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1.  INTRODUCTION

The JD- 8 Mine is an underground uranium and vanadium mine located in western Montrose County,
Colorado. The JD-8 mine is owned/leased by Highbury Resources Inc. (Highbury) and was permitted for
mining in 1984 under Colorado mining permit number M- 1984- 014. The permit was issued to allow for
the extraction of 70,000 tons of mineral and waste rock or more annually over a total surface acreage of
20.9 acres. The JD- 8 mine has not operated since 2005.

The Colorado Division ofReclamation, Mining and Safety( DRMS) determined that the JD-8 Mine is an
112d- 1 Designated Mining Operation( DMO) based on the passage of House Bill 1161 which changed the
statutory definition ofDMO to include all uranium mines. As a DMO, the JD- 8 Mine is required to
submit an Environmental Protection Plan( EPP or Plan) in accordance with the Colorado Mined Land

Reclamation Act( C.R.S. 34- 32, the Act) and the Hard Rock/Metal Mining Rules and Regulations( the
Rules).

This EPP describes how the Operator will assure compliance with the provisions of the Act and Rules to
protect all areas that have the potential to be affected by designated chemicals or toxic materials or acid
mine drainage. The mine is expected to be operational at some future date, and this EPP is intended to

address both the current( intermittent) and future( active) mining status. The specific facilities required for
consideration under the Rules include the following:

leach facilities, or heap leach pad( Not Applicable);
tailings storage or disposal areas( Not Applicable);

impoundments;

waste rock piles;

stock piles, temporary, or permanent; and
land application sites( Not Applicable).

The facilities of interest for the EPP at the JD- 8 Mine include the waste rock pile, ore storage area, and
underground workings. The purpose of this EPP is to provide for protection of human health, property and
the environment related to these features. Stormwater management and the prevention ofwater-rock
interaction are the particular focus of environmental protection measures for the JD- 8 mine.

1. 1 Site Location and Ownership

The JD- 8 Mine is located approximately eleven miles west ofNaturita, Colorado, and seven miles east of
Bedrock, Colorado, off Montrose County Road DD19, 2. 5 miles from State Highway 90( Figure 1). The

street address is 31423 DD19 Road.

The site is located at the northern end of Monogram Mesa in the southwest portion of the Paradox Valley.
The lower mine permit boundary lies within the following sections:

NW'/ 4 of the NE '/a of Section 20, T46N R17W, NMPM

NE '/ 4 of the NW 1/4 of Section 20, T46N R17W, NMPM

SE 1/4 of the SW'/ of Section 17, T46N R17W, NMPM

The JD- 8 mine consists of the C-JD-8 Department of Energy( DOE) lease tract, the patented Doagy No. 2
claim, and the patented Opera Box claim( see Map 1 in Attachment 1). The lower affected area( addressed

in this EPP) occurs on the Doagy No. 2 and Opera Box claims. Although the permit includes a proposed
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upper affected area on the DOE JD- 8 lease tract, the permitted surface area in the upper lease tract has not
been affected at this time.

Cotter re-designed the lower mine waste pile and Highbury anticipates that the proposed upper affected
area on top of Monogram Mesa for the mine waste pile and ore storage pad will not be required at this
time. However, future exploration drilling may locate sufficient resources to require the use of the upper
mine waste area and ore storage pad. If the upper mine waste area and ore storage pad are required in the

future, the EPP will be updated to address this area prior to any new disturbance on the lease tract.

1. 2 Site History

Highbury reported the acquisition of JD- 8 in March 2019. Cotter acquired the JD- 8 lease tract from the

DOE following a successful bid in 1974. The Doagy No. 2 patented claim was acquired from Union

Carbide Corporation in 1983. An easement to cross the Opera Box patented claim was acquired from
Union Carbide Corporation in 1983. The Opera Box claim was later purchased from Union Carbide
Corporation. Cotter applied for a mine permit in 1984. Following acquisition of the mine permit, Cotter
began rehabilitation work on the Opera Box portal and adit. Since then, the Opera Box portal has been
referred to as the JD-8 portal. Historical workings existed from the Opera Box and JD- 8 portals prior to
Cotter's acquisition of the mine permit. In addition, historical workings existed in the abandoned Black
Diamond Mine, located approximately 200 feet below the JD- 8 Mine.

Access to the underground workings of JD-8 is provided through a 600- ft long tunnel located inside the
pre-permit Opera Box Mine portal, for which Cotter secured an easement agreement with Union Carbide
in 1983. Cotter began mine development at the site in April 1986 and suspended mining shortly thereafter

due to a decline in the uranium market. Cotter enlarged the original 6- ft by 7- ft adit to 10- ft by 11- ft.
During active mining operations, ore and waste material were brought to the surface through the JD- 8
adit, then the ore-grade material was trucked to Cotter's Mill in Canon City. Ore was stockpiled on a

waste rock constructed pad just east of the portal. Waste materials were brought out and placed to the
north of existing waste piles.
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Figure 1: General Location of the JD-8 Mine
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1. 3 EPP Organization

The EPP requirements are specified in Section 6.4.21 Exhibit U of the Hard Rock/Metal Mining Rules.
The specific Rules are addressed in this EPP as follows:

Rule 6.4.21( 1) describes the overall applicability and goals of an EPP.

Rule 6.4.21( 2) requires that the EPP include maps identifying the locations where designated

chemicals or toxic or acid- forming materials will exist within the permit area. These maps are
provided in Attachment I and described in Section 2.

Rule 6.4.21( 3) requires that the EPP identify other agencies' environmental protection measures

and monitoring requirements. These requirements are described in Section 3.
Rule 6.4.21( 4) requires that the EPP list any air quality, water quality, solid and hazardous waste,

and other federal, state permits or local licenses. These licenses are listed in Section 3.
Rule 6.4.21( 5) requires a Designated Chemicals Evaluation. The evaluation of designated

chemicals is described in Section 5. Applicable Material Safety Data Sheets( MSDSs) are
provided in Attachment 2.

Rule 6.4.21( 6) lists the requirements for a Designated Chemicals and Materials Handling Plan.

This plan is described in Section 6.
Rule 6.4.21( 7) lists the requirements for a Facilities Evaluation. The Facilities Evaluation is

provided in Section 4 of this EPP.

Rule 6.4.21( 8) describes the required groundwater information. Groundwater occurrence,
availability, recharge, and flow information is provided in Section 9.

Rule 6.4. 21( 9) describes the required groundwater quality information. Information on
groundwater quality is provided in 9. 5. 4.
Rule 6.4.21( 10) addresses surface water control and containment facilities information. Surface

water control and containment facilities are addressed in the Stormwater Management Plan in

Attachment 4.

Rule 6.4. 21( 11) describes the required surface water information. No perennial streams,

ephemeral streams, ponds, lakes, or reservoirs occur on the property. Therefore, no specific
surface water data are available for the JD- 8 Mine. Regional and local surface water hydrology
are discussed in Section 8. As mentioned previously, surface water control and containment
facilities are addressed in the Stormwater Management Plan in Attachment 4.

Rule 6.4.21( 12) requires a Water Quality Monitoring Plan " where necessary to demonstrate that

the Environmental Protection Plan requirements are being met". Because the JD- 8 is a dry mine,
and because lysimeter monitoring is conducted as described in Section 9.4, no separate water
quality monitoring plan is required.

Rule 6.4.21( 13) specifies the climate data necessary to perform an acceptable water balance.
Climate data are provided in Section 7. Statistical climate summaries and design storms are
provided in the Stormwater Management Plan in Attachment 4.

Rule 6.4.21( 14) identifies the geochemical data and analysis necessary for evaluation of any
potentially toxic materials that may be exposed during mining, stockpiling, or disposing on the
affected land. Geochemical testing results and analysis are provided in the Designated Chemicals
Evaluation in Section 5. 2.3.
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Rule 6.4.21( 15) addresses construction schedule information for all Environmental Protection

Facilities designed to contain or transport toxic or acid- forming materials or designated chemicals
used in the extractive metallurgical process and all facilities proposed to contain, hold, or dispose
of material that has the potential to cause acid mine drainage. A construction schedule is provided
in Section 10.

Rule 6.4.21( 16) asks for a description of the Quality Assurance and Quality Control program and
measures to be employed during construction of the Environmental Protection Facilities
discussed in Rule 6.4.21( 15).

Rule 6.4. 21( 17) addresses plant growth media( soils). The soil stockpile and revegetation are
discussed in Section 11.

Rule 6.4.21( 18) addresses wildlife protection. Wildlife protection is discussed in Section 12.

Rule 6.4.21( 19) requires that the disposal of tailings and sludges in mine workings shall comply
with the provisions of Subsection 3. 1. 7. Because no disposal of tailings and sludges is planned at
the JD- 8 Mine, this section is not applicable.

2.  MAPS

Rule 6.4.21( 2) requires the Operator to identify in the EPP on maps, sketches, and plans, the locations
where designated chemicals and toxic or acid- forming materials may be used, stored, handled, exposed,
disturbed or disposed of within the permit area, and existing or potential sources of acid mine drainage.

A map showing lease boundaries and the Lower Mine Permit Area( addressed in this EPP) is provided as
Map 1 in Attachment 1. Maps showing Mine Facilities( Map 2), Environmental Protection Facilities( Map
3), and Soil Types( Map 4) are provided in Attachment 1. In addition, geologic maps are provided in
Section 9.

The coordinate system for digital base maps of the site is State Plane Colorado South( COS) NAD27 feet.

In the EPP, coordinates for site facilities may be reported in State Plane or Latitude/ Longitude.

3.  OTHER PERMITS AND LICENSES, INCLUDING ENVIRONMENTAL

PROTECTION AND MONITORING REQUIREMENTS

Rule 6.4.21( 3) requires a listing of other agencies' environmental protection measures and monitoring,
and identification ofwhich environmental protection measures and monitoring are required by statute,
regulation, or permit by other agencies or jurisdictions. A list of environmental monitoring requirements
is provided in Table I.

Rule 6.4.21( 4) requires a listing of any air quality, water quality, solid and hazardous waste, and other
federal, state permits or local licenses, or other formal authorizations which the Operator/Applicant holds
or will be seeking applicable to the use, handling, storage, or disposal of designated chemicals and acid
mine drainage-forming materials within the permit area. A list of all permits for the JD- 8 Mine is provided
in Table 1. Copies of these permits are on file at Anfield' s Western Slope office at 28151 DD Road in
Nucla, Colorado.
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Table 1: Permits and Environmental Monitoring Requirements
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4.  FACILITIES EVALUATION

Rule 6.4.21( 7) lists the requirements for a Facilities Evaluation. "Environmental Protection Plan

Facilities" are those facilities that will retain, either temporarily or permanently, designated chemicals,
acid mine drainage locations, toxic or acid-forming materials, and associated by-products or sludges. As
discussed in the Designated Chemicals Evaluation and Materials Handling Plan, the mine facilities that
would be considered Environmental Protection Plan Facilities are:

1. Waste rock piles;

2. Temporary ore storage pile;

3.       Planned stormwater impoundment;

4. Diesel fuel storage area.

The locations of these Environmental Protection Plan Facilities are shown in Map 3. The naturally
occurring geological and geochemical conditions related to these facilities are described in the Designated
Chemicals Evaluation( Section 5 of this EPP) and Materials Handling Plan( Section 6 of this EPP). No
metallurgical processing will occur on site that would alter the natural character of these materials.

Weathering processes that might alter the natural character of these materials are evaluated in Section
5. 2.3.

Monitoring of these Environmental Protection Facilities includes lysimeter monitoring of the waste rock

pile as described in Section 9.4. The above ground storage tanks for diesel fuel will be routinely
inspected, and the berms will be maintained as described in the Materials Handling Plan. In addition,
stormwater Best Management Practices( BMPs) will be routinely monitored and maintained as described
in Attachment 4.

5.  DESIGNATED CHEMICALS EVALUATION

5. 1 Rationale

Section 6.4. 20( 5) of the Hard Rock/Metal Mining Rules and Regulations( Rules) requires that an EPP
shall contain a presentation and discussion of the types, quantities, and concentrations of" designated
chemicals" within the permit area, and to the degree such chemicals are present or used within the permit
area, shall characterize the designated chemicals as to:

a)  Their known potential to affect human health, property, or the environment;
b)  Based on the best information available at the time of submittal of the EPP, specify the expected

concentrations, process solution volumes and fate of designated chemicals to be used in existing
and proposed extractive metallurgical processes at the mine, and/ or mill site, if applicable; and

c)  Provide, to the extent reasonably available, material safety data sheets for designated chemicals.

Additionally, Section 6.4.20(6) of the Rules requires that an EPP provide a materials handling plan
containing the following information:

a)  Fully describe the procedures for the disposal, decommissioning, detoxification or stabilization
for all designated chemicals and toxic or acid- forming materials. Specifically describe measures
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to be taken to prevent any unauthorized release of pollutants to the environment. Include adequate
reclamation and closure practices for such designated chemicals, toxic or acid- forming materials
and how unauthorized discharge of acid mine drainage will be prevented.

b)  Submit a narrative description or plan that:
i.     Describes how all designated chemicals used in the extractive metallurgical process will

be handled during active mining operations and during periods of Temporary Cessation
and disposed or detoxified at the conclusion of operations so as to comply with all

applicable environmental protection and reclamation standards and regulations;
ii.     Describes how materials that have the potential to produce acid mine drainage or are

toxic or acid-forming will be handled to ensure that the affected lands will be reclaimed
and returned to the approved post-mining land use; and

iii.     Describes how the Operator/Applicant will prevent adverse offsite impacts during
periods of active mine site operations and periods of Temporary Cessation.

c)  Based upon acceptable site- specific analyses of site construction materials, waste rock, ore,

product stockpiles, and mill tailings, if applicable, provide an assessment of the nature,
concentrations and expected fate of potential acid mine drainage-forming materials.

5.2 Types, Quantities, and Concentrations of Designated Chemicals

For the purpose of the EPP, designated chemicals have been grouped into two general categories:
chemicals that are derived offsite and used onsite for mining operations( such as diesel fuel and
lubricants) and native rock materials derived onsite that are mined as waste rock or ore. Native rocks that

are not mined are not considered designated chemicals for the purpose of this EPP.

5.2. 1 Designated Chemicals Originating Offsite

The designated chemicals that are derived offsite and used on site for mining operations include diesel
fuel and lubricants. During the operation of the mine, less than 1, 320 gallons of fuel and oils will be
stored on the property in an existing above-ground fuel tank. The fuel tank will be located within a
bermed and lined catchment. The oils stored on the surface will be located within a bermed and lined
catchment. Because the volume of fuel and oils stored onsite will be less than the regulatory threshold of

1, 320 gallons, a spill containment plan is not required( 40 CFR 112, U.S. EPA Spill Prevention, Control,
and Countermeasure Regulation).

Materials Safety Data Sheets( MSDSs) for diesel fuel, rock drill oil, motor oil, and hydraulic oil are
provided in Attachment 2.

5.2.2 Designated Chemicals Originating Onsite

Uranium and vanadium ore and the accompanying waste rock will be mined from the underground
workings. The ore is derived primarily from the Salt Wash Member of the Morrison Formation, which
consists of interbedded fine-grained sandstone and mudstone. The uranium and vanadium mineralization
occurs in bands that range in thickness from a few inches to more than six feet, with an average ore

thickness of 2. 5 to 3. 5 feet. The mining plan is provided in Exhibit D of the JD- 8 Mine Permit.

