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July 22, 2014
FINAL REPORT

SUPPLEMENTAL SITE ASSESSMENT
TO ADDRESS OUT-OF-COMPLIANCE STATUS AT
TREND WELLS RL-1 AND EF-8, LISBON FACILITY

1.0 INTRODUCTION

This report summarizes the results of the supplemental site assessment (SSA)
conducted at the Rio Algom Mining LLC (RAML) Lisbon Facility (Site) located near La Sal,
Utah. Figure 1 shows the Site location and Site map. The SSA consisted of a hydrogeologic
investigation conducted in two phases. The first phase included the construction of new wells
on RAML property, hydraulic testing and analysis, and groundwater monitoring in new and
existing wells. The second phase included the construction of additional new wells on public
land, hydraulic testing and analysis, and groundwater monitoring at all new and existing wells.
The first phase was completed in November 2012. The second phase was completed in
November 2013.

The SSA was conducted in accordance with Stipulation and Consent Agreements
(SCASs) between the Utah Department of Environmental Quality (DEQ) and RAML (DEQ,
2012 and 2013). The overall scope of the SSA was outlined in a work plan titled “Revised
Final Work Plan, Supplemental Site Assessment to Address Out-of-Compliance Status at
Trend Wells RL-1 and EF-8” (Montgomery & Associates [M&A], 2012). The second phase
of the SSA was outlined in a second work plan titled “Phase 2 of Supplemental Site
Assessment to Address Out-of-Compliance Status at Trend Wells RL-1 and EF-8”
(M&A, 2013b).
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1.1 BACKGROUND INFORMATION

Uranium mining and milling occurred at the Site from 1972 to 1989. Seepage from
two tailings impoundments constructed during mining impacted groundwater at the Site.
Figure 1 shows the location of the tailings impoundments. Interim and formal groundwater
corrective action programs (CAPs) were implemented at the Site from the early 1980s through
2003 to minimize the impact of tailings water seepage on groundwater quality. Initial
corrective actions in the early 1980s included installation of a grout curtain and pumpback
system, and groundwater extraction from well OW-UT-9, located immediately north of the
upper tailings impoundment (Figure 2). Impacted groundwater from well OW-UT-9 was
conveyed to evaporation ponds at the tailings. Dewatering of the aquifer limited the
effectiveness of the system. The pumping capacity of well OW-UT-9 diminished over time
and operation of the well ceased in the early 2000s.

A formal CAP was initiated in 1990. The CAP system comprised up to 6 extraction
wells and operated at a maximum total rate of approximately 100 gallons per minute (gpm).
During operation, the CAP system removed about 483 million gallons of groundwater and
almost 100,000 pounds of uranium (Lewis Water Consultants, Inc. [LWC], 2001).
Groundwater from the CAP was conveyed to evaporation ponds located on top of the
tailings. Over time, pumping capacities of the CAP wells diminished, limiting the
effectiveness of the CAP (Medlock Consulting, 1998 and LWC, 2001). The CAP was
discontinued in 2003 after it was demonstrated to be ineffective. In the mid-2000s, the

tailings impoundments were covered with impervious material to minimize further impacts.

Between 2001 and 2003, an application for Alternate Concentration Limits (ACLS)
and response to comments on the application were prepared by RAML for the U.S. Nuclear
Regulatory Commission (NRC) (LWC, 2001 and KOMEX, 2003). The NRC-approved ACL
application established groundwater compliance concentrations and resulted in a long-term
monitoring remedy for the Site. Groundwater monitoring in 14 wells began at the Site in 2004
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in accordance with the Long Term Groundwater Monitoring Plan (LTGMP) (KOMEX, 2004).
In 2004, the Utah Department of Environmental Quality, Division of Radiation Control (DRC)
obtained lead regulatory authority for the Site from NRC. Subsequently, DRC lowered the
compliance concentrations based on the results of groundwater modeling published in the
LTGMP (DRC, 2012a). Currently, all Site activities are conducted in accordance with Utah
Radioactive Materials License No. UT1900481, Amendment No. 4 (License) (DRC, 2012b).
Among other specifications, the License specifies compliance concentrations, monitoring and
reporting requirements, and identifies the following constituents of concern (COCs) for
groundwater: uranium, molybdenum, selenium, and arsenic. The License also requires
groundwater monitoring for pH, total dissolved solids (TDS), chloride, sulfate, bicarbonate,

and groundwater elevation.

Wells RL-1 and EF-8 (designated as “trend wells” in the License) are currently out of
compliance with the License because uranium concentrations in groundwater have exceeded
Target Action Levels (TALs) for more than two consecutive sampling events. The SSA was
conducted to address the out-of-compliance conditions at RL-1 and EF-8. Subsequent to
initiating the SSA, well OW-UT-9 became out of compliance with the License because arsenic
concentrations exceeded the ACL for this well.

1.2 REPORT CONTENT AND ORGANIZATION

Data gaps identified in the initial work plan were partially addressed by the
completion of the first phase of the SSA. A limited interpretation of the Phase 1 data was
presented in the report entitled, Phase 1 Report for Supplemental Site Assessment to Address
Out-Of-Compliance Status at Trend Wells RL-1 and EF-8 (M&A, 2013a). Interpretation of
Phase 1 data was limited to the level required to further develop the second phase of the
SSA. Following a review of the Phase 1 report, DRC provided comments in a letter dated
June 26, 2013 (DRC, 2013a). In an electronic mail correspondence dated April 24, 2014
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(DRC, 2014a), DRC granted RAML’s request to address Phase 1 report comments in this
report, in lieu of issuing a revised Phase 1 report. The comments from DRC and responses
from RAML are provided in Appendix A. Information pertaining to these comments is also

provided elsewhere in this report.

For the purposes of this report, the two phases of the field and data analysis program
are considered a singular investigation. This report presents a thorough interpretation of
results from the first and second phases of the SSA to fully address data gaps, refine the
conceptual Site model (CSM), support development of a new groundwater model, and
develop new ACLs for the Site. The report is organized as follows:

Section 1.0 — Introduction

Section 2.0 — Investigation Methods

Section 3.0 — Summary of Data

Section 4.0 — Conceptual Site Model

Section 5.0 — Groundwater Modeling

Section 6.0 — Proposed New Alternate Concentration Limits

Section 7.0 — Conclusions and Recommendations

Section 8.0 — References Cited

Supporting documentation, detailed descriptions of methods, field data, and analytical
data are provided in Appendices A through K. Printed versions of Appendices H, J, and K
are provided. The remaining appendix material is provided in electronic format on compact
disc. The electronic appendix material is included in a complete copy of the report in a
bookmarked portable document format file. The CD also includes the raw water level data

from slug testing.
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2.0 INVESTIGATION METHODS

The two-phased SSA field program included installation of new monitor wells,
collection of core samples at selected borehole locations for physical properties and chemical
analyses, conduct of hydraulic testing at new and existing monitor wells, video-logging of
selected existing monitor wells, and groundwater monitoring in new and existing monitor

wells. Investigation methods are described in the following sections.

2.1 SITE SETTING

The Site is located in an area of low-rolling hills separated by broad valleys ranging
in elevation from 6,500 to greater than 7,000 feet above mean sea level (ft msl). The surface
topography of the Site and surrounding areas is shown on Figure 1. The Site is located in a
west-trending drainage basin, approximately one square mile in area. West Coyote Creek, an
ephemeral creek, is located approximately one mile north of the Site. Currently, there are no
natural perennial surface water bodies within the RAML property boundary. During mining
operations, surface water bodies at the Site included the upper and lower tailings ponds,
Bisco Lake, and multiple small process ponds.

2.2 SITE GEOLOGY

Extensive drilling and well installation were conducted during mining operations and
during previous investigations to characterize geologic and hydrogeologic conditions at the
Site. The vast majority of historic monitor wells and exploration boreholes have been

decommissioned. Fourteen monitor wells installed prior to the SSA remain in use and are
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shown on Figure 2. The locations of decommissioned wells and boreholes identified in
historical reports are also shown on Figure 2.

The Site is underlain by sedimentary rocks of the Burro Canyon Formation (Kbc)
and, to a lesser extent, Dakota Sandstone (Kd). A geologic map of the Site is shown on
Figure 3. Rocks of the Kbc locally consist of fine- to medium-grained sandstone with minor
layers of siltstone, shale, limestone, and conglomerate. In general, the Kbc is composed of
two stratigraphic units: (1) an upper unit consisting of fine-grained sandstone layers
interbedded with siltstone, shale, and thin beds of limestone, and (2) a lower unit consisting
primarily of thickly-bedded, generally well sorted, fine- to medium-grained sandstone with
minor siltstone and conglomerate lenses. The Kbc is underlain by mudstone and shale of the
Brushy Basin Member (Jmb) of the Morrison Formation. The Jmb varies in thickness from
between 300 to 450 feet in the vicinity of the Site (LWC, 2001).

The structural geology of the Site is dominated by two regional subsurface features,
the Lisbon Fault (LF) and the Lisbon Valley Anticline (LVA). The LF is located
immediately west-southwest of the Site (Figure 1). The LF trends northwest-southeast and
bounds the Kbc to the west. The LF is a high-angle reverse fault with more than 2,000 feet
of vertical displacement, exposing Jurassic-age and uranium ore-bearing Triassic-age
sedimentary rocks along a distinct northwest trending ridge west of the Site (Figure 3).
Structural displacement and faulting have resulted in extensive fracturing of the Khbc
sandstone in some areas along the fault zone, including the area south of the Site.

The LVA is a northwest-trending fold that plunges to the northwest (Figure 1). The
LVA lies directly beneath the tailings impoundments. The LVA creates a subsurface
structure where the Kbc/Jmb contact is at a topographic high along the LVA axis. A less
extensive syncline is located between the LVA and LF and generally parallels the two
features (Figure 1). The Kbc varies in thickness from less than 50 feet over the axis of the
LVA to greater than 250 feet in the southern and northern portions of the Site (LWC, 2001).
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2.3 MONITOR WELL INSTALLATION

A total of 27 new monitor wells were installed in 2012 and 2013 during the SSA.
Eight monitor wells were installed on the Site' during Phase 1. The remaining 19 monitor
wells were installed on Bureau of Land Management (BLM) land?, west and south of the Site
during Phase 2. Figure 4 shows the locations of the new wells. The well locations were
selected based on an evaluation of historical Site data, the results of preliminary modeling, and
recommendations from DRC in their Request for Information letters dated February 6, 2012
and May 1, 2012 (DRC, 2012c and d). The installation program for the new monitor wells
included drilling, well construction, development, surveying of well coordinates, and

management of investigation derived waste (IDW).

2.3.1 Drilling Methods and Well Construction

New monitor wells were installed during the periods from September9 to
October 31, 2012 (Phase 1) and from August 20 to October 11, 2013 (Phase 2). The wells
were designed and constructed in accordance with UAC R317-6-6.3(1)(6), the Utah Division of
Water Rights Standards (R655-4 UAC), and the Resource Conservation and Recovery Act
guidance document entitled Ground Water Monitoring Technical Enforcement Guidance
Document (U.S. Environmental Protection Agency, 1986). Drilling was conducted by State of
Utah licensed well drillers Boart Longyear (Phase 1) and National Exploration, Wells &
Pump (National EWP) (Phase 2). The monitor well boreholes were drilled using
conventional or reverse-circulation air rotary drilling methods. Specific adaptations were

made on a well-by-well basis to accommodate local hydrogeologic conditions.

All drilling and well construction activities were directed in the field by a qualified
M&A hydrogeologist and completed under the supervision of an M&A Professional Geologist,
licensed in the State of Utah. During drilling operations, the on-site M&A hydrogeologist

 Well installation during Phase 1 was limited to areas within the RAML property boundary.
2 Drilling and well construction on BLM land were conducted in accordance with the August 2013 Amended Right-of-Way Grant UTU-
80472.
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maintained continuous lithologic logs of the subsurface materials encountered and notes
regarding drilling characteristics and water encountered in each of the boreholes.
Representative samples of drill cuttings were obtained at 10-foot depth intervals during
drilling. Additionally, continuous core samples were obtained at seven locations. Lithologic
descriptions of drill cutting samples and core samples were prepared and are provided in

Appendix B.

Twenty-one monitor wells were completed with screens in the Burro Canyon Aquifer
hydrostratigraphic unit (BCA) within the Burro Canyon Formation. In this report, Kbc is
used to refer to the rocks or unsaturated portion of the Burro Canyon Formation. Wells
screened in the BCA are designated as BCA wells. Five wells were completed with screens
in the Brushy Basin Member of the Morrison Formation. The designation Jmb is used to
refer to the rocks or unsaturated portion of the Brushy Basin Member of the Morrison
Formation. The saturated portion of the Jmb is designated as the Brushy Basin Member
hydrostratigraphic unit (BBM). Wells screened in the BBM are designated as BBM wells.
The BBM well designation was retained to maintain the naming convention previously
established for the Site. One well was installed southwest of the LF and screened in the
Chinle Formation (TRc). The wells were completed as follows:

e BCA wells MW-101, MW-102, MW-104, MW-105, MW-108, MW-109,
MW-114, MW-116, MW-118, MW-119, MW-120, and MW-122 were completed
to fully penetrate the BCA.

e BCA wells MW-107S and MW-107D were completed as companion wells, to
fully penetrate the BCA with isolated shallow and deep screens at a single
location.

e BCA wells MW-100, MW-112, MW-113, MW-115S, MW-115M, MW-117S,
and MW-117M were completed as companion wells to existing wells, to screen
the saturated portion of the BCA not screened by the existing well.
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e BBM wells MW-103, MW-106, MW-110 and MW-111 were completed in the
upper 30 to 50 feet of the Jmb to characterize groundwater conditions in the upper
BBM.

e BBM well MW-102DB was completed in the Jmb and was screened in the BBM
beneath the BCA.

e Well MW-121 was installed to characterize groundwater conditions southwest of
the LF.

e Boring B-2 was drilled south of the LF, but was dry, so it was not completed as a

monitor well.

All new wells were constructed of flush-threaded, 4-inch diameter, schedule 40, PVC
blank riser, machine-slotted well screen, and end caps. All new wells were completed with
lockable, 8-inch diameter, steel, above-grade monuments, set into 4 by 4-foot concrete pads.
Well construction details for the 27 new monitor wells are summarized in Table 1. A
detailed summary of well installation activities, detailed lithologic descriptions of materials
encountered during drilling, and schematic diagrams of the 27 monitor wells and one

abandoned borehole are provided in Appendix B.

At the majority of drilling locations, the hydrogeologic conditions encountered during
drilling were generally consistent with expected conditions and well construction activities
were conducted in accordance with procedures described in the approved Phase 1 and Phase 2
work plans (M&A, 2012 and 2013). At the drilling locations adjacent to existing wells EF-3A
and EF-8, difficult drilling conditions were encountered, prompting modification to proposed
well designs. Distinct zones of unconsolidated sand, poorly-lithified sandstone, and
fractured sandstone were encountered causing boreholes to slough significantly.
Modifications to well designs were discussed and approved by DRC prior to implementation.
Drilling and well design modification at these locations are described in detail in

Appendix B and summarized below:
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At existing well EF-8, construction of a single companion well in the upper
portion of the BCA was proposed in the Phase 2 work plan. In the initial
borehole, sloughing conditions prevented well construction to the target depth.

In an electronic mail correspondence from DRC dated August 26, 2013 (DRC,
2013b), DRC approved construction of a shallow monitor well (MW-115S) in the
borehole above the sloughed zone, to screen the upper portion of the BCA, and a
second intermediate well (MW-115M) to screen the interval between MW-115S
and EF-8. Installation of the intermediate well was initially unsuccessful due to
sloughing conditions and lost circulation. The equipment required to maintain
borehole stability was not readily available and the field team demobilized from
the site. The field team remobilized to the Site with specialized drilling
equipment and completed intermediate well MW-115M.

At existing well EF-3A, construction of a BBM well and an upper BCA well was
originally proposed in the Phase 2 work plan. Installation of conductor casing
and grout seal for the BBM well was prevented by sloughing conditions. Inan
email correspondence from DRC on August 30, 2013 (DRC, 2013c), DRC
approved RAML to abort the BBM well. Instead, intermediate BCA well
(MW-117M) was discretely screened across the zones of incompetent, weakly-
lithified sandstone. A second shallow BCA well (MW-117S) was installed to

screen the remaining upper saturated portion of the BCA.

2.3.2 Core Sampling

At seven drill locations, continuous core samples were obtained from a corehole prior

to well construction. During Phase 1, coreholes were drilled at the MW-102DB and

MW-103 locations with the air rotary rig, equipped with a 5-inch diameter (PQ) core barrel.

After coring, the coreholes were reamed to accommodate well construction. During Phase 2,
PQ coreholes were drilled at the MW-107D, MW-109, MW-116, MW-117M, and MW-118
locations using a dedicated coring rig. After coring, the coreholes were abandoned with
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bentonite grout and a cement cap. The associated monitor well boreholes were drilled within
10 feet of the abandoned corehole at each location.

Selected core samples obtained from the MW-102DB, MW-109, MW-117M, and
MW-118 coreholes were submitted for laboratory analysis of hydraulic conductivity (K).
Selected samples from MW-102DB and MW-103 were submitted for chemical analysis.
Core samples not submitted for analysis were placed in labeled core boxes, covered with
plastic, and stored in a secured area at the Site. The depth intervals and lithologic
descriptions of the core samples selected for physical and chemical analysis are summarized
in Appendix C.

2.3.3 Well Survey

The new monitor wells were surveyed by Keogh Land Surveying, a licensed Utah
land surveyor. The elevation of the tops of the PVC casings, protective steel monuments,
and land surface/concrete pads were surveyed relative to the 1988 North American Vertical
Datum and horizontal coordinates were surveyed relative to the 1927 North American
Datum, Utah State Plane South coordinate system. The PVC well casings were marked to

indicate the water level measuring point.

2.3.4 Well Development

Following installation, new wells were developed by surge and purge methods.
Monitor wells installed during Phase 1 were developed by Confluence Environmental, Inc.
(CEI) during the period from October 29 to October 31, 2012. Monitor wells installed during
Phase 2 were developed by National EWP during the period from September 19 to
September 23, 2013. Monitor well MW-115M, which was completed on October 10, 2013,
was developed by CEI on October 11, 2013. Well development activities were supervised by
an M&A hydrogeologist.
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New wells that contained a sufficient amount of water were surged across the entire
saturated screened interval with a 4-inch diameter surge block. The majority of wells were
then purged using a bailer or pump until development water was free of sediment and the
field parameters pH, specific conductance, and temperature had stabilized. Wells MW-104,
MW-106, MW-109, MW-110, and MW-119 were surged and then purged dry after one
borehole volume was removed. Development at these wells was limited by slow recovery
after the initial evacuation. Monitor wells MW-111, MW-121, and MW-122 were dry at the

time of development activities.

2.3.5 Investigation Derived Waste Management

All waste rock cuttings generated during drilling activities were contained in roll-off
bins. After Phase 1 drilling was completed, four-point composite samples were collected
from each roll-off bin and submitted to ACZ Laboratories, Inc. of Steamboat Springs,
Colorado (ACZ Lab) under standard chain of custody protocols for disposal characterization
analyses. Upon approval from the landfill in January 2013, the drill cuttings generated
during Phase 1 were transported by MP Environmental Services, Inc. (MPE) to US Ecology
(a landfill licensed to accept low-level radioactive material) in Grand View, Idaho for final
disposal. Drill cuttings generated during Phase 2 were transported by MPE to US Ecology
and disposed under the waste profile developed during Phase 1. Copies of the laboratory
reports and disposal manifests for the cuttings are provided in Appendix D.

All drilling and development water from well installation activities was contained in
the lined roll-off bins and transferred to 20,000-gallon secured storage tanks located on
RAML property. After Phase 1 drilling was completed, a waste water sample was collected
on November 7, 2012 and submitted to ACZ Lab under standard chain of custody protocols
for disposal characterization analysis. Waste water generated during both phases of work

was transported by MPE to US Ecology for final disposal under the waste water profile
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developed during Phase 1. Copies of the disposal characterization laboratory reports and
waste disposal manifests are provided in Appendix D.

2.4 CHEMICAL ANALYSIS OF CORE SAMPLES

As described in Section 2.3.2, selected core samples obtained at the MW-102DB and
MW-103 locations were submitted to ACZ Lab under standard chain of custody protocols for
chemical analysis. Representative samples of unbroken core, approximately 0.5 feet in
length, were analyzed for uranium and other selected metals by Synthetic Precipitation
Leaching Procedure (SPLP), US EPA Methods 6010B, 6020, and 7470A. The depth
intervals and lithologic descriptions of the core samples selected for chemical analysis are

summarized in Appendix C.

2.5 HYDRAULIC TESTING

Slug testing was conducted at new and existing wells to estimate formation K. In
addition, core samples obtained from boreholes MW-102DB, MW-109, MW-117, and
MW-118 were submitted for laboratory K analysis. Hydraulic testing was conducted in

accordance with procedures described in the approved work plans.

2.5.1 Slug Testing

Slug testing was conducted at 38 wells in 2012 and 2013. The existing monitor wells
and the majority of monitor wells installed during Phase 1 were slug tested during the period
from August 24 to November 5, 2012. Insufficient and slow water level recovery due to low
hydraulic conductivities near wells MW-104 and MW-106 prevented slug testing during
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Phase 1. Because these wells would require an extended monitoring period to adequately
slug test, they were slug tested during Phase 2 from August 19 to September 22, 2013.

Monitor wells installed during Phase 2 were slug tested during the period from
October 1 to October 12, 2013. BCA well MW-122, BBM wells MW-110 and MW-111,
and TRc well MW-121 (south of the LF) were not slug tested. At the time of the testing
event, water levels in wells MW-110 and MW-111 were still recovering after installation
activities. Wells MW-121 and MW-122 were dry or contained an insufficient amount of
water for slug testing.

Prior to slug testing, all new wells were left undisturbed for a period of at least 7 days
after development activities, with one exception. Monitor well MW-115M, which was
completed and developed after all other wells had been tested (Appendix B), was slug tested
one day after development. After development activities at MW-115M, a pressure
transducer/datalogger was used to monitor water level recovery, and slug testing was

conducted after water level had recovered to a static condition.

Slug testing comprised the near instantaneous introduction and withdrawal of a solid
cylinder into groundwater, displacing a known volume of water in each well and measuring
the imposed fluctuation of the groundwater level. A minimum of two falling-head (lowering
of slug into a well) and two rising-head (removal of slug from the well) slug tests were
conducted at each well to verify that the data were repeatable. Where practical and as time
permitted, three sets of slug tests were conducted. Slugs of different volumes were used at

each location for comparative analysis.

In-Situ® Level TROLL® non-vented, integrated pressure transducer/dataloggers were
used to measure water level response during slug testing. At the majority of well locations,
the dataloggers were programmed to record water level at a logging rate of one reading per

second. At several well locations where recovery rates were slow, water level readings were
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recorded at intervals up to 2 minutes. After the monitoring equipment was installed in a
well, a slug was lowered quickly into the water. Falling head was monitored until water
level in the well recovered to within approximately 98 percent of the initial static level.
After water level had recovered to a static condition, the slug was quickly pulled out of the
water. Monitoring of rising head continued until the water level recovered to within

approximately 98 percent of the initial static water level.

2.5.2 Core Analysis

As described in Section 2.3.2, selected core samples obtained from the MW-102DB,
MW-109, MW-117M, and MW-118 borings were submitted for laboratory estimation of
horizontal and vertical K. Representative samples of unbroken core, approximately 0.5 to
1 foot in length, were submitted to Daniel B. Stevens & Associates, Inc. of Albuquerque,
New Mexico (DBSA Lab) under standard chain of custody protocols. The samples were
analyzed for saturated horizontal and vertical K by flexible wall falling head-rising tail
method. Samples were also analyzed for porosity. The depth intervals and lithologic
descriptions of the core samples selected for laboratory K analysis are summarized in

Appendix C.

2.6 VIDEO LOGGING

Down-hole video logging was conducted at three existing monitor wells during
Phase 1. Based on a review of historic information, discrepancies were noted in the
construction records of existing wells ML-1 and MW-13. Video logs were obtained to
clarify the construction of these wells. During Site work, a well of unknown designation was
located southeast of well MW-13 (Figure 4). This well, assigned the designation of UW-1,
was video logged to determine its condition and viability as a monitor well. Video logging
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was conducted by CEI under the supervision of an M&A hydrogeologist. Findings of the
video logging are described below:

ML-1: The well log for well ML-1 indicates that it was constructed with two well
screen intervals separated by about 70 feet. Based on the video log, well ML-1 is not
screened from 60 to 80 feet bgs as originally reported. Instead, well ML-1 has one screened
interval from 135.7 to 154.7 feet bgs (137.0 to 156.0 feet below the top of PVC casing
measuring point [omp]). The well screen is constructed with horizontal, machine-slotted
PVC and appears to be in good condition. The bottom of the well is at 155.7 feet bgs
(157.0 feet bmp).

MW-13: Discrepancies were noted in historic documentation of the depth of MW-13
and length of the screened interval. Video logging confirmed that well MW-13 is screened
from 126.7 to 203.7 feet bgs (129.0 to 206.0 feet bmp). The well screen is constructed of
PVC with vertical saw-cut perforations. The perforations are approximately 1/8 inch wide,
6 inches long, and staggered across the interval with three separate perforations in the casing.
Heavy orange and black staining was observed on the lower 40 feet of well screen. The
bottom of the well is at 203.7 feet bgs (206.0 feet bmp).

UW-1: Based on the video log, well UW-1 is screened from 100.6 to 137.6 feet bgs
(103.0 to 140.0 feet bmp). The 4-inch diameter PVVC well screen is perforated with vertical
saw-cut perforations, approximately 1/8 inch wide, 6 inches long, and staggered across the
interval with three separate perforations in the casing. The screen appears to be in good
condition. The bottom of the well is at 137.6 feet bgs (140.0 feet bmp).



J‘Jf MONTGOMERY 17
-

& ASSOCIATES

2.7 GROUNDWATER MONITORING

The current groundwater monitoring program at the Site includes water level
monitoring and groundwater sampling. Per the License and LTGMP, the 14 existing monitor
wells (installed prior to 2012) are monitored in the fall of each year. Trend monitor wells RL-1
and EF-8 and Point-of-Compliance (POC) well OW-UT-9 are currently out of compliance with
the License and are monitored more frequently. Trend wells RL-1 and EF-8 were monitored
on a monthly basis through May 2014; at the request of RAML®, DRC approved quarterly
sampling in these wells (DRC, 2014b). POC well OW-UT-9 was monitored on a quarterly
basis from November 2012 through June 2014, and is currently monitored on a monthly basis.

In addition to the scheduled compliance monitoring events, the SSA included
comprehensive groundwater monitoring events in the fall of 2012, the spring and fall of
2013, and the spring of 2014. Each event included water level monitoring and groundwater
sampling at existing wells (installed prior to 2012) and available new monitor wells (installed
in 2012 and 2013). Groundwater monitoring was conducted in accordance with procedures

described in the approved work plans.

During the SSA comprehensive monitoring events, groundwater samples were
collected from monitor wells using multiple sample methods. Multiple methods were used to
investigate and compare different sampling methods to determine the most representative
and appropriate sampling methods for the Site. A detailed evaluation of sample methods and
recommendations for sampling procedures will be included in the future in a revised LTGMP
for the Site.

® Following 2 years of monthly monitoring at RL-1 and EF-8, RAML requested that the sampling frequency be reduced to a quarterly basis
in the 2013 Annual Groundwater Monitoring Report (M&A, 2014).
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2.7.1 Groundwater Sampling Methods

During the four SSA comprehensive monitoring events, groundwater samples were
collected using HydraSleeve no-purge, modified low-flow minimal purge®, and standard
three-casing volume purge (purge) methods. In general, all three sample methods were used
during the initial two monitoring events at each well location. After two sets of samples
were collected at each well using all three methods, subsequent samples were collected using
HydraSleeve and modified low-flow methods. The prescribed sample method program was
followed at all well locations, except at those where insufficient water or slow water level
recovery prompted modified sampling procedures. Table 2 summarizes the sample methods

used at each well during each monitoring event.

Groundwater samples were collected by the HydraSleeve method, followed by the
modified low-flow method. When used, the purge method followed the other two methods.
Sample method procedures are described in detail in the approved work plans. General
procedures for each method are described in Appendix E. Groundwater monitoring was
conducted by CEI, a qualified company specializing in groundwater sampling®. Sample
methods, water level data, and field parameters measured during sampling were recorded on
field sampling data sheets (FSDSs). Copies of the FSDSs are provided in Appendix E.

Field parameter data are summarized in Table 3.

2.7.2 General Sampling Protocols

Quality Assurance/Quality Control (QA/QC) sampling included collection of
duplicate samples, equipment rinsate blanks, and laboratory split samples. During each
event, duplicate groundwater samples were collected at a frequency of approximately
10 percent of the total number of groundwater samples collected, and at least two duplicate

4 At the request of DRC, the low-flow sampling method is considered “modified” because well screened intervals at the Site exceed the US
EPA recommended maximum length of 10 feet (Yeskis and Zavala, 2002).

® DRC has conducted field audits of groundwater sampling at selected wells and approved the field sampling methods and protocols (DRC,
2014b).
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samples were collected using each of the three sample methods. Up to three equipment
rinsate blanks were collected during each event to assess the effectiveness of equipment
decontamination procedures. Equipment blanks were prepared by pouring or pumping
reagent-grade de-ionized water over or through sampling devices after decontamination
procedures were conducted. During each event, split samples were collected using all three
sample methods and submitted to an alternate laboratory.

Samples were placed in laboratory-supplied containers and given a unique 4-digit
sample identifier. Samples collected for dissolved metals analysis were filtered in the field
using disposable 0.45 micron filters and preserved with laboratory-supplied nitric acid.
Sample containers were placed in iced coolers immediately after sample collection and
shipped to Energy Laboratories of Casper, Wyoming (Energy Lab) under standard chain of
custody protocols. The QA/QC split samples were submitted to ACZ Lab. In accordance
with the LTGMP and the License, all groundwater samples were analyzed for dissolved
uranium, molybdenum, selenium, and arsenic by US EPA Method 200.8, for TDS by standard
method A2540 C, for chloride and sulfate by US EPA Method 300.0, for bicarbonate as HCO3
by standard method A2320 B, and pH by standard method A4500-HB. In addition to the
required analyses, samples were also analyzed for calcium, magnesium, potassium, and sodium
by US EPA Method 200.7, carbonate as CO3; by standard method A2320 B, and specific
conductance by standard method A2510 B.

Purge water generated during groundwater sampling activities was contained and
transported to the storage tanks located on RAML property. The purge water was
transported by MPE to U.S. Ecology in Grand View, Idaho for disposal. Copies of waste
disposal manifests are provided in Appendix D.
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2.7.3 Agency Field Audit and Split Sampling

DRC representative, Mr. Tom Rushing, visited the Site during the fall monitoring
events in 2012 and 2013 to collect QA/QC split samples and to audit groundwater sampling
procedures. On October 30, 2012, an additional sample set was collected from well ML-1. On
October 9, 2013, additional sample sets were collected from wells LW-1 and RL-5. The split
samples were collected using the modified low-flow method and sampling equipment provided
by CEl. DRC maintained custody control of the split samples after collection. During each
visit, Mr. Rushing observed sample collection by HydraSleeve, modified low-flow, and purge
methods, calibration of field meters, and decontamination of sampling equipment at multiple
wells. The sampling methods and protocols were found to be acceptable by DRC during the
audit (DRC, 2014b).
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3.0 SUMMARY OF DATA

This section presents a summary of the hydrogeologic data, hydraulic testing results,
groundwater elevation data, and analytical data obtained during Phase 1 and Phase 2 of the
SSA.

3.1 HYDROGEOLOGIC CONDITIONS

The hydrogeologic conditions encountered in the 27 new wells installed during the
SSA were generally consistent with expected conditions. The characteristics of the Kbc and
Jmb encountered were generally consistent with lithologic information reported for previous
investigations. The fine-grained upper unit of the Kbc is more prevalent in the southern and
northern portions of the Site and has generally been removed by erosion over the axis of the
LVA. The well sorted basal sandstone unit was consistently encountered across the Site in
the lower portion of the Kbc just above the Kbc/Jmb contact. Rocks of the Jmb primarily
consist of mudstone and shale, characteristically greenish blue and reddish brown in color.

Appendix B includes lithologic logs for the new wells installed during the SSA.

The contact between the Kbc and Jmb was encountered at elevations generally
consistent with previously reported elevations. Figure 5 shows contours of estimated
contact elevation between the Kbc and Jmb. The elevation contours were developed based
on observed contact elevations in the new wells, reported contact elevations in the existing
wells, reported contact elevations from decommissioned wells and boreholes identified in
historical reports, and contact elevations reported in the previous groundwater model
(EarthFax Engineering, Inc., 1984; LWC, 2001). The Kbc/Jmb contact elevation data from
decommissioned wells and boreholes are not shown on Figure 5 to improve clarity. Table 4

summarizes the available contact elevation data for decommissioned wells and boreholes.
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Five hydrogeologic sections were prepared to depict hydrogeologic conditions at the
Site. Sections A-A’, B-B’, C-C’, D-D’, and E-E’ are included on Figures 6, 7, and 8. The
sections were prepared using the recent and previously developed lithologic information.
The sections include the screened interval of wells, the groundwater elevation from the most
recent monitoring event (April 2014), and maximum uranium concentrations reported during
SSA monitoring. In general, the geologic, water level, and water quality conditions observed
in these sections are consistent with expected conditions based on information available prior

to the investigation.

Based on information from the new wells, the following notable hydrogeologic and

water quality conditions were observed:

Section A-A’ (Figure 6)

e A ssyncline exists between the LF and the LVA.

e Groundwater at MW-108 occurs under confined conditions.

e Dry conditions were observed in borehole B-2, located southwest of the LF.

e Elevated uranium concentrations exist in MW-119.

e The saturated thickness of the BCA is relatively thin (less than 5 feet) at
MW-119, installed near the crest of the LVA.

e Anupward hydraulic gradient was observed from the deeper BCA to the shallow
BCA at companion wells MW-107S/MW-107D. Vertical gradients at companion

wells are discussed further in Section 3.3.3.

Section B-B’ (Fiqure 7)

e The elevation of the Kbc/Jmb contact along this transect varies from well to well,
indicating relatively significant peaks and troughs. The peaks and troughs are
likely a result of an erosion unconformity and deformation from a combination of

folding and faulting.
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The contact between the Kbc and Jmb is relatively shallow between monitor wells
MW-105 and companion wells MW-117S/MW-117M/EF-3A. This apparent
ridge of elevated Jmb appears to restrict groundwater flow from southeast to
northwest in the area between the tailings impoundments and the LF.

Downward hydraulic gradients were observed from the shallow BCA to the
deeper BCA at companion wells MW-112/ML-1, MW-115S/MW-115M/EF-8,
and MW-117S/MW-117M/EF-3A (see Section 3.3.3).

The saturated thickness of the BCA is greatest (up to 170 feet at EF-8) in the area
southwest of the Site.

Uranium concentrations increase with depth of well screen in companion wells
MW-112/ML-1, MW-115S/MW-115M/EF-8, and MW-117S/MW-117M/EF-3A.

Section C-C’ (Fiqure 7)

The saturated thickness of the BCA is relatively thin (generally less than 25 feet)
in wells along this transect northwest of the LV A axis.

An upward hydraulic gradient was observed from the BBM to the BCA in
companion wells MW-102/MW-102DB (see Section 3.3.3).

The highest uranium concentrations at the Site are detected in BCA wells
northwest of the LVA, with the highest detection in well MW-102. Uranium
concentrations decrease in the northwest direction in wells located along the C-C’

transect.

Section D-D’ (Figure 8)

The LVA plunges to the northwest.

The Kbc is dry in the area near BBM wells MW-103, MW-106, MW-110, and
MW-111. The Kbc is dry at BCA well MW-122.

Groundwater was encountered in the Jmb at monitor wells MW-103, MW-110
and MW-111. Water levels in MW-110 and MW-111 have been slowly rising

since well installation. During installation activities in 2012, the Kbc was also
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dry at BBM well MW-106. Since that time, water level has slowly risen
approximately 1.5 feet above the estimated Kbc/IJmb contact.

Groundwater in the BBM at MW-103, located adjacent to the lower tailings
impoundment, is impacted by uranium at concentrations greater than 9 milligrams

per liter (mg/L).

Section E-E’ (Figure 8)

The Kbc is dry at the crest of the LVA (near BBM well MW-111). The lower
portion of Kbc is saturated on the north and south flanks of the LVA.

Dry conditions were observed at TRc well MW-121 for several months after
installation. The most recent depth to water measurement indicates that a small
amount of water has accumulated in the well (less than 1 foot). It appears that
groundwater is slowly accumulating in the well.

An upward hydraulic gradient was observed from the deeper BCA to the shallow
BCA at companion wells MW-100/LW-1 and MW-113/EF-6 (see Section 3.3.3).
High uranium concentrations are detected at monitor well MW-116, consistent
with naturally occurring mineralized and geochemical conditions along the LF
(Jacobs and Kerr, 1965).

3.2 HYDRAULIC TESTING RESULTS

Slug testing was conducted in monitor wells to estimate saturated horizontal K of the

BCA and BBM. In addition, core samples from selected monitor well boreholes were

submitted for laboratory analysis of horizontal and vertical K. The following sections

summarize the hydraulic testing results.
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3.2.1 Sluqg Test Results

Slug tests were conducted at 38 of the 42 existing and new monitor wells during the
field program. Multiple sets of tests were conducted at each well using slugs of varying
volumes to demonstrate that measurements were repeatable. Four of the new wells were not
slug tested. BCA well MW-122, BBM wells MW-110 and MW-111, and TRc well MW-121
(south of the LF) were either recovering slowly after installation activities or were dry during

the slug testing events.

Water level recovery data for both falling head and rising head tests were analyzed
using the aquifer test analytical software AQTESOLV (HydroSOLVE, 2008). The Bouwer-
Rice method (Bouwer and Rice, 1976) was used to analyze the observed water level response
for all wells except MW-13, which was analyzed using the Butler Inertial method (Butler,
1998). These methods are applicable for analysis of fully and partially penetrating wells
under unconfined conditions (Bouwer, 1989; Hyder and Butler, 1995). For slug tests,
displacement (i.e., change in water level in the well) at time t (H:) is normalized by the initial
displacement (Ho) as follows:

normalized head = Hy/Hy

The normalized head was plotted against time and matched against “type curves” of
known horizontal K. Analytical results are presented as horizontal K in units of feet per day
(ft/d). For each well tested, the arithmetic mean value of estimated horizontal K values for
the slug tests is given in Table 5. At several wells, one or more of the estimated K values
were not used to calculate the arithmetic mean. Estimated K values were omitted when an
anomalous water level response was observed during slug testing or when the measured data
were observed to be outside the normalized head range for matching results to type curve
solutions. In some cases, measured data were not analyzed because the water level response

measurement was interrupted during the test, usually because the datalogger was
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inadvertently moved as the slug was deployed or retrieved. Slug testing field data sheets and
water level data are provided in Appendix F.

Graphs of observed water level response, and the selected type curve, are provided in
Appendix F. For most tests, the selected type curve matches the observed data within the
normalized head range recommended by Butler for reliably matching results to solutions
(Butler, 1998). The mean horizontal K value from the slug tests at each monitor well is
considered to be a representative values for the area near the well. The estimated mean
horizontal K values are shown on Figure 9, along with available K values estimated during
previous Site investigations. Table 6 summarizes K data from historical hydrogeologic

investigation reports.

The highest estimated horizontal K values were observed in BCA wells. Estimated
horizontal K values for the BCA ranged from 0.02 ft/d at wells MW-5 and MW-104 to
421 ft/d at well MW-13 (Figure 9). At MW-105, water level recovery during slug testing
was near instantaneous, preventing analysis. Horizontal K at MW-105 is inferred to be
greater than 421 ft/day. The highest horizontal K values in BCA wells occur in the area
south of the tailings impoundments. This area of high K corresponds to an area where
drilling and lithologic logs indicated fractured Kbc. Based on slug tests conducted during the
SSA, the geometric mean of the representative horizontal K values in the BCA is 1.4 ft/d.
The geometric mean horizontal K value estimated from the slug tests is similar to a
previously reported geometric mean K value of 2.35 ft/d (LWC, 2001).

At BBM wells MW-102DB, MW-103, and MW-106, horizontal K was estimated at
values of 0.7, 0.04, and 0.0007 ft/d, respectively (Figure 9). The geometric mean of the
representative horizontal K values in the BBM is 0.03 ft/d.

At the time of the October 2013 slug testing event, water levels at BBM wells
MW-110 and MW-111 were still recovering after well installation activities; therefore, slug
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testing was not conducted. Since that time, water level recovery has been monitored at these
wells on a monthly basis. Water level measurements obtained in April 2014 indicate that
water levels are still recovering in these wells. The very slow water level recovery in wells
MW-110 and MW-111 indicates that the K of the BBM at these locations is very low.

3.2.2 Laboratory Test Results

Core samples from the MW-102DB, MW-109, MW-117M, and MW-118 boreholes
were submitted to DBSA Lab for saturated horizontal and vertical K analysis. At least one
core sample from the saturated portions of the Kbc (BCA) and Jmb (BBM) was selected
from each of the four boreholes. Table 7 summarizes the results of the laboratory K testing.

A detailed summary of laboratory analytical results is provided in Appendix C.

In the Kbc core samples from the BCA, horizontal K values in the BCA ranged from
0.004 ft/d in core samples from the MW-109 and MW-118 boreholes to 2 ft/d in core
samples from the MW-109 and MW-117M boreholes. Vertical K values in the BCA ranged
from 0.0002 ft/d in a core sample from the MW-109 borehole to 0.3 ft/d in core samples
collected from the MW-102DB and MW-117M boreholes. In the majority of BCA core
samples, vertical K was reported at values at least an order of magnitude lower than

horizontal K values reported in the same core sample.

In BBM core samples collected from the MW-102DB, MW-117M, and MW-118
boreholes, horizontal K and vertical K were reported at values several orders of magnitude
lower than those reported in the majority of BCA core samples. Horizontal K values in the
BBM ranged from 1 x 10 ft/d in the lower core sample from the MW-102DB borehole to
0.1 ft/d in the upper core sample from the MW-102DB borehole. Vertical K values in the
BBM ranged from 1 x 10 ft/d in the sample from the MW-117M borehole to 0.1 ft/d in the
upper sample from the MW-102DB borehole. In the majority of BBM core samples,

horizontal K and vertical K were reported at similar or equal values.
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3.3 GROUNDWATER CONDITIONS

This section presents information on groundwater elevations, hydraulic gradients, and
saturated thickness for the BCA and BBM.

3.3.1 Groundwater Elevations

Manual depth to water measurements obtained from BCA and BBM wells during the
four comprehensive monitoring events were used to calculate groundwater elevations. Depth
to water measurements and groundwater elevations are summarized in Table 8.
Groundwater elevation data from the most recent event conducted in April 2014 were used to
prepare a groundwater elevation contour map (Figure 10). Water level hydrographs for the
14 existing wells and the 8 new Phase 1 wells are included in Appendix G°.

During the April 2014 event, groundwater elevations in the BCA wells ranged from
6,449.80 ft msl at well RL-6 to 6,610.97 ft msl at well MW-104. In the BBM wells, static
groundwater elevations ranged from 6,581.41 ft msl at well MW-103 to 6,625.46 ft msl at
well MW-106.

Groundwater elevations in BCA wells are generally consistent with those expected
based on previous monitoring data, with one exception. At BCA well MW-104, groundwater
is encountered just above the Kbc/Jmb contact and appears to be a result of perched
conditions. MW-104 is located along the axis of the LVA in an area where the Kbc/Jmb
contact is shallow and the BCA is expected to be dry. Groundwater elevations measured in
MW-104 are anomalously high, when compared to groundwater elevations in nearby BCA

wells.

®To date, insufficient water level data have been obtained from the 19 wells installed during Phase 2 to develop time-series graphs.
These graphs will be prepared in the future when additional data are available.
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Based on monitoring conducted to date, water levels have not reached static
conditions in 4 wells. At BBM well MW-110, a very slow rise in water level has been
observed since installation. As of April 2014, approximately 4 feet of water had
accumulated in the well. At BBM well MW-111, dry conditions were observed at the time
of installation. Since November 2014, water level has risen steadily, and as of April 2014,
approximately 34 feet of water had accumulated in the well. TRc well MW-121 was dry for
several months after installation, and had accumulated approximately 1 foot of water by
April 2014. Water levels in MW-110, MW-111, and MW-122 are rising and will continue to
be monitored. At BCA well MW-122, dry conditions were observed for several weeks after
installation. A small amount of water was observed in the well in December 2014, and in
April 2014, the water level remained within the casing end cap. The small amount of water
is likely an accumulation of residual drill water, and well MW-122 is considered dry until
additional monitoring is conducted.

3.3.2 Groundwater Flow Directions and Hydraulic Gradients

The Site is located in the Upper Colorado-Kane Springs groundwater basin of eastern
Utah. Awvailable regional groundwater elevation data for wells identified in the Utah
Division of Water Rights registry database and for Site monitor wells were used to prepare a
regional groundwater elevation contour map (Figure 11). North-northeast of the Site within
the BCA, groundwater flows generally west-southwest. A topographic divide exists
immediately east of the Site; a groundwater divide may be associated with the topographic
divide. Groundwater east of the divide flows south and east into the Animas groundwater
basin. The BCA is recharged primarily in mountainous outcrop areas north of the Site
(LWC, 2001).

Groundwater flow in the BCA in the vicinity of the Site is influenced by the LVA and
the LF. Groundwater elevations indicate that the flow of groundwater is towards the LF.
The LVA creates a subsurface structure where the Kbc/Jmb contact is relatively shallow
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along the northwest trending LVA axis (Figure 5). A dry zone in the BCA exists along
potions of the LV A axis (Figure 10).

Contours of April 2014 groundwater elevations indicate the following about
groundwater flow directions and horizontal hydraulic gradients in the BCA:

e The groundwater flow direction in the area north-northwest of the LVA transitions
from northwest to west. The average horizontal hydraulic gradient in this area
between wells MW-5 and RL-4 is 0.008 foot per foot (ft/ft).

e In the area between monitor wells MW-101 and MW-119, the groundwater flow
direction transitions from west-northwest to west-southwest. Between these wells,
the LVA plunges, the Kbc is thinly saturated, and groundwater in the BCA flows to
the west-southwest. The average horizontal hydraulic gradient between wells
MW-101 and MW-119 is 0.012 ft/ft.

e Inthe northwest portion of the study area (northwest of monitor wells
ML-1/MW-112), groundwater flow directions are to the west and west-southwest.
Groundwater flow is toward the LF. The average horizontal hydraulic gradient in this
area between wells ML-1/MW-112 and MW-118 is 0.009 ft/ft.

e Inthe area between the BCA dry zone along the LVA and the LF (southeast of
monitor wells ML-1/MW-112), groundwater flow directions and hydraulic gradients
vary. In the area between monitor wells MW-120 and MW-117S/MW-117M/EF-3A,
groundwater flow direction is to the northwest, with an average horizontal hydraulic
gradient of 0.011 ft/ft.

e Anarea of relatively flat hydraulic gradient exists between MW-120 and MW-13.
Average horizontal hydraulic gradient between these wells is 0.0002 ft/ft. An area of
relatively steep hydraulic gradient exists between wells MW-13 and
MW-117S/MW-117M/EF-3A. Average horizontal hydraulic gradient between these
wells is 0.019 ft/ft. The transition from flat to steep horizontal gradient in this area is

believed to be related to the pronounced subsurface “high” in the Kbc/Jmb contact in
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this area. The extent of this high contact area is not fully characterized. The high
contact area appears to restrict groundwater flow into a relative narrow zone near
the LF.

In the area between MW-117S/MW-117M/EF-3A and MW-114, groundwater flow
direction is to the west, toward the LF, with an average horizontal hydraulic gradient
of 0.003 ft/ft.

Groundwater elevations in the BCA in the area northeast of the LV A axis are higher
than in the area southwest of the LVVA axis. The groundwater elevation drop across
the LVA indicates that a component of groundwater flow occurs across the LVA in
the BBM. The groundwater elevation contours in the area west of the tailings
impoundments are consistent with the concept that groundwater is flowing through
the BBM into the BCA in this area.

Contours of April 2014 groundwater elevation indicate the following about

groundwater flow directions and hydraulic gradients in the BBM:

Groundwater elevations in the BBM in the area southeast of the tailings are higher
than in the area northwest of the tailings, indicating that a component of groundwater
flow to the northwest occurs between these areas. The observed groundwater
elevations in the BBM are indicative of conditions in the upper 30 to 50 feet of the
Jmb. Groundwater flow conditions in deeper portions of the Jmb could be different
than the shallower interval characterized in the SSA.

Groundwater elevations in the BBM in the area southeast of the tailings and south of
former Bisco Lake are higher than groundwater elevations in the BCA, indicating that
groundwater could be discharging from the BBM to the BCA in this area.
Groundwater elevations in the BBM in this area are indicative of a residual mound in
the BBM, which is likely the result of seepage of tailings and Bisco Lake water into
the BBM.



MONTGOMERY 32

& ASSOCIATES

e InBBM wells MW-110 and MW-111, located in the area west-northwest of the
tailings, depth to groundwater in April 2014 was observed at elevations lower than
groundwater elevations in the BCA. As of April 2014, water levels in these wells
were still recovering from well installation activities.

e Between BBM wells MW-106 and MW-103, average horizontal hydraulic gradient in
the upper 30 to 50 feet of the BBM is 0.01 ft/ft.

3.3.3 Vertical Gradient

Groundwater elevation data obtained during the fall 2013 and spring 2014 monitoring
events were used to calculate vertical gradients at companion wells in the study area.
Vertical gradients at companion wells are summarized in Table 9. The vertical gradients
observed at each location during the fall 2013 event were generally consistent with those
observed during the spring 2014 event.

In BCA  companion  wells MW-110/LW-1, MW-113/EF-6, and
MW-107S/MW-107D, upward gradients were observed, ranging from -0.005 ft/ft
to -0.020 ft/ft. In BCA companion wells MW-112/ML-1, MW-115S/MW-115M, EF-8, and
MW-117S/MW-117M/EF-3A, downward gradients ranged from 0.001 ft/ft to 0.018 ft/ft.
The average vertical gradients are similar in magnitude to the average horizontal gradients in
the BCA.

Upward gradients of -0.195 and -0.196 ft/ft were observed at BCA/BBM companion
well MW-102/MW-102DB in fall 2013 and spring 2014, respectively. The upward gradient
across the hydrostratigraphic units is significantly greater than upward gradients observed in
BCA companion wells. The strong upward gradient at this well pair is evidence that higher
hydraulic heads exist in the BBM beneath the tailings. The high hydraulic head in the BBM
is believed to reflect a residual groundwater mound beneath the tailings impoundments,
which is the result of historical seepage from the impoundments and Bisco Lake. The
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groundwater elevation observed at MW-102DB may be hydraulically connected to this
groundwater mound in the BBM.

3.3.4 Saturated Thickness of BCA

Figure 12 shows the estimated saturated thickness of the BCA. Saturated thickness
of the BCA varies at the Site. In general, saturated thickness is smaller in areas near the
LVA and larger in areas away from the LVA. The saturated thickness in the area northwest
of the tailings impoundments near well MW-119 is less than 5 feet. Southeast of this area
along the LVVA crest the BCA is dry. Saturated thickness in the area west-southwest of the
tailings impoundments increases steeply along the flank of the LVA to a thickness greater
than 170 feet at the bottom of the syncline. Saturated thickness in the area west-northwest of
the tailings impoundments varies along the axis of the syncline, with a relatively steep
increase toward the axis of the syncline. Saturated thickness varies along the LF and is less
than along the axis of the syncline.

3.4 LABORATORY TESTING OF VADOSE ZONE CORE SAMPLES

Historical drainage of tailings water through the Kbc near the tailings could have
resulted in attenuation of residual uranium (and other trace metals) in the vadose zone. SPLP
tests on core samples from well MW-103 were conducted to assess the potential that residual
uranium and other trace metals in the vadose zone near the tailings could be mobilized by
infiltrating water and continue to impact groundwater quality. SPLP testing on one core
sample from MW-102DB was requested by DRC to assess the significance of a zone of
black staining observed over the depth interval from 114 to 123.5 ft bgs. Table 10
summarizes the leachate water quality from the SPLP tests conducted on vadose zone core
samples from selected depth intervals from wells MW-103 and MW-102DB.
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The results of SPLP testing indicate that the uranium concentration in the leachate
from all core samples from well MW-103 is low. These results indicate that the amount of
leachable uranium in the vadose zone at well MW-103 is low, and uranium in the vadose
zone in this area does not represent a significant source to the groundwater. Uranium was
not detected in the SPLP leachate from the MW-102DB core sample. Trace metals results
for core samples are summarized in Appendix C. A copy of the laboratory report is
provided in Appendix C.

3.5 GROUNDWATER QUALITY

As described in Section 2.7, the SSA included comprehensive groundwater sampling
events in the fall of 2012, the spring and fall of 2013, and the spring of 2014. In general, the
first two sets of samples collected from each well during the SSA were collected using the
HydraSleeve no-purge, modified low-flow minimal purge, and standard three-casing volume
purge methods. After the first two sets of samples were collected, subsequent samples were
collected by HydraSleeve and modified low-flow methods. This program was altered at well
locations where insufficient water or slow water level recovery prompted modified sampling

procedures.

Review of the groundwater quality data from the comprehensive events indicates that
all three sampling methods provide comparable analytical results’. To be conservative, the
maximum concentrations for common constituents and trace metals reported during each
event were used for site characterization purposes. Table 11 summarizes the maximum
concentrations of dissolved trace metals and common constituents®, including dissolved
uranium, arsenic, selenium, molybdenum, bicarbonate, chloride, TDS, and sulfate reported in
each well during the four events. Table 11 also summarizes pH data from the sampling

" Additional analysis of the comparability and representativeness of water quality data from all sampling methods will be completed for the
revised groundwater monitoring plan, which will be developed after new ACLs are approved by DRC.
® The parameters used to characterize water quality are consistent with the License.
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events. Time-series hydrographs of the trace metals, common constituents, and pH in the
14 existing wells and the 8 wells installed during Phase 1 are provided in Appendix G°.
Groundwater analytical results for all samples collected during the SSA are provided in
Table H-1 (Appendix H). Table H-1 also includes historical sample data from existing
wells, and monthly and quarterly sample results for out-of-compliance wells RL-1, EF-8, and
OW-UT-9.

Analytical results from groundwater samples collected using the HydraSleeve and
modified low-flow methods were comparable to results from samples collected using the
traditional volume-based purge method at all wells with one exception. At BBM well
MW-102DB, water quality parameters in samples collected during the initial November 2012
sampling event (shortly after well installation) using the purge method were reported at
anomalously elevated concentrations when compared to samples collected by HydraSleeve
and modified low-flow methods during the same event.

During the subsequent monitoring event conducted in April 2013, the purge rate was
reduced from 3 gpm to 2 gpm during purge sampling at MW-102DB. Water quality data for
the samples collected by all three methods were comparable, indicating that the November
2012 purge sample results were anomalous and not representative of actual BBM conditions.
The cause of the elevated concentrations in the initial purge samples is unclear. Possible
causes include: (1) purging at the higher rate during the November 2012 event may have
caused BCA groundwater to flow into the BBM. During purge sampling in MW-102DB at
2 gpm, groundwater elevations in MW-102 did not change, indicating a lack of hydraulic
connection between the two wells at that purge rate over the sampling period; and (2) the
initial samples may have been affected by the residual effects of well installation and
development activities. The elevated purge sample results are provided in Table H-1, but

were not used for site characterization.

® To date, insufficient data have been obtained from the 19 wells installed during Phase 2 to develop time-series graphs. These graphs will
be prepared in the future when additional data are available.
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Water quality data obtained from the 14 existing monitor wells during the SSA are
consistent with historical concentrations observed prior to 2012. Water quality data reported
in new wells installed during the SSA are generally consistent with concentrations reported
from previous investigations (LWC, 2001). One notable concentration was detected in the
SSA. In BCA well MW-116, located adjacent to the LF, common constituents and trace
metals concentrations are significantly higher than concentrations reported in nearby BCA
wells located closer to the Site. Additionally, the pH of groundwater at MW-116 is between
3.5 and 4, which is the lowest pH detected near the Site. The water quality detected at
MW-107S, and to a lesser degree MW-107D, is similar to that of MW-116, with elevated
inorganic constituent concentrations and depressed pH (Table 11).

The water quality at MW-116 and MW-107S (and to a lesser degree MW-107D), are
believed to reflect naturally occurring hydrochemical conditions in the LF zone™. Jacobs
and Kerr (1965) report mineralogical evidence of hydrochemical alteration in the LF zone,
including evidence of the presence of high temperature acidic water in the fault zone at times
during tectonic activity in the fault zone. The observed water quality conditions at MW-116
and MW-107S, located immediately adjacent to the LF, are consistent with the reported
hydrochemical conditions of the LF. The acidic mineralized groundwater detected in
MW-116 and MW-107S are naturally occurring and not the result of mining at the Lisbon
Facility. Results from MW-116 and MW-107S are included on water quality figures.
However, water quality data from these wells were not used to characterize the extent of
impacts from the Site.

3.5.1 Common Constituents

Groundwater samples collected during the SSA were analyzed for a range of common
dissolved inorganic constituents and conditions (Appendix H). Concentration contour maps

were prepared for TDS and sulfate using the maximum concentrations reported in each well

| WC (2001) reports that water quality near the LF may be impacted by historical mining operations in the area. M&A evaluated this
hypothesis and believes it is more likely that the unique water quality observed near the LF is the result of naturally occurring conditions.
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during the SSA monitoring period (Figures 13 and 14). TDS and sulfate contour maps were
prepared because these constituents provide an overall summary of dissolved inorganic water
quality, and are representative indicators of groundwater impacts from the former mining
operations. In addition, uranium transport in groundwater appears to be correlated to the
presence of elevated sulfate (LWC, 2001).

Maximum reported TDS concentrations ranged from 368 mg/L at BCA well LW-1 to
37,400 mg/L at BCA well OW-UT-9. Maximum sulfate concentrations ranged from
21 mg/L in BBM well MW-111 to 11,200 mg/L in BCA well OW-UT-9. The distribution of
TDS and sulfate in groundwater generally indicates the zone of impact from the mine within
the BCA. On the northeast side of the LVA axis, TDS and sulfate concentrations are highest
near the tailings impoundments (i.e., the source area) and become progressively lower to the
northwest. The distribution of TDS and sulfate on the northeast side of the LVA axis is

consistent with the groundwater flow directions inferred in this area.

On the southwest side of the LVA axis, TDS and sulfate concentrations are highest
near the lower tailings impoundment and along the LF near MW-116, and generally become
progressively lower to the northwest. The high TDS and sulfate concentrations near the
tailings are likely the result of historical seepage from the lower tailings impoundment. The
high TDS and sulfate concentrations near the LF at MW-116 and to a lesser degree
MW-107S"* are believed to be the result of naturally occurring hydrochemical conditions in
the fault zone, and not the result of historical mining operations at the Lisbon Facility. The
extent of elevated TDS and sulfate concentrations from mining operations is larger on the
northeast side of the LV A axis than the southwest side of the LVA axis. The CAP may have
affected the extent of impacted groundwater near the mine.

" TDS and sulfate concentrations are also elevated at RL-6. The pH of groundwater at RL-6 is near neutral. Overall, water quality at RL-6
does not strongly reflect fault zone water quality. RL-6 is a shallow well (< 18 feet deep) with about 3 feet of water in the screened
interval. The representativeness of samples from this well is uncertain. The companion well to RL-6, MW-118, provides a better
representation of the groundwater quality in this area.
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Piper diagrams were prepared for selected sets of BCA wells and BBM wells, using
data obtained during the April 2014 monitoring event, to assess variations in inorganic water
quality in the study area (Appendix I). On Piper diagrams, cations are plotted on the lower
left triangle, anions are plotted on the lower right triangle, and cations and anions are
projected onto the upper diamond. The four quadrants of the upper diamond represent four
classes of water: permanent hardness (top), saline (right), alkali carbonate (bottom), and
temporary hardness (left).

Cation and anion data for BCA wells located on the northeast and southwest sides of
the LVVA axis are plotted on Figures I-1 and 1-2, respectively. Groundwater in wells closest
to the tailings impoundments is generally characterized as saline, indicating impacts from
tailings seepage. In wells on the northeast side of the LVA axis, groundwater transitions
from saline to permanent hardness to the northwest, consistent with the observed
groundwater flow directions. On the southwest side of the LVA axis, groundwater
transitions from saline to permanent hardness to the west-northwest towards the LF.
Groundwater in BCA wells located along the LF is characterized as permanent hardness
(Figure 1-3). Groundwater in BCA wells along the north and southeast Long Term
Surveillance and Maintenance (LTSM) boundary is generally characterized as permanent
hardness or alkali carbonate (Figures I-4 and 1-5).

Cation and anion data for BBM wells vary (Figure 1-6). Groundwater from BBM
wells MW-103 and MW-106 appears similar in signature to groundwater from BCA wells
located near the tailings impoundments. Groundwater from wells MW-111 and MW-102DB

is characterized as alkali carbonate, showing no impacts by tailings seepage.

3.5.2 Trace Metals

Groundwater samples collected during the SSA were analyzed for dissolved uranium,

arsenic, selenium, and molybdenum (Appendix H). Concentration contour maps were
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prepared for these trace metals using the maximum concentrations reported in each well
during the SSA monitoring period (Figures 15 through 18). Brief summaries of the
dissolved trace metal concentration data are provided below.

Uranium

e Inthe BCA, maximum reported dissolved uranium concentrations ranged from
0.0007 mg/L at MW-107D to 148 mg/L at MW-102 (Figure 15). The highest
concentrations were detected in BCA wells located north of the former tailings
impoundments.

e On the northeast side of the LVA axis, dissolved uranium concentrations become
progressively lower to the northwest, from the tailings impoundment to MW-1109.
This distribution of uranium is consistent with the observed groundwater flow
directions and reflects historical transport in the groundwater from the time of
mine startup in the early 1970s until today. Uranium concentrations decrease
rapidly between MW-119 and MW-108.

e On the southwest side of the LVA axis, the highest uranium concentrations were
detected at EF-3A. This high concentration is believed to reflect historical
seepage from the lower tailings impoundment. In general, uranium
concentrations become progressively lower to the west-northwest in this area.
This distribution of uranium is consistent with the observed groundwater flow
directions and reflects historical transport in the groundwater from the time of
mine startup in the early 1970s until today. The CAP pumping may have affected
the distribution of uranium in this area.

e At the sets of companion wells on the southwest side of the LVA axis, the highest
uranium concentrations occur in the deepest screened intervals (e.g., EF-3A,
EF-8, and EF-6). The deep screens at these well sets are generally screened at or
near the Kbc/Jmb contact. The high uranium concentration in the deeper
groundwater may be the result of groundwater density differences, the residual
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effect from historical groundwater pumping during the CAP, or a combination of
both conditions.

e High uranium concentrations were detected at MW-116. As previously
discussed, the acidic mineralized groundwater at MW-116 is believed to be the
result of naturally occurring hydrochemical conditions along the LF, and not the
result of historical mining operations.

e Intrend wells RL-1 and EF-8, uranium was consistently detected above
respective current TALs of 42.1 and 0.3 mg/L. Uranium concentrations are
increasing in both wells.

e Uranium was detected above the current TAL of 0.06 mg/L in one sample
collected from trend well H-63. The detection was reported in the low-flow
sample collected during the April 2013 monitoring event and is considered
anomalous. In all other samples from H-63, uranium was detected at similar
concentrations below the TAL.

e InPOC wells EF-3A and OW-UT-9, uranium was detected at concentrations
below the respective current ACLs of 96.87 and 101.59 mg/L. Uranium was
detected below the current compliance limit of 0.32 mg/L in point-of-exposure
(POE) wells RL-4, RL-5, and RL-6. Intrend wells EF-6, ML-1, RL-3, and LW-
1, uranium was detected at concentrations below respective current TALSs of 3.9,
0.26, 37.3, and 0.028 mg/L. At wells EF-3A and EF-6, uranium concentrations
are increasing (Appendix G).

e In 10 of the 20 new BCA wells, uranium was detected at concentrations above the
Utah Ground Water Quality Standard (GWQS) of 0.03 mg/L.

e Uranium was detected above the GWQS in 3 of 4 of the new BBM wells sampled
during the SSA. In the BBM, maximum reported uranium concentrations ranged
from 0.0083 mg/L at MW-106 to 9.66 mg/L at MW-103 (Figure 15). MW-103 is
located adjacent to the lower tailings impoundment.
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Arsenic

In the BCA, maximum reported dissolved arsenic concentrations ranged from
0.001 mg/L at MW-5 to 3.66 mg/L at OW-UT-9 (Figure 16). The highest arsenic
concentrations were detected in BCA wells MW-102 and OW-UT-9, located
north of the former tailings impoundments, and in BCA wells EF-3A and
MW-117M, located south of the former impoundments. Arsenic was not detected
above the laboratory detection limit (DL) of 0.001 mg/L at wells LW-1, MW-100,
RL-4, and RL-5.

Elevated arsenic concentrations were detected at MW-116. As previously
discussed, the acidic mineralized groundwater at MW-116 is believed to be the
result of naturally occurring hydrochemical conditions along the LF, and not the
result of historical mining operations.

The extent of arsenic in groundwater is small compared to the extent of inorganic
constituents and other trace metals of interest. Arsenic is geochemically
attenuated in the groundwater to a greater degree than the inorganic constituents
and other trace metals.

In POC well OW-UT-9, arsenic was detected above the current ACL of

2.63 mg/L. Historically, arsenic concentrations at OW-UT-9 have fluctuated
above and below the ACL, without a consistent trend.

Arsenic was consistently detected at concentrations below the current ACL of
3.06 mg/L in POC well EF-3A.

In 6 of the 20 new BCA wells, arsenic was detected at concentrations above the
GWQS of 0.05 mg/L.

Arsenic was detected at concentrations below the GWQS in all BBM wells. In
the BBM, maximum reported arsenic concentrations ranged from 0.003 mg/L at
MW-103 and MW-106 to 0.007 mg/L at MW-111 (Figure 16).
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Selenium

In the BCA, maximum reported dissolved selenium concentrations ranged from
0.001 mg/L at MW-107D to 0.191 mg/L at MW-102 (Figure 17). The highest
selenium concentrations were detected in BCA wells located north of the former
tailings impoundments.

The distribution of selenium in groundwater is generally characterized by higher
concentrations near the tailings impoundments and progressively lower
concentrations in the area west-northwest of the tailings. This distribution is
consistent with the observed groundwater flow directions at the Site.

Elevated selenium concentrations were detected at MW-116. As previously
discussed, the acidic mineralized groundwater at MW-116 is believed to be the
result of naturally occurring hydrochemical conditions along the LF, and not the
result of historical mining operations.

In POC wells OW-UT-9 and EF-3A, selenium was consistently detected at
concentrations below the current respective ACLs of 0.1 and 0.93 mg/L.
Selenium was detected at concentrations above the GWQS of 0.05 mg/L in 3 of
the 20 new BCA wells.

Selenium was detected at concentrations below the GWQS in all BBM wells. In
the BBM, maximum reported selenium concentrations ranged from 0.0004 mg/L
at MW-102DB to 0.03 mg/L at MW-103 (Figure 17).

Molybdenum

In the BCA, maximum reported dissolved molybdenum concentrations ranged
from 0.002 mg/L at RL-5 and EF-6 to 51.8 mg/L at OW-UT-9 (Figure 18). A
GWQS for molybdenum does not exist. The highest molybdenum concentrations

were detected in BCA wells located north of the former tailings impoundments.
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Molybdenum was not detected above the laboratory DL of 0.01 mg/L at wells
MW-100, MW-107S, MW-113, MW-119, and MW-120.

e The distribution of molybdenum in groundwater is generally characterized by
higher concentrations near the tailings impoundments and progressively lower
concentrations in the area west-northwest of the tailings. This distribution is
consistent with the observed groundwater flow directions at the Site.

e Elevated molybdenum concentrations were detected at MW-116. As previously
discussed, the acidic mineralized groundwater at MW-116 is believed to be the
result of naturally occurring hydrochemical conditions along the LF, and not the
result of historical mining operations.

e InPOC wells OW-UT-9 and EF-3A, molybdenum was consistently detected at
concentrations below the current respective ACLs of 23.34 and 58.43 mg/L.

e Inthe BBM, maximum reported molybdenum concentrations ranged from
0.02 mg/L at MW-102DB to 0.13 mg/L at MW-103 (Figure 18).
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4.0 CONCEPTUAL SITE MODEL

This section summarizes the refined CSM. Appendix J includes a detailed
description of the CSM. The CSM was refined based on a review of historic information and
data for the Site, review of relevant information from scientific literature, and the results of
the SSA. The refined CSM conceptualizes the relationship between contaminant sources and
potential exposure pathways through consideration of potential or actual contaminant
migration pathways. The refined CSM serves as the basis for the numerical groundwater
flow model. Figure 19 illustrates the refined CSM. The refined CSM is summarized below.

Source Area — The source area for COCs in groundwater was the tailings impoundments.
Nearly all of the impacts to groundwater occurred in the BCA; meaningful impacts to
groundwater in the BBM that pose a public health risk do not exist. Seepage of tailings water
from the lower impoundment began in the early 1970s and impacted groundwater shortly
thereafter.  Seepage from the upper impoundment began around 1980 and impacted
groundwater shortly thereafter. Seepage from the tailings, and also Bisco Lake, created a
groundwater mound beneath these facilities and across the crest of the LVA. The mound
existed from the early 1970s though the mid-1990s. During this time, groundwater flowed
radially away from the tailings and Bisco Lake in the BCA. Beneath the mounds, groundwater
infiltrated into the upper portion of the BBM as a result of increased vertical gradients.
Impacts to groundwater in the BBM were minimal. Residual tailings and Bisco Lake water in
the BBM along the crest of the LVA appears to still be draining into the BCA.

Groundwater Contamination — Groundwater in the BCA is impacted by COCs as a result
of tailings seepage. The primary COC is uranium. Two distinct uranium plumes exist: (1) a
north plume, which exists to the north-northwest of the upper tailings impoundments, and (2) a
south plume, which exists west-southwest of the lower tailings impoundment. The plumes are
separated by the dry zone in the BCA along the LVA crest. The rate and extent of plume
development was affected by geologic structures, including the LVA, the syncline, fractures,
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and the LF, as well as the CAP pumping. The primary transport mechanisms for uranium in
groundwater at the Site are advection, dispersion, and dilution. Geochemical attenuation
processes that slow uranium transport or transform uranium into other compounds do not

appear to be significant at the Site.

North Plume — The north plume extends about 8,000 feet from the upper impoundment.
Advective transport is dominant in the north plume. Assuming the source began about
35 years ago, the effective uranium transport rate over the period of north plume development
was about 230 ft/y. The current uranium transport rate near the leading edge of the north
plume is about 60 ft/y. The higher effective uranium transport rate for the north plume
indicates that historic transport rates were greater, likely due to higher historical groundwater

velocities near the groundwater mound.

The north plume has migrated to the northwest along the margin of the dry zone in the BCA
adjacent to the LVVA crest. A northwest trending fracture zone in the area northwest of the
tailing impoundments may be a preferential transport pathway. The leading edge of the north
plume occurs in an area of small saturated thickness in the BCA. The north plume is migrating
to the west-southwest in this area toward the syncline and area of confined groundwater in the
BCA. Lateral plume dispersion is believed to be low; therefore, the north plume is not
expected to migrate beyond the northern LTSM boundary . The flux of impacted
groundwater near the plume leading edge is small. As this small flux of impacted groundwater
flows to the west, it will encounter greater saturated thickness in the BCA near the syncline,
where contaminant concentrations will decrease due to dilution. Despite the estimated
uranium transport rates near the leading edge of the plume noted above, the plume is not
expected to advance significantly to the west because of dilution. Overall, the likelihood of
north plume migration beyond the LTSM boundary is believed to be low.

South Plume — The south plume extends about 2,000 feet from the lower impoundment. The

south plume exists in an area of complex hydrogeologic conditions associated with the LF

2 Monitor wells RL-4 and RL-5 are located along the northern LTSM boundary near the leading edge of the north plume.
COC concentrations in these wells over the past 10 years indicate that the north plume has not impacted the area near the northern
LTSM boundary.
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(Figure 19). Complexities include: (1) intense fracturing and faulting in the BCA, (2) the
syncline, (3) a pronounced subsurface “high” in the Kbc/Jmb contact, (4) a steep increase in
saturated thickness along the southwest flank of the LVA, and (5) possible density gradients in
groundwater resulting from elevated TDS concentrations. The net effect of these complexities,
combined with the effects of CAP pumping, appears to have attenuated plume development;
dilution of tailing seepage in relatively large saturated thickness in the BCA was probably a
dominant attenuation factor. In addition, groundwater extraction during the CAP removed a
significant mass of contaminants from the south plume. As a result of apparent density
gradients, high TDS and trace metal concentrations exist in deep groundwater near the
Kbc/IJmb contact, especially in deeper portions of the syncline. This denser groundwater in the
deeper portion of the syncline may be relatively immobile. Migration of less dense (and better
quality) groundwater may occur within a shallower groundwater zone above the denser
groundwater. Groundwater flux from the southeast may be small due to the restricted flow
zone between the subsurface high in the Kbc/Jmb contact and LF.

Groundwater flow directions in the area southwest of the LVA are generally to the west toward
the LF. Groundwater elevation contours indicate that there is groundwater flux entering the
BCA from the BBM along the southwest margin of the BCA dry zone. The south plume also
appears to be migrating to the west towards the LF, although it is possible that mobile shallow
groundwater makes up the majority of the groundwater flux. The likelihood of south plume
migration across the LF is low®. Acidic highly mineralized groundwater exists along the LF.
This poor quality groundwater along the LF is naturally occurring and consistent with observed
hydrochemical conditions in the fault zone. If the south plume continues to migrate toward the
LF, it will mix with the naturally occurring, acidic, mineralized groundwater along the fault
and may drain downward in the fault zone. A groundwater flow component along the LF to
the northwest may also exist.

