energy fuels nuclear, inc.

thwee park central e suite 900 303-623-8317
1515 arapahoe street » denver, colorado 80202 twx 910-931.2561
fax 303-595-0930

February 78, 1997

Mr. Joseph J. Holonich. Branch Chief

High Level Waste and Uranium Recovery
Projects Branch

Division of Waste Management

Office of Nuclear Material Satety and Safeguards

U.S. Nuclear Regulatory Commission

2 White Flint North, Mail Stop T-7J9

11545 Rockville Pike

Rockville. MD 20852

Re: Transmittal of Reclamation Plan for the White Mesa Uranium Mill
Source Mill License SUA-1358 - Docket No. 48-8681

$o

Dear Mr. Holonich:

This letter transmits three complete copies of the Reclamation Plan (and appendices) for
the White Mesa Uranium Mill. This document supersedes the Reclamation Plan submitted to the
U.S. Nuclear Regulatory Commission ("NRC") by Umetco Mineral Corporation in June of 1988,
although a few selected portions of that submittal are referenced in this Reciamation Plan.

The technical approaches applied by Energy Fuels Nuclear, Inc. ("EFN") in preparing this
Reclamation Plan generally conform with the most current NRC regulatory guides. In addition.
where appropriate. NRC staft have clarified methods for using selected guidance materials. For
ease of review, key supporting documents have been reproduced as appendices.

Hopetully. the effort and care taken by Michelle Rehmann and Rick Van Horn in
preparing this document will expedite the review process. After your initial review, we would
like to schedule a meeting to discuss any preliminary questions. In the interim, please feel free
to contact Michelle Rehmann at the letterhead phone or address, or Rick Van Horn at (970) 243-
1968.

Sincerely,
.égdagigoES 970228 MM 7%_
P R  ADOCK 04003831 < Lo

Harold R. Roberts
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Mr. Joseph J. Holonich
February 28. 1997
Page 2

cc: William N. Deal
Earl E. Hoellen
Richard A. Munson
Michelle R. Rehmann
Rick A. Van Horn
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ENERGY FUELS NUCLEAR
WHITE MESA MILL
TAILINGS COVER DESIGN

1.0 SOIL COVER DESIGN

A six-foot thick soil cover for the uranium tailings Cells 2, 3 and 4A was designed using on-site
materials that will contain tailings and radon emissions in compliance with regulations by the
United States Nuclear Regulatory Commission (NRC) and by reference, the Environmental
Protection Agency (EPA). The cover consists of a one-foot thick layer of clay, available from
within the site boundaries (Section 16), below two-feet of random fill, available from stockpiles
on-site. The clay is underlain with three feet (minimum) random fill soil, also available on site.
The cover layers will be compacted to 95 percent maximum dry density using standard
construction techniques. In addition to the soil cover, a minimum 3 inch (on the cover top) to
12-inch (on the cover slopes) layer of riprap material will be placed over the compacted random

fill to stabilize slopes and provide long-term erosion resistance.

Uranium tailings soil cover design requirements for agency compliance include:

o Attenuate radon, flux to an acceptable level (20 picoCuries-per meter squared-per second
[pCi/m?/sec]) (NRC, 1989);

¢ Minimize infiltration into the reclaimed tailings cells;

e Maintain a design life of up to 1,000 years or to the extent reasonably achievable and in any
case for at least 200 years; and

¢ Provide long-term slope stability and geomorphic durability to .vithstand erosional forces of
wind, the probable maximum flood event, and a horizontal ground acceleration of 0.1g due to

seismic events.

Several models/analyses were utilized in simulating the soil cover effectiveness: radon flux

attenuation, hydrologic evaluation of infiltration, freeze/thaw effects, soil cover erosion
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protection, and static and pseudostatic slope stability analyses. These analyses and results are
discussed in detail in Sections 1.1 through 1.5. The soil cover (from top to the bottomn) will
consist of: 1) minimum of three inches of riprap material; 2) two feet of compacted random fill;

3) one foot of compacted clay; and 4) minimun three feet of compacted random fill soil.

The soil cover design for the uranium tailings Cells 2, 3, and 4A was developed based on two

construction options:
e An integrated soil cover over Disposal Cells 2, 3, and 4A; and
e A cover over Cells 2 and 3, where Cell 4A tailings are excavated and placed into Cell 3.

For modeling/analysis purposes it was assumed that the physical and radiological parameters of
the tailings in Cells 2, 3, and 4A are not dependent on the tailing volume in each individual cell.
Therefore, each of the two construction options above resulted in the same soil cover
configuration. The only variation between the options is in the required volumes of cover
materials, which is dependent only on the surface area to be covered (see Section 1.7).

The final grading plans for the two options are presented on Figures 1 and 2, respectively. As
indicated on the figures, the top slope of the soil cover will be constructed at 0.2 percent and the
side slopes, as well as transitional areas between cells, will be graded to five horizontal to one
vertical (SH:1V).

A minimum of three feet random fill is located beneath the compacted fill and clay layers (see
cross-sections on Figures 3 and 4). The purpose of the fill is to raise the base of the cover to the
desired subgrade elevation. In many areas, the required fill thickness will be much greater.
However, the models and analyses were performed conservatively assuming only a three-foot
layer. For modeling purposes, this lower, random fill layer was considered as part of the soil
cover for performing the radon flux attenuation calculation, as it effectively contributes to the
reduction of radon emissions (see Section 1.1). The fill was also evaluated in the slope stability
analysis (see Section 1.5). However, it is not defined as part of the soil cover for other design

calculations (infiltration, freeze/thaw, and cover erosion).
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The following sections describe design considerations, complete with calculations performed and
parameters utilized, in developing the tailings impoundment soil cover to meet regulatory

requirements.
1.1 Radon Flux Attenuation

The Environmental Protection Agency (EPA) rules in 40 Code of Federal Regulation (CFR) Part
192 require that « “uranium tailings cover be designed to produce reasonable assurance that the
radon-222 release rate would not exceed 20 pCi/mz/sec for a period of 1,000 years to the extent
reasonably achievable and in any case for at least 200 years when averaged over the disposal area
over at least a one year period” (NRC, 1989). NRC regulations presented in 10 CFR Part 40 also
restrict radon flux to less than 20 pCi/mZ/sec. The following sections present the analyses and

design for a soil cover which meets this requirement.
L.1.1 Predictive Analysis

The soil cover for the tailings cells at White Mesa Mill was evaluated for attenuation of radon
gas using the digital computer program, RADON, presented in the NRC's Regulatory Guide 3.64
(Task WM 503-4) entitled “Calculation of Radon Flux Attenuation by Earthen Uranium Mill
Tailings Covers”. The RADON model calculates radon-222 flux attenuation by multi-layered
earthen uranium mill tailings covers, and determines the minimum cover thickness required to
meet NRC and EPA standards. The RADON model uses the following soil properties in the

calculation process: .
o Soil layer thickness [centimeters (cm)];
¢ Soil porosity (percent);
e Density [grams-per-cubic centimeter (gm/cm’)};
e Weight percent moisture (percent);
e Radium activity (piC/g);

¢ Radon emanation coefficient (unitless); and

e —— O®TITANEnvironmental




analyzed by Advanced Terra Testing (1996) and Rogers and Associates (1996). See Appendix A
for laboratory test data results.

The RADON model was performed for the following cover section (from top to bottom):
¢ two feet compacted random fill;
» one foot compacted clay; and

¢ a minimum of three feet random fill occupying the freeboard space between the
tailings and clay layer.

The three layers are compacted to 95 percent maximum dry density. The top riprap layer was not
included as part of the soil cover for the radon attenuation calculation.

The results of the RADON modeling exercise show that the uranium tailings cover configuration
will attenuate radon flux emanating from the tailings to a level of 17.6 pCi/mZ/sec. This number
was conservatively calculated as it takes into account the freeze/thaw effect on :he uppermost
part (6.8 inches) of the cover (Section 1.3). The soil cover and tailing parameters used to run the
RADON model, in addition to the RADON input and cutput data files, are presented in
Appendix B as part of the Radon Calculation brief. Based on the model results, the soil cover

Page 4
¢ Diffusion coefficient [square centimeters-per-second (cm?/sec)).
Physical and radiological properties for tailings and random fill were analyzed by Chen and
Associates (1987) and Rogers and Associates (1988). Clay physical data from Section 16 was
' design of six-foot thickness will meet the requirements of 40 CFR Part 192 and 10 CFR Part 40.
' 1.1.2 Empirical Data
' Radon gas flux measurements have been made at the White Mesa Mill tailings piles over Cells 2

and 3 (see Appendix C). These cells are currently covered with three to four feet of random fill.
Radon flux measurements, averaged over the covered areas, were as follows (EFN, 1996):

1994 1995
Cell 2 7.7 pCi/m%/sec 6.1 pCi/m*/sec
Cell 3 7.5 pCi/m*/sec 11.1 pCi/m%/sec
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Empirical data suggest that the random fill cover, alone, is currently providing an effective
barrier to Radon flux. Thus, the proposed tailings cover configuration, which is thicker, roisture
adjusted, contains a clay layer and is compacted, is expected to attenuate the Radon flux to a
level below that predicted by the RADON model. The field radon flux measurements confirm
the conservatism of the cover design. This conservatism is necessary, however, to guarantee
compliance with NRC regulations under long term climatic conditions over the required design
life of 200 to 1,000 years.

1.2  Infiltration Analysis

The tailings ponds at White Mesa Mill are lined with synthetic geomembrane liners which under
certain climatic conditions, could potentially lead to the long-term accumulation of water from
infiltration of precipitation. Therefore, the soil cover was evaluated to estimate the potential
magnitude of infiltration into the capped tailings ponds. The Hydrologic Evaluation of Landfill
Performance (HELP) model, Version 3.0 (EPA, 1994) was used for the analysis. HELP is a
quasi two-dimensional hydrologic model of water movement across, into, through, and out of
capped and lined impoundments. The model utilizes weather, soil, and engineering design data
as input to the model, to account for the effects of surface storage, snowmelt, run-off, infiltration,
evapotranspiration, vegetative growth, soil moisture storage, lateral subsurface drainage, and
unsaturated vertical drainage on the specific design, at the specified location.

The soil cover was evaluated based on a two-foot compacted random fill layer over a one-foot
thick, compacted clay layer. The soil cover layers were modeled based on material placement at
a minimum of 95 percent of the maximum dry density, and within two percent of the optimum
moisture content per American society for Testing and Materials (ASTM) requirements. The top
riprap layer and the bottom random fill layer were not included as part of the soil cover for
infiltration calculations. These two layers are not playing any role in controlling the infiltration
through the cover matenial.

The random fill will consist of clayey sands and silts with random amounts of gravel and rock-
size materials. The average hydraulic conductivity of several samples of random fill was
calculated, based on laboratory tests, to be 8.87x10”7 cm/sec. The hydraulic conductivity of the
clay source from Section 16 was measured in the laboratory to be 3.7x10® cnvsec. Geotechnical
soll properties and laboratory data are presented in Appendix A.
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Key HELP model input parameters include:

¢ Blanding, Utah, monthly temperature and precipitatior data, and HELP modc| default solar
radiation, and evapotranspiration data from Grand Junction, Colorado. Grand Junction is

located north east of Blanding in similar climate and elevation;

o Soil cover configuration identifying the number of layers, layer types, layer thickness, and

the total covered surface area;

e Individual layer material characteristics identifying saturated hydraulic conductivity,

porosity, wilting point, field capacity, and percent moisture; and

¢ Soil Conservation Service runoff curve numbers, evaporative zone depth, maximum leaf area

index, and anticipated vegetation quality.

Water balance results, as calculated by the HELP model, indicate that precipitation would either
run-off the soil cover or be evaporated. Thus, modei simulations predict zero infiitration of
surface water through the soil cover, as designed. These model results are conservative and take
intc account the freeze/thaw effects on the uppermost part (6.8 inches) of t'¢ cover (Section 1.3).
The HELP model input and output for the tailings soil cover are presented in the HELP Model
calculation brief inclvded as Appendix D.

