energy fuels nuclear, inc.

thves park centrai ¢ suite 900 303-623-8317
1515 arapahoe street » denver, colorado 80202 twx 910-931-2561

fax 303-595-0930
February 78, 1997

Mr. Joseph J. Holonich, Branch Chief

High Level Waste and Uranium Recovery
Projects Branch

Division of Waste Management

Office of Nuclear Material Satety and Safeguards

U.S. Nuclear Regulatory Commission

2 White Flint North, Mail Stop T-7J9

11545 Rockville Pike

Rockville. MD 20852

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

4o

Dear Mr. Holonich:

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

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

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

Sincerely,
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Mr. Joseph J. Holonich
February 28. 1997
Page 2

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

1.0 SOIL COVER DESIGN

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

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

Uranium tailings soil cover design requirements for agency compliance include:

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

* Minimize infiltration into the reclaimed tailings cells;

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

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

Several models/analyses were utilized in simulating the soil cover effectiveness: radon flux
attenuation, hydrologic evaluation of infiltration, freeze/thaw effects, soil cover erosion
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protection, and static and pseudostatic slope stability analyses. These analyses and results are
discussed in detail in Sections 1.1 through 1.5. The soil cover (from top to the bottomn) will
consist of: 1) minimum of three inches of riprap material; 2) two feet of compacted random fill;
3) one foot of compacted clay; and 4) minimunm three feet of compacted random fill soil.

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

construction options:
¢ Anintegrated soil cover over Disposal Cells 2, 3, and 4A; and
* Acoverover Cells 2 and 3, where Cell 4A tailings are excavated and placed into Cell 3.

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

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

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

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

requirements.
1.1 Radon Flux Attenuation

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

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

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

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

¢ Radon emanation coefficient (unitless); and
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o 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):
¢ two feet compacted random fill;
» one foot compacted clay; and

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

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

The results of the RADON modeling exercise show that the uranium tailings cover configuration
will attenuate radon flux emanating from the tailings to a level of 17.6 pCi/mz/sec. This number
was conservatively calculated as it takes into account the freeze/thaw effect on :he uppermost
part (6.8 inches) of the cover (Section 1.3). The soil cover and tailing parameters used to run the
RADON model, in addition to the RADON input and cutput data files, are presented in
Appendix B as part of the Radon Calculation brief. Based on the model results, the soil cover
design of six-foot thickness will meet the requirements of 40 CFR Part 192 and 10 CFR Part 40.

1.1.2 Empirical Data

Radon gas flux measurements have been made at the White Mesa Mill tailings piles over Cells 2
and 3 (see Appendix C). These cells are currently covered with three to four feet of random fill.
Radon flux measurements, averaged over the covered areas, were as follows (EFN, 1996):

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

1.2 Infiltration Analysis

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

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

* Blanding, Utah, monthly temperature and precipitation data, and HELP mods! default solar
radiation, and evapotranspiration data from Grand Junction, Colorado. Grand Junction is
located north east of Blanding in similar climate and elevation;

* Soil cover configuration identifying the number of layers, layer types, layer thickness, and
the total covered surface area;

¢ Individual layer material characteristics identifying saturated hydraulic conductivity,
porosity, wilting point, field capacity, and percent moisture; and

* 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 infiitration of
surface water through the soil cover, as designed. These model results are conservative and take
intc account the freeze/thaw effects on the uppermost part (6.8 inches) of t' ¢ cover (Section 1.3).
The HELP model input and output for the tailings soil cover are presented in the HELP Modef
calculation brief inclvded as Appendix D.

1.3 Freeze/( haw Evaluation

The tailings s5il cover of one foot of compacted clay covered bv two feet of random fill was
evaluated for freeze/thaw impacts. Repeated freeze/thaw cycles hove been shown to increase the
bulk soil peimeability by breaking down the compacted soil struc ure.

The soil :over was evaluated for freeze/thaw effects using the modified Berggren equation as
presented in Aitken and Berg (1968) and recommended by the NRC (US. Department of
Energy, 1938). This evaluation was based on the properties of the random fill and clay svil, and
meteorological data from both Blunding, Utah aud Grand Junctic n, 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 Mewnod (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 (Dsp) riprap of 0.28 inches is required to
stabilize the top slope. However, this dimension must be modified based on the long-term
durability of the specific rock type to be used in construction. The suitability of rock to be used
as a protective cover must be assessed by laboratory tests to determine the physical
characteristics of the rocks. The sandstones from the confluence of Westwater and Cottonwood
Canyons require an oversizing factor of 25 percent. Therefore, riprap created from this sandstone
source should have a D¢, size of at least 0.34 inches and should have an overall layer thickness

of at least three inches on the top of the cover.
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Riprap dimensions for the side slopes were 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 Dy, of 3.24 inches is required. Again assuming that the on-site sandstone will
be used, the modified Dy, size of the riprap should be at least 4.05 inches with an overall layer
thick.iess of at least 12 inches.

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

1.5  Slope Stability Analysis

Static and pseudostaﬁc analyses were performed to establish the stability of the side slopes of the
tatlings 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 aid 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 I.LNL were conservative to account for
tectonically active regions that exist, for example, near Moab, Utah. Although, the LLNL report
states that “...[Blanding] is located in a region known for its scarcity of recorded seismic events,”
the stability of the cap design slopes using the LLNL factor was evaluated. The results of a
sensitivity analysis reveal that when considering a horizontal ground acceleraticn of 0.12g, the
calculated FOS is 1.778 which is still above the required value of 1.0, indicating adequate safety
under pseudostatic conditions. This analysis is also included in Appendix G.

1.6 Cover Material/Cover Material Volumes

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

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

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

Volume estimates wcre 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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Table 3.4-]

Physical Properties of Tailings
and

Proposed Cover Material

Atterberg % Passing Maximum Opt imum

Limits Specific No. 200
Materjal Type [ Pl Gravity

Ory Density Moisture

Sieve (pcf)
Tailings 2.85

Random Fill

Note:

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

ROGERS AND ASSOCIATES ENGINEERING
CORPORATION

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

Radiological Properties
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R
A  Rogers & Associates Engineering Corporation

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

March 4, 1988

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

P.0. Box 1029

Grand Junction, CO 81502

Dear Mr. Sealy:

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

Radium Emanation Diffusion (9/CM3)

Samnle pCi/gm Fraction Coeffic. Density Moisture Saturation
Tailings 981:4 0.19:0.01 2.0E-02 1.45 13.2 0.39
. 8.4E-03 1.44° 19.1 0.56
Composite (2,3,85) 1.6E-02 1.85 6.5 0.40
4.5E-04 1.84 12.5 0.75
Site #1 1.6£-02 1.85 8.1 0.48
- 1.4€-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

1he samples will be shipped back to you in the next few weeks. If you have
any questions regarding the results on the samples please feel free to call.

Sincerely,

s Yloon

Renee Y. Bowser
Lab Supervisor

RY8/bd

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

E Post Office Box 330
Salt Lake City, Utah 84110
(801) 263-1600
MAY 12 1388
May 9, 1988
i Mr. C.0. Sealy €8700/ 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_1 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,

G 1om

Renee Y. Bowser
Lab Supervisor
RYB:m3

5iS East 4500 South - Sait Lake City. Utah 84107
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ATTERBERG LIMITS TEST

ASTM D 4318

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

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

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

FileName: TIGOUT1 ADVANCED TERRA TESTING, INC.