Exposure Pathway — As indicated above, the likelihood of migration of the north or south

plumes beyond the LTSM boundary is low. Groundwater use within the LTSM is restricted.

'3 Rocks on the west-southwest side of the LF are largely dry, with possible localized areas of groundwater. An extensive groundwater system
was not encountered on the southwest side of the LF during historic mining operations in this area.
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Groundwater wells in close proximity to the LTSM were not identified. Therefore, a complete
exposure pathway to contaminated groundwater from historical RAML mining activities does
not exist. Further, a complete exposure pathway is not expected to occur in the future as long
as groundwater restrictions within the LTSM boundary are maintained.
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5.0 GROUNDWATER MODELING

This section summarizes the numerical groundwater flow and transport modeling.
The flow and transport model was developed based on the refined CSM. Model
development, methods, and results are briefly summarized in the main report. A detailed
description of the modeling is provided in Appendix K.

5.1 MODELING OBJECTIVES

The groundwater flow and transport model was developed with the following

objectives:

1. Develop a numerical model representation of the refined CSM to simulate future
uranium transport in groundwater.

2. Evaluate the efficacy of the long-term monitoring remedy and the risk of public
exposure to uranium in groundwater associated with the Site.

3. Project changes in uranium concentrations in groundwater at potential compliance

monitoring locations to develop new ACLs.

5.2 MODEL DEVELOPMENT

A numerical model of groundwater flow and uranium transport was developed using
MODFLOW-USG (Panday and others, 2013). The model simulates conservative uranium
transport in groundwater in the BCA; uranium attenuation in groundwater by geochemical

processes was not simulated. The model includes a nominal 10-year calibration period from
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2004 to 2014 and a nominal 200-year projection period from 2015 to 2215. The starting time
for the calibration period corresponds to the end of CAP pumping.

The model domain and model grid are presented on Figure 20. The model domain is
divided into 100 foot by 100 foot grid cells and is oriented north-south. The model domain
extends approximately 1,000 feet north of the northern LTSM boundary and approximately
1,000 feet east of eastern LTSM boundary. To the southwest the active model boundary is
along the LF. The western boundary is configured to simulate flow north and south of the
LVA and associated dry zone in the BCA. The dry zone of the BCA is inactive in the model.

The model domain is divided into two layers: layer 1 represents the fine-grained
interbedded upper portion of the BCA and layer 2 represents the lower basal sandstone
portion of the BCA. Layer 1 is saturated in only small portions of the model where the
saturated thickness of the BCA is sufficient for water to be present in layer 1. This occurs
primarily along the axis of the syncline and northeast of the LVA near wells MW-100 and

MW:-5. The vast majority of groundwater flow and transport occurs in layer 2.

No-flow boundaries are used along the model perimeter in layer 1. Figure 21 shows
the model boundary conditions for layer 2. The northern boundary was simulated as a
no-flow boundary, consistent with the observed westerly groundwater flow direction near the
boundary. Constant heads were simulated along the eastern and southern boundaries of the
model domain. The southwestern boundary of the model was simulated using a drain
boundary, to simulate the potential for groundwater flow into the LF zone. Additionally,
recharge cells were used to simulate groundwater flux entering the BCA from the BBM
along the southwest flank of the LVA. The bottom of layer 2 is a no-flow boundary
represented by the Kbc/IJmb contact. The average hydraulic conductivity of the BBM is low
compared to the BCA, therefore, the amount of groundwater flux from the BCA to the BBM
is sufficiently small enough that a no-flow boundary is considered appropriate. Groundwater

flow and uranium transport was not simulated in the BBM.
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5.3 MODELING APPROACH

A first phase of groundwater flow and transport modeling was conducted to identify
critical uncertainties. Following the first phase of modeling, the SSA field program was
conducted to investigate these uncertainties. The data collected during the SSA provided
critical new information to reduce uncertainty about the effect of geologic structures,
hydrogeologic properties, and the extent of uranium in the BCA at the Site. Residual
uncertainties not addressed by new data were accounted for by using a probabilistic

modeling approach and conservative assumptions.

Model calibration included a manual calibration phase and an automated calibration
phase (Appendix K). The Null Space Monte Carlo (NSMC) method in the Parameter
Estimation (PEST) software was used for the automated calibration phase (Tonkin and
Doherty, 2009). The NSMC method was used to develop an ensemble of calibrated
groundwater flow models. The underlying idea of the NSMC method is that within the
bounds of hydrologic uncertainty, many calibrated models exist, each of which would result
in different projections. The NSMC method is a significant improvement over the traditional
Monte Carlo method, where the ensemble of models includes many uncalibrated models with

unrealistic model parameters.

The NSMC method requires calibration variables to develop the ensemble of
calibrated models. Calibration variables are variables for which uncertainty exists and which
can be modified within reasonable bounds during calibration until each model is calibrated.
The range of calibration variables during calibration was limited by Site data. Hydraulic
conductivity, specific yield, drain conductance, and recharge (flux through the LVA) were
used as calibration variables. Each of the 65 calibrated models achieved generally accepted
conventions for well-calibrated models. Appendix K describes the calibration process in

more detail.



& ASSOCIATES

J‘Jf MONTGOMERY >1
-

5.4 RESULTS

Out of 170 attempted model calibrations, 65 groundwater flow models were
considered acceptably calibrated compared to industry conventions. Each calibrated model
in the ensemble uses a unique set of flow parameters to reproduce observed heads. Each
calibrated model also results in unique projections of groundwater flow and contaminant
transport. Since each of the 65 models is acceptably calibrated, each model carried equal

weight when evaluating model projections and developing new ACLs.

Uranium transport in BCA groundwater was simulated using each calibrated model.
Source concentrations of 160 mg/L and 60 mg/L were used for the upper and lower tailings
impoundments, respectively.  Source concentrations were constant over the 200-year
projection period, which is a conservative model condition because concentrations at the
tailings will likely diminish over time. Effective porosity of 0.14, and longitudinal and
transverse dispersivity values of 150 and 15 feet, respectively, were used in the transport

simulations. Uranium attenuation by geochemical processes was not simulated.

Figure 22 illustrates the growth of the “worst case plume” delineated by the 0.03
mg/L concentration contour. The projected plumes are shown for the years 2020, 2025,
2035, 2065, 2115, 2165, and 2215. To delineate the worst case plumes, the maximum
concentration projected by any model in each model cell was found for each time step. The
0.03 mg/L concentration was then contoured for each worst case plume. Model projections
shown on Figure 22 indicate:

e The north plume advances minimally from its current position over time.
This projection is consistent with the concept that the north plume will dilute
as it migrates to the west due to increasing saturated thickness.

e The north plume does not expand beyond the northern LTSM boundary in

200 years. This projection is consistent with the concept that lateral
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dispersion of the north plume is insufficient to cause plume migration
beyond the LTSM boundary.

e The south plume reaches the LF and flows laterally along the LF. This
projection indicates that some groundwater may discharge to the LF and
some may flow along the LF. Groundwater along the LF is naturally acidic
and mineralized, so encroachment of the south plume along the LF is not
considered to pose a risk to public health or the environment.

e The south plume does not expand beyond the LTSM boundary in 200 years.

Model projections of future trends in uranium concentrations at existing and
hypothetical monitor wells were used to develop new ACLs. Proposed new ACLs are

discussed in Section 6.0.
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6.0 PROPOSED NEW ALTERNATE CONCENTRATION LIMITS

The objectives of the SSA were to extend the Site characterization, refine the CSM,
and use the refined CSM to develop a new groundwater model. The groundwater model was
calibrated using advanced methods and used to project the future migration of uranium in
BCA groundwater at the Site. Results of the modeling indicate that maintaining a long-term
monitoring remedy, with associated compliance conditions based on ACLs, will be
protective of public health and the environment for at least a 200-year period. Model
projections were used to develop a new set of ACLs for the Site. This section describes the
basis for the proposed new ACLSs.

6.1 DEVELOPMENT OF NEW ALTERNATE CONCENTRATION LIMITS

ACLs are site-specific groundwater protection standards. In general, the term ACL is
a generic designation for compliance concentration limits at compliance monitoring wells
that deviate from regulatory standards. For example, at the Site, ACLs refer to concentration
limits specified at POC wells only. Different concentration limit designations are specified

for other types of compliance wells, as discussed below.

ACLs can be established at former uranium mill sites as a part of a compliance
framework for protection of public health and the environment before the property is
transferred to a governmental entity for perpetual care. Development of ACLs typically
requires that: (1) the constituent of interest will not pose a substantial present or potential
hazard to human health and the environment, as long as the ACL is not exceeded, and (2) they
are as low as reasonably achievable (ALARA) considering practicable corrective actions
(Konwinski and others, undated). Functionally, ACLs require specification of POC wells and
POE wells. As outlined by Konwinski and others in the Proposed NRC Staff Final Technical
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Position on Alternate Concentration Limits, Title Il Uranium Mill Sites, POC and POE wells

are defined as follows:

e POC wells are established at the site-specific location in the uppermost groundwater
where the groundwater protection standard must be met.

e POE wells are established at the location where humans, wildlife, or other
environmental species could reasonably be exposed to hazardous constituents from the

groundwater.

In addition to POC and POE wells, the License included additional compliance
locations designated as trend wells. RAML proposes new ACLs at a new network of POC,
POE, and trend wells for the Site. Trend wells are not required in the ACL regulations
(Konwinski and others, undated). However, RAML sees value in retaining trend wells to
enhance monitoring of Site compliance. The proposed network of compliance wells and
ACLs were developed to be comparable to requirements established in the current License.
Specifically, RAML proposes ACLs for uranium, arsenic, selenium, and molybdenum at POC
wells, uranium compliance limits (UCLs) at POE wells, and uranium TALSs at trend wells. The
proposed compliance concentrations and monitoring network are discussed in the following

sections.

6.2 POINT-OF-COMPLIANCE WELLS

The proposed new ACLs and POC wells are presented in Table 12 below. Figure 23

shows the location of POC wells.
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TABLE 12. PROPOSED ALTERNATE CONCENTRATION LIMITS AT
POINT-OF-COMPLIANCE WELLS

55

POC WELL | BASIS FORPOCWELL | ACL (mg/L) BASIS FOR ACL

Near upper tailings U = 160 Conservative value used in model
. . - 1
impoundment in area of for north plume source

MW-102 highest concentrations in As=1.95 Historic maximum concentration at
uppermost groundwater Se =0.35 decommissioned well RW-1 plus
in BCA Mo =97.5 | safety factor >
Near lower tailings U =60 Conservative value use(l:I in model
impoundment in area of for south plume source

EF-3A highest concentrations in As=3 L : .
uppermost groundwater Se = 0.25 Historic maximum concentrat|30n at
in BCA Mo =226 well EF-3A plus safety factor

Notes:

U = uranium; As = arsenic; Se = selenium; and Mo = molybdenum
! = Conservative and constant source concentrations were used in the model for the 200-year simulation. Model
projections with conservative source configuration did not result in contamination leaving the LTSM boundary.

2 = Historical maximum As, Se, and Mo concentrations at RW-1, located near MW-102, were 1.5, 0.27, and 75 mg/L,
respectively. A 30 percent safety factor was incorporated into the proposed ACL concentrations to account for
uncertainties associated with source area conditions, subsurface conditions, and sampling and laboratory analysis

methods.

3 = Historical maximum As, Se, and Mo concentrations at EF-3A were 2.3, 0.19, and 17.4 mg/L, respectively. A

30 percent safety factor was incorporated into the proposed ACL concentrations to account for uncertainties associated

with source area conditions, subsurface conditions, and sampling and laboratory analysis methods.

For the north plume, new monitor well MW-102 is proposed as a POC well instead of
OW-UT-9. Uranium concentrations are higher at MW-102 than OW-UT-9; therefore, this

well is believed to be a more representative POC in the area north of the tailings

impoundments. The proposed new ACLs for EF-3A are lower than the current ACLs for

EF-3A.

6.3 POINT-OF-EXPOSURE WELLS

Figure 23 shows the location of proposed POE wells. Four POE wells are proposed:
two existing wells, RL-4 and RL-5, and two new wells, designated POE-1 and POE-2. The

proposed POE wells are located along the western half of the northern LTSM boundary,

which represents the only portion of the LTSM boundary where the public and the

environment could reasonably be exposed to impacted groundwater. The proposed UCL for
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these wells is 0.03 mg/L. The proposed UCL is equivalent to the current Utah GWQS for

uranium. Projected uranium concentrations were less than the proposed UCL of 0.03 mg/L

in all model cells along the LTSM boundary for all of the 200-year model simulations.
RAML proposes to maintain the UCL at 0.03 mg/L even if the GWQS is lowered in the

future. The proposed new UCL at POE wells RL-4 and RL-5 is an order of magnitude lower

than the current UCL (0.32 mg/L) at these wells.

6.4 TREND WELLS

Proposed uranium TALSs and trend wells are presented in Table 13. Figure 23 shows

the location of proposed trend wells.

TABLE 13. PROPOSED URANIUM TARGET ACTION LEVELS AT TREND WELLS

PERCENTAGE
APRIL 2014 INCREASE IN
MAXIMUM MODEL
DETECTED PROJECTED
BASIS FOR URANIUM CONCENTRATION | PROPOSED | BASIS FOR
WELL PROPOSING | CONCENTRATION AFTER 200 TAL PROPOSED
NAME WELL (mg/L) YEARS (mg/L) TAL
Confirm model
Mw-112 | Projected 0.0099 1,000 0.11 Model trend *
transport of
south plume
Confirm model
ML-1 projected 0.019 1,200 0.25 Model trend *
transport of
south plume
Confirm model
Mw-119 | Projected 6.6 80 12 Model trend *
transport of
north plume
Conflrrtn(;nodel Model trend
RL-1 projecte 50.6 12 62 plus safety
transport of factor 2
north plume
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APRIL 2014 INCREASE IN
MAXIMUM MODEL
DETECTED PROJECTED
BASIS FOR URANIUM CONCENTRATION | PROPOSED | BASIS FOR
WELL PROPOSING | CONCENTRATION AFTER 200 TAL PROPOSED
NAME WELL (mg/L) YEARS (mg/L) TAL
. Actual
Cor_mrm (;nodel maximum
RL-3 projecte 35.4 Decreasing 39 concentration
transport of
north plume plus s%fety
factor
Notes:

! - Worst case calibrated model projected greater than a 25 percent increase in model concentration at trend well location.
In this case, the model projected percent increase in concentration was applied to the maximum detected April 2014
uranium concentration at the proposed trend well.
2 Worst case calibrated model projected less than a 25 percent increase in model concentration at trend well location. In
this case, the model projected percent increase in concentration plus a 10 percent safety factor was applied to the maximum
detected April 2014 uranium concentration at the proposed trend well.
% _ Worst case calibrated model projected a decrease in model concentration at trend well location. In this case, a 10 percent
safety factor was applied to the maximum measured concentration.

Figures 24 through 28 show the range of model-projected concentration trends at the

trend well locations.

Tables presented on each graph show the minimum and maximum

model concentration at the trend well location during the time period from 2015 to 2215, and

the percent increase in concentration from the minimum to the maximum.

Proposed TALs are based on the projected worst case calibrated model trend to be

conservative. The following rules were used to develop the uranium TALSs at trend wells:

e When the worst case calibrated model projected an increase in model concentration

of greater than 25 percent, the model projected percentage increase in concentration

was directly applied to the most recent measured uranium concentration at the

specified wel

14
I

e When the worst case calibrated model projected an increase in model concentration

of less than 25 percent, the model projected percentage increase in concentration plus

a 10 percent safety factor was directly applied to the most recent measured uranium

 This approach was used to account for differences between the concentration in the model at the end of flow calibration in 2014 and
actual concentrations at the trend well location. Concentration differences are expected, and applying model-projected trends to the actual
concentration is a common method to account for this difference.
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concentration at the specified well. The safety factor was used to account for
uncertainty in Site conditions.

e When the model projected a decreasing concentration trend, a 10 percent safety factor
was applied to the highest measured concentration at the well to account for

uncertainty in Site conditions.

The proposed new TALs at RL-1 and RL-3 are higher than the current TALs at these
wells. Even with the higher TALs at RL-1 and RL-3, the long-term monitoring remedy is
protective of public health and the environment because the uranium plumes are not
projected to migrate beyond the LTSM boundary over the next 200 years.

RAML proposes to monitor concentrations at trend wells to identify unexpected
increases in concentration before they are detected at POE wells. Early identification of
unexpected increases will enable RAML to reassess the efficacy of the monitoring-only
remedy, and reevaluate formulation of TALs and amend the License if appropriate. RAML
believes that monitoring at trend wells is a proactive condition in the License that improves
the protectiveness of established site-specific groundwater standards. In that sense, RAML
proposes to work with DRC to develop compliance conditions at trend wells that are
protective and have response actions for compliance issues that are reasonable and
appropriate for Site conditions.

The proposed ACLs at POC wells, UCLs at POE wells, and uranium TALs at the
trend wells are considered to be ALARA based on analysis of available data and the results

of modeling conducted in accordance with current industry standards.
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7.0 CONCLUSIONS AND RECOMMENDATIONS

The SSA was effective at extending characterization of the hydrogeologic and
groundwater quality conditions at the Site. New Site data from the SSA, combined with a
thorough review of historic data and information, were used to refine CSM. The refined
CSM served as the basis for development of a new groundwater flow model, which was
calibrated to Site groundwater conditions and used to project future uranium transport.
Model results were used to develop a proposal for a new network of compliance monitor

wells and associated compliance concentrations.

7.1 CONCLUSIONS

Important conclusions are summarized below.

e Data gaps and critical conceptual uncertainties identified during the planning stages of
the SSA were effectively addressed through implementation of additional Site
characterization, data analysis, and groundwater modeling. The CSM is well understood.
Additional Site characterization work is not needed at this time. Specific critical
conceptual uncertainties addressed include:

0 The LVA plunges to the northwest. The BCA is thinly saturated in the area west of
trend well RL-3. Groundwater flow in this area is to the west. COCs do not appear
to be migrating toward the LTSM boundary near wells RL-4 and
RL-5.

0 Groundwater flow is toward the LF and is believed to be discharging into the fault
zone. A component of groundwater flow along the fault may also exist. Geologic
conditions along the LF are complex. Naturally occurring, acidic and highly
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mineralized groundwater exists near the LF. This acidic groundwater is not the
result of past mining at the Lisbon Facility. An extensive groundwater system in
the area southwest of the LF does not appear to exist. The likelihood of migration
of Site COCs across the LF is low. The south uranium plume is projected to
reach the LF, where contamination from the mine will mix with acidic
groundwater in the fault zone.

A syncline exists between the LF and LVVA. Saturated thickness in the BCA is
large in the area of the syncline. Dilution in the large saturated thickness along
the syncline is projected reduce uranium concentrations and attenuate the advance
of north uranium plume.

Widespread contaminant transport in the BBM that poses a risk to the public or

environment outside the LTSM boundary does not occur.

The delineated extents of the COC plumes are within the LTSM boundary. The uranium
and other COC plumes are adequately delineated to support development of new
compliance conditions.

Uranium contamination in groundwater associated with the Site is not projected to
migrate beyond the LTSM boundary over the next 200 years based on the results of
groundwater modeling. Groundwater use is restricted inside the LTSM boundary.
Therefore, there is no apparent complete exposure pathway from Site uranium

contamination to the public and environment.

7.2 RECOMMENDATIONS

Based on these conclusions, the following actions are recommended:
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e Establish a new network of compliance monitor wells and ACLSs as proposed in

Section 6.0. The proposed compliance monitor wells and compliance concentrations are

summarized in Table 14 and shown on Figure 23.

TABLE 14. SUMMARY OF PROPOSED COMPLIANCE WELLS AND CONCENTRATIONS

POINT-OF-COMPLIANCE WELLS

ALTERNATE CONCENTRATION LIMIT (mg/L)

Uranium 160
MW-102 Arsenic 1.95
Selenium 0.35
Molybdenum 97.5
Uranium 60
EF-3A Arsenic 3
Selenium 0.25
Molybdenum 22.6
POINT-OF-EXPOSURE WELLS URANIUM COMPLIANCE LIMIT (mg/L)
RL-4 0.03
RL-5 0.03
POE-1 (new well) 0.03
POE-2 (new well) 0.03

TREND WELLS URANIUM TARGET ACTION LEVEL (mg/L)
MW-112 0.11
ML-1 0.25
MW-119 12
RL-1 62
RL-3 39

e Upon approval of the proposed compliance wells and concentration limits,

o0 Install new POE wells 1 and 2 at the approximate locations shown on Figure 23.

0 Prepare arevised groundwater monitoring plan for review and approval by DRC.

0 Implement approved groundwater monitoring program to confirm that the proposed

compliance conditions are protective of public health and the environment.
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TABLE 1. WELL CONSTRUCTION DETAILS
RIO ALGOM MINING LLC, LISBON FACILITY

SCREENED GROUND MEASURING | TOTAL TOP BOTTOM SCREEN
SCREENED HYDRO- SURFACE POINT DEPTH | OF SCREEN | OF SCREEN [ INTERVAL| CASING
WELL GEOLOGIC [ STRATIGRAPHIC ELEVATION ¢ | ELEVATION ¢ | DRILLED | ELEVATION | ELEVATION | LENGTH |DIAMETER
NAME FORMATION ? UNIT® EASTING © | NORTHING ° (ft msl) (ft msl) (ft bgs) (ft msl) (ft msl) (feet) (inches)
EXISTING MONITOR WELLS (INSTALLED PRIOR TO 2012)
EF-3A Kbc BCA 2,633,923 589,279 6,583.23 6,584.70 214 6,433 6,370 63 6
EF-6 Kbc BCA 2,633,033 590,617 6,569.12 6,571.12 187 6,464 6,434 30 4
EF-8 Kbc BCA 2,633,241 589,567 6,574.42 6,575.77 255 6,362 6,332 30 4
H-63 Kbc BCA 2,637,682 588,202 6,684.14 6,686.49 169 6,545 6,515 30 5
LW-1 Kbc BCA 2,636,700 594,336 6,723.61 6,725.02 238 6,521 6,491 30 4
ML-1 Kbc BCA 2,631,486 591,502 6,531.81 6,533.12 175 6,396 6,377 19 4
MW-5 Kbc BCA 2,639,684 593,009 6,745.82 6,746.81 196 6,580 6,550 30 6
MW-13 Kbc BCA 2,636,128 587,830 6,642.12 6,644.46 205 6,515 6,438 77 4
OW-UT-9 Kbc BCA 2,636,715 590,970 6,705.60 6,707.22 142 6,588 6,568 20 6
RL-1 Kbc BCA 2,633,217 593,676 6,654.18 6,655.49 132 6,550 6,530 20 5
RL-3 Kbc BCA 2,632,620 594,239 6,705.91 6,707.63 195 6,543 6,523 20 5
RL-4 Kbc BCA 2,631,660 595,070 6,682.94 6,684.29 190 6,546 6,506 40 5
RL-5 Kbc BCA 2,632,690 595,194 6,687.96 6,689.12 187 6,538 6,501 37 5
RL-6 Kbc BCA 2,627,878 594,632 6,463.30 6,464.76 18 6,456 6,446 10 5
uw-1° Kbc BCA 2,636,621 587,297 6,653.64 6,656.04 138 6,553 6,516 37 5
PHASE 1 MONITOR WELLS (INSTALLED IN 2012)
MW-100 Kbc BCA 2,636,664 594,323 6,724.19 6,725.37 208 6,586 6,521 65 4
MW-101 Kbc BCA 2,634,360 593,397 6,709.38 6,710.90 165 6,570 6,550 20 4
MW-102 Kbc BCA 2,635,889 592,129 6,701.46 6,702.88 141 6,585 6,565 20 4
MW-102DB Jmb BBM 2,635,877 592,170 6,701.68 6,703.62 178 6,556 6,526 30 4
MW-103 Jmb BBM 2,635,778 589,620 6,662.56 6,663.92 114 6,581 6,551 30 4
MW-104 Kbc BCA 2,637,513 589,369 6,703.45 6,705.17 232 6,635 6,605 30 4
MW-105 Kbc BCA 2,636,131 588,105 6,622.46 6,624.12 141 6,558 6,488 70 4
MW-106 Jmb BBM 2,639,306 587,423 6,850.95 6,852.76 266 6,616 6,586 30 4
J‘f MONTGOMERY
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TABLE 1. WELL CONSTRUCTION DETAILS
RIO ALGOM MINING LLC, LISBON FACILITY

SCREENED GROUND MEASURING TOTAL TOP BOTTOM SCREEN
SCREENED HYDRO- SURFACE POINT DEPTH | OF SCREEN [ OF SCREEN | INTERVAL [ CASING
WELL GEOLOGIC | STRATIGRAPHIC ELEVATION ¢ | ELEVATION ® | DRILLED | ELEVATION | ELEVATION | LENGTH |DIAMETER
NAME FORMATION ? UNIT® EASTING © | NORTHING ° (ft msl) (ft msl) (ft bgs) (ft msl) (ft msl) (feet) (inches)
PHASE 2 MONITOR WELLS (INSTALLED IN 2013)
MW-107S Kbc BCA 2,628,826 593,255 6,510.31 6,512.13 61 6,480 6,450 30 4
MW-107D Kbc BCA 2,628,807 593,267 6,510.59 6,512.30 81 6,450 6,430 20 4
MW-108 Kbc BCA 2,629,865 593,861 6,513.14 6,514.69 174 6,425 6,345 80 4
MW-109 Kbc BCA 2,632,527 593,552 6,671.81 6,673.51 155 6,548 6,518 30 4
MW-110 Jmb BBM 2,632,886 592,550 6,622.05 6,623.94 141 6,522 6,482 40 4
MW-111 Jmb BBM 2,634,470 591,997 6,643.56 6,645.47 124 6,569 6,519 50 4
MW-112 Kbc BCA 2,631,481 591,398 6,534.56 6,536.31 143 6,499 6,394 105 4
MW-113 Kbc BCA 2,633,010 590,647 6,565.93 6,567.42 105 6,508 6,463 45 4
MW-114 Kbc BCA 2,632,023 590,522 6,553.00 6,554.35 204 6,505 6,355 150 4
MW-115S Kbc BCA 2,633,289 589,523 6,576.36 6,578.12 218 6,516 6,451 65 4
MW-115M Kbc BCA 2,633,240 589,529 6,576.05 6,578.05 240 6,451 6,361 90 4
MW-116 Kbc BCA 2,632,593 589,210 6,575.97 6,577.78 123 6,474 6,454 20 4
MW-117S Kbc BCA 2,633,999 589,260 6,584.63 6,586.21 128 6,514 6,459 55 4
MW-117M Kbc BCA 2,633,975 589,240 6,585.13 6,586.60 240 6,461 6,436 25 4
MW-118 Kbc BCA 2,627,874 594,554 6,463.98 6,465.41 69 6,454 6,399 55 4
MW-119 Kbc BCA 2,630,986 594,211 6,588.13 6,589.67 104 6,535 6,515 20 4
MW-120 Kbc BCA 2,637,532 586,691 6,675.34 6,677.23 260 6,560 6,430 130 4
MW-121 TRc CHINLE 2,632,204 588,291 6,593.27 6,595.12 203 6,422 6,392 30 4
MW-122 Kbc BCA 2,641,533 585,157 6,926.58 6,928.33 203 6,771 6,731 40 4
B-2 2,628,237 592,662 6,509.15 200
Notes:
ft msl = Feet above mean sea level
ft bgs = Feet below ground surface
--- = Not applicable
% Geologic Formation ¢ North American Datum 1927, Utah State Plane, South
Kbc = Burro Canyon Formation 41988 North American Vertical Datum
Jmb = Brushy Basin Member of the Morrison Formation ¢ Well was found during the Phase 1 field investigation. The well was video-logged
TRc = Chinle Formation and sampled. Monitoring records prior to 2012 are not available.
b Hydrostratigraphic Unit "Borehole dry and not completed as a monitor well; borehole abandoned
BCA = Burro Canyon Aquifer
BBM = Brushy Basin Member of the Morrison Formation
CHINLE = Chinle Formation
J‘f MONTGOMERY
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TABLE 2. GROUNDWATER SAMPLING METHODS USED DURING COMPREHENSIVE MONITORING EVENTS
RIO ALGOM MINING LLC, LISBON FACILITY

FALL 2012 SPRING 2013 FALL 2013 SPRING 2014

WELL
NAME
EF-3A
EF-6
EF-8
H-63
LW-1
ML-1
MW-5
MW-13
OW-UT-9
RL-1
RL-3
RL-4
RL-5
RL-6
UW-1
MW-100
MW-101
MW-102
MW-102DB
MW-103
MW-104
MW-105
MW-106
MW-107S
MW-107D
MW-108
MW-109 X X
MW-110 Insufficient Volume Insufficient Volume
MW-111 X X
MW-112
MW-113
MW-114
MW-115S
MW-115M
MW-116
MW-117S
MW-117M
MW-118
MW-119
MW-120
MW-121
MW-122

Pre-Development
Standard Purge®
Modified Purge ©
Pre-Development
Grab Sample

Pre-Development
Grab Sample

Grab Sample

Modified Purge ©
Modified Purge ©
Standard Purgeb
Modified Purge °

X [x [HydraSleeve

XXX XXX

X< [>< [ |><[><[>]>|>[>x|>x|>[x]|x]|x|x]|x]|x[HydraSleeve

X< > | [ [><|><[><[>]>|>[>x|x|>x[>x]|x]|x[>x]|x|x[Modified Low-Flow?
><><><><><><><><><><><><><><><><><><><><Sta1ndardPurgeb
X< | [>< > ][> [>]>|>[>x|>x|>[x]|x]|x|x]|x]|x[HydraSleeve

X< > | [ [ || [>]>x|>x[>x|x|>x[>x]|x]|x[>x]|x|x[Modified Low-Flow?
><><><><><><><><><><><><><><><><><><><><Sta1ndardPurgeb
X< [><[><|><[><[>]>|>[>x|>x|>[x]|x]|x|x]|x]|x[HydraSleeve
X< > | [ [>< ][> [>]>|>[>x|>x|>x[>x]|x]|x[>x]|x]|x[Modified Low-Flow?
X< > | [><[><|><[><[>]><|>[>|>|>[>x]|x]|>[x]|x|x[Modified Low-Flow?

X XXX X|X|X|X|X]|X

X
X
X
x
X
x
X
X
X

XXX XX XXX

X | XX
XXX
XXX
X | XX

XX XX XX
XXX X

x
x

XXX X|X|X|X]|X]|X
XX XXX X]|X[X]|X
X XXX XX | X]|X]|X

XXX XXX XXX | X

XXX X| XXX X | X[ X[ X
XX XX XX XX X|X]|X

X
X
X

X
Insufficient Volume
Insufficient Volume

9
<

9
<

Notes:
--- = Well not yet installed

2The low-flow sampling method is considered “modified” because well screened intervals at the Site exceed the US EPA
recommended maximum length of 10 feet

® Prior to sampling, at least three casing volumes were removed or well was evacuated completely and
sampled within 24 hours after well had recovered 80 percent.

°Well was evacuated completely and allowed to recover for several days to accumulate sufficient sample
volume. Sample was collected at the end of the monitoring event, regardless of percent recovery.

& . MIONTGOMERY
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TABLE 3. SUMMARY OF FIELD PARAMETERS DURING GROUNDWATER MONITORING EVENTS CONDUCTED FROM OCTOBER 2012 THROUGH APRIL 2014
RIO ALGOM MINING LLC, LISBON FACILITY

HYDRASLEEVE METHOD (NO-PURGE) MODIFIED LOW-FLOW METHOD (MINIMAL PURGE) " PURGE METHOD (VOLUME-BASED PURGE)
WELL SAMPLE Vol Temp pH EC Turb DO ORP Vol Temp pH EC Turb DO ORP Vol Temp pH EC Turb DO ORP
NAME HsuU @ DATE (L) () (s.u.) | (mS/cm)| (NTU) (mg/L) (mV) (L) (°c) (s.u) (uS/cm) | (NTU) (mg/L) (mV) (gal) () (s.u.) [(uS/cm)| (NTU) (mg/L) (mV)
EF-3A BCA 11/1/2012 1 10.8 7.3 7,091 7 0.9 -165 18 12.5 7.0 9,995 4 1.8 12 585 12.7 7.2 8,000 5 1.6 -265
4/5/2013 1 124 6.6 5,795 7 1.0 9 17 11.7 6.4 6,164 3 3.3 44 585 124 6.8 5,775 3 2.2 46
10/13/2013 1 12.8 7.3 6,870 42 1.2 258 13 12.2 7.0 8,495 2 0.8 143 - - - - - - -
4/5/2014 1 11.7 7.3 6,407 3 2.5 191 12 11.4 7.0 8,472 3 0.7 181 - - - - - - -
EF-6 BCA | 10/30/2012 1 14.8 7.1 2,970 14 6.7 2 10 13.4 7.0 2,692 6 9.0 40 129 12.7 7.0 2,587 5 7.5 79
4/2/2013 1 12.9 7.0 4,201 2 11.8 82 6 11.8 7.1 3,187 2 13.2 91 128 12.3 7.0 3,227 2 11.3 97
10/11/2013 1 13.2 7.1 3,470 31 8.7 151 6 12.0 7.1 3,444 27 9.9 129 - - - - - - -
4/5/2014 1 11.0 7.1 3,128 3 9.8 173 8 11.6 7.0 3,310 3 13.1 184 - - - - - - -
EF-8 BCA | 10/31/2012 1 12.3 7.6 3,041 9 4.4 -179 10 12.2 74 2,066 5 8.0 -128 330 12.7 74 2,069 3 7.6 -54
11/28/2012 - - - - - - - 4 10.3 7.7 1,775 4 7.9 151 - - - - - - -
12/20/2012 - - - - - - - 6 7.7 7.2 1,909 2 7.2 253 - - - - - - -
1/28/2013 - - - - - - - 5 9.2 74 1,940 2 7.3 218 - - - - - - -
2/26/2013 - - - - - - - 6 7.6 7.6 2,299 3 7.9 170 - - - - - - -
3/31/2013 - - - - - - - 6 12.6 74 1,506 5 7.5 145 - - - - - - -
4/1/2013 1 12.0 7.5 1,943 3 74 9 - - - - - - - 331 12.7 7.6 1,421 3 7.4 56
4/5/2013 - - - - - - - 6 12.0 7.2 1,567 2 10.1 59 - - - - - - -
5/13/2013 - - - - - - - 3 15.6 7.1 1,980 2 7.0 101 - - - - - - -
6/9/2013 - - - - - - - 7 14.7 7.9 2,322 0.1 7.0 29 - - - - - - -
7/20/2013 - - - - - - - 4 15.0 7.2 2,036 1 6.3 553 - - - - - - -
8/15/2013 - - - - - - - 4 16.2 74 1,845 1 7.1 131 - - - - - - -
9/30/2013 - - - - - - - 4 12.0 7.5 2,343 4 6.0 170 - - - - - - -
10/14/2013 1 9.9 7.5 2,578 123 7.7 114 7 10.6 74 2,293 6 9.0 143 - - - - - - -
11/16/2013 - - - - - - - 5 10.3 74 2,110 1 7.0 -192 - - - - - - -
12/14/2013 - - - - - - - 4 9.2 7.6 2,224 20 7.0 132 - - - - - - -
1/25/2014 - - - - - - - 4 10.1 74 2,208 1 74 187 - - - - - - -
2/22/2014 - - - - - - - 5 10.6 74 2,550 1 7.3 103 - - - - - - -
3/31/2014 - - - - - - - 4 11.1 8.3 2,254 1 5.9 178 - - - - - - -
4/6/2014 - - - - - - - 6 10.7 7.6 2,274 3 9.5 212 - - - - - - -
H-63 BCA 11/3/2012 1 94 8.3 1,202 6 5.5 132 6 11.1 8.3 1,203 5 4.4 33 111 12.3 7.9 1,101 9 7.5 -138
4/3/2013 1 13.5 8.2 1,406 3 43 -76 12 12.0 8.6 1,042 3 4.6 -43 110 12.3 8.0 986 10 6.8 11
10/12/2013 1 9.7 8.0 1,002 11 4.4 237 12 12.5 8.0 1,052 11 4.3 166 - - - - - - -
4/2/2014 1 11.9 8.5 1,042 8 4.4 121 9 14.4 8.1 1,046 5 43 122 - - - - - - -
LW-1 BCA 11/2/2012 1 10.4 7.5 672 7 3.8 213 12 12.6 74 648 5 4.2 166 170 124 7.3 639 5 3.7 -23
4/4/2013 1 11.7 7.1 490 3 4.8 116 12 12.6 7.0 428 2 4.7 106 170 124 6.9 472 2 4.8 98
10/9/2013 1 11.5 7.7 602 13 35 178 14 13.5 7.5 620 19 3.6 114 - - - - - - -
4/3/2014 1 11.1 7.9 778 8 3.0 125 6 11.1 7.5 577 10 3.1 145 - - - - - - -
ML-1 BCA | 10/30/2012 1 94 74 1,138 21 47 248 5 11.0 74 1,176 7 5.3 235 225 11.8 7.4 1,250 14 10.5 -144
4/2/2013 1 11.6 7.8 1,897 2 4.7 91 8 11.0 7.5 1,441 2 5.5 53 225 11.7 7.4 1,512 2 14.5 51
10/11/2013 1 10.8 7.3 1,332 29 3.8 160 6 11.2 7.2 1,452 21 34 126 - - - - - - -
4/4/2014 1 124 7.8 1,430 4 4.5 226 15 11.0 8.3 1,391 12 24 103 - - - - - - -
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TABLE 3. SUMMARY OF FIELD PARAMETERS DURING GROUNDWATER MONITORING EVENTS CONDUCTED FROM OCTOBER 2012 THROUGH APRIL 2014

RIO ALGOM MINING LLC, LISBON FACILITY

HYDRASLEEVE METHOD (NO-PURGE) MODIFIED LOW-FLOW METHOD (MINIMAL PURGE) " PURGE METHOD (VOLUME-BASED PURGE)
WELL SAMPLE Vol Temp pH EC Turb DO ORP Vol Temp pH EC Turb DO ORP Vol Temp pH EC Turb DO ORP
NAME HsuU @ DATE (L) () (s.u.) | (mS/lcm)| (NTU) (mg/L) (mV) (L) (°c) (s.u) (uS/cm) | (NTU) (mg/L) (mV) (gal) () (s.u.) [(uS/cm)| (NTU) (mg/L) (mV)
MW-5 BCA 11/2/2012 1 12.9 6.9 2,992 8 1.4 104 21 14.0 6.9 3,002 4 1.1 92 - - - - - - -
11/3/2012 - - --- - - --- - --- - --- - - - --- 105 13.2 7.2 2,780 10 2.7 201
4/3/2013 1 13.6 6.7 1,441 2 0.8 78 10 12.4 6.4 1,797 2 0.7 87 - - - - - - -
4/4/2013 - - - - - - - - - - - - - - 70 11.6 6.9 1,295 2 2.6 84
10/10/2013 1 11.0 6.9 986 7 1.2 207 6 8.8 6.9 1,828 7 0.4 142 - - - - - - -
4/4/2014 1 8.7 7.1 1,749 8 0.9 181 5 10.6 6.9 1,855 6 0.6 156 - - - - - - -
MW-13 BCA 11/3/2012 1 9.6 7.3 1,002 6 2.0 216 17 11.8 7.2 1,025 4 1.0 130 219 12.2 7.2 1,019 3 1.0 105
4/3/2013 1 12.2 6.8 723 2 1.1 30 17 12.1 6.7 720 2 0.7 31 219 12.1 6.7 703 2 0.7 39
10/12/2013 1 11.3 7.9 463 24 4.4 155 7 11.9 7.2 935 2 1.1 113 - - - - - - ---
4/2/2014 1 13.1 7.4 939 11 1.2 127 11 12.4 7.3 902 7 0.6 121 - - - - - - -
OW-UT-9 BCA 11/3/2012 1 14.6 9.9 40,145 NR 1.7 -238 6 14.2 9.9 46,724 4 0.4 -397 85 13.3 9.9 45,007 4 0.4 -268
3/31/2013 - - --- - - --- - 13 14.5 10.2 26,750 4 0.2 32 - - - - - - -
4/1/2013 1 13.2 9.1 18,950 7 1.5 57 - - - - - - - 85 13.0 10.1 | 26,937 4 0.2 18
6/9/2013 - - - - - - - 8 14.0 10.4 28,127 2 0.4 -90 - - - --- --- - ---
10/13/2013 1 15.4 9.7 40,747 52 0.6 107 10 15.1 9.7 41,492 55 0.1 -227 - - - - - - -
12/14/2013 - - - - - - - 4 6.9 9.8 40,861 57 1.4 83 - - - - - - -
3/31/2014 - - --- - - --- - 7 12.2 10.7 39,686 3 0.3 114 - - - - - - -
4/4/2014 1 11.5 9.8 33,537 15 1.2 2 - - - - - - - - - - - - - -
RL-1 BCA | 10/31/2012 1 10.1 7.0 14,597 11 3.7 164 6 12.4 6.9 11,585 15 3.1 117 24 14.9 7.1 12,117 69 6.7 104
11/28/2012 - - - - - - - 4 10.0 7.4 10,127 12 6.7 215 - - - - - - -
12/20/2012 - - - - - - - 6 8.9 6.8 10,449 2 6.7 297 - - - - - - -
1/28/2013 - - - - - - - 6 10.6 7.0 10,536 3 5.7 209 - - - - - - -
2/26/2013 - - - - - - - 6 9.0 7.1 12,229 3 5.9 188 - - - - - - -
3/31/2013 - - --- - - --- - 5 12.6 7.1 7,996 6 5.0 160 - - - --- --- - ---
4/2/2013 1 10.0 6.9 2,082 4 5.0 83 - - - - - - - 26 14.6 7.2 10,817 13 5.1 56
4/5/2013 - - - - - - - 4 13.6 6.7 8,142 2 8.4 90 - - - - - - -
5/13/2013 - - - - - - - 4 15.3 6.9 10,354 1 6.6 90 - - - - - - -
6/9/2013 - - - - - - - 6 14.2 7.5 9,283 0.2 7.6 74 - - - - - - -
7/20/2013 - - - - - - - 3 14.9 7.1 10,470 1 5.9 55 - - - - - - -
8/15/2013 - - - - - - - 4 15.3 7.0 9,380 1 5.1 118 - - - - - - -
9/30/2013 - - - - - - - 5 11.7 7.1 11,703 5 5.0 253 - - - - - - -
10/14/2013 1 10.6 7.2 10,413 21 5.0 176 5 11.7 7.0 11,094 2 5.0 166 - - - - - - -
11/16/2013 - - - - - - - 6 11.0 6.9 10,547 1 43 -168 - - - - - - -
12/14/2013 - - - - - - - 4 8.7 7.1 11,440 3 43 65 - - - - - - -
1/25/2014 - - - - - - - 4 10.8 7.1 10,901 3 3.9 161 - - - - - - -
2/22/2014 - - - - - - - 4 11.6 7.0 12,625 1 45 89 - - - - - - -
3/31/2014 - - - - - --- - 4 12.5 7.7 11,039 1 3.1 200 - - - - - - -
4/6/2014 - - - - - - - 4 11.9 7.1 11,063 3 5.3 219 - - - - - - -
RL-3 BCA 11/5/2012 1 12.4 7.1 8,087 6 43 221 8 15.0 6.9 11,987 7 3.9 8 39 13.9 7.0 10,671 7 5.5 93
4/2/2013 1 13.9 7.2 8,493 4 6.5 112 14 14.5 7.0 9,346 2 5.9 96 40 13.5 7.1 10,941 3 7.1 105
10/14/2013 1 10.8 7.1 6,938 7 6.4 219 16 17.8 7.0 10,535 4 5.4 107 - - - - - - -
4/3/2014 1 11.6 7.0 9,671 11 4.1 191 8 13.6 7.0 10,287 6 4.1 175 - - - - - - -
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TABLE 3. SUMMARY OF FIELD PARAMETERS DURING GROUNDWATER MONITORING EVENTS CONDUCTED FROM OCTOBER 2012 THROUGH APRIL 2014
RIO ALGOM MINING LLC, LISBON FACILITY

HYDRASLEEVE METHOD (NO-PURGE) MODIFIED LOW-FLOW METHOD (MINIMAL PURGE) " PURGE METHOD (VOLUME-BASED PURGE)

WELL SAMPLE Vol Temp pH EC Turb DO ORP Vol Temp pH EC Turb DO ORP Vol Temp pH EC Turb DO ORP
NAME HsuU @ DATE (L) () (s.u.) | (mS/lcm)| (NTU) (mg/L) (mV) (L) (°c) (s.u) (uS/cm) | (NTU) (mg/L) (mV) (gal) () (s.u.) [(uS/cm)| (NTU) (mg/L) (mV)
RL-4 BCA 11/1/2012 1 13.6 7.7 957 5 7.1 80 9 16.1 7.6 940 7 9.1 12 66 13.0 7.6 932 25 8.1 12

4/4/2013 1 10.2 6.7 626 4 10.3 132 8 11.0 6.9 641 2 12.4 112 65 12.8 7.0 655 2 10.4 111
10/10/2013 1 9.9 7.6 894 7 8.0 95 9 10.8 7.5 896 11 7.6 84 - - - - - - -
4/3/2014 1 11.2 7.0 951 8 8.0 188 6 12.2 7.4 867 5 8.5 160 - - - - - - -
RL-5 BCA 11/2/2012 1 16.4 7.7 688 4 5.0 38 7 12.5 7.6 719 9 9.2 56 105 12.6 7.6 713 5 11.2 68
4/4/2013 1 12.2 7.2 511 4 9.8 78 8 12.7 7.1 481 2 13.3 8 105 12.5 7.0 474 2 14.2 85
10/9/2013 1 12.0 7.8 621 13 8.7 128 9 12.5 7.6 675 9 12.0 116 - - - - - - -
4/3/2014 1 9.6 7.7 602 8 8.2 224 10 134 7.5 628 5 94 167 - - - - - - -
RL-6 BCA 11/1/2012 1 12.9 7.0 7,081 NR 1.9 -51 3 13.0 7.1 2,077 20 1.3 -41 9 12.0 7.1 2,074 7 1.3 -36
4/4/2013 1 7.2 7.1 1,832 6 2.0 224 5 10.0 6.8 1,905 19 0.6 87 17 8.6 6.9 1,892 14 0.7 88
10/8/2013 1 13.8 7.2 2,363 123 2.6 237 7 14.0 7.2 2,130 41 2.0 83 - - - - - - -
4/3/2014 1 8.2 7.0 1,921 121 24 173 5 10.3 7.0 2,097 121 1.8 149 - - - - - - -
UW-1 BCA 11/3/2012 1 13.1 7.1 1,835 12 6.0 107 8 15.1 7.1 1,217 30 2.9 88 107 12.8 7.2 1,747 33 5.4 50
4/3/2013 1 10.0 7.2 938 4 5.3 112 8 11.5 6.7 842 2 1.7 85 105 12.1 6.5 806 2 4.3 60
10/12/2013 1 12.2 7.1 1,095 17 27 136 12 14.5 7.1 1,089 4 25 79 - - - - - - -
4/2/2014 1 10.0 7.2 1,013 9 4.1 187 10 11.3 7.4 997 10 4.3 85 - - - - - - -
MW-100 BCA 11/7/2012 1 10.6 7.3 932 8 1.7 131 6 11.2 7.3 1,395 6 1.5 129 113 12.3 7.3 1,391 11 1.0 118
4/4/2013 1 10.9 7.1 878 3 1.6 127 11 13.0 7.0 825 1 1.4 51 109 12.5 7.1 812 1 1.5 72
10/10/2013 1 10.5 7.3 896 13 2.0 126 16 11.7 7.2 871 9 1.5 49 - - - - - - -
4/3/2014 1 10.4 7.3 863 10 2.1 203 6 11.5 7.2 849 7 1.5 165 - - - - - - -
MW-101 BCA 11/6/2012 1 12.8 7.2 20,031 23 5.3 -258 10 18.0 7.0 21,708 724 4.4 75 19 14.0 7.0 19,845 | 71,000 4.3 71
4/4/2013 1 16.2 6.9 16,370 11 3.9 117 7 17.8 8.0 16,758 5 3.7 33 15 16.1 7.9 16,745 37 4.2 58
10/13/2013 1 13.6 7.1 16,418 22 3.6 115 9 14.5 7.0 17,424 14 3.8 82 - - - - - - ---
4/4/2014 1 12.3 7.1 16,589 31 35 95 9 13.1 7.0 16,762 151 3.7 99 - - - - - - -
MW-102 BCA 11/6/2012 1 7.5 9.0 20,818 6 1.7 -220 10 14.5 8.9 21,623 9 1.1 -377 24 13.5 8.8 21,875 | >1000 1.2 -399
4/3/2013 1 9.0 8.0 18,033 23 0.2 -131 10 15.5 8.2 18,731 28 0.3 -262 21 13.0 8.3 18,814 28 0.0 -199
10/9/2013 1 11.3 8.5 18,293 72 0.5 61 16 16.2 8.4 19,250 73 0.1 -105 - - - - - - -
4/4/2014 1 10.2 8.6 18,333 121 0.8 185 10 15.0 8.5 18,742 54 0.3 156 - - - - - - -
MW-102DB | BBM 11/6/2012 1 8.6 8.0 888 17 3.0 223 18 13.4 8.1 1,329 20 0.2 -87 109 12.2 8.1 990 12 0.1 -80
4/2/2013 1 12.9 8.4 923 4 0.7 -123 14 11.1 8.7 874 4 0.1 -176 105 124 8.6 8 5 0.4 -166
10/9/2013 1 13.3 8.1 1,165 7 0.5 -138 16 14.4 7.9 957 8 0.2 -175 - - - - - - -
4/4/2014 1 11.6 8.3 1,525 29 0.7 101 11 12.7 8.1 913 6 0.2 -43 - - - - - - -
MW-103 BBM 11/7/2012 1 9.7 7.0 6,620 4 5.2 63 7 8.0 7.0 7,300 9 5.0 83 55 12.7 7.0 7,181 13 3.3 25
4/5/2013 1 16.1 6.5 3,904 7 1.1 129 10 10.8 7.0 6,429 15 0.1 -34 50 11.6 7.0 6,764 23 3.6 NR
10/13/2013 1 13.7 7.0 6,715 15 0.4 170 9 13.9 7.0 6,827 2 0.3 99 - - - - - - -
4/4/2014 1 11.0 7.2 6,586 10 0.8 167 5 10.9 7.1 6,953 35 0.9 -120 - - - - - - -
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TABLE 3. SUMMARY OF FIELD PARAMETERS DURING GROUNDWATER MONITORING EVENTS CONDUCTED FROM OCTOBER 2012 THROUGH APRIL 2014
RIO ALGOM MINING LLC, LISBON FACILITY

HYDRASLEEVE METHOD (NO-PURGE) MODIFIED LOW-FLOW METHOD (MINIMAL PURGE) " PURGE METHOD (VOLUME-BASED PURGE)
WELL SAMPLE Vol Temp pH EC Turb DO ORP Vol Temp pH EC Turb DO ORP Vol Temp pH EC Turb DO ORP
NAME HsuU @ DATE (L) () (s.u.) | (mS/lcm)| (NTU) (mg/L) (mV) (L) (°c) (s.u) (uS/cm) | (NTU) (mg/L) (mV) (gal) () (s.u.) [(uS/cm)| (NTU) (mg/L) (mV)
MW-104 BCA 11/7/2012 - - --- - - --- - --- - - - - - - 15 11.1 7.3 1,521 6 NR NR
11/28/2012 - - - - - - - - - --- - --- - --- 15 10.6 7.8 836 4 43 122
4/5/2013 - - - - - - - - - - - - - - 15 12.6 7.9 1,261 21 7.6 63
10/14/2013 - - - - - - - - - --- - --- - --- 19 10.9 6.6 1,395 23 7.2 173
11/17/2013 - - - - - - - - - --- - --- - --- 19 9.3 7.4 1,227 43 5.7 -41
4/6/2014 - - - - - - - - - - - - - - 15 10.3 7.7 1,301 10 7.0 183
MW-105 BCA 11/7/2012 1 9.9 7.4 1,282 8 1.4 220 17 12.1 7.2 1,600 14 0.3 102 123 12.0 7.3 1,262 10 1.3 120
4/3/2013 1 11.4 6.7 968 2 0.6 56 11 12.3 6.6 1,322 2 0.2 56 120 11.9 6.7 916 2 1.5 51
10/12/2013 1 11.5 7.3 1,084 20 0.6 158 12 12.5 7.1 1,714 7 1.6 99 - - - - - - -
4/4/2014 1 11.8 7.6 1,222 35 24 194 10 12.8 7.3 1,705 15 2.9 121 - - - - - - -
MW-106 BBM 11/7/2012 - - - - - - - - - - - - - - 40 11.7 7.0 3,067 10 NR 86
11/28/2012 - - - - - - - - - --- - --- - --- 40 11.3 7.7 2,865 5 2.6 263
4/5/2013 - - - - - - - - - - - - - - 49 12.5 7.3 2,677 19 6.4 77
10/9/2013 1 12.2 7.8 3,209 11 1.3 109 - - - - - - - - - - - - - -
10/14/2013 - - - - - - - - - --- - --- - --- 40 11.6 5.9 3,105 29 24 225
11/17/2013 - - - - - - - - - --- - --- - --- 40 9.2 7.1 2,815 93 2.2 -38
4/6/2014 - - - - - - - - - - - - - - 70 10.1 7.8 2,782 8 1.9 186
MW-107S BCA 10/8/2013 1 13.6 47 2,239 17 5.8 296 9 15.0 4.5 2,232 31 5.7 332 23 12.0 4.3 2,215 25 6.0 360
4/3/2014 1 10.7 4.8 2,111 40 3.0 213 7 13.2 4.5 2,162 9 2.2 185 22 11.9 4.4 2,184 8 25 193
MW-107D BCA 10/8/2013 1 15.1 7.1 1,197 15 1.8 55 10 14.9 6.5 1,128 14 1.2 109 60 12.1 6.4 1,118 12 1.6 126
4/3/2014 - - - - - - - 12 12.2 8.0 1,007 46 1.4 50 60 11.8 6.8 993 3 1.8 -19
MW-108 BCA | 10/12/2013 1 11.4 7.4 1,115 21 8.4 168 11 11.8 7.3 1,126 9 13.5 132 280 124 7.3 1,136 7 10.2 142
4/3/2014 1 10.8 7.7 1,085 10 9.1 137 7 10.8 7.5 1,075 6 10.4 83 291 12.3 7.5 1,093 2 11.5 119
MW-109 BCA 10/9/2013 1 13.1 7.5 3,250 9 7.1 139 10 14.5 7.4 3,249 8 8.1 111 40 13.3 7.6 3,515 10 7.4 100
4/3/2014 1 11.2 7.4 3,231 4 3.9 83 6 11.4 8.6 3,804 45 3.8 45 39 10.4 8.9 3,040 10 4.3 205
MW-110 BBM | Not Sampled - - - - - - - - - - - --- - - - - - - - - -
MW-111 BBM | 11/17/2013 ] 0.5 (Bailer) 9.9 6.5 865 22 8.0 -57 - - - - - - - - - - - - - -
4/1/2014 | 0.5 (Bailer)| 11.2 7.3 971 13 5.1 235 - - - - - - - - - - - - - -
MW-112 BCA | 10/11/2013 1 13.0 7.5 1,108 41 94 135 10 12.2 7.4 1,150 16 9.6 138 189 11.8 7.4 1,236 19 10.1 129
4/4/2014 1 10.1 8.7 1,208 9 124 134 7 10.0 8.3 1,100 28 10.0 194 189 11.8 8.0 1,166 5 10.3 191
MW-113 BCA | 10/11/2013 1 12.5 7.3 2,173 13 7.3 143 14 14.0 7.1 3,566 7 9.2 108 71 12.1 7.2 3,502 6 9.1 115
4/5/2014 1 11.1 7.9 3,203 4 9.5 146 9 12.4 7.9 3,366 3 9.9 99 71 10.0 8.8 3,115 3 9.9 87
MW-114 BCA | 10/13/2013 1 11.8 7.2 779 273 9.2 301 9 12.2 6.8 851 35 10.0 76 276 12.1 7.5 783 18 14.3 140
4/4/2014 1 11.7 8.3 797 10 9.0 188 12 11.7 7.6 790 34 8.2 128 276 12.2 7.7 787 6 8.7 159
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TABLE 3. SUMMARY OF FIELD PARAMETERS DURING GROUNDWATER MONITORING EVENTS CONDUCTED FROM OCTOBER 2012 THROUGH APRIL 2014
RIO ALGOM MINING LLC, LISBON FACILITY

HYDRASLEEVE METHOD (NO-PURGE) MODIFIED LOW-FLOW METHOD (MINIMAL PURGE) b PURGE METHOD (VOLUME-BASED PURGE)
WELL SAMPLE Vol Temp pH EC Turb DO ORP Vol Temp pH EC Turb DO ORP Vol Temp pH EC Turb DO ORP
NAME HsuU @ DATE (L) () (s.u.) | (mS/lcm)| (NTU) (mg/L) (mV) (L) (°c) (s.u) (uS/cm) | (NTU) (mg/L) (mV) (gal) () (s.u.) [(uS/cm)| (NTU) (mg/L) (mV)
MW-115S BCA 10/13/2013 1 11.7 7.5 1,211 31 12.8 148 11 13.7 7.6 1,223 16 15.6 147 98 12.4 7.6 1,220 87 19.6 150
4/5/2014 1 11.7 8.1 1,125 10 9.3 237 11 14.6 7.9 1,136 5 9.9 191 101 12.0 7.6 1,237 5 12.5 195
MW-115M BCA 10/14/2013 1 11.8 9.7 1,378 13 11.2 104 12 14.4 7.6 1,263 13 17.6 118 324 12.3 7.7 1,701 11 12.2 137
11/16/2013 1 9.4 7.6 1,202 11 12.5 -158 4 10.6 7.4 1,191 13 17.2 -174 - - - - - - -
4/5/2014 1 11.9 8.0 1,430 3 13.1 211 14 13.0 9.1 1,251 4 16.2 77 276 12.4 9.0 1,776 4 14.0 120
MW-116 BCA 10/12/2013 1 211 3.7 11,458 42 21 273 8 15.8 3.7 11,352 720 20 281 81 13.0 3.5 12,884 90 2.6 316
4/5/2014 1 11.6 5.8 11,962 12 1.6 263 8 13.1 5.1 12,521 5 0.7 91 77 12.5 51 12,737 7 1.0 261
MW-117S BCA 10/12/2013 1 121 7.9 1,250 944 8.2 142 14 14.6 7.6 1,397 838 8.4 98 87 12.5 7.6 1,571 31 12.8 93
4/5/2014 1 121 8.5 1,200 4 6.9 113 12 13.7 8.5 1,545 4 11.5 53 87 12.6 8.5 1,609 3 11.4 80
MW-117M BCA 10/14/2013 1 11.0 12.5 3,214 22 2.5 172 9 12.2 12.6 3,476 18 3.6 125 132 12.8 11.6 2,976 48 3.1 103
4/5/2014 1 11.0 10.3 2,671 3 1.3 72 9 11.9 10.3 2,976 5 0.5 61 135 12.6 10.3 2,789 5 2.2 75
MW-118 BCA 10/8/2013 1 12.6 7.7 1,319 >1,000 1.1 205 8 14.0 7.2 998 >1,000 0.6 1 100 11.0 7.2 1,071 42 3.3 47
4/3/2014 1 10.4 8.7 848 603 1.2 202 10 9.2 8.3 879 105 0.6 31 100 10.4 9.1 934 33 3.0 889
MW-119 BCA 10/13/2013 - - - - - - - - - - - - - - 19 12.8 7.2 5,199 3 6.9 116
4/3/2014 1 11.5 7.6 4,552 2 6.4 135 - - - - - - - - - - - - - -
4/4/2014 - - - - - - - - - - - - - - 15 9.8 7.6 4,890 4 10.4 214
MW-120 BCA 10/13/2013 1 12.2 7.9 878 148 6.4 156 11 14.3 7.6 840 75 6.5 173 237 12.8 7.6 786 34 7.5 154
4/2/2014 1 10.8 7.2 1,527 13 8.4 13 10 11.0 8.5 1,446 37 8.0 68 237 12.5 7.3 990 9 8.1 103
MW-121 [CHINLE | Not Sampled - - - - - - - - - - - - - - - - - - - - -
MW-122 BCA | Not Sampled - - - - - - - - - - - - - - - - - - - - -
Notes:
& Hydrostratigraphic Unit Vol (L) = Volume in liters
BCA = Burro Canyon Aquifer Temp (°C) = Temperature in degrees celsius
BBM = Brushy Basin Member pH (s.u.) = pH in standard units
of the Morrison Formation EC (uS/cm) = Electrical conductivity in microsiemens per centimeter
CHINLE = Chinle Formation Turb (NTU) = Turbidity in nephelometric turbiditiy units
DO (mg/L) = Dissolved oxygen concentration in milligrams per liter
® The low-flow sampling method is considered “modified” ORP (mV) = Oxidation-reduction potential in millivolts

because well screened intervals at the Site exceed the

Vol (gal) = Volume in gallons
USEPA recommended maximum length of 10 feet.

--- = Not applicable for sampling method
NR = Not reported on field sampling data sheet
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TABLE 4. CONTACT ELEVATION BETWEEN THE BURRO CANYON FORMATION AND
BRUSHY BASIN MEMBER OF THE MORRISON FORMATION
RIO ALGOM MINING LLC, LISBON FACILITY

WELL/ Kbc/IJmb CONTACT
BOREHOLE CURRENT ELEVATION "¢
NAME STATUS EASTING ? NORTHING ? (ft msl)
WELLS INSTALLED DURING SUPPLEMENTAL SITE ASSESSMENT (2012-2103)
MW-101 Existing 2,634,360 593,397 6,549
MW-102 Existing 2,635,889 592,129 6,566
MW-102DB Existing 2,635,877 592,170 6,565
MW-103 Existing 2,635,778 589,620 6,590
MW-104 Existing 2,637,513 589,369 6,604
MW-105 Existing 2,636,131 588,105 6,487
MW-106 Existing 2,639,306 587,423 6,624
MW-107D Existing 2,628,807 593,267 6,432
MW-108 Existing 2,629,865 593,861 6,347
MW-109 Existing 2,632,527 593,552 6,520
MW-110 Existing 2,632,886 592,550 6,555
MW-111 Existing 2,634,470 591,997 6,583
MW-114 Existing 2,632,023 590,522 6,356
MW-117M Existing 2,633,975 589,240 6,386
MW-118 Existing 2,627,874 594,554 6,400
MW-119 Existing 2,630,986 594,211 6,517
MW-120 Existing 2,637,532 586,691 6,431
MW-122 Existing 2,641,533 585,157 6,733
WELLS/BOREHOLES INSTALLED PRIOR TO 2012

EF-3A Existing 2,633,923 589,279 6,370
EF-6 Existing 2,633,033 590,617 6,434
EF-8 Existing 2,633,241 589,567 6,332
H-63 Existing 2,637,682 588,202 6,515
LW-1 Existing 2,636,700 594,336 6,491
ML-1 Existing 2,631,486 591,502 6,364
MW-13 Existing 2,636,128 587,830 6,439
OW-UT-9 Existing 2,636,715 590,970 6,570
RL-1 Existing 2,633,217 593,676 6,530
RL-3 Existing 2,632,620 594,239 6,513
RL-4 Existing 2,631,660 595,070 6,508
RL-5 Existing 2,632,690 595,194 6,518
D-10 Decommissioned 2,634,612 589,819 6,488
DM80-1 Decommissioned 2,633,556 592,595 6,551
DM80-2 Decommissioned 2,635,382 588,345 6,543
DM80-3 Decommissioned 2,632,617 589,752 6,473
DM80-4 Decommissioned 2,632,474 589,607 6,477
EF-1 Decommissioned 2,632,921 589,964 6,310
EF-16 Decommissioned 2,637,892 590,105 6,588
EF-17 Decommissioned 2,638,655 590,062 6,548
EF-2 Decommissioned 2,633,660 589,115 6,328
EF-20 Decommissioned 2,633,644 595,026 6,495
EF-21 Decommissioned 2,634,866 595,026 6,485
EF-22 Decommissioned 2,634,961 593,819 6,520
EF-23 Decommissioned 2,635,840 593,408 6,515
EF-25 Decommissioned 2,634,535 593,311 6,545
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TABLE 4. CONTACT ELEVATION BETWEEN THE BURRO CANYON FORMATION AND
BRUSHY BASIN MEMBER OF THE MORRISON FORMATION
RIO ALGOM MINING LLC, LISBON FACILITY
WELL/ Kbc/IJmb CONTACT
BOREHOLE CURRENT ELEVATION "¢
NAME STATUS EASTING ? NORTHING ? (ft msl)
EF-26 Decommissioned 2,633,839 593,596 6,585
EF-4 Decommissioned 2,634,261 588,936 6,440
EF-5 Decommissioned 2,633,910 590,133 6,430
FT-1 Decommissioned 2,633,288 591,158 6,481
FT-4 Decommissioned 2,636,335 588,414 6,511
GW-17 Decommissioned 2,636,360 591,294 6,561
GW-19 Decommissioned 2,635,911 591,288 6,571
GW-20 Decommissioned 2,636,742 591,286 6,552
H-38 Decommissioned 2,638,801 589,532 6,571
H-47 Decommissioned 2,638,180 591,092 6,550
H-48 Decommissioned 2,637,410 591,305 6,538
H-49 Decommissioned 2,636,629 588,849 6,536
H-53 Decommissioned 2,635,979 590,076 6,583
H-56 Decommissioned 2,635,226 591,805 6,580
H-56 Decommissioned 2,635,226 591,805 6,580
H-57 Decommissioned 2,635,342 591,261 6,580
H-57 Decommissioned 2,635,342 591,261 6,583
H-58 Decommissioned 2,635,721 590,592 6,570
H-67 Decommissioned 2,637,020 588,930 6,575
H-71 Decommissioned 2,634,034 591,202 6,576
H-72 Decommissioned 2,634,514 591,950 6,580
H-73 Decommissioned 2,633,967 590,672 6,495
H-77 Decommissioned 2,636,785 591,690 6,568
H-78 Decommissioned 2,638,524 591,811 6,510
H-80 Decommissioned 2,636,062 593,503 6,520
LT-1 Decommissioned 2,635,208 590,680 6,592
LT-10 Decommissioned 2,635,728 589,610 6,582
LT-11 Decommissioned 2,636,115 590,483 6,601
LT-12 Decommissioned 2,636,356 590,179 6,602
LT-13 Decommissioned 2,636,490 590,016 6,601
LT-14 Decommissioned 2,636,605 589,851 6,618
LT-15 Decommissioned 2,636,725 589,662 6,609
LT-17 Decommissioned 2,635,959 589,821 6,598
LT-2 Decommissioned 2,635,492 591,021 6,597
LT-3 Decommissioned 2,635,509 590,815 6,586
LT-4 Decommissioned 2,636,074 590,847 6,566
LT-5 Decommissioned 2,636,238 590,641 6,567
LT-6 Decommissioned 2,636,193 590,613 6,580
LT-7 Decommissioned 2,636,145 590,587 6,578
LT-8 Decommissioned 2,636,093 590,580 6,581
LT-9 Decommissioned 2,636,045 590,569 6,578
MW-1 Decommissioned 2,634,388 589,733 6,496
MW-10 Decommissioned 2,637,831 592,746 6,497
MW-11 Decommissioned 2,634,225 589,429 6,476
MW-12 Decommissioned 2,634,814 588,885 6,507
MW-2 Decommissioned 2,634,722 589,440 6,500
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TABLE 4. CONTACT ELEVATION BETWEEN THE BURRO CANYON FORMATION AND
BRUSHY BASIN MEMBER OF THE MORRISON FORMATION
RIO ALGOM MINING LLC, LISBON FACILITY

WELL/ Kbc/IJmb CONTACT
BOREHOLE CURRENT ELEVATION "¢

NAME STATUS EASTING ? NORTHING ? (ft msl)
MW-6A Decommissioned 2,633,781 589,952 6,464
MW-7 Decommissioned 2,634,808 592,715 6,562
MW-8 Decommissioned 2,635,824 592,715 6,543
MW-9 Decommissioned 2,636,824 592,720 6,532
RW-10 Decommissioned 2,635,009 592,556 6,569
RW-11 Decommissioned 2,634,780 592,450 6,571
RW-14 Decommissioned 2,635,103 592,603 6,567
RW-2 Decommissioned 2,637,232 591,535 6,551
RW-6 Decommissioned 2,634,923 592,528 6,570
RW-7 Decommissioned 2,634,871 592,497 6,572
RW-8 Decommissioned 2,634,967 592,543 6,567
UT-1 Decommissioned 2,636,288 590,691 6,583
UT-2 Decommissioned 2,636,369 590,745 6,584
uT-4 Decommissioned 2,636,553 590,986 6,569
UT-5 Decommissioned 2,636,699 591,064 6,571
UT-6 Decommissioned 2,636,896 591,034 6,564
uT-7 Decommissioned 2,636,994 591,001 6,557
UT-8 Decommissioned 2,637,154 590,936 6,560
uT-9 Decommissioned 2,636,761 590,960 6,566
UDWR Well ¢ Unknown 2,639,653 596,820 6,372

Notes:
ft msl = feet above mean sea level

& North American Datum 1927, Utah State Plane, South

P Contact elevation between the Burro Canyon Formation (Kbc) and
the Brushy Basin Member (Jmb) of the Morrison Formation.

¢ Contact elevation data for wells/boreholes installed prior to 2012 were provided in ‘Remedial-Action Plan
for Groundwater Contamination Control at the Lisbon Uranium Mill" (EarthFax Engineering, Inc. 1984).

