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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 a “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.
1.1.1 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:
e Soil layer thickness [centimeters (cm)];
e Soil porosity (percent);
e Density [grams-per-cubic centimeter (gm/cm3)];
e Weight percent moisture (percent);
e Radium activity (piC/g);

e Radon emanation coefficient (unitless); and
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e Diffusion coefficient [square centimeters-per-second (cmz/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
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):
e two feet compacted random fill;
e one foot compacted clay; and

e 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 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 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/mz/sec 6.1 pCi/mz/sec
Cell 3 7.5 pCi/m*/sec 11.1 pCi/m*/sec

C:\PROJECTS\G111-001\R1616111.003[10/1/96] -~
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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, moisture
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.;f 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 material.

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” 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.
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Key HELP model input parameters include:

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

located north east of Blanding in similar climate and elevation;

e 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

e 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, 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, 1988). 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 layer is two

feet thick, the frost depth would be confined to this layer 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 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 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 Dy, 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.

C:\PROJECTS\6111-001\R1616111.003[9/30/96]
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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 Ds, of 3.24 inches is required. Again assuming that the on-site sandstone will
be used, the modified D, 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. Adcording 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 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 failure 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
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 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 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

C:\PROJECTS\6111-001\R1616111.003[9/30/96] N I ¥ .
= B E ES/SSsSsLInvironmenta



Page 10

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 1: an integrated soil cover which incorporates Disposal Cells 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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WITH D50 MINIMUM OF 0.34 INCHES.

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

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

SEE FIGURES 1 AND 2 FOR CROSS SECTION LOCATIONS

EXISTING GROUND SURFACES SHALL BE REGRADED TO CONSTRUCT THE COVER
WITH A FINAL SURFACE THAT IS CONSISTENT WITH THE RECLAMATION COVER
GRADING PLAN.

8~12-96

ISSUED FOR RECLAMATION PLAN K.G m\)ﬂ‘%

L&

No.

DATE

DWN. BY| CK’'D BY|AP'D BY

ISSUE / REVISION

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

00

S FT. (MIN)|i Fr| 2 FT.

TAILINGS

1 \__

DETAIL 1: COVER DETAIL FOR POND SURFAC

PRSI R, oS T

(NOT TO SCALE)

RANDOM FILL ABOVE TAILINGS

AREAS

DETAIL 2:

(NOT TO SCALE)

VERTICAL SCALE

e ™ e M —

40 0 40 80  FEET
HORIZONTAL SCALE
200 0 200 400 FEET

RECLAMATION COVER

CROSS SECTIONS & DETAILS
PREPARED FOR

ENERGY FUELS NUCLEAR
BLANDING, UTAH

STITA:

Eae== Cnvironmental

DRAWING NUMBER A
6111—-E3

FIGURE 3




6111—-E4

RIPRAP

b
CZD 5 B RANDOM FILL (2 FT. THICK) B
§ m COMPACTED CLAY (1 FT. THICK)
x> S640— RANDOM FILL ABOVE TAILINGS (MINIMUM 3 FT. THICK) —5640
o O DETAIL 1 APPROXIMATE TAILINGS SURFACE DETAIL 2
oz DETAIL 2
%, | TAILINGS
= EBOG 5600
. CELL 2
L 5580— V 5580
I APPROXIMATE BOTTOM OF CELL
prd
S 5560— 5560
<C
o
B sy ! L L L ! ! ! ! 1 L ! ! ! ! ! ! ! I 1
(@} (@) Q 2 O (@] (@] (@) o (@) (@) ] O (@) (@] (@) o (@} (@]
N <+ «© [ve] (@) N < © [ve) (@) N <t © [ve] (@) N <t O [ve]
— — — — — N N N N N M) N M M) M
SECTION B-—B’
C RIPRAP C?
-/ J
RANDOM FILL (2 FT. THICK)
5640— COMPACTED CLAY (1 FT. THICK) —5640
RANDOM FILL ABOVE TAILINGS (MINIMUM 3 FT. THICK)
DETAIL 2 DETAIL 1 APPROXIMATE TAILINGS SURFACE DETAIL 2
>0207 N TOP OF BERM REMOVED % —5620
%\ @“‘&({lll2‘\((lll:;(lllilllRl(l({(ll((l(llKl((ll&(&l({&(&l&ll::‘&llllR(QllllllR{({(((‘\l(l({Q&(l(&l&ll&&((&l{iLli?3(1(?&11?\{{1{(1({({{1{1{2&1:?;{QQ‘&3;{{l((l(((lll&‘&lll((l&({l{lll‘\l(l{l“&‘&{({Q&‘&ll(il(((K{{((l(l(((l(l‘\l(lllll(l(l‘\l‘\l&l{(l(&ll(ll((llll(((l(lillll3\(((1&((((1:\{(({{{(11(l((llll&‘;:f U
TAILING
2 5600 1 ) lli =R
'._
(W]
i GELL 3
b 5580— —5580
| ~
& 5560— APPROXIMATE BOTTOM OF CELL | 5560
‘_ _—
=
Ll
] I I I I I I I I I I I I I I I L I I I i
(@] (@} (@) (@] (@) (@] (@} o O (@) )] (@) (@} (@) (@] (@] ()] (@) O (@]
[aN] <t © [ve) o N <t (e} 00 (@) N <t ©O (e 0] (@] N <t O e @] O
— ~— ~— ~— — N (q\] N N N N N M) N) N <t
ECTION C—-C’
D D,
RIPRAP
5640— RANDOM FILL (2 FT. THICK) —5640
COMPACTED CLAY (1 FT. THICK)
RANDOM FILL ABOVE TAILINGS (MINIMUM 3 FlL. THICK)
5620— DETAIL 1 APPROXIMATE TAILINGS SURFACE —o620
~ DETAIL 2
(72
2 5600— PR & L5600
D TAILINGS
L
L 5580— —5580
| CELL 4A
~ VERTCIAL SCALE
£ S \ o560 e T ——
<C
a APPROXIMATE BOTTOM OF CELL 40 0 40 80 FEET
= sy I L I I I I I I I I Lo
O () Q [ow) o Q (@] Q (o) () (@]
A il = = i o o - ® & & HORIZONTAL SCALE
ECTIQN D—D_’ 200 0 200 400 FEET
PREPARED FOR
1. FOR POND SURFACE AND SIDE SLOPE COVER DETAILS SEE FIGURE 3.
2. POND BOTTOM INFERRED FROM ’'CELL 4 PHASE A AND PHASE B PLAN’, EN ERGY I_—U EI...S N UC I_EAR
WESTERN ENGINEERING INC., (JANUARY 17, 1989).
3. SEE FIGURES 1 AND 2 FOR CROSS SECTIONS LOCATIONS BI—-AN DING’ UTAH
4, EXISTING GROUND SURFACES SHALL BE REGRADED TO CONSTRUCT THE COVER - =E a ﬁ
WITH A FINAL SURFACE THAT IS CONSISTENT WITH THE RECLAMATION COVER E E o Em E - l
/\ | 8-12-96 | ISSUED FOR RECLAMATION PLAN - @ II\II/% GRADING PLAN. ¥ Il M lr()[l l l lell ta
! DATE: 8-12-96 FIGURE 4 DRAWING NUMBER A
No.| DATE ISSUE / REVISION DWN. BY| CK’'D BY|AP'D BY SCALE: AS SHOWN 6111—E4




APPENDIX A

Laboratory Test Data

tal

nvironmen

E



-12-

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
RELATIONSHIP TEST RESULTS

WHITE MESA PROJECT
" FIGURE 3 5-1

DATA FROM CHEN & ASSOCIATES




MOISTURE CONTENT, %

DATA FROM CHEN & ASSOCIATES; .

TENSION, BAR

SUMMARY OF CAPILLARY MOISTURE
RELATIONSHIP TEST RESULTS
WHITE MESA PROJECT
FIGURE 3.5-2
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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 8700722
Umetco Minerals Corporation

P.G. Box 1029

Grand Junction, CO 81502

Dear Mr. Sealy:

We have completed the tests ordered on the four samples shipped to Js.
The re<ults 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,&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,

(e [on

Renee Y. Bowser
Lab Supervisor

515 East 4500 South - Salt Lake City, Utah 84107



R
A  Rogers & Associates Engineering Corporation

E Post Office Box 330
Salt Lake City, Utah 84110

(801) 263-1600

b MAY 12 19838
' 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 samples have been completed and the results are as follows:

Radon
Sample Radium (pCi/gq) 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 20301 0.11 + 0.04

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

Sincerely,

G 1

Renee Y. Bowser
Lab Supervisor
RYB:ms

515 East 4500 South - Salt Lake City. Utah 84107
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ATTERBERG LIMITS TEST
ASTM D 4318

CLIENT Titan Env.

BORING NO.

DEPTH

SAMPLE NO. UT-1
SOIL DESCR.

TEST TYPE ATTERBERG

Plastic Limit

Determination

1
Wt Dish & Wet Soil 3.34
Wt Dish & Dry Soil 2.96
Wt of Moisture 0.38
Wt of Dish 1.05
Wt of Dry Soil 1.91
Moisture Content 19.90
Liquid Limit Device Number
Determination

1
Number of Blows 39
Wt Dish & Wet Soil 12.18
Wt Dish & Dry Soil 6.64
Wt of Moisture 5.54
Wt of Dish 1.10
Wt of Dry Soil 5.54
Moisture Content 100.00
Liquid Limit 103.1
Plastic Limit 19.9
Plasticity Index 83.3
Atterberg Classification CH
Data entry by: NAA
Checked by: i%}i__
FileName: TIGOUT1

2 3
4.06 3.42
3.57 3.03
0.49 0.39
1.11 1.06
2.46 1.97
19.92 19.80

0258

2 3
27 18
10.42 10.92
5.67 5.87
4.75 5.05
1.06 1.06
4,61 4.81
103.04 104.99
Date: 7-26-96

Date:7- 2%F-96

JOB NO.

DATE SAMPLED
DATE TESTED

14

12.33
6.53
5.80
1.10
5.43

106.81

2234-04

10.06
5.34
4.72
1.08
4.26

110.80

7-25-96 WEB, RV

ADVANCED TERRA TESTING, INC.



Atterberg Limits, Flow Curve

4 Classification

L, UT-1
112
111 -
110 N
109
108
:5:; 107 \.
§ 106 \
§ 105 \
K] N
2 104 N
103 N
102
101
100
99
Number of Blows 25
PLASTICITY CHART
,, UT-1
100 /
o / A /
L~
pd SHor
> / OH
5 60 “
£ /
z :
§ / %\'\\A
a >
/ CLor QL
|~
20 / MH-oFOH
— / /‘I‘V'l't‘ Ot
0 J/ L.
0 50 100 150
Liquid Limit




COMPACTION TEST
ASTM D 1557 A

CLIENT: Titan Env. JOB NO. 2234-04
PHRING 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
Wt. of soil & dish (g) 384.26 393.92 291.42 244.20 281.17
Dry wt. 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
WL. of dish (@) 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

Wt of soil & mold (Ib) 14.20 14.49 14.68 14.59 14.46
Wt. of mold (ib) 10.36 10.36 10.36 10.36 10.36
Net wt. of wet soil (Ib) 3.84 413 432 4.23 4.10

“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
T taenteredby: RV Date: 7-26-96

ta checked by:_ fIx? Date:_ (-2 %6

FileName: TIPRUT-1 ADVANCED TERRA TESTING, INC



Dry Density (pcf)

Proctor Compaction Test

,, UTA1

140
135 |- \

|
130
125 | \
120 ) ]

\ Zero Air Voids Curve
" @ SGreportedbefow——

115 |-

D )
110 |-

LA TN

I N

% \

90 —
85 I | 1
0 10 20 30 40
Moisture Content (%)
— Best Fit Curve & Actual Data

- Zero Alr VoidsCurve @ SG =2.70

OPTIMUM MOISTURE CONTENT = 13.9 MAXIMUM DRY DENSITY = 113.5
ASTM D 1557 A, Rock correction applied? N

ADVANCED TERRA TESTING, INC.




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) (9g) 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 (9) 8.5 8.5
Wt. of Dry Soil (9) 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 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: &EZ Date: o-8-%
Filename:TIFHUT1 ADVANCED TERRA TESTING, INC.



Rogers & Associates Engineering Corporation

Post Office Box 330
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.
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/cm3) (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



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: 8/96

Sample Identification:__Titan Environmental
Moisture Radon Emanation Radium-226
Sample ID (Dry Wt. %) Coefficient (pCi/o) Comments
UT-1 14.6% 0.22 £ 0.04 1.5+0.3
RAE
Post Office Box 330

Salt Lake City » Utah 84110
(801) 263-1600



-chen and associates, inc.
CONSULTING ENGINEERS

SOIL L FOUNDATION 96 S. ZUNI . DENVER, COLORADO 80223 . 303/744-7105
ENGINEERING 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



TABLE |

SUMMARY OF LABORATORY TEST RESULTS

page | of 2
NATURAL Kax{mum | Optmum ATTERREAG LINMITS CRADATION ANALYSIS ALMOLDED PERMEASILITY
Test Pepth Ory Holstura . Specific soll
Hole | (Ft.) [HMolsture Ory bensity | Content | Llquld Plastielty Kax I mm Passing Lass than Dey Molsture Gravity T
Content |Denslty Limit Indax Size #200 2.U Denslity | Content ft,/vre, em./sec, ype
(%) {pef) | (pct) (%) ) (%) () A {pef) (x)
2 0.5 17.5 | 10.8 20 3 K18 58 19 1 | 18 0.57 5.5x1077 Sandy $11t
3 |7-8 7.2 21 § #16 62 Sandy Clayey
stiv -
s 17410 toh 4 18,5 n 8 34 In, 13 12 102,11 22,0 0.085 8.2x1078 2,65 Caleareous
. Slity Cla
6 |1-2 10.3 25 7 #16 77 Smd; Cla;,ey
. . silt
¢ |84-9 6.1 27/ 8 # 70 Sandy Clay
8 5-5¢ 13.1 Np 3/4 in. 62 Calcareous
_ Sandy S11t
) 0-1 8.1 NP #16 53 Sand « SIit
10 4-6} 24 1o #h 73 Sandy Clay
i 54-64 14,0 26 6 K16 €5 Slitstonea..
. o Claystone
12| 2.5 01,0 | 20.6 53 35 #16 L] 59 95,0 18,3 0,068 6.6x10°8 2,67 Weathered
) . Clayatone
13 7-8 13.1 39 / 13 #8 84 Calcareous
Siit Clay
14 -2 19,3 4o 21 #4 89 VWeathared
. v ) 8 Claystone
15 14-44 106.8 | 19,0 26 8 3/8 In, 6s 27 103.4 18,0 0.012 1.2x10" i.64 Mod, Calearech
Sandy Clay
17 | 2-3 R , 19 4 #8 59 Sandy SIlt
As | 0.3 n7.s | 12.8 23 6 #16 70 109.9 | 12,4 0,035 | 3.4x10-8 Sandy Clayey
‘ . sIte
22 | 1-2 1.2 26 v 10 # 73 Sandy Cloy
/23 1 1.3 48 v 24 #30 87 Weathered
) Claystone
A3 6.3 61 v 30 #30 96 Claystone
As | 13t 13.3 % | 9 #l 57 Sandy Clay
A6 | ug-s 15.3 4 / 20 #4 91 Weathered
. Claystone
Aj 0-2 12,7 28/ 10 3/8 In, 72 i smffy Clay
s | 243 8.5 19 2 416 59 Sandy SITt
32 8-84 5.6 23 6 #30 73 Sandy Clayey
sitt
37 0-4 118,8 1.5 23 5 48 72 110.5 1.5 0.63 6. 1x10°7 SS,a,ndy Clayey
: t
38 | 57 tLo | 16,7 29 7, th 3/8 In, 69 102, 4 17.9 0.0h1 4,0x108 Sandy Clay
o | -5y A 1100 | 16.2 26 9 £8 1 27 06,4 | 16,0 0.017 | 16x10°8 | 2.5 Sandy Clay

———m—, -

"



TASLE |

SUMHARY OF LABORATORY TEST RESULTS

Page 2 of 2
NATURAL Maximum | Optlmum | ATTERBERG LIMITS GRADATION ANALYS (S REMOLOED PERMEABILITY
Test Depth Dey Molsture - . i : spaclfic soll
Hole | (Ft,) Imalsture Ory Density | Content | Llquld Plasticity Max linum pasilng Leis thaa Dey Molsture Cravity Typa
Content  [Density Limit Index . $lza #1200 2.U Density | Contant fe,/yr, em,/sec,
(%) (pef) | (pcf) (%) (x) %) () ) (pet) (%)
ho3 1 9-9% 6.8 22 8 3/8 In. 60 Sandy Clay
W2 134143 | 7.6 6/ 10 3/8 In. 73 Sandy Clay
TERIINE 12.1 w / 22 # 8 Claystone
43 1134-164 10,0 16.9 b S 24 3/8 In, 85 Ly 104, 1 15,8 0,024 2,3x10"8 2,62 Claystone
W | 647 7.5 3 7 n 3/8 i, .79 Calcareous
Sandy Clay
46 0-2 12,3 22 6 #16 76 gll?cfy Clayey
t
\/43 5-54 0 7 9 3/8 In, 65 Sandy Clay
‘/:,9 5.7 1107 15.6 25 / 9 #16 Al 105,2 13.9 0.33 3.2x1078 Sandy Clay
'/(9 14-15 28 5 #8 55 Calcareous
Sandy S11t
31 0-2 12,1 23 9 Ky © 64 Sandy Clay
55 | 5-st 7.8 I Y 430 7 Sandy Clay
55 |9t-104 28 7 13 KU 71 Sandy Clay
Vé 54-6 12.5 35 1 L 75 E?ggy, Shity
61 0-1 1.5 21 4 416 75 sandy §11¢
62 [11-11% 8.1 NP 1 in, 34 Cal‘c’areou?
Sand ¢ Silt
61 | 4-6 30/ 14 #8 68 Sandy Clay
85 | 1-2 3.0 NP #16 4 Sttty Sand
68 | 74-8 8.6 28/ 13 48 67 Sandy Clay
70 |33-44 16,4 27 4 14 In, L 2”3'?37?
an t
72 0-2 12.2 22 8 #16 59 Sandy Clay
75 | 10-11 12,4 4 7 25 #l 75 Weathered
Claystone
75 12-14 Ls 22 #16 93 Claystone

#16,106




TABLE 11

LABORATORY PERMEABILITY TEST RESULTS

Compaction
e N

Sample Soll Type 7 dry Holsturae T of Surcharge Permeablllty
Denslty Content ASTM D698 Pressure

(pef) (%) (psf) (Fe/Yr) (Cm/
TH 2 8 0'-5' | Sandy SI1t 1.6 6.4 35 200 0.57 5.5x]
TH 58 74'-10' Calcareous Silty Clay 102.1 22.0 101 500 0.085 8.2x1
TH 12 @ 2'-5! Weathered Claystones 5.0 18.3 g 500 0.068 6.6x)
TH 15 @ 14'-43' | Calcareous Sandy Clay 103.4 18.0 97 500 0.012 1. 2x 1
TH 19 @ 0'-3' Sandy, Clayey SI1t 109.9 12.4 9l 500 0.035 3. hx
TH 37 @ 0'-4' | Sandy, Clayey SIIt 110.5 11.5 93 500 0.63 6.1x1¢
TH 38 @ 5'-7! Sandy Clay 102.4 17.9 92 500 0.041 i, ox1¢
TH 40 @ h'~-54' | Sandy Clay 106.4 16.4 97 500 0.017 1.6x1¢(
TH 43 @ 134-16%' Claystone 104.1 15.8 35 500 0.024 2. 3x1(
™ h9 @ 5'=7! Sandy Clay 105.2 13.9 385 500 0.33 - 3.2xI¢




Job Ko, 16,uu
TABLE 111
RESULTS OF ATTERBERG LIMITS
PERCENT | ATTERBERG LIMITS
SAMPLE SOIL TYPE PASSING Liquld Plastlic Shrinkage SHRI NKAGE

No, 200 Limlt Limit Limlt RATIO

SIEVE (%) (%) (%)
2@0 - 5! Sandy SIIt 58 20 17 17, 1,81
5@ 7% - 10! Calcareous Silty Clay 56 33 25 25 1.62
15 @ 1d~U)! Calcareous Sandy Clay 65 26 18 17.5 1,76
19 @ 0-3! Sandy, Clayey Sllt 70 23 17 18 ].80
26 @ lif-5" Weathered Claystone 91 L4y 21 12 1,90
@5 - 7! Sandy Clay 69 29 15 14 1,89




chien and associates, inc.‘
CONSULTING E hl(;l!ﬂ EERS

SOIL £ FOUNDATION 96 S. ZUNI . DENVER, COLORADO 8022] ® 303/744-7105

ENGINEERIKG
SECTION 3

Extracted Data From

SOIL PROPERTY STUDY
PROPOSED TAILINGS RETENTION CELLS
VHITE HESA URANIUW PROJFECT
BLANDING, UTAH

Prepared for:
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CHEN AND ASSOCIATES
TABLE |
SUMMARY OF LABORATORY TEST RESULTS

Job No.,

17,130

Page | of 3
Sepri | MATURAL [NATURAL ORY ATTERBERG LIMITS t}gMcg:gsm‘so TRIAXIAL SHEAR TESTS f;if;gmg
HOLE (FEET) MOIS.TURE DEN-SH:Y LIQUID [PLASTICITY STRE?JGST\:{E DEVIATOR CONF-;!NING N0 200 SOIL TYPRPE
(*/s) (PCT ) LIMIT | IHOEX STRESS | PRESSURE .
(%) (*s) (PSF) (psF) (PSF) - SIEVE |
76 0.1 4,5 21 | 5 _78 | Sandy silt |
9.5 =10 | b4 NP 26 _|Silty, qravelly sand
71 7.5 - 8 8,6 30, 15 A Sandy clay ]
79 0 -1 ] 20 5 83 | Sandy silt |
5 - 5,5 5.5 NP - hl___|.Calcareous_sandy_clay
8o L, 5 ~ 7 39 20 . 78 | Calcarcous sandy clay
8 - 8,5 | 10.] ho 20 86 | Meathered claystone
81 3 - b 6.3 26 | ¢ 64 | Silty, sandy clay |
83 b -6 2h | ; .84 | Sandy, clayey silt |
84 0 - 2 18 2 |65 Sandy st
9 -~ 9,5 2,7 NP —— 20 SNty sond |
86 8 - 8,5 2,6 M e J2_ | Sandstone
87 0 - | 3, 16 ! 61 |Sondy stdt |
89 0 - 3 21 |5 66 Sandy sllt___ ..
90 8 -8.5 1 12,9 35 15 61 Weathered claystone
92 0-1 | 5.9 21 | 5 80 Sandy stlv ...
ol 55,5 | 13,7 27 |10 _ 68 __[Sendy clay_ _______
95 6 -7 23 5 62 Sandy _sile o
96 0 -~ 2 5,2 21 L ) Sendy sllt__ . __
55 .95 32 | 6 66| Calcarcous sandy clay
98 0 -1 3,8 20 5 M | Sendy sllt
i W~ b5 | 17,8 by | 25 eel® | Meathered claystone

\ 99 8 - 9.5 Lo 20 89 Weathered claysggn;—j




CHEN AND ASSOCIATES
TABLE |
SUMMARY OF LABORATORY TEST RESULTS

Job No, 0

| Page 2 of 3
S NATURAL NATURALDRYATTERBERGLHMTSggSﬁ:;!;ig TRIAXIAL SHEAR TESTS giig?:g o
HOLE MOISTURE DENSITY LIQUID jPLASTICITY DEVIATOR | COMNFINING SOIL TYPE
(FEET) (%) (PCF) Liwit | oikoex | STRENGTH | STRESS | PRESSURE | NO, 200
(%) (+7.) (PSF) (PSF) (PSF) | SIEVE
99 L 13.5 26 10 73 Claystone
100 0 -1 17 NP LYy _lSilty sand
5.5-6 12,0 NP 61 Sandstone-slltstone
102 6.5 -7 16.7 30 8 79 _|Calcareous sandy cla
13,5 - 14 9.5 23 6 87 |Llaystone=siltstone
103 10 -~ 10,5 7,0 28 12 57 Sandy clay
10/ 8 - 8,5 9.2 33 9 70 | Calcareous sandy clay
105 0 - | 5,k 22 6 77 |sandy sttt
6.5 - 7 4,5 NP 86 |sandy_stit
106 5 - 5,5 10,4 28 6 ° P9 _|Claystone-sandstone
107 7.5 -9 NP .23 . |Sandstone
108 0~ 1 4,0 18 3 |89 (Sendy silt
9.5 ~ 10 9,9 38 16 23 Claystone
109 b -5 25 7 75 Sandy, cloyey silt
1| 9 - 9,5 5,8 25 10 - REEE Claystone . __.
3 5 . 8 ho | 20 8l Meathered claystone
10,5 - 11 2h | 10 — |3 . _|Claystone-sandstone
11 0 - 2 22 6 58 Sandy, clayey silt _
75 .5 - 6 NP 58 Calcareous
116 0 -3 22 5 72 Sandy silt
7 - 8 28 |10 L h2_____|Claystonc-sandstone .
[ 117 | - 2 10,6 25 5 A7 |Sandy stlt
| 118 L o0-2 | 25 6 77 Sendy st




Job No, 17,130
CHEN AND ASSOCIATES
. TABLE |
SUMMARY OF LABORATORY TEST RESULTS
. S Page 3 of 3
F : NATURAL INATURAL DRY[ATTERBERG LIMITS|UNCONFINED|TRIAXIAL SHEAR TESTS| PERCENT
HOLE DEPTH MOISTURE DENSITY LIouID |PLASTICITY[COMPRESSIVEl pevIATOR CONFINING PASSING *so”_ TYPE
(FEET) () (er) LiwiT | ixoex |'STRENGTH | sTReESS | Pressure | NO, 200
: _ (%) (*/s) (PSF) (PSF) (PSF) S| EVE
118 | 6,585 ho 20 8 MWeathered_claystone
e A5 -5 100 26 12 68 _|Sandy clay _
120 | =2 25 8 69 Sandy,_cloyey silt
_5-55 15,5 29 10 78 _|Sandy clay
- 11,5] 11,6 42 24 90_ _.|Claystone
122 T - 6 25 8 66_ __|Sandy, sllty clay
10,5 - 15| 6.4 26 8 66  |Sandy clay |
123 L~ 3 23 / 21l |Sandy, clayey slit |
124 | 4,5 -5 6.0 23 1 69 |Sandy, clayey silt |
125 0 - | 3.8 22 6_ 67 _ _|Sendy silt
127 5 - 6 5h 34 89___|Claystone
128 6 -0 b 24 " 90 | Claystone




Sample

Classificatlon

TH

TH

TH

TH
TH

TH

TH

TH

TH

TH

™

80 @ Lf-7!

8 @ 0-2!

96 @ 84-9L!

96 @ 8%-9%!
99 @ 8-94!

100 @ 0~ 11
[1h @ 0-2!
120 @ 1-2!
122 @ h-6"
123 @ -3

128 @ 6-7!

TH 128 @ 6~7!

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

Sandy sllt
~200m65; LL=18; PI=2

Calcareous sandy clay
~200=66; LL=32; Pl=6

Calcareous sandy clay

Weathered claystone
-200=89; LL=40; PI=20

Very sllity sand
~200=ll; pl=NpP

Sandy, clayey silt
-200m58; LL=22; Pl=6

Sandy, clayey sllt
~200=69; Ll=2l; PI=6-

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

Sandy, clayey sllt
=200=71; LL=23; Plm7

Claystone
~200=89; LL=lil; pl=2l

Claystone
~200=89; Ll=ll; Pl=l

.E

I

LABORATORY PERMEABILITY TEST RESULTS

Compact lon

Dry Molsture % of Surcharge Permeabl ||ty
Density Content ASTM D698  Pressure Ft./Yr. Cm/Sec
(pcf) (%) (psf)

100.2 19,4 9% 500 0,81 7.8x10""

113.8 1.7 96 500 L LS Iy, 3x10"¢

96.9 20,7 97 500 1.55 1,5x107¢

95,7 20,3 - 96 500 26,9ow 2,6x)0~5

99,8 18,5 95 500 0,22 2,1x10°7

7.5 9.7 98 500 0,30 3.7x1077
12,4 12,9 95 500 0.60 5.8x10"7
108, 2 1,7 95 500 0,11 1. 1x10~7
©.108.8 15.5 96 500 0,43 b, 2x10"7
110.9 12,6 95 500 0.56 5. 10~/
92.4 23.9 93 500 0.12 1. 2x10"7
93,1 22,1 gl 500 5,0x10"7

% 1,5 pll sulfurlc acld liquor used durlng percolatlon test Interval,

0,52
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T"A“Environmental

By TAM Date 9/11/96 Subject EFN - White Mesa Page | of 32
Chkd By {If Date Radon Calculation Proj No_6111-001
Purpose: To determine the required soil cover thicknesses to limit radon emissions from the

Method:

Results:

White Mesa tailings impoundments to 20 pCi/mz/sec 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/m*/sec
(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 pCi/mz/sec (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 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
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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 (cmzlsec).

Physical and radiological properties for Tailings and Random Fill were analyzed by Chen
and Associates (1987) and Rogers and Associates (1988) respectively. See Appendix Bl
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.

Clay (1)
Random fill (3’ min.)

\ \/ \ \/ \ \/ \ \/Tailings [16.4 (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.
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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.

Porosity

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 + ¢] (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/f)) | (2) A3)
(Ib/f) (/) (1)
Tailings (4) 104.0 98.8 2.85 62.4 0.80 44%
Clay (5) 1135 107.8 2.39 62.4 0.38 28%
Random fill (4) | 1202 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.
Calculated using Equation 1 above where “e” is the volume of voids per volume of solids.
Calculated using Equation 2 above.

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.

hallb el N
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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 = (.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, this is 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

c:\efn-white\radon2.clc [9/16/96)
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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.
Freeze R. Allan and Cherry, John A., 1979, “Groundwater”.
Principles & Practice of Civil Engineering, 2nd Edition, 1996.

Rogers and Associates Engineering Company, 1988. Radiological Properties Letters to C.O.
Sealy from R.Y. Bowser dated March 4 and May 9, 1988.

Rogers and Associates Engineering Company, 1996. Report of Radon Diffusion Coefficient
Measurements, Radium Content, and Emanation Coefficient Measurements, September
3, 1996.

U.S. Nuclear Regulatory Commission (NRC), 1989. “Regulatory Guide 3.64 (Task WM 503-4)
Calculation of Radon Flux Attenuation by Earthen Uranium Mill Tailings Covers”,
March 1989.
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Version 1.2 - MAY 22, 1989 - G.F. Birchard tel.# (301)492-7000 32—
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 -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 s*-1

WEIGHT % MOISTURE 6 %

MOISTURE SATURATION FRACTION .198

MEASURED DIFFUSION COEFFICIENT .0142 cm™2 s”-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

WEIGHT % MOISTURE 9.800000000000001 %
'STURE SATURATION FRACTION .576

MEASURED DIFFUSION COEFFICIENT 8.200000000000001D-03 cm”™2 s”-1



o~

oy

LAYER 3 CLAY (UT-1) q
@2/
THICKNESS 30.5 cm
ROSITY .28
MEASURED MASS DENSITY 1.72 g cm”-3
MEASURED RADIUM ACTIVITY 1.5 pCi/g”-1
MEASURED EMANATION COEFFICIENT .22
CALCULATED SOURCE TERM CONCENTRATION 4.257D-06 pCi cm™-3 s™-1
WEIGHT % MOISTURE 14.1 %
MOISTURE SATURATION FRACTION .866
MEASURED DIFFUSION COEFFICIENT .0091 cm®2 s*-1
LAYER 4 RANDOM FILL
THICKNESS 61 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
WEIGHT % MOISTURE 9.800000000000001 %
MOISTURE SATURATION FRACTION .576
MEASURED DIFFUSION COEFFICIENT 8.200000000000001D-03 cm”™2 s™-1

DATA SENT TO THE FILE ‘RNDATA’ ON DEFAULT DRIVE

N FO1 CN1 ICOST CRITJ ACC
4 0.000D+00 0.000D+00 0 2.000D+01 1.000D-03

LAYER DX D P Q XMS RHO
1 5.000D+02 1.420D-02 4.400D-01 1.290D-03 1.977D-01 1.450
2 9.150D+01 8.200D-03 3.150D-01 4.452D-06 5.756D-01 1.850
3 3.050D+01 S5.100D-03 2.800D-01 4.257D-06 8.661D-01 1.720
4 6.100D+01 8.200D-03 3.150D-01 4.452D-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 s"-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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U.S. Nuclear Regulatory Commission Office of Research

(301)492-7000

RADON FLUX, CONCENTRATION AND TAILINGS COVER THICKNESS

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

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

CONSTANTS

RADON DECAY CONSTANT
RADON WATER/AIR PARTITION COEFFICIENT
SPECIFIC GRAVITY OF COVER & TAILINGS

GENERAL INPUT PARAMETERS

LAYERS OF COVER AND TAILINGS
DESIRED RADON FLUX LIMIT

LAYER THICKNESS NOT OPTIMIZED
DEFAULT SURFACE RADON CONCENTRATION
RADON FLUX INTO LAYER 1

SURFACE FLUX PRECISION

LAYER INPUT PARAMETERS

LAYER 1 TAILINGS

THICKNESS

POROSITY

MEASURED MASS DENSITY

MEASURED RADIUM ACTIVITY

MEASURED EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
MEASURED DIFFUSION COEFFICIENT

LAYER 2 RANDOM FILL

THICKNESS
POROSITY
MEASURED MASS DENSITY
MEASURED RADIUM ACTIVITY
MEASURED EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WRIGHT % MOISTURE

_STURE SATURATION FRACTION
MEASURED DIFFUSION COEFFICIENT

.0000021
.26
2.65

20

.001

500

.44

1.45

981

.19
1.290D-03
6

.188
.0142

91.5

.315

1.85

1.9

.19
4.452D-06

3
>
i
[\
(0
I
=

pCi
pCi 1
pCi m
pCi m

cm

g cm”-3
pCi/g”-1

pCi em™-3 s"-1

cm™2 s°-1

cm

g cm™-3
pCi/g™-1

pCi cm™-3 s™-1

9.800000000000001

.576

8.200000000000001D-03

Yy,

Q
e
Q

cm™2 s7-1



LAYER 3 CLAY

THICKNESS 30.5 cm ]3/
ROSITY .28 Z2-

MEASURED MASS DENSITY 1.72 g cm™-3

MEASURED RADIUM ACTIVITY 1.5 pCi/g”-1

MEASURED EMANATION COEFFICIENT .22

CALCULATED SOURCE TERM CONCENTRATION 4.257D-06 pCi cm™-3 s”-1

WEIGHT % MOISTURE 14.1 %

MOISTURE SATURATION FRACTION .866

MEASURED DIFFUSION COEFFICIENT .0091 cm™2 s™-1

LAYER 4 RANDOM FILL

THICKNESS 43 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

WEIGHT % MOISTURE 9.800000000000001 %

MOISTURE SATURATION FRACTION .576

MEASURED DIFFUSION COEFFICIENT 8.200000000000001D~-03 cm™2 s*-1

DATA SENT TO THE FILE ‘RNDATA‘’ ON DEFAULT DRIVE

N FOl CN1 ICOST CRITJ ACC
4 0.000D+00 0.000D+00 0 2.000D+01 1.000D-03

LAYER DX D P Q XMS RHO
1 5.000D+02 1.420D-02 4.400D-01 1.290D-03 1.977D-01 1.450
2 9.150D+01 8.200D-03 3.150D-01 4.452D-06 5.756D-01 1.850
3 3.050D+01 9.100D-03 2.800D-01 4.257D-06 8.661D-01 1.720
4 4.300D+01 8.200D-03 3.150D-01 4.452D-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

W N

THICKNESS

o W o Ut

(cm)

.000D+02
.150D+01
.050D+01
.300D+01

EXIT FLUX EXIT CONC.
(pCi m™-2 s™-1) (pCi 17-1)
1.237D+02 4.514D+05
2.679D+01 7.622D+04
2.123D+01 1.944D+04
1.756D+01 0.000D+00
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Tailings

Random Fill

Clay

Clay

-12-

TALDGES AR RASDIA F(LL TRoPaeTEs

Table 3.4-1

Physical Properties of Tailings
and

Proposed Cover Materials

i (o/3 2

Note: Physical Soil Data from Chen and Associates (198%).

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

L PI Gravity Sieve {(pcf) Content
28 6 2.85 46 104.0 18.1
22 7 2.67 48 120.2 11.8 -
29 14 2.69 56 121.3 12.1
36 19 2.75 68 108.7 18.5

73
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A Rogers & Associates Engineering Corporation

any questions regarding the results on the samples please feel free to call.

Sincerely,

(e Yo

Renee Y. Bowser
Lab Supervisor

23
02
S
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515 East 4500 South - Salt Lak¢ City, Utah 84107

E Post Office Box 330 rl/ 57,,
Salt Lake City, Utah 84110
{801) 263-1600
March 4, 1988
Mr. C.0.Sealy 8700722
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 (glcmB)
Samnle pCi/gm Fraction Coeffic. Density Moisture Saturation
Tailings 981+4  0.19+0.61 2.0E-02 1.45 13.2 0.39
' 8.4t-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
4.2£-04 1.65 19.3 0.80
The samples will be shipped back to you in the next few weeks. If youvhave
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A Rogers & Associates Engineering Corporation 1&/3
7

ED Post Office Box 330
Salt Lake City, Utah 84110
(801) 263-1600

HAY 12 1388

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 & 5) 1.9 + 0.1 0.19 + 0.04
Site 1 2.2 + 0.1 0.20.+ 0.03
Site 4 2.0 E 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,

(e Y G

Renee Y. Bowser

Lab Supervisor
RYB:ms

515 East 4500 South - Salt Lake City. Utah 84107
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833 Parfet Street
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Lakewood, Colorado 80215

(303) 232-8308




ATTERBERG LIMITS TEST

ASTM D 4318 Z%QZ/

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 1.05 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 S
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
Liquid Limit 103.1
Plastic Limit 19.9

Plasticity Index 83.3

Atterberg Classification CH

Data entry by: NAR Date: 7-26-96
Checked by: M Date:7-28~ 96

FileName: TIGOUT1 ADVANCED TERRA TESTING, INC.



Moisture Content

112

Atterberg Limits, Flow Curve
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110
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100

Number of Blows

25

Plasticity Index

100

[PLASTICITY CHART
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CL-ML

50

Liquid Limit

A Classification

100

150

"



C JPACTION TEST T
ASTM D 1557 A ’

CLIENT: Tltan Env. JOB NO. 2234-04
BORING NO. SOIlt. 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 (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) 350.60 355.61 251.40 202.69 225.04
Net loss of moisture (g) 33.66 38.31 40.02 41.51 56.13
Wt. of dish (g) 8.01 8.34 8.31 8.29 8.43
Net wit. of dry soil (g) 342.59 347.27 243.09 194.40 21661
Moisture Content (%) 9.83 11.03 16.46 21.35 25.91
Corrected Moisture Content
Density determination
Wt of soil & mold (Ib) 14.20 14.49 14.68 14.59 14.46
Wi. of mold (Ib) 10.36 10.36 10.36 10.36 10.36
Net wt. 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

7 Density, (pcf) 104.89 111.69 111.28 104.57 97.69
Corrected Dry Density (pcf)
Volume Factor 30 30 30 30 30
Mata entered by: RV Date: 7-26-96

a checked by:_ T Date:_ {-2(-9%
FileName: TIPRUT-1 ADVANCED TERRA TESTING, INC



Dry Density (pcf)

Proctor Compaction Test
., UT-1

140

135 |- \

\ Zero Air Voids Curve

” @ SGreported-bejow
1156

<
AN

LA TN

100 |- \\

7

90 b
85 I { {
0 10 20 30
Moisture Content (%)
- Best Fit Curve & Actual Data

— Zero Air VoidsCurve @ SG=2.70

OPTIMUM MOISTURE CONTENT = 13.9 MAXIMUM DRY DENSITY = 113.5
ASTM D 1557 A, Rock correction applied? N

ADVANCED TERRA TESTING, INC.




CLIENT

BORING NO.
DEPTH
SRAMPLE NO.
SOIL DESCR.
SURCHARGE

MOISTURE/DENSITY

wt.
Wt.
Wt.
Wet

Wt.
Wt.
Wt.
Wt.
wt.

DATA

Soil & Ring(s)
Ring(s) (9)
Soil (g)
Density PCF

Wet Soil & Pan
Dry Soil & Pan
Lost Moisture
of Pan Only

of Dry Soil

5

PERMEABILITY DETERMINATION
FALLING HEAD
FIXED WALL

UT-1

Titan Environmental

Remolded 95% Mod Pt. @ OMC

200

(9)

(9)
(9)
(9)
(9)
(9)

Moisture Content $%
Dry Density PCF
Max. Dry Density PCF
Percent Compaction

BEFORE
TEST

386.9

83.0
293.9
122.3

302.4
266.2
36.2
8.5
257.7
14.1
107.2
113.5
94.4

ELAPSED BURETTE BURETTE

TIME
(MIN)

2599
1427
1440
1440
1440
1440
1469
1440

Data Entered By:

Date Checked By:

Filename:TIFHUT1

READING
hl (cc)

0.2
10.8
14.2
16.8
18.6
20.2
21.6
23.0

NAZA

READING
h2 (cc)

10.8
14.2
16.8
18.6
20.2
21.6
23.0
24.4

Date:

AFTER
TEST

404.5

93.0
311.4
120.5

319.9
266.2
53.8
8.5
257.7
20.9
99.7
113.5
87.8

8-8-96

Date: &-8-%

JOB NO. 2234-04 21/
%2

SAMPLED

TEST STARTED 7-28-96 CAL

TEST FINISHED 8-7-96 CAL

SETUP NO. 1

PERCOLATION RATE
FT/YEAR 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

T ety

ADVANCED TERRA TESTING, INC.



Rogers & Associates Engineering Corporation

g
REPORT OF RADON DIFFUSION COEFFICIENT MEASUREMENTS %2
(TIME-DEPENDENT DIFFUSION TEST METHOD RAE-SQAP-3.6)

Report Duie: . 936
Coatract:  CI6009

By ___BCR
Date Received: 8199
Sample Kientification:__Titan Enyironmental e e e e R

Radon Diffusion Specific

Moisture Density Coefficient Saturation Gravity

: Sample_m (Dry Wt, %) (g/em3) (cmZ/g) (Mp/P) (g/emd) |
UT-1 14.5% 1.72 9.1E-03 089 239
RAE
Post Offico Box 330
8alt Lake City « Utah 84110
(801) 263-1600

SEP-93-1996 14:16 8012621527 F.03



Rogers & Associates Engineering Corporation

Z"(/Z .

REPORT OF RADIUM CONTENT AND EMANATION
COEFFICIENT MEASUREMENTS

(LAB PROCEDURE RAE-3QAP-3.1)

Report Date: | 9/3/09¢
Contract:__CO000M

By. __BCR

Date Received:__ . §/96

Sample Idendfication: _ Titan Enviroomental e

Moisture Radon Emanation Radium-226
Sample ID (Dry Wt. %) Coeflicient (pCilg) Comments
UT.1 14.6% 0.22 £ 004 1.5+03
RAE
Post Office Box 330
Salt Lake City » Utah 84116
(801) 263-160H0

SEP-$3-1996  14:16 8012621527 P.B4
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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, (145.1)
For saturated soils (S = 100%) there results

e=wG, (145.2)
The relationships between the void ratio and porosity are

n

e=71- (145.3)
and P - Pby‘osn.*'a
F otk s Whow AR asse
The total unit weight can be obtained as \[‘AW‘M % Sv’(W\S
_ (G, +5e)y,  (1+w)y,
T e Tw/s+1/G, (1455)
The dry unit weight can be obtained as V4= Dy Bulle Deaw
¥ 7' ___Gs?'w - GsTw Gs - '3" eciht 6%‘12{236)
4" T4e  T+(wG,/5) \ i
Y s~ D,u?n‘z of ke~
—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 _
"={ie T~ T+0800 044
A+wly, — (1.20)(62.4) 1102 b/t

T w/S+1/G, 02/0.6625+1/2.65

G,  (265)(624 3
Te=Tve - 110800 ~ 1 /Mt
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fite Bpecitic Suxple Results (reference Figure 6-1)

(a) The mean radon flux for each region within each cell is as follows:
N ;
dell 2 - Cover Area « 7.7 pCi/uP-a (based on 225,882 m® area)
: - Beach Areas - 23.3 pCi/mi-s (based on 41,761 ¥ area)
', : - gtanding Liquid Avreas = 0 pCi/mz-a (based on 2,982 w area)
' d_ell 3 - Cover Area s 7.5 pCi/mz—a (based on 82,762 we area)
; - Beach Areas = 39.7 pCi/a’-s (based on 62,761 n® ares)
' ‘ - Standing Liquid Areas = 0 pCi/m’-& (based on 143,335 n’ area)
‘ Note: Raeference Appendix B of this report for entire summary for
' individual measurement resulta and specific sample region maps.
(b) Using the data presanted above, we have calculated the total mean radon
‘ flux for each pile (cell) as follows:
! Cell 2 = 10.0 pCi/mz-:
1.2 .+ _(0) (2,98
. 270,625
V Cpll 3 = 10.8 pci/mz-s
$7.51(82,762) + (39.7) (63,2611 « (0} (Q43,335)
. 266,858
‘ 16
SEP-18-1996  11:@5 32 85%
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6.0 SfXMPLE RESULTS/CALCULATIONS

Rererenl':inq 40 CFR, Part 6], Subpart W, Appendix B, Method 115 - Monitoring for

Radon-222 Emissions, Subsection 2.1.7 - Calculations, "the mean radon flux for

each region of the pile and for the total pile shall be calculated and reported
as foll&ws:

(a) The individual radon flux calculations shall be made as provided in
Rppendix A EPA 86(1). The mean radon flux for each region of the
! pile ghall be calculated by summing all individual flux

measurements for the region and dividing by the total number of
flux measurements for the region.

(b) The mean radon flux for the total uranium mill tcilinqu pile shall
ba calculated as followa:

J_J,A1+...J}A31+)...J,}\,
' A

Where: J, = Mean flux for the total pile (pCL/md~8)
J‘ = Mean flux measured m region i (pCi/m’-s)

! : = Area of region i (m%)

‘ A, - Total area of the pile (m?)

approximate locations on the pile, and the mean radon flux for each
region and the mean radon flux for the total stack [pile] shall be
included in the emission test report. Any condition or unusual
event that occurred during the measurements that could
significantly affect the reaulta should be reported.®

Sita 8pecifioc Sazple Results (reference Figure 6-1)

{a) The mean radon flux for each region within each cell is as followsy

Cell 2 ¢ Cover Area 6.1 pCi/mi~a (based on 225,882 m® area)
+ Beach Areas 28.4 pCi/ml-a (based on 41,761 o’ area)
{ Standing Liquid Areas = 0 pCi/m’-g (based on 2,982 m’ area)

Cell 3

+ Cover Area 11.1 pCi/m*-s (based on 82,762 m® area)
Beach Areas 44.8 pCi/nd-s (based on 62,761 m' area)
Standing Liquid Areas = 0 pCi/m’-s (based on 143,335 m’ area)

!
Note: Reference Appendix B of this report for entire summary for
individual measurement results and spacific sample region maps.
l
l

' 2.1.8 Reporting. The results of individual flux measurements, the

13

X } e e
SEP-10-1996 11:@5 32 85%



{b) Using the data presented above, we have calculated the total mean radon
. flux for each pile (cell) as follows:
Cell 2 = 9.5 pCi/mi-s
. (6.1) {225,882) + (26.4)(41,761) + (0){2,982)
_ 2170, 625
.‘ Cell 3 = 12,9 pCi/mi~s
! ' {11.1]1(82,762) + (46.8)(62,761) + {0) (143,335}
i 268,858
| |
|
!
|
|
| |
|
!
| |
| ;
'l -
|
[
i |
{
'I i
| \, y
i

—t e

SEP-16-1996 11:06 32 ' 85%
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T“ANEnvironmental
By TAM_ Date _9/11/96. Subject _EFN - White Mesa Page I of 34

Chkd By__%v

EUHQOSCZ

Method:

Results:

Date Help Model Proj No_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 clay.

The model was developed for Cell 3 at the White Mesa Mill 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 1-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.

c:\efn-white\help2.cle (9/16/96]



TITANEnvironmental ,
By TAM_ Date _9/11/96 Subject _EFN - White Mesa Page 2-of A

Chkd By_{Af} Date gln,wp Help Model Proj No_6111-001

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 1 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.

c:\efn-white\help2.clc {9/16/96]
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By TAM_ Date _9/11/96  Subject _EFN - White Mesa Page S of 34
Chkd By (jff Date 4 Help Model Proj No_6111-001
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

Layer Thickness:

A two-layer cover over approximately 28 feet of uranium mill tailings was used to run the HELP
model. Actual cover thicknesses which would be constructed on site consist of 2-feet of random
fill over a 1-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.

Layer Type:

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 1 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 set

c:\efn-white\help2.clc [9/16/96}
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By TAM_ Date _9/11/96 Subject _EFN - White Mesa Page H of 34
Chkd By Qm Date Q]]Mgge Help Model Proj No_6111-001

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 3” of rock riprap (sandstone)
therefore, no vegetation will exist. 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.

U.S. 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.

c:\efn-white\help2.clc [9/16/96]
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Appendix A
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* %
* %

L3
* %
* %
* %
* %
* %
* %

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE

HELP MODEL VERSION 3.01 (14 OCTOBER 1994)
DEVELOPED BY ENVIRONMENTAL LABORATORY
USAE WATERWAYS EXPERIMENT STATION

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

* %
* *
* *
* %k
* %
* %
* *k
* %
* %

hkhkhkhhhkhkhkhh kA AR A AR A A AR hhh bk h kb hhhh bk dhhdhhhkhdkhhdhhdhhdhhhddhhhhhhhhhhdhhhhdhhtitk
hkhkhkhkhkdhhhhhhhhhhhkdhdhhhdhhkhhhhdhhhdhddhhddhhdhhhhhkhhhdhhhhdrhhhhdbddh bk hkhkhhhhhhkdhdhhd

PRECIPITATION DATA FILE:
TEMPERATURE DATA FILE:
SOLAR RADIATION DATA FILE:

SOIL AND DESIGN DATA FILE:

:\HELP3\ PRECIP.D4
:\HELP3\TEMP2 .D7
:\HELP3\SOLAR.D13

c

C

C
EVAPOTRANSPIRATION DATA: C:\HELP3\EVAP.D11

C

C

OUTPUT DATA FILE:

TIME: 14:

9 DATE: 9/11/1996

:\HELP3\efn-fin2.D10
:\HELP3\efn-£fin2.0UT

Ut

hkkhkhkhkhkhkhkhkhkhkhkhkdhhhhhhkhkhkhhdhdhdhhhhdhhhhhkhhhkdhhhhkhhhhkhdhdhhdhhhhhhdhdhhhtdhhhhhhhkhhhdhddik

TITLE:

EFN - White Mesa

dkhkhkkkhkhkhdhhkhhkdhkdhdhhhdhdhhhhdhhhhhhdhdhhhhdhhhhdhhdhhhdhhdh b hdhhhdhdkhhhhkdhhddhdd

NOTE:

INITIAL: MOISTURE CONTENT OF THE LAYERS AND SNOW WATER
WERE SPECIFIED BY THE USER.
LAYER 1
TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 88

THICKNESS = 17.20 INCHES
POROSITY = 0.3150 VOL/VOL
FIELD CAPACITY = 0.3140 VOL/VOL
WILTING POINT = 0.0980 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.1180 VOL/VOL

EFFECTIVE SAT. HYD. COND.

LAYER 2

0.886999999000E-06 CM/SEC



TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 89

THICKNESS = 12.00 INCHES
POROSITY = 0.2800 VOL/VOL
FIELD CAPACITY = 0.2799 VOL/VOL
WILTING POINT = 0.1410 VOL/VOL
INITIAL SOIL WATER CONTENT = 0.2800 VOL/VOL

EFFECTIVE SAT. HYD. COND. = 0.369999995000E-07 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE #27 WITH BARE
GROUND CONDITIONS, A SURFACE SLOPE OF 0.% AND
A SLOPE LENGTH OF 1200. FEET.

SCS 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 = 2.030 INCHES
UPPER LIMIT OF EVAPORATIVE STORAGE = 5.418 INCHES
LOWER LIMIT OF EVAPORATIVE STORAGE = 1.686 INCHES
INITIAL SNOW WATER = 0.000 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 INDEX = 0.00

START OF GROWING SEASON (JULIAN DATE) = 109

END OF GROWING SEASON (JULIAN DATE) = 293

AVERAGE ANNUAL WIND SPEED = 8.10 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 60.00 %
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 36.00 %
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 36.00 %
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 57.00 %

NOTE: PRECIPITATION DATA FOR BLANDING UTAH

WAS ENTERED BY THE USER.



NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING

COEFFICIENTS FOR GRAND JUNCTION COLORADO
NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) q
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC /é*
'27.s0  32.90  38.10  47.10  57.40 66.90
73.60 70.90 63.00 51.60 38.50 28.90

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

STATION LATITUDE = 39.07 DEGREES

hkhkkhkhkhkhkhkhkhhkhkhhbhkhhbkhhhhhhkhkdhhhkdhhhkdhhhkhkhdhhdhdhdhhhhhhhdhhdhdhhhdhhhkhhkdhhhdhdhthdhhhdhhthdiid

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1988 THROUGH 1993

PRECIPITATION
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 0.999 0.542 0.265 0.871 0.389
0.774 0.885 0.802 0.785 0.713 0.568
STD. DEVIATIONS 1.967 1.206 0.425 0.240 0.472 0.494
0.691 0.350 0.220 0.495 0.432 0.441
EVAPOTRANSPIRATION
TOTALS 0.700 0.411 0.331 0.224 0.413 0.231
0.353 0.490 0.424 0.394 0.402 0.534
STD. DEVIATIONS 0.072 0.246 0.236 0.110 0.296 0.201
0.243 0.211 0.223 0.235 0.141 0.191

PERCOLATION/LEAKAGE THROUGH LAYER 2

TOTALS 0.0000 0.0000 0.0000 .0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

e]

STD. DEVIATIONS 0.0000 .0000 0.0000

.0000 0.0000

.0000 0.0000 0.00QO
.0000 0.0000 0.0000

o O



AVERAGES 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

o O
(@
(>
o
o
o
o
o
o
(@
o

.0000 0.0000 0.0000 0.0000
.0000 0.0000 0.0000 0.06000 0.0000 0.0000
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1988 THROUGH 1993

INCHES CU. FEET PERCENT
PRECIPITATION 13.90  ( 2.614)  3971537.7  100.00
RUNOFF 9.048 ( 2.4802) 2584718.25 65.081
EVAPOTRANSPIRATION 4.908 ( 0.7521) 1402180.62 35.306
PERCOLATION/LEAKAGE THROUGH 0.00000 ( 0.00000) 0.000 0.00000

FROM LAYER 2
AVERAGE HEAD ACROSS TOP 0.000 ( 0.000)
OF LAYER 2
CHANGE IN WATER STORAGE -0.054 ( 0.1827) -15362.23 -0.387
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PEAK DAILY VALUES FOR YEARS 1988 THROUGH 1993 U[y%

S (ncmes)  (cu. FT.)

PRECTPTTATION 133 379955.719

RUNOFF 1.684 481108.4370

PERCOLATION/LEAKAGE THROUGH LAYER 2 0.000000 0.00000

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

dhkAhh kA kAR d bk hhhhhhhkdhdhdhhhhhhhkhdhhhdhhhhdhddbhdbdddddhdhhhhddhdhkhhhhhdbddhithhdn



FINAL WATER STORAGE AT END OF YEAR 1993 \1//,{
________________ IAYER (INCHES)  (voL/von)
N 1.7607 0.102¢
2 3.3600 0.2800
SNOW WATER 0.000
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of Scenic and
Recreation Areas

THE GOLOER CIRCLE

Ot inck awuske sppmesimetery 170 midr.
Scole

14{54

Locanon OF  PLANDING o Gerno Juoaod

S Waite & 19 Facivn hg ol .-.-'.,._\_,_;__
st Cuaree TR
Fifllocy o Oder - 1.
" AANET, ™o b
P (Y ) .

3est Of The West ...

lah combines the best of the West
“than Utah's 85.000 square miles is a
Mcentrated collage of western folk-
fe scenery and history.

€erinto Utah and sampte some of our
/€ national parks. seven national mon-
Tontg and han natinnat rocreatinn
23s. Drive into our 43 state parks or
ghi nationat forests. Explore the
wntry on this map and you'll soon
‘no the staiement first made by pio-
rer settiers to Utah: "This Is the Place’”

IVE NATIONAL PARKS

Southeastern Utah is the place for the
world’s greatest—and most concen-
trated—repertory of stone arches
Arches Nationa!l Park's irademark s
Delicate Arch. althcugh Landscape
Arch 1s a world record-holder with a
span of 291 feet

WHITE WATER CANYONS

The Colorado River glides past Arches
and churns into Canyoniands National
Park 40 miles southwest. National Geo-

graphic iabels Canyonizands “the realm
of rock and far horizan " Tho Cntacama

Eighty percent of Utah's 1.2 million
people tive along the foothills of the
Wasatch Mountains. Salt Lake City is
not only the cultural and social hub oi
Utah. but also the international base for
the Mormon Church

Tha tlitah Symnhany Rolieot West {itan
Repertory Dance Theater and the Pio-
neer Memorial Theater all lend a cos-
mopolitan aimosphere to SaltLake City.
Professional sports are represented by
the Golden Eagles hockey club and the
Salt Lake Gulls baseball team.
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A { Daily Predipitation Valucs, Sttioa #42073807, Blanding, Ush
January, 1988 theouph Fcbruary, 1994 -
Nernko B > iy 575 REIWT B3 Twi?

, 6}7/\ J- _{Precipitation 2 Procipimu'oni’ N Precipitationt |, |Precipitation 4, {Precipitation
Datc (inches) Date (inches) - ;. Date (inches) Datec {inches) Dawe (inches)
1/1/88 0 11190 0 ERLD 0y 0 NN 0
1/2/88 0 725 i 0 1291 0 u92 0 i tam3 g 0
173788 [} 173190 02 1301 0.15 392 1 004 L1 1nm3 i 0
1/4/38 0.06 114190 0 . 149 0.96 . 174192 031 10493 ¢ 0
175188 0.19 15190 Q T iusel 008 . 1/S2 0.02 115693 0
1/6788 0.17 176190 0 1 161 0 DL 692 042 116193 034
/1788 0 11190 0 /191 0 Fionme 0.03 17193 036
1/8/88 0.01 178190 0 L sl 0 L:ousm 0 178193 1
179088 0 19790 0 1L 18m1 0 i 19 0 129093 0.01
1/10/88 0 1/10/90 0 {1 1ot 0 i l/10m2 0 171093 0.51
1/11/88 0 3 : N

0 <
1/12/88 0. 11590 0 i1 st 0 {92 0 Vi193 0.41
1/13/83 0 112190 0 HEEY 0 P1292 0 12193 0
1714788 0 1/13/90 0.04 171391 0.01 i U139 0 11393 021
171588 0 171490 0 171491 0 L 11492 0 111493 02
1/16/38 0 115650 014 iiuIs/t] o002 i 115092 0 1715593 0
117788 0.89 116650 003 i ! 171691 0 i 11692 0 111693 049
1/18/88 0.71 117190 006 ;i : 11181 0 ;Y1792 0 11793 0.16
171988 0 1718190 029 ! 11881 0 411892 0 1/18/93 0.88
172088 0 11950 032 1 11961 0 i 11992 0 /19193 031
172188 0 1720190 0 i 1220091 0 RT3 0 172093 0
1122188 0 1721190 0 Pt 0 ;s 0 121/3 | 0
1122788 0 122090 0 st 0 - RU92 0 P um3 0
1124/83 0 172390 0 Dl wBst 0 L1392 0 ;21393 0
1/25/88 0 124190 0 b InAst 0 14192 0 1124093 | 0
1726188 0 1725150 0 $ 12501 0 . 12592 0 1725093 | 0
1127188 0 1726150 0 | 1emst 0 L. 162 0 | 1 126m3 0
28788 0 1127150 0 . i 2Nt 0 1227192 0 R 0
/29788 0 1728150 0 L 1-128m1 0 L 112892 0 128093 0
130088 . 0 1129/90 0 112981 0 S 129092 0 1129193 0
1/31/88 0 1£30/90 0 13081 0 - 130m 0 13093 022
2188 0 13190 0.03 13191 0 LB Ws2 0 13193 021
212188 04 221190 006 ;i Ml 0 DL U™ 0 2193 0.16
203188 0.06 272190 003 ! 22m1 0 P U9 0 212153 0
2/4/88 0 27350 0 ;i 3m1 0 392 0} w393 0
25088 0 2/4190 0 . i 4mt 0 2452 001 1 ! 2493 | [}
26488 0 25150 0 iiousmt 0 25092 | 0 it uysm™3 ! 0
21188 0 2650 0 T Q 206092 0 D 2693 0
2U8I8% 0 P 2190 | 0 . 2imt 0 2192 | 0 L 2Ie3 0
2/9/88 0 28190 | 0 L 0 w92 1 002 L wem3 L LS
2/10/88 0 i 29190 0 ~.mmi 0 2992 § 0 i M3 . 043
211488 0 1271090 0 R 0 YOS 03 193 00
2/12/88 0 C i A1/90 0 N 0 YIS . 0327 ¢ U9 )
21388 | 0 P90 0 21291 ¢ [0 Y92 005 i 21293 0
214788 | 0 4 21390 0 D U139 0 13921 066 - . 213m3 0
2/15/88 0 L | 21490 0.46 i | 214091 { 0 214192 § 0 Paamst 00t
16/88 0 i 121550 006 i Hism! 0 . msee ! 0 P UISP3 ;001
21788 0 i 1 2/16/90 0. fianemtl 003 . 216m2F 023 P U693 ;008
218788 0 217190 0 DA/ 002 21792 ¢ 0 . Y1193 0
2/19/88 0 21890 003 - uemt ! 0 2718192 0 L UI8M3 . 005
220/88 1 0 P 121950 001 ¢ : 21991 | 0 /19/92 : 0 P UI9N3Y L 062
1 i - H EI
272188 i 0 © 22090 0 003, . 2020091 ; 0 22092 | 0 C 20093 0.7
27288 ! 0 {12210 i 0 i 22491 0 P 0 P 22193 0
2/23/88 } 0 t 290 | 0 iLaust i 0 Y2292 ! 9 i L2293 0
Snams i 0 . 223901 0 . 2nsl. 0 yBsr, 0 1 l3mi 0
25088 3 0 ;. 2249063 O LA/ 0 224092 . 0 . 2241937 04
226188 | 0 i i 2025050 | 0 2425091 0 225097 . 0 DL 225193 004
V288 ;004 ¢ L 226/90 . 0 w2691 O W92 0 20693 0
228788 | 0 i1 22790 | 0 LM [} 22792 0 {22093 0
229/88 | [ "m0 O 81t 04 RS2 0T 22893 o |
31788 | 0 3190 . 0.02 31191 09 292 - 0t to3n93 . 0
1 A - —— - :

3188 | 0 ¥u90 1 O T e ./ Y93 0
3388 | 0 31390 0 WL . 6 392 . 0 13393, 6
314188 | 0 374190 . 0 3491 0 392 - 034+ . 3493 - 0
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Daily Precipitation Valucs, Station #42073807, Blanding, Utah
January, 1988 through February, 1994 ; .
H !
Precipilation Precipitation] Precipitation Precipitation} & | Precipitation
Datc (inches) Date (inches) | | Date (inchcs) Date (inches) ¢ @ Dae ' (inches)
315788 0 35190 0 11 ousmt 0 344192 0 RN 0
3/6/88 0.01 36190 001 ¢+ 36M1 0 315192 [ E R 0
37188 1 0 © 30 0 LT o ET R 0 W93 0
8/88 ;0 80 L 0 . . Ml 0 i3m0 i O3EMY 0
309188 0 13890 1 0 It 0 K 025 . 39m3 0
3/10/88 0.01 HEED 002 1 31091 0 39092 003 11 iomy ! 0
3/11/38 0 HETES 015 & ¢ 3iml 0 31092 o HETITE 0
3/12/38 0 312190 023 | {3191 0 sz 0 1253 0
3/13/38 0 1350 0.06 371391 0 311292 0 V1393 0
3/14/88 0 V140 0 31491 0.06 313092 0 ! 3ams3 0
3/15/88 0 3150590 0 1551 0.0t 1492 0 ETEE] 0
3/16/38 0.01 1650 0 3116691 0 315092 0 316093 0
U188 0 1190 0 3191 0 31692 0 317193 0
3/18/88 0 31890 0 371851 0 192 0 3718193 0.19
3719788 0 3/19/90 0 Y1991 0.03 3/1892 0 319093 0
3120788 ) 3120090 0 372091 0 319092 0 3720093 0
3121788 0 3190 0 21Nt 0.14 320092 0 iR3 0
3122788 0 322190 0 32291 0 32182 003 322193 0
323138 0 312390 0 32391 0 322192 0.02 32393 0
324188 0 32450 0 324091 0 323092 0.05 32493 0
3/25/88 0 3125090 0 32591 0 324092 0.02 312593 0
3126188 0 3126090 0 326191 0.26 3725192 0 i i 37693 0.06
/27488 0 32150 o EZZLT 0 | 326192 0 ii3RIM3i 047
3728788 0 3728150 0 { | 3R89 0 321 0S5 P ltangmyd 0
329788 0 312990 ¢ 0 L 3n9m1 0 32892 037 1132993 001
3/30/88 0- 3090 . 008 - : 3/30M1 0 13992 0 . 33093 )
331788 0 301 0 ! 1* 33191 0 { | 33092 043 133193 0
471788 0 411190 0 i Lanmst ) 1331827 001 1P 4uwm3 0
47288 0 412190 0 i 491 0 4192 0.05 i 4nms 0
473088 0 4390 0 4r3mt 0 412192 0 413093 4 0
474788 002 414190 0 414191 0 41392 Y aram3 003
415188 0 41550 0 415191 0 Cio4am 0 i 453 T 004
47688 0 416190 0 {1 47691 0 i 4592 4 0 il 463 i os
41188 0 411190 0.06 LD 0 4692 i 0 ttamy i o
473/88 0 48/ 0.11 HEGET 0 a9 | 0 il 4nm3 0
479188 _0 i 480 0 HEE LT 0 i1 amm2 ¢ 0 D493 i 0
410788 0 1 41090 0 i {41001 0 Y aome 0 i} 40m3i o
i i AN - - i
471188 0 HEE R 0 i Danst 0 11 ar1092 0 B 0
412788 1 0 | 41290 % 0 ii4nust 0 {5492 0 Ll ANTU93 0
471388 0 i 41390 ¢ 0 i1 4st 0 Tianame 0 P ANn3m3 0
4/14/83 006 | ! 414,90 | 0 IR 0 fan3me i 0 - 4114093 0
4/15/88 02 3 AN1590 0 11 ansm i 0 Vo 41492 ; 0 REE 0
416788 0.16 L ANG90 0 YL anemt i 0 {41582 . 003 S AN683 - 0.02
4117788 02 HER R 0 S anIm s 0 1416 003 4193 ¢ 0
4/18/88 0.02 | 4718190 ¢ 0 i L alsmdt : 0 LA 0 . AI1893 0
4/19/88 0 i 4/19/90 : 0 11 ann9mst ! 0 P 41892 § 0 Poanems 0
4120788 0 i 40090 0 ;i 4R0m1 ¢ 0 LR 0 420093 - 0
4 N ) F FRE -
4n1gs 00! | 42190 | ) i1 4nml i 0 i 4n0em2 0 4121193 0
412238 008 {1 42u%0 0 it anamy 0 T anumy 0 43 0
4723788 001 { i 42380 0 P 4RI L 001 Y ARU92 ¢ 0 4123193 - 0
4724188 002 ;4724090 . 048 |} 4nam1 ! 0 TR R 0 4124193 )
4125088 0 BN 0 . 3 4nsmt | 0 i 1 44192 ; 0 4593 . 0
4126188 ) HEEC LR 0 P ranent 0 PLoansmy 0 ARG . 0
4/27/38 0 T 421190 | 0 B i 4nemy i 0 412093 - 0
4728188 0 L ABM0: 0 t4nsmsli 0 . 4nIe2: 0 - AR8r93 0
4129188 0 i An9so 0.09 G . 412981 i 0 i1 48’ | 0 412993 0
A30/88 1 0 £14030/90 ¢ 006 : 1 4n30st 0 Cangmy - 0 430093 ; 0
Si7es | 0 T SN/0 083 5191 ¢ 0 C 430092 ¢ 0 S/93 . 0
51288 | 0 1S 0 L SIS | 0 iisnmy o 51293 0
S3/88 | 0 PS030 0 5091 ! 0t 592 0 51393 Q0
Siargs i 0 1 smasn ¢ © sy 0 5B . ¢ SI493 1 0.05
SISIRE | 0 DL SS90 [} SISI91 1 0 DS 007 SI5/93 ¢ 0.5
5/6/88 0 IS0 . 0 SIGSY L0 i SI597 . 0 SI6/93 0
57188} 0 CTsm0 . 0 591 0 SI6192 - 0 Sy | 006
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Daily Precipitadoa Values, Statioa #42073807, Bfanding, Utah
Jaauary, 1988 through February, 1994
¥ Y [ §
Precipitation ~ {Precipitation; Precipitation Prccipitationj B Precipitation

Date (inches) Datc ;i (inches) : Date (inches) 1 1 Date (inches) : ¢ Dawe (inches)
518/88 0 Tsmo © 0 .1 ssmt 0 7 snm 0.49 i SBM3 P 01S
S/r88 0 L SP0 {0 1 smmt 0 i 5w 0L see3 i 0
5/10/88 0 £ SI10/90 ¢ 0 i snom | 0 P 592 1 096 s SHOM3 | 0
S/11/88 0 SII0 0 LY [ I 0 R 0
5/12/88 0 SI2/90 | 0 i SI191 0 ;1 snm2 0 : SHI™Y 0
5/13/88 0 SH3/90 ¢ 0 . {51361 0 1 sI1292 0 i 1 S/1393 0
/14788 0 SI14/90 0 US4l | 0 L {sm 0 :t S/N4/3 0
S/15/88 0 SIS0 0 i | s11s5m1 0.06 5114192 0 SISR3 002
516788 0 SI16/90 0 !l snemi 0 S115092 0 SI16/93 0.08
S188 0.64 SIT90 0 i | st 0 S16/92 0 11193 035
S/18/88 03 S18/50 [ { | snemi 0 SI1192 0 SI18593 0
s/9/88.| 0.1 S119/%0 0 SI1931 0 S/18/92 0 sS993 0
S720/88 0 5120090 0 50091 0 S119/92 0.06 5120093 0.01
521488 0 $121150 0 S2191 0 S92 0.05 52493 0
5r72/88 0 S22190 0 sr2291 0 S92 0.06 593 0
5123188 0 S123190 0 512391 0 5122192 036 52393 | 0
524188 0 512490 0 5491 0 5123092 0.02 SNAM3 § 0
Sr2588 0 $725090 ) 52591 0 5124092 02 5125093 . 005
5n6/83 0 5126050 [} Sn6M1 0 S125092 0.15 S6M3 Y ot
Sr2Ir88 0 S50 ) 5101 0 56192 0.13 SIF3 i 019
SI28788 - 0 “S128/90 [) SP8/1 0 12 0.05 893 E 005
$r29188 0.17 S129650 002 . | snem 0 $n8192 0 5093 i 0
S30v88 0.01 5130090 0 U1 saomy 0 5129192 0.03 ! 530093 ¢ 0
5131788 0 1 53U 0 1 sniml 043 |t S30M2 0 G 0
6/1/38 0 G190 | 0 6/1/91 0 i i S3192 0 i 6nm3 . 0
67288 0 U0 | Q 6091 0 1092 o i1 6y 0
613138 0 €/3/90 0 {1 63m1 0 62192 0 .tem: o
614788 0 /490 0 IR 0 I 0 6493 ; 0
G588 0 615090 0 ;1 6581 0 614192 0.01 615193 0
/6188 0 61690 0 [ 0 6/5092 0.03 616193 0.01
671188 0 611190 0 6191 [ G692 0 601093 0.01
67888 0 613190 0 61391 0 671492 0 68193 0.06
6988 ) 69190 0.04 69091 0 11 &mm 0.16 &9/93 i 0
6/1088 e G100 i 109 i | 6/1091 0 i 6992 0 + 61093 § 0
6/11/88 0 { 61150 ¢ 0 T 0 L 0 R 0
6/12/88 0 T 0 L i et 0 i el 0 i 1 6293 0
613138 [} 1 613090 | 0 i 611391 NIRRT 0 D693 0
614788 0 enas0 0 il oenamt 005 i&M13m; O P 6114093 § 0
6715/38 0 i 611590 ; ¢ AT 0 . !enami 0 ! T eismy’ 0
6/16/88 0 E6R0 T 0 P EI6BLT 0 1 615m7 0 i 616m3 0
617188 0 G 0 ECTRETE 0 i1 61692 ¢ 0 "L el 004
6/18/88 0 {61890 0 R 0 R 0 61893 . 0
6/19/88 { 0 PG990 | 0 L 619m1L 0 1892 © 0 6/19/93 0
6720088 0 IR 0 . L 612091 0 L 61982 0 .. 62093 0
621788 [} 62190 ; 0 Dl enimt 0 il 60m2 | 0 i 6021093 0
62288 002 €220 0 i3 6nU9L 0o ienms: 0 1 enast 0
623788 001 T 623090 . 0 T 0 L 6297 0 L 6123193 0
624/88 0.05 1624190 ¢ 0 P 6124191 ¢ 0 i {623m 4 . 624093 : 0
6725138 027 {62590 ¢ 0 L 1612591 0 - 64m2 ! 0 6125093 - 0
626088 0.11 166190 0 D626/t 0 L 6RSH2 Y 008 626593 )
6/27/88 052 | . 62190 . 0 . 62191 - 0 L6697 | 0 f 693 0
628/88 042 i : 608190 . 0 ;612891 . 0 eI 0 6128093 0
629/88 7 0 1160990 . 0 i 46129091 | 0 i enerez i 001 L 612993 Q
63088 0 Iie30m0: 0 16091 | 0 Ll 62907 0 i 6130093 0
/1188 0 HEE 0 AT ] L 630092 6 e 0
/88 0 P Tus0 - 0 WU L0 w92 - 0 193 0
1388 10 e 0 M9 - 0 musy O U393 0
/488 ! 0 4190 0 49t o YA 0 a3 0
U588 i 0 WS90 i 0 U591 0 2T 0 sy 0
76188 1 0 L. 6I90 0 T mest o S92 0 63 0
21/88 0 w90 1 038 W/ .0 16192 L E! 0
/3188 0 1m0 . 073 TR Y W92 o 893 0
U988 0 L9002 88t 045 28192 04 - w993 - O
7/10/88 ! 0 - HI90 - Q L I091 - 001 - : 1R/91 0 7410193 1]
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~ o
 Daily Precipitation Values, Station #42073807, Blanding, Utah
- January, 1988 through February, 1994 . — :
[ ! H : c i H
Precipication] | Precipiadon; Precipitationl ! [Precipitation; ! { Procipication
Datc (inches) | . Date (inches) Date (inches) | ¢ Datc (inches) : 1 Daie ! (inches)
/11788 0 ; C Ui90 0 L aust 0 ' I1092 0 - mum 0
712788 0 {0 0 e 0 . ULU92 ¢ 0 U293 0
7113188 ) 0 . ] n3mt 0 e 133 3ss | 0
/14788 0 1490 0.05 T 1491 0 13P2 i 002 HETE 0
/15188 0 : UIS90 0 C O Usml 0 1492 ¢ 0 S IS93 0
16788 0 . 116/%0 0 | u1eni 0 U152 0 .13 o
17188 005 ' 71180 0 {191 0 7716092 ! 0 REGER 0
18788 | 0 {890 00! i Wigml 0 SN 0 C 1 U183 0
19788 0 ;1980 0 1 1991 0 S U892 7 008 11983 [}
7720788 0 720090 0 i | 10m1 028 : | 192! 0 i}l rom3 0
21783 0 7121190 003 | n1mt 0 20092 0 L | 22153 )
722188 0 7122090 0 i | 1t 0 12492 0 722153 [
7723138 0 7023090 001 i 1138t 004 |92 0.1 72363 - 0
7124188 0 7024150 002 i In4m1 023 i | UB®2 0.08 702493 001
7125088 0 25090 005 | 25m1 008 | |42 0 125093 0
7126188 0.16 26090 0 11 12681 001 | 712592 0.17 | 106/93 0
7127188 0 127190 [ w2191 o ] Inem 0 221193 )
128188 ) 12890 0.02 128091 0 'l 0 128093 0
129/88 0.13 12950 0 2901 0 T892 0.02 7729193 0
130/88 0.05 7730090 0.19 11 7030/t 0 129052 0 13093 0
7131/88 0.12 31150 0 i 1 16181 0 ;| 130m 0 s 0
8/1/88 0.13 {1 /N o i} snmt 003 . i 13192 0 : U gnmy i 0
82188 g i8R0 025 . ! 8nst 0.04 HETL 0 S 0
8/3/88 0 873190 0 : bkt 0.08 8292 0 RN 0
8/4/38 0 814190 0 8451 0 8392 | 0 R 2
8/5/38 038 8/5/90 0 ! anmi 0.01 814/92 o REESE 0
8/6/88 0.02 816/90 0 i1 sremi 0.56 815192 002 ;i 8693 7 003
8/7/88 0 ieimo 0 R ) . BI692 001 ' 8A/93 i 003
8/8/88 0 ;x/x»o 0 i Ml 0 1 81192 0 8&/E93 0.03
< 5 3 )
£9/88 0 i1 8990 0 LT 0 L Losm 0 i i 'Rl 0.03
8/10/88 0 /1090 0 i | 81091 0 89192 003 i | 81093 0.01
8/11/88 0.04 &/11/30 004 i 8NN 0 8/10/92 0 s 0
8/12/88 0.07 812190 § 0 I 036 i 8/11M2 004 i {883 0
8/13/88 0 1 g/13/90 045 i 81381 0 i 811292 ! [ | 81393 ¢ 0
B/14/88 0 TRI490 ¢ 007 1 | #1481 0 i 8713092 ¢ R )
8/15/88 0.09 U 8/15/90 005 : : 8IS 0.01 81492 | 0 . P 811593 § 0
8716788 005 1 i 8/16/90 024 . { 8/1681 0 87152 | 0 . . B16m3 1 0
8/17/88 0 P 11790 1 0 BRI 0 | B/16M92 0 i i 81183 0
R/18/88 [ i 8/18/90 | 0 1 81891 0.06 L®MT52 7 049 P #18m3 ! 0
8/19/88 0 i 819190 [} + 819791 ¢ 0 8/18/92 0 C o 8/1993 1 003
8720/88 024 1 ROMO | 0 I 8nomt | 0 8/19/92 0 8093 0
8/21/88 ; 015 i BRSO ! 0 i 82191 | 0 82092 0 821193 0.02
£/22/88 | 0 i . 8290 0 . 82291 ¢ 0 81192 0 822193 0
8/73/88 i 0 - 8123190 ! 0 812301 0 822192 0.37 - 8123193 0
8/24/88 0 824190 ; 0 BECLTE 0 82392 - 006 . . 843 | 0
8125/88 0 i 812590 0 L] 825681 0 ;1 824092 0 1] 825831 0n%
82638 0 8126190 0 1 826191 0 - 82592 ¢ 0 TP gnem3 014
8/27/88 0 i 827190 0 LT enm 0.01 ;816192 - ) - BRUS3 0
2728/88 0 i 812890 0 © i 8n8mt 0 - 87U ¢ 0 - L8R8y T oM
1 5 H . - - L
8/29/88 | 0 ., 819190 ; o 82991 ; 0 T 8I28/92 . 0 . 829193 . 0
830/88 §  0.18 - [ 8/30/90 ; 0 . 830191 ! 0 2729192 0 . 83093 0
831788 1 047 &390 | 0" 83191 ;002 8730192 . 0.28 - 83193 - 005
9/1/88 0.01 91190 001 o, 9NMt ' 0 CORAL92 0.16 Q93 . 0
9238 | 0 T 990 | 032 L et 0 9/92 | 0 C L o9rue3 0
93138 | 0 ::93M0 i 04 KT 0 997" - 0 L9393 0
914/88 0 . %4m0 0 T 0 91391 0 P o9am1 ! 0
9/5188 - 0 U901 0.08 T9s8 L 0 914192 ¢ O~ 9smy o
916788 | 0 D 9r6/90 L 0t 9/691 093 9592 - o 916193 - 0
ori/g8 | 0 971190 0 . 9191 0.25 96/92 0 . snms3 0
9/%/88 | 0 9890 0 S 9RO L 0SS . O L9893 i 0
9/9/88 1 0 1 9/9/90 ! 0 S 9891 0 9892 0 - 99093 0
o/no/88 | 032 1 9/10/0 ¢ 0 SOM0/9E L Q0 9r9/92 -0 i 91093 0
o/11/88 | 005 i ' 9/11/90 | 0 A U X E S 40"+ 7 S SR 24 0.0 20 0
9/12/38 . 0.58 C 9SO 0 QN9 Q . 9141192 0 - QY93 . 0.01

PRECYP XAS{1120/941
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PRECIP. LS/ (I/2CIV41

Daily Precipitation Values. Station #42073807, Blanding, Utah
i , January, 1988 through Februacy, 1994 —
g i i i i
Precipitation] | {Precipitation] Precipitation {Precipitation: | Precipitation
(inches) i [ Date ! (inches) ! . Daic (inches) Datc , (inches) i i Dawe (inches)
9/13/88 0 T9113M90 ¢ 0 S Tenamt !t oot tioname | 0 1911393 0.6
9/14/88 0 P 9014190 ¢ 0 91491 0 Con13m2 . 0 | 914193 0
9/15/88 § 0 P9S80 ¢ 0 - 915m1 0 b 9Am 0 i 9115493 \
9/16/88 0 [ io16m0i o L 191691 0 ilonsms2! 043 i 916193 )
9/t/88 | 0 HEEZE e E 0 LM 0 916092 0 1 9/17193 0
T T sl
9/18/88 0 9/18/90 063 . : 918191 0 91192 0 R 0.22
9/19/88 0 919150 0 .o 919m1 0 918192 022 1971993 0
9720188 0 9/20/90 0.16 1902091 | 0 9/19/92 047 ] 9nome3 0
9121788 0.08 9724190 0 : 92191t | 0 Tonomt 008 . : 1M 0
9122188 0 9122090 0 . :snagt | 0 :tenid: 0 ;o9 0
9123188 0 9023190 0.06 1192391 0 92292 0 11903 0
9124788 0 912450 0 i{9ndamt 0 912392 0 i 1 9n4m3 0
9/25(88 . 0 9125050 0 925191 [ 9724192 0 L | 902593 0
9/26/38 0 926190 0 9126091 0 912592 0 9726193 0
9/21188 0.03 9121190 0 | 92191 0 9126192 0 972193 0
9128138 0 9128190 023 972891 0 { Lo 0 119893 0
9129188 0 9/29/50 0 912991 0 21 onem 0 P 19n9m3 0
9/30/38 0 9730490 0 i 93091 0 912992 0 i 1 oom3 0
10/1/88 0 10/190 0.01 i {191 0 9030092 0 < 1 1es 0
10/2/88 0 1002190 1.1 101291 0 107192 0 HEL R 0
. 10/3/88 0 107390 0.02 107391 0 1002192 0 1110393 0
10/4/88 0 10/4/90 0 LT 0 107392 0 1044093 0
10/5/88 0 10/5/90 0 HENERAT [} O ovam ! 0 < 1 1005093 0
1076788 0.02 106590 | 0 1 100691 0 « ] 100592 0 T 1I6093 0.61
1077788 | 0.04 07901 04 i 104m1 0 { @ 10/6092 : 0 1071193 021
k] i L H
10/8/88 0.02 1078/90 0 i1 10mm1 0 16mm | 0 S i 107893 0.19
- 10/9/88 0 10/9/90 0 LT 0 {10892 0 Lo109m3 0
10/10/38 0 10/10/90 0 L0 0 Py 1092 ! 0 L i 110093 0.01
10/11/38 0 1071190 0 i 1011t 0 P ivios2 0 U ems 0.1
1/12/88 0 10/12/90 0 i 1071291 0 P IIUS2 0 i i 1071293 0
10/13/88 0 10743090 ¢ 0 i 1071381 0 11101292 [ RS 0
10/14/38 0 10/14/50 0 ; 10714091 0 R 0 100143 0
10/15/88 0 1/15/90 0 i 1071591 0 {10042 0 L r1se3 0
10/16/38 0 10/16/90 0 1 10016191 0 Y012 0 1071693 0.09
10/17/88 0 10717150 | 0 t T rmst 0 RIS 0 10117193 02
4 - - +
10718738 0 /18900 02 1071891 0 U102 0 L i1018/931 002
10/19/88. 0 10719901 028 ;1 10/19M% ! 0 L onemet 0 R 0
1020788 0 10200000 011 i Q10720911 0 vior19m2 i 0 - 1020093 ¢ 0
10/21/38 0 1072190 ¢ 0 s 10191 Q $10092 ) o . 10193 0
10722788 0 ! 11022/90 0. :iwomstl 002 ozt o4l C10U93 0
1023788 0 b r23m0! 0 C1023m1 0 P92 . 0 P 10723193 : 90
107241838 0 i 1024/90 0 . 10RARYE 008 10723092 0 : 102493 0
10725/88 0 i 10025090 0 s 10nsmet 0 T MM24/92: 037 100593 0
10/26/88 0 LT 1026£90 0 ©:10R6ML ! 0 TS/ 0.4 10726093 0
10/27/88 0 i 4102790 0 D109 069 . 1100692 0 © 10127093 . 0
10/28/88 0 i 10/28/90 0 i 11072891 026 ¢ 11027921 004 - 102893 0
1029788 0 1 10R29/90 ¢ 0 D10729/91F 026 T 10N8M2: 026 L 1029/93 ¢ 0
103088 002 { 110730550 0 S 1073081 0.t 1101992 . 0.12 1030093 0
10731788 0 { i 103190 0 ST 0 - 1030192 0.22 1031793 0
11/1/788 0 R 0 17191 0 C 103197 019 TGE 0
1188 0 L1190 0.35 1112091 | 0 11/1/92 0 117293 - 0
11/3/88 ¢ 0 F 113090 0.37 L1391 0 11292 0 11/3/93 ¢ 0
11/4/88 i 0 . 140 - 0 1174791 0 uess - o o C 193 0
ts/gg d 0 b 1us/0. 0 WSSI L 0 L tuam - 0 1175093 . 0
11/6/88 | 0 T 680 . 001 iuent 0 LA 0 NSE o
11788 : 0 1177190 0.12 a9 0 T 692 0 L1793 0
11/8/38 0 {1/8/90 0 118091 0 1172192 S0 1usmes 0
1179788 ¢ © THues0 0 109l 0 N L L 0
1171088 ¢ 0 WMo 0 1081 003 119192 I £ 74 (L R
1111/885 0.5 11190 . 0 st 0 1ies 013 TSy 064
11/12/88 1 0 NS0 6 Y9t 0 W2 0 11293, 0.3
1113788 § 0 - 380 0 u3s: 0 9. 0 1393 044
11714788 { 0 « 11490 0 t114091 049 T 1H1392: 0 tHiam3: 0
L1/15/88¢ 025 11715090 0 11/15/91 0.95 - 111497 0 11715093 0

ek (o1 Com 4D

Page b 2E 3



¥ S og %
- Daily Procipitation Values, Station #42073807, Blanding, Utah
: Jam‘xzx‘y. 1988 through February, ‘l994 - . ~
H ; ' 1 s _ I :
Precipitation] ! |Peecipitatioal PrecipiaGoa; Precipitation; | U Precipitation
Date (inches) @ | Date | (inches) ! Date (inches) Date (inches) : Date : (inches)
11/16/38 Q P90 0 ftest 0.03 L 111592 0 b ess 0
T 1 T . . i
11717788 002 : : 11/1790: 0 S st 0 F L1692 0 TR 0
11/18/88 0 3 L1890 ] 1 1111891 0.07 AL 0 T 1/1893 0
11/19/88 0 119550 ¢ 0 . U TH19/9 0 111892 0.01 L1993 ! 0
1172088 0, 1120900 009 ¢ i 1122001 0 . 11992 0 { 1172093 0
11/721/38 0 CURIRG. 0 i {121t 0 L1192 0.02 ;i 1 1IRIm3 0
11722/88 0 i iiime0 0 st 0 LRI 0 s 0
11723738 0 1112350 0 i1 112391 0 1122192 0 : 1112393 0
11024/88 0 ;111240 0 112491 0 iism 0 1112493 0
112588 007 1125190 0 11025091 0 - 12492 0 t 112503 0
1126881 ~ 0.1 1126501 048 11726091 0 iinsH2 0 11£26/93 0
11/27/88 ) 112150 00t 1122791 0 1 1112692 0 11213 0
{ 11728738 0 11028790 0 11728091 0 s 0 11728193 0
11729788 0 11£29/90 0 11729091 0 1172892 0 1129193 0
11730788 0 1130190 0 11730091 001 11729092 0 11730793 0
121788 0.03 12/1590 ) 120191 0 innsows 0 12 0
12/2/88 0 ! 11290 0 127291 o Iiuim2 0 i1 12293 [
_12/3/33 0 {11273/ 0 12351 0 - pnm2 0 i1/ 0
12/4/88 0 G140 0 127491 0 . 12392 0 R ZEE 0
12/5188 0 | | 1usmo 0 121581 0 . 1124m2 013 T 1use3i 0
1276588 | 0 12/6190 0 12/6/91 0 ilusm 081 | 1216093 ; 0
1271138 0 1277150 0 1 ] 12791 0 i 1uem | 0 s 2193 )
12/8/88 0 1278190 0 |1 1mmt 0 1 :1292% 99999 . i 1u8M3 0
12/9/88 0 12/9/50 0 1} 129081 ) a2l 028 L1293 0
1271088 0 L 1210090 0 i1 1210m1 0.02 992 ¢ 0 C iU} 0
12/11/88 0 ! iir1u90y 0 12/11191 026 | - 121092 0 i 111193 Q
12/12/88 0 L2801 027 12/12/91 0 inim 0 R T
12/13788 0 11380 004 12/13/91 0 L1192 05 . j1u13m3t [
12/14/88 0 ! 1M1490 0 1271491 0 . 121392 0 12/14/93 0
12/15/88 0 ! {1VIS/01 006 1271591 0 i 121492 0 12/15/93 0.07
12/16/88 0 i tiamiemol o 121691 0 112152 0 12116093 0.18
12/17/88 0 ianse 0 121791 0 121692 0 12/17/93 0
12/18/88 0 | :1218M0 0 121891 0.54 { 1271792 R 0
12/19/88 0 ! T1719/0] 006 127191 043 { 12/1892 02 1 1121993 0
1220880 005 i 11220001 036 | |12720m1 0 {11992 0 ¢t 112120093 0
12/21/88 038 . 122101 0 L 121m1 0 : 12720921 0 P 112193 0
12722788 0 L RRYSo 0 i 1122281 0 L 221928 0 12122193 0
12723788 . 02 . 11272390 0 iistd 0 i 12122924 0 ;31212383 0
1224788 013§ : 12724190 0 1202491 0 1202392 ¢ 0 122493 ¢ 0
12125188 009 1225090 0 LU lnsmst [ 12242 ¢ 0 L 1225m83 0
12/26/88 0 - 12026050° 0 f 12726091 0 - 1212592 0 12126193 0
12727188 ; 0 122190 0 . L lzIstt 0 1226092 0 1122193 0l
12128188 0 12/28/90 1 0 Y2 0 1212792 0 i 12728193 [
12/29/88 0 1229190 0 L. 12729911 005 1272892: 0.3 . 12129193 ¢
12/30/88 | 0 1230090 0 : 11230098 0.11 12129192 ¢ [i 1 12730m3 0
12731/88 0 L 123190 ! [ { {23191 002 - i1230m21 007 1273193 0
vl : L ; 12731092 ; 0 .
| Notes: |Source: Uuah Climet Center, Utah State University, Logan, UT. i
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MONTHLY MEANS AND EXTREMES

OF TEMPERATURES
BLANDING, UTAH

”/34

40,
ANNUAL MEAN: 9.9°C
5
o
W
o«
o]
’—-
<C
a
us
[«
=
w
-
t
3
t
MONTH
t
TREME 3
E):fmxr: 16 18 24 27 33 38 38 37 34 . 29 21 15 E
MaAx 3.2 €.2 10.2 6.3 22.8 28.7 3.9 30.2 26.0 18.8 10.2 4.5 t
. !
MEAN -2.5 0.5 3.4 8.4 14. 19.4 231 2(.6 17.2 10.9 3.6 ~-I1.7 i
e
MEANMIN. _g. 8 _5.9 -3.2 0.4 5.4 10.0 4.2 (3.1 8.4 2.9 =-3.2 =7.8 ¥
EXTREME b
MIN. -29 =-22 -15 -1l -6 -1 8 3 -5 -l2 -l9 -22 :

(A MEAN DAILY MAXIMUM
(B) MEAN MONTHLY
(C) MEAN DAILY MINIMUM
(D) FREEZE DATES

DAMIAZ 3 MOORK

ey -y

PLATE 2.7-2



T"A“Environmental

By TAM_ Date_9/11/96 Subject _EFN - White Mesa Page 13 of 4¢
Chkd By Date Help Model Proj No_6111-001

Appendix D

c:\efn-white\help2.clc [9/11/96}
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TADES D QADMA L RoP TS
Table 3.4-1

Physical Properties of Tailings
and

Proposed Cover Materials

Atterberg % Passing Maximum Optimum
Limits Specific No. 200 Dry Density Moisture
Materi a] Type WL PI Gravity Sieve {pcf) Content
Tailings 28 6 2.85 46 104.0 18.1
Random Fil1l 22 7  2.67 48 120.2 11.8
Clay 29 14 2.69 56 121.3 12.1
Clay 3¢ - 19 2.75 68 108.7 18.5
Note:

Physical Soil Data from Chen and Associates (1987).
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—ADVAHCED TERRA TESTiﬁBﬁ 33 Partet Street




Dry Density (pcf)

., UT-1

Proctor Compaction Test

140

N

125 | \

120 |- \

Zero Air Voids Curnve

115

¢ - @ SGreported-bejow

N

AN

N

100 |- \
95 - \
90
g5 | « 1
0 10 20 30
Moisture Content (%) o
T BestFt Curve @ Actual Data

— Zero Air VoidsCurve @ SG =2.70

P, v 4
cC7vy

’ﬁ OPTIMUM MOISTURE CONTENT = 13.9 MAXIMUM DRY DENSITY = 1135
ASTM D 1557 A, Rock correction applied? N

Zb/g%

ADVANCED TERRA TESTING, INC.



" Date Checked By:

PERMEhoILITY DETERMINATION
FALLING HEAD
FIXED WALL

CLYIENT Titan Environmental
BORING NO.
DEPTH
SAMPLE NO. ur-1
SOIL DESCR. Remolded 95% Mod Pt. @ OMC
SURCHARGE 200
MOISTURE/DENSITY BEFORE AFTER
DATA TEST TEST
Wt. Soil & Ring(s) (9g) 386.9 404.5
Wt. Ring(s) (g9) 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 (9) 36.2 53.8
Wt. of Pan Only (9) 8.5 8.5
Wt. of Dry Soil (9) 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
TIME READING READING
(MIN) hl (cc) h2 (cc)
0.2
2599 10.8 10.8
1427 14.2 14.2
1440 16.8 16.8
1440 18.6 18.6
1440 20.2 20.2
1440 21.6 21.6
1469 23.0 23.0
1440 24.4
Data Entered By: NAA Date: 8-8-96

S

Date: _¢-8-%
Filename:TIFHUT1

JOB NO. 2234-04 11/}4
SAMPLED

TEST STARTED 7-28-96 CAL

TEST FINISHED 8-7-96 CAL

SETUP NO. 1

PERCOLATION RATE
FT/YEAR 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 = P&AJMAnL%jihg,,<§)’fP{>

ADVANCED TERRA TESTING, INC.
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SUMMARY OF CAPILLARY MOISTURE
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Porosity

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 + €] (Ref: Principles & Practice of

Civil Engineering, 1996). See Appendix C.

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

e

0

Physical soil data from Chen and Associates(1987) included in Appendix B.
Bulk dry density is 90% of the ASTM Proctor maximum dry density for all materials.
Calculated using Equation 1 above.
Calculated using Equation 2 above.

. Clay physical data are average values from site #1 and site #4 clay stockpiles as given by
Umetco Minerals Corp. 1988.

Appendix C.
Max. Dry Dry Bulk Specific = | Density of “e” porosity
Density Density Gravity (1) | Water (Ib/ft") | (3) @)
1o/ (1) (/) (2)
Tailings 104.0 93.6 2.85 624 0.90 47%
Clay (5) 115.0 103.5 272 62.4 064 |39%
Random fill | 120.2 1082 267 624 0.54 35%
Notes:
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TASLE |
SUAMARY OF LABORATORY TEST RESULTS
Page | of 2
NATURAL Haximu | OptImum ATTERSERG LIMITS CRADATION ANALYSIS RCMOLOED PERKEASILITY
Test | Depth Ory Molsture e : Spacifiec Soll
Hole | (Ft.) 1holsture Dry Denslty | Content | Llauld }*lutlclty Rax I mum Passing Less than Dry Molsture Cravlt T
Content [Density Limit Indax Slze 4200 2 Denslty | Content fe,/yr, em,/sac, 4 yes
(%) (pef) | {pct) {%) {2) _{%) {x) o (%) (pef) (x)
2 |o-5 17,5 10.8 20 3 #16 58 19 N 16,4 0.57 5,5x10°7 Sandy $HIt
3 . 7-8 7.2 21 6 #1é 62 :;?dycf‘-yey'
s | 74-10 RIS ERLR 1 8 374 tn, 56 1 “102,1 22,0 o.08s |8.2x10% |. 2,65 Calearoon. [
. s ¢ -
6 |12 10.3 25 7 Mé 77 S
' . v Siie,
$ 84-9 6.1 27 8 #h 70 Sandy Clay
8 5.5} 13.1 NP sk 1n, 62 Caleareous
Sandy SIIt
) 0-1 8.1 NP #16 53 Sand ~ S11t
10 b-g4 24 10 #4 73 . Sandy Clay
" 54-61 1,0 26 6 #16 85 , Slitstone=.
' o Claystone
12 | 2-8 01,0 | 20,6 53/ 35 e 88 59 95.0 18.3 . 0,068 6.6x10°8 2,67 veathered
Claystons
13 | 7-8 13,1 39 / 1 #8 84 Calcareous
‘ sIit Clay
14 1-2 19.3 ho / 21 #h 83 Vaathered
- J/ ' 8 Clxystone
5 14-144 106,8 19,0 26 8 3/8 In, 65 27 103.4 18,0 0,012 1.2x10" .64 Hod, Calearech:
Sandy Clay
17 243 11,4 ) 19 b #8 59 Sandy S[1t
As 1o 17,5 12,8 23 § #18 70 109.9 12,4 6,035 3.hx10"8 Sandy Claya:
, , stit '
22 1-2 13,2 26 v 10 #4 73 Sandy Cloy - 1
/23 -3 48 v 2 K30 .87 Weathered
/ Claystone
A3 | 6.8 61 / 30 430 96 Claystons
As | 13t 1.3 26 9 #h 57 Sandy Clay
A 45 15.3 41 / 20 #h 91 Weatherad
o Claystone
A; 0-2 12.7 28/ 1o 3/8 In, 7 o Sandy Clay
RIES 8.¢ 19 2 #16 59 Sandy St
32 8-84 5.6 2} 6 #30 73 Sandy Clayey
) silte
37 | 0.4 118.8 11,5 23 5 48 72 110.5 1.5 0.63 6 1x10°7 ss,alndy Clayey
* t
38 | 5e7 e | 16,7 29 ‘// 14 3/8 In, 69 102.4 7.9 0.001 4. 0x10-8 Sandy Clay
4o b5y _ 110.0 16,2 26 9 X8 g4 27 106, 4 6.4 9.017 | 6x10"8 2 4s Sandy Clay

SO0
SX
X
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TASLE |

SUMKARY OF LABORATORY TEST AESULTS

page 2 of 2
NATURAL Maximum | Optimum | ATTEABERG LINITS CRADATION ANALYSIS REMOLOED PERMEABILITY
Test | Dopth Dry  (Holsture ; - ' : : : Spaclflc soll
Hole | (Ft,) [ralsture ory Density | Cortent [ Liquid - Plastleity Rax | mum Passing Lags than bry Molsture travity Type
Content |Denslty Limit Index . Slze K200 .U Dentity ' | Content te,/ye, em,/sac,
(%) | tpef) 1 (pef) {%) (%) (%) _(1) L) {pef) (x) .
h?; 9-9} 6.8 22 8 3/3 In, 60 Sandy Clay
b2 [1e1sd | 7.6 26/ 10 3/8 I, 73 Sandy Clay
43 Jr1a12 12,1 b / 22 #h 86 Claystor
Ly {134-164 10,0 16.9 0 24 3/8 1n, 85 i 104, 1 5.8 0.024 | 2.3x10% | 2,62 Claystons
by 647 7.5 10 /7 1 3/8 1n, < 79 Caleareous’
Sandy Clay
46 0.2 12.) 22 6 #16 76 Sandy Clayey
siit
A | se54 30 7 9 /8 1n, 65 Sandy Clay
%9 5.7 110.7 15.6 15/ 9 #16 71 105,2 13.9 0.3) 3, 221078 sandy Clay
/{9 J4=15 8 5 #8 55 Calcareous
Sandy S11t
sh | 0-2 12,1 23 9 Hy * 6k Sandy Clay
55 5.5} 7.8 28 < 1h #30 71 Sandy Clay
55 194-10% 28 / 13 Kb 71 Sandy Clay
o | sges 12,5 ' 35/ " h 75 Hadrs Sty
61 0-1 1.5 21 4 K16 75 Sandy SI1t
62 1t-114% 8.1 Np 1 in, L1 Caleareous
sand r.}
63 4-6 30/ 1h #8 68 Sandy €. ¥
y
65 | 1-2 9.0 NP #16 bl sty s
68 7408 8,6 28/ 13 48 67 Sandy Clay
- Y 27 4 14 In. L Calcareous
70 34 6. d sand & Sitt
72 0-2 12,2 22 8 A1) 59 Sandy Clay
. 1.4 w7/ 25 #l 75 Veathersd
75 10-11 Claystone
75 12-1h bs 22 #1é 93 Claystone
L
#16 406

W



TABLE 11
LABORATORY PERMEABILITY TEST RESULTS
Compaction
_A_
sample Soll Type CDry Molsturae ¥ of Surcharge Permeablllty
Denslity Content ASTH D698 Pressure
(pcf) (%) (psf) (Fe/Yr) (Cm/$
TH 29 0'-5 Sandy Silt 1.6 16.4 95 >00 0.57 5.5 "
TH 5 8 74'-10" Calcareous Sllty Clay 102.1 22.0 101 500 0.085 8.2
TH 12 ¢ 2'~5' Weatharad Claystone 95.0 ~18.3 8l 500 0.068 6.6x10
TH 15 @ 14'-44' | Calcareous Sandy Clay 103. 4 18.0 97 500 0.012 1.2x10
TH 19 @ 0'=3"' Sandy, Clayey SIlt 109.9 12.4 9l 500 0.035 3.hx10
N -
TH 37 @ 0'-b! Sandy, Clayey Silt 110.5° 11.5 93 500 0.63 6.1x10
TH 38 @ 5'-7! Sandy Clay 102.4 17.9 92 500 0.04] .0x10
TH 40 @ h'-54' | Sandy Clay 106.4 16.4 97 500 0.017 1.6x10
TH 43 @ 13}-164'] Claystone 104, 15.8 95 500 0.024 2.3x10
TH 49 @ 5'-7' | Sandy Clay 105.2 13.9 95 500 0.33 3.20 )

%i/ﬁ
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Freeze/Thaw Evaluation

E EA=E= Fnvironmental
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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 site. Only frost depth is evaluated since
this would have the greatest impact on cover integrity (i.e. increasing permeability
or damage by frost heave).

A digital computer program of the modified Berggren equation for calculating the
depth of freeze or thaw in a multi-layered soil system was used for purposes
presented in this calculation. This method, used for determining the frost depth, is
considered adequate for Uranium Mill Tailings Remedial Action (UMTRA)
Projects by the U.S. Department of Energy for the following reasons:

o It calculates depth of frost based on a zero degrees Celsius isotherm, whereas
the frozen front occurs some distance above this line.

e Extrapolation of current weather records beyond 200 years is not reliable.

e Extreme changes in temperatures for the 1,000 year design life are not
anticipated based on geomorphic evidence.

Parameters for the cover materials based on accepted methods and existing
database values previously collected, were input into the computer modeling
program to determine the depth of frost penetration. A cover thickness of 2 feet
random fill over 1 foot of compacted clay (as determined by HELP and RADON
computer modeling) was used.

Assumptions: The model assumes:

e One-dimensional heat flow with the entire soil mass at its mean annual
temperature prior to the start of the freezing season.

e At the start of the freezing season, the surface temperature changes suddenly
from the mean annual temperature to a temperature below freezing and
remains at this temperature throughout the entire freezing season.

e The effect of latent heat is considered as a heat sink at the moving frost line.

e Soil freezes at a temperature of 32 degrees Fahrenheit.

c:\efn-white\freeze2.clc {9/11/96}
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Chkd By TAm Dateq[1\ 14, Effect of Freezing on Tailings Cover Proj No_6111-001
Results: The total frost penetration depth is less than 6.8 inches. Therefore, the 2-foot

layer of random fill will provide adequate protection to the underlying 1-foot clay
layer. See Appendix A for computer modeling results.

Parameters: The computer program requires input of the following parameters for the soil
cover layers:
- freezing index (degree);
- length of season (days);
- mean annual temperature (degrees Fahrenheit);
- n-factor;
- layer thickness' (inches);
- water content (percent);
- dry unit weight (Ibs/cubic foot);
- heat capacity (Btu/cubic foot-deg F);
- thermal conductivity (Btw/foot-hour-deg F), and;
- latent heat of fusion (Btu/cubic foot).

Freezing Index/Length of Season/Mean Annual Temperature

Default values from Grand Junction, Colorado were used for the freezing index and length of
season. Grand Junction, Colorado was used for default parameters since it is similar in elevation
and climate to Blanding Utah. An actual mean annual temperature for Blanding Utah from
Dames & Moore (1978) was used for modeling purposes (see Appendix B).

N-factor

A default n-factor of 0.70 for sand and gravel surface type was used as per recommended in the
freeze/thaw model guidelines (Aitken and Berg, 1968).

Soil type

Soil type was considered to be fine grained soil for both cover layers. Soil type number is 5.

c:\efn-white\freeze2.clc {9/12/96]
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Layer thickness’

The thickness of the cover materials were determined by infiltration and radon flux modeling
programs to be 2 feet of random fill over 1 foot of clay. For this calculation, a single 36-inch
layer was used. This was used because the random fill and clay soil have very similar properties.

Moisture Content
74
Optimum moisture content from Chen and Associates (1987) and Advanced Terra Testing (1996)

was used for the random fill and the clay (UT-1) layer respectively. This data is included in
Appendix B.

Optimum moisture content:
random fill =11.8%
clay =13.9%

A weighted averaged moisture content of 12.5 percent was used for this analysis.

Soil Density

Soil dry density was determined from Chen and Associates (1987) for random fill and Advanced
Terra Testing (1996) for clay. The maximum dry density for the random fill was measured to be
120.2 pounds per cubic foot (pcf) and the maximum dry density for the clay was measured to be
113.5 pcf . Assuming the soil will be compacted to 95 percent of the maximum density, the
weighted average bulk soil density would be 112 pcf.

Heat Capacity

Based on the nomographs presented in Aitken and Berg (1968) and included herein as Figure 1,
using an average soil density of 112 pcf and an average moisture content of 12.5 percent yields a
heat capacity of 30 Btw/ft’ ° F.

Thermal Conductivity

Thermal conductivity of the soil cover was assumed to be similar to that for a dry sand. The
thermal conductivity of a dry sand is reported to be 0.19 Btw/ hr. ft °F (Perry, Robert H. et al.,
1984) (see Table 1).
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Latent Heat

Based on the nomographs presented in Aitken and Berg (1968) and included herein as Figure 1,
using an average soil density of 112 pcf and an average moisture content of 12.5 percent yields a
Latent Heat of 2000 Bt/ ft .

References:

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

Aitken, George W. and Berg, Richard L., 1968, “Digital Solution of Modified Berggren Equation
to Calculate Depths of Freeze or Thaw in Multilayered Systems”, October, 1968.

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.

Perry, Robert H. et al., 1984. “Perry’s Chemical Engineers’ Handbook, Sixth Edition”, McGraw
Hill Book Company, 1984.

U.S. Department of Energy, 1988, “Effect of Freezing and Thawing on UMTRA Covers”
Albuquerque, New Mexico, October 1988.

c:\efn-white\freeze2.cic [9/12/96]



3260 Pi CAL AND CHEMICAL DATA

Taore A

~FABHE-8+998 Thermal Conductivities of Sorme Building and Insulating Materials*
k = Btu/(h-{t})(°F/ft)

Apparent A ppareat] T
ensity casity
», Ib.fcu. . o, Ib./cu.
Material ft.at |1, °C. k Material ft.at ¢ +C. t
room
tempera-
ture
85 | 10| 0.003 B N
Bo| 0% /|
120 2 .43 R 30 1026
sss [ s 0% 4] 3 0%
"2 ol o8z o1 381 ‘o
12 601 114 0| e 082
2.3 |-200 .043 17.2 204 040
2.3 [ 0% - 12.2 871 074
3% 0 .087 molded pipe covering (Note 2). ............. 26.0 204 051
3% 100 m 260 | 81 “088
36 200 A0 4 vol. calcined earth and 1 vol. cement, poured
36 400 RY.) and fired (Note 2) .8 204 16
43.5 {—200 0% . 871 n
4.5 0 135 Y Dolomite............ooveniiiiiiiiiiaa.., 50 10 3
0.2 38 025 | Ebonite............... 0.10 i
177 038 Eoamel, silicate........ 0.50.75
...... 6-100] 041 Felt, wool ............. 30 0.03
132 20 43 Fiber insulating board 2 02
Fiber, red............. 20 ¥
(with binder, baked) 20-97 097
...... 27 1.8 Gascarbon............ 0-100] 279
...... 1315 2.7 lass ... o] 0.240.73
us 0.62 Borosilicate type..... 30-75 0.63
115 1100 .63 Window glass - | 0.3-0.61
...... 4 Sods glasy........ .. s 0304
96.7 3.0 Gragite............... e 1023
200 67 Graphite, longitudinal.......... 201 95,
200 3 . powdered, through 100 mesh 41 0104
200 1315 1.0 Gypsum (molded and dry) 20 5
Diatomaceous earth, patural, scroes strata Hair felt (perpendicular to fibers) 30 o
Note2).....ooooviiii i, .7 204 0.051 Tee..oooo i 0 N
2.7 871 .77 »
tomaceous, natursl, paralld to strata 0.020
WNote2)....oo 77 | 204 681 © 038
2.7 871 106 .- 49
Diatomaceous earth, molded and fired (Note 2) ﬁ %}: .:g I 092
4 el
Diatomaceous earth aod clay, molded and |~} " e .o o * T T 10 30 .o
fired (Note 2)......ooeemsnnnnn . 23 ) 4 14 csia (powdered). ... 9.7 Y ‘33
423 &7 .19 Magnesia t carbonate)............... .. 13 2 0.03¢
earth, high burn, large pores Magnesium oxide (compressed). .. __.......... 49.9 20 .32
Note3)......o.ocoaiiiii ... 37 .13 Marble............... e b L2107
37 1000 B = 50 0.25
Fire clay (Missourd)........ooouevnoa b T 200 .58 10.033-9.05
600 .85 0.0225
1000 .95 024 A
1400 1.02 075
Kaolin insolating brick (Note 3)............ z 500 0.15 W4 5
Kaolin insulating Sirebeick (Note 4) g lgg %0 3"
in i i ick (Note 4).......... .9 K
19 760 H3 0.88 b
Magnesite (86.8% MO, 63% Ferl, 3% %0 .7
C0,26% 8i0 by wt),............ 0.0 158 204 22 .14 4
158 60| 16 . 05
158 1200 1.1 og E
Ri 5
Silicon carbide brick, recrystallised (Note 3)..{ 129 6001 107 21 092 %
’ 19 800 9.2 Ad 0, 3
129 1000 8.0 X . 3
19 1200 7.0 0.03 P
19 1400 6.3
Calcium earbonate, natural................... 162 30 13 .02
White marble.............o00 00000 T .. 1.7 0%
.............................. 0.4 064
Calcium sulfate (45,0), artifical. . ... 0" 22 0n
plaster (actificaal).... ... 0000 132 75 .43 .86
(building)............... ... .00 779 2 .25 27
Cambric (varpished).....................00 1 T 38 091 0.09-0.097 ;
Carbon, gas........... ... ... LT 0-1000 2.0 0.16
94 —184] 0.55 .08
{ 0 3.6 04
........... 0.037 034
A2
043 0.025-0.03
051 0.12
Clinker (granular). g i
Coke, petroleam......... ... 3; ?g]
Coke, petroleum (20-100 mesh). 0.55 062
Coke &wdcred) ............. At
Concrete (cinder). . .20 2
fstone)............. .54 021
(1:4 dry) 44
Marks, “ Mechanical

ceTs

. E!;,gi_n‘ * Handbook,™ 4th ed., McGraw-Hill, New York, 1941, ““Internstional Critical Tables,” McGraw-Hill, 1929, and other sources.
For sdditional data, ueezpp. 458-459.

Note 1: B. Kamp [,
treatise on Formsation and Properties of Boiler Scale.
Note 2: Townahend and Wi hem, & Met., 39, 219 (1932).

Note 3: Norton, “Refractories,” 24 ed., McGraw-Hill, New Yock, 1942,
Note 4: Norton, private communication.

Ree: Peeeys THEMICAL Evaweeps ' HADBOOK 1434
e Edmony.

- Lech. Physik, 12, 30 (1931)] shows the effect of increased porosity in decreasing thermal conductivity of boiler scale. Partridge [University
of Michigan, Eng. Rescarch Bull. 15, l93CO}lnapub' ed & 170- For it

En
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8 DIGITAL SOLUTION OF MODIFIED BERGGREN EQUATION
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Figure 8. Average volumetric heat capacity [or soils (after Aldrich and Paynter, 19531
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Appendix A
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WEATHER STATIONS in Colorado:

Design Hean

Freezing Anmual

Index Temp .

Station Location (°F days) °F)

1 = Alamosa 2274 41.3
2 = Buckley ANGB 577 50.3
3 = Colorado Springs 633 48.7
4 = Denver 629 56.3
5 = Grand Junction 1101 52.6
6 = Pueblo 676 52.3

Length
of
Freezing
Season
(days)

Enter the number representing the data you want:

(0 to input your oun data):

qlulak



\$

LOCATION and WEATHER DATA

Input weather data for your location in Colorado:

DESIGN AIR FREEZING Index (F-Days): 1101
MEAN ANNUAL TEMPERATURE (F): 49.8

LENGTH of FREEZING SEASON (Days): 86

Fwa
/Ex(\\l‘i\:



CHOGSE an APPROPRIATE N-FACTOR

N-Factor #*
Surface Type (Freezing)
1= Poffi nd: Cement (snou—free) 0.75
2 .= Asph 0.70
3:= 1.600
4= d:-Gravel (snou-free) 0.70
6= To,input your own N-Factor

eqer goﬁr option: ¥

Fany

% N-Factor varies:uwith lattitude, wind speed; cloud cover, and other
climatic conditiops;

AL
g4t
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INFORMATION for ‘#:WER 1:

Choose the appropriate soil type for this layer —

Portland Cement stabilized layer
fisphalt stabilized layer

Snou

Course—grained soil
Fine-grained soil

Insulating layer

Organic soil

N U W N
[T T R £ VN { I 1]

Enter your option: S

AUA
apw\k
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LAYER PARAMETERS

Default UValues
Parameters for LAYER 1, Fine-grained Ualues Used
Layer Thickness (inches) 2.0 36.0
Moisture Content: (% dry weight) 17.0 12.5
Dry Umnit Ueigh@fg}bS/cubic foot) 122.0 112.0
Heat Capacity téfﬁzcubic foot °F) *» 29.5 36.0
Thernal COnductj;itg (Btufoot hour °F) =  0.99 0.19
Latent Heat of;Fusion (Btuscubic foot) * 2016.0 2000

* rccalculated'based upon new MOISTURE CONTENT-WEIGHT value(s).

...<return> for Defauit Values...

Thm
Qfuly



%/

Summary: MODIFIED BERGGREN SOLUTION

Design Freezing Index (AIR) = 1101 F-days
Design Freezing Index (SURFACE) = 7?71 F-days
Mean Annual Temperature = 49.8 °F
Length of Freezing Season = 86 Days
LAYER FREEZING INDEX DISTRIBUTION
LAYER THICKNESS
#: Type (inches) Each Layer ficcum Berggren
Calculations
1: Fine-grained < 6.8 145 € could not

TOTAL FROST PENETRATION =

6.8 inches

End of Frost Penetration

converge
Surface DFI

Do you want a hard copy of this data (Y or default N)7?

Trm
Al
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Appendix B
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40,

30 A

20+

TEMPERATURE (°C)

MONTHLY MEANS AND EXTREMES
OF TEMPERATURES
BLANDING, UTAH

MONTH
EXTREME
MAX.

MEAN
MAX.

MEAN
MEAN MIN

EXTREME
MIN,

A
(8>
>
D)

ANNUAL MEAN: 9.8°C
49.9 °F

A

(8>
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Table 3.4-1

Physical Properties of Tailings
and

Proposed Cover Materials

/R;;;n Fill

Clay

Clay

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

L PI Gravity Sieve (pcf) Content
28 6 2.85 46 104.0 18.1
22 7 2.67 48 120.2 11.8
29 14 2.69 56 121.3 12.1

36 19 2.75 68 108.7 18.5

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

Design of Erosion Protection layer of Riprap for the Cover of Uranium Tailings

An erosion protection layer of rock riprap is required to protect the soil cover for the uranium mill
tailings at Blanding, Utah. The cover is supposed to have a design life of 1000 years according to
requirements set by U.S. Nuclear Regulatory Commission [Ref: “Final Staff Technical Position -
Design of Erosion Protection Covers for Stabilization of Uranium Mill Tailings Sites”, 1990; U.S.
Nuclear Regulatory Commission (U.S.N.R.C.)]. Hence the erosion protection layer should be
designed accordingly. A design for the stone size and overall riprap thickness required for erosion
protection is provided in this document.

METHODOLOGY:

The design for rock riprap for protection of top and side slopes of the cover is based on the
guidelines provided by the following documents:

a) “Methodologies for Evaluating Long-Term Stabilization Designs of Uranium Mill Tailings
Impoundments” (NUREG/CR-4620), 1986; U.S. Nuclear Regulatory Commission

b) “Final Staff Technical Position - Design of Erosion Protection Covers for Stabilization of
Uranium Mill Tailings Sites”, 1990; U.S. Nuclear Regulatory Commission (U.S.N.R.C.)

¢) “Development of Riprap Design Criteria by Riprap Testing in Flumes”(NUREG/CR-4651),
1987, U.S. Nuclear Regulatory Commission

The top of the cover and the side slopes will be designed separately as the side slopes are much
steeper than the top of the cover. Overland flow calculations will be determined based on the
guidelines set by Nuclear Regulatory Commission and the site data. The size of the riprap placed on
top of the tailings cover will be determined using the Safety Factor method (NUREG/CR-4651),
while the Stephenson method (NUREG/CR-4651) will be applied for those placed along the side
slopes.
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A:  Overland Flow Calculations

The methods for overland flow calculations are same for top and side slopes of the cover. The
results have been tabulated under Table 1A and 2A respectively. The formulas, methodologies and
equations used for overland flow calculations are discussed in this part of the document. The
calculations are based on unit width of drainage area.

Average Slope ‘S’ and Length of drainage basin ‘I.’: Figure 1 shows the direction of drainage for
cells 2, 3 & 4. Table 1A calculates the flow parameters by varying slopes and slope lengths of cells
2, 3 & 4. Runoff and flow calculations have been provided for slopes ranging from 0.001 to 0.008
for cells 2 and 4 and from 0.001 to 0.005 for cell 3. As the slopes are very gentle, for each cell the
drainage length varies negligibly and hence has been considered constant for calculation purpose.
The drainage lengths have been measured from the site map. For erosion protection design of the
side slopes, a side slope of SH:1V and the maximum value of drainage lengths for cells 2, 3 & 4
have been considered ( Table 2A).

Probable Maximum Precipitation (PMP): The 1-hour local storm PMP for White Mesa is 7.76
inches (data from NOAA, 1977).

Time of Concentration of Rainfall, T.:

0.77 0.77

T, = 0,00013§f§5—h0urs = 0.00013§——- x 60mins (Ref: Equation 4.44 in NUREG/CR-4620)

0.385

where, S = average slope of drainage basin and L = length of drainage basin in feet
The percentage of 1-hour precipitation is obtained by interpolating from Table 2.1 of NUREG/CR-
4620. The minimum value of T, used in this table is 2.5 minutes.

% PMP: The percentage for 1-hour precipitation (PMP) is obtained by interpolating from table 2.1
of NUREG/CR-4620.

Rainfall Depth:
Precipitation Amount (inches) = % PMP x PMP = % of 1-hour precipitation x PMP (Ref: Eqn. 2.1,
NUREG/CR-4620).

Precipitation intensity, ‘i’
Precipitation intensity in inches/hour can be computed as (Ref: Eqn. 2.2, NUREG/CR-4620):
i = rainfall depth (inches) x [60 / {rainfall duration T, (minute)} ]

Runoff Coefficient, C: Runoff coefficient depends on climatic conditions, the type of terrain,
permeability, and storage potential of the basin. Runoff Coefficient has been assumed to be 0.8 for
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the top of cover and the side slopes (Ref: Appendix D, section 2.4 (Example) in “Final Staff
Technical Position”, U.S.N.R.C.).

Unit Area, A: Area of 1-ft wide drainage basin
A = Length of drainage basin (ft.) x width (ft.) =L x 1 sq. ft. = [ Lx1/(43560)] Acres

Peak discharge per unit width for the drainage basin, g:
By Rational method, q = CiA, where C, i & A have their usual meanings [q in cu. ft./sec (cfs), 1 in
inches/hour and A in acres] (Ref: Eqns. 4.42 and 4.43, NUREG/CR-4620).

Flow Concentration Factor:

From section 4.9 of NUREG/CR-4620, “...it is reasonable to assume that values between 2 and 3
are attainable with only a slight evolutionary change in cover.” Thus, a flow concentration factor of
3 and 2 have been assumed for top and side slopes respectively (as the top of cover is flatter than the

side slopes, it has been assumed that concentration of flow will be higher on the top than along the
side slopes).

Concentrated discharge per unit width for the drainage basin, g.:
q. (cu. ft./sec) = q x flow concentration factor

Manning’s Roughness coefficient, n:
Assumed n = 0.03 for graded loam to cobbles (Ref: table 4.2, NUREG/CR-4620)

Denth of water, D:

Depth of water in ft.,D = [T%é%\l—}_—s—}s (Ref: Eqn. 4.46, NUREG/CR-4620), where q. is in cu. ft./sec

Permissible Velocity:
The cover permissible velocity is between 5 to 6 ft./sec (Ref: section 4.11.3, NUREG/CR-4620)

Flow Velocity. V:

Using continuity equation,

discharge = velocity x cross-sectional area
oq, = Vx (D xunit width) = VxDx1

- V(in ft./sec) = 4
Dx1
For all the calculations provided in Table 1A and 2A for top of cover and side slopes respectively,

Vdcvelopcd < Vpermissiblc
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B.1 Preliminary Size (Dso) of Riprap along Top of Cover

According to recommendations by U.S.N.R.C. [Ref: Appendix D, section 2.2 (step 5), “Final Staff
Technical Position], recent studies have indicated that Safety Factor method is more applicable for
designing rock for slopes less than 10%. The slopes along top of the cover for all the cells 2, 3 and 4

do not exceed 10%. Hence the Safety Factor method has been adopted to calculate the median
diameter Dy, of the rock particles used for riprap.

According to the Safety Factor method for determination of stone size, if the Safety Factor (S.F.) is
greater than unity, the riprap is considered to be safe from failure (Ref: Section 3.4.1,“Development
of Riprap Design Criteria by Riprap Testing in Flumes”, NUREG/CR-4651). For calculations to
determine the riprap size for top of cover, a safety factor of 1.1 has been assumed and the Ds,

corresponding to this safety factor has been computed. Table 1B tabulates the results for the safety
factor method.

The equations 3.5 through 3.9 of NUREG/CR-4651 (see appendix) for Safety Factor method are
provided below :

cosO tan¢
n tand + sind cosP

' n[l +sin(A + [5):‘

SF= - ————— e eqn. A, (eqn. 3.5 of NUREG/CR-4651)

.......................... eqn. B; (eqn. 3.6 of NUREG/CR-4651)

2
21t
N = e eqn. C; (eqn. 3.7 of NUREG/CR-4651)
(Gs - 1)')/ w x DSO
To =Y DS eqn. Dy (eqn. 3.8 of NUREG/CR-4651)
4 CosA
B=tan | =———F—| s eqn. E; (eqn 3.9 of NUREG/CR-4651)
2sinf .
+ SinA
n tang
where,
A = angle between a horizontal line and the velocity vector compoment measured in the plane
of side slope (refer to fig. 3.10f NUREG/CR-4651)
0 = side slope angle
S = side slope =tan 6
) = angle of repose (friction angle) of rock
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Ty = bed shear stress

Ds,  =representative stone size

G = Specific gravity or relative density of the rock

D = depth of flow

Yw = specific weight of the liquid (in this case, water)

n &n’ = stability numbers

B = angle between vector component of the weight, Ws, directed down the side slope and the

direction of particle movement

For top of the cover, as slopes are very gentle, for all practical purposes, A can be considered to be
equal to zero (Ref: pg 22, NUREG/CR-4651)

Thus for A=0:cosA=1,sin A= 0.

Hence, equation 3.9 of NUREG/CR-4651 can be reduced to

B = m-'[g-ti’%] ........................................ eqn E, (eqn 3.10 of NUREG/CR-4651)
sin
Also, equation 3.6 of NUREG/CR-4651 can be reduced to
. 1+ sin

n:‘q[ 5 B} .......................................... eqn. B,
) = 40° (see Table 3)
G, = 2.48 (see Table 3)
Yo ~ =6241b/M

The values for depth of water ‘D’ have been computed in Table 1A. Table 1B provides the

preliminary Dsq size for each of cells 2, 3 & 4 by varying the slope and the length of the drainage
basin.

Dsqcalculated by CSU method

According to CSU method (Ref: NUREG/CR-4651, Phase-11),

Dy =5.23 x (slope)o‘43 X (discharge)o‘56

The results of Dy, computed by CSU method have been included in table 1B (values of discharge
have been computed in table 1A to compare with those obtained by Safety Factor method.
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B.2 Preliminary Size (Dso) of Riprap along Side Slopes

According to recommendations by U.S.N.R.C. (Ref: Appendix D, section 2.2 (step 5), “Final Staff
Technical Position”), recent studies have indicated that Stephenson method is more applicable for
designing rock for slopes less than 10%. As the side slopes (SH:1V) have a value of S=1/5=02 =
20%(>10%), the Stephenson method (Ref: “Development of Riprap Design Criteria by Riprap
Testing in Flumes”, NUREG/ CR-4651) will be most appropriate.

By Stephenson method, the median size for rock, Dy is given by the following equation (Ref: eqn.
3.15, NUREG/CR-4651):

2
7 1 3
q.(tan6)® x n s
Dy, = : H
Cyg x[(1 - n,)(G, —1)(cosd)(tand — tand )*
where, q, = Concentrated discharge in cu. ft./sec
0 = Slope angle = tan™ (S) = tan™ (0.2) = 11.31°
¢ = Friction angle of the rock = 40° (see Table 3)
G, = Relative Density of the rock = 2.48 (see Table 3)
g = Acceleration due to gravity = 32.2 ft./sec?
n, = Porosity of the rock = 0.30 (for sandstone) [Ref: (a) “Origin of Sedimentary
Rocks” and (b) Table 3
C = Empirical factor [ 0.22 for gravel/pebble and 0.27 for crushed granite]
Also, K = Qliver’s constant [1.2 for gravel and 1.8 for crushed rock]

The results for q, from table 2A have been substituted into the above equation and the solution

tabulated in table 2B. The value of Ds, has been multiplied by the Oliver’s constant K to insure
stability.

Dsg_calculated by CSU method
According to CSU method (Ref: NUREG/CR-4651, Phase-II),

Dgy=5.23 x (slope)o‘43 X (discharge)o'56
The results of Dy; computed by CSU method have been included in table 2B to compare with those
obtained by Stephenson method.
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C: Oversizing of Riprap based on durability and Overall Riprap Thickness

Cl Modification of Size (Dso) of Riprap based on Durability

Tables 3 and 4 include the properties of the rock to be used as protective cover material. Based on
these values and according to the scoring criteria set by U.S.N.R.C. (Ref: Appendix D, sections 6.2,
6.2.1,6.2.2 and table D-1 in “Final Staff Technical Position”), a rock rating analysis has been
provided in Table 4. The results show a rock rating of 55.74%, which according to U.S.N.R.C. can
be used for non critical areas like top slopes and side slopes.

Thus the oversizing required = 80-55.74 = 24.26%
[ref: (a) Appendix D, section 6.2.2B, “Final Staff Technical Position”; U.S.N.R.C. (oversizing

required based on a 80-rating), (b) Appendix D, section 6.4 (example), “Final Staff Technical
Position” and (c) Table 4.

However a oversizing factor of 25 % has been used. Thus the nominal diameter Dy, obtained in
tables 1B and 2B has been multiplied with 1.25 to obtain a modified rock size Ds, (tables 1C and

2C).

C.2 Overall Riprap Thickness

According to the Safety Factor method, it is recommended that the riprap thickness be at least 1.5
times the D, value whereas according to the Stephenson method the riprap thickness should be at

least 2 times the Ds, value. The results based on the above recommendations are shown in tables 1C
and 2C respectively.

RESULTS:

Results of the calculations have been tabulated under tables 1A, 1B, 1C, 2A, 2B, 2C respectively.
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Project #.  6111-001 Date: June 1896
Cllent: EFN, White Mesa Prepared by: KG
Location:  Blanding, Utah Checked by:
Overland Flow Caicuiations for Top Portlon of the Cover
Table 1A; Calculation for Runoff and Flow parameters
Maximum Average Drainags Area Manning's 1-hour Denlgn Time of Peak Concantrated
Length "L Stope per ft. run Roughness | precipitaton Storm Concentration,T¢ %PMP Rainfall Preclpitation | Runoft Flow Discharge | Discharge Depth of Flow Pearmissible
Cell No. | of Drainage 8" AszLxift Coefficient amount Caloulated value Minimum Value = % of 1-hour Depth intansity | Coefficient| Cancentra- | per unlt per unit water, "0" | Velocity,V = Velocity
Basin n (using Eqn.4.44, | value,based used preacipitation T e tion ft. width fi. width {eqn. 4.46, Discharge
(appx.) NUREG 4820) on table 2.1, (Table 2.1, Factor q=ClA qc NUREG 4820) [ c.s. Area
NUREG 4620 NUREG 4620
ft. ft.A sq. ft. | Acres inches minutes minutes minutes inches Inches/hr, cu.ft/sec. | cu.flisec. ft. f/ssc. fLisec.
1350 0.0080 1350 | 0.0310 0.03 7.76 PMP 12.88 25 12.88 68.90 5.35 24.92 0.8 3 0.62 1.85 0.593 3.13
1350 0.0072 1350 | 0.0310 0.03 7.76 PMP 13.41 2.5 13.41 70.18 5.45 24.37 0.8 3 0.60 1.81 0.604 3.00
2 1350 0.0070 1350 | 0.0310 0.03 7.76 PMP 13.65 25 13.58 70.53 5.47 24.23 0.8 3 0.60 1.80 0.807 297
1350 0.0060 1350 | 0.0310 0.03 7.7¢6 PMP 14.38 285 14.38 7252 5.63 23.48 08 3 0.58 1.75 0.624 2.80
1350 0.0050 1350 | 0.0310 0.03 1.76 PMP 15.43 2.5 15.43 74.69 5.80 22,54 0.8 3 0.56 1.68 0.643 2.61
1350 0.0040 1350 | 0.0310 0.03 7.76 PMP 16.81 25 16.81 76.90 6.97 21.30 0.8 3 0.63 1.58 0.664 2.38
1350 0.0030 1350 | 0.0310 0.03 7.76 PMP 18.78 25 18.78 80.06 6.21 19.84 0.8 3 0.49 1.48 0.694 213
1350 0.0020 1350 | 0.0310 0.03 7.76 PMP 21.96 25 21.96 83,37 8.47 17.68 038 3 0.44 1.31 0.731 1.80
1350 0.0010 1350 [ 0.0310 0.03 7.76 PMP 28.67 2.5 28.67 88.07 8.83 14.30 0.8 3 0.35 1.06 0.793 1.34
1100 0.0050 1100 | 0.0253 0.03 7.76 PMP 13.18 25 13.18 69.63 5.40 24.60 0.8 3 0.50 1.49 0.599 2,49
1100 0.0040 1100 | 0.0253 0.03 7.76 PMP 14.36 25 14.38 7247 5.62 23.49 0.8 3 0.47 1.42 0.623 2.28 5.6
3 1100 0.0030 1100 [ 0.0253 0.03 7.76 PMP 16.04 25 18.04 75.67 5.87 21.96 0.8 3 0.44 1.33 0.652 2.04
1100 0.0020 1100 | 0.0253 0.03 7.76 PMP 18.756 25 18.76 80.00 8.21 19.86 0.8 3 0.40 1.20 0.694 1.74
1100 0.0013 1100 | 0.0253 0.03 7.76 PMP 22.14 25 22.14 83.50 8.48 17.56 0.8 3 0.35 1.06 0.733 1.45
1100 0.0010 1100 { 0.0253 0.03 7.76 PMP 24.48 2.5 24.48 85,14 8.61 16.19 0.8 3 0.33 0.88 0.755 1.30
1250 0.0080 1250 | 0.0287 0.03 7.76 PMP 1213 25 12.13 67.12 5.21 25.75 0.8 3 0.59 1.77 0.577 3.07
1250 0.0070 1250 | 0.0287 0.03 7.76 PMP 12.77 25 12.77 68.66 5.33 25.02 0.8 3 0.57 172 0.591 2.92
4 1250 0.0060 1250 | 0.0287 0.03 7.76 PMP 13.56 25 13.66 70.53 5.47 24.23 0.8 3 0.56 1.67 0.607 275
1260 0.0057 1250 | 0.0287 0.03 7.76 PMP 13.83 25 13.83 71.18 5.52 23.97 0.8 3 0.56 1.65 0.612 270
1250 0.0050 1250 | 0.0287 0.03 7.7¢6 PMP 14.54 25 14.54 72.90 5.68 23.34 0.8 3 0.54 1.61 0.827 2.57
1250 0.0040 1250 | 0.0287 0.03 7.76 PMP 15,85 25 15.85 75.35 5.85 22.14 0.8 3 0.51 1.52 0.649 2.35
1250 0.0030 1250 | 0.0287 0.03 7.76 PMP 17.70 25 17.70 78.32 6.08 20.60 0.8 3 0.47 1.42 0.678 2.08
1250 0.0020 1250 | 0.0287 0.03 7.76 PMP 20.69 25 20.69 82.48 6.40 18.56 0.8 3 0.43 1.28 0.719 1.78
1250 0.0010 1250 { 0.0287 0.03 7.76 PMP 27.02 2.5 27.02 86.92 6.74 14.98 0.8 3 0.34 1.03 0.778 1.33
Rainfall % of 1-hr.
Ouration ; precipitation
(min.)
2.5 a5
5 45
10 82
15 74
20 82
30 88
45 85
80 100

Table 2.1 of NUREG 4820
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Project #: 6111:001

Date: June 199¢

Ciient: EFN, White Mess Propared by: KG
Location: Blanding, Utah Checked by:
Riprap Design for Top portion of the Cover
Table 18; Calculation for prellminary sizing of rprap, D5Q
Spaecitic Bed Rock Dt
Siope of Channel Depth of weight of | Shear gpecific | Angle of Do Safety by CSU
Celi Ro. s [] fow, O water Stress Graviy fiction A cosd | sin@ | cosr | sini | tane by n tanp p cos n Factor method
Y 1% DS G, ¢ Safety Factor method
A, Jegrees [3 v/eu | brsg R degress | degroes inches [ Gecrees inches
0.0080 0.468 0.563 82.4 0.298 248 40 o 1.000 | 0.008 | 1.000 | 0.000 | 0.838 08¢ 0.0741 0807 47,582 | 08.708 0.024 09007 .10 083
0.0072 0413 0.604 82.4 0.271 248 40 0 1.000 | 0,007 | 1.000 | 0.000} 0.838 082 0oes;: 0508 | 62920 | 8807 | 0019 opos| 1.10 087
2 0.0070 0.401 0.807 824 0.286 2.48 40 0 1.000 | 0.007 | 1.000 | 0.000} 0.838 0.80 0.088] 0910 64,520 | 08,949 0.018 0910; 1.10 o.es
0.0080 0.344 0624 82.4 0.233 249 40 [ 1.000 | 0.008 | 1.000 | 0.000} 0.839 070 0058! 0810 | 63634 | 89,100 { 0018 0910 1.10 0.79
0.0060 0280 0.643 62.4 0.201 248 40 o 1.000 | 0.008 | 1.000 ] 0,000 | 0.83¢ 0.80 0.060{ 0912 | 76518 | 89.2581 | 0.013 0912 1.0 0.72
0.0040 0.229 0.864 82.4 0.186 248 40 o 1000 | 0,004 | 1,000 | 0.000 1 0836 0.50 0.041| 0812 | 96061 | 88401 | 0010 0912( 1.10 0.83
0.0030 0.172 0.894 62.4 0.130 248 40 0 1.000 | 0.003 | 1.000 | 0.000 | 0.83¢ 030 0.033; 0900 [ 127,128 80.648 | 0.008 0.908f 1.10 0.53
0.0020 0.116 0.7M 62.4 0.081 248 40 Q 1000 | 0.002 | 1.000 | 0.000} 0839 0.29 0.023] 0906 | 189,975 | 80.808 0.008 0.008| 1.10 0.42
0.0010 0.057 0.793 82.4 0.048 2.48 40 4 1.000 | 0.001 | 1.000 | 0.000 | 0.838 0.18 0.012] 0912 { 382,876 | 89.850 0.003 0.912] 1.10 0.28
0.0060 0.288 0.599 82.4 0.187 248 40 0 7,000 | 0,005 | 1.000 | 0.000 | 0.839 0.68 0.047] 0811 | 76416 | 69.260 | 0.013 0811 130 0.87
0.0040 0.22¢ 0.823 024 0.166 2.48 40 [ 1.000 | 0.004 | 1.000 { 0.000 | 0.83¢ 0.47 0.030f 0913 98,721 § 89.401 0.010 0813| 110 0,80
3 0.0030 0.472 0862 82.4 0.422 248 40 [} 1.000 | 0.003 | 1.000 | 0.000 ; 0.839 037 0.030]| 0.013 | 127,681 | 80.581 0.008 0913; 110 050
0.0020 0.116 0.6984 624 0.087 248 40 0 1.000 | 0.002 | 1.000 | 0.000 | 0.839 0.28 0.022} 0908 ; 190.587 ; £9.699 0.006 0.808] 1.10 0.40
0.0013 0.074 0,733 82.4 0.058 2.48 40 ] 1.000 | 0.001 | 1.000 | 0.000 ] 0.839 0.18 0.018] 0812 | 204.19¢ | 89.805 0.003 0912] 1.10 0.31
0,000 0.057 0.766 82.4 0.047 248 40 0 1.000 | 0.001 } 1.000 | 0.000| 0.839 0.14 00121 0.808 | 370.944 | 89.948 0.003 09081 1.40 0.27.
0.0080 0.468 0.577 824 0.288 2.48 40 [} 1.000 | 0.008 | 1.000 | 0,000 } 0.838 0.87 0.072] 0.808 47866 | 66.799 3.621 0.800: 1.10 090
0.0070 0.401 0.891 824 0.256 2.48 40 4 1.000 | 0.007 | 1.000 } 0.000 | 0.838 0.76 0.086) 0.908 54.450 | 88.948 0018 opo8} 110 0.84
4 0.0080 0.344 0.807 62.4 0.227 248 40 ] 1.000 | 0.006 | 1.000 | 0.000 | 0.839 o.ee 0.087} 0912 63.742 | 89.101 0.018 0912 10 0.77
0.0057 0327 0812 62.4 0.218 248 40 [ 1.000 | 0.008 | 1,000 | 0.000} 0839 068 0086] 0907 | 88776 [ 89.442 | 0015 0907} 1.0 076
0.0060 0.206 0.627 82.4 0.198 248 40 [ 1.000 | 0,006 | 1.000 | 0.000 | 0.838 0.58 0.049] 0912 76.531 | 89.281 0.013 0912 110 0.70
0.0040 0.228 0.846 62.4 0.182 248 40 0 1,000 | 0004 § 1.000 1 0.000 | 0839 048 00400 0912 96.624 | 89,401 0.010 0912{ 1.10 0.82
0.0030 0.172 0.878 824 0127 248 40 0 1.000 { 0.003 | 1.000 | 0.000 | 0.838 0.38 0.032{ 0.91% 127.413 ) 88.580 0.008 00 1.10 0.52
£.0020 G115 0718 824 00080 248 40 0 1000 | 0002 | 1000 { 0.000} 0.839 027 0.023| 0.907 | 190.227 | 80.699 0.008 0907} 110 041
0.0010 0.087 0.778 82.4 0.048 2.48 40 0 1.000 | 0.001 | 1.000 | 0.000 | 0.839 0,15 0.012] 0.908 | 380.782 | 88.850 0.003 0.908] 1.10 0.27

Do Oversizing Modifiad [Thicknes [ Overal
Slope of | based oniFactor based on| Do of Rlprap | Rlprep
Cefl No. | channel Salety Rock Quality aker layer Thickness
s Factor | (rom previous |oversizing| =1.5x0s0 | suggested
Method raport)

A inches inches | inches inches
0.0080 0.88 1.26 1.14 1,87
0.0072 0.82 1.26 1.02 1.63
0.c070 0.80 1.25 0.88 1.48
2 0.0060 0.70 125 0.88 1.4
0.0060 .80 1.26 0.75 143
0.0040 0.50 1.25 0.82 0.83
0.0030 0.38 1.25 0.48 673
0.0020 028 1.25 0.34 0.52
0.0010 0.18 1.25 0.18 0.28
0.0050 0.68 1.25 0.70 1.08
0.0040 0.47 1.25 058 0.87

3 0.0030 0.37 128 0.48 0.88 3

0.0020 026 1.25 033 0.48
0.0013 0.18 1.25 0.22 0.3
0.0010 0.14 1.28 0.18 0.27
0.0080 o.87 1.25 1.08 1.82
0.0070 0.78 1.26 087 1.48
0.0060 0.88 1.26 0.88 1.28
0.0087 0.68 1.26 0.82 1.23
4 0.0060 0.68 1.26 0.7 1.10
0.0040 0.48 1.26 0.81 0.81
0.0030 0.38 1.26 0.48 on
0.0020 027 1.25 0.34 051
0.0010 0.16 1.25 0.18 0.27

WMARMOR2.XLS

Table 1C: Diametar of Riprap modified based on durablllty, and Overail Riprap Thickness
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TITAN ENVIRONMENTAL

Project#  6111-001 Date: June 1996
Client: EFN, White Mesa Prepared by: KG
Location: Blanding, Utah Checked by:
Overiand Flow Calculations for Side Siopes of the Cover
Table 2A; Calcutation for Runoff and Flow parameters
Maximum Average Time of % PMP Precipitation | Precipitation{ Runoff Flow Peak Concentrated Depth of Flow Parmissible
Length, "L" Slope Drainage Area Manning's 1-hour Design Concentration, T¢ % of 1-hour Amount intensity | Coefficient | Concentra-{ Discharga | Discharge water, "D" | Velocity,V = Velocity
of Drainage °s" per fi. run Roughness | precipitation | storm | Calculated value |  Minimum value Value | precipitation it c” tion per unit per unit (eqn. 4.46, | Discharge | (sec.4.11.3 of
Basin A=zLx1R Coefficient amount (using Eqn.4.44, | based on table 2.1, | used {Table 2.1, Factor ft. width ft. width NUREG 4620) | c.s. Area | (NUREG 4520)
(appx) n NUREG 4620) NUREG 4620 NUREG 4620 q = CiA G
ft. A sq. ft. Acres inches minutes minutes minutes inches inches/r. cu.ft/sec. | cu.ft/sec. R fl./sec. fl/sec.
275 0.2000 275 0.0063 0.03 7.76 PMP 1.10 25 25 27.5 213 51.22 0.8 2 0.26 0.52 0.105 4.93 5-6
Rainfal} % of 1-hr.
Duration precipitation
(min.)
2.5 27.5
5 45
10 62
15 74
20 82
30 89
45 95
60 100

WMARMOR2.XLS
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TITAN ENVIRONMENTAL

Project# 6111-001

Date: June 1996

Client: EFN, White Mesa Prepared by: KG
Location:  Blanding, Utah Checked by:
Riprap Design for Side Slopes of the Cover
Table 2B: Calculation for preliminary sizing of ripr:
Slope of Channel Angle of friction | Concentrated | Relative density Stephenson Dso by Stephenson Method Oliver's Modified | Dso based
for rock discharge per of Rock Porosity Type of Constant tan 6 cos @ tan ¢ (Egn. 4.28 of Constant Dso on CSU
S 2 [ unit ft. width, q. G, n, Riprap [of NUREG 4620) K method
ft./ft. degrees degrees cu. ft./sec ft. inches inches ft.
0.200 11.310 40 0.52 2.48 0.3 gravel/pebbles 0.22 0.200 0.981 0.839 0.22 2.70 1.2 3.235 1.81
0.200 11.310 40 0.52 248 0.3 crushed granite 0.27 0.200 0.981 0.839 0.20 2.35 1.8 4.234 1.81

Table 2C: Diameter of Riprap modified based on_durability, and Qverall Riprap Thickness

Dso Oversizing Modified Thickness Overall
Slope of | based on | Factor based on Dso of Riprap Riprap Type of
channel | Stephenson| Rock Quality after layer Thickness Riprap
S Method (from previous oversizing =2x Dso suggested
report)

fLift. inches inches inches inches

0.200 3.235 1.25 4.04 8.09 12 gravel/pebbles

0.200 4.234 1.25 5.29 10.58 12 crushed granite

WMARMOR2.XLS



TABLE 3

N B “ 2

N N AR EE

D B M

~np— Ea— S W

WHITE MESA CHANNEL A ROCK APRON WITH 24%

RIPRAP SIZING — STEPHENSON'S METHOD OVERSIZE
ENTER

UNIT FLOW RATE *g" 427 CFS/FT

ROCKFILL POROSITY — n 0.3

SLOPE ANGLE 11.3 DEGREES

FRICTION ANGLE (UDEGREES |

SPECIFIC GRAVITY OF ROCK

D—100 (BASED ON 1.25xD50) 12.00 INCHES  14.88°

D—50 960 INCHES  12.6*

WHITE MESA CHANNEL B ROCK APRON
RIPRAP SIZING — STEPHENSON'S METHOD

ENTER

UNIT FLOW RATE *g* 3.26 CFS/FT
ROCKFILL POROSITY - n

SLOPE ANGLE 11.3 DEGREES
FRICTION ANGLE 40 DEGREES
SPECIFIC GRAVITY OF ROCK 2.48

D—100 (BASED ON 1.5xD50) 12.03 INCHES  14.9"
D—50 8.02 INCHES  9.94°



THALE o

NRC SCORING CRITERIA FOR DETERMINING ROCK QUALITY
WHITE MESA ROCK PROTECTION

ROCK TYPE

Limestone = 1
Sandstone = 2
Igneous = 3

TEST SCORE * MAX.

LABORATORY TEST RESULT SCORE WEIGHT WEIGHT SCORE
Specific Gravity 2.48 4.60 6 27.60 60.00
Absorption, % 1.75 3.50 5 17.50 50.00
Sodium Sulfate, % 0.60 10.00 3 30.00 30.00
L/A Abrasion (100 revs), % 8.40 5.94 8 47.53 80.00
Schmidt Hammer 0.00 0.00 13 0.00 0.00
Tensile Strength, psi 0.00 0.00 4 0.00 0.00

ROCK RATING, %

RATING ANALYSIS:
Critical Areas— REJECTED
Oversizing, % =

Non—Critical Areas— OVERSIZING REQUIRED
Oversizing, % = 24
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FINAL
STAFF TECHNICAL POSITION
DESIGN OF EROSION PROTECTION COVERS FOR
STABILIZATION OF URANIUM MILL TAILINGS SITES

1. INTRODUCTION

Criteria and standards for environmental protection may be found in the
‘Uranium Mill Tailings Radiation Control Act (UMTRCA) of 1978 (PL 95-604) (see
Ref. 1) and 10 CFR Section 20.106, "Radioactivity in Effluents to Unrestricted
Areas." In 1983, the U. S. Environmental Protection Agency (EPA) established
standards (40 CFR Part 192) for the final stabilization of uranium mill
tailings for inactive (Title I) and active (Title II) sites. In 1980, the
United States Nuclear Regulatory Commission (NRC) promulgated regulations (10
CFR Part 40, Appendix A) for active sites and later revised Appendix A to
conform to the standards in 40 CFR Part 192. These standards and regulations
establish the criteria to be met in providing long-term stabilization.

These regulations also prescribe criteria for control of tailings. For
the purpose of this staff technical position (STP), control of tailings is
defined as providing an adequate cover to protect against exposure or erosion
of the tailings. To help licensees and applicants meet Federal guidelines,
this STP describes design practices the NRC staff has found acceptabie for
providing such protection for 200 to 1000 years and focuses principally on the
design of tailings covers to provide that protection.

Presently, very little information exists on designing covers to remain
effective for 1000 years. Numerous examples can be cited where covers for
protection of tailings embankments and other applications have experienced
significant erosion over relatively short periods (less than 50 years).
Experience with reclamation of coal-mining projects, ror example, indicates
that it is usually necessary to provide relatively flat slopes to maintain
overall site stability (Wells and Jercinovic, 1983, see Ref. 2).

Because of the basic lack of design experience and technical information
in this area, this position attempts to adapt standard hydraulic design methods
and empirical data to the design of erosion protection covers. The design
methods discussed here are based either on: (1) the use of documented
hydraulic procedures that are generally applicable in any area of hydraulic
design; or (2) the use of procedures developed by technical assistance
contractors specifically for long-term stability applications.

It should be emphasized that a standard industry practice for stabi]i;ing
tailings for 1000 years does not currently exist. However, standard practice
does exist for providing stable channel sections. This practice is widely used
to design drainage channels that do not erode when subjected to design flood
flows. Since an embankment slope can be treated as a wide channel, the §taff
concludes that the hydraulic design principles and practice associated with



2.1.2 Long-Term Stability

As required by 40 CFR 192.02 and 10 CFR Part 40, Appendix A, Criterion 6,
stabilization designs must provide reasonable assurance of control of
radiological hazards for a 1000-year perijod, to the extent practicable, but in
any case, for a minimum 200-year period. The NRC staff has concluded that the
risks from tailings could be accommodated by a design standard that requires
that there be reasonable assurance that the tailings remain stable for a period
of 1000 (or at least 200) years, preferably with reliance placed on passive

.controls (such as earth and rock covers), rather than routine maintenance.

2.1.3 Design for Minimal Maintenance

Criteria for tailings stabilization, with minimal reliance placed on
active maintenance, are established in 40 CFR Part 192 and 10 CFR Part 40,
Appendix A, Criteria 1 and 12. Criterion 1 of 10 CFR Part 40, Appendix A
specifically states that: “Tailings should be disposed of in a manner [such]
that no active maintenance is required to preserve conditions of the site."
Criterion 12 states that: "“The final disposition of tailings or wastes at

milling sites should be such that ongoing active maintenance is not necessary
to preserve isolation."

It is evident that remedial action designs are intended to last for a long
time, without the need for active maintenance. Therefore, in accordance with
regulatory requirements, the NRC staff has concluded that the goal of any
design for long-term stabilization to meet applicable design criteria should be

to provide overall site stability for very long time periods, with no reliance
placed on active maintenance. . '

For the purposes of this STP, active maintenance is defined as any
maintenance that is needed to assure that the design will meet specified
longevity requirements. Such maintenance includes even minor maintenance, such
as the addition of soil to small rills and gullifes. The question that must be
answered is whether longevity is dependent on the maintenance. If it {s
necessary to repair gullies, for example, to prevent their growth and ultimate

erosfon into tailings, then that maintenance is considered to be active
maintenance. )

2.1.4 Radon Release Limits

Titles 40 CFR 192.02 and 10 CFR Part 40, Appendix A require that earthen
covers be placed over tailings at the end of milling operations to limit
releases of radon-222 t& not more than an average of 20 picocuries per square

- meter per second (pCi/m“s), when averaged over the entire surface of the
disposal site and over at least a aone-year period, for the control pericd of
200 to 1000 years. Before placement of the cover, radon release rates are
calculated in designing the protective covers and barriers for uranium m111
tailings. Additionally, recent regulations promulgated under the Clean Air Act



design follows the procedure for a soil cover, because the layer is

predominantly soil, rather than rock.

2.2 Design Procedures

A step-by-step procedure for designing riprap for the top and side slopes
of a reclaimed pile is presented below:

Step 1. Oetermine the drainage areas for both the top slope and the side

slope. These drainage areas are normally computed on a unit-width
basis.

Step 2. ‘Determine time of concentration (tc).

The-;c is usually a difficult parameter to estimate in the design of
a rock layer. Based on a review of the various methods for
calculating tc, the KRC staff concludes that a method such as the
Kirpicﬁ method, as discussed by Nelson, et al. (1986, see Ref. D2),
should be used. The tc may be calculated using the formula:

tc = (11.9L3/H)'385 , where L = drainage length (in miles)

H = elevation difference (in feet)

Step 3. O<ternine Probable Maximum Floid (PMF) and Probable Maximum
Precipitatioa (PHMP).

Techniques for PMP determinations have been developed for the entire
United States, primarily by the Natianal QOceanographic and
Atmospheric Administration, in the form of hydrometeorological
reports for specific regions. These techniques are commonly accepted
and provide straightforward procedures for assessing rainfall

potential, with ainimal variability. Acceptable methods for

b-3



Step 4.

Step 5.

determining the total magnitude of the PMP and various PMP

intensities for specific times of concentration are given by Nelson,
et al. (1986, see Ref. D2, Seqtion 2.1).

Calculate peak flow rate.

The Rational Formula, as discussed by Nelson et al. (1986, see Ref.
02), may be used to calculate peak flow rates for these small
drainage areas. Other methods that are more precise are also

acceptable; the Rational Formula was chosen for its simplicity and
ease of computation.

Determine rock size.

Using the peak flow rate calculated in Step 4, the required 050 may
be determined. 'Recent studies performed for the NRC staff (Abt,

et al., 1988, see Ref. D3) have indicated that the Safety Factors
Hethod is more applicable for cesigning rock for slopes less than 10
percent and that.thg Stephenson Method is more applicable for slopes

greater than 10 percent. Other methods may also be used, if properly
justified.

2.3 Recommendations

Since it is unlikely that clogging of thelriprap voids will not occur over
a long period of time, it is suggested that no credit be taken for flow through

the riprap voids. Even if the voids become clogged, it is unlikely that

stability will be affected, as indicated by tests performed for the NRC staff
by Abt, et al. (1887, see Ref. 04).

If rounded rather than angular rock is used, some increase in the average

rock size may be necessary, since the rock will not be as stable.

Computational madels, such as the Safety Factors Method, provide stability

D-4



coefficients for different angles of repose of the material. The need for

oversizing of rounded rock is further discussed by Abt, et al. (1987, see Ref.
D4).

2.4 Example of Procedure Application

Determine the riprap requirements for a tailings pile top slope with a
length of 1000 feet and a slope of 0.02 and for the side slope with an
additional length of 250 feet and a slope of 0.2 (20 percent).

Step 1. The drainage areas for the top slope (Al) and the side slope

(A2) on a unit-width basis are computed as follows:

Al

(1000) (1) / 43560 = 0.023 acres

A2

i

(1000 + 250) (1) / 43560 = 0.029 acres.

Step 2. The tcs are individually computed for the top and side

slopes, using the Kirpich Method, as discussed by Nelson, et al.
(1986, see Ref. D2).

te = [(AL.9)(L)3 /M]3
For L = 1000 feet and H = 20 feat,

tc = 0.12 hours = 7.2 minutes for the top slope
For L = 250 feet and H = 50 feet,

tc = 1.0 minute for the side slope.

0-5



Therefore, the total tc for the side slope is equal to 7.2 + 1.0, or
8.2 minutes.

Step 3. The rainfall intensity is determined using procedures discussed
by Nelson, et al. (1986, see Ref. D2), based on a 7.2-minute PMP of
4.2 inches for the top slope and an 8.2-minute PMP of approximately
4.5 inches for the side slope. These incremental PMPs are based on a
one~hour PHP of 8.0 inches for northwestern New Mexico and were

derived using procedures'discussed by Nelson, et al. (1986, see Ref.
D2).

Rainfall intensities, for use in the Rational Formula, are computed
as follows:

il = (60)(4.2)/7.2 = 35 inches/hr for the top slope
iz = (60)(4.5)/8.2 = 33 inches/hr for the side slope.

Step 4. Assuming a runoff coefficient (C) of 0.8, the peak flow rates are
calculated using the Rational Formula, as follows:

Q1 = (0.8) (35) (0.023)

H

0.64 cfs/ft, for the top slope, and

Q2 = (0.8) (33) (0.029) 0.77 cfs/tt, for the side slope.

Step 5. Using the Safety Factors Method, the required rock size for the
pile top slope {s calculated to be:

050 = 0.6 inches. -

Using the Stephenson Method, the required rock size for the side

slopes is calculated to be:

D-6



050 = 3.1 inches.

2.5 Limitations

The use of the aforementioned procedures is widely applicable. The
Stephenson Method i{s an empirical approach and is not applicable to gentle
"slopes. The Safety fFactors Method is conservative for‘steep slopes. Other
methods may also be used, if properly justified.

3.  RIPRAP DESIGN FOR DIVERSION CHANNELS

3.1 Technical Basis

The Safety Factors Method or ather shear stress methods are generally
accepted as reliable methods for determining riprap requirements for channels.
These metﬁods are based on a comparison of the stresses exerted by the flood
flows with the allowable stress permitted by the rock. Documented methods are
readily available for determining flow depths and Manning “n* values.

3.2 Design Procedures

3.2.1 Normal Channel Designs

In designing the riprap for a diversion channel where there are no
particularly difficult erosion considerations, the design of the erosion

protection is relatively straightforward.

1. The Safety fFactors Method or other shear stress methods may be used

to determine the riprap requirements.

2. The peak shear stress should be used for design purposes and can be

determined ty substituting the value of the depth of flow (y) in the shear

D-7



6. OVERSIZING OF MARGINAL-QUALITY EROSION PROTECTION

6.1 Technical Basis

The ability of some rock to survive without significant degradation for
long time periods is well-documented by archaeological and historic evidence
(Lindsey, et al., 1982, see Ref. D13). However, very little information is
available to quantitatively assess the quality of rock needed to survive for
long periods, based on its physical properties.

In assessing the long-term durability of erosion protection materials, the
NRC staff has relied principally on the results of durability tests at several
sites and on information, analyses, and methodology presented in NUREG/CR-4620
(Nelson,;gg_gl., see Ref. D2). This document provides a quantitative method
for determining the oversizing requirements for a particular rock type to be

placed at specific locations on or near a remediated uranium mill tailings
pile.

Staff review of actual field data from several tailings sites has
indicated that the methodology may not be sufficiently flexible to allow the
use of “borderline" quality rock, where a particular type of rock fails to meet
minimum qualifications for placement in a specific zone, but fails to qualify
by only a small amount. This may be very important, since the selection of a

particular rock type and rock size depends on its quality and where it will be
placed on the esmbankment.

Based on KRC staff review of the actual field data, the methodology
previously derived has been modified to incorporate additional flexibility.
These revisions include madifications to the quality ratings required for use
in a particular placement zone, re-classification of the placement zones,
reassessment of weighting factors based on the rock type, and more detailed

procedures for computing rock quality and the amount of oversizing required.

0D-23



Based on an examination of the actual field performance of various types
and quality of rock (Esmiol, 1967, see Ref. 014), the NRC staff considers it
important to determine rock properties with a petrographic examination. The
case history data indicated that the siﬁg]euost important factor in rock
deterioration was the presence of smectites and expanding lattice clay
minerals. Therefore, if a petrographic examination indicates the presence of
'such minerals, the rock will not be suitable for long-term applications.

6.2 Design Procedures

Design procedures and criteria have been developed by the NRC staff for
use in selecting and evaluating rock for use as riprap to survive long time
periods. The methods are considered to be flexible enough to accommodate a

wide rangé of rock types and a wide range of rock quality for use in various
long-term stability applications.

The first step in the design process is to determine the quality of the
rock, based on its physical properties. The second step is to determine the
amount of oversizing needed, if the rock is not of good quality. Various com-

binations of good-quality rock and oversized marginal-quality rock may also be
considered in the design, i{f necessary.

6.2.1 Procedures for Assessing Rock Quality

The suitability of rock to be used as a protective cover should be
assessed by laboratory tests to determine the physical characteristics of the
rocks. Several durability tests should be performed to classify the rock as
being of poor, fair (intermediate), or good quality. For each rock source
under consideration, the quality ratings should be based on the results of
about three to four different durability test methods for initial screening and
about six test methods for final sizing of the rock(s) selected for inclusion
in the design. Procedures for determining the rock quality and determining a

rock quality “score” are developed in Table D1.

D-24



6.2.2 Oversizing Criteria

Oversizing criteria vary, depending on the location where the rock will be
placed. Areas that are frequently saturated are generally more vulnerable to
weathering than occasionally-saturated areas where freeze/thaw and wet/dry
cycles occur less frequently. The amount of oversizing to be applied will also
-depend on where the rock will be placed and {ts importance to the overall
perfaormance of the reclamation design. For the purposes of rock oversizing,
the following criteria have been developed:

A. Critical Areas. These areas include, as a minimua, frequently-
bt

saturated areas, all channels, poorly-drained toes and

aprons, control structures, and energy dissipation

areas.

Rating

80~100 - No Oversizing Needed

65~80 - Oversize using factor of (80-Rating), expressed as the

percent increase in rock diameter. For example, a rock with
a rating of 70 will require oversizing of 10 percent. (See

example of procedure application, given in Section 6.4, p.
D-28)

Less than 65 - Reject

8. Non-Critical Areas. These areas include occasionally-saturated
T e

AR—

araas, top slopes, side slopes, and well-drained
~ Ty -

toes and aprons.
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Rating

80-100 - No Oversizing Needed

50-80 - Oversize using factor of (80-Rating), expressed as the

percent increase in rock diameter

Less than 50 - Reject

0-26



‘lnuLEl D1

Scoring Criteria for Determining Rock Quality -

Score

corat Weighting Factor
Laboratory 10 9
Test [Inestone Sandstone Tgneous Good d - Fgfr : : goor < 1 y
Sp. Gravity 12 6 9 2,75 2.70 2.65 2.60 2.55 2,50 2.45 2.40 2.35 2.40 2.25
Absorption, % 13 5 2 . .3 5 .67 .83 1.0 1.5 2.0 2.5 3.0 3
Sodium )
Sulfate, % 4 3 11 1.0 3.0 5.0 6.7 8.3 10.0 12.5 15.0 20.0 25.0 30.0
/A Abrasion
(100 revs), % 1 8 1 1.0 3.0 5.0 6.7 8.3 10.0 12.5 15.0 20.0 25.0 30.0
Schmidt Hammer 11 13 ? 70.0 65.0 60.0 54,0 47,0 40.0 32.0 24.0 16.0 8.0 0.0
Tensile Strength, ’ '

6 A 1400 1200 1000 833 666 500 400 300 200 100 O

psi

10

1. Scores were derived from Tables 6.2

Uranium M111 Tailings and Covers:

5. Welighting Factors are

%ous Test Procedures,
based on inverse of ranking
these tests may be derived using Ta

Yar

3. Test methods should b
Ref. D13), so that proper
where several methods may be
used in the scoring procedure.

e standardized,
correlations can be made.
used; the method discussed by Ki