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1.0 INTRODUCTION

This volume of the Construction Completion Report documents the conduct and completion of .
reclamation construction activities for the Heap Leach Design Enhancement at the Umetco
Minerals Corporation (Umetco) former uranium mill site located in East Gas Hills, Wyoming
(Figure 1.1). The Gas Hills site is licensed by the U.S. Nuclear Regulatory Commission (NRC)
under Source Materials License SUA-648, Docket No. 40-0299 to possess byproduct material in
the form of uranium tailings, as well as other radioactive wastes generated by past milling
operations. All construction work described herein was performed in accordance with the
specifications documented in the design report entitled Heap Leach Reclamation Plan
Modifications and Reclamation Plan for GHP No. 2/Mill Area’ (Umetco 1996) and subsequent
submittals provided in response to NRC comments. This modified plan was approved by the
NRC on May 28, 1998 (License Amendment 38). Drawing 1 shows the final as-built topography
and erosion protection placement for the Heap Leach demonstrating construction completion.

1.1 Area Description and Background

Heap leach operations at the site began in March 1980, under the authority of NRC License No.
SUA-648, Amendment No. 11. The heap was extended in 1982 and operated until December
1984. Heap leach operations resumed in May 1987 and were finally terminated in January 1988.

In February, 1991, Umetco submitted a reclamation plan for the heap leach facility to the NRC
for approval. This original cover design consisted of a 12-inch radon barrier, a 12-inch filter
layer, a 30-inch frost protection layer, and 6 inches of topsoil. Sideslopes were to be reclaimed
by construction of a multi-gradient sacrificial fill (nominal 5:1 slope) with a 6-inch topsoil layer
and subsequent vegetation to control erosion. Electing to proceed with heap leach reclamation
construction prior to NRC approval, the bulk of the Heap Leach reclamation work specified in
the original design was substantially completed by 1992, with the exception of topsoil placement
and seeding. In 1994, the NRC provided comments on the 1991 reclamation design.

Umetco responded to NRC. comments in series of submittals in 1994 and 1995 evaluating the
previous construction activities. This comment response period culminated in the submittal of a
revised plan in 1996 (Heap Leach Reclamation Plan Modifications) which, after modifications in
response to NRC comments, represents the first design to be approved for the Heap Leach area.
The design modifications included (with subsequent NRC approval) evaluation of the existing
reclamation cover construction (i.e., that completed in 1992, shown on Drawing 2). Endpoints
evaluated included seismic design, slope stability, liquefaction potential, settlement, radon
barrier cover cracking potential, and radon attenuation. This plan was approved by the NRC on
May 28, 1998, as amended by License Amendment 38. The corresponding TER is provided in
Attachment 1.

" Although GHP-2 was initially addressed in this plan (its cover design was the same as that for the Heap Leach), in
response to NRC questions, Umetco determined in February 1998 that data for the pond were limited because
disposat there was not complete (i.e., the groundwater corrective action program was still ongoing). Umetco
committed to submitting a final design for closure of Pond No. 2 when the required data were available. - This
occurred in 2003, as documented in the Final Construction Completion Report for GHP-2 (Volume V).
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1.2 Scope of Work Addressed in this Report
The 1996 plan proposed major modifications to the initial 1991 plan, including:

1) Placement of additional frost protection soil on top of the existing cover;

2) Extension of the reclamation cover—i.e., 18-inch radon barrier, 54-inch frost
protection layer and the erosion protection layer—down the sideslopes of the heap;

3) Extension of the reclamation cover over the gap between the heap and above-grade
tailings impoundment; and

4) Replacement of the previously proposed vegetative cover surface with riprap erosion
protection on both the top and sideslopes of the Heap Leach.

As discussed in Volume I, this Construction Completion Report is the final in a series of
submittals demonstrating that the Gas Hills site meets the requirements for license termination.
The other key submittal related to the Heap Leach area is the Final Status Survey Report, which
was initially submitted in 2003 and then finalized on September 2, 2004 in response to NRC
comments. This report documents the results of the gamma exposure survey for the Heap Leach:
cover. and approved on September 27, 2004 (see Volume I, Section 6).

At the outset, it is important to note that this report only addresses construction completed since
development of the 1996 reclamation plan. All work performed before that time (i.e., that
completed in 1992) is incorporated in the NRC-approved modified design. Drawing 2 shows the
existing cover—i.e., that completed in 1992—along with the 1996 design moditications.

1.3 License Cond?tion and Regulatory Framework

The requirements for reclamation of the Heap Leach construction reclamation are established in
SUA-648 License Condition 61, which states the following:

The final reclamation of'the heap leach impoundment shall be in accordance with the
reclamation plan submitted September 25, 1996, as supplemented or revised by
submittals dated June 6, August 19, and October 15, 1997, and January 15, February 11
and 13, 1998, and December 20, 2000. [Applicable Amendments: 38, 44]

This report will demonstrate that the conditions of this license condition have been met and that
the completed construction at the Heap Leach satisfies the requirements set forth in 10 CFR 40
Appendix A regarding stability and radon flux.

14 Volume II Organization

The completion of this work in accordance with the approved plan is demonstrated primarily in
the quality assurance/quality control test records provided in the appendices and the as-built
drawings. To facilitate review, final as-built drawings are provided in two formats—standard
plates (provided in the following binder), allowing examination of all construction details and
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final topography and, for easier access and reference, 11 x 17 inch format. Plates are provided
separately in the following binder.

Although this volume is intended to serve largely as a stand-alone report, Volume I is requisite
reading, as it presents important information regarding the quality and placement of erosion
protection materials for all repository areas, including the results of rock durability and gradation
tests and in-place visual depth checks (Volume I, Section 5). Volume I also presents detailed
historical information and summarizes the issues and reports most germane to license
termination.

Following this introduction, Section 2 summarizes the Heap Leach history and the evolution of
reclamation plans preceding the enhanced reclamation plan addressed herein. Section 3 provides
an overview of the reclamation plan, including a summary of all related submittals and NRC
comments. Section 4 summarizes the construction activities, documenting volumes of material
placed and corresponding quality control testing procedures. Section 5 summarizes the results of
the quality control testing for all soil placement (contaminated fill placement, radon barrier, and
frost protection).

Section 6 documents the erosion protection placement, referencing Volume I for additional
details. Section 7 documents the final radiological status of the Heap Leach, including the frost
protection Ra-226 content, results of radon flux (NESHAPs) measurements, and gamma
exposure survey results. Section 8 summarizes the findings of this construction completion
report. References are provided in Section 9. Quality control test results are provided in the
appendices, which are organized as follows:

Appendix A - Contaminated Fill Quality Control Test Results
Appendix B — Radon Barrier Quality Control Test Results
Appendix C - Frost Protection Quality Control Test Results
Appendix D — Toe Protection Quality Control Test Results

Umetco Minerals Corporation 4 Final Construction Completion Report
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20 BACKGROUND

Heap leach operations at the Gas Hills site began in March 1980 under SUA-648 Amendment
No. 11. The operations were extended in November 1982, as permitted by Amendment No. 17
of the license, and operated until December 1984. Operations were restarted in May 1987 and
finally shut down in January 1988.

