ATTACHMENT E

EXISTING COVER DESIGN DOCUMENTS



ATTACHMENT E.1
TITAN ENVIRONMENTAL 1996 TAILNGS COVER DESIGN REPORT

(from approved Reclamation Plan Revision 3.2b)



= E E EEmE= FEnvironmental

TAILINGS COVER DESIGN
White Mesa Mill

Prepared For:
Energy Fuels Nuclear, Inc.

1515 Arapahoe, Suite 900
Denver, CO 80202

September 1996

By:

TITAN Environmental Corporation
7939 East Arapahoe Road, Suite 230
Englewood, Colorado 80112




TABLE OF CONTENTS

LIST OF FIGURES

[IST APPENDICES

1. 0 SOIL COVER DESIGN
1.1 Radon Flux Attenuation
1.2 Infiltration Analysis
1.3 Freeze/Thaw Evaluation
1.4 Soil Cover Erosion Protection
1.5 Slope Stability Analysis
1.5.1 Static Analysis
1.5.2 Pseudostatic Analysis (Seismicity)

1.8 Cover Material/Cover Material Volumes

FIGURES
APPENDICES
REFERENCES

Pk

[

WA O S 1 O b L




Page 1

LIST OF FIGURES

Figure Title
I Reclamation Cover Grading Plan for Cells 2, 3, and 4A
2 Reclamation Cover Grading Plan for Cells 2 and 3
3 Reclamation Cover Cross Sections and Details
4 Reclamation Cover Cross Sections and Details

LIST APPENDICES

Appendix Tiile

A Laboratory Test Data

B Radon Calculation

C Radon Flux Measurments

D HELP Maodel

E Freeze/Thaw Evaluation

F Erosion Protection

G Slope Stability

H Material Quantities




ENERGY FUELS NUCLEAR
WHITE MESA MILL
TAIHILINGS 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 18 underlain with three feet (minimum) random fill soil, also available on site.
The cover lavers 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:

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

s Minimize infiltration into the reclaimed tailings cells;
¢ Maintain a design life of up to 1,000 years and at least 200 years; and

e Provide long-term slope stability and geomorphic durability to withstand ercsional forces of
wind, the probable maximum flood event, and a horizontal ground acceleration of 0.1¢ due fo

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

protection, and static and pseudostatic slope stability analyses. These analyses and results are

|
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discussed in detail in Sections 1.1 through 1.5. The soil cover configuration presented above
consisting of (from top to bottom); a minimum threc inches of riprap material on the top cover,
two feet compacted random fill, one foot compacted clay, and a minimum of three feet random

fill beneath the clay meets NRC and EPA requirements.

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

construction options:
» An integrated soil cover over Disposal Cells 2, 3, and 4A; and
» 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 ecach individual cell.
Therefore, ecach 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 1s dependent only on the surface area to be covered (see Section 1.7).

The final grading plans for the two options are presentied 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 lavers (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 1t effectively contributes to the
reduction of radon emissions (see Section 1.1). The fill was also evaluated in the slope stability
analvsis (see Section 1.5). However, it is not defined as part of the soil cover for other design

caleulations (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

reguirements.
3.1 Radon Flux Attenuation

The Environmental Protection Agency (EPA) rules in 40 Code of Federal Regulation (CFR) Part
192 require that a “uranium tailings cover be designed to produce reasonable assurance that the
radon-222 release rate would not exceed 20 pCi.f'mzfsec for a period of 1,000 years to the extent
reasonably achievable and 1n 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/mzf’secn The following sections present the analyses and

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

The soil cover for the tailings cells at White Mesa Mill was evaluated for attenuation of radon
gas ugsing 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:
e Soil layer thickness [centimeters (cm));
»  Soil porosity (percent);
5 Density [grams-per-cubic centimeter (gm/em’)];
¢«  Weight percent moisture (percent);
#  Radium activity (mC/g);

= Radon emanation coetficient (unitless); and
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» 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
analvzed 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):
e two feet compacted random fill;
e one foot compacted clay; and

= a minimum of three feet random fill occupying the freeboard space between the

tatlings and clay layer,

The three layers are compacted to 95 percent maximum dry density. The top riprap laver 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 fo a level of 17.6 pCi/mz/sec‘ This number
was conservatively calculated as it takes into account the freeze/thaw effect on the 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 output data files, are presented in
Appendix B as part of the Radon Calculation brief. Based on the model results, the soil cover
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 Celis 2
and 3 (see Appendix C). These cells are currently covered with three to fowr feet of random flL

Raden flux measurements, averaged over the covered areas, were as follows (EFN, 1996):

1994 1995
Cell 2 7.7 pCi.—-”m2 sec 6.1 pCifmz sec

I

Cell 3 7.5 pCi/m” sec 111 p&i‘;ih‘n2 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 1s thicker, moisture
adjusted, contains a clay laver 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 1s necessary, however, to guarantee
compliance with NRC regulations under long term climatic conditions over the required design
life of 200 to 1,600 vears.

1.2 Infiltration Analysis

The tailings ponds at White Mesa Mill are lined with synthetic geomembrane liners which could
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 laver were not included as part of the soil cover for

infiltration calculations.

The random fill will consist of clayey sands and siits 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 8.87x107 cm/sec. The hydraulic conductivity of the
clay source from Section 16 was measured in the laboratory to be 3.7x10° cm/sec. Geotechnical

soil properties and laboratory data are presented in Appendix A.

R
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Key HELP model input parameters include:

« Blanding, Utah, monthly temperature and precipitation data, and HELP model default solar
radiation, and evapotranspiration data from Grand Junction, Colorade. Grand Junction is

tocated north east of Blanding in similar climate and elevation;

e 5oil cover configuration identifying the number of layers, laver types, layer thickness’, and

the total covered surface area;

¢ Individual layer material characteristics identifying saturated hydraulic conductivity,

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

s Soil Conservation Service runoff curve numbers, evaporative zone depth, maximum leaf arca

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, model simulations predict zero infiltration of
surface water through the soil cover, as designed. These model results are conservative and take
into account the freeze/thaw effects on the uppermost part (6.8 inches) of the cover (Section 1.3).
The HELP model input and output for the tailings soil cover are presented in the HELP Model

calculation brief included as Appendix D.
1.3  Freeze/Thaw Evaluation

The tailings soil cover of one foot of compacted clay covered by two feet of random fill was
evaluated for freeze/thaw impacts. Repeated freeze/thaw cycles have been shown to increase the

bulk soil permeability by breaking down the compacted soil structure.

The soil cover was evaluated for freeze/thaw effects using the modified Berggren equation as
presented in Aitken and Berg (1968) and recommended by the NRC (U.S. Department of
Energy, [988). This evaluation was based on the properties of the random fill and clay soil, and

meteorological data from both Blanding, Utah and Grand Junction, 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 laver 1s two

feet thick, the frost depth would be confined to this laver and would not penetrate 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 Ireezing on

Taitings Covers Calculation brief inciuded as Appendix k.
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 caiculations 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 Method (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 (Ds,) 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 D;; 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 calcuiated using Stephenson Method equations. The
stde slopes of the cover are designed at 5H:1V. At this slope, Stephenson’s Method indicated the
unmodified riprap Dy, of 3.24 inches is required. Again assuming that the on-site sandstone will
be used, the modified Ds, size of the riprap should be at least 4.05 inches with an overall layer

thickness 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 fi/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 pseudostatic 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 fatlure surface and 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
Caleulation 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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Page ©

level (msh]. This 1s a conservative estimate, based on the borehole logs supplied by Chen and

Associates {1979), which indicate bedrock near the surface.
i.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 acceleration 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 failings
facitity. If required, additional materials are available locally to the west of the site. A clay

material source, 1dentified in Section 16 at the southern end of the White Mesa Mill site, will be

o}
e
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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 caleulated for each of the components of the reclamation cover.

Volume estimates were made for the two soil cover design options, as follows:
e Option 1: an integrated soil cover which incorporates Disposal Cells 2, 3, and 4A, and

e Option 20 a cover which includes Cells 2 and 3, where Cell 4A tailings have been excavated

and placed in Ceil 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 585334
Riprap (top of cover) 64,984
Riprap (side slopes) 35,885

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

Material Volume Calculation brief.
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RANDOM FILL ABOVE TAILINGS (MINIMUM 3 FT. THICK)

DETAIL

1

TOP OF BERM
REMOVED

DETAIL 2

W CELL 1

DETAIL 1 APPROXIMATE TAILINGS SURFACE
DET. 1 DETAIL @ DETAIL 2 027 _—
i ety 0.2% 1P T T T AT T T T T T TR T T ARSI TR AEERT R ERRRSRRRRRR RN RN 2
DETAIL 2 —02% N C'I R R R R S SNy - 3 N
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘.\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\*‘» ~— 3 TAILINGS
SR SSSSSSsSSsSsSsSsSsSsSsSsSsssSsSsSsSsSsSsSsSsSsSsSsSsSsSsSsSsSsSsSsSsSsSsSsSsSS 1 EXISTING
(& \3 TAILINGS 3 XISTING\| CELL 2 CELL 1
5 -"’\%‘V 1 1 EXISTING %ELL 2 BERM
N3 ‘ CELL 3 ERM
&S
&N EXISTING CELL 4A BERM
BERM

APPROXIMATE BOTTOM OF CELL

\—-— APPROXIMATE BOTTOM OF CELL

A’

—5640
—5620
—5600
—5580

—5560

5540

5640—

5620—

5600—

5680

5560—

200—
400—
600—

s ¢ & ¢ & & § § & § & §8 § ¢
H
SECTION A—A' (WITH COVER ON CELLS 2, 3 & 4A)
RIPRAP
RANDOM FILL (2 FT. THICK)
COMPACTED CLAY (1 FT. THICK) TOP OF BERM
RANDOM FILL ABOVE TAILINGS (MINIMUM 3 FT. THICK) DETAIL 1 ~REMOVED
DETAIL 1 APPROXIMATE TAILINGS SURFACE
0% 5 (DETAL 2 02% o~k < DETAL 2
v " SSSRUSCRRSS e it -\\\\‘-\\\‘-‘\“\\“‘\“\\\“\\\\\\‘\\‘\\‘\‘\\“" l;‘::::::&::::::;:::;:::::;:::::;::;::\\\\\\\\\\\\\\\\\\\'\\\\\\\\\\\\\\\\\\\\‘ \
5 ,.~A\\;:::::‘:::\\\\\\\\\\\\\\\\\\\\\\\\\‘.\\\*.\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\v N— 3 \\\\ 1
1 4 — 3 TAILINGS EXISTIN CELL 1
S 1
DETAL 2 &l EXISTING\ ! CELL 2 CELL 1
& CELL 2 BERM
/\\\\\ EXISTING BERM
CELL 4A \\\\\\\§\§/ CBEEEME) APPROXIMATE BOTTOM OF CELL

APPROXIMATE BOTTOM OF CELL

\—— APPROXIMATE BOTTOM OF CELL

5540

3600—

A 2

—5640
—5620
—5600

—5580

—5560

5540

8-12-96

ISSUED FOR RECLAMATION PLAN

K.G.

T s

No.

DATE

ISSUE / REVISION

DWN. BY

CK'D BY

AP'D BY

200—
400—
600—

DETAIL 1:

OVER Al

800—
1000—
1200~
1400—
1600—
1800—

o
©
™~

2000—
2200—
2400—
2800—
3000—
3200—

SECTION A—A’ (WITH COVER ON CELLS 2 & 3)

RIPRAP (SEE NOTE 2)

OUTER RANDOM FILL

RIPRAP (SEE NOTE 1)
UPPER RANDOM FILL

COMPACTED CLAY

COMPACTED CLAY

3 INCHES MINIMUM

R i i
R “i \ix iﬁ %}5} &ﬁ“x 'l&v.’i g‘&&i ’ %%xﬁ.@\%

3 Fl. (M'N)1ﬂjﬁ

|
N

TAILINGS

)

\—— RANDOM FILL ABOVE TAILINGS ...

FOR POND SURFACE AREAS
(NOT TO SCALE)

DETAIL 2: COVER DETAIL FOR SIDE SLOPES

(NOT TO SCALE)

NOTES:

1. RIPRAP PLACED ON THE TOP OF COVER WILL CONSIST OF ROCK
WITH D50 MINIMUM OF 0.34 INCHES.

2. RIPRAP PLACED ON THE SIDE SLOPES OF COVER WILL CONSIST OF
ROCK WITH D50 MINIMUM OF 4.1 INCHES.

3. POND BOTTOM ELEVATIONS INFERRED FROM 'CELL 4 PHASE A AND
PHASE B PLAN’, WESTERN ENGINEERS INC., (JANUARY 17, 1989).

4. SEE FIGURES 1 AND 2 FOR CROSS SECTION LOCATIONS

3400—

5540

3600—

VERTICAL SCALE

40 0 40 80 FEET
HORIZONTAL SCALE
e
---- A~
200 0 200 400 FEET

RECLAMATION COVER

CROSS SECTIONS & DETAILS
PREPARED FOR

ENERGY FUELS NUCLEAR
BLANDING, UTAH

Environmental

FIGURE 3 DRAWING NUMBER A
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APPENDIX A

Laboratory Test Data
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Table 3.4-1

Physical Properties of Tailings
and

Proposed Cover Material

Atterberg % Passing Maximum Optimum
Limits Specific No. 200 Dry Density Moisture

Material Type LL PI Gravity Sieve (pcf) Content
Tailings 28 6 2.85 46 104.0 18.1
Random Fill 22 7 2.67 48 120.2 11.8

Note: Physical Soil Data from Chen and Associates (1987).
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SUMMARY OF CAPILLARY MOISTURE
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SECTION 6

ROGERS AND ASSOCIATES ENGINEERING
CORPORATION

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

Radiological Properties



®
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 C8700/22
Umetco Minerals Lorporation

p.G. Box 1029
Grand Junction, £0 81502

Dear Hr. 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 98144  0.1940.01 2.0E-02 1.45 13.2 0.39
- 8.4E-03 1.44° 19.1 0.56
Composite (2,3,&5) 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
. 1.4E-03 1.84 12.6 0.76
Site #4 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 [

Renee Y. Bowser
Lab Supervisor

e
5
e,
[

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
ke MAY 12 1989
. 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/qg) Emanation Coefficient
Random (2,3 & 5) 1.9 % 0.1 0.19 + 0.04
Site 1 2.2 + 0.1 0.20 % 0.03
Site 4 2.6 % 0.1 0.11 + 0.04

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

Sincerely,
7
Renee Y. Bowser

Lab Supervisor
RYB:ms

515 East 4500 South - Salt Lake City, Utah 84107






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

pPlastic 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 HMoisture 0.38 0.49 0.39
Wt of Dish 1.05 1.11 1.06
Wt of Dry Soil 1.91 2.46 1.97
Moisture Content 18.90 19.92 19.80
Liguid Limit Device Number 0258
Determination

1 2 3 4 5
Number of Blows 39 27 18 14 g
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 5.05 5.80 4.72
wt of Dish 1.10 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
Ligquid Limit 103.1
Plastic Limit 19.9
Plasticity Index 83.3
Atterberg Classification CH
Data entry %g:‘ NAR Date: 72696
Checked by: ; pate:7-2%~96

FileName: TIGOUT1 o ADVANCED TERRA TESTING, INC.
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COMPACTION TEST
ASTM D 1557 A

CLIENT: Thtan Env. JOBNO.  2234-04
FORING NO. SOIL DESCR.

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

Moisture determination

1 2 3 4 5
Wit of Moisture added (ml) 100.00 150.00 250.00 350.00 450.00
Wi. of soil & dish (g) 384.26 393.92 291.42 244.20 281.17
Dry wt. soil & dish (g) 350.60 35561 251.40 20269 225.04
Net loss of moisture (g) 33.66 38.31 40.02 41.51 58.13
Wi, of dish (g) 8.01 8.34 8.31 8.29 B.43
Net wit. 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
Wi of soil & mold (Ib) 14.20 14.49 14.68 14.59 14.46
Wit. of mold (Ib) 10.36 10.36 10.36 10.36 10.36
Jet wi. of wet soil (Ib) 3.84 4.13 4.32 4.23 4.10
t wt of dry soil (ib) 3.50 3.72 3.71 3.49 3.26
.y 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: RV Date:  7-26-86
ta checked by bBx? Dater (-1{ 9

FileNama: 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. Ur-1 TEST FINISHED 8-7-96 CAL
SOIL DESCR. Remolded 95% Mod Pt. @ OMC SETUP HNO. 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
Wet Density PCF 122.3 120.5%
Wt. Wet Soil & Pan (g) 302.4 319.9
Wt. Dry Soil & Pan {g) 266.2 266.2
Wt. Lost Moisture (g} 36.2 53.8
Wt. of Pan Only (g) 8.5 8.5
Wt. of Dry Soil (g} 257.7 257.7
Moisture Content % 14.1 20.9
Dry Density PCF 107.2 99.7
Max. Dry Density PCF 113.5 113.58
Percent Compaction 94.4 87.8
ELAPSED BURETTE BURETTE PERCOLATION RATE
TIME READING READING FT/YEAR CM/SEC

(MIN) hl (CC) h2 (cC)

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

Date: 8-8-96

=
Date: 8-

ADVANCED TEHRRA TESTING, IHC.



Rogers & Associates Engineering Corporation

i Post Office Box 330
L Salt Lake City, Utah 84110-0330
(8013 263-1600 * FAX(R01) 262-1527

September 3, 1996

Pamela Anderson C9600/9
Titan Environmental Corporation

7939 K. 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.
Sincerely,

Bret 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:__C9600/9
By: BCR
Date Received: 8/96
Sample Identification: __Titan Environmental
Radon Diffusion Specific
Moisture Density Coefficient Saturation Gravity
Sample ID (Dry Wt. %) (g/em3) (cm?/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} 263-1600

U ———————



Rogers & Associates Engineering Corporation

REPORT OF RADIUM CONTENT AND EMANATION
COEFFICIENT MEASUREMENTS

(LAB PROCEDURE RAE-SQAP-3.1)

Report Date:____9/3/96

Contract:___C9600/9
By: BCR
Date Received: 8796
Sample Identification;__ Titan Environmental
Moisture Radon Emanation Radium-226
Sample ID (Dry Wt. %) Coefficient (pCi/g) Comments
UT-1 14.6% 022 +0.04 1.5+03
RAE
Post Office Box 330

Salt Lake City - Utah 84110
(801 263-1600




H chen and associates, inc.
A CONSULTING ENGINEERS

SO{L L FOURBATION 96 S. ZUNI . DENVER, COLORADO 80223 s 303/744-7105
EXGIMEERING 1924 EAST FIRST STREET - 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
DEMYER, COLORADO 80202

Job No. 16,406 : July 18, 1978
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A3 ey kg / 2k #0 87 weathered
) Claystone
A3 68 &1 //, 30 #30 96 Claystone
As o4 3.3 ' w7 9 s 57 Sandy Clay
Ak g5 15,3 by / 20 #h gt Westhered
) « Clayst
/? Gl 12,7 28 1o 38 In, 72 K SMZ‘; gf;ew
W48 2+ 8.5 19 H #16 59 Sandy Sitt
X2 &84 5.6 1} 6 #30 73 Sandy Clayey
) Ioostt
37| 0k 1r8. 8 b.s 3 5 #8 72 10,5 1,5 0.63 6. ix10"7 Sandy Clayey
. ' ’ $ile
38 §-7 tiio 6,7 - 29 f/ 1 3/8 Ia. 69 102,k 17,9 0.0ht booxio~d Sandy Clay
b b ket oo | 16,2 26 ;) £8 64 27 106, 4 16,4 9.012 s 1.4 Sandy Clay |

- —




TASLE

SUMMARY OF LABORATORY TEST RESULTS

Page 1 of 3
HATURAL Mo o | Opt Tewm ATTERBERG LINITS GRADATION ANALYSIS REMGLOED PERMEASLITY
Test | Depth Bry Holsture - - ' Spacifie Sotl
Mote | (Fr.) Moltturs Bey bensity | Content | Liquld ‘Mu“clty Hax o pasilng Lets than bry Holsture Gravity Type
Content  [Deasity Limlt Index $ire #i00 T Density | Content ft,/yr, TR
%1 ot (pef %) &3] (%) ) L) (pef) e8) :
bo s | gead 6,8 21 8 3/8 In, 60 Sandy Clay
41 |13d-1b 7.6 % 10 3/8 In, 7 Sandy Clay
4y teetz te.1 It / 12 #h 84 Claystona
SRR 10,0 16,9 bo 24 3/8 in, 8s Ik tob, t 15,8 .02k 1, 1at0"8 182 Claystane
W | 84-7 7.5 70 N 308 1n, . 79 Caleareous
Sandy Clay
Lk 0 Py 22 6 #16 76 Sandy Clayey
gttt
u@ 554 3w 8 3/8 in, 65 Sandy Clay
wﬁ; §-7 tia, 15.6 15 9 #18 7t 105,2 13.9 0.1 3.1a1078 Sandy Clay
»/f{g Pl 1§ 28 5 #8 55 Calcareous
Sandy §11t
sh G2 te i 2} g 4 © b Sandy Clay
55 | 6.5} 7.8 P BT #30 71 Sandy Clay
55 gi-10} 8 7 13 #4 71 Sandy Clay
S .
A (. 3 ; d
whi 54-6 (s 35 . i Al 75 %;\u‘;yy, Stity
&1 0-t s 21 b g6 75 Sandy §11t
br  f1tetld B4 NP I In, 34 Calcareous
Sand & §ilt
63 Lok 30 / Hh #8 68 Sandy Clay
65 | 1-2 9.0 He #1s Y Silty Sand
68 | 71.8 8.6 28 13 #8 67 Sandy Clay
76 13fekd 16k 27 4 1 In, 3 Calcareous
Sand & SITt
72 G 2.2 22 8 #16 53 Sandy Clay
75 1.t 17k R4 25 I 75 Weathered
Claystone
75 P2a 1k LI 22 #16 93 Claystone
j