4 Well location and drilling information obtained from Utah Division of Water Rights registry database.
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TABLE 5. RESULTS OF SLUG TESTS IN EXISTING MONITOR WELLS
RIO ALGOM MINING LLC, LISBON FACILITY

MEAN OF
ESTIMATED
INITIAL ESTIMATED HYDRAULIC
DATE OF | CASING WELL WATER LEVEL HYDRAULIC CONDUCTIVITY
WELL SLUG RADIUS RADIUS [ANALYSIS TEST DISPLACEMENT | CONDUCTIVITY VALUES
NAME HsuU @ TESTING (feet) (feet) METHOD IDENTIFIER (feet) (feet per day) (feet per day)
BURRO CANYON AQUIFER (BCA) WELLS
MW-13 BCA 8/26/2012 0.17 0.33 Butler Slug A Falling Head 0.44 236
(assumed) | |nertial® | Slug A Rising Head 0.44 337
Slug B1 Falling Head 0.44 289 a1
Slug B1 Rising Head 0.42 294
Slug B2 Falling Head 0.57 563
Slug B2 Rising Head 0.45 806
MW-115M BCA 10/11/2013 0.17 0.42 Butler Slug L Falling Head 1.05 153
Inertial Slug L Rising Head 0.75 191
Slug C Falling Head 0.89 143 167
Slug C Rising Head 0.56 182
Slug F Falling Head 0.66 152
Slug F Rising Head 0.49 182
EF-3A BCA 8/28/2012 0.25 0.46 Bouwer- | Slug C Falling Head 0.39 38
(assumed) Rice Slug C Rising Head 0.48 29
Slug E Falling Head 1.48 42 37
Slug E Rising Head 1.38 24
Slug B Falling Head 0.38 47
Slug B Rising Head 0.36 42
RL-6 BCA 8/25/2012 0.21 0.36 Bouwer- Slug A Falling Head 0.06 11
Rice Slug A Rising Head 0.12 26 137
Slug B Falling Head 0.08 8.5 '
Slug B Rising Head 0.35 9.2
MW-117S BCA 10/12/2013 0.17 0.42 Bouwer- Slug K Falling Head 1.20 Not Used ©
Rice Slug K Rising Head 0.93 12
Slug L Falling Head 1.14 8.4 9.4
Slug L Rising Head 0.87 8.2
Slug D Falling Head 0.89 6.2
Slug D Rising Head 1.08 12
MW-120 BCA 10/3/2013 0.17 0.33 Bouwer- | sjug C Falling Head 1.05 Not Used ©
Rice Slug C Rising Head 0.77 7.4
Slug F Falling Head 0.89 Not Used ° 6.4
Slug F Rising Head 0.54 6.3 '
Slug L Falling Head 1.10 Not Used °
Slug L Rising Head 0.97 5.6
MW-118 BCA 10/1/2013 0.17 0.33 Bouwer- Slug F Falling Head 0.89 4.7
Rice Slug F Rising Head 0.89 5.3
Slug C Falling Head 0.67 2.8 45
Slug C Rising Head 0.76 35 '
Slug | Falling Head 0.83 4.6
Slug | Rising Head 0.97 6.2
MW-115S BCA 10/2/2013 0.17 0.33 Bouwer- Slug J Falling Head 0.26 4.2
Rice Slug J Rising Head 0.20 2.4
Slug L Falling Head 0.43 4.6
Slug L Rising Head Interrupted d 4.2
Slug K Falling Head 0.60 5.7
Slug K Rising Head Interrupted ¢
RL-5 BCA 8/25/2012 0.21 0.36 Bouwer- Slug B Falling Head 0.71 3.5
Rice Slug B Rising Head 0.59 3.7
Slug C Falling Head 0.50 2.8 33
Slug C Rising Head 0.68 3.6 '
Slug D Falling Head 0.91 3.3
Slug D Rising Head 0.81 3.2
LW-1 BCA 8/27/2012 0.16 0.33 Bouwer- | Slug B Falling Head 1.15 31
Rice Slug B Rising Head 0.77 2.6
Slug C Falling Head 1.63 3.2 28
Slug C Rising Head 0.96 2.6 ’
Slug D Falling Head 1.14 25
Slug D Rising Head 1.24 2.8
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TABLE 5. RESULTS OF SLUG TESTS IN EXISTING MONITOR WELLS
RIO ALGOM MINING LLC, LISBON FACILITY

MEAN OF
ESTIMATED
INITIAL ESTIMATED HYDRAULIC
DATE OF | CASING WELL WATER LEVEL HYDRAULIC CONDUCTIVITY
WELL SLUG RADIUS RADIUS [ANALYSIS TEST DISPLACEMENT | CONDUCTIVITY VALUES
NAME HsuU @ TESTING (feet) (feet) METHOD IDENTIFIER (feet) (feet per day) (feet per day)
MW-107S BCA 10/1/2013 0.17 0.33 Bouwer- Slug F Falling Head 0.60 2
Rice Slug F Rising Head 0.89 2.7
Slug B Falling Head 0.79 2.6 25
Slug B Rising Head 0.78 2.8 '
Slug A Falling Head 0.37 1.9
Slug A Rising Head 0.51 3.1
MW-117M BCA 10/3/2013 0.17 0.42 Bouwer- Slug K Falling Head 151 1.9
Rice Slug K Rising Head Interrupted ¢
Slug D Falling Head 1.84 1.8 23
Slug D Rising Head 1.55 2.7
Slug J Falling Head 1.74 2
Slug J Rising Head 1.72 2.9
MW-113 BCA 10/2/2013 0.17 0.33 Bouwer- Slug C Falling Head 0.87 1.9
Rice Slug C Rising Head 1.05 1.8
Slug F Falling Head 0.89 1.9 19
Slug F Rising Head 0.89 2 '
Slug | Falling Head 0.70 1.8
Slug | Rising Head 0.89 2.2
ML-1 BCA 8/26/2012 0.17 0.33 Bouwer- Slug C Falling Head 1.31 1.8
Rice Slug C Rising Head 1.18 1.8
Slug B Falling Head 1.29 1.7 18
Slug B Rising Head 0.89 1.8 ’
Slug D Falling Head 1.76 1.8
Slug D Rising Head 1.71 1.7
H-63 BCA 8/26/2012 0.17 0.33 Bouwer- | Slug B Falling Head 111 1.6
Rice Slug B Rising Head 0.63 1.7
Slug C Falling Head 0.87 15 16
Slug C Rising Head 0.79 1.6 ’
Slug D Falling Head 1.24 1.6
Slug D Rising Head 1.04 1.6
EF-8 BCA 8/27/2012 0.17 0.33 Bouwer- Slug A Falling Head 0.86 15
Rice Slug A Rising Head 0.61 1.6
Slug D Falling Head 2.20 1.3 14
Slug D Rising Head 0.86 1.4 ’
Slug B Falling Head 1.02 14
Slug B Rising Head 0.98 1.4
MW-107D BCA 10/1/2013 0.17 0.33 Bouwer- Slug B Falling Head 0.78 1.7
Rice Slug B Rising Head 0.78 1.3
Slug F Falling Head 0.89 14 1.4
Slug F Rising Head 0.89 1.4 '
Slug C Falling Head 0.91 13
Slug C Rising Head 0.98 1.4
MW-108 BCA 10/1/2013 0.17 0.33 Bouwer- Slug B Falling Head 0.78 1.3
Rice Slug B Rising Head 0.78 1.5
Slug D Falling Head 141 13 13
Slug D Rising Head Interrupted ¢ '
Slug J Falling Head 1.16 1.3
Slug J Rising Head 1.03 1.3
OW-UT-9 BCA 8/29/2012 0.25 0.41 Bouwer- | Slug C Falling Head 0.98 0.8
Rice Slug C Rising Head 0.47 15
Slug B Falling Head 0.22 1.0 12
Slug B Rising Head 0.38 11 '
Slug D Falling Head 0.38 11
Slug D Rising Head 0.67 1.3
RL-3 BCA 11/2/2012 0.21 0.36 Bouwer- Slug A Falling Head 0.41 13
Rice Slug A Rising Head 0.36 11
Slug B Falling Head 0.49 1.2 12
Slug B Rising Head 0.57 14 '
Slug G Falling Head 0.31 1.2
Slug G Rising Head 0.42 1.3
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TABLE 5. RESULTS OF SLUG TESTS IN EXISTING MONITOR WELLS
RIO ALGOM MINING LLC, LISBON FACILITY

MEAN OF
ESTIMATED
INITIAL ESTIMATED HYDRAULIC
DATE OF | CASING WELL WATER LEVEL HYDRAULIC CONDUCTIVITY
WELL SLUG RADIUS RADIUS [ANALYSIS TEST DISPLACEMENT | CONDUCTIVITY VALUES
NAME HsuU @ TESTING (feet) (feet) METHOD IDENTIFIER (feet) (feet per day) (feet per day)
MW-101 BCA 11/4/2012 0.17 0.33 Bouwer- | Slug A Falling Head 0.32 0.6
Rice Slug A Rising Head 0.54 1.0 08
Slug G Falling Head 0.49 0.7 ’
Slug G Rising Head 0.75 0.9
MW-100 BCA 11/3/2012 0.17 0.33 Bouwer- Slug F Falling Head 0.34 0.6
Rice Slug F Rising Head 2.03 Not Used °
Slug C Falling Head 0.42 0.6 0.7
Slug C Rising Head 1.65 Not Used ° '
Slug B Falling Head 0.49 0.8
Slug B Rising Head 1.00 Not Used °
RL-1 BCA 8/28/2012 0.21 0.37 Bouwer- Slug A Falling Head 0.21 0.7
Rice Slug A Rising Head 0.32 0.6 0.6
Slug B Falling Head 0.36 0.5 '
Slug B Rising Head 0.52 0.6
RL-4 BCA 8/26/2012 0.21 0.36 Bouwer- | Slug C Falling Head 1.42 0.7
Rice Slug C Rising Head 0.70 0.7
Slug D Falling Head 0.70 0.7 0.6
Slug D Rising Head 0.79 0.6 '
Slug B Falling Head 0.32 0.5
Slug B Rising Head 0.82 0.7
EF-6 BCA 8/27/2012 0.17 0.33 Bouwer- Slug A Falling Head 0.57 0.5
Rice Slug A Rising Head 0.61 0.5
Slug B Falling Head 0.98 0.5 05
Slug B Rising Head 0.96 0.6 ’
Slug C Falling Head 1.32 0.5
Slug C Rising Head 1.15 0.5
Uw-1 BCA 11/4/2012 0.17 0.33 Bouwer- Slug C Falling Head 0.70 0.5
Rice Slug C Rising Head 0.72 0.5
Slug G Falling Head 0.47 0.5 0.4
Slug G Rising Head 0.38 0.4
Slug C&G Falling Head 1.18 0.4
Slug C&G Rising Head 1.15 0.4
MW-116 BCA 10/2/2013 0.17 0.33 Bouwer- Slug | Falling Head 0.83 0.4
to Rice Slug | Rising Head 0.97 0.4
10/3/2013 Slug A Falling Head 0.51 0.4 0.4
Slug A Rising Head 0.51 0.4 '
Slug G Falling Head 0.62 0.4
Slug G Rising Head 0.71 0.4
MW-112 BCA 10/2/2013 0.17 0.33 Bouwer- Slug K Falling Head 0.97 0.3
Rice Slug K Rising Head 1.24 0.4
Slug C Falling Head 0.82 0.3 0.4
Slug C Rising Head 1.05 0.4 '
Slug F Falling Head 0.72 0.3
Slug F Rising Head 0.89 0.4
MW-114 BCA 10/2/2013 0.17 0.33 Bouwer- Slug J Falling Head 0.60 0.4
Rice Slug J Rising Head 0.25 0.3
Slug L Falling Head 0.37 0.3
Slug L Rising Head 0.39 0.4 03
Slug D Falling Head 0.49 0.3
Slug D Rising Head Interrupted d
MW-102 BCA 11/3/2012 0.17 0.33 Bouwer- Slug F Falling Head 1.37 0.3
Rice Slug F Rising Head 1.79 0.3 03
Slug A Falling Head 0.79 0.3 ’
Slug A Rising Head 0.85 0.4
MW-119 BCA 10/2/2013 0.17 0.33 Bouwer- Slug G Falling Head 0.66 0.1
to Rice Slug G Rising Head 1.02 0.1 01
10/3/2013 Slug H Falling Head 0.37 0.2 '
Slug H Rising Head 0.33 0.1
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TABLE 5. RESULTS OF SLUG TESTS IN EXISTING MONITOR WELLS
RIO ALGOM MINING LLC, LISBON FACILITY

MEAN OF
ESTIMATED
INITIAL ESTIMATED HYDRAULIC
DATE OF | CASING WELL WATER LEVEL HYDRAULIC CONDUCTIVITY
WELL SLUG RADIUS RADIUS [ANALYSIS TEST DISPLACEMENT | CONDUCTIVITY VALUES
NAME HsuU @ TESTING (feet) (feet) METHOD IDENTIFIER (feet) (feet per day) (feet per day)
MW-109 BCA 10/1/2013 0.17 0.33 Bouwer- Slug A Falling Head 0.51 0.06
Rice Slug A Rising Head 0.51 0.05
Slug G Falling Head 0.62 0.06 0.06
Slug G Rising Head 0.62 0.08
Slug H Falling Head 0.33 Not Used °
MW-5 BCA 8/27/2012 0.17 0.33 Bouwer- | Slug E Falling Head 3.48 0.02
(assumed) Rice Slug E Rising Head 1.69 0.02 0.02
Slug D Falling Head 1.47 0.02 :
Slug D Rising Head 0.71 0.02
MW-104 BCA 8/27/2013 0.17 0.33 Bouwer- Slug B Falling Head 0.44 0.03
to Rice Slug B Rising Head 0.59 0.01
9/14/2013 Slug A Falling Head 0.31 0.01 0.02
Slug A Rising Head 0.30 0.02
MW-105 BCA 11/4/2012 0.17 0.33 Slug C Falling Head 0.66 Not Analyzed ©
Slug C Rising Head 0.19 Not Analyzed ©
Slug F&C Falling Head 0.42 Not Analyzed ©
Slug F&C Rising Head 1.04 Not Analyzed ®
MW-122 BCA 0.17 0.33 Well dry; no testing conducted
MORRISON FORMATION, BRUSHY BASIN MEMBER (BBM) WELLS
MW-102DB| BBM 11/3/2012 0.17 0.33 Bouwer- Slug A Falling Head 0.72 0.6
Rice Slug A Rising Head 0.64 0.6
Slug B Falling Head 1.16 0.8 0.7
Slug B Rising Head 1.00 0.6
Slug G Falling Head 0.71 0.6
Slug G Rising Head 1.26 0.9
MW-103 BBM 11/4/2012 0.17 0.33 Bouwer- Slug A Falling Head 0.61 0.05
Rice Slug A Rising Head 0.63 0.05 0.04
Slug F Falling Head 0.52 0.02 '
Slug F Rising Head 1.56 0.05
MW-106 BBM 8/19/2013 0.17 0.33 Bouwer- Slug F Falling Head 0.84 0.0010
to Rice Slug F Rising Head 0.83 0.0007
9/13/2013 Slug H Falling Head 0.33 0.0005 0.0007
Slug H Rising Head Interrupted °
MW-110 BBM 0.17 0.33 Well recovering after installation activities; no testing conducted
MW-111 BBM 0.17 0.33 Well recovering after installation activities; no testing conducted
CHINLE FORMATION WELL
MW-121 | CHINLE 0.17 0.33 Well dry; no testing conducted
Notes:

--- = Not applicable

 Hydrostratigraphic Unit
BCA = Burro Canyon Aquifer
BBM = Brushy Basin Member of the Morrison Formation
CHINLE = Chinle Formation

b Slug testing data re-analyzed during second phase of work.

¢ Anomalous water level response observed, or data is outside of the normalized head range for matching results to type curve solutions.

4 Water level measurement was interrupted during test and data not analyzed; transducer was inadvertently moved during slug deployment or retrieval.
€ Water level recovery to static condition near instantaneous; response is too fast to analyze.
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TABLE 6. RESULTS OF HYDRAULIC CONDUCTIVITY TESTING DURING PREVIOUS INVESTIGATIONS
RIO ALGOM MINING LLC, LISBON FACILITY

ESTIMATED HYDRAULIC CONDUCTIVITY °
(feet per day)
WELL CURRENT SLUG PUMPING
NAME STATUS Hsu @ TEST TEST
EF-3A Existing BCA 7.4
EF-6 Existing BCA 0.6
EF-8 Existing BCA 2.4
MW-5 Existing BCA 0.58
OW-UT-9 Existing BCA 10.1
DM80-1 Decommisioned BCA 0.02
DM80-3 Decommisioned BCA 3.5 -
DM80-4 Decommisioned BCA 5.1
EF-16 Decommisioned BCA 8.7 ---
EF-17 Decommisioned BCA 0.1
EF-19 Decommisioned BCA 4.8 ---
EF-2 Decommisioned BCA 2.9
EF-20 Decommisioned BCA 2.7 ---
EF-22 Decommisioned BCA 15
EF-23 Decommisioned BCA 5.6 ---
EF-24 Decommisioned BCA 13
EF-25 Decommisioned BCA 0.7 ---
EF-26 Decommisioned BCA 0.3
EF-4 Decommisioned BCA 8.7 ---
EF-5 Decommisioned BCA 7.1
H-48 Decommisioned BCA 1.3 0.04
H-55 Decommisioned BCA 0.08
H-56 Decommisioned BCA 0.24 -
H-72 Decommisioned BBM 0.96 0.01
MW-1 Decommisioned BCA - 798
MW-10 Decommisioned BCA 5.1
MW-11 Decommisioned BCA 106 -
MW-11A Decommisioned BCA 70
MW-12 Decommisioned BCA 79 -
MW-2 Decommisioned BCA 133
MW-4 Decommisioned BCA - 0.01
MW-6A Decommisioned BCA 61
MW-7 Decommisioned BCA - 0.5
MW-8A Decommisioned BCA 6.8
MW-9 Decommisioned BCA 34 -
RW-1 Decommisioned BCA 1
RW-2 Decommisioned BCA 0.35 -

Notes:
--- = Not applicable

2 Hydrostratigraphic Unit
BCA = Burro Canyon Aquifer
BBM = Brushy Basin Member of the Morrison Formation

b Hydraulic conductivity estimated during previous investigations (Lewis Water Consultants, Inc., 2001).
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TABLE 7. SUMMARY OF SATURATED HYDRAULIC CONDUCTIVITY DATA FROM LABORATORY ANALYSIS
RIO ALGOM MINING LLC, LISBON FACILITY

LABORATORY ANALYSIS SLUG TEST ANALYSIS
ESTIMATED
HORIZONTAL Kgar MEAN OF VERTICAL Kgar MEAN OF HORIZONTAL K
DEPTH IN CORE SAMPLE | HORIZONTAL Kear | IN CORE SAMPLE | VERTICAL Kgar IN WELL
WELL/ SAMPLE INTERVAL LITHOLOGIC
BOREHOLE IDENTIFIER (ft bgs) DESCRIPTION (cm/sec) (ft/d) (ft/d) (cm/sec) (ft/d) (ft/d) (ft/d)
BURRO CANYON FORMATION / BURRO CANYON AQUIFER
MW-109 MW-109 (138 - 138.5) 138 - 138.5 SANDSTONE; medium to coarse grained,| 1.35E-06 0.004 6.36E-08 0.0002
poorly sorted, well lithified
MW-109 (147 - 147.5) 147 - 1475 CONGLOMERATE; subrounded gravel 6.93E-04 2 0.98 2.43E-07 0.001 0.0004 0.06
clasts in a siltstone matrix; well lithified
MW-117M MW-117 (95.5 - 96) 95.5 - 96 SANDSTONE; fine grained, well sorted, 3.82E-04 1 1.88E-05 0.05
moderately lithified
MW-117 (118 - 118.5) 118 - 1185 SANDSTONE; fine grained, well sorted, 1.19E-04 0.3 1.10E-04 0.3
well lithified 11 0.2 2.3
MW-117 (169 - 169.5) 169 - 169.5 SANDSTONE; medium to coarse grained,| 6.83E-04 2 1.12E-04 0.3
poorly sorted, well lithified
MW-118 MW-118 (46.5 - 47) 46.5 - 47 SANDSTONE; fine grained, well sorted, 1.53E-06 0.004 NA 7.20E-06 0.02 NA 4.5
well lithified
MW-102DB 102DB-130-131 130-131 SANDSTONE; fine grained, well sorted, 2.18E-04 0.6 NA 0.000123 0.3 NA -
well lithified
MORRISON FORMATION; BRUSHY BASIN MEMBER / BRUSHY BASIN MEMBER AQUIFER
MW-102DB 102DB-145-146 145 - 146 MUDSTONE/SHALE; well lithified 3.09E-05 0.1 0.0000215 0.1
- - 0.04 0.03 0.7
102DB-156-156.9 156 - 156.9 SANDSTONE; very fine grained, well 3.60E-09 0.00001 7.93E-09 0.00002
sorted, very hard, well lithified
MW-109 MW-109 (158 - 158.7) 158 - 158.7 MUDSTONE/SHALE; well lithified 7.98E-07 0.002 NA 6.94E-06 0.02 NA -
MW-117M MW-117 (211 - 211.6) 211-211.6 MUDSTONE/SHALE; well lithified 9.60E-09 0.00003 NA 3.58E-10 | 0.000001 NA -
MW-118 MW-118 (75 - 76.5) 75-76.5 MUDSTONE/SHALE; well lithified 2.28E-07 0.0006 NA 5.96E-08 0.0002 NA -

Notes:

ft bgs = feet below ground surface

Ksar = Saturated hydraulic conductivity

cm/sec = centimeters per second

ft/d = feet per day

NA = Not applicable

--- = Well not screened in corresponding formation
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TABLE 8.

GROUNDWATER ELEVATIONS IN EXISTING MONITOR WELLS
RIO ALGOM MINING LLC, LISBON FACILITY

MEASURING CHANGE IN
POINT DEPTH TO | GROUNDWATER | GROUNDWATER
WELL DATE OF ELEVATION WATER ELEVATION ELEVATION
NAME HSU?® | MEASUREMENT (ft msl) (ft bmp) (ft msl) (feet)
EF-3A BCA 10/29/2012 6,584.70 82.37 6,502.33
3/31/2013 82.31 6,502.39 0.06
10/7/2013 81.80 6,502.90 0.51
11/16/2013 81.52 6,503.18 0.28
4/1/2014 81.27 6,503.43 0.25
EF-6 BCA 10/29/2012 6,571.12 71.40 6,499.72
3/31/2013 71.53 6,499.59 -0.13
10/7/2013 7151 6,499.61 0.02
11/16/2013 71.13 6,499.99 0.38
4/1/2014 70.99 6,500.13 0.14
EF-8 BCA 10/29/2012 6,575.77 74.38 6,501.39
3/31/2013 74.26 6,501.51 0.12
10/7/2013 74.03 6,501.74 0.23
11/16/2013 73.48 6,502.29 0.55
4/1/2014 73.50 6,502.27 -0.02
H-63 BCA 10/29/2012 6,686.49 135.84 6,550.65
3/31/2013 136.00 6,550.49 -0.16
10/7/2013 135.90 6,550.59 0.10
11/16/2013 135.67 6,550.82 0.23
4/1/2014 133.30 6,553.19 2.37
LW-1 BCA 10/29/2012 6,725.02 146.15 6,578.87
3/31/2013 146.09 6,578.93 0.06
10/7/2013 146.54 6,578.48 -0.45
11/16/2013 146.02 6,579.00 0.52
4/1/2014 146.10 6,578.92 -0.08
ML-1 BCA 10/29/2012 6,533.12 41.31 6,491.81
3/31/2013 42.55 6,490.57 -1.24
10/7/2013 43.46 6,489.66 -0.91
11/16/2013 43.28 6,489.84 0.18
4/1/2014 42.55 6,490.57 0.73
MW-5 BCA 10/29/2012 6,746.81 153.36 6,593.45
3/31/2013 153.46 6,593.35 -0.10
10/7/2013 154.03 6,592.78 -0.57
11/16/2013 153.37 6,593.44 0.66
4/1/2014 153.51 6,593.30 -0.14
MW-13 BCA 10/29/2012 6,644.46 93.92 6,550.54
3/31/2013 94.06 6,550.40 -0.14
10/7/2013 93.92 6,550.54 0.14
11/16/2013 93.69 6,550.77 0.23
4/1/2014 93.49 6,550.97 0.20
OW-UT-9 BCA 10/29/2012 6,707.22 122.90 6,584.32
3/31/2013 122.78 6,584.44 0.12
10/7/2013 123.35 6,583.87 -0.57
11/16/2013 122.69 6,584.53 0.66
4/1/2014 122.85 6,584.37 -0.16
RL-1 BCA 10/29/2012 6,655.49 116.05 6,539.44
3/31/2013 115.79 6,539.70 0.26
10/7/2013 115.80 6,539.69 -0.01
11/16/2013 115.77 6,539.72 0.03
4/1/2014 115.96 6,539.53 -0.19
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TABLE 8. GROUNDWATER ELEVATIONS IN EXISTING MONITOR WELLS
RIO ALGOM MINING LLC, LISBON FACILITY

MEASURING CHANGE IN
POINT DEPTH TO | GROUNDWATER | GROUNDWATER
WELL DATE OF ELEVATION WATER ELEVATION ELEVATION
NAME HSU?® | MEASUREMENT (ft msl) (ft bmp) (ft msl) (feet)
RL-3 BCA 10/29/2012 6,707.63 170.09 6,537.54
3/31/2013 170.03 6,537.60 0.06
10/7/2013 170.07 6,537.56 -0.04
11/16/2013 169.92 6,537.71 0.15
4/1/2014 169.91 6,537.72 0.01
RL-4 BCA 10/29/2012 6,684.29 156.40 6,527.89
3/31/2013 156.37 6,527.92 0.03
10/7/2013 156.34 6,527.95 0.03
11/16/2013 156.19 6,528.10 0.15
4/1/2014 156.20 6,528.09 -0.01
RL-5 BCA 10/29/2012 6,689.12 151.83 6,537.29
3/31/2013 151.77 6,537.35 0.06
10/7/2013 151.78 6,537.34 -0.01
11/16/2013 151.55 6,537.57 0.23
4/1/2014 151.62 6,537.50 -0.07
RL-6 BCA 10/29/2012 6,464.76 15.37 6,449.39
3/31/2013 14.45 6,450.31 0.92
10/7/2013 15.70 6,449.06 -1.25
11/16/2013 15.38 6,449.38 0.32
4/1/2014 14.96 6,449.80 0.42
UW-1 BCA 10/29/2012 6,656.04 105.30 6,550.74
3/31/2013 105.45 6,550.59 -0.15
10/7/2013 105.40 6,550.64 0.05
11/16/2013 105.13 6,550.91 0.27
4/1/2014 104.93 6,551.11 0.20
MW-100 BCA 10/29/2012 6,725.37 146.96 6,578.41
3/31/2013 146.90 6,578.47 0.06
10/7/2013 147.35 6,578.02 -0.45
11/16/2013 146.80 6,578.57 0.55
4/1/2014 146.92 6,578.45 -0.12
MW-101 BCA 10/29/2012 6,710.90 150.65 6,560.25
3/31/2013 150.70 6,560.20 -0.05
10/7/2013 150.90 6,560.00 -0.20
11/16/2013 150.80 6,560.10 0.10
4/1/2014 150.86 6,560.04 -0.06
MW-102 BCA 10/29/2012 6,702.88 125.28 6,577.60
3/31/2013 125.19 6,577.69 0.09
10/7/2013 125.25 6,577.63 -0.06
11/16/2013 125.06 6,577.82 0.19
4/1/2014 125.04 6,577.84 0.02
MW-102DB BBM 10/29/2012 6,703.62 122.08 6,581.54
3/31/2013 120.48 6,583.14 1.60
10/7/2013 120.07 6,583.55 0.41
11/16/2013 119.89 6,583.73 0.18
4/1/2014 119.8 6,583.82 0.09
MW-103 BBM 10/29/2012 6,663.92 83.44 6,580.48
3/31/2013 83.05 6,580.87 0.39
10/7/2013 83.12 6,580.80 -0.07
11/16/2013 82.63 6,581.29 0.49
4/1/2014 82.51 6,581.41 0.12
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TABLE 8.

GROUNDWATER ELEVATIONS IN EXISTING MONITOR WELLS
RIO ALGOM MINING LLC, LISBON FACILITY

MEASURING CHANGE IN
POINT DEPTH TO | GROUNDWATER | GROUNDWATER
WELL DATE OF ELEVATION WATER ELEVATION ELEVATION
NAME HSU?® | MEASUREMENT (ft msl) (ft bmp) (ft msl) (feet)
MW-104 BCA 10/29/2012 6,705.17 97.64 6,607.53
3/31/2013 93.96 6,611.21 3.68
10/7/2013 94.29 6,610.88 -0.33
11/16/2013 96.30 6,608.87 -2.01
4/1/2014 94.20 6,610.97 2.10
MW-105 BCA 10/29/2012 6,624.12 73.53 6,550.59
3/31/2013 73.61 6,550.51 -0.08
10/7/2013 73.48 6,550.64 0.13
11/16/2013 73.24 6,550.88 0.24
4/1/2014 73.04 6,551.08 0.20
MW-106 BBM 10/29/2012 6,852.76 247.11 6,605.65
3/31/2013 227.02 6,625.74 20.09
10/7/2013 227.00 6,625.76 0.02
11/16/2013 236.85 6,615.91 -9.85
4/1/2014 227.3 6,625.46 9.55
MW-107S BCA 10/7/2013 6,512.13 50.95 6,461.18
11/16/2013 50.78 6,461.35 0.17
4/1/2014 50.85 6,461.28 -0.07
MW-107D BCA 10/7/2013 6,512.30 51.05 6,461.25
11/16/2013 50.90 6,461.40 0.15
4/1/2014 50.94 6,461.36 -0.04
MW-108 BCA 10/7/2013 6,514.69 27.11 6,487.58
11/16/2013 26.98 6,487.71 0.13
4/1/2014 24.78 6,489.91 2.20
MW-109 BCA 10/7/2013 6,673.51 136.20 6,537.31
11/16/2013 135.94 6,537.57 0.26
4/1/2014 135.99 6,537.52 -0.05
MW-110 BBM 10/7/2013 6,623.94 141.02 6,482.92
11/16/2013 141.82 6,482.12 -0.80
12/14/2013 141.04 6,482.90 0.78
1/25/2014 139.74 6,484.20 1.30
2/22/2014 138.87 6,485.07 0.87
4/1/2014 137.75 6,486.19 1.12
MW-111 BBM 10/7/2013 6,645.47 Dry (126.05) °
11/16/2013 119.15 6,526.32 6.90
12/14/2013 113.85 6,531.62 5.30
1/25/2014 105.03 6,540.44 8.82
2/22/2014 98.76 6,546.71 6.27
4/1/2014 91.99 6,553.48 6.77
MW-112 BCA 10/7/2013 6,536.31 45.63 6,490.68
11/16/2013 45.35 6,490.96 0.28
4/1/2014 44.79 6,491.52 0.56
MW-113 BCA 10/7/2013 6,567.42 68.43 6,498.99
11/16/2013 68.01 6,499.41 0.42
4/1/2014 67.94 6,499.48 0.07
MW-114 BCA 10/7/2013 6,554.35 58.03 6,496.32
11/16/2013 57.63 6,496.72 0.40
4/1/2014 57.49 6,496.86 0.14
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TABLE 8. GROUNDWATER ELEVATIONS IN EXISTING MONITOR WELLS
RIO ALGOM MINING LLC, LISBON FACILITY

MEASURING CHANGE IN
POINT DEPTH TO | GROUNDWATER | GROUNDWATER
WELL DATE OF ELEVATION WATER ELEVATION ELEVATION
NAME HSU?® | MEASUREMENT (ft msl) (ft bmp) (ft msl) (feet)
MW-115S BCA 10/7/2013 6,578.12 75.73 6,502.39
11/16/2013 75.34 6,502.78 0.39
4/1/2014 75.31 6,502.81 0.03
MW-115M BCA 10/7/2013 6,578.05 75.70 6,502.35
11/16/2013 75.32 6,502.73 0.38
4/1/2014 75.37 6,502.68 -0.05
MW-116 BCA 10/7/2013 6,577.78 85.35 6,492.43
11/16/2013 84.92 6,492.86 0.43
4/1/2014 84.80 6,492.98 0.12
MW-117S BCA 10/7/2013 6,586.21 82.82 6,503.39
11/16/2013 82.55 6,503.66 0.27
4/1/2014 82.25 6,503.96 0.30
MW-117M BCA 10/7/2013 6,586.60 83.30 6,503.30
11/16/2013 82.97 6,503.63 0.33
4/1/2014 82.65 6,503.95 0.32
MW-118 BCA 10/7/2013 6,465.41 15.73 6,449.68
11/16/2013 15.49 6,449.92 0.24
4/1/2014 15.02 6,450.39 0.47
MW-119 BCA 10/7/2013 6,589.67 70.24 6,519.43
11/16/2013 70.19 6,519.48 0.05
4/1/2014 70.19 6,519.48 0.00
MW-120 BCA 10/7/2013 6,677.23 126.32 6,550.91
11/16/2013 125.95 6,551.28 0.37
4/1/2014 125.83 6,551.40 0.12
MW-121 | CHINLE 10/7/2013 6,595.12 | Dry (202.91)°
11/16/2013 Dry (202.93) °
12/14/2013 Dry (202.93) °
4/1/2014 201.97 6,393.15 0.96
MW-122 BCA 10/7/2013 6,928.33 | Dry (197.76)°
11/16/2013 Dry (197.77)°
12/14/2013 197.52°¢ 0.25
1/25/2014 197.40° 0.12
4/1/2014 197.30° 0.10
Notes:

ft msl = feet above mean sea level; 1988 North American Vertical Datum

ft bmp = feet below measure point elevation
--- = Not applicable

@ Hydrostratigraphic Unit
BCA = Burro Canyon Aquifer
BBM = Brushy Basin Member of the Morrison Formation
CHINLE = Chinle Formation
® For wells reported dry, measured total well depth is given in parentheses.
¢ Water level was measured within the casing end cap (below screened interval),
and not considered representative of water table conditions.
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TABLE 9. SUMMARY OF VERTICAL GRADIENTS IN COMPANION WELLS
RIO ALGOM MINING LLC, LISBON FACILITY

TOP BOTTOM OCTOBER 2013 APRIL 2014 OCTOBER 2013 ( APRIL 2014
OF SCREEN OF SCREEN GROUNDWATER | GROUNDWATER VERTICAL VERTICAL
WELL ELEVATION ELEVATION ELEVATION ELEVATION GRADIENT ®¢ |GRADIENT "¢
NAME HSU 2 (ft msl) (ft msl) (ft msl) (ft msl) (ft/ft) (ft/ft)
BURRO CANYON AQUIFER (BCA) COMPANION WELLS
MW-100 BCA 6,586 6,521 6,578.02 6,578.45
LW-1 BCA 6,521 6,491 6,578.48 6,578.92 4 -0.010 4~ -0.011
MW-113 BCA 6,508 6,463 6,498.99 6,499.48
EF-6 BCA 6,464 6,434 6,499.61 6,500.13 4 -0.019 4~ -0.020
MW-107S BCA 6,480 6,450 6,461.18 6,461.28
MW-107D BCA 6,450 6,430 6,461.25 6,461.36 4~  -0.005 4~ -0.006
MW-112 BCA 6,499 6,394 6,490.68 6,491.52
ML-1 BCA 6,396 6,377 6,489.66 6,490.57 <  0.018 - 0.017
MW-115S BCA 6,516 6,451 6,502.39 6,502.81
MW-115M BCA 6,451 6,361 6,502.35 6,502.68 &  0.001 - 0.002
EF-8 BCA 6,362 6,332 6,501.74 6,502.27 <+ 0.007 <4 0.007
MW-117S BCA 6,514 6,459 6,503.39 6,503.96
MW-117M BCA 6,461 6,436 6,503.30 6,503.95 - 0.003 >  0.000
EF-3A BCA 6,433 6,370 6,502.90 6,503.43 <  0.015 & 0.011
BURRO CANYON AQUIFER (BCA)/ BRUSHY BASIN MEMBER (BBM) COMPANION WELLS
MW-102 BCA 6,585 6,565 6,577.63 6,577.84
MW-102DB BBM 6,556 6,526 6,583.55 6,583.82 4+ -0.195 4 -0.196

Notes:
ft msl = Feet above mean sea level
ft/ft = Feet per foot

# Hydrostratigraphic Unit
BCA = Burro Canyon Aquifer
BBM = Brushy Basin Member of the Morrison Formation

P Vertical gradient was calculated by dividing the difference in hydraulic heads measured in companion wells by the
vertical distance between the midpoints of saturated portions of the screened intervals.

¢ Positive value (accompanied by a red arrow) denotes downward vertical hydraulic gradient.
Negative value (accompanied by a green arrow) denotes upward vertical hydraulic gradient.
Null value (accompanied by a yellow arrow) denotes no measurable vertical hydraulic gradient.

J‘ 74 VIONTGOMERY

1350.24/Phase2_Rpt/Thl10_VerticalGradient.xlsx/09Jul2014 - & ASSOCIATES



TABLE 10. SUMMARY OF SYNTHETIC PRECIPITATION LEACHING PROCEDURE RESULTS FOR CORE SAMPLES
RIO ALGOM MINING LLC, LISBON FACILITY

WELL NAME MW-102DB MW-103 MW-103 MW-103 MW-103 MW-103 MW-103
SAMPLE IDENTIFIER 102DB-123-123.5 103-22-22.8 103-35.3-36 103-44-44.8 103-56-56.8 103-69.2-70 103-74-74.8
SAMPLE DEPTH INTERVAL (ft bgs)|123 to 123.5 2210 22.8 35.3t0 36 44 t0 44.8 56 to 56.8 69.2 to 70 7410 74.8
GEOLOGIC FORMATION Burro Canyon Burro Canyon Burro Canyon Burro Canyon Burro Canyon Burro Canyon Brushy Basin Member of
Formation Formation Formation Formation Formation Formation the Morrison Formation
CORE DESCRIPTION SANDSTONE; fine SANDSTONE; fine CONGLOMERATE; CONGLOMERATE; SANDSTONE; fine SANDSTONE; MUDSTONE/SHALE;
grained, well sorted, |grained, well sorted, |well lithified, poorly moderately to well grained, well sorted, medium to coarse moderately to well lithified
well lithified; well lithified sorted, matrix lithified, poorly sorted, |well lithified; grained, poorly sorted,
abundant fracturing supported, fine grained|matrix supported, fine |fracturing with iron well lithified
with black "sooty" matrix with rounded to [grained matrix with oxide staining on
staining on fracture subrounded clasts rounded to fracture surfaces
surfaces subrounded clasts

SYNTHETIC PRECIPITATION LEACHING PROCEDURE - LEACHATE CONCENTRATION (mg/L)

Arsenic 0.0213 0.0065 0.0090 0.0088 0.0515 0.1158 0.0052

Barium 0.031 0.397 0.008 B 0.119 0.097 <0.02 <0.02
Cadmium 0.0001 B 0.0004 B <0.0005 <0.0005 0.0002 B <0.0005 0.0001 B
Chromium 0.0014 B 0.0006 B 0.0007 B 0.0015 B 0.0016 B 0.0032 0.0014 B
Lead 0.0009 0.0015 0.0002 B 0.0006 0.0195 0.0210 0.0009

Mercury <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Molybdenum <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05

Selenium 0.0003 B <0.0003 <0.0003 <0.0003 <0.0003 0.0001 B 0.0003 B
Silver <0.03 <0.03 <0.03 <0.03 <0.03 <0.03 <0.03

Uranium <0.0005 <0.0005 <0.0005 0.0002 B 0.0003 B 0.0039 <0.0005

Notes:

ft bgs = feet below ground surface

mg/L = milligrams per liter

< = Not detected at or above the method detection limit

B = Estimated; analyte concentration detected at value between method detection limit and practical quantitation limit
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TABLE 11. SUMMARY OF MAXIMUM CONCENTRATIONS OF DISSOLVED TRACE METALS AND DISSOLVED COMMON CONSTITUENTS IN GROUNDWATER
RIO ALGOM MINING LLC, LISBON FACILITY

PARAMETERS’ DISSOLVED TRACE METALS (mg/L)° DISSOLVED COMMON CONSTITUENTS (mg/L)®

SAMPLE pH EC
WELL NAME HSU 2 DATE (s.u.) (umhos/cm) As Mo Se U] Ca Mg Na K Cl CO; HCO;, SO, TDS
EF-3A BCA 11/1/2012 7.49 7,300 0.192 2.72 0.033 22 235 117 1,780 13 740 <5 1,340 2,210 5,060
4/5/2013 7.47 7,820 0.206 2.81 0.037 24 316 156 1,660 15 825 <5 1,350 2,510 5,700
10/13/2013 7.53 7,930 0.185 2.54 0.042 25.6 313 155 1,530 14 853 <5 1,240 2,560 5,900
4/5/2014 7.53 8,070 0.184 2.45 0.041 27.5 298 147 1,440 14 859 <5 1,280 2,630 6,440
Maximum Reported Concentration| 7.47 - 7.53 8,070 0.206 2.81 0.042 27.5 316 156 1,780 15 859 ND 1,350 2,630 6,440
EF-6 BCA 10/30/2012 7.3 3,140 0.014 0.002 0.013 2.05 218 58 459 6 401 <5 487 795 2,180
4/2/2013 7.25 3,370 0.015 <0.01 0.014 2.36 244 65 465 6 413 <5 486 862 2,240
10/11/2013 7.29 3,200 0.015 <0.01 0.016 2.19 211 54 484 6 400 <5 505 783 2,240
4/5/2014 7.47 3,200 0.016 <0.01 0.016 2.38 189 49 437 5 384 <5 496 786 2,260
Maximum Reported Concentration| 7.25 - 7.47 3,370 0.016 0.002 0.016 2.38 244 65 484 6 413 ND 505 862 2,260
EF-8 BCA 10/31/2012 7.61 1,840 0.036 0.011 0.011 0.537 209 56 146 6 191 <5 374 416 1,310
11/28/2012 7.7 1,860 0.031 0.015 0.011 0.592 205 54 150 5 195 <5 384 428 1,330
12/20/2012 7.64 1,920 0.033 0.010 0.011 0.556 206 55 147 5 203 <5 387 455 1,330
1/28/2013 7.6 1,950 0.037 0.01 0.013 0.598 223 58 166 6 201 <5 393 444 1,350
2/26/2013 7.62 1,940 0.041 <0.01 0.018 0.600 206 54 151 5 205 <5 383 451 1,380
3/31/2013 7.65 2,090 0.037 0.01 0.012 0.666 206 54 153 5 214 <5 391 471 1,390

4/1/2013
4/5/2013 7.61 2,010 0.040 0.01 0.013 0.645 209 55 155 5 211 <5 396 479 1,400
5/13/2013 7.62 2,030 0.038 <0.01 0.013 0.660 213 56 162 5 202 <5 396 444 1,400
6/9/2013 7.57 1,980 0.040 <0.01 0.014 0.687 218 57 167 5 213 <5 406 473 1,400
7/20/2013 7.65 2,060 0.035 0.01 0.011 0.680 222 58 169 5 212 <5 402 475 1,480
8/15/2013 7.64 2,040 0.036 <0.01 0.013 0.686 215 57 163 5 218 <5 413 483 1,450
9/30/2013 7.62 2,100 0.038 <0.01 0.012 0.756 225 59 174 5 222 <5 418 500 1,460
10/14/2013 7.62 2,130 0.025 0.05 0.017 0.788 225 59 179 5 225 <5 420 499 1,500
11/16/2013 7.62 2,100 0.034 <0.01 0.012 0.739 223 58 185 6 231 <5 408 491 1,460
12/14/2013 7.62 2,110 0.033 0.02 0.012 0.762 228 56 166 6 218 <5 409 490 1,470
1/25/2014 7.62 2,140 0.034 <0.01 0.012 0.791 220 58 176 5 221 <5 414 485 1,480
2/22/2014 7.76 2,170 0.036 <0.01 0.014 0.804 232 60 196 6 226 <5 416 500 1,520
3/31/2014 7.71 2,260 0.034 <0.01 0.014 0.841 204 54 166 5 227 <5 424 509 1,520
4/6/2014 7.65 2,190 0.037 <0.01 0.013 0.859 220 57 176 5 230 <5 427 525 1,570
Maximum Reported Concentration| 7.57 - 7.76 2,260 0.041 0.05 0.018 0.859 232 60 196 6 231 ND 427 525 1,570
H-63 BCA 11/3/2012 8.11 1,000 0.065 0.008 0.008 0.0099 75 15 212 4 67 <5 263 188 640
4/3/2013 8.20 1,060 0.046 0.04 0.007 0.01 62 12 176 3 68 <5 262 192 635
10/12/2013 8.09 970 0.046 <0.01 0.008 0.0113 36 7 179 3 67 <5 260 184 610
4/2/2014 8.22 985 0.049 <0.01 0.008 0.0109 29 6 174 3 64 <5 247 176 617
Maximum Reported Concentration| 8.09 - 8.22 1,060 0.065 0.04 0.008 0.0113 75 15 212 4 68 ND 263 192 640
LW-1 BCA 11/2/2012 7.60 555 <0.001 0.014 0.002 0.0053 73 19 31 3 10 <5 225 113 362
4/4/2013 7.59 593 <0.001 <0.01 0.003 0.0018 66 16 32 3 10 <5 221 112 368
10/9/2013 7.58 559 <0.001 <0.01 0.003 0.0019 64 16 31 3 10 <5 208 113 352
4/3/2014 7.79 592 <0.001 <0.01 0.002 0.0021 60 15 29 3 10 <5 205 113 361
Maximum Reported Concentration| 7.58 - 7.79 593 ND 0.014 0.003 0.0053 73 19 32 3 10 ND 225 113 368
ML-1 BCA 10/30/2012 7.59 1,480 0.021 0.01 0.009 0.0181 176 47 95 7 156 <5 256 345 1,010
4/2/2013 7.52 1,570 0.022 0.01 0.01 0.0193 161 44 92 6 164 <5 255 350 1,020
10/11/2013 7.49 1,350 0.007 <0.01 0.01 0.0163 148 41 94 6 144 <5 242 302 911
4/4/2014 7.60 1,380 0.005 <0.01 0.008 0.0151 136 36 79 6 141 <5 236 300 868
Maximum Reported Concentration| 7.49 - 7.60 1,570 0.022 0.01 0.01 0.0193 176 47 95 7 164 ND 256 350 1,020
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TABLE 11. SUMMARY OF MAXIMUM CONCENTRATIONS OF DISSOLVED TRACE METALS AND DISSOLVED COMMON CONSTITUENTS IN GROUNDWATER
RIO ALGOM MINING LLC, LISBON FACILITY

PARAMETERS’ DISSOLVED TRACE METALS (mg/L)° DISSOLVED COMMON CONSTITUENTS mg/L)d
SAMPLE pH EC
WELL NAME HSU 2 DATE (s.u.) (umhos/cm) As Mo Se U Ca Mg Na K Cl CO; HCO3 SO, TDS
MW-13 BCA 11/3/2012 7.48 861 0.029 0.012 0.009 0.0119 89 33 63 4 51 <5 243 174 565
4/3/2013 7.53 918 0.03 0.02 0.01 0.0115 77 29 56 4 53 <5 255 177 580
10/12/2013 7.54 864 0.028 0.02 0.011 0.0153 84 31 62 4 60 <5 257 167 549
4/2/2014 7.53 860 0.026 <0.01 0.01 0.0115 79 30 54 4 51 <5 243 168 546
Maximum Reported Concentration| 7.48 - 7.54 918 0.03 0.02 0.011 0.0153 89 33 63 4 60 ND 257 177 580
MW-5 BCA 11/2/2012 7.15 1,680 <0.001 0.001 0.066 0.0087 300 92 18 4 13 <5 321 780 1,490
11/3/2012
jﬁggig 7.19 1,820 <0.001 0.01 0.064 0.0078 295 88 20 5 12 <5 320 808 1,520
10/10/2013 7.11 1,700 <0.001 <0.01 0.068 0.0132 278 86 19 4 12 <5 332 798 1,470
4/4/2014 7.37 1,870 0.001 <0.01 0.06 0.0071 285 86 18 4 12 <5 318 856 1,540
Maximum Reported Concentration| 7.11 - 7.37 1,870 0.001 0.01 0.068 0.0132 300 92 20 5 13 ND 332 856 1,540
OW-UT-9 BCA 11/3/2012 9.49 37,200 3.66 51.7 0.055 93.6 5 22 15,100 18 1,420 6,720 8,530 10,700 37,000
3({?1]}/2281133 9.55 39,700 2.68 46.5 0.03 86.8 7 24 13,300 19 1,440 6,120 9,020 10,900 37,400
6/9/2013 9.59 36,900 2.68 47.6 0.021 83.3 3 23 13,600 16 1,420 6,000 8,900 10,900 36,000
10/13/2013 9.49 38,400 2.74 47.3 0.037 87.4 4 24 13,200 15 1,440 6,000 9,140 10,500 37,100
12/14/2013 9.52 37,800 2.82 51.8 0.072 98.8 4 21 14,400 19 1,410 6,120 8,530 10,700 37,300
3‘{?4]}/22(?11;1 9.49 39,500 2.30 46.5 0.036 84 4 22 14,700 14 1,590 6,360 8,470 11,200 37,200
Maximum Reported Concentration| 9.49 - 9.59 39,700 3.66 51.8 0.072 98.8 7 24 15,100 19 1,590 6,720 9,140 11,200 37,400
RL-1 BCA 10/31/2012 7.35 10,100 0.004 11.6 0.077 43.0 596 209 2,080 22 685 <5 1,270 4,640 8,820
11/28/2012 7.38 9,960 0.003 10.2 0.074 41.2 565 182 2,280 20 673 <5 1,240 4,550 9,100
12/20/2012 7.29 10,100 <0.001 114 0.075 47.0 622 210 2,280 21 704 <5 1,250 4,820 9,150
1/28/2013 7.16 10,400 0.003 11.6 0.08 49.8 587 215 2,280 21 679 <5 1,210 4,720 8,520
2/26/2013 7.23 10,200 0.005 11.8 0.094 47.5 606 204 2,150 21 679 <5 1,220 4,660 9,110
3‘{?2]}/22(?11; 7.31 11,500 0.006 12.4 0.092 48.8 575 198 2,210 19 730 <5 1,390 4,960 9,360
4/5/2013 7.38 10,400 0.003 11.0 0.075 45.5 551 179 2,040 17 705 <5 1,280 4,790 8,620
5/13/2013 7.35 10,500 0.002 12.1 0.080 49.1 590 190 2,160 20 678 <5 1,290 4,490 9,120
6/9/2013 7.25 10,400 0.005 11.4 0.070 44.0 584 197 2,170 20 689 <5 1,280 4,740 8,620
7/20/2013 7.26 10,700 0.004 10.9 0.071 44.0 578 196 2,070 19 699 <5 1,260 4,790 9,350
8/15/2013 7.27 10,300 0.003 11.4 0.072 47.1 575 198 2,100 19 700 <5 1,280 4,780 9,300
9/30/2013 7.21 10,500 0.005 11.2 0.074 48.4 575 197 2,120 20 691 <5 1,260 4,750 9,050
10/14/2013 7.21 10,400 0.004 11.6 0.079 46.4 547 189 2,050 19 668 <5 1,210 4,550 8,720
11/16/2013 7.22 10,500 0.005 11.0 0.077 45.0 558 201 2,400 22 725 <5 1,270 4,860 9,160
12/14/2013 7.20 10,600 0.005 12.1 0.072 48.5 586 201 2,400 21 674 <5 1,270 4,640 9,430
1/25/2014 7.22 10,600 0.005 115 0.073 48.3 540 196 2,090 20 672 <5 1,260 4,640 9,060
2/22/2014 7.27 10,700 0.004 12.3 0.076 46.9 570 202 2,430 21 681 <5 1,270 4,680 9,320
3/31/2014 7.18 10,800 0.003 10.9 0.081 48.0 513 187 1,980 18 684 <5 1,280 4,680 9,230
4/6/2014 7.17 10,600 0.006 11.7 0.078 50.6 542 191 2,060 19 708 <5 1,290 4,890 9,460
Maximum Reported Concentration| 7.16 - 7.38 11,500 0.006 12.4 0.094 50.6 622 215 2,430 22 730 ND 1,390 4,960 9,460
1350.24/Phase2_Rpt/Tbl12_WQD_Final.xIsx/09Jul2014 Page 2 of 6 !»J & ASSOCIATES



TABLE 11. SUMMARY OF MAXIMUM CONCENTRATIONS OF DISSOLVED TRACE METALS AND DISSOLVED COMMON CONSTITUENTS IN GROUNDWATER
RIO ALGOM MINING LLC, LISBON FACILITY

PARAMETERS’ DISSOLVED TRACE METALS (mg/L) DISSOLVED COMMON CONSTITUENTS (mg/L)"
SAMPLE pH EC
WELL NAME HSuU ? DATE (s.u.) (umhos/cm) As Mo Se U Ca Mg Na K Cl CO3 HCO3 SO, TDS
RL-3 BCA 11/5/2012 7.31 9,600 0.005 6.21 0.08 34.8 581 249 2,000 20 695 <5 1,300 4,140 8,280
4/2/2013 7.29 9,550 0.002 4.64 0.066 26 492 209 1,660 17 672 <5 1,200 3,820 7,620
10/14/2013 7.25 9,680 0.005 5.56 0.066 28.9 504 221 1,910 17 683 <5 1,340 4,000 8,310
4/3/2014 7.46 10,400 0.005 7.46 0.069 354 552 244 1,820 18 699 <5 1,360 4,200 8,530
Maximum Reported Concentration| 7.25 - 7.46 10,400 0.005 7.46 0.08 35.4 581 249 2,000 20 699 ND 1,360 4,200 8,530
RL-4 BCA 11/1/2012 7.75 819 <0.001 0.003 0.005 0.0031 91 32 50 4 48 <5 225 175 547
4/4/2013 7.73 884 <0.001 <0.01 0.006 0.0031 86 29 49 3 48 <5 228 176 562
10/10/2013 8.20 831 <0.001 0.0043 0.006 0.007 86 29 48 3 52 <5 229 185 552
4/3/2014 7.81 881 <0.001 <0.01 0.005 0.0029 84 28 46 3 49 <5 226 184 548
Maximum Reported Concentration| 7.73 - 8.20 884 ND 0.0043 0.006 0.007 91 32 50 4 52 ND 229 185 562
RL-5 BCA 11/2/2012 7.69 599 <0.001 0.002 0.003 0.0021 73 18 43 3 15 <5 251 104 379
4/4/2013 7.71 647 <0.001 <0.01 0.003 0.0022 68 17 44 3 15 <5 240 106 387
10/9/2013 7.70 608 <0.001 <0.01 0.003 0.0022 65 16 42 3 15 <5 254 105 372
4/3/2014 7.85 626 <0.001 <0.01 0.003 0.0022 67 16 40 3 15 <5 238 105 379
Maximum Reported Concentration| 7.69 - 7.85 647 ND 0.002 0.003 0.0022 73 18 44 3 15 ND 254 106 387
RL-6 BCA 11/1/2012 7.78 1,850 0.002 0.018 0.003 0.0172 282 101 49 2 40 <5 341 788 1,570
4/4/2013 7.36 1,950 0.002 0.02 0.004 0.0173 270 90 48 2 40 <5 342 832 1,590
10/8/2013 7.24 1,970 0.002 0.02 0.007 0.017 301 102 45 2 36 <5 344 925 1,700
4/3/2014 7.54 2,100 0.003 0.01 0.009 0.0176 306 100 45 2 37 <5 324 915 1,750
Maximum Reported Concentration| 7.24 - 7.78 2,100 0.003 0.02 0.009 0.0176 306 102 49 2 40 ND 344 925 1,750
UW-1 BCA 11/3/2012 7.38 1,010 0.003 0.006 0.013 0.0364 120 71 30 4 20 <5 401 228 707
4/3/2013 7.42 1,070 0.004 0.02 0.011 0.0256 105 62 29 4 20 <5 395 240 711
10/12/2013 7.35 1,010 0.002 <0.01 0.011 0.0228 112 62 31 4 20 <5 387 240 700
4/2/2014 7.40 1,020 0.002 <0.01 0.01 0.0257 105 61 30 4 20 <5 391 243 708
Maximum Reported Concentration| 7.35 - 7.42 1,070 0.004 0.02 0.013 0.0364 120 71 31 4 20 ND 401 243 711
MW-100 BCA 11/7/2012 7.54 787 <0.001 <0.01 0.007 0.0058 80 58 11 3 11 <5 357 150 505
4/4/2013 7.53 843 <0.001 <0.01 0.006 0.0041 76 57 12 3 10 <5 363 150 511
10/10/2013 7.43 809 <0.001 <0.01 0.008 0.0043 81 59 12 3 11 <5 364 158 525
4/3/2014 7.72 869 <0.001 <0.01 0.007 0.0037 89 60 12 3 10 <5 374 166 526
Maximum Reported Concentration| 7.43 - 7.72 869 ND ND 0.008 0.0058 89 60 12 3 11 ND 374 166 526
MW-101 BCA 11/6/2012 7.34 16,100 0.004 28.1 0.089 78 463 159 4,280 13 1,130 <5 2,940 7,260 14,100
4/4/2013 8.10 17,000 0.009 29.7 0.0774 77.2 420 152 4,150 12 1,140 <5 2,960 6,900 14,200
10/13/2013 7.24 16,100 0.007 25.3 0.082 74.8 387 144 4,120 11 1,180 <5 2,960 7,020 14,000
4/4/2014 7.26 16,800 0.007 30.6 0.096 69 365 128 4,290 12 1,160 <5 2,940 6,610 13,900
Maximum Reported Concentration| 7.24 - 8.10 17,000 0.009 30.6 0.096 78 463 159 4,290 13 1,180 ND 2,960 7,260 14,200
MW-102 BCA 11/6/2012 8.67 17,800 0.212 28.4 0.191 148 48 57 5,360 10 1,320 360 4,630 6,620 15,000
4/3/2013 8.63 19,100 0.144 24.9 0.119 144 62 66 5,110 10 1,260 600 4,940 6,160 15,300
10/9/2013 8.52 17,600 0.16 20.8 0.117 123 46 66 5,000 9 1,190 151 3,960 5,750 14,600
4/4/2014 8.55 18,900 0.177 23.8 0.158 136 46 65 5,080 11 1,310 240 4,390 6,200 14,900
Maximum Reported Concentration| 8.52 - 8.67 19,100 0.212 28.4 0.191 148 62 66 5,360 11 1,320 600 4,940 6,620 15,300
MW-102DB BBM 11/6/2012 © 8.40 749 0.0051 0.017 0.0004 0.0814 14.2 5.2 159 4 43 5 355 64 490
4/2/2013 8.11 924 0.003 0.02 <0.001 0.0282 26 9 172 4 43 <5 391 89 538
10/9/2013 8.10 906 0.004 0.02 <0.001 0.0241 30 11 183 4 41 <5 428 80 563
4/4/2014 8.26 1,020 0.003 0.02 <0.001 0.022 31 11 176 4 43 7 456 85 596
Maximum Reported Concentration| 8.10 - 8.40 1,020 0.0051 0.02 0.0004 0.0814 31 11 183 4 43 7 456 89 596
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TABLE 11. SUMMARY OF MAXIMUM CONCENTRATIONS OF DISSOLVED TRACE METALS AND DISSOLVED COMMON CONSTITUENTS IN GROUNDWATER
RIO ALGOM MINING LLC, LISBON FACILITY

PARAMETERS’ DISSOLVED TRACE METALS (mg/L)° DISSOLVED COMMON CONSTITUENTS (mg/L)®
SAMPLE pH EC

WELL NAME HSU 2 DATE (s.u.) (umhos/cm) As Mo Se U] Ca Mg Na K Cl CO; HCO;, SO, TDS
MW-103 BBM 11/7/2012 7.13 5,970 <0.001 0.036 0.025 9.66 676 222 537 18 1,210 <5 471 1,580 4,440
4/5/2013 7.26 6,570 0.002 0.13 0.03 9.61 685 224 660 18 1,270 <5 501 1,550 4,680
10/13/2013 7.17 6,330 0.003 0.02 0.015 8.82 567 185 704 19 1,270 <5 476 1,430 4,540
4/4/2014 7.23 6,400 0.003 0.01 0.01 8.28 510 177 741 20 1,270 <5 496 1,470 4,550
Maximum Reported Concentration| 7.13 - 7.26 6,570 0.003 0.13 0.03 9.66 685 224 741 20 1,270 ND 501 1,580 4,680

11/7/2012
MW-104 BCA 11/28/2012 7.76 1,490 0.002 0.119 0.004 0.215 88 23 250 5 113 <5 474 247 968
4/5/2013 7.68 1,340 0.005 0.11 0.004 0.157 103 23 173 4 95 <5 459 171 852

10/14/2013
11/17/2013 7.68 1,250 0.005 0.09 0.004 0.17 109 25 136 4 101 <5 418 181 795
4/6/2014 7.72 1,230 0.004 0.07 0.003 0.136 106 23 137 4 93 <5 439 171 775
Maximum Reported Concentration| 7.68 - 7.76 1,490 0.005 0.119 0.004 0.215 109 25 250 5 113 ND 474 247 968
MW-105 BCA 11/7/2012 7.48 1,340 0.016 0.007 0.012 0.0248 146 38 91 5 126 <5 260 204 862
4/3/2013 7.48 1,660 0.019 0.01 0.012 0.0217 156 42 93 4 156 <5 248 212 1,050
10/12/2013 7.43 1,590 0.017 <0.01 0.016 0.0218 175 44 103 5 157 <5 242 209 1,070
4/4/2014 7.62 1,600 0.019 <0.01 0.014 0.0215 171 43 95 4 143 <5 239 215 1,080
Maximum Reported Concentration| 7.43 - 7.62 1,660 0.019 0.01 0.016 0.0248 175 44 103 5 157 ND 260 215 1,080

11/7/2012
MW-106 BBM 11/28/2013 7.85 2,840 0.001 0.007 <0.001 0.0043 125 60 498 17 77 <5 243 1,290 2,220
4/5/2013 7.77 2,910 0.001 0.03 <0.001 0.0043 127 62 456 16 75 <5 248 1,290 2,180

10/9/2013
10/14/2013 7.64 2,900 0.003 <0.01 0.002 0.0083 146 69 519 19 79 <5 275 1,320 2,220

11/172013
4/6/2014 7.58 2,900 0.001 <0.01 <0.001 0.0054 124 61 425 15 76 <5 257 1,370 2,190
Maximum Reported Concentration| 7.58 - 7.85 2,910 0.003 0.03 0.002 0.0083 146 69 519 19 79 ND 275 1,370 2,220
MW-107S BCA 10/8/2013 4.49 2,060 0.005 <0.01 0.005 0.0017 269 126 37 8 19 <5 <5 1,340 1,950
4/3/2014 4.43 2,190 0.006 <0.01 0.004 0.0019 270 129 40 9 19 <5 <5 1,300 1,960
Maximum Reported Concentration| 4.43 - 4.49 2,190 0.006 ND 0.005 0.0019 270 129 40 9 19 ND <5 1,340 1,960
MW-107D BCA 10/8/2013 6.45 1,020 0.002 0.01 0.001 0.0005 118 52 34 6 19 <5 127 428 774
4/3/2014 6.56 1,080 0.004 <0.01 <0.001 0.0007 117 48 31 6 20 <5 143 450 783
Maximum Reported Concentration| 6.45 - 6.56 1,080 0.004 0.01 0.001 0.0007 118 52 34 6 20 ND 143 450 783
MW-108 BCA 10/12/2013 7.45 1,070 0.013 0.01 0.006 0.0105 125 36 58 4 63 <5 266 267 738
4/3/2014 7.55 1,150 0.014 0.01 0.005 0.0095 132 35 55 4 70 <5 256 293 758
Maximum Reported Concentration| 7.45 - 7.55 1,150 0.014 0.01 0.006 0.0105 132 36 58 4 70 ND 266 293 758
MW-109 BCA 10/9/2013 7.55 3,160 0.001 0.01 0.032 1.53 304 89 362 13 255 <5 297 1,230 2,440
4/4/2014 7.47 3,970 0.002 0.02 0.031 2.85 323 95 422 14 303 <5 354 1,530 3,060
Maximum Reported Concentration| 7.47 - 7.55 3,970 0.002 0.02 0.032 2.85 323 95 422 14 303 ND 354 1,530 3,060
MW-111 BBM 11/17/2013 8.58 768 0.007 0.03 0.002 0.0316 7 2 192 5 31 13 391 21 492
4/1/2014 8.39 792 0.004 0.01 0.001 0.0153 7 2 171 4 15 10 458 9 518
Maximum Reported Concentration| 8.39 - 8.58 792 0.007 0.03 0.002 0.0316 7 2 192 5 31 13 458 21 518
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TABLE 11. SUMMARY OF MAXIMUM CONCENTRATIONS OF DISSOLVED TRACE METALS AND DISSOLVED COMMON CONSTITUENTS IN GROUNDWATER
RIO ALGOM MINING LLC, LISBON FACILITY

PARAMETERS’ DISSOLVED TRACE METALS (mg/L)° DISSOLVED COMMON CONSTITUENTS (mg/L)®
SAMPLE pH EC
WELL NAME HSU 2 DATE (s.u.) (umhos/cm) As Mo Se U] Ca Mg Na K cl CO, HCO;, SO, TDS
MW-112 BCA 10/11/2013 8.20 1,080 0.021 0.0109 0.01 0.0099 122 34 52 4 88 <5 226 253 726
4/4/2014 7.74 1,130 0.021 <0.01 0.008 0.0095 124 35 54 4 91 <5 222 253 716
Maximum Reported Concentration| 7.74 - 8.20 1,130 0.021 0.0109 0.01 0.0099 124 35 54 4 91 ND 226 253 726
MW-113 BCA 10/11/2013 7.32 3,120 0.015 <0.01 0.016 1.55 215 55 441 6 428 <5 442 785 2,180
4/5/2014 7.42 3,140 0.016 <0.01 0.015 1.59 203 51 409 5 400 <5 437 749 2,230
Maximum Reported Concentration| 7.32 - 7.42 3,140 0.016 ND 0.016 1.59 215 55 441 6 428 ND 442 785 2,230
MW-114 BCA 10/13/2013 7.55 766 0.022 0.01 0.009 0.0139 88 27 34 3 48 <5 220 155 500
4/4/2014 7.74 781 0.023 0.01 0.008 0.0072 85 24 32 3 47 <5 219 145 471
Maximum Reported Concentration| 7.55 - 7.74 781 0.023 0.01 0.009 0.0139 88 27 34 3 48 ND 220 155 500
MW-115S BCA 10/13/2013 7.64 1,150 0.026 0.02 0.009 0.0176 120 37 66 3 153 <5 214 180 751
4/5/2014 7.68 1,190 0.021 <0.01 0.01 0.0192 118 37 61 4 153 <5 222 189 729
Maximum Reported Concentration| 7.64 - 7.68 1,190 0.026 0.02 0.01 0.0192 120 37 66 4 153 ND 222 189 751
MW-115M BCA 10/14/2013 7.65 1,600 0.015 0.02 0.011 0.315 173 45 128 5 182 <5 317 332 1,080
4/5/2014 8.20 1,680 0.027 0.0116 0.01 0.382 168 44.5 129 4 210 <5 319 348 1,090
Maximum Reported Concentration| 7.65 - 8.20 1,680 0.027 0.02 0.011 0.382 173 45 129 5 210 ND 319 348 1,090
MW-116 BCA 10/12/2013 3.76 12,600 0.134 1.25 0.13 19.1 479 855 94 17 130 <5 <5 18,900 26,600
4/5/2014 3.47 12,300 0.105 0.95 0.144 20.8 418 829 91 19 112 <5 <5 21,200 26,400
Maximum Reported Concentration| 3.47 - 3.76| 12,600 0.134 1.25 0.144 20.8 479 855 94 19 130 ND <5 21,200 26,600
MW-117S BCA 10/12/2013 7.69 1,480 0.035 0.23 0.012 1.24 115 31 191 4 150 <5 347 257 945
4/5/2014 7.72 1,520 0.04 0.25 0.011 1.4 105 31 202 3 150 <5 356 269 986
Maximum Reported Concentration| 7.69 - 7.72 1,520 0.04 0.25 0.012 1.4 115 31 202 4 150 ND 356 269 986
MW-117M BCA 10/14/2013 11.6 3,260 0.245 1.18 0.033 3.24 63 18 586 23 346 144 70 512 1,670
4/5/2014 9.67 2,780 0.228 0.61 0.013 3.68 65 23 572 11 357 76 247 559 1,730
Maximum Reported Concentration| 9.67 - 11.6 3,260 0.245 1.18 0.033 3.68 65 23 586 23 357 144 247 559 1,730
MW-118 BCA 10/8/2013 7.37 988 0.008 0.04 0.002 0.0125 120 45 33 4 26 <5 247 306 703
4/3/2014 7.48 979 0.003 0.09 0.001 0.0136 113 39 31 4 28 <5 243 285 669
Maximum Reported Concentration| 7.37 - 7.48 988 0.008 0.09 0.002 0.0136 120 45 33 4 28 ND 247 306 703
MW-119 BCA 10/13/2013 7.4 4,700 0.002 <0.01 0.05 6.12 570 163 439 8 443 <5 405 2,250 4,110
4/3/2014 7.37 4,930 0.004 <0.01 0.049 6.6 566 153 414 8 424 <5 395 2,120 4,120
4/4/2014
Maximum Reported Concentration| 7.37 - 7.40 4,930 0.004 ND 0.05 6.6 570 163 439 8 443 ND 405 2,250 4,120
MW-120 BCA 10/13/2013 7.55 814 0.03 <0.01 0.011 0.0106 92 23 48 4 73 <5 237 143 521
4/2/2014 7.53 1,460 0.029 <0.01 0.013 0.0075 180 45 39 4 243 <5 222 209 1,000
Maximum Reported Concentration| 7.53 - 7.55 1,460 0.03 ND 0.013 0.0106 180 45 48 4 243 ND 237 209 1,000
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TABLE 11.

SUMMARY OF MAXIMUM CONCENTRATIONS OF DISSOLVED TRACE METALS AND DISSOLVED COMMON CONSTITUENTS IN GROUNDWATER

RIO ALGOM MINING LLC, LISBON FACILITY

PARAMETERS’ DISSOLVED TRACE METALS (mg/L)’ DISSOLVED COMMON CONSTITUENTS (mg/L)®
SAMPLE pH EC
WELL NAME HSU 2 DATE (s.u.) (umhos/cm) As Mo Se U] Ca Mg Na K Cl CO; HCO;, SO, TDS
MW-110 BBM Not Sampled
MW-121 CHINLE Not Sampled
MW-122 BCA Not Sampled
REGULATORY CONCENTRATION LIMITS (mg/L)
pH EC As Mo Se U Ca Mg Na K Cl CO; HCO4 SO, TDS
Alternate Concentration Limit for POC Well EF-3A 3.06 23.34 0.93 96.87
Alternate Concentration Limit for POC Well OW-UT-9 2.63 58.43 0.10 101.58
Compliance Limit for POE Wells RL-4, RL-5, and RL-6 0.32
Target Action Level for Trend Well EF-6 3.9
Target Action Level for Trend Well EF-8 0.30
Target Action Level for Trend Well ML-1 0.26
Target Action Level for Trend Well RL-1 421
Target Action Level for Trend Well RL-3 37.3
Target Action Level for Trend Well H-63 0.06
Target Action Level for Trend Well LW-1 0.028
Background Concentration Limit for Well MW-5 0.05 0.07 0.01 0.01
Background Concentration Limit for Well MW-13 0.066 0.05 0.01 0.02
Utah Groundwater Quality Standard Applied to New Wells 6.5-8.5 0.05 0.05 0.03

Notes:

During comprehensive monitoring events, multiple samples were collected from wells by various sample methods. The values given for each analyte represent the maximum concentration detected

in any sample collected during an event. For pH, the reported value farthest from neutral is given.

In most cases, the multiple samples were collected from wells on the same day. Multiple dates are given when two or more samples were collected on different days, within the same event.
Values shaded gray and in bold font exceed current compliance concentrations as stipulated in the License.
Values in new wells shaded blue and in bold font exceed Utah Groundwater Quality Standards.

mg/L = Milligrams per liter

< = Not detected at or above the reporting limit

ND = Not detected during assessment monitoring

--- = Not applicable

®HYDROSTRATIGRAPHIC UNIT

BCA = Burro Canyon Aquifer
BBM = Brushy Basin Member
of the Morrison Formation

CHINLE = Chinle Formation

® ROUTINE PARAMETERS
pH (s.u.) = pH in standard units

EC (umhos/cm) = Electrical conductivity in

micromhos per centimeter

°TRACE METALS (mg/L)
As = Arsenic

Mo = Molybdenum
Se = Selenium

U = Uranium

° The November 2012 purge sample results from MW-102DB are not representative of groundwater conditions and were not included.

1350.24/Phase2_Rpt/Tbl12_WQD_Final.xlsx/09Jul2014
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4COMMON CONSTITUENTS (mg/L)
Ca = Calcium

Mg = Magnesium
Na = Sodium

K = Potassium
Cl = Chloride

CO; = Carbonate
HCO; = Bicarbonate
SO, = Sulfate

TDS = Total Dissolved Solids
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Member of the Morrison Formation (Jmb) was
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elevation based on historic well logs

Well location and drilling information obtained from

® Utah Division of Water Rights registry database

Approximate Kbc/Jmb contact elevation (feet msl);

6,500—==" 4ashed were inferred

Anticline fold axis; arrow shows direction of plunge

Syncline fold axis; arrow shows direction of plunge
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Quaternary eolian and alluvial deposits

Burro Canyon Formation

Morrison Formation, Brushy Basin Member

Navajo Sandstone
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Wingate Sandstone

Unconsolidated sediments

Sandstone; most commonly well sorted,
fine to medium grained; may include minor
interbedded layers of conglomerate or siltstone

Siltstone, mudstone, or shale; may include
interbedded layers of sandstone and lesser
interbedded layers of limestone

Shale or mudstone; may include minor
interbedded layers of sandstone

measured on April 1, 2014. Water level in parentheses
represents confined head

0.0105

o1 Screened Interval

Ji

Uranium concentration, milligrams per liter

NOTE: The contact elevation between the Burro Canyon Formation
and Brushy Basin Member is based on existing lithologic logs from
previously drilled wells, lithologic logs from the new wells, and inferred
elevations from Plate 1 of the April 1984 report titled "Remedial-Action
Plan for Groundwater Contamination Control at the Lisbon Uranium
Mill" prepared by EarthFax Engineering, Inc.
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mean sea level

Qea | Quaternary eolian and alluvial deposits

Kbc | Burro Canyon Formation

Jmb | Morrison Formation, Brushy Basin Member

Unconsolidated sediments

Sandstone; most commonly well sorted,
fine to medium grained; may include minor
interbedded layers of conglomerate or siltstone

Siltstone, mudstone, or shale; may include
interbedded layers of sandstone and lesser
interbedded layers of limestone

Shale or mudstone; may include minor
interbedded layers of sandstone

Monitor well and identifier; gray if decommissioned

MWw-108 or borehole not completed as a well

v o9 Groundwater elevation, in feet above mean sea level,
measured on April 1, 2014. Water level in parentheses
represents confined head

0.0105 i
0105 Jﬁ Screened interval

Uranium concentration, milligrams per liter

NOTE: The contact elevation between the Burro Canyon Formation and Brushy
Basin Member is based on existing lithologic logs from previously drilled wells,
lithologic logs from the new wells, and inferred elevations from Plate 1 of the April
1984 report titled "Remedial-Action Plan for Groundwater Contamination Control
at the Lisbon Uranium Mill" prepared by EarthFax Engineering, Inc.
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Water level elevation data in brackets indicates groundwater is
perched in the Burro Canyon Formation and was not used for contouring.

The extent of the Burro Canyon Dry Zone was estimated using contoured
groundwater elevation data and contact elevation data for the Burro
Canyon Formation and underlying Brushy Basin Member. = The Burro
Canyon Dry Zone occurs where the elevation of the contact is greater than
the contoured groundwater elevation. The contact elevation between the
Burro Canyon Formation and Brushy Basin Member is based on existing
lithologic logs from previously drilled wells, lithologic logs from new wells,
and inferred elevations from Plate 1 of the April 1984 report titled
"Remedial-Action Plan for Groundwater Contamination Control at the
Lisbon Uranium Mill" prepared by EarthFax Engineering, Inc.
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prepared by EarthFax Engineering, Inc.