The two insets below show historical aerial photographs of the Gas Hills site, Heap Leach. In
the first, taken in September 1983, the 1982 expansions of the Heap are evident. The second
photograph, taken in June 1997, shows the layout of the site at onset of the reclamation
construction activities addressed herein.

Heap ; . : =
Leach Wi ©" Above-Grade &1
while still ) 3 \ Tailings .
operational # Lo @\ Impoundment
Heap Leach
prior to 1997-
2002
reclamation
: , ,-! P W
Aerial Photo: September 12, 1983 Aerial Photo: June 11, 1987
2.1 1991 Reclamation Plan and Construction Activities

In February, 1991, Umetco submitted a reclamation plan for the heap leach facility to the NRC
for approval. The NRC provided review comments to the proposed reclamation plan on May 22,
1991. Response to these comments were submitted on December 2, 1991, providing additional
geotechnical borrow area data and proposed cost justification for the proposed design.

The original 1991 reclamation design consisted of a 12-inch radon barrier, 12-inch filter layer,
30-inch frost protection layer, and 6-inch topsoil to be constructed on the top of the heap.
Sideslopes were to be reclaimed by construction of a multi-gradient sacrificial fill (nominal 5:1
slope) with a 6-inch topsoil layer and subsequent vegetation to control erosion. Umetco elected
to proceed with heap leach reclamation construction prior to formal NRC approval. This work
was substantially completed by 1992 with the exception of topsoil placement and seeding.

Umetco Minerals Corporation 5 Final Construction Completion Report
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2.2 NRC Evaluation and Comments: 1994-1995

In 1994, the NRC provided technical comments on the 1991 reclamation design. Umetco
responded to NRC comments in 1994 and 1995 discussing the reclamation plan and evaluation
of reclamation construction activities performed to date. Responses to the NRC comments were
contained in a series of documents prepared by James L. Grant and Associates (see 1996 plan
and references in Section 9).

On February 6, 1995, Umetco submitted a response to verbal comments provided by the NRC
addressing seismicity, slope stability, permeability of the radon barrier and frost penetration
depth. In this submittal Umetco committed to evaluate the permeability of the constructed radon
barrier with field measurements and to increase the thickness of the frost protection soils over the
radon barrier. The 1994 evaluation of the previous reclamation work also indicated that some of
the soils utilized to construct the top cover of the heap had elevated radium concentrations
(naturally occurring mine spoil). Therefore, in the summer of 1995, Umetco conducted an
extensive radiological background and site characterization study. This study also evaluated the
radiological suitability of the existing cover soils placed on the heap leach facility in 1991 and
1992. Results of this study indicate that the radium content of the filter layer was elevated and
that the near surface and sideslope cover soils were slightly elevated.

The above submittals coincided with the NRC’s establishment of a new policy regarding
previously-approved reclamation plans dated July 18, 1995. Although an approved plan was not
yet in place for the Heap, this new policy did influence the enhancements proposed in the 1996
plan, in particular regarding radon attenuation and erosion protection. The 1996 reclamation
plan modifications and subsequent submittals proposed design revisions to address these
concerns, as discussed in the following section.
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3.0 1996 HEAP LEACH RECLAMATION PLAN OVERVIEW

This section presents an overview of the 1996 enhanced reclamation plan—Heap Leach
Reclamation Plan Modifications—on which the design and construction documented herein was
based. This plan was submitted by letter dated September 25, 1996 and was amended by six
submittals prior to the NRC's approval of the enhanced reclamation plan in May 1998. To
facilitate review, Table 3.1 provides a cross-reference to this plan identifying where various
aspects of the modeling underlying the design (e.g., settlement analyses) are addressed. Table
3.1 provides a cross-reference to the enhanced reclamation plan. Table 3.2 documents the plan
submittal history, including revisions and NRC approvals. Table 3.3 summarizes the parameters
used for the Heap Leach radon flux modeling for the cover and sideslopes respectively.

3.1 Scope of Work

The modifications included in the enhanced design plan were developed to satisfy the NRC’s
review comments on the reclamation design. These modifications included:

e Placement of additional frost. protection soils on the top cover, increasing the
thickness to 54 inches (4.5 feet).

e Extension of the reclamation cover—i.e., 18-inch radon barrier, 54-inch frost
protection layer and erosion protection layer—down the sideslopes of the heap.

e Extension of the reclamation cover over the gap between the heap and above-grade
tailings impoundment (addressing areas where elevated radium levels were
measured); and

e Replacement of the previously proposed vegetative cover surface with riprap erosion
protection on both the top and sideslopes of the heap leach facility.

3.2 Plan Modifications and NRC Approval(s)

The revised Heap Leach reclamation plan was submitted by letter on September 25, 1996. The
NRC’s responses (dated May 9, 1997) identified four primary issues: 1) concerns about gully
headcutting; 2) the strength parameters used for slope stability analysis; 3) radon attenuation
(assumptions used in model); and 4) the radium content of the remaining cover to be placed.
These concerns were addressed in Umetco’s submittals in response to these comments are
summarized in Table 3.2.

In the TER supporting the plan approval (provided in Attachment 1), the NRC concluded that
the heap leach site design, as proposed, would meet NRC regulations stated in 10 CFR 40,
Appendix A, Criteria 4 (c), (d), (e), and 6(1), with regard to reasonable assurance of stability and
control of the contaminated material; and limitation of radon flux. In December 2000, Umetco
submitted the Proposal for Erosion Protection Modification for the Above-Grade Tailings
Impoundment and Heap Leach. This submittal documented proposed changes for erosion
protection, discussed in Section 6, and was approved by the NRC (License Amendment 44) in
April 2001 (TER provided in Attachment 2).
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Table 3.1 1996 Heap Leach Reclamation Plan Modifications Report: Summary of Contents

Preface: The reclamation plan, entitled Heap Leach Reclamarion Plan Modifications and Reclamation Plan for GHP No. 2/Mill
Area was submitted in September 1996 and was approved by the NRC with modifications on May 28, 1998 (Amendment No. 38,
License Condition 61).

Part or Title Description of Contents
Section No. (left blank if section title is sufficiently descriptive)
PARTI ... Design and Technical Approach '

Nine sections, presenting background information and documenting the geotechnical bases for the design
specifications presented in Part II. Sections 1 and 2 provide background information. Section 3 identifies the design
modifications. Sections 4 and 5 document analyses for radon attenuation and infiltration, respectively. Section 6
addresses frost penetration. Sections 7 and 8 document slope stability and liquefaction and settlement analyses. The
erosion protection design is detailed in Section 9.

