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Dear Mr. Anderson:
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2016) for the Cell 2 cover placement activities, Energy Fuels Resources (USA) Inc. (“EFRI”)
provided the DWMRC with the White Mesa Uranium Mill Reclamation Plan, Revision 5.1
(“Reclamation Plan”) on August 10, 2016. DWMRC provided written review comments to
EFRI on both documents, including draft redlines on the SCA on September 28, 2016. EFRI
revised the SCA and select sections of the Reclamation Plan to address DWMRC’s review
comments and also incorporate comments resulting from discussions with the DWMRC during a
meeting on October 5, 2016 and during follow up conference calls. Select sections of the
Reclamation Plan and SCA were submitted on November 11, 2016 to incorporate the above
referenced comments. DWMRC provided verbal comments to the November 11, 2016 revisions
in a conference call on November 16, 2016. The attached redlines address the verbal comments
provided by DWMRC in the November 16, 2016 conference call. This letter transmits the
revised documents and includes:

e Two CDs each containing:

o An electronic file of the revised draft SCA (with redlines since last draft provided
to DWMRC)

o a word searchable electronic copy of the White Mesa Uranium Mill Reclamation
Plan, Revision 5.1 dated December 2016 (includes revised sections of the
Reclamation Plan since the August 2016 version)

o electronic file copies of redlined report sections changed since the November 11,
2016 submittal of the Reclamation Plan

Two sets of hard copies of the revised draft SCA

Two sets of hard copies of replacement sections to the August 2016 version of the

Reclamation Plan. Hard copies include:

o Binder covers
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If you should have any questions regarding this transmittal please contact me at 303-389-4160 or
Kathy Weinel at 303-389-4134.
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ENERGY FUELS RESOURCES (USA) INC.
Harold R. Roberts
Executive Vice President Conventional Operations

cc: David C. Frydenlund
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Logan Shumway
Scott Bakken
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at 303-389-4134.
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Harold R. Roberts
Executive Vice President Conventional Operations
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David Turk
Logan Shumway
Scott Bakken
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INTRODUCTION

This Reclamation Plan (the “Plan”) has been prepared by Energy Fuels Resources (USA) Inc. (“EFRI™)*
for EFRI’s White Mesa Uranium Mill (the “Mill”"), located approximately six miles south of Blanding,
Utah. This Plan presents EFRI’s plans and estimated costs for the reclamation of cells for the tailings
management system, and for decommissioning of the Mill and Mill site.? This Plan is an update to the
White Mesa Mill Reclamation Plan Revision 3.2b (Denison, 2011b) approved by the Utah Department of
Environmental Quality (UDEQ) Division of Radiation Control (DRC) on January 26, 2011.

Summary of Plan

The uranium and vanadium processing areas of the Mill, including equipment, structures and support
facilities, will be decommissioned and disposed of in tailings or buried at the Mill site as appropriate.
Equipment (including tankage and piping, agitation, process control instrumentation and switchgears, and
contaminated structures) will be cut up, removed, and buried in tailings prior to final cover placement.
Concrete structures and foundations will be demolished and removed for disposal in tailings or covered in
place with soil as appropriate.

The sequence of demolition will proceed so as to allow the maximum use of support areas of the facility,
such as the office and shop areas. Uncontaminated or decontaminated equipment to be considered for
salvage will be released in accordance with United States Nuclear Regulatory Commission (“NRC”)
guidance and in compliance with the conditions of the EFRI’s State of Utah Radioactive Materials License
No. UT1900479 (the “License”). As with the equipment for disposal, contaminated soils from the Mill and
surrounding areas and ore or feed materials on the Mill site will be disposed of in the tailings cells in
accordance with Attachment A, Technical Specifications. An evapotranspiration cover system is proposed
for reclamation of the tailings management system cells.

The estimated reclamation costs for surety are set out in Attachment C. Attachment C will be reviewed and
updated in accordance with License requirements. The reclamation costs are based on the approved
Reclamation Plan (Denison, 2011b) and incorporate reclamation work completed to date. The reclamation
costs will be updated when this Plan is approved and the Cell 2 cover performance test sections (see Sections
3.0,5.0,and 6.0) are verified based on requirements outlined in a Stipulation and Consent Agreement (SCA)
being developed between EFRI and UDEQ Division of Waste Management and Radiation Control
(DWMRC) (see Sections 5.0 and 6.0).

Plan Organization

General site characteristics pertinent to this Plan are contained in Section 1.0. Descriptions of the facility
construction, operations and monitoring are given in Section 2.0. The reclamation plan itself, including
descriptions of facilities to be reclaimed and design criteria, is presented in Section 3.0. Section 4.0
provides an overview of the preliminary mill decommissioning plan. Section 5.0 presents how reclamation
would proceed if the “Proposed Cover Design” in Appendix A is not approved. Milestones and schedule
commitments for reclamation are outlined in Section 6.0. Design drawings (“Drawings™) are attached to
this plan following the main text. Attachments A through D comprise the Technical Specifications,

! Prior July 25, 2012 EFRI was “Denison Mines (USA) Corp.” and prior to December 16, 2006, Denison was named
“International Uranium (USA) Corporation.”
2 Cell 1 was previously referred to as Cell 1-I. It is now referred to as Cell 1.
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Construction Quality Assurance/Quality Control (QA/QC) Plan, Reclamation Cost Estimate, and Radiation
Protection Manual for Reclamation Activities. Attachment E provides documents on the approved
“Existing Cover Design” including the Titan Environmental 1996 Tailings Cover Design Report
(Attachment E.1) and Technical Specifications (Attachment E.2). Both documents were included in the
approved Reclamation Plan Revision 3.2b (Denison, 2011b).

Supporting documents include:

e Updated Tailings Cover Design Report, December 2016. MWH, Inc. (Appendix A)
e Preliminary Mill Decommissioning Plan, August 2016. MWH, Inc. (Appendix B)

As required by Part 1.H.11 of previous revisions of the Mill’s State of Utah Ground Water Discharge Permit
No. UGW370004 (the “GWDP™), and Part I.H.2 of the current revision of the GWDP, EFRI completed an
infiltration and contaminant transport model of the final tailings cover system to demonstrate the long-term
ability of the cover to protect nearby groundwater quality (MWH, 2010). The model was updated to address
DWMRC comments on the ICTM Report (DRC, 2012; 2013) and to incorporate additional geotechnical
and hydrologic data collected as part of field investigations conducted in 2010 and 2012 for cover borrow
material and in 2013 for in situ tailings. The updated infiltration modeling results were presented in EFRI
(2012b) and EFRI (2015c). The updated cover design is included in the Updated Tailings Cover Design
Report, included as Appendix A to this Reclamation Plan, and includes a monolithic evapotranspiration
(ET) cover for the tailings cells. The revised cover design and basis was used for this version of the Plan.

The Reclamation Plan is written assuming Cells 2, 3, 4A, and 4B of the tailings management system will
receive tailings to the maximum permitted tailings elevations. Cell 2 is full and partially reclaimed. Cell
3 was used for tailings storage, but currently only receives mill waste and byproduct material in accordance
with License provisions. Cell 3 is partially full, and partially reclaimed. Cell 4A is the only cell currently
receiving tailings and is partially full. Cell 4B is used for evaporation of process solutions and has not been
used for tailings disposal. The Plan has been written assuming Cell 4B will be used in the future for
permanent tailings disposal. If Cell 4B is not used in the future for tailings disposal, Cell 4B can be
reclaimed for clean closure. This design is not presented in this report.

A Cell 1 Disposal Area is included in the reclamation design to provide additional storage for permanent
disposal of contaminated materials and debris from the Mill site decommissioning and windblown cleanup.
The current design is approved per the existing License, however this additional storage area is not currently
needed for reclamation. If the Cell 1 Disposal Area is required for storage at the time of final Mill
decommissioning, the liner system design will be updated to be the same basic design as the liner system
for Cell 4B, including the same basic leak detection system. The revised design would be submitted to the
Director prior to construction. After approval of the design by the Director, the Plan and surety would be
updated to reflect the approved design.

Revisions to this Reclamation Plan include information related to the updated tailings cover design, as well
as results of data collection and monitoring since Revision 5.0 of this Plan (Denison, 2011c). Revisions to
the attachments and appendices of the Reclamation Plan are listed in a tabular format in Table I-1.
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Revisions to Attachments and Appendices in Reclamation Plan

Attachments/ Reclamation Plan Revision 5.0 (2011) Reclamation Plan Revision 5.1B (2018)*
Appendices

Drawings Included in Attachment A Updated and provided as a standalone attachment

Attachment A Plans and Technical Specifications for Reclamation of White Mesa | Updated - Technical Specifications for Reclamation of White Mesa

Mill Facility, Blanding, Utah

Mill Facility, Blanding, Utah

Attachment B

Construction Quality Assurance/Quality Control Plan for
Reclamation of White Mesa Mill Facility, Blanding, Utah

Updated - Construction Quality Assurance/Quality Control Plan
for Reclamation of White Mesa Mill Facility, Blanding, Utah

Attachment C

Cost Estimates for Reclamation of White Mesa Facility in
Blanding, Utah

Updated - Cost Estimates for Reclamation of White Mesa Facility
in Blanding, Utah

Attachment D

Radiation Protection Manual for Reclamation

Updated - Radiation Protection Manual for Reclamation Activities

Attachment E

Not included

Added - Existing Cover Design Documents

Appendix A Semi-Annual Effluent Report (January through June, 2011), for the | Deleted to reduce redundancy (latest report was submitted to
Mill DWMRC)

Appendix B Hydrogeology of the Perched Groundwater Zone and Associated Deleted to reduce redundancy (latest report was submitted to
Seeps and Springs Near the White Mesa Uranium Mill Site, DWMRC)
Blanding, Utah, November 12, 2010, prepared by Hydro Geo
Chem, Inc. (the “2010 HGC Report”)

Appendix C The Mill’s Stormwater Best Management Practices Plan, Revision | Deleted to reduce redundancy (latest report was submitted to
1.3, June 12, 2008, Emergency Response Plan, Revision 2.1, DWMRC)
August 18, 2009, and Spill Prevention, Control, and
Countermeasures Plan, 2011.

Appendix D Updated Tailings Cover Design Report, White Mesa Mill, Updated and now Appendix A - Updated Tailings Cover Design
September 2011. MWH Americas, Inc. Report, White Mesa Mill, December 2016. MWH, Inc.

Appendix E National Emission Standards for Hazardous Air Pollutants Radon Deleted to reduce redundancy (latest report was submitted to
Flux Measurement Program, White Mesa Mill Site, 2010, Tellco DWMRC)
Environmental

Appendix F Semi-Annual Monitoring Report January 1 - June 30, 2010, White | Deleted to reduce redundancy (latest report was submitted to
Mesa Mill Meteorological Station, August 19, 2011, McVehil- DWMRC).
Monnett Associates, Inc.

Appendix G Preliminary Mill Decommissioning Plan, White Mesa Mill, Updated and now Appendix B - Preliminary Mill

September 2011, MWH Americas, Inc.

Decommissioning Plan, White Mesa Mill, August 2016, MWH,
Inc.

*Main Text and Attachment A were updated from Revision 5.1 to 5.1B (see Section 1).
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1 SITE CHARACTERISTICS

EFRI operates the Mill, which is located approximately six miles south of Blanding, Utah (see Figures
1-1 and 1-2). The Mill was initially licensed by the NRC in May 1980 under NRC Source Material
License No. SUA-1358. Upon the State of Utah becoming an Agreement State for uranium mills in
August 2004, the Mill’s NRC license was replaced with the Mill’s current State of Utah License and
the Mill’s GWDP.

