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EERC DISCLAIMER 
 

LEGAL NOTICE This research report was prepared by the Energy & Environmental 
Research Center (EERC), an agency of the University of North Dakota, as an account of work 
sponsored by the U.S. Department of Energy (DOE) National Energy Technology Laboratory 
(NETL). Because of the research nature of the work performed, neither the EERC nor any of its 
employees makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed or represents that its use would not infringe privately owned rights. 
Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement 
or recommendation by the EERC. 
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This report was prepared as an account of work sponsored by an agency of the United 
States Government. Neither the United States Government, nor any agency thereof, nor any of 
their employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed, or represents that its use would not infringe privately owned rights. 
Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the United 
States Government or any agency thereof. 
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This report was prepared by the EERC pursuant to an agreement partially funded by the 
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the North Dakota Industrial Commission (NDIC) nor any person acting on behalf of either: 
 

(A) Makes any warranty or representation, express or implied, with respect to the 
accuracy, completeness, or usefulness of the information contained in this report or 
that the use of any information, apparatus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

 



 

 

(B) Assumes any liabilities with respect to the use of, or for damages resulting from the 
use of, any information, apparatus, method, or process disclosed in this report. 

 
Reference herein to any specific commercial product, process, or service by trade name, 
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recommendation, or favoring by the NDIC. The views and opinions of authors expressed herein 
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PETROPHYSICAL EVALUATION OF BAKKEN FORMATION CORE FROM THE 
AQUISTORE CO2 INJECTION SITE 

 
 
EXECUTIVE SUMMARY 
 
 One of the goals of the Plains CO2 Reduction (PCOR) Partnership is to develop a first-
order, reconnaissance-level estimate of the potential carbon dioxide (CO2) storage resource of a 
wide variety of geologic formations in the region. To date, research efforts to better understand 
and estimate CO2 storage capacity/resource have been largely focused on relatively permeable 
targets, such as saline formations and conventional oil reservoirs. However, as development of 
unconventional oil and gas reservoirs throughout North America continues to expand, there is 
increasing interest from stakeholders regarding the feasibility of CO2 storage and/or 
simultaneous CO2 storage and enhanced oil recovery (EOR) within these types of formations. To 
determine the role that a tight oil formation, such as the Bakken, may play in carbon capture and 
storage (CCS), it is critical to understand its petrophysical characteristics that would make it 
amenable to CO2 injection. In 2014, the EERC received samples from the upper and middle 
members of the Bakken Formation that were collected from the Petroleum Technology Research 
Centre (PTRC) Aquistore Project CO2 injection well in southern Saskatchewan, Canada. 
Laboratory activities were conducted, including petrographic analysis, capillary entry pressure 
determinations, total organic carbon analysis, porosity and permeability analyses, and 
mineralogical analyses. 
 
 In all, ten samples were collected and tested over the course of this evaluation: nine middle 
member and one upper shale sample. Test results indicate that the Middle Bakken in this area is 
composed of three unique members, labeled from bottom to top Units A, B, and C. This 
correlates well with existing published literature. The average porosity and bulk density of nine 
middle member samples was determined to be 6.75% and 2.54 g/cm3, respectively. The 
relationship indicates a quartz sandstone-to-limestone-dominated system, which is confirmed 
through optical thin-section analysis. Mineralogically, the middle member was determined 
through x-ray diffraction, x-ray fluorescence, and scanning electron microscopy to be dominated 
by quartz, illite clay, and potassium feldspar. While the samples contain the minerals dolomite 
and calcite, they are in lower percentages than the rocks of the central Williston Basin. Total 
organic carbon was found to be less than 1 wt% in each middle member sample tested and about 
15 wt% in the upper shale. The evaluation indicated that this area is not likely capable of 
economically producing oil because the quality of organic carbon was not considered mature.  
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 Regarding the CO2 storage potential, samples were evaluated to determine their effective 
porosity, pore throat distribution, and relative permeability to brine and CO2. Results of the 
mercury injection capillary pressure work indicated that the shale and stratigraphically adjacent 
upper Unit C have a pore throat size distribution of less than 0.25 µm, typically of rocks 
considered “geologic seals,” or good barriers to fluid flow. The middle unit (B) and lower unit 
(A), while still small in scale, have a wider size distribution of less than 7.5 µm that may aid in 
the injection and movement of fluids away from a wellbore during CO2 storage. 
 
 Relative permeability tests were conducted on two samples from Unit B. Results indicate 
the potential to move CO2 through core plugs saturated with 286,000 ppm brine. The relatively 
high porosity (13.9%), laminated, fine grained sandstone had a permeability to brine of 1.17 mD, 
an irreducible brine saturation value of 44.1%, and a permeability to CO2 of 1.17 mD. The 
sample with tighter-grained fabric (4.7% porosity) had a permeability to brine of 0.007 mD, an 
irreducible brine saturation of 58.6%, and a permeability to CO2 of 0.003 mD. It was noted 
during testing that as the brine was mobilized and “pushed” out of the way, CO2 flow became 
more efficient and pressure across the sample decreased. This is not a surprising result 
considering the large viscosity differences between the two fluids. However, this indicates that 
the formation may be amenable to use as a secondary CO2 storage reservoir should the need 
arise. Further evaluation of this formation is needed regarding injection testing and modeling and 
simulation of the reservoir prior to making a complete determination. It is anticipated that this 
may be an area of focus for future evaluations. 
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PETROPHYSICAL EVALUATION OF BAKKEN FORMATION CORE FROM THE 
AQUISTORE CO2 INJECTION SITE 

 
 
INTRODUCTION 
 
 In mid-2012, the Petroleum Technology Research Centre (PTRC) drilled and completed 
the PTRC_INJ_5-6-2-8 W2M well in southwestern Saskatchewan near Estevan (Figure 1). The 
well was developed as part of PTRC’s Aquistore Project and is to be used for injection of carbon 
dioxide (CO2) captured from SaskPower’s Boundary Dam Station into the Cambrian Deadwood 
Formation. During the drilling of the well, a decision was made by PTRC to core the Bakken 
Formation interval to gain insight regarding its resource potential and/or viability as an alternate 
CO2 storage horizon. In March 2014, representatives of the Energy & Environmental Research 
Center (EERC), through the Plains CO2 Reduction (PCOR) Partnership, were invited to collect 
samples from this core in support of both PTRC’s and the EERC’s CO2 storage research 
programs.  
 

 
 

Figure 1. Location map of PTRC_INJ_5-6-2-8 W2M well.
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 One of the goals of the PCOR Partnership is to develop a first-order, reconnaissance-level 
estimate of the potential CO2 storage capacity of a wide variety of geologic formations in the 
region. To date, research efforts to better understand and estimate CO2 storage capacity in 
geologic formations have been largely focused on relatively permeable targets, such as saline 
formations and conventional oil reservoirs. However, as development of unconventional oil and 
gas reservoirs throughout North America continues to expand, there is increasing interest from 
stakeholders regarding the feasibility of CO2 storage and/or simultaneous CO2 storage and 
enhanced oil recovery (EOR) within these types of formations. In particular there are questions 
as to whether tight, organic-rich oil- and gas-producing formations (e.g., “tight oil” formations) 
can serve as CO2 sinks or seals. One example is the Bakken Formation (Bakken), a tight  
(<10-mD), naturally fractured oil and gas reservoir in the Williston Basin. The Bakken 
Formation contains geology that represents a fractured reservoir or storage system that contains 
brine and hydrocarbons (Middle Bakken) which is sandwiched between tight, organic-rich, oil-
wet black shales (Upper and Lower Bakken) that may be representative of sealing formations in 
this area. 
 
 To determine the role that a tight oil formation, such as the Bakken, may play in carbon 
capture and storage (CCS), it is critical to understand the petrophysical characteristics of the 
formation. It is of particular importance to develop an understanding and contribute data sets that 
can be used to estimate the CO2 injectivity and long-term storage potential of the reservoir. This 
study has focused on laboratory activities including petrographic analysis, pore throat size 
determination, total organic carbon analysis, porosity, and CO2/brine relative permeability. It is 
anticipated that results of this work could be used in modeling and simulation efforts to 
determine storage efficiency that might be expected if CO2 was injected into the Bakken at the 
Aquistore site. 
 
 
SAMPLE SELECTION AND METHODS OF ANALYSIS 
 

Sample Selection 
 
 The core from the Aquistore well is housed in Regina, Saskatchewan, and was unboxed for 
its initial viewing with PTRC, Saskatchewan Geological Survey, and EERC representatives 
present. At the time of viewing, the core was in the process of being slabbed, which provided an 
opportunity to observe sedimentary structures and relevant contacts with ease (Figure 2). Upon 
viewing, the core was divided into three units based on small changes in lithologic character, 
grain size, grain sorting, mineral content, and observed sedimentary structures. These divisions 
were previously established and described by Kohlruss and Nickel (2013) of the Saskatchewan 
Geological Survey (Figure 3). These units also served as the basis for selecting sampling points 
for the laboratory work in order to provide information on zones of distinct lithologic character. 
 
 A total of nine core plugs were sampled from the middle member of the Bakken 
Formation, and three shale samples were taken from the upper member of the formation. Depth 
correlation and unit designations are shown in Table 1. Samples were subsequently shipped to  
the EERC. All core plugs were cut to have a diameter of 30 mm, with various lengths 
appropriate for the analytical techniques scheduled. 
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Figure 2. Example of slabbed core viewed and described prior to sampling. 
 
 

Methods of Analysis 
 
 The samples were characterized in detail for petrophysical attributes, including 
mineralogy, porosity, relative permeability, total organic carbon (TOC), and pore-size 
distribution. A brief description of each technique is provided under each activity. 
 