PARTII Technical Specifications
Sections 1, 2, General, Administrative Instructions, Section 2.8 (Quality Control/Quality Assurance)
and 3 Mobilization and Demobilization documents the required geotechnical testing
frequencies, which were later modified by Umetco
letter dated 2/13/98 (see Table 3.2).
Section 4 Contaminated Soils Section 4.5 presents the placement specifications.
Section 5 Radon Barrier Section 5.3 describes the material requirements and
Requirements were later amended by borrow source: placement and compaction
Umetco letter dated 2/11/98. requirements are documented in Section 5.4.
Section 6 Frost Protection Layer Sections 6.3 and 6.4 document the key requirements.
Section 7 Erosion Protection Quality control test requirements are documented in
Section 7.4; Section 7.5 documents gradation
requirements.
PARTIO  Quality Plan
Sections 1-3 Quality Plan introductory material Quality plan scope, objectives, and definitions
Section 4 Quality Control/Quality Assurance Describes general QA/QC activities and reporting
requirements.
Sections 5-7 Organizational Structure, Changes and
Corrective Actions, Documentation
Section 8 Construction Inspection and Testing Documents required test frequencies. etc. Frequencies
given in Section 8.3.2 were modified by Umetco letter
dated 2/13/98.
Section 9 Quality Control Procedures Quality Control Procedure for Radiological
Monitoring of Borrow Materials added by Umetco
letter dated 6/6/97.

DRAWINGS - Note that Drawings and Scour and Riprap Size Calculations amended by Umetco letter dated 1-15-
98; also see December 2000 modifications)

Appendix A - Radon Attenuation Calculations; Appendix B — Infiltration/Geotechnical Data; Appendix C — Slope
Stability Calculations: and Appendix D — Erosion Protection Calculations
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Table 3.2. Design Plan Submittal History for the Heap Leach Disposal Cell

Preface: License Condition 61, the primary license condition pertaining to the Heap Leach reclamation, states the following: The
final reclamation of the heap leach impoundment shall be in accordance with the reclamation plan submitted September 25, 1996,
as supplemented or revised by submittals dated June 6, August 19, and October 15, 1997, and January 15, February 11 and 13,
1998, and December 20, 2000. [Applicable Amendments: 38, 44, 52] (The latter language reflects the most recent revised
license as of April 2007.) To facilitate review, the following table summarizes the contents of each of these submittals and any

associated license condition changes.

Report or Submittal Submittal Date(s) Summary of Contents

Initial reclamation plan for the 1991, 1994 The 1991 plan as amended by 1994 submittals
Heap Leach Pile (Grant was never approved and was still undergoing
Environmental) NRC review in January 1996.

Heap Leach Reclamation Plan
Modifications and Reclamation
Plan for GHP No. 2/Mill Area

September 25, 1996

Enhanced reclamation design consisting of three
parts: Part I — Design Report; Part IT —
Construction Plans and Specitications; and Part
I - Quuality Plan (see Table 3.1).

Submittals in Response to Subsequent NRC Written and Verbal Comments

Umetco’s responses to NRC
comments and request for
additional information dated
May 9, 1997

June 6, 1997

Issues addressed included gully headcutting,
strength parameters used for the slope stability
analysis, radium activity of cover materials, and
gamma exposure rates over the completed
reclamation cover prior to erosion protection
placement.

Additional Umetco responses to
NRC’s comments of May 9,
1997

August 19, 1997

Provides additional technical information and
design revisions addressing erosion protection
toe design and geotechnical slope stability.

Additional Umetco response to
NRC’s comments of May 9,
1997

October 15, 1997

Provides results of additional radon barrier
testing.

Umetco’s response to NRC
comments and request for
additional information dated
December 15, 1997

January 15, 1998

As part of this submittal, Umetco submitted a
complete set of design drawings incorporating
all modification to date resulting from NRC
review of the Heap Leach reclamation plan.

Umetco’s formal written
response to three verbal
comments on the design plan as
discussed during a phone
conversation with Elaine
Brummett and Banad Jagannath
on February 2, 1998.

February 11, 1998

The most notable modification in this submittal
was the change in specifications for the Heap
Leach radon barrier material, summarized as
follows: CL or CH only, >75% <#200, LL
>30%, PI >20% and more stringent testing
frequency .Umetco also submitted revised
calculations for channel scour depth and riprap
sizing.
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. Table 3.2. Design Plan Submittal History for the Heap Leach Disposal Cell page 2 of 2

Report or Submittal Submittal Date(s) Summary of Contents

February 11, 1998 Finally, although not related to the Heap
reclamation, this submittal also removed the
aspect of the plan relating to GHP-2. Umetco
committed to providing a final closure design
for the pond when disposal activities were
complete and the necessary data were available.

Umetco submitted revised page | February 13, 1998 Corrected radon barrier testing frequency
changes to be substituted for the specifications.

attachments submitted in the
February 11, 1998 letter.

Note: All above approved by the NRC as License Amendment 38 dated May 28, 1998.

Proposal for Erosion Protection | December 20, 2000 Umetco proposed a modification for the erosion
Modification for the Above- protection design for the Channel 2 outlet. This
Grade Tailings Impoundment was approved by the NRC as part of License

and Heap Leach Amendment 44 on April 5, 2001 (see Section 6

and Attachment 2).
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Table 3.3 Radon Flux Model Input Parameters Used as the Basis for the Heap Leach
Design Modifications: Top Cover and Side Slopes

Input Parameter Tailings Radon Barrier Frost Comment (Basis)
Protection
Radium content — Side 109 pCi/g 3.6 pCi/g Existing Cover: | Site-Specific
Slopes filter layer =
(values are assumed or ?_2'8 pCl{g; frost
= 20 pCi/g
measured averages)
Additional
Cover: 10 pCi/g
Layer Thickness 16 ft 1ft Top Cover: 5 ft
Sideslope: 4.5 ft
Emanation Coefficient 0.216 0.2005 0.262 Measured value for the
" tailings, radon barrier and
frost protection layers,
respectively
Specific Gravity 2.65 2.65 2.65 Default value
Dry Density * 1.59 g/em’ 1.7 g/em* * 1.8 g/em® * Site-specific measurements
(average) (99.3 pcf) (106.1 pcf) (112.4 pcf)
Porosity 0.40 0.36 0.32 RADON-code calculated
Moisture Content 6% 6% 6% To be conservative 6%
(average long-term) moisture content used as
input for all layers
Diffusion coefficient* | 3.13x 107 4.14x 1073 5.21x 107 Heap Tailings input values
(all units = cm’/s) Calculated RADON-code calculated,

Measured values utilized for
radon and frost input
parameters.

All values and assumptions listed above were accepted by the NRC, as documented in the Technical Evaluation
Report (TER) supporting "their approval of the Heap Leach Reclamation Plan Modification design and
corresponding license amendment (License Amendment 38, May 28, 1998, and associated TER). This modeling
yielded radon flux values of 5.63 pCi/m’s for the Heap Side Cover and 7.66 pCi/mzs for the Top Cover of the
Heap Leach Tailings Impoundment. Later NESHAPS sampling conducted in 1999 yielded an average radon flux
of 1.1 pCi/m’s. Both modeled and measured values are well below the 20 pCi/m’s criterion required by 10 CFR
Part 40, Appendix A, Criterion 6(2).
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4.0 OVERVIEW OF HEAP LEACH RECLAMATION CONSTRUCTION ACTIVITIES

As a prelude to Section 5, this section provides an overview of the Heap Leach reclamation
construction activities performed between 1997 and 2002. Although the Plan Modifications had
not been accepted until May 28, 1998 (Attachment 1), all work conducted in 1997 was
performed in accordance with the subsequently approved reclamation plan.  Section 4.1
summarizes the findings of an NRC inspection of the 1997 construction work. Section 4.2
summarizes the quality control testing frequencies and methods implemented throughout the
reclamation. Tables 4.1 and 4.2 summarize the Heap Leach reclamation construction activities
and corresponding plan specifications.

4.1 NRC Inspection Findings

On July 30, 1997, the NRC completed an inspection of the reclamation construction activities
(including embankment stability) at the Gas Hills site. At the time of this inspection, the primary
reclamation construction activity at the site was placement of the radon barrier and frost
protection covers on the heap leach impoundment area. Areas inspected included the radon
cover stockpile, the radon cover and frost protection placement area, and the frost protection soil
borrow site. [See Volume I, Section 4 for additional information about radon barrier and frost
protection material borrow sources.] The focus of the tour was to determine if the reclamation
construction activities performed at the Heap Leach were being performed in accordance with
the specifications provided in the reclamation plan. In the inspection report (Report No.
40/0299/97-02, August 29, 1997; see Volume I, Table 3.3), the NRC concluded that the radon
barrier and frost protection covers for the Heap Leach impoundment were being constructed in
accordance with the September 25, 1996 reclamation plan and that the field and laboratory
quality control program presented in the reclamation plan was being followed.

4.2 Quality Control Test Frequencies and Methods

Quality control testing frequencies, as specified in Part III of the enhanced reclamation plan
(Quality Control Plan), are summarized below.

Quality Control Test Required Frequency Method
Field Moisture and Density Contaminated Fill: 1: 1000 CY ASTM D2922
Radon Barrier: All other work: | ASTM D3017
1: 500 CY
Sand Cone Correlation 1:10 nuclear gauge test ASTM D1556
ASTM D2216
Laboratory Compaction 1: 5000 CY ‘ ASTM D698
(Standard Proctor)
Soil Classification Radon Barrier: 1:1000 CY ASTM D2487
e Particle Size Analysis Frost Protection: 1:2000 CY ASTM D4318
- ASTM D1140
e Atterberg Limits ASTM D422
CcYy cubic yards
NA Not Applicable
Umetco Minerals Corporation 12 Final Construction Completion Report
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Table 4.2 Summary of Specifications for the Heap Leach Cell Cover Construction

Layer Specifications / Requirements

Contaminated Fill | e Lift thickness < 12 inches (compacted depth)
¢ Percent compaction: > 90 percent of Standard Proctor maximum density

Radon Barrier Soil Characteristics

Classification as CL or CH (lean clay or fat clay), based on ASTM D2487
> 75 % passing the No. 200 sieve

Maximum particle size of 1 inch

Liquid limit > 30 percent

Plasticity index > 20 percent

Hydraulic conductivity < 1E-7 cm/sec (when compacted to 95 percent of
Standard Proctor maximum density)

(see note below)

Placement

¢ Litt thickness < 6 inches (compacted depth)
¢ Percent compaction: > 95 percent of Standard Proctor maximum density
e Optimum < Moisture Content < Optimum + 4

Frost Protection Soil Characteristics *
(includes Toe ¢ C(Classification as SC and/or SC-SM (clayey and/or silty-clayey sand)
protection)

*The allowable radium content for frost protection materials—10 pCi/g for all
areas except GHP-2 (see Volumes I and V)—had not been established until the
enhanced reclamation plan for the Above-Grade Tailings Impoundment was
submitted in 1997. Although not formalized in the Heap Leach design
specifications, this criterion was followed during placement of Heap frost
protection materials (see Section 7, Final Radiological Conditions).

Placement

Layer thickness: 4.5 feet

Lift thickness < 12 inches when compacted

Percent compaction: > 95 percent of Standard Proctor maximum density
Moisture content: > Optimum minus 2

Erosion Protection | Placement of Type A, B, and C rock; see Section 6 for specifications and locations.

Note that the specifications for the radon barrier were revised in a February 11, 1998 submittal — the final
specifications are more conservative than those originally specified in the 1996 plan (see Table 3.2).
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As demonstrated in the following section and supporting appendices, the required test
frequencies were met and usually exceeded. Field density and moisture tests documented in the
appendices and summarized in the following sections were taken using a nuclear density gauge.
The gauge was field standardized at each test location and was correlated by a sand-cone test at a
minimum frequency of one for every ten nuclear gauge tests. For non-clay material, field rock
corrections were performed at each compaction test location. Material placed at densities lower
than the specified minimum density or at moisture contents outside the specified acceptable
range of moisture content were reworked to meet the density and moisture requirements or
removed and replaced by acceptable fill compacted to meet these requirements.

For all soil placement, a sand-cone correlation test was performed for every 10 nuclear gauge
tests or higher frequency. Correlations were deemed acceptable if the average of ten nuclear
gauge test vs. sand cone test result comparisons met the following criteria; 1) wet density
variation less than or equal to 3 percent, and moisture content variation less than or equal to 2
percent. As demonstrated in the appendices, the majority of results for discrete tests (vs. running
average) were below the latter criteria.
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5.0 CONSTRUCTION ACTIVITIES AND QUALITY CONTROL TEST RESULTS

This section describes the Heap Leach reclamation construction activities and summarizes the
results of the corresponding field and laboratory quality control tests performed between 1997
and 2002. The completion of construction activities in accordance with the enhanced
reclamation plan is demonstrated largely by the quality assurance/quality control records
provided in the appendices and in the following as-built drawings and plates:

Layer/Aspect Drawing/Plate No.(s)
Final Heap Leach Site Plan 1

Existing Cover* and 1997-2002 Moditfications 2

Contaminated Fill 3and 4

Radon Barrier 5-7

Frost Protection 8and 9

Toe Protection 8 and 10

Erosion Protection (addressed in Section 6) 11-13

*The existing cover refers to that portion of the cover completed in 1992 (see Section 2).

For each layer or construction aspect, these drawings show the final contours and survey
verification points, representative cross-sections, and corresponding quality control test
locations. As stated in the introduction, these drawings are provided in two formats: standard
plate (provided in the following binder) and, for easier access and reference, 11 x 17 format.
Geotechnical quality control tests conducted during placement of these materials and
documented in detail in the appendices include field density tests, laboratory Standard Proctors,
sand-cone correlation tests, gradations, and Atterberg Limits.