The License was up for timely renewal on March 31, 2007 in accordance with Utah Administrative
Code (“UAC”) R313-22-36.% In accordance with R313-22-36, EFRI submitted an application to the
Director (“Director”) of Utah Department of Environmental Quality, Division of Waste Management
and Radiation Control (“DWMRC”)* on February 27, 2007 for renewal of the License under R313-22-
37 (the #2007 License Renewal Application™). Similarly, the GWDP was up for timely renewal on
March 8, 2010, in accordance with UAC R317-6-6.7. In 2009, 2012, and 2014, EFRI filed an
application to the DWMRC for renewal of the GWDP for under R313-6-6.7.

The Mill is also subject to State of Utah Air Quality Approval Order DAQE-AN1205005-06 (the “Air
Approval Order”) which was re-issued on March 2, 2011 and is not up for renewal at this time.

Revision 3.0 of this Plan was submitted to and approved by NRC in 2000. A copy of Revision 3.0 of
this Plan was also submitted to the DWMRC as part of the 2007 License Renewal Application. The
most recently approved version of the Reclamation Plan is Revision 3.2b (Denison, 2011a). This
version of the Reclamation Plan was approved by DRC under the Mill License on January 26, 2011. A
copy of the White Mesa Mill Reclamation Plan, Revision 4.0 was previously submitted to the Director
in November 2009 and is on file at the DRC. This version and previous versions of the Reclamation
Plan presented design criteria for a multi-layered cover system. Revision 5.0 of this Plan was submitted
to the DWMRC in September 2011. EFRI prepared Revision 5.0 of the Plan to incorporate changes
since 2009 and to address interrogatories from the DWMRC (DRC, 2010 and 2011). EFRI prepared
Revision 5.1 of the Plan to incorporate changes since 2011 and include updates provided in EFRI
response to interrogatories and review comments from DWMRC on Reclamation Plan, Revision 5.0
(Denison, 2012; EFRI, 2012a; EFRI, 2015). EFRI prepared this Revision 5.1B to address select public
comments on the White Mesa Mill Groundwater Discharge Permit and Radioactive Materials License.
EFRI responses to public comments were documented in EFRI (2017) and an updated Section 6 to
Revision 5.1 of the Plan was provided as an attachment. Attachment A (Technical Specifications) has
also been updated for Revision 5.1B with a minor revision to address public comments. The remaining
attachments and appendices do not require revisions and therefore the designation of Revision 5.1 or
reference to Revision 5.1 remain to indicate changes have not been made to these components of the
Plan.

This Section 1.0 of the Plan incorporates by reference, updates or supplements, information previously
submitted in previous environmental analyses performed at the Mill, as described below.

3 The License was originally issued by the NRC as a source material license under 10 CFR Part 40 on March 31, 1980. It was
renewed by NRC in 1987 and again in 1997. After the State of Utah became an Agreement State for uranium mills in August 2004,
the License was re-issued by the DWMRC as a State of Utah Radioactive Materials License on February 16, 2005, but the remaining
term of the License did not change.

4 Prior to 2015, the DWMRC was two separate divisions of UDEQ, the Division of Radiation Control and the Division of Solid
and Hazardous Waste.
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A Final Environmental Statement Related to Operation of White Mesa Uranium Project, Energy Fuels
Nuclear, Inc., May, 1979, Docket No. 40-8681 (the “FES”) was prepared by NRC for the original
License application in May 1979, which is incorporated by reference into, updated or supplemented by
this Section 1.0. The basis for the FES was the Environmental Report, White Mesa Uranium Project
San Juan County, Utah, dated January 1978, prepared by Dames & Moore (the “1978 ER”). In
addition, the following environmental evaluations and other reports have been performed for the Mill
and are incorporated by reference into, updated or supplemented by this Section 1.0:

the Environmental Assessment (“EA”) prepared for this Plan in February 2000 by NRC (the “2000
EA”);

the EA prepared in August 2002 by NRC (the “2002 EA”) in connection with a License amendment
issued by NRC authorizing receipt and processing at the Mill of certain alternate feed materials
from the Maywood Formerly Utilized Sites Remedial Action Program site in Maywood, New
Jersey;

the Statements of Basis prepared in December 2004 by the State of Utah Department of
Environmental Quality (“UDEQ”) DWMRC in connection with the issuance of the GWDP
revisions (the “GWDP Statement of Basis”);

the Environmental Report in Support of the License Renewal Application, State of Utah Radioactive
Materials License No. UT1900479, prepared by Denison Mines (USA), Inc., February 28, 2007
(the “2007 ER™);

Background Groundwater Quality Reports, Source Assessment Reports (SARs), Pyrite
Investigation Report and pH Report as discussed in Section 1.5.4.
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1.1 Climate and Meteorology
1.1.1 Regional

The climate of southeastern Utah is classified as dry to arid continental. Although varying somewhat with
elevation and terrain, the climate in the vicinity of the Mill is semi-arid with normal annual precipitation of
about 13.32 inches (see Table 1.1-1). Most precipitation is in the form of rain with snowfall accounting for
about 29 percent of the annual total precipitation. There are two separate rainfall seasons in the region, the
first in late summer and early autumn (August to October) and the second during the winter months
(December to March). The mean annual relative humidity is about 44 percent and is normally highest in
January and lowest in July. The average annual Class A pan evaporation rate is 68 inches (NOAA, 1977),
with the largest evaporation rate typically occurring in July. This evaporation rate is not appropriate for
determining water balance requirements for the tailings management system and must be reduced by the
Class A pan coefficient to determine the latter evaporation rate. Values of pan coefficients range from 60
to 81 percent. EFRI assumes for water balance calculations an average value of 70 percent to obtain an
annual lake evaporation rate for the Mill area of 47.6 inches. Given the annual average precipitation rate
of 13.32 inches, the net evaporation rate is 34.28 inches per year.

The weather in the Blanding area is typified by warm summers and cold winters. The National Weather
Service Station in Blanding, Utah is located about 6.25 miles north of the Mill. Data from the station is
considered representative of the local weather conditions (1978 ER, Section 2.7.2). The mean annual
temperature in Blanding was 50.3°F, based on the Period of Record Summary (1904 - 2006). January is
usually the coldest month and July is usually the warmest month (see Table 1.1-2).
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Table 1.1-1
Period of Record General Climate Summary — Precipitation

Station:(420738) BLANDING
From Year=1904 To Year=2006
Precipitation Total Snowfall

>= >= >= >=

Mean |High ‘Year Low Year | 1DayMax. | o5 |o10% (050in 11.00in.

Mean |High |Year

dd/yyyy
in. in. - inc | - |in or # Days |# Days |# Days |# Days | in. in. -
yyyymmdd

January | 1.39| 5.31|1993 0.00 |1972 |1.49 | 15/1978 6 4 1 0| 10.8 | 46.9 |1979
February | 1.21| 3.87|1913|0.00 1906 1.50 | 03/1908 6 3 1 0| 7.3 39.7|1913
March 1.05| 3.72 1906 0.00 |1932 |1.13| 01/1970 6 3 1 0| 4.4 17.9/|1970
April 0.87 | 4.35|1926 |0.00 1908 |1.33 | 04/1987 5 2 0 0| 19 15.2|1957
May 0.71| 2.62|1926 |0.00 1910 |1.26 | 25/1994 4 2 0 0| 02, 4.0/1978
June 0.45| 2.84 /1948 |0.00 1906 |1.40 | 28/1938 3 1 0 0| 0.0, 0.0/1905
July 1.15| 3.55 1914 |0.00 |1920 |1.74 | 21/1985 6 3 1 0| 0.0, 251906
August | 1.38 | 4.95|1968 |0.03 |1985 4.48 | 01/1968 7 4 1 0| 0.0, 0.0/1905
September | 1.28 | 4.80 {1927 |0.00 1912 |1.85| 29/1905 5 3 1 0| 0.0 6 3.5/1905
October | 1.45| 7.01 1916 0.00 |1915 |2.00 | 19/1908 5 3 1 0| 03| 6.0/1984
November | 1.05| 4.17 1905 |0.00 (1929 2.79 | 27/1919 4 3 1 0| 33| 19.0/1931
December | 1.33 | 6.84 1909 |0.00 1917 |3.50 | 23/1909 5 3 1 0| 9.8 55.0|1909
Annual |13.32 |24.42 11909 4.93 |1956 |4.48 | 19680801 62 36 7 1| 38.2/121.0 |1909
Winter | 3.93|11.95 1909 |0.29 |1964 |3.50 | 19091223 17 10 2 0| 27.9100.2 |1979
Spring | 2.63| 7.77|1926 0.10 1972 |1.33 | 19870404 15 1 0| 6.5 28.7|1970
Summer | 2.98 | 6.90 1987 0.12 |1960 |4.48 | 19680801 16 2 0| 0.0, 251906
Fall 3.78 | 8.70 1972 |0.50 |1917 |2.79 | 19191127 14 2 1| 3.7| 19.5/1908

Table updated on Jul 28, 2006
For monthly and annual means, thresholds, and sums:
Months with 5 or more missing days are not considered
Years with 1 or more missing months are not considered
Seasons are climatological not calendar seasons

Winter = Dec., Jan., and Feb.  Spring = Mar., Apr., and May
Summer = Jun., Jul., and Aug. Fall = Sep., Oct., and Nov.
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Table 1.1-2
Period of Record General Climate Summary - Temperature

Station:(420738) BLANDING
From Year=1904 To Year=2006

X/Ionthly Daily Extremes Monthly Extremes Max. Temp. | Min. Temp.
verages
. . Highest Lowest >= <= <= <=
Max. [Min. |Mean High| Date |Low| Date Mean Year Mean Year 9F |32F | 32F | OF
dd/yyyy dd/yyyy
FIF F |F | o |F| o Fol- | F |- |

yyyymmdd yyyymmdd Days | Days | Days | Days

January |39.1/17.2| 28.2| 63| 31/2003 | -20| 12/1963 40.2 2003 | 12.6|1937| 00| 6.2 303| 1.8
February | 449223 | 33.6 71| 28/1906| -23| 08/1933 44211995, 18.8|1933| 00, 20,6 26.1| 0.7
March | 52.7/27.8| 40.3| 86| 31/1906 | -3| 28/1975 51.0/2004 | 33.0/1948, 00| 03| 234, 0.0
April 62.234.3| 48.2| 88| 19/1905| 10| 24/1913 56.9 1992 3941928, 00| 00| 124, 0.0
May 72.3|42.1| 57.2| 98| 31/2002| 15| 16/1910 65.0 /12000, 50.1 1917, 04| 00, 27, 0.0
June 83.3/50.7| 67.0| 110| 22/1905 | 28| 03/1908 75.3|2002| 61.2/1907| 63| 00| 02| 0.0
July 88.7|57.9| 73.3| 109| 19/1905| 36| 15/1934 81.1|2003| 66.3/1916| 151, 0.0 0.0| 0.
August | 86.2|56.2| 71.2| 106 | 18/1905| 38| 23/1968 77.2|1926 | 65.6/1968| 9.0, 00| 00| 0.0
September | 78.2|48.3| 63.3| 100 01/1905| 20| 26/1908 70.2|2001| 56.6/1922| 13| 00| 03| 0.0
October | 66.0/38.0| 52.0| 99| 08/1905| 10| 30/1971 59.6 12003 | 44.6/1969, 0.1| 00| 6.6, 0.0
November | 51.4 |126.7 | 39.1| 74| 04/1905| -7| 25/1931 47311999 | 3241952 00, 04 236| 0.1
December | 41.219.2| 30.2| 65| 03/1929| -13| 23/1990 39.4/1980, 1941931, 00| 45| 300, 0.9
Annual | 63.8|36.7| 50.3| 110 | 19050622 | -23 | 19330208 55.1/2003| 47.2/1932| 32.2| 1351556, 3.4
Winter | 41.7 /19.5| 30.7| 71| 19060228 | -23 | 19330208 37.5|1907| 19.3/1933| 0.0 12.7| 86.4| 3.3
Spring | 62.4|34.7| 48.6| 98| 20020531 -3| 19750328 54.8 2004 | 43.6/1909| 04| 03] 385| 0.0
Summer | 86.0 |54.9| 70.5| 110 | 19050622 | 28| 19080603 76.4|2002| 67.4/1941| 304, 00| 02| 0.0
Fall 65.2|37.7| 51.4| 100 | 19050901 | -7 | 19311125 58.3 /1926 | 47.8/1912| 14, 04| 305| 01

Table updated on Jul 28, 2006
For monthly and annual means, thresholds, and sums:
Months with 5 or more missing days are not considered
Years with 1 or more missing months are not considered
Seasons are climatological not calendar seasons

Winter = Dec., Jan., and Feb.  Spring = Mar., Apr., and May
Summer = Jun., Jul., and Aug. Fall = Sep., Oct., and Nov.