The saturated thickness contours were estimated using contoured groundwater
elevation data and contact elevation data for the Burro Canyon Formation and
underlying Brushy Basin Member. Saturated Burro Canyon Aquifer occurs where
the elevation of the contact is less than the contoured groundwater elevation. The
contact elevation between the Burro Canyon Formation and Brushy Basin Member is
based on existing lithologic logs from previously drilled wells, lithologic logs from new
wells, and inferred elevations from Plate 1 of the April 1984 report titled "Remedial-
Action Plan for Groundwater Contamination Control at the Lisbon Uranium Mill"
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lithologic logs from new wells, and inferred elevations from Plate 1 of the April 1984
report titled "Remedial-Action Plan for Groundwater Contamination Control at the \ ’ 2014
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groundwater elevation data and contact elevation data for the Burro Canyon
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occurs where the elevation of the contact is greater than the contoured groundwater
elevation. The contact elevation between the Burro Canyon Formation and Brushy IN GROU N DWATER
Basin Member is based on existing lithologic logs from previously drilled wells,
lithologic logs from new wells, and inferred elevations from Plate 1 of the April 1984
report titled "Remedial-Action Plan for Groundwater Contamination Control at the ’ 2014
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occurs where the elevation of the contact is greater than the contoured groundwater S E L E N I U M
elevation. The contact elevation between the Burro Canyon Formation and Brushy
Basin Member is based on existing lithologic logs from previously drilled wells, IN GROUNDWATER
lithologic logs from new wells, and inferred elevations from Plate 1 of the April 1984
report titted "Remedial-Action Plan for Groundwater Contamination Control at the ’ 2014
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Mw-5  Well screened in Burro Canyon
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Maximum molybdenum concentration
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Concentration data in parentheses not used for contouring.
The extent of the Burro Canyon Dry Zone was estimated using contoured DISSOLVED
groundwater elevation data and contact elevation data for the Burro Canyon
Formation and underlying Brushy Basin Member. The Burro Canyon Dry Zone
occurs where the elevation of the contact is greater than the contoured groundwater MOLYB D E N U M
elevation. The contact elevation between the Burro Canyon Formation and Brushy
Basin Member is based on existing lithologic logs from previously drilled wells, IN GROUNDWATER
lithologic logs from new wells, and inferred elevations from Plate 1 of the April 1984
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EXPLANATION

—0.03— Utah groundwater quality standard for
’ uranium = 0.03 milligrams per liter
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Syncline fold axis; arrow shows direction
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Extent of uranium concentration above
0.03 mg/L

Fault displacement; U = upthrown;
D = downthrown

u/D

0 500 1,000 1,500 2,000

e ™ s ™

Feet

RIO ALGOM MINING LLC
LISBON FACILITY

CONCEPTUAL
SITE MODEL
MAP

’* 2014
w” 72 MIONTGOMERY
g & ASSOCIATES

Water Resource Consultants FlGURE 19




109°1|9‘0"W 109°1|8'0"W R. 24 E. 109°1I7'0"W 109°1I6'0"W EXPLANATI ON
MW-5
() Well and identifier
£ Long Term Surveillance and
| 2 Maintenance Boundary
5 2
o [spl
~ — — - Burro Canyon dry zone
3
u S e e = Tailings
_==_==:-:====-==-::-::E;Z;!==-——-——w —f'RTES-:: _:-::::::-::-::EEE;?=====-==-==-=:i;q|
Model grid boundary
ERL-(Q 1]
MW-118 =
o MW-119 o RL-3 MW-100 LW-1 !II Model cells
MW-108 g B i
MW-109 g RL H Inactive model cells
MW:107D A o MW:A01 |
_ A IRRSEEe 3
MW-107S t H @ MW-5
N b EE t::-n
N : 3 N
3 MW:-102DB i
; N MW-102 b
N
T ‘[‘ML-1 K t!
MW-112 R N H T
T & @OW-UT-9 IlI 29
29 REnn MW-113 g/ - { >
S. MW-114 ¢ EF-6 ¥ ] I i
=) | - ©
= \. ] 11 “5;
el e —— EE:Z;!==’=====-==-==-=‘_I ™ I «
% { 'E'li MW-115S
MW'-‘I:IEM iGaE ¥ = !
I s SeeeeEt N
h\— MW-116 MW-117M 3 - 1 5
11 N -]
4 T N |
i ol =
w e - fi < : 0 500 1,000 1,5002,000
1] h
]! \ EEAEE ™™ el
1 0 Feet
{f e
‘:::.-::-::-::-::—:=:EEi::!;;!==-==_===—=——-'—-" \ I
RIO ALGOM MINING LLC
LISBON FACILITY
A
& 2014
= | w’ /g MIONTGOMERY
0 & & ASSQOCIATES
Imags Source:INAIF2011 & Water Resource Consultants FlGURE 20
T T T T
109°19'0"W 109°18'0"W R. 24 E. 109°17'0"W 109°16'0"W

GIS\1350.22\Report\Fig_22_Model_Domain.mxd\15July2014 NAD27_SP_Utah_So.




ZINES

109°19'0"W 109°18'0"W R. 24 E. 109°17'0"W 109°16'0"W
| | | |

EXPLANATION

MW-5
o Well and identifier

Long Term Surveillance and
Maintenance Boundary

— — - Burro Canyon dry zone

38°17'0"N
|
||
!
38°17'0"N

Tailings

=
|
u
:
m
m
|
|
|
3

Model grid boundary

=3
=
IR
-

(=}

Model cells

=
-
=
X
=Y
(=]
(<=}
-

P

-
1

-

BOUNDARY CONDITIONS

9 MW-5 Constant concentration

0=
=
=N
i =]
S
(7]
F 4
hY
BRI 4
o

V|
)

Vi

11

U
:!

Constant head

: MW-102 - Drain
1IN T

No flow

l’
==
-
o
N
(=]
o)

o

"4
A
o ——w——a—

[(e]

PROPERTIES

7

V.
.

Recharge

4

38°160"N O N —

38°16'0"N

-m
2k
©

H
=
43
3

m

il
e2mk
>
0

A

¥

4

i
=
s
i
—

. —
L=2)
=
2
=Y
-
S
=
P
L]
[1
/1

A

T =
s
\
¥
y

A

N : 0 500 1,000 1,500 2,000

Feet

- —
__=
| d

i
!
|
'.i.
i
i
!
Zrh
.

RIO ALGOM MINING LLC
LISBON FACILITY

LAYER 2 MODEL
BOUNDARY CONDITIONS

& . VONTGOMERY 2"

& & ASSQOCIATES
Water Resource Consultants F | G U RE 2 1

Image Source: NAIP 2011

!
38°15'0"N

!
109°19'0"W

! | !
109°18'0"W R. 24 E. 109°17'0"W 109°16'0"W

GIS\1350.23\Fig21_boundary_conditions.mxd\15July2014 NAD27_SP_Utah_So.




38°16'0"N

38°17'0"N
]

109°19'0"W
|

109°18'0"W
|

R. 24 E.

109°17'0"W
|

109°16'0"W
|

\

B
MW-107D
@ MW-107S

\

NOTES:

The current Utah groundwater quality
standard for uranium is 0.03 mg/L.

Image Source: NAIP. 2011

e

MW-115S
mw-115m ® EF

EF-3A
@ MW-117S !

® ow UT-9
\ TL(_)I\_Ner Upper
\\ alings Talllngs
I

MW-117M;
\

\
N

® MW-5

38°17'0"N

38°16'0"N

!
109°19'0"W

GIS\1350.23\ModelMaps\PlumeGrowth.mxd\21July2014

NAD27_SP_Utah_So.

!
109°18'0"W

R. 24 E.

109°17'0"W

!
109°16'0"W

EXPLANATION

@ MW-5  \well location and identifier

Maximum extent of 0.03 milligrams per liter (mg/L)
uranium plume

Year
2020

2025
2035
2065
2115
2165
2215

Model extent

— — — Burro Canyon dry zone

Long Term Surveillance and Maintenance
Boundary

Lisbon Fault

0 500 1,000 1,500 2,000

e ™ s ™

Feet

RIO ALGOM MINING LLC
LISBON FACILITY

PROJECTED URANIUM
PLUME GROWTH
2020 - 2215

’* 2014
w” 72 MIONTGOMERY
g & ASSOCIATES

Water Resource Consultants FlGURE 22




109°19'0"W 109°18'0"W R.24 E. 109°17'0"W 109°16'0"W
| | | |
z
o
L~
z %
o o
~ -
%
o
T.
29
S.
Lower Z
Tailings Upper _g
z Tailings g
o »
O
%
o
| | | !
109°19'0"W 109°18'0"W 109°17'0"W 109°16'0"W

R. 24 E.

GIS\1350.23\ModelMaps\Prop_Compliance_Wells.mxd\18July2014 NAD27_SP_Utah_So.

EXPLANATION

@ MW-102

160
—

@ © ® o O

]

Well location and identifier

Proposed uranium compliance concentration
milligrams per liter (mg/L)

Proposed point of compliance (POC) well
Proposed point of exposure well
Proposed point of exposure well not yet drilled

Proposed trend well

Historic well used to define MW-102
POC concentrations

Long Term Surveillance and Maintenance Boundary
Rio Algom Mining LLC property boundary

Lisbon Fault

0 500 1,000 1,500 2,000

e ™ s ™

Feet

RIO ALGOM MINING LLC
LISBON FACILITY

PROPOSED
COMPLIANCE
WELLS

’* 2014
w” 72 MIONTGOMERY
g & ASSOCIATES

Water Resource Consultants FlGURE 23




0.05 |

E

MAXIMUM

75TH PERCENTILE
MEDIAN

25TH PERCENTILE
MINIMUM ]
YEAR 2014

—~ 0.04 —

0.03 — |

MINIMUM

URANIUM
CONCENTRATION | 0.0009
8 2014 - 2215 4
(mglL)

MAXIMUM
URANIUM
0.02 — CONCENTRATION | 0.011 —
2014 -2215
(mglL)

PERCENT

7 INCREASE 7

FROMMINIMUM | 1200

TO MAXIMUM
(%)

0.01 — ~

URANIUM CONCENTRATION (MILLIGRAMS PER LITER

2000 2025 2050 2075 2100 2125 2150 2175 2200 2225
YEAR

FIGURE 24. DISTRIBUTION OF PROJECTED URANIUM CONCENTRATIONS
FROM ALL MODELS AT PROPOSED TREND WELL ML-1 '
RIO ALGOM MINING LLC, LISBON FACILITY 1 MONTGOMERY

1350 - Rio Algom\Modeling\Phase2Modeling\Graphs\ML-1_Percent_Increase.grf ‘ & ASSOCIATES



0.05 |

E

MAXIMUM

75TH PERCENTILE
MEDIAN

25TH PERCENTILE
MINIMUM ]
YEAR 2014

—~ 0.04 —

0.03 — |

MINIMUM
URANIUM
CONCENTRATION | 0.002
. 2014 - 2215 .
(mg/L)

MAXIMUM
URANIUM
0.02 CONCENTRATION | 0.018 —
2014 - 2215
(mg/L)

PERCENT

7 INCREASE 7
FROM MINIMUM 1000

TO MAXIMUM
(%)

0.01 — y _

URANIUM CONCENTRATION (MILLIGRAMS PER LITER

/WF; _—_ﬁé
O 7 | | | | | | |

2000 2025 2050 2075 2100 2125 2150 2175 2200 2225
YEAR

FIGURE 25. DISTRIBUTION OF PROJECTED URANIUM CONCENTRATIONS
FROM ALL MODELS AT PROPOSED TREND WELL MW-112 '
RIO ALGOM MINING LLC, LISBON FACILITY 1 MONTGOMERY

1350 - Rio Algom\Modeling\Phase2Modeling\Graphs\MW-112_Percent Increase.grf ‘ & ASSOCIATES



4 ‘ I I I I ‘
EXPLANATION
— MAXIMUM
] ———  75TH PERCENTILE ]
—— MEDIAN
e 25TH PERCENTILE
739 — ——  MINIMUM -
'-',:J ——  YEAR2014
-
i
L . |
o
n
=
P
o 3 N
-
=
=3
pd _ _
O
2
o MINIMUM
= URANIUM
Z 25 - 74 CONCENTRATION | 2.1 n
O 2014 - 2215
% (mglL)
O | MAXIMUM |
= URANIUM
2 CONCENTRATION | 3.7
z 2014 - 2215
14 (mg/L)
> _ |
2 - PERCENT
INCREASE
FROM MINIMUM | 80
TO MAXIMUM
| (%) _
1.5 | | | | | | | |
2000 2025 2050 2075 2100 2125 2150 2175 2200 2225
YEAR

FIGURE 26. DISTRIBUTION OF PROJECTED URANIUM CONCENTRATIONS
FROM ALL MODELS AT PROPOSED TREND WELL MW-119
RIO ALGOM MINING LLC, LISBON FACILITY

1350 - Rio Algom\Modeling\Phase2Modeling\Graphs\MW-119_Percent_Increase.grf

“ MONTGOMERY

& & ASSOCIATES



47 ‘

E

MAXIMUM

75TH PERCENTILE
MEDIAN

25TH PERCENTILE
MINIMUM

YEAR 2014

N
(o]
|

A N I A
N w IN &)
\ \ \ \

URANIUM CONCENTRATION (MILLIGRAMS PER LITER)

N
REN
\

MINIMUM
URANIUM
CONCENTRATION
2014 - 2215
(mg/L)

MAXIMUM
URANIUM
CONCENTRATION
2014 - 2215
(mg/L)

46.2

PERCENT
INCREASE
FROM MINIMUM
TO MAXIMUM
(%)

12

40

2000 2025 2050 2075

2150

FIGURE 27. DISTRIBUTION OF PROJECTED URANIUM CONCENTRATIONS

FROM ALL MODELS AT PROPOSED TREND WELL RL-1
RIO ALGOM MINING LLC, LISBON FACILITY

1350 - Rio Algom\Modeling\Phase2Modeling\Graphs\RL-1_Percent_Increase.grf

2175

2200 2225

“ MONTGOMERY

& & ASSOCIATES



N
o

39 — —
%8 7 \\\ i
L&u\37 — ‘ B
= : \\\\\\ |
— 36 — —
x
W : i
~ 35 -
%’ MINIMUM
= 7 URANIUM :
oy CONCENTRATION | 28.1 |
o 2014 - 2215
= (mglL) :
= 33 — MAXIMUM -
pd | URANIUM i
o CONCENTRATION | 38.1
|<—( 32 — 2014 - 2215 —
E | (mglL) i
Z 31 — PERCENT ]
g INCREASE
> 7 FROM MINIMUM | -35 7
O30 — TO MAXIMUM |
&) (%)
= 7 |
2 99 | |
<Z( | EXPLANATION |
% o8 —_—  MAXIMUM B
| ———  75TH PERCENTILE |
o7 | —— MEDIAN B
| ———  25TH PERCENTILE |
—  MINIMUM
26 — ——  YEAR2014 B
25 | | | | | | | |
2000 2025 2050 2075 2100 2125 2150 2175 2200 2225

YEAR

FIGURE 28. DISTRIBUTION OF PROJECTED URANIUM CONCENTRATIONS
FROM ALL MODELS AT PROPOSED TREND WELL RL-3 '
RIO ALGOM MINING LLC, LISBON FACILITY 1 MONTGOMERY

1350 - Rio Algom\Modeling\Phase2Modeling\Graphs\RL-3_Percent_Increase.grf ‘ & ASSOCIATES



/‘ /2 MIONTGOMERY

- & ASSOCIATES

*A

*B

*C

*D

*E

*F

*G

*

APPENDICES

RESPONSES TO COMMENTS ON PHASE 1 REPORT

SUMMARY OF WELL INSTALLATION METHODS,
WELL SCHEMATICS, AND LITHOLOGIC LOGS

SUMMARY OF CORE SAMPLING METHODS AND
LABORATORY REPORTS

INVESTIGATION DERIVED WASTE DISPOSAL MANIFESTS
SUMMARY OF GROUNDWATER SAMPLING METHODS,
GROUNDWATER MONITORING FIELD DATA SHEETS, AND
LABORATORY REPORTS

SLUG TEST GRAPHS AND FIELD DATA

GROUNDWATER ELEVATION AND CHEMISTRY
TIME SERIES PLOTS

WATER QUALITY SUMMARY TABLE
PIPER DIAGRAMS
CONCEPTUAL SITE MODEL

GROUNDWATER MODELING

* Enclosed on CD



& MONTGOMERY

o & ASSOCIATES

APPENDIX A

RESPONSES TO COMMENTS ON PHASE 1 REPORT



PN

—

MONTGOMERY

- & ASSOCIATES

APPENDIX A

RESPONSES TO COMMENTS ON
PHASE 1 REPORT FOR SUPPLEMENTAL SITE ASSESSMENT TO ADDRESS
OUT-OF-COMPLIANCE STATUS AT TREND WELLS RL-1 AND EF-8
RIO ALGOM MINING LLC, LISBON FACILITY

A limited interpretation of the data obtained during Phase 1 of the Supplemental Site
Assessment (SSA) was presented in the report entitled, Phase 1 Report for Supplemental Site
Assessment to Address Out-Of-Compliance Status at Trend Wells RL-1 and EF-8 (M&A, 2013)
(Phase 1 report). Following a review of the Phase 1 report, Utah Department of Environmental
Quality, Division of Radiation Control (DRC) provided comments in a letter dated June 26,
2013 (DRC, 2013). In an email correspondence dated April 24, 2014 (DRC, 2014), DRC
granted RAML’s request to address all comments in the final report, in lieu of issuing a revised
Phase 1 report. Responses to DRC’s comments are provided below. Additional information
pertaining to comments is also provided elsewhere in this report. The report section, table, or
figure is referenced where applicable.

COMMENT 1

RAML Statement (Phase 1 Report, pg. 6):
"BBM wells MW-103 and MW-106 were completed in the Jmb as water table wells; BBM
well MW-102DB was screened in the Jmb beneath the BCA."

DRC Comment:

Please emphasize that MW-102DB was completed as a well in the Brushy Basin Member
(BBM) portion of the aquifer. It is said in the statement above that two other wells, MW103
and MW-106, were completed as BBM water table wells. However, MW-102DB is not
mentioned specifically in the statement as having been completed as a "well" in the BBM,
although it is noted as having been "screened in the Jmb beneath the BCA™.

The rock screened by this well, the upper portion of the BBM, has both relatively high
hydraulic conductivity and relatively high hydraulic head. The hydraulic conductivity of the
Jmb proximate to MW-102DB (as assessed from the results of slug testing) is shown in
Appendix A to range from 0.31 to 0.88 ft/day. The hydraulic conductivity of the overlying BCF
in Well MW-103, by contrast, is given only as 0.019 to 0.051 ft/day, an order of magnitude less
than that for MW-102DB. Figure 6 shows that groundwater is present in the Jmb in the
screened interval ofMW-102DB and that the hydraulic head of that groundwater is greater
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than the hydraulic head of the groundwater in the overlying Burro Canyon Formation (BCF)
portion of the aquifer.

Please add that MW-102DB is a BBM well "completed in the Jmb." It may be appropriate to
mention that the head of groundwater found in the screened interval of that well extends above
the top of the BBM/BCA contact.

RAML Response to Comment 1:

RAML agrees that well MW-102DB is a well “completed in the Jmb”. The head of the
groundwater in well MW-102DB extends well above the Kbc/Jmb (BCA/BBM) contact. Text
has been updated accordingly (Section 2.3.1).

COMMENT 2

RAML Statement (Phase 1 Report, pg. 9):

"Freezing temperatures at the Site have delayed transport of the waste water to the landfill.
The waste water will be transported by MPE to US Ecology in Grand View, Idaho for disposal
as soon as weather conditions allow."

DRC Comment:

“Now that several months have passed, summer is here, and freezing conditions no longer
prevail, please indicate in a revised version of the Report the history of the disposal of the
waste water, giving pertinent details.”

RAML Response to Comment 2:

All waste water generated during Phase 1 was transported by MP Environmental to
US Ecology in Grand View, ldaho on May 8 and 9, 2013 (Section 2.3.5). Approximately
10,200 gallons of waste water was disposed. Copies of the disposal manifests are included in
Appendix D.

COMMENT 3

RAML Statement (Phase 1 Report, pg. 10):

"After the monitoring equipment was installed in a well, a slug was lowered quickly into the
water. Falling head was monitored until water level in the well recovered to within 90 percent
of the initial static level. After water level had recovered to a static condition, the slug was
quickly pulled out of the water. Monitoring of rising head continued until the water level
recovered to within 90 percent of the initial static water level."

DRC Comment:
“The DRC accepts the results of the falling-head tests performed as described. However, it
cannot accept the results of the rising-head tests if they were performed immediately after
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conducting the falling-head tests, or even at a later time but prior to a return to essentially
pre-test water levels. It is not yet clear in the Report how a return of the groundwater in the
wells being tested to essentially pre-test water levels was determined.

It is appropriate for a falling-head test to be conducted by placing a solid slug into the well
nearly instantaneously and measuring the head of the water as it falls over time until 90%
recovery is made. However, before a rising-head test can be conducted, the water in the well
must essentially fully recover (not just to 90% recovery) before the slug is nearly
instantaneously removed. Otherwise, the rising-head test data would be corrupted. The law
of superposition indicates that the water level must fully recover, or else there will still be the
response of the water level tending to fall over a distance equal to approximately one tenth of
the initial displacement from the stimulus of the first test, which will be superimposed on the
response of the water level rising from the stimulus of the second test. The resulting water-
level response would definitely not be consistent with established slug-test theory, and any
interpretation would be difficult and most likely erroneous.

It is said in the report that the rising-head tests were conducted "after water level had
recovered to a static condition.” However, details are not provided.

Please specify whether this means:

(1) The rising-head tests were conducted after an indeterminate time when it appeared visually
or otherwise that the water levels were not changing very much, or

(2) The rising-head tests were conducted after the water levels in the wells returned to their
pre-test levels (plus or minus some small distance or percentage - and, if applicable, please
specify what this distance or percentage is, and how it was determined.)

Please provide original slug test data along with your response.”

RAML Response to Comment 3:

The Phase 1 field program used 90% recovery as a minimum of level of recovery from static
water level conditions for falling head slug tests. In practice, 100% recovery was targeted
before initiation of the rising head slug test. A secondary standard was considered to be 95%
recovery when 100% was not achievable (due to changes in barometric pressure, timing
constraints, or measurement error). This level was chosen because according to Butler (1997),
“in virtually all cases of practical significance, very little error will be introduced into
parameter estimates by performing repeat tests when the residual deviation is less than 5%” of
initial displacement. In total, 54 rising head tests were conducted following falling head tests.
A total of 38 of the 54 tests achieved 100% recovery. An additional 14 tests achieved over
95% recovery. These tests averaged 98.3% recovery. Only 2 tests achieved less than 95%
recovery. One of the two falling head tests conducted on MW-103 achieved only 85%
recovery, however, the estimated hydraulic conductivity from that test matched the estimated
hydraulic conductivity of the other rising head test conducted in MW-103. One of the two
falling head tests conducted on MW-101 achieved only 92% recovery, however, the estimated
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hydraulic conductivity from the proceeding rising head tests were comparable to within 5%.
Thus, while recovery was not 100% in all cases, the high level of reproducibility in estimated
hydraulic conductivity indicates that the tests are valid and sufficiently representative of Site
conditions to achieve the objectives of the project.

Field data sheets and water level response data recorded during each slug test are provided in
Appendix F.

COMMENT 4

RAML Statement (Phase 1 Report, pg. 10):

"Slug testing was not conducted at new wells MW-104 and MW-106 during Phase 1.
These wells were evacuated completely during well development and water levels had not
recovered sufficiently to conduct slug testing at the time of the November testing event.
Following development, pressure transducer/dataloggers were used to monitor water level
recovery at each location. The water level recovery monitoring conducted at MW-104 and
MW-106 after development indicated that recovery rates were very slow and any future
slug testing at these wells will require an extended monitoring period for each test. Wells
MW-104 and MW-106 will be slug tested during Phase 2."

DRC Comment:

“The DRC accepts the plan to slug test the aquifer around wells MW-104 and MW-106
during Phase 2. However, because of the low hydraulic conductivity of the formation near
these wells, it is recommended that a single falling-head test be conducted by placing a
solid slug into the well, measuring the head of the water as it falls as a function of time
until 90% recovery is made, and then allowing the water to essentially fully recover (not
just to 90% recovery) before a rising-head test is performed by removing the slug nearly
instantaneously. The law of superposition indicates that failure to allow the water level to
fully recover prior to performing a rising-head test will corrupt the data of the second test.”

RAML Response to Comment 4

Wells MW-104 and MW-106 were slug tested during Phase 2, from August 19 to September
22, 2013 (Section 2.5.1). The wells were allowed to fully recover following the first falling
head slug test, before further testing was conducted.

COMMENT 5

RAML Statement (Phase 1 Report, pg. 11):
"Based on the video log, well ML-1 has one screened interval from 135.7 to 154.7 feet bgs
(137.0 to 156.0 feet below the top of PVVC casing measuring point [bmp])."”
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DRC Comment:

The DRC commends RAML and its consultant, Montgomery & Associates, for videotaping
this well and determining its screened interval, since the well log provides conflicting
screen-depth information, but the videotape resolves this. Based on Figure 7 of the report
(in the Hlustrations section), the screened interval is located near the base of the well, with
a top near an elevation of 6390 ft (+/- 5 ft) amsl, whereas the top of water in the unconfined
BCF is at 6491.81, approximately 100 feet higher. For this reason, it is needful, as is
currently proposed in the Phase 2 Plans, to install a companion well (i.e. MW-112) next to
ML-1 that is screened from approximately 6392 ft to 6492 ft. This will ensure full coverage
of the currently saturated zone of the BCF in this area.

In addition to the statement that "well ML-1 has one screened interval from 135.7 to
154.7 feet bgs"”, the DRC would also like to see, for emphasis, an additional statement that
a supposedly screened interval for this Well, which was previously reported in a Lewis
Water Consultants log for this well, to exist from 60 to 80 feet bgs, does not appear to
actually exist.

RAML Response to Comment 5

Section 2.6 of this report states that ML-1 is not screened from 60 to 80 feet bgs. During
Phase 2, well MW-112 was installed as a companion well to ML-1 to screen the upper portion
of the saturated BCA, not screened by ML-1. Construction details for MW-112 are provided
in Appendix B.

COMMENT 6

RAML Statement (Phase 1 Report, pg. 11):
"Based on the video log, well UW-1 is screened from 100.6 to 137.6 feet bgs."

DRC Comment:

The DRC commends RAML and its consultant, Montgomery & Associates, for discovering
and notifying the DRC of the presence of this well and videotaping it to find its screen
interval.

RAML Response to Comment 6
No response required.
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COMMENT 7

RAML Statement (Phase 1 Report, pg. 13):

"Groundwater samples were collected using low-flow sampling techniques in accordance
with the US EPA Low-Flow (Minimal Drawdown) Ground-Water Monitoring Procedures
(Puls and Barcelona, 1996)."

DRC Comment:

“While the Licensee describes one of the methods used in the field at Lisbon as low-flow
sampling, the method actually used in the field at Lisbon should, in the revised version of
this Report, be referred to instead as "modified low-flow sampling”. The U.S. EPA
prescribes that low-flow sampling "should not be used with well screen lengths greater than
10 feet (3 meters)" (Yeskis and Zavala, 2002)." Even shorter lengths maybe recommended
in some settings for narrower plumes (Puls and Barcelona, 1996). While it is
acknowledged that the EPA approach has been criticized by some industry personnel, it is
still, as far as the DRC can determine, the official EPA policy. Therefore, because larger
well screen lengths are being used at the Lisbon facility, the technique used in the field at
Lisbon is not considered by the DRC to be low-flow sampling, per se. Please use the term
"modified low-flow sampling™ and describe how the method is modified.”

RAML Response to Comment 7

The term “modified low-flow” was used in this report in reference to the minimal-purge
sampling method used at the Site during the SSA. (Section 2.7.1 and Appendix E).

COMMENT 8

RAML Statement (Phase 1 Report, pg. 17):

Under the Section A-A' heading, the RAML report refers to "the following notable
conditions™ and includes as one of them, "The upward hydraulic gradient from the BBM to
the BCA in well pair MW-102/MW-102DB."

DRC Comment:

Please provide additional detail. It appears, based on use of Figure A-4, that the distance
between midpoints of screens on Wells MW-102 and MW-102DB is approximately 30 feet.
The Licensee can provide an exact value. The head associated with the deep well appears,
from Figure 5 (Hydrogeologic Section A-A', Phase 1 Report), to be approximately 3.94 feet
higher than the head associated with the shallow well (6581.54 ft amsl- 6577.60 ft amsl =
3.94 feet). This results in a very large calculated vertical component of hydraulic
gradient, approximately, -0.13 ft/ft (in the upward direction). By contrast, Montgomery &
Associates (2012) provides a groundwater level contour map (Figure 4, Phase 1 Report)
that indicates that the horizontal component of hydraulic gradient in the area is
approximately -0.01 ((6530 ft amsl- 6,550 ft amsl)/1000 ft = -0.01 ft/ft). Thus, the vertical
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component of hydraulic gradient in the area has approximately 13 times the numerical
value of the horizontal component of hydraulic gradient. This is highly significant.

In Appendix D, calculated hydraulic conductivity values for wells based on slug tests are
provided. For MW-102DB, screened in the Jmb, the range of estimated values given for
the local hydraulic conductivity of the Jmb is 0.5835-0.8773 ft/day. By contrast, the range
of values given for hydraulic conductivity of the Burro Canyon Formation (BCF) in Well
MW-102 is only 0.2671-0.3529 ft/day. While the BCF is usually considered to be the
aquifer, in this case, the upper layer of the underlying Jmb, which is normally considered to
function as part of the aquitard, actually has the greater hydraulic conductivity.

Please (1) calculate a relatively precise value for the vertical component of hydraulic
gradient near the Well pair in the revised Report, based on elevations of midpoints of
screens, and (2) discuss, in the Report for Phase 2 activities (to be submitted later), the
significance of this relatively large vertical component of hydraulic gradient in
combination with the finding that the hydraulic conductivity in the Jmb in this area is
greater than the hydraulic conductivity of the overlying BCF.

RAML Response to Comment 8

Cross sections were revised with the installation of additional monitor wells during Phase 2.
In this report, the MW-102/MW-102DB well pair is included on Section C-C’ (Figure 7). The
descriptions of features noted on the cross sections in Section 3.1 are general in nature.
Specific details regarding lithology, well construction, water quality, groundwater elevation,
hydraulic gradients, and BCA saturated thickness are presented elsewhere in the report.

The vertical hydraulic gradients in the MW-102/MW-102DB well pair, based on the most
recent groundwater monitoring data, are summarized in Section 3.3.3 and Table 9.

COMMENT 9

RAML Statement (Phase 1 Report, pg. 17):

Also under the Section A-A' heading, after the RAML report refers to "the following
notable conditions”, the report refers to the "The slight upward hydraulic gradient from the
deep BCA to the shallow BCA in well pair MW-100/LW-1."

DRC Comment:

Figure 5 (Phase 1 Report) indicates that the difference in hydraulic head between the two
wells is -0.46 feet (6578.41 ft amsl - 6578.87 ft amsl =-0.46 ft). The distance between the
midpoints of the two screens is approximately 46 feet. The Licensee can provide an exact
value. The calculated vertical component of hydraulic gradient is thus about -0.01 ft/ft
upwards.
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Although the licensee refers to this as a "slight" upward gradient, its value is equivalent to
the horizontal component of hydraulic gradient in the area, shown earlier to be -0.01 ft/ft.
Thus, it is questionable as to whether this value should be considered to be "slight.™

Please (1) calculate a relatively precise value for the vertical component of hydraulic
gradient near the Well pair in the revised Report, based on elevations of midpoints of
screens, and (2) discuss, in the Report for Phase 2 activities (to be submitted later), the
significance of this vertical component of hydraulic gradient.

RAML Response to Comment 9

Cross sections were revised with the installation of additional monitor wells during Phase 2.
In this report, the MW-100/LW-1 well pair is included on Section E-E’ (Figure 8). The
descriptions of features noted on the cross sections in Section 3.1 are general in nature.
Specific details regarding lithology, well construction, water quality, groundwater elevation,
hydraulic gradients, and BCA saturated thickness are presented elsewhere in the report.

The vertical hydraulic gradients in the MW-100/LW-1 well pair, based on the most recent
groundwater monitoring data, are summarized in Section 3.3.3 and Table 9.

COMMENT 10

RAML Statement (Phase 1 Report, pg. 17):

Under the Section A-A' heading, after the RAML report refers to "the following notable
conditions™, the report refers to "The detections of uranium at 9.66 milligrams per liter
(mg/L) and 11.4 mg/L in wells MW-103 and MW-102DB, respectively.

DRC Comment:

Although the Licensee refers to "detections of uranium at 9.66 milligrams per liter (mg/L)
and 11.4 mg/L in BBM wells MW-103 and MW-102DB, respectively,"” the referenced
concentration of uranium in Well MW-102DB, which was obtained using a Traditional
Purge-Based Sampling approach, is not necessarily reflective of the average uranium
concentration actually present in groundwater proximate to the well at the depths of the
well's screened interval. This is made evident when noting concentrations found using the
HydraSleeve and Low-Flow Sampling approaches and comparing these with concentrations
found using the Traditional Purge-Based Sampling approach.

For Well MW-102DB, the following table shows reported concentrations for uranium and
several other parameters using the different sampling approaches:
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Approach Uranium Sulfate Conductivity
(mg/L) (mg/L) (umhos/cm)
HydraSleeve 0.0814 84 749
Low-Flow 0.0416 60 740
Low-Flow (dual) 0.0416 60 739
Purge 11.4 1,230 4,470
Ratio of Purge to Low- 274 21 6.04
Flow

Values for parameters obtained through the two methods that allow for measurement of
concentrations of a parameter in groundwater that has been residing in the borehole for
some time (i.e., HydraSleeve and Low-Flow) are reasonably consistent with each other, but
they differ greatly from values obtained using the Purge method. In the case of uranium
concentrations, the difference is two to three orders of magnitude.

Well MW-102DB is screened in highly fractured Jmb, which, under ambient conditions, as
shown previously, has a very high vertical component of hydraulic gradient tending to
move groundwater upwards. Using sampling methods that do not pull in additional
groundwater into the wellbore, measured concentrations of uranium, sulfate and
conductivity in groundwater from that highly fractured Jmb rock are relatively low, as
shown by laboratory data for HydraSleeve and Low-Flow Sampling methods, which are
referenced above.

However, when the well is purged of water equal in quantity to three casing volumes, in the
Traditional Purge-Based Sampling method, then measured concentrations of uranium,
sulfate and conductivity of sampled groundwater are found to be relatively high. Uranium,
for example, is found at a concentration 274 times that found using the other two methods.
This is a huge discrepancy and calls for a valid explanation.

MW-102DB is screened just below a portion of the BCF containing a large uranium plume
characterized by relatively high uranium concentrations (e.g., up to 148 mg/L). Because
the source of the uranium is process water from uranium mining, other mineral constituents
in the water (e.g., sulfate, and total dissolved solids, which contributes to conductivity) are
also high. When MW-102DB is purged, water is removed from the casing, which locally
drops the head, and potentially reverses the vertical component of the hydraulic gradient.
Water then flows into the well from just outside the well, creating a cone of drawdown.
Because the Jmb is highly fractured locally, and it therefore is likely in hydraulic
connection with the overlying BCF, it is possible that as groundwater enters the well, some
of that groundwater comes from the BCF, which contains highly contaminated
groundwater. This may account for the much higher concentrations of some constituents in
groundwater sampled from MW-102DB after the well is purged of three casing volumes of
groundwater compared to sampling and analysis results when the well is not first
traditionally purged.
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Please differentiate in this section between measured concentrations of uranium found in
groundwater sampled from Well MW-102DB using the three different sampling approaches.
It is noted that the Licensee does perform this kind of analysis, from a somewhat different
perspective, in Appendix F, Phase 1 Report. However, no mention is made in the text on
Page 17 of the much, much lower uranium concentrations found in groundwater sampled
from the same well when the groundwater is sampled using Low-Flow or HydraSleeve
Sampling and then analyzed.

RAML Response to Comment 10

Well MW-102DB was sampled in April 2013 by the same three methods used during the
November 2012 event (Section 3.5). During the April 2013 event, the purge rate was reduced
from 3 gpm to 2 gpm during purge sampling. In these samples, dissolved constituents in the
purge samples were detected at concentrations similar to, and in some cases less than,
concentrations detected in samples collected using HydraSleeve and modified low-flow
methods (Table H-1, Appendix H). Further, MW-102DB was sampled in October 2013 and
April 2014 using HydraSleeve and modified low-flow methods. Results from these
monitoring events were similar to the results from April 2013. Water quality data obtained
during and after the April 2013 monitoring event confirmed that the November 2012 purge
sample results were not representative of actual BBM conditions at MW-102DB.

COMMENT 11

RAML Statement (Phase 1 Report, pg. 17):
Under the Section C-C' heading, the RAML report states that "the Kbc is dry at well
MW-106."

DRC Comment:
While this is true, please also state that groundwater is present in the underlying Jmb at an
elevation within the well's screened interval.

RAML Response to Comment 11

Cross sections were revised with the installation of additional monitor wells during Phase 2.
In this report, BBM well MW-106 is included on Section D-D’ (Figure 8). During installation
activities in 2012, the Kbc was dry at MW-106. Since that time, water level has slowly risen
and stabilized at 6,625.5 feet msl, approximately 1.5 feet above the estimated Kbc/IJmb
contact.
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COMMENT 12

RAML Statement (Phase 1 Report, pg. 18):

It is stated in Section 3.2.1 that wells MW-104 and MW-106 were not slug-tested since
recoveries were very slow, and the wells had not yet recovered fully from their
development. However, they will be slug-tested in the Phase 2 program.

DRC Comment:
The DRC accepts the postponement of slug testing for these two wells until the Phase 2 field
program is implemented.

RAML Response to Comment 12

Wells MW-104 and MW-106 were slug tested during Phase 2, from August 19 to
September 22, 2013 (Section 2.5.1).

COMMENT 13

RAML Statement (Phase 1 Report, pg. 18):

Section 3.2.1 speaks of "arithmetic mean values of estimated horizontal K values" and states
that "estimated horizontal K values considered anomalous were not included in the mean
value."

DRC Comment:
Please provide examples of anomalous K values not having been included in calculations of
the mean values and justify their lack of inclusion.

RAML Response to Comment 13

At several wells, one or more of the estimated K values were not used to calculate the
arithmetic mean. Estimated K was omitted when an anomalous water level response was
observed during slug testing or when the measured data was observed to be outside of the
normalized head range for matching results to type curve solutions (Table 5). In some cases,
measured data were not analyzed because the water level response measurement was
interrupted during the test; the datalogger was inadvertently moved as the slug was deployed
or retrieved. Overall, the results of the slug test program provided sufficiently representative
hydraulic conductivity data to achieve the SSA objectives.

COMMENT 14

RAML Statement (Phase 1 Report, pg. 19):

It is stated in Section 3.2.1 that "Estimated horizontal K values from the slug tests for the
BCA ranged from 0.02 ft/d at well MW-5 to 360 ft/d at well MW-13 (Figure 8, Phase 1
report)."”
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DRC Comment:

There is good reason to believe that the K value of the aquifer proximate to Well MW-105
is greater than that indicated in the range given in the statement above. As indicated in
Table 3 (Phase 1 Report), slug-test data for Well MW-13 were able to be evaluated so as to
provide a hydraulic conductivity value (i.e., 360 ft/d), so apparently the water level
response in that well was not "too fast to analyze™. However, it is said of the slug-test data
for Well MW-105 that these data were not evaluated since the water level response in that
well is said to have been "too fast to analyze.” This implies that the hydraulic conductivity
of the aquifer proximate to Well MW-105 was likely greater than 360 ft/d, the hydraulic
conductivity of the aquifer proximate to Well MW-13. Please discuss this when presenting
a range of hydraulic conductivity values.

RAML Response to Comment 14

Slug testing data from well MW-13 were re-analyzed and horizontal K was estimated at a
value of 421 ft/day (Section 3.2.1, Table 5). The range of values reported in Section 3.2.1
represents only the values derived from slug testing analysis. Based on the near instantaneous
water level recovery during slug testing, it is likely that horizontal K proximate to MW-105 is
greater than 421 ft/day.

COMMENT 15

RAML Statement (Phase 1 Report, pg. 25):

It is stated under the heading Trace Metals that “the character of the shale in the Jmb
encountered near the bottom of the MW-103 borehole is similar to that encountered at
MW-102DB, which had a very low estimated horizontal and vertical K based on laboratory
tests (on the order of 10~ ft/d)."-

DRC Comment:

Please revise and clarify the statement above to indicate the heterogeneity in the Jmb at this
location. Only a small portion of the Jmb encountered at MW-102DB had low vertical and
horizontal hydraulic conductivity (K) values measured on the order of 10 ft/d. The rest of
the Jmb tested had, by comparison, relatively high measured K values. The statement
above, however, fails to make this important distinction.

Use of the phrase "that encountered at MW-102DB" does not clarify the meaning of the
statement, since it is unclear as to whether the term "that" refers simply to "shale", or to
"shale in the Jmb encountered near the bottom of the MW-103 borehole.” If the reference
is to Jmb shale, or shale in general, then the statement quoted above is potentially
misleading, since some of the Jmb shale in the core from MW-102DB had
Iabgratory-measured hydraulic conductivities four orders of magnitude greater than
107 ft/d.
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If, on the other hand, the reference is to "shale in the Jmb encountered near the bottom of
the MW-103 borehole"”, then that comparison is irrelevant. This is because Jmb shale at
the bottom of different boreholes in the area could arbitrarily be at different depths and
could consist of different types of rock layers having different hydraulic characteristics. The
rock in the Jmb is highly heterogeneous in places. The depths of boreholes in Jmb in the
local area are somewhat arbitrary, and the character of the rock at the bottom of one
particular borehole may have little or nothing to do with the character of rock at the base of
another Jmb borehole in the area. Thus, there is no basis for hydraulic comparison among
different boreholes or wells related to “shale in the Jmb encountered near the bottom of
the" borehole.

As demonstrated by slug testing (see Table 3 and Figure 9, Phase 1 Report), the screened
portion of the Jmb encountered at MW-102DB (located at a different elevation interval than
that associated with the sample tested in the laboratory as referenced in the statement) had
an average hydraulic conductivity of 0.7 ft/day. This is about five orders of magnitude
greater than the low K value for shale proximate to MW-102DB that is reported in the
statement quoted above. This is vital to understand, since such a relatively high K value in
the Jmb could and would potentially permit on a local basis both vertical and lateral
components of flow in rock beneath or into the conventionally identified aquifer. For areas
north, west or northwest of MW-102DB, the DRC has concerns that groundwater may
potentially be flowing through and crossing past the BCF "dry zone" of the anticline
through the underlying Jmb.

Thus, there is the potential for a casual reader to be misled when reading the statement in
the report, since, without appropriate context, the statement seems to imply that the Jmb
shale "encountered at MW-102DB had a very low estimated horizontal and vertical K,"
whereas, in reality, the upper portion of the Jmb appears to have a relatively high
horizontal K values, i.e., four to five orders of magnitude greater that referenced in the
quoted statement above. This K value is similar to or even greater than that of the
overlying aquifer. Since an understanding of the nature and character of the fractured Jmb
shale in this well may be critical to understanding contaminant fate and transport in this
area, it is important to clarify the meaning of the statement above, and to place it in proper
context, for the technical or regulatory reader. Please do that.

RAML Response to Comment 15

During Phase 2 of the SSA, additional core samples were collected from the Jmb and
submitted for laboratory analysis to further characterize lithologic and hydraulic properties
of the Jmb across the Site (Section 3.2.2, Table 7, and Appendix C). Wells MW-110 and
MW-11 were also installed to further characterize water quality and hydraulic conductivities
in the BBM beneath the BCA dry zone. An evaluation of the additional BBM
characterization is presented in the CSM (Appendix J).
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COMMENT 16

RAML Statement (Phase 1 Report, pg. 27):

Visual inspection of the Phase 1 groundwater quality data included in Table 7 (Phase 1
Report) indicates that all three sampling methods provide comparable analytical results.
These results indicate that the no purge method using the HydraSleeve and minimal purge
low-flow method resulted in groundwater quality data comparable to groundwater samples
collected using the traditional volume-based purge method. These results suggest that all
three sampling methods would be adequate for compliance monitoring.

DRC Comment:

The DRC agrees that analytical results from the three different sampling methods as shown
in Table 7 (Phase 1 Report) generally appear to be relatively consistent in the case of
dissolved metal constituents. An exception occurs in the case of sampling groundwater
from the Jmb Well MW-102DB, as is discussed elsewhere in this review, and as is discussed
in several places in the [Phase 1] Report. The anomalous results appear likely to be the
consequence of pulling down groundwater from the overlying plume in connection with
traditional Purge-Based Sampling. This sampling approach appears to have resulted in
reported uranium concentrations, for example, being 274 times the values obtained using
Low-Flow Sampling or HydraSleeve Sampling.

On the other hand, analytical results for site wells differ greatly, and do not appear to be
consistent, for the field parameters turbidity, dissolved oxygen (DO), and oxidation-
reduction potential (ORP). This is shown in the attached Figures 1, 2 and 3 (for
HydraSleeve Sampling) and Figures 4, 5 and 6 (for Low-Flow Sampling) in this review.
This finding, by itself, does not support the contentions expressed as generalities in the
current version of the Report that all three sampling approaches yield "comparable
analytical results” and that "these results suggest that all three sampling methods would be
adequate for compliance monitoring."

The discrepancies found for these field parameters, on the other hand, are likely functions
of impacts of purging on concentrations of either particles or dissolved gases in the wells,
and also of differences in elevation of measured parameters when different sampling
approaches were used during field sampling. It is not clear from these studies that the
Traditional Purge-Based Sampling method necessarily provides the most representative
samples of groundwater in the aquifer, although that might indeed be the case. With
HydraSleeve and Low-Flow Sampling, samples during field testing are said to have been
obtained at a mid-screen depth, whereas samples collected using the Traditional Purge-
Based Sampling appear to have been obtained from near the top of the water column
(within 3-5 feet; see the Phase 1 Plan). This difference in vertical location of sampling in
the different approaches may give different results, particularly for long saturated portions
of screens (e.g., 30 to 70 feet long).
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Notwithstanding the DRC concerns about the field parameters, the dissolved metals values
seem to be consistent and comparable between different types of sampling approaches. An
example is shown in this review's Figure 7. It shows uranium concentrations for samples
obtained via Low-Flow Sampling plotted against concentrations for samples from the same
wells obtained via Traditional Purge-Based Sampling. Similar results are obtained when
comparing HydraSleeve Sampling with Traditional Purge-Based Sampling.

Please justify the Report's characterization of this project's sample results using different
sampling methods as being consistent and comparable, when, in the case of turbidity, DO
and ORP, the sample results appear to be inconsistent and incomparable.

RAML Response to Comment 16

To be conservative, the maximum concentrations for common constituents and trace metals
reported in wells by any method from any of the four comprehensive events were used for site
characterization purposes (Table 11, Figures 13 through 18).

Review of the groundwater quality data from the comprehensive events indicates that all three
sampling methods provide generally comparable laboratory analytical results. Additional
analyses of the comparability and representativeness of field and laboratory water quality data
from all sampling methods will be completed for the revised groundwater monitoring plan,
which will be developed after new ACLs are approved by DRC. It is important to view the
groundwater quality data in the context of the investigation objectives. The primary objectives
of the investigation are to sufficiently delineate the extent of contaminants of concern (COCs)
in groundwater, and to sufficiently characterize the fate and transport of COCs in groundwater
in the vicinity of the Site, in order to refine the CSM, develop a new groundwater model, and
develop new compliance concentrations. The primary COC is uranium. Given the objectives,
the primary goal of assessing a variety of groundwater sampling methods is to identify
methods that provide representative concentrations of uranium (and other COCs) in
groundwater. The laboratory results for uranium for all sampling methods are sufficiently
comparable on a practicable level to presume that all of the results are equally representative
of groundwater quality conditions at the Site, and therefore, all of the results are adequate and
useful to meet project objectives.
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Po6 RAML Statement:

“BBM wells MW-103 and MW-106 were completed in the Jmb as water table wells; BBM
well MW-102DB was screened in the Jmb beneath the BCA.”

DRC Comment:

Please emphasize that MW-102DB was completed as a well in the Brushy Basin Member
(BBM) portion of the aquifer. It is said in the statement above that two other wells, MW-
103 and MW-106, were completed as BBM water table wells. However, MW-102DB is
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not mentioned specifically in the statement as having been completed as a “well” in the
BBM, although it is noted as having been “screened in the Jmb beneath the BCA”.

The rock screened by this well, the upper portion of the BBM, has both relatively high
hydraulic conductivity and relatively high hydraulic head. The hydraulic conductivity of
the Jmb proximate to MW-102DB (as assessed from the results of slug testing) is shown in
Appendix A to range from 0.31 to 0.88 ft/day. The hydraulic conductivity of the overlying
BCF in Well MW-103, by contrast, is given only as 0.019 to 0.051 ft/day, an order of
magnitude less than that for MW-102DB. Figure 6 shows that groundwater is present in
the Jmb in the screened interval of MW-102DB and that the hydraulic head of that
groundwater is greater than the hydraulic head of the groundwater in the overlying Burro
Canyon Formation (BCF) portion of the aquifer.

Please add that MW-102DB is a BBM well “completed in the Jmb.” It may be appropriate
to mention that the head of groundwater found in the screened interval of that well extends
above the top of the BBM/BCA contact.

RAML Statement:

At the time of the report, it is said that “Freezing temperatures at the Site have delayed
transport of the waste water to the landfill. The waste water will be transported by MPE to
US Ecology in Grand View, Idaho for disposal as soon as weather conditions allow.”

DRC Comment:

Now that several months have passed, summer is here, and freezing conditions no longer
prevail, please indicate in a revised version of the Report the history of the disposal of the
waste water, giving pertinent details.

RAML Statement:

“After the monitoring equipment was installed in a well, a slug was lowered quickly into
the water. Falling head was monitored until water level in the well recovered to within 90
percent of the initial static level. After water level had recovered to a static condition, the
slug was quickly pulled out of the water. Monitoring of rising head continued until the
water level recovered to within 90 percent of the initial static water level.”

DRC Comment:

The DRC accepts the results of the falling-head tests performed as described. However, it
cannot accept the results of the rising-head tests if they were performed immediately after
conducting the falling-head tests, or even at a later time but prior to a return to essentially
pre-test water levels. It is not yet clear in the Report how a return of the groundwater in the
wells being tested to essentially pre-test water levels was determined.

It is appropriate for a falling-head test to be conducted by placing a solid slug into the well
nearly instantaneously and measuring the head of the water as it falls over time until 90%

2
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recovery is made. However, before a rising-head test can be conducted, the water in the
well must essentially fully recover (not just to 90% recovery) before the slug is nearly
instantaneously removed. Otherwise, the rising-head test data would be corrupted. The law
of superposition indicates that the water level must fully recover, or else there will still be
the response of the water level tending to fall over a distance equal to approximately one
tenth of the initial displacement from the stimulus of the first test, which will be
superimposed on the response of the water level rising from the stimulus of the second
test. The resulting water-level response would definitely not be consistent with established
slug-test theory, and any interpretation would be difficult and most likely erroneous.

It is said in the report that the rising-head tests were conducted “after water level had
recovered to a static condition.” However, details are not provided.

Please specify whether this means

(1) the rising-head tests were conducted after an indeterminate time when it appeared
visually or otherwise that the water levels were not changing very much, or

(2) the rising-head tests were conducted after the water levels in the wells returned to their
pre-test levels (plus or minus some small distance or percentage — and, if applicable, please
specify what this distance or percentage is, and how it was determined.)

Please provide original slug test data along with your response.

RAML Statement:

“Slug testing was not conducted at new wells MW-104 and MW-106 during Phase 1.
These wells were evacuated completely during well development and water levels had not
recovered sufficiently to conduct slug testing at the time of the November testing event.
Following development, pressure transducer/dataloggers were used to monitor water level
recovery at each location. The water level recovery monitoring conducted at MW-104 and
MW-106 after development indicated that recovery rates were very slow and any future
slug testing at these wells will require an extended monitoring period for each test. Wells
MW-104 and MW-106 will be slug tested during Phase 2.”

DRC Comment:

The DRC accepts the plan to slug test the aquifer around wells MW-104 and MW-106
during Phase 2. However, because of the low hydraulic conductivity of the formation near
these wells, it is recommended that a single falling-head test be conducted by placing a
solid slug into the well, measuring the head of the water as it falls as a function of time
until 90% recovery is made, and then allowing the water to essentially fully recover (not
just to 90% recovery) before a rising-head test is performed by removing the slug nearly
instantaneously. The law of superposition indicates that failure to allow the water level to
fully recover prior to performing a rising-head test will corrupt the data of the second test.
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RAML Statement:

“Based on the video log, well ML-1 has one screened interval from 135.7 to 154.7 feet bgs
(137.0 to 156.0 feet below the top of PVC casing measuring point [bmp]).”

DRC Comment:

The DRC commends RAML and its consultant, Montgomery & Associates, for
videotaping this well and determining its screened interval, since the well log provides
conflicting screen-depth information, but the videotape resolves this. Based on Figure 7 of
the report (in the Illustrations section), the screened interval is located near the base of the
well, with a top near an elevation of 6390 ft (+/- 5 ft) amsl, whereas the top of water in the
unconfined BCF is at 6491.81, approximately 100 feet higher. For this reason, it is
needful, as is currently proposed in the Phase 2 Plans, to install a companion well (i.e.,
MW-112) next to ML-1 that is screened from approximately 6392 ft to 6492 ft. This will
ensure full coverage of the currently saturated zone of the BCF in this area.

In addition to the statement that “well ML-1 has one screened interval from 135.7 to 154.7
feet bgs”, the DRC would also like to see, for emphasis, an additional statement that a
supposedly screened interval for this Well, which was previously reported in a Lewis
Water Consultants log for this well, to exist from 60 to 80 feet bgs, does not appear to
actually exist.

RAML Statement:

“Based on the video log, well UW-1 is screened from 100.6 to 137.6 feet bgs.”
DRC Comment:

The DRC commends RAML and its consultant, Montgomery & Associates, for

discovering and notifying the DRC of the presence of this well and videotaping it to find
its screen interval.

RAML Statement:

In the description for the low-flow (minimal purge) sampling method, Page 13 states that

“Groundwater samples were collected using low-flow sampling techniques in accordance
with the US EPA Low-Flow (Minimal Drawdown) Ground-Water Monitoring Procedures
(Puls and Barcelona, 1996).”

DRC Comment:

While the Licensee describes one of the methods used in the field at Lisbon as low-flow
sampling, the method actually used in the field at Lisbon should, in the revised version of
this Report, be referred to instead as “modified low-flow sampling”. The U.S. EPA
prescribes that low-flow sampling “should not be used with well screen lengths greater
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than 10 feet (3 meters)” (Yeskis and Zavala, 2002).” Even shorter lengths may be
recommended in some settings for narrower plumes (Puls and Barcelona, 1996). While it
is acknowledged that the EPA approach has been criticized by some industry personnel, it
is still, as far as the DRC can determine, the official EPA policy. Therefore, because larger
well screen lengths are being used at the Lisbon facility, the technique used in the field at
Lisbon is not considered by the DRC to be low-flow sampling, per se. Please use the term
“modified low-flow sampling” and describe how the method is modified.

RAML Statement:

Under the Section A-A’ heading, the RAML report refers to “the following notable
conditions” and includes as one of them, “The upward hydraulic gradient from the BBM to

‘the BCA in well pair MW-102/MW-102DB.”

DRC Comment:

Please provide additional detail. It appears, based on use of Figure A.4, that the distance
between midpoints of screens on Wells MW-102 and MW-102DB is approximately 30
feet. The Licensee can provide an exact value. The head associated with the deep well
appears, from Figure 5 (Hydrogeologic Section A-A’), to be approximately 3.94 feet
higher than the head associated with the shallow well (6581.54 ft amsl — 6577.60 ft ams] =
3.94 feet). This results in a very large calculated vertical component of hydraulic gradient,
approximately, -0.13 ft/ft (in the upward direction). By contrast, Montgomery &
Associates (2012) provides a groundwater level contour map (Figure 4) that indicates that
the horizontal component of hydraulic gradient in the area is approximately -0.01 ((6530 ft
amsl - 6,550 ft ams1)/1000 ft = -0.01 ft/ft). Thus, the vertical component of hydraulic
gradient in the area has approximately 13 times the numerical value of the horizontal
component of hydraulic gradient. This is highly significant.

In Appendix D, calculated hydraulic conductivity values for wells based on slug tests are
provided. For MW-102DB, screened in the Jmb, the range of estimated values given for
the local hydraulic conductivity of the Jmb is 0.5835-0.8773 ft/day. By contrast, the range
of values given for hydraulic conductivity of the Burro Canyon Formation (BCF) in Well
MW-102 is only 0.2671-0.3529 ft/day. While the BCF is usually considered to be the
aquifer, in this case, the upper layer of the underlying Jmb, which is normally considered
to function as part of the aquitard, actually has the greater hydraulic conductivity.

Please (1) calculate a relatively precise value for the vertical component of hydraulic
gradient near the Well pair in the revised Report, based on elevations of midpoints of
screens, and (2) discuss, in the Report for Phase 2 activities (to be submitted later), the
significance of this relatively large vertical component of hydraulic gradient in
combination with the finding that the hydraulic conductivity in the Jmb in this area is
greater than the hydraulic conductivity of the overlying BCF.
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RAML Statement:

Also under the Section A-A’ heading, after the RAML report refers to “the following
notable conditions”, the report refers to the “The slight upward hydraulic gradient from the
deep BCA to the shallow BCA in well pair MW-100/LW-1.”

DRC Comment:

Figure 5 indicates that the difference in hydraulic head between the two wells is -0.46 feet
(6578.41 ft amsl — 6578.87 ft amsl = -0.46 ft). The distance between the midpoints of the
two screens is approximately 46 feet. The Licensee can provide an exact value. The
calculated vertical component of hydraulic gradient is thus about -0.01 ft/ft upwards.
Although the licensee refers to this as a “slight” upward gradient, its value is equivalent to
the horizontal component of hydraulic gradient in the area, shown eatlier to be -0.01 ft/ft.
Thus, it is questionable as to whether this value should be considered to be “slight.”

Please (1) calculate a relatively precise value for the vertical component of hydraulic
gradient near the Well pair in the revised Report, based on elevations of midpoints of
screens, and (2) discuss, in the Report for Phase 2 activities (to be submitted later), the
significance of this vertical component of hydraulic gradient.

RAML Statement:

Under the Section A-A’ heading, after the RAML report refers to “the following notable
conditions”, the report refers to “The detections of uranium at 9.66 milligrams per liter
(mg/L) and 11.4 mg/L in wells MW-103 and MW-102DB, respectively.

DRC Comment:

Although the Licensee refers to “detections of uranium at 9.66 milligrams per liter (mg/L)
and 11.4 mg/L in BBM wells MW-103 and MW-102DB, respectively,” the referenced
concentration of uranium in Well MW-102DB, which was obtained using a Traditional
Purge-Based Sampling approach, is not necessarily reflective of the average uranium
concentration actually present in groundwater proximate to the well at the depths of the
well’s screened interval. This is made evident when noting concentrations found using the
HydraSleeve and Low-Flow Sampling approaches and comparing these with
concentrations found using the Traditional Purge-Based Sampling approach.

For Well MW-102DB, the following table shows reported concentrations for uranium and
several other parameters using the different sampling approaches:
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Approach: Uranium (mg/L)  Sulfate (mg/L) Conductivity (umhos/cm)
HydraSleeve 0.0814 84 749
Low-Flow 0.0416 60 740
Low-Flow (dual) 0.0416 60 739
Purge 11.4 1230 4470
Ratio of Purge to 274 21 6.04

Low-Flow Values

Values for parameters obtained through the two methods that allow for measurement of
concentrations of a parameter in groundwater that has been residing in the borehole for
some time (i.e., HydraSleeve and Low-Flow) are reasonably consistent with each other,
but they differ greatly from values obtained using the Purge method. In the case of
uranium concentrations, the difference is two to three orders of magnitude.

Well MW-102DB is screened in highly fractured Jmb, which, under ambient conditions, as
shown previously, has a very high vertical component of hydraulic gradient tending to
move groundwater upwards. Using sampling methods that do not pull in additional
groundwater into the wellbore, measured concentrations of uranium, sulfate and
conductivity in groundwater from that highly fractured Jmb rock are relatively low, as
shown by laboratory data for HydraSleeve and Low-Flow Sampling methods, which are
referenced above.

However, when the well is purged of water equal in quantity to three casing volumes, in
the Traditional Purge-Based Sampling method, then measured concentrations of uranium,
sulfate and conductivity of sampled groundwater are found to be relatively high. Uranium,
for example, is found at a concentration 274 times that found using the other two methods.
This is a huge discrepancy and calls for a valid explanation.

MW-102DB is screened just below a portion of the BCF containing a large uranium plume
characterized by relatively high uranium concentrations (e.g., up to 148 mg/L). Because
the source of the uranium is process water from uranium mining, other mineral
constituents in the water (e.g., sulfate, and total dissolved solids, which contributes to
conductivity) are also high. When MW-102DB is purged, water is removed from the
casing, which locally drops the head, and potentially reverses the vertical component of
the hydraulic gradient. Water then flows into the well from just outside the well, creating a
cone of drawdown. Because the Jmb is highly fractured locally, and it therefore is likely in
hydraulic connection with the overlying BCF, it is possible that as groundwater enters the
well, some of that groundwater comes from the BCF, which contains highly contaminated
groundwater. This may account for the much higher concentrations of some constituents in
groundwater sampled from MW-102DB after the well is purged of three casing volumes of
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groundwater compared to sampling and analysis results when the well is not first
traditionally purged.

Please differentiate in this section between measured concentrations of uranium found in
groundwater sampled from Well MW-102DB using the three different sampling
approaches. It is noted that the Licensee does perform this kind of analysis, from a
somewhat different perspective, in Appendix F. However, no mention is made in the text
on Page 17 of the much, much lower uranium concentrations found in groundwater
sampled from the same well when the groundwater is sampled using Low-Flow or
HydraSleeve Sampling and then analyzed.

RAML Statement:

Under the Section C-C’ heading, the RAML report states that “the Kbc is dry at well MW-
106.”

DRC Comment:

While this is true, please also state that groundwater is present in the underlying Jmb at an
elevation within the well’s screened interval.

RAML Statement:

It is stated in Section 3.2.1 that wells MW-104 and MW-106 were not slug-tested since
recoveries were very slow, and the wells had not yet recovered fully from their
development. However, they will be slug-tested in the Phase 2 program.

DRC Comment:

The DRC accepts the postponement of slug testing for these two wells until the Phase 2
field program is implemented.

RAML Statement:

Section 3.2.1 speaks of “arithmetic mean values of estimated horizontal K values” and
states that “estimated horizontal K values considered anomalous were not included in the
mean value.”

DRC Comment:

Please provide examples of anomalous K values not having been included in calculations
of the mean values and justify their lack of inclusion.

RAML Statement:

It is stated in Section 3.2.1 that “Estimated horizontal K values from the slug tests for the
BCA ranged from 0.02 ft/d at well MW-5 to 360 ft/d at well MW-13 (Figure 8).”



Page 9

P25

DRC Comment:

There is good reason to believe that the K value of the aquifer proximate to Well MW-105
is greater than that indicated in the range given in the statement above. As indicated in
Table 3, slug-test data for Well MW-13 were able to be evaluated so as to provide a
hydraulic conductivity value (i.e., 360 ft/d), so apparently the water level response in that
well was not “too fast to analyze”. However, it is said of the slug-test data for Well MW-
105 that these data were not evaluated since the water level response in that well is said to
have been “too fast to analyze.” This implies that the hydraulic conductivity of the aquifer
proximate to Well MW-105 was likely greater than 360 ft/d, the hydraulic conductivity of
the aquifer proximate to Well MW-13. Please discuss this when presenting a range of
hydraulic conductivity values,

RAML Statement:

It is stated under the heading Trace Metals that “the character of the shale in the Jmb
encountered near the bottom of the MW-103 borehole is similar to that encountered at
MW-102DB, which had a very low estimated horizontal and vertical K based on
laboratory tests (on the order of 107 ft/d).” ‘

DRC Comment:

Please revise and clarify the statement above to indicate the heterogeneity in the Jmb at
this location. Only a small portion of the Jmb encountered at MW-102DB had low vertical
and horizontal hydraulic conductivity (K) values measured on the order of 107 ft/d. The
rest of the Jmb tested had, by comparison, relatively high measured K values. The
statement above, however, fails to make this important distinction.

Use of the phrase “that encountered at MW-102DB” does not clarify the meaning of the
statement, since it is unclear as to whether the term “that” refers simply to “shale”, or to
“shale in the Jmb encountered near the bottom of the MW-103 borehole.” If the reference
is to Jmb shale, or shale in general, then the statement quoted above is potentially
misleading, since some of the Jmb shale in the core from MW-102DB had laboratory-
measured hydraulic conductivities four orders of magnitude greater than 107 fr/d.

If, on the other hand, the reference is to “shale in the Jmb encountered near the bottom of
the MW-103 borehole”, then that comparison is irrelevant. This is because Jmb shale at the
bottom of different boreholes in the area could arbitrarily be at different depths and could
consist of different types of rock layers having different hydraulic characteristics. The rock
in the Jmb is highly heterogeneous in places. The depths of boreholes in Jmb in the local
area are somewhat arbitrary, and the character of the rock at the bottom of one particular
borehole may have little or nothing to do with the character of rock at the base of another
Jmb borehole in the area. Thus, there is no basis for hydraulic comparison among different
boreholes or wells related to “shale in the Jmb encountered near the bottom of the”
borehole. '
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As demonstrated by slug testing (see Table 3 and Figure 9), the screened portion of the
Jmb encountered at MW-102DB (located at a different elevation interval than that
associated with the sample tested in the laboratory as referenced in the statement) had an
average hydraulic conductivity of 0.7 ft/day. This is about five orders of magnitude greater
than the low K value for shale proximate to MW-102DB that is reported in the statement
quoted above. This is vital to understand, since such a relatively high K value in the Jmb
could and would potentially permit on a local basis both vertical and lateral components of
flow in rock beneath or into the conventionally identified aquifer. For areas north, west or
northwest of MW-102DB, the DRC has concerns that groundwater may potentially be
flowing through and crossing past the BCF “dry zone” of the anticline through the
underlying Jmb.

Thus, there is the potential for a casual reader to be misled when reading the statement in
the Report, since, without appropriate context, the statement seems to imply that the Jmb
shale “encountered at MW-102DB . . . had a very low estimated horizontal and vertical
K,” whereas, in reality, the upper portion of the Jmb appears to have a relatively high
horizontal K values, i.e., four to five orders of magnitude greater that referenced in the
quoted statement above. This K value is similar to or even greater than that of the
overlying aquifer. Since an understanding of the nature and character of the fractured Jmb
shale in this well may be critical to understanding contaminant fate and transport in this
area, it is important to clarify the meaning of the statement above, and to place it in proper
context, for the technical or regulatory reader. Please do that.

RAML Statement:

Visual inspection of the Phase 1 groundwater quality data included in Table 7
indicates that all three sampling methods provide comparable analytical results.
These results indicate that the no purge method using the HydraSleeve and minimal
purge low-flow method resulted in groundwater quality data comparable to
groundwater samples collected using the traditional volume-based purge method.
These results suggest that all three sampling methods would be adequate for
compliance monitoring,

DRC Comment:

The DRC agrees that analytical results from the three different sampling methods as
shown in Table 7 generally appear to be relatively consistent in the case of dissolved metal
constituents. An exception occurs in the case of sampling groundwater from the Jmb Well
MW-102DB, as is discussed elsewhere in this review, and as is discussed in several places
in the Report. The anomalous results appear likely to be the consequence of pulling down
groundwater from the overlying plume in connection with traditional Purge-Based
Sampling. This sampling approach appears to have resulted in reported uranium
concentrations, for example, being ~274 times the values obtained using Low-Flow
Sampling or HydraSleeve Sampling.

On the other hand, analytical results for site wells differ greatly, and do not appear to be
consistent, for the field parameters turbidity, dissolved oxygen (DO), and oxidation-

10
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reduction potential (ORP). This is shown in the attached Figures 1,2 and 3 (for
HydraSleeve Sampling) and Figures 4, 5 and 6 (for Low-Flow Sampling) in this review.
This finding, by itself, does not support the contentions expressed as generalities in the
current version of the Report that all three sampling approaches yield “comparable
analytical results” and that “these results suggest that all three sampling methods would be
adequate for compliance monitoring.”

The discrepancies found for these field parameters, on the other hand, are likely functions
of impacts of purging on concentrations of either particles or dissolved gases in the wells,
and also of differences in elevation of measured parameters when different sampling
approaches were used during field sampling. It is not clear from these studies that the
Traditional Purge-Based Sampling method necessarily provides the most representative
samples of groundwater in the aquifer, although that might indeed be the case. With
HydraSleeve and Low-Flow Sampling, samples during field testing are said to have been
obtained at a mid-screen depth, whereas samples collected using the Traditional Purge-
Based Sampling appear to have been obtained from near the top of the water column
(within 3-5 feet; see the Phase 1 Plan). This difference in vertical location of sampling in
the different approaches may give different results, particularly for long saturated portions
of screens (e.g., 30 to 70 feet long).

Notwithstanding the DRC concerns about the field parameters, the dissolved metals values
seem to be consistent and comparable between different types of sampling approaches. An
example is shown in this review’s Figure 7. It shows uranium concentrations for samples
obtained via Low-Flow Sampling plotted against concentrations for samples from the
same wells obtained via Traditional Purge-Based Sampling. Similar results are obtained
when comparing HydraSleeve Sampling with Traditional Purge-Based Sampling.

Please justify the Report’s characterization of this project’s sample results using different
sampling methods as being consistent and comparable, when, in the case of turbidity, DO
and ORP, the sample results appear to be inconsistent and incomparable.

If you have any questions, please do not hesitate to contact me at 801-536-4259.

Sincerely,

il T sy

David Edwards
Environmental Scientist

DE/de
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APPENDIX B

SUMMARY OF WELL INSTALLATION METHODS,
WELL SCHEMATICS AND LITHOLOGIC LOGS
RIO ALGOM MINING LLC, LISBON FACILITY

A total of 27 new monitor wells were installed in 2012 and 2013 during the two-phased
Supplemental Site Assessment (SSA) field program conducted at Rio Algom Mining LLC’s
Lisbon Facility (Site) (Figure 4). As part of Phase 1 of the SSA, eight monitor wells were
installed on the Site during the period from September 9 to October 31, 2012. The remaining
19 monitor wells were installed on Bureau of Land Management (BLM) land west and south of
the Site, during Phase 2 of the SSA from August 20 to October 11, 2013. The wells were
designed and constructed in compliance with UAC R317-6-6.3(1)(6), the Utah Division of
Water Rights Standards (R655-4 UAC), and the Resource Conservation and Recovery Act
guidance document entitled Ground Water Monitoring Technical Enforcement Guidance
Document (U.S. Environmental Protection Agency, 1986). Well construction activities were
generally conducted in accordance with procedures described in the approved Phase 1 and
Phase 2 work plans. Modifications to the work plans due to unexpected field conditions were
discussed and approved by Utah Department of Environmental Quality, Division of Radiation

Control (DRC) prior to implementation.

Twenty-one monitor wells were completed with screens in the Burro Canyon Aquifer
hydrostratigraphic unit (BCA) within the Burro Canyon Formation (Kbc) and are designated
as BCA wells. Five wells were completed with screens in the Brushy Basin Member (Jmb)
of the Morrison Formation, within the Brushy Basin Member hydrostratigraphic unit (BBM),
and are designated BBM wells. One well was installed south of the Lisbon Fault (LF) and
screened in the Chinle Formation (TRc). The general objectives of the new wells are

summarized below:
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e BCA wells MW-101, MW-102, MW-104, MW-105, MW-108, MW-109,
MW-114, MW-116, MW-118, MW-119, MW-120, and MW-122 were completed
to fully penetrate the BCA.

e BCA wells MW-107S and MW-107D were completed as companion wells, to
fully penetrate the BCA with isolated shallow and deep screens at a single
location.

e BCA wells MW-100, MW-112, MW-113, MW-115S, MW-115M, MW-117S,
and MW-117M were completed as companion wells to existing wells, to screen
the saturated portion of the BCA not screened by the existing companion well.

e BBM wells MW-103, MW-106, MW-110 and MW-111 were completed in the
upper 30 to 50 feet of the Jmb to characterize groundwater conditions in the
BBM.

e BBM well MW-102DB was screened in the BBM beneath BCA.

e Well MW-121 was installed to characterize groundwater conditions south of the
LF. Boring B-2 was advanced south of the LF, but was not completed as a

monitor well.

Drilling was conducted by State of Utah licensed well drillers Boart Longyear
(Phase 1) and National EWP (Phase 2), using reverse-circulation and conventional air drilling
methods. Drilling and well construction activities were directed in the field by qualified
Montgomery & Associates (M&A) hydrogeologists and completed under the supervision of an
M&A Professional Geologist, licensed in the State of Utah. During drilling operations, the
on-site M&A hydrogeologists obtained cuttings samples at minimally 10-foot depth intervals
and maintained continuous lithologic logs of the subsurface materials encountered in each of
the boreholes. Additionally, seven borehole locations were sampled continuously using

coring methods.

The monitor well borings were generally drilled and constructed in a similar manner

during each program phase, although specific adaptations were made on a well-by-well basis
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to accommodate local hydrogeologic conditions. During Phase 1, temporary steel surface
casing was advanced at each drilling location using a casing hammer and seated into
competent bedrock. The boreholes were further advanced to total depth with an air hammer
bit. The temporary steel casing was removed during well construction as the annular well

materials were placed.

During Phase 2, at the majority of locations, boreholes were advanced approximately
5 feet into competent bedrock using a tri-cone bit. After permanent steel surface casing was
cemented in place, the boreholes were further advanced to total depth with an air hammer bit.
At several boring locations near the fault zone, where incompetent sandstone was encountered
during coring or was suspected, the Symmetrix temporary casing advance method was used.
Using this method, an 8-inch diameter casing shoe and locking pilot bit were advanced
allowing temporary threaded steel casing to be installed to total borehole depth. During well
construction, the steel casing was removed as the annular well materials were placed

simultaneously.

During drilling, boreholes were monitored for water production at 10- to 20-foot
increments. At each increment, the boreholes were evacuated of drill water by airlifting and
airlifting continued for a prescribed period of time to determine whether the borehole was
producing water. After total depth was reached at each location, boreholes were evacuated of
drill water by airlifting. In general, water levels were allowed to stabilize before wells were
designed and constructed. During Phase 1, injection water was used sparingly during drilling
to aid in identifying the occurrence of the water table in each borehole. During Phase 2, drill
water was injected at a higher rate to mitigate dust generated during drilling as required by

the BLM Right of Way (ROW) access agreement.

All wells were constructed of flush-threaded, 4-inch diameter, schedule 40, PVC
blank riser, machine-slotted well screen, and end caps. Well screen with horizontal

0.010-inch slots was used for wells installed during Phase 1 and for wells MW-121 and
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MW-122 installed during Phase 2. Well screen with horizontal 0.020-inch slots was used at
all other wells installed during Phase 2. All new wells were completed with lockable, 8-inch

diameter, steel, above-grade monuments, set into four by four-foot concrete pads.
Schematic diagrams of the 27 monitor wells and 1 abandoned boring are presented on

Figures B-1 through B-28. Detailed lithologic logs are provided in Figures B-29 through

B-57. Drilling and well installation activities are described in the following sections.