Sample Preparation 
 
 All samples were photographed for reference and to document their as-received condition. 
Plug samples were cut into multiple parts in an effort to maximize the characterization 
opportunity. Plug ends were trimmed and distributed for x-ray diffraction (XRD), x-ray 
fluorescence (XRF), and thin-section creation. Additional material was allocated to Core 
Laboratories for mercury injection capillary pressure (MICP) and Rock-Eval/TOC work. Finally, 
25.4-mm-long by 30-mm-diameter samples were prepared for flow-through experimentation. 
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Figure 3. Lithofacie designation of the Bakken Formation in southern Saskatchewan (modified 
from Kohlruss and Nickel, 2013). 

 
 

Table 1. Summary of Sampled Depths and Corresponding Unit  
Designations 
Sample Number Depth, m Lithofacie 
118645 2098.5 Unit C 
118646 2100.0 Unit C 
118647 2100.6 Unit B 
118648 2102.1 Unit B 
118649 2103.4 Unit B 
118652 2104.7 Unit B 
118653 2105.2 Unit A 
118654 2108.1 Unit A 
118655 2111.4 Unit A 
118656 2095.9 Upper shale 
118657 2096.1 Upper shale 
118658 2097.2 Upper shale 
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Petrographic Analysis 
 
 Several petrographic techniques were used to evaluate the mineralogy of the rocks. One 
end trim was cut (retaining orientation) and sent to Wagner Petrographics for thin-section 
preparation. Thin sections were ground to a 30-µm thickness and emplaced with blue-dyed 
epoxy using a vacuum. Alizarin red dye was applied to aid in the distinction between calcite and 
dolomite.  
 
 The EERC used optical microscopy with plane and cross-polarized light to analyze and 
describe the thin sections. Microscale mineralogical interpretations from the thin sections 
included rock fabric (grain size and shape distribution, cementation, and/or mineral overgrowth), 
description of microstructure, and mineral presence. Additional petrographic techniques, 
including XRD and clay typing as well as scanning electron microscopy (SEM), were performed 
on one sample from each middle member lithofacies identified in the core and one shale sample.  
 

Bulk Volume, Grain Density, and Porosity 
 
 The bulk volume of each sample was determined using a 3-D laser scanner. This technique 
provides results comparable to those obtained by the conventionally used immersion and 
Archimedes techniques, but it has the advantage of being noninvasive. The bulk density, 
skeletal/grain density, and porosity of each core were determined utilizing a commercial-grade 
helium porosimeter. The technique utilizes Boyle’s law equations to determine the grain volume, 
which is subtracted from the bulk volume to yield the pore volume of the sample. These results 
were used further in relative permeability test calculations.  
 

SEM and XRD Analysis 
 
 Thin sections were analyzed by SEM, and core pieces from the remaining thin-section 
billets were ground for analysis by XRD and XRF. These analyses were used in conjunction with 
the thin-section analyses to provide additional information on characteristics such as the bulk 
mineralogy and textural, elemental, and mineralogical composition of the samples. Specific 
information obtained includes the identification of the major mineral phases and clay types 
present (i.e., illite, muscovite, smectite, glauconite, etc.). The results from the techniques were 
interpreted as a package to provide a concise characterization of the rocks.  

 
 SEM techniques – SEM techniques were used to evaluate the textural, elemental, and 

mineralogical composition of the samples using backscattered electron (BSE) imaging 
and energy-dispersive spectrometry (EDS). EDS was used to create maps showing the 
mineralogical composition of the samples. 

 
 XRD analysis – XRD is the standard method for determining bulk mineralogy of 

materials. The complementary use of SEM data enhances bulk mineral identification. 
Rietveld refinement was used to quantify the mineralogical composition of the samples. 
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 XRF analysis – XRF is used to determine the bulk chemistry of the samples, reported 
as elemental oxide weight percent. The results are used as a guide to improve mineral 
characterization by the XRD technique. 

 
CO2–Brine Relative Permeability Determination 

 
 Relative permeability testing was conducted on two of the selected core samples and 
included the determination of a drainage curve using CO2 and brine. The testing utilized the 
steady-state method where predetermined ratios of CO2 and brine are set at a known flow rate 
and pumped through the core plug until a constant pressure drop is achieved. The brine used was 
a synthetic mixture of salts similar to the chemistry of the actual formation brine and prepared 
according to data provided by the Saskatchewan Geological Survey to match existing relative 
permeability tests.  
 

Mercury Injection Capillary Pressure, TOC, and Rock-Eval Tests 
 
 Samples were sent to Core Laboratories (Houston, Texas) to perform MICP, TOC, and 
Rock-Eval tests. In all, nine middle member samples and one upper shale sample were sent to the 
lab for this testing. The overall goal of this activity was to provide a comparison of pore throat 
sizes, potential for hydrocarbon production, and kerogen type encountered. The following is a 
brief description of each test: 
 

 MICP – This test determines the pore-size distribution, size classification, and a 
permeability distribution of samples tested and provides direct inputs for calculated 
threshold, or breakthrough, pressure testing. 

 
 TOC and Rock-Eval – This test is commonly performed to judge a rock formation’s 

potential as a petroleum reservoir. Data associated with TOC testing provide 
information regarding the weight percent of organic carbon in each sample. Rock-Eval 
gives an indication of the quality of the organic material encountered and relates it to 
the overall reservoir potential. 

 
 
SUMMARY OF KEY OBSERVATIONS 
 
 Within the Williston Basin, the Bakken Formation has been explored as a potential 
hydrocarbon resource for decades. Recent advances in technology coupled with a favorable price 
environment have allowed field operators to sustain production at economical levels. This has 
provided a renewed motivation to explore the previously defined boundaries of areas known to 
be thermally mature, a key criterion for evaluating a hydrocarbon resource. While the well 
sampled in this report is thought to be outside of the zone of thermal maturity, a program was put 
in place to determine the petrographic and petrophysical properties of the formation that may 
indicate whether a hydrocarbon resource exists. However, the investigation goes beyond 
evaluating the hydrocarbon resource potential because the ultimate purpose of the well is CO2 
injection into the Cambrian-age Deadwood Formation for long-term storage. As such, analytical 
data are being considered in the context of whether or not the Bakken Formation, 
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stratigraphically above the Deadwood, in this area could potentially store CO2 or provide yet 
another barrier to flow. The following provides a brief summary of key observations made 
during the evaluation. Sample-specific data from all characterization activities are provided as a 
series of data sheets in Appendix A. 
 

Porosity and Mineralogy 
 
 The porosity and mineralogy of a potential CO2 storage reservoir are important parameters 
to understand from the context of long-term injection operations, determinations of plume extent, 
cap rock integrity, and reporting and regulatory compliance. Because geologic systems are 
typically heterogeneous with respect to both mineralogical composition and fluid chemistry 
within available pore space, CO2–water–rock interactions are complex and thus not easily 
determined. Modeling and simulation are generally the mechanisms that can provide a visual 
explanation of the results of potential injection scenarios. While modeling has not been 
conducted here, the topic of CO2 injection-related geochemical reactions has been an area of 
focus in the research community. The addition of CO2 into a geologic reservoir has the potential 
to alter the geochemical stability of fluids and minerals within the reservoir matrix. In its most 
basic form, CO2 will dissolve into water and form a weak solution of carbonic acid, which will 
lower the local pH and potentially dissolve acid-soluble materials such as carbonate or metal 
oxides. To a much lesser effect, injection activities may cause a local temperature and/or 
pressure flux or localized “drying,” which may alter specific aspects of reservoir geochemistry. 
This has the potential to affect the way CO2 is distributed within a reservoir and dictate how CO2 
is stored in the long-term. 
 
 The mineral constituents of a formation that may lead to specific geochemical interactions 
are highly reservoir-specific and are difficult to generalize, especially without detailed 
geochemical modeling. The data generated in this study are being used for correlating 
lithofacies, evaluating hydrocarbon resource potential, and developing cursory evaluations of the 
CO2 storage resource of the formation. While modeling is beyond the scope of this current work, 
the porosity and mineralogy of samples are provided in an effort to create data sets that may be 
used for contributed to future geochemical and geologic modeling studies. The results of these 
analyses are provided in the following discussion. 
 
 Table 2 provides a summary of the porosity tests conducted on nine middle member 
samples. Included are the sample depths and laboratory-derived bulk density, pore volume, and 
porosity. The average porosity and bulk density for all samples was determined to be 6.75% and 
2.54 g/cm3, respectively. When looking at each unit individually, the average porosities are 
6.83%, 8.57%, and 2.97% for Units A, B, and C, respectively. These data are not out of the 
ordinary for the Bakken, a mixture of well-consolidated clastic and carbonate sedimentary rocks. 
Figure 4 shows a plot illustrating the relationship between wireline log-based neutron porosity 
and the bulk density of the formation. The samples tested throughout this project plot 
consistently in the quartz sandstone-to-limestone-dominated systems.  
 