Winds are usually light to moderate in the area, although occasional stronger winds may occur in the late
winter and spring. The predominant winds are from the north through north-east (approximately 30 percent
of the time) and from the south through south-west (about 25 percent of the time). Winds are generally less
than 15 mph, with wind speeds greater than 25 mph occurring less than one percent of the time (1978 ER,
Section 2.7.2). As an element of the pre-construction baseline study and ongoing monitoring programs, the
Mill operates an onsite meteorological station, described below. Further details about weather and climate
conditions are provided in the 1978 ER (Section 2.7) and in the FES (Section 2.1).
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1.1.2  Storms (FES Section 2.1.4, updated)

Thunderstorms are frequent during the summer and early fall when moist air moves into the area from the
Gulf of Mexico. Related precipitation is usually light, but a heavy local storm can produce over an inch of
rain in one day. The maximum 24-hour precipitation reported to have fallen during period 1904-2006 at
Blanding was 4.48 inches (11.36 cm). Hailstorms are uncommon in this area. Although winter storms may
occasionally deposit comparable amounts of moisture, maximum short-term precipitation is usually
associated with summer thunderstorms.

Tornadoes have been observed in the general region, but they occur infrequently. Strong winds can occur
in the area along with thunderstorm activity in the spring and summer. The Mill area is susceptible to
occasional dust storms, which vary greatly in intensity, duration, and time of occurrence. The basic
conditions for blowing dust in the region are created by wide areas of exposed dry topsoil and strong,
turbulent winds. Dust storms usually occur following frontal passages during the warmer months and are
occasionally associated with thunderstorm activities.

1.1.3  On Site

On-site meteorological monitoring at the Mill was initiated in early 1977 and continues today. The original
purpose of the meteorological monitoring program was to document the regional atmospheric baseline and
to provide data to assist in assessing potential air quality and radiological impacts arising from operation of
the Mill.

After the Mill construction was completed, the monitoring programs were modified to facilitate the
assessment of Mill operations. The current meteorological monitoring program includes data collection for
wind speed, wind direction, atmospheric stability according to the standard Pasquill scheme (via
measurements of deviations in wind direction, referred to as sigma-theta), and precipitation as either rain
or snow. The recorded on-site meteorological conditions are reported to EFRI on a semi-annual basis and
are described in semi-annual reports maintained at the Mill. Figure 1.1-1 shows the windrose for the Mill
site for January — December 2015, the most recent full year of compiled meteorological data.
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1.2 Topography
The following text is reproduced from Section 2.3 of the FES.

The site is located on a "peninsula™ platform tilted slightly to the south-southeast and surrounded on almost
all sides by deep canyons, washes, or river valleys. Only a narrow neck of land connects this platform with
high country to the north, forming the foothills of the Abajo Mountains. Even along this neck, relatively
deep stream courses intercept overland flow from the higher country. Consequently, this platform (White
Mesa) is well protected from runoff flooding, except for that caused by incidental rainfall directly on the
mesa itself. The land on the mesa immediately surrounding the Mill site is relatively flat.

1.3  Archeological Resources

The following discussion of archeological sites is adapted from Section 2.5.2.3 of the FES.
1.3.1 Archeological Sites

Archeological surveys of portions of the entire Mill site were conducted between the fall of 1977 and the
spring of 1979. The total area surveyed contained parts of Section 21, 22, 27, 28, 32, and 33 of T37S,
R22E, and encompassed 2,000 acres (809 ha), of which 200 acres (81 ha) are administered by the U. S.
Bureau of Land Management (“BLM”) and 320 acres (130 ha) are owned by the State of Utah. The
remaining acreage is privately owned. During the surveys, 121 archeological sites were recorded and all
were determined to have an affiliation with the San Juan Anasazi who occupied this area of Utah from 0
A.D. t0 1300 A.D. All but 22 of the sites were within the Mill site boundaries.

Table 1.3-1, adapted from FES Table 2.18, summarizes the recorded sites according to their probable
temporal positions. The dates of occupation are the best estimates available, based on professional
experience and expertise in the interpretation of archeological evidence. Available evidence suggests that
settlement on White Mesa reached a peak in perhaps 800 A.D. Occupation remained at approximately that
level until sometime near the end of Pueblo Il or in the Pueblo I1/Pueblo 111 transition period. After this
period, the population density declined sharply, and it may be assumed that the White Mesa area was, for
the most part, abandoned by about 1250 A.D.

Archeological test excavations were conducted by the Antiquities Section, Division of State History, in the
spring of 1978, on 20 sites located in the area later to be occupied by Cells 2, 3 and 4 (now comprised of
Cell 4A and Cell 4B). Of these sites, 12 were deemed by the State Archeologist to have significant National
Register potential and four to have possible significance. The primary determinant of significance in this
study was the presence of structures, though storage features and pottery artifacts were also common.

In the fall of 1978, a surface survey was conducted on much of the previously unsurveyed portions of the
proposed Mill site. Approximately 45 archeological sites were located during this survey, some of which
are believed to be of equal or greater significance than any sites from the earlier study. Determination of
the actual significance of all untested sites would require additional field investigation.
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Table 1.3-1
Distribution of Recorded Sites According to Temporal Position

Temporal position Approximate dates (A.D.)a Number of sites
Basket Maker 111 575-750 2
Basket Maker I11/Pueblo | 575-850 27
Pueblo | 750-850 12
Pueblo I/Pueblo 11 850-950 13
Pueblo Il 950-1100 14
Pueblo I1/Pueblo I11 1100-1150 12
Pueblo 111 1150-1250 8
Pueblo I1+ B

Multicomponent C 3
Unidentified D 14

a Includes transitional periods.

b Although collections at these locations were lacking in diagnostic material, available evidence indicates that the site
would have been used or occupied no earlier than 900 A.D. and possibly later.

¢ Ceramic collections from each of these sites indicate an occupation extending from Pueblo | through Pueblo 11 and
into Pueblo I1I.

d These sites did not produce evidence strong enough to justify any identification.

Source: Adapted from Dames & Moore (1978b) (1978 ER), Table 2.3-2, FES, Page 2-20, Table 2.18, and from
supplementary reports on project archeology.

Pursuant to 10 CFR Part 63.3, the NRC submitted on March 28, 1979, a request to the Keeper of the
National Register for a determination of eligibility for the area which had been surveyed and tested. The
area contained 112 archeological sites and six historical sites. The determination by the Keeper of the
National Register on April 6, 1979, was that the White Mesa Archeological District is eligible for inclusion
in the National Register.

1.3.2 Current Status of Excavation
Archeological investigations for the entire Mill site and for Cells 1 through Cell 4 (now comprised of Cell
4A and Cell 4B) were completed with the issuance of four separate reports covering 30 sites, excluding re-
investigations. (Lindsay 1978, Nielson 1979, Casjens et al 1980, and Agenbroad et al 1981).

The sites reported as excavated are as follows:

6380 6394 6437
6381 6395 6684
6384 6396 6685
6385 6397 6686
6386 6403 6697
6387 6404 6698
6388 6420 6699
6391 6429 6754
6392 6435 6757

6393 6436 7754
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Sites for which excavation has not been required are:

6379 6441 7658 7690
6382 6443 7659 7691
6405 6444 7660 7693

The sites remaining to be excavated or investigated for significance are:

6408 6445 7657 7687
6421 6739 7661 7689
6427 6740 7665 7696
6430 7653 7668 7700
6432 7655 7675 7752
6439 7656 7684 7876

The following site was excavated in 2009 in connection with the construction of the new decontamination
pad at the Mill:

425227732

The following sites were excavated in the summer of 2010 in connection with the construction of Cell 4B
and a final report was prepared:

42536391 42536431 425228129 425a28133
42536392 42536757 425a28130 425a28134
42526393 42538014 425228131
42536397 425328128 425228132

1.4 Surface Water

The following description of undisturbed surface water conditions is adapted from Section 2.6.1 of the FES
and Section 3.7.1 of the 2007 ER and is updated to include current data.

The Mill was designed and constructed to prevent run-on or runoff of stormwater by a) diverting runoff
from precipitation on the Mill site to the tailings management cells; and b) diverting runoff from
surrounding areas away from the Mill site. In addition to these designed control features, the facility has
developed a Stormwater Best Management Practices Plan, Revision 1.5: May 2, 2016 (EFRI, 2016) which
describes site drainage features and the best management practices employed to assure appropriate control
and routing of stormwater.

1.4.1 Surface Water Description (FES Section 2.6.1.1)

The Mill site is located on White Mesa, a gently sloping (1 percent SSW) plateau that is physically defined
by the adjacent drainages which have cut deeply into regional sandstone formations. There is a small
drainage area of approximately 62 acres (25 ha) above the site that could yield surface runoff to the site.
Runoff from the Mill area is conducted by the general surface topography to either Westwater Creek, Corral
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Creek, or to the south into an unnamed branch of Cottonwood Wash. Local porous soil conditions,
topography and low acreage annual rainfall of 13.32 inches cause these streams to be intermittently active,
responding to spring snowmelt and local rainstorms (particularly thunderstorms). Surface runoff from
approximately 384 acres (155 ha) of the Mill site drains westward and is collected by Westwater Creek,
and runoff from another 384 acres (155 ha) drains east into Corral Creek. The remaining southern and
southwestern portions of the site drain indirectly into Cottonwood Wash (Dames & Moore, 1978b, p. 2-
143). The site and vicinity drainages carry water only on an intermittent basis. The major drainages in the
project vicinity are depicted on Figure 1.4-1 and their drainages tabulated in Table 1.4-1. Total runoff from
the site area (total yield per watershed area) is estimated to be less than 0.5 inch (1.3 cm) annually (Dames
& Moore, 1978b, p. 2-143).

There are no perennial surface waters on or in the vicinity of the Mill site. This is due to the gentle slope
of the mesa on which the site is located, the low average annual rainfall of 13.32 inches (33.8 cm) per year
at Blanding, local soil characteristics and the porous nature of local stream channels. Prior to construction,
three small ephemeral catch basins were present on the site to the northwest and northeast of the Mill site.