Atterberg Limits, Flow Curve
., UT-1

110 \

Moisture Content
g 8
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Number of Blows 25

PLASTICITY CHART
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COMPACTION TEST
ASTMD 1557 A

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

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

Moisture determination

1 2 3 4 5
Wt of Moisture added (mi) - 100.00 150.00 250.00 350.00 450.00
W of soil & dish (g) 384.26 393.92 291.42 244.20 281.17
Dry . soil & dish (g) 350.60 355.61 251.40 202.69 225,04
Net loss of moisture (g) 33.66 38.31 40.02 41.51 56.13
WA. of dish (g) 8.01 8.34 8.31 8.29 8.43
Net wt. of dry soil (g) 342.59 347.27 243.09 194.40 216.61
Moisture Content (%) 9.83 11.03 16.46 21.35 25.91
Corrected Moisture Content
Density determination
W of soil & mold (Ib) 14.20 14.49 14.68 14.59 14.46
WL of mold (ib) 10.36 10.36 10.36 10.36 10.36
Net wt. of wet soil (Ib) 3.84 4.13 432 423 4.10
~ “wtof dry soil (Ib) 3.50 3.72 3.71 3.49 3.26
~ ¢ Density, (pcf) 104.89 111.59 111.28 104.57 97.69
Corrected Dry Density (pcf)
Volume Factor 30 30 30 30 30
~-ta entered by: Date: 7-26-96

a checked by_m_, Date:_{-26- 90

FileName: TIPRUT-1 ADVANCED TERRA TESTING, INC




Proctor Compaction Test
v UT-1

Zero Air Voids Cur
_j@-semponed'ber

Dry Density (pcf)

i |
10 20
Moisture Content (%)
- BestFit Curve o Aclual Data

- Zero Air VoidsCurve @ SG = 2.70

OPTIMUM MOISTURE CONTENT = 13.9 MAXIMUM DRY DENSITY = 135
ASTM D 1557 A, Rock correction applisd? 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
HWt. Soil & Ring(s) (g) 386.9 404.5
Wt. Ring(s) (g) 93.0 93.0
Wt. Soil (g) 293.9 311.4
Wat Density PCF 122.3 120.5
Wt. Wet Soil & Pan (g) 302.4 319.9
Wt. Dry Soil & Pan {(g) 266.2 266.2
Wt. Lost Moisture (g9) 36.2 3.8
Wt. of Pan Only {(g) 8.5 8.5
Wt. of Dry Soil (g) 257.7 257.17
Moisture Content & 14.1 20.9
Dry Density Ppcp 107.2 99.7
Max. Dry Density PCF 113.8 113.5
Percent Coapaction 94.4 87.8
ELAPSED BURETTE BURETTE PERCOLATION RATE
TIME READING READING FT/YEAR CM/SEC
(MIN)  hl (CC) h2 (co)
0.2
2599 10.8 10.8 0.14 1.4E-07
1427 14.2 14.2 0.09 8.4E-08.
1440 ~16.8 16.8 0.07 6.5E-08
1440 18.6 18.6 0.05 4.6E-08
1440 20.2 20.2 0.04 4.1E-08
1440 21.6 21.6 0.04 3.7e-08
1469 23.0 23.0 0.04 3.6E-08
1440 24.4 0.04 3.7E-08
Data Entered By: NAA Date: 8-8-96

Date Checked By: ,%l Date: ¢-8-%
Filename: TIFHUT1 ADVANCED TERRA TESTING, INC.




it
A  Rogers & Associates Engineering Corporation

i < Post Office Box 330
o Salt Lake City, Utah 841100330
(801) 263-1600 * FAX (801) 262-1527

September 3, 1996

Pamela Anderson C9600/9
Titan Environmental Corporation

7939 E. Arapahoe Rd., Suite 230

Englewood, CO 80112

Dear Ms. Anderson:
Enclosed are the results from the radium content, specific gravity, and radon
emanation and diffusion coefficient measurements that were performed on the

sample sent to our laboratory. We will be returning the sample within the month.

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

ret C. Roge
Scientist

515 East 4500 South » Sait Lake City, UT 84107-2918
AddiﬁoudOﬁeuin: I1daho 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:_ 896
Sample Identification:__Titan Environmental

Radon Diffusion Specific

Moisture Density Coefiicient Saturation Gravity

SampleID | (DryWt.%) | (g/cm?) (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:____9/396
Contract:__ C9600/9
By: BCR
Date Received:_ 896
Sample Identification:__Titan Environmental
Moisture Radon Emanation Radium-226
Sample ID (Dry Wt. %) Coefficient (pCi/g) Comanents
UT-1 14.6% 0.22 +0.04 15403
RAE
Post Office Box 330

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




‘B chen and associates, inc.
g CONSULTING ENGINEERS

SOIL L FOUMBATION 96 S. ZUNI DENVER, COLORADO 80223 . 303/744-7108
[NGINEERING 1824 EAST FIRST STREEY - CASPER, WYOMING 82601 - 307/234-212¢
SECTION 2

Extracted Data From

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

Prepared for:
ENERGY FUELS NUCLEAR, INC.
PARK CENTRAL

1515 ARAPAHOE STREET
DEMVER, COLORADO 80202

Job No. 16,406

suly 18, 1978
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chien and associates, inc.
CONSULTING EPd(;thJEIEFiS

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

GINEERING
™ SECTION 3

Extracted Data From

SOIL PROPZ2TY S1UDY
PROPOSED TAILINGS RETENTIQN CELLS
WHITE HESA URANIUM PROJECT
BLANDING, UTARH

Prepared for:

ENERGY FUELS NUCLEKR, INC.
1515 ARAPAHOE STREET
DENVER, QOLORADO 80202

Job to. 17,130

January 23, 1979
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APPENDIX B

Radon Calculation

OTIW Environmental




T"“Environmental
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Purpose: To determine the required soil cover thicknesses to limit radon emissions from the

White Mesa tailings impoundments to 20 pCi/m%/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 ¢ 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 thu! 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/m*/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/m*/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

c:\efn while\redond.cic (9/16/96)
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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/cm’);
- radium activity (pCi/gr), source term, or ore grade percentage;
- emanation coefficient;
- weight percent moisture slong«tcrm) (percent), and;
- diffusion coefficient (cm /sec).

Physical and radiological properties for Tailings and Random Fill were a..alyzed 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.

.....................................................................................

7" 7 Random fill (2')
Clay (1)
Random fill (3’ min.)

\ \

}/ Lo \/ \ \/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 incnes). 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.

. \eln enite\radond clc {9/16/96)
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Layer thicknesses

The thickness of the tailings was assumed to be effectivel
accordance with NRC criteria (Reg. Guide 3.64,
100-200 cm is considered to be cffectively,
equivalent infinitely thick tailings source.

is approximately 28 feet (850 cm), therefo

A minimum of 3-feet (91.5 cm) of random fill wil! cover the
and bring the tailings piles up to the sub
layer of compacted clay covers the rand
overlying the clay layer. Adjusting for
layer overlaying the clay layer.

Porosity

Porosity is calculated from the specific gravity and

equations;

1. Dry bulk density = [(specific gravi
of Civil Engineering, 1996, eq

2. Porosity =[e/(1+€)] x 100 (Ref.: Princi
14.5.4). See Appendix C.

y an infinitely thick radon source. In
p. 3.64-5) a tailings thickness greater than about
infinitely thick. A value of 500 cm represents an
The actual tailings thickness of Cell 3 at White Mesa
re, a value of 500 cm was used for the RADON model.

tailings to fill the existing freeboard
grade elevation of the soil cover. A 1-foot (30.5 cm)

om fill with an additional 2 feet (61 cm) of random fill
freeze/thaw conditions results in a (43 cm) random fill

dry bulk density according to the following

tyXdensity of water))/[1 + €] (Ref.: Principles & Practice
uation 14.5.6). See Appendix C.
ples & Practice of Civil Engineering, 1996, equation

Max. Dry
Density

b/

Bulk Dry
Density
v (1)

Specific
Gravity

Density of
Water (Ib/ft? )

L9

€

)

porosity
&)

Tailings (4)

104.0

98.8

2.85

62.4

0.80

44%

Clay (5)

113.5

107.8

2.39

62.4

0.38

28%

Random fill (4)

120.2

114.2

2.67

62.4

0.46

31.5%

Notes:

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

. Calculated using Equation 1 above where
. Calculated using Equation 2 above.