 The relationship between porosity and bulk density-based observation of lithology is 
confirmed through optical thin-section analysis. Figure 5 shows the results of three samples  
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Table 2. Summary of Porosity Results 

Sample 
Number 

Depth, 
m Formation Unit 

Length, 
cm 

Diameter, 
cm 

Scanned 
Bulk 

Volume, 
cm3 

Bulk 
Density, 

g/cm3 

Average 
Pore 

Volume, 
cm3 

Average 
Porosity, 

% 

118645 2098.5 M. Bakken C 1.872 3.012 13.34 2.641 0.35 2.63 
118646 2100.0 M. Bakken C 1.723 3.002 12.24 2.643 0.40 3.31 
118647 2100.6 M. Bakken B 1.819 3.007 41.04 2.559 1.41 4.70 
118648 2102.1 M. Bakken B 1.670 3.002 11.80 2.348 1.64 13.90 
118649 2103.4 M. Bakken B 1.728 3.015 12.39 2.536 0.90 7.26 
118652 2104.7 M. Bakken B 1.857 3.007 13.25 2.477 1.12 8.42 
118653 2105.2 M. Bakken A 1.789 3.007 12.64 2.579 0.73 5.74 
118654 2108.1 M. Bakken A 1.776 3.010 12.92 2.483 1.15 8.90 
118655 2111.4 M. Bakken A 1.787 3.010 12.94 2.549 0.76 5.86 

 
 
representing Units A, B, and C from left to right. Each image shows a quartz-dominated system 
(white grains) with sporadic calcite grains (red) present. The dark brown material shown in each 
sample is clay, and the black is pyrite. While grain size changes from stratigraphic bottom to top 
throughout the Bakken interval are evident, what is noteworthy is a general lack of visible 
porosity (represented by blue color between grains) in the samples at the base and top of the unit 
(118654 and 118645, respectively). Each of these samples was tested for porosity, with the 
results showing values of 2.6% and 5.8%, respectively. Sample 118648 was determined to have a 
porosity of 13.9%, which is confirmed in the thin section shown in the middle of Figure 5. 
 
 Figure 6 shows the same three samples in a larger field of view. In this collection of 
images, the entire thin section is shown to better illustrate the textural differences of each unit 
within the Middle Bakken. At the basal Unit A, Sample 118654 shows a relatively structureless 
siltstone with minor fossil inclusions. The sample is dominated by quartz, feldspars, 
dolomite/iron–dolomite, and clays with minor calcite as fossil fragments rather than pore filling. 
Grains are moderately sorted, angular to subangular, and range in size from 10 to 60 µm. The 
sample from Unit B, 118648, shows a coarse siltstone to very fine sandstone with coarse 
laminations. Calcite fill is common, and intergranular porosity is visible. Dolomite and iron–
dolomite are common, along with quartz, feldspars, and clays. Grains are poorly rounded and 
moderately sorted, ranging in size from 10 to 100 µm, with a majority of grains larger than  
60 µm. Finally, Sample 118645, representing the upper most Unit C, shows a siltstone with a 
stronger bioturbated texture. Fossil fragments are present within the mixed quartz, feldspars, 
dolomite, and clay matrix. Intergranular calcite was found likely filling available pore space. 
Dolomite often shows zoning with iron-rich overgrowths. Quartz grains show some overgrowths 
as well. The grains are angular and moderately well sorted from 30 to 100 µm. 
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Figure 4. Chart illustrating the relationship between porosity and bulk density of rock samples. 
The average value (red arrow line) of the rocks evaluated for this project plot within the quartz 

sandstone–limestone windows. 
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Figure 5. Thin-section images from Units A, B, and C, shown from left to right. 
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Figure 6. Whole thin-section scan demonstrating textural differences throughout the three Middle 

Bakken units observed in this well. Units A, B, and C are shown from left to right. 
 
 

SEM, XRD, and XRF Mineralogy 
 
 SEM, XRD, and XRF were used in conjunction with one another to determine the bulk 
mineralogical content of four samples, three from the middle member and one from the upper 
shale. Two methods of SEM were employed on thin-section samples, BSE imaging and EDS. 
BSE imaging provides a scan of the sample surface in an effort to understand the chemistry of 
each point analyzed. The second technique, EDS, uses software to aid in the interpretation of the 
chemistry and assign the most likely mineral type. EDS was used to create maps showing the 
mineralogical distribution and composition of the samples. 
 
 Figure 7 provides two images of the same areal extent of Sample 118648 (Unit B). While 
the image on the top has data regarding the chemistry of multiple points within the sample, there 
is still much left to the imagination regarding the mineralogy of the sample, grain-to-grain 
relationships, cements, etc. The lower image begins to bring clarity to the complex heterogeneity 
found at a relatively small scale. For instance, the sample is dominated by quartz and feldspar 
grains. Where feldspars exist, it becomes clear that the perimeter of these particles has begun 
breaking down to form new clay particles, in this case illite. Likewise, the calcite shows evidence 
of dolomitization. The quartz remains unaltered because of its chemical resistivity. Another 
added benefit of this type of analysis is the ease at which one can quantify the mineral species in 
each sample in 2-D area percent. Specifically, this scan was determined to contain 49.4% quartz, 
12.3% illite, 12.1% potassium–feldspar, 10.6% organic-filled pores, 7.1% dolomite, 5.1% 
calcite, and a minor amount of albite.  
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Figure 7. The mineral map (bottom) allows full sorting of mineral phases and mineral 
associations that are indistinguishable in a conventional BSE image (top). The colors on the 

image are altered from the legend because of the overlay on the BSE image. 
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 To further understand the mineralogy of these samples, XRD and XRF analyses were 
conducted. Three middle member samples and one upper shale sample were selected based on 
their representative character in each lithofacie. The three middle member samples represent 
each unit throughout the interval. Figure 8 shows the distribution of mineralogy for each sample 
tested. The upper shale sample is composed primarily of quartz and illite clay with relative 
weight percent values of 36.4% and 31.5%, respectively. Potassium–feldspar was the next largest 
component at 19.5% and minor amounts of accessory minerals. The three middle member 
samples are generally similar in composition, with quartz dominating each zone. The remaining 
minerals in each sample are distributed between ankerite, dolomite, illite, calcite, feldspars, and 
anhydrite. Additional accessory minerals and relative weight percents obtained are detailed for 
each sample in Appendix A of this report. 
 
 

 
 
Figure 8. Results of XRD on the upper shale and Middle Bakken interval. It can be seen that the 

mineralogy of the middle member is very similar throughout, with unit boundaries identified 
primarily through textural changes. 
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Capillary Pressure 
 
 High-pressure mercury injection (HPMI) tests were performed on nine middle member 
samples and one upper shale sample. The goal of the test was to compare and contrast the pore 
throat sizes observed over the three units and, ultimately, compare them to the upper shale. These 
data help inform the flow-through experimentation and provide insight regarding the sink-
versus-seal quality of this reservoir. This has specific implications to CO2 injection and storage 
evaluation purposes in that the test provides a level of understanding for potential injectivity and 
the size of the available pores within the rock package being considered. Capillary entry 
pressures can be estimated using the pore throat radius obtained in this test. Along with the 
interfacial tension and wetting angle of CO2 in the presence of brine, an estimate of the pressure 
needed to overcome and displace the in-place wetting phase (brine) can be made. At time of 
reporting, evaluation of capillary entry pressure and its relationship to CO2 storage estimation is 
ongoing and will be published in subsequent documents. A brief summary of HPMI testing 
results follows. All sample data are provided in a summary report in Appendix B of this 
document. 
 
 Figure 9 shows the distribution of pore throat sizes encountered for all samples tested. The 
pore throats of each of the samples tested are similar to rocks considered geologic barriers to 
flow. In certain cases, like Sample 118645, Middle Bakken Unit C, 2098.5 m, the pore throats 
fall within the range of a geologic seal, between 10 and 100 nm. The samples tested for Unit B 
have the largest pore throats and are generally bimodal in their distribution. The evaluation of 
this reservoir for CO2 storage will be dictated by how well-connected these pores are and 
whether the calculated entry pressures fall below acceptable fracture gradients. 
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Figure 9. Pore throat distribution of one upper shale sample (a) and nine Middle Bakken  
samples (b–d) (continued). 
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Figure 9 (continued). Pore throat distribution of one upper shale sample (a) and nine Middle 
Bakken samples (b–d) (continued). 
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TOC and Rock-Eval 
 
 In an effort to determine the petroleum potential of this reservoir, TOC and Rock-Eval 
tests were conducted on nine middle member samples and one upper shale sample. TOC analysis 
provides the organic carbon present in samples as an indicator of a hydrocarbon resource 
potentially present. Rock-Eval indicates the overall quality of carbon, from an oil-generating 
perspective, if it is present. Figure 10 provides the data plotted as free hydrocarbon content (mg 
HC/g rock) versus TOC (wt%). It is evident that there is very little organic carbon present in the 
middle member samples (all nine clustered around zero), while the upper shale contains just over 
15%. While much higher than the middle member, the upper shale is still in the lower portion of 
the free hydrocarbon range and, thus, is shown to have little or no potential for oil production. 
All sample data are provided in a summary report in Appendix C of this document.  
 
 

 
 

Figure 10. Results of TOC analysis and Rock-Eval data. This figure illustrates the low overall 
organic content found in these samples. It further illustrates that the organic content found has 

little potential for oil production. 
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Relative Permeability Evaluation 
 
 Relative permeability is a specialized flow experiment that calculates the relative rate at 
which supercritical CO2 flows through brine-saturated rock. The test identifies the reservoir 
condition permeability of each fluid and provides an indication of the irreducible water 
saturation present in the sample tested. The steady-state relative permeability testing conducted 
at the EERC used a representative formation brine with a total dissolved solids content of 
286,000 parts per million and pure CO2. Test results for Sample 118648 (porosity 13.9%, pore 
volume 1.64 cm3) show a permeability to brine of 1.17 mD and an irreducible brine saturation 
value of 44.1% (Figure 11). The permeability to CO2 was 0.421 mD for this sample. This is a 
reasonable flow condition for this relatively high porosity, laminated, fine grained sandstone. 
The second sample tested was from the same interval (Unit B) but observed to be composed of a 
tighter-grained fabric manifested in a reduced porosity of 4.7% and a pore volume of 1.41 cm3. 
The test data show a relatively high irreducible water saturation of 58.6% and brine permeability 
of 0.007 mD. Permeability to CO2 was determined to be 0.003 mD at the irreducible brine 
condition (Figure 12). 
 