The mineralization at JD- 8 is similar to the rest of the Uravan Mineral District. Uranium occurs primarily

in the form ofuraninite( pitchblende variety UO2) with traces of coffinite( USiOaOH) filling in the pore
space between individual sand grains( Peters, 2011). The uraninite( pitchblende) occurs as a more
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massive, darker colored mineral( Nininger, 1954). When oxidized, these minerals may become much
brighter in color and reveal secondary minerals such as corvusite, ravite, and pascoite( Peters, 2011).
These oxidation minerals are often seen in conjunction with uraninite within the Uravan Mineral District.

The primary vanadium mineral is montroseite( VOOH) in conjunction with vanadium clays and

hydromica. Carnotite and tyuyamunite are also commonly seen vanadium minerals after oxidation of the
ore occurs. It is possible that other oxidized vanadium minerals occur on the JD- 8 mine site. The presence
ofother cations, increased moisture levels, and differing pH levels may enable other vanadium oxides to
form over time( Peters, 2011).

Ore will be temporarily stored onsite for no longer than 180 days for offsite transport to a processing
facility. The ore storage pad is located on the waste rock pile( Figure 2) and occupies less than 0.25 acres.
The amount of ore stored on the ore storage pad at any given time will not exceed 4,000 tons. Currently,
because the mine is on intermittent status, all stockpiled ore is stored inside the mine and will be moved

to the external ore storage area after the mine resumes active status. In the event of a mine shut down the

ore will not be left on the surface for more than 30 days.

Waste rock is placed on the waste rock piles as described in the mine plan. Waste rock is also gobbed
underground into mined out stopes, to reduce the volume of the external waste rock pile. The current
waste rock pile contains approximately 36,000 tons ofmaterial. According to the expected mine plan,
approximately 184,000 tons will be added to the waste rock pile for a total of approximately 220,000
tons. These estimates may change if future exploration drilling locates additional resources. At the end of
mining, the waste rock piles will be reclaimed as described in the Reclamation Plan included as Exhibit E
of the JD- 8 Mine Permit.
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5.2.3 Geochemical Characterization of Waste Rock and Ore

5.2.3. 1 Sample Collection and Handling

Samples of waste rock and ore were collected from the JD- 8 Mine for geochemical testing in December
2010. The locations of eight samples collected from the working face of the existing ore pile( since
removed) and three samples from the waste rock pile are shown in Figure 3 and Figure 4, respectively.
The sampled locations were spatially distributed throughout the length of the exposed piles and were
collected from areas that appeared to be representative of the ore stockpile and waste rock pile.

The samples were collected from small pits using a shovel and placed into individual one-gallon Zip- Ioc®
bags for transport prior to logging and compositing.

C'

4      ' 
4.

y

Figure 3: Ore Pile Sample Locations

r

to s-wrei a

Figure 4: Waste Rock Pile Sample Locations

The individual samples were crushed and composited in Whetstone' s geochemistry facilities in Gunnison,
Colorado. A 30 cubic centimeter( cc) split was collected from each sample and placed in chip trays for
archive and visual logging. The remainder of each sample was crushed in its entirety to- 3/ 4 inch using a
jaw crusher. The samples were composited as shown in Table 2 to develop representative composite
samples for the ore pile( JD- 8- ROPC 1, JD- 8- ROPC2) and waste rock( JD- 8- WRC1).
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Cone-and-quarter compositing and splitting were performed by gathering the sample into a pile( cone),
digging out the center of the cone and distributing the material around the edges of the pile in a ring, and
gathering the ring back into a center cone. The procedure homogenizes the sample and was repeated three
times. The cone was then split into equal quarters, and opposite quarters were combined to produce a
representative split. Sequential generations of splits were combined until the sample for the composite

was within the target weight. The final splits were sent to Energy Laboratories for the analyses shown in
Table 3, with a request to process and analyze them in their entirety. These procedures were implemented
to avoid potential sample bias related to shipping, settlement, and unrepresentative splitting at the
analytical lab. The resulting composited samples are believed to be representative of the materials of
interest.

Table 2: Composited Samplesfor Geochemical Testing
Composite ID Samples Nortbtnty !  Easting` z

113- 8- 0P 1 586.263 1, 061. 601

JD-8- it( 3t' C1
JD-8- OP3 586,273 1, 061, 604

JD-8..OP6 586.286 1. 061.607

JD-8- 0P8 536.294 E 1, 061. 609
ID-R- 0P2 586. 267 1, 061. 602

1D•8• RtaPC2
JD-8-0P5 586,282 1, 061. 606

JD-8-0P7 586.290 1, 06 1608

JD-8-OP10 586,302 1 1, 061. 611
ID-B- WR I 586,3 72 1, 061. 272

JD-8- WRCI JD- 11- WR2 I 586, 130 1, 061, 274

JD- B- WR3   (    5* 6, 463 1, 061, 274

tint.    141*    cpneaeaWm nee r tk composite
WRC- retemariamc* Mir Fmk axnpnite

Sample ktru4im>um given in Store Plase C' I>lnraki Suu1A N A[) 27 0
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Table 3: Mass of Composited Samples Submittedfor SPLP, Whole Rock, andABA Analysis
Composite W Sample ID Weight( g)

JD- 8- ROPC1 ( SPLP)       176..2

JD-R- ROPC1 ID-B- ROPCI ( WR) 54. 7

JD-S-ROPC1 SABA) 59.9
JD-8-ROPC2( SPLP)       161. 1

JD-8- ROPC2 1D41- ROPC2( Wit) 59,6

JR•S- ROPC2( ABA) 66. 8

Jll-B- WRCI ( SPLP) 133. 4

JD-8- WRC I JD-g- WRC 1 ( WR) 51. 2

JD-8- WRC1 ( ABA) 69.7

Vines R( WI'- term-mauve use foie crnnposlte
WRC= repcnsgaibve%vete rod veerposte
SPLP- ssgipk 4orrgered for 4 nthKu over:wrtaiiun kalung proredsse
Wit-; milk doop rod for+' huk na k+  pss

ABA- smpk dcalpn cd for aid ban: sc..+ urmd unabtsm

5.2.3.2 Acid Base Accounting Results

Acid-base accounting( ABA) tests were used to evaluate the potential for ore and waste rock material to
generate acid rock drainage. Acid-base accounting provides a theoretical estimate of the net acid-
producing potential of rock materials by comparing the total acid generating potential( AGP) to total acid
neutralizing potential( ANP). Test results are generally evaluated by calculating the net neutralizing
potential( NNP= ANP-AGP) or by the ratio ofANP to AGP( ANP/AGP). Samples with NNPs greater
than 20 and ANP/AGP ratios greater than 3 are considered to have low potential to produce acid. Samples
with NNP values between 0 and 20 and ANP/AGP ratios between 3 and 1 are indeterminate. Samples

with negative NNP values and ANP/AGP ratios below 1 are potentially acid generating( EPA, 1994).

The results of the ABA tests indicate that waste rock from the JD- 8 Mine has a net neutralizing( NNP)

capacity of 54 t CaCO3/kt and an ANP/AGP ratio of 5. 4( Table 4). Based on these results, the potential for
material in the waste rock pile to generate acidic drainage is low.

The results of the ABA tests indicate that ore from the JD- 8 Mine has an average net neutralizing( NNP)

capacity of 60 t CaCO3/ kt and an average ANP/AGP ratio of 12. 7( Table 4). The NNP of the tested

samples ranged from 56 to 64 t CaCO3/kt while the ANP/AGP ratios ranged from 10. 1 to 15. 3. Based on

these results, the potential for material in the ore storage pile to generate acidic drainage is low.

The results of the December 2010 geochemical sampling and previous geochemical sampling( Section
5. 2. 3. 4) indicate that no materials classified as acid-forming exist on site.
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Table 4: ABA Resultsfor Representative Composite Samplesfrom the JD-8 Waste Rock Pile
and Ore Pile

Imo& Ilea Ascoutitiatliesidli J11 A Kt 11 I D 4 kuPt :  Gj O 6T 11)%   k t

kkid Noititud tAi P) fait)      S S

koputndatabon Poontitto A NI`, It 1111 b  1 eti s1
Vet ftiauttaterv+f,Pt arawi t< h'- tint)     56 61 60 13
A.141* Mir ld... 1})       141 2T i4
Sulfate, ifC'1 tvicatwhk 004 0t4 0.06 024
Sulfur. E EIVat Ezttawsabk i"< tl 0,10 0 U 01 13 0 06
Sulfur Eiot Watttt F tnaitablr, x, a 0.14 0 61 0 66 1
Sui6r RaidwlOr)  0.61 001 001 001
sui>ta. Ti4 k 06i 0.12 U 86 0 M 1 1

5.2.3.3 Whole Rock Elemental Analysis and SPLP Testing Results
Geochemical testing performed on the composited samples also included whole rock elemental analysis

and synthetic precipitation leaching procedure( SPLP) testing.

Samples for whole rock elemental analysis were prepared using the cone- and-quarter method to generate
51 to 60 gram splits( Table 3). The split samples were crushed in their entirety by Energy Laboratories
and grab sample was taken from the pulverized blended sample for the analytical split.

The samples were analyzed for 23 elements by inductively coupled plasma atomic emission spectrometry
ICP-AES) and mass spectrometry( ICP-MS). An initial nitric acid( HNO3) and hydrogen peroxide( H202)

digestion( EPA method 3050B) was used to prepare samples for ICP-MS( EPA method 6020). ICP-AES
analysis( EPA method 6010B) required the addition ofhydrochloric acid( HC1) to the initial digestate

EPA method 3050B-M). EPA method 7471 A, an aqua regia digestion with cold vapor atomic absorption

spectrometry was used for mercury. Sulfur species were determined using the Sobek Modified method.
Analytical results and laboratory reports for whole rock elemental analyses are presented in Table 5.

Elemental data indicate that the ore and waste rock are enriched in arsenic, cadmium, lead, molybdenum,

selenium, uranium, and vanadium compared to world shale averages and world sandstone averages( Rose

et al., 1979). The ore and waste rock are deficient in aluminum, barium, boron, chromium, copper, and
iron compared to world shale averages and world sandstone averages( Table 5). For most metals, an

abundance in the whole rock sample did not necessarily correlate with high leachate concentrations in the
SPLP testing.

The SPLP tests were performed by Energy Laboratories in accordance with EPA method 1312( EPA,
1994) and consisted of leaching the samples in a solution of weakly acidified deionized water for 18
hours. The extraction fluid was prepared by titrating a 60/40 weight percent mixture of sulfuric and nitric
acids to deionized water until the pH was 5. 00(± 0.05). The solution and samples were then added to a

sealed container in 20: 1 ratios( solution:sample) 1 and tumbled for 18 hours at 30 rotations per minute
rpm)(± 2 rpm). The resulting solution was decanted, filtered( 0.45 µm),and analyzed.

SPLP results indicated that metal concentrations were below the detection limit in 81%( 57 of 69) of the

metals results for representative samples of ore and waste rock( Table 5).

Samples for the core comparison were leached using a 2: 1 ratio( solution: sample) to generate leachates with higher
concentrations that could be more easily compared.
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The waste rock SPLP leachates met the Federal drinking water standards( Maximum Contaminant Levels
MCLs], Secondary Maximum Contaminant Levels [ SMCLs]), and Colorado domestic water supply

standards2 for all metals. Gross alpha activity in the SPLP leachate from the waste rock composite sample
exceeded MCLs by a factor of 7. Sulfate and TDS exceeded secondary SMCLs by a factor of 6 and 4,
respectively. Vanadium concentrations in the SPLP leachate exceeded the Colorado agricultural standard

of 0. 1 mg/L by a factor of6.

The representative ore pile SPLP leachates exceeded MCLs for arsenic, selenium, gross alpha, and
fluoride, SMCLs for sulfate and TDS, Colorado drinking water standards for molybdenum, and the
Colorado agricultural standard for vanadium( Table 5).

Based on these results, the constituents of potential concern for the waste rock pile are gross alpha,
sulfate, TDS, and vanadium. The constituents of potential concern in the ore pile are arsenic,
molybdenum, selenium, gross alpha, sulfate, TDS, and vanadium. Further analysis was performed to
determine whether or not these constituents would be mobile in the environment, based on site-specific

precipitation rates, infiltration rates, and groundwater and surface conditions( Section 5. 3).

2 Federal drinking water standards, maximum contaminant levels, Colorado domestic water supply standards
discussed in Section 5. 2.3 and 5. 3. 1 are used as screening levels to identify COPCs. These standards apply to
groundwater in the environment and are not directly applicable to laboratory leachates.
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Table 5: SPLP and Whole Rock Results for Representative Composite Samples from the JD-8 Waste Rock Pile and Ore Pile
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5.2.3.4 Results ofPrevious Geochemical Sampling

In 2005, SPLP tests were conducted on waste rock representing the JD- 8 mine. The results indicated that
aluminum, arsenic, lead, selenium SPLP results exceeded chronic aquatic standards or drinking water
standards( Table 6). Compared to the current SPLP testing results, the 2005 leachates contained higher
concentrations ofaluminum, arsenic, and lead, and lower concentrations of selenium. However, the 2005

SPLP analysis was performed on an uncomposited grab sample( Williams, 2010, verbal communication),
and the overall level of agreement between the samples was reasonable, given the inherent variability of
earth materials.

Table 6: 2005 SPLP Test Resultsfor Waste Rock and Orefor the JD-8 Mine
Ill tt Orr Jl)   11 ask

Parameters t „ i;, Results Result.

PLP E%r.etaWt

s,unaauto q t 23V 0 Y 1
AntiMony tie
Arsenic tt; JL 20.0      <     < 1.
E# teitrett a/ t 40.0 9$

Horan uYl1 100 100
Cadmium     _._...      1 7 1

Chromium I.    I.
ihioamium, lleauvslcot 10.   H     < 10.

Iron fir_.  _   160 e50_.
I cad Fr&  3 tl 1

Manganese tggll 62 23
Mercury a I 1.
tii kclstAIL.-       4 8 1.
scicniicm 44      ._    4
il4ir ug'l.    3     < 1 I.

Thallium ug"L 1.    I.
Uranium 130.    1.
hoc utt -..__.

Ma* loss- SPLP Ettractsble

Chloride 1.    1.ine
Fluoride mgR, 01 0. 1

Nitto1e4, NM=stc+Narttc at N m& L 14_. _-..      Q.3

Hump", Minters N ill. 0 1 H     < 0 1
Culfruc me.r1, 606 D 1430 D

Metals- total

lhteanum mg kg-Jf)     5570
V.sna. irui; i

nifeirdry 804000 D

Additional geochemical testing was performed on waste rock and ore from the JD-8 mine in 2007. The
results of whole rock and ABA testing were reported by GeoScience Services( 2008) and are summarized
in Table 7.
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Table 7: 2007ABA and Whole Rock Testingfor the JD-8 Mine Waste Rock and Ore Pile

Sample I Analyses Ore Pile Sample 801 Waste Rock Sample 8W 1

Arid-Rase Potential i Result RL Result RI.

Neutralization Potential( t/kt) i 57 1. 0    ! 45 1. 0

Acid Potential ( tiles)     6.8 1. 0 4.7 1. 0

Acid/Base Potential( tJkt)      50 1 41

Metals. Total-EPA SW846  !     Result RL
i

Rauh RI

Uranium( mgikg) 1 1, 460 5 91 5

Vanadium( mg/kg)     4.610 1 376 1

RL - reporting limit

5. 3 Environmental Protection Evaluation

The SPLP testing( Section 5. 2. 3. 3) identified four constituents in waste rock and eight constituents in the
representative ore pile composites as constituents of potential concern( COPCs) based on SPLP leachate
concentrations exceeding groundwater standards. These constituents are listed in Table 8 and are
described individually in Section 5. 3. 1, below. The potential for transport to groundwater is discussed in
Section 5. 3. 2.