. Physical tailings and random fill data from Chen and Associates

Bl.

. Clay physical data from Advanced Terra Testin
included in Appendix B2.

c:\efn-white\radonl .cic {9/16/96]

" is the volume of voids per volume of solids.
(1987) included in Appendix

g (1996) and Rogers and Associates (1996)
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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/em’

Random Fill = 1.85 g/cm’

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 = L5 pCi/gm

Random Fill = 1.9 pCi/gm.

Emanation Coefficient

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

Tailings = 0.19

Clay = 0.22

Random Fill = 0.19

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

Weight Percent Moisture

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

Ci\eta-wnite\raden? cic (#/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 Bl 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.

Ci\efn. white\radonl clic {9/16/%6)
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7
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 8*-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 g*-1
LAYER THICKNESS NOT OPTIMIZED *

DEFAULT SURFACE RADON CONCENTRATION 0 pCi 1*-1
RADON FLUX INTO LAYER 1 0 pCi m*-2 g*-1
SURFACE FLUX PRECISION .001 pCi m*-2 g*-1
LAYER INPUT PARAMETERS

8 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 g*-1
WEIGHT & MOISTURE 6 %
MOISTURE SATURATION FRACTION .198
MBEASURED DIFFUSION COEFFICIENT .0142 cm™2 g*-1
LAYER 2 RANDOM FILL (FILL FREEBOARD)
THICKNESS 91.5 cm
POROSITY .318
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 g*-1
WTIGHT % MOISTURE 9.800000000000001 %

: -STURE SATURATION FRACTION .576

MEASURED DIFFUSION COEFFICIENT 8.200000000000001D-03 cm”2 8”-1




©
LAYER 3 CLAY (UT-1) q
bo
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 g*-1
WEIGHT % MOISTURE 14.1 7
MOISTURE SATURATION FRACTION .866
MEASURED DIFFUSION COEFFICIENT .0091 cm”2 g*-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 g*-1
WEIGHT ¥ MOISTURE 9.800000000000001 %
MOISTURE SATURATION FRACTION .576
MEASURED DIFFUSION COEFFICIENT 8.200000000000001D-03 cm*2 g*-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
1l 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 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 g*-1

‘ofiz.

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LAYER

o WwN e

THICKNESS
(cm)

5.000D+02
9.150D+01
3.050D+01
6.100D+01

EXIT FLUX

(pCi m*-2 g*-1)

1.233D+02
2.562D+01
1.962D+01
1.361D+01

EXIT CONC.
(pCi 1%-1)

4.519D+05
7.892D+04
2.276D+04
0.000D+00
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Version 1.2 - MAY 22, 1989 - G.F. Birchard tel.# (301)492-7000

U.S. Nuclear Regulatory Commission Office of Research

I
RADON FLUX, CONCENTRATION AND TAILINGS COVER THICKNESS H&Z'

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

g THICKNESS

POROSITY

MEASURED MASS DENSITY

MEASURED RADIUM ACTIVITY

MEASURED EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT ¥ MOISTURE

©  STURE SATURATION FRACTION
MeASURED DIFFUSION COEFFICIENT

.0000021 8 -1

.26

2.65

4

20 pCi m*-2 g*-1
0 pCi 1%-1

0 pCi m*-2 g*-1
.001 pCi m*-2 g*-1
500 cm

.44

1.45 g cm™-3

981 pPCi/g*-1

.19

1.290D-03 pCi cm®-3 g*-1
6

.198

.0142 cm®2 g*-1

91.5 cm

.315

1.85 g cm™-3

1.9 pCi/g™-1

.19

4.452D-06 pCi cm®-3 g*-1
9.800000000000001 %
.576

8.20000000C000001D-03

cm™2 s*-1




_/‘.M
’ ?
LAYER 3 CLAY
THICKNESS 30.5 cm 13/
ROSITY .28 32
MEASURED MASS DENSITY 1.72 - g ecm*-3
MEASURED RADIUM ACTIVITY 1.5 * pCi/g™-1
MEASURED EMANATION COEFFICIENT .22 '
CALCULATED SOURCE TERM CONCENTRAT ION 4.257D-06 pPCi cm®-3 g*-3
WEIGHT ¥ MOISTURE 14.1 Y
MOISTURE SATURATION FRACTION .866
MEASURED DIFFUSION COEFFICIENT .0091 cm”2 g*-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 g*-1
. WEIGHT % MOISTURE 9.800000000000001 t
MOISTURE SATURATION FRACTION .576
MEASURED DIFFUSION COEFFICIENT 8.200000000000001D-03 cm®2 g*-1
DATA SENT TO THE FILE ‘RNDATA’ ON DEFAULT DRIVE
N FO1 CN1 I1C0ST 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 g~-1

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LAYER THICKNESS EXIT FLUX E¥IT CONC.

‘cm) (pPCi m™-2 8*-1) (pci 1*-1)
1 5.000D+02 1.237D+02 4.514D+05
2 9.15uD+01 2.679D+01 7.622D+04
3 3.050D+01 2.123D+01 1.944D+04
4 4.300D+01 1.756D+01 0.000D+00
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Table 3.4-1

Physical Properties of Tailings
and

Proposed Cover Materials

Atterberg % Passing Maximum Opt imum
Limits Specific No. 200 Ory Density Moisture

MMHM_M_ML_M

Tailings 28 2.85 46 104.0 18.1
Random Fil} 2 7 2.67 48 120.2 11.8
Clay 29 14 2.69 56 121.3 12.1
Clay 36 19 2.75 68 108.7 18.5

Note: Physical Soii Data from Chen and Associates (1987).
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A Rogers & Associates Engineering Corporation
E Post Office Box 330 ”/51/
Salt Lake City, Utah 84110
(801) 263-1600
March 4, 1988
Mr. C.0.5 aly

C8700/22
Umetco Min-rals Corporation

P.0. Box 10c;
Grand Junci’ n, Co 81502

Dear Mr. Sealy:

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

Radium Emanation Di ffusion (9/Cﬂ3)

Samnle PCi/gm Fraction Coeffic. Density Moisture Saturation
Tailings 98124  0.19+0.01 2.0E-02 1.45 13.2 0.39
8.4€-03 1.44 19.1 0.56
Composite (2,3,25) 1.6E-02 1.85 6.5 0.40
4.5€-04 1.84 12,5 0.75
Site ¢#1 1.6€-02 1.85 8.1 0.48
. 1.4€-03 1.84 12.6 0.76
Site #4 1.1€-02 1.65 . 15.4 0.63
4.2£-04 1.65 19.3 0.80

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

Renee Y. Bowser
Lab Supervisor

RY8/b

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




R .
A Rogers & Associates Engineering Corporatiop

!
E Post Office Box 330 8/37/

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

MAY 121988

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/q) Emanation Coefficient
Random (2,3 3§ 5) 1.9 + 0.1 0.19 + 0.04
Site 1 2.2 + 0.1 0.20.+ 0.03
Site 4 2.0%0.1 0.11 ¥ 0.04

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

Sincerely,

G 1

Renee Y. Bowser

Lab Supervisor
RYB:ms

515 East 4500 South . Salt Lake City. Utah 84107
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——ADVAHCED TERRA TESTIHED —

833 Parfet Street

Lakewood, Colorado 80215
(303) 232-8308
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- e

ATTERBERG LIMITS TEST

ASTM D 4318 Z3/5L

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
Molsture content 19.90 19.92 19.80
Liquid Limit Device Number 0258
Determination

b | 2 3 4 S
Number of Blows 39 27 18 14 9
Wt Dish & wWet Soil 12.18 10.42 10.92 12.33 10.06
Wt Dish & Dry soil 6.64 5.67 5.87 6.53 $.34
Wt of Moisture 5.54 4.75% 5.08 5.80 4.72
Wt of Digh 1.10 1.06 1.06 1.10 1.08
Wt of Dry Soil S.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: NAA Date: 7-26-96
Checked by:& Date:7-2%-96

FileName: TIGOUT1 ADVANCED TERRA TESTING, INC.
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Atterberg Limits, Flow Curve
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C PACTION TEST T
ASTM D 1557 A

CLIENT: Titan Env. JOBNO. 2234-04
BORING NO. SOIL DESCR.

PTH OATE SAMPLED
<AMPLE NO. UT-1 DATE TESTED 7-25-96 RV
Moisture determination

1 2 3 4 5

W of Moisture added (ml) 100.00 150.00 250.00 350.00 450.00
WA of soll & dish (g) 384.26 393.92 291.42 24420 281.17
Dry wt. soil & dish (g) 350.6C 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 (g) 8.01 8.34 8.31 8.29 8.43
Net wt. of dry soil (g) 342.59 347.27 243.09 184.40 216.61
Moisture Content (%) 9.83 11.03 16.46 21.35 25.91
Corrected Moisture Content
W of soil & moid (Ib) 14.20 14.49 14.68 14.59 14.46
WA of mold (Ib) 10.36 10.36 10.36 10.36 10.36
Net wt. of wet soil (ib) 3.84 4.13 432 4.23 4.10
***t wt of dry soil (ib) 3.50 3.72 3.71 3.49 3.26

, Density, (pcf) 104.89 111.59 111.28 104.57 97.69
Corrected Dry Density (pcf)
Volume Factor 30 30 30 30 30
Nata entered by: RV Date: 7-26-96

a checked by:_fix2 Date:__1-2¢ 96
FieName: TIPRUT-1 ADVANCED TERRA TESTING, INC
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Proctor Cor;wpaction Test
.o UT-1 217
32
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OPTIMUM MOISTURE CONTENT = 13.9 MAXIMUM DRY DI SITY = 1135
ASTM D 1557 A, Rock correction appbed? N

ADVANCED TERRA TESTING, INC.




CLIENT

R LT

BORING NO.
DEPTH
SAMPLE NO,
SOIL DESCR.
SURCHARGE

MOISTURE/DENSITY

Wt.
wt.
wt.
Wet

Wt.
Wt.
wt.
Wwe.
Wt.

DATA

Soil & Ring(s)

Ring(s) (g)
Soil (g)

Density PCF

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

PERMEABILITY DETERMINATION
FALLING HEAD
FIXED WALL

ur-1

200

(9)

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

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

Titan Environmental

ELAPSED BURETTE BURETTE
TIME READING READING

(MIN)

2599
1427
1440
1440
1440
1440
1469
1440

Data Entered By:
Date Checked By:
Filename: TIFHUT]

hl (co)

0.2
10.8
14.2
16.8

" 18.6
20.2
21.6
23.0

NAA

Remolded 95% Mod Pt. @ oMC

BEFORE AFTER
TEST TEST
386.9 404.5

93.0 93.0
293.9 311.4
122.3 120.5
302.4 319.9
266.2 266.2

36.2 53.8

8.5 8.5
257.7 257.7

14.1 20.9
127.2 99.7
113.5 113.5

94.4 87.8

h2 (cc)

10.8

14.2

16.8

18.6

20.2

21.6

23.0

24.4

Date: 8-8-96
Date: &-8-9%

JOB NO. 2234-04

SAMPLED

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

PERCOLATION RATE
FT/YEAR  CM/SEC

L

1.4E-07°
8.4E-08.
6.5E-08
4.6E-08
4.1e-08
3.7E-08
3.6E~-08
3.7E-08

O0O00O0ODDO0OO0O
OCO0OO0O0OO0O0Q =
b bbbV

ADVANCED TERRA TESTING, INC.

ZV;::,




Rogers & Associates Engineering Corporation

T
REPORT OF K.. DON DIFFUSION COEFFICIENT MEASUREMENTS 32
(TIME-DEPENDENT DIFFUSION TEST METHOD RAE-SQAP-3.6)

Repon Date:;
Contract:

Saturation
(Mp/P)

089

Post Office Box 330
Balt Lake City * Utah 84110

(801) 263-1600
8012621527




Rogers & Associates Engineering Corporation

2y
REPORT OF RADIUM CONTENT AND EMANATION
COEFFICIENT MEASUREMENTS

(LAB PROCEDURE RAE-SQAP-3.1)

Repon Date: | 9r3me
Contraci.__ (96008
By: __BCR

Post Office Box 330
Saft Lake City - Utah 84110

(801) 263-1600
8012621527
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14.5 Other Useful Equations for Weight-Volume :

Problems

[t is strongly recommended that wei
than only formulas,

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

o
TR et e i g AT L R R T T
. N Ve oatce . o gt .

For saturated soils (S = 100%) there results
e=wG,
The relationships between the void ratio and porosity are

‘“1-a
N = peros .
¥ i VM_\_’Q“
The total unit weight can be obtained as Ve &y Sebuds

_(G, +Se)yy - (Q+w)y
Tt e w/$+1/G, (1455)

Thedrym\itweigt?tmbeobhimdas Y4+ Dy Bk Qutifv&

* 1{=£‘Z!-=7%éz7§ Gs - &&cilﬂ_ 6““”2{2'5.6)
1¢e 1+ s \/“:D‘Mﬁ.{bo‘ R
——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%

=_¢_ __0800 _
"= Tve = Tro800 = 044

A SO v
HER St e act e niitdiids

(1+w)y (1.20(62 4)
R e—— =110.2 Ib/ft
TT WIS 1/G, T 027066254 1285 - 1102 b/

G
7 =7l 269 S24) =919 b/t

3

R A

~ L b

..“.
Wiubidiie ~-an - 1 .




APPENDIX C

Radon Flux Measurments

.TIW Environmental




a4t

fite Bpecific Semple Results (reference Pigure ¢-1)

(a) The mean radon flux for each region within each cell 18 as follows;

Gell 2 - Cover Area ® 7.7 pCi/ul-a (based on 215,882 u? area)
! - Beach Areas = 32.3 pc1/et-s (based ou 61,761 of area)
- 8tanding Liquid Areas = 0 pCi/a’-s (based om 2,982 of ares)

Cell 3 - Cover Area * 7.5 pCi/uf-s (based on 02,762 of area)

\ T Beach Areas « 39.7 pCi/a’-s (based on 62,761 of ares)
- #tanding Liquid Areas = 0 pCi/a’-s (based on 143,335 w? areaj

l.otox Reference Appendix 3 of this report for entire susmery for
individua) measurement results and specific aample region maps.

(b) Using ths data presented tbove, we have calculated the total =san zadon
fhux for each pile (cell) as follows:

Pl 3 = 10.0 pci/et-a

4.24225,802) ¢ (2221141 360 + (0) (2, 982)

270,628
Cpll 3 = 10.8 pci/at-s

A1.5002.762) ¢« (39.7)162,962) ¢ (0) (143.33%) )

200,058

bY

SEP-18-1996 11:05 ‘ C 32 asv

P.a2
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6.0 SrHPU: RESULTS/CALCULASTONS

Referenting 40 CFR, Part 6], Subpart W, Appendix B, Method 1315 - Monitoring for
Radon-222 Emissions, Subsection 2.1.7 - Calculations, "the msan radon flux for

sach region of the pile and for the total pile shsll be calculated and zeported
as foll H

(8) | The individual radon flux calculations shall be mide as provided in
Appendix A EPA 66(1). The Mean radon flux for each region of the
pile ssnall be calculated by summing all indivigua) flux

Réasurements for the region and dividing by the total nuaber of
flux measurements for the region.

{b) The mean radon flux for the total uranium mill tailinge pile shall
ba calculated as followsa: :

J.. ’ L L a ' * * L] a

¥hers: J, = Mean flux for the total Pile (pCi/nl-s)
Jy = Mean flux measured in region i (pCi/nl-g)
A = Ares of region { (mf)

I A = Total area of the pile (al)

2.1.8 Reporting. The results of individual flux feasureagnts, the
approximate locations on the Pile, and ths mean radon flux for sach
region and the mean radon flux for the total stack (pile) shall be
included in the emissiocn test Tepozt. Any condition or unusual
event that occurred during the weasurements that could
significantly affect the results should be reported.®

Site ﬂuﬂ.o Ssaple Results (reference Figure 6-1)

(a) The mean tadon flux for each region within each cell is ap followsy

Cell 2 1 Cover Ares 6.1 pCi/a'~a (based on 225,882 m? ares)
Beach Areas 28.4 pCi/a’-s (based on 41,761 a' area)
+ 8tanding Liquid Areas = 0 pCi/a’~s (based on 2,982 m! area)

PY Yy

Cell 3 ¢ Cover Ares = 11.1 pCi/a’~s (besed on 82,762 w' area)
Beach Arsas = 44.8 pCi/a’-s (based on 62,761 =’ area)
Standing Liquid Areas = 0 pCi/a’-s (based on 143,335 »? area)

|
¢t Reference Appendix B of this Teport for entire susmary for
individual measurement results and specific sample region maps.
]
I

l 13

. e e e s e e oL
SEP-10-1996 11:05 32 85

N
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(b) Using the data Presented above, we have calculated the total mean radon
fiux for each pile (cell) as follows:

Cell 2 = 9.5 pci/ni-g

{6.1) (223,802) + 12..4!‘41,161[ +_(0) (2,982)
)
(4

crn 3 = 12.9 pti/at-s

{11.1) (82,762) + {e4. 0“62!76![ *_{0) (143, 338)
’

14

e —ars . i, oot o

__.5_-——

- m——————— - —————

SEP-18-1996 11:06 2 85x% P.@4
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HELP Model
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T"“Envimnmental

By Date Subject _EFN - White Mesa _ Page | of 34
Chkd By Date —Help Model Proj No_6111-00]
Purpose: 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 F lux 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\helpd.cle (9/16/96}




“T“Environmental

By TAM  Date _9/11/96 Subject _EFN - White Mesa _ Page_Z of 34
ChkdBy Jf} Date 4|/l ~ _Help Model Proj No_611]-00]

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 clevation. The elevation at Grand Junction is 4,600 feet and the elevation at Blanding Utah
is 5,600 feet. Figure | in Appendix B shows the locations of Blanding and Grand Jun.tion 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.

ci\efn white\halpd.cle [9/16/96)
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By TAM Date 6 Subject _EFN - White Mesa Page_3 of 34
Chkd By i} Date Q:EHSL _Help Model Proj No_6111-00]

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

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 I-foot compacted clay layer. This cover profile was adjusted for modeling purposes to
account for freezing and thawing conditions. As indicated in the “Effects of F reezing 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.

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
fieid 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 se*
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equal to the long-term moisture content of the materials and the soil water content was adjusted
to equal the optimum moisture content. Field capacity values just less than the porosity’s were
assumed to maintain the interrelationship of the parameters.

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

Utah Climate Center, Utah State University, Daily Precipitation Values, Station #42073807,
Blanding, Utah, January 1988 through December 1993.
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e * %
. HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE * %
ak HELP MODEL VERSION 3.01 (14 OCTOBER 1994) * %
& DEVELOPED BY ENVIRONMENTAL LABORATORY * %
e USAE WATERWAYS EXPERIMENT STATION * %
k& FOR USEPA RISK REDUCTION ENGINEERING LABORATORY * %
L 8 * &
1] * 4

PRECIPITATION DATA FILE: C:\HELP3\PRECIP.D4
TEMPERATURE DATA FILE: C:\HELP3\TEMP2.D7
SOLAR RADIATION DATA FILE: C:\HELP3\SOLAR.D13
EVAPOTRANSPIRATION DATA: C:\HELP3\EVAP.D11
SOIL AND DESIGN DATA FILE: C:\HELP3\efn-fin2.D10
OUTPUT DATA FILE: C:\HELP3\efn-fin2.0UT
TIME: 14: 9 DATE: 9/11/1996

TITLE: EFN - White Mesa

**iﬁtttt*i‘*****ttt*tttt*ti*tiitiitttt**t*tt*tiit*i*ti*****ii***tt**t*******tt*

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

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 88
17.20 INCHES
0.3150 VOL/vVOL
0.3140 voOL/voL
0.0980 VOL/VOL
0.1180 VOL/voOL
0.886999999000E-06 CM/SEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYT COND.

L I T T T

LAYER 2




TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 89 g
12.00  INCHES ﬁH
0.2800 VOL/VOL
0.2799 VOL/VOL
0.1410 VOL/VOL
0.2800 VOL/VOL
0.369999995000E-07 CM/ IEC

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

L I | A TR

GENERAL DES1GN 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

FRACTION OF AREA ALLOWING RUNOFF
AREA PROJECTED ON HORIZONTAL PLANE
EVAPORATIVE ZONE DEPTH

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

96.40
100.0 PERCENT
78.700 ACRES
17.2 INCHES
2.030 INCHES
5.418 INCHES
1.686 INCHES
0.000 INCHES
5.390 INCHES
5.390 INCHES
0.00 INCHES/YEAR

W B 00K s uou

EVAPC TRANSPIRATION 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 RELATTVE YUMIDITY = 57.00 %

NOTE: PRECIPITATION DATA FOR BLANDING UTAH

WAS ENTERED BY THE USER.




COEFFICIENTS FOR GRAND JUNCTION COLORADO
NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) q
JAN/JUL FEB/AUG  MAR/SEP APR/OCT MAY/NOV JUN/DEC / ol
27.50 '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 = 3v.07 DEGREES

ttt*i*ttt**i***i’it**i***t**tit**l‘*t*tt*t**t****t*t*it**titii***t**tt R R S R TR

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1988 THROUGH 1993

_..-----—--——-—-----.-----—--------------—--—---—--—--—‘—___---..___.._---.—--.-..--_.

- e - - - - = = as e - - - - e e . - - e - --

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 C.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 0.421 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 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000




T e e e - o - - ————*-_-----.._-_--_..-__..-____--_-———————-—--——~--_-_--‘___

AVERAGES OF MONTHLY AVERAGED DAILY HEADS (INCHES)

®
o o sl SO M.

-_-----—--—-—_---__——-—--_---_-_——---

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

-----——~-————--—————--——--—-———-——-———---—--—————---——-»——-——-—---—--——-——-------—

INCHES CU. FEET PERCENT

PRECIPITATION 1350 ( zeet)  semisr T isenesTT
RUNOFF 9.048 ( 2.4802) 2584718.25 65.081
EVAPOTRANSPIRATION 4.908 ( 0.7521) 1402180.62 35.306
- ERCOLATION/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




*t*ttt******tt*i****t*tit******i**i*tttttttttt********t*i*******ii**tittitt***

PEAK DAILY VALUES FOR YEARS 1988 THROUGE 1993 “/}.(

cmcnammup«r)

PRECIPITATION 133 379955719

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

i*ttiit**tttt****i*wt*******t*tt*t*it*tti**tit*t*i**ﬁ***t**i*****i*t*t***tt*t*




ttttttt***t***tt***i***titt**i**iii*ttt*ttt*ﬁ**ttt***ii*t**i**i****i**tt*i****

FINAL WATER STORAGE AT END OF YEAR 1993

._--------—-———-—‘-—--_---.---------_-_-__---_———-—-—-—---———-——--—----_. E [

LAYER (INCHES) (VOL/VOL)

1 " 1.7607 0.1024

2 3.3600 0.2800
SNOW WATER 0.000
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Freeze/Thaw Evaluation
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Burpose:

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 fo: ,.urposes
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:

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

* 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:

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

o 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.

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

* Soil freezes at a temperature of 32 degrees Fahrenheit.

C:\etn white\freese2 clc [9/11/96)
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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 (Btw/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.

¢ \efn white\freesed clc 19/11/9s)
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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

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 densicy was determined from Chen and Associates (1987) for random fill and Advanced
Terra Testing (1996) for clay. The maxim m 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 pef . Assuming the soil will be compacted to 95 percent of the maximum density, the
weighted average bulk soil density would be 112 pef.

Heat Capacity

Based on the nomographs presented in Aitken and Berg (1968) and included herein as F igure I,
using an average soil density of 112 pef 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).

€:\efn ehite\freeseld.clc {9/11/96)
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Latent Heat
Based on the nomographs presented in Aitken and Berg (1968) and included herein as F igure 1,

using an average soil densit}y of 112 pcf and an average moisture content of 12.5 percent yields a
Latent Heat of 2000 Btw/ 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.
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Figure 8. Average volumetric heat capacity for soils (after Aldrich and Pavnter, 1953).
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WEATHER STATIONS in Colorado:

Length
Design fean of

Freezing Annual Freezing

Index Temp. Season

Station Location (°F days) C°F) (days)
1 = Alamosa 2274 41.3 159
2 = Buckley ANGB 57?7 59.3 88
3 = Colorado Springs 633 48.? 67

4 = Denver 629 50.3 71 |

5 = Grand Junction 1101 52.6 86
6 = Pueblo 676 52.3 65

Enter the number representing the data you want:
(0 to input your own data):




q/ \$

LOCATION and WEATHER DATA

Input ueather data for your location in Colorado:

DESIGN AIR FREEZING Index (F-Days): 1101
HEAN ANNUAL TEMPERATURE (F): 19.8

LENGTH of FREEZING SEASON (Days): 86




CHOOSE an APPROPRIATE N-FACTOR

N-Factor
Surface Type (Freezing)

-— e e e v v i et

1 Port'lgnd Cement (snou-free)
2 = fAsphalt: (snow-free)
3 = S'mt %t

: Sandun;l. ‘Gravel (snow-free)
s Turfai'q('snbu-i‘ree)

0 = To, input your own N-Factor

Enter yodrsoption: Y
v & LN

* MN-Factor varies:with lattitudc, wind speed, cloud cover, and other
climatic conditions.

T
gjwlav
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Enter your option: S

INFORMATION for ' /YER 1:

the appropriate soil type for this layer —

Portland Cement stabilized layer
Asphalt stabilized layer

Snow

Course-grained soil
Fine-grained soil

Insulating layer

Organic soil

A
aj\av
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LAYER PARAMETERS

Default Values
Parameters for LAYER 1|, Fine-grained Values Used
Layer Thickness (inches) 12.0 36.0
Hoisture Content (x dry weight) 1?7.0 12.5
Dry Unit Weight (lbs/cubic foot) 122.0 112.0
Heat Capacity (Btwrcubic foot °F) “ 295 30.0
Thermal Conducti;ity (Btusfoot hour °F) « 0.90 0.19
Latent Heat of Fusion (Btu/cubic foot) » 2016.0 2000

* recalculated based upon new HOISTURE CONTENT AEIGHT value(s).

-..<return> for Def.. it Values...

Tra
Qulry
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Summary: NODIFIED BERGGREN SOLUT ION

Design Freezing Index (AIR) = 1101 F-days
Design Freezing Index (SURFACE) = 2?71 F-days
Mean Annual Temperature = 49.8 °F
Length of Freezing Season = 86 Days

LAYER FREEZING INDEX DISTRIBUTION

LAYER THICKNESS
#: Type Cinches) Each Layer ficcun  Berygren
- Calculations
1: Fine-grained < 6.8 145 . could not
converge

Surface DF}

End of Frost Penetration

TOTAL FROST PENETRATION = 6.8 inches

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

f i
EYIAL
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MONTHLY MEANS AND EXTREMES At
OF TEMPERATURES
BLANDING, UTAH

40
ANNUAL MEAN: 9.9¢C
4a.9 °F
30,
20+

TEMPERATURE (*C)

10 {
(A)

0 4
8>
)
(D) |

MONTH IJAN I FEB i MAR I APR I MAY ]Juns [ .mu[ AUG ] SEP ] ocT i NOV I 0EC I
3 38 kY:] 37 34 . 29 21 IS

t
EXINEME e 18 24 27 3 ;
MEAN a2 €.9 10.2 16.3 22.8 28.7 31.9 30.2 26.0 18.8 10.2 4.5 ¢
MEAN -2.5 0.5 3.4 8.4 14.1 19.4 230 2.6 17.2 10.9 3.6 1.7 g
MEANMIN. g 8 _5,9 -3.2 0.4 5.4 104 14.2 (3.0 8.4 2.9 -3.2 -7.8 f
E:}':.EME -29 -22 ~I§ - -6 -1 8 3 -5 -12 -9 =22 :

(A) MEAN DAILY MAXIMUM
{(B) MEAN MONTHLY

(C) MEAN DAILY MINIMUM
(D) FREEZE DATES Gasmas 8 Moons
A ———————— . . ————

O g g s
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Table 3.4-1

———

Physical Properties of Tailings
and

Proposed Cover Materials

Atterberg % Passing Maximum Opt imum

Limits Specific No. 200 Ory Density Moisture

Material Type i PI  Gravity  _ Sjeve _ —{pcf)  Contept
Tailings 28 6 2.85 46 104 » 18.1

\

/Random Fill 2 7 2.67 48 120.2 11.8
Clay 29 14 2.69 56 121.3 12.1
Clay 36 19 2.75 68 108.7 18.5

Note: Physical Soil Data from Chen and Associates (1987).
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Proctor Compaction Test
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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™, . >90; U.S.
Nuclear Regulatory Com ‘ssion (U.S.NR.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.NR.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 z2long the side

slopes.
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Ai _ 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.

‘S’ an in “L’: 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).

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

on on
T = 0.00013-S£'53—6hours = O.OOOIBSI;W x 60mins (Ref: Equation 4.44 in NUREG/CR-4620)
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 ({nches) = % PMP x PMP = % of 1-hour precipitation x PMP (Ref: Eqn. 2.1,
NUREG/CR-4620).

Precinitation i e,
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”, US.N.R.C).

Unit Area, A: Area of 1-ft wide drainage basin
A = Length of drainage basin (ft.) x width (R)=Lx1sq.f =[Lx 1/(43560)] Acres

By Rational method, q = CiA, where C, i & A have taeir usual meanings (q in cu. ft./sec (cfs), i in
inches/hour and A in acres] (Ref: Eqns. 4.42 and ¢ 43, NUREG/CR-4620).

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).

Der unit width fo

qc (cu. ft./sec) = q x flow concentration factor

*

Assumed n = 0.03 for graded loam to cobbles (Ref: table 4.2, NUREG/CR-4620)
Depth of water, D:

Depth of water in f.,D = [

3

i.xn ]’ (Ref: Eqn. 4.46, NUREG/CR-4620), where q_ is in cu. fi./sec

1.486+/S

Permissible Velocity:

The cover permis.. Lle velocity is between § to 6 ft./sec (Ref: section 4.11.3, NUREG/CR-4620)

Elow Velocity, V:

Using continuity equation,

discharge = velocity x cr “ss-sectional area
7 q. = Vx(Dx uuit . )=VxDxl

. q
- V(in f./ = —f
(in ft./sec) D]

For all the calculations provided in Table 1A and 2A for top of cover and side slopes respectively,
Vaevetoped < Vpermissible
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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 2,3and 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 Dy,

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 :

SF = coso tan¢
n tan¢ + sin® cosP

n'= n[l +sin(A + p)]

................... eqn. A, (eqn. 3.5 of NUREG/CR-4651)

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

2
21z,
e e n. C, (eqn. 3.7 of NUREG/CR-4651
n G.~l)y.xD, eqn. C, (eq )
To =Y LDS e, eqn. D, (egn. 3.8 of NUREG/CR-4651)
[
-1 COSA
B=tan"| s |, eqn. E; (eqn 3.9 of NUREG/CR-4651)
2sin® .
+ sinA
n
whe.e,
A = angle between a horizontal line and the velocity vector compoment measured in the plane
of side slope (refer to fig. 3.1of NUREG/CR-4651)
0 = side slope angle
S = side slope = tan

¢ = angle of repose (friction angle) of rock
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T = bed shear stress

Dsy  =representative stone size

G, = Specific gravity or relative density of the rock
D = depth of flow

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

n &n’ = stability numbers

1] = 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-465 1)

Thus forA=0:cosA=1,sinA =0.

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

B = m-'[g—:‘%J ........................................ eqn E; (eqn 3.10 of NUREG/CR-4651)
Also, equation 3.6 of NUREG/CR-4651 can be reduced to
n'= n[.l + ;mB ] .......................................... eqn. B,
& = 40°(see Table 3)
G, = 2.48(sce Table 3)

Yo  =6241bJR°
The values for depth of water ‘D’ have been computed in Table 1A. Table 1B provides the

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

D

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

Dso = 5.23 x (slope)*** x (discharge)®6

The results of Dgy computed by CSU method have been included in table IB (values of discharge
have been computed in table 1A to compare with those obtained by Safety Factor method.
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. . g
Bz B Io - So :D l [K. E S.ﬂ S[

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=0.2 =
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):

win

7

- 1
D, = 9.(tan)" x n,¢ ~

Cvg x{(1-n, G, - 1)(cosO)(tan¢ ~ tan6)]’

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 = Embpirical factor [ 0.22 for gravel/pebble and 0.27 for crushed granite]
Also, K = Oliver’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 Dy, has been raultiplied by the Oliver’s constant K to insure
stability.

Dso calculated by CSU method

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

Dy = 5.23 x (slope)™* « (discharge)®*

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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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 Dq, (tables 1C and
2C).

G2 Overall Riprap Thickness

According to the Safety Factor method, it is recommended that the riprap thickness be at least 1.5
times the Dy, value whereas according to the Stephenson method the riprap thickness should be at
least 2 times the Dy, 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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TABLE 3

WHITE MESA CHANNEL A ROCK APRON

RIPRAP SIZING - STEPHENSON'S METHOD
ENTER

UNIT FLOW RATE °q* 4.27 CFS/FT

ROCKFILL POROSITY - n 0.3

SLOPE ANGLE 11.3 DEGREES

FRICTION ANGLE (U DEGHEES]

SPECIFIC GRAVITY OF ROCK

D-100 (BASED ON 1.25xD50) 12.00 INCHES
D-50 960 INCHES

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

ENTER
UNIT FLOW RATE °q° ~ 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

D-50 8.02 INCHES

WITH 24%
OVERSIZE

14.88°
12.6*

14.9°
9.94°




TALLE Y
NRC SCORING CRITERIA FOR DETERMINING ROCK UALITY
WHITE MESA ROCK PROTECTION
ROCK TYPE [ 21

Limestone = 1
Sandstone = 2
Igneous = 3

TEST SCORE * MAX.
LABORATORY TEST RESULT SCORE WEIGHT WEIGHT SCORE

Specific Gravity 248 4.60 6 2780 60.00
SN Absorption, % 1.75 3.50 5 17.50 50.00
[ Sodium Sulfate, % 0.60 10.00 3 30.00 30.00
BIE8i:°  L/AAbrasion (100 revs), % 8.40 5.94 8 47.53 80.00
RLi 1 - Schmidt Hammer 0.00 0.00 13 000 - 0.0
C e Tensile Strength, psi 0.00 0.00 4 0.00 0.00
ROCK RATING, %
A -
Critical Areas— REJECTED
Oversizing, % =

Non-Critical Areas— OVERSIZING REQUIRED
Oversizing, % = 24

3
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FINAL
STAFF TECHNICAL POSITION
DESIGN OF EROSION PROTECTION COVERS FOR
STABILIZATION OF URANIUM MILL TAILINGS SITES

Uranium Mi11 Tailings Radiation Control Act (UMTRCA) of 1978 (PL 95-604) (see
Ref. 1) and 10 CFR Secticn 20.106, “Radioactivity tn Effluents to Unrestricted
Areas.® 1In 1983, the U. . Environmental Protection Agency (EPA) established
standards (40 CFR Part 192) for the final stabil{zation of uranium ail]
tailings for inactive (Title I) and active (Title II) sites. 1In 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 criterfa to be met in providing long-term stabil{zation.

These regulations also prescribe criteria for control of tafiings. For
the purpose of this stafs technical position (STP), control of taflings 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 acceptable for
providing such protection for 200 to 1000 years and focuses principally on the
design of taflings 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 esbankments and other applications have experienced
significant eroston over relatively short perfods (less than SO years).
Experfence with reclamat{on of coal-mining projects, ror example, ind{cates
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 experfence 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 arg based efther 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 techaical assistance
contractors specifically for long-term stability applications.

It should be esmphasized that a standard industry practice for stabilizing
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 staff
concludes that the hydraulic design principles and practice associated with
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2.1.2 Long-Term Stability

As requireg by 40 CFR 192.02 and 10 CFR Part 40, Appendix A, Criterion 6,
stabilization designs must provide reasonsble assurance of contro] of
radfological hazards for 4 1000~year Period, to the extent practicable, pye in
any case, for a pinjmus 200-year period. "The NRC stafr has concluded that the
risks froam tailings could be &cCommodated by o design standard that requires
that there be reasonable assurance that the tailings reaain stable for g period
of 1000 (or at least 200) years, Preferably with relfance placed on passive

- controls (such as earth and rock Covers), rather than routine saintenance.

2.1.3 Design for Minimal Maintenance

Criteria for tailings subilization. with sinima} reliance placed on
active saintenance, are established in 49 CFR Part 192 ang 10 CFR Part 40,
Appendix A, Criteria 1 ang 12. Criter{oqn 1 of 10 CFR Part 40, Appendix A
specifically states that: “Tailings should be dfsposed of in a manner [such]
that no actfve maintenance ig required to preserve Conditions of the sfite.®
Criterion 12 States that: “Tphe final disposition of tailings or wastes at

Rilling sites should be such that ongoing active saintenance s not recessary
to preserve isolation. *

It is evident that resedial action designs are § to last for 3 10
time, v for active mzintenance. Therefore, i 4ccordance with
regulato requirements, the tarf has concluded goal of

to provide oversl] site stability ror very long time periods, with no reliance
tenance, :

Tongevity requiremints, Such Ssintenance includes sven ainor mafntenance, such
a5 the addition of soll to small rills and gullfes. The questfon that aust be
answered is whether longevity. s dependent on the saintensnce. If it ig
fecCessary to repair gulltes, for example, to prevent thefr growth and ultimate
erosfon into tatlings, then that mufntenance is considersd to be active

Titles 40 CFR 192.02 ang 310 CFR Part 40, Appendix A require that earthen
covers be placed over tatlings at the end of afilling operations to 1imit
releases of radon-222 t, not more than an dverage of 20 picocuries per square
Beter per second (pCi/m%s), when averaged over the entire surface of the
disposal site and over at least 4 one-year Peifod, for the control period of
200 to 1000 years. Berore placement of the cover, radon release rates are
calculated in designing the Protective covers ang barriers for uranium mili
tailings. Additionally, recent regulations promulgated under the Clean Air Act




'predouinantly soil, rather than rock.

2.2 Ocsign Procedures

A step-by-step pProcedure for designing riprap for the top and side slopes
of 2 reclaimed pile is presented below:

Step 1. Determine the drainage areas for both the top slope ind the side

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

Step 2. Determine time of concentration (tc).

The tc {s usually a difficeit Parameter to estimate in the design of
4 rock layer. Based on a review of the various methods for
calculating tc, the NRC starr Concludes that 3 sethod such as the
Kirpich method, i discussed by Nelson, et al. (1986, see Ret. 02),
should be used. The tc may be calculated using the formyla:

te= (19w L drainage length (in miles)

H = elevation difference (in feet)

Step 3. D<termfng Probable Maximum Flo ¢ (PHF) and Protable Maximus
Precipitation (PHP).

Techniques for PP determinations have been developed for the entire
United States, primarily by the Nationa) Oceanographic and
Atmospheric Adsinistration, in the form of hydrout.eoro)ogical
reports for specific regions. These techniques are Commonly accepted
and provide straightforward Procedures for assessing rainrall
Poential, with minigmal variability. Acceptable methods for

0-3




determining the total magnitude of the PMP and various PMP

intensfties for specific times of concentration are given by Nelsan,
et al. (1986, see Ref. 02, Section 2.1).

Step 4. Calculate peak flow rate.

The Rational Formula, as discussed by Nelson et al. (1986, seec Ref.
02), may be used to calculate peak flow rates for these small
drainage areas. Other sethods that are more precise are also
acceptable; the Rational Formula was chosen for its simplicity and
ease of coaputation.’

Step 5.  Uetermine rock size.

Using the peak flow r. te calculzted in Step 4, the required 050 aay
be determined. ‘Recent studies performed for the NRC starr (Abt,
et al., 1988, see Ref. 03) have indicated that the Safety Factors
Method s more applicable for cesigning rock for slopes less than 10
percent and that the Stephenson Methad is aore applicadble for slopes

greater than 10 percent. Other methods @3y also be used, if properly
justified.

2.3 Recommendations
w—-—-‘

Since 1t {sg unlikely that clogging of the viprap voids will not occur over
2 long period of time, 1t {g Suggestad that no credit be taken for flow through
the riprap voids. Even if the voids become clogged, it is unlikely that
stability will pe affected, as indicated by tests performed for the NRC stafr
by Abt, et al. (1987, 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 ®sodels, such as the Safety Factors Method, provide stability

0-4
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coefficients for different angles of repose of the material. The need for

oversizing of rounded rock is further discussed by Abt, et a1, (1987, see Ref.
D‘)C

2.4 E_:_zgle of Procedure Application

Deterwine the riprap requiresents for a taflings pile top slope with a
Tength of 1000 feet and slope of 0.02 and for the side slope with an
additicnal length of 250 feet and a slepe of 0.2 (20 percent).

Step 1.  The drainage areas for the top slope (A1) and the side slope
(A2) on a unit-width basis are computed as follows:

Al = (1000) (1) / 43560 = 0.023 acres
A2 = (1000 + 250) (1) /7 43560 = 0.029 acres.

Step 2. The tes ire individually Computed for the top and side

(1986, see Rer. 02).

tc = [(11.9)(L)3/n)- 38

For L = 1000 feet and H = 20 feat,

t¢ = 0.12 hours = 7.2 ainutes for the top slope

For L = 250 feet and H = 50 feet,

tc = 1 0 minute for the side s lope.




W

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

Step 3.  The rainfal} intensity i detérnined using procedures discussed
by Nelson, et al. (1986, see Ref. 02), based o0 a 7.2-minute pyp of

as follows:

11 = (60)(4.2)/7.2 = 35 inches/he for the top slope
iz = (60)(4.5)/8.2 = 33 inches/hr for the side slope.

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

Q1 = (0.8) (35) (0.023) = g.64 cfs/rt, for the top slope, and

Q2 = (0.8) (33) (0.029) = 0.77 cts/tt, tor the side slope.

Step §. Using the Safety Factors Method, the required rock size for the
pile top slope {s Calculated to be-

OSO = 0.6 inches.

Using the Stephenson Method, the required rock size for the side
siopes is calculated (o be:




DSO = 3.1 inches.

2.5 Limitations

The use of the aforementioned procedures {s widely applicable. The
Stephenson Method 1s an empirica] approach and is not dapplicable to gentle
slopes. The Safety Factors Method {s conservative for steep slopes. Other
methods may alse be used, ir properly fustified.

3. RIPRAP DESIGN FOR DIVERSION CHANNELS

3.1 Technical Bas{s
M

3.2 Dcsig_q Procedgg_e_s

3.2.1 Normsl Channel Designs
particularly difficult erosfon Considerations, the design of the erosion
protection s relatively strafghtforward.

1. The Safety Factors Method or other shear stress nethods may be used
to detarmine the riprap requirements.

2. The peak shear Stress should pe used for design Purposes and can be
deterwmined ty substituting the value of the depth of flow (y) in the shear

0-7
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6. OVERSIZING OF MARGINAL-QUALITY EROSION ROTECTION

6.1 Technical Basis

long time periods is well-docunented by archaeological and historic evidence
(Lindsey, et al., 1982, see Ref. 013). However, very little informatiog is
available to quantitatively assess the quality of rock Needed to survive for
long Periods, based on fts physical properties.

by only a small asount. This 82y be very i=portant, since the selection of
Particular rock type and rock size depends on its quality and where it will pe
Placed on the embaniment .

Based on NRC staff review of the actual field data, the ®ethodoloqgy
previously derived has been ®odified to incorporate additional flexibility.
These revisions include sadifications to the quality ratings required for use
in a particular placement Zone, re-classification of the placement Iones,
reassessaent of weighting factors based on the rock type, and more detailed

0-23




Based on an examination of the actual field performance of various types
and quality of rock (Esmiol, 1967, see Ref. 014), the NRC starf considers it
important to determine rock properties with a petrographic examination, The
case history data {ndicated that the sﬁagluost important factor in rock
deteriforation was the presence of ssectites and expanding lattice clay
ainerals. Therefore, if a petrographic examination indicates the presence of
such minerals, the rock will not be suitable for long-term applications.

6.2 Desigg Procedures

Oesign procedures and criteria have been developed by the NRC staff for
use in selecting and evaluating rock for use as riprap to survive loag time
periods. The methods are considered to be flexible encugh to accoemodate a

wide range of rock types and a wide range of rock quality for use
loag-term stability applications.

in various

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, 1if necessary.

6.2.1 Procedures for Assessing Rock Quality

The suftabflity of rock to be used as a protective cover should be
assessed by laboratory tests to determine the physical characteristics of the
rocks. Several durabil1ty tests should be performed to classify the rock as
being of paor, fair (intersediate), 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 01.

0-24
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6.2.2 Oversizing Criteria

~depend on where the rock will pe Placed and its feportance to the overal}

Performance of the raclamation design. For the purposes of rock oversizing,
the following criteria have been developed:

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

aprons, control structures, and energy dissfpation:
areas,

Rating

80-100 - No Oversizing Needed

65-80 - Oversize using factor of (80-Rating), expressed as the
percent increase {n rock diameter. For example, a rock with
4 rating of 70 wii} require oversizing of 10 percent. (See

example of pPruocedure application, given in Section 6.4, p.
0-28)

Less than 65 - Reject

8. Non-Critical Areas. These areas include occasionally-saturated
P,

e T ——

; - 11-drained
ar-aas, w: slopes, and we
toes and aprons.

0~-25




80-100 - No Oversizing Needed

50-80 - Oversize using factor of (80-Rating),
percent increase in rock diameter

Less than S0 - Reject

D-26

expressed as the

Ll
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6.3 Recommendations

1.

ﬁ.} .f«’

Based on the perforsmance histories of various rock types and the
overall intent of achieving long-ters stabfiity, the folloving recommenda-
tions should be considered in assessing reck qual ity and determining
riprap requirements for a particular design.

The rock that is to be used should first be qualitatively rated at least
“fair® in a petrographfc examination conducted by a gealogist or engineer
experienced in petrographic analysis. See NUREG/CR-4620, