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EXECUTIVE SUMMARY

This Supplemental Background Soil and Groundwater Investigation Report (report) summarizes data and
refines the conceptual site model based upon field and laboratory studies conducted in 2018 and 2019.
This report focuses on understanding the occurrence of uranium in groundwater in the alluvial system
upgradient of the Grants Reclamation Project, an approximately 1,085-acre former uranium mill site
located 5.5 miles north of Milan, Cibola County, New Mexico (project). This investigation extends the work
completed by Homestake Mining Company (Homestake) in 2018 on the western edge of the upgradient
alluvial channel adjacent to wells DD and DD2 that demonstrated the lithological and mineralogical
heterogeneity in alluvial deposits, and the presence of uranium in the unsaturated and saturated zones.
The work was completed in accordance to the Work Plan that was reviewed and agreed upon by the
United States Environmental Protection Agency (USEPA) and the New Mexico Environment Department
(NMED) (Arcadis 2019a) with minor modifications, discussed herein. Per the Work Plan (Arcadis 2019a):

“The primary goal of the supplemental background investigation is to refine the CSM for
natural uranium distribution and transport by identifying the lithological and hydraulic
conductivity heterogeneity as well as the local variation in uranium concentrations across
the alluvial channel upgradient (north) of the large tailing pile (LTP).”

Geochemical and mineralogical examination in 2018 and 2019 showed arkosic sandstone markers of
eroded upstream materials. These were transported through fluvial processes during aggradational
channel filling during the Quaternary period and deposited on the eroded Chinle Formation bedrock
surface. The 2018 and 2019 studies have shown significant local heterogeneity in lithology, soil chemistry,
and mineralogy associated with the variable fine- and coarse-grained alluvial sediments. Heterogeneity in
the sedimentary materials is attributed to sediment deposition in a braided stream environment and the
blending of sediment types at the confluence of the San Mateo and Lobo Creek drainage basins. Lateral
heterogeneity was evaluated using a broad range of scales from macroscale (electrical resistivity
tomography [ERT] at the kilometer scale) to mesoscale (geologic logging and downhole geophysics at
new boreholes positioned west to east across the alluvial channel and one south of this transect), to
micro- and nanoscale methods (geochemical/mineralogical analysis of sediments and groundwater).

ERT data revealed higher resistivity alluvium typical of coarse-grained materials between the center and
the western edge of the alluvial channel. Coarse-grained sediments may conduct groundwater more
effectively through the center-west portion of the alluvium (between well DD and borehole location BK1)
compared to the eastern side of the basin (near borehole location BK3 and well ND). Materials at the
margins of the alluvial channel have fine-grained characteristics associated with low-energy deposition,
while the center of the channel contains coarser, higher-energy deposits. However, the ERT revealed an
asymmetrical distribution of fines with greater proportions to the far east than the far west.

Gradual declines in dissolved uranium were observed in the new wells from west to east, consistent with
changes in major ion and trace element chemistry. Groundwater is more aggressive and oxidizing in the
west, conditions favorable for uranium mobilization. This oxidative character was also observed in the
sediment mineralogy, most notably regarding pyrite. Goethite-replaced (oxidized) framboidal pyrite was
found at all sample locations, demonstrating active mineral oxidation and providing a mechanism for
uranium mobilization out of reducing zones. However, oxidized cubic pyrite was more frequently observed
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in the west. Only intact cubic pyrite was observed in the mid-channel and to the fine-grained-sediment-
dominated east. The alluvial geology in the east is capable of preserving geochemically reducing
conditions in the sediments due to lower transmissivity and high organic carbon content. Uranium leaching
analyses yielded soluble uranium from all sediment samples.

The 2019 work verifies the heterogeneity in geochemistry and mineralogy that was observed in 2018 at
boreholes DD-BK and DD2-BK and shows a gradual change in uranium content, soil mineralogy, and
groundwater chemistry conducive to uranium mobilization from sediments that is greatest in the west and
declines to the east. This variability and heterogeneity in the alluvial system upgradient of the project is
well captured by the current upgradient (background) well network situated across the alluvial channel and
is representative of the range of natural uranium concentration variation in groundwater.
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1 BACKGROUND

The Grants Reclamation Project (project) is an approximately 1,085-acre former uranium mill site located
5.5 miles north of Milan, Cibola County, New Mexico (project), owned and operated by Homestake Mining
Company of California (Homestake). Milling operations, using an alkaline (sodium carbonate) leach
process, took place from 1958 until 1990, depositing tailings in two onsite tailing piles: the small tailings
pile and the large tailings pile (LTP). Naturally occurring constituent concentrations contained in the
uranium ore are elevated in the tailings. These constituents include uranium, selenium, molybdenum,
sulfate, chloride, total dissolved solids, nitrate, vanadium, thorium-230, and radium-226/228. Porewater
seepage from the LTP has influenced shallow groundwater quality (alluvial and Chinle aquifers),
particularly the alluvial aquifer directly beneath and downgradient of the LTP. The USEPA, NMED, and
Nuclear Regulatory Commission agreed to site standards for each constituent of concern (COC) in 2006
based on an evaluation of background water quality (Homestake and Hydro-Engineering 2003). The
standards were incorporated into the radioactive materials license via license amendment number 39 as
groundwater protection standards. The focus of the project is ongoing work by Homestake to restore
groundwater to these background standards.

Since the establishment of the groundwater protection standards, Homestake and the USEPA have
pursued a Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
remedial investigation/feasibility study (RI/FS) equivalency evaluation for the project. In 2016, the USEPA
initiated a background reassessment study to determine if the approved background standards for the
project are appropriate under the CERCLA RI/FS equivalency process (referred to as the 2016 U.S.
Geological Survey [USGS] split-sampling event; USEPA 2016). Arcadis U.S., Inc.’s (Arcadis’s) evaluation
of the results of this study show that the uranium in near upgradient wells, including wells DD and DD2
are likely due to leaching of uranium from naturally occurring uranium-bearing sediment deposited
throughout geologic time (at least hundreds of years for shallow alluvial deposits [Leopold and Snyder
1951] and probably thousands for deeper alluvial deposits). To test this hypothesis, borehole
development and geophysics programs were conducted in January 2018 near wells DD and DD2 and in
May 2019 at locations across the alluvial channel to examine geochemical, mineralogical, and
geophysical characteristics of the unsaturated and saturated soils in this area.

This Supplemental Background Soil and Groundwater Investigation Report (report) summarizes the field
activities conducted in May 2019 in association with the background assessment of uranium sources at
the project. This work is related to and a follow-on to the field event conducted in January 2018 (Arcadis
2018) and Arcadis’ interpretation of the results of the geophysics and groundwater assessment performed
by the USEPA and USGS in August 2016 and subsequent data released in 2017. This work was
implemented to expand the extent of the characterization of alluvial deposits to locations across the
alluvial channel to the east of wells DD and DD2 (Arcadis 2019a).

Arcadis’ interpretation of the 2016 geophysical data indicated that uranium was present naturally in the
alluvial aquifer sediment (soil) and supported the concept that monitoring well locations DD and DD2
exhibit elevated concentrations of uranium in groundwater due to interaction with and the nature of the
minerals present in this portion of the aquifer.
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The goal of the 2018 and 2019 assessments was to further investigate whether uranium concentrations in
groundwater near groundwater monitoring wells across the alluvial channel upgradient (north) of the
project are naturally derived or from mining/milling, or other anthropogenic sources. The objectives of this
work were to:

¢ Map alluvial channel geometry and zones containing high permeability coarse-grained materials.
e Estimate the uranium, thorium, and potassium content of the alluvium.
e Obtain lithological, chemical, and mineralogical data of sediments.

e Determine uranium concentrations in groundwater associated with (well screened within) coarse
grained, high-permeability and fine-grained, low-permeability sediments.

Additional benefits of this multidisciplinary work include:

o Assessment of lithological variation of uranium in soil and/or weathered bedrock in contact with
groundwater and in the unsaturated zone away from groundwater contact.

e Ability to ground truth the interpretation of the geophysics data through collection and direct
analysis of geologic core material.

e Correlation of uranium concentrations in soil to uranium concentrations in groundwater.

e Ability to link uranium naturally leaching from soil with areas of elevated groundwater uranium
concentration and/or provide evidence of isolated elevated groundwater uranium concentrations
away from known mining and milling impacts.

e Assessment of the impact of lithology on concentrations of constituents in groundwater.
This report presents the results of the field activities in the following remaining sections:

e Section 2 — Activities Completed. This section discusses borehole and well development,
lithological logging, and soil sampling; a mineralogical assessment; a geophysical assessment;
and groundwater sampling at the project.

e Section 3 — Results, Discussion, and Conceptual Site Model. Presents the assessment results
associated with the sampling activities and development of the conceptual site model (CSM) for
the origin of uranium in the aquifer.

e Section 4 — Conclusions. Provides a summary and conclusions associated with the investigation.

e Section 5 — References. Lists the references used to prepare and cited throughout this report.
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2 ACTIVITIES COMPLETED

Per the Work Plan: 2019 Background Investigation (Work Plan; Arcadis 2019a), the locations of two well
pairs and two boreholes were proposed by Arcadis and agreed upon by Homestake, the USEPA, and the
NMED, based upon the results of the electrical resistivity tomography (ERT) survey conducted in April
2019 (Appendix A). The target locations were determined as follows:

e Wells BK1c and BK1f. Location BK1 was selected due to its proximity between the DD wells and
P wells and because it exhibited both high-resistivity sediments in the shallow saturated portion of
the alluvium and low-resistivity sediments in the deep saturated portion of the alluvium. The
presence of both types of materials increased the probability that a 5-foot screen could be
installed across primarily coarse-grained material in one well (BK1c, where “c” indicates
“coarse”), and across fine-grained material in the second well (BK1f, where “f” indicates “fine).
Ten soil samples were collected from BK1c.

o Wells BK2c and BK2f. Location BK2 was selected due to its proximity between the P wells and
well ND and because it exhibited both high-resistivity sediments in the shallow saturated portion
of the alluvium and low-resistivity sediments in the deep saturated portion of the alluvium. Ten
soil samples were collected from BK2c.

e Borehole BK3. Location BK3 was selected due to its proximity to well ND and the need to further
investigate the origin of sediments on the eastern side of the alluvial channel. Borehole BK3 was
drilled to assess lithology and mineralogy through lithological logging, geophysical logging, and
soil sampling and laboratory analysis. Ten soil samples were collected from BK3. BK3 was
plugged and abandoned after collection of the target data.

e Borehole BK4. Location BK4 was selected to investigate the elevation of Chinle Formation
bedrock. BK4 was lithologically and geophysically logged. No soil samples were collected. BK4
was plugged and abandoned after collection of the target data.

The wells and boreholes were advanced using rotosonic drilling methods and were logged by an Arcadis
geologist. The wells were installed as 2-inch polyvinyl chloride (PVC) risers with 5-foot screened intervals
targeting either coarse or fine sediments. The boreholes were installed as blank wells with solid PVC
risers (no screen). Downhole geophysical logging was performed in two stages, described below. The
data obtained from lithological logging, geochemical and mineralogical parameters, and geophysics were
correlated and used to refine the interpretation of the alluvial materials across the lower San Mateo Creek
Basin (SMCB).

Minor deviations to Work Plan (Arcadis 2019a) activities included:

e Movement of location BK2 slightly north of ERT line 2 due to inaccessible terrain directly on top of
ERT line 2.

e Well 920 had a 100-year-old windmill in place which prevented logging. Arcadis sought and
received permission from the USEPA to log well N-16 in place of well 920.

o Wells 914 and 922 contained steel casing, preventing collection of induction conductivity data.
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e The static spectral data collection time range was stated as 10 to 15 minutes in the Work Plan;
however, the time range was increased to 15 to 20 minutes to increase data resolution.

2.1 Drilling, Lithological, and Geochemical Assessment

Cascade Dirilling, LP conducted the drilling using a Sonic Drill Corporation rotosonic drill rig, overseen by
Arcadis. Before advancing with the drill rig, utility clearance activities were conducted, and the upper 5
feet of soil was removed by hand augur. Each well and borehole location was positioned as close to the
target location chosen from the ERT transects as was feasible, with the well and borehole locations
presented on Figure 1 and listed in Table 1.

Groundwater monitoring wells BK1f, BK1c, BK2f, and BK2c were drilled with a 6-inch-diameter bit. A 2-
inch PVC riser with 5-foot screened interval was installed in each well. Sodium bentonite chips were used
to seal the base of groundwater monitoring wells BK1c and BK2c because these locations were initially
advanced into bedrock to confirm the contact. For all wells, a sand filter pack was placed adjacent to and
extended at least 3 feet above the screened interval, topped by 4.5 to 5 feet of sodium bentonite chips,
before addition of neat cement grout to the surface.

Boreholes BK3 and BK4 were drilled with a 6-inch-diameter bit. At these locations a temporary 2-inch
PVC solid riser with no screen was grouted in place with neat cement in each borehole with plastic
centralizers, installed to enable downhole geophysical assessment at each location. Both temporary
casings were abandoned following completion of the downhole geophysical assessment by filling the riser
with neat cement grout using a tremmie pipe, then cutting the PVC riser off below grade and filling the
remaining borehole with neat cement grout to the surface. Boreholes BK3 and BK4, were abandoned on
May 30 and 29, 2019, respectively.

211 Geological Logging and Core Assessment

The soil was geologically logged per the Unified Soil Classification System and was screened with a
radiation detector to indicate the presence of radioactive materials in the core. A Ludlum 2241 ratemeter
with a 44-9 pancake detector (sensitive to alpha, beta, and gamma radiation) was used to record
radioactivity from the core material in the field.

2.1.2 Soil Sampling and Laboratory Analysis

Soil samples were selected based on lithological interpretation and results of the geophysical
assessment. Sampling targeted sections of the core with lithologies to highlight differing potential
background metals concentrations (principally uranium), in a directed sampling method. The objectives of
the sampling program were as follows:

1. Collection of samples across a wide range of lithologies.

2. Collection of samples from both the saturated and unsaturated zones. The saturated zone is where
lithology is most influential on groundwater quality. The unsaturated zone experiences or has
experienced minimal groundwater interaction, so its lithological characteristics are less likely to affect
or be affected by groundwater geochemistry.

arcadis.com



SUPPLEMENTAL BACKGROUND SOIL AND GROUNDWATER INVESTIGATION REPORT

3. Collection of samples that showed distinct mineralogical characteristics or geophysical signatures
suggestive of uranium mineralization; these samples were selected so that the uranium content would
be great enough that it could be imaged/detected through microscopic, spectroscopic, and chemical
analytical methods. Nondetect results prevent characterization of the form of uranium in the
environment, a primary goal of this work.

The geochemical and mineralogical analysis goals are summarized in Table 2. The samples collected are
summarized in Table 3. Ten samples each were collected from BK1c, BK2c, and BK3 as summarized

below:

Samples were selected to cover a wide range of lithologies from fine- to coarse-grained materials,
shown in Table 3.

All soil samples were submitted to Energy Laboratories, Inc. (ELI) for analysis of uranium and
metals content, paste pH, oxidation-reduction potential (ORP) on solids, total organic carbon
(TOC), and total sulfur. For these samples:

0 Metals/metalloids included: aluminum, calcium, iron, magnesium, manganese,
molybdenum, potassium, selenium, silicon, uranium, and vanadium.

o0 Two soil sample duplicates and two matrix spike/matrix spike duplicates were collected,
at a frequency of one per 20 samples, as per the Quality Assurance Project Plan (Arcadis
2019b).

o0 Soil sample equipment blanks were not collected because disposable samplers were
used. One sample was collected using a new chisel; the chisel was not used again.

o0 A Level Il data validation was performed for 100 percent of the standard analytical data.

Samples were collected for an analysis of the association of major and trace elements with
mineral fractions and sent to ACZ Laboratories, Inc. in Steamboat Springs, Colorado. Based on
the results of the geochemical analyses conducted by ELI, Arcadis selected five samples per
well/borehole for selective sequential extraction (SSE) according to a procedure described in the
Work Plan (Arcadis 2019a).

Samples were collected for mineralogical analysis and sent to DCM Science Laboratory (DCM)
located in Lakewood, Colorado. DCM was subcontracted by ELI for this work, and the samples
were initially shipped to ELI. Based on the results of the geochemical analyses conducted by ELI,
Arcadis selected two to three samples per well/borehole for optical mineralogy and x-ray
diffraction (XRD).

Samples were collected for mineralogical analysis and sent to Huffman Hazen Laboratories
(HHL) located in Golden, Colorado. HHL was subcontracted by ELI for this work, and the samples
were initially shipped to ELI. Based on the results of the geochemical analyses conducted by ELI,
Arcadis selected one sample as a trial sample for analysis by Quantitative Evaluation of Materials
by Scanning Electron Microscopy (QEMSCAN).

Samples were collected for stable sulfur (sulfur-34) and oxygen (oxygen-18) isotope analysis and
sent to Isotope Tracer Technologies (IT?) Laboratory in Waterloo, Ontario, Canada. IT? was
subcontracted by ELI for this work, and the samples were initially shipped to ELI. Based on the
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results of the geochemical analysis conducted by ELI, Arcadis selected two to three samples per
well/borehole for stable sulfur isotope analysis. This analysis involved a series of chemical
extractions that included:

o Deionized water to dissolve readily leachable sulfate
o0 Bicarbonate to displace sulfate sorbed to soil minerals

o Nitric acid digestion with a nitrogen-gas purge into a zinc acetate solution to dissolve
sulfide minerals and capture them as zinc sulfide.

e The sulfur and oxygen stable isotopes were then analyzed using an inductively coupled plasma-
(ICP-) isotope ratio mass spectrometer (MS).

2.1.3 Groundwater Sampling and Laboratory Analysis

Groundwater was collected from each of the new wells to investigate the difference in constituent
concentrations in co-located wells screened in fine and coarse material. Sampling was conducted using a
bladder pump and low-flow methods. A new bladder and new tubing were used for each well. Minor to no
drawdown was recorded during sampling of the wells (Appendix B). Field parameters were allowed to
stabilize prior to sampling. Groundwater was collected from each of the four wells along with a duplicate
sample and sent to ELI for total (unfiltered) and dissolved (0.45 micrometer filter) metals, alkalinity, major
anions, nitrate, ammonia, isotopic uranium, TOC, dissolved organic carbon, and phosphate, and to IT2 for
stable sulfur isotope analysis (analysis of sulfur-34 and oxygen-18 content of sulfate in groundwater). In
addition, a HACH ferrous iron field kit was used to measure ferrous iron in the groundwater at the point of
sampling.

2.2 Geophysical Assessments

Two scales of geophysical assessment were performed as part of this investigation. First, at a broad
scale encompassing more than 1 mile horizontally by several hundred feet in depth, Arcadis performed
two transect alignments of ERT to provide a high-level image of the overall geologic conditions of the
alluvium and underlying bedrock north of the LTP. Electrical resistivity is generally accepted as a good
indicator of lithologic, hydrogeologic, and geochemical conditions at a broad scale. The primary goal of
including this type of imaging in the overall investigation is to provide a continuous image of the alluvial
channel geometry and the sediment contained within it. If successful, this type of imaging could be
valuable in connecting the broadly spaced well borings and guide decisions pertaining to better
placement of borings and wells.

The second type of geophysical measurement was made at the borehole scale. Lithologic, mineralogic,
and stratigraphic inferences are possible when borehole geophysical measurements are made in
consideration of various mineralogical and geochemical results taken at the discrete sample scale.
Additionally, borehole geophysical measurements, sharing common attributes with the larger scale
surface ERT measurements, guide and constrain the interpretation of the ERT results. As such, borehole
geophysical data act as a bridge between the large scale ERT datasets and the small, sample-scale
testing results. Each of these assessments is described below.
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2.2.1 Electrical Resistivity Tomography Assessment

Arcadis completed an ERT assessment with the objective of mapping the alluvial channel geometry and
the internal variations within the alluvium in accordance with the Work Plan (Arcadis 2019a). The
preliminary interpreted ERT data were used to inform the drilling phase of the program to determine well
positioning and well construction details, including the desired well screen interval (see Preliminary ERT
Assessment Results, Revision 1 memo in Appendix A). The preliminary ERT interpretation was
completed as rapidly as possible to aid in the progression of the drilling program and was not intended to
be a final interpretation. Additional interpretation was completed with the help of drilling and literature data
to put the ERT data into context.

The key benefit of including ERT is that it has provided a continuous, broad context for the correlations of
highly detailed information derived from individual boreholes. This leads to a more comprehensive and
defensible interpretation of the alluvial sediment and underlying bedrock within the stratigraphic
constraints associated with the sedimentary basin. These constraints are required to outline
heterogeneity and potential preferential flow pathways and variations in sediment type, which are
important factors to evaluate the hypothesis that uranium concentrations could be influenced by localized
variability in alluvium characteristics and geochemistry tied to the sediment provenance.

Following field data collection, for each line, the datasets were compiled and inverse-modelled to create
electrical resistivity in two continuous cross-section views of the alluvial channel. The RES2DINV software
program by Geotomo Software was used for inverse modelling of the ERT data. New and existing
borehole geophysical data and visual observations were used to constrain the resistivity models and
interpretations within.

Figures 2 and 3 are processed ERT cross sections with interpretative annotations. Similar cross sections
were provided in the Preliminary ERT Assessment Results, Revision 1 memo (Appendix A). Since the
writing of the Preliminary ERT Assessment Results, Revision 1 memo, Arcadis has performed additional
smoothing and filtering of the ERT data to suppress unwanted, non-geologic noise. Appendix C contains
greater detail on the processing steps that were taken to arrive at the final depictions in Figures 2 and 3.

2.2.2 Borehole Geophysical Assessment
Borehole geophysical logging was included to:

e Quantitatively and graphically contextualize the soil descriptions and geochemical results
obtained during this investigation.

e Provide insight into the stratigraphy and allow an objective means of correlating between
boreholes including the wells that the USGS logged in 2016. This was particularly important due
to the undetailed descriptive information obtained during drilling of existing wells.

e Yield direct, in-situ estimation of the concentration of total uranium in the formation.
e Guide decision making about mineralogical analysis of samples.
The borehole geophysical assessment activities consisted of:

e Collection of geophysical parameters through the operation of borehole geophysical probes at
four newly drilled locations and several existing wells across the project and background area
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o Post-fieldwork data processing of the raw field data.

For the new BK locations, the types of data obtained included natural gamma ray, spectral gamma ray,
and induction conductivity. Natural gamma ray and spectral gamma ray data collection were conducted
while the drill rig was in place, through the steel drill casing. Induction conductivity was conducted after
final well/borehole installation to avoid metallic interferences.

An Arcadis geophysical specialist collected the borehole geophysical data. The equipment was
manufactured by Mount Sopris Instruments. The equipment used to move the probes within the borehole
consisted of a mini-winch containing 200 meters of 3/16-inch-diameter cable and a matrix control console.
Depth of the logging probe was quantified with an encoder wheel affixed to the logging unit, which was
located immediately downstream of the motorized winch. The logging cable was passed over a centring
tripod and pulley, and once a given probe was connected to the cable-head assembly, the top of the
probe was aligned with the ground surface and the control console was zeroed. The matrix console
modem transmitted both the depth and the serial probe data via USB cable to a laptop computer, which
acted as a control interface for the matrix console and probes. The software used for this purpose was
Matrix Logger Version 10.

Three separate probes were operated in each borehole. The specifications for the probes are
summarized in the table below.

Diameter | Length

Probe Type . . Sensor Technolo

yp (inches) | (inches) gy
Natural o

2PGA-1000 1.63 31.3 Scintillometer: Nal(Tl) .875"x3.0"

Gamma Ray
Spectral 2SNA-1000S 15 46.61 Scintillometer: Nal(Tl) .875"x3.0" (temperature
Gamma Ray compensated)
Inductloh . 2EMA-1000 1.44 66.9 Tx-Rx separation of 50 cm, 39.2KHz Operating
Conductivity Frequency

Natural gamma ray logging was completed in one continuous pass at an approximate logging speed of 12
feet per minute or less. The output from natural gamma ray probe, aside from low-pass filtering to
suppress high-frequency random noise, generally does not require additional post-processing and is
presented as gross counts per second.

Spectral gamma ray logging was performed in two modes: dynamic and static. Dynamic logging is mainly
done as a means of selecting specific locations at which to perform static measurements. This is because
the statistically random nature of the gamma ray spectrum does not lend itself to dynamic, continuous
measurements. To increase confidence, dynamic logging was conducted at a relatively low logging speed
of 3 feet per minute and in a downward and then upward pass. This approach provided data for rough
estimation of the uranium concentration in the alluvium. The dynamic data were reviewed in the field to
select the specific static measurement locations. The static data provided higher accuracy and precision
than the dynamic data. Each static measurement was made with the probe at a fixed location over a 15-
to 20-minute period to ensure that a statistically significant integrated value would result. The spectral
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gamma ray data were modeled after fieldwork in WellCAD to calculate the estimated potassium, uranium,
and thorium content at specific fixed locations. The entire 15- to 20-minute record was stacked to
maximize wanted signal, and then the data stripping method was used to isolate the potassium, uranium,
and thorium signals. A specific calibration model for the logging probe was used to calculate the mass-
based concentrations.

For newly drilled locations BK1c, BK2c, BK3, and BK4 and locations drilled in 2018, DD-BK, and DD2-BK,
Arcadis also performed additional processing of the spectral gamma data to enhance the interpretability
from a stratigraphic correlation standpoint. To create nearly continuous plots, Arcadis used the dynamic
spectral gamma data. Mass-based values were calculated from a 155-point window (5-foot vertical)
moving operator, which passed through the entire dynamic dataset. The Briggs Color Cubing (BCC)
method was applied to the mass-based spectral gamma data using the approach described by Sullivan
and Song (2017):

Spectral gamma ray data has long been recognized for its usefulness in clay typing and rock
typing, including distinguishing organic rich shales and radioactive sands from conventional
shales. The use of this data has not been widespread however, possibly because the analysis
often involves point-based ternary diagrams and the results are not easily presented in a depth
based log.

Colour cubing is a technique for turning the portion of the total gamma ray signal that is due to
potassium, uranium, and thorium into distinct and meaningful colour patterns. Colour cubing
uses the red-green-blue (RGB) colour axes to depict the changing proportions of three attributes
(similar to how a colour TV can create any colour from RGB mixing).

We have established the convention of scaling the portion of gamma ray due to uranium using
the blue axis, potassium on red, and thorium on green. The results are easy to display in a
depth-based log by filling the gamma ray track with this colour shading. This depicts both the
total value and composition of the gamma ray measurement. We have found this very useful for
a variety of applications. It results in a step change improvement in our ability to recognize
markers when doing inter-well stratigraphic correlation. Sediments from a common source will
have a common mixture of radioactive elements, so layers of sediments rich in potassium,
uranium, and thorium appear as distinct blue, red & green bands in cross sections, which greatly
eases stratigraphic correlation. Whether diluted or concentrated, if the radioactive mixture does
not change, the colour will remain the same, telling us the sediments are likely from the same
source.

Changing radioactive composition is difficult to distinguish from individual potassium, uranium and
thorium (K,U,T) curves that all may be constantly changing but with similar proportion of
elements. The similar colours make it clear the proportions have remained the same.

To show the BCC method, the graphic below portrays the relative color ranges for differing combinations
of the potassium (K), uranium (U), and thorium (T).? The ratios of the weigh-based proportions of each
element to the calculated total gamma ray content were calculated. Then the P10 and P90 values for

1 Note: Arcadis has followed the color convention used by the USGS of RGB for KUT rather than the convention of
the authors.
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each ratio was determined. In the BCC process within WellCAD, consistent ranges of ratio values were
input as follows:

e GR_KRAT, P10=0 to P90=0.035
e GR_URAT, P10=0 to P90=0.125
e GR_THRAT, P10=0 to P90=0.18

Borehole geophysical graphic logs for BK1c, BK2c, BK3, BK4, DD-BK, and DD2-BK were produced using
WellCAD portraying the geophysical results, including the observational and laboratory data. Appendix
D1 contains the graphical logs and Appendix D2 contains the unplotted data used to make the graphics.
In addition to the BCC analysis, also included in the logs provided in Appendix D1 are:

e Natural gamma ray

e Induction conductivity

e Th/K and Th/U ratios calculated from the dynamic spectral gamma analysis described above
e Static spectral gamma points for potassium and uranium.

Observed in their totality, this suite of logging tracks provides an intuitive and understandable graphic to
visualize the stratigraphic sequences, textural variations in the alluvium, variability in sediment source,
weathering overprints (mainly in the Chinle Formation), and distribution of total uranium. Figure 4
provides a cross-sectional view of these graphic results for DD-BK, BK1c, BK2c and BKS3, aligned with
ERT Line 2. Note that total uranium is typically reported at higher concentrations by the spectral gamma
analysis as compared to the total metals analysis performed in the laboratory on sediments. There are
significant scale differences between the two analyses — the spectral gamma measures the surface of the
interior of a borehole, integrating the signal over a number of vertical inches whereas the total metals and
SSE analysis is performed on only a couple of grams of sediment. Other less significant factors (as
compared to the large difference in volume of sample interrogated by each method) such as the precision
of spectral gamma at low levels, and correlation of the logged depths of sediment samples to the spectral
gamma tool position, may also contribute.

Arcadis also collected natural gamma, induction conductivity (PVC wells only), and spectral gamma data
in the following existing wells: 914, 921, 922, L, N-16, P2, P4, R, and W (see Appendix D3). Dynamic and
static spectral gamma data were gathered in five wells previously logged by the USGS (DD, DD2, Q, MV,
and ND) in an effort to complete the spectral gamma work in the vadose zone (USGS collected spectral
gamma only in saturated materials; see Appendix D4). The goal of collecting these data in Appendices
C3 and C4 was primarily to estimate potassium, uranium, and thorium values from the static spectral
data, which are summarized in Table 4. Figure 5 presents a map-view portrayal of the static uranium and
Th/K versus depth plots for each of the locations logged.
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3 RESULTS, DISCUSSION, AND CONCEPTUAL SITE
MODEL

This section presents the results of the drilling, geochemical, and geophysical assessments, which are
considered individually because each provides specific lines of evidence related to the presence of
uranium in the alluvial system. However, when combined, they provide the means to form a robust CSM
for the placement and migration of uranium naturally in the alluvial system.

3.1 Drilling and Lithological Assessment

The descriptive geologic and well construction logs for wells BK1c, BK1f, BK2¢c, and BK2f, and descriptive
geologic logs for boreholes BK3 and BK4 are presented in Appendix E. Well/borehole installation details
are summarized in Table 1. Drilling was conducted with a sonic drilling rig, which produced continuous
sediment cores for lithological inspection. The lithology logged indicated that the unconsolidated materials
were composed of an irregular and heterogeneous alluvial sequence of clays, silts, silty-sands, sandy-
silts, sands with variable amounts of gravel, and occasional gravel layers, detailed in the following
section.

3.1.1 Unconsolidated Alluvium

When comparing the descriptive lithological logs for the recent wells and boreholes to the drilling logs of
previously drilled adjacent groundwater wells DD, DD2, the P wells, and well ND, the alluvial sequence
was described as being significantly more heterogeneous than indicated in previous drilling logs. The
difference in detail can be attributed to the contrasting drilling methodologies used. Previous well
installations were typically conducted with mud rotary rigs, with sediment or rock chips being logged from
mud returns, whereas this investigation was conducted with a sonic drilling rig with the return of intact
sediment or rock core that was not affected by drilling fluid. As a result, Arcadis was able to construct a
more detailed cross section (A-A’; Figure 6) along a linear transect spanning from Well DD to Well ND,
incorporating four existing wells (DD, P2, P4, and ND), one boring drilled in 2018 (DD-BK), and five
borings or wells drilled in 2019 for this investigation (BK1c, BK1f, BK2c, BK2f, and BK3), as shown on
Figure 6. The same alignment was followed by ERT Line 2 as discussed below.

For construction of the cross section, zones of similar lithology were combined such that alternating thin
layers that were mostly silty sand, but containing occasional sand layers, were displayed as a single unit
of silty sand or vice versa. This has enabled interpretation of general trends in lithology across the alluvial
basin. However, the descriptive geologic logs provide greater localized detail. The general trend in the
alluvial basin indicated by Cross-Section A-A’ (Figure 6) is that materials at the margins of the alluvial
basin have fine-grained characteristics associated with low-energy sediment deposition while the center
of the basin contains coarser, higher energy type sediment. This supports the CSM that alluvial materials
throughout the basin were deposited through time via transport predominantly by flowing waters of
variable velocity and origin that meandered back and forth across the basin. Additionally, the greater
proportion of coarse materials in the central portion of the basin may contribute to higher groundwater
transmissivity in the center of the basin than at the margins. Figure 3, ERT Line 2, provides a broader
perspective on the overall geometry of the alluvial basin.
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3.1.11 Quantitative Analysis of Alluvial Textures

As an aid to assess the broad lithological trends in the alluvium across the basin, pie charts were
produced displaying the dominant lithological groupings (Figure 7). To calculate relative percentages of
each major lithological class, each lithology was broken down into its major parts. For example, for core
classified as sand and gravel, one-half of the amount was placed in each category. If a lithology was
listed as having a substantial minor component (e.g., silty sand), 25 percent was placed in the minor
category per foot of core and 75 percent was placed in the major category; the exception to this is clay
(e.g., sandy clay), in which case all of the length was placed in the clay category because clay dominates
the hydrogeological characteristics of the lithology. These pie charts were also constructed for boreholes
DD-BK and DD2-BK, installed in 2018 in the far west side of the alluvial channel, near wells DD and DD2.
“Fine-grained” is defined as predominantly silt or clay. “Coarse-grained” is defined as predominantly sand
or gravel. In general, boreholes on the western side (i.e., DD, DD2, BK1c, BK1f, BK4) and far eastern
side of the alluvial channel (i.e., ND and BK3) contained greater amounts of fine-grained materials than
those in the center of the alluvial channel (i.e., P2, P4, BK2c, and BK2f).

Clays and silts made up 36 to 37 percent of the alluvial materials in the far western boreholes (DD-BK
and DD2-BK), 39 to 43 percent in the western boreholes (BK1f and BK1c), and 55 percent in the eastern
borehole (BK3). Referring to ERT Line 2 (Figure 3), the electrical resistivity data generally support these
trends with the highest resistivity zones above bedrock located to the far west and the lowest resistivity
alluvium found in the east near ND and BK3 (note that in general clean, coarse materials are the most
resistive, fine materials the least). In contrast, only 20 to 24 percent of the alluvial materials at the central
portion of the channel (boreholes BK2¢c and BK2f) were fines. Clay constituted approximately 25 percent
of the sediments at far west boreholes DD-BK/DD2-BK and occurred most frequently in 1- to 2-foot
intervals in DD-BK; clay layers were thicker in DD2-BK, occurring most frequently in 2- to 5-foot reaches.
Clay made up approximately 20 percent of the sediments at western wells BK1c/BK1f and most
frequently occurred in 1-foot intervals; thicker clay deposits of 7 to 10 feet were encountered immediately
above bedrock. Clay was less abundant at BK2c/BK2f and occurred in sporadic deposits 0.5 foot to 5.5
feet thick. Clay was not encountered near the contact with bedrock at BK2¢c/BK2f. Clay made up 27
percent of the alluvial materials at BK3 and occurred in frequent intervals of 1 foot to 2.5 feet. Clay
located immediately above bedrock at BK3 often incorporated larger clastic materials such as sand and
gravel. Material classified as gravel was rare in the boreholes, constituting approximately 2 percent in
BK1c/BK1f and BK2c/BK2f, 1 percent in BK3, and 4 percent in BK4.

3.1.1.2 Sediment Composition

Gravel clasts in the alluvium consist of variable rock types including granite, basalt, rhyolitic fragments,
and small pieces of dacite porphyry. Other visible features in the core included zones of mineralization
and discrete particles and disseminated patches of black, solid, natural organic carbon. Each of these
factors locally affects the mineralogical geochemistry and the groundwater geochemistry in the saturated
zone. The details concerning the mineral and lithologic composition of the sediments is discussed in the
section entitled Mineralogical Assessment.
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3.1.2 Chinle Formation Bedrock: shale and sandstone

The entire alluvial basin in the area investigated is underlain by the upper Triassic Chinle Formation. The
Chinle Formation is a highly variable terrestrial sedimentary formation consisting mainly of fluvial and
lacustrine sediments. Locally, it consists of both shale and sandstone. Only Chinle Formation shale was
encountered in the boreholes advanced along Cross-Section A-A’ (BK1c, BK1f, BK2c, BK2f, BK3; Figure
6) during this investigation. Bedrock at BK4 consisted of Chinle Formation sandstone underlain by Chinle
Formation shale. Specifically, shale was observed as follows:

e 62.5 feet bgs in BK1c/BK1f

e 80-81.5 feet bgs in BK2c/BK2f
e 60 feet bgs in BK3.

e 53.5 feet bgs in BK4

The contact was typically observed to be abrupt between the alluvial materials and underlying shale. A
color change to a more reddish tone was frequently noted toward the base of the alluvium, up to several
feet in thickness prior to contact with the shale. A variable weathering profile from a couple of feet up to
several feet was observed in the upper portion of the shale, with a transition from highly weathered weak,
wet rock to dry and more competent rock.

The identification of competent rock for the recent boreholes in 2018 and 2019 typically has matched the
Chinle Formation contact for previous boreholes, even though weathered Chinle Formation material was
noted above this contact. This indicates that the actual alluvium-Chinle Formation bedrock contact is
potentially shallower than previously interpreted at some locations, at least potentially from a geochemical
standpoint. When setting groundwater wells during this investigation, care was taken to set the well
screen intervals above the weathered zone of the Chinle Formation bedrock, avoiding zones where color
change was noted.

To the south of Cross-Section A-A’ (Figure 6) and ERT Line 2 was ERT Line 1, which was laid out parallel
to the north side of the LTP (see Figure 1). One boring (BK4) was drilled along Line 1 where the resistivity
data appeared to suggest relatively shallow bedrock (see discussions in Appendices A and C). Chinle
Formation sandstone was encountered in borehole BK4 at 35 feet bgs. This represented a bedrock high
in this area as shown on ERT Line 1 (Figure 2), with the surface of the sandstone dry and above the
water table. The sandstone was noted to be white to brown, hard, and contained evidence of white
mineralization in places. When pieces were worked by hand with water, they yielded sandy clay. Lower
portions of the sandstone were wet and indicated water-bearing porosity and permeability, readily
absorbing water if dried and rewetted. There is evidence that the sandstone is permeable and that it is not
a barrier to groundwater flow in this area. Beneath the sandstone was shale from 53.5 feet bgs to the total
depth of the boring.

3.1.3 Alluvial Well Construction and Groundwater Conditions

Well pairs were installed at locations BK1 (BK1f/BK1c) and BK2 (BK2f/BK2c) with the screens of adjacent
wells installed across fine and coarse materials, respectively. The well screens were restricted to 5 feet to
target the desired zones. However, significant variation in lithology was present in each of the intervals
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due to the small thickness of the layers, often less than 1 foot. The groundwater levels for the well pairs
were typically similar, indicating limited hydraulic separation.

The association of uranium with fines may influence uranium concentrations in groundwater that is in
contact with higher proportions of fine materials. This relationship is supported at the BK1 well pair, where
BK1f (screened in fine material) contains a higher concentration of uranium in groundwater than BK1c
(screened in coarse material). However, at the BK2 well pair, uranium in groundwater was higher at BK2c
(coarse) than BK2f (fine). This is due to the lack of fine-grained materials in the BK2 area, which resulted
in well BK2f being screened primarily over sandy material. Additionally, wells may be able to draw water
from units above and below the screened interval that are in contact with the sand filter pack (see well
construction details in Appendix E). BK2f was screened over the finest material available within the
saturated zone, but the sand filter pack expanded this interval to include additional sand. It is expected
that BK2c and BK2f are both representative of groundwater associated with coarse materials (Figure 8).
While lower uranium concentrations are seen in groundwater associated with well ND (0.03 milligram per
liter [mg/L] uranium in 2018 [Homestake and Hydro-Engineering 2019]) where large amounts of fines
were logged on the eastern side of the channel, distinct geophysical and XRD data suggest that the origin
of the alluvial material is different in this area than in the center or western portion of the alluvial channel.

In 2018, groundwater was encountered at approximately 45 feet bgs at DD-BK and 42 feet bgs at DD2-
BK. During the 2019 investigation, groundwater was encountered at 42.5 feet bgs at BK1c/BK1f; 42.5 and
43.5 feet bgs at BK2c and BK2f, respectively; 45 feet bgs at BK3; and approximately 43 feet bgs at BK4.
Water levels in wells near the BK2 area (P2 and P4) were approximately 41 and 37 feet bgs, and the
water level in well ND near the BK3 area was 40 feet bgs in March 2018 (Homestake and Hydro-
Engineering 2019). The shallowest depths that groundwater has ever been measured in wells DD and
DD2 were 42 and 42.2 feet below measuring point, respectively, on May 30, 2017 and December 29,
2014, respectively. Thus, samples collected shallower than 42 feet bgs at DD-BK and DD2-BK are
considered to be in the unsaturated zone and have not been exposed to groundwater since well DD’s
installation in 1976 or well DD2’s installation in 2008. Samples collected deeper than 42 feet bgs are
considered to be in the saturated zone and are exposed or have been exposed to groundwater contact.
Similarly, samples collected deeper than 42 feet bgs at BK1, 37 feet bgs at BK2, and 40 feet bgs at BK4
are conservatively considered to be in the saturated zone.

3.2 Geochemical and Mineralogical Assessments

Data from the geochemical, mineralogical, and groundwater assessments are included in Appendix F.
Analytical results were within standard quality control limits for all results that are not associated with
analytical qualifiers. Qualifiers have been included in the data tables were applicable and Data Validation
Reports for standard analyses are included in Appendix F.

3.21 Geochemical Assessment

The total metals analysis represents all metals present in a sample that can be digested with nitric acid
and hydrogen peroxide and does not include hydrofluoric acid; this includes all mineralogical material
except crystalline silicates and possibly some recalcitrant crystalline oxides. The total metals analysis,
performed according to EPA Method 3050B, liberates “environmentally available” major and trace
elements (USEPA 1996); it simulates a strong chemical weathering environment and provides a
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conservative estimate of the leachable major and trace elements. The total metals results are plotted
versus depth on Figure 9 and are shown in Table 5. Out of the 30 samples, three contained uranium
greater than the reporting limit of 1 milligram per kilogram (mg/kg): two samples from BK1 at 51 to 52 and
52 to 53 feet bgs with 2 mg/kg each, and one from BK3 at 42.5 to 43.5 feet bgs with 1 mg/kg. Similarly,
molybdenum was detected in three samples at concentrations greater than 1 mg/kg and selenium not
detected at concentrations greater than the reporting limits of 1 and 3 mg/kg in any sample. Vanadium
was detected in association with fine-grained materials at BK1 (up to 22 mg/kg) and BK3 (up to 36
mg/kg); this element was present at notably lower concentrations at BK2 (up to 11 mg/kg).

In the SSE, discussed below, uranium, molybdenum, and selenium were detected and quantified at
concentrations below 1 mg/kg in the majority of those samples where uranium was not detected by the
total metals analysis. Better detection limits are provided by the SSE method due to lower matrix
interference — the total metals analysis results in almost complete dissolution of the sediment and the
resultant digests have extremely high concentrations of major elements (e.g., sodium, magnesium); this
complex matrix makes it difficult for the ICP-MS instrument to resolve low concentrations of trace
elements.

Vanadium has been shown to be present in uranium-bearing ores in the region, in minerals such as
tyuyamunite and carnotite (Brookins 1982; Meunier 1994; McClemore 2010). Uranium detected at 2
mg/kg at BK1 was associated with elevated vanadium at 18 to 21 mg/kg, as well as the highest
concentration of iron measured in the borehole (46,300 mg/kg) and organic carbon (1.2 percent by weight
[wt.%]). Uranium, vanadium, iron, and organic carbon were detected at the highest concentrations in this
sand/gravel/silt and sandy clay environment at 51 to 53 feet bgs. The mineral environment here is similar
to the DD-BK and DD2-BK sediment where uranium was detected at higher concentrations. At BK2,
however, these mineralogical markers of uranium-bearing zones were absent, with nondetect uranium,
low iron and vanadium concentrations, and low organic carbon. At BK3, the clay at 43 feet bgs revealed
high iron (21,600 mg/kg), vanadium, and organic carbon concentrations. This was the only sample that
yielded detectable uranium from this borehole. In general, and as expected, constituents such as
aluminum and potassium are more abundant in fine-grained samples.

In 2018, borehole DD-BK yielded three samples that exhibited detectable uranium (all at 1 mg/kg). All
were clays, and two occurred above groundwater in the unsaturated zone. The remaining seven samples
exhibited nondetect uranium; these were coarser-grained materials that ranged from fine to coarse sand
to silty sand and gravel. At borehole DD2-BK, eight of the nine samples exhibited detectable uranium
ranging from 1 mg/kg (four samples), 2 mg/kg (two samples), 5 mg/kg (one sample), and 10 mg/kg (1
sample). The compositions of these samples ranged from clay to gravelly sand with silt. The highest
uranium concentration was measured in a clay in the unsaturated zone at 11 to 12 feet bgs. This sample
also exhibited the highest leachability in a bicarbonate extraction solution (Kohler et al. 2004) at 0.179
mg/L. The concentration of vanadium at this depth was 34 mg/kg, the highest measured in soil samples
recovered from this borehole. As discussed above, the correlation of uranium with vanadium is a common
characteristic of nearby Morrison Formation sandstone tabular uranium-bearing minerals (see, for
example, McLemore 2010).

Paste pH values for all samples ranged from 7.9 to 8.5 standard units, indicating that the samples are not
acid-bearing or generating. ORP measurements on soil varied from 179 to 325 millivolts, indicating that
the samples are predominantly oxidized.
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Total carbon and total sulfur were measured via the LECO® Induction Furnace method. Total carbon
varied from 0.1 to 1.3 wt.% and in general was highest in fine-grained samples such as silt and clay. Total
sulfur varied from less than 0.01 to 0.03 wt.%, indicating that sulfate and sulfide minerals do not constitute
a significant portion of the mineralogy by weight; however, pyrite and gypsum were detected via
petrography and QEMSCAN. Even in small amounts, pyrite can have local effects on geochemical cycling
and should not be ignored.

The stable isotope composition of the sediment was determined for sulfur-34 and oxygen-18 with the
results reported in reference to the level of enrichment or depletion of each isotope relative to a standard.
Table 5 presents these results for eight sediment samples (Figure 10), along with the results for
groundwater in BK1 and BK2 (2019) and upgradient wells DD2, DD, P3, Q, and ND (2016; Figure 11). It
is important to note that sedimentary biogenic pyrite is depleted in heavy sulfur (sulfur-34) and enriched in
isotopically light sulfur (sulfur-32) because microbial processes preferentially concentrate the light sulfur.
Fishman and Reynolds (1982) reported the per mil (%o) ratio between sulfur-32 and sulfur-34 isotopes
(6%4S) ranging from -41.6 %o to -29.4%. for pyrite associated with uranium ore samples from New Mexico,
and Jensen (1958) demonstrated that sulfur associated with uranium ores had &3S values ranging from -
48%o to 12%0; however, most values were strongly negative.

On the west side of the alluvial channel (at BK1), the sulfur-34 content of leachable sulfate, sorbed
sulfate, and sulfide is depleted just below the water table (with sediment enriched in sulfur-34 above the
water table). Oxidation of sedimentary pyrite leads to the generation of dissolved sulfate and formation of
sulfate minerals in soil (e.g., authigenic gypsum) as well as sorbed sulfate. The sulfur-34 signature of this
sulfate points to a biogenic source as shown by the depleted 84S (less than -20%o.). Soluble sulfates
sourced from biogenic sulfide have been shown to be highly depleted in sulfur-34 (Kramar et al. 2011).
Goethite-replaced framboidal pyrite was seen at BK1, BK2, and BKS3, indicating that isotopically light
biogenic sulfur was released into the system and either into groundwater or incorporated into other
mineral forms like gypsum. Sulfate associated with sediments at BK1 shows greater depletion in sulfur-34
compared to BK2 and BK3 (Figure 10). Where uranium was detected in sediments at BK1, the soluble
sulfate %S is depleted (-25.7%0 at 51 to 52 feet bgs) and the 534S of mineral sulfides here is -2.9%o.
Above the water table, the 6%*S associated with soluble sulfate is positive and likely due to deposition of
detrital gypsum. The results for the mineral sulfides at BK1 show that the sulfides are dominated by
biogenic sulfides just below the water table and then gradually shift to more abiotic sulfide signature (less
depleted in sulfur-34). This could indicate that a significant fraction of the biogenic pyrite has
oxidized/weathered (releasing isotopically light sulfate to the sediments, which becomes locked up as
gypsum) and the abiogenic pyrite is preserved in the sediment because it is less reactive and more
crystalline.

At BK2 (center of channel) in the unsaturated zone, results show almost no fractionation for soluble/
sorbed sulfate and slight negative fractionation for solid sulfides; the soluble/sorbed results may be due to
detrital gypsum and the sulfide result may be representative of a mix of biogenic and abiogenic sulfide
formation.

The two data points from BK3 in the east show a more depleted signature above the water table than
below. The soluble sulfate here is less depleted in sulfur-34, pointing to a source associated with
recharge/runoff from Lobo Creek including allochthonous gypsum.
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3.2.2 Mineralogical Assessment

3.22.1 X-Ray Diffraction, Petrography, and Quantitative Evaluation of Materials
by Scanning Electron Microscopy

XRD was completed on 10 samples, with four samples receiving both bulk mineralogy XRD and clay-
specific XRD. Data are provided in Appendix F. Table 6 shows XRD results, plus lithologic data and
uranium content data for each sample, and Figure 12 shows the data. Samples submitted for XRD
ranged in grain size from clay to gravel and included samples from the saturated and unsaturated zones.
Presented in order of abundance, coarser grained samples are primarily composed of quartz, potassium
feldspar, plagioclase feldspar, and calcite, with minor components of goethite/hematite, illite/mica,
kaolinite, and rarely, dolomite. Fine-grained samples (clay-dominated) are primarily composed of quartz
and clay minerals including smectite, kaolinite, and illite/mica, with roughly similar amounts of calcite,
potassium feldspar, and plagioclase. Clays on the western side of the channel are dominated by smectite,
whereas clay from the eastern side of the channel is dominated by illite. Clay content ranged from
approximately 4 to less than 14 percent in the coarser grained samples (lithologically logged as sand or
gravel) and from 22 to 54 percent in the fine-grained samples (lithologically logged as silt or clay).

Petrography results from the 2018 and 2019 investigations corroborate the XRD results and contribute to
our understanding of mineral distribution, grain texture, and association throughout the samples. Coarse-
grained samples are primarily composed of angular to well-rounded clasts of quartz, potassium feldspar,
and plagioclase, often cemented with clay, iron oxides, or carbonate (Figure 13). Occasional larger clasts
consist of quartz sandstone, arkosic sandstone (Figure 13), or igneous rocks including granite, basalt,
rhyolite, and dacite porphyry (Figure 14). Organic carbon is visible as black masses in most samples
(Figure 13). While not detected greater than 1 wt.% via XRD in 2019, pyrite was visible in most samples
as degraded/partially degraded goethite pseudomorphs of pyrite in the west and as undegraded pyrite in
the center (BK2) and eastern (BK3) portions of the alluvial channel (Figure 13). Significant findings of the
mineralogical analyses are summarized below.

Reduced and oxidized minerals are abundant, indicating heterogeneity in the mineralogical
environment, microenvironments, and transitions from reducing to oxidizing conditions, affecting
uranium mobility.

The results of the petrography analysis for 2019 samples corroborate the findings of the 2018 DD-BK and
DD2-BK results. Almost all samples contain fine-grained material such as clay and silt, all contain iron
oxides, and all contain a mixture of oxidized and reduced minerals (e.g., oxides and sulfides). This
indicates that the redox conditions to which the alluvial materials are exposed have changed through
time, and demonstrates the heterogeneous nature of the alluvial sediments, both in the saturated and
unsaturated zones. Clay can create microenvironments by inhibiting water and air movement through the
alluvium. Microenvironments in clay can foster the formation and/or preservation of reduced minerals
such as pyrite within an oxidizing aquifer.

The majority of the core samples collected in 2018 and 2019 contain metal sulfides, notably as pyrite.
Through time in an oxidizing environment, pyrite can transform into iron oxides as seen in samples from
DD-BK, DD2-BK, and BK1 (Figure 15). Oxidation of pyrite removes reducing potential from the system
and where uranium is present, is often accompanied by oxidation (mobilization) of uranium. Uranium in
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systems with degraded or degrading pyrite is likely to be released from its immobile, reduced form to its
mobile, oxidized form in groundwater (Descostes et al. 2010). Goethite-replaced framboidal pyrite was
seen at BK1, BK2, and BK3. Framboidal pyrite is more easily oxidized than cubic pyrite (Weisener and
Weber 2010), acting as an indicator of the redox state. Samples from BK2 and BK3 more commonly
showed unaltered cubic pyrite, indicating that abiogenic sulfides here have not undergone oxidation and
as a result, uranium concentrations in groundwater due to oxidation of total pyrite are expected to be
lower (Figure 15). Groundwater sampled from BK2f was geochemically reducing, demonstrating that the
fine-grained material at this location retains significant reducing capacity, whereas at BK1f, a strongly
reducing environment was not encountered (further discussed below).

Pyrite formation and degradation are important geochemical markers for the redox state of the alluvial
system. Pyrite framboids are particularly relevant for several reasons because they are most often formed
by sulfate-reducing bacteria (SRB; Qafoku et al. 2009):

e The formation of pyrite by SRB fractionates sulfur because the SRB preferentially use the lighter
sulfur isotope (Krouse and Grinenko 1991).

e Oxidation of pyrite originally formed by SRB releases isotopically light sulfate into groundwater.
This can be seen in the light sulfate measured in groundwater throughout the SMCB with a 834S
of -25.5 to -30.4 per mil (Ulrich et al. 2019; Blake et al. 2019).

e Pyrite is known to be a scavenger of uranium (Qafoku et al. 2009) and the oxidation of pyrite can
release uranium to groundwater.

e The presence of pyrite signals that the alluvial materials (whether saturated or unsaturated)
are/were reducing, a condition that is more common in fine-grained material such as silt and clay
than in coarse-grained material such as gravel.

Stable sulfur isotope analyses on sulfides on 2019 samples show a combination of biogenic and
abiogenic pyrite. At BK1, the lightest sulfide material (biogenic signature) appears just below the water
table; samples deeper than this become heavier, indicating either abiogenic pyrite formation or that the
biogenic pyrite in the deeper samples has degraded to iron oxides as seen in the petrography. As
discussed above, very light groundwater signatures were measured at the four new wells, indicating that
the sulfate in groundwater originated from the oxidation of very light biogenic pyrite. Only one sample was
analyzed from BK2, which showed a sulfur stable isotope signature that is neither indicative of biogenic or
abiogenic origin. The two samples from BK3 show behavior opposite of those from BK1, trending lighter
above the water table and becoming heavier in the saturated zone.

Clays are mineralogically complex, organic carbon rich, and may be a reservoir for reduced
uranium and a source of uranium to groundwater.

The clay mineralogy varies from primarily smectite in the west to illite in the east, reflecting a difference in
the source of the fine-grained alluvial materials across the channel. Smectite typically contains ~0.1 to 0.5
wt.% potassium and calcium content up to 6 wt.%, whereas illite has a higher concentration of potassium
(up to 8 wt.%) and lower calcium content (approximately 1 wt.%) (Grim 1968). The higher potassium
content of illite may account for the higher natural gamma signature on the east side of the sedimentary
basin. The lower potassium content of smectite combined with its higher solubility and greater leachability
of potassium may contribute to the large Th/K ratios observed on the west side at specific depths. The
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clays can be characterized as iron oxide-stained clays with abundant organic inclusions and disseminated
metal sulfides including pyrite (iron), chalcopyrite (copper), galena (lead), sphalerite (zinc), and assorted
other minor metal sulfides. Calcite is also present and is intermixed with the clay. Calcite can act as a
source of locally available alkalinity that can encourage leaching through the formation of highly soluble
uranium-carbonate species. Organic carbon and iron oxides are abundant. Uranium is often associated
with iron oxides, which can sorb uranium, and with organic carbon, a strong reductant that can reduce,
immobilize, and store uranium (Spirakis 1996).

Minerals present in the Morrison Formation are evident in the sediments across the alluvial
channel; mineral morphologies indicate water-borne transport and deposition, sometimes large
distances from their origin.

The clastic materials range from silty sand to gravely sand and are characterized by angular to rounded
quartz silt and sand, angular to sub-rounded feldspars and plagioclase, amorphous iron oxides, and clay
coatings on sand grains. The rounded and sub-rounded nature of the clastic grains indicates that they
have been transported a significant distance from their source. The mix of angular clastic materials in the
alluvial materials reflects either a more proximal source or that larger lithic fragments were transported
and broke into smaller fragments closer to the location of their final deposition. The two high-uranium
units of the Morrison Formation are the Westwater Canyon Member and the Brushy Basin Member; both
units are known to contain claystone, kaolin, and unaltered, angular grains of feldspar (Freeman and
Hilpert 1956) and medium- to coarse-grained arkosic sandstones (Santos 1970) such as that seen in
many of the samples from DD-BK, DD2-BK, BK1, BK2, and BK3. Igneous lithic fragments of granite,
basalt, rhyolite, and dacite porphyry occur in coarser-grained samples, indicating that they were
deposited during higher energy geologic events such as floods. These lithic fragments may represent
alluvial contributions from nearby igneous deposits of the Mount Taylor volcanic field.

Uranium was detected via QEMSCAN in a sample from the western side of the channel

Uranium was detected in association with thorium in an inclusion in quartz (Figure 16) and in association
with xenotime, a yttrium phosphate. Other uranium-bearing minerals (monazite and zircon) were seen
throughout the sample, though uranium in these minerals was too low to detect via QEMSCAN-energy
dispersive spectroscopy (EDS). Monazite, zircon, and xenotime are essentially insoluble under
environmental conditions, and only monazite is partially soluble via common USEPA solids digestion
Method 3050B that liberates “environmentally available” elements (USEPA 1996). Uranium was present
in these recalcitrant mineral phases at high enough concentrations to detect by QEMSCAN-EDS.

3.2.3 Constituent Distribution in Minerals

A constituent’s leachability is directly related to its distribution between and association with different
minerals. SSEs sequentially dissolve more recalcitrant minerals and measure constituent concentrations
within those mineral fractions. This program used an SSE based on Tessier, Campbell, and Bisson
(1979) with modification, including addition of a deionized water extraction step (Step 1) and replacing the
exchangeable fraction with an extraction step targeted at evaluating constituents easily displaced by
bicarbonate/carbonate (termed the “adsorbed” fraction; Step 2). Table 7 shows the chemistry employed in
each extraction step, which include water soluble, adsorbed, carbonate bound, oxide bound,
organic/sulfide bound, and recalcitrant (highly crystalline oxides and silicates).
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3.23.1 Selective Sequential Extraction

The SSE results (Table 8; Figures 17 through 22) provide a detailed understanding of the chemical forms
and mineralogical association of each element in the alluvial sediments; these include the following
fractions:

1. Water soluble. Soluble in deionized water.

2. Adsorbed. Displaced by/soluble in carbonate (0.01/0.003 molar sodium bicarbonate/carbonate).
3. Carbonate bound. Associated with carbonate minerals (dilute [1 molar] acetic acid).

4. Oxide bound. Associated with iron oxyhydroxide minerals (acidic hydroxylamine hydrochloride).
5

Organic/sulfide bound. Associated with organic or sulfide (e.g., iron sulfide) mineral phases (dilute
nitric acid/hydrogen peroxide/ammonium acetate).

6. Residual. Associated with recalcitrant minerals/silicates (concentrated nitric/hydrofluoric acid).

The concentration of each element is determined in each fraction through sequential steps in the
extraction process, with each step employing an extraction fluid with a chemical makeup that targets a
specific fraction. Steps 1 through 5 extract the more “labile” forms of the elements, those that are more
likely to mobilize into groundwater out of a solid phase in response to the nature of the groundwater
geochemical conditions. These phases are generally released in the total metals digestion and analysis
(results discussed above) performed using USEPA Method 3050B, which deploys a concentrated nitric
acid and hydrogen peroxide extraction fluid. However, the SSE results provide a closer look at the
mineralogical/chemical association of each element in this labile pool. The last step (Step 6) is not
released in the total metals analysis and represents elements locked in silicate minerals that require a
very strong acid to dissolve (Step 6 includes the use of hydrofluoric acid in the acid digestion procedure to
dissolve all residual material remaining after Steps 1 through 5).

The sum of Steps 1 through 6 is therefore higher than the total metals analysis (see Table 9 for this
comparison of the data). The total metals analysis results are generally greater than the sum of Steps 1
through 5, likely due to some dissolution of moderately crystalline minerals in the concentrated acid used
in the digestion (none of the SSE extractants in Steps 1 through 5 are as aggressive as the USEPA
Method 3050B digestion). For example, iron minerals such as hematite and magnetite may dissolve in the
3050B digestion but are likely to not completely dissolve in SSE Step 4 (oxide bound). Therefore, SSE
Steps 1 through 5 unlock the more highly labile forms of the elements present in soil, and the USEPA
Method 3050B digestion is appropriate for determining highly labile and moderately/less labile forms
(such as hematite, which would be more readily dissolved under a strongly reducing environment). The
elements released in Step 6 are not completely inaccessible to groundwater, but their rate of dissolution
is lower and stronger chemical weathering conditions are required for them to become accessible to the
groundwater system.

Finally, it is important to note that there can be overlap in terms of elements not fully extracted in a prior
step reporting to the subsequent step. The elemental associations that are established are termed
“operationally defined” in that they depend upon the chemical composition of the extractant to determine
their chemical/mineralogical association.

arcadis.com
20



SUPPLEMENTAL BACKGROUND SOIL AND GROUNDWATER INVESTIGATION REPORT

SSE results are presented for calcium, iron, molybdenum, selenium, uranium, and vanadium in Table 8
and as direct concentration bar plots for all fractions on Figures 17, 18, and 19 and as relative
percentages in each of the soluble fractions (Steps 1 through 5) on Figures 20, 21, and 22. Due to the
need for significant dilution (1-5,000x and higher) of the Step 6 (residual fraction) extract before
introduction into the ICP-MS, the reporting limits associated with the analysis of this fraction were
elevated (i.e., as high as 200 mg/kg for iron). Notable observations related to these results are provided

below:

Calcium dissolved preferentially into the carbonate bound fraction in all samples, indicating that it
is present most likely as calcium carbonate (calcite) mineral phases in sediments; the highest
concentration of calcium carbonate (greater than 5 wt.%) was noted in BK1 in the sand/gravel at
51 to 52 feet bgs. Other boreholes (BK2 and BK3) showed lower concentrations of calcium
carbonate. BK3 generally contained greater amounts of calcium in the oxide bound, sulfide
bound, and residual fractions, indicating a difference in mineralogy and mineral solubility in BK3.
Calcium concentrations in groundwater are higher on the west side of the upgradient alluvial
channel as compared to the central and east side, and carbonate minerals on the west side may
serve as a source of calcium to groundwater here.

Iron predominantly dissolved into the residual fraction, followed by the oxide bound fraction. The
concentration of soluble iron was greatest in sediment from BK1 versus the other boreholes. This
indicates a greater proportion of weathered iron sulfide minerals than at boreholes further east.
Oxidized iron sulfides were seen via petrography at BK1 and at boreholes DD-BK and DD2-BK,
where iron oxyhydroxides were observed as pyrite pseudomorphs in the petrographic and
scanning electron microscopy analysis. A majority of the iron was recovered in the residual
phase, pointing to crystalline forms of iron oxides, iron in silicate minerals or clay mineral
structure, and possibly pyrite forms that were not released in the organic/sulfide bound fraction.

Molybdenum was not detected in the total metals analysis (at greater than 1 mg/kg) except for
BK1 (39 to 40 feet bgs and 51 to 52 feet bgs) and BK3 (31.5 to 32.5 feet bgs). At BK2, all of the
SSE results showed less than 1 mg/kg molybdenum, and at BK3, the molybdenum concentration
in the SSE results at 31.5 to 32.5 feet bgs was nearly identical to that of the total metals analysis.
Molybdenum, when it was detected, is predominantly associated with the oxide bound and
organic/sulfide bound fractions, consistent with molybdenum present sorbed to iron
oxyhydroxides or as molybdenum sulfide mineral phases. In all cases, the low concentration of
leachable molybdenum is consistent with low concentrations observed in groundwater at BK1c,
BK1f, BK2c, and BK2f (see Section 3.2.4).

Similar to molybdenum, the total metals results for selenium were all nondetect (at less than 1 or
3 mg/kg); the SSE results concurs with these data. Selenium was detected in the SSE at BK1,
BK2, and BK3, predominantly in the water soluble fraction of BK1 and BK2. This is likely
attributable to selenium in porewater given that the groundwater selenium concentration is
greater than 0.2 mg/L at these locations. Selenium was present in the water soluble fraction
typically at an order of magnitude higher concentration than uranium (e.g., at BK1-51-52 (fine to
coarse sand and gravel with trace silt) the water soluble selenium was 0.0548 mg/L and uranium
was 0.0064 mg/L). The remaining selenium was detected at low concentrations in the oxide
bound and organic/sulfide bound fractions, with the organic/sulfide bound fraction harboring most
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of the selenium (Figures 20-22). Selenium may be present sorbed to iron oxyhydroxides and in
association with pyrite; however, based upon the low concentrations of more labile selenium (in
the adsorbed, carbonate bound, and oxide bound fractions), it is likely not entirely sourced to
groundwater from the sediments.

e The SSE results for uranium demonstrate the ubiquity of soluble uranium in sediments recovered
from all locations across the alluvial channel; whereas the total metals results for uranium were
frequently nondetect, the SSE results showed labile uranium at all locations. Labile forms of
uranium were predominantly detected in the carbonate bound, oxide bound, and organic/sulfide
bound fraction at BK1; water soluble uranium was present at very low concentrations, eliminating
porewater as the source of uranium in these sediment samples. The total metals analysis and
cumulative uranium in Steps 1 through 5 of the SSE roughly concur at BK1 51 to 52 and 52 to 53
feet bgs: 2 mg/kg uranium was detected in the total metals analysis and approximately 0.75to 1.1
mg/kg was measured in the labile fractions of the SSE results. Uranium was detected at higher
concentrations in the SSE at multiple depth intervals at BK1 compared to BK2 and BK3. It is
important to note that uranium was detected in groundwater at BK1 at higher concentrations than
at BK2.

e The uranium detected in the most labile fractions (carbonate bound, carbonate associated,
oxides, and organic/sulfide) represents a significant potential source of uranium to groundwater
from these sediments. Uranium may be mobilized from the sediments through interaction with
bicarbonate/carbonate in groundwater, and through oxidation by dissolved oxygen and nitrate; as
discussed further in this report, the groundwater chemistry on the west side of the upgradient
alluvial system has characteristics that promote uranium dissolution versus the middle and east
side of the system. A comparison of the lithology with uranium released through the SSE
procedure reveals a few important observations:

0 AtBK1 (51-52 ft), BK2 (63.5-65 ft) and at BK3 (50.5-52 ft), coarse grained materials are
present. All of these sediments contain a significant amount of carbonate bound calcium
along with uranium in this fraction — this likely represents calcite minerals deposited in
sands that have incorporated uranium.

0 AtBK1 at 47-48 ft, 52-53 ft, and 55.5-56.5, clays are present that harbor a higher
concentration organic/sulfide bound iron than in the other lithologies here; uranium is also
more strongly associated with this fraction in the clays as compared to the coarser
sediments demonstrating that the fine-grained lithologies contain a greater proportion of
the iron sulfide minerals. In addition, at BK1, the absolute concentration of iron in the
oxide fractions is higher at this location than at the other boreholes, showing the degree
of iron oxidation here may be higher than at other locations.

e In 2018, the dissolution of uranium from sediments recovered from boreholes DD-BK and DD2-
BK was evaluated using the same bicarbonate/carbonate leach solution as employed in SSE
Step 2. The procedure used in 2018 involved use of the leach solution in a synthetic precipitation
leaching procedure (USEPA Method 1312) extraction (18-hour extraction). This procedure
therefore used a longer extraction time compared to the 1-hour extraction in deionized water
(Step 1) and 1-hour extraction in the bicarbonate/carbonate leach solution (Step 2) for a total of 2
hours of extraction. Given the dilute nature of the leach solution, it is likely that the dissolution
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effect on uranium associated with the sediments is rapid and slow leaching over the 18 hours is
minimal. With this caveat, a comparison of these data show that uranium was leached to a
greater extent from sediments recovered from DD-BK and DD2-BK (Figure 23) compared to BK1,
BK2, and BKS3. This is consistent with the concentration of uranium measured in groundwater at
the four groundwater well locations associated with these boreholes (highest uranium at DD2-BK,
and progressively lower concentrations across the alluvial channel from west to east).

e Vanadium is not generally soluble in the groundwater system at the project; this is confirmed by
the relatively low concentration of labile vanadium in sediment. The majority of vanadium resides
in the residual fraction and is bound in highly crystalline mineral phases, like silicates. Good
correlation was shown for vanadium with uranium. Where vanadium was detected at high
concentrations in the residual phase, uranium was too (this correlation was strongest at BK1 and
BK2). Vanadium was also detected in the oxide fraction, as was uranium; this could indicate
weathering of uranium-vanadium minerals toward more soluble forms.

3.24 Groundwater Assessment

New groundwater wells were installed with a short screened interval (5 feet) to target specific lithologies
and examine the lithological and mineralogical effects on groundwater geochemistry. Using a short
screened interval and paired wells also allows us to examine groundwater chemistry heterogeneity within
the aquifer on small spatial scales. The variations in water chemistry of wells installed less than 50 feet
apart across the project highlights that the natural variations in lithology and mineralogy can have a
profound effect on groundwater geochemistry.

Groundwater samples were collected via low-flow sampling methods using a bladder pump and ensuring
that water level in the well did not decrease appreciably during purging or sampling. This is the best
method for ensuring laminar groundwater flow within the well to maximize the probability that the pump is
sampling water from the lithological units directly next to the pump intake. This method also minimizes
pulling of groundwater through higher transmissivity units at rates that are greater than lower
transmissivity units, resulting in a groundwater sample that is representative of water flowing under
ambient conditions through the well. Wells were purged until field parameters such as pH, conductivity,
dissolved oxygen, and ORP stabilized, at which point, samples were collected, field parameters were
recorded, and turbidity and ferrous iron measurements were conducted in the field. Groundwater samples
were collected on June 10, 2019 and were submitted for analysis of unfiltered (total) and field-filtered
(dissolved, less than 0.45 micrometer filter) metals, major cations and anions, uranium isotopes, stable
sulfur and oxygen isotopes, and other inorganic parameters such as alkalinity, nitrogen species, and total
and dissolved organic carbon. A new bladder and tubing were used at each well and quality control
samples such as a field duplicate were collected and submitted for analysis.

Groundwater data are shown in Tables 10 and 11. Groundwater samples from BK1 wells displayed a pH
of 7.8, specific conductivity of 2,772 to 2,815 microSiemens per centimeter (uS/cm), and temperature of
approximately 13.5 degrees Celsius. High ORP (greater than 130 millivolts [mV]), dissolved oxygen at 2
to 3.5 mg/L, and low ferrous iron concentrations (0.02 to 0.06 mg/L) reflect an oxic groundwater system.
The concentration of bicarbonate ion (approximately 300 mg/L), dissolved organic carbon (1.9 mg/L),
nitrate (approximately 11 mg/L), and sulfate (approximately 1,400 mg/L) also point to an oxic, relatively
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aggressive groundwater system that promotes oxidation and dissolution of uranium (and sulfides)
residing in mineral forms.

Samples from BK2 wells displayed a pH of 8.1, specific conductivity of 1,906 to 2,276 uS/cm, and
temperature of approximately 14.1 degrees Celsius. Moderate ORP (102 to 115 mV), low dissolved
oxygen at 0.48 to 0.72 mg/L, and the presence of ferrous iron (0.19 to 0.48 mg/L) reflect a slightly
reducing groundwater system. The lower concentration of bicarbonate ion (189 to 233 mg/L), dissolved
organic carbon (1.4 mg/L), nitrate (1.38 mg/L at BK2f), and sulfate (878 mg/L at BK2f) lend further
evidence to a more anoxic/anaerobic environment here.

Stiff diagrams were prepared comparing the BK1c, BK1f, BK2c, and BK2f results to data collected from
wells DD, P3, and ND during the 2016 USGS split-sampling event (Figure 24). Results show a gradual
change in water chemistry across the alluvial channel with groundwater in the west dominated by a
calcium sulfate signature and water in the east dominated by a sodium sulfate signature. Samples from
wells BK1c, BK1f, BK2c, and BK2f fall in line with major ion chemistry at wells DD and P3, indicating that
water chemistry changes across the basin are due to mixing of alluvial water in the main channel with
input from the Lobo Creek drainage system in the east.

3.24.1 Comparison of BK1 to BK2

Geochemical parameters at BK1 reflected more oxic, and higher conductivity groundwater than
groundwater at BK2. Notable characteristics of the groundwater geochemistry are as follows:

e Calcium and magnesium concentrations are higher at BK1, along with bicarbonate ion, while
potassium and sodium concentrations are similar between the two wells; the divalent cations are
therefore more soluble (and likely sourced in part from local calcite, gypsum, and magnesite
minerals) and available for the formation of highly soluble forms of uranium such as
CalUO2(CO0s)s? (Dong and Brooks 2006). This follows the channel-wide trend that shows the
highest alkalinity, calcium, and uranium on the western side, decreasing with distance eastward
across the channel (Figure 25). Although bicarbonate increases in the east at well ND, calcium
remains low, possibly preventing the formation of calcium-uranium-carbonate complexes,
contributing to low uranium in groundwater.

e Chemical speciation of the form of uranium is included on Figure 25 to show the forms of soluble
uranium that predominate across the alluvial valley. Speciation was performed using the USGS
software PHREEQCi (version 3.4; Parkhurst and Appelo 1999) and the Minteq.v4 (Peterson et
al., 1987) database, updated with thermodynamic constants for uranyl alkaline earth complexes
(Dong and Brooks 2006, 2008). The major and trace element composition of groundwater at the
four wells shown was obtained from the project’s 2018 Annual Monitoring Report (Homestake
and Hydro-Engineering 2019). The results of the speciation calculations show that the elevated
concentration of calcium in groundwater on the western side of the alluvial channel results in the
predominance of the Ca2UO2(COs)s aqueous uranium complex here; this is an uncharged
species that is highly soluble in groundwater systems and resistant to biogeochemical reduction
(Belli et al. 2015). This species is dominant at wells DD5, DD and P. At ND, the charged species,
CalUO2(CO0s)s? becomes dominant; this uranium complex is charged and more readily interacts
with charged mineral surfaces, resulting in more attenuation/sorption of uranium in groundwater
on the eastern side of the alluvial valley. These results highlight the importance of calcium in the
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groundwater system and the wide range of concentrations of this element from west to east, and
its role in uranium mobility.

Uranium concentrations are higher at BK1, due to the more oxidizing nature of the groundwater
(higher dissolved oxygen and oxidation-reduction potential or ORP) along with the greater
abundance of strong complexants for uranium (e.g., calcium, bicarbonate) and higher total
dissolved solids (TDS) as indicated by higher groundwater conductivity (Figure 26). The uranium
concentrations are higher farther to the west at DD and DD2, and decline across the channel to
the east, consistent with a gradual decrease in calcium and bicarbonate noted in groundwater to
the east of these wells, and with local sediment mineralogy with less uranium (as discussed
above). Although bicarbonate concentrations increase again on the east side of the channel at
well ND, uranium concentrations remain low, likely due to lack of calcium, lower dissolved
oxygen, ORP, and TDS, and a lower abundance of uranium-bearing minerals to source uranium
to the groundwater.

The concentration of selenium is lower at BK1, consistent with lower concentrations of selenium
noted at wells west of the P-wells.

3.24.2 Comparison of Data from Wells in Fine- and Coarse-Grained Sediments

In general, uranium levels at BK1 are lower than previously seen on the western side of the alluvial
channel at wells DD and DD2. At BK1, uranium is higher in the well screened in the fine-grained
sediments than the well screened in coarse-grained sediments. At BK2, uranium is higher in the well
screened in the coarse-grained sediments than the well screened in fine-grained sediments. The
following features explain these differences:

BK1f is screened in the fine-grained sediments, and the groundwater system here overall is
oxidizing and complexing (relative to uranium). Uranium in the well screened in the fines had a
slightly higher dissolved uranium concentration (0.0402 mg/L) versus the dissolved concentration
in the well screened in the coarse lithology (0.0353 mg/L).This variation may be due to uranium
sourced from the fines and the slightly more oxic, reactive water (0.3 mg/L nitrite) here promoting
uranium dissolution.

There is little local source of selenium (see the total metal and SSE results, above); therefore, the
relatively high concentration of selenium is likely due to selenium sourced into groundwater from
upgradient; the dissolved concentration of selenium was also slightly higher in the fines (0.251
mg/L versus the dissolved concentration of the well screened in the coarse lithology (0.245 mg/L).
Soluble selenium at this well shows that the fine-grained materials here have lost their reducing
power compared to at BK2f.

BK2f shows a strong reducing environment based upon nitrate (1.36 mg/L) and dissolved
selenium (0.039 mg/L) at lower concentrations than BK2c¢ (10.8 mg/L nitrate, and 0.318 mg/L
dissolved selenium). Selenium, likely present as selenate (HSeOzs"), readily transitions to
elemental selenium, and precipitates from groundwater in this reducing environment. Selenate
reduction occurs at a higher redox potential than for uranium (Langmuir 1997). The reducing
environment also affects uranium concentrations, although to a lesser extent (dissolved uranium
was detected at 0.0155 mg/L versus 0.0212 mg/L in the coarse screened interval). This
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demonstrates the magnitude of changes in uranium concentration that can arise from variations
in local groundwater chemistry/geochemistry, and also points to preservation of the reducing
power of minerals in the fines at this location in the alluvial channel. A comparison of BK2f to
nearby wells P2 (just west of BK2) and P4 (just east of BK2) shows that the aquifer near the
center of the alluvial valley is more oxidizing (P2) and transitions to more reducing (P4) to the
east (see Figure 1 for locations). At P4, chloride was measured at 47 mg/L, sulfate at 924 mg/L,
and nitrate at 6.7 mg/L in March 2018 (Homestake and Hydro-Engineering 2019). These
concentrations are more consistent with BK2f as compared to BK2c, and they are lower than
measured at P2 (chloride at 67 mg/L, sulfate at 1390 mg/L, and nitrate at 13.5 mg/L; Homestake
and Hydro-Engineering 2019). Well P4 has a long screen (50 ft) as does P2. At BK2, the variation
in water quality and redox conditions noted between the two short screened wells indicates that
these wells interrogate groundwater that resides in a transition zone of oxic waters to the west
and suboxic waters to the east.

e Dissolved selenium at BK2, and noted in BK2c at 0.318 mg/L, is likely not entirely sourced from
sediments (based upon the SSE results) and likely has a contribution from local upgradient
groundwater. This may represent selenium from upgradient water flowing through the principle
coarse-grained sediments with some geochemical reduction/precipitation along this flow path (as
observed at BK2f) until the reducing capacity of the sediments becomes exhausted.

e The concentration of molybdenum at BK1c and BK1f was greater in the unfiltered (total) fraction
than in the filtered (dissolved) fraction, indicating that the molybdenum is primarily present as a
particulate phase. The dissolved molybdenum was 0.004 mg/L at BK1c and 0.001 at BK2c; these
are low concentrations and consistent with other established wells in the area. At BK2c and BK2f,
the concentration of molybdenum in the total and dissolved fraction was nearly identical and
elevated at 0.008 and 0.006 mg/L, respectively.

3.3 Geophysical Assessment

3.3.1 Electrical Resistivity Tomography Assessment

ERT sections are graphical portrayals of estimated electrical resistivity produced from the inversion
modeling of raw apparent resistivity data collected in the field. Apparent resistivity is the measured
electrical resistivity between two points as if the earth were homogeneous. The goal of the modeling is to
estimate a model of the earth in terms of the actual electrical resistivity structure of the earth. Ideally, the
ERT process would reveal geologic conditions similar to a cross-section based on visual descriptions.
However, in practice, because ERT data is collected from the ground surface, the ability to resolve
specific geologic details decreases with the depth of penetration. However, ERT is useful for providing
broad context, particularly in distinguishing contrasting geologic units with dramatically differing
geoelectric parameters. Notably, ERT can often accurately portray the transition from unsaturated to
saturated conditions and the boundary between unconsolidated materials and bedrock. The degree of
success in segregating different geologic materials relates to the sharpness and magnitude of the
electrical resistivity contrast. As a rule of thumb, the following relationships tend to hold true:

e Dry materials are more resistive than their saturated counterparts.
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e Coarse granular materials are more resistive than fine-grained cohesive materials.
e Well-sorted, uniform sands are less resistive than poorly sorted, well-graded sands.
e Sandstones are more resistive than siltstones and shales.

e Saturated clays and shales are the least resistive geologic materials.

e TDS in groundwater is inversely proportional to formation resistivity.

In the vast majority of situations, electrical current associated with ERT measurements flows in the pore
spaces rather than the mineral grains and lithic fragments (matrix). Most silicates are electrical insulators,
and in contrast to pores filled with conductive groundwater, do not participate in current flow at all. One
exception is that some phyllosilicates have a large net surface area and negative electrical surface
charge that attracts dissolved cations and anions forming what is called a double layer. This is why some
clays appear to be electrically conductive. Aside from clays, only in rare circumstances does the matrix
contribute to current flow; examples include some types of sulfide ores and graphitic slates.

After water saturation and water chemistry (i.e., TDS), interconnected porosity is the key parameter that
controls electrical resistivity. In unconsolidated materials and sedimentary rocks, this is the primary,
intergranular porosity. In massive rock with little or no intergranular porosity, the presence of fracture
porosity governs current flow, and subsequently electrical resistivity.

The most important thing to consider when viewing and interpreting electrical resistivity inversion models
such as those presented in this report is that several variables go into the net electrical resistivity
response. It is unlikely that geological boundaries follow specific electrical resistivity values because there
is a great deal of nonuniqueness in any geologic setting. Consequently, the inclusion of ground-truthing is
essential to create a reasonable interpretation. For Lines 1 and 2, several boring and well logs were
incorporated into the interpretations. Borehole geophysical results, as described in Section 3.3.2, were
also instrumental in interpreting the ERT sections, especially in recognition of the contrast between the
details available in borehole measurements of electrical conductivity compared to modeled resistivity
values. All interpretations are based on a limited amount of information, which is of variable quality and
new information may change the interpretations. Factors contributing to the modeling and interpretation of
the ERT sections are included in Appendix C and are summarized below:

e ERT data processing steps supported by visual graphics
0 Inversion Modeling
= Step by step explanation of how the raw resistivity and global positioning service
(GPS) data were handled in Res2dinvx64, which is the industry standard
electrical resistivity inversion modeling software. Assumptions and processing
parameters are provided along with an explanation of the quality control
procedures.
0 Post-Modeling Data Processing and Graphical Presentation
= Modeling results were imported into Surfer Version 16 for ERT image
visualization. Locations and details of borings and wells were integrated into the
ERT images to enable visual correlations. In addition, the ERT data were
cleaned up with a low pass filter which greatly improved the ERT image of the
geologic setting.
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e Correlations between ERT models and borehole data

0 The correlation of the macroscale ERT data with the micro and nanoscale was
performed, aided by comparison of the mesoscale borehole geophysics and visual
description of core samples. Marriage of the various scales of data in concise plots
centered at well or boring locations has provided a general sense of the degree of
confidence for interpreting ERT data and provides a basis for appropriate data
interpretation.

e Process of interpreting and correlating ERT data between boreholes

0 The process of interpreting the ERT data was done by inclusion of well or boring scale
data. There are a limited number of borings and wells were available on or near the ERT
lines. However, by creating a digital bedrock elevation model in Surfer, a continuous
profile of the top of bedrock was extracted from the grid file. Added to the ERT cross-
sections, refinement of the top of bedrock to conform to resistivity patterns was
performed in an iterative process.

o Refinement of the bedrock elevation map was completed using the geologic and
geophysical data as controls combined with interpreter’s judgment based on significant
experience in mapping geologic structures.

3.3.1.1 The final outcome of the interpretation of the ERT data has produced a
reasonable and appropriate model of the geologic setting that is consistent
with industry standard approaches.Electrical Resistivity Tomography Lines
1and 2

Figures 2 and 3, ERT Lines 1 and 2, are vertical cross-sectional portrayals of modelled electrical
resistivity roughly from the ground surface (between 6,575 and 6,600 feet above mean sea level [amsl])
to an elevation of 6,200 feet amsl. There is a diagonal taper at each end of the cross sections that is
related to the nature of the data collection process (longer electrode spacings are required to penetrate to
greater depths). As a rule, the sides and bottoms of ERT models have the lowest confidence of the
model. The greatest detail and confidence are in the section immediately below the ground surface, and
confidence and ability to resolve details declines with depth. Note also there is a 10:1 vertical
exaggeration in scale to more concisely present the information.

Within the bounds of each section is the presentation of a color-filled contour plot of the modelled
electrical resistivity. There is a color key at the bottom of each figure. The resistivity values range over
nearly 4 orders of magnitude from 1 ohm-meter to 10,000 ohm-meters. The scale is base-10 logarithmic
because it is well known that resistivity values in nature vary accordingly. Below is an approximate site-
specific comparison of lithologies and resistivity responses based on documented ranges.
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Each section contains the following elements added after completion of the modelling process:

Ground surface based on available elevation data.

Approximate top of the groundwater potentiometric surface based on well gauging within the last
year.

Top of the bedrock based on boring and well data, and interpolation using the trends in the
electrical resistivity model between locations.

Boring and well construction positions based on documentation.

Locations of well-documented faults (west and east faults) adjusted as needed to conform with
interpreted conditions in the Chinle Formation visible on the sections.

Possible undocumented faults based mainly on appearance of the ERT models.

Interpretation of Chinle Formation lithologies ground-truthed to available wells where descriptive
or geophysical logs were available.

In general, the geologic details revealed by the ERT results within the Chinle Formation are not explicitly
relevant to the objectives of this specific investigation. However, it is important to understand the
relationships between the alluvium and the various lithologies of the Chinle Formation and the nature of
the erosional surfaces and the role they played in the creation of the valley that we see today. The ERT
results have greatly enhanced the understanding of the geology in the background area by providing
nearly three miles of continuous information, bolstered by excellent descriptive data about the alluvium,
the alluvium/bedrock interface, and the Chinle Formation.

Referring to the alluvium on both sections, the electrical resistivity values in the central portion of the
alluvium appear to reach a peak in the 1000s of ohm-meters near the far west end of each line and then
systematically decline to the east down into the 100s of ohm-meters. There are even portions of the
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alluvium that appear to be less than 100 ohm- meters, although these anomalies are noted on the
sections as possible out-of-plane responses from shale bedrock.2 The uppermost portion of the alluvium
has a relatively uniform appearance (green to yellow) in the 100 to 1000 ohm-meter range. In general,
this material appears to be a mixture of silt, silty sand, and sandy silt. Beneath this upper layer, nearly
everywhere the resistivity increases to a peak value at or near the water table, then declines down to the
bedrock. The details of the alluvium are not expressed explicitly in the resistivity model per se. However,
the clear transition from west to east does warrant interpretation. Based on the distribution of sediment
textures noted above, the least amount of silt and clay is found in the central-west part of the basin with a
minimum of 20 to 24 percent fines at BK2 with more than double that amount at BK3 with 55 percent.

From this standpoint, as the colors suggest on both sections, there is an asymmetrical distribution of fine-
grained sediments with greater amounts of fines to the far east than far west. Noting the faulted
characteristics of the Chinle Formation, it appears that a half-graben-type structure is present beneath the
alluvial basin. An estimated 200 to 300 feet of down drop on the west fault, and a series of smaller
antithetic faults each with less than 100 feet of throw appear to make up the half graben. The high side of
the west fault appears to place the Middle Chinle Formation sandstone below the bedrock surface. In fact,
on Line 1, BK4 was drilled into a prominent high spot on the Chinle Formation. This physically resistant
sandstone unit appears to be related to an elongated, northwest-southeast-oriented rise starting in
Section 15 to the northwest of the study area. Geologic mapping indicates this rise is the Chinle
Formation. On the down-dropped side of the west fault there appears to be a drop off from sandstone to
shale. The thickest portion of the alluvial valley falls within this low-side-of-fault area. After the valley low,
the bedrock, which appears to be mainly shale, rises from west to east.

Although electrical resistivity cannot be directly correlated with hydraulic conductivity, it is fair to
generalize that the most resistive materials, as a whole, are most likely to contain a higher percentage of
hydraulically conductive materials. Therefore, broadly speaking, the zone between 0 and 4,500 feet on
Line 1 and the zone between 0 and 4,750 feet on Line 2 both represent the most likely zone of greatest
transmissivity. Note that in this observation, the portions of the alluvium that appear to be unsaturated are
not included. On Line 1, it appears the bedrock intersects the water table near BK4. As noted, there is
sandstone from 35 to 53.5 feet in BK4, and because there is evidence that the sandstone is permeable,
groundwater is expected to span this bedrock high without interruption.

3.3.2 Borehole Geophysical Assessment

Arcadis performed a significant amount of borehole geophysical logging data processing for this
investigation. The following locations were logged and/or processed (see Appendix D for the complete list
of the borehole geophysical data):

e New locations (logged and processed): BK1c, BK2c, BK3 and BK4
e 2018 locations (reprocessed): DD-BK and DD2-BK
e Existing wells (fully logged and processed): 0914, 0921, 0922, N-16, R, P2, P4, W, and L

2 The ERT line appears to have been oriented along a valley incised into the Chinle bedrock. ERT electric current flows more easily
in low-resistivity materials (e.g., shale). Because of this and the oblique (steep) orientation of the shale, the current prefers to travel
along the shale outside of the vertical plane of data collection. Therefore, the ERT data in this area likely represent the resistivity of
materials near, but not directly beneath the electrodes.
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e Existing wells (spectral gamma ray logged and processed, in unsaturated): Q, DD, DD2, MV, and
ND.

The six new and 2018 locations were processed to include in the final log:
e Natural gamma
e Induction conductivity
e Static spectral gamma ray (SSGR) at select locations:

0 Total potassium (in percent)
0 Total uranium (in parts per million).

e Dynamic spectral gamma ray throughout boring (155-point window):

Th/K ratio

Th/U ratio

Element to total gamma ratio
KUT BCC color plots.

O O O o

In addition to the individual logs, DD-BK, BK1c, BK2c, and BK3 were laid out in a cross-sectional fashion
and annotated interpretations of the Chinle Formation bedrock and identifiable correlative strata were
marked in the alluvium provisionally (see Figure 4). The provisional correlations were made using the
color cube plots, Th/K and Th/U ratios primarily because these items are most closely related to origin of
materials rather than grain size or sorting. It is difficult to carry many of the correlations from west to east
due to the differences recorded in the data on the east side, mirroring the observations that sediments in
the eastern portion of the basin may be transported by Lobo Creek, whereas the sediments to the west
are more likely sourced from the north from San Mateo Creek. One of the most conspicuous features
supporting this statement relates to the Th/U ratio. Note the significantly higher number of Th/U peaks in
BK3 compared to the other three locations (numerous peaks greater than a ratio of 40 between 23 and 60
feet in BK3 versus fewer peaks in the Th/U ratio range of 0 to 20 in the other borings). It is possible that
the high Th/U values can indicate leaching of uranium under highly oxidizing conditions, but this is
inconsistent with the geochemical conditions at BK3 where, if anything it is more reducing than the
western wells. For this reason, it is suggestive that the sediment in the BK3 area has a different source
than the western locations.

The remaining existing wells were logged primarily to obtain the SSGR data for determination of
potassium, uranium, and thorium. Table 4 contains the compilation of the SSGR results for:

e The 2016 USGS results
e The 2018 results from the 2018 background study
e New results noted above in new locations and existing wells.

To facilitate review of the SSGR results, a map-view image of two of the key parameters were made into
mirror plots for Th/K and uranium (Figure 5). That is, the vertical changes in uranium (green, increasing to
the right) and Th/K (magenta, increasing to the left). At a glance, a notable feature of these Th/K-U plots
is the persistently high Th/K ratio in the lower portion of the plots in locations mainly west of San Mateo
Creek. In most cases this spike in Th/K ratio is coincident with the upper Chinle Formation or lowermost
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alluvium. As noted above, the ERT results suggest there is a resistant Chinle Formation sandstone
feature associated with the west fault, persisting to the northwest of the project along a topographic rise.
The conventional interpretation is that Th/K ratios in excess of 17 could indicate the presence of
paleosols (Hampson et al. 2005). It is possible that some of the higher Th/K material in the lower portion
of the alluvium in locations such as DD-BK, DD2-BK, BK1c, Q, BK4, and 0922 may be locally reworked,
weathered Chinle Formation that has undergone subaerial weathering. Leaching of potassium and
uranium in the oxidized portion of the soil column with reprecipitation at the reducing point was possible at
the time of paleosol formation. Higher than normal uranium values are observable in the Chinle Formation
shale immediately beneath the alluvium such as at DD-BK and BK4. In contrast, note the generally more
subdued Th/K response on the eastern side (e.g., ND, L, BK3, R, 0921). This includes readings in or near
the Chinle Formation and suggests that no subaerial exposure was present, or that portion of the bedrock
has been eroded away.

3.4 Conceptual Site Model for Uranium Transport

The data from this work supports the geological CSM for the alluvial system developed based on data
from the 2018 investigation of boreholes DD-BK and DD2-BK. The alluvial system at the project consists
of rapidly alternating lithology, layers of materials deposited by channelized flow with low energy fringes,
and flood events resulting in high and low permeability materials. Generally, the center of the channel
contains higher permeability materials and the edges of the channel consist of lower permeability
materials. Bedrock contact with Chinle Formation shale is characterized by a weathering profile over
several feet from highly weathered wet bedrock to competent dry rock. Based on this and literature on the
surrounding regional geology, a CSM was developed for the natural weathering, transport, and deposition
of uranium-rich materials and subsequent localized leaching into groundwater. The stages of uranium
migration are as follows:

1. Weathering of sedimentary materials from surrounding mountains occurs, some with formations/beds
with higher uranium concentrations and some with formations/beds with lower uranium
concentrations. For example, the Recapture Member of the Morrison Formation ranges from trace to
as much as 1 percent uranium ore, depending on location (McLemore 2010).

2. Sediment transport occurs throughout geologic time (at least hundreds [Leopold and Snyder 1951]
and probably thousands of years) down the valley and deposition as distinct layers, with different
amounts of clay/silt/sand/gravel and differing amounts of uranium-containing materials. The fine-
grained materials are typically more uranium-rich. These materials can be transported further from
their source than coarse-grained materials because they stay suspended longer in slowly moving
water.

3. Uranium leaches from silt- and clay-rich deposits within the alluvial sequence to groundwater. The
leached concentrations depend on:

a. Chemistry of the groundwater (alkaline water facilitates uranium leaching) or percolating
meteoric water

b. Uranium content in the source material/deposited sediments; these conditions vary across
the alluvial channel.
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4. Groundwater samples with higher levels of uranium are typically collected from wells screened in silts
and clays on a local scale, and where an oxidizing groundwater system persist.

5. Groundwater containing uranium leached from alluvial minerals mixes with groundwater from areas
with low mineral-bound uranium and low leached uranium. Due to dispersion and diffusion, blending
of high and low uranium waters occurs on a regional scale through time.
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4  CONCLUSIONS

Field activities for this investigation focused on assessing whether uranium concentrations in groundwater
across the alluvial basin are naturally derived or from mining/milling or other localized anthropogenic
inputs. This work provides a technical basis for the occurrence of uranium in groundwater at the far
western edge of the alluvial basin at DD and DD2, at concentrations greater than observed near the
center or eastern side of the alluvial channel. The findings of this work support the inclusion of all of the
background wells in the statistical calculation of background groundwater standards in order to
successfully represent the heterogeneous nature of the alluvial sediments and groundwater. Four new
wells were installed on the western side and center of the alluvial channel to assess the impact of
lithology and mineralogy on groundwater geochemistry. Work was conducted in accordance with the
Work Plan (Arcadis 2019a) with the exception of minor deviations described previously; the objectives
included therein were achieved. In summary, the following conclusions were reached:

e Sediment cores lithologically logged from boreholes BK1c/BK1f and BK2c¢/BK2f indicated that the
alluvial sequence is an alternating sequence of clays, silts, silty-sands, sandy-silts, sands with
various amounts of gravel, and occasional gravel (see Appendix G Photo Log). The sequence is
more heterogeneous than previous drilling logs have interpreted. The bedrock contact with the
shale indicates a weathering profile over several feet from highly weathered wet bedrock to
competent dry rock.

o Discrete depth intervals with elevated radioactivity counts were indicated in alluvial sediments
from both the saturated and unsaturated zones, from various lithological types of materials. This
indicates the presence of sedimentary materials in the alluvium that contain radioactive
constituents deposited differentially as part of the natural depositional sequence.

e A sandstone bedrock high has been identified in the southwestern portion of the alluvial basin, at
borehole location BK4, which extends above the water table. There is evidence that the
sandstone is permeable and acts as a groundwater conduit.

e Geophysical logging indicates that the alluvium is laterally highly variable even over short
distances. The fine-grained materials were often found to correlate with elevated uranium from
spectral gamma analysis.

e Geochemical analyses indicate that uranium and vanadium are generally associated with each
other.

e The highest uranium encountered in the 2018-2019 investigations was in the unsaturated zone,
indicating that uranium in alluvial soils is naturally occurring due to transport and deposition of
naturally uranium-rich materials throughout geologic time, not from deposition from uranium-
bearing groundwater.

e Mineralogical analyses suggest that the materials encountered at boreholes DD-BK, DD2-BK,
BK1, and BK2 are associated with source rock that contains unaltered feldspars, claystones that
include kaolin, and arkosic sandstones such as the Westwater Canyon and Brushy Basin
Members of the Morrison Formation. Sporadic gravel content of igneous origin suggests that
input of weathered igneous deposits occurred periodically.
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e Cubic and framboidal pyrite that has been converted to iron oxides indicate that a redox change
has occurred since deposition of the alluvial material. A system or microenvironment that was
once reduced, supporting the formation and presence of pyrite, is now oxidized. Such a change
can result in the release of uranium due to oxidation of low-solubility uranium (IV) to high-
solubility/high-mobility uranium (VI). This mechanism is a likely source of leaching of uranium
from solid alluvial materials to groundwater. Oxidized pyrite framboids were seen in samples from
BK1, BK2, and BK3 and oxidized cubic pyrite was seen at BK1, however, only unaltered pyrite
cubes were observed at BK2 and BKS3, indicating that redox cycling of solid materials may be less
common in the center of the alluvial channel than on the western and far western areas. This may
contribute to low uranium concentrations in groundwater in the center of the alluvial channel than
in the west.

e Oxidation of authigenic framboidal (biogenic) pyrite releases isotopically light sulfur in sulfate to
groundwater, leading to highly depleted groundwater sulfur-34 signatures and concentrating
sulfur-34 in sediments. Degradation of biogenic pyrite in situ is the source of the light sulfur
isotope signature in the alluvial aquifer system.

A CSM was developed that defines the erosion and subsequent deposition of uranium-rich deposits from
geological formations upgradient of the project as part of the formation of the alluvial system via natural
processes. These materials were deposited in discrete lithological horizons that exist in both the
saturated and unsaturated zones. The uranium-rich lithologies present in the saturated zone have the
potential to cause naturally increased localized uranium concentrations. The uranium-rich lithologies
present at depths of 11 to 36 feet bgs in the unsaturated zone show that the uranium in alluvial sediments
was emplaced, not through precipitation from groundwater, but through natural erosion and deposition of
uranium-bearing minerals from bedrock sources lining the basin throughout geologic time.

In summary, the work completed in 2018 demonstrated that the alluvial deposits on the western edge of
the alluvial valley are complex in terms of lithological and mineralogical variation and contain uranium in
the (current) unsaturated and saturated zones. Geochemical and mineralogical examination showed
arkosic sandstone markers of eroded upstream materials likely transported through fluvial processes
during channel filling along the bedrock surface. The focus in 2018 was on the western edge of the
alluvial valley (at DD-BK and DD2-BK) where the concentration of uranium in groundwater is highest;
uranium was shown to be leachable from sediments obtained from these boreholes in a bicarbonate
solution. Weathered (oxidized) biogenic pyrite was also observed and a strong correlation of uranium with
vanadium. Finally, the downhole geophysics results revealed additional radioactive minerals (thorium)
and higher concentrations of uranium (detected through downhole spectral gamma analysis) than
identified in the soil chemistry analysis, pointing to significant heterogeneity vertically through the
boreholes.

Lateral heterogeneity was evaluated during work in 2019. The ERT transect revealed higher resistivity
alluvial materials near the western edge of the valley, consistent with coarser-grained sediments that may
conduct groundwater more effectively through this portion of the alluvium than to the east (near BK3 and
ND). A profile of groundwater chemistry was completed with gradual changes in dissolved uranium from
west to east consistent with changes in major ion and trace element chemistry that reflect a more
aggressive chemical composition in the west relative to being favorable for uranium mobilization. The
effects of this were observed in the sediment mineralogy, with more oxidized pyrite observed in the west,
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versus more intact pyrite in the east (also supported by the stable sulfur isotope results of the sediments
in the west). More detailed examination of leachable uranium showed all of the sediment samples could
yield soluble uranium.

The heterogeneity across the alluvial channel, in terms of lithological variation, soil mineralogy, and
groundwater quality provides a refined CSM for the occurrence of elevated concentrations of uranium
detected in groundwater near wells DD and DD2. This is explained by sediments with higher
concentrations of uranium in the west, in contact with groundwater with higher TDS, alkalinity, and
calcium, and a larger expanse of coarse- to fine-grained contact. The variability and heterogeneity of the
alluvial system is therefore captured by the current upgradient (background) well network situated across
the basin and represents the range of natural uranium concentration variation in groundwater prior to the
alluvial system moving onsite. The location of the monitoring points established to develop the site
background groundwater standards is therefore appropriate, as is the numerical approach as it included
all of the groundwater quality data at these monitoring points distributed across the alluvial valley.
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Table 1

Boring Locations and Well Construction Details

Supplemental Background Soil and Groundwater Investigation Report
Grants Reclamation Project

Cibola County, New Mexico

Design & Consultancy
for natural and
built assets

Total WEN Total Depth to Casing Downhole Geochemical

Easting

Northing

Elevation
(feet amsl)| Borehole
(feet bgs) | (feet bgs)

Depth of

Screen
Interval

Depth of
Well
(feet bgs)

Groundwater®
(ft bgs)

Outer
Diameter

Aquifer/Location

(inches)

Geophysical
Assessment
Conducted

Soil Sampling
Conducted

DD-BK 489059.40 1546956.46 -- 85 None 84.5 45 2 Alluvium / Top of Shale Y Y
DD2-BK 489349.59 1547523.70 -- 100 None 99.5 425 2 Alluvium / Top of Shale Y Y
BK1c? 489728.32 1546811.70 6584 75 47-52 52 425 2 Alluvium / Top of Shale Y Y
BK1f* 489743.28 1546833.52 6584 65 52-57 57 425 2 Alluvium / Top of Shale Y Y
BK2c? 491716.65 1546567.19 6592 92.5 58.5-63.5 83.5 425 2 Alluvium / Top of Shale Y Y
BK2f* 491731.56 1546552.65 6592 85 74-79 79 43.5 2 Alluvium / Top of Shale Y Y
BK3*® 494564.76 1545984.17 6595 73 None 72 45 2 Alluvium / Top of Shale Y Y
BK4® 489014.20 1545294.24 6578 61 None 61 ~43 2 Alluvium / Top of Shale Y --
Notes:

1. Temporary wells DD-BK, DD2-BK, BK3, and BK4 were abandoned immediately following the downhole geophysical assessment.

& Coordinates and elevation collected in field using Tomstrails application for iPhone
® As noted in the field during borehole logging

Coordinate Projection: State Plane Coordinate System, New Mexico West, NAD27, US Survey Feet

Acronyms and Abbreviations:
bgs = below ground surface

Y = analysis conducted

-- = analysis not conducted

8/27/2019
20190827 GRP BG - Supp Bkgd Assess Report Tables 11



Design & Consultancy
for natural and
built assets

Table 2 ﬁ R
Geochemical and Mineralogical Analysis Goals A mDIS

Supplemental Background Soil and Groundwater Investigation Report
Grants Reclamation Project
Cibola County, New Mexico

Analyte Method Supporting Detail and Analysis Goal

Total metals in soil® Analysis of total metals in soil is necessary to provide an understanding of the geochemical behavior of constituents of
(environmentally accessibley | USEPA 3050B with 6020B |concern in the alluvial aquifer and alluvial sediments. This analysis will provide the concentration of environmentally
accessible major and trace elements.

Selective sequential extraction uses chemical reagents that selectively dissolve individual phases or mineral forms of the
Selective sequential |Custom per Tessier target element under investigation, in this case uranium. The reagents range in chemical strength and are progressively
extraction® etal. 1979 stronger in terms of their ability to dissolve mineral phases. The results of this analysis will provide an indication of the
leachability of each element based on the phase within which it predominantly resides.

This analysis will provide an understanding of the association of uranium with organic carbon and will be performed on a
Total organic carbon LECO induction furnace subset of samples that show the highest uranium concentrations. Prior work on soil has shown the presence of particulate
organic carbon.

This analysis will provide an understanding of the association of uranium with sulfur and will be performed on a subset of
samples that show the highest uranium concentrations. Prior work on soil has shown the presence of sulfide minerals.
Petrographic analysis via light and polarized light microscopy produces a definitive mineralogic assessment of alluvial
aquifer sediment, including identification of small mineral grains, which cannot be resolved through x-ray diffraction.

XRD analysis provided positive identification of a wide variety of mineral constituents in samples. In contrast to
petrographic and SEM-EDS analyses, which requires manual microscopic exploration and targeted identification, XRD is
most valuable as a bulk assessment of mineralogy and yields essential data about mineralogic variability throughout the
Bulk mineralogy XRD - scan and search alluvial aquifer. Based on previous characterization of uranium in the San Mateo Valley alluvial system, the majority of the
uranium was expected to be encountered in coarse-grained sand and possibly silt; thus, the "scan and search" of XRD
method was expected to be sufficient. However, if samples that exhibit the highest uranium are predominantly clay, a
directed clay XRD analysis must be used instead.

Sulfur stable isotopes related to solid sulfates and sulfides, and to sulfate in groundwater give an indication of the origin of
sediment and groundwater that is difficult to achieve through other methods. Sulfur that is more highly depleted in the
heavier sulfur isotopes (e.g., sulfur-34) has most likely been through the microbial sulfate reduction process. This process
can only occur when a system is significantly reducing and, as a result, represents an environment where uranium
reduction, precipitation, and concentration could occur.

QEMSCAN is a rastering scanning electron microscope technique with four energy dispersive spectrometers that uses
proprietary software to map the mineral distribution across a sample surface. QEMSCAN can identify areas in a sample

Total sulfur content |LECO induction furnace

Precise mineralogy | Petrographic microscopy

Stable sulfur isotopes as
Sulfur stable analyzed by Isotope Tracer
isotopes in soil Technologies, Waterloo,
Ontario, Canada

Mineralogy and

s:)enTeonstiatilon QEMSCAN that contain concentrated uranium and on which higher resolution analysis can be conducted. QEMSCAN increases the
P probability of encountering uranium in environmental samples over traditional non-rastering scanning electron microscopy.
Notes:

# Analyzed for aluminum, calcium, iron, magnesium, manganese, molybdenum, potassium, selenium, sodium, sulfur, uranium, and vanadium.

° Analyzed for aluminum, calcium, iron, magnesium, manganese, molybdenum, potassium, selenium, silica, sodium, uranium, and vanadium. Step 1 will also be analyzed
for total alkalinity, sulfate, and orthophosphate. Step 2 will also be analyzed for sulfate and orthophosphate.

Acronyms and Abbreviations:

QEMSCAN = Quantitative Evaluation of Materials by Scanning Electron Microscopy
SEM-EDS = scanning electron microscopy-energy dispersive x-ray spectroscopy
USEPA = United States Environmental Protection Agency

XRD = x-ray diffraction

Reference:
Tessier, A., P.G.C. Campbell, and M. Bisson. 1979. Sequential Extraction Procedure for the Speciation of Particulate Trace Metals. Analytical Chemistry. 51:844-851
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£ ARCADIS
Summary of Soil Samples Collected

Supplemental Background Soil and Groundwater Investigation Report

Grants Reclamation Project

Cibola County, New Mexico

ACZ
Laboratories,

Huffman- | DCM Science T2,

Energy Laboratories, Incorporated, Hazen Labs, | Laboratory, Waterloo,

. DEIT . Laboratory: Casper, Wyoming Golden, Wheat Ridge, Ontario, Stsezirir:]b(;at
Borehole |Sample ID Range |Lithology Colorado Colorado Canada o

(feet bgs) Colorado

Field a-B-y |USEPA 3050B TOC and Paste pH and QEMSCAN XRD and Stable Sulfur SSE with
Survey (cpm) | with 6020B? | Total Sulfur |ORP of Solids Petrography Isotopes 6020B"
67 X X X -- -- -- X

BK1c BK1-11.5-12.5-052119 05/21/19 12:35 | 11.5-12.5 |Clayey fine sand
BK1c BK1-15-15.5-052119" 05/21/19 13:15 15-15.5 |Silty fine sand 92 X X X -- - - -
BK1c BK1-33.5-34-052119 05/21/19 13:50 33.5-34  |Fine to coarse sand 96 X X X -- -- -- --
BK1c BK1-39-40-052119 05/21/19 14:20 39-40 Fine sandy silt 87 X X X - X X X
BK1c BK1-41-41.5-052119 05/21/19 16:00 41-41.5 | Silty fine sand 95 X X X -- -- -- --
BK1c BK1-47-48-052119 05/21/19 16:30 47-48 Clay 89 X X X - X X X
BK1c BK1-48.5-49.5-052119 05/21/19 17:25 | 48.5-49.5 |Silty fine sand 62 X X X -- -- -- --
BK1c BK1-51-52-052119 05/21/19 17:50 51-52 Fine to coarse sand and gravel with trace silt 93 X X X X X X X
BK1c BK1-52-53-052119 05/21/19 18:20 52-53 Sandy clay 83 X X X -- X X X
BK1c BK1-55.5-56.5-052219 05/22/19 8:55 55.5-56.5 |Clay 104 X X X -- X X X
BK2c BK2-12-13-051519 05/15/19 16:20 12-13 Sandy clay 65-115 X X X -- -- -- --
BK2c BK2-20-21-051519 05/15/19 16:50 20-21 Fine to medium sand with some silt 60-70 X X X -- -- -- -
BK2c BK2-35-36-051519 05/15/19 17:40 35-36 Fine sand with some silt 62-82 X X X -- X X X
BK2c BK2-38-39-051519 05/15/19 18:25 38-39 Fine sandy silt 80 X X X -- -- - -
BK2c BK2-41.5-42.5-051519 05/15/19 19:20 | 41.5-42.5 |Silt with trace fine sand 95 X X X -- -- -- --
BK2c BK2-44-44.5-051619 05/16/19 9:30 44-44.5  Silt with trace sand 77 X X X -- - - -
BK2c BK2-59-60-051619 05/16/19 10:55 59-60 Fine to medium sand with some silt 83 X X X -- -- -- X
BK2c BK2-63.5-64-051619 05/16/19 11:35 63.5-64 |Sandy gravel 69 X X X -- X - X
BK2c BK2-72.5-73.5-051619 05/16/19 12:05 | 72.5-73.5 |Sandy silt 83 X X X -- -- -- X
BK2c BK2-77-77.5-051619 05/16/19 13:45 77-77.5 | Silty fine sand 92 X X X -- X -- X
BK3 BK3-14.5-15-052219 05/22/19 10:35 14.5-15 |Silty sand 83 X X X -- -- -- --
BK3 BK3-23-23.5-052219 05/22/19 10:55 23-23.5 |Silty sand 79 X X X -- - - -
BK3 BK3-26-27-052219 05/22/19 11:15 26-27 Fine sandy silt 77 X X X -- -- -- --
BK3 BK3-31.5-32.5-052219 05/22/19 11:30 | 31.5-32.5 |Clay 114 X X X - - -- X
BK3 BK3-35-35.5-052219° 05/22/19 | 12:00 | 35-35.5 |Silty sand 102 X X X - - - -
BK3 BK3-46.5-47.5-052219 05/22/19 12:30 | 46.5-47.5 |Silty fine to coarse sand 88 X X X -- -- -- --
BK3 BK3-47.5-48.5-052219 05/22/19 13:00 | 47.5-48.5 |Gravelly sand 94 X X X -- X X X
BK3 BK3-50.5-52-052219 05/22/19 13:20 50.5-52 |Sandy clay and silty fine sand 76 X X X -- -- - X
BK3 BK3-55-56-052219 05/22/19 14:00 55-56 Sandy silt 85 X X X -- -- -- --
BK3 BK3-42.5-43.5-052219 05/22/19 15:05 | 42.5-43.5 Clay 96 X X X - X X X
DUP girzer;tgsgtr)n glselelg 05/16/19 10:55 59-60 Fine to medium sand with some silt 83 X X X -- -- -- --
DUP-2 giﬁ?ﬁﬂggsz 110 05/21/19 | 16:00 = 41-415 |Silty fine sand 95 X X X - - - -
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A ARCADIS
Summary of Soil Samples Collected

Supplemental Background Soil and Groundwater Investigation Report
Grants Reclamation Project
Cibola County, New Mexico

Notes:

& Analyzed for aluminum, calcium, iron, magnesium, manganese, molybdenum, potassium, selenium, silicon, sodium, uranium, and vanadium.
® Matrix spike/matrix spike duplicate conducted.

Acronyms and Abbreviations:

a-B-y = alpha-beta-gamma radiation

bgs = below ground surface

cpm = counts per minute

DUP = duplicate measurement/sample

ID = identification

IT? = Isotope Tracer Technologies

ORP = oxidation-reduction potential

QEMSCAN = Quantitative Evaluation of Materials by Scanning Electron Microscopy
SSE = selective sequential extraction

TOC = total organic carbon

USEPA = United States Environmental Protection Agency

X = sample collected

XRD = x-ray diffraction

-- = no sample collected/sample not analyzed by this method
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A ARCADIS
Static Spectral Gamma Ray Results

Supplemental Background Soil and Groundwater Investigation Report
Grants Reclamation Project
Cibola County, New Mexico

Surface Sample
Depth U Th Elevation Elevation
(feet) Location (ppm) (ppm) Th/K Easting Northing (feet amsl) | (feet amsl)
3.3 BK1c AUS 1.57 1.00 6.91 4.40 6.94 489741.0 1546774.4 6587.5 6584.2
15.1 BK1c AUS 0.22 1.75 0.51 2.38 0.29 489741.0 1546774.4 6587.5 6572.3
26.2 BK1c AUS 1.58 0.38 5.24 3.31 13.95 489741.0 1546774.4 6587.5 6561.3
31.2 BK1c AUS 1.47 1.70 5.17 3.51 3.04 489741.0 1546774.4 6587.5 6556.3
33.8 BK1c AUS 1.45 0.49 6.52 4.51 13.42 489741.0 1546774.4 6587.5 6553.7
39.5 BK1c AUS 1.60 0.00 7.23 452 - 489741.0 1546774.4 6587.5 6548.0
41.0 BK1c AUS 1.32 3.65 4.42 3.34 1.21 489741.0 1546774.4 6587.5 6546.5
47.5 BK1c AUS 1.00 2.64 3.59 3.61 1.36 489741.0 1546774.4 6587.5 6540.0
51.5 BK1c AUS 0.73 1.34 3.33 4.58 2.49 489741.0 1546774.4 6587.5 6536.0
52.5 BK1c AUS 0.94 1.60 3.70 3.93 2.32 489741.0 1546774.4 6587.5 6535.0
56.1 BK1c AUS 0.71 6.35 7.41 10.41 1.17 489741.0 1546774.4 6587.5 6531.3
58.3 BK1c AUS 1.55 0.00 11.95 7.70 - 489741.0 1546774.4 6587.5 6529.2
65.8 BK1c AUS 0.25 4.78 3.29 13.04 0.69 489741.0 1546774.4 6587.5 6521.6
71.6 BK1c AUS 0.13 3.40 5.52 43.75 1.63 489741.0 1546774.4 6587.5 6515.8
20.0 BK2c AUS 0.125 2.527 0.685 5.486 0.271 491662.4 1546475.2 6585.5 6565.5
33.0 BK2c AUS 1.235 1.439 6.042 4.890 4.198 491662.4 1546475.2 6585.5 6552.5
35.7 BK2c AUS 0.550 4.884 2.664 4.848 0.546 491662.4 1546475.2 6585.5 6549.8
38.0 BK2c AUS 1.858 0.136 11.645 6.268 85.392 491662.4 1546475.2 6585.5 6547.5
52.0 BK2c AUS 1.016 0.367 3.822 3.761 10.427 491662.4 1546475.2 6585.5 6533.5
59.7 BK2c AUS 0.695 1.436 1.832 2.635 1.275 491662.4 1546475.2 6585.5 6525.8
63.5 BK2c AUS 1.059 3.100 4.930 4.657 1.590 491662.4 1546475.2 6585.5 6522.0
67.5 BK2c AUS 0.951 1.559 3.513 3.695 2.254 491662.4 1546475.2 6585.5 6518.0
72.7 BK2c AUS 0.895 4.749 4.951 5.534 1.042 491662.4 1546475.2 6585.5 6512.8
77.5 BK2c AUS 1.083 1.370 6.711 6.199 4.897 491662.4 1546475.2 6585.5 6508.0
5.9 BK3 AUS 21 4.2 14.8 7.2 3.5 494548.3 1545981.8 6590.5 6584.7
11.0 BK3 AUS 0.8 1.0 4.0 4.7 4.1 494548.3 1545981.8 6590.5 6579.5
14.3 BK3 AUS 1.3 2.2 3.7 2.9 1.7 494548.3 1545981.8 6590.5 6576.2
21.8 BK3 AUS 1.4 1.0 6.5 4.7 6.3 494548.3 1545981.8 6590.5 6568.7
23.2 BK3 AUS 1.5 0.8 9.4 6.2 115 494548.3 1545981.8 6590.5 6567.3
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Table 4

Static Spectral Gamma Ray Results

Supplemental Background Soil and Groundwater Investigation Report
Grants Reclamation Project

Cibola County, New Mexico

A ARCADIS

........ ol Sample
Depth Logged K U Th Elevation Elevation
(feet) Location 23 (%) (ppm) (ppm) Th/K Th/U Easting Northing (feet amsl) | (feet amsl)
26.8 BK3 AUS 1.5 0.7 7.0 4.8 9.4 494548.3 1545981.8 6590.5 6563.7
321 BK3 AUS 1.8 0.0 12.8 7.0 - 494548.3 1545981.8 6590.5 6558.4
35.2 BK3 AUS 0.9 0.8 5.6 6.0 7.2 494548.3 1545981.8 6590.5 6555.4
43.0 BK3 AUS 1.6 5.2 10.0 6.2 1.9 494548.3 1545981.8 6590.5 6547.5
46.9 BK3 AUS 1.4 1.6 10.3 7.6 6.4 494548.3 1545981.8 6590.5 6543.6
48.0 BK3 AUS 0.8 4.7 5.9 7.0 1.3 494548.3 1545981.8 6590.5 6542.5
51.5 BK3 AUS 1.0 3.7 4.9 51 1.3 494548.3 1545981.8 6590.5 6539.0
55.5 BK3 AUS 0.9 2.0 4.8 55 2.4 494548.3 1545981.8 6590.5 6535.0
60.1 BK3 AUS 1.1 21 10.1 9.3 4.8 494548.3 1545981.8 6590.5 6530.4
13.3 BK4 AUS 1.1 0.0 6.2 5.6 - 489049.1 1545287.4 6579.1 6565.8
15.0 BK4 AUS 1.0 0.0 4.9 4.7 - 489049.1 1545287.4 6579.1 6564.1
18.0 BK4 AUS 0.9 2.3 3.2 3.5 1.4 489049.1 1545287.4 6579.1 6561.1
23.6 BK4 AUS 1.8 1.0 8.6 4.7 8.9 489049.1 1545287.4 6579.1 6555.5
25.8 BK4 AUS 1.3 29 6.0 4.7 2.0 489049.1 1545287.4 6579.1 6553.3
29.0 BK4 AUS 1.2 1.5 6.0 4.9 4.1 489049.1 1545287.4 6579.1 6550.1
40.6 BK4 AUS 0.6 0.0 8.8 14.0 - 489049.1 1545287.4 6579.1 6538.5
43.4 BK4 AUS 0.3 1.2 6.6 23.8 5.3 489049.1 1545287.4 6579.1 6535.7
51.6 BK4 AUS 0.3 10.3 7.2 24.5 0.7 489049.1 1545287.4 6579.1 6527.5
9.2 DDBK AUS 1.528 1.149 12.318 8.061 10.724 489059.410 1546956.470 6592.322 6583.122
15.3 DDBK AUS 0.601 2.743 2.316 3.854 0.844 489059.410 1546956.470 6592.322 6577.022
25.9 DDBK AUS 1.016 0.371 4.646 4.574 12.535 489059.410 1546956.470 6592.322 6566.422
27.8 DDBK AUS 1.169 0.379 5.091 4.354 13.418 489059.410 1546956.470 6592.322 6564.522
34.2 DDBK AUS 1.220 3.858 7.888 6.466 2.045 489059.410 1546956.470 6592.322 6558.122
39.5 DDBK AUS 1.176 1.540 5.494 4.671 3.567 489059.410 1546956.470 6592.322 6552.822
46.9 DDBK AUS 0.929 0.252 5.576 6.003 22.144 489059.410 1546956.470 6592.322 6545.422
53.5 DDBK AUS 1.557 0.134 11.692 7.509 87.235 489059.410 1546956.470 6592.322 6538.822
55.3 DDBK AUS 1.324 1.650 12.271 9.271 7.435 489059.410 1546956.470 6592.322 6537.022
63.4 DDBK AUS 0.947 3.821 6.021 6.358 1.576 489059.410 1546956.470 6592.322 6528.922
65.8 DDBK AUS 0.866 2.206 7.060 8.149 3.201 489059.410 1546956.470 6592.322 6526.522
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£ ARCADIS
Static Spectral Gamma Ray Results

Supplemental Background Soil and Groundwater Investigation Report
Grants Reclamation Project
Cibola County, New Mexico

Surface Sample
Depth Logged K U Th Elevation Elevation
(feet) Location 23 (%) (ppm) (ppm) Th/K Th/U Easting Northing (feet amsl) | (feet amsl)

74.9 DDBK AUS 0.218 1.312 7.342 33.606 5.596 489059.410 | 1546956.470 6592.322 6517.422
81.4 DDBK AUS 0.693 6.175 11.628 16.769 1.883 489059.410 | 1546956.470 6592.322 6510.922
10.6 DD2BK AUS 1.3 1.9 10.5 8.4 54 489349.6 1547523.7 6593.8 6583.1
11.4 DD2BK AUS 0.9 2.4 5.7 6.2 2.4 489349.6 1547523.7 6593.8 6582.4
25.3 DD2BK AUS 0.8 2.4 3.2 4.1 1.3 489349.6 1547523.7 6593.8 6568.5
29.8 DD2BK AUS 1.0 2.3 4.4 4.4 1.9 489349.6 1547523.7 6593.8 6563.9
36.4 DD2BK AUS 1.2 1.2 9.7 7.9 7.9 489349.6 1547523.7 6593.8 6557.4
38.7 DD2BK AUS 1.4 4.3 9.5 6.6 2.2 489349.6 1547523.7 6593.8 6555.1
43.4 DD2BK AUS 0.4 4.7 5.8 12.9 1.2 489349.6 1547523.7 6593.8 6550.4
47.0 DD2BK AUS 11 0.0 5.4 4.8 --- 489349.6 1547523.7 6593.8 6546.8
50.0 DD2BK AUS 1.2 1.7 6.0 51 3.6 489349.6 1547523.7 6593.8 6543.8
51.3 DD2BK AUS 1.0 1.8 6.2 6.0 3.5 489349.6 1547523.7 6593.8 6542.4
53.3 DD2BK AUS 0.7 2.3 4.1 5.9 1.8 489349.6 1547523.7 6593.8 6540.5
60.9 DD2BK AUS 11 3.4 9.3 8.2 2.8 489349.6 1547523.7 6593.8 6532.8
67.8 DD2BK AUS 1.4 0.8 9.2 6.8 11.6 489349.6 1547523.7 6593.8 6525.9
75.0 DD2BK AUS 1.2 3.7 8.4 6.7 2.3 489349.6 1547523.7 6593.8 6518.7
82.1 DD2BK AUS 11 4.0 11.6 10.3 2.9 489349.6 1547523.7 6593.8 6511.6
91.1 DD2BK AUS 11 5.7 11.3 10.6 2.0 489349.6 1547523.7 6593.8 6502.7
12.5 0914 AUS 1.530 6.914 10.183 6.655 1.473 500850.0 1555500.0 6640.7 6628.2
22.0 0914 AUS 1.661 4.190 7.047 4.243 1.682 500850.0 1555500.0 6640.7 6618.7
27.5 0914 AUS 1.343 3.804 5.463 4.069 1.436 500850.0 1555500.0 6640.7 6613.2
42.0 0914 AUS 1.163 3.212 4.866 4.185 1.515 500850.0 1555500.0 6640.7 6598.7
47.5 0914 AUS 0.584 2.402 5.583 9.562 2.325 500850.0 1555500.0 6640.7 6593.2
56.0 0914 AUS 0.707 1.298 4.379 6.191 3.372 500850.0 1555500.0 6640.7 6584.7
59.0 0914 AUS 0.699 1.458 5.431 7.768 3.725 500850.0 1555500.0 6640.7 6581.7
73.0 0914 AUS 1.170 1.756 9.661 8.260 5.500 500850.0 1555500.0 6640.7 6567.7
79.0 0914 AUS 1.050 1.749 10.452 9.956 5.975 500850.0 1555500.0 6640.7 6561.7
84.5 0914 AUS 0.843 2.899 8.055 9.554 2.779 500850.0 1555500.0 6640.7 6556.2
6.2 0921 AUS 2.7 3.7 12.3 4.6 3.3 495800.0 1555400.0 6622.1 6615.9
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£ ARCADIS
Static Spectral Gamma Ray Results

Supplemental Background Soil and Groundwater Investigation Report
Grants Reclamation Project
Cibola County, New Mexico

Surface Sample
Depth Logged K U Th Elevation Elevation
(feet) Location 23 (%) (ppm) (ppm) Th/K Th/U Easting Northing (feet amsl) | (feet amsl)
1.4 5.9 6.2 4.3 1.1

14.7 0921 AUS 495800.0 1555400.0 6622.1 6607.4
16.0 0921 AUS 1.6 4.6 7.4 4.5 1.6 495800.0 1555400.0 6622.1 6606.1
235 0921 AUS 1.3 2.9 3.2 2.4 11 495800.0 1555400.0 6622.1 6598.6
32.5 0921 AUS 2.0 3.8 4.9 2.5 13 495800.0 1555400.0 6622.1 6589.6
40.5 0921 AUS 1.4 3.4 55 3.8 1.6 495800.0 1555400.0 6622.1 6581.6
50.5 0921 AUS 17 4.1 9.1 53 2.2 495800.0 1555400.0 6622.1 6571.6
55.5 0921 AUS 2.0 7.1 9.5 4.8 1.4 495800.0 1555400.0 6622.1 6566.6
8.5 0922 AUS 2.032 2.660 8.303 4.087 3.122 492500.0 1555200.0 6620.0 6611.5
10.0 0922 AUS 1.483 4.457 9.939 6.704 2.230 492500.0 1555200.0 6620.0 6610.0
19.5 0922 AUS 1.467 2.018 6.033 4.112 2.990 492500.0 1555200.0 6620.0 6600.5
38.7 0922 AUS 0.939 4.837 7.510 8.001 1.552 492500.0 1555200.0 6620.0 6581.3
51.3 0922 AUS 0.603 2.952 6.536 10.833 2.214 492500.0 1555200.0 6620.0 6568.7
59.0 0922 AUS 0.000 8.620 0.298 --- 0.035 492500.0 1555200.0 6620.0 6561.0
67.0 0922 AUS 0.175 0.243 3.384 19.376 13.911 492500.0 1555200.0 6620.0 6553.0
79.0 0922 AUS 0.763 2.365 8.089 10.605 3.420 492500.0 1555200.0 6620.0 6541.0
86.5 0922 AUS 0.230 2.197 6.547 28.457 2.979 492500.0 1555200.0 6620.0 6533.5
13.5 L AUS 2.094 3.896 13.990 6.681 3.591 492149.6 1538970.1 6574.2 6560.7
26.5 L AUS 1.989 6.960 11.095 5.579 1.594 492149.6 1538970.1 6574.2 6547.7
29.5 L AUS 1.317 5.226 7.789 5.912 1.490 492149.6 1538970.1 6574.2 6544.7
33.0 L AUS 1.465 6.251 8.101 5.531 1.296 492149.6 1538970.1 6574.2 6541.2
41.0 L AUS 1.367 4,711 5.683 4.157 1.206 492149.6 1538970.1 6574.2 6533.2
54.0 L AUS 1.521 1.984 6.247 4.108 3.148 492149.6 1538970.1 6574.2 6520.2
54 N-16 AUS 2.544 5.208 14.250 5.602 2.736 498623.570 | 1555894.720 6637.800 6632.400
6.6 N-16 AUS 1.347 8.882 7.042 5.229 0.793 498623.570 | 1555894.720 6637.800 6631.200
17.0 N-16 AUS 0.707 3.169 5.140 7.273 1.622 498623.570 | 1555894.720 6637.800 6620.800
30.8 N-16 AUS 0.983 5.313 4.099 4.170 0.772 498623.570 | 1555894.720 6637.800 6607.000
36.1 N-16 AUS 0.947 4.863 6.240 6.590 1.283 498623.570 | 1555894.720 6637.800 6601.700
52.9 N-16 AUS 0.923 4.746 8.409 9.111 1.772 498623.570 | 1555894.720 6637.800 6584.900
57.9 N-16 AUS 0.890 1.605 4.757 5.347 2.964 498623.570 | 1555894.720 6637.800 6579.900
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Table 4

Static Spectral Gamma Ray Results

Supplemental Background Soil and Groundwater Investigation Report
Grants Reclamation Project

Cibola County, New Mexico

Design & Consultancy
for natural and
built assets

A ARCADIS

Surface Sample
Elevation Elevation
Easting Northing (feet amsl) | (feet amsl)
60.7 N-16 AUS 0.862 4.147 3.136 3.639 0.756 498623.570 1555894.720 6637.800 6577.100
66.3 N-16 AUS 1.318 2912 6.826 5.177 2.344 498623.570 1555894.720 6637.800 6571.500
11.0 P2 AUS 1.896 1.733 6.194 3.267 3.575 490912.140 1546554.840 6588.890 6577.890
32.0 P2 AUS 2.547 1.064 8.172 3.208 7.678 490912.140 1546554.840 6588.890 6556.890
445 P2 AUS 1.218 1.645 4.332 3.556 2.634 490912.140 1546554.840 6588.890 6544.390
62.5 P2 AUS 1.189 3.010 4.668 3.925 1.551 490912.140 1546554.840 6588.890 6526.390
69.0 P2 AUS 1.208 4.694 3.739 3.094 0.797 490912.140 1546554.840 6588.890 6519.890
86.0 P2 AUS 1.450 7.692 7.329 5.056 0.953 490912.140 1546554.840 6588.890 6502.890
91.5 P2 AUS 1.219 7.902 8.371 6.867 1.059 490912.140 1546554.840 6588.890 6497.390
99.5 P2 AUS 1.648 3.978 22.017 13.364 5.535 490912.140 1546554.840 6588.890 6489.390
11.0 P4 AUS 0.6 4.4 13.4 235 3.1 491899.2 1546504.3 6585.9 6574.9
135 P4 AUS 0.6 5.6 12.9 22.1 2.3 491899.2 1546504.3 6585.9 6572.4
20.5 P4 AUS 1.2 2.3 5.8 4.9 2.5 491899.2 1546504.3 6585.9 6565.4
27.0 P4 AUS 2.0 1.6 9.1 4.6 5.6 491899.2 1546504.3 6585.9 6558.9
47.0 P4 AUS 0.6 34 2.5 4.3 0.7 491899.2 1546504.3 6585.9 6538.9
52.0 P4 AUS 0.8 2.8 9.3 111 3.4 491899.2 1546504.3 6585.9 6533.9
66.5 P4 AUS 0.7 2.3 3.2 4.9 1.4 491899.2 1546504.3 6585.9 6519.4
72.5 P4 AUS 0.9 2.0 6.2 7.1 3.1 491899.2 1546504.3 6585.9 6513.4
78.7 P4 AUS 0.7 2.3 14.3 20.9 6.2 491899.2 1546504.3 6585.9 6507.2
86.5 P4 AUS 1.1 4.0 9.0 8.4 2.3 491899.2 1546504.3 6585.9 6499.4
6.0 R AUS 1.8 3.5 8.3 4.6 24 494513.7 1550371.8 6603.7 6597.7
11.0 R AUS 1.2 2.8 4.9 4.0 1.8 494513.7 1550371.8 6603.7 6592.7
28.9 R AUS 1.1 8.5 5.6 51 0.7 494513.7 1550371.8 6603.7 6574.8
36.6 R AUS 1.3 4.6 4.8 3.5 1.0 494513.7 1550371.8 6603.7 6567.1
41.7 R AUS 1.0 0.8 4.8 5.0 6.4 494513.7 1550371.8 6603.7 6562.0
47.1 R AUS 1.4 3.2 8.0 55 2.5 494513.7 1550371.8 6603.7 6556.6
59.1 R AUS 1.3 0.2 5.5 4.3 24.7 494513.7 1550371.8 6603.7 6544.6
72.0 R AUS 1.4 1.9 7.3 5.4 3.7 494513.7 1550371.8 6603.7 6531.7
79.6 R AUS 1.7 4.2 9.5 54 2.3 494513.7 1550371.8 6603.7 6524.1
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Table 4

Static Spectral Gamma Ray Results

Supplemental Background Soil and Groundwater Investigation Report
Grants Reclamation Project

Cibola County, New Mexico

A ARCADIS

........ ol Sample
Depth Logged K U Th Elevation Elevation
(feet) Location 23 (%) (ppm) (ppm) Th/K Th/U Easting Northing (feet amsl) | (feet amsl)
83.3 R AUS 1.6 4.4 9.0 55 21 494513.7 1550371.8 6603.7 6520.4
4.3 W AUS 1.6 5.8 5.2 3.2 0.9 487297.5 1542301.7 6571.8 6567.5
13.8 W AUS 1.4 34 4.1 2.9 1.2 487297.5 1542301.7 6571.8 6558.0
24.9 W AUS 2.0 2.3 9.0 4.4 3.8 487297.5 1542301.7 6571.8 6546.9
35.0 W AUS 1.6 4.0 8.8 5.6 2.2 487297.5 1542301.7 6571.8 6536.8
47.5 W AUS 1.4 2.5 8.7 6.1 3.5 487297.5 1542301.7 6571.8 6524.3
62.6 W AUS 1.2 3.1 4.7 3.9 1.5 487297.5 1542301.7 6571.8 6509.2
80.6 W AUS 0.8 9.5 4.1 5.3 0.4 487297.5 1542301.7 6571.8 6491.2
94.7 W AUS 1.3 5.3 10.3 8.0 2.0 487297.5 1542301.7 6571.8 6477.1
99.5 W AUS 1.7 5.0 6.5 3.9 1.3 487297.5 1542301.7 6571.8 6472.3
101.7 W AUS 1.9 2.5 11.0 5.7 4.4 487297.5 1542301.7 6571.8 6470.1
7.5 DD AUS 2.771 7.857 9.486 3.423 1.207 488943.410 1546988.920 6590.690 6583.190
13.0 DD AUS 1.806 3.203 6.557 3.631 2.047 488943.410 1546988.920 6590.690 6577.690
23.0 DD AUS 1.459 2911 2.806 1.924 0.964 488943.410 1546988.920 6590.690 6567.690
34.0 DD AUS 2.147 6.081 10.329 4.810 1.699 488943.410 1546988.920 6590.690 6556.690
34.0 DD USGS 2.467 5.094 17.000 6.891 3.337 488943.410 1546988.920 6590.690 6556.690
36.0 DD AUS 1.208 8.179 8.403 6.955 1.027 488943.410 1546988.920 6590.690 6554.690
44.0 DD AUS 1.049 6.138 3.624 3.455 0.590 488943.410 1546988.920 6590.690 6546.690
44.0 DD USGS 0.602 5.814 4.091 6.795 0.704 488943.410 1546988.920 6590.690 6546.690
46.0 DD USGS 0.889 0.749 4.364 4.910 5.825 488943.410 1546988.920 6590.690 6544.690
66.0 DD USGS 1.818 0.000 17.727 9.750 --- 488943.410 1546988.920 6590.690 6524.690
8.3 DD2 AUS 1.652 3.469 14.614 8.847 4.213 489421.800 1547489.410 6591.280 6582.980
16.7 DD2 AUS 1.821 2.674 7.183 3.944 2.686 489421.800 1547489.410 6591.280 6574.580
23.2 DD2 AUS 1.269 0.044 4.883 3.849 111.518 489421.800 1547489.410 6591.280 6568.080
29.8 DD2 AUS 1.357 1.665 4.306 3.173 2.586 489421.800 1547489.410 6591.280 6561.480
32.0 DD2 AUS 1.434 6.090 5.987 4.175 0.983 489421.800 1547489.410 6591.280 6559.280
38.9 DD2 AUS 1.429 4.919 10.251 7.174 2.084 489421.800 1547489.410 6591.280 6552.380
42.4 DD2 AUS 1.691 4.531 9.642 5.701 2.128 489421.800 1547489.410 6591.280 6548.880
52.0 DD2 USGS 0.399 7.282 3.000 7.519 0.412 489421.800 1547489.410 6591.280 6539.280
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Table 4

Static Spectral Gamma Ray Results

Supplemental Background Soil and Groundwater Investigation Report
Grants Reclamation Project

Cibola County, New Mexico

A ARCADIS

Surface Sample
Elevation Elevation
Location Easting Northing (feet amsl) | (feet amsl)
57.5 DD2 USGS 0.572 7.552 3.545 6.196 0.469 489421.800 1547489.410 6591.280 6533.780
66.5 DD2 USGS 0.982 0.420 6.727 6.851 16.035 489421.800 1547489.410 6591.280 6524.780
88.0 DD2 USGS 1.105 3.776 8.545 7.733 2.263 489421.800 1547489.410 6591.280 6503.280
4.9 MV AUS 1.92 1.55 19.54 10.19 12.57 484417.8 1542617.6 6568.5 6563.6
7.2 MV AUS 1.22 5.92 17.37 14.28 2.94 484417.8 1542617.6 6568.5 6561.3
17.5 MV AUS 0.76 7.33 7.82 10.31 1.07 484417.8 1542617.6 6568.5 6551.0
22.2 MV AUS 0.00 12.40 1.76 - 0.14 484417.8 1542617.6 6568.5 6546.3
31.7 MV AUS 0.56 1.39 8.41 14.98 6.03 484417.8 1542617.6 6568.5 6536.8
40.0 MV AUS 0.87 0.99 2.24 2.58 2.25 484417.8 1542617.6 6568.5 6528.5
54.2 MV AUS 0.89 1.20 2.26 2.53 1.88 484417.8 1542617.6 6568.5 6514.3
61.4 MV AUS 0.70 1.64 1.59 2.27 0.97 484417.8 1542617.6 6568.5 6507.1
84.0 MV USGS 0.65 2.28 1.09 1.69 0.48 484417.8 1542617.6 6568.5 6484.5
95.5 MV USGS 2.10 0.00 9.36 4.47 - 484417.8 1542617.6 6568.5 6473.0
6.0 ND AUS 1.6 7.1 12.7 7.8 1.8 494872.3 1545927.1 6591.8 6585.8
12.5 ND AUS 1.7 1.7 5.2 3.1 3.0 494872.3 1545927.1 6591.8 6579.3
17.7 ND AUS 1.7 6.2 4.5 2.6 0.7 494872.3 1545927.1 6591.8 6574.1
215 ND AUS 1.1 7.3 6.7 6.0 0.9 494872.3 1545927.1 6591.8 6570.3
32.4 ND AUS 1.4 9.0 4.7 3.3 0.5 494872.3 1545927.1 6591.8 6559.4
34.8 ND AUS 1.6 4.4 3.7 2.3 0.8 494872.3 1545927.1 6591.8 6557.0
34.8 ND USGS 1.925 0.180 6.182 3.212 34.381 494872.330 1545927.140 6591.790 6556.990
40.7 ND AUS 1.5 0.9 5.2 3.5 6.1 494872.3 1545927.1 6591.8 6551.1
52.5 ND USGS 1.739 0.000 11.000 6.324 - 494872.330 1545927.140 6591.790 6539.290
56.7 ND USGS 1.436 6.683 7.000 4.875 1.047 494872.330 1545927.140 6591.790 6535.090
135 Q AUS 1.8 3.0 7.7 4.2 2.6 492152.8 1548693.1 6591.5 6578.0
17.5 Q AUS 1.5 3.5 4.6 3.1 1.3 492152.8 1548693.1 6591.5 6574.0
32.7 Q AUS 1.7 0.8 6.1 3.7 7.6 492152.8 1548693.1 6591.5 6558.8
47.5 Q AUS 1.5 0.6 7.6 4.9 11.8 492152.8 1548693.1 6591.5 6544.0
62.0 Q AUS 1.1 3.7 55 4.9 1.5 492152.8 1548693.1 6591.5 6529.5
81.0 Q USGS 2.270 0.000 17.273 7.610 - 492152.760 1548693.110 6591.520 6510.520
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Table 4
Static Spectral Gamma Ray Results

Supplemental Background Soil and Groundwater Investigation Report
Grants Reclamation Project
Cibola County, New Mexico

A ARCADIS

Design & Consultancy
for natural and
built assets

Surface Sample
Elevation Elevation
Easting Northing (feet amsl) | (feet amsl)
84.0 AUS 1.4 8.1 6.5 4.5 0.8 492152.8 1548693.1 6591.5 6507.5
84.0 USGS 0.367 17.471 7.636 20.822 0.437 492152.760 1548693.110 6591.520 6507.520
93.0 USGS 0.626 7.012 5.000 7.988 0.713 492152.760 1548693.110 6591.520 6498.520

Acronyms and Abbreviations:

amsl = above mean sea level

AUS = Arcadis U.S., Inc.
italics = USGS data

K = potassium

ppm = parts per million

Th = thorium
U = uranium

USGS = U.S. Geological Survey

% = percent

--- = not measured
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Table 5

Geochemical Results Summary - Soil

Supplemental Background Soil and Groundwater Investigation Report
Grants Reclamation Project

Cibola County, New Mexico

A ARCADIS

834S 5180 834S 5180 834S
Dissolved SO, Dissolved SO, Adsorbed SO, Adsorbed SO, Sulfide
(%0 VCDT) (%o VSMOW) (%o VCDT) (%o VSMOW) (%0 VCDT)

Total
Organic
Carbon

ORP on
Solids

Total Metals (mg/kg dry mass) . Total

Moisture [Paste pH

(weight %) Sulfur

Sample ID

A ca ] Fe Mo L Lhe LK | se N S Y o B weigrisn)
repeat repeat repeat repeat repeat
BK1-11.5-12.5-052119 2290 2770 3860 <1U <3U 648 J <1U 1.6 8.2 0.02 0.1 276
BK1-15-15.5-052119 1350 2460 2680 459 28 <1U 286 <3U <40 726 J <1U <5 U 0.6 8.5 0.02 0.1 232 NA NA NA NA NA NA NA NA NA NA
BK1-33.5-34-052119 3350 5840 7210 1120 96 <1U 678 <3U 111 825J <1U 9 2.7 8.1 0.02 0.3 254 NA NA NA NA NA NA NA NA NA NA
BK1-39-40-052119 3390 8760 8320 1060 148 1 844 <3U 228 878 J <1U 9 6.8 8.3 0.02 0.4 218 6.0 5.6 9.6 9.2 6.0 NA 8.6 NA 3.1 NA
BK1-41-41.5-052119 1730 4560 4480 518 80 <1U 452 <3U 119 765 J <1U 5 1.8 8.4 0.02 0.2 186 NA NA NA NA NA NA NA NA NA NA
BK1-47-48-052119 7810 22400 | 14200 @ 3500 325 <1U 1260 <3U 235 19203 | <1 U 13 13.6 7.9 0.03 0.7 267 -22.1 NA 2.8 NA -14.8 -15.5 6.7 5.6 -16.1 NA
BK1-48.5-49.5-052119 1640 18500 | 7740 748 272 <1U 317 <3U 100 942 J <1U 8 11.6 8.2 0.02 0.3 275 NA NA NA NA NA NA NA NA NA NA
BK1-51.5-52.5-052119 2500 21200 | 46300 | 1090 1520 2 317 <3U 211 769 J 2 21 7.6 8.0 0.02 1.2 262 -25.7 -25.3 1.7 NA -10.1 NA NES NA -2.9 1.1
BK1-52-53-052119 10800 | 32700 | 17500 | 4010 406 <1U 1780 <3U 347 2170J 2 18 18.3 7.9 0.02 1.0 294 -20.3 NA 2.2 NA -15.2 -14.9 7.2 6.7 1.4 1.4
BK1-55.5-56.5-052219 20000 | 24100 & 14100 | 8750 550 <1U 1810 <3U 328 21103 | <1U 22 13.8 8.0 0.01 0.8 268 -20.9 NA 6.9 6.6 -10.3 -9.6 6.1 7.3 10.4 NA
BK2-12-13-051519 5620 19600 | 6950 1880 185 <1U 935J <1U 167 397 J <1U 9 2.5 7.9 <0.01 U 0.9 325 NA NA NA NA NA NA NA NA NA NA
BK2-20-21-051519 2110 3150 6870 699 105 <1U 504 J <1U 147 437 J <1U 9 8.2 8.1 0.01 0.2 229 NA NA NA NA NA NA NA NA NA NA
BK2-35-36-051519 1620 5630 4750 510 92 <1U 433J <1U 130 320J <1U 6 3.1 8.3 0.01 0.2 179 -0.5 -0.1 7.9 8.3 0.0 NA NES NA -7.7 NA
BK2-38-39-051519 2200 5000 5850 627 105 <1U 625J <1U 180 462 J <1U 6 0.3 8.4 0.01 0.2 274 NA NA NA NA NA NA NA NA NA NA
BK2-41.5-42.5-051519 6150 15600 | 8700 3190 165 <1U | 11203 <1U 259 345J <1U 11 6.1 8.0 <0.01 U 0.9 258 NA NA NA NA NA NA NA NA NA NA
BK2-44-44.5-051619 5260 13900 | 8930 2740 138 <1U 927 J <1U 210 3357 <1U 10 7.3 7.9 <0.01U 0.6 247 NA NA NA NA NA NA NA NA NA NA
BK2-59-60-051619 1670 | 19800J 6480 723 152 <1U 338J <1U 104 387 J <1U 6 8.7 8.2 <0.01 U 0.4 252 NA NA NA NA NA NA NA NA NA NA
BK2-63.5-64-051619 3010 40100 | 8840 1300 317 <1U 547 J <1U 144 332J <1U 10 4.5 8.0 <0.01 U 1.0 272 NA NA NA NA NA NA NA NA NA NA
BK2-72.5-73.5-051619 3130 11000 | 4290 1900 113 <1U 642 J <1U 120 326 J <1U 7 6.0 8.0 <0.01 U 0.8 267 NA NA NA NA NA NA NA NA NA NA
BK2-77-77.5-051619 3910 10800 | 5780 1980 112 <1U 7720 <1U 144 373J <1U 8 7.7 8.0 <0.01 U 0.6 274 NA NA NA NA NA NA NA NA NA NA
BK3-14.5-15-052219 2340J | 7390J @ 4250 1170 95J <1U 617 <1UJ 107 3127 | <1UJ 10 4.1 8.3 0.02 0.3 209 NA NA NA NA NA NA NA NA NA NA
BK3-23-23.5-052219 6340J | 8300J @ 9600 2130 187 J <1U 1620 | <1UJ 382 4203 | <1UJ 16 2.5 8.2 0.02 0.2 319 NA NA NA NA NA NA NA NA NA NA
BK3-26-27-052219 7920J | 37500J 8300 3770 220J <1U 1910 | <1UJ 456 671J | <1UJ 12 2.5 8.0 0.02 1.3 309 NA NA NA NA NA NA NA NA NA NA
BK3-31.5-32.5-052219 6680J | 15100 J 9290 3190 186 J 1 1250 | <3 UJ 436 11407 | <1 UJ 13 3.4 8.3 0.02 0.6 256 NA NA NA NA NA NA NA NA NA NA
BK3-35-35.5-052219 2760J | 9360J @ 6800 1380 116 J <1U 575 <3 UJ 234 7547 | <1UJ 10 16.7 8.5 0.02 0.3 245 NA NA NA NA NA NA NA NA NA NA
BK3-46.5-47.5-052219 2420J | 12800J 10800 | 1190 205J <1U 476 <3 UJ 202 7927 | <1UJ 13 10.9 8.5 0.02 0.4 228 NA NA NA NA NA NA NA NA NA NA
BK3-47.5-48.5-052219 3010J | 10300J 11700 | 1420 152 J <1U 597 <3 UJ 220 1230J | <1 UJ 14 10.1 8.5 0.01 0.4 212 -4.1 NA 5.2 NA -2.0 NA NA 1.7 -2.7 -1.9
BK3-50.5-52-052219 7370J | 9570J @ 7910 2370 123J <1U 1490 | <3 UJ 341 15207 | <1 UJ 13 10.8 8.3 0.02 0.4 256 NA NA NA NA NA NA NA NA NA NA
BK3-55-56-052219 6250J | 24700J 6530 2050 195J <1U 1160 | <3 UJ 358 1330J | <1 UJ 13 9.9 8.5 0.02 1.0 226 NA NA NA NA NA NA NA NA NA NA
BK3-42.5-43.5-052219 31900 J| 33100J | 21600 | 10400 & 413J <1U 6370 | <3UJ 1150 | 1760J 1J 36 13.6 8.1 0.02 1.1 255 -14.8 NA 5.5 5.8 -5.5 -5.4 5.6 5.2 -19.2 NA
DUP (BK2-59-60-051619) 1720 | 10100J 7390 672 144 <1U 331 <3U 118 889 J <1U 7 8.5 8.2 0.02 0.4 288 NA NA NA NA NA NA NA NA NA NA
DUP-2 (BK1-41-41.5-052119) 1680 6470 3950 521 87 <1U 386 <3U 115 601 J <1U <5U 1.6 8.6 0.02 0.2 237 NA NA NA NA NA NA NA NA NA NA
Note:

1. Nondetect values and samples that were not analyzed are presented in gray.

Acronyms and Abbreviations:

Al = aluminum ORP = oxidation-reduction potential

Ca = calcium Se = selenium
Fe =iron Si = silica
= identification SO, = sulfate
K = potassium s.u. = standard units
Mg = magnesium U = uranium

mg/kg = milligram per kilogram
Mo = molybdenum

Mn = manganese

mV = millivolt

Na = sodium

NA = not analyzed

NES = not enough sample

Qualifier:
J = estimated value

V = vanadium

VCDT = Vienna-Canyon Diablo Troilite

VSMOW = Vienna-Standard Mean Ocean Water

< = less than

%0 = per mil

5%s = per mil difference between stable sulfur isotopes **S and **S
% = percent

U = not detected; method detection limit shown
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Design & Consultancy
for natural and
built assets

A ARCADIS
X-Ray Diffraction Results Summary

Supplemental Background Soil and Groundwater Investigation Report
Grants Reclamation Project
Cibola County, New Mexico

BK1- BK1 8- BK1 2= BK1-52-53- BK1-55.5-56. 0 0
0521 052119 052119 052119 052219 2219

Fineto Coarse Fine Sand with
Sand and Gravel| Sandy Clay Clay . Sandy Gravel | Silty Fine Sand Clay Gravelly Sand
: . Some Silt
with Trace Silt

Hydrostratigraphic

b Saturated Saturated
Zone’:
Quartz 72 29 53 40 51 76 77 70 30 63
Calcite 3 5 16 7 7 2 5 4 10 3
Plagioclase 8 6 8 6 8 5 4 6 5 7
K-Feldspar 11 6 9 7 6 9 7 9 5 18
Goethite/Hematite 3 - 2 3 1 1 - - - -
Bulk sample |lllite/Mica - 8 3 5 5 2 3 3 22 3
Kaolinite - 15 6 12 4 2 2 3 9 2
Smectite - 31 <5* 20 13 - - - 19 -
Dolomite - - - - 3 - - 2 - 2
Unaccounted <5 - <5 - - <5 <5 <5 - <5
Total clay NA 54 NA 37 22 NA NA NA 50 NA
. Smectite NA 58 NA 55 60 NA NA NA 37 NA
S;iyn:racuon llite NA 15 NA 14 22 NA NA NA 44 NA
Kaolinite NA 28 NA 31 17 NA NA NA 18 NA
Notes:

1. Data are from x-ray diffraction analysis by DCM Science Laboratory in Lakewood, Colorado unless otherwise noted.
2. Non-detect values and samples that were not analyzed are presented in gray.

@ Data from Energy Laboratories, Inc.
b Groundwater was encountered in BK1c, BK2c, and BK3 at 42.5, 42.5, and 45 feet below ground surface, respectively.

Acronyms and Abbreviations:
= identification

mg/kg = milligram per kilogram
NA = not analyzed

= may be present
< =less than
- = not detected greater than 1 percent
Um = micrometer
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Table 7 a RmD I S Design & Consultancy
. . . for natural and

Selective Sequential Extraction Protocol /A built assets

Supplemental Background Soil and Groundwater Investigation Report

Grants Reclamation Project

Cibola County, New Mexico

. . . Extraction
Step | Targeted Fraction | Extraction Solution Protocol
Volume

Prepare sample by drying at 105 °C and grinding in agate mortar.

Weigh 2.0 grams of soil into 50 mL centrifuge tube.
Add 30 mL deionized H,0.
. Shake for 1 hour.

| Water soluble Distilled water 30 mL

. Centrifuge at 12,000 g for 30 minutes.

. Pipette supernatant into plastic syringe and filter through 0.45 um pore-size syringe filter.

. Analyze supernatant for U, V, Se, Mo, Ca, Mg, Na, Al, Fe, Mn, Si, sulfate, carbonate, phosphate
. Add 16 mL of 0.0144 M NaHCO, / 0.0028 M Na,CO; solution.

. Shake for 1 hour.

. Centrifuge @ 12,000 g for 30 minutes.

. Pipette supernatant into plastic syringe and filter through 0.45 um pore-size syringe filter.

; Adsorbed 0.0144M NaHCOs, / oL
sorbe 0.0028 M Na,COs5 m

. Analyze supernatant for U, V, Se, Mo, Ca, Mg, Na, Al, Fe, Mn, Si, sulfate, phosphate

1.

2.

3.

4

5

6

7

1

2

3

4

5

6. Add 16 mL deionized H,O into centrifuge tube containing the solid sample and hand shake for 1 minute.
7. Centrifuge @ 12,000 g for 30 minutes.
8. Pipette and discard supernatant.
1. Add 16 mL of 1 M NaOAc (adjusted to pH = 5 with HOAc).
2

3

1

2

3

4

5

1

2

3

4

5

6

7

8

9

1] Carbonate bound 1M NaOAc 16 mL

(pH = 5.0) . Shake for 2.5 hours.

. Repeat Steps 3 through 8 in Extraction Step II.
. Add 40 mL of 0.04 M NH,OH-HCl in 25% (v/v) HOAc (pH = 2).
. Hand shake for 1 minute.

0.04 M NH,OH-HCl in
25% (viv) HOAC

\% Oxide bound 40 mL . Place in oven at 96 + 3 °C for 6 hours. Hand shake every 1 hour.

. After 6 hours, remove from oven and hand shake.

. Repeat Steps 3 through 8 in Extraction Step II.

. Add 6 mL of 0.02 M HNO,.

. Add 10 mL of 30% H,O, adjusted to pH = 2 with HNO;.
. Hand shake for 1 minute.

. Place into oven at 85 + 2 °C for 2 hours.

. Hand shake for 1 minute after 1 hour and 2 hours.

v oranic bound 0.02 M HNOj / 4oL
rganic boun 3.2 M NH,0Ac m

. Add 6 mL H,0, (pH = 2 with HNO;) and hand shake for 1 minute.
. Heat to 85 + 2 °C for 3 hours. Shake for 1 minute each hour.

. Allow sample to cool to room temperature.
. Add 10 mL of 3.2 M NH,OAc in 20% (v/v) HNO3.
10. Add 8 mL deionized H,0.
11. Shake for 30 minutes.
12. Repeat Steps 3 through 8 in Extraction Step II.
1. Digest final residue using USEPA Method 3052.
2. Analyze digest for U, V, Se, Mo, Ca, Mg, Na, Al, Fe, Mn, Si.

\Y| Residual HF/HNO5
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20190827 GRP BG - Supp Bkgd Assess Report Tables 1/2



Design & Consultancy
for natural and
built assets

A ARCADIS
Selective Sequential Extraction Protocol

Supplemental Background Soil and Groundwater Investigation Report
Grants Reclamation Project
Cibola County, New Mexico

Note:
1. Protocol modified from Tessier, A., P.G.C. Campbell, and M. Bisson. 1979. Sequential Extraction Procedure for the Speciation of Particulate Trace Metals. Analytical Chemistry. 51:844-851

Acronyms and Abbreviations:

Al = aluminum NaOAc = sodium acetate
Ca = calcium NaHCO; = sodium bicarbonate
Fe =iron Na,COj; = sodium carbonate
g = times gravity force NH,OH-HCI = hydroxylamine hydrochloride
HF = hydrofluoric acid NH,OAc = ammonium acetate
HNO; = nitric acid Se = selenium
HOACc = acetic acid Si = silica
M = molar U = uranium
Mg = magnesium USEPA = United States Environmental Protection Agency
mg/kg = milligram per kilogram  V = vanadium
mL = milliliter v/v = volume by volume
Mn = manganese % = percent
Mo = molybdenum Um = micrometer
Na = sodium °C = degrees Celsius
8/27/2019
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Table 8 Design & Consultancy
. . . for natural and
Selective Sequential Extraction Results built assets

Supplemental Background Soil and Groundwater Investigation Report
Grants Reclamation Project
Cibola County, New Mexico

Selective Sequential Extraction (mg/kg)

Sample ID Lithology SEIED SRS Bicarbonate
Extraction Step alkalinity Sulfate |Orthophosphate
(as CaCO3)

water soluble . 304J 20J 0.46J
adsorbed <24U 18 J 12 < 8 U < 0.40 U 0.016 J < 0.004 U 51 2972 0.0113 J < 0.24 U NA 89J 0.40J
carbonate bound 8J 3004 13J 105J 13 <0.0320U | 0.016J 403 173279 0.057J <0.80U NA NA NA
BK1-11.5-12.5-052119 Clayey fine sand |oxide bound 263 364 1419 223 32 0.081 0.0243 709 1275 0.0628 2.0J NA NA NA
organic/sulfide bound 239 51J 51 200 2.4 0.040J 0.020J 336 <20U [ <0.020U| <0.60U NA NA NA
recalcitrant 19700 700J 3600 <1000 U <50U <3U <1lU 421000 J 5000 <1lU <30U NA NA NA
total extracted 20213 4213 5115 362 47 0.16 0.060 422209 182526 0.14 2.0 304 29 0.86 |
water soluble 16 121 24.8 133 <0.32U 0.0596 < 0.0097 UB 89 73 0.0097 J <0.16 U 537J 1223 <0.16 UR
adsorbed 9.5 143 20 <9u <0.43U 0.043 0.0069 J 64 3119 0.0258 <0.26 U NA 273 0.95J
carbonate bound 146 10311 437 206 J 100 0.043J 0.026 J 189 189044 0.129 <0.90U NA NA NA
BK1-39-40-052119 Fine sandy silt |oxide bound 709 838 3050 301J 37 0.537 0.0473 816 1461 0.232 <21U NA NA NA
organic/sulfide bound 318 95 26 <21U 173 0.752 0.129 501 4337 0.043J 0.90J NA NA NA
recalcitrant 24100 1800J 10500 <1000 U 130J <3U <1U 421000J 10000 <1lU <30U NA NA NA
total extracted 25299 13179 14058 520 269 1.43 0.21 422659 203740 0.44 0.90 537 149 0.95 |
water soluble 3517 116 145 22 <0.35U 0.0208 0.0415J 102 170 0.0052 J <0.17U 462 3723 0.87J
adsorbed <28U 44 5.5 <9U <0.46 U 0.009J | <0.0046 U 47 2676 0.0221J <0.28U NA 713 0.65J
carbonate bound <9u 20669 29 581 133 <0.037U | 0.0283 55J 187313 0.166 J <0.90U NA NA NA
BK1-47-48-052119 Clay oxide bound 346 2999 1582 1084 32 0.046 J 0.060 J 992 6067 0.2284J 2310 NA NA NA
organic/sulfide bound 789 1269 148 507 13 <0046 0 0.115J 602 138 0.069 J <0.70U NA NA NA
recalcitrant 55300 800J 19100 4000 J 130J <3uU <1u 363000 J 11000 2 60J NA NA NA
total extracted 56439 25897 20879 6194 308 0.08 0.24 364798 207364 2.49 62.3 462 443 1.52 |
water soluble <1l6U 135 1.8J 213 <0.32U 0.0306 0.0548 34 121 0.0064 J <0.16 U 322 425J 0.48J
adsorbed <26U 143 43 <9u <0.43U 0.017J <00043UE 223 2947 0.0498 <0.26 U NA 527 113
Fine to coarse | carbonate bound <9u 48980 52 438 292 <0.034U 0.043 43J 164984 0.361 <0.90U NA NA NA
BK1-51-52-052119 sand and gravel oxide bound 365 3673 2213 666 331 0.086 0.0559 644 1976 0.275 4.3 NA NA NA
with trace silt | organic/sulfide bound 425 636 43 129 29 0.129 0.086 408 4337 0.021J 1.9J NA NA NA
recalcitrant 41200 2500 J 29300 2000 J 290J <3U <1uU 374000 J 14000 1J 50J NA NA NA
total extracted 41990 55938 31614 3254 942 0.26 0.24 375151 184071 1.71 56 322 477 1.6 |
water soluble 8.7 168 6.1 33J <0.35U 0.0311 0.0675J 73 266 0.0138J 0.17J 462 670J 0.87J
adsorbed <2.8U 63 <1.8U 9J <0.46U 0.018J 0.0055 J 29 2602 0.0729 <0.28U NA 113J 0.74J
carbonate bound 9J 29250 19 812 177 <00370U ] 0.018J 657 190081 0.378 <0.90U NA NA NA
BK1-52-53-052119 Sandy clay  oxide bound 406 4014 1776 1200 118 0.046 J 0.083J 1149 6690 0.3737 55 NA NA NA
organic/sulfide bound 994 1882 235 646 40 <0046 U | 0.300J 738 161 0.208 <0.70U NA NA NA
recalcitrant 68100 1800J 30300 6000 200J <3u <1u 331000 J 12000 2 70J NA NA NA
total extracted 69518 37177 32336 8700 535 0.10 0.47 333054 211800 3 76 462 783 1.61 |
water soluble 58 104 7.8 19J <0.34U 0.017 0.0255 85 218 0.0051J <0.17U 455 323 0.51J
adsorbed 8.2J 45 4.5 9J <0.45U 0.009J | <0.0045 U 48 2588 0.020J <0.27U NA 51J 0.45J
carbonate bound 181J 18888 143 617 298 <0.018U 0.027 733 155278 0.145 <0.90U NA NA NA
BK1-55.5-56.5-052219 Clay oxide bound 313 3019 831 1158 68 0.045J 0.045 731 6765 0.1952 3.4 NA NA NA
organic/sulfide bound 879 1832 79 772 29 0.045J 0.068 613 182 0.045J 23 NA NA NA
recalcitrant 57800 900J 24900 10000 150J <3u <1uU 348000 J 10000 2 70J NA NA NA
total extracted 59076 24788 25836 12575 545 0.12 0.17 349550 175031 2 76 455 374 0.96 |
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Table 8 Design & Consultancy
. . . for natural and
Selective Sequential Extraction Results built assets

Supplemental Background Soil and Groundwater Investigation Report
Grants Reclamation Project
Cibola County, New Mexico

Selective Sequential Extraction (mg/kg)

Sample ID Lithology SEIED SRS Bicarbonate
Extraction Step ca alkalinity Sulfate |Orthophosphate
(as CaCO3)

water soluble 93 <6U | <031U | 00635 | 0.003LJ 0.0062J | 0.5J 4143 56 0.46J
adsorbed 26 9J 13 <8U | <041U | 0041 |<0.0041U 39 3256 001323 | <0250 NA 823 0.743
. | carbonate bound 58 5942 131 58 54 0.017J | <0.008U 83 156198 | 0.074J | <0.80U NA NA NA
BK2-35-36-051519 Fine sand .‘l’t"'th oxide bound 440 438 1769 124 28 0.269 0.0248 587 599 0.103 2.1 NA NA NA
somesit | organic/sulfide bound 174 353 17 21U | 10U | 0331 | 00213 201 213 | <0020U| 1.0 NA NA NA
recalcitrant 16200 900 J 4800 | <1000U | 603 <3uU <1U | 4180003 | 7000 <1U <30U NA NA NA
total extracted 16912 7417 6744 182 142 072 0.05 419056 | 167131 | 0.1964 33 414 138 1.20
water soluble 73 110 43 8J <0320 | 001481 | 00721 31 84  [<0.0033U| <0.16U 3287 2517 0.16J
adsorbed 13 6J 35 <90 | <0440 | 00093 | 000613 | 203 3305 | 0017J | <0260 NA <874 UR 0.26J
Fine to medium |carbonate bound <9uU 10142 40 523 78 00170 | 00173 | <260 | 146885 | 0.087 <0.90U NA NA NA
BK2-59-60-051619 sand with some |oxide bound 275 872 1123 240 21 00443 | 0.0284 402 634 0.1202 173 NA NA NA
silt organic/sulfide bound 179 74 22 <220 3.9 00873 | 00223 216 223 0.0223 103 NA NA NA
recalcitrant 20500 | 1400 | 12300 | <1000U | 1803 <3u 10U | 4080003 | 8000 <1U <30U NA NA NA
total extracted 20974 12604 13493 300 283 0.2 0.15 408669 | 158930 | 0.2462 2.7 328 251 0.42
water soluble 57 144 283 12) | <030 | 0025 | 0.0827J 41 117 000623 | <0160 3123 3817 0.16J
adsorbed 57 123 33 <80 | <0420 | 00173 00058 UE 28 2772 00325 | <0250 NA 383 0423
carbonate bound 173 27971 75 200 J 246 | <0033U | 0.025J 333 174818 | 0.441 <0.80U NA NA NA
BK2-63.5-64-051619 Sandy gravel |oxide bound 312 1831 1145 562 25 <0033U | 0.0623 562 1998 0.312 <210 NA NA NA
organic/sulfide bound 418 354 48 125 560 0.083J | 0.062J 379 423 0.0423 103 NA NA NA
recalcitrant 31400 | 1100J | 14200 | 1000J 1703 <3u <1U | 3890003 | 8000 <1U <30U NA NA NA
total extracted 32157 | 31412 15474 1899 447 013 0.23 390043 | 187747 | 0.8337 1.0 312 419 0.58
water soluble 11 100 19 100 | <0220 | 00382 | 00812 81 115 001273 | <0160 530 J 2157 0.48J
adsorbed 26 203 8.5 <80 | <0420 | 00173 | 0.0272 49 2845 00433 | <0250 NA 273 0.59J
carbonate bound 8J 12229 133 255 93 <0034U | 0.059 343 179193 | 0.204 <0.80U NA NA NA
BK2-72.5-73.5-051619 Sandysit  |oxide bound 340 2569 1221 1189 32 <00350 | 0.0853 552 2203 0.234 <210 NA NA NA
organic/sulfide bound 403 361 72 170 473 00641 | 0.594 346 213 0.106 103 NA NA NA
recalcitrant 29700 600 J 7500 | <1000U | 703 <3u <1U | 4180003 | 9000 <1U <30U NA NA NA
total extracted 30488 15879 8834 1624 200 0.12 0.85 419062 | 193467 | 0.6000 1.0 530 242 1.07
water soluble 13 % 22 11J | <0220 | 00337 | 0.0626 114 140 000967 | <0160 4293 2143 0.64J
adsorbed 15 243 11 <90 | <0430 | 00093 | 0.0188 61 2827 00317 | 026U NA 323 0.69J
carbonate bound 173 13876 19 325 112 | <0034U | 0.043 433 182441 | 0.223 <0.90U NA NA NA
BK2-77-77.5-051619 Silty fine sand | oxide bound 385 2634 1400 1178 39 <00360U | 0.086J 685 3704 0.214 213 NA NA NA
organic/sulfide bound 488 435 79 236 6.6 00433 | 0.193 405 643 0.086 J 103 NA NA NA
recalcitrant 36300 | 1000J | 11400 | 2000J 1003 <3u <10 | 4060003 | 9000 13 403 NA NA NA
total extracted 37218 18065 12031 3750 258 0.09 0.40 407308 | 198176 2 31 429 246 133
water soluble 11 60 18.8 8J 031U | 0371 | 00278 107 311 00093J | <0150 618 J 2337 0.46 J
adsorbed 6.6J 213 8.2 <8U | <041U | 0140 |<00041U| 54 2801 | 00157 | <0250 NA 293 0.33J
carbonate bound 74 13100 147 420 108 | <00330U | 0.033] 115 171370 | 0.115 <0.80U NA NA NA
BK3-31.5-32.5-052219 Clay oxide bound 301 2575 2010 1112 27 0515 | <0.041U| 700 4016 0.206 213 NA NA NA
organic/sulfide bound 583 558 109 247 6.2 00413 | 0.062J 501 823 0.041] 1.0J NA NA NA
recalcitrant 35500 | 1600J | 13900 | 2000J 1103 <3u <1U | 3900003 | 9000 <1U 503 NA NA NA
total extracted 36566 17914 16193 3787 251 1.07 0.12 391477 | 187580 0.39 53 618 262 0.79
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Table 8 Design & Consultancy
. . . for natural and
Selective Sequential Extraction Results built assets

Supplemental Background Soil and Groundwater Investigation Report
Grants Reclamation Project
Cibola County, New Mexico

Selective Sequential Extraction (mg/kg)

Sample ID Lithology SEIED SRS Bicarbonate
Extraction Step alkalinity Sulfate |Orthophosphate
(as CaCO3)

water soluble 22.6 223 <0.34U 0.0202 0.0321 0.0287 0.51J 1125 607 J 6.7J
adsorbed 273 60 <1l8U <9uU <0.45U 0.009J | <0.0045 U 41 2547 0.0459 <0.27U NA 557 1.0J
carbonate bound 18J 30866 <72U 990 166 <0.0360U | 0.036J 117 187177 0.333 <0.90U NA NA NA
BK3-42.5-43.5-052219 Clay oxide bound 337 4297 794 1305 92 <0.0900U | 0.067J 1170 8751 0.369 6.7J NA NA NA
organic/sulfide bound 1129 2857 54 1057 41.8 <0.045U 0.135 936 337 0.090J 4.9 NA NA NA
recalcitrant 67600 3000 33000 8000 250J <3U <1lU 334000 J 10000 2] 80J NA NA NA
total extracted 69131 41198 33871 11374 550 0.03 0.27 336433 209365 3 92 1125 662 7.7
water soluble 10 57 21.1 <7U <0.33U 0.0283 0.0200 112 230 0.0067 J 0.33J 445 ) 1717 0.83J
adsorbed 6.2J 16J 8 <9uU <0.44 U 0.009J | <0.0044 U 48 3152 0.016 J <0.27U NA 20J 0.44)
carbonate bound 18J 10566 36 1780 81 <0.0360U | 0.036J 273 189123 0.089 <0.90U NA NA NA
BK3-47.5-48.5-052219 Gravelly sand | oxide bound 333 1842 1427 777 16J <0.089U | <0.044U 622 1798 0.155J 4.4 NA NA NA
organic/sulfide bound 371 291 60 111 3.1J 0.067J <0.044U 364 44 0.022J 1.1 NA NA NA
recalcitrant 31300 8900 12500 2000J 180J <3U <1luU 395000 J 11000 <1luU 30J NA NA NA
total extracted 32038 21672 14052 3066 280 0.1 0.06 396173 205347 0.29 36 445 191 1.27
water soluble 18 61 17.2 73 <0.33U 0.301 < 0.0066 UB 121 321 0.0099 J 0.33J 7723 189J 157
adsorbed 8.8 24 14 <9uU <0.44U 0.097 <0.0044 U 65 2937 0.0159 J <0.26 U NA <88 UR 0.53J
Sandy clay and carbonate bound 263 15347 30 370 79 <0.0350 ] 0.035J 793 188754 0.132 <0.90U NA NA NA
BK3-50.5-52-052219 silty fine sand oxide bound 243 1521 908 595 29 0.110J <0.044U 662 3991 0.132J 467 NA NA NA
organic/sulfide bound 628 708 86 287 9.5 0.088J 0.132 529 110 0.044J 2.0J NA NA NA
recalcitrant 26400 900J 9300 < 1000 U 100J <3U <1luU 403000 J 8000 <1luU <30U NA NA NA
total extracted 27324 18561 10355 1259 218 0.60 0.17 404456 204113 0.33 6.9 772 189 2.0

8/27/2019
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Table 8 a Q RmD I S Design & Consultancy
. . . for natural and

Selective Sequential Extraction Results built assets

Supplemental Background Soil and Groundwater Investigation Report

Grants Reclamation Project

Cibola County, New Mexico

Notes:

1. Non-detect values and samples that were not analyzed are presented in gray.

2. Results provided from ACZ Laboratories, Inc. in units of mg/l for Steps 1-5 were converted to mg/kg by multiplying the result by the volume of extraction fluid and
dividing by the mass of sample (2 grams).

3. The total extracted value is the sum of steps 1-6, excluding non-detect data.

Acronyms and Abbreviations:
Al = aluminum

Ca = calcium
CaCO; = calcium carbonate
Fe =iron

ID = identification

Mg = magnesium

mg/kg = milligram per kilogram
mg/l = milligram per liter
Mn = manganese

Mo = molybdenum

Na = sodium

NA = not analyzed

Se = selenium

Si = silica

U = uranium

V = vanadium

< =less than

Qualifier:

J = estimated value

U = not detected; method detection limit shown

UB = qualified as not detected due to blank contamination
UR = not detected; rejected result

8/27/2019
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Table 9 Fam A ™NT~

.
[ E w-B
Comparison of Selective Sequential Extraction to Total Metals Results H I U Ul

Supplemental Background Soil and Groundwater Investigation Report
Grants Reclamation Project
Cibola County, New Mexico

Calcium (mg/kg) Iron (mg/kg) Molybdenum (mg/kg) Selenium (mg/kg) Uranium (mg/kg) Vanadium (mg/kg)

Sum of Sum of

Sample ID by 3050B 1-5 1-6

BK1-11.5-12.5 2770 3513 4213 3860 1515 5115 <1 0.19 3.19 <3 0.07 1.07 <1 0.16 1.16 5 3.8 33.8
BK1-39-40 8760 11378 13178 8320 3557 14057 1 1.43 4.43 <3 0.22 1.22 <1 0.44 1.44 9 4.3 34.3
BK1-47-48 22400 25097 25897 14200 1779 20879 <1 0.16 3.16 <3 0.25 1.25 <1 0.49 2.49 13 4.4 64.4
BK1-51-52 21200 53438 55938 46300 2314 31614 2 0.30 3.30 <3 0.24 1.24 2 0.71 1.71 21 7.5 575
BK1-52-53 32700 35377 37177 17500 2039 32339 <1 0.18 3.18 <3 0.47 1.47 2 1.05 3.05 18 7.6 77.6
BK1-55.5-56.5 24100 23888 24788 14100 936 25836 <1 0.14 3.14 <3 0.17 1.17 <1 0.41 241 22 7.0 70.0
BK2-35-36 5630 6517 7417 4750 1943 6743 <1 0.72 3.72 <1 0.06 1.06 <1 0.22 1.22 6 4.1 34.1
BK2-59-60 19800 11204 12604 6480 1193 13493 <1 0.17 3.17 <1 0.15 1.15 <1 0.25 1.25 6 3.7 33.7
BK2-63.5-64 40100 30311 31411 8840 1274 15474 <1 0.24 3.24 <1 0.24 1.24 <1 0.83 1.83 10 4.8 34.8
BK2-72.5-73.5 11000 15279 15879 4290 1334 8834 <1 0.24 3.24 <1 0.85 1.85 <1 0.60 1.60 7 4.4 34.4
BK2-77-77.5 10800 17065 18065 5780 1532 12932 <1 0.21 3.21 <1 0.40 1.40 <1 0.56 1.56 8 4.3 44.3
BK3-31.5-32.5 15100 16314 17914 9290 2294 16194 1 1.10 4.10 <3 0.17 1.17 <1 0.39 1.39 13 4.32 54.3
BK3-42.5-43.5 10300 38199 41199 11700 880 33880 <1 0.20 3.20 <3 0.28 1.28 <1 0.87 2.87 14 13.4 93.4
BK3-47.5-48.5 9570 12772 21672 7910 1553 14053 <1 0.23 3.23 <3 0.15 1.15 <1 0.29 1.29 13 7.04 37.0
BK3-50.5-52 33100 17662 18562 21600 1056 10356 <1 0.63 3.63 <3 0.22 1.22 1 0.33 1.33 36 8.09 38.1
Note:

1. Identification of nondetect values:
At least one nondetect result (as the method detection limit) is included in summation of Steps 1 through 5.
Step 6 value is nondetect; method detection limit included in summation.

Acronyms and Abbreviations:

ID = identification

mg/kg = milligram per kilogram; converted from mg/L result from SSE Steps 1-5.
SSE = selective sequential extraction

< =less than

8/27/2019
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Table 10 Design & Consultancy
. for natural and
Geochemical Results Summary - Groundwater Metals built assets

Supplemental Background Soil and Groundwater Investigation Report
Grants Reclamation Project
Cibola County, New Mexico

Depth to Specific Dissolved Ferrous

2 | Turbidity® Metals (mg/L)

Sample ID Water Conductivity® Oxygen Iron® |Fraction

(feet bgs) (uS/cm) (mg/L) (mg/L) K

T 349 87 0.55 5 223 300 0.09 0.04 0.034 0.225 223 0.0319  <0.01U
BKlc 6/10/2019 11:48 44.30 138 7.88 2815 130.1 3.34 7.53 0.02

D 345 85 0.56 5 205 272 <003U | <002U | 0.004 0.245 205 0.0353  <0.01U

T 339 84 0.022 5 231 308 0.04 <0.03U 0.03 0.207J 231 0.0366J  <0.01U
BK1f 6/10/2019 9:22 44.91 134 7.83 2772 174.5 2.37 1.15 0.06

D 330 82 0.024 5 215 276 <0.03U 0.03 0.001 0.251J 215 0.0402J  <0.01U

T 259 43 0.27 5 19.1 290 <0.03U| 0.05J 0.008 0.323J 19.1 0.0219  <0.01U
BK2c 6/10/2019 | 15:20 40.35 141 8.12 2276 114.5 0.48 9.62 0.48

D 248 42 0.26 5 17.4 263 <0.03U | <002U | 0.008 0.318J 17.4 0.0212  <0.01U

T 182 34 0.41 4 19.0 265 0.26 0.2J 0.006 0.038J 19.0 0.0159  <0.01U
BK2f 6/10/2019 13:35 40.25 14.1 8.13 1906 102.2 0.72 145 0.19

D 174 33 0.38 4 16.6 242 <003U | <002U | 0.006 0.039J 16.6 0.0155  <0.01U

T 260 44 0.27 5 19.2 294 <0.03U |<0.03UJ 0.008 0.324J 19.2 0.0218  <0.01U
DUP-GW (BK2c) | 6/10/2019 | 15:30 40.35 141 8.12 2276 114.5 0.48 9.62 0.48

D 248 42 0.25 5 17.4 259 <0.03U|<002U /| 0.007 0.365J 17.4 0.021 | <0.01U
Note:

“Field measurement
1. Non-detect values and samples that were not analyzed are presented in gray.

Acronyms and Abbreviations:

Al = aluminum Na = sodium

bgs = below ground surface NTU = nephelometric turbidity unit
Ca = calcium ORP = oxidation reduction potential
D fraction = dissolved (0.45 micron filtered) Se = selenium

Fe =iron Si = silica

ID = identification s.u. = standard unit

K = potassium T fraction = total

Mg = magnesium U = uranium

mg/L = milligram per liter V = vanadium

Mn = manganese °C = degrees Celsius

Mo = molybdenum uS/cm = microSiemens per centimeter
mV = millivolt < =less than

Qualifiers:

D = sample diluted prior to analysis
U = not detected; reporting limit shown

8/27/2019
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Table 11 Design & Consultancy
. for natural and
Geochemical Results Summary - Groundwater Other built assets

Supplemental Background Soil and Groundwater Investigation Report
Grants Reclamation Project

Nitrogen, Nitrogen,
Alkalinity | Bicarbonate | Carbonate
Phosphate. | oy ioride | Fluoride | Sulfate [Ammoniaas| N9 | Nitratel | S aie ™| pigrite A

Sample Total N Ammonium | Nitrite N (as CaCO;)| (as HCOs) |(as CaCOs)
[ES s

(mg/L) (mg/L) | (mg/L) | (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) | (mg/L) (mg/L) (mg/L)

Organic
Carbon,
Dissolved

Organic
Carbon,
Total

as P

(mg/L) (mg/L) (mg/L) (mg/L)

BKlc 6/10/2019  11:48 0.04 69 0.3 1410 0.06 0.08 11.2 11.0 0.13 246 300 <5U 19 19 0.012 14.9 0.4 29 0.7 0.3 0.3 11.4 0.2 22 -26.1 NA 14 NA

BK1f 6/10/2019  9:22 0.05 70 0.3 1380 <0.05 U <0.06 U 114 111 03 253 309 <5U 19 18 0.016 16.5 0.2 3.2 05 0.2 0.2 13 0.2 25 -24 -24.3 3.6 10

BK2c 6/10/2019  15:20 <0.03U 53 0.5 1130 0.06 0.07 10.8 10.8 0.04 155 189 <5U 16 14 0.008 10.2 0.2 2.0 0.4 0.2 0.2 71 0.2 14 -23.8 NA 26 NA

BK2f 6/10/2019  13:35 0.04 47 0.5 878 0.06 0.08 1.38 1.36 0.02 191 233 <5U 13 NA? 0.014 8.7 03 17 03 0.2 0.2 5.9 0.2 12 -23.7 NA 35 NA

DUP-GW (BK2c) ' 6/10/2019  15:30 <0.03U 53 0.5 1120 0.06 0.07 10.8 10.8 0.02 152 186 <5U 15 14 0.007 10.7 0.2 21 0.3 0.1 0.2 7.0 0.1 14 NA NA NA NA
8/27/2019
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Table 11 Design & Consultancy
. for natural and
Geochemical Results Summary - Groundwater Other built assets

Supplemental Background Soil and Groundwater Investigation Report
Grants Reclamation Project

Note:
@ Bottle broke in transit to laboratory.
1. Non-detect values and samples that were not analyzed are presented in gray.

Acronyms and Abbreviations:

CaCO; = calcium carbonate

HCO; = bicarbonate

ID = identification

MDC = minimum detectable concentration

mg/L = milligram per liter

NA = not analyzed

pCi/L = picoCurie per liter

SO, = sulfate

VCDT = Vienna-Canyon Diablo Troilite

VSMOW = Vienna-Standard Mean Ocean Water
5**s = per mil difference between stable sulfur isotopes **S and **S

%o = per mil
< =less than
Qualifiers:

D = sample diluted prior to analysis
U = not detected; reporting limit shown

8/27/2019
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634S of Soluble Sulfate in Soil
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Sulfate vs. 634S in Groundwater
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0 —delta

mg/L — milligram per liter
VCDT - Vienna-Canyon Diablo Troilite

Far west

DD
DD2

® North-center

2000 2500

HOMESTAKE MINING COMPANY
GRANTS RECLAMATION PROJECT

SUPPLEMENTAL BACKGROUND SOIL AND GROUNDWATER
INVESTIGATION REPORT

STABLE SULFUR ISOTOPES IN
GROUNDWATER

FIGURE

Design & Consultancy
‘5 t s R for naturaland
mD I S built assets 11




BK1

BK1-39-40-052119

BK1-47-48-052119
Fine sandysilt Clay

@

BK1-51-52-052119

Sand + gravel with trace silt

3

BK1-52-53-052119
Sandy clay Clay

-

7

BK1-55.5-56.5-052219

N
4

N
X
a8

BK2-35-36-051519
Fine sand with somessilt

<

\

BK2-63.5-64-051619
Sandy gravel

BK2-77-77.5-051619
Silty fine sand

BK3-42.5-43.5-052219

BK3-47.5-48.5-052219
Clay Gravellysand

® Quartz m lllite/Mica

u Calcite ® Kaolinite

u Plagioclase m Smectite
K-Feldspar m Dolomite

m Goethite/Hematite ® Unaccounted
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Client Sample No.: BK1-51-52-052119 Client Sample No.: BK1-52-53-052119
Fragment of calcite cemented arkose — 100X PL Iron oxide cementing quartz fragments — 200X RL

Notes

um — micrometer
PL — polarized light
RL — reflected light
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Client Sample No.: BK1-51-52-052119 Client Sample No.: BK2-35-36-051519
Basalt fragment with lath shaped labradorite and 1ddingsite altered olivine — 100X PL Fragment of iron stained basalt showing plagioclase microlites — 100X PL

Notes

um — micrometer
PL — polarized light
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Altered prism of pyroxene in dacite porphyry — 100X PL




Client Sample No.: BK1-51-52-052119
Goethite pseudomorphs after pyrite framboids. 500X

Client Sample No.: BK1-52-53-052119
Pyrite in quartz showing partial to complete replacement by goethite — 500X RL

Client Sample No.: BK2-35-36-052119
Goethite pseudomorphs after pyrite framboids. 500X

-

Client Sample No.: BK2-63.5-64.5-051619
Angular grain of chert with inclusions of bright pyrite — 200C RL

hd

-

Client Sample No.: BK3-47.5-48.5-052119
Goethite pseudomorphs after pyrite framboids. 500X

Client Sample No.: BK3-42.5-43.5-052219
Small cube of bright pyrite in carbon — 200X RL

Notes

% - Image provided from work completed after formal
laboratory report was issued.

pUm — micrometer

RL — reflected light
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Si 7/1/2019 | det | HV | HPW | mag BB | X:47.6715mm | spot
* | 4:10:40 PM | BSED | 15.00 kv | 48.1pym | 4308x | y: -2.9963 mm | 5.1

140+ Si
Notes

1204 pm — micrometer

BSE - backscatter electron

BSED - backscatter electron detector

1004 det — detector

EDS — energy dispersive x-ray spectroscopy
HV — high voltage

kV — kilovolts

HFW — height for working

mag — magnification

mm - millimeter
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Figure 1. BSE Image of Thorium Mineral Locked in Quartz (A) and Screenshot of a ARmDIS

Qualitative EDS Analysis Showing Uranium Levels (B)
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MEMO A ARCADIS

Arcadis U.S., Inc.

To: Copies:
150 W. Market Street

Mr. Daniel Lattin, P.E.

Suite 728
Project Evaluation Manager Indianapolis
Barrick Gold of North America, Inc. Indiana 46204

Tel 317 231 6500
From: Fax 317 231 6514

Gregory Byer, L.P.G., P.E.

Date: Arcadis Project No.:
May 9, 2019 C0000120.1901
Subject:

Preliminary ERT Assessment Results, Revision 1
2019 Background Assessment
Grants Reclamation Project, Grants, New Mexico

The purposes of this memo are 1) to present the preliminary results of the Electrical Resistivity
Tomography (ERT) Assessment work, the plans for which were described in the document entitled,
“WORK PLAN: 2019 BACKGROUND INVESTIGATION", dated February 13, 2019, 2) present the
locations for two pairs of monitoring wells screened the alluvial aquifer (BK1 and BK2), and the rationale
behind the selected locations in accord with Section 1.3, Data Needs and Study Objectives, of the
referenced work plan, and 3) present the locations of two additional boreholes that will provide information
on mineralogy (BK3) and depth to bedrock at two separate locations (BK4). Note that the wells will each
be 2-inches in diameter and will have screen lengths that range from 5 to 10 feet (to establish sample
points within material of predominantly coarse of fine size characteristics). The final presentation of the
results of the electrical resistivity tomography, including documentation of field activities, data processing
and interpretation work, will be incorporated in the final report outlined in Section 4.0 of the work plan.

This memo is a revision of the draft memo dated May 1, 2019. It incorporates modifications to the original
memo based on comments received from the U.S. EPA and the NMED, verbally and in writing. The
boring locations shown in this memo reflect the agreed-upon locations resulting from the most recent
technical interchange held by teleconference held from 2:00 p.m. to 3:00 p.m. MDT on May 7, 2019.

Data collection was preformed from April 8 to 12, 2019. The procedures used were those outlined in the
work plan. Arcadis conducted the ERT assessment as follows:

o Electrical resistivity data sets were collected along two roughly parallel east-west transects that span the
alluvial channel. Figure 1 (draft) provides the location of the two electrical resistivity lines. The locations
were surveyed with a submeter accuracy DGPS unit. In both cases, data collection proceeded from

https://arcadiso365.sharepoint.com/sites/GeophysicsProjects/Projects/Barrick/Grants NM/2019 ERI/Memo to Client-EPA-NMED/20190509
GRP BG - Preliminary ERT Assessment Results - revision1.docx Page:
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west to east, and the numbers posted along the lines (dots every 20 feet) are in intervals of 100 feet.
Final line lengths were 7709 and 7618 feet for Lines 1 and 2, respectively.

e Each ERT setup utilized a maximum of 112 electrodes with 6-meter (19.7-foot) inter-electrode spacing.
The imaging depth of this configuration achieved a maximum penetration depth of approximately 400
feet below ground surface (bgs). For each line there were six overlapping data collection set ups.

e A SuperSting R8™ resistivity meter manufactured by Advanced Geosciences Inc. was used to collect
ERT data.

e A combined dipole-dipole and strong gradient array type was used to collect ERT data. These combined
arrays provided an optimal horizontal and vertical sensitivity required to capture the complexities of the
stratigraphic environment.

e Following field data collection, the apparent resistivity data were compiled and inverse-modelled to
create an electrical resistivity tomogram, the results of which are included in continuous cross-sections of
the alluvial channel (Figures 2 through 5 [drafts]). Two renditions of the modeling results are provided.
Figures 2 and 4 are compressed cross-sections of Lines 1 and 2 at a 5:1 vertical exaggeration,
intended to provide the “big picture” view of the overall setting including depiction of a significant portion
of the Chinle Formation. Figures 3 and 5 are expanded sections with no vertical exaggeration intended
to reveal greater details in the alluvial sediments without the distortions introduced by vertical
exaggeration. The RES2DINV software program by Geotomo Software was used to inverse-model the
ERT data.

e The results of the geophysical resistivity tomography have been preliminarily reviewed and interpreted,
including comments from the U.S. EPA and the NMED, to select the locations of two new monitoring well
pairs, the locations of which are shown on Figures 1, 2 and 3 (drafts). These well pairs are designated
BK1c/BK1f and BK2c/BK2f. Per the work plan, one well in each pair will be screened in coarse material
while the second will be screened in fine grained materials.

e Two additional locations are also depicted for soil borings designated BK3 (see Figures 1, 2 and 3) and
BK4 (Figures 1, 4 and 5). BK3 is intended to provide primarily lithologic and mineralogic information in
the eastern portion of the valley where there appears to be a sediment type/source which differs
significantly from the western channel. BK4 is a soil boring which is primarily intended to fill a data gap
related to the possible existence of a bedrock high area, indicated by Boring #5 as described by Chavez.

e The rationale for the selection of the locations of the two proposed pairs of wells (BK1 and BK?2)
incorporated the following key points:

0 General interpretation of electrical resistivity tomogram data

- Electrical Resistivity Tomograms are modeled, 2-dimensional data sets that are calibrated to the
apparent resistivity data collected in the field and which are considered a possible depiction of
the internal structure of the subsurface in terms of the resistance to the ability of the subsurface
to support electrical current flow. The assumption is that the primary mode of conduction is
through interconnected pore spaces in the fluid filling the pores (air, water, or a mixture of both).
Except for clay minerals and sulfide minerals, the solid mineral or lithic fragments making up the
bulk of the geologic material are extremely poor electrical conductors and do not participate
significantly in the flow of electrical current.

- The principal variables which control the electrical resistivity of the subsurface are:

arcadis.com
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=  Amount of interconnected porosity

» Degree of water saturation within the interconnected pore spaces

= Electrical resistivity of the fluid phase (groundwater) within the pore spaces
=  Grain related factors such as roundness, orientation, elongation, etc.

= Pore space related factors such as tortuosity, coatings, cementation, etc.

- For clastic alluvial sediments in fresh water environments electrical resistivity is primarily directly
proportional to the coarseness and lack of fines in the alluvium. Conversely, the least resistive
materials are those which consist of clay, silt or a mixture of both.

- Unsaturated alluvium of a particular grain size is more electrically resistive than its saturated
counterpart. Because of the ability of fine-grained materials to sorb water, the contrast between
unsaturated and saturated fine materials is less pronounced than coarse grained materials.

- Clay minerals possess a net negative surface charge and have the capacity to attract and hold
cations, which under current flow act to facilitate current and lower the electrical resistivity.

0 Site specific correlations and interpretations relevant to selection of well locations

- The approximate current potentiometric surface for the alluvial aquifer and the base of alluvium
from drilling observations have both been depicted on Figures 2 through 5 (drafts).

» In high resistivity alluvium (yellow to red colors), which is interpreted as coarse-grained
materials such as sand or gravel, there is generally a vertical decrease in the electrical
resistivity below the potentiometric surface. This change in resistivity may be related
primarily to saturation rather than an increase in fine-grained materials.

* The approximate base of alluvium from drilling observations appears to coincide with a
vertical decline in electrical resistivity in the majority of the cross sections, which is
interpreted to be fine-grained Chinle lithologies. There are exceptions where moderate to
high resistivity material appears beneath the alluvium, which has been confirmed as Chinle
sandstone lithologies (for example, see Figures 4 and 5 [draft] west of horizontal position of
700 feet).

- Broadly speaking, on both cross-sections the amount of coarse grained (resistive) material is
generally to the west side — west of 3100 on Line 1 and west of 4500 on Line 2. The balance of
the eastern sides of both lines is a low to moderate resistivity material interpreted as being
dominated by fine-grained materials. Close comparison of descriptive logs and geophysical logs
for alluvial wells on Line 2 supports the finding that the west side contains sediments much
coarser than the east side (for example, compare Well DD with Well ND).

- Regarding the conditions in the vicinity of Well DD and Boring DD-BK (Figures 4 and 5 [draft]),
the electrical resistivity indicates that there is predominantly coarse-grained materials within the
specific drilling locations, although the pod of coarse material is surrounded beneath and to the
west and east by finer-grained materials (green).

- Using the DD/DD-BK environment as an analogue for the type of depositional conditions that
are of interest to this background study, locations of BK1 and BK2 are positioned within resistive
materials that are also surrounded by finer-grained materials. It is anticipated that sufficient
coarse and fine-grained intervals will exist within the saturated alluvium to select both a fine-
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grained and coarse-grained well screen location. Evaluation of the ERT profile to identify
sufficient coarse and fine-grained intervals to establish screened-intervals (5 to 10 feet in length)
in each was used a primary criterion for selection of the borehole locations.

- BK2 s located near well P4 in the center of the alluvial basin to provide a dataset collected from
the alluvial column near the deepest part of the alluvial channel.

o0 Other observations of interest

- Chinle shale appears to have a very low resistivity value, consistent with high clay content
associated with distal facies such as lacustrine and lacustrine-deltaic environments.

- The west and east faults are placed on the cross-sections from site mapping work in the past.
Based on the observations from the Chinle wells and the correlations with the electrical
resistivity, the locations of the faults appear to be supported by the electrical resistivity results,
although the data are complex, and the exact positions of the faults may need to be revised.
Further, the complexity of the data in the Chinle Formation suggests that there may be
additional faults.

- There appears to be a coarsening in alluvial sediments on the down-thrown sides of both the
east and west faults, suggesting continued activity of the faults during deposition of the alluvium.

- The thalweg (lowest point) of the alluvial valley does not appear to coincide with the greatest
concentration of coarse sediments on the west side of the valley. The centroid of the highest
resistivity materials on Line 2 are off-set approximately 1100 feet west of the thalweg, and
perhaps over 2000 feet of off-set on Line 1.
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