#16 b0k




TABLE 11

LABORATORY PERMEABILITY TEST RESULTS

Compﬁg;tlon

Sample - Soll Type C Dry Holsture T of Surcharge Permeabl !ty

Denslty Content ASTH D698 Pressure

(pef) (%) (psf) (Fesyr) (Cm/
TH 29 0'-50 | Sandy SIIt 1.6 6.4 95 200 057 5.5x1
TH & & 74'-10¢ Calcareous Sllty Clay 102.1 22.0 101 500 0,085 8.2x 1t
TH 12 @ 2'=58" Weatharad Claystone 95.0 18.3 9l 500 0.068 6.6x1¢
TH 15 @ 14'-hi' | Caleareous Sandy Clay 103.4 18.0 97 500 0.012 1.2x1¢
TH 19 ¢ 0'-3" Sandy, Clayey Silt 109.9 12.4 gl 500 0.035 3. hxie
TH 37 @ 0' =kt Sandy, Clayey SIlt 110.5 11.5 93 500 0.63 6.1x1¢
TH 38 @ 5'-7! Sandy Clay 102.4 17.9 92 500 0.0k} hoox1c
TH 4o ¢ h'=58" | Sandy Clay | 106.4 16.4 97 500 0.017 1.6x1¢
TH 43 @ 134-164'] Claystone 104.1 15.8 95 500 0.024 2.3x1¢
T ohg @ 5'=7" Sandy Clay 105.2 13.9 85 500 0.33 3.2x1¢C




/year cm/ sec

057 5.5E-07
0.085 8.2E-08
0.088 6.6E-08
0.012 1.2E-08
0.035 3.4E-08

0.63 6.1E-07
0.041 4.0E-08
0.017 1.6E-08
0.024 2.3E-08

0.33 3.2E-07




TABLE

tH

RESULTS OF ATTERBERG LIMITS

ATTERBERG LIMITS

Job ko,

16w

¥

PERCENT
SAMPLE SOILL TYPE PASSING Liquld Plastic Shrinkage SHRINKAGE
NO, 200 Limit Limit Limlt RATIO
SIEVE (%) (%) (%)
2600 - Sandy §11t 58 20 17 17, 1,8
5@ 74 - 1o Calcareous Silty Clay 56 33 25 25 162
15 @ Th-lift Calcarecus Sandy Clay 65 26 18 17.5 1,76
19 ® 0-3" Sandy, Clayey Silt 70 23 17 18 1,80
26 @ -5 Weathered Claystone 9l b 21 12 .30
@5 - 7 Sandy Clay 69 29 15 1y 1,89
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CHEN AND ASSOCIATES
TABLE |
SUMMARY OF LABORATORY TEST RESULTS

Job Mo, |

7,130

_ Page | of 3
Seary | HATURAL [NATURALORY ATTERBERG LIMITS ggﬁgmgtso TRIAXIAL SHEAR TESTs| PERCENT
HOLE - MOISTURE BENSITY LIQUID [PLASTICITY VE| DEVIATOR | CONFINING PASS ING SO0tL Tyee
(FEET) (+40) (Per Y LiniT | koex | STRENGTH | STRESS | pRESSURE | NO, 200
(%) (%) (PSF) (psF) - (PSF)  SIEVE |
76 0 = 1 ). b5 21 > 78 | Sendy silt
9.5 ~ 10| b, NP 26 | Sllty, gravelly sand
7 7.5 ~ 8 8,6 30 15 A Sandy_clay i
g 0 - 1 4, 20 5 83 Sandy stlt
5 - 5,5 5.5 NP ' _ A Calearcous_sandy_ clay
80 4.5 - 7 39 20 78 | Calcarcous sandy clay
| 8-8.5 | 101 ho 20 86 | Weathered claystone |
8) 3o b 63 26 |8 b |.Silty, sendy clay
83 b - 6 2\ 7 e 6l |.Sandy, clayey silt
B, 0 -2 18 2 | 65 | Sandy silt
9 ~9,5 | 2 NP e 27 SMlty sond |
86 8 -8,5 2,6 hP o J2 | Sandstone
87 0 - | 3,1 16 ! 61 | Sondy stie |
89 0_-.3 21 __|_ 5 66 sandy silt
90 8 - 8.5 | 12, 35 15 61 | MWeathered claystope
92 0 -1 | 5.9 21 | 5 80 Sandy stlv __ ...
9l 5-5.5 | 13,7 27 |0 _ 68 | Sandy clay_ _
95 6 -7 23 5 62 Sondy sile o
96 0 -~ 2 5,2 21 b 79 Sendy silt___ . __
8.5 - 9.5 32 6 66 | Calcareous sandy clay
98 | 0| 3,8 20 5 I Sendy sile
ﬁ w5 | 17,8 9 25 o J8 [ Weathered claystune
\ 99 % B - 9.5 o 20 _ 89 Weathered claystone




CHEN AND ASSOCIATES
TABLE 1
SUMMARY OF LABORATORY TEST RESULTS

Job No,

| fage 2 of 3
| - NATURAL INATURAL DRy[ATTERBERG LIMITS é’gﬁgggégi@ TRIAXIAL SHEAR TESTS gizgfzg o
HOLE e e MOISTURE | DENSITY | LIQUID JPLASTICITY DEVIATOR | CONFINING SOtL TYPE
(FEET) (2) (PCF) Crurt L orkogx | STRENGTH | STRESS | PRESSURE | NO, 200
{ %) {*.) (PSF) {PSF) (PSF) SIEVE

99 - 12 13.5 26 10 13 Claystone
100 0 -1 17 NP Wi _|Sllty_ send ;
15,586 12,0 NP 61 Sandstope-siltstone
102 6,5 - 16,7 30 8 72 _|Calcareous sandy clay
13,56 ~ 1h 9,5 23 6 87 ___|Cloystone-silitstone

103 10 - 10,5 7.0 28 12 57 sandy clay .
10l 8 - 8,5 9,2 33 9 70 _Calcareous sandy clay
105 0~} 5.4 22 6 77 (Sandy sUit
6.5 - 7 4,5 NP .88 Sandy_silt

106 5 -5.5 10,4 28 6 " e} P9 _|Cloystonc-sandstone
07 17.5-9 NP A |Sendstone
108 0 -] 4.0 18 3 |82 Sandy sile
9.5 ~ 10 a 18 16 23 Llaystope

03 | -5 25 7 75 |Sandy, cloyey silt
K 9 - 9.5 5.8 25| 1o — 23 Claystone . .
Ik 5.0 4o 20 gl MHeathered claystone
10,5 - I 24| 10 o 84 |Claystonemsandstone
1 0 -2 22 6 58 Sandy, cloyey silt
E .5 - 6 NP 58 Calcareous
116 0 -3 22 5 72 Sandy silt

7 -8 2k 10 B2 |Claystone-sandstone

E - 2 10.6 25 5 7 Sondy sflt

k\ " Q- 2 25 6 77 Sandy silt




Job No.
CHEN AND ASSOCIATES
| TABLE |
SUMMARY OF LABORATORY TEST RESULTS

Page 3 of 3

epri | NATURAL [NATURAL ORY{ATTERBERG LIMITS é}ggg::gww TRIAXIAL SHEAR TESTS| PERCENT ’
HOLE L MOISTURE DENSITY LIQULD [PLASTICITY SSIVE DEVIATOR | CONFINING PASSING SOIL TYPE
(FEET) () er) LiwiTo | otwoex [TSTRENGTH | sTRESS | pressune | NO, 200
’ (%) {*4) (PSF) (PSF) (PSF) S| EVE
18 1 6,5 ~8.5 ' ho 20 : ‘ 89 lweathercd claystone_.
9 | h5 a8 10,9 26 12 68 _|Sandy clay
120 | -2 25 8 69 |Saudy, clayey sllt
5= 5. 15,5 | 29 10 18 _|Sendy cloy
-5l h2 24 90_ _ |Claystone
122 Lo~ 6 25 8 66 |Sandy, s! ith..?f.?\c’.ml
1h,5 - 15| 6.4 | % 8 - 66 |Sandy clay __ _ ___
123 b~ 23 7 ‘ 7l | Sendy, cleyey silt
24 0,5 -5 6,0 23 7 __ 69 |Sendy, cloyey silt
12 0 ~ | 3,8 22 6 67 _ _|Sendy silt
127 5 -6 sh 34 ‘ B9 _ |Claystone
128 6 - B Iy 2l ) ) .ﬁmﬁmmggw“wm,CEQYSKan ‘
| { e




Sample

-

i

T

TH ¢

TH

TH

80 @ L{-7!

8 @ p-2¢

99 @ B-9%!

100

@®

@

) @

6-7"

Y

Classiflcation

Calcareous sandy clay
=200=78; LL=39; PI=20

Sandy siit
~200=65; Li=18; PlI=2

Calcareous sandy clay
~200=66; LL=32; Pl=b

Calcareous sandy clay

Weathered claystone
~200=89; Ll=40; PI=m20

Very silty sand
~200=bl, pl=Np

Sandy, clayey sllt
~200w58 LL=22; Pl=b

Sandy, clayey sllt
~200=65; Ll=24; Pl=b

Sandy, slity clay
-200=66; LL=25; PI=8

Sandy, clayey slit
~200=71; LL=23; Pl=7

Claystone
~200=89; Li=hl; pi=2h

Claystone
~200=89; Lielil, Pl=b

LABORATORY PERMEABILITY TEST RESULTS

Compactlon

Dry
Density

(pef)

100,2

99.8
17.5

112,4

108.2

. 108.8

93.1

Molsture % of Surcharge Permeablllty
Content ASTH D698  Pressure Ft./Yr, Cm/Sec
(%) (psf)

19,4 96 500 0,81 7.8x10"7
1,7 96 500 Iy, 45 i, 3x 106
20,7 97 500 1.55 15106
20,3 96 500 26,50 2,6x¥0“5
18,5 95 500 0,22 2, 11077
9,7 98 500 0,308 3, 7x10°7
12,9 95 500 0.60 5.8x10°7
1h,7 95 500 0.1 1ix10™7
15.5 96 500 0.43 4, 2x10"7
12,6 95 500 0.56 5. 11077
23.9 93 500 0.12 I.2x10~7
22,1 94 500 5.0x10°7%

pll sulfurlc acld liquor used durlng percolatlion test [nterval,
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Purpose: To determine the required soil cover thicknesses to limit radon emissions from the

Method:

Results:

White Mesa tailings impoundments to 20 pCi/mzfsec using United States Nuclear
Regulatory Commission (NRC) approved methods and inputs. The White Mesa
Mill site is located in Blanding, Utah.

Determine the geotechnical and radiological properties of the tailings and cover
materials based on NRC-accepted methods and existing database values
previously collected. Input parameters into the computer modeling program
“RADON?” to determine the radon flux values through the cover materials. A
variety of scenarios adjusting cover thicknesses were run to determine the
optimum thickness of cover materials to meet NRC specifications. It was
assumed that the tailings located in the three cells at the White Mesa Mill site
(Cells 2, 3, and 4A) have similar properties (Figure 1). Therefore, cover layer
configurations as determined by the RADON model are applicable to the three
tailings cells.

A 2-layer uranium mill tailings cover composed of (from top to bottom) a 2-foot
layer of random fill and a 1-foot compacted clay layer will meet NRC
specifications. In addition to the tailings cover materials, a minimum of 3 feet of
random fill will be placed between the tailings and soil cover to fill the currently
existing freeboard. This 3 foot layer was included for modeling purposes since it
will assist in reducing the radon flux from the tailings impoundments. This layer,
however, is not considered a part of the actual soil cover. The resulting radon flux
exiting the top cover layer of the tailings impoundment will be 13.6 pCi/mzlsec
(see Appendix Al for RADON output).

As indicated in the “Effects of Freezing on Uranium Mill Tailings Covers
Calculation Brief” (6/17/96), 6.8 inches of the top random fill cover layer will be
effected by freeze/thaw conditions at Blanding Utah. This suggests that 6.8
inches of the top layer may not contribute to reductions of radon emanation from
the tailings covers. To conservatively compensate for effects from freezing and
thawing, 6.8 inches were subtracted from the top random fill cover layer.
Executing the RADON model based on this cover configuration resulted in a
radon flux emanation of 17.6 ;}Céfmzfges (see Appendix A2 for RADON output).

NRC specifications (Regulatory Guide 3.64) requires that a uranium tailings cover
“.produce resonable assurance that the radon-222 release rate would not exceed
20 g}Qifmzfsec 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

orimin whitshradon® cle (87167841
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least a one-year period” (NRC, 1989). Therefore, the above design with
accounting for freezing and thawing conditions is adequate.

Parameters: The RADON model requires input of the following parameters for all tailings and
soil cover layers:
- layer thickness (centimeter (cm));
porosity;
mass density (g/cm3);
radium activity (pCi/gr), source term, or ore grade percentage;
emanation coefficient;
weight percent moisture (long-term) (percent), and,
diffusion coefficient (cm”/sec).

H

H]

H

¥

]

1

Physical and radiological properties for Tailings and Random Fill were analyzed by Chen
and Associates (1987) and Rogers and Associates (1988) respectively. See Appendix B1
for analysis results. Clay physical data input for RADON modeling are included in
Appendix B2 and were analyzed by Advanced Terra Testing (1996) and Rogers and
Associates (1996).

The following cover profile was modeled.

_ Random fill (2°)
g8 Clay (17)
Random fill (3° min.)

\ > \ }/ \ > \ \/Tailings[iéfi’ (500cm)]

This cover configuration represents the actual cover layer thicknesses which would be
constructed on site. The cover profile above was adjusting for modeling purposes to
account for freezing and thawing conditions. The modeled profile is identical to the one
above with the exception of the top random fill layer which was reduced to 1.4 feet (2
feet minus 6.8 inches). It is assumed that 6.8 inches of the top cover layer effected by
freeze/thaw conditions will not contribute to reductions in radon emanation from the
tailings covers.

criefn-whiteiradont clc [9/16/94)
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Layer thicknesses

The thickness of the tailings was assumed to be effectively an infinitely thick radon source. In
accordance with NRC criteria (Reg. Guide 3.64, p. 3.64-5) a tailings thickness greater than about
100-200 cm is considered to be effectively, infinitely thick. A value of 500 cm represents an
equivalent infinitely thick tailings source. The actual tailings thickness of Cell 3 at White Mesa
is approximately 28 feet (850 cm), therefore, a value of 500 ¢cm was used for the RADON model.

A minimum of 3-feet (91.5 cm) of random fill will cover the tailings to fill the existing freeboard
and bring the tailings piles up to the subgrade elevation of the soil cover. A 1-foot (30.5 cm)
layer of compacted clay covers the random fill with an additional 2 feet (61 cm) of random fill
overlying the clay layer. Adjusting for freeze/thaw conditions results in a (43 cm) random fill
layer overlaying the clay layer.

Poraosity

Porosity is calculated from the specific gravity and dry bulk density according to the following
equations;

1. Dry bulk density = [(specific gravity)(density of water)])/[1 + e] (Ref.: Principles & Practice
of Civil Engineering, 1996, equation 14.5.6). See Appendix C.

2. Porosity = [e / (1+e)] x 100 (Ref.: Principles & Practice of Civil Engineering, 1996, equation
14.5.4). See Appendix C.

Max. Dry Bulk Dry Specific | Density of “e” porosity
Density Density Gravity | Water (Ib/ft’) | (2) A3)
(Ib/tt) (b/) (1)
Tailings (4) 104.0 988 2.85 62.4 0.80 44%
Clay (5) 113.5 1078 239 62.4 038 28%
Random fill (4) | 120.2 1142 2.67 624 0.46 31.5%

Notes:

1. Bulk dry density is 95% of the ASTM Proctor maximum dry density for all materials.

2. Calculated using Equation 1 above where “e” is the volume of voids per volume of solids.

3. Calculated using Equation 2 above.

4. Physical tailings and random fill data from Chen and Associates (1987) included in Appendix
BI.

5. Clay physical data from Advanced Terra Testing (1996) and Rogers and Associates (1996)
included in Appendix B2.

crhefn-whiteioadont cic (8718/9%%)
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Mass Density
Mass densities were measured by Rogers and Associates (1988 and 1996) to be (see Appendix
B1 and B2):
Tailings = 1.45 g/em’
Clay = 1.72 g/cm3
Random Fill = 1.85 g/em’

Radium Activity, Source Term, or Ore Grade %

Radium activity values from Rogers & Associates (1988 and 1996), were input for White Mesa
tailings and cover materials (Appendix B1 and B2). The radium activity values are:

Tailings = 981 pCi/gm
Clay = 1.5 pCi/gm
Random Fill = 1.9 pCi/gm.

Emanation Coefficient

Emanation coefficient input for the tailings and cover materials are measured values from Rogers
& Associates (1988 and 1996), included in Appendix B1 and B2. The coefficients are:

Tailings = 0.19

Clay = 0.22

Random Fill = 0.19

Note: Use of NRC’s default value of E=0.35 is not considered appropriate since laboratory
analyses of emanation coefficients are available.

Weight Percent Moisture

Long-term moisture content (weight percent moisture) was assumed to be 6% for the tailings.
NRC Regulatory Guide 3.64 states, “if acceptable documented alternative information is not
furnished by the applicant, the staff will use a reference value of 6% for the tailings moisture
content because 6% is a lower bound for moisture in western soils” (NRC, 1989). Laboratory
data does not exist to determine the actual weight percent moisture of tailings therefore, thisis a
conservative assumption.

The weight percent moisture of the new clay source (UT-1) is also unknown therefore, it was
assumed that the average weight percent moisture from clay (site #1 and site #4) would be
equivalent to the new clay source (UT-1). This is also a conservative assumption as the new clay

criefn whitetvadon? . cic {3/14/9%)
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source is believed to be of better quality. Weight percent moisture values for clay and random
fill were derived from the “Summary of Capillary Moisture Relationship Test Results” figures
included in Appendix B1. Weight percent moisture values used for modeling purposes are:

Tailings = 6%
Clay = 14.1%
Random Fill = 9.8%

Diffusion Coefficient

Diffusion coefficient input for the tailings and cover materials are measured values from Rogers
& Associates (1988 and 1996), included in Appendix B1 and B2. The coefficients used for
tailings and random fill were an average of the two values presented. The coefficients for each
material are as follows:

Tailings = 0.0142 cm*/sec

Clay = 0.0091 cm’/sec

Random Fill = 0.0082 cm®/sec

References;

Advanced Terra Testing, 1996, Physical soil data, White Mesa Project, Blanding Utah, July 25,
1996.

Chen and Associates, 1987. Physical soil data, White Mesa Project Blanding Utah.
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Version 1.2 - MAY 22, 1989 - G.F. Birchard tel.# (301)492-7000 52
U.S. Nuclear Regulatory Commission Office of Research

RADON FLUX, CONCENTRATION AND TAILINGS COVER THICKNESS

DATE/TIME OF THIS RUN
09-10-1996/18:06:33

EFN - WHITE MESA

CONSTANTS

RADON DECAY CONSTANT .0000021 s™-1
RADON WATER/AIR PARTITION COEFFICIENT .26

SPECIFIC GRAVITY OF COVER & TAILINGS 2.65

GENERAL INPUT PARAMETERS

LAYERS OF COVER AND TAILINGS 4

DESIRED RADON FLUX LIMIT 20 pCi m™-2 s™-1

LAYER THICKNESS NOT OPTIMIZED '

DEFAULT SURFACE RADON CONCENTRATION 0 pCi 1”°-1

RADON FLUX INTO LAYER 1 0 pCi m™-2 s*-1

SURFACE FLUX PRECISION .001 pCi m™-2 s™-1

LAYER INPUT PARAMETERS

LAYER 1 TAILINGS

THICKNESS 500 cm

POROSITY .44

MEASURED MASS DENSITY 1.45 g cm™-3

MEASURED RADIUM ACTIVITY 981 pCi/g™-1

MEASURED EMANATION COEFFICIENT .19

CALCULATED SOURCE TERM CONCENTRATION 1.290D-03 pCi em™-3 s”-1

WEIGHT % MOISTURE 6 %

MOISTURE SATURATION FRACTION .198

MEASURED DIFFUSION COEFFICIENT .0142 cm™2 " -1

LAYER 2 RANDOM FILL (FILL FREEBOARD)

THICKNESS 91.5 cm

POROSITY .315

MEASURED MASS DENSITY 1.85 g cm™-3

MEASURED RADIUM ACTIVITY 1.9 pCi/g™-1

MEASURED EMANATION COEFFICIENT .19

CALCULATED SOURCE TERM CONCENTRATION 4.452D-06 pCi cm™-3 s”-1
IGHT % MOISTURE 9.800000000000001 %

STURE SATURATION FRACTION .576 . .
MEASURED DIFFUSION COEFFICIENT 8.200000000000001D-03 cm 2 8 -1



CLAY (UT-1)

ROSITY

MEASURED MASS DENSITY

MEASURED RADIUM ACTIVITY

MEASURED EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
MEASURED DIFFUSION COEFFICIENT

LAYER 4 RANDOM FILL

THICKNESS

POROSITY

MEASURED MASS DENSITY

MEASURED RADIUM ACTIVITY

MEASURED EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
MEASURED DIFFUSION COEFFICIENT

DATA SENT TO THE FILE ‘RNDATA’

N FO1 CN1 ICOsT

4 0.000D+00 0.000D+00 0
LAYER DX D b

1 5.000D+02 1.420D-02 4.400D-01

2 9.150D+01 8.200D-03 3.150D-01

3 3.050D+01 9.100D-03 2.800D-01

4 6.100D+01 8.200D-03 3.150D-01

N

P

30.5

.28

1.72

1.5

.22
4.257D-06
14.1

.866
.0081

61

.315

1.85

1.9

.19
4.452D-06

cm

g cm™-3
pCi/g”-1

pCi cm™-3 s°-1

k1

cm™2 s87-1

Cri

g cm™-3
pCi/g™-1

pCi cm™-3 s”-1

9.800000000000001

.576

8.2000000000060001D~03

ON DEFAULT DRIVE

CRITJ ACC
.000D+01 1.000D-03

e} XMS RHO
.290D~03 1.977D-01 1.450
.452D-06 5.756D-01 1.850
.257D-06 8.661D~01 1.720
.452D-06 5.756D-01 1.850

Yy

cm™2 s*-1



BARE SOURCE FLUX FROM LAYER 1: 4.667D+02 pCi m*-2 s”-1

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LAYER THICKNESS EXIT FLUX EXIT CONC.

(cm) (pCi m™-2 s87-1) (pCi 17-1)
1 5.000D+02 1.233D+02 4.519D+05
2 9.150D+01 2.562D+01 7.892D+04
3 3.050D+01 1.962D+01 2.276D+04
4 6.100D+01 1.361D+01 0.000D+00
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wwwww *krkk ] RADON I*#ckdo ..o -

Vergion 1.2 - MAY 22, 1989 - G.F. Birchard tel.# (301)492-7000
U.S. Nuclear Regulatory Commission Office of Research

RADON FLUX, CONCENTRATION AND TAILINGS COVER THICKNESS

E

DATE/TIME OF THIS RUN
09-10-1996/14:46:46

EFN - WHITE MESA (ACCOUNTING FOR FREEZE/THAW CONDITIONS)

CONSTANTS
RADON DECAY CONSTANT .0000021 s™-1
RADON WATER/AIR PARTITION COEFFICIENT .26
SPECIFIC GRAVITY OF COVER & TAILINGS 2.65

GENERAL INPUT PARAMETERS

LAYERS OF COVER AND TAILINGS 4

DESIRED RADON FLUX LIMIT 20 pCi m™-2 s”-1
LAYER THICKNESS NOT OPTIMIZED

DEFAULT SURFACE RADON CONCENTRATION 0 pCi 1°-1
RADON FLUX INTO LAYER 1 0 pCi m™-2 s”-1
SURFACE FLUX PRECISION .001 pCi m™-2 s*-1

LAYER INPUT PARAMETERS

LAYER 1 TAILINGS

THICKNESS 500 cm

POROSITY .44

MEASURED MASS DENSITY 1.45 g cm™-3

MEASURED RADIUM ACTIVITY 981 pCi/g™-1

MEASURED EMANATION COEFFICIENT .19

CALCULATED SOURCE TERM CONCENTRATION 1.290D-03 pCi cm™-3 s7-1

WEIGHT % MOISTURE 6 %

MOISTURE SATURATION FRACTION .198

MEASURED DIFFUSION COEFFICIENT .0142 cem™2 s7-1

LAYER 2 RANDOM FILL

THICKNESS 31.5 om

POROSITY .315

MEASURED MASS DENSITY 1.85 g cm” -3

MEASURED RADIUM ACTIVITY 1.9 pCi/g™-1

MEASURED EMANATION COEFFICIENT .19

CALCULATED SOURCE TERM CONCENTRATION 4.452D-06 pCi cm™-3 g7 -1
GHT % MOISTURE 9.800000000000001 %
STURE SATURATION FRACTION .576

BASURED DIFFUSION COEFFICIENT 8§.200000000000001D-03 cm™2 s7-1




LAYER 3 CLAY

ICKNESS

ROSITY

MEASURED MASS DENSITY

MEASURED RADIUM ACTIVITY

MEASURED EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
MEASURED DIFFUSION COEFFICIENT

LAYER 4 RANDCM FILL

THICKNESS

POROSITY

MEASURED MASS DENSITY
MEASURED RADIUM ACTIVITY
MEASURED EMANATION COEFFICIENT

CALCULATED SOURCE TERM CONCENTRATION

WEIGHT %
MOISTURE
MEASURED

MOISTURE
SATURATION FRACTION
DIFFUSION COEFFICIENT

DATA SENT TO THE

FILE ‘RNDATA’

N FO1 CN1 ICOST

4 0.000D+00 0.000D+00 0
LAYER DX D p

1 5.000D+02 1.420D-02 4.400D-01

2 $.150D+01 8.200D-03 3.150D-01

3 3.050D+01 9.100D-03 2.800D-01

4 4.300D+01 8.200D-03 3.150D-01

P

30.5 cm /
.28 !%éﬁb
1.72 g cm™-3

1.5 pCi/g”-1

.22

4.257D-06 pCi cm™-3 s™-1

14.1 %

.866

.0091 cm™2 s7-1

43 cm

.315

1.85 g cm™-3

1.9 pCi/g™-1

.19

4.452D-06 pCi cm™-3 -1
9.800000000000001 %

.576

8.200000000000001D-03 cm™2 st-1

ON DEFAULT DRIVE

CRITJI ACC
.000D+01 1.000D-03

Q XMS RHO
.290D-03 1.877D-01 1.450
.452D-06 5.756D-01 1.850
.257D-06 8.661D-01 1.720
.452D~-06 5.756D-01 1.850



BARE SOURCE FLUX FROM LAYER 1: 4.667D+02 pCi m™-2 s*-1

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LAYER THICKNESS EXIT FLUX EXIT CONC.

(cm) (pCi m"-2 s7-1) (pCi 17-1)
1 5.000D+02 1.237D+02 4.514D+05
2 9.150D+01 2.679D+01 7.622D+04
3 3.050D+01 2.123D+01 1.944D+04
4 4,.300D+01 1.756D+01 0.000D+00




“TAHEnvironmental

By TAM Date Subject EFN - White Mesa Page |9 of 32
Chkd By Date Radon Calculation Proj No 6111-001

Appendix Bl

crhetn- white\radonl . ole (9718738}




-12-
TALADES AP (LADOXMA EOU PRoP ST S

Table 3.4-1

Physical Properties of Tailings
and

Proposed Cover Materials

Atterberg % Passing Maximum Optimum
Limits Specific No. 200 Dry Density Moisture

Material Type L PI Gravity Sieve (pcf) Content
Tailings 28 6 2.85 46 104.0 18.1
Random Fill 22 7 2.67 48 120.2 11.8
Clay 29 14 2.69 56 121.3 12.1
Clay ' 36 19 2.75 68 108.7 18.5

Note: Physical Soil Data from Chen and Associates (1987).




« | .
A Rogers & Associates Engineering Corporation
E Post Office Box 330 W/ Z

Salt Lake City, Utah 84110 15+
{801} 263-1600

March 4, 1988

Mr. C.0.Sealy C8700/22
Umetco Minerals Corporation

P.0. Box 1029
Grand Junction, €0 81502

Dear Mr. Sealy:

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

. 3
Radium Emanation Diffusion (g/cm™)

Samnle pCi/gm Fraction Coeffic. Density Moisture Saturation
Tailings 981+4 0.19:0.01 2.0E-02 1.45 13.2 0.39
' 8.4E-03 1.44 19.1 0.56
Composite {2,3,85) 1.6E-02 1.85 6.5 0.40
4 SE-04 1.84 12.5 0.75
Site #1 1.6E-02 1.85 8.1 0.48
> 1.4€E-03 1.84 12.6 0.76
Site #4 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,

(e Won

Renee Y., Bowser
Lab Supervisor

515 East 4500 South - Sali Lake City, Utah 84107



A  Rogers & Associates Engineering Corporation

E Post Office Box 330
Salt Lake City, Utah 84110
{801} 263-1600
HpY 12 1988
May 9, 1988
Mr. C.0. Sealy 8700722

UMETCO Minerals Corporation
P.0. Box 1029
Graand 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/g) Emanation Coefficient
Random (2,3 & %) 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,

(rpous G

Renece Y. Bowser
Lab Supervisor

515 East 4500 South - Salt Lake City. Utah 84107

| %/%/
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ATTERBERG LIMITS TEST

ASTM D 4318 23
2.
CLIENT Titan Env. JOB NO. 2234-04
BORING HNO. DATE SAMPLED
DEPTH DATE TESTED 7=~25~96 WERB, RV
SAMPLE NO. ur-1
SOIL. DESCR.
TEST TYPE AETTERBERG
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 1.05 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
Number 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 5.05 5.80 4.72
Wt of Dish 1.10 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
Ligquid Limit 103.1
Plastic Limit 19.9
Plasticity Index 83.3

Atterberg Classification CH

Data entry by: NAA Date: 7-26~96

FileName: TIGOUT1 ADVANCED TERRA TESTING, INC.



Moisture Content

112
111
110
108
108
107
106
105
104
103
102
101

100

Atterberg Limits, Flow Curve

L UT-1

]

Number of Blows

25

Plasticity Index

100

PLASTICITY CHART

, . UT-1

s

Cloor

CL-ML

Liguid Lirnit

A Clzssification

100

“he



C PACTION TEST Ty
ASTM D 1557 A

CLIENT: THan Env. JOB NO. 2234-04
BORING 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
Wi, of soil & dish (@) 384.26 393.92 291.42 24420 281.17
Dry wi. soil & dish {g) 350.60 35561 251.40 202.69 225.04
Net loss of moisture (g) 33.66 38.31 40.02 41.51 56.13
Wi. of dish (g) 8.01 8.34 8.31 8.29 8.43
Net wi. of dry soil (@) 342.59 347.27 243.09 184.40 216.61
Moisture Content (%) 9.83 11.03 16.46 21.35 25691
Corrected Moisture Content
Density determination
Wi of soil & mold (ib) 14.20 14.49 14.68 14.59 14.46
Wit. of mold (Ib) 10.36 10.36 10.36 10.36 10.36
Net wi. of wet soil (Ib) 3.84 413 4.32 423 4.10

t wt of dry soil (Ib) 3.50 372 3.71 3.49 3.26

y Density, (pcf) 104.89 111.59 111.28 104.57 97.69
Corrected Dry Density (pcf)
Volume Factor 30 30 30 30 30
Zaia enfered by, RV Bate: 7-26-96

checked by._ ix?7 Date: (-0 -9

fleName: TIPRUT-1 ADVANCED TERRA TESTING, INC
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Proctor Compaction Test
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Zero Air Voids Curve
(D SGET rted-below
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Moisture Content (%)
- Best Fit Curve & Actuzl Data
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OPTIMUM MOISTURE CONTENT = 13.9 MAXIMUM DRY DENSITY = 1135
ASTM D 1557 A, Rock correction applied? N
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PERMEABILITY DETERMINATION
FALLING HEAD

FIY¥ED WALL
CLIENT Titan Environmental JOB NO. 2234-04 Z?/
72~
BORING HNO. SAMPLED
DEPTH TEST STARTED 7-28-96 CaL
SAMPLE NO. Ur-1 TEST FINISHED 8~-7-96 CARL
S0IL 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
Wet Density PCF 122.3 120.5
Wt. Wet Soil & Pan (g) 302.4 319.9
Wt. Dry Soil & Pan (g) 266.2 266.2
Wt. Lost Moisture (g) 36.2 53.8
Wt. of Pan Only {g) 8.5 8.5
Wt. of Dry Soil {g) 257.7 257.7
Moisture Content % 14.1 20.9
Dry Density PCF 107.2 99.7
Max. Dry Density PCF 113.5 113.5
Percent Compaction 94.4 87.8
ELAPSED BURETTE BURETTE PERCOLATION RATE
TIME READING READING FT/YEAR CM/SEC

(MIN) hl (CC) h2 (cC)

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 .04 3.7E-08
1469 23.0 23.0 0.04 3.6E-08
1440 24.4 0.04 3.7E-08
L crmmami s
Data Entered By: HAA Date: B-8-986
Date Checked By: J«] Date: _ g-8-%

Filename:TIFHUTL ADVANCED TERRA TESTIRG, IHC.



Rogers & Associates Engineering Corporation

7
REPORT OF RADON DIFFUSION COEFFICIENT MEASUREMENTS 32
(TIME-DEPENDENT DIFFUSION TEST METHOD RAE-SQAP-3.6)
Report Date:  vape
Coatract:  CI0000
By: _ _BCR
Daic Recerved: 896
Sample Kientification:_ Titan Environmental S N
Radon Diffusion Specific
Moisture Density Coefficient Saturation | Cravity
Sampla‘m (Dry Wt. %) (g/em?) (cm?/g) (Mp/P) (g/em3)
UT-1 14.5% 1.72 9.1E-03 089 2.39
RAE
Poat Office Box 830
Balt Lake City « Utah 84110
{BO1) 7683-1600
SEP-U3-1996 1416 SA12621527 P.a3




Rogers & Associates Engineering Corporation

7/“1/3 .

REPORT OF RADIUM CONTENT AND EMANATION
COEFFICIENT MEASUREMENTS

(LAB PROCEDURE RAE-SQAP-3.1)

Report Date: 97396
Contract:__CO6008

By: __BCR

Date Reccived: . 896

Sample Mentfication:__Titan Enviroomental e

| Moisture Radon Emanation Radium-226
Sample ID (Dry Wt. %) CoefTicient (pCilg) Comments
UT-1 14.6% 0221004 1.54£03
RAE
Post Office Box 330
Salt Lake City = Utah 84116
(801) 263-1600
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14-8 ‘ Soil Mechanics

14.5 Other Useful Equations for Weight-Volume
Problems

It is strongly recommended that weight-volume problems be solved using phase diagrams rather
than only formulas, as completing a phase diagram clearly indicates whether sufficient information is
known to complete the problem, whether information is insufficient and assumptions must be made, or
whether too much information is present and the problem is overconstrained. For example, it may not be
immediately apparent from the information given whether a soil is saturated until all quantities are calcu-
lated. Nevertheless, following are given additional useful equations that may be used to solve certain
classes of weight-volume problems.

A very useful equation relating four different quantities is
Se =wG, (14.5.1)

For saturated soils (S = 100%) there results
e=wG, (145.2)

The relationships between the void ratio and porosity are

_on
A e (14.5.3)
and n= Paro‘in *3
P e A s
The total unit weight can be obtained as \[‘A""“‘* % Sﬂ(} &{S
(G +5e)y,  (+w)y, (1455)
1+e  w/S+1/ G
The dry unit weight can be obtained as f‘{ Dy Bl Dﬁx«%iﬁfé
# ....Gyw = GTYw ég ec bt 6""‘&

E 7“' 1$+e 1+(Z;Gs 75) &) (14'5 6)

\/N" D_Ln?)fg of WV

—EXAMPLE 14.8
Rework example 14.6 using equations introduced in this section.

Solution. Se = wG,

S =wG, /e = (20)(2.65)/(0.800) = 0.6625 or 66.3%

e 0800 _na,
*The - T+0500 st
1 -
Arwly, __ (Q200624) 1907 /e

T w/S+1/G, 02/06625+1/265

, =Sy _ (265)(624)
I Y 1+0.800

=919 Ib/ft
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Method:

Results:
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Date Help Model Proj Ne_6111-001

To determine the required soil cover thicknesses to minimize surface water
infiltration through the White Mesa tailings impoundments so that precipitation
will not fully penetrate the soil cover. The White Mesa Mill site is located in
Blanding, Utah. The performance of the tailings cover was evaluated using the
Hydrologic Evaluation of Landfill Performance (HELP) Model. The HELP
model was developed to facilitate rapid, economical estimation of the amounts of
surface runoff, subsurface drainage, and leachate that may be expected to result
from the operation of a wide variety of possible cover designs.

Determine the soil properties of the cover materials and climatic properties of
Blanding, Utah based on existing database values previously collected, and
acceptable default parameters. Input parameters into the computer modeling
program “HELP” to determine the percolation through the cover materials. A
variety of scenarios adjusting cover thicknesses were run to determine the
optimum thicknesses of cover materials to eliminate percolation through the
bottom cover layer. The modeled tailings cover consists of a compacted clay
layer over the tailings, with a random fill soil layer covering the ciay.

The model was developed for Cell 3 at the White Mesa Mili since it is the largest
of the three cells to be covered (Cells 2, 3, and 4A). Figure 1 shows the location
of the cells. The cover requirements determined for Cell 3 will be applied to the
remaining cells as well. This is a conservative approach since the remaining cells
are smaller in size and require less time and distance for precipitation runoff.

A two-layer uranium mill tailings cover composed of a 2-foot layer of random fill
over a I-foot compacted clay layer will reduce percolation into the tailings
material to a negligible quantity (see Appendix A for HELP results). As indicated
by the model results, precipitation will either runoff the soil cover or be
evaporated.

The cover thicknesses recommended above were also determined to be the
minimum thickness requirements for White Mesa tailings covers based on results
from radon flux calculations (see “Calculation of Radon Flux from the White
Mesa Tailings Cover”, 9/11/96). As indicated in the Radon Flux calculation, to
restrict radon flux to 20 pCi/m2/sec, (Regulatory Guide 3.64), a cover consisting
of 2-feet random fill and 1-foot compacted clay is required.

oo (95187981
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Parameters:  The HELP model requires input of the following parameters for the cover
materials:

- Weather Data:
Evapotranspiration
Precipitation
Temperature
Solar Radiation

- Soil and Design Data:
Landfill area (area of Cell 3)
Percent of area where runoff is possible
Moisture content initialization

- Cover Layer Data:
Layer type
Default soil/material texture number
Runoff curve number

Weather Data

Evapotranspiration and solar radiation data was input using the default parameters from Grand
Junction, Colorado. Grand Junction is located north east of Blanding Utah in a similar climate
and elevation. The elevation at Grand Junction is 4,600 feet and the elevation at Blanding Utah
is 5,600 feet. Figure I in Appendix B shows the locations of Blanding and Grand Junction in
relation to one another.

Precipitation data from 1988 to 1993 (skipping 1989) was obtained from Utah State University
{see Appendix C). Daily precipitation values for the five years were input manually into the
HELP model. Temperature data was obtained from the Dames & Moore (1978) and is also
included in Appendix C. Daily temperature data was not available for manual entry therefore,
the computer calculated mean monthly temperatures based on the default location {(Grand
Junction, Colorado). These values were then edited to match the actual mean monthly
temperatures for Blanding, Utah.

cihafinawhitaiheipl olg (87167561
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Soil and Design Data

The surface area of Cell 3 at the White Mesa Mill, Blanding, Utah was used for the landfill area
value. The surface area, as indicated on Figure 1, is 78.7 acres. It was assumed that runoff was
possible over 100% of this area and that no rain would sit on the tailings cover.

Cover Layer Data

Laver Thickness:

A two-layer cover over approximately 28 feet of uranium mill tailings was used to ran the HELP
model. Actual cover thicknesses which would be constructed on site consist of 2-feet of random
fill over a I-foot compacted clay layer. This cover profile was adjusted for modeling purposes to
account for freezing and thawing conditions. As indicated in the “Effects of Freezing on
Uranium Mill Tailings Covers Calculation Brief” (6/17/96), 6.8 inches of the top random fill
cover layer will be effected by freeze/thaw conditions at Blanding, Utah. This suggests that 6.8
inches of the top layer may not contribute to reductions of infiltration into the tailings piles. To
conservatively compensate for effects from freezing and thawing, 6.8 inches were subtracted
from the top random fill cover layer. Therefore, modeled layer thicknesses consisted of 17.2
inches of random fill over 12 inches of clay.

LQEQP‘ Z VRe.

The random fill soil layer was classified as a vertical percolation layer. Vertical percolation
layers are composed of moderate to high permeability material that drains vertically, primarily as
unsaturated flow. The clay layer was classified as a barrier soil liner. This material consists of
low permeability soil designed to limit percolation/leakage and drains only vertically as a
saturated flow.

Moisture Storage Parameters:;

Required moisture storage parameters such as; porosity, field capacity, wilting point, initial soil
water content, and permeability, are interrelated with the exception of permeability. The porosity
must be greater than zero but less than 1. The field capacity must be between zero and T but
must be smaller than the porosity. The wilting point must be greater than zero but less than the
field capacity, and the initial moisture content must be greater than or equal to the wilting point
and less than or equal to the porosity (U.S. EPA, 1994).

Based on these relations, actual measured porosity and permeability values were input for
random fill {Chen and Associates, 1987) and clay {Advanced Terra Testing, 1996, sample UT-1).
See Appendix D) for physical property data. In addition, wilting point data for the layers was sct

sihefnowhizeihelpl.ole [3/16/5%)
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equal to the long-term moisture content of the materials and the soil water content was adjusted
to equal the optimum moisture content. Field capacity values just less than the porosity’s were
assumed to maintain the interrelationship of the parameters.

Runoff Curve Number

The runoff curve number was calculated by the HELP model based on a minimum surface slope
of 0.2%, slope length of 1,200 feet, soil texture of the top layer, and vegetation. A slope length
of 1,200 feet was assumed to be the maximum distance which precipitation would travel over the
soil cover. The top layer on the tailings cover will be minimum 37 of rock riprap (sandstone)
therefore, no vegetation will exast. This top layer, however, was not included in the model to
determine percolation quantities.

References:

Advanced Terra Testing, 1996, Physical soil data, White Mesa Project, Blanding Utah, July 25,
1996.

Chen and Associates, 1987. Physical soil data, White Mesa Project, Blanding, Utah.

Dames & Moore, 1978. “Environmental Report, White Mesa Uranium Project, San Juan County
Utah”, January 20, 1978, revised May 15, 1978.

Principles & Practice of Civil Engineering, 2nd Edition, 1996.

1.5, Environmental Protection Agency (EPA), 1994. “The Hydrologic Evaluation of Landfill
Performance (HELP) Model”, September, 1994,

Utah Climate Center, Utah State University, Daily Precipitation Values, Station #42073807,
Blanding, Utah, January 1988 through December 1993,
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& HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE
& HELP MODEL VERSION 3.01 (14 OCTOBER 1994}
*x DEVELOPED BY ENVIRONMENTAIL LABORATORY

* & USAE WATERWAYS EXPERIMENT STATION

* % FOR USEPA RISK REDUCTION ENGINEERING LABORATORY
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PRECIPITATION DATA FILE: C:\HELP3\PRECIP.D4
TEMPERATURE DATA FILE: C: \HELP3\TEMP2.D7
SOLAR RADIATION DATA FILE: C:\HELP3\SOLAR.D13
EVAPOTRANSPIRATION DATA: C:\HELP3\EVAP.D11
SOII, AND DESIGN DATA FILE: C:\HELP3\efn-fin2.D10
OQUTPUT DATA FILE: C:\HELP3\efn-fin2 .0UT

TIME: 14: 9 DATE: 9/11/199¢6

U

R L s i S A E X T RS SR R TR S TS R SR E S A S E X RS SRS SRR RS SRR E SRS LSRR SRS S EESE S

TITLE: EFN - White Mesa

L e R R E R R R R R R R s R R R R S EE R

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER
WERE SPECIFIED BY TEE USER.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 88

THICKNESS = 17.20 INCHES
POROSITY = 0.3150 VOL/VOL

FIELD CAPACITY 5= 0.3140 VOL/VOL
WILTING POINT = 0.0980 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.1180 VOL/VOL
EFFECTIVE SAT. HYD. COND, =  0.856%95999000E-06 CM/SEC

LAYER 2



TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 89

THICENESS = 12.400 INCHES
POROSITY = 0.2800 VOL/VOL

FIELD CAPACITY = 0.2799 VOL/VOL
WILTING POINT = 0.1410 VOL/VOL
INITIAL SCIL WATER CONTENT = 0.2800 VOL/VOL
EFFECTIVE SAT. HYD. COND. = 0.369899995000E-07 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: 8CS RUNCFF CURVE NUMRER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE #27 WITH BARE
GROUND CONDITIONS, A SURFACE SLOFPE OF 0.% AND
A SLOPE LENGTH OF 1200. FEET.

5C5 RUNOFF CURVE NUMBER = 96 .40

FRACTION OF AREA ALLOWING RUNOFF = 100.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE = 78.700 ACRES
EVAPORATIVE ZONE DEPTH = 17.2 INCHES
INITIAL WATER IN EVAPORATIVE ZONE = 2.0306 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = 5.418 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE = 1.686 INCHES
INTTIAL SNOW WATER = 0.00C INCHES
INITIAL WATER IN LAYER MATERIALS = 5.390 INCHES
TOTAL INITIAL WATER = 5.390 INCHES
TOTAL SUBSURFACE INFLOW = 0.00 INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

GRAND JUNCTION COLORADO

MAXIMUM LEAF AREA THDEX = .00

START OF GROWING SEASON (JULIAN DATE} = 108

END CF GROWING SEASON (JULIAN DATE) = 293

AVERAGE ANNUAIL WIND SPEED = B8.10 MPH
AVERAGE 15T QUARTER RELATIVE HUMIDITY = £0.00 %
AVERAGE Z2ND QUARTER RELATIVE HUMIDITY = 36.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 36.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 57.00 %

NCTE: PRECIPITATION DATA FOR BLANDING UTAH

Was ENTERED BY THE USER.



NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR GRAND JUNCTION COLORADC
NORMAL MEAN MONTHELY TEMPERATURE (DEGREES FAHRENHEIT) q
JAN/JUL PEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC / bal
27.50 32,90 38.10 47.10 5740 6690
73.60 70.90 £3.00 51.60 38.50 28.80

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR GRAND JUNCTION COLORADO

STATION LATITUDE = 39.07 DEGREES

EF XTSRS X EESE LSS L LSS E SRS LIS EEE SR SR EEE LIRS EEETEEEE S EEREEEEEESSESERERERESEREEEEEEEE LS

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1988 THROUGH 1593

PRECIFPITATION
TOTALS 2.10 1.32 0.92 0.46 1.31 0.60
1.17 1.37 1.16 1.24 1.07 1.18
STD. DEVIATIONS 1.85 1.43 0.72 0.37 0.71 0.62
0.92 0.43 0.35 0.66 0.51 0.71
RUNOFF
TOTALS 1.455 0.858 0.542 0.265 0.871 G.389
0.774 0.885 0.802 0.785 0.713 0.568
STD. DEVIATIONS 1.967 1.206 0.425 0.240 0.472 0.454
0.691 G.350 0.220 0.495 G.432 0.441
EVAPOTRANSPIRATION
TOTALS 0.700 0.41% 0.331 0.224 0.413 G.231
0.353 0.45%0 0.424 0.394 0.4G2 0.534
STD. DEVIATIONS 0.072 0.24¢6 0.226 0.1310 0.256 0.201
9.243 0.21% 0.223 0.235 0.141 G.18%

PERCOLATION/LEAKAGE THROUGH LAYER 2

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 6.0000 0.0600 0.0000 0.0000 ¢.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000



AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES) 133%

AVERAGES 0.00600 0.0000 0.6000 0.6000 0.0000 G.0000
0.0000 0.0000C 0.0000 0.0000 G.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.00060 ¢.0600
6.0000 G.0000 0.0000 0.0000 0.0000 0.0000

R E R R S RIS EE E TR AR R SR SRS R AL RS RS A EE R SR EEE R S ISR PR R E R R R R Y ]

IZF S SRS S SRR E RS S SRS RERLESESAESER SRS ELEELTEES LRSS EEE N E LSRR EEEEREEES EEEEEEESERETERE

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1988 THROUGH 199¢3

INCHES CU. FEET PERCENT
PRECTPTTATION 13.50  (  2.614)  3971537.7  100.00
RUNOFF 9.048 { 2.4802) 2584718.25 65.081
HTEVAPOTRANSPIRA?ION 4.908 { 0.7521) 1402180.62 35.306
  f3ERCOLATIONfLEAKAGE THEROUGH 0.00000 ( 0.00000) 0.000 0.00000
FROM LAYER 2
AVERAGE HEAD ACROSS TOP 0.000 0.000)
OF LAYER 2
CHARGE TN WATER STORAGE ~0.054 ( 0.1827) ~-15362.23 -0.387

I R R R R A R E R R E L AN R S E R R e RSP E R EEEEERESF RS LA R R R
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PEAK DAILY VALUES FOR YEARS 1988 THROUGH 1993 ivg%

- (xcmes)  (cv. FT.)

PRECIPITATION ““;j%; wwwww ;;;;g;t;i;*”

RUNOFF 1.684 481108.4370

PERCOLATION/LEAKAGE THROUGH LAYER 2 0.000000 0.900000

AVERAGE HEAD ACROSS LAYER 2 0.000

SNOW WATER 2.96 845040.4370

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.1182

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.0962

I EEE S S S E R S A S S SR SRS S S S R SRS S RS R R X S RS TSRS S RS S S RS EE AR E R AR RS EE RS E SR
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FINAL WATER STORAGE AT END OF YEAR 1993 \'7’/3%
”””””””””””””””” LAYER  (INCHES)  (voLsvon)
1 1.7607 0.1024
2 3.3600 0.2800
SNOW WATER 0.000

FEAERFEA A AAFT AR A TR AT AL A A AT AL AT A XA EA TR AL A AT AR EFARTRAFT AR I A A F A A A LA AN A RARA KT EE TSR A 4 &
FHREA KA XA AAF AT AKX AA XA AL A AT RA A FAZTFE AR AT A AR A AL TR AR A RS d Ed o b addhdvhhh b bdehthdtd
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TALIDES ArD QADDAMA Eriy Trobsens
Table 3.4-1

Physical Properties of Tailings
and

Proposed Cover Materials

Atterberg % Passing HMaximum Optimum

Limits Specific Ho. 200 Ory Density Moisture
Material Type  LL PI Gravity Sieve {pcf} Content
Taiiings 28 6 2.85 46 104.0 18.1
Random Fill 22 7 2.67 48 120.2 11.8
Clay 29 14 2.69 56 121.3 12.1
Clay 36 19 2.75 68 108.7 18.5

Note: Physical Soil Data from Chen and Associates (1987).
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CLIENT Titan

BORIRG HNO.
DEPTH
SAMPLE NO.
SOTL. DESCR.
SURCHARGE

PERMEAILITY DETERMINATION

FALLING HEAD
FIXED WALL

Envirconmental

Ur-1

Remolded 95% HMod Pt. @ OMC

200

HKOISTURE /DENSITY

DATA

Wt. Soil & Ring
Wt. Ring(s} (g
wWt. Soil (q)

(s} (@)
}

Wet Density PCF

Wt. Wet Scil & Pan (g}
Wt. Dry Soil & Pan (g)
Wt. Lost Moisture {g}

Wt. of Pan Only
Wt. of Dry Soil

(9)
(9)

Moisture Content %
Dry Density PCF
Max. Dry Density PCF

Percent Compact

icn

BEFCORE AFTER
TEST TEST

386.9 404.5
93.0 93.0
293.9 311.4
122.3 120.5%

302.4 3159.9
266.2 266.2

36.2 53.8
8.5 8.5
257.7 257.7
i4.1 20.9
107.2 99.7
113.5 113.5
94.4 87.8

ELAPSED BURETTE BURETTE

TIME READING
(MIN}  hl (CC)
0.2
2599 10.8
1427 14.2
1440 16.8
1440 18.6
1440 20.2
1440 21.6
1469 23.0
1440

. Data Entered By: HNAR

fifﬁate Checked By: 5§3§ —

Filename:TIFHUTI

READING
h2 (cc)

i0.8
14.2
16.8
18.6
20.2
21.6
23.0
24.4

Date: B~8-8%6
Date: %_§;§E

JOB RO. 223404

SAMPLED

TEST STARTED 7-28-96 Al
TEST FINISHED 8~7-96 CAL
SETUP NO. 1

PERCOLATION RATE
FT/YERR CM/SEC

0.14 1.4E-07
0.09 8.4E~08.
0.07 6.5E-08
0.05 4.6E-08
0.04 4.1E-08
0.04 3.7E-08
0.04 3.6E~08

0.04 3.7E~08 = PW%L{«}/CCLF(Y)

ADVANCED TERRA TESTING,

IKC.
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Porosity “

Porosity is calculated from the specific gravity and dry butk density according to the following

equations;

1. Dry bulk density = [(specific gravity)}{(density of water)]/{1 +e] (Ref: Principles & Practice of

Civil Engineering, 1996). See Appendix C.

2. Porosity = {e/ (1+¢)] x 100 {Ref: Principles & Practice of Civil Engineering, 1996). See

Appendix C.
Max. Dry Dry Bulk Specific = | Density of “e” porosity
Density Density Gravity (1) { Water (I/f%) | (3) @)
W) M) | i) @)
Tailings 104.0 936 2.85 624 0.90 47%
Clay (5) 115.0 103.5 2.72 62.4 064 [39%
Random fill | 1202 1082 2.67 62.4 0.54 35%
Notes:

1. Physical soil data from Chen and Associates (1987) included in Appendix B.

2. Bulk dry density is 90% of the ASTM Proctor maximum dry density for all materials.

3. Calculated using Equation 1 above.
4. Calculated using Equation 2 above. :
5. Clay physical data are average values from site #1 and site #4 clay stockpiles as given by

Umetco Minerals Corp. 1988.
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TASLE
SUMMARY OF LARORATORY TEST RESULTS
page ! of 1
.
HATURAL Haxlecn | Optlmum | ATTIRREAS LINITS CRADATION ANALYSIS ALAOLDED PEAMEABILITY
Test | Depth | Ory Paliturs — tpacitic $all
wele | {Ft.) jrolsture Dry Dens ity | Loatent | Lfeuld Plasticley Kax Pmurs Priting Lasn than pry Holtture Gravity Typs
Content [Denylty Limlt tndax $iza #100 . Benslty | Content TN e, /iae,
%) {pef {pef) (%) {4 =t (=) o (%) {pef) x)
FRER AN ' H7.5 1 1 20 3 #e 58 I3 114 16,4 0.57 5.5x10%7 Sandy $11t
3 1.8 7. 1 S K16 §2 SI‘;#C’:"S’”Y'
s 17het0 okt | 185 1 8 3% tn, 56 1 1oz, 22,0 0,088 822108 1,65 theareon. |
' $hhty Clay™
6 111 10,3 25 7 s 77 Sandy Cliy
! Stie.
g B4 I Y 8 #4 70 Yandy Clay
8 5.5 13,1 ke bt 62 faleareous
Sandy St
g 0~ 8.1 He #18 53 sand = S}t
o bef } 14 16 #4 73 Sendy Clay
1 £4-41 0 H 6 #16 65 . Siltstonss,
' T tlayitone
11 (38 i0t, 0 20,6 53 33 . K16 88 55 45,0 18,1 0,068 6,6!!0"8 1.67 Yestharsd
Claystane
) Jul 17,1 19/ 13 48 a4 Calciraous
S1tL Llay
ER 2.1 ha v 2 #4 83 Veathered
Ve g o Cirpstone
08 134 1068 | 19.¢ L] 8 378 0. 65 17 103, 4 18,0 o.012 1,2x10" 1,64 Yod, Lalearac]
Sandy {lay
19 2.3 1Lk ‘ 19 b 1] £4 Samdy 8§11t
As o Hrs |o1ne 23 3 #16 70 t6s.9 | 12,4 0,035 | 3.n1078 S3ndy Clayar
Lo N sl
11 17 13,2 26 v/ i # 73 Sandy C1dy -
/41 13 R 24 30 87 Wasthered
# Clevitone
A b 61 v// 10 #19 13 Sisyatans
As 134 1103 26 9 A4 57 Sandy Lley
b hing 15,3 4} ’/ He # g1 Veatharad
. Claystona
el 6-1 12,7 18 10 38 i, n . Sandy Clay
\_g 7.3 a3 14 H #16 53 Sandy $1it
32 5.84 5.4 13 6 #30 13 Sandy Clayey
site
3 o0-h 15,8 01,5 1 5 48 T 110.5 1.5 0,63 &, fxto"7 SS;'n;fY Clayey
18 - IR LN 15 7 th 3/8 i, 43 102,4 17.9 9,9h1 4, 0x50"8 §andy Clay
ho b hesd 8.4 16,2 L) / 9 8 84 27 104, b 165 9.017 T s g $andy Clay

Li%

RN
S
Ll
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TABLE §
SUMMARY OF LABG&):?GM’ TEST RESULTS
Page ! of 2
g HATUR AL Kaximom | Sptisem ATTIASELRG LIAITS CAADATION ANALYS 1S KEMOLOED PERKEASILITY
Test | depth | ory  Jolitura ; . S , tpaclfle a1t
Hote {(#2.) Mafsturs Jry BDanilty Eantant tieuld - Plastielty Hak [ Priting Lags than Bry Mafsture Sravity Typa
' Comtant Density {Imlt taden $ita X000 A4 Danmg bty " | Content ft,/yr, em,fraL,
SN TYTIA R CTIS I N D WK 1 (x) {2 ) (pet) | (1)
by T | g-n} 5.8 | 12 8 378 1a, 60 Sandy Llay
B2 fr1jeitd 7.6 %/ 10 3/8 In, 73 Sendy Clay
Py firene . w7 1 4 & Chayster
| 43 1130164 AN 5.9 e h 3/8 ta, L] Ity tok, 15,8 8. 01k 1 axt07t 161 Claystonr
h 4.7 1.8 30 s i 3/8 1n, .78 Caleareout
' " i ' Sendy Clay
b 5.1 11,3 1 & #18 78 ‘S;Td-;‘ Clayay
. i
44 1.t} w0 7 g /8 in, 8% ) Sandy Ciay
L | 5.9 H1o.g 15,5 3/ §18 71 105, 2 1.9 2,13 3.ix1070 Sandy £y
w7 5 #8 55 Caleareous
/{9 e Sandy 511t
sl Ol 12,1 23 9 K © g4 Sandy Clay
54 5.5} 1.8 I BT #30 71 Sandy {lay
55 igi-tok 18 / i3 #h 71 Sandy Clay
f o | 5qe 12,3 35 7 1 #4 15 g Sty
51 Gt b1 21 ] #l4 75 Sendy §$10t
3 Hp i in, b Calosreguy
1 iti-tld g1 S by
83 b 10/ ih 8 68 Sendy €.
44 - Gy 0 HP #i6 ik Sttty 3 ;
58 1 748 5.4 28/ i3 ¥4 67 Sindy Clay
vl k 1% In, b Calearssuy
10 Jh-ti R 17 iin Sand L S1it
2 ol 12,2 1 8 #16 59 Sandy Clay
) s 2 i Waathered
TR 114 i 5 # 7 Claystone
H Piaih hg o 22 #15 3} Claystons
irtg hiod
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TABLE i1
LABORATORY PERMEABILITY TEST RESULTS
Compactlon
Sampie Soll Type 7 Dry Holstura $ of O Surcharge Permeabil|lty
Denslty Content ASTH D698 Pressure
(pef) (£) {psf) (Ft/yr) (Cm/$
TH 2§ 0'=5! Sandy SI1t 111.6 16.4 95 500 0.57 5.5
TH 5 8 7¢'-10¢ Caleareous S$ilty Clay 102,1 22.0 1ol 500 0,085 8.2
TH 12 8 2'-5! Wsatherad Claystone 35.C 18.3 g4 500 0,068 6.6x10
TH 15 g 1 -ki' | Calcarsous Sandy Clay 103.4 18.0 97 500 0,012 .2x10
TH 19 p 0'-3t | Sandy, Clayey SIlt 109.9 12.4 g4 500 0.035 3. hx16
\\.‘ . ™
TH 17 @ 0=k Sandy, Clayey SIlt 110.5 1.5 93 500 0.63 6. 1x10
TH 38 @ 5°-77 Sandy Clay 1024 7.9 52 500 0,0k hooxl0
TI40 g hi-54t | Sandy Clay 106, 4 16.4 97 500 0.017 1.6x10"
TH 43 6 134-1647 Claystone 104, 15.8 35 500 0.024 2.3x%10°
TH f;g g f‘iw7' Saﬂd'f Cfay ]05.2 ]3«9 95 SOO 0'33 3.0 NTJ

fv%g



APPENDIX E

Freeze/Thaw Evaluation

EE=S= Environmental



T"A"Environmental

By JFL_ Date 6/17/96 Subject EEN - White Mesa Page_ | of 1§
Chkd By Tam Date 3]\ 19V Effect of Freezing on Tailings Cover Proj No_6111-001

Pu POSE:

Method:

To determine if freeze/thaw conditions will impact the performance of the White
Mesa uranium mill tailings cover. This calculation brief predicts the depth of
frost which may be anticipated at the mill sit