FULLY PENETRATING BURRO CANYON AQUIFER MONITOR WELLS

Monitor wells MW-101, MW-102, MW-104, MW-105, MW-108, MW-109,
MW-114, MW-118, MW-119, MW-120, and MW-122 were completed as fully penetrating
BCA water table wells, screened across the entire saturated thickness of the aquifer.
MW-116 was installed adjacent to the LF as a BCA water table well. Monitor well MW-118
was originally proposed as a companion well to existing well RL-6, to screen the lower
saturated portion of the BCA. However, RL-6 extends only 4 feet into the BCA and contains
an insufficient amount of water for representative sample collection. MW-118 was

completed as a fully penetrating BCA water table well and replaces RL-6.

At MW-101, MW-102, MW-104, and MW-105, 10-inch diameter temporary surface
casing was advanced to competent bedrock and the boreholes were further advanced using an
8 Y%-inch diameter air hammer bit. The MW-108, MW-109, MW-114, MW-116, MW-119,
MW-120, and MW-122 boreholes were advanced approximately 5 feet into competent
bedrock using a 12 Y-inch diameter tri-cone bit. Eight-inch diameter steel surface casing
was cemented in place and the boreholes were further advanced to total depth using an 8-inch
diameter air hammer bit. The MW-118 borehole was advanced using an 8-inch diameter
Symmetrix casing shoe and locking hammer bit, and temporary steel casing. Drilling

characteristics and specific well construction details for each BCA well are described below.
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MW-101: The MW-101 borehole was advanced to a depth of 165 feet below ground
surface (bgs), approximately five feet below the Kbc/Jmb contact. Unconsolidated
Quaternary eolian and alluvial sediments (Qea) consisting primarily of silty sand were
encountered from ground surface to approximately 5 feet bgs. From 5 to 160 feet bgs, Kbc
was encountered and primarily consisted of well-lithified, fine-grained sandstone with minor
layers of siltstone and limestone in the upper portion of the sequence. Green to red

homogeneous Jmb shale was encountered from 160 to 165 feet bgs.

The occurrence of groundwater was not evident during drilling. However, after the
borehole was advanced to total depth, the water table stabilized at approximately 149 feet bgs

within a 24-hour period.

Monitor well MW-101 was screened from 139 to 159 feet bgs, with the screened
interval extending from just above the Kbc/Jmb contact. From bottom to top, the annular
space of the MW-101 borehole was back filled with coated bentonite pellets from total depth
to the contact at 160 feet bgs, a silica sand filter pack extending 5 feet above the screened
interval, a 2-foot thick layer of fine-grained transitional sand above the filter pack, a

bentonite grout surface seal to 4 feet bgs, and concrete to ground surface.

MW-102: The MW-102 borehole was advanced to a depth of 141 feet bgs,
approximately five feet below the Kbc/Jmb contact. Kbc was encountered from ground
surface to 136 feet bgs, and comprised interbedded limestone and siltstone to 25 feet bgs,
underlain by well-lithified, fine-grained sandstone with minor lenses of interbedded siltstone.

Green to red homogeneous Jmb shale was encountered from 136 to 141 feet bgs.

The occurrence of groundwater was not evident during drilling. After the borehole
was advanced to total depth, the water table stabilized at approximately 124 feet bgs within a

24-hour period.
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Monitor well MW-102 was screened from 116 to 136 feet bgs, with the screened
interval extending from the Kbc/Jmb contact. From bottom to top, the annular space of the
MW-102 borehole was back filled with coated bentonite pellets from total depth to the
contact at 136 feet bgs, a silica sand filter pack extending 4 feet above the screened interval,
a 3-foot thick layer of fine-grained transitional sand above the filter pack, a bentonite grout

surface seal to 3 feet bgs, and concrete to ground surface.

MW-104: In the MW-104 borehole, Kbc consisting of well-lithified, fine-grained
sandstone was encountered from ground surface to approximately 99 feet bgs, underlain by
Jmb shale. After the Kbc/Jmb contact was reached, the borehole was monitored for water
production by airlifting. No evidence of groundwater was observed, and the borehole was
advanced into the Jmb with the intention of constructing a BBM monitor well. Green to red
Jmb shale was encountered from 99 feet bgs to total depth of 232 feet bgs. During continued
drilling, the borehole was advanced without injection water to aid in identifying the first
occurrence of the water table. Evidence of groundwater was not observed and airlifting
yielded no water production at total depth. However, wet mud on the sounder measuring
tape indicated that the borehole sidewalls were wet across the entire interval from
approximately 97 to 232 feet bgs. The borehole was left open and monitored periodically for
water level. After a period of 24 days, water level in the borehole rose to 121 feet bgs.
Water level had not yet stabilized and wet mud on the sounder tape indicated that formation
water was present in the Kbc several feet above the Kbc/Jmb contact. A decision was made
to partially backfill the borehole and complete well MW-104 as a BCA well. Prior to
backfilling and well construction, the water that had accumulated in the borehole was

evacuated.

Monitor well MW-104 was screened from 68.5 to 98.5 feet bgs, with the screened
interval extending from just above the Kbc/Jmb contact. Because the saturated thickness

appeared to be small at this location, a 10-foot blank sump was installed below the screen to
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provide a greater volume of water for future sample collection. From bottom to top, the
annular space of the MW-104 borehole was back filled with hydrated bentonite chips from
total depth to 110 feet bgs, coated bentonite pellets from 110 feet bgs to the Kbc/Jmb contact
at 99 feet bgs, a silica sand filter pack extending 4 feet above the screened interval, a 3-foot
thick layer of fine-grained transitional sand above the filter pack, a bentonite grout surface

seal to 2 feet bgs, and concrete to ground surface.

MW-105: The MW-105 borehole was advanced to a depth of 141 feet bgs,
approximately six feet below the Kbc/Jmb contact. Unconsolidated Qea consisting primarily
of silty sand was encountered from land surface to approximately 10 feet bgs. From 10 to
135 feet bgs, Kbc was encountered and primarily consisted of well-lithified, fine-grained
sandstone with a coarse sandstone to conglomerate layer from 120 to 135 feet bgs. Green to

red homogeneous Jmb shale was encountered from 135 to 141 feet bgs.

The borehole began producing a measureable amount of groundwater at
approximately 80 feet bgs. The borehole produced approximately 20 gallons per minute
(gpm) at total depth. The water table stabilized in the borehole at approximately 75 feet bgs

prior to well construction

Monitor well MW-105 was screened from 64.5 to 134.5 feet bgs, with the screened
interval extending from just above the Kbc/Jmb contact. From bottom to top, the annular
space of the MW-105 borehole was back filled with coated bentonite pellets from total depth
to the contact at 135 feet bgs, a silica sand filter pack extending 5 feet above the screened
interval, a 3-foot thick layer of fine-grained transitional sand above the filter pack, a

bentonite grout surface seal to 3 feet bgs, and concrete to ground surface.

MW-108: The MW-108 borehole was initially advanced to a depth of 20 feet bgs
and 8-inch diameter permanent steel surface casing was cemented in place. The borehole

was further advanced to a depth of 174 feet bgs, approximately 6 feet below the Kbc/Jmb
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contact. Unconsolidated Qea consisting primarily of silty sand was encountered from ground
surface to approximately 11 feet bgs. Kbc was encountered from ground surface to 168 feet
bgs, and primarily consisted of moderately- to well-lithified, fine-grained sandstone, with
layers of siltstone and reddish brown shale from 22 to 42 feet bgs and from 83 to 85 feet bgs.
Greenish blue to reddish brown homogeneous Jmb shale was encountered from 168 to

174 feet bgs.

Beginning at a depth of 60 feet bgs, the MW-108 borehole was monitored for water
production by airlifting at 10-foot increments. The borehole began producing a measureable
amount of groundwater at 100 feet bgs, producing less than 1 gpm. Water production
increased significantly as the borehole was advanced, and the borehole produced
approximately 40 gpm at total depth. Within one hour of final airlifting, the water table
stabilized in the borehole at approximately 26 feet bgs. Water production monitoring
indicated that the aquifer is confined at this location, most likely by the fine-grained siltstone
layers identified above 85 feet bgs. Based on the observed groundwater conditions, the well

was designed to screen the interval below the suspected low-permeability confining layer.

Monitor well MW-108 was screened from 88 to 168 feet bgs, with the screened
interval extending from the Kbc/Jmb contact to just below the fine-grained siltstone layer at
85 feet bgs. From bottom to top, the annular space of the borehole was back filled with
coated bentonite pellets from total depth to the contact at 168 feet bgs, a silica sand filter
pack extending 5 feet above the screened interval, a 6-foot thick layer of hydrated bentonite

chips above the filter pack, and a bentonite grout surface seal to ground surface.

MW-109: Prior to well drilling at the MW-109 drilling location, a 5-inch diameter
(PQ) corehole was advanced to obtain continuous core samples and characterize lithology at
the crest of the Lisbon Valley Anticline (LVA). The corehole was advanced to a depth of
160 feet bgs, approximately six feet below the Kbc/Jmb contact. Unconsolidated Qea

consisting primarily of silty sand was encountered from ground surface to approximately
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3 feet bgs. From 3 to 154 feet bgs, Kbc was encountered and primarily consisted of
well-lithified, fine-grained sandstone with conglomerate layers in the lower portion of the
sequence. Reddish brown homogeneous Jmb shale was encountered from 154 to 160 feet
bgs. The MW-109 well borehole was installed within 10 feet of the coring location. After
8-inch diameter permanent steel surface casing was cemented in place to 12 feet bgs, the
borehole was further advanced to a depth of 155 feet bgs, approximately one foot below the
Kbc/Jmb contact.

The occurrence of groundwater was not evident during drilling. After drill water was
evacuated by airlifting, the borehole produced approximately 1 gpm at total depth. The water
table stabilized in the borehole at approximately 135 feet bgs within a 12-hour period

(overnight) prior to well construction.

Monitor well MW-109 was screened from 124 to 154 feet bgs, with the screened
interval extending from the Kbc/Jmb contact. From bottom to top, the annular space of the
borehole was back filled with coated bentonite pellets from total depth to the contact at
154 feet bgs, a silica sand filter pack extending 5 feet above the screened interval, a 7-foot
thick layer of hydrated bentonite chips above the filter pack, and a bentonite grout surface

seal to ground surface.

MW-114: The MW-114 borehole was initially advanced to a depth of 25 feet bgs
and 8-inch diameter permanent steel surface casing was cemented in place. The borehole
was further advanced to a depth of 204 feet bgs, approximately 6 feet below the Kbc/Jmb
contact. Unconsolidated Qea consisting primarily of silty sand was encountered from ground
surface to approximately 22 feet bgs. From 22 to 198 feet bgs, Kbc was encountered and
primarily consisted of well-lithified, fine- to medium-grained sandstone with minor layers of
siltstone and limestone in the upper portion of the sequence. Greenish blue to reddish brown

homogeneous Jmb shale was encountered from 198 to 204 feet bgs.



" 72 MONTGOMERY 10

o & ASSOCIATES

The borehole began producing a measureable amount of groundwater at
approximately 70 feet bgs. The borehole produced approximately 20 gpm at total depth.
The water table stabilized in the borehole at approximately 58 feet bgs prior to well

construction.

Monitor well MW-114 was screened from 48 to 198 feet bgs, with the screened
interval extending from the Kbc/Jmb contact. From bottom to top, the annular space of the
borehole was back filled with coated bentonite pellets from total depth to the contact at
198 feet bgs, a silica sand filter pack extending 6 feet above the screened interval, a 4-foot
thick layer of hydrated bentonite chips above the filter pack, and a bentonite grout surface

seal to ground surface.

MW-116: The MW-116 drill site was selected to characterize groundwater
conditions in close proximity to the LF normal fault. Prior to well drilling, a PQ corehole
was advanced and core samples were obtained to characterize fault zone geology in this area
and to determine the location of the boring relative to the LF. Unconsolidated Qea consisting
primarily of silty sand was encountered from ground surface to approximately 11 feet bgs,
underlain by weakly- to moderately-lithified, interbedded fine-grained sandstone and
siltstone to 33 feet bgs. Interbedded layers of gray shale, siltstone, and sandstone were
encountered from 33 to 58 feet bgs. The lithology encountered in the upper sequence at the
MW-116 location differed significantly from the Kbc lithology observed in nearby borings.
Based on the occurrence of carbonized fossil wood from 33 to 38 feet bgs, characteristic of
TRc, a determination was made in the field that the boring had penetrated the footwall of the

LF normal fault plane. The corehole was terminated at 58 feet bgs.

Based on field observations, well MW-116 was expected to be screened in the TRc,
within the footwall formation on the south side of the LF. The MW-116 well borehole was
installed within 10 feet of the coring location. After 8-inch diameter permanent steel surface

casing was cemented in place to 20 feet bgs, the borehole was further advanced to a depth of
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123 feet bgs. The lithology encountered from ground surface to 58 feet bgs was similar to
that observed in the corehole. Interbedded siltstone and fine-grained sandstone was
encountered from 58 to 83 feet bgs, underlain by clayey shale from 83 to 96 feet bgs,
interbedded fine- to medium-grained sandstone and siltstone from 96 to 110 feet bgs, and

siltstone to 123 feet bgs.

Beginning at a depth of 80 feet bgs, the MW-116 well borehole was monitored for
water production by airlifting at 10-foot increments. Groundwater was first observed at
100 feet bgs, with the borehole producing less than 1 gpm. At total depth, the borehole
produced approximately 5 gpm. Within one hour of final airlifting, the water table stabilized
in the borehole at approximately 85 feet bgs. Based on the observed groundwater conditions,
the well was designed to screen the interval below the low-permeability layer identified from

83 to 96 feet bgs.

Monitor well MW-116 was screened from 102 to 122 feet bgs. From bottom to top,
the annular space of the borehole was back filled with a silica sand filter pack extending
5 feet above the screened interval, a 5-foot thick layer of hydrated bentonite chips above the

filter pack, and a bentonite grout surface seal to ground surface.

Following the completion of monitor well MW-116, the MW-121 borehole was
advanced approximately 1,000 feet to the south, in a location known to be south of the LF.
In the MW-121 borehole, TRc was encountered from 164 to 203 feet bgs and consisted of
greenish gray to reddish brown thinly laminated shale. Based on lithology encountered in the
MW-121 borehole, the cuttings from the MW-116 borehole were re-examined. It was
concluded that the MW-116 borehole was advanced into Kbc in close proximity to the LF
and the borehole did not penetrate the fault plane. MW-116 is screened in Kbc on the north
side of the LF.
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MW-118: As proposed in the Phase 2 work plan, the MW-118 borehole was
advanced adjacent to existing well RL-6 to determine if RL-6 is screened in a perched water
zone or the regional groundwater. Existing monitor well RL-6 was completed to a depth of
17 feet bgs, and contains approximately 4 feet of water. A description of the lithology
encountered during installation is not available and the rationale for the shallow construction
is unknown. The findings of exploratory borehole would determine the MW-118 well

design, based on whether or not a “perching unit” was encountered.

Prior to well drilling at the MW-118 location, a PQ corehole was advanced to obtain
undisturbed samples for detailed lithologic characterization. The corehole was advanced to a
depth of 78 feet bgs, approximately 13 feet below the Kbc/Jmb contact. Unconsolidated Qea
consisting primarily of silty sand was encountered from ground surface to approximately
12 feet bgs. Kbc was encountered from 12 to 65 feet bgs and consisted of alternating layers
of fine- to medium-grained unconsolidated sand, weathered and poorly-lithified sandstone,
and well-lithified sandstone. Greenish blue homogeneous Jmb shale was encountered from
65 to 78 feet bgs. Suspected perching units were not identified in the Kbc core samples from
12 to 65 feet bgs. Based on the corehole lithology, RL-6 is installed in the BCA. The
incompetent sandstone observed in the core samples indicates sloughing conditions may have

prevented deeper well construction.

To maintain borehole stability during drilling and well construction, the MW-118
well borehole was advanced to total depth using the Symmetrix drilling method. The well
borehole was installed within 10 feet of the coring location, and was advanced to a depth of
69 feet bgs, approximately four feet below the Kbc/Jmb contact. During drilling, the
MW-118 borehole began producing a measureable amount of groundwater at approximately
15 feet bgs. At total depth, the borehole produced approximately 5 gpm. The water table

stabilized in the borehole at approximately 15 feet bgs prior to well construction.
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Because RL-6 is shallow and contains an insufficient amount of water for
representative sample collection, MW-118 was completed as a fully penetrating BCA water
table well, screened across the entire saturated thickness of the aquifer. Monitor well
MW-118 was screened from 10 to 65 feet bgs, with the screened interval extending from the
Kbc/Jmb contact. From bottom to top, the annular space of the borehole was back filled with
coated bentonite pellets from total depth to the contact at 65 feet bgs, a silica sand filter pack
extending 2 feet above the screened interval, a 3-foot thick layer of hydrated bentonite chips

above the filter pack, and a bentonite grout surface seal to ground surface.

MW-119: The MW-119 borehole was initially advanced to a depth of 17 feet bgs
and 8-inch diameter permanent steel surface casing was cemented in place. The borehole
was further advanced to a depth of 104 feet bgs, approximately 31 feet below the Kbc/Jmb
contact. Unconsolidated Qea consisting primarily of silty sand was encountered from ground
surface to approximately 5 feet bgs. From 5 to 73 feet bgs, Kbc was encountered and
primarily consisted of moderately-lithified, fine- to medium-grained sandstone with minor

interbedded siltstone layers. Reddish brown homogeneous Jmb shale was encountered from

73 to 104 feet bgs.

The occurrence of groundwater was not evident during drilling. However, after the
borehole was advanced to the Kbc/Jmb contact at 73 feet bgs, drill water was evacuated by
airlifting and the water table stabilized at approximately 70 feet bgs within a 12-hour period
(overnight). Because the BCA saturated thickness appeared to be small at this location, the
borehole was further advanced into the Jmb to accommodate a blank sump below the

screened interval to provide a greater volume of water for future sample collection.

Monitor well MW-119 was screened from 53 to 73 feet bgs, with the screened
interval extending from the Kbc/Jmb contact. A 15-foot blank sump was installed below the
screened interval. From bottom to top, the annular space of the borehole was back filled with

coated bentonite pellets from total depth to 74 feet bgs, a silica sand filter pack extending
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7 feet above the screened interval, a 3-foot thick layer of hydrated bentonite chips above the

filter pack, and a bentonite grout surface seal to ground surface.

MW-120: The MW-120 borehole was initially advanced to a depth of 40 feet bgs
and 8-inch diameter permanent steel surface casing was cemented in place. The borehole
was further advanced to a depth of 260 feet bgs, approximately 14 feet below the Kbc/Jmb
contact. Unconsolidated Qea consisting primarily of silty sand was encountered from ground
surface to approximately 18 feet bgs. From 18 to 246 feet bgs, Kbc was encountered and
consisted of moderately- to well-lithified, fine-grained sandstone with interbedded layers of
conglomerate and siltstone. Greenish gray to reddish brown homogeneous Jmb shale was

encountered from 246 to 260 feet bgs.

The borehole began producing a measureable amount of groundwater at
approximately 130 feet bgs. The borehole produced approximately 20 gpm at total depth.
The water table stabilized in the borehole at approximately 125 feet bgs prior to well

construction.

Monitor well MW-120 was screened from 115 to 245 feet bgs, with the screened
interval extending from the Kbc/Jmb contact. From bottom to top, the annular space of the
borehole was back filled with coated bentonite pellets from total depth to the contact at
245 feet bgs, a silica sand filter pack extending 6 feet above the screened interval, a 10-foot
thick layer of hydrated bentonite chips above the filter pack, and a bentonite grout surface

seal to ground surface.

MW-122: The MW-122 borehole was initially advanced to a depth of 10 feet bgs
and 8-inch diameter permanent steel surface casing was cemented in place. The borehole
was further advanced to a depth of 203 feet bgs, approximately 7 feet below the Kbc/Jmb
contact. Kbc was encountered from ground surface to 195 feet bgs, and comprised

moderately- to well-lithified, fine-grained sandstone with minor layers of interbedded
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siltstone. Jmb was encountered at 195 feet bgs and comprised yellowish gray to blue clay
from 195 to 200 feet bgs, underlain by reddish brown homogeneous shale from 200 to
203 feet bgs.

The occurrence of groundwater was not evident during drilling. At total depth, drill
water was evacuated from the borehole by airlifting. After a monitoring period of 12 hours,
the borehole contained a small amount of water, but did not produce a measureable amount
of water during airlifting. A decision was made to build the well at the Kbc/Jmb contact,

with the screened interval across the lower portion of the Kbec.

Monitor well MW-122 was screened from 156 to 196 feet bgs, with the screened
interval extending from the Kbc/Jmb contact. From bottom to top, the annular space of the
borehole was back filled with coated bentonite pellets from total depth to the contact at
196 feet bgs, a silica sand filter pack extending 8 feet above the screened interval, a 10-foot
thick layer of hydrated bentonite chips above the filter pack, and a bentonite grout surface

seal to ground surface.

COMPANION BURRO CANYON AQUIFER MONITOR WELLS

Monitor wells MW-100, MW-112, MW-113, MW-115S, MW-115M, MW-1178S, and
MW-117M were completed as companion wells to existing wells, to screen the upper
saturated portion of the BCA not screened by the existing companion well. Monitor wells
MW-107S and MW-107D were completed as new companion wells, to fully penetrate the

BCA with isolated shallow and deep screens at a single location.

After temporary surface casing was installed to bedrock, the MW-100 borehole was
advanced to total depth using an 8 %-inch diameter air hammer bit. The MW-112,
MW-113, and MW-115S boreholes were advanced approximately 5 feet into competent
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bedrock using a 12 Y-inch diameter tri-cone bit. Eight-inch diameter steel surface casing
was cemented in place, and the boreholes were further advanced to total depth using a 8-inch
diameter air hammer bit. The MW-107S, MW-107D, and MW-117S boreholes were
advanced using an 8-inch diameter Symmetrix casing shoe and locking hammer bit, and
temporary steel casing. The MW-115M and MW-117M boreholes were advanced using a
combination of the drilling methods. The boreholes were initially advanced approximately
5 feet into competent bedrock using a 19-inch diameter tri-cone bit. Fourteen-inch diameter
steel surface casing was cemented in place and the boreholes were further advanced using a
10-inch diameter air hammer bit. Because of sloughing conditions, the boreholes were
re-entered with the 8-inch diameter Symmetrix bit and temporary casing to stabilize the
boreholes for well construction. Drilling characteristics and specific well construction details

for each BCA companion well are described below.

MW-100: The MW-100 boring was advanced to a depth of 208 feet bgs, adjacent to
existing monitor well LW-1. Unconsolidated Qea consisting primarily of silty sand was
encountered from ground surface to approximately 5 feet bgs. Weakly- to well-lithified,
interbedded, fine grained sandstone, shale, and siltstone of the Dakota Sandstone (Kd) were
encountered from 5 to 70 feet bgs. Kbc was encountered from 70 feet bgs to total depth of
208 feet bgs and comprised siltstone and limestone underlain by moderately- to well-

lithified, fine- to coarse-grained sandstone, generally coarsening with depth.

The borehole began producing a measureable amount of groundwater at
approximately 170 feet bgs. The borehole produced approximately 10 gpm at total depth.
The water table stabilized in the borehole at approximately 145 feet bgs prior to well

construction.

Monitor well MW-100 was screened from 138 to 203 feet bgs, with the bottom of the
screened interval approximately at the elevation of the top of the well screen in LW-1. From

bottom to top, the annular space of the MW-100 borehole was back filled with a silica sand
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filter pack extending 5 feet above the screened interval, a 3-foot thick layer of fine-grained
transitional sand above the filter pack, a bentonite grout surface seal to 4 feet bgs, and

concrete to ground surface.

MW-107S and MW-107D: Prior to well drilling at the MW-107S and MW-107D

drilling locations, a PQ corehole was advanced to characterize fault geology near the LF.
The corehole was advanced to a depth of 85 feet bgs, approximately 5 feet below the
Kbc/Jmb contact. Unconsolidated Qea consisting primarily of silty sand was encountered
from ground surface to approximately 5 feet bgs. Kbc was encountered from 5 to 80 feet bgs
and consisted of alternating layers of fine- to medium-grained unconsolidated sand,
weathered and poorly-lithified sandstone, and well-lithified sandstone. Greenish blue
homogeneous Jmb shale was encountered from 80 to 85 feet bgs. To maintain borehole
stability during drilling and well construction, the MW-107S and MW-107D well boreholes
were advanced to total depth using the Symmetrix drilling method. The well boreholes were
installed within 10 feet of the coring location. The deeper MW-107D borehole was drilled
first and advanced to a depth of 81 feet bgs, approximately one foot below the Kbc/Jmb
contact. The shallow MW-107S borehole was advanced to a depth of 61 feet bgs.

The MW-107D borehole began producing a measureable amount of groundwater at
approximately 60 feet bgs. At total depth, the borehole produced approximately 8 gpm. The
water table stabilized in the borehole at approximately 50 feet bgs prior to well construction.
The lower and upper screened intervals for MW-107D and MW-107S, respectively, were
designed based on the static water level observed in the MW-107D borehole.

Monitor well MW-107D was screened from 60 to 80 feet bgs, with the screened
interval extending from the Kbc/Jmb contact. From bottom to top, the annular space of the
borehole was back filled with coated bentonite pellets from total depth to the contact at

80 feet bgs, a silica sand filter pack extending 5 feet above the screened interval, a 6-foot
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thick layer of hydrated bentonite chips above the filter pack, and a bentonite grout surface

seal to ground surface.

Monitor well MW-107S was screened from 30 to 60 feet bgs, with the bottom of the
screened interval at the approximate elevation of the top of the MW-107D well screen. From
bottom to top, the annular space of the borehole was back filled with a silica sand filter pack
extending 5 feet above the screened interval, a 5-foot thick layer of hydrated bentonite chips

above the filter pack, and a bentonite grout surface seal to ground surface.

MW-112: The MW-112 borehole was advanced adjacent to existing monitor well
ML-1. The borehole was initially advanced to a depth of 20 feet bgs and 8-inch diameter
permanent steel surface casing was cemented in place. The borehole was further advanced to
a depth of 143 feet bgs. Unconsolidated Qea consisting primarily of silty sand was
encountered from ground surface to approximately 15 feet bgs. Kbc was encountered from
15 to 143 feet bgs and comprised interbedded moderately- to well-lithified, sandstone,
limestone, and siltstone to 40 feet bgs, underlain by fine-grained sandstone with minor layers

of interbedded siltstone.

The borehole began producing a measureable amount of groundwater at
approximately 90 feet bgs. At total depth, the borehole produced approximately 14 gpm.
The water table stabilized in the borehole at approximately 44 feet bgs prior to well

construction.

Monitor well MW-112 was screened from 35 to 140 feet bgs, with the bottom of the
screened interval approximately at the elevation of the top of the well screen in ML-1. From
bottom to top, the annular space of the borehole was back filled with a silica sand filter pack
extending 5 feet above the screened interval, a 5-foot thick layer of hydrated bentonite chips

above the filter pack, and a bentonite grout surface seal to ground surface.
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MW-113: The MW-113 borehole was advanced adjacent to existing monitor well
EF-6. The borehole was initially advanced to a depth of 18 feet bgs and 8-inch diameter
permanent steel surface casing was cemented in place. The borehole was further advanced to
a depth of 105 feet bgs. Unconsolidated Qea consisting primarily of silty sand was
encountered from ground surface to approximately 11 feet bgs. Kbc was encountered from
11 to 105 feet bgs, and consisted primarily of weakly- to well-lithified, fine-grained

sandstone with minor layers of limestone and siltstone in the upper portion of the sequence.

The occurrence of groundwater was not evident during drilling. After the borehole
was advanced to total depth and drill water was evacuated by airlifting, the borehole
produced approximately 2 gpm. The water table stabilized in the borehole at approximately

67 feet bgs prior to well construction.

Monitor well MW-113 was screened from 58 to 103 feet bgs, with the bottom of the
screened interval approximately at the elevation of the top of the well screen in EF-6. From
bottom to top, the annular space of the borehole was back filled with a silica sand filter pack
extending 6 feet above the screened interval, a 5-foot thick layer of hydrated bentonite chips

above the filter pack, and a bentonite grout surface seal to ground surface.

MW-115S and MW-115M: As proposed in the Phase 2 work plan, a borehole was

advanced adjacent to existing well EF-8 for the installation of a single new companion well
with a well screen spanning the entire upper portion of BCA saturated interval not screened
by EF-8. The borehole was initially advanced to a depth of 20 feet bgs and 8-inch diameter
permanent steel surface casing was cemented in place. The borehole was further advanced to
the target depth of 218 feet bgs. Unconsolidated Qea consisting primarily of silty sand was
encountered from ground surface to approximately 17 feet bgs. Kbc was encountered from
17 to 218 feet bgs, and consisted primarily of moderately- to well-lithified, fine-grained
sandstone from 17 to 40 feet bgs, underlain by interbedded moderately-lithified siltstone and
sandstone from 40 to 130 feet bgs. From 130 to 218 feet bgs, Kbc primarily consisted of
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fine- to medium-grained, moderately-lithified sandstone interbedded with conglomerate.

Significant fractures and voids were encountered from 130 to 218 feet bgs.

After total depth was reached and the tooling was removed, the borehole sloughed
and became obstructed at approximately 135 feet bgs. Repeated attempts to clear the
borehole with the air hammer were unsuccessful. Use of the Symmetrix casing advance
method to remove the slough and stabilize the borehole was prevented by the 8-inch diameter
surface casing. With DRC approval, the decision was made to complete a shallow monitor
well, designated MW-115S, in the borehole above the sloughed zone, to screen the upper
portion of the BCA. A second intermediate well, designated MW-115M, would be installed

with a screen spanning the interval between the MW-115S and EF-8 well screens.

The MW-115S borehole began producing a measureable amount of groundwater at
approximately 100 feet bgs. At total depth of 218 feet bgs, the borehole produced
approximately 25 gpm. Prior to well construction, the water table stabilized in the borehole

at approximately 75 feet bgs.

Prior to MW-115S well construction, the lower portion of the borehole from 125 to
218 feet bgs was abandoned. The drill string was advanced to total depth and high solids
bentonite grout was injected through the drill rods and bit as the tooling was retrieved.
Monitor well MW-115S was constructed in the upper portion of the borehole, with a screened
interval from 60 to 125 feet bgs. From bottom to top, the upper annular space of the borehole
was back filled with a silica sand filter pack from 125 to 50 feet bgs, a 10-foot thick layer of
hydrated bentonite chips above the filter pack, and a bentonite grout surface seal to ground

surface.

The first attempt at MW-115M well installation was unsuccessful. The first borehole
was advanced approximately 45 feet north of the completed MW-115S well. The borehole

was initially advanced to a depth of 20 feet bgs and 14-inch diameter permanent steel surface
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casing was cemented in place to accommodate the potential use of the Symmetrix drilling
method. The borehole was further advanced using a 10-inch diameter air hammer bit. The
lithology and groundwater conditions encountered were similar to those observed in the
MW-115S borehole.  Kbc comprised interbedded, moderately-lithified, fine-grained
sandstone and siltstone from 18 to 110 feet bgs, underlain by fractured, moderately-lithified,
fine-grained sandstone to 160 feet bgs. The borehole began producing a measureable amount
of groundwater at approximately 100 feet bgs and water production increased with depth.
When the MW-115M borehole reached a depth of 150 feet bgs, cuttings return and fluid
circulation were lost. At 155 feet bgs, groundwater began flowing from adjacent well
MW-115S. A decision was made to stop drilling at 160 feet bgs to prevent possible damage
to well MW-115S. The borehole was abandoned with high solids bentonite grout and capped

with neat cement from 5 feet bgs to ground surface.

A second MW-115M borehole was advanced approximately 45 feet south of well
MW-115S. To prevent potential groundwater flow from adjacent wells EF-8 and MW-115S
during drilling, temporary 4-inch diameter rubber bell plugs, designed to expand and seal
under pressure, were installed just above the screened intervals. After 14-inch surface casing
was installed to 20 feet bgs, the MW-115M borehole was further advanced using a 10-inch
diameter air hammer bit to a depth of 225 feet bgs. The lithology and groundwater
conditions encountered were similar to those observed in the adjacent MW-115S borehole.
To maintain borehole stability for well construction, Symmetrix temporary casing was
advanced to total depth. As the pilot bit and rods were removed, unconsolidated sand heaved
into the temporary casing to a depth of 190 feet bgs. The Symmetrix temporary casing was
further advanced past the incompetent zone to a depth of 240 feet bgs. Well-lithified
sandstone, encountered from 230 to 240 feet bgs, prevented heaving sands from re-entering

the temporary casing.

Intermediate monitor well MW-115M was screened from 125 to 215 feet bgs, with

the bottom of the screened interval approximately at the elevation of the top of the well
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screen in EF-8. Because the Symmetrix drilling method was used for the final drill pass and
the borehole was advanced deeper than anticipated, a blank sump was required from 215 to
240 feet bgs. Using the Symmetrix method, the well casing is lowered into the temporary
steel casing and rests on the bottom of the borehole as the temporary casing is retrieved and
annular materials are placed. Heaving sands prevented the retrieval of the temporary casing
and placement of annular materials before the well casing was placed, and the blank section
was required to achieve the desired screened interval depth. From bottom to top, the annular
space of the borehole was back filled with a silica sand filter pack extending 10 feet above
the screened interval, a 23-foot thick layer of hydrated bentonite chips above the filter pack,

and a bentonite grout surface seal to ground surface.

MW-117S and MW-117M: The Phase 2 work plan proposed the installation of two

companion wells adjacent to existing well EF-3A. One new well was proposed to screen the
upper saturated portion of the BCA not screened by well EF-3A. The second new well was
proposed as a BBM well, screened beneath saturated BCA. At the deep well location, the
installation of a permanent steel 8-inch diameter conductor casing string was required to seal
off the BCA and prevent cross contamination to the BBM. Once the steel casing string was
cemented in place from ground surface to the Kbc/Jmb contact, the borehole would be
advanced into the Jmb and the well built with 30 feet of screened interval in the BBM.
Installation of the conductor casing was contingent upon the borehole remaining open while
the conductor casing joints were welded and the casing string was lowered to the desired

depth.

Initially, a PQ corehole was advanced to a depth of 212 feet bgs, approximately
14 feet below the Kbc/Jmb contact. Unconsolidated Qea consisting primarily of silty sand
was encountered from ground surface to approximately 21 feet bgs. Kbc was encountered
from 21 to 198 feet bgs. Kbc consisted of fine-grained, moderately- to well-lithified
sandstone from 21 to 48 feet bgs, underlain by moderately-lithified, interbedded siltstone and
sandstone to 98 feet bgs. From 98 to 198 feet bgs, Kbc primarily consisted of fine- to
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medium-grained, well-lithified sandstone interbedded with minor limestone layers. Two
significant zones of unconsolidated sand to very weakly-lithified sandstone were identified
from 127 to 130 feet bgs and from 144 to 145 feet bgs. Greenish blue to reddish brown

homogeneous Jmb shale was encountered from 198 to 212 feet bgs.

After coring was completed, the borehole intended for the installation of the BBM
well was initially advanced to a depth of 19 feet bgs and 14-inch diameter permanent steel
surface casing was cemented in place. The borehole was further advanced using a 10-inch
diameter air hammer bit to a depth of 210 feet bgs, approximately 12 feet below the
Kbc/Jmb. The lithology encountered was similar to that observed at the adjacent cored
location. As the tooling was removed, the borehole sloughed and became obstructed at
131 feet bgs. Repeated attempts to clear the borehole were unsuccessful, preventing the
installation of the 8-inch conductor casing. With DRC approval, the decision was made to
abort the BBM well design. Instead, an intermediate BCA well, designated MW-117M,
would be constructed in the borehole and discretely screened across the identified zones of
the incompetent, weakly-lithified sandstone. A second shallow BCA well, designated
MW-1178S, would be installed to screen the remaining upper saturated portion of the BCA.

During drilling, the MW-117M borehole began producing a measureable amount of
groundwater at approximately 110 feet bgs. At total depth, the borehole produced
approximately 20 gpm. The water table stabilized in the borehole at approximately 82 feet
bgs.

Prior to construction of intermediate well MW-117M, the lower portion of the
borehole from 150 to 210 feet bgs was abandoned. The drill string was advanced to total
depth and high solids bentonite grout was injected through the drill rods and bit as the tooling
was retrieved. After the lower portion of the borehole was abandoned, Symmetrix temporary
casing was advanced to 150 feet bgs to maintain borehole stability during well construction.

Monitor well MW-117M was screened from 125 to 150 feet bgs, with the bottom of the
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screened interval approximately at the elevation of the top of the well screen in EF-3A.
From bottom to top, the upper annular space of the borehole was back filled with a silica
sand filter pack from 150 to 121 feet bgs, a 2-foot thick layer of hydrated bentonite chips

above the filter pack, and a bentonite grout surface seal to ground surface.

The MW-117S well borehole was advanced to a depth of 128 feet bgs using the
Symmetrix drilling method, to maintain borehole stability during drilling and well
construction. The lithology and groundwater conditions encountered were similar to those
observed at the adjacent MW-117M borehole. Monitor well MW-117S was screened from
70 to 125 feet bgs. From bottom to top, the annular space of the borehole was back filled
with a silica sand filter pack extending 7 feet above the screened interval, a 10-foot thick
layer of hydrated bentonite chips above the filter pack, and a bentonite grout surface seal to

ground surface.

During development activities at well MW-117M, field parameter monitoring
indicated that pH was significantly higher (12.3) than pH observed in adjacent wells EF-3A
and MW-117S (7.5 — 7.9). It was suspected that the bentonite grout used to decommission
the lower portion of the borehole, from 150 to 210 feet bgs, may have heaved into the lower
portion of the well screen, resulting in basic conditions. Approximately 0.5 cubic feet of
bentonite grout was removed from the bottom of the well using a bailer, and the well was
developed aggressively to remove any additional grout. After approximately 1,800 gallons
of water was removed with a temporary pump, the water cleared of grout and pH stabilized
at 9.8. Groundwater sampling conducted at the well in April 2014 indicated that pH is
decreasing (Appendix H).
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BRUSHY BASIN MEMBER MONITOR WELLS

Monitor wells MW-103, MW-106, MW-110, and MW-111 were completed to
monitor water table conditions in the BBM. At MW-103 and MW-106, temporary surface
casing was advanced to competent bedrock and the boreholes were further advanced using an
8 %-inch diameter air hammer bit. The MW-110 and MW-111 boreholes were advanced
approximately 5 feet into competent bedrock using a 12 Y4-inch diameter tri-cone bit, 8-inch
diameter steel surface casing was cemented in place, and the boreholes were further
advanced to total depth using an 8-inch diameter air hammer bit. Monitor well MW-102DB
was screened in the BBM beneath the BCA. A steel conductor casing was installed to the
Kbc/Jmb contact and cemented in place to seal off the BCA aquifer and prevent cross
contamination to the BBM. Drilling characteristics and specific well construction details for

each BBM well are described below.

MW-102DB: The MW-102DB borehole was initially advanced with a PQ core
barrel to retrieve continuous core samples. The cored borehole was advanced to a depth of
140 feet bgs, approximately four feet below the Kbc/Jmb contact. Once the contact was
reached, a 12 “s-inch diameter corehole-chasing hammer bit was used to ream the borehole to
140 feet bgs. An 8 Y%-inch diameter welded blank steel conductor casing string was then
installed from ground surface to 140 feet bgs, and cement was placed using a tremie pipe in
the annular space between the steel casing and the 12 Yi-inch borehole. After a period of
6 days, the borehole was advanced with the core barrel to a depth of 170 feet bgs. An 8-inch
diameter tricone corehole-chaser bit was then used to ream and advance the borehole to total

depth of 178 feet bgs.

In the cored MW-102DB borehole, Kbc was encountered from ground surface to
136 feet bgs and consisted of interbedded weakly- to well-lithified limestone, siltstone, and

fine-grained sandstone to 28.5 feet bgs, underlain by well-lithfied, fine-grained sandstone
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with lenses of medium- to coarse-grained sandstone, conglomerate, and siltstone to 136 feet
bgs. Significant fracturing in the Kbc was observed at intervals from 2 to 12 feet bgs, from
62 to 74 feet bgs, from 80 to 95 feet bgs, from 107 to 124 feet bgs, and from 133 to 136 feet
bgs. Secondary alteration at these intervals included moderate to heavy black and orange
oxide staining on fracture surfaces and calcite fracture infill. Green to red homogeneous Jmb
shale was encountered from 136 to 155 feet bgs, underlain by well-lithified, very fine-
grained sandstone to 165 feet bgs, and red homogeneous shale to total depth of 178 feet bgs.
Significant fracturing in the Jmb was observed at intervals from 138 to 142 feet bgs and from
159 to 163 feet bgs. Secondary alteration at these intervals included calcite and pyrite

fracture infill.

The occurrence of groundwater was not evident during drilling. After the borehole
was advanced to total depth and drill water was evacuated by airlifting, the borehole
produced approximately 5 gpm. After a 24-hour period, water level rose into the conductor
casing and was measured at a depth of 129 feet bgs.

Monitor well MW-102DB was screened from 145.5 to 175.5 feet bgs, with the top of
screened interval approximately 9 feet below the Kbc/Jmb contact. From bottom to top, the
annular space of the MW-102DB borehole below the conductor casing was back filled with
coated bentonite pellets from total depth to 176 feet bgs, a silica sand filter pack extending
3 feet above the screened interval, and a 2-foot thick layer of fine-grained transitional sand
above the filter pack. Hydrated bentonite chips were used to fill the annular space inside the

steel conductor casing to ground surface.

MW-103: The MW-103 borehole was initially advanced with a PQ core barrel to a
depth of 77 feet bgs, approximately 4 feet below the Kbc/Jmb contact. An 8-inch diameter
tricone corehole-chaser bit was then used to ream and advance the borehole to a depth of 82
feet bgs with the intent to construct a BCA well. Drill injection water was evacuated by
airlifting, and after a 24-hour period no water had accumulated in the borehole. The borehole

was further advanced to a total depth of 114 feet bgs using the 8-inch diameter tricone bit.
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The occurrence of groundwater was not evident during drilling. However, after a 24-hour

period the water level appeared to stabilize at approximately 93 feet bgs.

In the cored MW-103 borehole, Kbc was encountered from ground surface to 73 feet
bgs and consisted of well-lithified, fine-grained sandstone interbedded with lenses of
siltstone, medium- to coarse-grained sandstone, and conglomerate to 58 feet bgs, underlain
by well-lithified medium- to coarse-grained sandstone and conglomerate to 73 feet bgs.
Significant fracturing in the Kbc was observed at intervals from 8 to 14 feet bgs, from 22 to
25 feet bgs, and from 52 to 58 feet bgs. Secondary alteration at these intervals included
moderate to heavy black and orange oxide staining on fracture surfaces. Core sampling
continued into homogeneous green Jmb shale to a depth of 77 feet bgs. Red Jmb shale was

observed in drill cuttings from 77 to 114 feet bgs.

Monitor well MW-103 was screened from 81.5 to 111.5 feet bgs, with the top of
screen approximately 8 feet below the Kbc/Jmb contact. From bottom to top, the annular
space of the MW-103 borehole was back filled with coated bentonite pellets from total depth
to 112 feet bgs, a silica sand filter pack extending 4 feet above the screened interval, a 2-foot
thick layer of fine-grained transitional sand above the filter pack, a bentonite grout surface

seal to 2 feet bgs, and concrete to ground surface.

MW-106: The MW-106 borehole was initially advanced using an 8 %-inch diameter
air hammer bit to a depth of 232 feet bgs, 5 feet below the Kbc/Jmb contact. Well-lithified
sandstone and conglomerate of the Kd were encountered from ground surface to 30 feet bgs.
Kbc was encountered from 30 to 227 feet bgs, and comprised interbedded sandstone,
limestone, and siltstone to 80 feet bgs, underlain by well-lithified, fine-grained sandstone
with minor lenses of interbedded siltstone. After the Kbc/Jmb contact was reached, the
borehole was monitored for water production by airlifting. No evidence of groundwater was
observed, and the borehole was advanced further into the Jmb. Green to red Jmb shale was

encountered from 232 feet bgs to total depth of 265 feet bgs. The occurrence of groundwater
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was not evident during drilling. The borehole was left open and monitored periodically for
water level. After a period of 6 days, approximately one foot of water had accumulated in

the borehole.

Monitor well MW-106 was screened from 235 to 265 feet bgs, with the top of screen
approximately 8 feet below the Kbc/Jmb contact. From bottom to top, the annular space of
the MW-106 borehole was back filled with a 10/20 silica sand filter pack extending 3 feet
above the screened interval, a 2-foot thick layer of fine-grained 20/40 transitional sand above

the filter pack, a bentonite grout surface seal to 2 feet bgs, and concrete to ground surface.

MW-110: The MW-110 borehole was advanced to a depth of 8 feet bgs and 8-inch
diameter permanent steel surface casing was cemented in place. The borehole was further
advanced in stages to a total depth of 141 feet bgs. Unconsolidated Qea was encountered
from ground surface to 1 foot bgs. Kbc was encountered from 1 foot to 69 feet bgs and
consisted primarily of well-lithified, fine-grained sandstone. Reddish brown homogeneous

Jmb shale was encountered from 69 to 141 feet bgs.

The occurrence of groundwater was not evident during drilling, and the borehole was
advanced in stages to determine the water table elevation for well design. The borehole was
initially advanced to a depth of 79 feet bgs, just below the Kbc/Jmb contact. After
confirming the borehole was dry, the borehole was further advanced to a depth of 129 feet
bgs, the maximum 60-foot penetration depth into the Jmb, as proposed in the work plan. The
borehole was evacuated of drill water and remained dry after a monitoring period of
12 hours. The borehole was left open and monitored periodically for water level. After a
period of 18 days, approximately 3 feet of water had accumulated in the borehole. With
DRC approval, the borehole was further advanced to a total depth of 141 feet bgs to

accommodate a well screen with sufficient length for sample collection.
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Monitor well MW-110 was screened from 100 to 140 feet bgs, with the top of screen
approximately 30 feet below the Kbc/Jmb contact. From bottom to top, the annular space of
the MW-110 borehole was back filled with a silica sand filter pack extending 10 feet above
the screened interval, a 4-foot thick layer of hydrated bentonite chips above the filter pack,

and a bentonite grout surface seal to ground surface.

MW-111: The MW-111 borehole was initially advanced to a depth of 18 feet bgs.
After 8-inch diameter permanent steel surface casing was cemented in place, the borehole
was further advanced in to a depth of 124 feet bgs. Unconsolidated Qea was encountered
from ground surface to 2 feet bgs. Kbc was encountered from 2 to 60 feet bgs and consisted
primarily of moderately-lithified, fine-grained sandstone. Greenish blue to reddish brown

homogeneous Jmb shale was encountered from 60 to 124 feet bgs.

The occurrence of groundwater was not evident during drilling. The borehole was
advanced to a depth of 63 feet bgs, just below the Kbc/Jmb contact. After confirming the
borehole was dry, the borehole was further advanced into the Jmb, to a total depth of 124 feet
bgs. Drill water was evacuated from the borehole, and after a monitoring period of 12 hours,
a small amount of water (<0.1 feet) was observed in the borehole. Following the prescribed
observation period, a decision was made to build the well, with the screened interval just

below the Kbc/Jmb contact.

Monitor well MW-111 was screened from 74 to 124 feet bgs, with the top of screen
approximately 13 feet below the Kbc/Jmb contact. From bottom to top, the annular space of
the MW-111 borehole was back filled with a silica sand filter pack extending 4 feet above the

screened interval, and hydrated bentonite chips above the filter pack to ground surface.
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MONITOR WELL AND BORING SOUTH OF LISBON FAULT

Well MW-121 was installed to monitor water table conditions south of the LF.
Boring B-2 was advanced south of the LF, but was not completed as a monitor well. The
boreholes were advanced approximately 5 feet into competent bedrock using a 12 Ys-inch
diameter tri-cone bit. Eight-inch diameter steel surface casing was cemented in place and the
boreholes were further advanced to total depth using an 8-inch diameter air hammer bit.

Drilling characteristics and specific well construction details are described below.

MW-121: The MW-121 borehole was initially advanced to a depth of 30 feet bgs
and 8-inch diameter permanent steel surface casing was cemented in place. The borehole
was further advanced to a depth of 203 feet bgs. Unconsolidated Qea consisting primarily of
silty sand was encountered from ground surface to approximately 21 feet bgs. Wingate
Formation (Jw) was encountered from 21 to 164 feet bgs, and comprised well-lithified, fine-

grained sandstone. TRc shale was encountered from 164 to 203 feet bgs.

The occurrence of groundwater was not evident during drilling. At total depth, drill
water was evacuated from the borehole by airlifting. After a monitoring period of 12 hours,
the borehole remained dry. Based on the drilling depth elevation of the MW-121 borehole
relative to the water table elevations observed north of the LF, a decision was made not to

drill further and to build the well with the screened interval below the Jw/TRc contact.

Monitor well MW-121 was screened from 171 to 201 feet bgs. From bottom to top,
the annular space of the borehole was back filled with a silica sand filter pack extending
7 feet above the screened interval, a 9-foot thick layer of hydrated bentonite chips above the

filter pack, and a bentonite grout surface seal to ground surface.

Boring B-2: The B-2 borehole was initially advanced to a depth of 17 feet bgs and

8-inch diameter permanent steel surface casing was cemented in place. The borehole was
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further advanced to a depth of 200 feet bgs. Unconsolidated Qea consisting primarily of silty
sand was encountered from ground surface to approximately 5 feet bgs. Well-lithified, fine-
grained sandstone of the Navajo Formation (Jn) was encountered from from 5 to 78 feet bgs.
Kayenta Formation (Jk) was encountered from 78 to 175 feet bgs and consisted of
moderately— to well-lithified, fine-grained sandstone. From 175 to 200 feet bgs, Jw was

encountered and consisted well-lithified, fine-grained sandstone.

The occurrence of groundwater was not evident during drilling. At total depth, drill
water was evacuated from the borehole by airlifting. After a monitoring period of 12 hours,
the borehole remained dry. Based on the drilling depth elevation of the B-2 borehole relative
to the water table elevations observed at nearby wells MW-107D and MW-107S north of the
LF, a decision was made not to drill further. The borehole was abandoned with high solids

bentonite grout and capped with neat cement from 5 feet bgs to ground surface.

MONITOR WELL SURVEY

New monitor wells were surveyed by Keogh Land Surveying, a licensed Utah land
surveyor. The elevation of the tops of the PVC casings, protective steel monuments, and
land surface/concrete pads were surveyed relative to the 1988 North American Vertical
Datum and horizontal coordinates were surveyed relative to the 1927 North American
Datum, Utah State Plane South coordinate system. The PVC well casings were marked to

indicate the water level measuring point.

WELL DEVELOPMENT

Following installation, new wells were developed by surge and purge methods.

Monitor wells installed during Phase 1 were developed by Confluence Environmental, Inc.
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(CEI) during the period from October 29 to October 31, 2012. Monitor wells installed during
Phase 2 were developed by National EWP during the period from September 19 to
September 23, 2013. Monitor well MW-115M, which was completed on October 10, 2013,
was developed by CEI on October 11, 2013. Well development activities were supervised in

the field by an M&A hydrogeologist.

New wells that contained a sufficient amount of water were surged across the entire
saturated screened intervals with a 4-inch diameter surge block. The majority of wells were
then purged using a bailer or pump until development water was free of sediment and field
parameters including pH, specific conductance, and temperature had stabilized. Wells
MW-104, MW-106, MW-109, MW-110, and MW-119 were surged and then purged dry after
one borehole volume was removed. Development at these wells was limited by slow
recovery after the initial evacuation. Monitor wells MW-111, MW-121, and MW-122 were

dry at the time of development activities.

INVESTIGATION DERIVED WASTE MANAGEMENT

All waste rock cuttings generated during drilling activities were contained in roll-off
bins. After Phase 1 drilling was completed, four-point composite samples were collected
from each roll-off bin and submitted to ACZ Laboratories under standard chain of custody
protocols for disposal characterization analyses. Upon approval from the landfill in January
2013, the drill cuttings were transported by MP Environmental Services, Inc. (MPE) to US
Ecology (a landfill licensed to accept low-level radioactive material) in Grand View, Idaho
for final disposal. Drill cuttings generated during Phase 2 were transported to US Ecology
and disposed under the first phase waste profile. Copies of the laboratory reports and

disposal manifests for the cuttings are provided in Appendix D.

All drilling and development water generated during well installation activities was

contained in the roll-off bins and transferred to 20,000-gallon secured storage tanks located
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on RAML property. After Phase 1 drilling was completed, a drill water sample was collected
on November 7, 2012 and submitted to ACZ Lab under standard chain of custody protocols
for disposal characterization analysis. Waste water generated during both phases was
transported by MPE to US Ecology for final disposal under the Phase 1 waste water profile.
A copy of the disposal characterization laboratory report and waste disposal manifests are

provided in Appendix D.

REFERENCES

U.S. Environmental Protection Agency, 1986, Ground Water Monitoring Technical
Enforcement Guidance Document: USEPA/530/SW-86/055, September 1986.

Utah Division of Water Rights, 2011, State of Utah Water Well Handbook: R655-4 UAC,
April 2011.

1350/Phase2_Rpt_Final/AppB_SupAssessWellConstruct.docx/17Jul2014



Locking Well Cap
8-inch Steel Monument

DEPTH BELOW

LAND SURFACE GENERAL
(feet) LITHOLOGY FORMATION
0 4'x4'x4" Concrete Pad —— T L 0
?V: B 4 Silty Sand Qea
L _ . — :
| Nominal 8-inch Borehole — ¢ 150 Siltstone
L Fine-grained
4-inch Diameter Schedule 40 Sandstone
r  PVC Blank Casing 20 oot Kd
arbonaceous
25 —
Seal Material Shale
= (High Solids Bentonite Grout) 30
L Fine-grained
4 / / Sandstone
L V/ 70 Y
A
75 —
L Siltstone
§ L
=100 — 100
w
% - Limestone
[ o 110
=)
(%] L
[a)
zZ
z L
-
125 —
% LZ é 130 Fine-grained
- - —/_
w Transitional Fine Sand Sandstone
m — 133 Kb
— L
= B 138.0
8
B 145.78 (10/29/2012)
150 — 150
= 4-inch Diameter Schedule 40 Siltstone
L 0.010 Slotted PVC Screen 160
" Sand Filter Pack
175 = (10/20 Washed Silica Sand)
Fine-grained
B Sandstone
200 Sand Filter Pack 200
203.0 Coarse-grained
r PVCENnd Cap 28884 Sandstone \ 4
WELL: MW-100 NAD27 STATE PLANE UTAH SO.
EXPLANATION extaten,,
| Eoi g QFﬁﬁ_S_"_QN‘q UDWR WELL NO: 436190 NORTHING: 594322.5
Qal = g,‘ff\fﬂnag’epgs'ﬁg an J %)) | COMPLETED: OCT. 2012 EASTING: 2636663.9
Kd = Dakota Sandstone % /%J METHOD: AIR ROTARY MP ELEVATION: 67254
Kbc = Burro Canyon Formation TFMOTHY PATRICK LEO * Q MONITOR WELL MW-100
‘ﬁ'-, 8272244-2250 w:
8 ™ CONSTRUCTION SCHEMATIC
% LEeigs ll RIO ALGOM MINING LLC, LISBON FACILITY
EqrE + o
op U Y 2014
f’rrq %51 w 72 MONTGOMERY
‘J & ASSOCIATES FIGURE B-1

Drafting\1350.13\2014_report\MonWell_MW100_wsR2\07July2014




Locking Well Cap
8-inch Steel Monument

DEPTH BELOW

Kbc = Burro Canyon Formation % Y
Jmb = Morrison Formation, T;MOTHY PATRICK LEO *
Brushy Basin Member : _'-. B8272244-2250
% M (L1912
. i }‘ . g
s AT OF.\A*‘*
(/e ",%‘_7, =

LAND SURFACE GENERAL
(feet) LITHOLOGY FORMATION
0 4'x4'x4" Concrete Pad ——— T T ] 0
N B 4 Silty Sand Qea
L 7 5 — A
L Fine-grained
L Sandstone
- 20
25 — Nominal 8-inch Borehole Siltstone
- 30
B Fine-grained
4-inch Diameter Schedule 40 Sandstone
-  PVC Blank Casing 40
- Limestone
%0 ™ Seal Material 50
L (High Solids Bentonite Grout) ?
§ n Fine- to
= Very Fine-grained
8 75— Sandstone
LL Kbc
4
)
? L
a
= L
<
_I -
3
O 100 -
w
m L
T
£+ 110
g - / Siltstone
- 120
125 |~
- 4 132
| Transitional Fine Sand i e T Y
e Fine- to
| ' ' 139.0 Very Fine-grained
4-inch Diameter Schedule 40 pr— Sandstone
- 0.010 Slotted PVC Screen 7
150 |- Sand Filter Pack = 149.13 (10/29/2012)
(10/20 Washed Silica Sand) ==
L 159.0
_S——1594 v
L 160
PVC End Cap Shale (Red/Green) Jmb
" Hydrated Bentonite Pellets 165
175 —
WELL: MW-101 NAD27 STATE PLANE UTAH SO.
EXPLANATION ustaeisias,
Qal = Quat Eol g 0?? _____ Q~4 UDWR WELL NO: 436184 NORTHING: 593397.0
% Alloviom Depostts J '£;) | COMPLETED: OCT. 2012 EASTING: 2634360.1
raleX

METHOD: AIR ROTARY MP ELEVATION: 6710.9

MONITOR WELL MW-101
CONSTRUCTION SCHEMATIC
RIO ALGOM MINING LLC, LISBON FACILITY

2014

@ MONTGOMERY

_— & ASSOCIATES FIGURE B-2

Drafting\1350.132013_report\iMonWell_MW101_wsR2\07July2014




Locking Well Cap
8-inch Steel Monument

DEPTH BELOW

EXPLANATION pardiaTast,,

Kbc = Burro Canyon Formation

Jmb = Morrison Formation,
Brushy Basin Member

%TFMOTHY PATRICK | EO

:_ —. B272244-2250

. .

LL tq ll

LAND SURFACE GENERAL
(feet) LITHOLOGY FORMATION
0 4'x4'x4" Concrete Pad —— ™ T2 ] 0
. B 3 A
i % % Limestone
| 13
i Siltstone
25 - Nominal 8-inch Borehole % 25
| 4-inch Diameter Schedule 40
- PVC Blank Casing
- Fine-grained
50 .
Seal Material
t
| (High Solids Bentonite Grout) Sandstone
= Kbc
“03 -
&8 75
< 80
14 B .
Siltstone
8 B 85
[a]
= L
<<
—I -
3
9 100 |-
&0
T i Fine-grained
E ~  Transitional Fine Sand 1?2 Sandstone
a L
4-inch Diameter Schedule 40 116.0
- 0.010 Slotted PVC Screen
125 |- Sand Filter Pack 123.85 (10/29/2012)
(10/20 Washed Silica Sand)
: e v
i PVC End Cap Shale (Red/Green) Jmb
Hydrated Bentonite Pellets 141
150 —
175 —
WELL: MW-102 NAD27 STATE PLANE UTAH SO.

UDWR WELL NO: 436187

NORTHING: 592128.8

COMPLETED: OCT. 2012

EASTING: 2635889.2

METHOD: AIR ROTARY

MP ELEVATION: 6702.9

MONITOR WELL MW-102
CONSTRUCTION SCHEMATIC
RIO ALGOM MINING LLC, LISBON FACILITY

-Zﬁ

& ASSOCIATES

2014

MONTGOMERY

FIGURE B-3

Drafting\1350.13\2014Report\MonWell_MW102_wsR2\07July2014




Locking Well Cap
8-inch Steel Monument

DEPTH BELOW

R
%TFMOTHY PATRICK | EO

Kbc = Burro Canyon Formation

Jmb = Morrison Formation,
Brushy Basin Member

Borehole cored to 170" below

ground surface; lithology based ¢ '-"" 8272244-22%0
on continuous core PO

“ % \LAq-12

&, qTE OF U“”

’fq""z’,'_"}! 4

LAND SURFACE GENERAL
(feet) LITHOLOGY FORMATION
~ 4'x4'x4" Concrete Pad v ]
0 7 . 9 7
L ] .
Limestone
| Nominal 12-inch Borehole 11.5
L Siltstone
B 21.0 - -
25 [~ 8-inch Permanent Steel Casing 26.0 Flne-grau.wed Sandstone
i 285 Siltstone
| 4-inch Diameter Schedule 40
-  PVC Blank Casing
50 [~ Neat Cement Fine-grained Sandstone;
With Lenses of Medium- to
B Coarse-grained Sandstone,
- and Conglomerate
Seal Material
—_ - (Hydrated Bentonite Chips) Kbc
s |
&g 751
m
74 B 81.0 -
(?) i 84.0 Siltstone
D ?\
= L
<<
_I -
3
Q100 -
i
T B Fine-grained
£ B Sandstone
W
Ia) L
- ! j 120.14 (10/29/2012)
125 — -
135.8
- A 89N —smEwE—
- — 7 H — 1410
Transitional Fine Sand = oo 1430
L L o 1455 Shale
150 |- Nominal 8-inch Borehole = (Reddish Brown)
L p— 155.0
PE— n _ n _ . J b
| 4-inch Diameter Schedule 40 pr— Fine tos\/eré Iilne grained m
0.010 Slotted PVC Screen — Re d?j?si’? é’p:wn)
~  Sand Filter Pack = 165.0
L (10/20 Washed Silica Sand) pr— Shale
p— e 175.5 (Reddish Brown)
78 ™= pvc End Cap —— 1789
Nominal 5-inch Borehole ’
Hydrated Bentonite Pellets
WELL: MW-102DB NAD27 STATE PLANE UTAH SO.
EXPLANATION  eiiee,

UDWR WELL NO: 436185

NORTHING: 592170.0

COMPLETED: OCT. 2012

EASTING: 2635877.1

METHOD: AIR ROTARY/CORE

MP ELEVATION: 6703.6

MONITOR WELL MW-102DB
CONSTRUCTION SCHEMATIC
RIO ALGOM MINING LLC, LISBON FACILITY

-Zﬁ

& ASSOCIATES

2014

MONTGOMERY

FIGURE B-4

Drafting\1350.13\2014_report\MonWell_MW102DB_wsR2\07July2014




Locking Well Cap
8-inch Steel Monument

DEPTH BELOW

0 4'x4'x4" Concrete Pad ——— |

25 = Nominal 8-inch Borehole

4-inch Diameter Schedule 40
- PVC Blank Casing

01 seal Material
I (High Solids Bentonite Grout)

LAND SURFACE GENERAL
(feet) LITHOLOGY FORMATION
4 - - I 0
— 20 Fine-grained Sandstone 4
gg - = Siltstone —

Fine-grained Sandstone;
with Lenses of Medium to
Coarse-grained Sandstone,
and Siltstone

35.0 Kbc
37.0 — — Conglomerate ,—

Fine-grained Sandstone;
with Lenses of
Coarse-grained Sandstone
and Conglomerate

Borehole cored to 77' below S
ground surface; lithology based ¢ ..: L 8272244-2250
on continuous core Y O

LL lq—ll

i 58.5
0 Medium to Coarse-grained
*g Sandstone
= 733 y
6 5 ” . 76.0 A
b4 Transitional Fine Sand 780
L - —— 815
z = 82.07 (10/29/2012)
%) - —=-
[a)] . . p— Shale
= - 4-inch Diameter Schedule 40 J— f
S | 0010 Slotted PVC Screen — (g;z%?'sih;'ﬁnt;’ Jmb
= p—
Q100 - sand Filter Pack =
e | (10/20 Washed Silica Sand) l=..
E i =l s
PVC End C — 1119
W nd~ap W 114.0
Hydrated Bentonite Pellets
125 —
150 —
175 —
WELL: MW-103 NAD27 STATE PLANE UTAH SO.
EXPLANATION i,
. . ov-E_ _____ Q~4 UDWR WELL NO: 436186 NORTHING: 589620.3
Kbe = Burro Canyon Formation 'cg > [ COMPLETED: OCT. 2012 EASTING: 2635778.1
Jmb = Morrison Formation, } -
Brushy Basin Member % M,{ ?) o'" METHOD: AIR ROTARY/CORE| MP ELEVATION: 6663.9
/AW TIMOTHY PATRICK LEO: @ .
3 MONITOR WELL MW-103
s

CONSTRUCTION SCHEMATIC
RIO ALGOM MINING LLC, LISBON FACILITY

./’j‘ MONTGOMERY o

_— & ASSOCIATES FIGURE B-5

Drafting\1350.13\2014_report\MonWell_MW103_wsR2\07July2014




Locking Well Cap
8-inch Steel Monument

DEPTH BELOW

LAND SURFACE GENERAL
(feet) LITHOLOGY FORMATION
0 4x4x4"Concrete Pad ————{ - T 0
3 — A
I 7 2 2
B Fine-grained
o . . Sandstone with
i Nominal 8-inch Borehole ———— Lenses of Siltstone
25 —
| 4-inch Diameter Schedule 40 30
PVC Blank Casing
| Seal Material
(High Solids Bentonite Grout) Kbe
50 —
" Transitional Fine Sand S gg Fine-grained
- L Sandstone
g L — 68.5
g Sand Filter Pack —
O 75 (10/20 Washed Silica Sand) —
L L —
x f—
8 - 4-inch Diameter Schedule 40 —
% | 0.010 Slotted PVC Screen pr—
< —
3 B - 95.92 (10/29/2012)
2 X | — %5
(@] - = .
o 100 Hydrated Bentonite Pellets 103 Shale (Green) A
o -
4-inch Diameter Schedule 40 108.9
E L PVC Blank Casing —— 110
W | PVCEndCap
125 —
i Shale
L (Reddish Brown) Jmb
- Hydrated Bentonite Chips
150 —
7
200 _— 930 v
WELL: MW-104 NAD27 STATE PLANE UTAH SO.
EXPLANATION serdeiiieas., ;
B . _,aov_-‘fﬁ Slowg;.. UDWR WELL NO: 436189 NORTHING: 589369.4
Kbe = Burro Canyon Formation Dk b “8.e;) | COMPLETED: OCT.2012 EASTING: 2637513.0
Jmb = Morrison Formation, Q‘;D . : J Aor
Brushy Basin Member % ek )/1/) 2 METHOD: AIR ROTARY MP ELEVATION: 6705.2
g e TR 2 MONITOR WELL MW-104
i i CONSTRUCTION SCHEMATIC
W \AQAY S RIO ALGOM MINING LLC, LISBON FACILITY
~IATE GE TR ' 2014
do et OF AL ~
PR - //' MONTGOMERY
-~ & ASSOCIATES FIGURE B-6

Drafting\1350.13\2014_report\MonWell_MW104_wsR2\07July2014




Locking Well Cap
8-inch Steel Monument

DEPTH BELOW

LAND SURFACE GENERAL
(feet) LITHOLOGY FORMATION
0 4'x4'x4" Concrete Pad ———— | ;. ] 0
- 7 % 3 Silty Sand Qea
L 10 y
i Nominal 8-inch Borehole —%
25 —
I 4-inch Diameter Schedule 40 1
PVC Blank Casing /’
|l Seal Material
(High Solids Bentonite Grout)
50 —
i 7 _—
| Transitional Fine Sand ] [ gg Fé';ig:!;zd
. L 64.5
g Kbc
e B 71.87 (10/29/2012)
&8 75
<<
Iﬁ:l- -
2 | 4-inch Diameter Schedule 40
2 0.010 Slotted PVC Screen
= L
<<
—I -
3
o 100 = sand Filter Pack
) . (10/20 Washed Silica Sand)
L
o
w
[m} -
o 120
125 |~ Coarse-grained
N Sandstone and
B : B 1345 Conglomerate
. s v
| PVCEnd Cap 7 ////
- Hydrated Bentonite Pellets / // 141 Shale (Red/Green) Jmb
150 —
175 —
WELL: MW-105 NAD27 STATE PLANE UTAH SO.
EXPLANATION b
Qal = Quaternary Eolian and 0?? _____ QN4 UDWR WELL NO: 436191 NORTHING: 588104.7
al = Qua A - -
Alluvium Deposits J&‘O COMPLETED: OCT. 2012 EASTING: 2636130.9
Kbc = Burro Canyon Formation % /._O%‘ .| METHOD: AIR ROTARY MP ELEVATION: 6624.1
Jmb = Morrison Formation, TFMOTHY PATRICKLEQ : @
Brushy Basin Member Y ;ﬁ'.. 8272244-2250 555 MONITOR WELL MW-105
=1 ™ CONSTRUCTION SCHEMATIC
%y, AL RIO ALGOM MINING LLC, LISBON FACILITY
S B,
e PATE GF USh &5 2014
R R & 7 VIONTGOMERY
-~ & ASSOCIATES FIGURE B-7

Drafting\1350.13\2014_report\MonWell_MW105_wsR2\07July2014




Locking Well Cap

DEPTH BELOW

8-inch Steel Monument LAND SURFACE GENERAL
(feet) LITHOLOGY FORMATION
0~ 4'x4'x4" Concrete Pad —— ™ | 0
| 7 7 2 Fine-grained
Sandstone
L 10
L Kd
| Conglomerate
25 — Nominal 8-inch Borehole ——— ¥
- % 30 ]
B Fine-grained
4-inch Diameter Schedule 40 Sandstone
- PVC Blank Casing 40
- Siltstone
50 seal Material %0
I (High Solids Bentonite Grout)
- Interbedded Limestone
| and Fine-grained
= Sandstone
@
“q;) -
E - 80
> B Fine-grained Kbc
@ Sandstone
% N 90 :
5 i 93 Siltstone
=
S 100 |- - i
i} Fine-grained
o - % Sandstone
T
50 ZV;Z /1}
Q 200 = ggg Siltstone
Fine-grained
B Sandstone
225 |-  /
B N ) ggg Shale (Green) A
Transitional Fine Sand 532
L 235.0
| 4-inch Diameter Schedule 40
L 0.010 Slotted PVC Screen 245.30 (10/29/2012) (Red d?:rfgrown) Jmb
250 —
Sand Filter Pack
- (10/20 Washed Silica Sand)
L =——— 2650
PVC End Cap D Y
L 265.5
275 —
EXPLANATION B WELL: MW-106 NAD27 STATE PLANE UTAH SO.
Kd = Dakota Sand OFES S"Ow‘q UDWR WELL NO: 436187 NORTHING: 587422.7
- Dakota Sandstone 8.0 | COMPLETED: OCT. 2012 EASTING: 2639306.0
Kbc = Burro Canyon Formation S5 - -
Jmb = Morrison Formation, % i % METHOD: AIR ROTARY MP ELEVATION: 6852.8
Brushy Basin Member TFMOTHY PATRICK LEQ : @ MONITOR WELL MW-106
: S O 8272244-2250 @ i
=1 B CONSTRUCTION SCHEMATIC
%y, AL RIO ALGOM MINING LLC, LISBON FACILITY
o B,
s+ FATE OF u1 ';_ 2014
Jm & 7 VIONTGOMERY
- & ASSOCIATES FIGURE B-8

Drafting\1350.13\2014_report\MonWell_MW106_wsR2\07July2014




DEPTH BELOW

Locking Well Cap LAND SURFACE GENERAL
(feet) LITHOLOGY FORMATION
8-inch Steel Monument
Concrete Pad — T
0r— - : 0
7z —__ Reddish brown silty SAND ~ Qea
Nominal 8-inch Borehole 2 _/_ yy
- 4-inch Diameter Schedule 40 5
PVC Blank Casing Brown fine-grained
L Seal Material 20 SANDSTONE
(High Solids Bentonite Grout)
25

Bentonite Transition Layer

27

_ ) .
Brown fine-grained Kb
30 SANDSTONE with c
interbedded pebble

Sand Filter Pack

—  (Colorado Silica Sand) fr— 31 conglomerate
4-inch Diameter Schedule 40 = ) .
50~  0.020 Slotted PVC Screen = 49.15 (10/7/2013) Brown fine-grained
— SANDSTONE
» — 60 Y

4-inch PVC End Cap

DEPTH BELOW LAND SURFACE (feet)

100= e
) +ESSIO
.‘.QQ'.O" ........ N_q (,-;.' ) ,\
e - Sy 7 )
'-?'ﬁ‘y;q. 4) c2
7= &= o
* W TIMOTHY PATRICK LEO: @
191 B272244-2250 @&
=" P
w13,
Ny AT SR o
HREGEIT
Expre 3| 201
WELL: MW-107S NAD27 STATE PLANE UTAH SO.
EXPLANATION
Qea = Quaternary Eolian and Alluvial Deposits GEOLOGIST: John Laney NORTHING: 593255.353
_ Y . P COMPLETED: Oct. 2013 EASTING: 2628825.674
Kbc = Burro Canyon Formation
METHOD: AIR ROTARY MP ELEVATION: 6,512.1
MONITOR WELL MW-107S
—?l Water Level (feet below ground surface) CONSTRUCTION SCHEMATIC
RIO ALGOM MINING LLC, LISBON FACILITY
&5 2014
& 7 IONTGOMERY
-~ & ASSOCIATES FIGURE B-9
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DEPTH BELOW

Qea = Quaternary Eolian and Alluvial Deposits
Kbc = Burro Canyon Formation

Jmb = Morrison Formation,
Brushy Basin Member

% Water Level (feet below ground surface)

Locking Well Cap LAND SURFACE GENERAL
(feet) LITHOLOGY FORMATION
8-inch Steel Monument
0 Concrete Pad ] T
§z 7"'1 ) Reddish brown silty SAND  Qea
A
I Nominal 8-inch Borehole 5
Brown fine-grained
. . SANDSTONE
L 4-inch Diameter Schedule 40
PVC Blank Casing
@ 27
L L Seal Material Brown fine-grained
] (High Solids Bentonite Grout) 31 SANDSTONE with
b3 interbedded pebble
& | conglomerate
>
» 49 Kbc
o s
Z 5 X ————< 49.35 (10/7/2013)
S Bentonite Transition Layer -
C;) T % Brown fine-grained
g | Sand Filter Pack = 60 SANDSTONE
T (Colorado Silica Sand) o=l
] " 4-inch Diameter Schedule 40 ey ]
o 0.020 Slotted PVC Screen =l
B o= .. 80 \ 4
Hydrated Bentonite Pellets—/Lzzz 7 x _/_ _\ Greenish blue /’ \ Jmb /
4inch PVC End Cap 81 SHALE
00—
TAFESSION
Qq'o """" s, Q 2
Q. —2ey
£ Q!
s W : TIMOTHY PATRICK LEO : @
191 B272244-2250 @&
=" e
g3,
"-.\92‘-" ......... ".\é.»'.
Expre 3| 201
WELL: MW-107D NAD27 STATE PLANE UTAH SO.
EXPLANATION

GEOLOGIST: John Laney

NORTHING: 593266.785

COMPLETED: Oct. 2013

EASTING: 2628806.532

METHOD: AIR ROTARY/CORE

MP ELEVATION: 6,512.3

MONITOR WELL MW-107D
CONSTRUCTION SCHEMATIC
RIO ALGOM MINING LLC, LISBON FACILITY

7,

& ASSOCIATES

2014

MONTGOMERY

FIGURE B-10
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Locking Well Cap

8-inch Steel Monument

Nominal 12-inch Borehole

0= Concrete Pad R

Neat Cement

8-inch Steel Surface Casing

4-inch Diameter Schedule 40
PVC Blank Casing

(o)}
o
[

Seal Material
I (High Solids Bentonite Grout)

-  Bentonite Transition Layer

Nominal 8-inch Borehole

DEPTH BELOW

=

Sand Filter Pack

- (Colorado Silica Sand)

4-inch Diameter Schedule 40
0.020 Slotted PVC Screen

DEPTH BELOW LAND SURFACE (feet)
2
I

-

a

o
I

- 4-inch PVC End Cap
- Hydrated Bentonite Pellets

200 —

LAND SURFACE GENERAL
(feet) LITHOLOGY FORMATION
0
Reddish brown silty SAND Qea
" Brown fine-grained A
R —— %g SANDSTONE
—_—
~— 25.51 (10/7/2013)~ -
26 —/ Reddish brown SHALE
30
42 — Dark brown fine-grained
SANDSTONE
60 Light gray fine-grained
SANDSTONE
- 77 / Reddish brown \
83 SILTSTONE Kbe
85 — Olive fine-grained
88 SANDSTONE
100
Light gray fine-grained
SANDSTONE
140
Light gray fine-grained
SANDSTONE interbedded with
; green siltstone
e v

—_Greenish blue SHALE ~ Jmb

174

| Reddish brown SHALE [

3. =
- w : TIMOTHY PATRICK LEO *
121 B272244-2250
“ . I

-'._.' /] / IN,’ /.’ 3 0

0%

.. 48190\

£ x{o',F,:J"'_S,'J" 2011

EXPLANATION

Qea = Quaternary Eolian and Alluvial Deposits
Kbc = Burro Canyon Formation

Jmb = Morrison Formation,
Brushy Basin Member

Y Water Level (feet below ground surface)

WELL: MW-108 NAD27 STATE PLANE UTAH SO.

GEOLOGIST: John Laney NORTHING: 593861.046

COMPLETED: Oct. 2013 EASTING: 2629864.708

METHOD: AIR ROTARY MP ELEVATION: 6,514.7

MONITOR WELL MW-108
CONSTRUCTION SCHEMATIC
RIO ALGOM MINING LLC, LISBON FACILITY

%ﬁ MONTGOMERY o

_— & ASSOCIATES FIGURE B-11
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Locking Well Cap DEPTH BELOW

. LAND SURFACE GENERAL
8-inch Steel Monument (feet) LITHOLOGY FORMATION
0— Concrete Pad — 7 0
Nominal 12-inch Borehole —— N \( 3 — Reddlsg':),:lcl)jwn silty — —\Eei/—
A
-  Neat Cement N
% — 12
8-inch Steel Surface Casing
4-inch Diameter Schedule 40
- PVC Blank Casing ?
Seal Material
(High Solids Bentonite Grout) Tan fine-grained
50 — SANDSTONE
T
& -
L
s ES8i5;
L L of
% -"QQ‘C-)' """" M.?( P TR
P .88 <O
a _ }“?.7?'? 2.
Z t Nominal 8-inch Borehole s C-05
S ‘W ! TIMOTHY PATRICK LEO : @ Kbc
= 1S 82722442250 @&
S t i ik
0 : “ i /IHJ} /_J 3 .
Sipgor
a = Y{’H}:ij | 31 |8
i 112
Bentonite Transition Layer
L 119
122
I Sand Filter Pack p— 124
(Colorado Silica Sand) o ol Y (P, 134.50 (10/7/2013) Reddish brown
== SANDSTONE
= _— interbedded with
4-inch Diameter Schedule 40 e conglomerate
0.020 Slotted PVC Screen —_—::
150 L f— :;J
T 154 Reddish b v
ﬂ eddish brown Jmb
4-inch PVC End Cap 155 7 SHALE _\_/_
Hydrated Bentonite Pellets
WELL: MW-109 NAD27 STATE PLANE UTAH SO.
EXPLANATION
Qea - Quat Eoi 4 Alluvial D " GEOLOGIST: John Laney NORTHING: 593551.865
a = wualernary =oflan and Aluvial Uepostts COMPLETED: Oct. 2013 EASTING: 2632526.682
Kbc = Burro Canyon Formation - -
Jmb = Morrison Formation, METHOD: AIR ROTARY/CORE| MP ELEVATION: 6,673.5
Brushy Basin Member MONITOR WELL MW-109
¥ Water Level (feet below ground surface) CONSTRUCTION SCHEMATIC
i RIO ALGOM MINING LLC, LISBON FACILITY
2014
-~
.(’ 7 MONTGOMERY
- & ASSOCIATES FIGURE B-12
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DEPTH BELOW

Qea = Quaternary Eolian and Alluvial Deposits
Kbc = Burro Canyon Formation

Jmb = Morrison Formation,
Brushy Basin Member

—?l Water Level (feet below ground surface)

Locking Well Cap LAND SURFACE GENERAL
\ (feet) LITHOLOGY FORMATION
8-inch Steel Monument
0 Concrete Pad — — 0
i s Reddish brown
Nominal 12-inch Borehole ﬁ 1 _/_ \ silty SAND / \ Q:-‘:a /
8
" Neat Cement
8-inch Steel Surface Casing
| 4-inch Diameter Schedule 40
PVC Blank Casing
Tan to white Kbe
B fine-grained
SANDSTONE
Seal Material
(High Solids Bentonite Grout)
T 50
QL
w
O L
<<
L
4
c?) 69 Y
a -  Nominal 8-inch Borehole A
z Greenish blue SHALE
S 77
= L
% 86 Reddish brown
o SHALE
E -  Bentonite Transition Layer - 90
4 - oOFESSIONL.
100 |— L 100 ey st — Gy T\
= e LA 0 g 10 % §
Sand Filter Pack |l == }&/7/ i) ‘;)3 Jmb
ili = 3 A}
| (Colorado Silica Sand) £ : TIMOTHY PATRICK LEO * @
= S 8272244-2250 @
R 2 ]
- = o G113
= T
| 4-inch Diameter Schedule 40 = ot teveainet LS
0.020 Slotted PVC Screen = ~Xp1tey 3|3
| = = 139.02 (10/7/2013) v
~— 140
4-inch PVC End Cap / 1 f
150 —
EXPLANATION WELL: MW-110 NAD27 STATE PLANE UTAH SO.

GEOLOGIST: John Laney

NORTHING: 592550.344

COMPLETED: Oct. 2013

EASTING: 2632886.145

METHOD: AIR ROTARY

MP ELEVATION: 6,623.9

MONITOR WELL MW-110
CONSTRUCTION SCHEMATIC
RIO ALGOM MINING LLC, LISBON FACILITY

%ﬁ MONTGOMERY o

_— & ASSOCIATES FIGURE B-13
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DEPTH BELOW

Qea = Quaternary Eolian and Alluvial Deposits
Kbc = Burro Canyon Formation

Jmb = Morrison Formation,
Brushy Basin Member

Note: Well dry on October 7, 2013

Locking Well Cap LAND SURFACE GENERAL
\ (feet) LITHOLOGY FORMATION
8-inch Steel Monument
0 Concrete Pad | 0
Nominal 12-inch Borehole \( 2 Reddish brown _\g‘ii/_
silty SAND L
-  Neat Cement
8-inch Steel Surface Casing
B — 18 Tan to white fine-grained
SANDSTONE
4-inch Diameter Schedule 40 30
- PVC Blank Casing
Reddish brown SILTSTONE Kbc
L 40
Seal Material
= (Hydrated Bentonite Chips) Tan to white fine-grained
§ 50 — SANDSTONE
s
S inal 8-i | 60 y
'i" Nominal 8-inch Borehole 63 Greenish blue A
(?) \ SHALE /
% = 69
< 74
- p—
= L —
0 ) —
o Sand Filter Pack Jr—
m (Colorado Silica Sand) Jr—
T L pr— Jmb
'_ —_—
o p—
& f—
o — Reddish brown
100 — p— SHALE
4-inch Diameter Schedule 40 p—
| 0.020 Slotted PVC Screen f—
124 3
4-inch PVCEnd Cap —M8M8™—"
L ¢ESSIOpN
OF Seceno, 4 Q —
- . e 5
L Y L7 4 a
= : e}
:(.LEI : TIMOTHY PATRICK LEQ @
150 b '-_:\.‘._ B8272244-2250 Eg
g3,
e o il
e OF Ut s
Expye" 3| 30 |/
WELL: MW-111 NAD27 STATE PLANE UTAH SO.
EXPLANATION

GEOLOGIST: John Laney

NORTHING: 591997.005

COMPLETED: Oct. 2013

EASTING: 2634470.309

METHOD: AIR ROTARY

MP ELEVATION: 6,645.5

MONITOR WELL MW-111
CONSTRUCTION SCHEMATIC
RIO ALGOM MINING LLC, LISBON FACILITY

_— & ASSOCIATES

@ MONTGOMERY

2014

FIGURE B-14
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DEPTH BELOW

Locking Well Cap LAND SURFACE GENERAL
(feet) LITHOLOGY FORMATION
8-inch Steel Monument
Concrete Pad = — 0
0 )
Nominal 12-inch Borehole J Reddish brown
. Qea
- Neat Cement silty SAND
8-inch Steel Surface Casing j 15 x
I~ 4-inch Diameter Schedule 40 L 20 . Reddish brown SILTS.TONE
PVC Blank Casing 25 interbedded with gray limestone
| Seal Material 27
(High Solids Bentonite Grout) ~— 30 Reddish brown
Bentonite Transition Layer e — 35 SILTSTONE
- pr— 40
x
= 43.83 (10/7/2013) Tan to white
T 50 — fine-grained
£ — SANDSTONE
W f—
O —_—
E o = =
x Nominal 8-inch Borehole — ,-"()"5555103.:4
7 e T s T
o) - p— —s.55 N0
5 — 3-_:? g ¥ ; 6
= | = {4 { TIMOTHY PATRICK LEO : @} Kbe
o Sand Filter Pack p— T 8272244-2250 g:
o (Colorado Silica Sand) — 4. )
IE L pr— . ,'I.'/IHI/} 3
Jr— Ny AT N
8 — ').’-?I&_'OF_\..%‘_‘_‘T*--'j :
100 f— E {’J"_r'J” Bf?fJ
4-inch Diameter Schedule 40 pr— 110
- 0.020 Slotted PVC Screen — Tan fine-grained
— 15 SANDSTONE
L — interbedded with
— green siltstone
i — Tan to white fine-grained
= SANDSTONE
- L 140
' / """ 143 4
4-inch PVC End Cap
150 —
WELL: MW-112 NAD27 STATE PLANE UTAH SO.
EXPLANATION
a Quat Eoi 4 Alluvial D " GEOLOGIST: John Laney NORTHING: 591398.068
ea = Quaternary Eolian an uvial Deposits
COMPLETED: Oct. 2013 EASTING: 2631481.446
Kbc = Burro Canyon Formation
y METHOD: AIR ROTARY MP ELEVATION: 6,536.3
MONITOR WELL MW-112
—?l Water Level (feet below ground surface) CONSTRUCTION SCHEMATIC
RIO ALGOM MINING LLC, LISBON FACILITY
';_ 2014
& 7 VIONTGOMERY
-~ & ASSOCIATES FIGURE B-15
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DEPTH BELOW

Qea = Quaternary Eolian and Alluvial Deposits
Kbc = Burro Canyon Formation

¥ Water Level (feet below ground surface)

Locking Well Cap LAND SURFACE GENERAL
\ (feet) LITHOLOGY FORMATION
8-inch Steel Monument
0— Concrete Pad ] — 0
Nominal 12-inch Borehole \( Reddish brown Qea
silty SAND A
-  Neat Cement 11
Reddish brown
8-inch Steel Surface Casing N 18 SANDSTONE
- interbedded with
4-inch Diameter Schedule 40 gray limestone
PVC Blank Casing
Seal Material
L (High Solids Bentonite Grout)
Brown
= 47 fine-grained
3 50 = Bentonite Transition Layer 52 SANDSTONE Kb
= C
3 — 58
= i P—
v . r . f—
x Nominal 8-inch Borehole p—
2 == 66.98 (10/7/2013)
a o f—
z Sand Filter Pack —
- (Colorado Silica Sand) —
= L — 80
[e) f—
d p—
m . . p— Tan to white fine-grained
4-inch Diameter Schedule 40 — )
= [ 0.020 Slotted PVC Screen = SANDSTONE interbedded
& P f— with green siltstone
o ==
100 R [p— 100 - -
e 103 Light gray fine-grained y
/ 105 SANDSTONE
- 4-inch PVC End Cap
¢ESSIOpN
| OF Seceno, 4 Q —
s . e 5
Y &t g2 4 \’2
- 3. = e
s W : TIMOTHY PATRICK LEO : @
191 B272244-2250 @&
i PR
i e G135 S
"-.\92‘-" ......... ".\é.»'.
150 — __‘.ﬁ'?:E--(-).F-\'-ﬁ'P\}\S’
Expre 3| 201
WELL: MW-113 NAD27 STATE PLANE UTAH SO.
EXPLANATION

GEOLOGIST: John Laney

NORTHING: 590646.623

COMPLETED: Oct. 2013

EASTING: 2633010.064

METHOD: AIR ROTARY

MP ELEVATION: 6,567.4

MONITOR WELL MW-113
CONSTRUCTION SCHEMATIC
RIO ALGOM MINING LLC, LISBON FACILITY

%ﬁ MONTGOMERY o

_— & ASSOCIATES FIGURE B-16
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Locking Well Cap

DEPTH BELOW

Kbc = Burro Canyon Formation

Jmb = Morrison Formation,
Brushy Basin Member

Qea = Quaternary Eolian and Alluvial Deposits

—?l Water Level (feet below ground surface)

LAND SURFACE GENERAL
8-inch Steel Monument (feet) LITHOLOGY FORMATION
0 Concrete Pad R 0
q Reddish brown silty SAND A
L . y [ Reddish brown | Qea
i Nominal 12-inch Borehole 2 —_ SANDSTONE interbedded v
Neat Cement N_ 35; —' with gray limestone = ——g——
| 8-inch Steel Surface Casing——— 37 Brown fine-grained SANDSTONE
- Seal Material gg
50 (High Solids Bentonite Grout) 48
B — Gray to green to reddish brown
| Bentonite Transition Layer = = 57.03 (10/7/2013) ﬁg'e_gf’aine | SANDSTONE
| 4-inch Diameter Schedule 40 pr— interbedded with limestone
= PVC Blank Casin —
j]v_a - 9 — 6 Brown pebble
w — CONGLOMERATE
Q i — 90
E 100 — p—
4 J—
=) pr—
@ f—
o pr—
4 - p—
< p—
1 B p—
= Nominal 8-inch Borehole — . ) Kbe
2 - — White to tan fine-grained
o f—
@ 150 |- P— SANDSTONE
I —_—
e - Sand Filter Pack P—
L‘|3J (Colorado Silica Sand) p—
| 4-inch Diameter Schedule 40 p—
L 0.020 Slotted PVC Screen — Greenish blue
, — 1 I’ SHALE _ v
200 [~ 4-inch PVC End Cap 204 Reddish brown Jmb
- Hydrated Bentonite Pellets SHALE
250 —
¢ESSIOpN
OF Seceno, 4 Q — i
s \ g
Y &t g2 4 \’2
=z i)
s W : TIMOTHY PATRICK LEO : @
191 B272244-2250 @&
i PR
'-._" I / IN,’ / | 3 . 3
"-.\92‘-" ......... ".\é.»'.
Expre 3| 201
WELL: MW-114 NAD27 STATE PLANE UTAH SO.
EXPLANATION

GEOLOGIST: John Laney NORTHING: 590521.651

COMPLETED: Oct. 2013 EASTING: 2632023.456

METHOD: AIR ROTARY MP ELEVATION: 6,554.4

MONITOR WELL MW-114
CONSTRUCTION SCHEMATIC
RIO ALGOM MINING LLC, LISBON FACILITY

%ﬁ MONTGOMERY o

_— & ASSOCIATES FIGURE B-17
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Locking Well Cap

DEPTH BELOW

Qea = Quaternary Eolian and Alluvial Deposits
Kbc = Burro Canyon Formation

. LAND SURFACE GENERAL
8-inch Steel Monument (feet) LITHOLOGY FORMATION
0 Concrete Pad [ ] BT 0
| Nominal 12-inch Borehole \ Reddish brown silty Qea
Neat Cement ﬁ 17 SAND
| 8-inch Steel Surface Casing - 20 SAND%?S:\?E brown ‘
I~ 4-inch Diameter Schedule 40 7 with ara "r']:‘;zrtgiided
| PVC Blank Casing 3 gray
50 — Seal Material 50 Brown fine-grained
(High Solids Bentonite Grout) SANDSTONE interbedded
| Bentonite Transition Layer =1 60 with brown siltstone
Lk == 70
3 Sand Filter Pack || ————— 73.83 (10/7/2013)
= B o Sll==" Reddish brown to reddish
Colorado Silica Sand p—
§ | (Colorado Silica Sand) =" gray SILTSTONE
& 400 |- Nominal 8-inch Borehole =" 100
35 Sl==]"
»n - 4-inch Diameter Schedule 40 = . Kbe
S | 0.020 Slotted PVC Screen = Olive SILTSTONE
S 4-inch PVC End Cap = . 125
= = 30
(@]
< L
i
T 150 —
e L
a8 | Borehole Abandoned White fine to medium-grained
SANDSTONE interbedded
- ith | t
High Solids Bentonite Grout Wwith conglomerate
t %
- 218 Y
250 —
Essioy
Qq'o ....... s, Q 7 @
S —f T
1= ok
s W : TIMOTHY PATRICK LEO : @
121 8272244-2250 &
4 T
% i3S
"-.\92‘-" ......... ".\é.»'.
Expre 3| 201
WELL: MW-115S NAD27 STATE PLANE UTAH SO.
EXPLANATION

GEOLOGIST: John Laney

NORTHING: 589523.457

COMPLETED: Oct. 2013

EASTING: 2633289.062

METHOD: AIR ROTARY

MP ELEVATION: 6,578.1

MONITOR WELL MW-115S
CONSTRUCTION SCHEMATIC
RIO ALGOM MINING LLC, LISBON FACILITY

—?l Water Level (feet below ground surface)

';_ 2014
& 7 VIONTGOMERY
- & ASSOCIATES FIGURE B-18
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Locking Well Cap

DEPTH BELOW

Qea = Quaternary Eolian and Alluvial Deposits
Kbc = Burro Canyon Formation

—?l Water Level (feet below ground surface)

. LAND SURFACE GENERAL
8-inch Steel Monument (feet) LITHOLOGY FORMATION
0 Concrete Pad T 0
| Nominal 19-inch Borehole \ 2 Reddish brown silty Qea
Neat Cement \( 15 SAND
" 14-inch Steel Surface Casing T 20 Reddish brown
4-inch Diameter Schedule 40 SA%ﬂﬁT?aNﬁigézzgiided
~  PVC Blank Casing gray
50 — . 50
Seal Material 7 Greenish gray clayey SHALE
-  (High Solids Bentonite Grout) 60
Tan to reddish brown
E’ i 80 Reddish brown to greenish
SE) r —_—___ gg — gray SILTSTONE —
DDC 100 = Bentonite Transition Layer Reddish brown to
%] - greenish gray to tan Kbc
% 115 fine-grained
ﬁ Nominal 10-inch Borehole — 125 SANDSTONE
= = p— 130
9 f—
-l - p—
'6H f—
T 150 [~ 4-inch Diameter Schedule 40 —
e | 0.020 Slotted PVC Screen _—
& f—
8 b Sand Filter Pack —
| (Colorado Silica Sand) f— White fine to medium-grained
f— SANDSTONE
- — interbedded with
200 |- — conglomerate
I = 215
| Nominal 8-inch Borehole : 225
4-inch Diameter Schedule 40—’% 4
- PVC Blank Casing / 240
250 L-  4-inch PVC End Cap
Ty
3 -'Q_OFE' ..... o’V,q o =
g Q_-" Q & ’\ \
Sl o o)
[ el
s W : TIMOTHY PATRICK LEO : @
18% B272244-2250 @
=" e
e G135 S
"-.\92‘-" ......... ".\é.»'.
- ATE oF_\..‘f_‘_?‘--'}\S_,
Expre 3| 201
WELL: MW-115M NAD27 STATE PLANE UTAH SO.
EXPLANATION

GEOLOGIST: John Laney

NORTHING: 589529.126

COMPLETED: Oct. 2013

EASTING: 2633240.024

METHOD: AIR ROTARY

MP ELEVATION: 6,578.0

MONITOR WELL MW-115M
CONSTRUCTION SCHEMATIC
RIO ALGOM MINING LLC, LISBON FACILITY

';_ 2014
& 7 VIONTGOMERY
- & ASSOCIATES FIGURE B-19

Drafting\1350.21\MonWell_MW115M\15July2014




Locking Well Cap

DEPTH BELOW

Qea = Quaternary Eolian and Alluvial Deposits
Kbc = Burro Canyon Formation

—?l Water Level (feet below ground surface)

LAND SURFACE GENERAL
(feet) LITHOLOGY FORMATION
8-inch Steel Monument
0 Concrete Pad | — 0
Nominal 12-inch Borehole J Reddish brown Qea
silty SAND
I~ Neat Cement 11 x
i 8-inch Steel Surface Casing j 20 Yellowish brown
4-inch Diameter Schedule 40 SAND'STONE |pterbedded
PVC Blank Casing with gray siltstone
i 33
Seal Material 38 Dark gray SHALE
I~ (High Solids Bentonite Grout) ‘/ Yellowish brown
SANDSTONE interbedded
- with gray siltstone
B 50 - 50
£ Light to dark gray
L fine-grained SANDSTONE
g t 60
w
(n?j Nominal 8-inch Borehole SIL'?Sﬁ)(l)NE Kbe
a L 70
<Zt Tan fine-grained
; SANDSTONE interbeded
- 83 with light gray siltstone
(@]
0 X 83.35 (10/7/2013)
? B Bluish gray clayey
5 S ) SILTSTONE
o Bentonite Transition Layer 89 _ _
. Light gray fine to medium
100 = 102 grained SANDSTONE
Sand Filter Pack L= interbedded with light
and Filter Pac| A — ;
L (Colorado Silica Sand) = 110 green siltstone
4-inch Diameter Schedule 40 o P— Reddish purple
| 0.020 Slotted PVC Screen L == SILTSTONE
b 122 A
/ 123 —
| 4-inch PVC End Cap OFESSION..
“““ . e
R A5
Y &t g2 4 ) \’2
=z i)
s W : TIMOTHY PATRICK LEO : @
1S5 82722442250 ;G
150 — P
-._" I / IN,’ / | 3 .
"-.\92‘-" ......... ".\é.»'.
Expre 3| 201
WELL: MW-116 NAD27 STATE PLANE UTAH SO.
EXPLANATION

GEOLOGIST: John Laney

NORTHING: 589209.925

COMPLETED: Oct. 2013

EASTING: 2632593.247

METHOD: AIR ROTARY

MP ELEVATION: 6,577.8

MONITOR WELL MW-116
CONSTRUCTION SCHEMATIC
RIO ALGOM MINING LLC, LISBON FACILITY

%ﬁ MONTGOMERY o

_— & ASSOCIATES FIGURE B-20
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DEPTH BELOW

¥ Water Level (feet below ground surface)

Locking Well Cap LAND SURFACE GENERAL
(feet) LITHOLOGY FORMATION
8-inch Steel Monument
0— Concrete Pad T 0
kT
x , T
- Seal Material . .
(High Solids Bentonite Grout) Reddish brown sity SAND ~~ @€@
- : . 4
4-inch Diameter Schedule 40 21 A
PVC Blank Casing %
i White to tan fine-grained
SANDSTONE
" Nominal 8-inch Borehole
— 48
© 50 —
L —FF 53
EJ;. Bentonite Transition Layer
Z B Reddish brown SILTSTONE
o . ————— 63
x 5
a 70
[} - —
Z — Kbc
< p—
< —
% i = 81.12 (10/7/2013) Reddish gray fine-grained
o p— SANDSTONE interbedded
om f— with gray limestone
T - p—
B Sand Filter Pack —
a (Colorado Silica Sand) — 98
100 [~ —
| 4-inch Diameter Schedule 40 — Brown fine to medium-grained
0.020 Slotted PVC Screen e SANDSTONE
— 125
i // 128 — \ 4
4-inch PVC End Cap ofESSIONG:.. 5
k P Qg\ e ,\~ 3
I ~Da >
7= &= o
* W TIMOTHY PATRICK LEO: @
150 % 8272244-2250 &
. 111913 o g
R AT N
ATIE OF.\:“_‘P‘.-'}S,
Expre 3| 7|
WELL: MW-1178 NAD27 STATE PLANE UTAH SO.
EXPLANATION
Qea = Quat Eol 4 Alluvial D " GEOLOGIST: John Laney NORTHING: 589260.319
a = wualernary =oflan and Aluvial Uepostts COMPLETED: Oct. 2013 EASTING: 2633998.511
Kbc = Burro Canyon Formation
METHOD: AIR ROTARY MP ELEVATION: 6,586.2

MONITOR WELL MW-117S
CONSTRUCTION SCHEMATIC
RIO ALGOM MINING LLC, LISBON FACILITY

"'Jf MONTGOMERY o

_— & ASSOCIATES FIGURE B-21
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Locking Well Cap

8-inch Steel Monument

Concrete Pad

DEPTH BELOW
LAND SURFACE GENERAL
(feet) LITHOLOGY FORMATION

—?l Water Level (feet below ground surface)

o =T 0
| Nominal 19-inch Borehole \ 2 Reddish brown silty Qea
Neat Cement 19 SAND y
" 14-inch Steel Surface Casing 21 —~ A
B White to tan
4-inch Diameter Schedule 40 fine-grained
" PVC Blank Casing SANDSTONE
48
50 — .
Seal Material 7 Reddish brown
~  (High Solids Bentonite Grout) SILTSTONE
= - 70
uﬂ,_’ B v Reddish gray fine-grained
L Nominal 10-inch Borehole——— = 81.9 (10/7/2013) SAN[,)STONE, interbedded
2 L with gray limestone
& 100 — 98
? L Kb
[m) 119
<Z( - Bentonite Transition Layer e 121
= — | 125
= I~ Sand Filter Pack —
Cd) | (Colorado Silica Sand) p— . o y o
m | 4-inch Diameter Schedule 40 — rown fine to medium-graine
= %017 0.020 Siotted PVC Screen 150 SANDSTONE
o N .
g i 4-inch PVC End Cap 7
I~ High Solids Bentorite Grout y
198 -
200 — Greenish blue SHALE
| Borehole Abandoned 204 Reddish brown SHALE Jmb
250 —
¢ESSIOpN
QY o, 4 Q =
s \ g
Y L7 4 ) \’2
=z i)
s W : TIMOTHY PATRICK LEO : @
191 B272244-2250 @&
i PR
g3,
"-.\92‘-" ......... ".\é.»'.
- ATE oF_\..‘f_‘_?‘--'}\S_,
Expre 3| 201
WELL: MW-117M NAD27 STATE PLANE UTAH SO.
EXPLANATION
Qea = Quat Eol 4 Alluvial D " GEOLOGIST: John Laney NORTHING: 589239.524
Kbo = Burro Canyon Formation COMPLETED: Oct. 2013 EASTING: 2633974.818
Jmb = Morrison Formation, METHOD: AIR ROTARY MP ELEVATION: 6,586.6
Brushy Basin Member MONITOR WELL MW-117M

CONSTRUCTION SCHEMATIC
RIO ALGOM MINING LLC, LISBON FACILITY

%ﬁ MONTGOMERY o

_— & ASSOCIATES FIGURE B-22
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Locking Well Cap

8-inch Steel Monument
Concrete Pad

N

Seal Material
(High Solids Bentonite Grout)

Bentonite Transition Layer

4-inch Diameter Schedule 40
PVC Blank Casing

DEPTH BELOW
LAND SURFACE GENERAL

(feet) LITHOLOGY FORMATION

Reddish brown silty SAND

o N O

« 5>

AT e

10
» \ 12

14.33 (10/7/2013)

Qea = Quaternary Eolian and Alluvial Deposits
Kbc = Burro Canyon Formation

Jmb = Morrison Formation,
Brushy Basin Member

Y Water Level (feet below ground surface)

=
2@
w
2 Brown fine-grained Kbc
'ﬁD:L - Nominal 8-inch Borehole SANDSTONE
%]
s
< 50 sand Filter Pack
= (Colorado Silica Sand)
% —  4-inch Diameter Schedule 40
m 0.020 Slotted PVC Screen 65
E | 4-inch PVC End Cap 69 Greenish blue SHALE Jmb
LfIJJ Hydrated Bentonite Pellets
100 — e,
OFE’.S..S}.QN,q " >
k P Qg\ e ,\~ 3
~ DS >
£33 e I
;W : TIMOTHY PATRICK LEO : @
191 B272244-2250 @&
=" P
w g3,
O AT N
ATEGFUT
Expre 3| 201
WELL: MW-118 NAD27 STATE PLANE UTAH SO.
EXPLANATION

GEOLOGIST: John Laney

NORTHING: 594554.291

COMPLETED: Oct. 2013

EASTING: 2627874.163

METHOD: AIR ROTARY/CORE| MP ELEVATION: 6,465.4

MONITOR WELL MW-118
CONSTRUCTION SCHEMATIC
RIO ALGOM MINING LLC, LISBON FACILITY

"'Jf MONTGOMERY o

_— & ASSOCIATES FIGURE B-23
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Locking Well Cap

8-inch Steel Monument

Concrete Pad

LAND SURFACE GENERAL

(feet) LITHOLOGY FORMATION

Qea = Quaternary Eolian and Alluvial Deposits
Kbc = Burro Canyon Formation

Jmb = Morrison Formation,
Brushy Basin Member

% Water Level (feet below ground surface)

(U , ,
Nominal 12-inch Borehole Reddish brown silty SAND Qea
| Neat Cement 4
8-inch Steel Surface Casing
17
| 4-inch Diameter Schedule 40
PVC Blank Casing Brown
L fine-grained
Seal Material SANDSTONE
(High Solids Bentonite Grout) Kbe
. " 43
Bentonite Transition Layer 46
T 50 - . . 50
é Nominal 8-inch Borehole 53 Olive brown SILTSTONE
— 55
"(BJ 4-inch Diameter Schedule 40 pr— Brown fine-grained
; "~ 0.020 Slotted PVC Screen — SANDSTONE with
=) — interbedded green
2 | Sand Filter Pack = 68.74 (10/7/2013) siltstone
=z (Colorado Silica Sand) — 73 y
S — ~__ 4 A
% L
o 4-inch Diameter Schedule 40
m .
= i PVC Blank Casing 88 Reddish brown Jmb
o SHALE
'-"34 4-inch PVC End Cap
100 —
H ted Bentonite Pellet
ydrated Bentonite Pellets 104
B OFE’.S.?".QN,q " >
Y2 &
Y &2 24 ) \2
i = & aal
s W : TIMOTHY PATRICK LEO : @
1S5 82722442250 ;G
150 L i
" 1119113,
"-.\92‘-" ......... ".\é.»'.
Expre 3| 201
WELL: MW-119 NAD27 STATE PLANE UTAH SO.
EXPLANATION

GEOLOGIST: John Laney NORTHING: 594210.545

COMPLETED: Oct. 2013 EASTING: 2630986.34

METHOD: AIR ROTARY MP ELEVATION: 6,589.7

MONITOR WELL MW-119
CONSTRUCTION SCHEMATIC
RIO ALGOM MINING LLC, LISBON FACILITY

%ﬁ MONTGOMERY o

_— & ASSOCIATES FIGURE B-24
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Locking Well Cap

DEPTH BELOW

Qea = Quaternary Eolian and Alluvial Deposits
Kbc = Burro Canyon Formation

Jmb = Morrison Formation,
Brushy Basin Member

. LAND SURFACE GENERAL
8-inch Steel Monument (feet) LITHOLOGY FORMATION
0 Concrete Pad R pRY | 0
;} Reddish brown silty Qea
" Nominal 12-inch Borehole SAND
L 18
A
i Neat Cement Brown fine-grained
8-inch Steel Surface Casing g 40 SANDSTONE
Brown to greenish gray
o 4-inch Diameter Schedule 40 %& pebble
- PVC Blank Casing CONGLOMERATE
i Seal Material 72
~  (High Solids Bentonite Grout)
L Reddish brown
fine-grained
S Transiion L 99 SANDSTONE
“8 | entonite Transition Layer 109 interbedded with green
I — 115 siltstone
&() B ¥ 124.42 (10/7/2013)
I . e 130 . Kb
=) Nominal 8-inch Borehole f— Greenish gray
‘g i — fine-grained SANDSTONE
<Z( 150 — P— interbedded with green
; L Sand Filter Pack — 163 etone
) | (Colorado Silica Sand) p— 170 Brown pebble CONGLOMERATE
— pE—
o pr—
o = p— Brown fine-grained
= L — SANDSTONE
& e interbedded with
0 200 [— — greenish gray siltstone
- 4-inch Diameter Schedule 40 p— 210
| 0.020 Slotted PVC Screen p— 220 Brown SILTSTONE
— 230 Brown fine-grained SANDSTONE
pr— Brown pebble
B ainch PVC End C p— 245 CONGLOMERATE \ 4
250 |- ¢ natap 246 Greenish gray to reddish Jmb
| Hydrated Bentonite Pellets 260 brown SHALE
- "‘__--é-s'i-..
B ;2'?-0‘;‘& ..... o’v_q . —
G O
o Y & ""}7/?» i) a
=z i)
300 s W : TIMOTHY PATRICK LEO : @
191 B272244-2250 @&
=" e
e G135 S
"-.\92‘-" ......... ".\é.»'.
- ATE oF\.‘ﬁP‘ e
Expre 3| 201
WELL: MW-120 NAD27 STATE PLANE UTAH SO.
EXPLANATION

GEOLOGIST: John Laney

NORTHING: 586691.404

COMPLETED: Oct. 2013

EASTING: 2637531.855

METHOD: AIR ROTARY

MP ELEVATION: 6,677.2

MONITOR WELL MW-120
CONSTRUCTION SCHEMATIC
RIO ALGOM MINING LLC, LISBON FACILITY

—?l Water Level (feet below ground surface)

2014

@ MONTGOMERY

_— & ASSOCIATES FIGURE B-25
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Locking Well Cap

DEPTH BELOW

Note: Well dry on October 7, 2013

LAND SURFACE GENERAL
8-inch Steel Monument (feet) LITHOLOGY FORMATION
0 Concrete Pad [ ] BT 0
| Nominal 12-inch Borehole Reddish brown silty Qva
Neat Cement SAND v
| 8-inch Steel Surface Casing4t' 21
- 30
I~ 4-inch Diameter Schedule 40
50 - PVC Blank Casing
" Seal Material
R | (High Solids Bentonite Grout)
L
2 B Brown fine-grained Jw
& 100 |- Nominal 8-inch Borehole SANDSTONE
2 L
)
pd L
<
-
> L
(@]
< L
i
150 —
= . , 155
& ~  Bentonite Transition Layer 164
° i 4-inch Di ter Schedule 40 e T
-inch Diameter Schedule — .
- 0.010 Slotted PVC Screen = . deir:ﬁ';'f:wgnraSyHtXLE TRe
I Sand Filter Pack —
200 I (Colorado Silica Sand) — 201 l
| 4-inch PVC End Cap 203
250 —
¢ESSIOpN
OF Seceno, 4 Q —
s \ g
Y &t g2 4 \’2
= = VO
s W : TIMOTHY PATRICK LEO : @
191 B272244-2250 @&
=" e
g3,
"-.\92‘-" ......... ".\é.»'.
Expre 3| 201
WELL: MW-121 NAD27 STATE PLANE UTAH SO.
EXPLANATION
Qea = Quat Eol 4 Alluvial D " GEOLOGIST: John Laney NORTHING: 588290.58
ea = Muaternary Eollan and Aluvial Deposits COMPLETED: Oct. 2013 EASTING: 2632203.899
Jw = Wingate Formation
TRc = Chinle Formation METHOD: AIR ROTARY MP ELEVATION: 6,595.1

MONITOR WELL MW-121
CONSTRUCTION SCHEMATIC
RIO ALGOM MINING LLC, LISBON FACILITY

%ﬁ MONTGOMERY o

_— & ASSOCIATES FIGURE B-26
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Locking Well Cap

DEPTH BELOW

Kbc = Burro Canyon Formation

Jmb = Morrison Formation,
Brushy Basin Member

Note: Well dry on October 7, 2013

. LAND SURFACE GENERAL
8-inch Steel Monument (feet) LITHOLOGY FORMATION
~ Concrete Pad BEENT|
| Nominal 12-inch Borehole J 10
B Neat Cement Brown fine-grained
8-inch Steel Surface Casing SANDSTONE
37 - -
4-inch Diameter Schedule 40 Brown fine-grained SANDSTONE
50— PVC Blank Casing 50 interbedded with green siltstone
" Seal Material
= | (High Solids Bentonite Grout) Brown fine-grained
g | SANDSTONE
8 L
< Kbc
& 100 |- Nominal 8-inch Borehole 100
8 N Brown fine-grained
=) SANDSTONE interbedded
Z B with green siltstone
-
> L 130
9 L ) " 138
Eé Bentonite Transition Layer 148 Greenish gray
T 150 |~ fine-grained
oL — 156 SANDSTONE
% | 4-inch Diameter Schedule 40 p— 170
0.010 Slotted PVC Screen f— Brown fine-grained
B Sand Filter Pack — SANDSTONE interbedded
- (Colorado Silica Sand) — with green siltstone
196 —~___ \ 4
200 — 200 —— Yellowish gray to Jmb
| 4-inch PVC End Cap 203 _\greenish blue CLAY]
Hydrated Bentonite Pellets Reddish brown
L SHALE
250 —
OfERTIONG:. ,
S8 €O
Y &t g2 4 ) \’2
=z i)
s W : TIMOTHY PATRICK LEO : @
191 B272244-2250 @&
=" e
e G135 S
e o il
_2:47‘:" OF U“P‘ <
Expye" 3| 30 |/
EXPLANATION WELL: MW-122 NAD27 STATE PLANE UTAH SO.

GEOLOGIST: John Laney

NORTHING: 585156.579

COMPLETED: Oct. 2013

EASTING: 2641532.529

METHOD: AIR ROTARY

MP ELEVATION: 6,928.3

MONITOR WELL MW-122
CONSTRUCTION SCHEMATIC
RIO ALGOM MINING LLC, LISBON FACILITY

%ﬁ MONTGOMERY o

_— & ASSOCIATES FIGURE B-27
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DEPTH BELOW

Qea = Quaternary Eolian and Alluvial Deposits
Jn = Navajo Sandstone Formation

Jk = Kayenta Formation

Jw = Wingate Formation

LAND SURFACE GENERAL
(feet) LITHOLOGY FORMATION
0 0 _
Neat Cement Reddish brown ea
- Nominal 12-inch Borehole 3i 5 — silty SAND
B 17
8-inch Steel Surface Casing
B Tan fine-grained J
SANDSTONE n
50 |- l
z | Seal Material 78
L - (High Solids Bentonite Grout)
L L
Q
L 100 [—
o
=) L
n
D -
Z Reddish brown Ik
- = fine-grained SANDSTONE
% Nominal 8-inch Borehole \
S L
w
m 150 —
T
= L
o
Lu -
e 175 i
i Brown fine-grained Jw
B SANDSTONE +
200 [~ 200
250 —
“““ . e
o (::“ 7 SR
Y &t g2 4 ) \’2
=z i)
s W : TIMOTHY PATRICK LEO : @
18% B272244-2250 @
=" A
g3,
"-.\92‘-" ......... ".\é.»'.
AE SRV
Expre 3| 201
BORING: B-2 NAD27 STATE PLANE UTAH SO.
EXPLANATION

GEOLOGIST: John Laney

NORTHING: 592661.51

COMPLETED: Oct. 2013

EASTING: 2628237.492

METHOD: AIR ROTARY

SURFACE ELEVATION: 6,509.2

ABANDONED BOREHOLE B-2
CONSTRUCTION SCHEMATIC
RIO ALGOM MINING LLC, LISBON FACILITY

@ MONTGOMERY

_— & ASSOCIATES

2014

FIGURE B-28
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FIGURE B-29. KEY TO GEOLOGIC FORMATION ABBREVIATIONS

FORMATION
ABBREVIATION FORMATION NAME
Qea Quaternary Eolian and Alluvial Deposits
Kd Dakota Sandstone
Kbc Burro Canyon Formation
Jmb Morrison Formation, Brushy Basin Member
Jn Navajo Formation
Jk Kayenta Formation
Jw Wingate Formation
TRc Chinle Formation
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Page 1 of 5

FIGURE B-30. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-100

RIO ALGOM MINE LISBON
LA SAL, UTAH

DRILLING METHOD / COMPANY: Conventional Air Rotary / Boart Longyear

LOGGED BY: J. Laney

DEPTH DRILLED: 208.0 feet

DATE DRILLED: Sept. 11, 2012

NAD27 : 594322.53 N / 2636663.9 E

BOREHOLE DIAMETER: 8 inches

DEPTH GRAPHIC

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
PR R Qea SILTY SAND yellowish red; non-lithified; dry, loose silty sand; well sorted; reaction
7 to acid: none
Kd SILTSTONE greenish gray; weakly lithified; siltstone; friable; reaction to acid: weathered; orange
h moderate iron oxide staining
10 Kd SANDSTONE gray; weakly lithified; very fine grained sandstone; well sorted; trace iron oxide
7 reaction to acid: none staining
20 Kd SHALE very dark gray; weakly lithified; carbonaceous shale; soft to friable;
reaction to acid: none
30 Kd SANDSTONE yellowish brown; well lithified; fine grained sandstone; well sorted; common iron oxide
h rounded quartz grains; reaction to acid: weak staining
40 Kd SANDSTONE yellowish brown; well lithified; fine grained sandstone; well sorted; common iron oxide
7 rounded quartz grains; reaction to acid: very weak staining
50
.‘ g MONTGOMERY
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Page 2 of 5
FIGURE B-30. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-100
RIO ALGOM MINE LISBON
LA SAL, UTAH

DEPTH GRAPHIC

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kd SANDSTONE brownish yellow; well lithified; very fine grained sandstone; well common iron oxide

7 sorted, rounded quartz grains; interbedded with lenses of yellowish staining
. brown siltstone; reaction to acid: weak

60 - Kd SANDSTONE yellowish brown; well lithified; very fine to fine grained sandstone; well | common iron oxide
7 sorted, rounded quartz grains; reaction to acid: moderate staining

70 Kbc SILTSTONE greenish gray; weakly lithified; siltstone; soft to friable; reaction to
) acid: none

80 Kbc SILTSTONE greenish gray and dusky red; weakly lithified; interbedded greenish
7 gray, reddish brown, and gray siltstone; soft to friable; reaction to
h acid: weak

90 Kbc SILTSTONE greenish gray; moderately lithified; interbedded greenish gray,
7 reddish brown, and gray siltstone; soft to friable; reaction to acid:
. weak

—100

y o
‘J MONTGOMERY

& ASSOCIATES
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DEPTH GRAPHIC

FIGURE B-30. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-100
RIO ALGOM MINE LISBON
LA SAL, UTAH

Page 3 of 5

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
- Kbc LIMESTONE dark reddish gray; well lithified; limestone; hard; interbedded with

T — lenses of greenish gray, very fine grained sandstone; reaction to
+— 1 acid: strong
i —
=
=T
4 —

110 R Kbc SANDSTONE light greenish gray; moderately lithified; very fine grained sandstone;
1 well sorted; reaction to acid: weak

120 Kbc SANDSTONE brownish yellow; well lithified; fine grained sandstone; well sorted,; trace iron oxide
7 rounded quartz grains; interbedded with lenses of greenish gray staining
. siltstone; reaction to acid: moderate

130 o Kbc SANDSTONE pale yellow; well lithified; fine to medium grained sandstone; well trace iron oxide
7 sorted; clast supported; rounded quartz grains; reaction to acid: staining; cuttings
. moderate moist

140 Kbc SANDSTONE pale yellow; well lithified; fine to medium grained sandstone; well trace iron oxide
7 sorted; clast supported; rounded quartz grains; interbedded with staining; cuttings
B lenses of yellowish brown siltstone; reaction to acid: moderate moist

—150
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DEPTH GRAPHIC

FIGURE B-30. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-100

RIO ALGOM MINE LISBON

LA SAL, UTAH

Page 4 of 5

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SILTSTONE greenish gray; well lithified; siltstone; soft to friable; reaction to acid: cuttings moist

7 moderate to strong

160 Kbc SANDSTONE pale yellow; well lithified; fine to medium grained sandstone; well trace iron oxide
7 sorted; clast supported; subrounded quartz grains; reaction to acid: staining; cuttings
- moderate damp

170 Kbc SANDSTONE pale yellow; well lithified; fine to medium grained sandstone; well cuttings saturated;
7 sorted; clast supported; subrounded quartz grains; reaction to acid:  |borehole producing <1
4 very weak gpm

180 Kbc SANDSTONE pale yellow; well lithified; fine to medium grained sandstone; well cuttings saturated;
7 sorted; clast supported; subrounded quartz grains; interbedded with  |borehole producing <5
. lenses of olive green siltstone; reaction to acid: very weak gpm

190 Kbc SANDSTONE pale yellow; well lithified; fine to medium grained sandstone; well cuttings saturated;
7 sorted; clast supported; subrounded quartz grains; interbedded with  |borehole producing <5
- lenses of olive green siltstone; reaction to acid: very weak gpm

—200————
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FIGURE B-30. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-100

RIO ALGOM MINE LISBON

Page 5 of 5

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SANDSTONE pale yellow; well lithified; coarse grained sandstone; poorly sorted; cuttings saturated,;
7 matrix supported; trace clasts up to 0.5 cm; gravel-size clasts consist | borehole producing
- of rounded dark gray sandstone, angular red chert, and green shale; ~10 gpm
i reaction to acid: very weak
| TD: 208.0 feet
210
220
230
240—
—250
.‘ g MONTGOMERY
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DRILLING METHOD / COMPANY: Conventional Air Rotary / Boart Longyear

Page 1 of 4

FIGURE B-31. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-101

RIO ALGOM MINE LISBON
LA SAL, UTAH

LOGGED BY: J. Laney

DEPTH DRILLED: 165.0 feet

DATE DRILLED: Sept. 14, 2012

NAD27 : 593397.01 N/ 2634360.11 E

BOREHOLE DIAMETER: 8 inches

DEPTH GRAPHIC

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
PR R Qea SILTY SAND yellowish red; non-lithified; dry, loose silty sand; well sorted; reaction
7 to acid: none
Kbc SANDSTONE light gray; well lithified; fine grained sandstone; well sorted; orange iron oxide
7 clast-supported; subrounded quartz grains; reaction to acid: staining
- moderate
10 | — Kbc SANDSTONE brown; well lithified; fine grained sandstone; well sorted; interbedded trace iron oxide
T — with lenses of gray limestone; reaction to acid: strong staining
1
e [—
E ‘ .
= T
,,. ‘7 i
20 Kbc SILTSTONE brown and light greenish gray; weakly to well lithified; siltstone;
7 interbedded with lenses of gray limestone and gray fine grained
1 sandstone; reaction to acid: moderate to strong
30 Kbc SANDSTONE pale brown; well lithified; fine grained sandstone; well sorted; clast trace iron oxide
7 supported; subrounded quartz grains; reaction to acid: moderate staining
40 | ‘ ‘ ‘ ‘ Kbc LIMESTONE greenish gray; well lithified; limestone; hard; reaction to acid: strong
[ ]
T 1
NI
[ ]
41 ]
[ ]
T ]
LT
[ ]
4 [ 1
[ ]
T 1
L1 ]
50t [ ]
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DEPTH GRAPHIC

FIGURE B-31. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-101

RIO ALGOM MINE LISBON
LA SAL, UTAH

Page 2 of 4

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SANDSTONE pale olive; weakly to well lithified; fine grained sandstone; well sorted;

7 interbedded with lenses of soft, greenish gray siltstone; reaction to
40 acid: none

60 Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; clast
7 supported; rounded to subrounded quartz grains; reaction to acid:
. moderate

70 Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; clast
7 supported; rounded to subrounded quartz grains; reaction to acid:
. moderate

80 Kbc SANDSTONE pale olive; well lithified; fine grained sandstone; well sorted; clast
7 supported; rounded to subrounded quartz grains; reaction to acid:
i strong

90 Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; rounded
7 to subrounded quartz grains; reaction to acid: weak

—100
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DEPTH GRAPHIC

FIGURE B-31. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-101

RIO ALGOM MINE LISBON
LA SAL, UTAH

Page 3 of 4

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; rounded
7 to subrounded quartz grains; reaction to acid: weak
110 Kbc SILTSTONE yellow; weakly lithified; siltstone; interbedded with lenses of white, trace iron oxide
7 fine grained sandstone; reaction to acid: none staining
120 Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; rounded trace iron oxide
h to subrounded quartz grains; reaction to acid: weak staining
130 Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; rounded trace iron oxide
h to subrounded quartz grains; reaction to acid: none staining
140 Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; rounded trace iron oxide
7 to subrounded quartz grains; reaction to acid: weak staining
—150
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DRILL CUTTINGS FROM MONITOR WELL MW-101

FIGURE B-31. GRAPHIC LOG FOR
RIO ALGOM MINE LISBON

Page 4 of 4

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; rounded

7 to subrounded quartz grains; reaction to acid: none

160 Jmb SHALE dusky red and greenish gray; moderately lithified; mudstone/shale;

reaction to acid: none

| TD: 165.0 feet

170

180

190

——200
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Page 1 of 3
FIGURE B-32. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-102
RIO ALGOM MINE LISBON

LA SAL, UTAH
DRILLING METHOD / COMPANY: Conventional Air Rotary / Boart Longyear LOGGED BY: J. Laney
DEPTH DRILLED: 141.0 feet DATE DRILLED: Sept. 20, 2012
NAD27 : 592128.79 N / 2635889.24 E BOREHOLE DIAMETER: 8 inches
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
| ‘ ‘ ‘ ‘ Kbc LIMESTONE greenish gray; well lithified; limestone; hard; reaction to acid: strong weathered
[ ]
T 1
[ ]
[ ]
41 1
[ ]
T
L T
[ ]
4 [ 1
[ ]
T 1 1
R
10— B
[ 1 Kbc LIMESTONE greenish gray; well lithified; limestone; hard; reaction to acid: weathered
T ‘ ‘ ‘ ‘ moderate to strong
| [ | [ |
| Kbc SILTSTONE dusky red; weakly lithified; siltstone; reaction to acid: none weathered
20 | Kbc SILTSTONE greenish gray; weakly lithified; siltstone; reaction to acid: moderate
Kbc SANDSTONE pale yellow; moderately lithified; very fine grained sandstone; well
7 sorted; reaction to acid: moderate
30 Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; clast
7 supported; subrounded quartz grains; reaction to acid: moderate
40 Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; clast
7 supported; subrounded quartz grains; reaction to acid: moderate
50

y o
‘J MONTGOMERY

& ASSOCIATES
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DEPTH GRAPHIC

FIGURE B-32. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-102

RIO ALGOM MINE LISBON

LA SAL, UTAH

Page 2 of 3

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; clast trace iron oxide
7 supported; subrounded quartz grains; reaction to acid: moderate staining
60 Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; clast trace iron oxide
7 supported; subrounded quartz grains; reaction to acid: moderate staining
70 Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; clast
7 supported; subrounded quartz grains; reaction to acid: weak
80 | Kbc SILTSTONE olive; weakly lithified; siltstone; soft to friable; reaction to acid: none
Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; clast
7 supported; subrounded quartz grains; reaction to acid: none
90 Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; clast
7 supported; subrounded quartz grains; reaction to acid: weak
—100
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DEPTH GRAPHIC

FIGURE B-32. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-102

RIO ALGOM MINE LISBON

LA SAL, UTAH

Page 3 of 3

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; clast
7 supported; subrounded quartz grains; reaction to acid: none
110 Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; clast
7 supported; subrounded quartz grains; reaction to acid: none
120 Kbc SANDSTONE pale yellow; moderately lithified; fine grained sandstone; well sorted; trace iron oxide
h subrounded quartz grains; interbedded with lenses of olive green staining
b siltstone; reaction to acid: weak
130 Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted;
h subrounded quartz grains; interbedded with lenses of olive green
: siltstone; reaction to acid: very weak
Jmb SHALE pale green; weakly to moderately lithified; mudstone/shale; reaction
to acid: none
Jmb SHALE dusky red; moderately lithified; mudstone/shale; reaction to acid:
none
140—
TD: 141.0 feet
—150
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Page 1 of 4

FIGURE B-33. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-102DB
RIO ALGOM MINE LISBON
LA SAL, UTAH

DRILLING METHOD / COMPANY: Core and Conventional Air Rotary / Boart Longyear LOGGED BY: J. Laney
DEPTH DRILLED: 178.0 feet DATE DRILLED: Sept. 22 - Oct. 8, 2012
NAD27 : 592170.02 N / 2635877.13 E BOREHOLE DIAMETER: 8 inches

DEPTH GRAPHIC

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
| ‘ ‘ ‘ ‘ Kbc LIMESTONE greenish gray; non-lithified; limestone; reaction to acid: strong weathered; loose
[ ]
[ ] Kbc LIMESTONE greenish gray; well lithified; crystalline limestone; hard; reaction to abundant fractures,
7 ‘ ‘ ‘ ‘ acid: strong orange and black
T T 1 oxide staining on
1] ‘ [ ‘ fracture surfaces
41 1
]
[ 1 Kbc LIMESTONE greenish gray; well lithified; crystalline limestone; hard; reaction to abundant fractures,
T ‘ ‘ ‘ ‘ acid: strong orange and black
10— [ ] oxide staining on
] fracture surfaces,
‘ \ ‘ \ calcite infill on fracture
Kbc SILTSTONE dusky red; weakly lithified; siltstone; reaction to acid: moderate surfaces
7 weathered; common
4 iron oxide staining on
| fracture surfaces
20—
Kbc SANDSTONE dusky red; moderately to well lithified; very fine to fine grained trace iron oxide
7 sandstone; well sorted; reaction to acid: weak staining
Kbc SILTSTONE greenish gray; moderately lithified; siltstone; reaction to acid: none trace iron oxide
7] staining
Kbc SANDSTONE pale yellow; well lithified; very fine to fine grained sandstone; well common iron oxide
30 e sorted; subrounded quartz grains; interval contains thin stringers of staining
green siltstone; reaction to acid: none - -
Kbc SANDSTONE - o —— — - - trace iron oxide
J4o pale yellow; well lithified; primarily fine grained sandstone; well stainin
1o sorted; rounded to subrounded quartz grains; 31' - 32": trace 9
subrounded clasts up to 0.5 cm; reaction to acid: weak
: 36' - 36.5": medium to coarse grained sandstone lens
40; 39' - 39.5": medium to coarse grained sandstone lens
e Kbc SANDSTONE pale yellow; well lithified; coarse grained sandstone; poorly sorted;
1o -0 matrix supported; coarsens with depth; 44' - 44.5': conglomerate lens,
e matrix supported, fine grained matrix with subrounded clasts up to 2 - -
‘ ‘ ‘ Kbc SILTSTONE cm; reacrt)ign to acid: vgeak P tracetlrpr_\ oxide
| Kbc SANDSTONE pale yellow; well lithified; siltstone; trace coarse grained subrounded staining
clasts; reaction to acid: weak tracetlrpr_\ oxide
] pale yellow; well lithified; fine grained sandstone; well sorted; staining
D subrounded quartz grains; reaction to acid: weak
50—+ - Kbe CONGLOMERATE 48' - 48.3": coarse grained sandstone lens

& ASSOCIATES

y o
‘J MONTGOMERY
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DEPTH GRAPHIC

FIGURE B-33. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-102DB
RIO ALGOM MINE LISBON
LA SAL, UTAH

Page 2 of 4

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
R CONGLOMERATE pale yellow; well lithified; conglomerate; poorly sorted; matrix
B o " O continued from previous | supported; fine grained matrix with subrounded clasts up to 1.5 cm;
1 page reaction to acid: moderate
1o
10 :
Kbc SANDSTONE pale yellow; well lithified; very fine to fine grained sandstone; well
7 sorted; rounded to subrounded quartz grains; reaction to acid: weak
Kbc SANDSTONE pale yellow; well lithified; primarily fine grained sandstone; well trace iron oxide
60— sorted; subrounded quartz grains; 60' - 61" very fine grained staining; 62' - 65"
1 sandstone lens; reaction to acid: none vertical fracturing with
. calcite crystals
fracture surfaces
| 67' - 69" vertical
7 fracturing with calcite
B crystals on fracture
704 surfaces
| 71' - 74" vertical
7 fracturing with calcite
E infill
: 74' - 75": medium grained sandstone lens
807 80" - 81" vertical
| Kbc SILTSTONE olive; moderately to well lithified; siltstone; reaction to acid: none frad“””?n‘]’c‘i’l'lth calcite
J 81' - 83" abundant
iron oxide staining
Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; rounded
7 to subrounded quartz grains; reaction to acid: none
| 86'- 88" vertical
b fracturing with calcite
E infill
90 Kbc SANDSTONE pale yellow; moderately lithified; medium grained sandstone with common iron oxide
Kbc SANDSTONE green silty matrix; poorly sorted; reaction to acid: none staining
7 pale yellow; well lithified; fine grained sandstone; well sorted; rounded 91' - 95": vertical
4 to subrounded quartz grains; reaction to acid: very weak fracturing with calcite
i on fracture surfaces
| Kbc SILTSTONE olive; moderately lithified; siltstone; reaction to acid: very weak
Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; rounded
7 to subrounded quartz grains; reaction to acid: very weak
—100
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Page 3 of 4

FIGURE B-33. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-102DB
RIO ALGOM MINE LISBON
LA SAL, UTAH

DEPTH GRAPHIC

(feet) LOG  FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
SANDSTONE
7 continued from previous
b page
i 107" - 110" vertical
7 fracturing with black
Q0 "sooty" staining on
1104 fracture surfaces
i 114' - 123.5"
B abundant fracturing
. with black "sooty"
Jore staining on fracture
surfaces
120
4 123.5' - 124" orange
Jorin and black staining on
| fracture surfaces
Kbc CONGLOMERATE pale yellow; well lithified; conglomerate; poorly sorted; matrix
Kbe SANDSTONE supported; fine grained matrix with subrounded clasts up to 3 cm; trace iron oxide
130— o reaction to acid: weak staining
4o pale yellow; well lithified; primarily fine grained sandstone ; well
R sorted; rounded to subrounded quartz grains; trace subrounded clasts
up to 1 cm; reaction to acid: very weak
Kbc SANDSTONE pale yellow; moderately lithified; fine to medium grained sandstone; weathered
7 coarsens with depth; well sorted; reaction to acid: none appearance; abundant
S fractures; dark orange
R to brown iron oxide
Jmb SHALE pale green; well lithified; mudstone/shale; fissile; reaction to acid: staining on fracture
Jmb SHALE none surfaces
Jmb SHALE pale green; well lithified; mudstone/shale; fissile; reaction to acid: iron oxide staining
none across entire interval
140 dusky red and reddish gray; well lithified; mottled reddish brown to abundant fracturing
Jmb SHALE reddish gray to greenish gray mudstone/shale; homogenous; hard; with yellowish brown
reaction to acid: none mineral ir_1fi||, not
Jmb SHALE dusky red and pale green; well lithified; mottled reddish brown to calcite
greenish gray shale; fissile; reaction to acid: none common fracturing
4 dusky red; well lithified; mudstone/shale; homogenous; hard to brittle; || With brown mineral
reaction to acid: none infil
142' - 151" very small
fractures in core
4 sample
—150
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Page 4 of 4
FIGURE B-33. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-102DB
RIO ALGOM MINE LISBON

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
SHALE
continued from previous
B page
153" - 154'; vertical
fracture with calcite on
fract rf;
Jmb SANDSTONE dusky red; well lithified; very fine grained sandstone; mottled reddish 1;(,: :é%fu ari:.esl
7 gray to gray; well sorted; very hard; reaction to acid: none -1o3: vertica
| fracturing with calcite
and pyrite on fracture
7 faces
160—
Jmb SHALE dusky red; well lithified; shale; fissile with very thin laminations;
reaction to acid: none
170 Jmb SHALE dusky red; well lithified; shale; fissile with very thin laminations;
reaction to acid: none
TD: 178.0 feet
180
190
——200
.‘ g MONTGOMERY
S:\DATASTORE\GINT\GINT LIBRARIES\OVERHAUL LIBRARIES\OVERHAUL LIBRARY2013_REV3.GLB/4/29/2014 3:14:24 PM ‘ S‘ ASSO C | ATES




DRILLING METHOD / COMPANY: Core and Conventional Air Rotary / Boart Longyear

FIGURE B-34. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-103

RIO ALGOM MINE LISBON
LA SAL, UTAH

Page 1 of 3

LOGGED BY: J. Laney

DEPTH DRILLED:

114.0 feet

DATE DRILLED: Oct. 5 -6, 2012

NAD27 : 589620.31 N/ 2635778.11 E

BOREHOLE DIAMETER: 8 inches

DEPTH GRAPHIC

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SANDSTONE pale brown; well lithified; fine grained sandstone; well sorted; trace iron oxide
7 reaction to acid: none staining; trace black
- oxide staining
‘ ‘ ‘ Kbc SILTSTONE brownish yellow; weakly lithified; siltstone; friable; reaction to acid: weathered; iron oxide
T Kbc SANDSTONE moderate staining
7 pale yellow; well lithified; fine grained sandstone; well sorted; rounded
4 to subrounded quartz grains; reaction to acid: very weak
8' - 14" abundant
h fractures with iron
10— oxide staining on
i fracture surfaces
R Kbc SANDSTONE light brownish gray; well lithified; medium to coarse grained
‘ ‘ ‘ Kbe SILTSTONE sandstone; poorly sorted; clast supported; reaction to acid: none common iron oxide
Kbe SANDSTONE pale olive; well lithified; siltstone; friable; reaction to acid: none staining
pale yellow; well lithified; very fine grained sandstone; well sorted; abundant iron oxide
| Kbe SANDSTONE reaction to acid: none staining
_ pale yellow; well lithified; primarily fine grained sandstone; well
20| sorted; rounded to subrounded quartz grains; reaction to acid: none
] 22' - 22.5" fracture
i with "sooty" black
i oxide staining on
i fracture surfaces
| 25'": black oxide
26' - 27": green siltstone stringers less than 2 mm thick staining
1 28.5' - 29" coarse sandstone lens with green matrix
30—
: 32' - 34": thin lenses of medium grained sandstone
T Kbc CONGLOMERATE pale yellow; well lithified; conglomerate; poorly sorted; matrix common iron oxide
B N o supported; fine grained matrix with rounded to subrounded clasts up staining
* Kb SANDSTONE to 1 cm; reaction to acid: none
4 c pale yellow; well lithified; fine grained sandstone; well sorted; rounded
i to subrounded quartz grains; reaction to acid: none
40—
Kbc CONGLOMERATE pale yellow; moderately to well lithified; conglomerate; poorly sorted;
Kbc SANDSTONE matrix supported; fine grained matrix with rounded to subrounded
- clasts up to 1 cm; reaction to acid: none
4 pale yellow; well lithified; primarily fine grained sandstone; well
i sorted; rounded to subrounded quartz grains; reaction to acid: none
: 48.5' - 49': coarse sandstone lens with orange staining 48.5' - 49': iron oxide
50 staining
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DEPTH GRAPHIC

FIGURE B-34. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-103

RIO ALGOM MINE LISBON
LA SAL, UTAH

Page 2 of 3

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
SANDSTONE
7 continued from previous
. page 51.5' - 52.5": coarse sandstone lens with orange staining 51.5'-52.5" trace iron
i staining
52.5' - 53.5": vertical
7 fracturing with iron
E oxide staining on
i fracture surfaces
55' - 58" vertical
7 fracturing with iron
i oxide staining on
fracture surfaces
Kbc SANDSTONE pale yellow; well lithified; medium to coarse grained sandstone; poorly | common iron oxide
60— sorted; coarsens with depth; trace green subangular clasts of staining
e siltstone; reaction to acid: none
Kbc SILTSTONE olive; weakly lithified; siltstone; friable; reaction to acid: none 64' - 65.6" abundant
7 Kbc SANDSTONE pale yellow; well lithified; medium to coarse grained sandstone; poorly | iron oxide staining
- sorted; coarsens with depth; trace green subangular clasts of
i siltstone; reaction to acid: none 66.5 - 68" common
i iron oxide staining
68' - 70": abundant
7 iron oxide staining
70—
Kbc CONGLOMERATE light gray; well lithified; conglomerate; well sorted; clast supported; common iron oxide
Kbc SANDSTONE clasts rounded up to 1 cm; reaction to acid: none staining
Jmb SHALE light gray; well lithified; medium to coarse grained sandstone; poorly common iron oxide
sorted; coarsens with depth; trace green subangular clasts of staining
siltstone; reaction to acid: none heavy orange iron
Jmb SHALE olive yellow; moderately to well lithified; shale/mudstone; oxide staining
homogenous; reaction to acid: none
Jmb SHALE greenish gray; moderately to well lithified; shale/mudstone;
homogenous; reaction to acid: none
4 dusky red; moderately to well lithified; shale; fissile; reaction to acid:
80 none
90—
—100

S:\DATASTORE\GINT\GINT LIBRARIES\OVERHAUL _LIBRARIES\OVERHAUL LIBRARY2013 REV3.GLB /4/29/2014 3:14:24 PM

&

MONTGOMERY

& ASSOCIATES




FIGURE B-34. GRAPHIC LOG FOR

Page 3 of 3

DRILL CUTTINGS FROM MONITOR WELL MW-103

RIO ALGOM MINE LISBON

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
SHALE
continued from previous
B page
110
| TD: 114.0 feet
120
130
140—
—150
.‘ g MONTGOMERY
A
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DRILLING METHOD / COMPANY: Conventional Air Rotary / Boart Longyear

FIGURE B-35. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-104

RIO ALGOM MINE LISBON
LA SAL, UTAH

Page 1 of 5

LOGGED BY: J. Laney

DEPTH DRILLED: 232.0 feet

DATE DRILLED: Sept. 16, 2012

NAD27 : 589369.37 N/ 2637512.96 E

BOREHOLE DIAMETER: 8 inches

DEPTH GRAPHIC

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted;

subrounded quartz grains; interbedded with thin lenses of pale green
siltstone; reaction to acid: moderate

10 Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted;
subrounded quartz grains; interbedded with thin lenses of pale green
siltstone; reaction to acid: none

20 Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted;
subrounded quartz grains; interbedded with thin lenses of pale green
siltstone; reaction to acid: none

30 Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted;
subrounded quartz grains; reaction to acid: none

40 Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted;

subrounded quartz grains; reaction to acid: none

50
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DEPTH GRAPHIC

(feet)

FIGURE B-35. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-104

RIO ALGOM MINE LISBON

LA SAL, UTAH

Page 2 of 5

60

70

80

90

——100

LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted;
subrounded quartz grains; reaction to acid: none
Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted;
subrounded quartz grains; reaction to acid: none
Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted;
subrounded quartz grains; reaction to acid: none
Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted;
subrounded quartz grains; reaction to acid: none
Kbc SANDSTONE olive; well lithified; fine grained sandstone; well sorted; subrounded trace iron oxide
quartz grains; reaction to acid: none staining
Jmb SHALE pale green; moderately lithified; mudstone/shale; friable; reaction to weathered
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Page 3 of 5
FIGURE B-35. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-104
RIO ALGOM MINE LISBON

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
SHALE acid: none
continued from previous
B page
Jmb SHALE dusky red; moderately lithified; mudstone/shale; reaction to acid:
none
110 Jmb SHALE dusky red; moderately lithified; mudstone/shale; reaction to acid:
none
120 Jmb SHALE dusky red; moderately lithified; mudstone/shale; reaction to acid:
none
130 Jmb SHALE dusky red; moderately lithified; mudstone/shale; reaction to acid:
none
140 Jmb SHALE dusky red; moderately lithified; mudstone/shale; reaction to acid:
none
—150
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FIGURE B-35. GRAPHIC LOG FOR

Page 4 of 5

DRILL CUTTINGS FROM MONITOR WELL MW-104

RIO ALGOM MINE LISBON

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Jmb SHALE reddish gray; moderately lithified; interbedded layers of reddish brown
and greenish gray mudstone/shale; reaction to acid: none
160 Jmb SHALE reddish gray; moderately lithified; interbedded layers of reddish brown
and greenish gray mudstone/shale; reaction to acid: none
170 Jmb SHALE reddish gray; moderately lithified; interbedded layers of reddish brown
and greenish gray mudstone/shale; reaction to acid: none
180 Jmb SHALE reddish gray; moderately lithified; interbedded layers of reddish brown
and greenish gray mudstone/shale; reaction to acid: none
190 Jmb SHALE dusky red; moderately lithified; mudstone/shale; reaction to acid:
none
——200
.‘ g MONTGOMERY
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FIGURE B-35. GRAPHIC LOG FOR

Page 5 of 5

DRILL CUTTINGS FROM MONITOR WELL MW-104

RIO ALGOM MINE LISBON

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Jmb SHALE dusky red; moderately lithified; mudstone/shale; reaction to acid:
none
210 Jmb SHALE reddish gray; moderately lithified; mudstone/shale; reaction to acid:
none
220 Jmb SHALE dusky red; moderately lithified; mudstone/shale; reaction to acid:
none
230
TD: 232.0 feet
240—
—250
.‘ g MONTGOMERY
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Page 1 of 3
FIGURE B-36. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-105
RIO ALGOM MINE LISBON

LA SAL, UTAH
DRILLING METHOD / COMPANY: Conventional Air Rotary / Boart Longyear LOGGED BY: J. Laney
DEPTH DRILLED: 141.0 feet DATE DRILLED: Sept. 18, 2012
NAD27 : 588104.7 N / 2636130.88 E BOREHOLE DIAMETER: 8 inches
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
SO P o Qea SILTY SAND yellowish red; non-lithified; silty sand; well sorted; reaction to acid:

7 weak

10 Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; trace iron oxide
7 subrounded quartz grains; reaction to acid: weak staining

20 Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted;
7 subrounded quartz grains; reaction to acid: weak to moderate

30 Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted;
7 subrounded quartz grains; reaction to acid: moderate

40 Kbc SANDSTONE yellow; well lithified; very fine to fine grained sandstone; well sorted;
7 subrounded quartz grains; reaction to acid: none

50

y o
‘J MONTGOMERY
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DEPTH GRAPHIC

FIGURE B-36. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-105
RIO ALGOM MINE LISBON
LA SAL, UTAH

Page 2 of 3

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SANDSTONE olive yellow; well lithified; very fine to fine grained sandstone; well

7 sorted; subrounded quartz grains; interbedded with lenses of
B orangish brown, friable siltstone; reaction to acid: none

60 Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; trace iron oxide
7 subrounded quartz grains; reaction to acid: none staining; cuttings
- damp at 70’

70 Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; trace iron oxide
h subrounded quartz grains; reaction to acid: none staining; cuttings
E saturated at 82'

80 Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; abundant iron oxide
7 subrounded quartz grains; reaction to acid: none staining on fracture
. surfaces; cuttings
i saturated; borehole

producing ~20 gpm

9% Kbc SANDSTONE yellow; well lithified; fine grained sandstone; well sorted; subrounded common iron oxide
7 quartz grains; reaction to acid: none staining; cuttings
B saturated; borehole
i producing ~20 gpm

—100
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Page 3 of 3
FIGURE B-36. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-105
RIO ALGOM MINE LISBON
LA SAL, UTAH

DEPTH GRAPHIC

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SANDSTONE yellow; well lithified; fine grained sandstone; well sorted; subrounded common iron oxide
7 quartz grains; reaction to acid: none staining; cuttings
B saturated; borehole
IR producing ~20 gpm
10 Kbc SANDSTONE yellow; well lithified; fine grained sandstone; well sorted; subrounded common iron oxide
7 quartz grains; reaction to acid: none staining; cuttings
S saturated; borehole
o producing ~20 gpm
120 e Kbc SANDSTONE pale yellow; well lithified; interbedded coarse grained sandstone and trace iron oxide
e -0 conglomerate; poorly sorted; matrix supported; clasts up to 1. cm; staining; cuttings
Q. clasts consist of rounded dark gray sandstone and angular olive saturated; borehole
EEE green shale; reaction to acid: none producing ~20 gpm
- L O
: ‘. .o ..
Jo -
4700
130 e Kbc SANDSTONE pale yellow; well lithified; interbedded coarse grained sandstone and trace iron oxide
e -0 conglomerate; poorly sorted; matrix supported; clasts up to 1. cm; staining; cuttings
Q. clasts consist of rounded dark gray sandstone and angular olive saturated; borehole
e green shale; reaction to acid: none producing ~20 gpm
.o
Jmb SHALE pale green; weakly to moderately lithified; shale/mudstone; friable; cuttings saturated;
reaction to acid: none borehole producing
B ~20 gpm
Jmb SHALE dusky red; moderately lithified; shale; fissile; reaction to acid: none cuttings saturated,;
borehole producing
140— ~20 gpm
TD: 141.0 feet
—150

y o
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Page 1 of 6
FIGURE B-37. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-106
RIO ALGOM MINE LISBON

LA SAL, UTAH
DRILLING METHOD / COMPANY: Conventional Air Rotary / Boart Longyear LOGGED BY: J. Laney
DEPTH DRILLED: 265.0 feet DATE DRILLED: Oct. 4, 2012
NAD27 : 587422.67 N / 2639305.99 E BOREHOLE DIAMETER: 8 inches
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kd SANDSTONE light gray; well lithified; fine grained sandstone; well sorted; rounded trace iron oxide

7 to subrounded quartz grains; reaction to acid: none staining

107 L Kd CONGLOMERATE yellow; well lithified; conglomerate; poorly sorted; matrix supported; common iron oxide
B o * o fine grained sandy matrix; clasts consist of rounded dark gray and staining
1 brown sandstone, clasts up to 2 cm; reaction to acid: none
1 0.
: '. .o ..
4 O '

20 e Kd CONGLOMERATE olive yellow; well lithified; conglomerate; poorly sorted; matrix
1o -0 supported; fine grained sandy matrix; clasts consist of rounded dark
1 0 gray and brown sandstone, clasts up to 2 cm; reaction to acid: none
1 0.
: ‘. .o ..
4700

30 Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; rounded
h to subrounded quartz grains; reaction to acid: very weak

40 Kbc SILTSTONE greenish gray; weakly to well lithified; siltstone; fissile; friable;
7 reaction to acid: weak to moderate

50

y o
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& ASSOCIATES

S:\DATASTORE\GINT\GINT LIBRARIES\OVERHAUL _LIBRARIES\OVERHAUL LIBRARY2013 REV3.GLB /4/29/2014 3:14:24 PM




Page 2 of 6

FIGURE B-37. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-106
RIO ALGOM MINE LISBON
LA SAL, UTAH

DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
‘ Kbc LIMESTONE light olive brown and dark reddish gray; weakly to well lithified;
limestone; hard; interbedded with lenses of reddish brown, fine
grained sandstone; reaction to acid: moderate to strong

60

. Kbc LIMESTONE light olive brown and dark reddish gray; well lithified; limestone; hard; trace iron oxide
1. . \ ) interbedded with lenses of reddish brown, fine grained sandstone; staining
4. \ c reaction to acid: none

. .
70 . \ . Kbc LIMESTONE light olive brown and dark reddish gray; well lithified; limestone; hard;
1T .- . T interbedded with lenses of reddish brown, fine grained sandstone;
1.1 . reaction to acid: none

Kbc SANDSTONE dark reddish gray; well lithified; very fine to fine grained sandstone;
well sorted; reaction to acid: very weak

Kbc SANDSTONE greenish gray; well lithified; very fine to fine grained sandstone; well
sorted; reaction to acid: very weak
90

Kbc SILTSTONE greenish gray and dark reddish gray; moderately to well lithified;
interbedded greenish gray to reddish brown siltstone; reaction to
- acid: very weak

Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; rounded
to subrounded quartz grains; reaction to acid: very weak

——100
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DEPTH GRAPHIC

FIGURE B-37. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-106

RIO ALGOM MINE LISBON
LA SAL, UTAH

Page 3 of 6

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; rounded | trace black staining
to subrounded quartz grains; reaction to acid: weak
110 Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; rounded
to subrounded quartz grains; reaction to acid: very weak
120 Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; rounded
to subrounded quartz grains; reaction to acid: moderate
130 Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; rounded
to subrounded quartz grains; reaction to acid: weak
140 Kbc SANDSTONE pale yellow; well lithified; fine grained sandstone; well sorted; rounded

—150

to subrounded quartz grains; reaction to acid: none
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DEPTH GRAPHIC

(feet)

FORMATION

FIGURE B-37. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-106

RIO ALGOM MINE LISBON
LA SAL, UTAH

Page 4 of 6

SECONDARY FEATURES

160

170

180

190

——200

LOG.