 

 
 

Figure 11. Graph of relative permeability for simulated formation brine (krw) and CO2 (krg), 
Sample 118648, 2102.1 m. 
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Figure 12. Graph of relative permeability for simulated formation brine (krw) and CO2 (krg), 
Sample 118647, 2100.6 m. 

 
 
CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE WORK 
 
 In all, ten samples were collected and tested over the course of this evaluation: nine middle 
member and one upper shale sample. Test results indicate that the Middle Bakken in this area is 
composed of three unique members, labeled from bottom to top Units A, B, and C. This 
correlates well with existing published literature. The average porosity and bulk density of nine 
middle member samples was determined to be 6.75% and 2.54 g/cm3, respectively. The 
relationship indicates a quartz sandstone-to-limestone-dominated system, which is confirmed 
through optical thin-section analyses. Mineralogically, the middle member was determined 
through XRD, XRF, and SEM to be dominated by quartz, illite clay, and potassium feldspar. 
While the samples contain the minerals dolomite and calcite, they are in lower percentages than 
the rocks of the central Williston Basin. Total organic carbon was found to be less than 1 wt% in 
each middle member sample tested and about 15 wt% in the upper shale. The evaluation 
indicated that this area is not likely capable of economically producing hydrocarbon because the 
quality of organic carbon was not considered mature.  
 
 Regarding the CO2 storage potential, samples were evaluated to determine their pore throat 
distribution, effective porosity, and relative permeability to brine and CO2. Results of the 
mercury injection capillary pressure work indicated that the shale and stratigraphically adjacent 
upper Unit C have a pore throat size distribution generally found in rocks considered “geologic 
seals,” or good barriers to fluid flow. The middle unit (B) and lower unit (A), while still small in 
scale, have a wider size distribution which may aid in the injection and movement of fluids away 
from a wellbore.  
 
 Relative permeability tests were conducted on two samples from Unit B. Results indicate 
the potential to move CO2 through core plugs saturated with 286,000 ppm brine. The relatively 
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high porosity (13.9%), laminated, fine-grained sandstone had a permeability to brine of 1.17 mD, 
an irreducible brine saturation value of 44.1%, and a permeability to CO2 of 1.17 mD. The 
sample with a tighter-grained fabric (4.7% porosity) had a permeability to brine of 0.007 mD, an 
irreducible brine saturation of 58.6%, and a permeability to CO2 of 0.003 mD. It was noted 
during testing that as the brine was mobilized and “pushed” out of the way, CO2 flow became 
more efficient and pressure across the sample decreased. This is not a surprising result 
considering the large viscosity differences between the two fluids. However, this indicates that 
the formation may be amenable to use as a secondary CO2 storage reservoir should the need 
arise. Further evaluation regarding injection testing, static and dynamic modeling and simulation 
of the reservoir, and geochemical modeling are needed prior to making a complete 
determination. It is anticipated that this may be an area of focus for future evaluations. 
 
 The following are recommendations for future work: 
 

 Geomechanical evaluations to determine strength parameters of each lithofacies and cap 
rock. 

 
 Additional relative permeability work to better understand the CO2 storage potential of 

this reservoir. 
 
 Collection of additional core to determine the heterogeneity of this reservoir laterally 

adjacent to the injection zone.  
 

 Further mineralogical and flow-through testing to determine similarities and 
differences. 

 
 Local-scale modeling and simulation of the Bakken reservoir interval to determine 

injectivity of CO2. 
 

 Geochemical modeling to determine the potential reactivity of the potential injection 
zone and cap rock. 
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APPENDIX A 
 

APPLIED GEOLOGY LABORATORY DATA 
SHEETS



 

Applied Geology Laboratory ID: 118657/658

Upper Bakken Shale

Well Name: PTRC_INJ_5-6-2-8 W2M Depth: 2096.1 m
 

 1  

SAMPLE PHOTOGRAPH 118657 
 
 

 
 
 
PHYSICAL PROPERTIES 118658 
 
Porosity 

Pycnometer Effective Porosity Average, vol% 
Pending 

 
Volume and Density 

Bulk Volume, cm3 Bulk Density, g/cm3 Grain Volume, cm3 Grain Density, g/cm3

Pending Pending Pending Pending 
 
Permeability 

Gas Permeability, mD 
Pending 
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Upper Bakken Shale

Well Name: PTRC_INJ_5-6-2-8 W2M Depth: 2096.1 m
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FULL THIN-SECTION SLIDE 
 
 

 
 



 

Applied Geology Laboratory ID: 118657/658

Upper Bakken Shale

Well Name: PTRC_INJ_5-6-2-8 W2M Depth: 2096.1 m
 

 3  

PLANE POLAR PHOTOMICROGRAPHS 
 
 

 
 

 
The 2097.2-m Upper Bakken Shale thin section shows dark, silty shale. Very fine laminations of 
silt grains are found in the very dark shale consisting of mostly quartz and some dolomite. 



 

Applied Geology Laboratory ID: 118657/658

Upper Bakken Shale

Well Name: PTRC_INJ_5-6-2-8 W2M Depth: 2096.1 m
 

 4  

X-RAY FLUORESCENCE (XRF) BULK CHEMICAL COMPOSITION 
 
 

 
 
 

Element Reporting Convention (oxide) wt% 
Si (silicon) SiO2 57.62 
Al (aluminum) Al2O3 11.75 
Fe (iron) Fe2O3 6.75 
Ti (titanium) TiO2 0.58 
P (phosphorus) P2O5 0.18 
Ca (calcium) CaO 2.15 
Mg (magnesium) MgO 2.51 
Na (sodium) Na2O 0.41 
K (potassium) K2O 5.46 
S (sulfur) SO3 3.31 
Ba (barium) BaO 0.03 
Cl (chloride) Cl 0.23 
Mn (manganese) MnO 0.02 
Sr (strontium) SrO 0.01 
Unknowns Due to the presence of carbonates* 9.00 
Total  100.01 

* Sample effervesced in the presence of dilute HCl, verifying the presence of carbonates. 
 

Silicon
Aluminum
Iron
Titanium
Phosphorus
Calcium
Magnesium
Sodium
Potassium
Sulfur
Barium
Chloride
Manganese
Strontium
Unknowns
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Upper Bakken Shale

Well Name: PTRC_INJ_5-6-2-8 W2M Depth: 2096.1 m
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X-RAY DIFFRACTION (XRD) MINERAL-PHASE DISTRIBUTION 
 
 

 
 
 

Mineral Phase Formula Relative wt% 

Quartz SiO2 36.4 
Pyrite FeS2 2.6 
K-Feldspar KAlSi3O8 19.5 
Plagioclase Na0.5Ca0.5Al1.5Si2.5O8 4.4 
Calcite  0.1 
Dolomite CaMg(CO3)2 2.1 
Ankerite CaMg0.45Fe0.55(CO3)2 0.7 
Illite (K,H3O)(Al,Mg,Fe)2(Si,Al)4O10[(OH)2,(H2O)] 31.5 
Chlorite (Mg,Fe)3(Si,Al)4O10- (OH)2 • (Mg, Fe)3(OH)6 0.0 
Gypsum CaSO4 • 2(H2O) 2.7 
Anhydrite CaSO4 0.0 
Total  100.0 
   
Total Carbonates  2.9 
Total Clay  31.5 

 
 

Anhydrite

Ankerite

Calcite

Chlorite

Dolomite

Gypsum

Illite

K-Feldspar

Plagioclase

Pyrite

Quartz
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XRD CLAY TYPING 
 
 

 
 
 

Clays Identified 
High Amount of Smectite 
Some Illite/Smectite 
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Upper Bakken Shale

Well Name: PTRC_INJ_5-6-2-8 W2M Depth: 2096.1 m
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CORE LABORATORIES, INC., HIGH-PRESSURE MERCURY INJECTION (HPMI) 
SUMMARY DATA 

See Appendix B for full Core Labs report.
Core Labs Sample ID S11 #118657m 
Depth 2096.10 m 

 
Mercury Injection Data Summary 

Maximum Sb/Pc*, 
fraction 

Pore Throat Radius at 35% 
Mercury Saturation (R35), µm 

Median Pore Throat 
Radius, µm 

0.00036 0.0199 0.0135 
* Volume of mercury (Sb)-to-capillary pressure (Pc) ratio. The maximum Sb/Pc is used to represent the point on a 

capillary pressure curve where all of the major connected pore spaces controlling permeability have been intruded 
with mercury. 

 
Sample Parameters 

Weight, g 
Pore 

Volume, cm3 
Grain 

Volume, cm3
Bulk Volume, 

cm3 
Grain Density, 

g/cm3 
Bulk Density, 

g/cm3 
9.724 0.212 3.610 3.823 2.694 2.543 
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CORE LABORATORIES, INC., TOTAL ORGANIC CARBON (TOC) AND ROCK 
EVALUATION (ROCK-EVAL) SUMMARY DATA 

See Appendix C for full Core Labs Report.
Core Labs Sample ID S11-118657 
Depth 2096.1 m 

 
TOC and ROCK-EVAL Data Summary 

Sample Weight, mg TOC, wt% Tmax*, °C 
20.8 15.89 436 

* Pyrolysis oven temperature during maximum generation of hydrocarbons. 
 