1.3 Freeze/(haw Evaluation

The tailings s»il cover of one foot of compacted clay covered by two feet of random fill was
evaluated for freeze/thaw impacts. Repeated freeze/thaw cycles heve been shown to increase the
bulk soil peimeability by breaking down the compacted soil struc:ure.

The soil :over was evaluatcd for freeze/thaw effects using the modified Berggren equation as
presented in Aitken and Berg (1968) and recommended by the NRC (US. Department of
Energy, 1938). This evaluation was based on the properties of the random fill and clay soil. and
meteorological data from both Blunding, Utah aud Grand Juncticn, Colorado.

The results of the freeze/thaw evaluation indicate that the anticipated maximum depth of frost
penetration on the soil cover would be less than 6.8 inches. Since the random fill layer is two
feet thick. the frost depth would be confined to this layer and would not penctrate into the
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underlying clay layer. The performance of the soil cover to attenuate radon gas flux below the
prescribed standards, and prevent surface water infiltration, would not be compromised. The
input data and results of the freeze/thaw evaluation are presented in the Effects of Freezing on
Tailings Covers Calculation brief included as Appendix E.

1.4 Soil Cover Erosion Protection

A riprap layer was designed for erosion protection of the tailings soil cover. According to NRC
guidance, the design must be adequate to protect the soil/tailings against exposure and erosion
for 200 to 1,000 years (NRC, 1990). Currently, there is no standard industry practice for
stabilizing tailings for 1,000 years. However, by treating the embankment slopes as wide
channels, the hydraulic design principles and practices associated with channel design were used
to design stable slopes that will not erode. Thus, a conservative design based on NRC guidelines
was developed. Engineering details and calculations are summarized in the Erosion Protection

Calculation brief provided in Appendix F.

Riprap cover specifications for the top and side slopes were determined separately as the side
slopes are much steeper than the slope of the top of the cover. The size and thickness of the
riprap on the top of the cover was calculated using the Safety Factor Mexnod (NUREG/CR-4651,
1987), while the Stephenson Method (NUREG/CR-4651, 1987) was used for the side slopes.
These methodologies were chosen based on NRC recommendations (1990).

By the Safety Factor Method, riprap dimensions for the top slope were calculated in order to
achieve a slope “safety factor” of 1.1. For the top of the soil cover, with a slope of 0.2 percent,
the Safety Factor Method indicated a median diameter (D) riprap of 0.28 inches is required to
stabilize the top slope. However, this dimension must be modified based on the long-term
durability of the specific rock type to be used in construction. The suitability of rock to be used
as a protective cover must be assessed by laboratory tests to determine the physical
characteristics of the rocks. The sandstones from the confluence of Westwater and Cottonwood
Canyons require an oversizing factor of 25 percent. Therefore, riprap created from this sandstone
source should have a Dq, size of at least 0.34 inches and should have an overall layer thickness

of at least three inches on the top of the cover.
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Riprap dimensions for the side slopes were calculated using Stephenson Method equations. The
side slopes of the cover are designed at SH:1V. At this slope, Stephenson’s Method indicated the
unmodified riprap D¢, of 3.24 inches is required. Again assuming that the on-site sandstone will
be used, the modified Dy, size of the riprap should be at least 4.05 inches with an overall layer
thick.iess of at least 12 inches.

The potential of erosion damage due to overland flow, sheetflow, and channel scouring on the
top and side slopes of the cover, including the riprap layer, has been evaluated. Overland flow
calculations were performed using site meteorological data, cap design specifications, and
guidelines set by the NRC (NUREG/CR-4620, 1986). These calculations are included in
Appendix F. According to the guidelines, overland flow velocity estimates are to be compared to
“permissible velocities”, which have been suggested by the NRC, to determine the potential for
erosion damage. When calculated, overland flow velocity estimates exceed permissible
velocities, additional cover protection should be considered. The permissible velocity for the
tailings cover (including the riprap layer) is 5.0 to 6.0 feet-per-second (ft./sec.) (NUREG/CR
4620). The overland flow velocity calculated for the top of the cover is less than 2.0 ft/sec., and
the calculated velocity on the side slopes is 4.9 ft/sec. Therefore, the erosion potential of the
slopes, due to overland flow/channel scouring, is within acceptable limits and no additional

erosion protection is required.
1.5  Slope Stability Analysis

Static and pseudostétic analyses were performed to establish the stability of the side slopes of the
tailings soil cover. The side slopes are designed at an angle of SH:1V. Because the side slope
along the southern section of Cell 4A is the longest and the ground elevation drops rapidly at its
base, this slope was determined to be critical and is thus the focus of the stability analyses.

The computer software package GSLOPE, developed by MITRE Software Corporation, has been
used for these analyses to determine the potential for slope failure. GSLOPE applies Bishop's
Method of slices to identify the critical failure surface ai.d calculate a factor of safety (FOS).
The slope geometry and properties of the construction materials and bedrock are input into the
model. These data and drawings are included in the Stability Analysis of Side Slopes
Calculation brief included as Appendix G. For this analysis, competent bedrock is designated at

10 feet below the lowest point of the foundation [i.e., at a 5,540-foot elevation above mean sea
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level (msl)]. This is a conservative estimate, based on the borehole logs supplied by Chen and
Associates (1979), which indicate bedrock near the surface.

1.5.1 Static Analysis

For the static analysis, a FOS of 1.5 or more was used to indicate an acceptable level of stability.
The calculated FOS is 2.91, which indicates that the slope should be stable under static

conditions. Results of the computer model simulations are included in Appendix G.
1.5.2 Pseudostatic Analysis (Seismicity)

The slope stability analysis described above was repeated under pseudostatic conditions in order
to estimate a FOS for the slope when a horizontal ground acceleration of 0.10g is applied. The
slope geometry and material properties used in this analysis are identical to those used in the
stability analysis. A FOS of 1.0 or more was used to indicate an acceptable level of stability
under pseudostatic conditions. The calculated FOS is 1.903, which indicates that the slope
should be stable under dynamic conditions. Details of the analysis and the simulation results are
included in Appendix G. ‘

Recently, Lawrence Livermore National Laboratory (LLNL) published a report on seismic
activity in southern Utah, in which a horizontal ground acceleration of 0.12g was proposed for
the White Mesa site. The evaluations made by [LLNL were conservative to account for
tectonically active regions that exist, for example, near Moab, Utah. Although, the LLNL report
states that “...[Blanding] is located in a region known for its scarcity of recorded seismic events,”
the stability of the cap design slopes using the LLNL factor was evaluated. The results of a
sensitivity analysis reveal that when considering a horizontal ground acceleraticn of 0.12g, the
calculated FOS is 1.778 which is still above the required value of 1.0, indicating adequate safety
under pseudostatic conditions. This analysis is also included in Appendix G.

1.6 Cover Material/Cover Material Volumes

Construction materials for reclamation will be obtained from on-site locations. Fill material will
be available from the stockpiles that were generated from excavation of the cells for the tailings
facility. If required, additional materials are available locally to the west of the site. A clay
material source, identified in Section 16 at the southern end of the White Mesa Mill site, will be

R — OTITANEnvironmental
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used to construct the one-foot compacted clay layer. Riprap material will be taken from on-site

sandstone, located at the confluence of Westwater and Cottonwood Canyons.

Material quantities have been calculated for each of the components of the reclamation cover.

Volume estimates were made for the two soil cover design options, as follows:
e Option |: an integrated soil cover which incorporates Disposal Cellc 2, 3, and 4A, and

e Option 2: a cover which includes Cells 2 and 3, where Cell 4A tailings have been excavated

and placed in Cell 3.

The quantity of random fill required to bring the pond elevation up to the soil cover subgrade and
construct the final slope was not calculated. This layer will be a minimum of three feet in depth
and is dependent on the final tailings grade, which is not known.

For Design Option 1, construction will require the following approximate quantities of materials:

Material ' Volume (cubic yards)
Clay 365,082
Random Fill 737,717
Riprap (top of cover) 82,762
Riprap (side slopes) | 41,588

For Design Option 2, construction will require the following approximate quantities of materials:

Material Volume (cubic yards)
Clay 289,514
Random Fill 585,334
Riprap (top of cover) 64,984
Riprap (side slopes) 35,885

Material quantities calculations are provided in Appendix H as part of the Tailings Cover

Material Volume Calculation brief.
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Table 3.4-]

Physical Properties of Tailings
and

Proposed Cover Material

Atterberg % Passing Maximum Opt imum

Limits Specific No. 200
Materjal Type [ Pl Gravity

Ory Density Moisture
Sieve (pcf) Content

Tailings 28 6 2.85 46 104.0 18.1
Random Fil 22 7 2.67 48 120.2 11.8
Note:

Physical Soil Data from Chen and Associates (1987).
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SECTION 6

ROGERS AND ASSOCIATES ENGINEERING
CORPORATION

Letter Dated March 4, 1988
Letter Dated May 9, 1988

Radiological Properties
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R
A  Rogers & Associates Engineering Corporation

E Post Office Box 330
Salt Lake City, Utah 84110
{801) 263-1600

March 4, 1988

Mr. C.0.Sealy €8700/22
Umetco Minerals Corporation

P.0. Box 1029

Grand Junction, CO 81502

Dear Mr. Sealy:

We have completed the tests ordered on the four samples shipped to us.
The recults are as follows:

Radium Emanation Diffusion (9/CM3)

Samnle pCi/gm Fraction Coeffic. Density Moisture Saturation
Tailings 981:4  0.19:0.01 2.0E-02 1.45 13.2 0.39
. 8.4€-03 1.44° 19.1 0.56
Composite (2,3,85) 1.6E-02 1.85 6.5 0.40
4.5E-04 1.84 12.5 0.75
Site {1 1.6E-02 1.85 8.1 0.48
. 1.4€-03 1.84 12.6 0.76
Site M4 1.1E-02 1.65 _  15.4 0.63
4.2E-04 1.65 19.3 0.80

The samples will be shipped back to You in the next few weeks. If you have
any questions regarding the results on the samples please feel free to call.

Sincerely,

s Yn

Renee Y. Bowser
Lab Supervisor

RY8/b

515 East 4500 South - Salt Lake City. Utah 84107
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A  Rogers & Associates Engineering Corporation

E Post Office Box 330
Salt Lake City, Utah 84110
(801) 263-1600
HAY 12 1988
May 9, 1988
Mr. C.0. Sealy C8700/ 22

UMETCO Minerals Corporation
P.0. Box 1029
Grand Junction, CO 81502

Dear Mr. Sealy:

The tests for radium content and radon emanation coefficient in the
following sumples have been completed and the results are as follows:

Radon
Sample Radium (pCi/q) Emanation Coefficient
Random (2,3 4 5) 1.9 +0.1 0.19 + 0.04
Site 1 2.2 +0.1 0.20 + 0.03
Site 4 2.0 + 0.1 0.11 + 0.04

If you have any questions regarding these results please feel free to
call Dr. Kirk Nielson or me.

Sincerely,

G e

Renee Y. Bowser
Lab Supervisor
RYB:m3

5iS East 4500 South - Sait Lake City. Utah 84107
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833 Parfet Street
Lakewood, Colorado 80215
(303) 232-8308




ATTERBERG LIMITS TEST

ASTM D 4318

CLIENT Titan Env. JOB NO. 2234-04
BORING NO. DATE SAMPLED
DEPTH DATE TESTED 7-25-96 WEB, RV
SAMPLE NO. uT-1
SOIL DESCR.
TEST TYPE ATTERBERG
Plastic Limit
Determination

1 2 3
Wt Dish & Wet Soil 3.34 4.06 3.42
Wt Dish & Dry Soil 2.96 3.57 3.03
Wt of Moisture 0.38 0.49 0.39
Wt of Dish 1.08 1.11 1.06
Wt of Dry Soil 1.91 2.46 1.97
Moisture Content 19.90 19.92 19.80
Liquid Limit Device Number 0258
Determination

1 2 3 4 5
Rumber of Blows 39 27 18 14 9
Wt Dish & Wet Soil 12.18 10.42 10.92 12.33 10.06
Wt Dish & Dry Soil 6.64 5.67 5.87 6.53 5.34
Wt of Moisture 5.54 4.75 5.0S 5.80 4.72
Wt of Dish i.10 1.06 1.06 1.10 1.08
Wt of Dry Soil 5.54 4.61 4.81 5.43 4.26
Moisture Content 100.00 103.04 104.99 106.81 110.80
Liquid Limit 103.1
Plastic Limit 19.9
Plasticity Index 823.3
Atterberqg Classification CH
Data entry by: NAA Date: 7-26-96
Chacked by:& pate:7-2&~96

FileName: TIGOUT1 ADVANCED TERRA TESTING, INC.
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COMPACTION TEST
ASTMD 1557 A

CLIENT: Titan Env. JOBNO. 2234.04
RORING NO. SOIL DESCR.

PTH DATE SAMPLED
SAMPLE NO. uT-1 DATE TESTED 7-25-96 RV

Moisture determination

1 2 3 4 5
Wt of Moisture added (mi) - 100.00 150.00 250.00 350.00 450.00
W of soil & dish (g) 384.26 393.92 291.42 244 20 281.17
Dry . soil & dish (g) 350.60 355.61 251.40 202.69 225,04
Net loss of moisture (g) 33.66 38.31 40.02 41.51 56.13
W. of dish (g) 8.01 8.34 8.31 8.29 8.43
Net wt. of dry soil (g) 342.59 347.27 243.09 194.40 216.61
Moisture Content (%) 9.83 11.03 16.46 21.35 25.91
Corrected Moisture Content
Density determination
W of soil & mold (Ib) 14.20 14.49 14.68 14.59 14.46
WL of mold (ib) 10.36 10.36 10.36 10.36 10.36
Net wt. of wet soil (Ib) 3.84 4.13 432 423 4.10
~ “wtof dry soil (Ib) 3.50 3.72 3.71 3.49 3.26
~ ¢ Density, (pcf) 104.89 111.59 111.28 104.57 97.69
Corrected Dry Density (pcf)
Volume Factor 30 30 30 30 30
~-ta entered by: Date: 7-26-96

a checked by_m_, Date:_{-26- 96

FileName: TIPRUT-1 ADVANCED TERRA TESTING, INC
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PERMEABILITY DETERMINATION

FALLING HEAD
FIXED WALL
CLIENT Titan Environmental JOB NO. 2234-04
BORING NO. SAMPLED
DEPTH TEST STARTED 7-28-96 CAL
SAMPLE NO. UT-1 TEST FINISHED 8~7-96 CAL
SOIL DESCR. Remolded 95% Mod Pt. @ OMC SETUP NO. 1
SURCHARGE 200
MOISTURE/DENSITY BEFORE AFTER
DATA TEST TEST
Wt. Soil & Ring(s) (g) 386.9 404.5
Wt. Ring(s) (g) 93.0 93.0
Wt. Soil (g) 293.9 311.4
Wat Density PCF 122.3 120.5
Wt. Wet Soil & Pan (g) 302.4 319.9
Wt. Dry Soil & Pan (gq) 266.2 266.2
Wt. Lost Moisture (9) 36.2 53.8
Wt. of Pan Only {(g) 8.5 8.5
Wt. of Dry Soil (g) 257.7 257.17
Moisture Content § 14.1 20.9
Dry Density PCF 107.2 99.7
Max. Dry Density PCF 113.58 113.5
Percent Coapaction 94.4 87.8
ELAPSED BURETTE BURETTE PERCOLATION RATE
TIME READING READING FT/YEAR CM/SEC
(MIN)  hl (CcC) h2 (ce)
0.2
2599 10.8 10.8 0.14 1.4E-07
1427 14.2 14.2 0.09 8.4E-08.
1440 ~16.8 16.8 0.07 6.5E-08
1440 18.6 18.6 0.05 4.6E-08
1440 20.2 20.2 0.04 4.1E-08
1440 21.6 21.6 0.04 3.7E-08
1469 23.0 23.0 0.04 3.6E-08
1440 24.4 0.04 3.7e-08
Data Entered By: NAA Date: 8-8-96
Date Checked By: ,%l Date: ¢&-8-%
Filename: TIFHUT1 ADVANCED TERRA TESTING, INC.
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1\ Rogers & Associates Engineering Corporation

}i Post Office Box 330
o4 Salt Lake City, Utah 84110-0330
(801) 263-1600 * FAX (801) 262-1527

September 3, 1996

Pamela Anderson C9600/9
Titan Environmental Corporation

7939 E. Arapahoe Rd., Suite 230

Englewood, CO 80112

Dear Ms. Anderson:

Enclosed are the results from the radium content, specific gravity, and radon
emanation and diffusion coefficient measurements that were performed on the
sample sent to our laboratory. We will be returning the sample within the month.

If you have any questions or if we can be of further assistance, please call.
Singerely,

ret C. Roge
Scientist

515 East 4500 South * Salt Lake City, UT 84107-2918
Additional Offices in: Idaho Falls, ID ¢ Santa Fe, NM * Washington DC




Rogers & Associates Engineering Corporation

REPORT OF RADON DIFFUSION COEFFICIENT MEASUREMENTS
(TIME-DEPENDENT DIFFUSION TEST METHOD RAE-SQAP-3.6)

Report Date:___9/3/96
Contract:__C96009
By.____BCR
Date Received: 896
Sample Identification:__ Titan Environmental

Radon Diffusion Specific

Moisture Density Coefiicient Saturation Gravity

Sample ID (Dry Wt. %) (g/cm3) (cm3/s) (Mp/P) (g/cm3)

UT-1 14.5% 1.72 9.1E-03 0.89 2.39
RAE
Post Office Box 330
Salt Lake City » Utah 84110
(801) 263-1800




Rogers & Associates Engineering Corporation

REPORT OF RADIUM CONTENT AND EMANATION

COEFFICIENT MEASUREMENTS
(LAB PROCEDURE RAE-SQAP-3.1)
Report Date:____9/396
Contract:__ CO600/
By. ___BCR
Date Received: 896
Sample Identification: __Titan Environmental
Moisture Radon Emanation Radium-226
Sample ID (Dry Wt. %) Coefficient (pCi/g) Cotmanents
UT-1 14.6% 0.22 £0.04 1.5+03
RAE
Post Office Box 330
Salt Lake City - Utah 84110
(801) 263-1600




'8 chen and associates, inc.
@l CONSULTING ENGINEERS

SOIL & FOUMBATION 36 S. ZUNI DEMVER, COLORADO 80223 . 303/744-7108
ENGINEIRING 1224 EAST FIRST STREEY - CASPER, WYOMING 82601 - 307/234-212%

SECTION 2

Extracted Data From

SOIL PROPERTY STUDY
EARTH LINED TAILINGS RETENTION CELLS
WHITE MESA URANIUM PROJECT
BLANDING, UTAH

Prepared for:
ENERGY FUELS NUCLEAR, INC.
PARK CENTRAL

1515 ARAPAHOE STREET
DENVER, COLORADO 80202

Job No. 16,406

suly 18, 1978




TASLE

SUMMARY OF LASORATORY TEST ACSULTS

Page 1 of 2
NATURAL Monjoum | Optimam | ATTIROEAG LIN(TS CRADATON ANALYSIS RCMOLOED PERMEASILITY
Test | Depth Ory  polstuce Specific Sell
mols | (Ft.) [motsture bry Density | Content | Liquid fasticity| Manimm Passing Loss then Ory Maiature Srovity Type
Contant Denslty Lialt indan Size 1200 Su Oensity | Centent It /ye, o, /sec,
(2) {pet) {pcf) {x) {2) {x) 3) 3] ([ X1)] (x)
1 |o-$ 1ys | 1.8 20 ) ane 1] 7] 1IN 16.4 0.57 s.5xi0"? Sendy $ilt
3 |18 1.2 n 3 ne 61 Sandy Cleyey
L1214 .
s | 24-10 TRRELE] nsy e WA I, 5 1” 1020 | 22.0 o.085 {82108 | 2.5 | Calesroous
) Silty Clay
é 1.2 19.3 tH ? e n Smﬁz Cloyey
' Siie
6 |84-9 6.1 7 8 ' ] 70 Sondy Clay
|55} 1.1 NP I/h in, 62 Calcarecus
Sandy S11t
9 Jo-1 8.1 NP né $) Sand « Sit