5.1 Contaminated Fill

Between 1997 and 1998, 130,392 cubic yards of contaminated fill material were placed as part of
the Heap Leach reclamation modifications (Table 4.1). Placement (daily load counts) and
quality control test records associated with contaminated fill placement are documented in detail
in Appendix A.- Table A.1 lists the daily quantities and corresponding daily testing frequencies.
Field compaction tests are documented in Table A.2. Table A.3 documents the Standard Proctor
Test results, and Table A4 presents the sand-cone correlation tests. As-built Drawing 3 shows
the final contours and survey verification points; Drawing 4 shows the compaction test locations.
Quality control tests results associated with these activities are summarized in Tables 5.1 and 5.2
for field and laboratory tests, respectively. '

5.1.1 Placement

In the designated fill areas shown in Drawings 3 and 4 (north and west slopes), and in
accordance with the enhanced reclamation plan, fill materials were placed in maximum lift
thicknesses of 12 inches (compacted depth) and were compacted to a minimum of 90 percent of
the maximum density (ASTM D698). Between 1997 and 1998, 130.392 cubic yards of material
were placed as part of this effort (Table 4.1, 5.1, and Appendix A, Table A.1).
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Table 5.1 Summary of Field Quality Control Test Results for the 1997-2002 Heap Leach Reclamation

Nuclear Density Gauge Test Results Sand-Co.ne
Correlation
Layer g{: 3: dYards gzslg: é:::nt)s Frequency Dry Density Percent Percent Frequency
qu n (No. of Tests) (pcf) Moisture Compaction (No. of Tests)
Contaminated Fill: | 130,392 CY | Frequency: 1:1000 CY 1:767 CY avg: 110.5 avg: 13.2 avg: 96.2 1:6
1997-1998 % Compaction: >90 * (n=170) range: range: range: (n=27)
% Moisture: NA 100.9 - 118.6 6.1-19.8 89.7 - 103.1
Radon Barrier: 84.857 CY Frequency: 1:500 CY 1:493 CY avg: 101.9 avg: 214 avg: 97.1 i: 10
1997-1998, 2000 % Compaction: > 95* (n=172) range: range: range: (n=17)
% Moisture (PM): 97.2-106.6 18.7-253 949 -101.5
Opt. < PM < Opt.+4
Frost Protection: 475,737 CY | Frequency: 1:500 CY 1:489 CY avg: 111.4 avg: 14.5 avg: 97.4 1:9
1997-1998, 2000 % Compaction: >95* (n=973) range: range: range: (n=105)
% Moisture: > Opt. -2 96.0-121.6 9.1-25.2 94.9 - 108.7
Toe 37,899 CY Frequency: Not Specified 1:332 CY avg: 1122 avg: 14.5 avg: 98.6 1:10
2001-2002 % Compaction: > 95* (n=114) range: range: range: (n=11)
% Moisture: > Opt. -2 101.0- 123.4 10.5-23.3 95.0-103.9

*All compaction results summarized above reflect percentages of the Standard Proctor maximum density (ASTM D698).

This summary reflects passing tests only. Failed field tests resulted in re-compaction of the area and re-testing, as documented in detail in Appendix A, B,
and C for contaminated fill, radon barrier, and frost protection material, respectively.

Abbreviations

avg average (arithmetic mean)

CYy cubic yards

n number

NA Not Applicable

Opt. Optimum

pef pounds per cubic feet

% percent
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Table 5.2 Summary of Laboratory Quality Control Test Results for the Heap Leach Reclamation Cover Construction

Laboratory Standard Proctor ' Atterberg Limits

Design (Plan) Frequency Maximum Optimum Frequency Liquid Plastic Soil Classification

Laver Requirements (Number Dry Density Moisture (Number Limit Index & Gradation

y of Tests) (pef) (%) of Tests) Results Results

Contaminated NA for all except 1:3343CY | avg: 115.0 avg: 13.5 NA NA NA NA

Fill Proctor frequency (n =39) range: range:

130,392 CY 109.3-124.0 8.4-169

Radon Barrier Gradation-Atterberg 1:4466 CY | avg: 1049 avg: 19.6 1:884 CY avg: 50.5 | avg: 32.4 | FatClay (CH): 58%
Ffeq@“.c Y .1:1000 cY (n=19) range: range: (n=96) range: range: Lean Clay (CL): 42%
Liquid limit: > 30 102.3- 1086 | 18.2-21.1 43 -60 20 - 43

84,857 CY Plasticity index: > 20 TR e B ) Percent passing #200
Unified Soil Classification: sieve: avg = 94.1%
CL or CH Hydraulic conductivity was tested for range: 86.4—98.4%
> 75% passing #200 sieve 11 samples: results ranged from 3.9E- )
Max. particle size = 1" 9 to 9.0E-8 cm/sec, with an average of All gradation
Hydraulic conductivity: 2.9E-8 cmi/sec. requirements were met.

< 1E-7 cm/sec

Frost Protection | Gradation-Atterberg 1:3806 CY avg: 114.3 avg: 14.4 1:1675CY | avg: 34.6 | avg: 17.7 | SC: 76%
Frequency: 1:2000 CY (n=125) range: range: (n =284) range: range: 51\171 13 Zj
Unified Soil Classification: 100.1 - 122.6 10.1 -21.8 25-47 5-31 P

475,737 CY SC and/or SC-SM SC-SM: 1%

! Proctor frequency requirements for all layers are 1:5000 CY. Details are provided in Appendices A, B, and C for contaminated fill, radon barrier, and frost
protection material, respectively.

Abbreviations

avg average (arithmetic mean)
cm/sec centimeters per second
CY cubic yards

n number

NA Not Applicable

Opt. Optimum

pef pounds per cubic feet

ASTM 2487 Term Definitions

CH Fat Clay

CL Lean Clay

SC Clayey Sand
SC-SM Silty, Clayey Sand
SM Silty Sand
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5.1.2  Quality Control Test Results

As summarized in Table 5.1 and in the inset below, based on 170 passing tests, contaminated fill
soils were compacted to an average of 96.2 percent of the maximum Standard Proctor dry
density, ranging from 89.7 to 103.1 percent. The maximum Standard Proctor dry density ranges
from 109.3 to 124 pcf (average of 115 pcf), with optimum moisture content ranging from 8.4 to
16.9 percent (average of 13.5 percent).

Heap Leach Contaminated Fill Fieid and Laboratory Compaction Test Results

Dry Density | Percent Percent Maximum Optimum
(pcf) Moisture | Compaction | Dry Density (pcf) | Moisture (%)
average: 110.5 13.2 96.2 115.0 13.5
range: | 100.9-118.6 | 6.1 -19.8 | 89.7-103.1 109.3 - 124.0 84-16.9
std. deviation: 3.6 2.7 3.2 3.0 1.5

Nuclear Gauge N = 170; frequency = 1 test for every 767 cubic yards placed
Proctor N = 39; frequency = 1 test for every 3343 cubic yards placed

Correlation results documented in Appendix B, Table B.4 indicate good agreement between the
nuclear gauge and sand-cone test, with averages of 1.1 and 1.0 percent variation (absolute value)
for wet density and moisture, respectively.

Tables 5.1 and 5.2 demonstrate that the quality control tests for the contaminated fill were
conducted at much higher frequencies than those called for in the reclamation plan. For
example, the compaction test frequency was 1:767 cubic yards (CY), exceeding the required
1:1000 CY frequency. Similarly, Standard Proctors were performed at a frequency of 1 test for
every 3,343 cubic yards placed, greatly exceeding the required frequency of 1:5000 CY.
Correlation tests documented in Appendix A, Table A.4 indicate generally good agreement
between the nuclear gauge and sand-cone tests, with averages of 2.2 and 1.0 percent variation
(absolute value) for wet density and moisture, respectively.

