locations, such as pyrite, from magnetic susceptibility. The XRF is used to inform
geochemical composition and mineralogy.
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Data from the MSCL was filtered to remove areas of fractures and missing core. The P-wave
velocity was limited to values greater than 330 m/s as previously discussed. The gamma density,

and medical CT derived dual energy density, were limited to values greater than 1.5 g/cm3.

The elemental results from the XRF were limited to major elements (combined Light Elements,
Ca, Si, Al) and elemental proxies related to redox potential (Cu and V), biogenic production (P
and V¥*), skeletal influx/carbonate potential (Ca and Mn), detrital influence (Zr, Ti, Al, Si), and
chalcophiles (Pb, S, Fe).

Trends in elemental ratios can provide insight into mineral composition, oxidation state, and
depositional setting. Examples include: Ca/Si, which provides information on relative abundance
of calcium carbonates versus silicates; Mn/Fe, which provides information on oxidation, where a
decrease in the ratio is related to zones of anoxic/euxinic conditions and an increase is related to
zones of dysoxic/oxic conditions; Ca/Mg, which provides information on dolomite; S/Fe, which
provides information on the abundance of pyrite (and other iron sulfates) versus Fe oxide
minerals; Fe/Al, which provides information about the degree of pyritization in shales; Ti/Al,
which provides information about terrigenous input; and Si/Al, which provides information on
the abundance of illite and micas versus other clays. Magnetic susceptibility can test for iron
sulfides (reducing) or oxidized Fe and sulfate. The elemental proxy log also includes an XRF
“mineralogy” with Al, representing clays; Ca, representing calcite; and Si, representing only
quartz, although there is some Si contribution to the clays. Pyrite (reduced) should have low
magnetic susceptibility, and Fe oxide or hydroxide should have high magnetic susceptibility.
These broad trends can quickly give information on large suites of core and direct more focused
research. These logs are presented in the following images.

29



uolinby BQIYSO] -

[lepuels unsnq :3yBisiang 3oaloid

1n ‘Auno) puelis

Computed Tomography Scanningand Geophysical Measurements of State 16-2 Well in the Paradox Basin

-2 Well.

30

safew) AydesBowo] payndwo . - L g7
udd 1 umhm_%_w ww_“_@, le ? UBUBLIOM 10IS pue A UNOLBBLO @F.ﬂmmwcm— hm._mwNN et
10zfleue 44X ploupuey eyeq X-rouu - | USIUOIEG SBWOYL NIWLIS UOUUEBIYY:UORIS|I0] Bled fuojesoqe AGojounps ABisu3 [eucneN 971 wnejoned asoy
1MX ysiuoled sewoy| pue [Bisuz jo walpedsg 68005-610-6h 1d\
;juswdinbg TWYIS uouuelyy '[euydjiiy alejeN :Ag siskjeuy SN au Je palwiouad syuswainsesy| Z-9] 9)e18
v, 056
o] 0r6 —
L s
-fi...h- 0£6 —
- - 8 -
e ¥ =
o gge| 0216 —
| . e
¢ e X 0Li6 —
— . !'“-u [ A m
| 0046 —
| |
i . o u..n..... Q. 0696 |m
_ R =
. 0896 —
v ._Mc“. “s 3
_ ’ .._".ﬁ r. | 0296 3
| e
_ ._.m.“a- 0996 —]
_ batd .“ 0596 =
| ] -k -
LS, -
T ﬁﬁ 0v96 —
7 0896
FJFT AT AT T T T T T T AT AT g N LALAY LA LA AN AL LA A I AN RRRRRRRARE B LI
3 3 s B g 5 8 ° 8 3 g g 3 R N I -
° g g s s s g g g g g (sbas01) (;w2yB)
5 (wdd) (wdd) fpqndaasng onaubepy ‘uag AbBiaug |eng
v IS fsusg rwwen

Figure 26: Compiled core log of elemental ratios for the State 16
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Figure 27: Compiled core log with elemental proxies for the State 16-2 Well.
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5. DISCUSSION

The measurements of the magnetic susceptibility, gamma density, P-wave velocity, XRF, and
CT analysis provide a unique look into of the internal structure of the core and macroscopic
changes in lithology. These techniques:

e Arenon-destructive

e When performed in parallel, give insight into the core beyond what one individual
technique can provide

e Can be used to identify zones of interest for detailed analysis, experimentation, and
quantification

e Provide a detailed digital record of the core, before any destructive testing or further
degradation, thatis accessible and can be referenced for future studies.
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