Table 8: Constituents ofPotential Concern in JD-8 Waste Rock Pile and Ore Pile
Waste

Ore Water Quality Standards
Rock

Federal Federal
SPLP SPLP SPLP Groundwater

MCL SMCL
JD-8- JD-B- JD-8-   Agricultural

Colorado      ( Colorado

Parameter
WRCI ROPCI ROPC2

HHS)       DW Table 2)     
Standards

Arsenic( mg/L)       0.028 0.028 0.01 0: 1

Molybdenum( mg/L) 0.6 0.5 CO 0.035

Selenium( mg/ L)     0. 14 0. 12 0.05 0.02

Gross alpha( pCiiL)  109 88 81. 4 15

Fluoride( mg/L)      6.9 4 2 2. 0

Sulfate( mg/L)     1, 460 D 992 D 1, 010 D 250

TDS( mg/ L)       2, 180 1, 540 1. 570 500

Vanadium( mg/L)      _    0.6 14
a

19 0. 1

Notes HHS-    Haman health slatIdani
DW-    rfnnkang waist standard

coastauwt did not ruccd standards slams

CO iaskrss6s yuarWd. tat', Metal& anima ssairt standard astral, I. n mofttalarauna

5. 3. 1 COPC Chemistry and Occurrence in the Environment

5.3. 1. 1 Arsenic

Waste rock SPLP results met the drinking water standard for arsenic. However, SPLP results for the two
representative ore pile composites exceeded the drinking water standard by a factor of 2. 8.

Arsenic occurs naturally in groundwater wells in the Paradox Basin above the drinking water standard of
0. 01 mg/ L. Golder( 2009) reported that, in background monitoring wells at the Piton Ridge site, arsenic
concentrations were above the domestic supply standard in samples from six pumping wells, exploratory
holes, and a domestic well. The highest background arsenic concentration reported in the Piton Ridge

IIIwells(0. 0177 mg/L) was measured in the sample from PW- 1.

23



JD-8 Mine Environmental Protection Plan

Welch, et al.,( 1988) reported that natural occurrences of groundwater with moderate to high arsenic occur
throughout the western United States, and that high concentrations of arsenic are associated with basin- fill

deposits of alluvial- lacustrine origin, particularly in semiarid areas. Based on over 7,000 groundwater
samples for arsenic in the western US, the research also found that, in addition to basin-fill deposits,

arsenic is associated with volcanic deposits, uranium and gold mining areas, and geothermal systems.

While the source of arsenic in the Paradox Valley has not been definitively identified, in Lisbon Valley
located on the Colorado Plateau 22 miles west of the JD- 8 site), the alteration of the mineral jarosite in

the Navajo and Entrada Sandstone is associated with anomalous amounts of copper, lead. zinc, and

arsenic.

5.3.1. 2 Selenium

Waste rock SPLP results met the drinking water standard for selenium. However, SPLP results for the two
representative ore pile composites exceeded the drinking water standard for selenium by a factor of 2. 8.

Selenium occurs naturally in wells in the Paradox Basin at concentrations above the agricultural standard
of0.02 mg/L, based on several samples from exploration holes, off-site wells, monitoring wells, and
production well PW3 at the nearby Piron Ridge site( Golder, 2009). Background selenium
concentrations from five wells at the Piron Ridge site( EX- 15, EX-23, MW-6, MW8B, and the BLM

well) exceeded the domestic water supply standard of 0.05 mg/L( Golder, 2009). Selenium is common in
shale in sedimentary rocks of the western U. S. and the Colorado Plateau area( e.g., Coleman and
Delevaux, 1957). Golder( 2009) reported that the highest selenium concentration from a monitoring or
production well was 0.24 mg/L from a sample collected at MW6 in November 2008. This value is nearly
twice the concentration of selenium in SPLP leachates from the JD- 8 Mine temporary ore stockpile.

5.3.1. 3 Fluoride

Waste rock SPLP results met the drinking water standard for fluoride, as did half of the representative ore
pile composite sample SPLP results. However, SPLP results for one of the representative ore pile
composites exceeded the drinking water standard for fluoride by a factor of 1. 7.

5.3. 1. 4 Molybdenum

No federal drinking water standard exists for molybdenum. However, Colorado has established a
groundwater standard of 0.035 mg/L. Waste rock SPLP results were below detection(< 0. 1 mg/L) while

SPLP leachates from representative composite samples of the temporary ore pile( 0. 5- 0. 6 mg/L) exceeded
the Colorado standard.

Golder( 2009) reported that background molybdenum concentrations in some background or baseline

wells at the Piron Ridge site exceeded the CDPHE standards. The report on 2010 monitoring of
production wells at Piton Ridge site did not show any exceedances of Colorado molybdenum samples in
the limited number of production wells( PWs) sampled( Energy Fuels, 2011).

5.3. 1. 5 Sulfate

Sulfate concentrations exceeded secondary standards in SPLP leachates from representative composite
samples of waste rock and ore from the JD- 8 Mine by a factor of 4 to 6. Sulfate is ubiquitous in
groundwater in the Paradox Valley. Golder( 2009) found that groundwater at the Hermosa/ Chinle contact
in the Paradox. Valley had sulfate concentrations ranging from 1, 070 to 1, 810 mg/L. These values for
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naturally occurring sulfate in groundwater are higher than the SPLP leachate concentrations in waste rock
and ore from the JD- 8 Mine.

SMCLs are non-mandatory, non-enforceable water quality standards that are established only as
guidelines to assist public water systems in managing their drinking water for aesthetic considerations,
such as taste, color and odor. These contaminants are not considered to present a risk to human health at
the SMCL( EPA, 2011b).

5.3. 1. 6 Total Dissolved Solids

Total dissolved solids( TDS) exceeded secondary standards in SPLP leachates from representative
composite samples of waste rock and ore from the JD- 8 Mine by a factor of 4 to 6. The federal standard
of 500 mg/L is a secondary water quality standard based on a palatability( taste) of drinking water.
SMCLs are non-mandatory, non-enforceable water quality standards that are established only as
guidelines to assist public water systems in managing their drinking water for aesthetic considerations,
such as taste, color and odor. These contaminants are not considered to present a risk to human health at
the SMCL( EPA, 2011b).

TDS is naturally high in groundwater throughout the Paradox Basin and elsewhere in the arid west.

Golder( 2009) found that total dissolved solids( TDS) in groundwater at the contact of the
Moenkopi/ Chinle had TDS concentrations between 590 and 1, 030 mg/L, while groundwater near the
Hermosa/ Chinle contact had higher IDS concentrations( 1, 140 to 3, 040 mg/L). No other groundwater was
encountered at the Pinon Ridge site in the Paradox Valley, as the alluvium was dry. Similarly, Weir, et al.,
1983) reported that total dissolved solids in the alluvium of the Paradox Basin ranged from 302 to 1, 560

mg/L, with an average of 770 mg/L. These concentrations naturally exceed SMCLs established for
drinking water.

5.3.1. 7 Vanadium

No MCL currently exists for vanadium; however, the Superfund Removal Action Level for vanadium is
0.25 mg/L and the Colorado agricultural standard is 0. 1 mg/L. SPLP leachates of waste rock( 0.6 mg/L)
and ore( 14 to 19 mg/L) exceeded the agricultural groundwater quality standard.

Vanadium concentrations in groundwater collected from monitoring wells and pumping wells in 2010
from the Pinon Ridge site ranged up to 0.035 mg/L( Energy Fuels, 2011). Elsewhere in Colorado, at the

New Rifle Processing Site, the Ground Water Compliance Action Plan set an alternate concentration limit
ACL) of 50 mg/L for vanadium which was determined to be protective at the Colorado River point of

compliance( DOE, 2010).

5.3. 1. 8 Uranium

Notably, uranium did not exceed drinking water standards in the SPLP leachates from the ore or waste
rock. However, uranium is discussed here because uranium has been identified as the potentially toxic
material necessitating the EPP.

Soils at the JD- 8 site and surrounding area have a high potential for sequestration of radioactive materials
according to information developed by the NRCS( 2011). Table 9 shows that the Ustic torriothents,

Monogram Loam, and other soils on and near the site have very low bioavailability of radioactive
constituents and a very high potential for sequestration of radioactive materials. The bioavailability of all

soils is rated as 0 due to cation exchange capacity( CEC), pH, or organic sorption( Table 9) while the
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sequestration potential of all soils is rated as 1. 0 due to adsorption by clay. Sequestration potential based
on adsorptive capacity due to CaCO3 is rated at 0.82 to 1. 0 for all soils except the Monogram Loam,
which is rated at 0.50. Sequestration immobilizes or impedes the transport of constituents into the

environment.

Table 9: Potentialfor Radioactive Bioaccumulation and Sequestration ofSite Soils
Selected.... at lutrrprrtadons. San' Ow ucl tree. C' oloradu. Parts of Dolores. Montrose. and San Miguel Counties

Diu- potential for radioactor Dh+- potential fur raditraruvr
blmceamtdatioa j cyuestrauna

Map syatbul and sod nrmr ROOM: tiros and! nutting features    ' aluc !     
Ratint class and

slut

Quitlimitingfeatures
23- Rodot. dry- flatly Tomothents
aotnplea, 5 to 50 percent slopes

Ro bsodat. dry 45 I ow accur+ntlalton potentiu
High sequestration

potenUal

to
fltuavmlability lowdue toCEC. pH.     4 00 Ads   •  by clay 1, 00

r organic satptxn

iacnt btoivailttble materal 0.02
Sequestration due to

0. 97
fertility effects

lltoevailability due to attenuation by 0 is
Adsorptive capacity due

0 82
carbonates or gypsum—     to CaC t73

Loses material 0.02

sewcstration
Vibe turtothents 40 I ow bioaccumulattoa potential

High

potential
liuwvatlabdtty low due set l'tC. pH,     0 00 Adsorption by clay l 00

Lot organic sorption
Adsorptive

CaCcapacity
due

Gams btoavailable material 0 02
to

0,92

3ToavmlabiNt due to attenuation by Sequestration due to
carbonates txpl 1QJ1-

O. OY
fertilityeffects

0. 72

Loser material       -    _ D 02
60-1Monagrarn lo€ n. I to percent

Monogram 5 Low bioayeutnulation potential
High stspttesuaturo»

potential

IAtoavathtMiity
low due to MC, pH,      0 Adstxptittn by clay I UI'

or; Titanic sorption

Clams htoavailnhie material 0 01
Sequestration due to

0 85
fertility effects

Btnavatlabilrty low due to CEC, pH.     0 5
Adsorptive capacity due

tt Set
ot-organic xsry+ttan to Cat i)

I net material 0 01

7S- Pdlon-8owditdt•prupresso towns.

coot, I to 12 proem slopes
Mon, cool 35 Low bioaccwnulation potential

Hiah 0° t
Ptfl

potential
Bioavailabihty due to sncr atioo by 0 00

Adsorptive capacity due
1. 00

carbonates or gypsum to CaCO3

t B oavailabihty ktw duo to CEC. pH O. tlO Ada nxian by clay t. 00
Of organic srQum

Gains bioavailable material 0. 01
ticyu.` tratian due to

0.66
fcrt0ay effects

continued on nest page)

Selected Sod interpretations• San Miguel vrca, t' nluratiu, Parts of Dolores. Montrose. and San Miguel Counties

26



JD-8 Mine Environmental Protection Plan

Table 9: Potentialfor Radioactive Bioaccumulation and Sequestration ofSite Soils (Part 2)
Selected Soil Interpretation,;• son Miguel Area. Colorado. Parts of Dolores, Montrose, and Sao ti uei Counties
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bioacctmnlation sequestration

hili and
Map symbol nod soil name msp umt

Rating class and limiting features Value
lZatf

rfeatares halationValue
floodish. cool l_ow bioacc...mtulation Paenual High salucstr eion potential

IItu;r, 1 lability due to attenuation by 0.00
Adsorptive capacity due to

i 00
mins=

l,NNt} Italpllty lows dui: to CEC, pH.    0.00 Adsorption by day 1. 00
x. r anic

titian blatvwlabk mttrial 0. 01
Sequestration due to fertility 0.62
effects

Coact material 0.01-,.

Progresso, cool 20 Low biunccu uulntton potentW rt High segaOWationpottatttgl
Flawvaiieb lily law due to CEC. pH.    0.00 Adsorption by clay t 00

t
or cagantc• sorption

Sequestration Clue to fertility
isms Moavatlable nunerial 0 o t

Gtloess
0.116

Loam material 0.01

S7- Rock outcrop
Rock outcrop_  90 Not rated Not rated

SS- Rock outcrop-Untwists complex. 40
to 40 parent ahNpu
Rock outcrop SO Not rased Not rated

Onhents 45 Low bionccumutat,<.m potential
Staletatciy high
sequestrattonpoieututl

Hioava,latnlity due to ars macro t by 0.00
Adsorptive capacity due to

I(Xitalcarhates or gypsum CaCO3

8itsacatlab, lity low due to CEC, pit,    0.00 Adsorption by clay 100
of orpuitc sorption

Sequestration due to fcrtilti)
tun,!+, nvaila4lcmntrrrl!    0!:  un1

etkc.c

Loses material Co 12

5.3.2 Fate and Transport

The occurrence of COPCs in SPLP leachates does not necessarily indicate that these constituents will be

mobilized from the waste rock or temporary ore stockpile and migrate to groundwater or report to a point
of compliance or environmental receptor within a reasonable time frame. The fate and transport of

constituents in groundwater is generally controlled by three mechanisms or pathways: release, transport,
and uptake.

5.3.2.1 Release

The SPLP test is intended to investigate which constituents could be released from rock by meteoric water
that infiltrates through waste rock or ore stockpiles. However, SPLP results may overestimate the release
of constituents from waste rock and ore at the JD-8 site due to( 1) the aggressive nature of the accelerated

weathering test,( 2) the lack of significant precipitation infiltration, and therefore little moisture available
as a leachant under real world conditions, and( 3) the relatively short term exposure of the ore stockpile to
weathering processes.

The SPLP is a relatively aggressive test that may conservatively overestimate environmental releases. As
reported by DRMS ( 2006):

The SPLP test is a rigorous physically aggressive test that combines" synthetic" rainwater with
the solids, which are finely crushed, then tumbled together for a number ofhours... The Division

considers this test to be" conservative" for several reasons:( a) the rock samples present an

extraordinarily high surface area to the leachant, relative to what would be presented in the field;
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411 b) the tumbling process provides the maximum exposure of all potentially reactive sites to the
leachant; and( c) the tumbling process exposes even more surface area through semi- autogenous
grinding."

DRMS ( 2006)

The SPLP test uses a water:rock ratio of 20: 1. If the results are applied to the site, the analysis inherently
assumes that water is available in the environment to leach constituents from the rock. As discussed in the

site hydrologic summary, potential evaporation( PE) exceeds precipitation( P) in the region. Although
PE> P does not ensure that no water would ever migrate through the waste rock or temporary ore
stockpile, the amount of water available to leach and transport elements is limited.

In the case of the temporary ore stockpile, the SPLP test results may overestimate the weathering and
release that could occur in the limited time that any given ore is on the stockpile. The external ore
stockpile is a temporary feature. Currently, no external ore stockpile exists. ( All stockpiled ore

approximately 1, 600 tons] in the external ore stockpiles was removed from the surface in January 2011
and placed inside the mine where the rock will not be subject to environmental effects.) During future

operations, material on the stockpile will be transitory as stockpiled ore is shipped offsite and fresh ore is
added. A maximum of 4,000 tons of ore will be contained on the ore stockpile at any given time, and
material will be handled on a" first in, first out" basis. As such, material on the pile will be exposed to
weathering processes for a limited time. Material on the ore stockpile is not expected to experience

significant weathering processes during the relatively short exposure( months to years) and Limited
precipitation infiltration( see EPP Sections 7 and 9).

5.3.2.2 Transport

Hydrologic modeling performed by GeoScience Services( 2005) suggested that any downward vertical
migration of fluid or constituents from the JD-8 Mine waste rock pile could take up to 1, 000 years, for a
transport pathway of400 feet from the waste rock to a saturated aquifer in the Entrada sandstone. If flow
and constituents from the JD- 8 mine were to reach the Entrada sandstone aquifer, transport in the

saturated zone would be controlled by the regional dip of the units in the Mesozoic aquifer and the
regional hydrologic controls. Flow in these Mesozoic units, which comprise the stratigraphy of

Monogram Mesa and the adjacent Davis Mesa, is generally toward the south( downdip) and west. The
Entrada sandstone outcrops in Bull Canyon, approximately 5. 1 miles downdip( southwest) of the JD- 8
Mine. No seeps or springs have been mapped in this area. The Bull Canyon drainage is mapped by the
USGS as intermittent along its entire length. The stream path length is approximately 4.8 miles for the
intermittent stream, from the outcrop 5. 1 miles downdip from the JD- 8 Mine to where it contacts the
Dolores River. Therefore, the sandstone aquifer that underlies the JD- 8 mine does not appear to directly

discharge to the Dolores River downdip of the mine.

5.3.2.3 Uptake

The third component of an environmental exposure pathway is uptake by human or biological receptors.
The Hydrologic Site Summary( Attachment 3 of the EPP) indicates that no intermittent or perennial

streams have been mapped in the JD- 8 Mine Lower Permit Area. The surface water exposure pathway is
limited to ephemeral drainages that could contain water for very short time periods immediately after
major storm events. Any potential chemical loading to surface water will be controlled and minimized by
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the implementation ofbest management practices( BMPs) described in the Stormwater Management Plan
Attachment 4 of the EPP).

Potential receptors for the groundwater pathway are similarly limited. The inventory ofwells and springs
provided in the Hydrologic Site Summary indicates that most of the nearby wells are deep monitoring
wells( 200 to 600 feet deep) located greater than one half mile from the JD- 8 site and associated with the
Piton Ridge Mill site project. These nearest wells are located in the Paradox Valley, northwest of the JD- 8
site, where the Mesozoic sandstone aquifers are absent. In contrast, the flow of groundwater below the
JD- 8 Mine is expected to be south and west, in response to the dip of units in the Mesozoic aquifer and
the hydrologic control of the Dolores River as the regional discharge. No groundwater wells have been
identified in the Mesozoic aquifers on Monogram Mesa, downdip of the JD-8 Mine Lower Permit Area.
Based on the hydrologic flow regimes described in Section 9, no potential groundwater receptors are
anticipated.

6.  MATERIALS HANDLING

6. 1 Materials Handling for Designated Chemicals Originating Offsite

As described previously, the designated chemicals that are derived offsite and used on site for mining
operations include less than 1, 320 total gallons of diesel fuel and lubricants. The fuel will be stored in an
above- ground fuel tank within a bermed and lined catchment during mine operations. The oils will be
stored on the surface within a bermed and lined catchment. Routine inspections of the berm and lining
will be conducted. Materials Safety Data Sheets( MSDSs) for diesel fuel, rock drill oil, motor oil, and
hydraulic oil are provided in Attachment 2.

6.2 Materials Handling for Designated Chemicals Originating Onsite

The ore and waste rock will be handled in accordance with the Mine Plan. Mining of the ore is generally
accomplished by" split-shooting" the ore and the associated waste material. During the" split-shooting"
effort the drill round is completely drilled, the drillholes are probed to determine where the break between
ore and waste material is, and then the waste material is blasted and removed. Once the waste material is

removed, the ore material is blasted and removed to the ore stockpile area. The quantity of ore in the ore
stockpile area at any given time will not exceed 4,000 tons, which limits the length of time that ore will be

exposed to atmospheric weathering processes.

The waste rock pile will be capped with previously stockpiled growth media and reseeded after mining is
complete, in accordance with the Mine Reclamation Plan. Lysimeter monitoring data( described in
Section 9.4) has not detected any seepage from the existing waste rock pile. Evaporation from the surface
and shallow subsurface limits infiltration through the existing waste rock pile. After revegetation is
complete, evaporation coupled with plant growth will limit infiltration and fugitive dust.

7.  CLIMATE

7. 1 Meteorological Stations

Climatological records are available from nine stations located 2 to 33 miles from the JD- 8 mine site

Table 10). The Uravan station was selected as most representative of long-term climate conditions at the
JD- 8 site due to its proximity to the site( 10 miles), somewhat comparable elevation( 5, 021 ft in Uravan
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vs. 6,550 ft at JD- 8), and the long-term period of record( 50 years). The closest meteorological station to
the JD- 8 mine is the private meteorological monitoring network located at the proposed Pinon Ridge Mill.
The station is of interest due to its proximity, although the publicly available data span only a 12- month
period( Table 10).

Table 10: Meteorological Stations, Type, Period ofRecord, and Distancefrom the JD-8 Site
llistaner(" III

Stalliontaet anon  !   Period of 1 y I A. ritrrMePmroeter+Silt Loextion 1 the 113.8Site Castile Northingl'1Pe eCt) Record for tlima tr Anah nos
milts)

Pinon Ridge tall May 2008Privatc
5

66 Aril20092.2 1061858.418 598119.093 Prcapnnttun

11111RoCK 4. 980 1997; 2005 8 4.__..__.._: 1027491 795 619258 684
URAVAN 1. 021 1960- 2010 10 11070679.976 ; 638575 692

PARADOX 1 I"_      5, 282 1948. 1977~       13 5 1011017.062 ! 637273 832_

COOP'"  i PARADOX 2N 5,447 2005- 2008  :       14.6 1011498.887 645655.954
temperature

PARADOX I W'  ;    5, 530 1977- 1995  !       15.6 1001701 823 ri43a91 002

LA SAL 1 SW 6,864 1978- 2010 25 7 1 928807 428 , 616544.017

GATEWAY 4.595 1947. 2010  • 33 1008930.693 752453 279

Precipitation

immature
Behove llurnxinv

RAM"'  '     N1ICI A 5.860 1999- 2010 11 3 1120693 771 584851 472 Wind Spent

end Dircnum

Solar Radiatirxe

Ilarotnctra Pre+uurc

NOTLS

1. The elevation at the J0.11 site is approximately 6, 550 feet
2, Coordinates shown in State Plane Colorado South( COS). NAD27( ft}.
3. COOP stations refer to the National Wcattrcr Service( NW'S) Cooperative Obscr cr\ etwvrk.•
4. RAWS stations relit to the Bureau of Land Management( BLM) Remote Automats` Weather Station.

7.2 Precipitation

The JD- 8 Mine area has a semiarid climate characteristic of much of the central Rocky Mountain region.
Precipitation records from 1960 to 2010 at Uravan, Colorado( located about 10 miles from the site and

1, 529 feet lower in elevation) show a mean annual precipitation of 12. 61 inches( Table 11). Historical

data from Uravan indicates that winter and spring are the drier seasons, each accounting for
approximately 20% of the annual precipitation. Summer and fall each account for approximately 30% of

the annual precipitation. Snowfall averages 11. 1 inches per year, falling from October through April.

More recent precipitation records are available from a private meteorological monitoring network3
located approximately 2. 2 miles from the JD- 8 Mine on the proposed Pinon Ridge Mill site( Kleinfelder,
2009). One complete year of precipitation data was evaluated from this source, starting in May 2008 and
ending April 2009. The trend of precipitation data from the Pirr7on Ridge Mill site is similar to the
precipitation data from Uravan. Colorado during this timeframe with the exception of the period from

July 2008 to October 2008( Figure 5). The differences during this time period can possibly be explained
by isolated thunderstorm events, but the general trend indicates that the Pinon n Ridge Mill site is wetter
during the late summer and fall than Uravan, Colorado. The Pinon Ridge Mill site precipitation annual

3 The Pinon Ridge Mill site precipitation data set is a compilation of automated precipitation measurements
supplemented with manually-recorded precipitation gauge measurements( Kleinfelder, 2009). The automated
precipitation gauge was out of calibration during the period of May 1, 2008 through October 19, 2008. Manually-
recorded precipitation measurements were used in place of the automated measurements during this time period
Kleinfelder, 2009).
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total( 10. 01 inches) is approximately 5% greater than the Uravan precipitation annual total ( 9. 52 inches)
for the May 2008 to April 2009 time period. Scaling the Uravan, Colorado long-term average annual
precipitation total ( 12. 61 inches) upward by 5% gave an expected annual precipitation of 13. 22 inches for
the Piton Ridge Mill site( Kleinfelder, 2009).

Precipitation variation from the monthly and annual averages for Uravan, Colorado is shown in Table 13.
Based on a standard deviation of 3. 03 inches, precipitation ranged from 9.47 to 15. 53 inches during 68%
ofall years. The lowest recorded precipitation was 7. 13 inches in 1989 while the highest recorded
precipitation was 21. 4 inches in 1965.

Table 11: Monthly Climate Summary at Uravan, Colorado
November 17, 1960- December 31, 2010

Jan Feb Mar Apr Ma)   . tun Jul   . Aug Sep Oct Nov Dec Annual

Average Max.   
42. 7 49.8 ' 58. 7 67.5 78.5 89.4 95.6 ; 92. 3 83. 8 71. 4 ' 55. 1 43 ;     6 i r,

1' cnlperaturc( F)    1  __!
Overage Min.  

15. 5 22. 4 29.2 F 35. 6 1 44. 6 52.4 59.5 i 58.2 48.4 37.0 26.6 17. 9 37 ;
temperature( T)

Overage Total
0. 88 0.78 1. 03 1. 00 0.94 0.49 1. 16 1. 37 1. 48 1. 47 1. 01 0.99 12.61

Precipitation( in.)

Average Total I
SnowFall( in.)   

3. 8 1. 3 0.5 0 2 0 0
L

0 0 0 0.2 0.8 41 11. 1

Average Snow Depth
1 0 0 0 0 0 0 0 0 0 0 0 0in.)

Sews. Western Regional Climate.Ceuta( WRCCI data download for station 0585611( Unwran. Colorado), May 4, 2011
Percent of possible ohacr' awns for period of record. Max Temp: 97.7% akin Temp 912% Precipitation: 99. 5% Snowfall: 86.4% Snow Depth:
82 3"- e

Table 12: Monthly Climate Summary at the Proposed Pinon Ridge Mill Site
May 2008- April 2009

May Jun    . Jul Aug Sep Oct Nov Dee j Jan Feb Mari Apr Annual

Average Total
0 61 0 45 0.20 0 84 1. 08 1. 16 1. 19 2.62 ' 0.46 0.32 0.61 ' 0.47 10. 01

Precipits*too( in.)
Average

Temperature( F)       
57 1 70. 1 76.2 74. 1 164.0 51. 4 1 4.0.2 27.7 27.5 35.8 43.5 i n/ a l 51. 6

Source: Meteorology.. tir Quality and Climamologr Repot tKlentfelder, 2009).
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2. 5

120 ;

Mey- 08 Jun-08 Ju4-08 Aug-08 Seg-08 Oct-08 Nov-08 Dec-0S Jan-09 Feb- 09 Mar-09 Apr-09

11— Woven. CO   - 4- Pificn Ridge Mill Site

Figure 5: Comparison ofMonthly Precipitation Measurements at the Proposed Pinon Ridge
Mill Site and Uravan, COfor May 2008—April 2009

4111
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Table 13: Monthly Precipitation at Uravan, Colorado
Year ` JAN FEB MAR , APR MAY JL7  • . LL AUG ' SEP OCT NOY DEC ANNUAL

1960 `   0a .   0a t 0a I 0a 0x 04 0x 0s 04 0x 007 p 076 0.76
1961 0 11 13. 26 1 2, 67 1. 14 0.99 0 0.51 1 46 2. 41 I 1 42 0.19 073 12 7
1962 0.48 1. 66 1 0. 59 1. 72 0.96 0 44 0.42 03 1. 41 1 0,77 1. 14 0.7 107

1963 1. 38 0 46 1 0.93 0_52 0. 19 0 12 0.95 2. 25 0 20 1 1. 23 1 44 0 62 104
1964 1 4 0   ' 1. 03 2_26 09/    0 21 245 1_     iS1 1 06 001 1 12 1 01 13 1
1965 1. 14 01 1 0 61 2.37 1. 34 0 43 Z73 1. 59 2 62 141 2.21 2. I 1 21. 4
1966 1 0 37 0 76 0 118 1 2.2 025 0,55 162 1 43 081 0 93    . 3 55 11 7
1967 i 052 025 1017 0.23 2. 41 103 069 135 0.34 0_23 0. 01 219 10.3
1968 1 0 26 t I I t 0.49 1 02 1. 4 023 2 51 2.16 0 15 0 77 070 0 SO

I
116

t9+9) • 319 088 026 1 087 062 0.98 0.41 083 341 061 044 11I

1974 ) 0. 52 0 08 1 3 43 096 0.01 063 0 74 1. 16 1. 28 1 15 1. 09 001 12 7
1971  ' 036 025 D 15 063 0.17 0 0 i 2.65 1 32 289 079 131 I l b

1972 0 0 0 OS 012 0 0 51 0.28 0. 21 l 2 519 01))1 0.115 10 1
1973 . 1113 014   € 133 05 165 1. 65 0.34 1. 71 0, 7 0. 74 1 043 112
1974 245 001 4.2 074 004 003 126 0_11 052 128 0.67 021 7.85
1975 068 087 ilI 93 24 0.6 0.4 283 0. 37 0. 41 0. 12 0.116 044 12.6
1970 0.21 0.43 1 0.61 063 1 19 0. 32 0.34 1. 05 2.74 0.09 0, 1 003   (  7.96
1977 0,86 0.3   • 0 16 051 01 0 06 3. 54 1. 92 0 38 065 1. 45 652 f 10.9
1971 ! 160 1 13 111 161 1 e 0.35 043 02 0 15 1 I 2.31 2.25 15
1979 t t 42 042   , 1. 46 018 1. 54 0.6 0.5 0,92 0. 06 0. 52 0,65 0,66 9.33
1980 101 1. 32   ' 1 1 34 1 07 1. 6 001 059 066 0 79   ; 1 79 0,86 0.5 116
1911 0 SI 0 Si 1014 087 091 042 2.12 1. 91 091 1 316 0.61 069 IS
19112 i 11. 53 h 027 A29 023 0.39 0- 14 1. 38 2.21 411 163 1. 49 124 147

1913 0. 36 1. I 2 1 55 1, 41 1 15 a 193 b 2 0 n 113 2. 39 101 17 5
1914 0.25 0 17 1 I 094 0. 11 1 61 1 35 3.32 0.77   ! 2 4 0 41 0 t 12 5
19111 1. 12 1192 1 54 177 a 2 07 0 43 1 45 0 2 2. 45   ! 1 81 r 1 65 0.49 16 1
1906 0.05 162 1 0, 11 0.973 0.01 0 I 1 1. 32 1. 14 4 71 12 59 1 09 0.57 16 4