Kbc

Kbc

Kbc

Kbc

Kbc

Kbc

ROCK TYPE DESCRIPTION
SANDSTONE pale yellow; well lithified; very fine to fine grained sandstone; well
sorted rounded to subrounded quartz grains; reaction to acid: none
SANDSTONE white; well lithified; very fine to fine grained sandstone; well sorted
rounded to subrounded quartz grains; reaction to acid: none
SANDSTONE white; well lithified; very fine to fine grained sandstone; well sorted
rounded to subrounded quartz grains; reaction to acid: none
SANDSTONE white; well lithified; very fine to fine grained sandstone; well sorted
rounded to subrounded quartz grains; reaction to acid: none
SANDSTONE white; well lithified; very fine to fine grained sandstone; well sorted
rounded to subrounded quartz grains; reaction to acid: none
SANDSTONE yellowish brown; well lithified; very fine to fine grained sandstone; well
sorted rounded to subrounded quartz grains; reaction to acid: none

iron oxide staining
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DEPTH GRAPHIC

FIGURE B-37. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-106

RIO ALGOM MINE LISBON

LA SAL, UTAH

Page 5 of 6

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
| Kbc SILTSTONE greenish gray; well lithified; siltstone; friable; reaction to acid: none
Kbc SANDSTONE white; well lithified; very fine to fine grained sandstone; well sorted
7 rounded to subrounded quartz grains; reaction to acid: none
210 Kbc SANDSTONE white; well lithified; very fine to fine grained sandstone; well sorted;
7 rounded to subrounded quartz grains; reaction to acid: none
220 Kbc SANDSTONE white; well lithified; very fine to fine grained sandstone; well sorted;
7 rounded to subrounded quartz grains; reaction to acid: none
Jmb SHALE greenish gray; moderately lithified; mudstone/shale; soft; friable; trace iron oxide
reaction to acid: none staining
230 Jmb SHALE dusky red; moderately to well lithified; mudstone/shale; fissile; friable;
reaction to acid: none
240 = —
Jmb SHALE dusky red; moderately to well lithified; mudstone/shale; fissile;
reaction to acid: none
—250
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Page 6 of 6
FIGURE B-37. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-106
RIO ALGOM MINE LISBON

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Jmb SHALE dusky red; moderately to well lithified; mudstone/shale; fissile;
reaction to acid: none
260 = —
Jmb SHALE dusky red; moderately to well lithified; mudstone/shale; fissile;
reaction to acid: none
| TD: 265.0 feet
270
280
290
——300
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DRILLING METHOD / COMPANY: Core and Symmetrix/Conventional Air Rotary / National EWP

FIGURE B-38. GRAPHIC LOG FOR

CORE SAMPLES FROM MONITOR WELL MW-107D

RIO ALGOM MINE LISBON
LA SAL, UTAH

Page 1 of 2

LOGGED BY: M. Shelley

DEPTH DRILLED:

85.0 feet

DATE DRILLED: Aug. 28, 2013

NAD27 : 593266.79 N / 2628806.53 E

BOREHOLE DIAMETER: 8 inches

DEPTH GRAPHIC

FORMATION

ROCK TYPE

DESCRIPTION

SECONDARY FEATURES

(feet) ; ;LO;G ;

Qea

SILTY SAND

reddish brown; non-lithified; loose silty sand with weakly lithified
calcareous deposits (caliche); reaction to acid: very strong

Kbc

SANDSTONE

yellowish brown to reddish brown; moderately lithified; medium
grained sandstone; moderately sorted; reaction to acid: very strong

Kbc

SANDSTONE

yellowish brown to reddish brown; non-lithified to weakly lithified;
medium grained sandstone; moderately sorted; reaction to acid:
weak

weathered

Kbc

SANDSTONE

yellowish brown to reddish brown; moderately to well lithified; fine
grained sandstone, moderately sorted; uniform, subrounded quartz
grains; with trace subrounded gravel and lithic fragments; reaction to
acid: none

fractured with iron
oxide staining

Kbc

SILTSTONE

yellowish brown to reddish brown; non-lithified; siltstone; with trace
lithic clasts; reaction to acid: none

weathered and
fractured

Kbc

SANDSTONE

yellowish brown to reddish brown; weakly to moderately lithified;
medium grained sandstone, moderately sorted; uniform, subrounded
quartz grains; with trace subrounded gravel and lithic fragments;
reaction to acid: none

Kbc

SANDSTONE

light brown; weakly to well lithified; medium grained sandstone;
interbedded with conglomerate; reaction to acid: none

Kbc

SANDSTONE

yellowish brown; weakly lithified; medium grained sandstone,
moderately sorted; uniform, subrounded quartz grains; with trace
subrounded gravel and lithic fragments; reaction to acid: none

weathered

40

Kbc

SANDSTONE

Kbc

SANDSTONE

Kbc

SANDSTONE

yellowish brown; well lithified; fine to medium grained sandstone,
moderately sorted; uniform, subrounded quartz grains; with trace
subrounded gravel and lithic fragments; reaction to acid: none

fractured with iron
oxide staining

yellowish brown; well lithified; fine to medium grained sandstone,
moderately sorted; uniform, subrounded quartz grains; with trace
subrounded gravel and lithic fragments; reaction to acid: none

common fracturing

light brown to gray; weakly to well lithified; medium grained
sandstone, well sorted; uniform, subrounded quartz grains; with trace
subrounded gravel and lithic fragments; reaction to acid: none

fractured with iron
oxide staining

50
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DEPTH GRAPHIC

FIGURE B-38. GRAPHIC LOG FOR
CORE SAMPLES FROM MONITOR WELL MW-107D
RIO ALGOM MINE LISBON
LA SAL, UTAH

Page 2 of 2

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
SANDSTONE
7 continued from previous
E page
Kbc SANDSTONE yellowish brown; non-lithified; medium grained sandstone, well
7 sorted; uniform, subrounded quartz grains; with trace subrounded
: gravel and lithic fragments; reaction to acid: none
60—
Kbc SANDSTONE yellowish brown; very weakly to weakly lithified; medium grained iron oxide staining
7 sandstone, well sorted; uniform, subrounded quartz grains; with trace
70— subrounded gravel and lithic fragments; reaction to acid: none
Kbc SANDSTONE yellowish brown to pinkish white; well lithified; medium grained fractured with iron
h sandstone, well sorted; uniform, subrounded quartz grains; reaction oxide staining
b to acid: none
80 Jmb SHALE greenish blue; moderately to well lithified; mudstone/shale; reaction
to acid: none
| TD: 85.0 feet
90—
—100
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DRILLING METHOD / COMPANY: Symmetrix/Conventional Air Rotary / National EWP

FIGURE B-39. GRAPHIC LOG FOR

CORE SAMPLES FROM MONITOR WELL MW-107S

RIO ALGOM MINE LISBON
LA SAL, UTAH

Page 1 of 2

LOGGED BY: M. Shelley

DEPTH DRILLED:

61.0 feet

DATE DRILLED: Aug. 29, 2013

NAD27 : 593255.35 N / 2628825.67 E

BOREHOLE DIAMETER: 8 inches

DEPTH GRAPHIC

FORMATION

ROCK TYPE

DESCRIPTION

SECONDARY FEATURES

(feet) ; ;LO;G ;

Qea

SILTY SAND

reddish brown; non-lithified; loose silty sand with weakly lithified
calcareous deposits (caliche); reaction to acid: very strong

Kbc

SANDSTONE

yellowish brown to reddish brown; moderately lithified; medium
grained sandstone; moderately sorted; reaction to acid: very strong

Kbc

SANDSTONE

yellowish brown to reddish brown; non-lithified to weakly lithified;
medium grained sandstone; moderately sorted; reaction to acid:
weak

weathered

Kbc

SANDSTONE

yellowish brown to reddish brown; moderately to well lithified; fine
grained sandstone, moderately sorted; uniform, subrounded quartz
grains; with trace subrounded gravel and lithic fragments; reaction to
acid: none

fractured with iron
oxide staining

Kbc

SILTSTONE

yellowish brown to reddish brown; non-lithified; siltstone; with trace
lithic clasts; reaction to acid: none

weathered and
fractured

Kbc

SANDSTONE

yellowish brown to reddish brown; weakly to moderately lithified;
medium grained sandstone, moderately sorted; uniform, subrounded
quartz grains; with trace subrounded gravel and lithic fragments;
reaction to acid: none

Kbc

SANDSTONE

light brown; weakly to well lithified; medium grained sandstone;
interbedded with conglomerate; reaction to acid: none

Kbc

SANDSTONE

yellowish brown; weakly lithified; medium grained sandstone,
moderately sorted; uniform, subrounded quartz grains; with trace
subrounded gravel and lithic fragments; reaction to acid: none

weathered

40

Kbc

SANDSTONE

Kbc

SANDSTONE

Kbc

SANDSTONE

yellowish brown; well lithified; fine to medium grained sandstone,
moderately sorted; uniform, subrounded quartz grains; with trace
subrounded gravel and lithic fragments; reaction to acid: none

fractured with iron
oxide staining

yellowish brown; well lithified; fine to medium grained sandstone,
moderately sorted; uniform, subrounded quartz grains; with trace
subrounded gravel and lithic fragments; reaction to acid: none

common fracturing

light brown to gray; weakly to well lithified; medium grained
sandstone, well sorted; uniform, subrounded quartz grains; with trace
subrounded gravel and lithic fragments; reaction to acid: none

fractured with iron
oxide staining

50
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Page 2 of 2
FIGURE B-39. GRAPHIC LOG FOR
CORE SAMPLES FROM MONITOR WELL MW-107S
RIO ALGOM MINE LISBON

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
SANDSTONE
7 continued from previous
E page
Kbc SANDSTONE yellowish brown; non-lithified; medium grained sandstone, well

7 sorted; uniform, subrounded quartz grains; with trace subrounded
: gravel and lithic fragments; reaction to acid: none

60—
| TD: 61.0 feet

70—

80—

90—

—100
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DRILLING METHOD / COMPANY: Conventional Air Rotary/RC Hammer / National EWP

FIGURE B-40. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-108

RIO ALGOM MINE LISBON
LA SAL, UTAH

Page 1 of 4

LOGGED BY: J. Bell

DEPTH DRILLED: 174.0 feet

DATE DRILLED: Aug. 29, 2013

NAD27 : 593861.05 N / 2629864.71 E

BOREHOLE DIAMETER: 8 inches

DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
PR R Qea SILTY SAND reddish brown; non-lithified to moderately lithified; loose silty sand
7 with weakly lithified calcareous deposits (caliche); reaction to acid:
B very strong
10—
Kbc SANDSTONE yellowish brown; weakly to moderately lithified; very fine to fine calcite mineralization
7 grained sandstone; well sorted; uniform, subrounded quartz grains;
: reaction to acid: strong
20 Kbc SANDSTONE yellowish brown; moderately lithified; very fine to fine grained
7 sandstone; well sorted; uniform, subrounded quartz grains; reaction
to acid: strong
4 Kbe SILTSTONE greenish gray; weakly to moderately lithified; siltstone; reaction to
i acid: strong
| —] Kbc SILTSTONE reddish gray; weakly to well lithified; siltstone interbedded with
T— — limestone; reaction to acid: strong
=
30 |
Kbc SHALE reddish brown to bluish gray; moderately lithified; mudstone/shale; fractured
Kbe SHALE reaction to acid: none
reddish brown to bluish gray; moderately lithified; mudstone/shale;
- reaction to acid: none
40 | — Kbc SILTSTONE yellowish brown; weakly to moderately lithified; siltstone interbedded
T — with limestone; reaction to acid: moderate
I
Kbc SANDSTONE olive brown; moderately to well lithified; fine grained sandstone; with
7 trace subrounded gravel and lithic fragments of limestone and chert;
- reaction to acid: very strong
Kbc SANDSTONE olive brown; moderately to well lithified; fine grained sandstone with fractured; calcite
7 trace subrounded gravel and lithic fragments of limestone and chert; mineralization
- reaction to acid: very strong
50
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DEPTH GRAPHIC

FIGURE B-40. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-108

RIO ALGOM MINE LISBON

LA SAL, UTAH

Page 2 of 4

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
SANDSTONE
7 continued from previous
age
Kbc SANII?)S?TONE olive brown; moderately to well lithified; fine grained sandstone with
7 trace subrounded gravel and lithic fragments of limestone and chert;
- reaction to acid: very strong
60 Kbc SANDSTONE light gray; moderately to well lithified; fine grained sandstone with
7 trace subrounded gravel and lithic fragments of green siltstone;
. reaction to acid: moderate
70 Kbc SANDSTONE light gray; moderately to well lithified; fine grained sandstone with
7 trace subrounded gravel and lithic fragments of green siltstone;
: reaction to acid: strong
Kbc SANDSTONE light gray; moderately to well lithified; fine grained sandstone with
7 trace subrounded gravel and lithic fragments of green siltstone;
- reaction to acid: strong
80—
Kbc SILTSTONE reddish brown to greenish gray; moderately to well lithified; siltstone;
7 reaction to acid: moderate
Kbc SANDSTONE olive to light gray; well lithified; fine grained sandstone; well sorted; iron oxide staining
7 uniform, subrounded quartz grains; reaction to acid: moderate
90 Kbc SANDSTONE olive to light gray; well lithified; fine grained sandstone; well sorted; iron oxide staining
7 uniform, subrounded quartz grains; reaction to acid: very strong
Kbc SANDSTONE olive to light gray; well lithified; fine to medium grained grained iron oxide staining and
7 sandstone; well sorted; uniform, subrounded quartz grains; reaction | calcite mineralization
. to acid: very strong on fractured surfaces
—100
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Page 3 of 4

FIGURE B-40. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-108
RIO ALGOM MINE LISBON

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SANDSTONE light gray; well lithified; fine to medium grained grained sandstone;

7 well sorted; uniform, subrounded quartz grains; reaction to acid:
E none

110 Kbc SANDSTONE light gray; well lithified; fine to medium grained grained sandstone;
7 well sorted; uniform, subrounded quartz grains; reaction to acid:
E none

120 Kbc SANDSTONE light gray; well lithified; fine to medium grained grained sandstone;
7 well sorted; uniform, subrounded quartz grains; reaction to acid:
E none

130

140 Kbc SANDSTONE light gray; well lithified; fine grained sandstone; well sorted; uniform,
7 subrounded quartz grains; interbedded with green siltstone; reaction
. to acid: none

—150
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Page 4 of 4
FIGURE B-40. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-108
RIO ALGOM MINE LISBON

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
SANDSTONE
7 continued from previous
E page
160 Kbc SANDSTONE light gray to yellowish brown; moderately to well lithified; fine grained |iron oxide staining and
7 sandstone; well sorted; uniform, subrounded quartz grains; calcite mineralization
S interbedded with green siltstone; reaction to acid: moderate
Jmb SHALE yellowish brown to bluish gray; weakly to moderately lithified;
mudstone/shale; reaction to acid: weak
170 Jmb SHALE bluish green; weakly to moderately lithified; mudstone/shale; reaction
Jmb SHALE to acid: none
reddish brown; moderately lithified; mudstone/shale; reaction to acid:
., none
TD: 174.0 feet
180
190
——200
.‘ g MONTGOMERY
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FIGURE B-41. GRAPHIC LOG FOR

CORE SAMPLES FROM MONITOR WELL MW-109

RIO ALGOM MINE LISBON

Page 1 of 4

LA SAL, UTAH
DRILLING METHOD / COMPANY: Core and RC Hammer / National EWP LOGGED BY: M. Shelley
DEPTH DRILLED: 160.0 feet DATE DRILLED: Aug. 29, 2013
NAD27 : 593551.87 N / 2632526.68 E BOREHOLE DIAMETER: 8 inches
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
PR R Qea SILTY SAND reddish brown; non-lithified; loose silty sand; reaction to acid: very
) strong
Kbc SANDSTONE light brown; well lithified; fine grained sandstone; well sorted; uniform, fractures noted
h subrounded quartz grains; reaction to acid: strong
10—
20—
Kbc SANDSTONE light brown; well lithified; fine grained sandstone, well sorted; uniform, fractures noted
7 subrounded quartz grains; with trace subrounded gravel and lithic
- fragments; reaction to acid: strong
30—
40—
Kbc SANDSTONE light brown; well lithified; very fine to fine grained sandstone; well fractures noted
] sorted; reaction to acid: none
50
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DEPTH GRAPHIC

FIGURE B-41. GRAPHIC LOG FOR
CORE SAMPLES FROM MONITOR WELL MW-109
RIO ALGOM MINE LISBON
LA SAL, UTAH

Page 2 of 4

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
SANDSTONE
7 continued from previous
E page
Kbc SANDSTONE light brown; well lithified; fine to medium grained sandstone, iron oxide staining
7 moderately sorted; uniform, subrounded quartz grains; reaction to
- acid: none
Kbc SANDSTONE light brown; well lithified; fine grained sandstone, moderately sorted;

7 uniform, subrounded quartz grains; with trace subrounded gravel and

60— lithic fragments; reaction to acid: none

70 Kbc SANDSTONE light brown; well lithified; fine grained sandstone, moderately sorted;
7 uniform, subrounded quartz grains; with trace subrounded gravel and
e lithic fragments; reaction to acid: none

80 Kbc SANDSTONE light brown; well lithified; fine grained sandstone, moderately sorted;
7 uniform, subrounded quartz grains; with trace subrounded gravel and
e lithic fragments; reaction to acid: none

90 Kbc SANDSTONE light brown; well lithified; fine to medium grained sandstone, iron oxide staining
7 moderately sorted; uniform, subrounded quartz grains; reaction to
. acid: none

—100
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DEPTH GRAPHIC

Page 3 of 4

FIGURE B-41. GRAPHIC LOG FOR
CORE SAMPLES FROM MONITOR WELL MW-109
RIO ALGOM MINE LISBON
LA SAL, UTAH

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SANDSTONE light brown; well lithified; fine to medium grained sandstone,
7 moderately sorted; uniform, subrounded quartz grains; reaction to
. acid: none
110 Kbc SANDSTONE light brown; well lithified; fine to medium grained sandstone,
7 moderately sorted; uniform, subrounded quartz grains; reaction to
. acid: none
120
o A Kbc SANDSTONE reddish brown to gray; moderately to well lithified; medium grained
1o 0 o sandstone; interbedded with conglomerate; reaction to acid: none
To &
190
o 6 ‘O‘
Jo &
13040 & O
1oy
G
190
o By
P D :
70 Q O
T
140 -2 o
o 0D Kbc SANDSTONE reddish brown to gray; moderately to well lithified; medium grained
1o @ o sandstone; interbedded with conglomerate; reaction to acid: none
To B
+9G
Te B2
o0
bty

—150
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FIGURE B-41. GRAPHIC LOG FOR
CORE SAMPLES FROM MONITOR WELL MW-109
RIO ALGOM MINE LISBON

Page 4 of 4

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
PR B SANDSTONE
s & o continued from previous
4k page
o0
Jmb SHALE reddish brown; moderately to well lithified; mudstone/shale; reaction
to acid: none
160 | TD: 160.0 feet
170
180—
190
——200
.‘ g MONTGOMERY
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DRILLING METHOD / COMPANY: Conventional Air Rotary/RC Hammer / National EWP

FIGURE B-42. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-110

RIO ALGOM MINE LISBON
LA SAL, UTAH

Page 1 of 3

LOGGED BY: J. Bell

DEPTH DRILLED: 141.0 feet

DATE DRILLED: Aug. 28, 2013

NAD27 : 592550.34 N / 2632886.15 E

BOREHOLE DIAMETER: 8 inches

DEPTH GRAPHIC

(feet)

FORMATION

ROCK TYPE

DESCRIPTION

SECONDARY FEATURES

_LoG

Qea

SILTY SAND

Kbc

SANDSTONE

reddish brown; non-lithified; loose silty sand with trace rounded
gravel; reaction to acid: strong

light brown to white; well lithified; medium grained sandstone; well
sorted; uniform, subrounded quartz grains; reaction to acid:
moderate

Kbc

SANDSTONE

light brown to white; well lithified; fine to medium grained sandstone;
well sorted; uniform, subrounded quartz grains; trace lithic clasts of
chert and shale; reaction to acid: none

20

Kbc

SANDSTONE

light brown to white; well lithified; fine to medium grained sandstone;
well sorted; uniform, subrounded quartz grains; trace lithic clasts of
chert and shale; reaction to acid: none

30

Kbc

SANDSTONE

light brown to white; moderately to well lithified; fine grained
sandstone; interbedded with greenish gray siltstone; reaction to acid:
none

40—

Kbc

SANDSTONE

light brown to white; well lithified; fine to medium grained sandstone;
well sorted; uniform, subrounded quartz grains; trace lithic clasts of
chert and shale; reaction to acid: none

50
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DEPTH GRAPHIC

FIGURE B-42. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-110

RIO ALGOM MINE LISBON

LA SAL, UTAH

Page 2 of 3

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SANDSTONE light brown to white; well lithified; fine to medium grained sandstone;
7 well sorted; uniform, subrounded quartz grains; trace lithic clasts of
B chert and shale; reaction to acid: none
60 Kbc SANDSTONE light brown to white; well lithified; fine grained sandstone; well sorted; trace iron oxide
7 uniform, subrounded quartz grains; trace lithic clasts of chert and staining
B shale; reaction to acid: none
Kbc SANDSTONE light brown to white; well lithified; fine to medium grained sandstone;
7 well sorted; uniform, subrounded quartz grains; trace lithic clasts of
E chert and shale; reaction to acid: none
Jmb SHALE greenish blue; weakly to moderately lithified; mudstone/shale; clayey;
70 reaction to acid: none
Jmb SHALE reddish brown; moderately lithified; mudstone/shale; reaction to acid:
none
80
90—
——100
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Page 3 of 3

FIGURE B-42. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-110

RIO ALGOM MINE LISBON

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Jmb SHALE reddish brown; moderately lithified; mudstone/shale; reaction to acid:
none
110
120
Jmb SHALE reddish brown; moderately lithified; mudstone/shale; reaction to acid:
130 none
140
TD: 141.0 feet
——150
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Page 1 of 3

FIGURE B-43. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-111

RIO ALGOM MINE LISBON

LA SAL, UTAH
DRILLING METHOD / COMPANY: Conventional Air Rotary/RC Hammer / National EWP LOGGED BY: C. Stielstra
DEPTH DRILLED: 124.0 feet DATE DRILLED: Sept. 21, 2013
NAD27 : 591997.01 N / 2634470.31 E BOREHOLE DIAMETER: 8 inches
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
R e i Qea SILTY SAND reddish brown; non-lithified; loose silty sand; reaction to acid: strong
Kbc SANDSTONE light brown to white; moderately lithified; medium to fine grained

7 sandstone; well sorted, uniform, subrounded quartz grains; with lithic
- fragments of chert; reaction to acid: moderate

10—

20 Kbc SANDSTONE light brown to white; moderately lithified; fine grained sandstone; well
h sorted, uniform, subrounded quartz grains; with lithic fragments of
: chert; reaction to acid: strong

30 Kbc SILTSTONE reddish brown; weakly lithified; siltstone; clayey; reaction to acid:
7 none

40 Kbc SANDSTONE light brown to white; moderately lithified; fine grained sandstone; well
7 sorted, uniform, subrounded quartz grains; with lithic fragments of
B chert; interbedded with green siltstone; reaction to acid: weak
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DEPTH GRAPHIC

FIGURE B-43. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-111

RIO ALGOM MINE LISBON

LA SAL, UTAH

Page 2 of 3

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SANDSTONE light brown to white; moderately lithified; fine grained sandstone; well
7 sorted, uniform, subrounded quartz grains; with lithic fragments of
- chert; reaction to acid: very weak
60 Jmb SHALE greenish blue; weakly lithified; mudstone/shale; reaction to acid: very
weak
Jmb SHALE reddish brown; moderately lithified; mudstone/shale; reaction to acid:
none
70 Jmb SHALE reddish brown; moderately lithified; mudstone/shale; reaction to acid:
none
80 Jmb SHALE reddish brown to bluish gray; moderately lithified; mudstone/shale;
interbedded with bluish gray very fine grained sandstone; reaction to
i acid: none
90 Jmb SHALE reddish brown to bluish gray; moderately lithified; mudstone/shale;
interbedded with bluish gray very fine grained sandstone; reaction to
4 acid: none
—100
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FIGURE B-43. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-111

RIO ALGOM MINE LISBON

Page 3 of 3

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Jmb SHALE reddish brown; moderately lithified; mudstone/shale; reaction to acid:
none
110 Jmb SHALE reddish brown; moderately lithified; mudstone/shale; reaction to acid:
none
120
TD: 124.0 feet
130
140—
——150
.‘ g MONTGOMERY
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Page 1 of 3

FIGURE B-44. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-112

RIO ALGOM MINE LISBON

LA SAL, UTAH

DRILLING METHOD / COMPANY: Conventional Air Rotary/RC Hammer / National EWP

LOGGED BY: J. Bell

DEPTH DRILLED: 140.0 feet

DATE DRILLED: Aug. 23, 2013

NAD27 : 591398.07 N/ 2631481.45 E

BOREHOLE DIAMETER: 8 inches

DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
PR R Qea SILTY SAND reddish brown; non-lithified to very weakly lithified; loose silty sand
7 with weakly lithified calcareous deposits (caliche); reaction to acid:
B very strong
10—
\ —] Kbc SILTSTONE reddish brown to gray; moderately lithified; siltstone interbedded with
T — limestone; reaction to acid: strong
[—
20— |
=T
] Kbc SILTSTONE reddish brown to greenish gray; weakly to moderately lithified;
I siltstone interbedded with limestone; reaction to acid: strong
30— T —
=
=T
40 Kbc SANDSTONE light brown; well lithified; fine to medium grained sandstone;
7 interbedded with thin limestone layers; reaction to acid: moderate to
B strong
50
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Page 2 of 3
FIGURE B-44. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-112
RIO ALGOM MINE LISBON
LA SAL, UTAH

DEPTH GRAPHIC

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
SANDSTONE
7 continued from previous
E page
Kbc SANDSTONE white; well lithified; very fine to fine grained sandstone with trace
7 subrounded gravel and lithic fragments; interbedded with thin
- limestone layers; reaction to acid: strong
60—
70 Kbc SANDSTONE yellowish brown; moderately to well lithified; very fine to fine grained
h sandstone; interbedded with siltstone; reaction to acid: moderate
Kbc SANDSTONE yellowish brown; moderately to well lithified; fine to medium grained
7 sandstone; well sorted; uniform, subrounded quartz grains; reaction
R to acid: strong
Kbc SANDSTONE yellowish brown; well lithified; very fine to fine grained sandstone with
7 trace subrounded gravel and lithic fragments; reaction to acid: none
80—
90—
—100

y o
‘J MONTGOMERY

& ASSOCIATES
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Page 3 of 3
FIGURE B-44. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-112
RIO ALGOM MINE LISBON

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
SANDSTONE
7 continued from previous
E page
110 Kbc SANDSTONE yellowish brown to green; moderately to well lithified; very fine to fine
7 grained sandstone; well sorted; uniform, subrounded quartz grains;
- interbedded with green siltstone; reaction to acid: none
Kbc SANDSTONE white; well lithified; very fine to fine grained sandstone with trace
7 subrounded gravel and lithic fragments; reaction to acid: none
120
130
140 | TD: 140.0 feet
—150
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Page 1 of 3
FIGURE B-45. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-113
RIO ALGOM MINE LISBON

LA SAL, UTAH
DRILLING METHOD / COMPANY: Conventional Air Rotary/RC Hammer / National EWP LOGGED BY: J. Laney
DEPTH DRILLED: 105.0 feet DATE DRILLED: Aug. 21, 2013
NAD27 : 590646.62 N / 2633010.06 E BOREHOLE DIAMETER: 8 inches
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
PR R Qea SILTY SAND reddish brown; non-lithified; loose silty sand with trace rounded

gravel; reaction to acid: strong

10—
L Kbc SANDSTONE reddish brown; well lithified; very fine to fine grained sandstone;
1 .. \ ) interbedded with gray limestone and red siltstone/clay; reaction to
1.1 . acid: strong
I ‘
B
T
|-
e Kbc SANDSTONE light brown; moderately lithified; fine grained sandstone; interbedded
1. . \ ) with greenish gray siltstone and limestone; reaction to acid: strong
20— |

30 Kbc SANDSTONE light brown; moderately lithified; fine grained sandstone; interbedded trace iron oxide
7 with green siltstone; reaction to acid: moderate staining
40 . Kbc SANDSTONE light brown; moderately lithified; very fine sandstone; interbedded with trace iron oxide
1. \ ) gray limestone; reaction to acid: strong staining

T
B
1
B ‘ X
50—
.’ g VIONTGOMERY
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DEPTH GRAPHIC

FIGURE B-45. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-113

RIO ALGOM MINE LISBON
LA SAL, UTAH

Page 2 of 3

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
L Kbc SANDSTONE light brown; moderately lithified; very fine sandstone; interbedded with

1. . gray limestone; reaction to acid: weak
1.
4 ..‘ =
- . ‘ . :
I K ‘ A =
J - A

60 Kbc SANDSTONE light brown; well lithified; very fine to fine grained sandstone; well common iron oxide
7 sorted; reaction to acid: strong staining

70 Kbc SANDSTONE light brown; well lithified; very fine to fine grained sandstone with common iron oxide
7 interbedded with minor lenses of brown clay; reaction to acid: weak staining, trace
J manganese oxide

80 Kbc SILTSTONE light brown to green; weakly lithified; clayey siltstone; reaction to
) acid: none

Kbc SANDSTONE light gray; weakly lithified; fine grained sandstone; well sorted;

] reaction to acid: none

90 Kbc SANDSTONE light gray; weakly lithified; fine grained sandstone; interbedded with
7 greenish-brown siltstone; reaction to acid: none

—100
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FIGURE B-45. GRAPHIC LOG FOR

Page 3 of 3

DRILL CUTTINGS FROM MONITOR WELL MW-113

RIO ALGOM MINE LISBON

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SANDSTONE light gray; moderately lithified; fine grained sandstone; well sorted;
7 uniform subrounded quartz grains; reaction to acid: none
| TD: 105.0 feet
110
120
130
140—
—150
.‘ g MONTGOMERY
A
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FIGURE B-46. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-114

RIO ALGOM MINE LISBON

LA SAL, UTAH

DRILLING METHOD / COMPANY: Conventional Air Rotary/RC Hammer / National EWP

Page 1 of 5

LOGGED BY: J. Laney

DEPTH DRILLED: 204.0 feet

DATE DRILLED: Aug. 23, 2013

NAD27 : 590521.65 N / 2632023.46 E

BOREHOLE DIAMETER: 8 inches

DEPTH GRAPHIC

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
PR R Qea SILTY SAND reddish brown; non-lithified; loose silty sand with trace rounded
7 gravel; reaction to acid: strong
10—
20—
Kbc SANDSTONE white; well lithified; fine to medium grained sandstone; well sorted;
7 uniform, subrounded quartz grains; reaction to acid: none
Kbc SANDSTONE gray to reddish brown; moderately lithified; fine grained sandstone;
7 well sorted; uniform, subrounded quartz grains; interbedded with red
B siltstone; reaction to acid: none
30—
Kbc SANDSTONE gray to reddish brown; well lithified; fine grained sandstone; well
7 sorted; uniform, subrounded quartz grains; interbedded with red
B siltstone; reaction to acid: moderate
40T o Kbc SANDSTONE gray to reddish brown; well lithified; fine grained sandstone;
1. \ ) interbedded with gray limestone and red siltstone; reaction to acid:
4 \ c strong
B
R
1
4 ‘ .
=T
50—
.‘ g MONTGOMERY
A
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Page 2 of 5
FIGURE B-46. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-114
RIO ALGOM MINE LISBON
LA SAL, UTAH

DEPTH GRAPHIC

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
N Kbc SANDSTONE gray to reddish brown; well lithified; fine grained sandstone;
T oo interbedded with gray limestone and red siltstone; reaction to acid:
[E I B strong
—
-]
o o o |
= ]
1
b [ oo
o | |
60 | — Kbc SANDSTONE gray to reddish brown; well lithified; fine grained sandstone;
7 \ interbedded with gray limestone and red siltstone; reaction to acid:
+— ] strong
=
[—
\
=
] \
—
=
J ‘ ‘
70 R Kbc SANDSTONE greenish gray; well lithified; fine grained sandstone interbedded with

green siltstone; reaction to acid: moderate

e Kbc CONGLOMERATE light brown; well lithified; conglomerate; pebble-sized, subrounded common iron oxide

1o o clasts with fine grained sand matrix; reaction to acid: moderate staining
1 .o

80 . T Kbc CONGLOMERATE light brown; well lithified; conglomerate; pebble-sized, subrounded common iron oxide
1o o clasts with fine grained sand matrix; reaction to acid: moderate staining
1. 5.
: ‘. .o ..
470"

90 Kbc SANDSTONE white to light brown; well lithified; medium grained sandstone; well trace iron oxide
1 sorted; uniform, subrounded quartz grains; reaction to acid: staining
H4 moderate

—100

y o
‘J MONTGOMERY

& ASSOCIATES
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DEPTH GRAPHIC

FIGURE B-46. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-114

RIO ALGOM MINE LISBON

LA SAL, UTAH

Page 3 of 5

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SANDSTONE white to light brown; well lithified; medium grained sandstone; well trace iron oxide
sorted; uniform, subrounded quartz grains; reaction to acid: staining
moderate
110 Kbc SANDSTONE white to light brown; well lithified; medium grained sandstone; well trace iron oxide
sorted; uniform, subrounded quartz grains; reaction to acid: none staining
120 Kbc SANDSTONE white to light brown; well lithified; medium grained sandstone; well trace iron oxide
sorted; uniform, subrounded quartz grains; reaction to acid: none staining, fracture
noted at 122"
Kbc SANDSTONE white to light brown; well lithified; fine to medium grained sandstone; common iron oxide
well sorted; uniform, subrounded quartz grains; trace lithic gravel; staining; green
reaction to acid: none alteration mineral on
fracture surfaces
130 Kbc SANDSTONE white to light brown; well lithified; fine to medium grained sandstone; trace iron oxide
well sorted; uniform, subrounded quartz grains; trace lithic gravel; staining
reaction to acid: none
140 Kbc SANDSTONE white to light brown; well lithified; fine to medium grained sandstone; trace iron oxide
well sorted; uniform, subrounded quartz grains; trace lithic gravel; staining
reaction to acid: none
—150
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Page 4 of 5
FIGURE B-46. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-114
RIO ALGOM MINE LISBON
LA SAL, UTAH

DEPTH GRAPHIC

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SANDSTONE white to light brown; well lithified; fine to medium grained sandstone;
7 well sorted; uniform, subrounded quartz grains; trace lithic gravel;
- reaction to acid: none
160 Kbc SANDSTONE white to light brown; well lithified; fine to medium grained sandstone;
7 well sorted; uniform, subrounded quartz grains; trace lithic gravel;
S reaction to acid: none
170 Kbc SANDSTONE white to light brown; well lithified; fine to medium grained sandstone; trace iron oxide
7 well sorted; uniform, subrounded quartz grains; trace lithic gravel; staining
E reaction to acid: none
180 Kbc SANDSTONE white to light brown; well lithified; fine to medium grained sandstone; trace iron oxide
7 well sorted; uniform, subrounded quartz grains; trace lithic gravel; staining
a4 reaction to acid: none
190 Kbc SANDSTONE white to light brown; well lithified; fine to medium grained sandstone; trace iron oxide
1 well sorted; uniform, subrounded quartz grains; trace lithic gravel; staining
EEE reaction to acid: none
Jmb SHALE greenish blue; moderately lithified; mudstone/shale; reaction to acid:
none
——200

y o
‘J MONTGOMERY

& ASSOCIATES
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(feet)

GRAPHIC
LOG

FORMATION

Page 5 of 5

FIGURE B-46. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-114

ROCK TYPE

RIO ALGOM MINE LISBON
LA SAL, UTAH

DESCRIPTION SECONDARY FEATURES

Jmb

SHALE

reddish brown; well lithified; mudstone/shale; reaction to acid: none

—250

TD: 204.0 feet
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Page 1 of 5

FIGURE B-47. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-115M

RIO ALGOM MINE LISBON

LA SAL, UTAH
DRILLING METHOD / COMPANY: Conventional Air Rotary/RC Hammer / National EWP LOGGED BY: J. Bell
DEPTH DRILLED: 240.0 feet DATE DRILLED: Aug. 21, 2013
NAD27 : 589529.13 N / 2633240.02 E BOREHOLE DIAMETER: 8 inches
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
PR R Qea SILTY SAND reddish brown; non-lithified; loose silty sand; reaction to acid: very
) strong
10—
Qea SANDSTONE reddish brown to gray; weakly lithified; fine grained sandstone; well
7 sorted; reaction to acid: weak
20 Kbc SANDSTONE reddish brown to gray; moderately lithified; fine grained sandstone;
7 interbedded with gray siltstone; reaction to acid: none
30 Kbc SANDSTONE reddish brown to gray; moderately lithified; fine to coarse grained
7 sandstone; poorly sorted; with common gravel sized, subrounded
b clasts of chert; reaction to acid: none
40 Kbc SANDSTONE reddish brown to gray; weakly lithified; fine to coarse grained
7 sandstone; poorly sorted; common gravel sized, subrounded clasts of
. chert; reaction to acid: none
50
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FIGURE B-47. GRAPHIC LOG FOR

Page 2 of 5

DRILL CUTTINGS FROM MONITOR WELL MW-115M

RIO ALGOM MINE LISBON

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SILTSTONE greenish gray; moderately to well lithified; siltstone; clayey; reaction
to acid: none
60 Kbc SANDSTONE light brown; well lithified; fine grained sandstone; well sorted; reaction
to acid: weak
70 Kbc SANDSTONE reddish brown; well lithified; very fine to fine grained sandstone;
interbedded with reddish brown siltstone; reaction to acid: moderate
80 Kbc SILTSTONE reddish brown; weakly lithified; siltstone; reaction to acid: weak
90 Kbc SILTSTONE reddish brown; moderately lithified; siltstone; reaction to acid: weak
Kbc SILTSTONE greenish gray; moderately lithified; siltstone; reaction to acid: weak
—100
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DEPTH GRAPHIC

FIGURE B-47. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-115M

RIO ALGOM MINE LISBON

LA SAL, UTAH

Page 3 of 5

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES

| Kbc SILTSTONE reddish brown; moderately lithified; siltstone; reaction to acid: weak

110 Kbc SANDSTONE light brown; well lithified; fine grained sandstone; well sorted;
7 interbedded with reddish brown siltstone; reaction to acid: weak

120 Kbc SANDSTONE reddish brown; weakly lithified; very fine to fine grained sandstone;
7 interbedded with reddish brown siltstone; reaction to acid: weak

130 Kbc SANDSTONE white to light gray; moderately to well lithified; fine to medium grained iron oxide staining
7 sandstone; moderately sorted; uniform, subrounded quartz grains;
E with rounded gravel up to 1 cm; reaction to acid: none

140 Kbc SANDSTONE white to light gray; moderately to well lithified; fine to medium grained trace iron oxide
7 sandstone; moderately sorted; uniform, subrounded quartz grains; staining; fractured
- with rounded gravel up to 1 cm; reaction to acid: none

—150

S:\DATASTORE\GINT\GINT LIBRARIES\OVERHAUL _LIBRARIES\OVERHAUL LIBRARY2013 REV3.GLB /4/29/2014 3:14:24 PM

y o
‘J MONTGOMERY

& ASSOCIATES




DEPTH GRAPHIC

FIGURE B-47. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-115M

RIO ALGOM MINE LISBON
LA SAL, UTAH

Page 4 of 5

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SANDSTONE white to light gray; moderately to well lithified; fine to medium grained trace iron oxide
7 sandstone; moderately sorted; uniform, subrounded quartz grains; staining; fractured
- with rounded gravel up to 2 cm; reaction to acid: none
160 Kbc SANDSTONE white to light gray; well lithified; fine to medium grained sandstone; trace iron oxide
7 moderately sorted; uniform, subrounded quartz grains; with rounded staining; fractured
- gravel up to 2 cm; reaction to acid: none
170 Kbc SANDSTONE white; well lithified; fine to medium grained sandstone; moderately trace iron oxide
h sorted; reaction to acid: none staining; fractured
180 Kbc SANDSTONE light gray; moderately to well lithified; fine to medium grained trace iron oxide
7 sandstone; moderately sorted; interbedded with olive green siltstone; staining; fractured;
. reaction to acid: none weathered; "vuggy"
J appearance
190 Kbc SANDSTONE light gray; moderately to well lithified; fine to medium grained trace iron oxide
1 sandstone; moderately sorted; interbedded with olive green siltstone; staining; fractured;
- reaction to acid: none weathered; "vuggy"
i appearance
—200————
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DEPTH GRAPHIC

FIGURE B-47. GRAPHIC LOG FOR

Page 5 of 5

DRILL CUTTINGS FROM MONITOR WELL MW-115M

RIO ALGOM MINE LISBON
LA SAL, UTAH

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SANDSTONE white; moderately to well lithified; fine to medium grained sandstone; trace iron oxide
7 moderately sorted; interbedded with olive green siltstone; reactionto | staining; fractured;
- acid: none weathered; "vuggy"
i appearance
210 - Kbc SANDSTONE white; well lithified; fine grained sandstone; well sorted; uniform, trace iron oxide
7 subrounded quartz grains; reaction to acid: none staining; fractured;
- weathered; "vuggy"
i appearance
220 SANDSTONE greenish gray; well lithified; fine grained sandstone; well sorted; trace iron oxide
7 uniform, subrounded quartz grains; reaction to acid: none staining; fractured;
. weathered; "vuggy"
J appearance
230 SANDSTONE white; well lithified; fine grained sandstone; well sorted; uniform, trace iron oxide
7 subrounded quartz grains; reaction to acid: none staining; fractured;
. weathered; "vuggy"
J appearance
240 | TD: 240.0 feet
—250
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Page 1 of 5
FIGURE B-48. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-115S
RIO ALGOM MINE LISBON

LA SAL, UTAH
DRILLING METHOD / COMPANY: Conventional Air Rotary/RC Hammer / National EWP LOGGED BY: J. Bell
DEPTH DRILLED: 218.0 feet DATE DRILLED: Aug. 21, 2013
NAD27 : 589523.46 N / 2633289.06 E BOREHOLE DIAMETER: 8 inches
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
PR R Qea SILTY SAND reddish brown; non-lithified; loose silty sand; reaction to acid: very
) strong
10—
Kbc SANDSTONE reddish brown; well lithified; fine to medium grained sandstone; weathered
1 moderately sorted; interbedded with thin limestone layers; reaction to
EEE acid: very strong
20—
30 Kbc SANDSTONE reddish brown; well lithified; fine to medium grained sandstone; weathered
7 moderately sorted; with trace lithic fragments of chert; reaction to
B P acid: none
Kbc SANDSTONE reddish brown; weakly to moderately lithified; fine grained sandstone;
7 well sorted; reaction to acid: none
40 Kbc SANDSTONE light brown; moderately to well lithified; fine grained sandstone; well iron oxide staining
7 sorted; interbedded with yellowish brown siltstone; reaction to acid:
E none
50
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FIGURE B-48. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-115S

RIO ALGOM MINE LISBON

Page 2 of 5

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SANDSTONE light brown; moderately to well lithified; fine grained sandstone; well iron oxide staining

7 sorted; interbedded with yellowish brown siltstone; reaction to acid:
E none

60 Kbc SANDSTONE light brown; moderately to well lithified; fine grained sandstone; well iron oxide staining
7 sorted; reaction to acid: none

70 Kbc SILTSTONE reddish brown to reddish gray; weakly to moderately lithified;
7 siltstone; reaction to acid: none

80 Kbc SILTSTONE reddish brown to reddish gray; moderately lithified; siltstone; reaction
] to acid: none

90 Kbc SILTSTONE reddish brown to reddish gray; moderately lithified; siltstone; reaction
7 to acid: none

—100
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DEPTH GRAPHIC

FIGURE B-48. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-115S

RIO ALGOM MINE LISBON

LA SAL, UTAH

Page 3 of 5

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SILTSTONE olive to yellowish brown; moderately lithified; siltstone; reaction to iron oxide staining

7 acid: none

110 Kbc SILTSTONE olive to yellowish brown; moderately lithified; siltstone; reaction to
7 acid: none

120 Kbc SILTSTONE olive to yellowish brown; weakly to moderately lithified; siltstone;
7 interbedded with very fine grained sandstone; reaction to acid: none

130 Kbc SANDSTONE white; moderately to well lithified; fine to medium grained sandstone; fractured
7 moderately sorted; uniform, subrounded quartz grains; reaction to
J acid: none

140 Kbc SANDSTONE white; moderately to well lithified; fine to medium grained sandstone; fractured
7 moderately sorted; uniform, subrounded quartz grains; with trace
- rounded gravel; reaction to acid: none

—150
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DEPTH GRAPHIC

FIGURE B-48. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-115S

RIO ALGOM MINE LISBON
LA SAL, UTAH

Page 4 of 5

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SANDSTONE white; moderately to well lithified; fine to medium grained sandstone; fractured

moderately sorted; uniform, subrounded quartz grains; reaction to
acid: none

160 Kbc SANDSTONE white; moderately to well lithified; fine to medium grained sandstone; fractured
moderately sorted; uniform, subrounded quartz grains; with trace
rounded gravel; reaction to acid: none

170 Kbc SANDSTONE white; moderately to well lithified; fine to medium grained sandstone; fractured
moderately sorted; uniform, subrounded quartz grains; with trace
rounded gravel; reaction to acid: none

180 Kbc SANDSTONE white; moderately to well lithified; fine to medium grained sandstone; iron oxide staining
moderately sorted; reaction to acid: none

190 Kbc SANDSTONE white; moderately to well lithified; fine to medium grained sandstone; | fractured; weathered;

——200

moderately sorted; reaction to acid: none

"vuggy" appearance
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FIGURE B-48. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-115S

RIO ALGOM MINE LISBON

Page 5 of 5

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SANDSTONE white; moderately to well lithified; fine to medium grained sandstone; | fractured; weathered;
7 moderately sorted; reaction to acid: none "vuggy" appearance
210
TD: 218.0 feet
220
230
240—
—250
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Page 1 of 3

FIGURE B-49. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-116

RIO ALGOM MINE LISBON

LA SAL, UTAH
DRILLING METHOD / COMPANY: Conventional Air Rotary/RC Hammer / National EWP LOGGED BY: J. Bell
DEPTH DRILLED: 123.0 feet DATE DRILLED: Sept. 11, 2013
NAD27 : 5689209.93 N / 2632593.25 E BOREHOLE DIAMETER: 8 inches
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
PR R Qea SILTY SAND reddish brown; non-lithified; loose silty sand; reaction to acid: very
) strong
10—
Kbc SANDSTONE yellowish brown to gray; weakly lithified; very fine to fine grained
7 sandstone; interbedded with gray siltstone; reaction to acid: none
20 Kbc SANDSTONE yellowish brown to gray; moderately lithified; very fine to fine grained trace iron oxide
7 sandstone; interbedded with gray siltstone; reaction to acid: none staining
30—
Kbc SHALE dark gray; weakly lithified; mudstone/shale; with trace fragments of
fossilized wood; reaction to acid: none
Kbc SANDSTONE yellowish brown to gray; moderately lithified; very fine to fine grained
7 sandstone; interbedded with gray siltstone; reaction to acid: none
40—
50
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Page 2 of 3
FIGURE B-49. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-116
RIO ALGOM MINE LISBON

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SANDSTONE light gray to dark gray; moderately to well lithified; fine grained trace iron oxide
1 sandstone; well sorted; with trace subrounded, gravel-sized clasts of staining
. chert; reaction to acid: none
60 | Kbc SILTSTONE gray; moderately to well lithified; siltstone; reaction to acid: none
70 Kbc SANDSTONE light brown to light gray; well lithified; fine grained sandstone; trace iron oxide
7 interbedded with gray siltstone; reaction to acid: none staining
80—
Kbc SILTSTONE bluish gray; moderately lithified; siltstone; clayey; reaction to acid: trace iron oxide
7 none staining
90—
Kbc SANDSTONE light gray; well lithified; fine to medium grained sandstone; moderately trace iron oxide
7 sorted; reaction to acid: none staining
—100
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Page 3 of 3
FIGURE B-49. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-116
RIO ALGOM MINE LISBON

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
SANDSTONE
7 continued from previous
Kbc SANII?)aS?'I?ONE light gray; well lithified; fine to medium grained sandstone; moderately
7 sorted; interbedded with light green siltstone; reaction to acid: none
110 | Kbc SILTSTONE reddish purple; well lithified; siltstone; reaction to acid: none
120
| TD: 123.0 feet
130
140—
—150
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Page 1 of 5

FIGURE B-50. GRAPHIC LOG FOR
CORE SAMPLES FROM MONITOR WELL MW-117M
RIO ALGOM MINE LISBON
LA SAL, UTAH

DRILLING METHOD / COMPANY: Conventional Air Rotary/RC Hammer / National EWP LOGGED BY: M. Shelley
DEPTH DRILLED: 210.0 feet DATE DRILLED: Aug. 21, 2013
NAD27 : 589239.52 N / 2633974.82 E BOREHOLE DIAMETER: 10 inches

DEPTH GRAPHIC

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
PR R Qea SILTY SAND reddish brown; non-lithified; loose silty sand with weakly lithified
calcareous deposits (caliche); reaction to acid: very strong

DIRRI R Qea SILTY SAND reddish brown; non-lithified to weakly lithified; loose silty sand with
10*; B Y weakly lithified calcareous deposits (caliche); reaction to acid: very
A4 strong

Qea SILTY SAND reddish brown; non-lithified to weakly lithified; loose silty sand with
R S weakly lithified calcareous deposits (caliche) and lith fragments of
S S gray limestone; reaction to acid: very strong

Kbc SANDSTONE white to yellowish brown; moderately to well lithified; fine grained fractured; with iron
e sandstone; well sorted; with trace lithic fragments of chert and oxide staining
. limestone; reaction to acid: weak

Kbc SANDSTONE white to yellowish brown; weakly to moderately lithified; fine grained
Kbe SANDSTONE sandstone; well sorted; reaction to acid: strong

S white to yellowish brown; well lithified; fine grained sandstone; well
4o sorted; reaction to acid: strong

S Kbc SANDSTONE grayish green; moderately lithified; very fine to fine grained
40— sandstone; with trace lithic fragments of chert; reaction to acid:
q40 strong

Kbc SANDSTONE tan; weakly to moderately lithified; very fine to fine grained sandstone;
with trace lithic fragments of chert; reaction to acid: moderate

Kbc SANDSTONE white to tan; well lithified; fine to coarse grained sandstone; poorly
e sorted; with many clasts of gray chert, black shale, and brown
B siltstone; reaction to acid: moderate

Kbc SILTSTONE reddish brown to greenish gray; moderately lithified; siltstone with
trace lithic fragments of gray chert and black shale; reaction to acid:

50
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FIGURE B-50. GRAPHIC LOG FOR
CORE SAMPLES FROM MONITOR WELL MW-117M

RIO ALGOM MINE LISBON

Page 2 of 5

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
SILTSTONE moderate
7 continued from previous
page - — - - -
Kbc reddish brown; moderately lithified; siltstone; reaction to acid:
4 SILTSTONE moderate
Kbc SILTSTONE reddish brown; weakly to moderately lithified; siltstone; reaction to
Kbc SILTSTONE acid: none
60— reddish brown to greenish gray; moderately to well lithified; siltstone
4 with trace lithic fragments of gray chert and black shale; reaction to
i acid: none
70 Kbc SANDSTONE reddish gray to reddish brown; moderately to well lithified; fine
7 grained sandstone; well sorted; with thinly interbedded layers of gray
. limestone; reaction to acid: strong
80—
90—
‘ ‘ ‘ Kbc SILTSTONE bluish green; weakly to moderately lithified; siltstone; reaction to
100 . . Kbc SANDSTONE acid: none
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DEPTH GRAPHIC

FIGURE B-50. GRAPHIC LOG FOR
CORE SAMPLES FROM MONITOR WELL MW-117M
RIO ALGOM MINE LISBON
LA SAL, UTAH

Page 3 of 5

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
S Kbc SILTY LIMESTONE greenish gray; moderately lithified; fine grained sandstone; well
T oo sorted; reaction to acid: very weak
: Kbe SANDSTONE gray; well lithified; silty limestone; reaction to acid: very strong weathered: fractured
b brown to reddish gray; well lithified; very fine to fine grained With iron oxide staining
i sandstone; well sorted; reaction to acid: none
110
120 Kbc SANDSTONE brown to reddish gray; weakly to moderately lithified; very fine to fine | fractured; with yellow
7 grained sandstone; well sorted; reaction to acid: none and black iron oxide
taini
Kbc SANDSTONE brown to reddish gray; well lithified; very fine to fine grained staning
7] sandstone; well sorted; reaction to acid: none
Kbc SANDSTONE brown to reddish gray; non-lithified; medium grained sandstone; well
7 sorted; unconsolidated; reaction to acid: none
130 Kbc SANDSTONE brown to reddish gray; well lithified; fine grained sandstone; well fractured; with iron
h sorted; reaction to acid: none oxide staining
Kbc SANDSTONE light brown; well lithified; fine grained sandstone; well sorted; reaction
] to acid: none
140 —
Kbc SANDSTONE light brown to orange; non-lithified; fine to medium grained weathered
Kbc SANDSTONE sandstone; well sorted; unconsolidated; reaction to acid: none fractured: with red and
b light brown to orange; well lithified; medium to coarse grained black iron oxide
N sandstone; poorly sorted; reaction to acid: none staining
—150
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Page 4 of 5
FIGURE B-50. GRAPHIC LOG FOR
CORE SAMPLES FROM MONITOR WELL MW-117M
RIO ALGOM MINE LISBON
LA SAL, UTAH

DEPTH GRAPHIC

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
SANDSTONE
7 continued from previous
E page
160—
Kbc SANDSTONE light brown to orange; weakly lithified; medium to coarse grained very weathered
Kbc SANDSTONE sandstone; poorly sorted; reaction to acid: none
T light brown to orange; well lithified; medium to coarse grained
4 sandstone; poorly sorted; reaction to acid: none
170
Kbc SANDSTONE reddish brown; well lithified; medium grained sandstone; moderately
7 sorted; with trace lithic fragments of green siltstone; reaction to acid:
none
J4o Kbe SANDSTONE reddish brown; well lithified; medium grained sandstone; moderately
1o sorted; with trace lithic fragments of green siltstone; reaction to acid:
none
Kbc SANDSTONE light brown; well lithified; fine grained sandstone; well sorted; reaction fractured and
7 to acid: none weathered
180
190
Jmb SHALE greenish blue to reddish brown; well lithified; mudstone/shale;
reaction to acid: none
——200
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Page 5 of 5
FIGURE B-50. GRAPHIC LOG FOR
CORE SAMPLES FROM MONITOR WELL MW-117M
RIO ALGOM MINE LISBON

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
SHALE
continued from previous
B page
Jmb SHALE reddish gray; well lithified; mudstone/shale; reaction to acid: none
Jmb SHALE reddish brown; well lithified; mudstone/shale; reaction to acid: none
210 | TD: 210.0 feet
220
230
240—
—250
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Page 1 of 3

FIGURE B-51. GRAPHIC LOG FOR
CORE SAMPLES FROM MONITOR WELL MW-117S
RIO ALGOM MINE LISBON
LA SAL, UTAH

DRILLING METHOD / COMPANY: Symmetrix/Conventional Air Rotary / National EWP LOGGED BY: M. Shelley
DEPTH DRILLED: 128.0 feet DATE DRILLED: Aug. 21, 2013
NAD27 : 589260.32 N / 2633998.51 E BOREHOLE DIAMETER: 8 inches

DEPTH GRAPHIC

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
PR R Qea SILTY SAND reddish brown; non-lithified; loose silty sand with weakly lithified
calcareous deposits (caliche); reaction to acid: very strong

DIRRI R Qea SILTY SAND reddish brown; non-lithified to weakly lithified; loose silty sand with
10*; B Y weakly lithified calcareous deposits (caliche); reaction to acid: very
A4 strong

Qea SILTY SAND reddish brown; non-lithified to weakly lithified; loose silty sand with
R S weakly lithified calcareous deposits (caliche) and lith fragments of
S S gray limestone; reaction to acid: very strong

Kbc SANDSTONE white to yellowish brown; moderately to well lithified; fine grained fractured; with iron
e sandstone; well sorted; with trace lithic fragments of chert and oxide staining
. limestone; reaction to acid: weak

Kbc SANDSTONE white to yellowish brown; weakly to moderately lithified; fine grained
Kbe SANDSTONE sandstone; well sorted; reaction to acid: strong

S white to yellowish brown; well lithified; fine grained sandstone; well
4o sorted; reaction to acid: strong

S Kbc SANDSTONE grayish green; moderately lithified; very fine to fine grained
40— sandstone; with trace lithic fragments of chert; reaction to acid:
q40 strong

Kbc SANDSTONE tan; weakly to moderately lithified; very fine to fine grained sandstone;
with trace lithic fragments of chert; reaction to acid: moderate

Kbc SANDSTONE white to tan; well lithified; fine to coarse grained sandstone; poorly
e sorted; with many clasts of gray chert, black shale, and brown
B siltstone; reaction to acid: moderate

Kbc SILTSTONE reddish brown to greenish gray; moderately lithified; siltstone with
trace lithic fragments of gray chert and black shale; reaction to acid:

50
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FIGURE B-51. GRAPHIC LOG FOR
CORE SAMPLES FROM MONITOR WELL MW-117S

RIO ALGOM MINE LISBON

Page 2 of 3

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
SILTSTONE moderate
7 continued from previous
page - — - - -
Kbc reddish brown; moderately lithified; siltstone; reaction to acid:
4 SILTSTONE moderate
Kbc SILTSTONE reddish brown; weakly to moderately lithified; siltstone; reaction to
Kbc SILTSTONE acid: none
60— reddish brown to greenish gray; moderately to well lithified; siltstone
4 with trace lithic fragments of gray chert and black shale; reaction to
i acid: none
70 Kbc SANDSTONE reddish gray to reddish brown; moderately to well lithified; fine
7 grained sandstone; well sorted; with thinly interbedded layers of gray
. limestone; reaction to acid: strong
80—
90—
‘ ‘ ‘ Kbc SILTSTONE bluish green; weakly to moderately lithified; siltstone; reaction to
100 . . Kbc SANDSTONE acid: none
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DEPTH GRAPHIC

FIGURE B-51. GRAPHIC LOG FOR
CORE SAMPLES FROM MONITOR WELL MW-117S
RIO ALGOM MINE LISBON
LA SAL, UTAH

Page 3 of 3

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
S Kbc SILTY LIMESTONE greenish gray; moderately lithified; fine grained sandstone; well
T oo sorted; reaction to acid: very weak
: Kbe SANDSTONE gray; well lithified; silty limestone; reaction to acid: very strong weathered: fractured
E brown to reddish gray; well lithified; very fine to fine grained with iron oxide staining
i sandstone; well sorted; reaction to acid: none
110
120 Kbc SANDSTONE brown to reddish gray; weakly to moderately lithified; very fine to fine | fractured; with yellow
7 grained sandstone; well sorted; reaction to acid: none and black iron oxide
taini
Kbc SANDSTONE brown to reddish gray; well lithified; very fine to fine grained staning
7] sandstone; well sorted; reaction to acid: none
Kbc SANDSTONE brown to reddish gray; non-lithified; medium grained sandstone; well
TD: 128.0 feet sorted; unconsolidated; reaction to acid: none
130
140—
—150
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DRILLING METHOD / COMPANY: Core and Symmetrix/Conventional Air Rotary / National EWP

FIGURE B-52. GRAPHIC LOG FOR
CORE SAMPLES FROM MONITOR WELL MW-118

RIO ALGOM MINE LISBON
LA SAL, UTAH

Page 1 of 2

LOGGED BY: M. Shelley

DEPTH DRILLED: 85.0 feet

DATE DRILLED: Aug. 25, 2013

NAD27 : 594554.29 N / 2627874.16 E

BOREHOLE DIAMETER: 8 inches

DEPTH GRAPHIC

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
PR R Qea SILTY SAND reddish brown; weakly lithified; loose silty sand with weakly lithified
7 calcareous deposits (caliche); reaction to acid: strong
10— Rt
o Kbc CONGLOMERATE light brown; weakly lithified; conglomerate; poorly sorted; fine grained
b o * O sandstone matrix with clasts of chert, limestone, sandstone and
1 siltstone; reaction to acid: strong
1o
Kbc SANDSTONE light brown to gray; non-lithified to moderately lithified; fine grained iron oxidation
7 sandstone; well sorted; uniform, subrounded quartz grains; reaction
h to acid: none
20—
Kbc SANDSTONE yellowish brown; weakly to well lithified; fine grained sandstone; well fractured
7 sorted; uniform, subrounded quartz grains; reaction to acid: none
30—
40—
Kbc SANDSTONE light brown to gray; well lithified; fine grained sandstone; well sorted; fractured with iron
h uniform, subrounded quartz grains; reaction to acid: none oxide staining
50
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DEPTH GRAPHIC

FIGURE B-52. GRAPHIC LOG FOR
CORE SAMPLES FROM MONITOR WELL MW-118
RIO ALGOM MINE LISBON
LA SAL, UTAH

Page 2 of 2

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
SANDSTONE
Kbc continued from previous  |"jight brown to gray; weakly lithified; fine grained sandstone; well
7 page sorted; uniform, subrounded quartz grains; reaction to acid: none
4 SANDSTONE
Kbc SANDSTONE light brown to gray; weakly to moderately lithified; fine grained
7 sandstone; well sorted; uniform, subrounded quartz grains; reaction
7 to acid: none
Kbc SANDSTONE light brown to gray; moderately to well lithified; fine to medium
60— grained sandstone; poorly sorted; gravels up to 1 cm; reaction to
J acid: none
Kbc SANDSTONE light brown to gray; moderately to well lithified; fine to medium
Kbc SANDSTONE grg(ijned sandstone; poorly sorted; gravels up to 1 cm; reaction to
acid: none
Kbe SHALE light brown to gray; well lithified; fine grained sandstone; well sorted; fractured
i uniform, subrounded quartz grains; reaction to acid: none
bluish gray; moderately to very well lithified; mudstone/shale;
reaction to acid: none
70
80—
| TD: 85.0 feet
90—
—100
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Page 1 of 3

FIGURE B-53. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-119

RIO ALGOM MINE LISBON

LA SAL, UTAH
DRILLING METHOD / COMPANY: Conventional Air Rotary/RC Hammer / National EWP LOGGED BY: C. Stielstra
DEPTH DRILLED: 104.0 feet DATE DRILLED: Sept. 14, 2013
NAD27 : 594210.55 N / 2630986.34 E BOREHOLE DIAMETER: 8 inches
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
R e i Qea SILTY SAND reddish brown; non-lithified; loose silty sand; reaction to acid: strong
Kbc SANDSTONE light brown; moderately lithified; medium grained sandstone; well
7 sorted; uniform, subrounded quartz grains; reaction to acid:
- moderate
10—
Kbc SANDSTONE light brown; moderately lithified; medium grained sandstone with
7 trace subrounded gravel and lithic fragments; reaction to acid:
. moderate
20 Kbc SANDSTONE light brown; moderately lithified; medium grained sandstone with
7 trace subrounded gravel and lithic fragments; reaction to acid:
. moderate
30 Kbc SANDSTONE light brown; moderately lithified; medium grained sandstone with
7 trace subrounded gravel and lithic fragments; reaction to acid:
. moderate
40 Kbc SANDSTONE light brown to light gray; moderately lithified; medium grained
7 sandstone with trace subrounded gravel and lithic fragments;
- reaction to acid: strong
50
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FIGURE B-53. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-119

RIO ALGOM MINE LISBON

Page 2 of 3

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
| Kbc SILTSTONE olive brown; moderately lithified; siltstone; reaction to acid: moderate
Kbc SANDSTONE brown; moderately lithified; fine grained sandstone with lithic
7 fragments of red shale; reaction to acid: moderate
60 Kbc SANDSTONE reddish brown; moderately lithified; fine grained sandstone with lithic
7 fragments of red shale; reaction to acid: moderate
70 Kbc SANDSTONE yellowish brown; moderately lithified; very fine grained sandstone;
7 interbedded with green siltstone; reaction to acid: none
Jmb SHALE reddish brown; moderately lithified; mudstone/shale; reaction to acid:
none
80 Jmb SHALE reddish brown; moderately lithified; mudstone/shale; reaction to acid:
moderate
90 Jmb SHALE reddish brown; moderately lithified; mudstone/shale; reaction to acid:
moderate
—100
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FIGURE B-53. GRAPHIC LOG FOR

Page 3 of 3

DRILL CUTTINGS FROM MONITOR WELL MW-119

RIO ALGOM MINE LISBON

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
SHALE
continued from previous
B page
| TD: 104.0 feet
110
120
130
140—
—150
.‘ g MONTGOMERY
A
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DRILLING METHOD / COMPANY: Conventional Air Rotary/RC Hammer / National EWP

FIGURE B-54. GRAPHIC LOG FOR

Page 1 of 6

DRILL CUTTINGS FROM MONITOR WELL MW-120

RIO ALGOM MINE LISBON

LA SAL, UTAH

LOGGED BY: J. Laney

DEPTH DRILLED: 260.0 feet

DATE DRILLED: Sept. 16, 2013

NAD27 : 586691.4 N / 2637531.86 E

BOREHOLE DIAMETER: 8 inches

DEPTH GRAPHIC

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
oo . Qea SAND AND GRAVEL reddish brown; non-lithified; silty sand with subrounded gravel;
reaction to acid: moderate
Kbc SANDSTONE light brown; non-lithified; fine grained sandstone; well sorted, uniform,

subrounded quartz grains; reaction to acid: weak

20 Kbc SANDSTONE light brown; moderately lithified; fine grained sandstone; well sorted,
uniform, subrounded quartz grains; reaction to acid: weak

30 Kbc SANDSTONE light brown; moderately lithified; fine grained sandstone; well sorted,
uniform, subrounded quartz grains; reaction to acid: very weak

40 Kbc CONGLOMERATE brown to greenish gray; moderately to well lithified; conglomerate;

subrounded pebble-sized clasts; fine grained sandstone matrix;

reaction to acid: none

50
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Page 2 of 6

FIGURE B-54. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-120
RIO ALGOM MINE LISBON
LA SAL, UTAH

DEPTH GRAPHIC

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
U Kbc CONGLOMERATE brown to greenish gray; moderately to well lithified; conglomerate;
Lo 5 subrounded pebble-sized clasts; fine grained sandstone matrix;
4 reaction to acid: none

60

Kbc CONGLOMERATE brown to greenish gray; moderately to well lithified; conglomerate; fractured with iron
. subrounded pebble-sized clasts; fine grained sandstone matrix; oxide staining
4 reaction to acid: moderate

Kbc SANDSTONE reddish brown to green; weakly to moderately lithified; very fine to fine
grained sandstone; well sorted; interbedded red and green layers;
B P reaction to acid: weak

80 Kbc SANDSTONE reddish brown to green; moderately lithified; very fine to fine grained

sandstone; well sorted; interbedded red and green layers; reaction to
B P acid: weak

90

Kbc SANDSTONE reddish brown; moderately to well lithified; fine grained sandstone;
S interbedded with red siltstone and gray limestone; reaction to acid:
q4 moderate

——100

y o
‘J MONTGOMERY

& ASSOCIATES
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DEPTH GRAPHIC

(feet)

LOG

FORMATION

FIGURE B-54. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-120
RIO ALGOM MINE LISBON
LA SAL, UTAH

ROCK TYPE DESCRIPTION

Page 3 of 6

SECONDARY FEATURES

110

120

130

140

—150

Kbc

SANDSTONE reddish brown; moderately to well lithified; fine grained sandstone;

strong

interbedded with red siltstone and gray limestone; reaction to acid:

Kbc

SANDSTONE reddish brown; moderately to well lithified; fine grained sandstone;

strong

interbedded with red siltstone and gray limestone; reaction to acid:

Kbc

SANDSTONE reddish brown; moderately to well lithified; fine grained sandstone;
interbedded with red siltstone; reaction to acid: moderate

Kbc

SANDSTONE greenish gray to light brown; moderately lithified; very fine to fine
grained sandstone; well sorted; interbedded green and light brown
layers; reaction to acid: moderate

Kbc

SANDSTONE greenish gray; moderately lithified; very fine to fine grained
sandstone; well sorted; interbedded green and light brown layers;
reaction to acid: weak

trace iron oxide
staining
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DEPTH GRAPHIC

FIGURE B-54. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-120

RIO ALGOM MINE LISBON

LA SAL, UTAH

Page 4 of 6

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SILTSTONE greenish gray; moderately to well lithified; siltstone; reaction to acid: trace iron oxide
7 moderate staining
Kbc SANDSTONE greenish gray; well lithified; fine grained sandstone; well sorted; trace
7 lithic fragments of chert; reaction to acid: moderate
160—
S Kbc CONGLOMERATE light brown; well lithified; conglomerate; subrounded pebble-sized
7 . clasts; fine grained sandstone matrix; reaction to acid: weak
1 .o
IR
170 Kbc SANDSTONE light brown to greenish gray; moderately to well lithified; very fine to trace manganese
7 fine grained sandstone; well sorted; reaction to acid: moderate oxide
180 Kbc SANDSTONE light brown to greenish gray; moderately to well lithified; fine grained trace manganese
7 sandstone; interbedded with green siltstone; reaction to acid: oxide
J moderate
190 Kbc SANDSTONE light brown to greenish gray; weakly to moderately lithified; fine to
7 medium grained sandstone; poorly sorted; reaction to acid: none
——200
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DEPTH GRAPHIC

FIGURE B-54. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-120

RIO ALGOM MINE LISBON
LA SAL, UTAH

Page 5 of 6

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SANDSTONE light brown to greenish gray; weakly to moderately lithified; fine

7 grained sandstone; interbedded with green siltstone; reaction to acid:
. weak

210 Kbc SILTSTONE yellowish brown; weakly lithified; siltstone; clayey; reaction to acid:
h none

220 Kbc SANDSTONE yellowish brown; moderately lithified; fine grained sandstone; well
] sorted; reaction to acid: none

230 S . " Kbc CONGLOMERATE brown; moderately lithified; conglomerate; subrounded pebble-sized common iron oxide
1o o clasts; fine grained sandstone matrix; reaction to acid: very weak staining
1.
: ‘. .o ..
400

240 S Kbc CONGLOMERATE brown; moderately lithified; conglomerate; subrounded pebble-sized common iron oxide
1 o "o clasts; fine grained sandstone matrix; reaction to acid: none staining
1 .o
10 .

Jmb SHALE greenish gray to reddish brown; weakly lithified; mudstone/shale;
reaction to acid: none
—250
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Page 6 of 6
FIGURE B-54. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-120
RIO ALGOM MINE LISBON

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
SHALE
continued from previous
B page
Jmb SHALE greenish gray to reddish brown; moderately lithified; mudstone/shale;
reaction to acid: none
260 | TD: 260.0 feet
270
280
290
——300
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Page 1 of 5
FIGURE B-55. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-121
RIO ALGOM MINE LISBON

LA SAL, UTAH
DRILLING METHOD / COMPANY: Conventional Air Rotary/RC Hammer / National EWP LOGGED BY: J. Laney
DEPTH DRILLED: 203.0 feet DATE DRILLED: Sept. 13, 2013
NAD27 : 588290.58 N / 2632203.9 E BOREHOLE DIAMETER: 8 inches
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
SO P o Qea SILTY SAND reddish brown; non-lithified; loose silty sand; reaction to acid:
7 moderate
10 | Qea SILTY SAND reddish brown; non-lithified; loose silty sand; reaction to acid: weak
20—
Jw SANDSTONE light brown; moderately lithified; fine grained sandstone; well sorted; trace manganese
7 uniform, rounded to subrounded quartz grains; reaction to acid: none oxide
30 Jw SANDSTONE light brown to bluish gray; moderately lithified; fine grained sandstone; | trace manganese
7 well sorted; uniform, rounded quartz grains; interbedded with bluish oxide
4 | gray siltstone; reaction to acid: weak
40T Jw SANDSTONE light brown; moderately lithified; fine grained sandstone; well sorted; trace manganese
7 uniform, rounded to subrounded quartz grains; reaction to acid: weak oxide
50
.‘ g MONTGOMERY
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DEPTH GRAPHIC

FIGURE B-55. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-121

RIO ALGOM MINE LISBON

LA SAL, UTAH

Page 2 of 5

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Jw SANDSTONE light brown; moderately lithified; fine grained sandstone; well sorted; trace manganese

7 uniform, rounded to subrounded quartz grains; reaction to acid: weak oxide

60 Jw SANDSTONE light brown; moderately lithified; fine grained sandstone; well sorted; trace manganese
7 uniform, rounded to subrounded quartz grains; reaction to acid: none oxide

70 Jw SANDSTONE light brown; moderately lithified; fine grained sandstone; well sorted; trace manganese
7 uniform, rounded to subrounded quartz grains; reaction to acid: none oxide

80 Jw SANDSTONE light brown; moderately lithified; fine grained sandstone; well sorted; trace manganese
7 uniform, rounded to subrounded quartz grains; reaction to acid: none oxide

90 Jw SANDSTONE light brown to bluish gray; moderately lithified; fine grained sandstone;
7 well sorted; uniform, rounded to subrounded quartz grains;
- interbedded with bluish gray siltstone; reaction to acid: none

—100
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DEPTH GRAPHIC

FIGURE B-55. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-121

RIO ALGOM MINE LISBON
LA SAL, UTAH

Page 3 of 5

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Jw SANDSTONE light brown; moderately lithified; fine grained sandstone; well sorted;
uniform, rounded to subrounded quartz grains; reaction to acid: none
110 Jw SANDSTONE light brown; moderately lithified; fine grained sandstone; well sorted;
uniform, rounded to subrounded quartz grains; reaction to acid: none
120 Jw SANDSTONE light brown; moderately lithified; fine grained sandstone; well sorted;
uniform, rounded to subrounded quartz grains; reaction to acid: none
130 Jw SANDSTONE light brown; moderately lithified; fine grained sandstone; well sorted;
uniform, rounded to subrounded quartz grains; reaction to acid: none
140 Jw SANDSTONE light brown; moderately lithified; fine grained sandstone; well sorted;

—150

uniform, rounded to subrounded quartz grains; reaction to acid: none
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FIGURE B-55. GRAPHIC LOG FOR

Page 4 of 5

DRILL CUTTINGS FROM MONITOR WELL MW-121

RIO ALGOM MINE LISBON

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Jw SANDSTONE light brown; moderately lithified; fine grained sandstone; well sorted;
7 uniform, rounded to subrounded quartz grains; reaction to acid: none
160—
TRc SHALE greenish gray; moderately to well lithified; shale; thinly laminated;
TRc SHALE reaction to acid: none
reddish brown; moderately to well lithified; shale; thinly laminated;
- reaction to acid: none
170 TRc SHALE reddish brown; moderately to well lithified; shale; thinly laminated;
reaction to acid: none
180 TRc SHALE reddish brown to greenish gray; moderately to well lithified; shale;
thinly laminated; reaction to acid: none
190 TRc SHALE reddish brown to greenish gray; moderately to well lithified; shale;
thinly laminated; reaction to acid: none
——200
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FIGURE B-55. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-121

RIO ALGOM MINE LISBON

Page 5 of 5

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
SHALE
continued from previous
B page
| TD: 203.0 feet
210
220
230
240—
—250
.‘ g MONTGOMERY
A
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DRILLING METHOD / COMPANY: Conventional Air Rotary/RC Hammer / National EWP

FIGURE B-56. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-122

RIO ALGOM MINE LISBON
LA SAL, UTAH

LOGGED BY: J. Laney

Page 1 of 5

DEPTH DRILLED:

203.0 feet

DATE DRILLED: Sept. 19, 2013

NAD27 : 585156.58 N / 2641532.53 E

BOREHOLE DIAMETER: 8 inches

DEPTH GRAPHIC

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Kbc SANDSTONE brown; well lithified; fine grained sandstone; well sorted; uniform,
7 subrounded quartz grains; reaction to acid: moderate
10 Kbc SANDSTONE brown; well lithified; fine grained sandstone; well sorted; uniform,
7 subrounded quartz grains; reaction to acid: moderate
20 SANDSTONE brown; well lithified; fine grained sandstone; well sorted; uniform, trace iron oxide
h subrounded quartz grains; reaction to acid: moderate staining
30 SANDSTONE brown; well lithified; fine grained sandstone; well sorted; uniform, trace iron oxide
7 subrounded quartz grains; reaction to acid: weak staining
SANDSTONE brown to greenish gray; moderately to well lithified; very fine to fine trace iron oxide
7 grained sandstone; well sorted; interbedded brown and green staining
s sandstone and green siltstone layers; reaction to acid: weak
40 SANDSTONE brown to greenish gray; moderately to well lithified; very fine to fine
7 grained sandstone; well sorted; interbedded brown and green
- sandstone and green siltstone layers; reaction to acid: weak
50

S:\DATASTORE\GINT\GINT LIBRARIES\OVERHAUL _LIBRARIES\OVERHAUL LIBRARY2013 REV3.GLB /4/29/2014 3:14:24 PM

y o
‘J MONTGOMERY

& ASSOCIATES




DEPTH GRAPHIC

(feet)

FORMATION

FIGURE B-56. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-122

ROCK TYPE

RIO ALGOM MINE LISBON

LA SAL, UTAH

DESCRIPTION

Page 2 of 5

SECONDARY FEATURES

60

70

80

90

——100

LOG.

SANDSTONE

brown to yellowish brown; well lithified; fine grained sandstone; well
sorted; uniform, subrounded quartz grains; with trace lithic fragments;
reaction to acid: weak

SANDSTONE

brown to yellowish brown; well lithified; fine grained sandstone; well
sorted; uniform, subrounded quartz grains; with trace lithic fragments;
reaction to acid: weak

SANDSTONE

brown to yellowish brown; moderately to well lithified; fine grained
sandstone; well sorted; uniform, subrounded quartz grains; with trace
lithic fragments; reaction to acid: weak

SANDSTONE

brown to yellowish brown; moderately lithified; fine grained
sandstone; well sorted; uniform, subrounded quartz grains; with trace
lithic fragments; reaction to acid: weak

SANDSTONE

brown to yellowish brown; moderately lithified; fine grained
sandstone; well sorted; uniform, subrounded quartz grains; with trace
lithic fragments; reaction to acid: none

trace iron oxide
staining
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DEPTH GRAPHIC

FIGURE B-56. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-122

RIO ALGOM MINE LISBON

LA SAL, UTAH

Page 3 of 5

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
SANDSTONE light brown to pale green; weakly to moderately lithified; fine grained

1 sandstone; well sorted; interbedded with green siltstone; reaction to
- acid: none

110 SANDSTONE light brown to pale green; weakly to moderately lithified; fine grained
1 sandstone; well sorted; interbedded with green siltstone; reaction to
- acid: none

120 SANDSTONE light brown to pale green; weakly lithified; fine grained sandstone; well
7 sorted; interbedded with green siltstone; reaction to acid: none

130 SANDSTONE greenish gray; weakly to moderately lithified; very fine to fine grained
7] sandstone; well sorted; reaction to acid: none

140 SANDSTONE greenish gray; weakly to moderately lithified; very fine to fine grained
1 sandstone; well sorted; reaction to acid: none

—150
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DEPTH GRAPHIC

FIGURE B-56. GRAPHIC LOG FOR

DRILL CUTTINGS FROM MONITOR WELL MW-122

RIO ALGOM MINE LISBON
LA SAL, UTAH

Page 4 of 5

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
SANDSTONE greenish gray; well lithified; very fine to fine grained sandstone; well
7 sorted; reaction to acid: none
160 SANDSTONE greenish gray; well lithified; very fine to fine grained sandstone; well
7 sorted; reaction to acid: none
170 SANDSTONE light brown to greenish gray; well lithified; fine grained sandstone; well
7 sorted; interbedded with green siltstone; reaction to acid: none
180 SANDSTONE light brown to greenish gray; well lithified; fine grained sandstone; well
7 sorted; interbedded with green siltstone; reaction to acid: none
190 SANDSTONE light brown to greenish gray; well lithified; fine grained sandstone; well trace iron oxide
7 sorted; interbedded with green siltstone; reaction to acid: none staining
Jmb CLAY yellowish gray to greenish blue; weakly lithified; clay; reaction to acid:
N none
——200
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Page 5 of 5

FIGURE B-56. GRAPHIC LOG FOR
DRILL CUTTINGS FROM MONITOR WELL MW-122
RIO ALGOM MINE LISBON
LA SAL, UTAH

DEPTH GRAPHIC

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Jmb SHALE reddish brown; weakly lithified; mudstone/shale; clayey; reaction to
acid: none

TD: 203.0 feet
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FIGURE B-57. GRAPHIC LOG FOR
DRILL CUTTINGS FROM EXPLORATION BOREHOLE B-2
RIO ALGOM MINE LISBON
LA SAL, UTAH

DRILLING METHOD / COMPANY: Conventional Air Rotary/RC Hammer / National EWP LOGGED BY: J. Laney
DEPTH DRILLED: 200.0 feet DATE DRILLED: Sept. 12,2013
NAD27 : 592661.51 N / 2628237.49 E BOREHOLE DIAMETER: 8 inches

DEPTH GRAPHIC

(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
R e i Qea SILTY SAND reddish brown; non-lithified; silty sand; reaction to acid: strong
Jn SANDSTONE tan; moderately to well lithified; fine grained sandstone; well sorted;
7 uniform, rounded quartz grains; reaction to acid: none
10 Jn SANDSTONE tan; moderately to well lithified; fine grained sandstone; well sorted;
7 uniform, rounded quartz grains; reaction to acid: none
20 Jn SANDSTONE tan; weakly to moderately lithified; fine grained sandstone; well trace iron oxide
h sorted; uniform, rounded quartz grains; reaction to acid: none staining
Jn SANDSTONE tan; weakly lithified; fine grained sandstone; well sorted; uniform, trace iron oxide
7 rounded quartz grains; interbedded with greenish gray siltstone; staining
E reaction to acid: none
30 Jn SANDSTONE tan; weakly to moderately lithified; fine grained sandstone; well common iron oxide
7 sorted; uniform, rounded quartz grains; interbedded with greenish staining
E gray siltstone; reaction to acid: none
40 Jn SANDSTONE tan; moderately to well lithified; fine grained sandstone; well sorted; common iron oxide
1 uniform, rounded quartz grains; interbedded with greenish gray staining
S siltstone; reaction to acid: none
50
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DEPTH GRAPHIC

FIGURE B-57. GRAPHIC LOG FOR

DRILL CUTTINGS FROM EXPLORATION BOREHOLE B-2

RIO ALGOM MINE LISBON

LA SAL, UTAH
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(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Jn SANDSTONE tan; moderately to well lithified; fine grained sandstone; well sorted; common iron oxide
7 uniform, rounded quartz grains; reaction to acid: moderate staining
60 Jn SANDSTONE tan; weakly to moderately lithified; fine grained sandstone; well common iron oxide
7 sorted; uniform, rounded quartz grains; interbedded with olive staining
B siltstone; reaction to acid: weak
70 Jn SANDSTONE tan; moderately lithified; fine grained sandstone; well sorted; uniform, trace iron oxide
h rounded quartz grains; reaction to acid: weak staining
Jk SANDSTONE reddish brown; weakly lithified; fine grained sandstone; well sorted;
7 uniform, rounded quartz grains; interbedded with reddish gray
80 siltstone; reaction to acid: moderate
4 Jk SANDSTONE reddish brown; weakly lithified; very fine to fine grained sandstone;
i reaction to acid: moderate
90 Jk SANDSTONE reddish brown; weakly lithified; fine grained sandstone; well sorted;
7 uniform, subrounded quartz grains; interbedded with reddish gray
B siltstone; reaction to acid: very weak
—100
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FIGURE B-57. GRAPHIC LOG FOR
DRILL CUTTINGS FROM EXPLORATION BOREHOLE B-2
RIO ALGOM MINE LISBON

Page 3 of 4

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Jk SANDSTONE reddish brown; weakly to well lithified; fine grained sandstone; well

7 sorted; interbedded with soft red siltstone; reaction to acid: very
. weak

110 Jk SANDSTONE reddish brown; weakly to well lithified; fine grained sandstone; well
7 sorted; interbedded with soft red siltstone; reaction to acid: very
. weak

120 Jk SANDSTONE reddish brown; well lithified; fine grained sandstone; well sorted;
] reaction to acid: none

130 Jk SANDSTONE reddish brown; well lithified; fine grained sandstone; well sorted;
] reaction to acid: none

140 Jk SANDSTONE reddish brown; moderately to well lithified; fine grained sandstone; trace calcite crystals
1 well sorted; reaction to acid: none on fracture surfaces

—150

S:\DATASTORE\GINT\GINT LIBRARIES\OVERHAUL _LIBRARIES\OVERHAUL LIBRARY2013 REV3.GLB /4/29/2014 3:14:24 PM

y o
‘J MONTGOMERY

& ASSOCIATES




FIGURE B-57. GRAPHIC LOG FOR

DRILL CUTTINGS FROM EXPLORATION BOREHOLE B-2

RIO ALGOM MINE LISBON

Page 4 of 4

LA SAL, UTAH
DEPTH GRAPHIC
(feet) LOG FORMATION ROCK TYPE DESCRIPTION SECONDARY FEATURES
Jk SANDSTONE reddish brown; well lithified; fine grained sandstone; well sorted;
7 reaction to acid: none
160 Jk SANDSTONE reddish brown to gray; well lithified; fine grained sandstone; well
7 sorted; reaction to acid: very weak
170 Jk SANDSTONE reddish brown to gray; well lithified; fine grained sandstone; well
] sorted; reaction to acid: none
Jw SANDSTONE tan to light brown; moderately lithified; fine grained sandstone; well
7 sorted; interbedded with soft bluish gray siltstone; reaction to acid:
E none
180 Jw SANDSTONE tan to light brown; moderately lithified; fine grained sandstone; well
7 sorted; uniform, rounded quartz grains; reaction to acid: none
190 Jw SANDSTONE tan to light brown; moderately lithified; fine grained sandstone; well
7 sorted; uniform, rounded quartz grains; reaction to acid: none
200 TD: 200.0 feet
“ g MONTGOMERY
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APPENDIX C

SUMMARY OF CORE SAMPLING METHODS
AND LABORATORY REPORTS
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APPENDIX C

SUMMARY OF CORE SAMPLING METHODS
AND LABORATORY REPORTS
RIO ALGOM MINING LLC, LISBON FACILITY

During the Supplemental Site Assessment (SSA) drilling program, continuous core
samples were obtained at seven selected drill locations prior to well drilling and construction.
During Phase 1, coreholes were drilled at the MW-102DB and MW-103 locations with the
air rotary rig, equipped with a 5-inch diameter (PQ) core barrel. After coring, the coreholes
were reamed using a corehole chaser bit to accommodate well construction. During Phase 2,
PQ coreholes were drilled at the MW-107D, MW-109, MW-116, MW-117M, and MW-118
locations using a dedicated coring rig. After coring, the coreholes were abandoned with
bentonite grout and a cement cap. The associated monitor well boreholes were drilled within

10 feet of the abandoned corehole at each location.

The objectives of the coring program were as follows:

MW-102DB: characterize hydrogeology of the Burro Canyon Formation

(Kbc) and Burro Canyon Aquifer (BCA); and the Brushy Basin Member of

the Morrison Formation (Jmb) and Jmb aquifer (BBM) north of the Lisbon

Valley Anticline (LVA).

e MW-109: characterize geology along the crest of the LVA.

e MW-103: characterize vadose zone conditions adjacent to the former tailings
impoundment.

e MW-107D, MW-116, MW-117M, and MW-118: characterize geology near

the Lisbon Fault.

Selected core samples obtained from the MW-102DB, MW-109, MW-117M, and
MW-118 borings were submitted for laboratory analysis of hydraulic conductivity (K).
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Selected samples from MW-102DB and MW-103 were submitted for chemical analysis. The
depth intervals and lithologic descriptions of the selected core samples and the results of

physical and chemical analysis are summarized in the following sections.

PHYSICAL ANALYSIS OF CORE SAMPLES

Selected core samples obtained from the MW-102DB, MW-109, MW-117M, and
MW-118 borings were submitted for laboratory K analysis. At least one core sample from
the saturated portions of the Kbc (BCA) and Jmb (BBM) was selected from each of the four
boreholes. Representative samples of unbroken core, approximately 0.5 to 1 foot in length,
were submitted to Daniel B. Stevens & Associates, Inc. of Albuquerque, New Mexico
(DBSA Lab) under standard chain of custody protocols. The samples were analyzed for
saturated horizontal and vertical K by flexible wall falling head-rising tail method. Samples

were also analyzed for porosity.

Sample Selection

The depth intervals and lithologic descriptions of the core samples selected for K

analysis are summarized below:

MW-102DB: One Kbc sample and two Jmb samples were submitted for K analysis.
The Kbc sample consisted of fine-grained sandstone and was collected at the interval from
130 to 131 feet bgs, approximately 5 feet above the Kbc/Jmb contact. The Jmb samples were
collected at intervals from 145 to 146 feet below ground surface (bgs) and 156 to 157 feet
bgs, approximately 9 and 20 feet below the Kbc/Jmb contact, respectively. The upper Jmb
sample consisted of homogeneous shale. The lower Jmb sample consisted of very fine-

grained sandstone.
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MW-109: Two Kbc core samples and one Jmb core sample from MW-109 were
submitted for K laboratory analysis. The Kbc samples were collected at intervals from
138 to 138.5 feet bgs and 147 to 147.5 feet bgs, approximately 15 and 6 feet above the
Kbc/Jmb contact, respectively. The upper Kbc sample consisted of medium- to coarse-
grained sandstone. The lower Kbc sample consisted of conglomerate, with clasts up to
1inch supported by a fine-grained sandstone matrix. The Jmb sample consisted of
homogeneous shale and was collected at the interval from 158 to 158.7 feet bgs,

approximately 4 feet below the Kbc/IJmb contact.

MW-117M: Three Kbc core samples and one Jmb core sample from MW-117M
were submitted for K laboratory analysis. The Kbc samples were collected at intervals from
95.5 to 96 feet bgs, 118 to 118.5 feet bgs and 169 to 169.5 feet bgs, approximately 102, 79,
and 28 feet above the Kbc/Jmb contact, respectively. The upper and middle Kbc samples
consisted of fine-grained sandstone. The lower Kbc sample consisted of medium- to coarse-
grained sandstone. The Jmb sample consisted of homogeneous shale and was collected at the

interval from 211 to 211.6 feet bgs, approximately 13 feet below the Kbc/IJmb contact.

MW-118: One Kbc core sample and one Jmb core sample from MW-118 were
submitted for K laboratory analysis. The Kbc sample consisted of fine-grained sandstone
and was collected at the interval from 46.5 to 47 feet bgs, approximately 17 feet above the
Kbc/IJmb contact. The Jmb sample consisted of homogeneous shale and was collected at the

interval from 75 to 76.5 feet bgs, approximately 11 feet below the Kbc/Jmb contact.

Results of Laboratory Hydraulic Conductivity Analysis

The results of the K laboratory testing are summarized in Table 7. The sample
results for cores obtained from the BCA and BBM are summarized separately in the

following sections.
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Burro Canyon Aquifer (BCA)

Analysis of Kbc core samples from the BCA indicated the following:

Horizontal K values in the BCA ranged from 0.004 feet per day (ft/d) in core
samples from the MW-109 and MW-118 boreholes to 2 ft/d in core samples from
the MW-109 and MW-117M boreholes. The geometric mean of the horizontal K
values in the BCA is 0.2 ft/d.

Vertical K values in the BCA ranged from 0.0002 ft/d in a core sample from the
MW-109 borehole to 0.3 ft/d in core samples collected from the MW-102DB and
MW-117M boreholes. The geometric mean of the vertical K values in the BCA is
0.02 ft/d.

In the majority of BCA core samples, vertical K was reported at values at least an
order of magnitude lower than horizontal K values reported in the same core
sample. The largest disparity between horizontal K and vertical K values was
observed in the lower core sample from MW-109 (147-147.5 feet bgs) (Table 7).
In the upper sample from MW-102DB (130-131 feet bgs) and middle sample
from MW-117M (118-118.5 feet bgs), horizontal K and vertical K were reported
at similar or equal values. In the sample collected from MW-118, vertical K was
reported at a value an order of magnitude higher than the horizontal K value.

The highest horizontal K values were reported in the lower core samples from the
MW-109 and MW-117M borings, composed of conglomerate and poorly sorted,
medium- to coarse-grained sandstone, respectively. However, the lowest K
values were reported in the upper core sample from MW-109, also composed of
poorly sorted, medium- to coarse-grained sandstone. K values varied in the
remaining samples, composed similarly of well sorted, fine grained sandstone.
Based on the results of the analysis, K does not appear to be dependent on any
one lithologic characteristic, including clast size, degree of lithification, or

sorting. The presence of fractures may affect the K values.
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Brushy Basin Member of the Morrison Formation (BBM)

Analysis of Jmb core samples from the BBM indicated the following:

In BBM core samples collected from the MW-102DB, MW-117M, and MW-118
boreholes, horizontal K and vertical K were reported at values several orders of
magnitude lower than those reported in the majority of BCA core samples.
Horizontal K values in the BBM ranged from 1 x 10® ft/d in the lower core
sample from the MW-102DB borehole to 0.1 ft/d in the upper core sample from
the MW-102DB borehole. The geometric mean of the horizontal K values in the
BBM is 0.0005 ft/d.

Vertical K values in the BBM ranged from 1 x 10° ft/d in the sample from the
MW-117M borehole to 0.1 ft/d in the upper sample from the MW-102DB
borehole. The geometric mean of the vertical K values in the BCA is 0.0003 ft/d.
In the majority of BBM core samples, horizontal K and vertical K were reported
at similar or equal values. In the BBM core sample collected from MW-117M,
vertical K was reported at a value an order of magnitude lower than the horizontal
K value reported in the same core sample. In the core sample collected from
MW-1009, vertical K was reported at a value an order of magnitude higher than the
horizontal K value.

The lowest horizontal and vertical K values were reported in core samples
composed of well lithified mudstone/shale (MW-117M and MW-118) or well
lithified, very fine-grained sandstone (the lower sample from MW-102DB).
These core samples were collected from massively bedded sequences with no
evidence of fracturing. Higher K values were observed in the core sample from
the MW-109 borehole, composed of well lithified, thinly laminated shale. The
highest K values were observed in the upper BBM core sample from
MW-102DB. This core sample was composed of mudstone/shale, with common

fracturing and mineralized infill.



y o

4

Z

MONTGOMERY 6

o & ASSOCIATES

Comparison of Laboratory Analysis to Slug Test Analysis

The laboratory horizontal K values for the core samples were compared to the
horizontal K values estimated from the slug tests at BCA wells MW-109, MW-117M, and
MW-118 and BBM well MW-102DB (Table 7). The comparison of results indicated the
following:

MW-109: At BCA well MW-109, the K value estimated by slug testing is between
the laboratory K values reported in the two BCA core samples. The mean of laboratory K

values is slightly higher than the slug testing result.

MW-117M: At BCA well MW-117M, the K value estimated by slug testing is
similar to the laboratory K values reported in the three BCA core samples. The laboratory K
value reported in the lower core sample (169-169.5 feet bgs) is nearly equal to the slug test K

value, indicating that the basal sandstone sequence has more influence on groundwater flow.

MW-118: At BCA well MW-118, the K value estimated by slug testing is
significantly higher than the laboratory K value reported in the BCA core sample
(46.5-47 feet bgs). The disparity in results is expected; core selection is limited to competent
sequences that produce unbroken core samples. Results indicate that groundwater flow in the

BCA is influenced by the fractured and non-lithified zones observed during drilling.

MW-102DB: At BBM well MW-102DB, the K value estimated by slug testing is
similar to the laboratory K value reported in the upper BBM core sample (145-146 feet bgs).
The laboratory K value is significantly lower in the deeper BBM core sample (156-156.9 feet
bgs). Results indicate that groundwater flow in the BBM in this area is influenced by the
fracturing observed just below the Kbc/Jmb contact and is limited by the formation when

fewer fractures are present.
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CHEMICAL ANALYSIS OF CORE SAMPLES

Selected core samples obtained from the vadose zone at the MW-102DB and
MW-103 locations were submitted to ACZ Laboratory (ACZ Lab) under standard chain of
custody protocols for chemical analysis. Representative samples of unbroken core,
approximately 0.5 foot in length, were analyzed for uranium and other selected metals by
Synthetic Precipitation Leaching Procedure (SPLP), US EPA Methods 6010B, 6020, and
7470A.

Vadose Zone Sample Selection

The depth intervals and lithologic descriptions of the core samples selected for

chemical analysis are summarized below:

MW-102DB: One Kbc core sample was selected for chemical analysis. The sample
was collected at the interval from 123 to 123.5 feet bgs just above the water table observed in
adjacent monitor well MW-102. The sample consisted of fractured fine-grained sandstone
with black staining along fracture surfaces.

MW-103: Five Kbc and one Jmb core samples were selected from the vadose zone
for chemical analysis. The samples were collected at the approximate depths of 22, 35, 44,
56, 69, and 74 feet bgs and were selected based on visual inspection of the core. In general,
samples were collected where distinct changes in lithology or significant fracturing and
staining were observed. The five Kbc samples collected from 22 to 69 feet bgs consisted
primarily of fine- to coarse-grained sandstone. The Jmb sample collected from 74 feet bgs

consisted of green homogeneous shale.
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Results of Chemical Analysis

Table 10 summarizes the leachate water quality from the SPLP tests conducted on
vadose zone core samples from selected depth intervals from wells MW-103 and

MW-102DB. Chemical analysis of vadose zone core samples indicated the following:

MW-103: The results of SPLP testing indicate that the uranium concentration in the
leachate from all core samples from well MW-103 is low. These results indicate that the
amount of leachable uranium in the vadose zone at well MW-103 is low, and uranium in the
vadose zone in this area does not represent a significant source to the groundwater. Arsenic,
barium, and lead were also detected in SPLP leachate from the core samples from MW-103
at low concentrations. The presence of low concentrations of these trace metals is not

believed to pose a long-term threat to groundwater quality at the Site.

MW-102DB: In the core sample collected at a depth interval from 123 to 123.5 ft
bgs from well MW-102DB, arsenic, barium, and lead were detected at low concentrations in
the SPLP leachate. Uranium was not detected in the SPLP leachate from the MW-102DB
core sample. These results indicate that trace metal leaching from the black staining is not an

environmental concern.
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AEZ Laboratories, Inc.

2773 Downhill Drive  Steamboat Springs, CO 80487  (800) 334-5493

November 08, 2012

Report to: Bill to:

Tim Leo Accounts Payable
Montgomery and Associates Montgomery and Associates
1550 E. Prince Rd. 1550 E. Prince Rd.

Tuscon, AZ 85719 Tucson, AZ 85719

cc: Leilani Bew

Project ID: 1350.13
ACZ Project ID: L97378

Tim Leo:

Enclosed are the analytical results for sample(s) submitted to ACZ Laboratories, Inc. (ACZ) on October 12,
2012. This project has been assigned to ACZ's project number, L.97378. Please reference this number in all
future inquiries.

All analyses were performed according to ACZ's Quality Assurance Plan. The enclosed resuits relate only to
the samples received under L97378. Each section of this report has been reviewed and approved by the
appropriate Laboratory Supervisor, or a qualified substitute.

Except as noted, the test results for the methods and parameters listed on ACZ's current NELAC certificate
letter (BACZ) meet all requirements of NELAC.

This report shall be used or copied only in its entirety. ACZ is not responsible for the consequences arising
from the use of a partial report.

All samples and sub-samples associated with this project will be disposed of after December 08, 2012. If the
samples are determined to be hazardous, additional charges apply for disposal (typically $11/sample). If you
would like the samples to be held longer than ACZ's stated policy or to be returned, please contact your Project
Manager or Customer Service Representative for further details and associated costs. ACZ retains analytical
raw data reports for ten years.

if you have any questions or other needs, please contact your Project Manager.

Scott Habermehl has reviewed
and approved this report.
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ADZ Laboratories, Inc.

2773 Downhill Drive Steamboat Springs, CO 80487 (800) 334-5493

Montgomery and Associates rL\LCu"oL ‘ROC»LQ ACZ Sample ID: L97378-01

Project ID: 1350.13 gro . Date Sampled: 10/10/12 14:50

Sample ID: 102-DB-123-123.5 . Date Received: 10/12/12
Mw=-lo2.pR Sample Matrix:  Soil

Inorganic Prep

M3010A ICP 10/27112 10:12 jic
Digestion
Total Hot Plate M3010A ICP-MS * 10/31/12 10:14 las
Digestion
Metals A
Arsenic (1312) M6020 ICP-MS 0.0213 mg/L 0.0002 0.001 11/07/12 14:16 msh
Barium (1312) M6010B ICP 0.031 * mg/L 0.003 0.02  10/28/12 12:27 jic
Cadmium (1312) M6020 ICP-MS 0.0001 B * mg/l 0.0001 0.0005 11/07/12 14:16 msh
Chromium (1312) M6020 ICP-MS 0.0005 B * mg/L 0.0005 0.002 11/07112 14:16 msh
Lead (1312) M6020 ICP-MS 0.0224 * mg/lL 0.0001 0.0005 11/07/12 14:16 msh
Mercury (1312) M7470A CVAA U * mg/L 0.0002 0.001 11/01/12 15:56 mfm
Molybdenum (1312) M6010B ICP 0.04 B * mg/L 0.01 0.05  10/29/12 12:27 jic
Selenium (1312) M6020 ICP-MS u * mg/L 0.0001 0.0003 11/07M12 14:16 msh
Silver (1312) M60108B ICP u * mg/L 0.01 0.03  10/29M2 12:27 jic
Uranium (1312) M6020 ICP-MS 0.0005 * mg/L 0.0001 0.0005 11/07/12 14:16 msh

Soil Preparation

Synthetic Precip. M1312 * 10/25/12 3:06 nre
Leaching Procedure

Arizona license number: AZ0102

REPIN.02.06.05.01 * Please refer to Qualifier Reports for details.
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AEZ Laboratories, Inc.

2773 Downhill Drive Steamboat Springs, CO 80487 (800) 334-5493

Montgomery and Associates Heord rock ACZ Sample ID: L97378-02
Project ID: 1350.13 é‘ } Date Sampled: 10/10/12 15:00
TC¢v™
Sample ID: 103-74-74.8 R Date Received: 10/12/12
Mw-103

Sample Matrix:  Soil

Inorganic Prep

Total Hot Plate M3010A ICP 10/27/112 11:30 jic
Digestion
Total Hot Plate M3010A ICP-MS 10/31/12 10:41 las
Digestion
Metals A

0712 14

Arsenic (1312) M6020 ICP-MS mg. . . :

Barium (1312) M6010B ICP U * mg/L 0.003 0.02  10/29/12 12:36 jic
Cadmium (1312) M6020 ICP-MS 0.0001 B * mg/L 0.0001 0.0005 11/07/12 14:23 msh
Chromium (1312) M6020 ICP-MS 0.0014 B * mg/L 0.0005 0.002 11/07/12 14:23 msh
Lead (1312) M6020 ICP-MS 0.0009 * mg/L 0.0001 0.0005 11/07/12 14:23 msh
Mercury (1312) M7470A CVAA U * mg/L 0.0002 0.001 11/01/12 16:02 mfm
Molybdenum (1312)  M6010B ICP U * mg/L 0.01 0.05  10/29/12 12:36 jic
Selenium (1312) M6020 ICP-MS 0.0003 B * mg/L 0.0001 0.0003 11/07/12 14:23 msh
Silver (1312) M6010B ICP U * mg/L 0.01 0.03  10/29/12 12:36 jic
Uranium (1312) M6020 ICP-MS U ¥ mg/L 0.0001 0.0005 11/07112 14:23 msh

Soil Preparation

Synthetic Precip. M1312 10/25/12 7:00 nrc
Leaching Procedure

Arizona license number: AZ0102

REPIN.02.06.05.01 * Please refer to Qualifier Reports for details.
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AEZ Laboratories, Inc.

2773 Downhill Drive Steamboat Springs, CO 80487 (800) 334-5493

Montgomery and Associates H(;NwL roel< ACZ Sample ID: L97378-03
Project ID: 1350.13 Q{‘c) . Date Sampled: 10/10/12 15:05
Sample ID; 103-69.2-70 M -0 3 Date Received: 10/12/12

Sample Matrix:  Soil

Inorganic Prep

Total Hot Plate M3010A ICP 10/27/12 12:22 jic
Digestion
Total Hot Plate M3010A ICP-MS 10/3112 11:36 las
Digestion
Metals A

Arsenic (1312) M6020 ICP-MS . . . :

Barium (1312) M6010B ICP U * mg/L 0.003 0.02  10/29/12 12:42 jic
Cadmium (1312) M6020 ICP-MS u * mg/L 0.0001 0.0005 11/07/12 14:29 msh
Chromium (1312) M6020 ICP-MS 0.0032 * mg/L 0.0005 0.002 11/07112 14:29 msh
Lead (1312) Me6020 ICP-MS 0.0210 * mg/L 0.0001 0.0005 11/07/12 14:29 msh
Mercury (1312) M7470A CVAA u * mg/L 0.0002 0.001 11/01/12 16:06 mfm
Molybdenum (1312)  M6010B ICP u * mg/L 0.01 0.05  10/29/12 12:42 jic
Selenium (1312) M6020 ICP-MS 0.0001 B * mg/L 0.0001 0.0003 11/07/12 14:29 msh
Silver (1312) M6010B ICP u * mg/L 0.01 0.03  10/29/12 12:42 jic
Uranium (1312) M6020 ICP-MS 0.0039 * mg/L 0.0001 0.0005 11/07/12 14:29 msh

Soil Preparation

Synthetic Precip. M1312 10/25/12 9:36 nrc
Leaching Procedure

Arizona license number: AZ0102

REPIN.02.06.05.01 * Please refer to Qualifier Reports for details.
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ADZ Laboratories, Inc.

2773 Downhill Drive Steamboat Springs, CO 80487 (800) 334-5493

Montgomery and Associates Hacak Toct ACZ Sample ID: L97378-04
Project ID: 1350.13 Q - Date Sampled: 710/10/12 15:15
Sample ID: 103-56-56.8 ro M=o Date Received: 10/12/12

- Sample Matrix.  Soil

10/27/12 12:48 jic

Digestion
Total Hot Plate M3010A ICP-MS 10/3112 12:03 las
Digestion

Arsenic (1312) M8020 ICP-MS 0.0515 mg/L 0.0002 0.001 11/07/12 14:33

Barium (1312) Ms010B ICP 0.097 * mg/L 0.003 0.02  10/29/12 12:46 jic
Cadmium (1312) M6020 ICP-MS 0.0002 B * mg/L 0.0001 0.0005 11/07/12 14:33 msh
Chromium (1312) M6020 ICP-MS 0.0016 B * mg/L 0.0005 0.002 11/07/12 14:33 msh
Lead (1312) M6020 ICP-MS 0.0195 * mg/L 0.0001 0.0005 11/07/12 14:33 msh
Mercury (1312) M7470A CVAA u * mg/L 0.0002 0.001 11/01/12 16:09 mfm
Molybdenum (1312)  M6010B ICP u * mg/L 0.01 0.05  10/28/12 12:46 jic
Selenium (1312) M6020 ICP-MS u * mg/L 0.0001 0.0003 11/07/12 14:33 msh
Silver (1312) M6010B ICP u * mg/L 0.01 0.03  10/29/12 12:46 jic
Uranium (1312) M6020 ICP-MS 0.0003 B * mg/L 0.0001 0.0005 11/07/12 14:33 msh

oil Preparation

ynthetic Precip. M1312 10/25/12 10:54 nre
Leaching Procedure

Arizona license humber: AZ0102

REPIN.02.06.05.01 * Please refer to Qualifier Reports for details.
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AEZ Laboratories, Inc.

2773 Downhill Drive Steamboat Springs, CO 80487 (800) 334-5493

Montgomery and Associates HOJ“C)\ FoCle ACZ Sample ID;: L97378-05
Project ID: 1350.13 / {f('om Date Sampled: 10/10/12 15:20
Sample ID: 103-44-44.8 Date Received: 10/12/12

M =10 3 Sample Matrix:  Soil

Inorganic Prep

Total Hot Plate M3010A ICP 10/2712 13:14 jic
Digestion

Total Hot Plate M3010A ICP-MS 10/31/12 12:30 las
Digestion :

Metals Analysis

Arsenic (1312) M6020 ICP- mg . . :
Barium (1312) M6010B ICP * mg/L 0.003 0.02  10/29/12 12:58 jic
Cadmium (1312) M6020 ICP-MS u * mg/L 0.0001 0.0005 11/07M12 14:36 msh
Chromium (1312) M6020 ICP-MS 0.0015 B * mg/L 0.0005 0.002 11/07/12 14:36 msh
Lead (1312) M6020 ICP-MS 0.0006 * mg/L 0.0001 0.0005 11/07/12 14:36 msh
Mercury (1312) M7470A CVAA U * mg/L 0.0002 0.001 11/01/12 16:11 mfm
Molybdenum (1312)  M6010B ICP U * mg/L. 0.01 0.05  10/29/12 12:58 jic
Selenium (1312) M6020 ICP-MS u * mg/L. 0.0001 0.0603 11/07/12 14:36 msh
Silver (1312) M6010B ICP u * mg/L 0.01 0.03  10/29/12 12:58 jic
Uranium (1312) M6020 ICP-MS 0.0002 B * mg/L 0.0001 0.0005 11/07/12 14:36 msh

Soil Preparation

Synthetic Precip. M1312 10/25M2 12:12 nrc
Leaching Procedure

Arizona license number: AZ0102

REPIN.02.06.05.01 * Please refer to Qualifier Reports for details.
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ABZ Laboratories, Inc.

2773 Downhill Drive Steamboat Springs, CO 80487 (800) 334-5493

H*CL.«"E‘}\ (RL)(J'M
QWZ){Y\
muw -{os

Montgomery and Associates
Project ID: 1350.13
Sample ID: 103-35.3-36

ACZ Sample ID: L97378-06
Date Sampled: 10/10/12 15:25
Date Received: 10/12/12
Sample Matrix:  Soil

Inorganic Prep

Total Hot Plate M3010A ICP 10/27112 13:40 jic
Digestion
Total Hot Plate M3010A ICP-MS * 10/31/12 12:58 las
Digestion

Metals Analysis

107

.00

Arsenic ( ) . :

Barium (1312) Me010B ICP B * mg/t 0.003 0.02  10/29/12 13:01 jic
Cadmium (1312) M6020 ICP-MS U * mg/L 0.0001 0.0005 11/07/12 14:46 msh
Chromium (1312) M6020 ICP-MS 0.0007 B * mg/L 0.0005 0.002 11/07/12 14:46 msh
Lead (1312) M6020 ICP-MS 0.0002 B * mg/L 0.0001 0.0005 11/07/12 14:46 msh
Mercury (1312) M7470A CVAA u * mg/L 0.0002 0.001 11/01/12 16:17  mfm
Molybdenum (1312)  M6010B ICP u * mg/L 0.01 0.05  10/29/12 13:01 jic
Selenium (1312) M6020 ICP-MS U * mg/L 0.0001 0.0003 11/07/12 19:21 pme
Silver (1312) M8010B ICP U mg/L 0.01 0.03  10/29/12 13:01 jic
Uranium (1312) M6020 ICP-MS U mg/L 0.0001 0.0005 11/07/12 14:46 msh

Soil Preparation

Synthetic Precip. M1312 * 10/25/12 13:30 nre

Leaching Procedure

Arizona license number: AZ0102

REPIN.02.06.05.01 * Please refer to Qualifier Reports for details.
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AEZ Laboratories, Inc.

2773 Downhill Drive Steamboat Springs, CO 80487 (800) 334-5493

Montgomery and Associates H—(lr@j\ (66N ACZ Sample ID: L97378-07
Project ID: 1350.13 (s Date Sampled: 10/10/12 15:30
Sample ID: 103-22-22.8 e Date Received:  10/12/12

M =103 Sample Matrix:  Soil

Inorganic Prep

Total Hot Plate M3010A ICP 10/27112 14:06 jic
Digestion
Total Hot Plate M3010A ICP-MS * 10/31/12 13:25 las
Digestion

11107 msh

Arsenic (1312) M6020 ICP- X . :
Barium (1312) M6010B ICP * mg/L 0.003 0.02  10/29/12 13:04 jic
Cadmium (1312) M6020 ICP-MS 0.0004 B * mg/L 0.0001 0.0005 11/07/12 14:50 msh
Chromium (1312) M6020 ICP-MS 0.0006 B * mg/L 0.0005 0.002 11/07/12 14:50 msh
Lead (1312) M6020 ICP-MS 0.0015 * mg/L. 0.0001 0.0005 11/07/12 14:50 msh
Mercury (1312) M7470A CVAA U * mg/L. 0.0002 0.001 11/01/1216:18  mfm
Molybdenum (1312)  M6010B ICP U * mg/L 0.01 0.05  10/29/12 13:04 jic
Selenium (1312) M6020 ICP-MS U * mg/L 0.0001 0.0003 11/07/1219:23 pme
Silver (1312) M60108B [ICP U * mg/L 0.01 0.03  10/29/12 13:04 jic
Uranium (1312) M6020 ICP-MS U * mg/L 0.0001 0.0005 11/07/12 14:50 msh

Soil Preparation

Synthetic Precip. M1312 * 10/25M2 16:06 nre
Leaching Procedure

Arizona license number: AZ0102

REPIN.02.06.05.01 * Please refer to Qualifier Reports for details.
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AEZ Laboratories, Inc.

2773 Downhill Drive Steamboat Springs, CO 80487 (800) 334-5493

Batch
Found
Limit
Lower
MDL
PCN/SCN
PQL
QC
Rec
RPD
Upper
Sample

A distinct set of samples analyzed at a specific time

Value of the QC Type of interest

Upper limit for RPD, in %.

Lower Recovery Limit, in % (except for LCSS, mg/Kg)

Method Detection Limit. Same as Minimum Reporting Limit. Allows for instrument and annual fluctuations.
A number assigned to reagents/standards to trace to the manufacturer's certificate of analysis
Practical Quantitation Limit, typically 5 times the MDL.

True Value of the Control Sample or the amount added to the Spike

Recovered amount of the true value or spike added, in % (except for LCSS, mg/Kg)

Relative Percent Difference, calculation used for Duplicate QC Types

Upper Recovery Limit, in % (except for LCSS, mg/Kg)

Value of the Sample of interest

AS
ASD
CcCB
ccv
bDupP
IcB
cv
ICSAB
LCSS
LCSSD
Lcsw

Analytical Spike (Post Digestion} LCSWD Laboratory Control Sample - Water Duplicate
Analytical Spike {Post Digestion) Duplicate LFB Laboratory Fortified Blank

Continuing Calibration Blank LFM Laboratory Fortified Matrix

Continuing Calibration Verification standard LFMD Laboratory Fortified Matrix Duplicate
Sample Duplicate LRB Laboratory Reagent Blank

Initial Calibration Blank MS Matrix Spike

Initial Calibration Verification standard MSD Matrix Spike Duplicate

Inter-element Correction Standard - A plus B solutions PBS Prep Blank - Soil

Laboratory Control Sample - Soll PBW Prep Blank - Water

Laboratory Control Sample - Soil Duplicate PQV Practical Quantitation Verification standard
Laboratory Control Sample - Water SDL Serial Dilution

Blanks Verifies that there is no or minimal contamination in the prep method or calibration procedure.
Control Samples Verifies the accuracy of the method, including the prep procedure.

Duplicates Verifies the precision of the instrument and/or method.

Spikes/Fortified Matrix Determines sample matrix interferences, if any.

Standard Verifies the validity of the calibration.

cr I w

Analyte concentration detected at a value between MDL and PQL. The associated value is an estimated quantity.
Analysis exceeded method hold time. pH is a field test with an immediate hold time.

Target analyte response was below the laboratory defined negative threshoid.

The material was analyzed for, but was not detected above the leve! of the associated value.

The associated value is either the sample quantitation limit or the sample detection fimit.

M
()
@3)

0]
(5

EPA 600/4-83-020. Methods for Chemical Analysis of Water and Wastes, March 1983.

EPA 600/R-93-100. Methods for the Determination of inorganic Substances in Environmental Samples, August 1993,
EPA 600/R-94-111. Methods for the Determination of Metals in Environmental Samples - Supplement |, May 1994.
EPA SW-846. Test Methads for Evaluating Solid Waste.

Standard Methods for the Examination of Water and Wastewater.

(1) QC results calculated from raw data. Results may vary slightly if the rounded values are used in the calculations.
2) Solil, Sludge, and Plant matrices for Inorganic analyses are reported on a dry weight basis.
3) Animal matrices for Inorganic analyses are reported on an “as received” basis.
4) An asterisk in the "XQ" column indicates there is an extended qualifier and/or certification qualifier
associated with the result.
(5) If the MDL equals the PQL or the MDL column is omitted, the PQL is the reporting limit.
For a complete list of ACZ's Extended Qualifiers, please click: http://www.acz.com/public/extquallist.pdf

REP001.09.12.01
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AEZ Laboratories, Inc.

2773 Downhill Drive  Steamboat Springs, CO 80487  (800) 334-5493

Montgomery and Associates ACZ Project ID:  L97378

Arsenic (1312) M6020 ICP-MS

WG333678

WG333678ICV ICV 11/07/12 13:52  MS121001-5 .05 .0525 mg/L 105 90 110
W(G333678ICB ICB 11/07/12 13:55 u mg/L -0.0006  0.0006
WGE332841PBS PBS 11/07/12 14:09 u mg/L -0.0006  0.0006
WG332841LFB2 LFB 11/07/12 1412 MS121009-6  .05005 .05428  mg/l. 108.5 80 120
L97378-02DUP bupr 11/07/12 14:26 0052 .00443 mg/L 16 20
1.97378-07MS MS 11/07/112 14:63  MS121009-6  .05005 0065  .05621 mg/l 99.3 75 125

L97378-07MSD MSD 11/07/12 14:56  MS121009-6  .05005 0065  .05651 mg/l. 99.9 75 125 053 20

Barium (1312) M6010B ICP

WG333053

WG333053ICV ICV 10/29/1212:06  1120914-3 2 2.002 mg/l 100.1 20 110

WG333053ICB ICB 10/29/12 12:09 U mg/L -0.009 0.008

WG332841PBS PBS 10/29/12 12:21 u mg/L -0.009 0.009

WG332841LFB1 LFB 10/29/12 12:24  11121001-3 5 .5088 mg/L 101.8 85 115

1.97378-01MS MS 10/29/12 12:30  11121001-3 5 .031 .5341 mg/L 100.6 75 125

L97378-01MSD MSD 10/29/12 12:33  11121001-3 5 031 5332 mg/L. 100.4 75 125 017 20
L97378-02DUP DUP 10/29/12 12:39 U .0052 mg/L ; 200 20 RA

Cadmium (1312) M6020 [CP-MS

WG333678

WG333678ICV IcvV 11/07/1213:52  MS121001-5 .05 .0494 mg/L 98.8 80 110

WG333678ICB ICB 11/07/12 13:55 8] mg/l. -0.0003  0.0003

WG332841PBS PBS 11/07/12 14:09 U mg/L. -0.0003  0.0003

WG332841LFB2 LFB 11/07/12 14112 MS121009-6 0501 .04988  mglL 99.6 80 120

L.97378-02DUP DUP 11/07/12 14:26 .0001 00012 mgft 182 20 RA
L97378-07MS MS 11/07/12 14:53  MS121009-6 .0501 .0004 .04646 mg/L 91.9 75 125

1.97378-07MSD MSD 11/07112 14:56  MS121009-6 .0501 0004  .04725 mg/L 93.5 75 125 1.69 20

Chromium (1312) M6020 ICP-MS

WG333678

WG333678ICV ICV 11/07/1213:52  MS121001-5 .08 .0502 mg/L 100.4 90 110

WG333678ICB ICB 11/07/12 13:55 u mg/L. -0.0015  0.0015

WG332841PBS PBS 11/07/12 14:09 u mg/L -0.0015  0.0015

WG332841LFB2 LFB 11/07/12 14:12 MS121008-6  .05005 .04897  mg/l 97.8 80 120

L97378-02DUP DUP 11/07/12 14:26 .0014  .00185 mg/L 277 20 RA
1.97378-07MS MS 11/07/12 14:53  MS121008-6  .05005 .0006  .04924 mg/L 97.2 75 125

1.97378-07MSD MSD 11/07/12 14:56  MS121008-6  .05005 .0006 .04978 mg/L 98.3 75 125 108 20

REPIN.01.06.05.01 Page 10 of 19




AEZ Laboratories, Inc.

2773 Downhill Drive  Steamboat Springs, CO 80487  (800) 334-5493
Montgomery and Associates ACZ Project ID:  L97378
Lead (1312) M6020 ICP-MS

WG333678

WG333678ICV IcvV 11/07/12 13:52 MS121001-5 .05 05333 mg/L 106.7 90 110

WG333678ICB ICB 11/07/12 13:55 V] mg/L -0.0003  0.0003

WG332841PBS PBS 11/07/12 14:09 U mg/L -0.0003  0.0003

WG332841LFB2 LFB 11/07/12 14:12  MS121009-6  .05005 .04801  mg/L 95.9 80 120

1L97378-02DUP DUP 11/07/12 14:26 0008  .00073 mg/L 209 20 RA
L97378-07MS MS 11/07/12 14:53  MS8121009-6  .05005 .0015 .0497 mg/L 96.3 75 125

L97378-07MSD MSD 11/07/12 14:56  MS121009-6  .05005 0015 .0507 mg/L 98.3 75 125 198 20

Mercury (1312) M7470A CVAA

WG333327

WG333327ICV IcvV 11/01/12 14:50  11121022-2 .005025 00478  mg/l 95.1 a0 110

WG333327ICB IcB 11/01/12 14:52 9] mg/L -0.0006  0.0006

WG333324

WG332841PBS PBS 11/01/12 16:52 8] mg/Kg -0.0006  0.0006

WG332841LFB1 LFB 11/01/12 16:54  11121030-3 .002002 00217 mg/L 108.4 85 115

1.97378-01MS MS 11/01/12 16:58  [1121030-3 .002002 u .00204  mg/L 101.8 85 1156

1.97378-01MSD MSD 11/01/12 16:00  [[121030-3 .002002 U 00182  mgiL 95.9 85 116 6.06 20
1.97378-02DUP DUP 11/01/12 16:04 u U mg/L 0 20 RA
Molybdenum (1312) M6010B ICP

WG333053
WG333053ICV IcvV
WG333053ICB ICB

WG332841PBS PBS
WG332841LFB1 LFB

L97378-01MS MS
L97378-01MSD MSD
1.97378-02DUP bup

10/29/12 12:06
10/28/12 12:09
10/29/12 12:21
10/29/12 12:24
10/29/12 12:30
10/28/12 12:33
10/29/12 12:39

11120914-3

11121001-3
11121001-3
1121001-3

.04
.04

.547
545

mg/lL.
mg/lL
mg/L
mg/l.
mg/L
mg/L
mg/L

100.9 a0
-0.03
~0.03

101.8 85

101.4 75

101 75

110
0.03
0.03
118
128
125

037 20

REPIN.01.06.05.01
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AEZ L.aboratories, Inc.

2773 Downhill Drive  Steamboat Springs, CO 80487

(800) 334-5493

Montgomery and Associates

ACZ Project ID:  L97378

Selenium (1312) M6020 ICP-MS

WG333678
WG333678ICV ICV 11/07/12 13:52  MS121001-5 .05
WG333678ICB ICB 11/07/12 13:55

WG332841PBS PBS
WG332841LFB2 LFB
L.97378-02DUP DUP

11/07/12 14:09
11/07/12 14:12
11/07/12 14:26

MS121009-6  .05005

L97378-07MS MS 11/07/12 14:53  MS121009-6  .05005
L97378-07MSD MSD 11/07/12 14:56  MS121009-6  .05005
WG333699

WG333699ICV IcvV 11/07/12 18:56  MS121001-5 .05
WG333699I1CB IcB 11/07/12 18:59

WG332841PBS PBS
WG332841LFB2 LFB
L97378-02DUP DUP
L97378-07MS MS
L97378-07MSD MSD
WG333275LFB2 LFB

11/07/12 19:10
11/07M12 19:13
11/07/12 19:18
11/07/12 19:26
11/07/112 18:29
11/07/12 18:39

MS121009-6 .05005

MS121009-6  .05005
MS121009-6  .05005
MS121009-6  .05005

.0003

.0003

.04852
.00025
04661

.04574

.05077

u
V]

05611
.00027
.04846
.04809
.05568

mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/l
mg/l
mg/L
mg/l

104.1 90
-0.0003
-0.0003
96.9 80
93.1 75
91.4 75
101.5 80
-0.0003
-0.0003
1121 80
96.8 75
96.1 75
111.2 80

110
0.0003
0.0003
120
18.2 20 RA
125
125 188 20

110
0.0003
0.0003

120

125
125 077 20
120

M6010B ICP

Silver (1312)

WG333053

WG333053ICV ICV 10/29/12 12:06  [1120914-3 .998 1.02 mg/L 102.2 90 110

WG333053ICB IcCB 10/29/12 12:09 u mg/L -0.03 0.03

WG332841PBS PBS 10/29/12 12:21 U mg/L. -0.03 0.03

WG332841LFB1 LFB 10/29/12 12:24  11121001-3 506 mg/L 101.2 85 115

Lg7378-01MS MS 10/29/12 12:30  11121001-3 U 496 mg/L. 99.2 75 125

L97378-01MSD MSD 10/29/12 12:33  1{121001-3 u 532 mg/L 106.4 75 125 7 20
L97378-02DUP bup 10/29/12 12:38 U u mg/L 0 20 RA
Uranium (1312) M6020 ICP-MS

WG333678
WG333678ICV ICV 11/07/12 13:52  MS121001-5 .05
WG333678ICB ICB 11/07/12 13:55

WG332841PBS PBS
WG332841LFB2 LFB

11/07/12 14:09

110712 14:12 MS121009-6 .05

L97378-02DUP DUP 11/07/12 14:26
1.97378-07MS MS 11/07/12 14:53  MS121009-6 .05
L97378-07MSD MSD 11/07/12 14:56  MS121009-6 .05

c

mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/l

103.6 90
-0.0003
-0.0003
97.1 80
99.5 75
99.8 75

110
0.0003
0.0003

120

125
125 032 20

REPIN.01.06.05.01
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AEZ Laboratories, Inc.

2773 Downhill Drive  Steamboat Springs, CO 80487

(800) 334-5493

Montgomery and Associates

ACZ Project ID:  L97378

L97378-01 WG333053

WGE333678

WG333324

W(G333053

WG333678

WG333053

WG333678

L97378-02 WG333053

WG333678

WG333324

WGE333053

WG333678

WG333053

WG333678

Barium (1312)

Cadmium (1312)

Chromium (1312)

Lead (1312)

Mercury (1312)

Molybdenum (1312)

Selenium (1312)

Silver (1312)

Uranium (1312)

Barium (1312)

Cadmium (1312)

Chromium (1312)

Lead (1312)

Mercury (1312)

Molybdenum (1312)

Selenium (1312)

Silver (1312)

Uranium (1312)

Me010B ICP

M6020 ICP-MS

Mé020 ICP-MS

M6020 ICP-MS

M7470A CVAA

M6010B ICP

M6020 ICP-MS

M6010B ICP

M6020 ICP-MS

M6010B ICP

M6020 ICP-MS

M6020 ICP-MS

M6020 ICP-MS

M7470A CVAA

M6010B ICP

Mé020 ICP-MS

Ms&010B ICP

M6020 ICP-MS

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is teo low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too fow for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is tco low for
accurate evaluation (< 10x MDL).

REPAD.15.06.05.01
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ADZ Laboratories, Inc.

Steamboat Springs, CO 80487

2773 Downhill Drive

(800) 334-5493

Montgomery and Associates

ACZ Project ID:  L97378

L97378-03 WG333053

WG333678

WG333324

W(G333053

W(G333678

W(G333053

WG333678

L97378-04 WG333053

WG333678

WG333324

WG333053

WG333678

WG333053

WG333678

Barium (1312)

Cadmium (1312)

Chromium (1312)

Lead (1312)

Mercury (1312)

Molybdenum (1312)

Selenium (1312)

Silver (1312)

Uranium (1312)

Barium (1312)

Cadmium (1312)

Chromium (1312)

Lead (1312)

Mercury (1312)

Molybdenum (1312)

Selenium (1312)

Silver (1312)

Uranium (1312)

M6010B ICP

M6020 ICP-MS

M6020 ICP-MS

M6020 ICP-MS

M7470A CVAA

Me010B ICP

M8020 ICP-MS

M6010B ICP

M6020 ICP-MS

M8010B ICP

M6020 ICP-MS

M6020 ICP-MS

M6020 ICP-MS

M7470A CVAA

Me010B ICP

M6020 ICP-MS

M6010B ICP

M6020 ICP-MS

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too fow for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL),

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL),

REPAD.15.06.05.01
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AEZ Laboratories, Inc.

Steamboat Springs, CO 80487

2773 Downhill Drive

(800) 334-5493

Montgomery and Associates

ACZ Project ID:  L97378

L97378-05 WG333053

WG333678

W(333324

W(G333053

WG333678

WG333053

WG333678

L97378-06 WG333053

W(@G333678

WG333324

WG333053

W(G333699

W(G333053

WG333678

Barium (1312)

Cadmium (1312)

Chromium (1312)

Lead (1312)

Mercury (1312)

Molybdenum (1312)

Selenium (1312)

Silver (1312)

Uranium (1312)

Barium (1312)

Cadmium (1312)

Chromium (1312)

Lead (1312)

Mercury (1312)

Molybdenum (1312)

Selenium (1312)

Silver (1312)

Uranium (1312)

M6010B ICP

M6020 ICP-MS

M6020 ICP-MS

M6020 ICP-MS

M7470A CVAA

Ma010B ICP

M6020 ICP-MS

M6010B ICP

M6020 ICP-MS

Me010B ICP

M6020 ICP-MS

M6020 ICP-MS

M6020 ICP-MS

M7470A CVAA

M6010B ICP

M6020 ICP-MS

M6010B ICP

M6020 ICP-MS

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

RA

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is tao low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Relative Percent Difference (RPD) was not used for data

validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).
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AEZ Laboratories, Inc.

2773 Downhill Drive  Steamboat Springs, CO 80487 (800) 334-5493

Montgomery and Associates ACZ Project ID:  L97378

1.97378-07 WG333053 Barium (1312) M6010B ICP RA Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL),

WG333678 Cadmium (1312) M6020 ICP-MS RA - Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Chromium (1312) Me020 ICP-MS RA Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

Lead (1312) M6020 ICP-MS RA Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL),

WG333324  Mercury (1312) M7470A CVAA RA Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

WG333053  Molybdenum (1312) M6010B ICP RA Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

WG333699  Selenium (1312) M6020 ICP-MS RA Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

WG333053  Silver (1312) M6010B ICP RA Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too low for
accurate evaluation (< 10x MDL).

WG333678  Uranium (1312) Ma&020 ICP-MS RA Relative Percent Difference (RPD) was not used for data
validation because the sample concentration is too fow for
accurate evaluation (< 10x MDL).
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AEZ Laboratories, Inc.

2773 Downhill Drive  Steamboat Springs, CO 80487

(800) 334-5493

Montgomery and Associates

ACZ Project ID:  L97378

Metals Analysis

Selenium (1312) M6020 ICP-MS
Uranium (1312) M6020 ICP-MS
REPAD.05.06.05.01
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Montgomery & Associates

Rio Algom Lisbon 1350.13

November 5, 2012

Daniel B. Stephens & Associates, Inc.

5840 Osuna Road NE ¢ Albuquerque, New Mexico 87109




November 5, 2012

Tim Leo

Montgomery & Associates
1550 East Prince Rd.
Tucson, AZ 85719

(520) 881-4912

Re: DBS&A Laboratory Report for Montgomery & Associates Rio Algom Lisbon 1350.13

Dear Mr. Leo:

Enclosed is the final report for the Montgomery & Associates Rio Algom Lisbon 1350.13 samples.
Please review this report and provide any comments as samples will be held for a maximum of 30
days. After 30 days samples will be returned or disposed of in an appropriate manner.

All testing results were evaluated subjectively for consistency and reasonableness, and the results
appear to be reasonably representative of the material tested. However, DBS&A does not assume
any responsibility for interpretations or analyses based on the data enclosed, nor can we guarantee
that these data are fully representative of the undisturbed materials at the field site. \WWe recommend
that careful evaluation of these laboratory results be made for your particular application.

The testing utilized to generate the enclosed report employs methods that are standard for the
industry. The results do not constitute a professional opinion by DBS&A, nor can the results affect
any professional or expert opinions rendered with respect thereto by DBS&A. You have
acknowledged that all the testing undertaken by us, and the report provided, constitutes mere test
results using standardized methods, and cannot be used to disqualify DBS&A from rendering any
professional or expert opinion, having waived any claim of conflict of interest by DBS&A.

We are pleased to provide this service to Montgomery & Associates and look forward to future
laboratory testing on other projects. If you have any questions about the enclosed data, please do
not hesitate to call.

Sincerely,

DANIEL B. STEPHENS & ASSOCIATES, INC.
SOIL TESTING & RESEARCH LABORATORY

Lliin Sever
Celina Sessa

Assistant Laboratory Manager
Enclosure

Daniel B. Stephens & Associates, Inc.

Soil Testing & Research Laboratory
5840 Osuna Rd. NE 505-889-7752
Albuquerque, NM 87109 FAX 505-889-0258



Summaries



Daniel B. Stephens & Associates, Inc.

Summary of Tests Performed

Saturated
Initial Soill Hydraulic Moisture Particle Specific Air
Laboratory Properties® Conductivity? Characteristics® Size* Gravity® | Perm- | Atterberg Proctor
Sample Number G i!VM!VD|CH! FH ! FW |HC: PP FP!DPP:RH} EP !WHC:!Kysu| DStWS! H | F C | eability| Limits | Compaction
102DB-130-131 (Vertical) XX ; boX P P ; P
102DB-130-131 (Horizontal) X X : PoX : : : : : : : : :
102DB-145-146 (Vertical) XX : bOX P P : P
102DB-145-146 (Horizontal) | X & X | Pl X
102DB-156-156.9 (Vertical) X+ X : PoX : : : : : : : : :
102DB-156-156.9 (Horizontal) | X ' X ! : PoX oo oo : P

G = Gravimetric Moisture Content, VM = Volume Measurement Method, VD = Volume Displacement Method

2 CH = Constant Head Rigid Wall, FH = Falling Head Rigid Wall, FW = Falling Head Rising Tail Flexible Wall

3 HC = Hanging Column, PP = Pressure Plate, FP = Filter Paper, DPP = Dew Point Potentiometer, RH = Relative Humidity Box,
EP = Effective Porosity, WHC = Water Holding Capacity, Kunsat = Calculated Unsaturated Hydraulic Conductivity

4 DS = Dry Sieve, WS = Wet Sieve, H = Hydrometer

® F = Fine (<4.75mm), C = Coarse (>4.75mm)



Daniel B. Stephens & Associates, Inc.

Notes

Sample Receipt:

Three rock core samples arrived on October 12, 2012.

Sample Preparation and Testing:

Two sub-samples were obtained for each sample for testing. A chop saw was used to trim each
sample in both the vertical and horizontal directions for initial properties and saturated hydraulic

conductivity testing.

Total porosity calculations in this report are based on the use of an assumed specific gravity value of
2.65.



Daniel B. Stephens & Associates, Inc.

Summary of Sample Preparation/Volume Changes

Initial Sample Data® Volume Change Post Saturation®
Moisture  Dry Bulk Dry Bulk % Volume % of Initial
Content Density Density Change Density
Sample Number (%, g/lg)  (g/cm?) (g/cm®) (%) (%)

102DB-130-131 (Vertical) 0.5 2.04 2.02 +0.8% 99.2%
102DB-130-131 (Horizontal) 0.8 2.12 2.12 +0.3% 99.7%
102DB-145-146 (Vertical) 4.1 2.38 2.30 +3.7% 96.4%
102DB-145-146 (Horizontal) 3.7 2.40 2.34 +2.5% 97.6%
102DB-156-156.9 (Vertical) 3.4 2.39 2.38 +0.1% 99.9%
102DB-156-156.9 (Horizontal) 3.5 2.40 2.40 100.0%

Ynitial Sample Data: The 'as received' dry bulk density and moisture content.

*\Volume Change Post Saturation: Volume change measurements were obtained after saturated
hydraulic conductivity testing.

Notes:
"+" indicates sample swelling, "-" indicates sample settling, and "---" indicates no volume change
occurred.



Daniel B. Stephens & Associates, Inc.

Summary of Saturated Hydraulic Conductivity Tests

Oversize
Corrected Method of Analysis
Ksat Ksat Constant Head  Falling Head
Sample Number (cm/sec) (cm/sec) Flexible Wall Flexible Wall
102DB-130-131
(Vertical) 1.23E-04 NA X
102DB-130-131
(Horizontal) 2.18E-04 NA X
102DB-145-146
(Vertical) 2.15E-05 NA X
102DB-145-146
(Horizontal) 3.09E-05 NA X
102DB-156-156.9
(Vertical) 7.93E-09 NA X
102DB-156-156.9
(Horizontal) 3.60E-09 NA X

-- = Qversize correction is unnecessary since coarse fraction < 5% of composite mass

NR = Not requested
NA = Not applicable



Saturated Hydraulic
Conductivity



Daniel B. Stephens & Associates, Inc.

Summary of Saturated Hydraulic Conductivity Tests

Oversize
Corrected Method of Analysis
Ksat Ksat Constant Head  Falling Head
Sample Number (cm/sec) (cm/sec) Flexible Wall Flexible Wall
102DB-130-131
(Vertical) 1.23E-04 NA X
102DB-130-131
(Horizontal) 2.18E-04 NA X
102DB-145-146
(Vertical) 2.15E-05 NA X
102DB-145-146
(Horizontal) 3.09E-05 NA X
102DB-156-156.9
(Vertical) 7.93E-09 NA X
102DB-156-156.9
(Horizontal) 3.60E-09 NA X

-- = Qversize correction is unnecessary since coarse fraction < 5% of composite mass

NR = Not requested
NA = Not applicable



Remolded or Initial
Sample Properties

Initial Mass (g):
Diameter (cm):

Length (cm):

Area (cm?):

Volume (cm®):

Dry Density (g/cm®):
Dry Density (pcf):
Water Content (%, g/g):
Water Content (%, vol):
Void Ratio (e):

Porosity (%, vol):
Saturation (%):

343.35
7.376
3.926
42.73
167.76
2.04
127.16
0.5

1.0
0.30
23.1
4.2

Daniel B. Stephens & Associates, Inc.

Saturated Hydraulic Conductivity
Flexible Wall Falling Head-Rising Tail Method

Job Name:

Job Number:
Sample Number:
Project Name:
Depth:

Montgomery & Associates

LB12.0210.00
102DB-130-131 (Vertical)

Rio Algom Lisbon 1350.13

NA

Post Permeation
Sample Properties

Saturated Mass (Q):
Dry Mass (9):

Diameter (cm):

Length (cm):
Deformation (%)**:
Area (cm?):

Volume (cm®):

Dry Density (g/cm®):
Dry Density (pcf):
Water Content (%, g/g):
Water Content (%, vol):
Void Ratio(e):

Porosity (%, vol):
Saturation (%)*:

376.63 Permeant liquid used:
341.72 Sample Preparation:
7.376

3.957 Number of Lifts:
0.78 Split:
42.73 Percent Coarse Material (%):
169.08 Particle Density(g/cm *):
2.02 Cell pressure (PSI):
126.17 Influent pressure (PSI):
10.2 Effluent pressure (PSI):
20.6 Panel Used:
0.31 Reading:
23.7

87.0 B-Value (% saturation) prior to test*:

Test and Sample Conditions

B-Value (% saturation) post to test:

Tap Water

In situ sample, extruded

[] Remolded Sample

NA

NA

NA

2.65 Assumed [ | Measured
82.0

80.0

80.0

(] o[]E F

[] Annulus Pipette
Date/Time

0.95 10/25/12 1415
0.98 10/26/12 1310

* Per ASTM D5084 percent saturation is ensured (B-Value = 95%) prior to testing, as post test saturation values may be exaggerated during depressurizing and sample removal.
**Percent Deformation: based on initial sample length and post permeation sample length.

Laboratory analysis by: D. O'Dowd
Data entered by: D. O'Dowd
Checked by: J. Hines



Daniel B. Stephens & Associates, Inc.

Saturated Hydraulic Conductivity
Flexible Wall Falling Head-Rising Tail Method

Job Name: Montgomery & Associates

Job Number: LB12.0210.00
Sample Number: 102DB-130-131 (Vertical)

Project Name: Rio Algom Lisbon 1350.13

Depth: NA
Influent  Effluent Average Ratio Change in
Temp  Pipette Pipette Gradient  Flow Elapsed (outflowto Head (Notto  Ksat T°C Ksat Corrected
Date Time (°C) Reading Reading (AH/AL)  (cm®) Time (s) inflow) exceed 25%) (cm/s) (cm/s)
Test# 1:
26-Oct-12 12:52:51 21.5 13.40 21.60 2.39 o
26-Oct-12 12:53:06 21.5 13.60 21.40 2.28 0.17 15 1.00 5% 1.34E-04 1.30E-04
Test # 2:
26-Oct-12 12:53:06 21.5 13.60 21.40 2.28 o
26-Oct-12 12:53:22 215 13.80 21.20 2.16 0.17 16 1.00 5% 1.32E-04 1.28E-04
Test # 3:
26-Oct-12 12:53:22 21.5 13.80 21.20 2.16 o
26-Oct-12 12:53:40 21.5 14.00 21.00 2.04 0.17 18 1.00 5% 1.248-04 1.208-04
Test# 4.
26-Oct-12 12:53:40 21.5 14.00 21.00 2.04 o
26-Oct-12 12:54:00 21.5 14.20 20.80 1.93 0.17 20 1.00 6% 1.18E-04 1.14E-04
Average Ksat (cm/sec): 1.23E-04
Calculated Gravel Corrected Average Ksat (cm/sec): NA
1.60E-04
1.50E-04
— 1.40E-04
= 1.30E-04 * * .
E 1 20E-04 . ’ ASTM Required Range (+/- 25%)
T 1.10E-04
< 1.00E-04 Ksat (-25%) (cm/s): 9.22E-05
9.00E-05
8.00E-05 : : : : : : : Ksat (+25%) (cm/s): 1.54E-04
5 15 25 35 45 55 65 75
Time (s)
11




Remolded or Initial
Sample Properties

Initial Mass (g):
Diameter (cm):

Length (cm):

Area (cm?):

Volume (cm®):

Dry Density (g/cm®):
Dry Density (pcf):
Water Content (%, g/g):
Water Content (%, vol):
Void Ratio (e):

Porosity (%, vol):
Saturation (%):

282.4
5.287
6.006
21.95
131.85
212
132.58
0.8

1.8
0.25
19.9
9.1

Daniel B. Stephens & Associates, Inc.

Saturated Hydraulic Conductivity
Flexible Wall Falling Head-Rising Tail Method

Job Name:

Job Number:
Sample Number:
Project Name:
Depth:

Montgomery & Associates

LB12.0210.00
102DB-130-131 (Horizontal)

Rio Algom Lisbon 1350.13

NA

Post Permeation
Sample Properties

Saturated Mass (Q):
Dry 