5.2

Construction activities for extension of the radon barrier took place in 1997 and 1998. During
this time, 84,857 cubic yards of Cody Shale clay material were placed as part of the radon barrier
on the sideslopes of the Heap Leach. Placement (daily load counts) and quality control test
records associated with radon barrier placement are documented in detail in Appendix B. Table
B.1 lists the daily quantities and corresponding daily testing frequencies. Field compaction tests
are documented in Table B.2. Tables B.3 and B.4 provide the laboratory Standard Proctor and
sand-cone correlation test results, respectively. Radon barrier soil classification and gradation
test results are listed in Table B.5. Quality control tests results obtained for the radon barrier
extension are summarized in Table 5.1 and 5.2 for field and laboratory tests, respectively.

Radon Barrier

5.2.1

Clayey soils for construction of the radon barrier were excavated from the Clay Borrow area,
discussed in detail in Section 4 of Volume 1. In accordance with the enhanced reclamation plan,

Placement
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this material was placed in equal continuous layers not exceeding 6 inches compacted depth and
compacted to a minimum of 95 percent of maximum Standard Proctor dry density (ASTM
D698), at a moisture content between optimum and 4 percent above optimum (Table 5.2,
Appendix B, Table B.2).

Drawing 5 shows the placement areas, thickness, final grades, and survey verification points for
the radon barrier extension. This drawing also provides several cross-sections showing the tie-in
to the existing radon barrier (i.e., the radon barrier constructed under the previously-approved
plan). Drawing 6 shows the compaction test locations, demonstrating their high density and
extensive spatial coverage. Although not specified in the enhanced reclamation plan, Umetco
conducted regular checks of the in-place thickness of the radon barrier layer to ensure that depths
met the 12-inch specification. Locations and corresponding test results are shown on Drawing 7.

5.22  Quality Control Test Results

Field Compaction Test Results. As summarized in Table 5.1 and detailed in Table B.2, based

on 172 passing tests, radon barrier soils were compacted to a average of 97.1 percent of the

maximum Standard Proctor dry density, ranging from 94.9 to 101.5 percent. The average dry

density of this material ranges from 97.2 to 106.6 pcf (average of 101.9 pcf). Moisture content
of the material ranges from 18.7 percent to 25.3 percent (average of 21.4%).

Heap Leach Radon Barrier Field Compaction Test Results

Dry Density (pcf) | % Moisture | % Compaction
average: 101.9 21.4 97.1
range: 97.2 - 106.6 18.7-25.3 949 -101.5
std. deviation: 1.9 1.3 1.7

N = 172; frequency = 1 test for every 493 cubic yards placed

Correlation results documented in Table B.4 indicate good agreement between the nuclear gauge
and sand-cone test, with averages of 1.1 and 1.0 percent variation (absolute value) for wet
density and moisture, respectively. Although not specified in the enhanced reclamation plan,
Umetco conducted regular checks of the in-place thickness of the radon barrier layer to ensure
that depths met the 18-inch specification. Based on 50 tests at the locations shown on Drawing
7, depths ranged from 1.5 to 2.2 ft, with an average depth of 1.7 feet and standard deviation of
0.19 ft (2.3 inches). Appendix B, Table B.6 documents the results of these depth verification
samples.

Standard Proctor Test Results. As summarized in Table 5.2 and in the inset on the following
page, the maximum Standard Proctor dry density of the radon barrier material ranges from 102.3
to 108.6 pcf (average of 104.9 pcf), with optimum moisture content ranging from 18.2 to 21.1
percent (average of 19.6 percent moisture).
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Heap Leach Radon Barrier Standard Proctor Test Results

Maximum Optimum
Dry Density (pcf) Moisture (%)
average: 104.9 19.6
range: 102.3-108.6 18.2-21.1
std. deviation: 1.9 0.9

Proctor N = 19; frequency = 1 test for every 4,466 cubic yards placed

Hydraulic Conductivity. As indicated in Table 4.2, the reclamation plan specified a maximum
hydraulic conductivity of 1E-7 cm/s (when compacted to 95% of Standard Proctor maximum dry
density). To demonstrate satisfaction of this requirement, hydraulic conductivity was measured
by Inberg-Miller in early 1998 using a flexible wall permeameter (ASTM D 5084 Method C).
Appendix B, Table B.3 documents the results, which ranged from 3.9E-9 to 9.0E-8 cm/s, with an
average of 2.9E-8 cm/s (hydraulic conductivity was tested for 11 samples). All hydraulic
conductivity results are below the 1.0E-7 maximum requirement. The specific gravity was 2.8
for each sample.

Soil Classification, Atterberg Limits, and Gradations. The Heap reclamation plan
modifications included the following specifications for radon barrier material characteristics:

classification as CL or CH (lean clay or fat clay)
at least 75 percent passing the No. 200 sieve
maximum particle size of 1 inch

minimum liquid limit of 30 percent; and
minimum plasticity index of 20

As documented in Table B.5 and summarized in Table 5.2, all Heap Leach soil classification
tests met the design specifications. The maximum particle size was 1 inch (the majority of tests
passed the No. 4 sieve); an average of 94.1% passed the #200 sieve. Liquid limits and plastic
indices were all well above the plan requirements; averages were 50.5 and 32.4 percent,
respectively. In accordance with plan requirements, all unified soil classifications were either
CH (Fat Clay, 58%) or CL (Lean Clay. 42%).

5.3 Frost Protection Material

Construction activities for extension of the frost protection layer took place between 1997 and
2000; however, the majority of the work was completed in 1997. During this period, 475,737
cubic yards of frost protection material were placed on the Heap Leach. This aspect of the work
is distinguished from that done for contaminated fill and radon barrier placement in that the
entire Heap Leach was addressed (vs. sideslopes)—i.e., additional frost protection was placed
over the entire existing cover.

This section will demonstrate the homogeneity of frost protection soils and that all plan
requirements were met. Placement (daily load counts) and quality control test records associated
with frost protection placement are documented in detail in Appendix C. Table C.1 lists the
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daily quantities and corresponding daily testing frequencies. Field compaction tests are
documented in Table C.2. Tables C.3 and C.4 provide the laboratory Standard Proctor and sand-
cone correlation test results, respectively. Results of soil classification and gradation tests are
documented in Table C.5. These results are summarized in Tables 5.1 and 5.2 for field and
laboratory tests, respectively. Primary findings are discussed below.

5.3.1 Placement

The augmented frost protection layer for the Heap Leach cover was constructed with soils
obtained primarily from the B-Spoils borrow area located east of the Heap Leach repository.
Sources and characteristics of this material are discussed in detail in Volume I, Section 4 and
shown on Figure 4.5. As discussed in that section, borrow excavations were continuously
monitored by Umetco in the field to ensure that the 10 pCi/g Ra-226 criterion was met. As
indicated in Table 4.2, the allowable radium content for frost protection materials—10 pCi/g for
all areas except GHP-2 (see Volumes I and V)—had not been established until 1997, in response
to NRC comments and coinciding with the submittal of the enhanced reclamation plan for the
Above-Grade Tailings Impoundment. Although not formalized in the 1996 Heap Leach design
specifications, this criterion was followed during placement of all Heap frost protection
materials.