Corral Creek is an intermittent tributary to Recapture Creek. The drainage area of that portion of Corral
Creek above and including drainage from the eastern portion of the site is about 5 square miles (13 km?).
Westwater Creek is also an intermittent tributary of Cottonwood Wash. The Westwater Creek drainage
basin covers nearly 27 square miles (70 km?) at its confluence with Cottonwood Wash 1.5 miles (2.5 km)
west of the Mill site. Both Recapture Creek and Cottonwood Wash are similarly intermittently active,
although they carry water more often and for longer periods due to their larger watershed areas. They both
drain to the south and are tributaries of the San Juan River. The confluences of Recapture Creek and
Cottonwood Wash with the San Juan River are approximately 18 miles (29 km) south of the Mill site. The
San Juan River, a major tributary for the upper Colorado River, has a drainage of 23,000 square miles
(60,000 km?) measured at the USGS gauge to the west of Bluff, Utah (Dames & Moore, 1978b, p. 2-130).
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Table 1.4-1
Drainage Areas of Project Vicinity and Region

Basin description Drainage area

km? sq. miles
Corral Creek at confluence 15.0 5.8
with Recapture Creek
Westwater Creek at confluence 68.8 26.6
with Cottonwood Wash
Cottonwood Wash at USGS <531 <205
gage west of project site
Cottonwood Wash at confluence <860 <332
with San Juan River
Recapture Creek at USGS gage 9.8 3.8
Recapture Creek at confluence <518 <200
with San Juan River
San Juan River at USGS gage <60,000 <23,000

downstream at Bluff, Utah
Source: Adapted from Dames & Moore (1978b), Table 2.6-3

Storm runoff in these streams is characterized by a rapid rise in the flow rates, followed by rapid recession
primarily due to the small storage capacity of the surface soils in the area. For example, on August 1, 1968,
a flow of 20,500 cfs (581 m*/sec) was recorded in Cottonwood Wash near Blanding. The average flow for
that day, however, was only 4,340 cfs (123 m%sec). By August 4, the flow had returned to 16 cfs (0.5
m?/sec) (Dames & Moore, 1978b, p. 2-135). Monthly streamflow summaries updated from Figure 2.4 of
the FES are presented in Figure 1.4-2 for Cottonwood Wash, Recapture Creek and Spring Creek. Flow
data are not available for the two smaller water courses closest to the Mill site, Corral Creek and Westwater
Creek, because these streams carry water infrequently and only in response to local heavy rainfall and
snowmelt, which occurs primarily in April, August, and October. Flow typically ceases in Corral and
Westwater Creeks within 6 to 48 hours after precipitation or snowmelt ends.

1.4.2 Surface Water Quality as of the Date of the FES (FES Section 2.6.1.2)

Sampling of surface water quality in the Mill vicinity began in July 1977 and continued through March
1978. Baseline data describe and evaluate existing conditions at the Mill site and vicinity. Sampling of the
temporary on-site surface waters (two catch basins) was attempted, but without success because of the lack
of naturally occurring water in these basins. Sampling of ephemeral surface waters in the vicinity was
possible only during major precipitation events, as these streams are normally dry. See FES Section 2.6.1.2.

Surface water sample sites used prior to Mill operations are presented on Figure 1.4-3. The water quality
values obtained for these sample sites are given in Dames & Moore (1978b) Table 2.6-7, and FES Table
2.22. Water quality samples were collected during the spring at several intermittently active streams that
drain the Mill area. These streams include Westwater Creek (S1R, S9) Corral Creek below the small
irrigation pond (S3R), the junction of Corral Creek and Recapture Creek (S4R), and Cottonwood Creek
(S8R). Samples were also taken from a surface pond southeast of the Mill (S5R). No samples were taken
at S2R on Corral Creek or at the small wash (S6R) located south of the site.



W:\USA\Utah\Mill\dwgs\Reclamation Plans\RecPlan4.0\Figure 1.4-2 Streamflow.dwg Fig 1.4-2 23/11/2009 dsledd

AVERAGE MONTHLY FLOW, ACRE-FEET

AVERAGE MONTHLY FLOW, ACRE-FEET

400

350

300

250 A

200

150

100 +

50

AVERAGE ANNUAL FLOW=950 AF - (1966-2001)
DRAINAGE AREA=3.77 SQ. ML.
AVERAGE ANNUAL YIELD=252.1 AF/SQ. MI.

ACRE-FEET

YIELD-AF/SQ. MI
MIN. AVG.

27 252
(1990)

MAX. 3
881
(1983)

AVERAGE MONTHLY FLOW

’_‘—\J

400
350
300 -
250
200
150
100 A

50 -

T T T T T T T T T T T
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

MONTH

RECAPTURE CREEK NEAR BLANDING
USGS GAUGE 09378630

AVERAGE ANNUAL FLOW=7757 AF - (1966-1971)
DRAINAGE AREA=4.95 SQ. MI.
AVERAGE ANNUAL YIELD=153 AF/SQ. MI.

YIELD-AF/SQ. MI
MIN. AVG.

46.9 153
(1971)

MAX.
262
(1966)

|

JAN l FEB IMI\R IAPR IM.‘\Y |JUN ' JuL I.‘\UG ISEF IOCT ‘NOV IDEC !
MONTH
SPRING CREEK ABOVE DIVERSIONS,
USGS GAUGE 09376900

1600 -

1400 -

—

N

o

o
1

1000 -

800

600 -

400 -

200 A

AVERAGE ANNUAL FLOW=6547 AF - (1965-1986)
DRAINAGE AREA=205 SQ. MI.
AVERAGE ANNUAL YIELD=32 AF/SQ. MIL.

YIELD-AF/SQ. MI

T T T T T T T T T T
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

MONTH

COTTONWOOD WASH NEAR BLANDING
USGS GAUGE 09378700

NOTES
1. FOR THE LOCATION OF WATER COURSES
SUMMARIZED, SEE FIGURE 3.7-1
2. SOURCE OF DATA. WATER RESOURCES DATA RECORDS.
COMPILED AND PUBLISHED BY USGS.

MIN. AVG. MAX.
4.9 32 88
(1976) (1983)

e‘ ENERGYFUELS

Project:

WHITE MESA MILL

County:

San Juan | State: an

FIGURE 1.4-2

Streamflow Summary
Blanding, UT Vicinity

Date:

Nov, 2009 I Design: I Drafted By: ) o




3_SurfaceWaterSampling.dw Layout1 GMoseIg

Fig.1.4—

W:\USA\ Utah\Mill\dwgs\Reclamation Plans\Rev_07-2011\Work01_Harold

Sm

SURFACE WATER SAMPLING LOCATION

1,500
|

0 1,500'
| |

3,000
|
|

SCALE: 1" = 3,000

UT83-SF

] N —
b |
|
| |
///
;/ “
\ 13
\‘ \
\
| |
\ \
‘ \
T |
" | B
1
J *
\ /
.‘ ‘
] |
|
8 “ \ (.
I
.
— ’47 \
‘ | ]
| \ -
. "& } D
=
| <. :
.
\ “ g |
| ) e
* o . S
< g
I - i
N l |
. N\ /"?
) 0‘&
(| |
g >
R
Po—s
&
\ (
\ \
| MssR
\ }
A
L
I
\ /
g
| g
\ S
1 I - 8
\ <
%
| % s
\
\
|
\
I
\
|
I
|
- r Jl/sm
[
‘ \
\ 2
\
\
v
s PROPERTY BOUNDARY —
RESERVATION BOUNDARY — i
mEsimmErmm  CANYONRIM REVISION | Prolect White Mesa Mill
Date | By | County: san Juan | State: 7

07-11 | GM

Location:

SURFACE WATER QUALITY SAMPLING
STATIONS IN THE WHITE MESA VICINITY

FIGURE 1.4-3

Author:

[P2= Nov 2009

| Drafted By: DLS




Page 1-18

Revision 5.1B

Energy Fuels Resources (USA) Inc.
White Mesa Mill Reclamation Plan

Natural surface water quality in the vicinity of the Mill is generally poor. Waters in Westwater Creek (S1R
and S9) were characterized by high total dissolved solids (TDS; mean of 674 mg/liter) and sulfate levels
(mean 117 mg of SO, per liter). The waters were typically hard (total hardness measured as CaCOs; mean
223 mg/liter) and had an average pH of 8.25. Estimated water velocities for Westwater Creek averaged 0.3
fps (0.08 m/sec) at the time of sampling.

Samples from Cottonwood Creek (S8R) at the time of the FES were generally similar in quality to
Westwater Creek water samples, although the TDS and sulfate levels were lower (TDS averaged 264
mg/liter; SO4 averaged 40 mg/liter) during heavy spring flow conditions (80 fps [24 m/sec] water velocity).

The concentrations of TDS increased downstream in Corral Creek, averaging 3,180 mg/liter at S3R and
6,660 mg/liter (one sample) at S4R. Total hardness averaged in excess of 2,000 mg/liter, and pH values
were slightly alkaline. Estimated water velocities in Corral Creek were typically less than 0.1 fps (0.03
m/sec) during sampling.

The spring sample collected at the surface pond south of the Mill site (S5R) indicated a TDS concentration
of less than 300 mg/liter. The water was slightly alkaline with moderate dissolved sulfate levels averaging
42 mg/liter.

During heavy runoff, the concentration of total suspended solids in these streams increased sharply to values
in excess of 1,500 mg/liter (FES, Table 2.22). High concentrations of certain trace elements were measured
in some sampling areas. Levels of mercury (total) were reported as high as 0.002 mg/liter (S3R, 7/25/77;
S8R, 7/25/77). Total iron measured in the pond (S5R, 11/10/77) was 9.4 mg/liter. The FES concluded
(Section 2.6.1.2 of the FES) that these values appear to reflect groundwater quality in the vicinity and are
probably due to evaporative concentration and not due to human perturbation of the environment. Corral
Creek was also sampled at the time of the FES, but it has not been included in subsequent operational
monitoring at the Mill. See Table 2.22 of the FES for sampling results for Corral Creek.