 

 



 

Applied Geology Laboratory ID: 118645

Middle Bakken Unit C

Well Name: PTRC_INJ_5-6-2-8 W2M Depth: 2098.5 m
 

 9  

SAMPLE PHOTOGRAPH 118645 
 
 

 
 
 
PHYSICAL PROPERTIES 
 
Porosity 

Pycnometer Effective Porosity Average, vol% 
2.63 

 
Volume and Density 

Bulk Volume, cm3 Bulk Density, g/cm3 Grain Volume, cm3 Grain Density, g/cm3

13.34 2.641 12.989 2.712 
 
Permeability 

Gas Permeability, mD 
Pending 
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Well Name: PTRC_INJ_5-6-2-8 W2M Depth: 2098.5 m
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FULL THIN-SECTION SLIDE 
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Middle Bakken Unit C

Well Name: PTRC_INJ_5-6-2-8 W2M Depth: 2098.5 m
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PLANE POLAR PHOTOMICROGRAPHS 
 
 

 
 

 
The 2098.5-m Middle Bakken sample is siltstone containing quartz, feldspars, dolomite, and clays, 
with intergranular calcite. Dolomite often shows zoning with iron-rich overgrowths. Quartz grains 
show some overgrowths as well. Some zones show no calcite. It is very fine sand to coarse silt in 
size, angular, and moderately well sorted (30 to 100 µm). 
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CORE LABORATORIES, INC., HPMI SUMMARY DATA 
See Appendix B for full Core Labs report.
Core Labs Sample ID S1 #118645-2m 
Depth 2098.50 m 

 
Mercury Injection Data Summary 

Maximum Sb/Pc*, 
fraction 

Pore Throat Radius at 35% 
Mercury Saturation (R35), µm 

Median Pore Throat 
Radius, µm 

0.00005 0.00432 0.00299 
* Volume of mercury (Sb)-to-capillary pressure (Pc) ratio. The maximum Sb/Pc is used to represent the point on a 

capillary pressure curve where all of the major connected pore spaces controlling permeability have been intruded 
with mercury. 

 
Sample Parameters 

Weight, g 
Pore 

Volume, cm3 
Grain 

Volume, cm3
Bulk Volume, 

cm3 
Grain Density, 

g/cm3 
Bulk Density, 

g/cm3 
10.947 0.176 5.015 5.194 2.183 2.108 
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CORE LABORATORIES, INC., TOC AND ROCK-EVAL SUMMARY DATA 
See Appendix C for full Core Labs report.
Core Labs Sample ID S1-118645-2 
Depth 2098.5 m 

 
TOC and ROCK-EVAL Data Summary 

Sample Weight, mg TOC, wt% Tmax, °C 
60.7 0.08 423 
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Applied Geology Laboratory ID: 118646

Middle Bakken Unit C

Well Name: PTRC_INJ_5-6-2-8 W2M Depth: 2100.0 m
 

 15  

SAMPLE PHOTOGRAPH 118646 
 
 

 
 
 
PHYSICAL PROPERTIES 
 
Porosity 

Pycnometer Effective Porosity Average, vol% 
3.31 

 
Volume and Density 

Bulk Volume, cm3 Bulk Density, g/cm3 Grain Volume, cm3 Grain Density, g/cm3

12.24 2.643 11.835 2.733 
 
Permeability 

Gas Permeability, mD 
Pending 
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FULL THIN-SECTION SLIDE 
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Well Name: PTRC_INJ_5-6-2-8 W2M Depth: 2100.0 m
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PLANE POLAR PHOTOMICROGRAPHS 
 
 

 
 
 
The 2100.0-m Middle Bakken sample is burrowed siltstone containing quartz, feldspars, 
dolomite/Fe-dolomite, and clays, with calcite fill in some areas. It contains large, coarser-grained 
lens with calcite fill; however, most of the sample is silty quartz and dolomite, with some clays. 
Grains are angular and poorly sorted (10 to 80 µm), with a majority of grains less than 40 µm. 
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XRF BULK CHEMICAL COMPOSITION 
 
 

 
 
 

Element Reporting Convention (oxide) wt% 
Si (silicon) SiO2 52.20 
Al (aluminum) Al2O3 5.45 
Fe (iron) Fe2O3 4.08 
Ti (titanium) TiO2 0.36 
P (phosphorus) P2O5 0.11 
Ca (calcium) CaO 15.29 
Mg (magnesium) MgO 6.49 
Na (sodium) Na2O 0.68 
K (potassium) K2O 2.63 
S (sulfur) SO3 1.64 
Ba (barium) BaO 0.02 
Cl (chloride) Cl 0.69 
Mn (manganese) MnO 0.13 
Sr (strontium) SrO 0.01 
Unknowns Due to the presence of carbonates* 10.23 
Total  100.01 

* Sample effervesced in the presence of dilute HCl, verifying the presence of carbonates. 
 

Silicon
Aluminum
Iron
Titanium
Phosphorus
Calcium
Magnesium
Sodium
Potassium
Sulfur
Barium
Chloride
Manganese
Strontium
Unknowns
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XRD MINERAL-PHASE DISTRIBUTION 
 
 

 
 
 

Mineral Phase Formula Relative wt% 

Quartz SiO2 35.6 
Pyrite FeS2 2.2 
K-Feldspar KAlSi3O8 10.2 
Plagioclase Na0.5Ca0.5Al1.5Si2.5O8 2.2 
Calcite  5.2 
Dolomite CaMg(CO3)2 13.9 
Ankerite CaMg0.45Fe0.55(CO3)2 16.7 
Illite (K,H3O)(Al,Mg,Fe)2(Si,Al)4O10[(OH)2,(H2O)] 12.2 
Chlorite (Mg,Fe)3(Si,Al)4O10- (OH)2 • (Mg, Fe)3(OH)6 1.9 
Gypsum CaSO4 • 2(H2O) 0.0 
Anhydrite CaSO4 0.0 
Total  100.1 
   
Total Carbonates  35.8 
Total Clay  14.0 

 
 

Anhydrite

Ankerite

Calcite

Chlorite

Dolomite

Gypsum

Illite

K-Feldspar

Plagioclase

Pyrite

Quartz
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XRD CLAY TYPING 
 
 

 
 
 

Clays Identified 
Interstatified Illite/Smectite and Illite/Chlorite 
Possibly Sepiolite 
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SCANNING ELECTRON MICROSCOPY (SEM) 
 
Observed Mineral Phases 

Mineral Phase Mineral Phase 

Quartz Mica 
Dolomite Albite 

K-Feldspar Zircon 
Calcite Apatite 

Plagioclase Biotite 
Fe-Dolomite Clays 

Pyrite  
 
 
High-Magnification Backscattered Electron (BSE) Image Annotated with Examples of 
Mineral Phases Identified 
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SEM BSE Image and Corresponding Digital Mineral Map Overlaid on BSE Image with 
Mineral-Phase 2-D Area Percentages 
 
 

 

Phase 
2-D 

area% 

Quartz 28.3 

Dolomite 30.7 

K-Feldspar 6.4 

Plagioclase 28.2 

Albite 1.5 

Rutile 0.3 

Calcite 1.0 

Biotite 0.3 

Pyrite 0.7 

 
 
The mineral map (bottom) allows full sorting of mineral phases and mineral associations that are 
indistinguishable in a conventional BSE image (top). The colors on the image are altered from the 
legend because of the overlay on the BSE image. 
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CORE LABORATORIES, INC., HPMI SUMMARY DATA 
See Appendix B for full Core Labs report.
Core Labs Sample ID S2 #118646-2m 
Depth 2100.00 m 

 
Mercury Injection Data Summary 

Maximum Sb/Pc*, 
fraction 

Pore Throat Radius at 35% 
Mercury Saturation (R35), µm 

Median Pore Throat 
Radius, µm 

0.00022 0.0109 0.00809 
* Volume of mercury (Sb)-to-capillary pressure (Pc) ratio. The maximum Sb/Pc is used to represent the point on a 

capillary pressure curve where all of the major connected pore spaces controlling permeability have been intruded 
with mercury. 

 
Sample Parameters 

Weight, g 
Pore 

Volume, cm3 
Grain 

Volume, cm3
Bulk Volume, 

cm3 
Grain Density, 

g/cm3 
Bulk Density, 

g/cm3 
10.942 0.251 4.009 4.264 2.729 2.566 
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CORE LABORATORIES, INC., TOC AND ROCK-EVAL SUMMARY DATA 
See Appendix C for full Core Labs report.
Core Labs Sample ID S2-118646-2 
Depth 2100 m 

 
TOC and ROCK-EVAL Data Summary 

Sample Weight, mg TOC, wt% Tmax, °C 
60.3 0.14 410 
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SAMPLE PHOTOGRAPH 118647 
 
 

 
 
 
PHYSICAL PROPERTIES 
 
Porosity 

Pycnometer Effective Porosity Average, vol% 
4.70 

 
Volume and Density 

Bulk Volume, cm3 Bulk Density, g/cm3 Grain Volume, cm3 Grain Density, g/cm3

41.04 2.559 39.111 2.686 
 
Permeability 

Gas Permeability, mD 
Pending 
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FULL THIN-SECTION SLIDE 
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PLANE POLAR PHOTOMICROGRAPHS 
 
 

 
 
 
This Middle Bakken Unit B sample is very fine sandstone to coarse siltstone. Quartz, feldspars, 
dolomite/Fe-dolomite, and minor clays with calcite fill and grain replacement are present. Finer-
grained areas have less calcite and are more dolomitic. Grains are poorly rounded and moderately 
sorted, ranging from 10 to 100 µm, with most grains larger than 60 µm. 
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CORE LABORATORIES, INC., HPMI SUMMARY DATA 
See Appendix B for full Core Labs report.
Core Labs Sample ID S3 #118647-2 
Depth 2100.60 m 

 
Mercury Injection Data Summary 

Maximum Sb/Pc*, 
fraction 

Pore Throat Radius at 35% 
Mercury Saturation (R35), µm 

Median Pore Throat 
Radius, µm 

0.00046 0.0259 0.0175 
* Volume of mercury (Sb)-to-capillary pressure (Pc) ratio. The maximum Sb/Pc is used to represent the point on a 

capillary pressure curve where all of the major connected pore spaces controlling permeability have been intruded 
with mercury. 

 
Sample Parameters 

Weight, g 
Pore 

Volume, cm3 
Grain 

Volume, cm3
Bulk Volume, 

cm3 
Grain Density, 

g/cm3 
Bulk Density, 

g/cm3 
8.786 0.180 3.137 3.318 2.801 2.648 

 
 

 



 

Applied Geology Laboratory ID: 118647

Middle Bakken Unit B

Well Name: PTRC_INJ_5-6-2-8 W2M Depth: 2100.6 m
 

 29  

CORE LABORATORIES, INC., TOC AND ROCK-EVAL SUMMARY DATA 
See Appendix C for full Core Labs report.
Core Labs Sample ID S3-118647-2 
Depth 2100.6 m 

 
TOC and ROCK-EVAL Data Summary 

Sample Weight, mg TOC, wt% Tmax, °C 
60.7 0.04 426 
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Applied Geology Laboratory ID: 118648

Middle Bakken Unit B

Well Name: PTRC_INJ_5-6-2-8 W2M Depth: 2102.1 m
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SAMPLE PHOTOGRAPH 118648 
 
 

 
 
 
PHYSICAL PROPERTIES 
 
Porosity 

Pycnometer Effective Porosity Average, vol% 
13.90 

 
Volume and Density 

Bulk Volume, cm3 Bulk Density, g/cm3 Grain Volume, cm3 Grain Density, g/cm3

11.801 2.348 10.161 2.727 
 
Permeability 

Gas Permeability, mD 
Pending 
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FULL THIN-SECTION SLIDE 
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PLANE POLAR PHOTOMICROGRAPHS 
 
 

 
 
 
The 2102.1-m Middle Bakken sample can be described as coarse siltstone to very fine sandstone, 
with coarse laminations. Calcite fill is common, and a few pores are visible. Some areas show 
some porosity that are non-calcite-filled. Dolomite and Fe-dolomite are common. The thin section 
shows quartz, feldspars, dolomite/Fe-dolomite, and clays. Some intergranular porosity is visible. 
Grains are poorly rounded and moderately sorted, ranging in size from 10 to 100 µm, with a 
majority of grains larger than 60 µm. 
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XRF BULK CHEMICAL COMPOSITION 
 
 

 
 
 

Element Reporting Convention (oxide) wt% 
Si (silicon) SiO2 79.55 
Al (aluminum) Al2O3 3.78 
Fe (iron) Fe2O3 0.82 
Ti (titanium) TiO2 0.15 
P (phosphorus) P2O5 0.11 
Ca (calcium) CaO 10.20 
Mg (magnesium) MgO 1.26 
Na (sodium) Na2O 0.59 
K (potassium) K2O 1.79 
S (sulfur) SO3 0.17 
Ba (barium) BaO 0.02 
Cl (chloride) Cl 0.78 
Mn (manganese) MnO 0.03 
Sr (strontium) SrO 0.01 
Unknowns Due to the presence of carbonates* 0.73 
Total  99.99 

* Sample effervesced in the presence of dilute HCl, verifying the presence of carbonates. 
 

Silicon
Aluminum
Iron
Titanium
Phosphorus
Calcium
Magnesium
Sodium
Potassium
Sulfur
Barium
Chloride
Manganese
Strontium
Unknowns
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XRD MINERAL-PHASE DISTRIBUTION 
 
 

 
 
 

Mineral Phase Formula Relative wt% 

Quartz SiO2 35.4 
Pyrite FeS2 3.1 
K-Feldspar KAlSi3O8 9.9 
Plagioclase Na0.5Ca0.5Al1.5Si2.5O8 5.5 
Calcite  4.7 
Dolomite CaMg(CO3)2 10.0 
Ankerite CaMg0.45Fe0.55(CO3)2 14.4 
Illite (K,H3O)(Al,Mg,Fe)2(Si,Al)4O10[(OH)2,(H2O)] 7.5 
Chlorite (Mg,Fe)3(Si,Al)4O10- (OH)2 • (Mg, Fe)3(OH)6 8.1 
Gypsum CaSO4 • 2(H2O) 1.1 
Anhydrite CaSO4 0.4 
Total  100.1 
   
Total Carbonates  29.1 
Total Clay  15.6 

 
 

Anhydrite

Ankerite

Calcite

Chlorite

Dolomite

Gypsum

Illite

K-Feldspar

Plagioclase

Pyrite

Quartz
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XRD CLAY TYPING 
 
 

 
 
 

Clays Identified 
Interstratified Chlorite–Montmorillonite or Chlorite–Vermiculite (corrensite) 
Illite 
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SEM 
 
Observed Mineral Phases 

Mineral Phase Mineral Phase 

Calcite Fe-Dolomite 
Quartz Illite 

K-Feldspar Mica 
Dolomite Albite 
Organics Clays 
Apatite  

 
 
High-Magnification BSE Image Annotated with Examples of Mineral Phases Identified 
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SEM BSE Image and Corresponding Digital Mineral Map Overlaid on BSE Image with 
Mineral-Phase 2-D Area Percentages 
 
 

 

 

 

Phase 
2-D 

area% 

Quartz 49.4 

K-Feldspar 12.1 

Calcite 5.7 

Illite 12.3 

Organic-
Filled 
Pores 

10.6 

Dolomite 7.1 

Albite 0.2 

 
 
The mineral map (bottom) allows full sorting of mineral phases and mineral associations that are 
indistinguishable in a conventional BSE image (top). The colors on the image are altered from the 
legend because of the overlay on the BSE image. 
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RELATIVE PERMEABILITY 
 

Parameter   Value     Brine Chemistry 
Length 1.67 cm 238,000 mg/L NaCl 
Diameter 3.00 cm 8210 mg/L KCl 
Cross-Sectional Area 7.073 cm2 42,600 mg/L CaCl2•2H2O 
Pore Volume 1.64 cm3 10,200 mg/L MgCl2•6H2O 
Drainage Mass, dry 27.64 g  
Drainage Mass, end 28.48 g 283,000 mg/L TDS 
Drainage Mass, end imbibition NA g (total dissolved solids) 
Brine Density 1.16 g/mL  
Brine Viscosity, uncorrected 0.905 cp  
Brine Viscosity, corrected 1.07 cp  
Water in Sample 0.84 g  
Water in Sample 0.72 mL  
Brine Saturation 44.13 % Pore Volume  
Brine Saturation 2.95 % Mass  

 
 

 
 

Permeability vs. Brine Saturation at 140°F 
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CORE LABORATORIES, INC., HPMI SUMMARY DATA 
See Appendix B for full Core Labs report.
Core Labs Sample ID S4 #118648-2m 
Depth 2102.10 m 

 
Mercury Injection Data Summary 

Maximum Sb/Pc*, 
fraction 

Pore Throat Radius at 35% 
Mercury Saturation (R35), µm 

Median Pore Throat 
Radius, µm 

0.00646 0.269 0.144 
* Volume of mercury (Sb)-to-capillary pressure (Pc) ratio. The maximum Sb/Pc is used to represent the point on a 

capillary pressure curve where all of the major connected pore spaces controlling permeability have been intruded 
with mercury. 

 
Sample Parameters 

Weight, g 
Pore 

Volume, cm3 
Grain 

Volume, cm3
Bulk Volume, 

cm3 
Grain Density, 

g/cm3 
Bulk Density, 

g/cm3 
4.401 0.093 1.617 1.710 2.722 2.573 
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CORE LABORATORIES, INC., TOC AND ROCK-EVAL SUMMARY DATA 
See Appendix C for full Core Labs report.
Core Labs Sample ID S4-118648-2 
Depth 2102.1 m 

 
TOC and ROCK-EVAL Data Summary 

Sample Weight, mg TOC, wt% Tmax, °C 
60.6 0.08 435 
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Well Name: PTRC_INJ_5-6-2-8 W2M Depth: 2103.4 m
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SAMPLE PHOTOGRAPH 118649 
 
 

 
 
 
PHYSICAL PROPERTIES 
 
Porosity 

Pycnometer Effective Porosity Average, vol% 
7.26 

 
Volume and Density 

Bulk Volume, cm3 Bulk Density, g/cm3 Grain Volume, cm3 Grain Density, g/cm3

12.389 2.536 11.490 2.734 
 
Permeability 

Gas Permeability, mD 
Pending 
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FULL THIN-SECTION SLIDE 
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PLANE POLAR PHOTOMICROGRAPHS 
 
 

 
 
 
This Middle Bakken sample is coarsely laminated, sandy siltstone. Laminations are separated by 
clay layers and appear to be coarser grained at the bottom of the thin section. Calcite fill is common 
in some areas. Quartz, feldspars, dolomite/Fe-dolomite, and clays with minor calcite are present. 
Grains are subangular and poorly sorted, ranging in size from 5 to 90 µm. Overgrowths are 
common. 
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CORE LABORATORIES, INC., HPMI SUMMARY DATA 
See Appendix B for full Core Labs report.
Core Labs Sample ID S5 #118649-2m 
Depth 2103.40 m 

 
Mercury Injection Data Summary 

Maximum Sb/Pc*, 
fraction 

Pore Throat Radius at 35% 
Mercury Saturation (R35), µm 

Median Pore Throat 
Radius, µm 

0.0426 0.973 0.334 
* Volume of mercury (Sb)-to-capillary pressure (Pc) ratio. The maximum Sb/Pc is used to represent the point on a 

capillary pressure curve where all of the major connected pore spaces controlling permeability have been intruded 
with mercury. 

 
Sample Parameters 

Weight, g 
Pore 

Volume, cm3 
Grain 

Volume, cm3
Bulk Volume, 

cm3 
Grain Density, 

g/cm3 
Bulk Density, 

g/cm3 
6.050 0.294 2.221 2.514 2.724 2.406 
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CORE LABORATORIES, INC., TOC AND ROCK-EVAL SUMMARY DATA 
See Appendix C for full Core Labs report.
Core Labs Sample ID S5-118649-2 
Depth 2103.4 m 

 
TOC and ROCK-EVAL Data Summary 

Sample Weight, mg TOC, wt% Tmax, °C 
60.5 0.05 436 
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Applied Geology Laboratory ID: 118652

Middle Bakken Unit B

Well Name: PTRC_INJ_5-6-2-8 W2M Depth: 2104.7 m
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SAMPLE PHOTOGRAPH 118652 
 
 

 
 
 
PHYSICAL PROPERTIES 
 
Porosity 

Pycnometer Effective Porosity Average, vol% 
8.42 

 
Volume and Density 

Bulk Volume, cm3 Bulk Density, g/cm3 Grain Volume, cm3 Grain Density, g/cm3

13.245 2.477 12.130 2.705 
 
Permeability 

Gas Permeability, mD 
Pending 
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FULL THIN-SECTION SLIDE 
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PLANE POLAR PHOTOMICROGRAPHS 
 
 

 
 
 
The Middle Bakken Unit B sample at 2104.7 m is burrowed siltstone consisting of quartz, 
feldspars, dolomite/Fe-dolomite, and clays. Calcite fill is common; no bedding or laminations are 
visible. Grains are angular to subrounded and moderately sorted, ranging in size from 5 to  
50 µm. 
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CORE LABORATORIES, INC., HPMI SUMMARY DATA 
See Appendix B for full Core Labs report.
Core Labs Sample ID S6 #118652-2m 
Depth 2104.70 m 

 
Mercury Injection Data Summary 

Maximum Sb/Pc*, 
fraction 

Pore Throat Radius at 35% 
Mercury Saturation (R35), µm 

Median Pore Throat 
Radius, µm 

0.00122 0.0542 0.0228 
* Volume of mercury (Sb)-to-capillary pressure (Pc) ratio. The maximum Sb/Pc is used to represent the point on a 

capillary pressure curve where all of the major connected pore spaces controlling permeability have been intruded 
with mercury. 

 
Sample Parameters 

Weight, g 
Pore 

Volume, cm3 
Grain 

Volume, cm3
Bulk Volume, 

cm3 
Grain Density, 

g/cm3 
Bulk Density, 

g/cm3 
10.219 0.208 3.805 4.012 2.686 2.547 
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CORE LABORATORIES, INC., TOC AND ROCK-EVAL SUMMARY DATA 
See Appendix C for full Core Labs report.
Core Labs Sample ID S6-118649-2 (should be S6-118652-2) 
Depth 2104.7 m 

 
TOC and ROCK-EVAL Data Summary 

Sample Weight, mg TOC, wt% Tmax, °C 
60.8 0.08 442 
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Applied Geology Laboratory ID: 118653

Middle Bakken Unit A

Well Name: PTRC_INJ_5-6-2-8 W2M Depth: 2105.2 m
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SAMPLE PHOTOGRAPH 118653 
 
 

 
 
 
PHYSICAL PROPERTIES 
 
Porosity 

Pycnometer Effective Porosity Average, vol% 
5.74 

 
Volume and Density 

Bulk Volume, cm3 Bulk Density, g/cm3 Grain Volume, cm3 Grain Density, g/cm3

12.64 2.579 11.914 2.736 
 
Permeability 

Gas Permeability, mD 
Pending 
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FULL THIN-SECTION SLIDE 
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PLANE POLAR PHOTOMICROGRAPHS 
 
 

 
 
 
The 2105.2-m Middle Bakken Unit A sample is burrowed siltstone consisting of quartz, feldspars, 
dolomite/Fe-dolomite, and clays. A portion of the thin-section slide is finer-grained, with little or 
no calcite fill between grains. Coarser-grained areas show calcite fill. Grains are angular to 
subangular and range in size from 5 to 60 µm, with moderate sorting. 
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XRF BULK CHEMICAL COMPOSITION 
 
 

 
 
 

Element Reporting Convention (oxide) wt% 
Si (silicon) SiO2 66.05 
Al (aluminum) Al2O3 6.44 
Fe (iron) Fe2O3 2.08 
Ti (titanium) TiO2 0.45 
P (phosphorus) P2O5 0.08 
Ca (calcium) CaO 10.90 
Mg (magnesium) MgO 4.52 
Na (sodium) Na2O 0.83 
K (potassium) K2O 2.98 
S (sulfur) SO3 0.25 
Ba (barium) BaO 0.03 
Cl (chloride) Cl 0.59 
Mn (manganese) MnO 0.09 
Sr (strontium) SrO 0.01 
Unknowns Due to the presence of carbonates* 4.72 
Total  100.02 

* Sample effervesced in the presence of dilute HCl, verifying the presence of carbonates. 
 

Silicon
Aluminum
Iron
Titanium
Phosphorus
Calcium
Magnesium
Sodium
Potassium
Sulfur
Barium
Chloride
Manganese
Strontium
Unknowns
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XRD MINERAL-PHASE DISTRIBUTION 
 
 

 
 
 

Mineral Phase Formula Relative wt% 

Quartz SiO2 40.3 
Pyrite FeS2 0.2 
K-Feldspar KAlSi3O8 12.8 
Plagioclase Na0.5Ca0.5Al1.5Si2.5O8 7.6 
Calcite  4.9 
Dolomite CaMg(CO3)2 10.5 
Ankerite CaMg0.45Fe0.55(CO3)2 11.2 
Illite (K,H3O)(Al,Mg,Fe)2(Si,Al)4O10[(OH)2,(H2O)] 8.5 
Chlorite (Mg,Fe)3(Si,Al)4O10- (OH)2 • (Mg, Fe)3(OH)6 4.1 
Gypsum CaSO4 • 2(H2O) 0.0 
Anhydrite CaSO4 0.0 
Total  100.1 
   
Total Carbonates  26.6 
Total Clay  12.6 

 
 

Anhydrite

Ankerite

Calcite

Chlorite

Dolomite

Gypsum

Illite

K-Feldspar

Plagioclase

Pyrite

Quartz
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XRD CLAY TYPING 
 
 

 
 
 

Clays Identified 
Illite with Some Smectite Layers 
Chlorite 
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SEM 
 
Observed Mineral Phases 

Mineral Phase Mineral Phase 

Quartz Zircon 
Dolomite Pyrite 

K-Feldspar Ankerite 
Calcite Illite 
Apatite Muscovite 
Albite Fe-Dolomite 
Rutile Monazite 

 
 
High-Magnification BSE Image Annotated with Examples of Mineral Phases Identified 
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SEM BSE Image and Corresponding Digital Mineral Map Overlaid on BSE Image with 
Mineral-Phase 2-D Area Percentages 
 
 

 

 

 

Phase 
2-D 

area% 

Quartz 35.2 

Albite 12.4 

Dolomite 18.5 

K-Feldspar 11.3 

Illite 15.2 

Calcite 3.1 

Apatite 0.9 

Rutile 0.5 

Pyrite 0.2 

 
 
The mineral map (bottom) allows full sorting of mineral phases and mineral associations that are 
indistinguishable in a conventional BSE image (top). The colors on the image are altered from the 
legend because of the overlay on the BSE image. 
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CORE LABORATORIES, INC., HPMI SUMMARY DATA 
See Appendix B for full Core Labs report.
Core Labs Sample ID S7 #118653m 
Depth 2105.20 m 

 
Mercury Injection Data Summary 

Maximum Sb/Pc*, 
fraction 

Pore Throat Radius at 35% 
Mercury Saturation (R35), µm 

Median Pore Throat 
Radius, µm 

0.00483 0.152 0.0590 
* Volume of mercury (Sb)-to-capillary pressure (Pc) ratio. The maximum Sb/Pc is used to represent the point on a 

capillary pressure curve where all of the major connected pore spaces controlling permeability have been intruded 
with mercury. 

 
Sample Parameters 

Weight, g 
Pore 

Volume, cm3 
Grain 

Volume, cm3
Bulk Volume, 

cm3 
Grain Density, 

g/cm3 
Bulk Density, 

g/cm3 
9.703 0.348 3.629 3.977 2.674 2.440 
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CORE LABORATORIES, INC., TOC AND ROCK-EVAL SUMMARY DATA 
See Appendix C for full Core Labs report.
Core Labs Sample ID S7-118653 
Depth 2105.2 m 

 
TOC and ROCK-EVAL Data Summary 

Sample Weight, mg TOC, wt% Tmax, °C 
60.1 0.08 432 
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SAMPLE PHOTOGRAPH 118654 
 
 

 
 
 
PHYSICAL PROPERTIES 
 
Porosity 

Pycnometer Effective Porosity Average, vol% 
8.90 

 
Volume and Density 

Bulk Volume, cm3 Bulk Density, g/cm3 Grain Volume, cm3 Grain Density, g/cm3

12.924 2.483 11.774 2.726 
 
Permeability 

Gas Permeability, mD 
Pending 
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FULL THIN-SECTION SLIDE 
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PLANE POLAR PHOTOMICROGRAPHS 
 
 

 
 
 
This Middle Bakken sample is siltstone containing quartz, feldspars, dolomite/Fe-dolomite, and 
clays, with minor calcite as fossil fragments rather than pore filling. Grains are moderately sorted, 
are angular to subangular, and range in size from 10 to 60 µm. 
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CORE LABORATORIES, INC., HPMI SUMMARY DATA 
See Appendix B for full Core Labs report.
Core Labs Sample ID S8 #118654-2m 
Depth 2108.10 m 

 
Mercury Injection Data Summary 

Maximum Sb/Pc*, 
fraction 

Pore Throat Radius at 35% 
Mercury Saturation (R35), µm 

Median Pore Throat 
Radius, µm 

0.00135 0.0583 0.0306 
* Volume of mercury (Sb)-to-capillary pressure (Pc) ratio. The maximum Sb/Pc is used to represent the point on a 

capillary pressure curve where all of the major connected pore spaces controlling permeability have been intruded 
with mercury. 

 
Sample Parameters 

Weight, g 
Pore 

Volume, cm3 
Grain 

Volume, cm3
Bulk Volume, 

cm3 
Grain Density, 

g/cm3 
Bulk Density, 

g/cm3 
9.293 0.248 3.420 3.669 2.717 2.533 
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CORE LABORATORIES, INC., TOC AND ROCK-EVAL SUMMARY DATA 
See Appendix C for full Core Labs report.
Core Labs Sample ID S8-118654-2 
Depth 2108.1 m 

 
TOC and ROCK-EVAL Data Summary 

Sample Weight, mg TOC, wt% Tmax, °C 
60.4 0.05 442 
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Applied Geology Laboratory ID: 118655

Middle Bakken Unit A

Well Name: PTRC_INJ_5-6-2-8 W2M Depth: 2111.4 m
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SAMPLE PHOTOGRAPH 118655 
 
 

 
 
 
PHYSICAL PROPERTIES 
 
Porosity 

Pycnometer Effective Porosity Average, vol% 
5.86 

 
Volume and Density 

Bulk Volume, cm3 Bulk Density, g/cm3 Grain Volume, cm3 Grain Density, g/cm3

12.943 2.549 12.184 2.708 
 
Permeability 

Gas Permeability, mD 
Pending 
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FULL THIN-SECTION SLIDE 
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PLANE POLAR PHOTOMICROGRAPHS 
 
 

 
 
 
The lowest Middle Bakken Unit A sample analyzed is laminated, very fine sandstone to coarse 
siltstone. Quartz, feldspars, dolomite/Fe-dolomite, and clays are present. Quartz overgrowths and 
areas of calcite pore filling are common, but not in all layers. These are mostly associated with 
coarser grains where there is little clay and some porosity visible. Grains are subrounded and 
moderately sorted, ranging in size from 30 to 100 µm. 
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CORE LABORATORIES, INC., HPMI SUMMARY DATA 
See Appendix B for full Core Labs report.
Core Labs Sample ID S9 #118655m 
Depth 2111.40 m 

 
Mercury Injection Data Summary 

Maximum Sb/Pc*, 
fraction 

Pore Throat Radius at 35% 
Mercury Saturation (R35), µm 

Median Pore Throat 
Radius, µm 

0.00090 0.0394 0.0232 
* Volume of mercury (Sb)-to-capillary pressure (Pc) ratio. The maximum Sb/Pc is used to represent the point on a 

capillary pressure curve where all of the major connected pore spaces controlling permeability have been intruded 
with mercury. 

 
Sample Parameters 

Weight, g 
Pore 

Volume, cm3 
Grain 

Volume, cm3
Bulk Volume, 

cm3 
Grain Density, 

g/cm3 
Bulk Density, 

g/cm3 
12.655 0.343 4.687 5.030 2.700 2.516 
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CORE LABORATORIES, INC., TOC AND ROCK-EVAL SUMMARY DATA 
See Appendix C for full Core Labs report.
Core Labs Sample ID S9-118655 
Depth 2111.4 m 

 
TOC and ROCK-EVAL Data Summary 

Sample Weight, mg TOC, wt% Tmax, °C 
60.7 0.02 440 
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Aquistore

Rock Eval 6 
Version 4.09

Upper & Middle Bakken
North Dakota

140757G-Extracted

Core Laboratories
6316 Windfern Houston, TX  77040

713-328-2673

The analytical results, opinions, or interpretations contained in this report are based upon 
information and material supplied by the client for whose exclusive and confidential use this report 
has been made.  The analytical results, opinions, or interpretations expressed represent the best 

judgment of Core Laboratories.  Core Laboratories, however, makes no warranty or 
representation, express or implied, of any type, and expressly disclaims same as to the 

productivity, proper operations, or profitableness of any oil, gas, coal, or other mineral, property, 
well, or sand in connection with which such report is used or relied upon for any reason 

whatsoever.  This report shall not be reproduced, in whole or in part, without the written approval 
of Core Laboratories.

University of North Dakota

Source Rock Analysis
TOC, Kerogen Quality and Thermal Maturity Testing

9/11/2014



Well Name Formation Location Sample Depth Sample Wt. TOC S1 S2 S3 CO2 S3 CO Tmax HI OI PI OSI Oil From Kerogen Gas From Kerogen VRo-Eq (%) Remarks

ID ft. mg wt% mg HC/g mg HC/g mg CO2/g mg CO/g ˚ C S2x100/TOC S3x100/TOC S1/(S1+S2) S1x100/TOC bbl oil/ac-ft mcf/ac-ft Calculated Comments
Aquistore  Upper Bakken North Dakota S11-118657 2096.1 20.8 15.89 1.21 84.57 0.06 0.23 436 532.22 0.38 0.01 7.61 1851.24 11107.42 0.69
Aquistore Middle Bakken North Dakota S1-118645-2 2098.5 60.7 0.08 0.01 0.07 0.01 0 423 87.50 12.50 0.13 12.50 1.53 9.19 *Unreliable Tmax
Aquistore Middle Bakken North Dakota S2-118646-2 2100 60.3 0.14 0.01 0.05 0.02 0.03 410 35.71 14.29 0.17 7.14 1.09 6.57 *Unreliable Tmax
Aquistore Middle Bakken North Dakota S3-118647-2 2100.6 60.7 0.04 0 0.03 0 0 426 75.00 0.00 0.00 0.00 0.66 3.94 *Unreliable Tmax
Aquistore Middle Bakken North Dakota S4-118648-2 2102.1 60.6 0.08 0.03 0.11 0.01 0.01 435 137.50 12.50 0.21 37.50 2.41 14.45 0.67 S2 shoulder (s)
Aquistore Middle Bakken North Dakota S5-118649-2 2103.4 60.5 0.05 0 0.05 0.01 0 436 100.00 20.00 0.00 0.00 1.09 6.57 0.69 S2 shoulder (s)
Aquistore Middle Bakken North Dakota S6-118649-2 2104.7 60.8 0.08 0.01 0.05 0 0.01 442 62.50 0.00 0.17 12.50 1.09 6.57 0.80 S2 shoulder (s)
Aquistore Middle Bakken North Dakota S7-118653 2105.2 60.1 0.08 0.02 0.04 0.01 0 432 50.00 12.50 0.33 25.00 0.88 5.25 *Unreliable Tmax
Aquistore Middle Bakken North Dakota S8-118654-2 2108.1 60.4 0.05 0.01 0.07 0.01 0.02 442 140.00 20.00 0.13 20.00 1.53 9.19 0.80 S2 shoulder (s)
Aquistore Middle Bakken North Dakota S9-118655 2111.4 60.7 0.02 0 0.03 0 0 440 150.00 0.00 0.00 0.00 0.66 3.94 0.76 S2 shoulder (s)

*Unreliable Tmax due to low S2 yields (below reliable detection limit)

 Source Rock Analysis Data Page
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Company: University of North Dakota Job: 140757G-Extracted

Well: Aquistore Depth: 2096.10

Location: North Dakota Formation: Upper Bakken

S11-118657
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Company: University of North Dakota Job: 140757G-Extracted

Well: Aquistore Depth: 2098.50

Location: North Dakota Formation: Middle Bakken

S1-118645-2
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Company: University of North Dakota Job: 140757G-Extracted

Well: Aquistore Depth: 2100.00

Location: North Dakota Formation: Middle Bakken

S2-118646-2
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Company: University of North Dakota Job: 140757G-Extracted

Well: Aquistore Depth: 2100.60

Location: North Dakota Formation: Middle Bakken

S3-118647-2
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Company: University of North Dakota Job: 140757G-Extracted

Well: Aquistore Depth: 2102.10

Location: North Dakota Formation: Middle Bakken

S4-118648-2
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Company: University of North Dakota Job: 140757G-Extracted

Well: Aquistore Depth: 2103.40

Location: North Dakota Formation: Middle Bakken

S5-118649-2
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Company: University of North Dakota Job: 140757G-Extracted

Well: Aquistore Depth: 2104.70

Location: North Dakota Formation: Middle Bakken

S6-118649-2
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Company: University of North Dakota Job: 140757G-Extracted

Well: Aquistore Depth: 2105.20

Location: North Dakota Formation: Middle Bakken

S7-118653
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Company: University of North Dakota Job: 140757G-Extracted

Well: Aquistore Depth: 2108.10

Location: North Dakota Formation: Middle Bakken

S8-118654-2
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Company: University of North Dakota Job: 140757G-Extracted

Well: Aquistore Depth: 2111.40

Location: North Dakota Formation: Middle Bakken

S9-118655
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