Frost protection soils were placed in equal continuous layers not exceeding 12-inches compacted
depth and compacted to a minimum of 95 percent of maximum Standard Proctor dry density
(ASTM D698), and at a moisture content greater than or equal to optimum minus 2. The final
contours and survey verification points are shown on Drawing 8; Drawing 9 shows the
compaction test locations.

5.3.2  Quality Control Test Results

Field Compaction Test Results. As summarized in Table 5.1 and in the inset below, based on
973 passing tests, frost protection soils were compacted to an average of 97.4 percent of the
maximum Standard Proctor density, ranging from 94.9 to 108.7 percent. The average dry
density of the compacted material was 111.4 pcf, ranging from 96.0 pcf to 121.6 pcf. The
average moisture content was 14.5 percent, ranging from 9.1 percent to 25.2 percent (Appendix
C, Table C.2). Drawing 9 demonstrates the high density and extensive spatial coverage of the
compaction test locations. Based on the total volume placed of 475,737 cubic yards, the testing
frequency was 1 test for every 489 cubic yards placed, satisfying plan requirements.

Heap Leach Frost Protection Field Compaction Test Results

Dry Density (pef) | % Moisture | % Compaction
average: 111.4 14.5 97.4
range: 96.0-121.6 9.1-252 949 -108.7
std. deviation: 3.2 2.2 1.7

N =973; frequency =1 test for every 489 cubic yards placed
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Standard Proctor Test Results. Table 5.2 summarizes the Standard Proctor results, which
yielded an average maximum dry density for frost protection materials of 114.3 pcf, ranging
from 100.1 to 122.6 pcf. The optimum moisture was 14.4 percent, ranging from 10.1 to 21.8
percent.

Heap Leach Frost Protection Material Standard Proctor Test Results

Maximum Optimum
Dry Density (pcf) Moisture (%)
average: 1143 144
range: 100.1 - 122.6 10.1-21.8
std. deviation: 3.7 1.9

Proctor N = 125; frequency =1 test for every 3,806 cubic yards placed

Seil Classification. The enhanced reclamation plan specified that frost protection materials shall
consist of clayey and/or silty sand, classified as SC and/or S-SM. As documented in Appendix
C, Table C.2 and summarized in Table 5.2, these requirements were generally met. Based on the
284 soil classification tests performed, frost protection soils consisted primarily (76%) of clayey
sand (SC). Although 14 percent of the samples were classified as clay, this is not considered to
have an adverse effect on the cover construction, especially in light of the fact that—
ultimately—the main criterion for frost protection material characteristics was the demonstration
that the soil radium content was less than or equal to the established background levels (10 pCi/g
for all repositories except GHP-2; see Volumes I and V). Remaining frost protection materials
were classified as silty sand (SM, 9%) and a very small percentage as silty, clayey sand (SC-SM,
1%).

54 Toe Protection

Placement (daily load counts) and quality control test records associated with construction of the
Heap Leach toe are documented in Appendix D and summarized below. Drawing 8 shows the
final contours and survey verification points for the toe protection excavation (along with those
for frost protection materials). Corresponding compaction test locations are shown on Drawing
10. As demonstrated in Table 5.1, Appendix D, and in the corresponding as-builts, all
construction activities for the Heap Leach toe were conducted in accordance with the approved
reclamation plan.
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6.0 EROSION PROTECTION

Erosion protection placement at the Heap Leach began in 2000 and continued until 2002. During
this period, over 102,000 cubic yards of erosion protection material were placed on the Heap
Leach. As-built Drawing 11 shows the Type A Bedding survey verification points and cross-
sections. Drawing 12 shows the placement areas, final contours and survey verification points,
and relevant cross-sections for the overlying erosion protection material. Drawing 13 shows the
corresponding visual depth check and in-place gradation test locations.

For detailed information regarding rock quality and gradation test results, refer to Volume I,
Section 5. This section demonstrates that the combination of the erosion protection source and
“the quality control program used during production and placement at the Gas Hills site
repositories has resulted in a finished product which satisfies the erosion protection requirements
of 10 CFR 40, Appendix A.

6.1 Scope of Work

The scope of work for the Heap Leach erosion protection placement is summarized in Table 6.1
and demonstrated in Drawings 11 through 13. Three sizes (Dsg) of riprap were used as erosion
protection for the Heap Leach cover. These three sizes are categorized as Type A, Type B, and
Type C, having median grain sizes (Dsg) of 0.5, 3.0, and 6.0 inches, respectively. Type A riprap
was used on the top cover and was also placed as bedding material for the larger riprap shown on
Drawings 12 and 13. Type B rock was used on the majority of the sideslopes, except for the area
of concentrated flows on the 5:1 outslope and channel outlet, where a 12-inch layer of Type C
rock was placed.

Table 6.1 Summary of Heap Leach Erosion Protection Placement: 2000-2002

Rock Type Area(s) Placed Total Volume | Ds, and In-Place Thickness
Placed
(cubic yards)
Type A Bedding Material 46,313 Dsp = 0.5 inches, minimum in-place thickness
(Drawing 11) and top of of 0.5 feet.
Heap '
Type B Sideslopes 24,999 D5y = 3.0 inches, minimum in-place thickness
of 0.5 feet
Type C Area of concentrated 5,317 D5y = 6.0 inches; minimum in-place thickness
flows on 5:1 outslope of 1.0 foot
and channel outlet
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Details regarding the design and underlying assumptions are documented in detail in the 1996
design report, the 2000 modification (see Section 6.2 below), and in the technical evaluations
accompanying the NRC's approval of the plan and modifications (Attachments 1 and 2).
Corresponding gradation curves are shown on Figure 6.1.

6.2 December 2000 Modifications

On December 20, 2000, Umetco submitted a request to modify the Channel 2 outlet
configuration and erosion protection design for the Heap Leach (entitled Proposal for Erosion
Protection Modification for the Above-Grade Tailings Impoundment and Heap Leach (December
18, 2000). [Modifications for the Above-Grade Tailings Impoundment are addressed in the
Volume III.] The re-design for the Heap Leach was made to better conform the design of the
outlet channel to existing topography and the adjacent designs of the Wyoming Department of
Environmental Quality (WDEQ) reclamation plan for the B-Spoils Borrow Area, into which
Channel 2 discharges. The modifications to the Channel 2 Outlet consisted of narrowing the
channel width at the outlet to 250 feet and provision of a drop apron design and modified scour
apron at the channel outlet to lower the discharge elevation of surface flows.

Details of the channel outlet design are documented of the December 2000 design modification
submittal (see Section 3.1 and Drawing 2). As discussed in Volume I (Section 5), this submittal
also included a request to modify gradation requirements for Type A rock, by increasing the
maximum size from 1 to 3 inches. These modifications were approved by the NRC by License
Amendment 44 in April 2001, provided in Attachment 2.

6.3 Rock Placement — General Procedures
In accordance with the approved Heap Leach reclamation plan, the following requirements were
met:
e The riprap met or exceeded the size requirements presented in the Construction Drawings
and design report.

e When necessary, riprap was oversized in accordance with the NRC STP, Appendix D.

e Riprap material was placed to the lines and grades shown in Drawings 10 and 11,
consistent with the design plan.

e Placement of all riprap materials was accomplished in a manner providing well-keyed,
densely placed layers of the specified thickness.

e For placement control purposes one test section (approximately 30 feet wide by 50 feet
long) was constructed for each type of riprap material to be placed.
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6.4 Quality Control Test Results

As indicated in the introduction to this section, the reader is referred to Section 5 of Volume 1
for detailed information regarding rock quality (Table 5.5), gradation test results (Tables 5.6
through 5.11), and in-place visual depth check documentation (Table 5.12). The subset of these
results corresponding to placement at the Heap Leach is provided in Tables 6.2 through 6.4.
Tables 6.2 and 6.3 document the in-place gradation test results for Type A and Type B rock,
respectively. Table 6.4 lists the in-place depth check verification results.

As demonstrated in these tables and in Drawings 11 through 13, placement of erosion protection
materials on the Heap Leach was conducted in accordance with plan requirements (including the
December 2000 submittal) and satisfies the criteria set forth in 10 CFR Part 40, Appendix A for
the following criteria:

Criterion 4(c) — provides requirements for the long-term stability of the embankment
and cover slopes for tailings;

Criterion 4(d) — requires establishment of a self-sustaining vegetative cover or
employment of a rock cover to reduce wind and water erosion to negligible levels, that
individual rock fragments are suited for the job, and that the impoundment surfaces are
contoured to avoid concentrated surface runoff or abrupt changes in slope gradient.
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7.0  FINAL RADIOLOGICAL STATUS

To verify that the completed Heap Leach repository cover meets the criteria set forth in 10 CFR
40, Appendix A, Criterion 6(1) and Criterion 6(2), this section summarizes: 1) verification data
documenting the Ra-226 content of frost protection materials placed on the heap; 2) radon
emission rate measurements; and 3) the results of the Heap Leach gamma exposure rate survey.
The latter information is already documented in the Final Status Survey Report (Umetco 2003),
which was approved by the NRC on September 27, 2004.

7.1 Cover Radium Content (Frost Protection)

During construction of the Heap Leach frost protection layer, frost protection materials were
continuously gamma surveyed and the upper two feet sampled and analyzed for Ra-226.
Although an allowable Ra-226 content had not been formally established at the time the 1996
Heap Leach plan was developed, a background value of 10 pCi/g was subsequently established
for the site, and this was used as the criterion for frost protection placement for all repository
areas except GHP-2 (see Volume I, Section 4.2). Tables 7.1 and 7.2 (following page) summarize
the results of the frost protection verification sampling for the Heap Leach (top cover) and gap
areas, respectively. For the newly constructed main top cover, these analyses yielded an average
Ra-226 content of 3.3 pCi/g and 3.4 pCi/g for the 0-1 foot and 1-2 foot depth profiles,
respectively. For the Heap Leach gap, results were slightly higher, but still well below the 10
pCi/g criterion: 3.9 pCi/g (0-1 ft depth) and 4.1 (1-2 ft).

7.2 Radon Emanation (NESHAPS)

Radon emission rates were measured from the Heap Leach in 1999 for comparison with the
regulatory limit in 10 CFR 40, Appendix A, Criterion 6(2) of 20 pCi/m’s (NESHAPs report
submitted November 12, 1999). The radon emission rate measured for the Heap Leach cover
was 1.1 pCi/m”-s, well within the regulatory limit of 20 pCi/m’-s established in 10 CFR 40 and
consistent with the radon emission rate measurements from the adjacent Heap Leach repositories
(1.1 pCi/m™-s).

7.3 Direct Gamma Exposure Rates

10 CFR 40, Appendix A, Criterion 6(1) requires demonstrating that direct gamma exposure from
tailings or wastes be reduced to background levels. To demonstrate compliance with this
requirement, direct gamma exposure surveys of the Heap Leach were made over the completed
earthen cover between April and July 2001, prior to placement of erosion protection material.
One-meter high bare gamma exposure readings were collected and then averaged over the entire
area. The results of this survey are documented in the Final Status Survey Report (Umetco
2004) and summarized below.

The average exposure rate measured over the Heap Leach was 27 puR/hr, satisfying the 30 uR/hr
criterion. This was approved by the NRC in the September 27, 2004 TER, which states the
following: “The average exposure rate measured on the earthen covers of the AGTI and the
Heap Leach was 27 uR/hr, therefore, the gamma levels comply with the approved limit of 30
uwR/hr, demonstrating compliance with Part 40, Appendix A, Criterion 6(1). The potential dose

is very low and the radiation levels on the Umetco site are comparable to the surrounding area.”
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Table 7.1 Heap Leach Frost Protection Verification Sampling Results

Grid 0-1ft Ra-226 1-2ft Ra-226
(pCi/g) (pCug)

1 3.1 3.8
2 34 4.2
3 4.0 33
4 4.0 2.8
5 3.8 33
6 3.1 33
7 3.3 4.1
8 2.8 3.0
9 3.9 4.0
10 2.6 3.9
11 -- -
12 3.0 4.0
13 2.5 3.5
14 33 3.7
15 3.2 4.0
16 3.1 3.5
17 29 2.7
18 3.6 3.4
19 No Data 3.1
20 3.1 2.2
21 3.1 4.0
22 3.1 2.1
23 3.9 2.6

Average: 33 34

0-1 ft sampling was conducted on 10/9/97; 1-2 ft verification sampling was conducted on 9/3/97.

For frost protection verification sampling, Umetco established a grid system that yielded a conservative
testing frequency: 1:3675 cubic yards vs. the 1:5000 CY requirement. Grid 11 was established but not
sampled because the majority of the grid fell outside the Heap repository boundary.

Table 7.2 Heap Leach Gap Frost Protection Verification Sampling Results

Grid 0-1ft Ra-226 1-2 ft Ra-226
(pCv/g) (pCi/g)
1 34 3.7
2 2.7 3.6
3 2.7 4.9
4 4.0 4.0
5 3.3 4.9
6 32 4.7
7 7.3 3.2
8- 4.8 3.8
‘Average: 3.9 4.1

0-1 ft sampling was conducted on 10/28/98;
1-2 ft verification sampling was conducted on 10/19/98.

Umetco Minerals Corporation 29 Final Construction Completion Report
Gas Hills, Wyoming Site . Volume I, Heap Leach June 2007



. 8.0 SUMMARY AND CONCLUSIONS

In summary, this volume of the Construction Completion Report demonstrates that all work
documented herein for the Heap Leach was performed in accordance with the design and
procedures in the approved reclamation plan. Additionally, it verifies that the completed cover
will the requirements established in 10 CFR 40, Appendix A, Criteria 4 (c), (d), (e), 6(1), and
6(2) with regard to reasonable assurance of stability and control of the contaminated material
and limitation of the radon flux from the disposal area to the atmosphere to 20 pCi/m?-s.

Heap Leach Repository viewed from the West to the East.
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