1.4.3 Surface Water Background Quality

Surface water samples are collected for Cottonwood Wash and Westwater Creek as part of the Mill’s
operational monitoring program. Samples were also taken prior to Mill construction and summarized in
the FES as well as at various times and for various parameters since then. A comparison of the FES results
and subsequent sampling results during Mill operation is shown in Table 1.4-2. Surface water values over
time for both Cottonwood Wash and Westwater Creek are included in the Semi-Annual Effluent Reports.
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Table 1.4-2
Summary of FES and Subsequent Sampling Results For Cottonwood Wash and Westwater Creek
Parameter FES Cottonwood Cottonwood Cottonwood Cottonwood Cottonwood Cottonwood Cottonwood FES Westwater Westwater Westwater Westwater | Westwater | Westwater | Westwater
Cottonwood Wash Wash Wash Wash Wash Wash Wash Westwater Creek Creek Creek Creek Creek Creek Creek
Wash (9/16/81- 2010 2011 2012 2013 2014 2015 Creek (2/22/82- 2010 2011 2012 2013 2014 2015
(7/25/77- 6/20/09) (11/10/77- 6/20/09)
3/28/78)* 3/23/78)*
Field Specific 240-550 - 16128 14025 15687 163410 167712 16581 320-620 - 17072 - 28311 41213 13721
Conductivity 1625° 1631° 6748 653.81 68313 74015 17828 12345 25715
(umhos/cm) 16008 2308 2018 7031 78513 79215 16508 8068
5134 1401 30413 47215 16454
6224 1801
2594
7854
Field pH 6.6108.1 - 6.423 7.045 7.067 7.2510 7.18%2 7.30™ 7.6-8.3 - 7.033 6.67° - 7.451 8.6413 7.2414
6.67° 6.84° 7.848 7.981 7.8113 6.86%° 6.98° 7.608 7.55%
8.164 7.798 7.958 7.721 8.1713 7.431 8.16*
8.204 8.7411 8.771 8.301
7.944 7.26%
7.214
Dissolved Oxygen - - - - - - - - - - - - - - - -
Temperature (°C) 6.0t0 35 - 16.173 16.50° 16.287 16.2810 16.90%2 16.40%4 3-14 - 17.993 15.13° - 21.161 17.0013 17.5214
15.85° 15.91° 9.808 8.1111 13.6118 6.75% 17.213 10.68° 17.6915
15.05° 12.60° 18.078 5.481 18.9213 16.1915 10.18
3.194 16.9011 17.6518 22.39%1 -0.034
9.704 12.5915
21.374
4,50
Estimated Flow m/hr 0.4t0 80 - - - - - - - 0.28 t0 39.9 - - - - - - -
pH 7.5108.21 - 7.473 7.55° - - - - 8.2108.35 - 7.383 7.20° - - - -
8.04%
Redox Potential 210 to 260 - 5013 4415 4217 25910 23812 18914 186 to 220 - 4013 - - - - 2014
4923 3423
Alkalinity (as 134 to 195 76 to 257* - - - - - - 147 to 229 230* - - - - - -
CaCQ0a)
Hardness, total (as 148 to 195 - - - - - - - 117 to 289 - - - - - - -
CaCO0a)
Carbonate (as COzs) 0.0 ND ND3 6° mg/L ND’ ND10 ND12 ND14 0.0to 2.3 ND ND3 ND5 - - - ND#
Bicarbonate (as - 316 mg/L 340° mg/L 316° mg/L 3267 mg/L 280'° mg/L 25112 mg/L 271% mg/L - 465 mg/L 450 mg/L 330° mg/L - - - 3591 mg/L
HCO3)
Aluminum, dissolved 0.16 t0 3.0 - - - - - - - 0.1t0o 4.0 - - - - - - -
Ammonia (as N) <0.1t00.16 ND ND3 ND5 ND’ ND10 ND12 0.512% mg/L <0.1t0 0.75 ND 0.50% mg/L 0.06° mg/L - - - 0.123%
mg/L
Arsenic, total 0.02 t0 0.041 - - - - - - - 0.007 to 0.037 - - - - - - -
Arsenic, Dissolved - ND ND?3 ND?® ND’ ND10 ND!? ND - ND ND? 12.3% ug/L - - - ND
Barium, total 0.2t01.2 - - - - - - - <0.210 0.81 - - - - - - -
Beryllium, dissolved - ND ND? ND?® ND’ ND?° ND?*? ND* - ND ND? 0.915 ug/L - - - ND*
Boron, total <0.1t0 0.2 - - - - - - - <0.1t0 0.1 - - - - - - -
Cadmium, total <0.002 to0 0.01 - - - - - - - <0.002 to - - - - - - -
0.006
Cadmium, dissolved - ND ND3 ND5 ND’ ND?0 ND2 ND - ND ND3 0.95 ug/L - - - ND
Calcium, dissolved 54 t0 178 90.3 mg/L 92.28 mg/L 94.2 —95.4° 1017 mg/L 87.91 mg/L 99.7%2 mg/L 111 mg/L 76 t0 172 191 mg/L 1793 mg/L 2475 mg/L - - - 150 mg/L
mg/L
Calcium - 37to71* - - - - - - - 94.5* - - - - - -
Chlorine - - - - - - - - - 41* - - - - - -
Chloride 61024 510 33.3* 1123 mg/L 113 - 1345 1497 mg/L 118'° mg/L 1282 mg/L 133 mg/L 17 to 125 76* 40% mg/L 21%5 mg/L - - - 32.6%
mg/L mg/L
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Table 1.4-2
Summary of FES and Subsequent Sampling Results For Cottonwood Wash and Westwater Creek
Parameter FES Cottonwood Cottonwood Cottonwood Cottonwood Cottonwood Cottonwood Cottonwood FES Westwater Westwater Westwater Westwater | Westwater | Westwater | Westwater
Cottonwood Wash Wash Wash Wash Wash Wash Wash Westwater Creek Creek Creek Creek Creek Creek Creek
Wash (9/16/81- 2010 2011 2012 2013 2014 2015 Creek (2/22/82- 2010 2011 2012 2013 2014 2015
(7/25/77- 6/20/09) 1/10/77- 6/20/09)
3/28/78)* 3/23/78)*
Sodium - 18 to 104* - - - - - - - 160.5* - - - - - -
Sodium, dissolved 21t0 66 205 mg/L 2143 mg/L 227 - 229° 2477 mg/L 217 mg/L 2272 mg/L 251 mg/L 31t0 60 196 mg/L 160° mg/L 1125 mg/L - - - 1391 mg/L
mg/L
Silver, dissolved 0.002 to <0.005 ND ND?3 ND® ND’ ND?0 ND?2 ND# <0.005 to ND ND? ND?® - - - NDM
0.006
Sulfate, dissolved (as 39.7 to 564 57 to 245* 389% mg/L 389 - 394° 3567 mg/L 4031 mg/L 4172 mg/L 442 mg/L 8510 163 408* 607% mg/L 3545 mg/L - - - 392% mg/L
SO4) mg/L
Vanadium, dissolved <0.005 to ND ND?3 ND5 ND’ ND10 ND12 ND# <0.001 to ND ND3 34 ug/L® - - - ND
<0.018 0.008
Manganese, 0.02t0 0.84 ND ND?3 ND® ND’ ND?0 ND?2 ND 0.03 to 0.60 37 ug/L 87° ug/L 268° ug/L - - - 0.171%
dissolved mg/L
Chromium, total <0.01t00.14 - - - - - - - <0.01 to0 0.60 - - - - - - -
Chromium, dissolved - ND ND? ND® ND’ ND?0 ND?®? ND - ND ND3 ND® - - - ND
Copper, total 0.005 to 0.09 - . - - - - - <0.005 to 0.05 - - - - - - -
Copper, dissolved - ND ND3 ND?® ND’ ND? ND?*? ND* - ND ND?3 165 ug/L - - - ND
Cobalt, dissolved - ND ND? ND® ND’ ND?0 ND?®? ND - ND ND? ND> - - - ND
Fluoride, dissolved 0.21t00.36 0.4 mg/L 0.38° mg/L 0.34-0.38° 0.38” mg/L 0.417% mg/L ND?*? 0.318 mg/L 0.2t00.4 0.7 mg/L 0.60°mg/L | 0.54° mg/L - - - 0.424%4
mg/L mg/L
Iron, total 5.9 to 150 - - - - - - - - - -
Iron, dissolved 0.11t0 1.9 ND ND? ND - 53% ND’ ND?®0 ND*? ND 0.17t0 2.5 89 ug/L 56° ug/L 45405 ug/L - - - ND
Lead, total 0.05t00.14 - - - - - - <0.051t0 0.1 - - - - - - -
Lead, dissolved - ND ND? ND® ND’ ND?0 ND?2 ND - ND ND? 41.45 ug/L - - - ND
Magnesium - 10.5 to 38.1* - - - - - - - 23.5* - - - - - -
Magnesium, 1710 28 25 mg/L 24.8% mg/L 25.25 mg/L 27.7" mg/L 23.61° mg/L 29.0%2 mg/L 27.4% mg/L 1310 26 - 44.7° mg/L 34.7°mg/L - - - 34.0%
dissolved mg/L
Mercury, total 0.00006 to 0.002 - - - - - - - <0.00003 to - - - - - - -
<0.0005
Mercury, dissolved - ND ND3 ND? ND’ ND0 ND?12 ND# - ND ND3 ND?° - - - ND
Molybdenum, 0.002 t0 0.10 ND ND? ND® ND’ ND?0 ND?®? ND 0.002 to 0.006 ND 293 ug/L ND?® - - - ND
dissolved
Nitrate (as N) 0.12to 1.77 0.1 mg/L ND?3 0.1 mg/L® ND’ ND?0 ND2 ND <0.05 to 0.05 0.8 mg/L ND3 ND°® - - - ND
Nickel, dissolved - ND ND3 ND° ND’ ND? ND?*? ND* - - ND?3 29 ug/L® - - - ND*
Phosphorus, total (as 0.05t03.2 - - - - - - - 0.05t00.88 - - - - - - -
P)
Potassium, dissolved 1.2t06.9 1.77 to 4 mg/L 5.77° mg/L 5.9-6.0° 6.27" mg/L 5.5310 mg/L 6.18%2 mg/L 5.91% mg/L 2.0t03.2 4.05* 6.57° mg/L 3.9° mg/L - - - 1.98%
mg/L mg/L
Selenium, dissolved <0.005 to 0.08 ND ND3 ND?® ND’ ND?0 ND?*? ND* <0.005 to ND ND?3 ND? - - - ND
0.003
Silica, dissolved (as 81018 - - - - - - - 7to1ll - - - - - - -
SiO2)
Strontium, total 0.34t0 0.64 - - - - - - - 0.441t00.76 - - - - - - -
Thallium, dissolved - ND ND? ND® ND’ ND?0 ND?2 ND - ND ND? ND?® - - - ND
Tin, dissolved - - ND?3 ND® ND’ ND0 ND2 ND - ND ND3 ND?® - - - NDM
Uranium, total 0.004 to 0.27 - - - - - - - 0.006 to 0.004 - - - - - - -
Uranium, dissolved 0.004 to 0.015 8.42 ug/L 8.24% ug/L 7.87 - 8.68° 8.177 ug/L 8.951 ug/L 9.62% ug/L 9.12%mg/L | 0.002 to 0.015 15.1 ug/L 46.6° ug/L 6.64° ug/L - - - 2.10%
ug/L mg/L
Zinc, dissolved 0.008 to 0.06 ND ND? ND® ND’ ND?0 ND?2 ND 0.04t00.12 ND 223 ug/L 28° ug/L - - - ND
Total Organic Carbon 71012 - - - - - - - 610 16 - - - - - - -
Chemical Oxygen 61 to 163 - - - - - - - 2310 66 - - - - - - -
Demand
Oil and Grease 2 - - - - - - - 1 - - - - - - -
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Table 1.4-2
Summary of FES and Subsequent Sampling Results For Cottonwood Wash and Westwater Creek
Parameter FES Cottonwood Cottonwood Cottonwood Cottonwood Cottonwood Cottonwood Cottonwood FES Westwater Westwater Westwater Westwater | Westwater | Westwater | Westwater
Cottonwood Wash Wash Wash Wash Wash Wash Wash Westwater Creek Creek Creek Creek Creek Creek Creek
Wash (9/16/81- 2010 2011 2012 2013 2014 2015 Creek (2/22/82- 2010 2011 2012 2013 2014 2015
(7/25/77- 6/20/09) (11/10/77- 6/20/09)
3/28/78)* 3/23/78)*
Total Suspended 146 to 2,025 0 to 24,300* 19 - 58804 ND - 88608 15 - 12608 6 — 218001011 12 — 750012 28 — 26001 12 t0 1940 <4 t01,190* 13* mg/L ND8 - - - 439015
Solids mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Total Dissolved 253 t0 944 10 to 1,130* 202 — 90034 425 — 103056 224 — 104078 287 — 9961011 271 — 96812 218 — 1020415 496 to 969 93-1370* 1140 - 853° - - - 337 -
Solids mg/L mg/L mg/L mg/L mg/L mg/L 1270%* mg/L 8961415
mg/L
Gross Alpha - <1.0E-9 to 9.0E- - - - - - - 1E-10to <1.0E-9* - - - - - -
7 4.5E-9
Gross Alpha minus - - ND - 2.034 ND5$6 ND -3.178 ND - ND - 13.0'2%3 | ND - 14.81415 - - ND3# pCi/L ND - 0.5% - 20.4'1pCi/L | 7.5%pCilL ND -
Rn& U pCi/L pCi/L 10.8t011 pCi/L pCi/L pCi/L 2.21415
pCi/L pCi/L
Gross Beta - - - - - - - 0 to 8E-9 - - - - - - -
Uranium, dissolved 1.02E-9 to 2.23E-9 to 0.0060 — 0.00787 — 0.0017 - 0.0084 - ND - 0.0022 - 1.03E-9to 8.8E-7* 0.0057 - ND - - 0.0108"* 0.0046'2 0.0013 -
2.79E-9 6.02E-6* 0.0116%4 0.010256 0.0081778 0.009010.11 0.0096201213 0.009121415 1.35E-9 0.0466%4 0.00664°6 mg/L mg/L 0.00211415
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Uranium, total? 21.83E-7 - - - - - - - 6.09E-7 - - - 0.088° - - -
mg/kg
Uranium, suspended - <2.0E-10to ND - 0.00144 ND& 0.00358 mg/L ND - ND3 0.0004 — 0to 1E-9 6.09E-7* 0.0005* 0.00145 0.01761t 0.0017%3 0.00261°
2.0E-7* mg/L 0.0005%* 0.00691415 mg/L mg/L mg/L mg/L mg/L
mg/L mg/L
Th-230, dissolved - <2.0E-10to ND - 0.05* ND§ 7.28 pCi/L ND! ND13 ND?® - <2.0E-10* ND* pCi/L ND8 - 0.021 ND?3 ND?®
4.14E-6* pCi/L pCi/L
Th-230, suspended - <2.0E-10to ND - 0.74 ND§ 3.18 pCi/L ND - 0.211 0.1 pCi/L ND - 2.0%° 2E-10 3.0E-10* 0.2*pCi/L 0.7 pCi/L® - 8.7 pCi/L 1.18pCi/L | 1.215pCi/L
<9.0E-7* pCi/L pCi/L pCi/L
Ra-226, dissolved - <2.0E-10to 0.26-1.8* ND& 0.538 pCi/L 0.16 —1.81 0.39% pCi/L 0.05-7.8% - 2.0E-10* 0.18* pCi/L ND® - 0.6811 0.2413 0.4915
2.0E-9* pCi/L pCi/L pCi/L pCi/L pCi/L pCi/L
Ra-226, suspended - <2.0E-10 to ND -1.3* ND8 4.48 pCi/L ND - 0.68"* ND® 0.39-6.7% 7E-10 to <2.0E-10* 4.3* pCi/L 0.3 pCi/L® - 28" pCi/lL | 6.58pCi/L | 3.4%pCi/lL
<2.0E-7* pCi/L pCi/L pCi/L 1.1E-9
Ra-226, total - - - - - - - - - - - - 0.058°pCilg - - -
Pb-210 - - - - - - - - 0to 1E-10 - - - - - - -
Acetone - ND ND3 ND> ND’ ND?0 ND?? ND - ND ND3 ND5 - - - ND
Benzene - ND ND3 ND5 ND’ ND?0 ND12 ND - ND ND3 ND5 - - - ND
Carbon Tetrachloride - ND ND3 ND5 ND’ ND10 ND12 ND - ND ND3 ND5 - - - ND
Chloroform - ND ND3 ND5 ND’ ND10 ND12 ND# - ND ND3 ND° - - - ND#
Chloromethane - ND ND3 ND> ND’ ND10 ND12 ND14 - ND ND3 ND5 - - - ND#
Methyl ethyl ketone - ND ND3 ND> ND’ ND?0 ND?? ND - ND ND3 ND5 - - - ND
Methylene chloride - ND ND3 ND5 ND’ ND10 ND12 ND - ND ND3 ND5 - - - ND
Napthalene - ND ND3 ND5 ND’ ND10 ND12 ND - ND ND3 ND5 - - - ND
Toluene - ND ND3 ND5 ND’ ND10 ND12 ND# - ND ND3 ND° - - - ND#
Xylenes, total - ND ND3 ND> ND’ ND10 ND12 ND14 - ND ND3 ND5 - - - ND#

Source: FES Table 2.22 and Mill Sample Data
*Data are from historical sampling events. All other data were collected during the 2009 annual Seeps and Springs and Semi-Annual

Effluent Report (SAER) sampling events.

2 Calculated by EFRI for activity comparison using the Specific Activity for U-nat (6.77E-7 Ci U-nat/g U-nat)

3 Data are from the 2010 Seeps and Springs sampling event.

4 Data are from 2010 SAER sampling events.

° Data are from 2011 Seeps and Springs sampling event.
6 Data are from 2011 SAER quarterly sampling events.
" Data are from 2012 Seeps and Springs sampling event.

8 Data are from 2012 SAER quarterly sampling events.

9 Sediment samples are collected in the 4™ quarter in lieu

10 Data are from 2013 Seeps and Springs sampling event.
11 Data are from 2013 SAER quarterly sampling events.
12 Data are from 2014 Seeps and Springs sampling event.
13 Data are from 2014 SAER quarterly sampling events.
14 Data are from 2015 Seeps and Springs sampling event.
15 Data are from 2015 SAER quarterly sampling event.

of surface water when Westwater Creek is dry throughout the year.
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1.5 Groundwater

Groundwater investigation and monitoring at the Mill focus on the perched groundwater zone, which is the
shallowest groundwater encountered beneath the site. Although this section focuses primarily on the
perched water zone, deeper groundwater is discussed as needed, and the site geology is addressed to the
extent necessary for interpretive context. A more extensive discussion of site geology is provided in Section
1.6.

Sections 1.5.1 and 1.5.2 are based primarily on the following reports prepared by Hydro Geo Chem, Inc.
(“HGC”): Hydrogeology of the Perched Groundwater Zone and Associated Seeps and Springs Near the
White Mesa Uranium Mill Site (HGC, 2010b), and Hydrogeology of the White Mesa Uranium Mill,
Blanding, Utah (HGC, 2014). Information abstracted from these reports presented here is updated with
information collected subsequent to June 6, 2014.

HGC (2010b) and HGC (2014) supplement the “HGC 2009” report summarized in Revision 4.0 of the
Reclamation Plan. They provide additional information in response to requirements set out in previous
revisions of the GWDP and Part 1F.10 of the current GWDP dated August 24, 2012. Specifically, the
additional information contained in HGC (2010b) and HGC (2014) include data on seeps and springs in
the vicinity of the Mill, the relationship of the seeps and springs with the perched water system, and
estimated travel times for shallow groundwater to travel from the tailings cells to the nearest discharge
points. This information addresses requirements set out in previous revisions of the GWDP and Part 1F.10
of the current GWDP dated August 24, 2012. HGC (2014) contains refined estimates of shallow
groundwater travel times downgradient of the tailings cells based on data collected from DR-series
piezometers installed south, southwest, and west of the tailings cells in 2011, as described in Second
Revision, Hydrogeology of the Perched Groundwater Zone in the Area Southwest of the Tailings Cells,
White Mesa Uranium Mill Site, Blanding Utah (HGC 2012b; the “southwest area investigation” report).

Sections 1.5.3, 1.5.5, and 1.5.6 are based primarily on groundwater sampling programs at the Mill and
Section 1.5.4 is based primarily on the analysis of groundwater analytical data by INTERA, Inc. (INTERA).
INTERA performed extensive analysis of background perched water quality data and established site-
specific groundwater compliance limits (“GWCLs”). Reports detailing work by INTERA include Revised
Background Groundwater Quality Report: Existing Wells For Denison Mines (USA) Corp.’s White Mesa
Mill Site, San Juan County, Utah (INTERA 2007a), and subsequent reports, as discussed in Section 1.5.4.

1.5.1 Groundwater Characteristics

Groundwater investigations at the Mill have been ongoing for more than 38 years, beginning with the initial
investigation by Dames and Moore in 1977 and 1978 (Dames and Moore 1978a and 1978b). The initial
investigation by Dames and Moore pre-dated Mill construction and operation.

Although more than 35 years of perched groundwater monitoring at the Mill indicates that tailings cell
operation has not impacted perched groundwater (as will be discussed in Section 1.5.4), perched
groundwater was impacted by disposal of laboratory wastes to two (now abandoned) sanitary leach fields
(prior to about 1980) before the Mill and tailings cells were operational. Disposal of laboratory wastes is
considered the source of a chloroform plume (defined by concentrations greater than 70 micrograms per
liter [ug/L]) located upgradient to cross-gradient (northeast to east) of the tailings cells. A nitrate plume
(defined by concentrations greater than 10 milligrams per liter [mg/L]) that contains elevated chloride
(exceeding 100 mg/L) extends from upgradient (northeast) of the tailings cells to a portion of the area
beneath the tailings cells. The precise source(s) of the nitrate plume are not well defined; however, because
the majority of the plume exists upgradient (northeast) of the tailings cells, the sources must be located
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upgradient (northeast) of the tailings cells. Based on the investigation and source evaluations, there are no
known current unidentified or unaddressed sources. There appear to have been a humber of known and
potential historical sources; however, it has not been possible to confirm or quantify the contribution of
each source.

The northwest portion of the chloroform plume commingles with the nitrate plume. Both chloroform and
nitrate plumes are under corrective action by pumping.

15.1.1 Geologic Setting

The Mill is located within the Blanding Basin of the Colorado Plateau physiographic province. Typical of
large portions of the Colorado Plateau province, the rocks underlying the site are relatively undeformed.
The average site elevation is approximately 5,600 ft (1,707 m) above mean sea level (amsl).

The site is underlain by unconsolidated alluvium and indurated sedimentary rocks consisting primarily of
sandstone and shale. The indurated rocks are relatively flat lying with dips generally less than 3 degrees.
The alluvial materials consist mostly of aeolian silts and fine-grained aeolian sands with a thickness varying
from a few feet to as much as 25 to 30 ft (7.6 to 9.1 m) across the site. The alluvium is underlain by the
Dakota Sandstone and Burro Canyon Formation, which are sandstones with a total thickness ranging from
approximately 55 to 140 ft (17 to 43 m). Beneath the Burro Canyon Formation lies the Morrison Formation,
consisting (in descending order) of the Brushy Basin Member, the Westwater Canyon Member, the
Recapture Member, and the Salt Wash Member. Kirby (2008) indicates that the contact between the
Morrison Formation and the Burro Canyon Formation (between the Brushy Basin Member of the Morrison
and the Burro Canyon Formation) near Blanding, Utah is disconformable with “local erosional relief of
several feet”. Data collected from perched borings at the site that penetrate the Brushy Basin Member are
consistent with a disconformable, erosional contact in agreement with Kirby (2008).

The Brushy Basin and Recapture Members of the Morrison Formation, classified as shales, are fine-grained
and have a low permeability. The Westwater Canyon and Salt Wash Members also have a low average
vertical permeability due to the presence of interbedded shales. See Figure 1.5-1 for a generalized
stratigraphic column for the region.

Beneath the Morrison Formation lies the Summerville Formation, an argillaceous sandstone with
interbedded shales, and the Entrada Sandstone. Beneath the Entrada Sandstone lies the Navajo Sandstone.
The Navajo and Entrada Sandstones constitute the primary aquifer in the area of the site. The Entrada and
Navajo Sandstones are separated from the Burro Canyon Formation by approximately 1,000 to 1,100 ft
(305 to 335 m) of materials with a low average vertical permeability. Groundwater within this system is
under artesian pressure in the vicinity of the site, and is used only as a secondary source of water at the site.
Water in WW-series supply wells completed across these sandstone units at the site rises approximately
800 feet above the base of the overlying Summerville Formation (Titan, 1994a).
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1.5.1.2 Hydrogeologic Setting

The site is located within a dry to arid continental climate region with an average annual precipitation of
less than 13.3 in. and an annual lake evaporation rate of approximately 47.6 inches. Recharge to aquifers
(such as the Entrada/Navajo) occurs primarily along the mountain fronts (for example, the Henry, Abajo,
and La Sal Mountains), and along the flanks of folds such as Comb Ridge Monocline.

The Entrada/Navajo aquifer can yield significant quantities of water to wells (hundreds of gallons per
minute [gpm]). Although the water quality and productivity of the Entrada/Navajo aquifer are generally
good, the depth of the aquifer (approximately 1,200 ft below land surface [bls]) makes access difficult.

1.5.1.3 Perched Zone Hydrogeology

Perched groundwater beneath the site occurs primarily within the Burro Canyon Formation, although in
areas having greater saturated thicknesses, perched groundwater extends into the overlying Dakota
Sandstone. Perched groundwater originates mainly from precipitation and local recharge sources such as
unlined reservoirs (Kirby, 2008). Perched groundwater at the site has a generally low quality due to high
total dissolved solids (TDS) and is used primarily for stock watering and irrigation in the areas upgradient
(north) of the site. As of the first quarter of 2016, TDS concentrations measured in water sampled from on-
site perched monitoring wells range between approximately 1,000 and 8,300 mg/1. The saturated thickness
of the perched water zone generally increases to the north of the site, increasing the yield of the perched
zone to wells installed north of the site. Perched water is supported within the Burro Canyon Formation by
the underlying, fine-grained Brushy Basin Member.

The Brushy Basin Member is primarily composed of bentonitic mudstones, siltstones, and claystones and
is considered an aquiclude. Figure 1.5-2 is a contour map showing the approximate elevation of the contact
of the Burro Canyon Formation with the Brushy Basin Member, which essentially forms the base of the
perched water zone at the site. The elevations of Ruin Spring and Westwater Seep, which occur at the
contact between the Brushy Basin Member and the Burro Canyon Formation, are included in the
contouring. Abandoned borings/wells, monitoring wells, and piezometers shown on Figure 1.5-2 consist of
surveyed perched zone monitoring wells and piezometers that include temporary perched zone borings and
monitoring wells associated with the chloroform and nitrate plumes located east and northeast (cross
gradient to upgradient) of the tailings cells. TW-4-series wells, MW-4, MW-26, and MW-32 are chloroform
program wells and TWN-series wells are nitrate program wells. Contact elevations are based on monitoring
well drilling and geophysical logs and surveyed land surface elevations.

As indicated on Figure 1.5-2, the contact generally dips to the south/southwest beneath the site. A structural
high that is evident in the Brushy Basin Member/Burro Canyon Formation contact extends from beneath
Cell 4B southwest to the vicinity of abandoned boring DR-18. A paleovalley in the Brushy Basin Member
surface is present along the western mesa rim to the west of the structural high.

The permeability of the Dakota Sandstone and Burro Canyon Formation at the site is generally low. No
significant joints or fractures within the Dakota Sandstone or Burro Canyon Formation have been
documented in any wells or borings installed across the site (Knight Piésold, 1998). Any fractures observed
in cores collected from site borings are typically cemented, showing no open space.
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Based on samples collected during installation of wells MW-16 (immediately downgradient of tailings cell
3 and abandoned prior to construction of cell 4B) and MW-17 (cross-gradient of the tailings cells complex
(Figure 1.5-2)), porosities of the Dakota Sandstone range from 13.4 percent to 26 percent, averaging 20
percent. Water saturations range from 3.7 percent to 27.2 percent, averaging 13.5 percent. The average
volumetric water content is approximately 3 percent. The hydraulic conductivity of the Dakota Sandstone,
based on packer tests in borings installed at the site, ranges from 2.71E-06 centimeters per second (cm/s)
to 9.12E-04 cm/s, with a geometric average of 3.89E-05 cm/s (Titan, 1994a).

The average porosity of the Burro Canyon Formation is similar to that of the Dakota Sandstone. Based on
samples collected from the Burro Canyon Formation at MW-16 (abandoned), porosity ranges from 2
percent to 29.1 percent, averaging 18.3 percent. Water saturations of unsaturated materials range from 0.6
percent to 77.2 percent, averaging 23.4 percent. Titan (1994a) reported that the hydraulic conductivity of
the Burro Canyon Formation ranges from 1.9E-07 to 1.6E-03 cm/s, with a geometric mean of 1.1E-05 cm/s,
based on the results of 12 pump/recovery tests performed in monitoring wells and 30 packer tests performed
in borings prior to 1994.

Subsequent hydraulic testing of perched zone wells yielded a site-wide hydraulic conductivity range of 2 x
108 to 0.01 cm/s (HGC, 2014). In general, the highest permeabilities and well yields are immediately
northeast and east (upgradient to cross gradient) of the tailings cells. A relatively continuous, higher
permeability zone (associated with poorly indurated coarser-grained materials in the general area of the
chloroform plume) has been inferred to exist in this portion of the site. Analysis of drawdown data collected
from this zone during long-term pumping of MW-4, MW-26 (formerly TW4-15), and TW4-19 yielded
estimates of hydraulic conductivity ranging from 4E-05 to 1E-03 cm/s. The decrease in perched zone
permeability south, southwest, and southeast of TW4-4, based on hydraulic tests at TW4-6, TW4-23, TW4-
26, TW4-27, TW4-29 through TW4-31, and TW4-33 through TWA4-35 indicate that this higher permeability
zone “pinches out”.

Hydraulic tests performed at groups of wells and piezometers located northeast (upgradient) of, in the
immediate vicinity of, and southwest (downgradient) of the tailings cells indicate generally lower
permeabilities compared with the area of the chloroform plume. The following results from HGC (2014)
are based on analysis of automatically logged slug test data using the KGS solution available in
AQTESOLVE (HydroSOLVE, 2000).

Testing of 19 TWN-series wells installed in the northeast portion of the site as part of nitrate investigation
activities yielded a hydraulic conductivity range of approximately 3.6 x 107 to 0.01 cm/s with a geometric
average of approximately 6 x 10° cm/s. The value of 0.01 cm/s estimated for TWN-16 is the highest
measured at the site, and the value of 3.6 x 107" cm/s estimated for TWN-7 is one of the lowest measured at
the site. Testing of MW-series wells MW-23 through MW-32 installed between and at the margins of the
tailings cells in 2005 (and using the higher estimate for MW-23) yielded a hydraulic conductivity range of
approximately 2 x 107 to 1 x 10™* cm/s with a geometric average of approximately 2 x 10 cm/s. Hydraulic
tests conducted at DR-series piezometers installed as part of the southwest area investigation downgradient
of the tailings cells yielded hydraulic conductivities ranging from approximately 2 x 10® to 4 x 10 cm/s
with a geometric average of 9.6 x 10 cm/s. The low permeabilities and shallow hydraulic gradients
downgradient of the tailings cells result in average perched groundwater pore velocity estimates that are
among the lowest on site (approximately 0.26 feet per year (ft/yr) to 0.91 ft/yr).

The extensive hydraulic testing of perched zone wells at the site indicates that perched zone permeabilities
are generally low with the exception of the apparently isolated zone of higher permeability associated with
the chloroform plume east to northeast (cross-gradient to upgradient) of the tailings cells. The geometric
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average hydraulic conductivity (less than 1 x 10 cm/s) of the DR-series piezometers which cover an area
nearly half the size of the total monitored area at White Mesa (excluding MW-22), is nearly identical to the
geometric average hydraulic conductivity of 1.01 x 10° cm/s reported by Titan (1994a), and is within the
range of 5 to 10 feet per year (ft/yr) [approximately 5 x 10 cm/s to 1 x 10° cm/s] reported by Dames and
Moore (1978b) for the (saturated) perched zone during the initial site investigation.

Because of the generally low permeability of the perched zone beneath the site, well yields are typically
low (generally less than 0.5 gpm). Many of the perched monitoring wells purge dry and take several hours
to more than a day to recover sufficiently for groundwater samples to be collected. Sufficient productivity
can generally be obtained only in areas where the saturated thickness is greater, which is the primary reason
that the perched zone has been used on a limited basis as a water supply to the north (upgradient) of the
site, but has not been used downgradient of the site. Within areas on the east side of the site that have
greater saturated thicknesses due to proximity to the two northern wildlife ponds, and that intercept the
higher permeability materials associated with the chloroform plume, well yields of as much as 4 gpm were
achievable. However, since water delivery to the two northern wildlife ponds ceased in 2012, saturated
thicknesses and well productivities in this area have diminished. As of the fourth quarter of 2015,
sustainable, average pumping rates at chloroform and nitrate pumping wells ranged from less than 0.1 to
approximately 1 gpm

1.5.1.4 Perched Groundwater Flow

Perched groundwater flow at the site is generally from northeast to southwest. Figure 1.5-3 displays the
local perched groundwater elevation contours at the Mill, as measured in the first quarter of 2016.
Depression of the perched water table occurs near chloroform pumping wells MW-4, MW-26, TW4-1,
TWA4-2, TW4-4, TWA4-11, TW4-19, TW4-20, TW4-21, TW4-22 and TW4-37, and near nitrate pumping
wells TW4-22, TW4-24, TW4-25, and TWN-2. These wells are pumped to reduce chloroform and nitrate
mass in the perched zone east and northeast of the tailings cells. As shown on Figure 1.5-3, beneath and
south of the tailings management cells, in the west central portion of the site, perched water flow is south-
southwest to southwest. Flow on the western margin of the mesa is generally south, approximately parallel
to the rim (where the Burro Canyon Formation [and perched water zone] is terminated by erosion). On the
eastern side of the site perched water flow is also generally to the south. Because of mounding near wildlife
ponds, flow direction ranges locally from westerly (west of the ponds) to easterly (east of the ponds).

Dry areas in the perched zone southwest of the tailings management cells occur along the structural high in
the Brushy Basin Member/Burro Canyon Formation contact that extends from beneath tailings cell 4B
southwest to the vicinity of abandoned boring DR-18. In places along this structural high the contact rises
above the perched water elevation creating the dry areas shown on Figure 1.5-3.

An apparent groundwater divide occurs west of Cell 4B near DR-2. Water north of the apparent divide
flows primarily north-northeast to Westwater Seep and water south of the apparent divide flows south
toward Ruin Spring.
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Perched zone hydraulic gradients currently range from a maximum of approximately 0.096 ft/ft east of
tailings cell 2 (north of pumping well TW4-11) to approximately 0.0042 ft/ft west-southwest of Cell 4B
(between DR-7 and DR-5). The overall average site hydraulic gradient of approximately 0.011 ft/ft
(between TWN-19 and Ruin Spring) is similar to the average hydraulic gradient downgradient of the
tailings management cells of approximately 0.012 ft/ft (between MW-37 and Ruin Spring).

1.5.1.5 Perched Zone Hydrogeology Beneath and Downgradient of The Tailings Management Cells

Based on measurements at non-pumping wells, 1st Quarter, 2016 perched water depths ranged from
approximately 32 feet in the northeastern portion of the site (adjacent to the wildlife ponds) to
approximately 114 feet at the southwest margin of Cell 3 (Figure 1.5-4). Based on measurements at non-
pumping wells, 1st Quarter, 2016 perched zone saturated thicknesses ranged from approximately 83 ft in
the northeast portion of the site to less than 1 ft in the southwest portion of the site (Figure 1.5-5). The
relatively large saturated thicknesses in the northeastern portion of the site are related to past seepage from
the northern wildlife ponds located northeast of the tailings management cells.

Water levels in DR-22 and chloroform pumping well TW4-11 are below the top of the Brushy Basin
Member, yielding saturated thicknesses of zero. Casings in DR-22 and TWA4-11 extend approximately 2.5
feet and 11.5 feet, respectively, below the Brushy Basin Member contact. Although water is present in the
bottom of the DR-22 casing, the level is below the Brushy Basin contact. The water level in TW4-11 is
maintained at or below the Brushy Basin contact by pumping.

Areas of small saturated thickness (less than 5 feet) occur west and southwest of the tailings management
cells. As shown in Figures 1.5-4 and 1.5-5, an area of small saturated thickness extends between Westwater
Seep and the southwest portion of Cell 4B, encompassing DR-6 and DR-10. As discussed in HGC (2014),
perched water flows westward from the area of the tailings cells through the area of low saturated thickness
between DR-6 and DR-10, into an area having saturated thicknesses several times larger than at DR-6 and
DR-10. The transmissivity (the product of hydraulic conductivity and saturated thickness) of the area of
low saturated thickness is two to three orders of magnitude lower than for the area of larger saturated
thickness to the west (near DR-2 [abandoned], DR-5, and DR-9). Water flows out of the area of larger
saturated thickness (near DR-2 [abandoned] and DR-5) to the northeast toward known discharge point
Westwater Seep and to the south through a paleovalley in the Brushy Basin Member surface towards known
discharge point Ruin Spring. The relationship between perched water and seeps and springs is discussed in
more detail in Section 1.5.2.