1987 f 1 6 1. 26 1 139 041 1. 11 0.04 1 56 37 0. 51 1. 48 1. 99 1. 30   •  16 7
1911 069 Il 42 1 0 31 1 1 29 1. 41 0 42 0.39 1. 46 255 0.21 1 15 0110 107
19110 0 71 047   ' i 0 53 0.03 0. 04 0 165 1. 11 0 36 0.46 0 0,03 7 13
1990 044 0.37   / 0.60 133 0.60 0.81 191 0.34 1. 33 1, 74 0.49 0.45 11 1
1991 092 0. 13 10.95 024 0, 14 017 0.1*    1. 21 137 139 Liz 1, 3 10,6
1902 034 0 76 1. 1 029 2. 81 0 04 1 51 0.93 0 37 i 132 0. 71 0.87 11 1
1993 225 1 98 1. 05 1 15 2.21 0.00 073 2, 17 0.42 12.14 0.63 03 14 6
1994 0.72 1%    Olt 0.37 1 24 0.09 0.61 0%   1 1. 04 1. 6 0 79 12
1995 1 39 0.5 3. 25 1 03 1 7 1 48 1. 83 0 7 2 28 1 0 0 04 027 14 5
1996 1172 L66 0.42 06 076 155 033 0 18 3. 15 236 216 1 8 159
1997 1 09 041 0 17 2.41 1. 78 062 1. 2 I I 4 7   ! 1 52 1. 13 0 95 17 9
1991 027 1 1 242 1 17 04 0. 13 196 0 41 0. 114 i 2.22 115 0 11 r 125

1994 04 046 002 168 0.25 072 1. 27 3. 07 1 13 004 0 13 032 112
2000 141 099 147 003 047 044 0.69 2, 01 101 I196 022 036 103
2001 108 014 I- 11 073 0.63 006 071 2. 91 0. 51 1016 Ole 016 11

200.2 0'24 009 066 04 0 13 0 0.55 0.65 107
t

1 6 0 56 017 872

2003 027 2.05 1 17 01 0. 01 0. 1 0 74 1. 07 0 n   ' 072 b 073 1 II i 971
2004 0.85 129 037 1. 97 0.3 0.02 0.64 0. 18 a 3. 67 1 1. 46 1. 82 1 07 I 13 6
2005 1 83 1 83 1. 89 0 72 0.37 1. 09 0 37 1. 29 135 161 0. 54 0. 38   (   13 5
2006 032 0-4 1. 52 049 0.02 031 1. 93 2 3. 78   ' 3.33 0.51 044 153
2007 035 065 a 079 09 102 095 0.78 1. 13 3. 27   - 136   ' 0,24 281 13
2008 105 13 036 032 10.73 0.42 0. 13 1. 79 038 0.69 0.19 272 108
2009 027 0.36 1 059 055 1, 152 111 0. 511

t
02.1 067 071 0.47 14 161

2010 143 17 12 14 1 411 j 0 633 O. i1 1 h I 2, 44 i 0. 37 138 0, 71 1 713 lb_

Period orRecerd Statistics

JAN no MAR APR I MAY JUN ' JUL AUG SLP OCT NOV DEC ANNUAL

MEAN 0.138 @ 71 1 03 1 OO 10.94 0.49 t 16 1. 37 1. 4E t 47 1 01 0 90 f 12 i
S.D.    0.48 0.59 081 0.71 0. 70 0.47 0.83 0, 1*    1. 25   , 1. 10 0.61 0.76 3.03

Stalk 110 0.61 106 075 I0.63 099 092 041 110 1157 060 I44 0.55
MAX 1. 19 2 03 3 43 248   , 245 1. 63 3. 54   • 3.32 4. 78 1 5.89 239 3.55 21 4

MIN I 0 0 0 003 0 1 0 0014 011 006 0 0 003 7. 13
6 YRS 40 50 30 50 50 1 30 49   ,  30 50 1 54

1
30 40 I 46

801.nt b W eetne Harwood Climes Cantoto I W) I('C a 446. 4uo4.4061 ax imam 031300 atu v... Coh.. iol. rile lax ytwr a son 21, mt I
NRrES 4 i)  0 Ilmt 4. i t.0

I d. r. wouna, b- 3 d.> ll moon,a- i by.,. AN:.•- 76 r.. a. e 44y. swM. A- 4a.3./nuWur Farm
Lae44. na mono timed ns w7rnN; dna. l6• monthly row way eon im to swiped to the lrma+ enm wrw. l ta1,w
MA%IM1161 ALL0WAIt1.1. 141134IQ OF M)MSt193 DAYS 5 ( Idi.Wod Maeda so iow4 4m Annual. t mon44).. oats:.. 1' mots Mart 5 dam* NOV

antuwet 11a44 . bad Yal%ay toad for. w. wd o* SlMW J.xy math K Ow run ha. mom Ihwa 5 Sra d,.. wp

III
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7.3 Storm Frequency

The rainfall intensity for 24- hour storms with 2- year to 100-year recurrence intervals were interpolated
from the NOAA Atlas 2, Vol. III, for the purpose of runoff calculations and engineering design. The
magnitude of the design storms is shown in Table 14.

Table 14: Recurrence Intervalfor Design Storms

Recurrence Duration Storm MaWsJgde
Interval Hours)      inches)

100-year 24 2.6

50-year 24 2. 3

25• year 24 2. 1

10-:, ear 24 1. 8

5- year 24 1. 4

2-.year 24 1. 2

Runoff generated by design storms is discussed in the site drainage plan and Stormwater Management
Plan( Attachment 4).

7.4 Temperature

Temperatures at the Uravan NWS meteorological station generally range from 48 to 96 ° F in the summer,
and from 16 to 59° F in the winter. The temperature data collected at the private meteorological station at
the Piron Ridge Mill site from May 2008 to March 2009 are consistent with the Uravan temperature
ranges. The overall average annual temperature at Uravan is 53. 2 ° F and the average temperature at the

Piton Ridge Mill site for the period of record( May 2008 to March 2009) is 51. 6° F( Table 12).

7.5 Wind Speed

Wind speed data are not available for most meteorological stations in the area( Table 10). Short-term wind

speed records are available from the private meteorological station at the Piton Ridge site located 2.2
miles from the JD- 8 mine. Longer term wind speed records are available from the Bureau of Land

Management( BLM) Remote Automatic Weather Station( RAWS) in Nucla, Colorado. Based on the

available data for the Nucla station from 1999 through 2010, the average annual wind speed is 5. 1 mph.

Wind speed and direction was recorded hourly at the Pinon Ridge Mill site from April 2008 to March
2009( Kleinfelder, 2009). Generally, daytime westerly winds with higher speeds( approximately 8 mph)
were observed in April, May, and June of 2008 and in March of 2009. Calm night-time southeasterly
breezes were observed in all months, but the calmest conditions were recorded in the months of

November and December 2008 and January and February 2009( Kleinfelder, 2009).
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411 Table 15: Average Monthly Wind Speed( mph) at Nucla Meteorological Station

Muni IV 3 ear 1999 2010 20411 2002 2063 2004 20415 201N,  2007 UN 2009 2010
4wagt

19994010
lan 4, 5 3, 4 3. 5 4. 1 3. 3 1 1 1 4. 3 4 3_2 3. 1 2.6 3- 5
Feb 3.:    4.4 3 4.3 4. 4 2,7 3.6 4. 7 4. 7 Z. 7 4y 2. 7 4. 1
Nue 6. 9 4. 5 4.7 6.2 5. 6 5. 1 5. 1 5 9 4.7 5. 6 6 4.6 j 5. 4
Apr 6.3 6,6 7. 1 8. 1 7. 7 6 6.4 6.7 5. 7 6.6 6.3 6.8 6. 7

Mey 7. 7 7. 5 6. 1 7 6.5 7. 3 6. 1 6.4 5. 4 61 4.11 7.6 6. 5
lun 7. 2 6.5 631 7,6 7.2 6,6 6.8 6.4 61 5. 7 5. 7 6.4 6. 6
Jul 5. 8 5.6 6. 1 3.7 6 6 5. 4 4. 9 33 4.6 5 4. 7 5. 4

Aug 46 55 5 6 5. 5 59 49 48 5!    4. 5 5. 3 46 51

Scp 5 6.2 5.4 5 1 5. 4 53 5.4 5.2 3. 5 4. 6 4.9 4. 8 j 5. 3
Oct 5. 3 5 5.2 4. 7 5. 7 5.6 4. 6 4. 2 4.6 4. 7 5. 1 4. 3 4.9
No,       3. 9 4,2 4.3 4 5. 1 3. 6 4, 3 43 3.4 3. 5 3.6 4. 2 4.0
Dec 3. 4 3. 3 3. 7 3. 4 4. 3 3. 5 3. 5 3. 3 3. 4 3. 4 3.3 33  ,    3. 6

Table 16: Average and Maximum Wind Speed( mph) at Nucla Meteorological Station

546nlia 11AN+mam Wind Gun 4milrs pre hear)
A rtgr Wahiawa

iNMt GY6tleu

1495 20110 2001 2002 20411 2004 200i 1006 2107 20U41 2404 2010 1999-2010 1999- 2010
Jan 53 30 47 34 19 34 42 44 43 58 31 33 38.9 58
Feb 54 34 41 46 45 41 24 56 48 54 39 24 423 56
Mar 52 44 49 52 45 40 37 44 54 46 56 43 46.8 56
Are 52 56 54 52 52 46 51 55 58 45 45 50 51. 3 58

May 51 56 43 53 49 60 44 57 47 40 35 49 48.8 60
Ilia 54 48 44 53 52 53 76 54 54 52 43 44 52. 3 76
Jul 45 40 58 44 43 43 43 39 41 34 41 40 42. 6 58
Aug 34 50 44 55 40 45 40 37 33 59 40 43 43. 3 59
Sep 37 46 43 51 48 44 57 43 52 34 51 41 45. 4 57
Ice 46 41 45 43 SI 45 SI 42 43 45 42 41 45 It 51

1111
No6 54 37 39 39 44 43 43 36 31 36 29 36 39.3 54
Dec 35 41 44 43 51 41 34 4!    35 44 39 38 40.5 SI

7.6 Evaporation

The local climate is classified as a BSk semi- arid steppe, according to the Koppen- Geiger Climate
Classification System4. Group B climates include dry( arid and semiarid desert) climates with potential
evapotranspiration exceeding precipitation( PE> P)). The third letter in the classification(" k") indicates a

middle latitude climate with an average annual temperature below 18° C( 64° F).

Pan evaporation is measured at the nearest NWS meteorological stations in Montrose and Grand Junction.

Pan average for the site was based on the average of these two stations( Table 17) and is estimated at 64.8

inches per year. At the nearby Piron Ridge site, the pan evaporation measured during a seven month
period in 2008 was 55.26 inches( Kleinfelder, 2009).

Using a pan coefficient of 0.70, the annual free water surface( FWS) evaporation rate is 45. 36 inches.

Evapotranspiration rates will vary based on plant cover and timing of available precipitation.

The Koppen-Geiger climate classification is one of the most widely used climate classification systems. It defines
climate zone boundaries based on average annual and monthly temperature and precipitation, and the seasonality of
precipitation, which affect vegetation distribution.
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Table 17: Monthly Average andAnnual Pan Evaporation
Station:     Grand Junctic,n Montrose Average

Period of Record:   1% 2- 2005 1918- 1982

January rtia L7 1. 7

February rria 1. 5 1. 3

March raa 3, 3 3. 3
April 6.6 5. 7 6.2

May 9.3 7, 5 8.4
June 11. 8 9.5 10. 7

July 12 9 10. 5
August 10.2 7. 4 8.8

September 7.5 5. 5 6.5

October 4. 7 3. 5 4. 1
November 2. 1 1. 6 1. 9

December ara 1. 3 1. 3

Annual Total 64. 1 57.5 64.8

8.  SURFACE WATER DATA

The JD- 8 site lies within the Dolores River basin, a 4,620 square mile basin in western Colorado and

eastern Utah( Figure 6) with hydrologic unit code( HUC) 14030002. The Dolores River flows

approximately 200 miles from its headwaters in the San Juan Mountains to its intersection with the

Colorado River near Cisco, Utah. In the Paradox Valley, the Dolores River is located approximately eight
miles from the JD-8 mine site and flows north across the valley, then receives the San Miguel River,
flows northwest, and crosses into Utah.

0laihe

11111
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Figure 6: Upper Dolores River Basin (EPA, 2010)

Locally, the crest of Monogram Mesa is a surface water divide, with runoff from the top of the mesa
flowing south and west to the Dolores River by way of Bull Canyon Creek and Wild Steer Canyon Creek.
North of the divide, runoff from the steep escarpment at the north side of the mesa flows north toward
East Paradox Creek, which flows west to the Dolores River.
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4111 The JD- 8 mine is located 1, 270 feet from the nearest perennial stream, an unnamed tributary that flows
north from the Monogram Mesa escarpment( Plate 1). No perennial streams or natural, permanent ponds,
lakes or water bodies occur within the lower mine permit boundary( the focus of this EPP).

Surface water near the JD- 8 mine is sparse. Hydrologic studies conducted for the nearby Piron Ridge
project sampled surface water on a run-off event basis, rather than a fixed calendar schedule, due to the

intermittent nature of run-off events in the area and lack of perennial flow.

Natural and engineered surface water runoff at the JD- 8 Mine is further addressed in the Stormwater

Management Plan, which is provided as Attachment 4 of the EPP.

8. 1 Inventory of Water Courses, Springs, Reservoirs, and Ditches

The locations ofall tributary water courses, springs, stock water ponds, and reservoirs located within two
miles of the JD-8 Mine are shown on Plate 1 and summarized in Table 18. The two-mile distance is

measured from the JD- 8 mine portal.

Although Table 18 lists all surface water features within two miles of the JD- 8 mine portal, none of the
surface water features located on Monogram Mesa( south of the drainage divide) are pertinent to runoff at
the Lower Mine Permit Area( the subject of this EPP). Surface runoff at the JD- 8 Lower Permit Area

would flow north from the escarpment toward the Paradox Valley; therefore surface water features located
south of the drainage divide at the crest of Monogram Mesa will not be influenced by surface runoff from
the JD- 8 affected area.

Table 18: Springs, Reservoirs and Ditches Located within Two Miles of the JD-8 Mine Portal

Distance Distance

Feature Description cati„
From Mine Front Mine

I, a i,
Portal Portal

ft)   miles)

Surface Water Features in Paradox Creek Basin

Intermittent Streams Intermittent streams, tributary North of drainage divide( i. c.,       >
4,400 R       >(). 83 miin Paradox Valley to the East Paradox Creek( 9)   north of crest of mesa)

Ephemeral Pond in NW li4 Section 17. T46N,      ( jEphemeral pond( 1)  4,423 ft 0.84 miParadox Valley R17w

Perennial Stream in
Unnamed perennial stream'    

North of drainage divide( i. e.,

Paradox Valley
tributary to East Paradox

north of crest of mesa)       
I. 270 ftp.24 mi

Creek( I)

Surface Water Features in Bull Canyon Basin or Wild Steer Canyon Basin( Across Drainage Divide from JD-8)
Ephemeral or lntermincnt'ephemeral

South of mesa( across
Intermittent Streams streams, tributary to Bull

drainage divide from 1D-8 2, 700 R 0. 51 misouth of drainage Canyon Basin( 2) or Wild
mine)

divide Steer Canyon( 6)

Monogram Mesa Minor reservoir mapped by Sec 20, T46N, R17W 3, 870 0. 73
Reservoir USGS on 7. 5' quad

Various unnamed minor
Minor reservoirs'     reservoirs s̀tock ponds Various locations south of

Varies Varies
stock ponds mapped by USGS on 7, 5'      drainage divide

quad

USCiS Spring Spring mapped by USGS on NEI/ 4 SW 1/ 4 Sec 18 T46N.  
6.580 1. 25

7. 5' quad RI7W
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9.  GROUNDWATER DATA

9. 1 Geologic Setting

9.1. 1 Regional Geology

The Paradox Basins is located in the Colorado Plateau Physiographic Province. Regional stratigraphy
includes marine and terrestrial sedimentary rocks deposited in response to multiple stages of seaway
transgression- regression and orogenic uplift during Late Paleozoic to Quaternary time periods( Table 19).
Regionally, these sedimentary rocks include shale, salt, gypsum, claystone, siltstone, and thick sequences
of sandstone which, for the most part, are flat lying except for areas deformed by local faulting and
folding caused by the uplift of the Colorado Plateau.

Many folds and faults occur in the area, with the most prominent being the Uncompahgre Plateau with a
fold axis estimated at one hundred miles long in the northeast section of the region( Kleinfelder, 2009).
Well- developed anticlines with intrusive gypsum and salt cores underlie Paradox Valley, Sinbad Valley,
and Gypsum Valley( Cater, 1954). The present northwest-trending valleys are formed by the collapse of
the anticline cores due to rapid dissolution of salt during the Tertiary uplift of the Colorado Plateau
Strauss, 1982).

In Paradox Valley, older Paleozoic age rocks crop out on the valley floor and younger Triassic and
Jurassic age rocks are exposed in the valley walls( Figure 7, Figure 8). The order of the geologic units
correlates to the order of geologic succession of the Colorado Plateau with the exception of missing
members( including the Mesozoic Navajo Sandstone). The unconformable contacts with missing
Mesozoic units observed elsewhere in the Colorado Plateau may be evidence for regional uplift. The
missing units could result from either lack of deposition or erosion due to uplift.

The uppermost geologic units are Holocene deposits of eolian( wind-blown) material and sheet wash,

which are widely distributed on the valley floors, along the benches, and on top of the mesas( Cater,
1954). Although these younger units may be hosts for near-surface hydrologic activity, the alluvium has
been shown to be dry at the Piton Ridge site( Section 9.2) and the JD- 8 site( Section 9.5).

s The" Paradox Basin" is defined as that part of the Colorado Plateau physiographic province that is underlain by
Pennsylvanian evaporites( i.e., Paradox Member of the Hermosa Formation). The" Paradox Valley" is a local
structural/ geomorphological feature( i. e., an eroded anticline) within the Paradox Basin.
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IIITable 19: Lithologic Units in Colorado Plateau Physiographic Province and Paradox Basin

Sub-Province

Geologic .S, m bol Formation Geologic Age

Qal Alluvium Quaternary
Qls Landslide Deposits Quaiemart
Km Mancos Shale Cretaceous

kJ Dakota Sandstone Cretaceous

Kbc Burro Canyon_Formation Cretaceous

imb Brushy Basin Member Morrison Formation Jurassic
i rns Salt Wash Member Morrison Formation Jurassic

I,.      Summervilk Formation Jurassic

Entrada/Carmel Formations Jurassic

in Navajo Jurassic

Jk Icayenta Jurassic

Jvi Wingate Jurassic

Id Dolores Formation Upper Friassic

1".       Chinle Formation Upper Triassic

hit Moenkopi Formation Lower' I riassk
fic Cutler Formation Permian

l' hp,    Hermosa Formation Pennsylvanian

MI Leadville Lirriestone Mississippian

Dco, De,Ci Ouray, Elbert. and Ignacio Formations Devonian and Cambrian
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9.1. 2 Site Geology

The JD- 8 site is located in the southwest corner of Paradox Valley within the Colorado Plateau
Physiographic Province. It lies on a portion of a well-developed, extensively faulted salt anticline
underlying the Monogram Mesa. The site is located within a large rotational fault block on the northeast

hanging wall of an extensive normal fault. This normal fault trends in extent through Paradox Valley.
Many lesser faults further dissect the rotated fault block in the vicinity of the mined area( White, 2006).

Major geologic units within the JD- 8 mine site consist of the Morrison( Brushy Basin shale and Salt Wash
sandstone members), Summerville sandy shale-mudstone, Entrada sandstone, Kayenta sandstone,
siltstone, shale pebble conglomerate, and Wingate sandstone Formations( Table 19). The Salt Wash

Member of the Morrison Formation is the target for economic mineralization. The underlying units dip to
the southwest which correlates with regional structure( i.e., the dip ofMonogram Mesa), indicating
cohesive uplift and subsequent tectonic effects on a local as well as regional scale( Geoscience Services,
2005).

The JD- 8 waste rock pile is located above underground workings of the abandoned Black Diamond Mine
Figure 9). The Black Diamond Mine workings penetrate the Brushy Basin shale Member of the Morrison

Formation to access mineralization hosted in the Salt Wash Member of the Morrison Formation. Most of

the waste rock pile is located on the hanging wall side of the normal fault but a small portion of the waste
rock pile is located on the foot-wall side of the normal fault. The fault offsets the Brushy Basin Shale
Member against the lower boundary of the Salt Wash Sandstone Member to the northeast( White, 2006).

41



JD-8 Mine Environmental Protection Plan

Asw A' re

a uxr

o°•• •
A

SOO-

1
WO-

Y_.:.. 1

I      -

CC

oie. arMu3mnuGICwnPAun

aCC

MAsEII' AN

EIMrR1PMM{ 1E' M

VV4401/ 01!

Figure 9: Stratigraphic Cross Section ofJD-8 Mine Site( White, 2006)

9.1. 3 Economic Geology

The JD- 8 Mine is located in the Uravan Mineral District, which is characterized by its uranium-vanadium
ore deposits. These ore deposits contain a distinctive suite of elements including vanadium, molybdenum,
and selenium. Other base metals including thallium are present within the ore bodies, but are present in
low concentrations. The uranium and vanadium at JD-8 typically mineralizes as roll and tabular layers
approximately 3. 75 feet thick within the Third Rim of the Salt Wash Member of the Morrison Formation.

Ore deposits are typically seen in channel sandstone. Within the Third Rim Sandstone, there are two
points of interest for ore deposits. The first appears at a depth of six hundred thirty to six hundred fifty
feet near the middle of the Third Rim. The other is seen at a depth of seven hundred to seven hundred

twenty five feet closer to the bottom of the Third Rim( Cotter, 1984).

The mineralization of JD- 8 is much like the rest of the Uravan Mineral District. The uranium occurs in

the form of uraninite( pitchblende variety UO2) with traces ofcoffinite( USiO4OH) filling in the pore
space between individual sand grains( Peters, 2011). The uraninite( pitchblende) occurs as a more
massive, darker colored mineral (Nininger, 1954). When oxidized, these minerals may become much
brighter in color and reveal secondary minerals such as corvusite, ravite, and pascoite( Peters, 2011).
These oxidation minerals are often seen in conjunction with uraninite within the Uravan Mineral District.

The primary vanadium mineral is montroseite( VOOH) in conjunction with vanadium clays and

hydromica. Carnotite and tyuyamunite are also commonly seen vanadium minerals after oxidation of the
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ore occurs. It is possible that other oxidized minerals occur on the JD- 8 mine site. The presence of other
cations, increased moisture levels, and differing pH levels may enable other vanadium oxides to form
over time( Peters, 2011).

9.2 Regional Groundwater System

9.2. 1 Hydrostratigraphic Units

The regional groundwater system in the Paradox Basin consists of an upper Mesozoic sandstone aquifer
and a lower Paleozoic carbonate aquifer( Topper, et al., 2003), separated by a thick sequence of

Mesozoic- Upper Paleozoic confining beds and salt confining beds( including the Paradox Member of the
Hermosa Formation). The hydrostratigraphic units of the Paradox Valley are shown in Table 20.

The upper Mesozoic sandstone aquifer has been called the N-aquifer elsewhere on the Colorado Plateau,
where the Navajo Sandstone and Wingate Sandstone are the main water bearing units in the N-aquifer

over large portions of Utah and Arizona. In the Paradox Basin, the Mesozoic sandstone aquifer includes
interbedded sandstones, siltstones, and shales which are bounded at the top by the Mancos Shale and on

the bottom by mudstones, siltstones, and salt beds( Table 20), while the Navajo Sandstone and Wingate
sandstones may be absent in places. Although the Navajo Sandstone and Wingate Sandstone, where
present, are the main water-bearing units in the Mesozoic sandstone aquifer, these units are missing from
portions of the Paradox Valley. As reported by Golder( 2009a) along the axis of the eastern Paradox
Valley:

Although numerous reports [ have been] published to address the regional hydrogeology, no
published research has focused on the hydrogeology of the eastern Paradox Valley. Many of the
regional studies name the Navajo Sandstone, Wingate Sandstone, and the Entrada Sandstone as
important bedrock aquifers. However, these formations are either absent or not known to be

water-bearing within the project study area, resulting in almost no relevant published information
on groundwater."( Golder, 2009a)

The confining beds between the upper Mesozoic aquifer and the lower Paleozoic aquifer include the
Dolores Formation( mudstone and fine-grained sandstone which are not water-bearing), Chinle Formation
interbedded shales and siltstones with minor fine-grained sandstone, which may be water-bearing in

some places), Moenkopi Formation( mudstone interbedded with minor sandstone, which may yield small
quantities of water), and Cutler Formation( fine grained sandstone interbedded with minor conglomerate
and mudstone which may yield small quantities ofwater). The most significant confining beds are the
Hermosa Formation, which consists of salt beds( including the Paradox Member).

The confining units described in regional studies of the Paradox Basin were defined as aquifers in the
hydrogeologic study of the Pir3on Ridge site. Golder( 2009a) found that groundwater occurs in two units:
first at the base of the Chinle Formation at depths of 340- 400 feet and second at the base of the

Moenkopi Formation at depths of approximately 870 feet. For baseline hydrologic characterization in the
valley floor, Golder drilled 35 boreholes, of which nine were completed as monitoring wells( MWseries),
three were completed as production wells( PW-series), six were completed as observation wells near the
production wells, and the remaining holes were groundwater exploratory boreholes( EX-series). The
investigation revealed that no groundwater occurred in the alluvium, and" the only known groundwater
occurrences within the study area are close to the contact between the Chinle and Moenkopi formations,
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and close to the contact between the Moenkopi and Hermosa formations" ( Golder, 2009a). The Hermosa

salt) formations impeded the downward migration of groundwater flow.

The lower Paleozoic carbonate aquifer includes the Leadville Limestone and other porous and permeable
limestones and dolomites, which transmits saltwater through fractures. Groundwater in the lower

Paleozoic carbonate aquifer is not suitable for human consumption( Topper, et al., 2003).

9.2.2 Aquifer Recharge

Recharge to the upper Mesozoic aquifer occurs as infiltration of runoff and direct precipitation. Runoff in
the Dolores River basin occurs primarily from spring snowmelt at higher elevations. In the summer and
fall, additional runoff occurs from rainstorms that are sometimes intense and usually limited in extent
Weir et al., 1983). Little or no recharge to the upper Mesozoic aquifer occurs from direct precipitation or

infiltration of snowmelt in the Paradox Valley. As reported by Golder( 2009a), studies have shown that
diffuse recharge( rain and snowmelt over the valley area) to basin aquifers in arid areas like Paradox
Valley is limited or absent due to low precipitation rates, large vadose zones, and the water-scavenging
vegetation found in dry areas( Wilson and Guan 2004; Foster and Smith-Carrington 1980).

Recharge to the lower Paleozoic aquifer occurs outside of the Paradox Basin( Weir, et al., 1983). The

Leadville Limestone outcrops north ofDurango and receives recharge at the outcrop from runoff and
snowmelt from the San Juan Mountains.

9.2.3 Flow Direction andAquifer Discharge

Regionally, groundwater flows to the west-northwest, discharging to the Dolores River( Weir et al., 1983,
Topper et al., 2003). Flow direction in the lower Paleozoic carbonate aquifer is shown in Figure 10. The

flow regime in the lower aquifer does not appear to be affected by the overlying Mesozoic aquifer, surface

topography, or surface water flow, as it is essentially isolated by the confining evaporates( salt layers).

Flow directions in the upper Mesozoic aquifer are variable on a local and regional scale and are affected

by geologic structure and areas of recharge and discharge. The overall general flow direction is toward the
Dolores River.As reported by Weir, et al.,( 1983), " where the Dolores River is deeply incised, water from

the Mesozoic sandstone aquifers discharges directly to the Dolores River."

Hydrogeologic studies at the Piron Ridge site surmised that groundwater near the Piton Ridge site
generally flows away from the mesa in a northeast direction and is intercepted by faults that parallel the

valley axis. These faults appear to act as conduits for flow and recharge and direct groundwater flow to
the northwest"( Golder, 2009a). Data from the study area supported the conclusion by Weir et al. ( 1983)

that, regionally, groundwater flows to the northwest, discharging to the Dolores River.
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Table 20: Hydrostratigraphic Units ofthe Paradox Basin ( Topper, et al., 2003)

thickness Hydrologic
Era      . s ' Arm      * iratigraphir 1 nit by/dent( ininkteristies Ilydrageotegic Unit

feet)   . Characteristics
9

Alluvial sands and 1_ 4....: ally yields tingek

iQuint-man, Alluvium 0- 100 gravels. loess, collodium. Alluvium quantities for domestic_
windblown sands stock. and municipal

Upper
Mincos Shale

1. 000-    Shales interbedded with Cretaceous 3

I Confining unit, noneC' retaresnis i 5, 000 minor sandstone Confming Bed    ,
tint to coarse- grained Yields sonic wata:.stock

Lower     ,  
Dakota Sandstone 0. 200  , i

cross-beskted sandstone and domestic

Cretaceous  '   Burro Canytni 17ortglomerate. sand-
0-250 V fields water to springs

Formation stone and shale

Brushy Basin'-'   1 Shales interbedded with
400- 500 !   

Member muter alaidsuitm

Medium-grainedlurrasic 1 I    &Awash i kids small quantities,
300 sandstone interbedded7 si.    Member stock and cloak:she

with nid shake

Siiminerville Shales interbedded with
0- 1. 20 Nene

Forman:4i minor sandstones

Buff to grayisb- white1- mrachi Sandstone 15• 1 7t;       Mesozoic sutneliitone Yields water
cross-bedded sandstones

aquifer
Sdtstone and muds-tone

Upper and  ; Cannel Formation 0- 40 interbedded with fine-    None

Maidk i pained sandstone
lenitive Small to moderate amount

Navajo Sundsitme 0- 125
Fine-1041mA. crost

from fractures. stock and
bedded quartz sandstone domestic

Sandstone interbedded

Kayenut Formation 0- 2.00 with siltstone and thin-    Yields little to no water

shale

ingate Sandstone 0-400

Medium grained. poorly Yields water to numerous
1 W cemented. cross-bedded

springs
sandstone

Pink in red min:Stone and
t Fliper

Triassic    , 
Dolores Formation 150- 230 fine-grained sandstone,   Not water bearing

Nor present in all areas
Shales. siltstonea. Yields small quantities

Chink Formation 0- 500 interbedded with minor where fractured, stock and
linc-grained sandstone Mesozoic- Upper domestic

4--

Paleozoic Confining rYields small quantitiesLower    :     Moenkopt
0. 400

Mudsanne interbedded
Bed where fractured, stock end

triaystv Fort: tenon with minor sandstone
domestic

I inc grained sandstone Yields smallquantidwith
ties

iruerbedde
Permian Cutler Formation 0- 3. 500

minor
where fractured. stock and

conglomerate and
domestic

mudssone

Shales, Limestones. salt.
II Hermosa

P Pennsylvanian Formation
0- 3, 900 and gypsum; includes the Confining salt beds None'

Parade* Member

Massive to thinly
Leads:ilk

Mississ ipp tan 20• 100 laminated, gray buff andI...iMeiltine
yellow limestone       _,   Lower Paitvzoic Transmits Saltwater through

Devonian and Oiiray.
Limestone, shale.    carbonate aquifer fractures

Elbert. and
0- 150 dolomite; Ignacio is a

Cambrian Ignaein Formations
quartzite 1

III
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Figure 10: Regional Groundwater Flow System in the Paradox Basin ( Topper, et al. 2003)
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411 9.3 Inventory of Wells and Water Use

Wells drilled in Colorado are registered with the Colorado Division of Water Resources( DWR) and are a

matter of public record. DWR records list 32 unique wells within a two-mile radius of the mine waste

rock pile, most of which are monitoring wells associated with the proposed Pir3on Ridge Mill northwest of
the JD- 8 mine site. Of the 32 wells, 23 are located more than one mile from the mine waste pile. The
nearest well is located 0.49 miles( 2, 590 ft) from the JD- 8 Mine waste pile.

Water requirements for the mine are shown in Table 21. The source of water for the mining and
development efforts will be the Nucla Municipal System. No adjudicated water rights will be injured by

this project.

Table 21: Project Water Requirements

Development 10. 000 gal/ month 120, 000 sal/yr

lining 10, 000 gal/month 120,000 gzl yr
ReclaanatKm None Anticipated
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Table 22: Inventory of Wells Located within Two Miles ofthe JD-8 Mine Waste Pile

Distance

Permit No. ( Miles)     Owner Name Address City State Qtr40 Qtr160 Sec.    Tperf Bperf Yield Depth Level

257495-  0. 49 COOPER DAN CLAYTON PO BOX65 NUCLA CO NW SE 17

279307-   1. 74 ENERGY FUELS RESOURCES CORPORATION 31161 HWY 90 NUCLA CO SW NW 8 100

279308-  0. 69 ENERGY FUELS RESOURCES CORPORATION 31161 HWY 90 NUCLA CO SE NW 17 470

279311-   1. 09 ENERGY FUELS RESOURCES CORPORATION 31161 HWY 90 NUCLA CO NE NE 17 422

279312-   1. 14 ENERGY FUELS RESOURCES CORPORATION 31161 I-ANY 90 NUCLA CO SE SW 8 439

279675-  2. 09 ENERGY FUELS RESOURCES CORPORATION 31161 HWY 90 NUCLA CO NE NW 8 598

279676-  2. 08 ENERGY FUELS RESOURCES CORPORATION 31161 HWY 90 NUCLA CO NE NE 8 100

279677-   1. 70 ENERGY FUELS RESOURCES CORPORATION 31161 HWY 90 NUCLA CO SE NE 8 139

279678-  0. 98 ENERGY FUELS RESOURCES CORPORATION 31161 HWY 90 NUCLA CO NE NW 17 600

279679-  0. 95 ENERGY FUELS RESOURCES CORPORATION 31161 HWY 90 NUCLA CO NW NE 17 490

282307-  0. 72 NWEMCO LLC 10771 3200 RD HOTCHKISS CO NE SE 18 270 300 340 290

282308-   1. 05 NWEMCO LLC 10771 3200 RD HOTCWISS CO NW SE 18 133 153 220

36544-MH 1. 91 HUSTON, EUGENE E PO BOX641 NUCLA CO SE NW 9 163 203 213 147

47342-MH 1. 76 ENERGY FUELS RESOURCES CORP GO KLEINFELDER 8300JEFFERSON NE STE B ALBUQUERQUE NM SE NE 8 15 24 598

47343-M1- 1 2.W ENERGY FUELS RESOURCES CORP GO KLEINFELDER 8300 JEFFERSON NE STE B ALBUQUERQUE NM NE MN 8 20 25 100

47344-MH 1. 79 ENERGY FUELS RESOURCES CORP GO KLEINFELDER 8300 JEFFERSON NE STE B ALBUQUERQUE NM SW NW 8 75 100 300 95

47345-MH 2. 01 ENERGY FUELS RESOURCES CORP GO KLEINFELDER 8300JEFFERSON NE STE 8 ALBUQUERQUE NM NE NE 8 50 60 139

47346-MH 1. 04 ENERGY FUELS RESOURCES CORP CIO KLEINFELDER 8300 JEFFERSON NE STE B ALBUQUERQUE NM NE NE 17 274 294 600

47347-MH 1. 01 ENERGY FUELS RESOURCES CORP GO KLEINFELDER 8300 JEFFERSON NE STE B ALBUQUERQUE NM NE NW 17 459 479 488

47832-MH 0.64 ENERGY FUELS RESOURCES CORP GO KLEINFELDER 8300 JEFFERSON NE STE B ALBUQUERQUE NM SE INN 17 365 425 470 343

47943-MH 1. 49 ENERGY FUELS RESOURCES CORP GO KLEINFELDER 8300 JEFFERSON NE STE B ALBUQUERQUE NM NE SW 8

47944-MH 1. 24 ENERGY FUELS RESOURCES CORP GO KLEINFELDER 8300 JEFFERSON NE STE B ALBUQUERQUE NM SE SW 8 334 434 439 410

47945-MH 1. 04 ENERGY FUELS RESOURCES CORP GO KLEINFELDER 8300 JEFFERSON NE STE B ALBUQUERQUE NM NE NE 17 297 417 422 379

48011- MI 1. 49 ENERGY FUELS RESOURCES CORP GO GORDON SMITH& CO PO BOX667 NUCLA CO NE SW 8

48086-MH 1. 18 NWEMCO LLC GO LINDA CARTER GOO& G ENVIRONMENTAL 11 INVERNESS WAY S ENGLEWOOD CO SW NE 18

48088-MH 0.85 NWEMCO LLC C/O LINDA CARTER GOO& G ENVIRONMENTAL 11 INVERNESS WAYS ENGLEWOOD CO NE SE 18 270 300 340 290

67228-F 1. 72 ENERGY FUELS RESOURCES CORP 44 UNION BLD STE 600 DENVER CO NW SE 7 240 370 50 380 286

67229-F 0.64 ENERGY FUELS RESOURCES CORP 44 UNION BLD STE 600 DENVER CO SE MN 17 340 410 11 420 336

67230-F 1. 16 ENERGY FUELS RESOURCES CORP 44 UNION BLD STE 600 DENVER CO NW NW 17 320 370 25 380 286

74659-F 0.67 ENERGY FUELS RESOURCES CORP 31161 IiWY 90 NUCLA CO SE NW 17 10 420

74660-F 1. 75 ENERGY FUELS RESOURCES CORP 31161 I- WY 90 NUCLA CO NW SE 7 68 380

74661- F 1. 20 ENERGY FUELS RESOURCES CORP 31161 HWY 90 NUCLA CO NW MN 17 52 380
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9. 4 Lysimeter Monitoring

Lysimeter monitoring has been conducted at the JD-8 project since January 2007. The suction lysimeter is
located below the toe of the waste rock pile adjacent to the current runoff collection area( Figure 11) and
was installed to a depth of 22 feet below ground surface in December 2006. The suction lysimeter is
equipped with a Soilmoisture® pressure-vacuum Soil Water Sampler model 1920F1/ K1, which uses a
porous water cup to obtain soil water samples from both saturated and unsaturated soils at depth. The

sampler is designed to remove any available water from the soil by creating a vacuum inside the sampler
that is greater than the soil suction, which creates a gradient which draws water into the ceramic cup.

The purpose of lysimeter monitoring at the JD- 8 Mine is to provide data on whether any localized water
exists in the subsurface of the waste rock and the underlying soils, and to identify whether any potential
flowpaths exist. The secondary use of the lysimeter is as an early detection system for any potential
migration of constituents from the waste rock pile in the future.

The lysimeter has been sampled monthly, with few exceptions, since January 2007 until February 2011.
The lysimeter was dry during all sampling events, indicating that no seepage from the waste rock pile has
been detected( Table 23). The lack of seepage is consistent with the climactic data and hydrogeologic

conceptual model of the site( Sections 7. 2, 7.6, and 9.5) which indicate that evapotranspiration often

exceeds infiltration in the area.
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Figure II: Lysimeter Location
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Table 23: Lysimeter Monitoring Results
Date Sampled Results V uum( mmHg)      Date Sampled Results Vtr:uut» rmrrllr.

1, 29/2007 No water collected 50 1/ 7,2009 Snowed out
2112/ 7007 No water collected 33 78/2009 No water collected 40
2202007 No water collected 40 4/ 14/ 2009 No water collected 40

322/2007 No water clkeeteal 50 6/8/2009 No waiter collected 50
4/ 11/ 2007 No water collected SO 7/ 132009 No water collected 45
5/ 10/2007 No water collected 50 8/ 172009 No water collected 45
ti162007 No water collected 50 10/ 27/2009 No water collected 40
7; 16/2007 No water collected 50 1123/2009 No wattet collected 45

8r'1512007 No water collected 45 1/ 282010 No water collected 45
9t132007 No water collected 50 7/ 102010 No water collected 40

10/ 1712007 No water collected 45 3232010 Na wacr collected 40
11/ 5/ 2007 No water collected 40 5/412010 No water collected 40
12/6/2007 No water collected 40 520/2010 No water collected 40

13/2008 No water collected 40 6/16/2010 No water collected 45
2/ 52008 No water col teeter"   40 8242010 No water collected 40

3/ 11/ 2008 No water collected 40 9/ 162010 No water collected 40
411/ 2008 No water collected 50 10/ 14010 No water collected 45
5/ 6/2008 No water collected 45 11/ 17/2010 No water collected 45

6/ 2)2008 No water collected 40 1212/ 2010 No water collected 40
7/*/ 2008 No water collected 40 1/ 13/ 2011 No water collected 40
8/4/ 2008 No water collected 40 2/ 232011 No water collected 40

9/32008 No water collected 50
100.7/2008 No water collected 45
1 1/ 3/2008 No water collected 40

17/ 10/2008 No wow collected 45

9.5 Local Hydrogeologic System

The JD- 8 Mine is located on the north- facing escarpment ofMonogram Mesa, on a rotated fault block of
Mesozoic sedimentary rocks. The ore zone occurs in the Saltwash Member of the Morrison Formation.

The Saltwash Member is confined between the overlying bentonitic mudstone of the Brushy Basin
Member and the underlying mudstone and siltstone of the Summerville Formation( Weir, et al., 1983).
The northwest-trending faults that parallel the Paradox Valley also transect the JD-8 Mine Lower Permit

Area, parallel to the crest of Monogram Mesa. This structural setting is of particular importance in
assessing hydrologic models for water flow through these geologic units.

9.5. 1 Stratigraphic Units

The principal stratigraphic units at the JD- 8 site include:

Colluvium and aeolian soil as a thin veneer on the escarpment

Brushy Basin Member Morrison Formation
Salt Wash Member Morrison Formation

Summerville Formation

Entrada Sandstone

As shown previously in Figure 9, the majority of the waste rock pile overlies mudstone of the Brushy
Basin Member of the Morrison Formation. The waste rock pile spans a fault, and the portion south of the
fault overlies the lower beds of the Saltwash Member of the Morrison Formation( White, 2006).
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9.5.2 Recharge

The facilities at the JD-8 Mine are located on the escarpment between Monogram Mesa and the floor of

the Paradox Valley. This escarpment has no upgradient groundwater recharge area. The only potential
source of groundwater recharge is direct precipitation onto the escarpment. The rate of recharge from
direct precipitation is very low or negligible, based on several lines of evidence:

Groundwater has not been identified in the JD- 8 Mine Lower Permit Area. No seepage has been

detected at the toe of the waste rock pile, in the lysimeter below the toe of the waste rock pile, or
in any faults or fractures in the Lower Mine Permit Area.
Studies have shown that diffuse recharge( rain and snowmelt over the area) to aquifers in and

basins like Paradox Valley is limited or absent due to low precipitation rates, large vadose zones,
and the water-scavenging vegetation found in dry areas( Wilson and Guan 2004; Foster and
Smith- Carrington 1980).

The abandoned Black Diamond Mine, located two hundred feet below the waste rock pile, is dry.
White( 2006) reported that a number of small displacement faults have been found in the

abandoned Black Diamond mine adit near the large fault on the down dropped block and that

these faults have no history of water flow and it is believed that they are not conduits for
groundwater flow". If recharge was occurring on the escarpment, groundwater( or traces of
groundwater flow) should be evident in the subsurface extent of the Black Diamond Mine.

9.5.3 Local Groundwater Occurrence and Flow Direction

Groundwater has not been identified in the JD- 8 Mine Lower Permit Area. No seepage has been detected

at the toe of the waste rock pile, in the lysimeter below the toe of the waste rock pile, or in any faults or
fractures in the Lower Mine Permit Area.

Investigations have been performed to identify groundwater flow in the abandoned Black Diamond Mine
200 feet below the JD-8 waste rock pile. The Black Diamond mine is dry, and the small displacement
faults( Figure 9) show no evidence of groundwater flow. These direct observations contrast with the
assertion by Golder( 2009b) that the" northwest-trending faults that parallel Davis Mesa and likely act as
conduits to flow". With so little recharge area above the fault, and potential evaporation exceeding
precipitation in the area, a source of water into the fault would be limited. Further, the role of fractures in
unsaturated flow( on the escarpment) would be different from the role of fractures in a saturated flow

regime. As described by Geoscience Services( 2005), fractures behave as capillary barriers that restrict the
movement of water in the unsaturated zone. This concept was used at the Pifion Ridge site in the design of

evapotranspiration( ET) covers, which incorporated a capillary break using coarse-grained material with
larger pore spaces.

In summary, there is no observed evidence for downward vertical flow at the JD- 8 Lower Mine Permit

Area. The recharge zone is limited to the area receiving direct precipitation and snowmelt. Potential
evaporation exceeds precipitation, and any excess water that occurs temporarily is likely to run off due to
the steep slopes in the area. Surface water runoff is addressed in Attachment 4 of the EPP.

9.5.4 Groundwater Quality

Groundwater has not been encountered at the JD- 8 Mine Lower Permit Area. Therefore, site-specific

water quality data are not available. However, groundwater investigations at the Pinon Ridge project,
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located 2.2 miles from the JD- 8 site, indicated that two general types of groundwater quality were
identified. Groundwater at the contact of the Moenkopi/Chinle is characterized by near neutral pH values
pH approximately 7 to 8), total dissolved solids( TDS) concentrations between 590 and 1, 030 mg/L, and

alkalinity between 154 and 250 mg/L as CaCO3( Golder, 2009b). Groundwater near the Hermosa/Chinle

contact is characterized by higher TDS concentrations( 1, 140 to 3, 040 mg/L), primarily due to higher
concentrations of sulfate( 1, 070 to 1, 810 mg/L)( Golder, 2009b). These results represent the water quality
in the" middle confining units" between the upper Mesozoic aquifer( missing in the central portion of
Paradox Valley) and the lower Paleozoic carbonate aquifer.

Weir, et al.,( 1983) reported that total dissolved solids in the alluvium of the Paradox Basin ranged from

302 to 1, 560 mg/L, with an average of 770 mg/L. These concentrations exceed Secondary Maximum
Contaminant Levels( SMCLs) established for drinking water. Alluvial groundwater, where it occurs, is a
calcium sulfate or calcium bicarbonate type water, with sodium concentrations of 130 mg/L or less( Weir,
et al., 1983).

Weir, et al.,( 1983) reported that the upper Mesozoic aquifer is typically a calcium bicarbonate water
containing varying concentrations of sulfate and that" water from units containing abundant shale, such as
the Mesaverde Group, Mancos Shale, and Brushy Basin Member of the Morrison Formation is typically a
sodium bicarbonate water containing sulfate or chloride." The range of dissolved solids reported by Weir,
et al. ( 1983) for the Morrison Formation was 1, 260 to 4,040 mg/L with sulfate ranging from 310 to 1, 200
mg/L. These TDS and sulfate values naturally exceed SMCLs for drinking water and are comparable to
the SPLP results from the JD- 8 Mine described in Section 5. 2.3.

10. CONSTRUCTION SCHEDULE

Rule 6.4.21( 15) requires that the Operator submit construction schedule information for all Environmental

Protection Facilities designed to contain or transport toxic or acid- forming materials or designated
chemicals used in the extractive metallurgical process and all facilities proposed to contain, hold, or
dispose of material that has the potential to cause acid mine drainage. At the JD- 8 Mine, the
Environmental Protection Facilities requiring construction schedule information include the waste rock
piles, temporary ore storage pile, planned stormwater impoundment, and diesel fuel storage area. The
construction schedule is provided in Table 24.

0
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Table 24: Construction Schedule

Dates Activity Status

2005-present Maintenance of existing stormwater BMPs Ongoing
2006 Lysimeter installation Complete

Jan 2007-2011 Lysimeter monitoring Complete

Relocation of temporary ore stockpile into
Feb 2011 underground storage area Complete

Pending( contingent of DRMS approval of
2027 Retention pond 1 and spillway construction Drainage Design Plan)

Retention pond 2 and spillway/culvert Pending( contingent of DRMS approval of
2027 construction/ installation Drainage Design Plan)

TBD Implementation of operational stormwater BMP Pending( contingent on mine buildout)
Pending( contingent of resumption of

TBD Reconstruction of temporary ore storage pile active mining status)

TBD Sealing of mine portals Pending( post mining)
TBD Decommissioning of fuel storage area Pending( post mining)
TBD Implementation of post-mining BMPs Pending( post mining)
TBD Waste rock pile final reclamation Pending( post mining)
TBD- To Be Determined

11. SOILS STOCKPILE AND REVEGETATION

Revegetation is part of the mine Reclamation Plan. As such, Rule 6.4.21( 17) requires that the Operator
provide the following information to assure that acceptable plant growth medium is preserved and to
determine what soil amendments may be necessary to promote reclamation:

a)  A soil survey map of the proposed affected area that delineates soil units, soil texture, estimated
cubic yards of soil and subsoils available for reclamation and if saved, where such material will
be stockpiled for reclamation;

b)  Such map shall be based on site-specific soils investigations and shall be on such a scale as to
provide a basis for soil management recommendations and be the same scale as the reclamation
map; and

c)  For each soil map unit, provide in tabular form, all data from analyses of representative samples
of surface and subsurface soil units as to

i.     soil pH, texture, electrical conductivity, sodium adsorption ratio and any other parameters
that the Operator/Applicant or Office deems necessary for proper soils characterization;

ii.     indicate on a map, or in the soils narrative, the location of each soil unit on the affected
area where the above soil characteristics may be problematic as to suitability for a plant
growth medium; and

iii.     type, form and amounts of any soil amendments that may be necessary or recommended
by the local Soil Conservation Service, Soil Conservation District, or other qualified
special district, and standard soil laboratory analyses and fertilizer recommendations( if
available) for the types ofplant species proposed to be established; or
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iv.     provide, as an alternative, a plan of experiments to determine the type, form and amount
of any soil amendments that may be necessary to fulfill the requirements of the
Reclamation Plan.

11. 1 Soils

Topsoil and growth media designated for use for revegetation was stockpiled during initial mine
development. The location of the soils stockpile is shown in Map 2. Volumetric estimates based on GPS
mapping of the toe, crest, and height of the stockpile indicate that 1, 680 cyds of topsoil and growth media
are currently contained in the topsoil stockpile.

The soil types within the JD- 8 Mine lower permit boundary and surrounding area are shown on Map 4.
Soil properties, including texture, pH, electrical conductivity and sodium adsorption ratio for soil types in
the study area are shown in Table 25. The soil data was derived from the Soil SURvey Geographic
SSURGO) data set for CO641: San Miguel Area, Colorado, Parts ofDolores, Montrose, and San Miguel

Counties( NRCS, 2011), which was downloaded from the federal Soil Data Mart online database. The

SSURGO data set is a digital soil survey and is the most detailed level of soil geographic data developed
by the National Cooperative Soil Survey.

The JD- 8 Mine Lower Permit Area is located on the steep north- facing escarpment of Monogram Mesa,
with significant rock outcrop and thin soil cover. The dominant soil types within the JD- 8 Mine lower

permit boundary are the Bodot and Ustic Torriorthents soils, which are shown as Unit 23 on Map 4. These
soils are classified as fine, montmorillonitic, calcareous, mesic Ustic Torriorthents. Soil pH ranges from

7. 9 to 9.0. Soil salinity ranges from 0 to 8.0 mmhos/ cm while sodium adsorption ratios( SAR) for soils in
the study area range from 0 to 10. The site is mapped as Hydrologic Soil Group C( NRCS. 2011). Group
C soils are defined as:

Group C: Soils having a slow infiltration rate when thoroughly wet. These consist chiefly ofsoils
having a layer that impedes the downward movement ofwater or soils ofmoderatelyfine texture
orfine texture. These soils have a slow rate ofwater transmission.

Table 25: Soil Types in Vicinity ofthe JD-8 Mine
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SSodiumMap Soil Naive Taxonomic Classification
apt pH Sahntty Adsorption

Unit in)       ( i.u.)      ( nunkos/cm)  
Ratio

Fine, montmorillonitic 0- 3 7.9- 8.4 0.0 0

Bodot. dry.      ( calcareous), mesic Ustic 3- 30 8. 5- 9.0 2.0-8.0 0- 10

Torriorthents 30-34

0- 4 7. 9- 8.4 0.0-2.0 0
t'  "     

Ustic Torriorthents 4- 31 7.9- 8. 4 0.0- 2.0 0
torrionhcnts

31- 35

Loamy, mixed( calcareous), 0-8 7.4- 8.4 0.0-2.0 0

Gladel mesic Lithic Ustic
8- 12

Torriorthents

45 0-3 6.6- 7. 8 0.0-2. 0 0-5
Loamy, mixed, mesic LithicBond
Ustollic Hapiargids

16-20

6.b^ 8. 4 0.0- 2.0 O-

Rock outcrop 0-60

0-3 6.6- 7.8 0.0 0

60 Monogram
Fine-silty, mixed, mesic 3- 14 6.6- 7.8 0.0-2.0 0

Ustollic H lar ids 14-28 7.9- 8.4 0.0-2. 0 0- 10

28.60 7.9- 8.4 0.0-2.0 0- 10

Loamy, mixed, mesic Lithic
0-5 7.4- 8.4 0.0- 2.0 0

Pittnn, cool
Ustollic Calciorthids

5- 16 7.9- 8.4 0.0-2.0 0

16-20       -     
0- 5 7.4- 8.4 0.0-2. 0 0

Bowdish, cool
Fine- loamy, mixed. mesic 5- 12 7.9- 8.4 0.0-4. 0 0

75
Jatoilic Calciorthids 12-23 7.9- 9.0 0.0-4.0 0- 10

23- 27       -     

0-7 7.4- 7.8 0.0 0•

Progresso.       Fine- loamy, mixed, mesic
7- 14 7.4- 7.8 0.0 0

cool Ustollic Hapiargids
14-24 7.9- 8.4 0.0-. 0 0

24-36 7.9- 8.4 0.0-2.0 0

36-40       -     

87 Rock outcrop 0-60

Rock outcrop 0-60

0- 1 7.9- 8,4 0.0 0

88
CMhents Orthents

1- 14 7.9- 8.4 0.0-2.0 0

14- 24 7.9- 8.4 0.0-2.0 0

24-60 7.9- 8.4 0.0- 2. 0 0

11. 2 Reseeding Specifications

The reclamation seed mix was specified by DOE for DOE uranium leasing sites. The seed mixture was
developed in consultation with U. S. Bureau of Land Management and is generally approved for use

within the Slick Rock, Naturita, Uravan, and Gateway, Colorado areas. Seed selection criteria were based
on climate and elevation ranges within these areas. All seed tags must be submitted to DOE for

verification prior to the seed application.
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Table 26: Reseeding Mixfor DOE Uranium Leasing Sites
Species Broadcast

Scientific Name Common Name
Application Rate

lb.PLS/acre 1

Pascopyrum smithii Arriba western wheatgrass 4.0

Elymus trachycaulus ssp. trachycaulus Slender wheatgrass 2.0

Achnatherum hymenoides Paloma or Rimrock Indian Ricegrass 3. 0

Bouteloua gracilis Hachita blue grama 2.0

Pleuraphis jamesii ( florets) James' galleta 2.0

Hesperostipa comata ssp. comata Needle and thread 1. 0

Nassella viridula Lodorm green needlegrass 2.0

Achillea millefolium var. occidentalis Western yarrow 0. 1

Dieteria bigelovii var. bigelovii Bigelow' s tansyaster 0. 1

Dieteria canescens Hoary tansyaster 0. 1

Heliomeris multiflora Showy goldeneye 0. 1

Helianthus annuus Common sunflower 1. 0

Linum lewisii Lewis flax 1. 0

Penstemon cyanocaulis Bluestem beardtongue 0. 5

Peritoma serrulata Rocky Mountain beeplant 1. 0

Sphaeralcea coccinea or Sphaeralcea

parvifolia
Scarlet or small-leaf globemallow 0.3

Atriplex canescens Fourwing saltbush 2.0

Krascheninnikovia lanata Winterfat 1. 0

Total pounds per live seed per acre 23.2

As specified by the DOE:

a)  Seeding immediately following placement of soil before crust formation, preferably in the spring
or fall.

b)  Seed shall be broadcast at the specified application rate and covered( except pocked surfaces)
using a drag bar, chain link, or packer wheels. If seed is drilled, use one-half the broadcast rate.

c)  Revegetation efforts on the disturbed areas will be considered satisfactory when:
i.     Soil erosion from the operation has been stabilized; and

ii.     A vegetative cover at least equal to that present prior to the disturbance and a plant
species composition at least as desirable as that present prior to the disturbance has been
established.

12. WILDLIFE PROTECTIONS

Rule 6.4.21( 18) requires the mine operator to describe measures to minimize or prevent harm or damage
to wildlife species and habitat, including:

Mitigation measures to ensure that there is no overall net loss of critical or important wildlife

habitat consistent with State of Colorado Division ofWildlife( DOW) and United States Fish and

Wildlife Service( USFWS) recommendations, if any; and
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Measures to prevent wildlife from coming into contact with designated chemicals, toxic or acid-
forming materials or areas with acid mine drainage.

12. 1 Wildlife Species

A wildlife survey was performed in 2024 of several DOE lease sites including JD- 8( Traysky, 2024). The
Threatened, endangered, and candidate species that could potentially be affected by the project include:
the gray wolf,yellow-billed cuckoo, Gunnison sage- grouse, Mexican spotted owl, Colorado pikeminnow,
bonytail, humpback chub, razorback sucker, monarch butterfly and silverspot butterfly( Traysky, 2024).
The lease area is currently outside of gray wolf range, and none of the other species are likely to be found
in the vicinity of JD- 8 due to lack of suitable habitat. Raptors potentially in the area include: the golden
eagle, burrowing owl, northern harrier and prairie falcon. The rock outcrop near the JD- 8 portal, could
potentially be suitable for nesting, but no raptor nests were observed( Traysky, 2024). Burrowing owls
nest in extensive prairie dog colonies and none were present. Colorado Division of Wildlife( DOW, 2011)
indicated that small numbers of mule deer and elk are in the area throughout the year, and the mine lies
within mapped winter range for mule deer and severe winter range for elk. During the Traysky( 2024)
survey mule deer and elk sign was present but no individuals were observed. Suitable habitat at JD- 8 is
available for at least 7 bat species of concern from the CODEX database, guano was present in the portal
but no bats were seen( Traysky, 2024).

All of Montrose County is located within the Principal Western Route of the Pacific Flyway migratory
bird route. The Pacific Flyway is the geographic area extending west of the continental divide to the
Pacific Ocean. Most migratory species utilize waterways and water courses as travel corridors. The JD- 8
site is primarily located above the valley floor of the Paradox Basin, several miles from the Dolores River
and Paradox Creek. Therefore, the isolated occurrences of transitory species( i. e. terrestrial wildlife,
eagles, hawks, owls, shorebirds. waterfowl and near-arctic birds) that migrate along the local water
courses are not expected to occupy the JD- 8 mine site.

12.2 Mitigation Measures for Wildlife Protection

The following measures have been, or will be implemented to minimize or prevent potential harm to
wildlife species and habitat:

Wildlife are prevented from accessing the underground workings at the JD- 8 mine by a double-
locked steel gate while the mine is in the inactive phase of intermittent status.

DOE mitigation measures from the Final Uranium Leasing Program Programmatic
Environmental Impact Statement( ULP PEIS) will be used to minimize or avoid the impacts to

bats during mine renewal or reclamation activities.

Noxious weeds are controlled during the current intermittent phase of mining and weed control
will continue throughout the project. Noxious weed control is recommended by DOW for the
preservation of the ecosystem and the survival ofnative plants and the wildlife that depend on
them.

If water quality in surface runoff impoundments is deemed suitable for wildlife, based on

Colorado agricultural water quality standards, surface impoundments constructed for the
collection of stormwater runoff may serve as a local water source for wildlife.
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13. CONCLUSIONS

The JD- 8 Mine is currently in " intermittent status" and is not producing ore. Ore production is expected to
resume at a future date( as yet to be determined). This EPP has addressed the facilities in the Lower Mine

Permit Area, which includes disturbance on the Doagy No. 2 and Opera Box claims, in both the current

intermittent) and future( active) mining conditions. Although the mine permit includes a proposed upper
affected area on the DOE JD- 8 lease tract, the permitted surface area in the upper lease tract has not been
affected at this time. Cotter re-designed the lower mine waste pile and Highbury anticipates that the
proposed upper affected area on top of Monogram Mesa for the mine waste pile and ore storage pad will
not be required at this time. However, if the upper mine waste area and ore storage pad are required in the
future, the EPP will be updated to address this area prior to any new disturbance on the DOE lease tract.

EPP facilities include the waste rock piles, temporary ore storage pile, and fuel storage area. The
Designated Chemicals Evaluation( Section 5) indicated that the waste rock pile has the potential to leach
gross alpha in excess of the maximum contaminant level( MCL) for drinking water. SPLP results also
indicate that the waste rock pile could leach sulfate and TDS in concentrations exceeding aesthetic
drinking water standards( SMCLs) for sulfate and TDS, as well as potentially exceeding Colorado
agricultural standards for vanadium. Previous modeling has shown that it could take over 1, 000 years for
constituents to migrate vertically to the Entrada sandstone aquifer some 400 feet below the JD- 8 waste

rock pile. Meteorological data indicate that potential evaporation exceeds precipitation in the region; thus
infiltration and leaching from the waste rock and ore pile will be limited by the availability of water to
migrate through the piles. Capping of the waste rock pile is expected to further reduce infiltration from
the existing( uncapped) condition.

Stormwater management has been identified as an important component of the JD- 8 Mine EPP. The

Stormwater Management Plan and Drainage Plan( provided in Attachment 4) describe the engineering
practices and BMPs currently in use and planned for future operations at the mine. Stormwater runoff
control structures will be engineered, constructed, and maintained to minimize erosion and sediment

transport.

The EPP also describes the site soils and stockpiled growth media, along with a seed mix for revegetation
to achieve the post-mining land use of grazing and wildlife habitat. Descriptions of wildlife and

mitigation measures for the protection of wildlife are also addressed.
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