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1.0 INTRODUCTION

This Supplemental Subsurface Investigation Report documents the voluntary investigation
conducted by SCS Engineers on behalf of Lakeshore Recycling Systems (LRS) at NABORS Landfill.
The investigation was undertaken during the Due Diligence period between LRS and the Ozark
Mountain Solid Waste District for the purchase of the NABORS facility. LRS has since ceased to
pursue ownership of the facility.

The NABORS Landfill (herein referred to as Landfill) originally operated under Solid Waste Disposal
Permit number 0249-S, as issued to RLH, Inc. (RLH) by the Arkansas Energy & Environment Division
of Environmental Quality (DEQ), formerly the Arkansas Department of Environmental Quality (ADEQ),
on June 14, 1988. The solid waste permit was transferred to Northwest Arkansas Regional Solid
Waste Management District (District) on August 31, 2005. The Landfill is currently under Solid
Waste Disposal Permit 0249-S1-R2 issued by the DEQ on August 10, 2006. Although the permit is
considered “open,” the Landfill stopped receiving waste on November 30, 2012 and initiated closure
of Area 1-2, Cells 1-3 of Area 1-3, and the Class 4 Landfill areas. The District (later named Ozark
Mountain Regional Solid Waste Management District) operated the Landfill from 2005 to 2014, at
which time DEQ assumed control of operations and closure activities at the Landfill under the Post-
Closure Trust Fund. DEQ is currently managing post-closure of the site.

There have been three previous hydrogeologic and geotechnical investigations conducted at the site.
The first was performed by Grubbs, Garner, and Hoskyn (GGH) in 1987 in association with the
original permitting effort for RLH (GGH, 1987). The investigation covered a 1,950-acre tract. The
proposed permit modification associated with this report is contained in a small portion of this
original acreage investigated by GGH.

The second investigation was performed in 1994 by Genesis Environmental Consulting, Inc. (GEC) for
Northstar Engineering Consultants, Inc. (Northstar). Northstar was the consulting engineering firm
responsible for the initial design. The purpose of the second characterization was to determine the
clay overburden thickness, the competence of the underlying dolomite bedrock, and the
recommended locations for the groundwater monitoring points in Area 1-3.

The third investigation was performed in 2005 by Genesis Environmental Consulting, Inc., a Terracon
company. This investigation was conducted in association with the Class 1 Major Permit Modification
in which NABORS proposed expansion into Area 1-3. The purpose of the third investigation was to
thoroughly characterize the hydrogeologic setting of Area 1-3. Six (6) borings were drilled throughout
the expansion area during the 2005 subsurface investigation; an additional 6 borings, drilled
immediately adjacent to the proposed lateral expansion area, were converted to monitoring wells.
Rising head permeability tests were conducted in borings to determine groundwater characteristics.

The purpose of the current Supplemental Subsurface Investigation report is to provide further
geologic and hydrogeologic information within and surrounding Area 1-3, particularly Cells 4, 5, and
6; and to verify and/or further define the site’s geologic and hydrogeologic model.

1.1 BACKGROUND INFORMATION

This report is intended to build upon the previously developed hydrogeologic model and provide
further characterization of the bedrock and subsurface conditions. This section provides an
integrated presentation of the hydrogeologic characteristics of the site. The data presented in this

Nabors Supplemental Subsurface Investigation Report www.scsengineers.com
1



http://www.scsengineers.com/

section is a compilation of the data gathered during the literature review, previous investigations and
the data relating to Area 1-3 gathered during this investigation.

This data obtained in this investigation, along with findings from previous investigations, confirmed
the presence of moderately-thin sequences of clay and chert overlying the Ordovician Age Cotter
Formation. The underlying bedrock surface is encountered at varying depths across the site. FIGURE
1.1 shows the observed top of bedrock elevation for Area 1-2 and Area 1-3. This figure was
generated by contouring the elevations at which bedrock was observed in borings from GEC's 1994
and 2005 subsurface investigations, installation of monitoring wells by Northstar Engineering in
1998 and the borings installed as part of this investigation. As depicted in the figure, bedrock
topography underlying the site typically follows the surface topography. Although the lithology of the
upper clay unit is not homogeneous, the clay unit and the underlying bedrock of the site can be
grouped into distinct hydrogeologic units. The hydrogeologic units are grouped based upon similar
geologic, geotechnical, and hydrogeologic properties. The hydrogeologic units are presented in
TABLE 1. A graphical representation of the proposed expansion area is illustrated in the various
cross-sections presented in FIGURES 3.1 and 3.2.

Three distinct lithologic units are depicted in the model: 1) alternating surficial layers of fat clay and
chert overburden known as the Cotter residuum, 2) a relatively thin layer of fractured and weathered
dolomitic bedrock, and 3) competent dolomite-chert bedrock of the Ordovician-aged Cotter
Formation. The Cotter Formation is locally composed of competent, light gray, finely crystalline
dolomite and fractured, concentrically banded black and white chert.

TABLE 1 Hydrogeologic Model Units NABORS Landfill

Hydrologic

Geologic Unit Brief Description Characteristics

Cotter residuum overburden. Reddish-brown to orange fat
clay with thin to thick lenticular beds of black and white

1 concentrically banded chert. Some cherty gravel and chert
fragments. Some silty clay and sandy clay lenses.

Non-water bearing.
Average permeability of
1x107cm/sec

Fractured, argillaceous, white to buff or gray dolomite with
concentrically banded black and white chert beds. Transition
2 zone from weathered to solid dolomite. Dolomite is finely
crystalline and exhibits a sugary texture under hand lens. HCL
reaction to powdered or scratched surface.

Seasonal influenced
groundwater at Unit
1/Unit 2 lithologic
contact.

Groundwater occurs as
secondary porosity along
joints, other fractures,
bedding planes, and in
cherty zones. Low yield.
Estimated hydraulic
conductivity of 1.47 x
104cm/sec.

Cotter Formation - Competent, white to buff or gray dolomite
with occasional beds of concentrically banded black and

3 white chert. Dolomite is medium to finely crystalline and
exhibits a sugary texture under hand lens. HCL reaction to
powdered or scratched surface.
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Hydrogeologic Unit 1 (Unit 1) consists of an orange to reddish-brown fat clay with occasional red or
black stratified banding present. Silty clay and sandy clay lenses are occasionally interbedded within
this clay unit. A minor amount of gray mottling is associated with Unit 1 clays. The upper clay unit
contains variable amounts of bedded, black and white, concentrically banded chert. The chert occurs
in the form of thin to very thick lenticular beds, rounded gravel size particles, and angular gravel,
cobble, and boulder size chert fragments. As mentioned above, the cherts are generally black and
white or dark gray to light gray in color. The Cotter residuum overburden clay unit encountered
across the 30-acre expansion property ranged in thickness from approximately 2 to 16 feet. Previous
hydrogeologic reports presented geotechnical test results indicating that the clay unit is generally
high in plasticity, with an average permeability of 1.0 X 10-7 cm/sec. The mean thickness for the
Cotter residuum overburden observed during GEC's 1994 and 2005 subsurface investigation is 10.2
feet.

Hydrogeologic Unit 2 consists of weathered dolomite with occasional thin chert beds. It represents a
transition zone from weathered to solid dolomite observed in Unit 3. The dolomite is generally white
to buff or gray, fractured, argillaceous, finely crystalline, and exhibits a sugary texture when viewed
under a hand lens. The dolomite only exhibited a visible reaction to HCI when scratched or powdered
during field testing. The contact between Unit 1 and Unit 2 is a potential water bearing zone.

Hydrogeologic Unit 3 consists of competent, white to buff or gray dolomite bedrock with occasional
thin beds of black and white concentrically banded chert. The dolomite is medium to finely
crystalline, and exhibits a sugary texture when viewed under a hand lens. The dolomite only exhibited
a visible reaction to HCL when scratched or powdered during field testing. This unit is a water
bearing unit at depth; however, yield is typically low.

Units 2 and 3 are essentially the same hydrogeologic unit and were characterized based primarily
upon the drilling characteristics, the geophysical properties of the rock, and the degree of weathering
or fracturing observed during drilling. For example, the weathered dolomite tended to grade into a
more competent dolomite. The dolomite formation underlying Area 1-3 is encountered at depths
ranging from approximately 2 to 16 feet bgs.

The topographic surface expression observed at Area 1-3 is typical for dolomitic bedrock. The
landforms are typically very rounded, smooth, and only slightly mottled and show less solubility than
that of limestone. Unlike limestone terrain, drainage in areas of dolomitic bedrock is largely surficial
with relatively little internal drainage. Groundwater was not observed at the contact between the
Cotter residuum overburden and the weathered dolomitic bedrock transition zone during previous
subsurface investigations. However, because drilling water was lost at this contact in all but one
boring during GEC’'s 1994 subsurface investigation, and because seasonal springs coincide with this
contact, it appears that groundwater is seasonally present along this contact.

In previous hydrogeologic reports, GEC concluded that groundwater is encountered at depth in the
Cotter dolomite bedrock formation (Unit 3). In addition, evidence suggests that seasonally influenced
groundwater is encountered at the contact between the Cotter residuum and the weathered
dolomitic bedrock at the NABORS site. The depth to groundwater in the borings advanced during the
1994 and 2005 subsurface investigations varied widely, as did the static water level elevations
measured in the borings following drilling activities. Based on the field data and the observation that
groundwater movement in the Cotter Formation typically concentrates along joints, other fractures,
and in cherty zones, it appears that groundwater (in Unit 3 underlying Area 1-3 at NABORS Landfill)
oCcurs in a non-connected system.
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The static water levels obtained during the 2005 investigation further indicate that the groundwater
is moving in an isolated system of fractures in the competent dolomite bedrock underlying Area 1-3.
The overall groundwater flow direction across Area 1-3 is to the south and southeast at an estimated
hydraulic gradient of 0.041 feet/foot. Based upon rising head permeability slug tests conducted at
the site in 2005 and 2006, the average hydraulic conductivity of the bedrock aquifer was estimated
to be 2.90 x104 ft/min. The linear groundwater flow velocity was estimated to be 2.65 X 104 ft/min
or 3.81 X 10-1 ft/day.

Evaluation of groundwater flow (at Area 1-3 of the NABORS Landfill) through subsurface exploration
programs, geotechnical testing, aquifer testing, and groundwater velocity calculations using Darcy's
Law, indicate that a significantly greater flux of groundwater could move through the Cotter residuum
overburden (Unit 1)/weathered dolomitic bedrock transition zone (Unit 2) than through the
competent dolomitic bedrock. This is based on the fact that substantial drilling water was lost at the
Cotter residuum overburden (Unit 1)/weathered dolomitic bedrock transition zone (Unit 2) contact. In
addition, the seasonal springs coinciding with this contact seem to indicate that groundwater is
influenced by seasonal precipitation. The findings of this study show that the transition zone is not
connected to the aquifer located at depth within the competent dolomite bedrock. Therefore,
groundwater appears to flow (seasonally) laterally through the contact zone between the overburden
Cotter residuum (Unit 1) and the weathered dolomitic bedrock transition zone (Unit 2) and would exit
the hydrogeologic system at location where this contact zone surfaces usually in ravines (springs).

The Initial Subsurface Site Investigation Report presents additional information concerning the
occurrence of fractures and hydraulic conditions of groundwater. This was a voluntary investigation
on the part of LRS performed during the Due Diligence period between LRS and the Ozark Mountain
Solid Waste District with the intent of purchasing the NABORS facility. However, LRS has since
ceased to pursue the goal of purchasing the NABORS facility. The following Report satisfies the
Workplan (DIN #83013) approved by DEQ on December 12, 2022 (DIN #83041).

1.2 SUBSURFACE INVESTIGATION

Field work for the supplemental investigation included the advancement of four (4) additional
exploratory borings and one (1) injection well. The four exploratory borings were designated EB-1, EB-
2, EB-4 and EB-5 and were advanced within and near Cells 4, 5, and 6 of Area 1-3. The purpose of
these four borings was to determine the size, density, and orientation of fractures within bedrock to
depths of 10 to 20 feet below the groundwater surface. Each exploratory boring has a diameter of 3
inches. The injection well (IW-1) has a 4-inch diameter and is intended to become the introduction
point for the 2023 dye test. The dye test is discussed in more detail in a separate work plan that
was submitted to DEQ on January 26, 2023 (DIN # 83332) and approved by DEQ on January 31,
2023 (DIN # 83340). See FIGURE 3.1 for a map depicting the locations of the four exploratory
borings and the injection well.

1.3 BOREHOLE LOCATIONS

The location of EB-1 was selected to verify previous boring information from MW-1, BH-534D, BH-
509D, and NAB-2, which are located in the vicinity of the Signature Blast Demonstration conducted
in August 2008. During the demonstration, a noticeable drop in groundwater levels was recorded in
NAB-2. In addition, the elevation of groundwater within these wells varies, with deeper levels
exhibited in BH-509D and NAB-2 than in MW-1, BH-534D, and BH-586-D.
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Boring EB-2, situated north of Area 1-3 and south of area 1-2, was also located to verify previous
boring information and to be a southerly detection point for the dye test conducted from March
through November 2023.

The location of EB-4 was selected to provide subsurface information in Cell 5 of Area 1-3. During
previous investigations, borings were not drilled in this area (See attached FIGURE 2 for location of
all previous borings drilled).

EB-5 was placed between MW-509D and NAB-2 to help delineate the effects, if any, of the 2008
Blasting Demonstration.

The injection location for the dye test was situated near MW-1 and MW-1R. A 4-inch open
completion well was drilled at location IW-1 presented on FIGURE 1.

1.4 DRILLING ACTIVITIES

Borings EB-1, EB-2, EB-4, and EB-5 were drilled by GTS, Inc. under the supervision of an SCS
geologist. The exploratory borings were advanced through the overburden using a truck-mounted
CME 75 drilling rig equipped with hollow stem augers with an 8.25-inch outer diameter and 4.25-
inch inner diameter. Once bedrock was encountered, 4-inch PVC pipe was grouted in place within
the borehole to prevent bridging of the overburden material. A surface casing was set to the bedrock
surface at EB-2, EB-4, and EB-5; each was properly sealed to avoid surface water infiltration. At EB-1,
no surface casing was installed because bedrock occurred at ground surface. Rock coring with wash
rotary, using a 5-foot conventional core barrel, was then performed to reach total depth. Core
samples were collected and analyzed by an SCS geologist on site, who recorded

e Rock Quality Designation (RQD);
e Fracture orientation and fracture density; and
e Any bit drops or sudden gains or losses in water.

Borings were advanced to elevations 10 to 20 feet below the groundwater interface. Each boring
was completed as a 3-inch open borehole with no screen or filter pack, and stabilized water levels
were recorded at a minimum of 24 hours after borehole completion.

Boring IW-1 was drilled by Anderson Engineering Consultants, Inc, using a Hillyard buggy mounted
drill rig. The boring for IW-1 was advanced using an air hammer with a 4-inch diameter to drill from
ground surface to total depth of 91.29 feet bgs. Cuttings were sampled and analyzed by an SCS
geologist on site to determine lithology.

Upon completion of the exploratory boring and injection well installations the location, top of casing
and ground surface elevations were surveyed by Consolidated Land Services, Inc., an Arkansas
Licensed Surveyor. See Appendix A for the signed and sealed survey.

1.5 DOWNHOLE GEOPHYSICAL LOGGING

Once total depth was reached, downhole geophysical logs were obtained from each of the four
exploratory boreholes. Caliper, natural gamma, density, resistivity, and Optical Televiewer (OTV) logs
were collected by Century Geophysical Corporation of Tulsa, Oklahoma to examine fractures and
density. Downhole geophysical logging was performed by Century Geophysical Corporation
personnel on October 24-25, 2022. The results are attached within Appendix A.
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The caliper log records the changes in diameter detected by a mechanical caliper proceeding from
the base to the opening of the borehole, resulting in a vertical profile of the borehole. Effective at
measuring voids, fractures, and similar openings in borehole walls, calipers are often used to identify
vertical zones where enlargement has occurred. These zones are qualitatively interpreted as
intervals where fractures may be present, alterations of the formation along the borehole wall that
occurred during drilling, or lithologic and depositional voids.

The natural gamma log measures the natural gamma radiation emitted by radioactive elements.
Higher gamma readings occur in the presence of clay and shale. Gamma radiation is emitted from
radioisotopes, the most common of which are potassium-40 and products of uranium and thorium
decay. The occurrence of these radioisotopes are indicators of lithology. Clay minerals contain
potassium, including potassium-40, weathered out of micas and feldspars. Due to their structure,
clays and shales also favor ion absorption, which can concentrate uranium and thorium isotopes.
Organic matter associated with shale lithology can also capture uranium isotopes. Clean silica sands
typically do not contain many of these gamma emitters. In carbonate sedimentary sequences, high
gamma zones tend to indicate shale layers or uranium mineralization, which can be precipitated
within fractures or diagenetically induced.

Electrical resistivity logging inputs an electric current between two electrodes and logs the resulting
electric potential within the interval. Resistivity values are normally high for sands and low for clays.
Resistivity logs must be run in a fluid filled borehole; as such, the only information gained from the
NABORS resistivity logs was depth to groundwater.

The density log measures the bulk density of the associated rocks. The gamma ray intensity arriving
at the detectors is an inverse function of the bulk density. A gamma ray source irradiates a stream of
gamma rays into the formation, some of which are adsorbed, some passed on through the matrix,
and some scattered. The ability of the matrix to attenuate the gamma rays is recorded as the
intensity of scattered gamma rays arriving at two fixed distances from the gamma ray source. The
bulk density of pure dolomite is around 2.85 and the bulk density of water is 1.0. Areas where bulk
density decreases may reflect greater porosity and/or the presence of groundwater.

The Optical Televiewer tool takes sequential ring-shaped images of the borehole, each image being
oriented using a magnetometer and accelerometers. When displayed in processing software, the
borehole imagery is cut vertically at North and rolled out left to right. Planar features intersecting the
borehole wall are visible in this setting as sinusoidal traces. A log analyst with experience interpreting
OTV imagery uses the data to determine the attitude (orientation) of the observed planar features.
This information is used to detect fractures, bedding plane orientation, solution features, and other
borehole anomalies; however, it is important to note that distinction between fractures, bedding
planes, and other features is a matter of qualitative rather than quantitative judgement. Analysis
includes fracture dip and strike determination and classification of anomalies, if any.

1.5.1 Downhole Geophysical Logging Discussion

The OTV logs do not differentiate between categories of planar features. Sinusoidal traces identified
to the right of the unrolled imagery were selected and measured by the log analyst, and there is no
guantitative way to determine their identity. Core data and OTV imagery together, however, can lend
insight into the nature and extent of observed planar features. Comparing OTV data to boring logs,
field notes, and pictures shows the contributions of the OTV data to a comprehensive understanding
of the subsurface.
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The boring data can help differentiate between types of planar features on OTV logs. For example, in
Run 2 of EB-1 (10-15 ft), two intersecting, high-angle planar features are identified on the OTV logs
as slightly thicker traces, followed by thinner, lower-angle traces. The core demonstrates a fracture at
the site of the upper features, followed by intact core at the lower-angle features, helping to establish
the difference between fractures and bedding planes as visualized by the OTV. Similarly, the 55-60
run on EB-1 demonstrates that chert nodules, whether in the context of a brecciated section or
present as banding, are visible as traces. 15-20 feet of EB-2 illustrates how vuggy zones without core
fractures can be traced as planar features.

Significantly, the OTV logs can qualify and contextualize the fracturing and RQD values observed in
the core alone. This is illustrated by the 75.5-80.3 feet interval of EB-5. Again, intact sections of core
circa 76-76.5 feet correspond with bedding plane or bedding plane microfracture sinusoidal traces.
However, at the base of the core, a highly fractured zone seems not to be reflected on the
geophysical logs.

These patterns are illustrated on the following Exhibits. These Exhibits and others linking specific
areas of core photos, OTV imagery, and boring logs are attached as Appendix B.
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1.6 GROUNDWATER LEVELS

Having completed drilling and downhole geophysical logging, each open borehole was utilized for
groundwater elevation determination and dye test monitoring as discussed in the Dye Test Report.

Based on the results of the borings, groundwater onsite is unconfined and is encountered within
secondary porosity, either fractures or solution features in the Cotter dolomite. Typically, Dolomite
has a lower solubility than calcite; however, some solution features may be present in areas of the
bedrock with higher calcium carbonate contents. As further detailed in the downhole geophysical
logs whose results are discussed in Section 2.0, these fracture zones and solution features are
minor. The hydraulic conductivity within the dolomite, as further detailed in Section 1.7, is low.

During the current investigation, groundwater depths were noted when they were encountered
during drilling. Table 2 below shows the recorded stabilized water levels that were obtained in each
boring. These approximate depths to groundwater were confirmed by the resistivity logs discussed in
Section 3.0. Figures 5.1 and 5.2 contextualize the groundwater elevations in the 2022 borings
alongside groundwater elevations from established borings using water levels taken March 9, 2023.

Table 2: Observed Groundwater Elevations

Piezometer Ground Surface | TOC Elev. Stabilized Stabilized GW Elev.
Elev. (fmsl) (fmsl) Groundwater (fmsl)
Level (ft bgs)
EB-1 1050.95 1050.95 63.11 087.84
EB-2 1057.68 1058.95 66.48 991.20
EB-4 1042.58 1044.08 54.69 987.89
EB-5 088.86 989.42 67.93 920.93
IW-1 1061.11 1062.73 62.76 998.35

1.7 AQUIFER TESTING

Packer testing was conducted to measure the permeability of selected sections of the boreholes. The
first phase of the process involved geophysical logging and flow profiling of the boreholes as
discussed in Section 1.5. Detailed borehole logging was essential in visually identifying fractures,
bedding planes, vugs, and possible water producing zones. This information was used to select
isolation points for a series of packer tests. An SCS qualified geologist identified, with the aid of the
geophysical logs and the boring logs, two zones of interest in each exploratory borehole.

SCS professionals performed the packer tests on December 7-8, 2022. Prior to inserting the
packers, depth to water was recorded in each borehole. To isolate the 2-foot vertical intervals, SCS
used Solinst Model 800 Straddle Packers of 1.8” outer diameter with centralizers, connected by V2"
NPT perforated pipe. A length of ¥4” outer diameter (0.D.) inflation line linked the two packer
balloons, and a second length of inflation line extended from the top packer to the hand pump
aboveground. The appropriate depth was reached by attaching riser pipe to the packers in 5-foot
increments, lowering into the borehole until the perforated interval was situated at the desired
elevation. Then the riser pipe was secured at the top of casing, and the packer was inflated using the
hand pump to 35-40 psi, increasing if hydrostatic pressure were present.

Once the interval was isolated, an attachment with a pressure gauge and a water pump hose was
added. This hose connected to a generator-powered utility transfer pump connected to a water tank.

Nabors Supplemental Subsurface Investigation Report www.scsengineers.com
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A valve on each connection controlled the input pressure, while a flow gauge recorded input volume.
The distance from the ground surface to the pressure gage and the initial reading on the flow meter
were recorded.

Each packer test lasted 5 minutes. Water was pumped into the interval at the maximum allowable
pressure at which the packers remained fixed in position. When the test concluded, the final volume
from the flow meter and the pressure reading from the gage were recorded. Before moving packers
from their position, pressure was released so that packers relaxed to initial diameter and could be
moved without damage.

The field measurements were used to calculate the permeability of the selected intervals. This
information aids in identifying the various water producing zones and their correlation to the geology
across the site.

Nabors Supplemental Subsurface Investigation Report www.scsengineers.com
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Table 3: Packer Test Data & Results

Interval Tested (ft bgs) 55-58 71-74 63-66 73-76 42-45 68-71 69-72 75-78
Top of Packer (ft bgs) 53 69 61 71 40 66 67 73

Midpoint of Interval (ft bgs) 56.5 72.5 64.5 74.5 43.5 69.5 70.5 76.5
Depth to Water (ft bgs) 56.79 56.79 65.98 65.98 53.37 53.37 65.66 65.66
Ground Surface to Gage (ft) 5.5 6.3 2.42 2.42 2.92 2.5 1.58 5.42
Volume Water (gal) 3.24 1.47 2.26 1.59 22.68 7.37 12.78 9.79
Gage Pressure (psi) 16 13 20 20 18 18 10 19

Gage Pressure (ft) 6.88 5.59 8.6 8.6 7.74 7.74 4.3 8.17
Time (min) 5 5 5 5 5 5 5

Q (gal) 0.65 0.29 0.45 0.32 4.54 1.47 2.56 1.96
Head (grav) 62.29 63.09 68.40 68.40 46.42 55.87 67.24 71.08
Head (tot) 69.17 68.68 77.00 77.00 54.16 63.61 71.54 79.25

I N

k (ft/yr) 110.55 50.34 69.27 48.73 988.27 273.43 421.64 291.67
k (in/day) 3.63 1.66 2.28 1.60 32.49 8.99 13.86 9.59
k (cm/sec) 1.07E-04 | 4.87E-05 | 6.69E-05 | 4.71E-05 | 9.55E-04 | 2.64E-04 | 4.08E-04 2.85E-04

Previous Hydraulic Conductivity Results (Rising Head)

BH-509-D BH-534-D BH-586-D BH-612-D BH-633-D CH-1
Oct 2005
(cm/sec) 2.91E-06 1.11E-05 7.12E-06 1.11E-05 2.13E-05 8.75E-06
June 2006
(cm/sec) 4.16E-05 2.53E-04
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It is important to note the differences in procedure when comparing results from the GEC rising head
permeability tests to results from the 2022 packer tests. The October 2005 slug tests were
performed in open boreholes, cased only from ground surface to the bedrock contact. During these
tests, an InSitu MiniTroll Pro pressure transducer situated within the water column of the borehole
collected recharge measurements after a certain water of volume was removed using a Grundfos
pump. The Bouwer-Rice Method for Unconfined Aquifers (1976) was used to calculate the hydraulic
conductivity; however, because the test did not meet the Bouwer-Rice assumption of instantaneous
change in water level within the borehole, the resulting conductivity values were presented as
estimates.

The two June 2006 rising head slug tests were performed to obtain data that met the assumptions
of the Bouwer-Rice method, in accordance with ASTM D4044-96(2002) Standard Test Method for
(Field Procedure) for Instantaneous Change in Head (Slug) Tests for Determining Hydraulic
Properties of Aquifers. Once the pressure transducer was placed within the water column, a
Schedule 40 PVC slug filled with sand was lowered into the boring and the water level allowed to
equalize. The instantaneous removal of the slug, followed by the initial fall and gradual rise in water
level to pre-slug conditions, were relayed by the pressure transducer.

In contrast, the intervals in the packer test were chosen and isolated to highlight areas of interest
identified from the boring and geophysical logs. This allowed SCS to test different zones within the
same water column, whereas the slug test could not have differentiated between them.

The hydraulic conductivity results from the 2022 packer test all fall within the range of hydraulic
conductivity values found in the 2005-2006 slug test results.

1.8 DYE TRACING TEST

SCS Engineers performed a dye tracing investigation at the NABORS Landfill site. The investigation
began with site reconnaissance on December 20, 2022, and collection of charcoal dye traps and
water samples at dye monitoring points concluded on November 28, 2023. After two rounds of
background monitoring for commonly used tracer dyes, Dye Trace 23-01 was placed into the bottom
of IW-1 using a tremie pipe on March 1, 2023. An extended flush of clean water from a local
residential well was conducted through April 17, 2023 to mobilize the dye.

During the subsequent monitoring events, fluorescein dye was detected in six of the 53 dye
monitoring points. The results of the dye tracing test are explored in detail in the NABORS Dye
Tracing Investigation Report, attached as Appendix D.

2.0 RESULTS SUMMARY

2.1 OBSERVATIONS EB-1
Drilled to 81.95 feet bgs, 969.00 fms|

Overburden thickness O feet

Bedrock RQDs: As represented on the boring logs in Appendix A, bedrock was present at ground
surface at EB-1; as such, coring commenced at ground surface. From O to 6 feet bgs, grey to light
grey dolomite with brown and dark grey banding was encountered, followed by brown, thinly bedded,
noncalcareous shale from 6 to 7 feet. Grey dolomite, with some chert and some small vugs, resumed
from 7 to 14.5 feet. Rock quality designation (RQD) was fair in the initial two runs at 52 and 62, but
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was poor in the third at 19. A thin layer of tan sandstone occurred at 14.5-14.6 feet, after which
several runs of competent dolomite with some chert and occasional vugs were recorded with RQDs
ranging from 72 to 100. Some iron staining was noted at approximately 18-20 feet.

A thin bed of brown to black shale occurred from 36.15 to 36.3 feet, followed by fairly competent
dolomite. A heavily weathered zone with brecciation began at 51.6 feet, concluding near 56.16’ with
large vugs containing iron mineralization; RQD, however, remained fair to good at 75. From 55 feet
bgs to depth, RQDs were 85 or greater. Three more thin beds of black noncalcareous shale occurred
within the dolomite between 70 and 80 feet, with two more brecciated zones noted in the same
interval. Boring was completed 81.95 feet bgs.

Noted Fracture Intervals: No voids or large fractures were noted on any geophysical logs. Small
structural features noted on the ATV logs for each boring can likely be attributed to bedding planes,
micro-fractures, or vugs. As such, the low RQD values on certain core runs below the weathered
contact interval likely represent mechanical breaks due to drilling rather than existing fractures. The
caliper logs showed almost no variation in borehole sizes, indicating no vertical zones with
enlargement. Therefore, zones of large fractures are not indicated.

Bit Drops: No bit drops were recorded during drilling.

Groundwater Depths: The static groundwater level was obtained on October 20, 2022 at 63.11 feet
bgs, or 987.84 fmls.

Geophysical Log Observations:

Natural Gamma Log: An increase in natural gamma was observed from 50 to 60 feet bgs, possibly
indicating an interval of higher mineralization, which was observed in the core samples.

Bulk Density Log: Areas of lower bulk density between 50-63 feet bgs could represent greater
porosity or the presence of groundwater. The initial low-density zone coincides with the weathered
contact zone. These observed changes in bulk density are consistent with the boring logs and
coincides with the zone noted on the boring logs that exhibited weathering, brecciation, and vugs
containing iron minerals, which could suggest the presence and flow of groundwater.

Resistivity Log: Indicates that groundwater was present during logging at 58 feet bgs, which was
within the weathered, brecciated, vuggy zone noted on the borehole log and consistent with the
other borehole geophysical logs.

Optical Televiewer Log: Indicates vuggy texture from 50-55’ consistent with heavily weathered core
appearance noted on the borehole log. Solution features and banding also noted ~55.5-59.25’.

Hydraulic Conductivities: 55-58 feet — 1.07E-04; 71-74 feet — 4.87E-05

Fluorescein Detected? No

2.2 OBSERVATIONS EB-2
Drilled to 84.58 feet bgs, 973.10 fmsl

Overburden thickness 7 feet
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Bedrock RQDs The core retrieved from 10 to 15 feet exhibited fair RQD at 57, as well as iron staining
within fractures, but the subsequent cores all exhibited competent RQDs ranging from 73 to 100.
Brown, thinly bedded, noncalcareous shale occurred from 21.5 to 22 feet, followed by dark gray
chert from 22 to 25 feet, before grey dolomite with dark grey banding resumed and continued to
depth. A thin sandstone layer, approximately 4 inches, was noted at 28.5 feet. Occasional chert
nodules and chert interbedding were present within the dolomite, as were vuggy zones with some
quartz crystallization. From 65-70 feet, brecciated dolomite was encountered. Drilling concluded at
84.58 feet.

Noted Fracture Intervals No voids or large fractures were noted on any logs. Small structural features
noted on the ATV logs for each boring can likely be attributed to bedding planes, micro-fractures, or
vugs. The caliper logs showed almost no variation in borehole sizes, indicating no vertical zones with
enlargement. Therefore, zones of large fractures were not indicated.

Bit Drops: No bit drops were noted during drilling.

Groundwater Depth: The static water level in EB-2 was measured on October 20, 2022 at 66.48 bgs,
or 991.2 fmsl.

Geophysical Log Observations:
Natural Gamma Log: A spike in natural gamma occurred ~65.5 feet.

Bulk Density Log: Fairly consistent throughout, with minor drop around 21 feet (corresponding with
vuggy zone followed by shale). An overall reduction from about 55-67 feet corresponds roughly with
alternating cherty and vuggy zones including areas of intense weathering. A drop at 64 feet
corresponds with chert nodules and vugs and exhibits iron staining on the OTV logs.

Resistivity Log: Confirms groundwater encountered at approximately 55.5" bgs. Shape of resistivity
curve mirrors shape of bulk density curve.

Optical Televiewer Log: Iron staining was observed at approximately 64 feet bgs in EB-2 during ATV
geophysical logging. At this depth, vuggy texture and chert nodules were noted in the core samples.
However, iron staining was not observed to that extent during drilling. The staining could be oxidation
on the borehole wall from volatiles found in the groundwater. A drop in bulk density at this depth
could be a further indication of increased porosity and/or groundwater transit at this depth.

Hydraulic Conductivities: 63-66 feet — 6.69E-05; 73-76 feet — 4.71E-05

Fluorescein Detected? No

2.3 OBSERVATIONS EB-4

Drilled to 81.49 feet bgs, 962.59 fmsl

Overburden thickness 6.5 feet

Bedrock RQDs: As indicated on the boring logs found in Appendix A, the initial run of coring at EB-4
demonstrated water loss and poor rock quality, with an RQD of 32. Tan dolomite with brown banding

exhibited weathering and iron staining within fractures. Though RQD improved in subsequent runs,
water loss continued throughout drilling. Runs 2-4 exhibited good rock quality, with RQD between 88
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and 100, but runs 5-8 ranged from 49-63 RQD. Vugs were encountered from 12-13.3 and 18-18.75
feet; in the latter zone, vugs were filled with silty clay. Fossils, likely gastropod, were noted between
26.5 and 27.5 feet. Weathering and fracturing occurred at 29-30 feet followed by interbedded chert
up to 2” thick. A brecciated zone with chert nodules occurred at 45-50 feet. Calcite precipitation was
present within vugs at 50-55 feet. Two runs with poor RQD extended from 60-70 feet, but good rock
quality was recorded from 70-81.49 feet.

Noted Fracture Intervals: No voids or large fractures were noted on any logs. Small structural
features noted on the ATV logs for each boring can likely be attributed to bedding planes, micro-
fractures, or vugs. The caliper logs showed almost no variation in borehole sizes, indicating no
vertical zones with enlargement. Therefore, zones of large fractures were not indicated.

Bit Drops: Drillers noted a bit drop of approximately 4 inches at 7.5 feet bgs and a bit drop of
approximately 1 inch at 9.25 feet bgs.

Water Loss: Starting run 1 of coring (6.5 feet) and continuing to total depth

Groundwater Depth: The static water level for EB-4 was recorded on October 20, 2022 at 54.69 feet
bgs or 921.49 fmsl.

Geophysical Log Observations:

Natural Gamma Log: Spike at approximately 45 feet, again at 58 and 63 feet bgs. This could indicate
zones of remineralization. Brecciation with remineralization was observed ~45 feet, along with iron
staining in the area, suggesting a zone where occasional groundwater transit may occur or have
occurred. Chert banding was observed from 57-59 feet, with a fractured zone at about 61 feet
followed by thinner chert banding circa 63 feet.

Bulk Density Log: Reduced bulk density was recorded at approximately 45 feet and approximately 51
feet, a potential indicator of increased porosity or the presence of groundwater. Another drop in bulk
density at 17 feet seems, in the OTV imagery, to correspond to a thin bedding plane or solution
feature.

Resistivity Log: Resistivity not recorded for this boring,

Optical Televiewer Log: Iron staining was observed at approximately 43 feet bgs at EB-4 during OTV
geophysical logging. Iron precipitation was noted during drilling in the 40-45 ft bgs interval; however,
the staining depicted by the OTV appears more pronounced. The staining could be oxidations on the
borehole wall from volatiles found in groundwater transmitted through this zone. From 43-48 feet,

solution features were noted as structural features on the OTV logs, corresponding with
remineralized brecciation noted in the boring logs.

Hydraulic Conductivities: 42-45 feet — 9.55E-04; 68-71 feet — 2.64E-04

Fluorescein Detected? No

24 OBSERVATIONS EB-5
Drilled to 80.30 feet bgs, 909.12 fmsl

Overburden thickness 16.5 feet bgs to bedrock (includes 3.25 feet of riprap)
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Bedrock RQDs: As indicated on the boring logs found in Appendix A, the RQD values recorded within
EB-5 were above 85, with three exceptions: 16.5-20.5 feet, 30.5-35.5 feet, and 75.5-80.3 feet.
These intervals had RQDs of 50 to 68. The composition of the bedrock was fairly consistent: light
grey to grey finely crystalline dolomite with dark grey banding & intervals of interbedded chert. Some
small vugs were noted at 59-59.5 feet. From 75.5-80.3 feet, the dolomite was heavily weathered
and vuggy.

Noted Fracture Intervals: No voids or large fractures were noted on any logs. Small structural
features noted on the ATV logs for each boring can likely be attributed to bedding planes, micro-
fractures, or vugs. The caliper logs showed almost no variation in borehole sizes, indicating no
vertical zones with enlargement. Therefore, zones of large fractures were not indicated.

Bit Drops No bit drops were observed during drilling.

Groundwater Depths The static water level at EB-5, recorded October 20, 2022, was 67.93 feet bgs,
or 921.49 fmsl.

Geophysical Log Observations

Natural Gamma Log: A spike ~21 feet bgs after initial decline after transition from clay overburden to
dolomite bedrock, corresponding to solution features on OTV logs. Natural gamma elevated again at
~43 feet (likely corresponding to a chert band) and from ~51-58 feet (zone of frequent chert
banding).

Bulk Density Log: Drop in bulk density at 35 ft bgs. Decline starting 75 ft bgs corresponding with
heavily weathered zone seen in boring logs and OTV.

Resistivity Log: Indicates water at approximately 63.5 ft bgs at time of logging.

Optical Televiewer Log: Heavily weathered, vuggy grey dolomite corresponding with drop in bulk
density 75.5-80.3 feet.

Hydraulic Conductivities: 69-72 feet — 4.08E-04; 75-78 feet — 2.85E-04

Fluorescein Detected? No

2.5 OBSERVATIONS IW-1

Drilled to 91.29 feet bgs, 969.82 fmsl

Overburden thickness 4 feet

Bedrock RQDs Not applicable - no core collected

Noted Fracture Intervals No voids or large fractures were noted on any logs. Small structural features
noted on the ATV logs for each boring can likely be attributed to bedding planes, micro-fractures, or
vugs. The caliper logs showed almost no variation in borehole sizes, indicating no vertical zones with

enlargement. Therefore, zones of large fractures were not indicated.

Bit Drops No bit drops were observed during drilling.
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Groundwater Depths: On October 20, 2022, the water level at IW-1 was recorded as 62.76 feet bgs
or 998.35 fmsl.

Geophysical Log Observations: N/A

3.0 SUMMARY AND CONCLUSIONS

SCS Engineers has completed the supplemental subsurface investigation at the NABORS Landfill
located near the town of Three Brothers in Baxter County, Arkansas. The investigation was performed
with the intent of assisting in the purchase of the former NABORS Landfill by LRS, a goal which LRS
has chosen no longer to pursue.

During the investigation, SCS advanced five exploratory borings, EB-1, EB-2, EB-4, EB-5, and IW-1.
Downhole geophysics testing was conducted in each boring, yielding caliper, natural gamma, density,
resistivity, and Optical Televiewer logs. A packer test was performed in EB-1, EB-2, EB-4, and EB-5 to
determine hydraulic conductivity values of different elevations within each boring.

A dye tracing test was conducted onsite between March (time of dye placement) and the end of
November 2023. Dye was detected at six of the 59 monitoring points. The dye test report is attached
as Appendix D.

The subsurface investigation, including exploratory borings, downhole geophysics, packer testing,
and dye tracing, supported the previously established hydrogeologic model for the NABORS landfill.
In each boring, groundwater was encountered at depth within the dolomite bedrock, though flow
seems to occur seasonally at higher elevations in the weathered transition zone between the clay
residuum (Unit 1) and the fully competent bedrock (Unit 3). Hydraulic conductivities calculated from
the packer test data fell within the range established by previous hydrogeologic investigation slug
tests. In the dye test, discussed in detail in the Dye Test Report, dye was mobilized to six of the 53
monitoring points.
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ARKANSAS

ENERGY & ENVIRONMENT

December 12, 2022
Electronic Mail Only

Dan McCullough, P.G.

SCS Engineers

11219 Richardson Drive
North Little Rock, AR 72113

RE: NABORS Landfill
DEQ Review of Work Plan for Supplemental Subsurface Investigation
Permit No: 0249-S1-R2 AFIN: 03-00051
Document ID: 83041 Cross Reference: 83013

Dear Mr. McCullough,

The Division of Environmental Quality Office of Land Resources (DEQ) has reviewed the Work
plan for Supplemental Subsurface Investigation at Nabors Landfill submitted on December 5",
2022. After review, DEQ approves the work plan.

If you have any questions or need any additional information, please contact me at 501-607-7215 or
travis.atwood@adeq.state.ar.us.

Sincerely,

W L

/

Travis Atwood
Geologist, Division of Environmental Quality
5301 Northshore Drive, North Little Rock, AR 72118-5317

cc: Bill Sadler, P.G., DEQ
Blake Whittle, P.G., DEQ
Annette Cusher, P.E., DEQ

ARKANSAS DEPARTMENT OF ENERGY AND ENVIRONMENT


mailto:travis.atwood@adeq.state.ar.us

AFIN: 03-00051

PMT#: 0249-S1-R2

Received

WORK PLAN FOR SUPPLEMENTAL | socms s

SUBSURFACE INVESTIGATION -

NABORS LANDFILL

Permit Nos. 0249-51-R2, 0249-54
AFIN: 03-00051

LAKESHORE RECYCLING SYSTEMS (LRS)
LICS
k—.——

27222323.00 | October 2022

11219 Richardson Drive
North Little Rock, AR 72113
501-812-4551



Professional Geologist Certification

| certify that | am a qualified groundwater scientist who has received a baccalaureate or
postgraduate degree in the natural sciences. | have sufficient training and experience in groundwater
hydrology and related fields, as demonstrated by state registration and completion of accredited
university courses, which enable me to make sound professional judgments regarding groundwater
monitoring and contaminant fate and transport.

| further certify that this report was prepared by me or by a subordinate working under my direction.
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1.0 INTRODUCTION

The NABORS Landfill (herein referred to as Landfill) originally operated under Solid Waste Disposal
Permit number 0249-S, as issued to RLH, Inc. (RLH) by the Arkansas Energy & Environment Division
of Environmental Quality (DEQ), formerly the Arkansas Department of Environmental Quality (ADEQ),
on June 14, 1988. The solid waste permit was transferred to Northwest Arkansas Regional Solid
Waste Management District (District) on August 31, 2005. The Landfill is currently under Solid
Waste Disposal Permit 0249-S1-R2 issued by the DEQ on August 10, 2006. Although the permit is
considered “open”, the Landfill stopped receiving waste on November 30, 2012 and initiated closure
of Area 1-2, Cells 1-3 of Area 1-3, and the Class 4 Landfill areas. The District (later named Ozark
Mountain Regional Solid Waste Management District) operated the Landfill from 2005 to 2014 at
which time DEQ assumed control of operations and closure activities at the Landfill under the Post
Closure Trust Fund. DEQ is currently managing post closure of the site.

The purpose of this Work Plan is to present a scope of work to gather additional information
concerning the occurrence of fractures and hydraulic conditions of groundwater. This a voluntary
investigation on the part of LRS to be performed during the Due Diligence period between LRS and
the Ozark Mountain Solid Waste District for the purchase of the NABORS facility. However, DEQ’s
input will be welcome and LRS intends to keep DEQ apprised of the results as they become available
in hopes of accelerating the approval process for future permitting efforts.

2.0 SUBSURFACE INVESTIGATION DETAILS
2.1 DEPTH OF BORINGS

LRS is proposing to drill four (4) borings and an injection well during this investigation. The four
borings (EB-1, EB-2, EB-4 and EB-5) will be advanced to determine the size, density, and orientation
of fractures within bedrock . See FIGURE 1 for the location of these borings. The anticipated bottom
of boring elevations will be 75 to 90 feet below ground surface (bgs). The plan is to advance each
boring a minimum of 10 to 20 feet below the groundwater surface identified from surrounding wells.
The boring size for EB-1, EB-2, EB-4, and EB-5 will be 3-inches in diameter. A surface casing will be
set to the bedrock surface at each location. The casing will be properly sealed to avoid surface water
infiltration. Each boring will be open hole completion with no screen or filter pack.

The location of EB-1 was selected to verify previous boring information from MW-1, BH-534D, BH-
509D, and NAB-2 which are located in the vicinity of the Signature Blast Demonstration conducted in
August 2008. During the demonstration, a noticeable drop in groundwater levels was recorded in
NAB-2. In addition, the elevation of groundwater within these wells varies with levels being deeper in
BH-509D and NAB-2, when compared to MW-1, BH-534D, and BH-586-D. As will be discussed later
in this plan, additional testing will be performed to determine the fractured and permeable zones in
each boring.
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Boring EB-2 was also located to verify previous boring information and to be a southerly detection
point for the dye test discussed later in this Work Plan. The same information discussed in this Work
Plan will also be collected from this boring.

The location of EB-4 was selected to provide subsurface information in Cell 5 of Area 1-3. During
previous investigations, borings were not drilled in this area (See attached FIGURE 2 for location of
all previous borings drilled). The location of EB-5 will be between MW-509D and NAB-2 to help
delineate the effects, if any of the 2008 Blasting Demonstration.

As will be discussed later in the Dye Test Work Plan, the proposed injection location for the dye test
will be near MW-1 and MW-1R. A 4-inch open completion well will be drilled at the location
presented on FIGURE 1. The surface construction of this injection locations will be include a surface
casing that will be grouted into bedrock.

2.2 DRILLING ACTIVITIES

The borings will be advanced using a drilling rig equipped with hollow stem augers. Once bedrock is
encountered, and rock coring with wash rotary will be utilized to total depth. During drilling, The
following information will be recorded:

(1.) Rock Quality Designation (RQD);
(2.) Fracture density and fracture orientation; and
(3.) Bit drop and sudden gains or losses in water.

The borings will be logged by a qualified geologist.

Once total depth has been reached, downhole geophysical logs will be obtained from each of the
four boreholes and the injection well. The logs will include natural gamma, Acoustic Televiewer for
fractures and nuclear density.

Once the downhole geophysical logging has been completed, each open borehole will be utilized for
groundwater elevation determination and dye test monitoring as discussed in a separate Work Plan.

Following the completion of field activities, a surveyor will determine the positions of all boring
locations. All boring locations will be surveyed horizontally to the nearest 0.1 foot and tied to the
State Plane Coordinate System. The ground surface reference elevation will be measured to the
nearest 0.1 foot relative to mean sea level (MSL).

3.0 DOWNHOLE GEOPHYSICAL LOGGING

Downhole geophysical logs will be obtained from each of the boreholes. The logs will include ntural
gamma, Acoustic Televiewer for fractures and nuclear density. It is anticipated that 4” PVC pipe will
be placed in the borehole to the depth that bedrock is encountered, and the borehole logs will be run
inside this pipe within the overburden to avoid the borehole bridging.
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The Acoustic Televiewer tool takes an oriented “picture” of the borehole using high-resolution sound
waves. This acoustic picture is displayed in both amplitude and travel time. This information is used
to detect fractures, bedding plane orientation, and other borehole anomalies. Analysis includes
fracture dip and strike determination and classification of anomalies, if any.

The nuclear density testing provides formation density by determining the density of electrons in the
formation. Gamma rays emitted by the source experience Compton scattering, which involves the
transfer of energy from gamma rays to the electrons in the formation via elastic collision. The
number of scattered gamma rays that reach the detector is directly related to the number of
electrons in the formation, which in turn is related to bulk density. Density logs typically display a
gradual increase with depth due to compaction.

3.1 AQUIFER TESTING

Packer testing will be conducted to measure the permeability of sections of the boreholes. The first
phase of the process will involve geophysical logging and flow profiling of the boreholes as discussed
in the Section 2.4 of this Work Plan. Detailed borehole logging is essential in visually identifying
fractures and possible water producing zones. This information will then be used to select isolation
points for a series of packer tests.

This information aids in identifying the various water producing zones and their correlation to the
geology across the site. This, in turn, helps to determine the necessary course of action for resolving
potential groundwater issues. Monitoring water levels in nearby wells while pumping packed
intervals can also identify permeable intervals within the aquifer. Information from these packer
tests can be used to properly place the future location of monitoring wells.

4.0 RESULTS

This a voluntary investigation on the part of LRS being performed during a 90-day Due Diligence
period prior to the purchase of the NABORS facility from the Ozark Mountain Solid Waste District.
However, as previously stated, DEQ’s input is welcome and LRS will share results with DEQ as they
become available. This study should accelerate future permitting efforts and the approval process
to be undertaken at a future date.
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Appendix B
Boring Logs, Completion Diagrams & Geophysical Logs (by boring)
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11219 Richardson Drive
I Litle Dol AD DRILLER: Kevin Murphy SURFACE ELEVATION: 1051 ft
INOrtn Litfie Kock, AR DRILLING RIG: CME-55 TOC ELEVATION: 1051 ft
CLENT: LRS DRILLING METHOD: WELL DEPTH COMPLETION: 81.95 fbgs
PROJECT NAME: NABORS DRILLING CONTRACTOR: GTS LOCATION:
PROJECT NUMBER: 272221 39.01 NORTHING: 1181061.5
PROJECT LOCATION: Three Brothers, AR EASTING: 774701.35
GEOLOGIST: Robert Fowler SAMPLING METHOD: Core WATER LEVEL: 63.11 fbgs
START DATE: 10/5/2022 BORING DIAMETER: 3" WATER ELEVATION: 987.84 ft
FINISH DATE: 10/14/2022 WELL DIAMETER: 3" WATER LEVEL DATE: 10/20/2022
D(E:TT)H LITHOLOGY ~ LITHOLOGY DESCRIPTION  “y® Sample 3z o MONITORING WELL  MONITORING WELL DESCRIPTION/ ELEVATION
epth 9 CONSTRUCTION DRILLING NOTES (FT)
=
— 1055
0 | | ] B
| | I — 1050
_| | Dolomite; grey -
I to light grey Core 0-5 52
—t—Dolomite—  with brown and —
1 1
B [ dark grey |
| | banding
I I L
5 E—
— 104
Shale Shale; brown, 045
| | thinly bedded, 50-1 —
| non calcareous Core 6.0 62 B
| : [
B T Dolomite; grey B
10 | with brown & —
_IIDoIom'hl dark grey
| || banding. Some — 1040
I I chert layers & L
I I I small vugs. Core 1%%‘ 19
15. —
| |
[ I L
|
15 — 1 [ Sandstone; tan -
| Dolomite;
| I I coarse, gray to — 1035
T T tan, with "
I occasional chert Core 15.0- 79 3" Open bor?hOIe
— 1 [ layers 20.0 GS to 81.95" bgs —
Bl l I Dolomite; dark B
I T grey with some
20 — | [ chert layers. —
I Some large
— I I I vugs (1" diam) 1030
T [ ~16.3-17' |
[ Dolomite; tan Core 20.0- 100
— ] | with small vugs 25.0 —
N [ ~18.1"' |
I I I Dolomite; grey
25 — 1 T with iron stainin —
[ Dolomite
1 ] Dolomite; grey — 1025
THE STRATIFICATION LINES REPRESENT APPROXIMATE
BOUNDARY LINES BETWEEN SOIL AND ROCK TYPES: ACTUAL
TRANSITIONS MAY BE GRADUAL
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DRILLER: Kevin Murphy SURFACE ELEVATION: 1051 ft

n DRILLING RIG: CME-55 TOCELEVATION: 1051 ft

CUENTLRS DRILLING METHOD: WELL DEPTH COMPLETION: 81.95 fbgs

PROJECT NAME: NABORS DRILLING CONTRACTOR: GTS LOCATION:
PROJECT NUMBER: 27222139.01 NORTHING: 1181061.5
PROJECT LOCATION: Three Brothers, AR EASTING: 774701.35

GEOLOGIST: Robert Fowler SAMPLING METHOD: Core WATER LEVEL: 63.11 fbgs

START DATE: 10/5/2022 BORING DIAMETER: 3" WATER ELEVATION: 987.84 ft

FINISH DATE: 10/14 /2022 WELL DIAMETER: 3" WATER LEVEL DATE: 10/20,/2022

Blow
Counts MONITORING WELL MONITORING WELL DESCRIPTION/ ELEVATION

CONSTRUCTION DRILLING NOTES (FT)

DEPTH Sample S I
1) LITHOLOGY LITHOLOGY DESCRIPTION Type ;:;’:he

(in)

JRECOVERY

i l | | to tan with B
N brown banding 25.0-
— & some chert. Core 30.0 72 L
[ [

T T Zones of small

g | vugs. Large
| vugs (1" diam) |
30 | I noted from
| 25.4-2575' 1020
T and 31-31.3".
L | 30.0-

T Core 35.0 73 |

35 [ I —

1 — 1015
I [ Shale; thinly

1 | bedded, brown 35.0-

I [ to black Core 40.0 86 —

I | Dolomite; grey
40 — | I I to tan, vuggy,
I I with brown

— T banding and — 1010
[ | [ chert. Increased B

chert ~37.04'. 40.0-

— I I I I Vuggy. At Core 45.0 100 -
[ | 39.05' and
. T 41.6-41.8,
45 | [ larger vuggy L
[ cavities w/

T precipitate — 1005

[ [ including iron

[ minerals 45.0-
Al I Core 50.0 91 B

1 | Dolomite; — 1000
| | | Heavily
1 weathered, 50.0- B
I vuggy, grey to Core 55.0 73 —
: : tan, with brown
- banding and
] chert. -
5o I ! T l Brecciated
— 1 | I zones beginning —— 995
~51.6".

| T l y Freguent 55.0- |

THE STRATIFICATION LINES REPRESENT APPROXIMATE
BOUNDARY LINES BETWEEN SOIL AND ROCK TYPES: ACTUAL
TRANSITIONS MAY BE GRADUAL




SHEET NUMBER: 3 of 4

 SCS ENGINEERS [EXIOUNTY

DRILLER: Kevin Murphy

SURFACE ELEVATION: 1051 ft

DRILLING RIG: CME-55

TOCELEVATION: 1051 ft

CLEENT: LRS

DRILLING METHOD:

WELL DEPTH COMPLETION: 81.95 fbgs

PROJECT NAME: NABORS

PROJECT NUMBER: 27222139.01

PROJECT LOCATION: Three Brothers, AR

DRILLING CONTRACTOR: GTS

LOCATION:
NORTHING: 1181061.5
EASTING: 774701.35

GEOLOGIST: Robert Fowler

SAMPLING METHOD: Core

WATER LEVEL: 63.11 fbgs

START DATE: 10/5/2022

BORING DIAMETER: 3"

WATER ELEVATION: 987.84 ft

FINISH DATE: 10/14 /2022

WELL DIAMETER: 3"

WATER LEVEL DATE: 10/20,/2022

DEPTH

1) LITHOLOGY

LITHOLOGY DESCRIPTION

Sample
Type

Blow

Sample Counts

Depth

(in)

MONITORING WELL
CONSTRUCTION

JRECOVERY

MONITORING WELL DESCRIPTION/ ELEVATION
DRILLING NOTES (FT)

solution

| features 56.16".
Large vugs w/
| iron

Core

60.0 95

60 — 7 |

T mineralization.

[ Dolomite; grey
with chert.
Small vugs
I 60.9-62.9" and
63.04-63.3". At

67.9', coarser

Core

60.0-

65.0 926

65 | | tan irregularly
| shaped
I dolomite infill
T T noted.

Core

65.0-

70.0 100

70 ! Shale; black,

non calcareous.
Dolomite; grey
w/ chert
— Shale; black,
non calcareous.
Dolomite; grey
w/ chert.

Core

70.0-

75.0 85

75 — |

Brecciated
zones, notably
at 72.7".
Shale; black,
non calcareous.
Dolomite; grey
w/ chert.
Brecciated /vugg

Core

75.0-

80.0 20

80 '
Y zone at
] 78.13"

85 —

— 970

THE STRATIFICATION LINES REPRESENT APPROXIMATE

TRANSITIONS MAY BE GRADUAL

BOUNDARY LINES BETWEEN SOIL AND ROCK TYPES: ACTUAL




SHEET NUMBER: 4 of 4

 SCS ENGINEERS [EXIOUNTY

11219 Richardson Drive
Lot Dl Dosl AD DRILLER: Kevin Murphy SURFACE ELEVATION: 1051 ft
iNOIN LiThie ROCK, AR DRILLING RIG: CME-55 TOC ELEVATION: 1051 ft
CLIENT: LRS DRILLING METHOD: WELL DEPTH COMPLETION: 81.95 fbgs

PROJECT NAME: NABORS

PROJECT NUMBER: 27222139.01

PROJECT LOCATION: Three Brothers, AR

DRILLING CONTRACTOR: GTS

LOCATION:
NORTHING: 1181061.5
EASTING: 774701.35

GEOLOGIST: Robert Fowler

SAMPLING METHOD: Core

WATER LEVEL: 63.11 fbgs

START DATE: 10/5/2022

BORING DIAMETER: 3"

WATER ELEVATION: 987.84 ft

FINISH DATE: 10/14 /2022

WELL DIAMETER: 3"

WATER LEVEL DATE: 10/20,/2022

DEFH LITHOLOGY DESCRIPTION  “pyin°

1) LITHOLOGY

Blow

Counts MONITORING WELL

CONSTRUCTION

Sample
Depth

(in)

JRECOVERY

MONITORING WELL DESCRIPTION/ ELEVATION
DRILLING NOTES (FT)

90 —

THE STRATIFICATION LINES REPRESENT APPROXIMATE
BOUNDARY LINES BETWEEN SOIL AND ROCK TYPES: ACTUAL
TRANSITIONS MAY BE GRADUAL
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10 INCH LOG, GAMMA-RES-DEN DB1 10/24/22
LOG PARAMETERS
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MAGNETIC DECL: 0 ELECT. CUTOFF :99999 BIT SIZE ;3.5
PRESENTATION NAME/DATE = 9239C.0 10/24/2022 VERSION =3.641Q
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0 API-GR 200 80 2 G/ICC 32 OHM-M 20000
SPEED->
GAMMA DEN(CDL) RES(SG)
0 INCH 10
CALIPER FEET
10 INCH LOG, GAMMA-RES-DEN DB1 10/24/22
LOG PARAMETERS
MATRIX DENSITY : 2.65 NEUTRON MATRIX : SANDSTONE MATRIX DELTA T : 54
MAGNETIC DECL: 0 ELECT. CUTOFF :99999 BIT SIZE ;3.5
PRESENTATION NAME/DATE = 9239C.0 10/24/2022 VERSION =3.641Q
TOOL CALIBRATION DB1 10/24/22 17:24
TOOL 9239C TM VERSION 5026
SERIAL NUMBER 4443
DATE TIME SENSOR STANDARD RESPONSE
1 Aug22,07 13:48:04 GAMMA 0.000 [API-GR ] 3.000 [CPS]
Aug22,07 13:48:04 GAMMA 320.000 [API-GR ] 304.000 [CPS]
2 Oct07,22 07:38:54 VOLTAGE 0.000 MV ] 11754.000 [CPS]
Oct07,22 07:38:54 VOLTAGE 2013.000 MV ] 277811.000 [CPS]
3 Oct11,22 15:39:28 CALIPER 4.000 [INCH ] 214224.203 [CPS]
Oct11,22 15:39:28 CALIPER 6.000 [INCH ] 325924 .313 [CPS]
4 Oct12,22 08:52:40 DEN(LS) 1.728 [G/ICC ] 3534.930 [CPS]
Oct12,22 08:52:40 DEN(LS) 2.673 [G/ICC ] 662.800 [CPS]
5 Oct12,22 08:48:17 DEN(SS) 1775 [G/ICC ] 14025.170 [CPS]
Oct12,22 08:48:17 DEN(SS) 2.638 [G/ICC ] 6683.030 [CPS]
6 Aug21,07 11:46:00 CALIPERL 4.000 [INCH ] 111180.000 [CPS]
Aug21,07 11:46:00 CALIPERL 12.000 [INCH ] 354930.000 [CPS]
7 Oct07,22 07:50:19 CURRENT 0.000 [UA ] 4843.000 [CPS]
Oct07,22 07:50:19 CURRENT 288.400 [UA ] 28763.000 [CPS]
8 Aug20,07 17:08:26 F Default [CPS]
9 Aug20,07 17:08:26 X Default [CPS]




SCS ENGINEERS
WIRELINE SERVICES
~— EB1
JOB NUMBER : EB1 PLATFORM: DRILL COMPANY: SERVICE COMP.: Century Wireline Services
PROJECT: EASTING: DRILL START DATE: WELL AZIM (deg):
FIELD: NORTHING: DRILL END DATE: WELL INCL (deg):
PROVINCE: BAXTER, AR ELEVATION(m): RIG NUMBER:
BOREHOLE RECORD CASING RECORD REMARKS
BITSIZE (IN) | DEPTH FROM (FT)| DEPTH TO (FT) FLUID TYPE TYPE 1.D. (IN) DEPTH FROM (FT) | DEPTH TO (FT)
3.5 5 75 WATER / AIR
GEOLOGICAL STRUCTURE
:\)IIEEPATSI:I OPTICAL IMAGE STRUCTURE PICKS TADPOLES POLAR PLOT STRIKE PLOT
0° 90° 180° 270° 0° 0° 90° 180° 270° 0° 0 90 Waulff Plot - LH - AGA Strike - Percent Interval
1ft:10ft
RUN 2:5-10 FT

RECOVERY 45.5" ; RQD 62

0 FT: GREY DOLOMITE WITH
BROWN & DARK GREY BANDING

6 FT:
SHALE, THINLY BEDDED,
NONCALCAREOUS

7 FT: GREY DOLOMITE WITH
BROWN & DARK GREY
BANDING; SOME CHERT
LAYERS & SOME SMALL VUGS

Azimuth - Percent Interval (Count)
Depth: 5.10 [ft] to 15.00 [ft]
0

Wulff Plot - LH - Type
Depth: 5.10 [ft] to 15.00 [ft]
00

270° 90°

270° 90°

180°
180° .
. . Components: Azimuth
Counts Dip[deg] Azi[deg] Counts: 29.00

Mean 29 8.30 158.39 Mean (3D):  158.39
°® 29 8.30 158.39 Min: 4.37

Max: 307.48
RUN3:10-15FT
RECOVERY 53.2" ; RQD 19

Page 1



23 —
F -
24 — =
-~

14.5 - 14.6 FT: TAN SANDSTONE

RUN 4: 15-20 FT

RECOVERY 58.8" ; RQD 79

16.3 - 17 FT: SOME 1" VUGS
NOTED

17 FT: TAN DOLO W IRON
STAINING IN FRACTURES

18.1 FT: SMALL VUGS

18.3 FT: GREY DOLO W IRON
STAINING IN FRACTURES

Wulff Plot - LH - Type
Depth: 15.00 [ft] to 25.00 [ft]
00

270°

180°
Counts Dip[deg] Azi[deg]
Mean 13 1.10 31.66
® 13 1.10 31.66

RUN 5: 20-25 FT
RECOVERY 62.75" ; RQD 100
GREY TO TAN DOLO WITH

BROWN BANDING & SOME
CHERT; OCCASIONAL SMALL
VUGS

90°

Azimuth - Percent Interval (Count)
Depth: 15.00 [ft] to 25.00 [ft]
o

180°

Components: Azimuth
Counts: 13.00
Mean (3D): 31.66
Min: 3.85
Max: 334.03

Page 2



25 —

RUN 6: 25-30 FT

RECOVERY 57.25" ; RQD 72
25.4-25.75: 1" DIAM CALCITE
FILLED VUGS; OTHER
OCCASIONAL ZONES OF SMALL
VUGS CONTINUE
DOWNSECTION

Wulff Plot - LH- Type
Depth: 25.00 [ft] to 35.00 [ft]
00

270° 90°
180°
Counts Dip[deg] Azi[deg]
Mean 31 1.64 318.42
® 31 1.64 318.42

RUN 7: 30-35 FT

RECOVERY 57.75" ; RQD 73
31-31.3 FT: 1" VUGS WITH QTZ
PRECIPITATE

Azimuth - Percent Interval (Count)
Depth: 25.00 [ft] to 35.00 [ft]
o

270° 90°

180°

Components: Azimuth

Counts: 31.00
Mean (3D): 318.42
Min: 7.47
Max: 350.10

RUN 8: 35-40 FT
RECOVERY 58.75" ; RQD 86

36.15-36.3 FT: SHALE, THINLY
BEDDED, BROWN TO BLACK
36.3 FT: GREY TO TAN DOLO,
VUGGY, WITH BROWN BANDING

37.04 FT: INCREASED CHERT

Page 3



39.05 FT: 1" VUGS WITH
PRECIPITATE INCLUDING IRON
MINERALS

Wulff Plot - LH - Type
Depth: 35.00 [ft] to 45.00 [ft]

0

270° 90°
180°
Counts Dip[deg] Azi[deg]
Mean 42 7.47 355.89
e 42 7.47 355.89

RUN 9:40-45 FT

RECOVERY 58.5" ; RQD 100
41.6-41.8 FT: 1" VUGS WITH
PRECIPITATE INCLUDING IRON

MINERALS

Azimuth - Percent Interval (Count)
Depth: 35.00 [ft] to 45.00 [ft]
o

270° 90°

180°

Components: Azimuth
Counts: 42.00
Mean (3D): 355.89
Min: 4.71
Max: 355.64

RUN 10: 