Darcy’s Law calculations presented in HGC (2014) indicate that an additional water source is needed to
maintain the relatively large saturated thicknesses west of the area of low saturated thickness encompassing
DR-6 and DR-10; otherwise Westwater Seep and the paleovalley to the south would drain the area of larger
saturated thickness more quickly than water was supplied. The most likely source of additional water to the
area of larger saturated thickness is infiltration of precipitation.
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As discussed above, perched zone hydraulic gradients currently range from a maximum of approximately
0.096 feet per foot (ft/ft) east of Cell 2 to approximately 0.0042 ft/ft west-southwest of the tailings
management cells, between DR-7 and DR-5. The average hydraulic gradient between the downgradient
edge of tailings Cell 4B and Ruin Spring is approximately 0.012 ft/ft, similar to the overall site hydraulic
gradient (between TWN-19 and Ruin Spring) of approximately 0.011 ft/ft. The combination of relatively
low hydraulic conductivities (geometric average of approximately 1 x 10®° cm/s) and relatively flat
hydraulic gradients downgradient of the tailings management cells imply small groundwater velocities and
large travel times.

1.5.2 Seep and Spring Occurrence and Hydrogeology

Perched groundwater discharges in seeps and springs located to the west, south, east, and southeast of the
site along the margins of White Mesa.

All seeps and springs examined have associated cottonwood trees that suggest a relatively consistent source
of water. Seeps and springs occurring at the margins of White Mesa are typically associated with sandstones
of the Burro Canyon Formation, except Cottonwood Seep, which is associated with the lower portion of
the Brushy Basin Member of the Morrison Formation. Figure 1.5-6 shows the December 2009 surveyed
locations of seeps and springs and the Frog Pond. As shown on Figure 1.5-6, all springs and seeps are
located within drainages, and except for Cottonwood Seep, are located at the mesa margins. Table 1.5-1
provides surveyed locations and elevations of the seeps and springs and the Frog Pond. The December
2009 seep and spring survey data shown in Table 1.5-1 were used in subsequent reporting where seep and
spring locations and elevations were relevant.

Table 1.5-1
Surveyed Locations and Elevations of Seeps and Springs and the Frog Pond
(December 2009)

Location Latitude (N) Longitude (W) Elevation
FROG POND 37°33'03.5358" 109°29'04.9552" 5589.56
CORRAL CANYON 37°33'07.1392" 109°29'12.3907" 5623.97
ENTRANCE 37°32'01.6487" 109°29'33.7005" 5559.71
CORRAL SPRINGS 37°29'37.9192" 109°29'35.8201" 5383.35
RUIN SPRING 37°30'06.0448" 109°31'23.4300" 5380.03
COTTONWOOD 37°31'21.7002" 109°32'14.7923" 5234.33
WEST WATER 37°31'58.5020" 109°31'25.7345" 5468.23

Re-Surveyed July 2010

RUIN SPRING 37°30'06.0456" 109°31'23.4181" 5380.01
COTTONWOOD 37°31'21.6987" 109°32'14.7927" 5234.27
WEST WATER 37°31'58.5013" 109°31'25.7357" 5468.32
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As discussed in Section 1.1.5.4, Figure 1.5-3 shows first quarter 2016 perched water level contours and the
locations and elevations of seeps and springs. Perched water level contours are based on water levels
measured in the perched groundwater monitoring wells shown on Figure 1.5-3, and include elevations of
all seeps and springs except Cottonwood Seep. Based on Figure 1.5-3, Corral Canyon Seep is located
upgradient of the tailings management cells, and Entrance Spring and Corral Springs are located cross
gradient of the tailings management cells. Both Entrance Spring and Corral Springs are separated from the
tailings management cells by a groundwater divide. Westwater Seep is the closest discharge point west of
the tailings management cells and Ruin Spring is the closest discharge point south-southwest of the tailings
management system. Ruin Spring is located downgradient of approximately the southeastern 2/3 of the
tailings management system, and Westwater Seep appears to be downgradient of approximately the
northwestern 1/3 of the tailings management system. Cottonwood Seep is neither cross gradient nor
downgradient of the tailings management cells because it is interpreted to receive water from a source other
than the perched groundwater system hosted by the Burro Canyon Formation.

The relationship between seeps and springs and the geology of White Mesa are shown on Figure 1.5-7. The
geology on Figure 1.5-7 is based on Kirby (2008) and Hintze, et al. (2000), and has been modified locally
by field reconnaissance. The Burro Canyon Formation and the Dakota Sandstone are undifferentiated on
the geologic map. As shown on Figure 1.5-7, all seeps and springs except Cottonwood Seep are associated
with outcrops of the Burro Canyon Formation (and/or Dakota Sandstone). Some are also associated with
mixed eolian and alluvial deposits stratigraphically above the Burro Canyon Formation and/or Dakota
Sandstone. Ruin Spring and Westwater Seep are located at the contact between the Burro Canyon
Formation and underlying Brushy Basin Member. Westwater Seep (where typically sampled) occurs within
alluvium at the Burro Canyon Formation/Brushy Basin Member contact whereas Ruin Spring occurs at the
contact but above the alluvium in the associated drainage. Corral Canyon Seep, Entrance Spring, and Corral
Springs occur within alluvium near the contact of the alluvium with the Burro Canyon Formation, but at an
elevation above the contact between the Burro Canyon Formation and Brushy Basin Member. In contrast,
Cottonwood Seep is mapped within the Brushy Basin Member, approximately 1,500 feet west of the
termination of the Burro Canyon Formation at the western mesa rim, and stratigraphically more than 200
feet below the contact between the Burro Canyon Formation and Brushy Basin Member.

The Burro Canyon Formation (and perched water zone) does not exist at Cottonwood Seep because it has
been eroded. Cottonwood Seep is interpreted to receive water primarily from a source stratigraphically
below the Burro Canyon Formation and from a hydrogeologic system other than the perched water system
at the site. The primary source of Cottonwood Seep (and “2nd Seep” immediately to the north of
Cottonwood Seep) is interpreted to be coarser-grained materials within the lower portion of the Brushy
Basin Member or upper portion of the Westwater Canyon Member.
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Springs occurring within alluvium deposited within drainages cutting the Burro Canyon Formation may or
may not receive a contribution from perched water. Except for Ruin Spring (and “2nd Seep” immediately
to the north of Cottonwood Seep), each spring and seep occurs in alluvial materials within a drainage that
will supply surface water during wet periods and help to recharge any alluvial materials within the drainage
as well as bedrock near the drainage. Westwater Seep, Corral Canyon Seep, Entrance Spring, and Corral
Springs may therefore receive water from both alluvial and bedrock (perched water) sources. Corral
Springs, located immediately downgradient of a stock pond, may receive water primarily from alluvium
recharged from the stock pond. Any alluvial materials within the drainage or marginal bedrock that are
recharged during precipitation events will likely, at least temporarily, yield water to the seeps.

HGC (2014) discusses the potential for enhanced recharge from precipitation along the mesa margins where
Dakota Sandstone and/or Burro Canyon Formation are exposed by erosion. Such recharge is expected to
temporarily enhance flow at nearby seeps and springs draining the Burro Canyon Formation and/or Dakota
Sandstone. The area of increased saturated thickness west of DR-6 and DR-10 is likely the result of recharge
enhanced by the direct exposure of weathered Dakota Sandstone and Burro Canyon Formation, and the
thinness or absence of any overlying low permeability materials such as the Mancos Shale (Figure 1.5-7).

Although seep and spring elevations (except Cottonwood Seep) have been included in perched water level
contour maps (such as Figure 1.5-3) since the HGC (2010b) investigation, the assumption that the seep or
spring elevation is representative of the perched water elevation is likely to be correct only in cases where
the feature receives most or all of its flow from the perched water, and where the supply is relatively
continuous (for example, Ruin Spring). The uncertainty that results from including seeps and springs in
the contouring of perched water levels must be considered when interpreting perched water level data.

Using amethod similar to that presented in HGC (2009a), perched water pore velocities and travel times
between the tailings management cells and Ruin Spring and between the tailings management cells and
Westwater Seep were calculated in HGC (2014) using first Quarter 2014 water levels. As discussed in
more detail in HGC (2014), the calculated travel times between the downgradient margin of cell 4B and
Ruin Spring range from approximately 10,650 to 19,650 years. The calculated travel time between the
southwest corner of Cell 3 to Westwater Seep is approximately 3,230 years.

1.5.3 Groundwater Quality

1.5.3.1 Entrada/Navajo Aquifer

The Entrada and Navajo Sandstones are relatively prolific aquifers beneath and in the vicinity of the site.
Water wells at the site are screened in both of these units, and for the purposes of this discussion they will
be treated as a single aquifer. Water in the Entrada/Navajo Aquifer is under artesian pressure, rising 800
to 900 ft above the top of the Entrada’s contact with the overlying Summervillle Formation; static water
levels are 390 to 500 ft below ground surface.

Within the region, this aquifer is capable of yielding domestic quality water at rates of 150 to 225 gpm. For
that reason, it serves as a secondary source of water for the Mill. Additionally, two domestic water supply
wells drawing from the Entrada/Navajo Aquifer are located 4.5 miles southeast of the Mill site on the Ute
Mountain Ute Reservation. Although the water quality and productivity of the Navajo/Entrada aquifer are
generally good, the depth of the aquifer (greater than1,000 ft bls) makes access difficult.

Table 1.5-2 is a tabulation of groundwater quality of the Navajo Sandstone aquifer as reported in the FES
and subsequent sampling. TDS ranges from 216 to 1,110 mg/l in three samples taken over a period from
January 27, 1977, to May 4, 1977. High iron concentrations are found in the Navajo Sandstone. Because
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the Navajo Sandstone aquifer is isolated from the perched groundwater zone by approximately 1,000 to
1,100 ft of materials having a low average vertical permeability, sampling of the Navajo Sandstone is not
required under the Mill’s previous NRC Point of Compliance monitoring program or under the GWDP.
However, samples were taken at two other deep aquifer wells (#2 and #5) on site (see Figure 1.5-8 for the
locations of these wells), on June 1, 1999 and June 8, 1999, respectively, and the results are included in
Table 1.5-2.
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Water Quality of the Navajo Sandstone Aquifer in the Mill Vicinity

FES, Test Well
Parameter (G2R) ;’X)«;l}g#;Zl zx)‘gl};sl
(1/27/77 - 3/23/78%)
Field Specific Conductivity 310 to 400
(umhos/cm)
Field pH 6.9t07.6
Temperature (°C) 11to 22
Estimated Flow m/hr (gpm) | 109(20)
pH 7.9t08.16
Determination, mg/liter
TDS (@180°C) 216 t0 1110
Redox Potential 211 t0 220
Alkalinity (as CaCOS3) 180 to 224
Hardness, total (as CaCO3) | 177 to 208
Bicarbonate 226 214
Carbonate (as CO3) 0.0 <1.0 <1.0
Aluminum 0.003 0.058
Aluminum, dissolved <0.1
Ammonia (as N) 0.0to 0.16 <0.05 <0.05
Antimony <0.001 <0.001
Arsenic, total .007 t0 0.014 0.018 <0.001
Barium, total 0.0to 0.15 0.119 0.005
Beryllium <0.001 <0.001
Boron, total <0.1to 0.11
Cadmium, total <0.005to 0.0 <0.001 0.018
Calcium 50.6 39.8
Calcium, dissolved 51t0 112
Chloride 0.0 to 50 <1.0 2.3
Sodium 7.3 9.8
Sodium, dissolved 5.3t0 23
Silver <0.001 <0.001
Silver, dissolved <0.002 t0 0.0
Sulfate 28.8 23.6
Sulfate, dissolved (as SO4) | 17 to 83
Vanadium 0.003 0.003
Vanadium, dissolved <.002 t0 0.16
Manganese 0.011 0.032
Manganese, dissolved 0.03 t0 0.020
Chromium, total 0.021t0 0.0 0.005 0.005
Copper, total 0.005t0 0.0 0.002 0.086
Fluoride 0.18 0.18
Fluoride, dissolved 0.1to 0.22

1 Zero values (0.0) are below detection limits.
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FES, Test Well
Parameter (G2R) :/‘::’11;9#921 zxg;;;sl
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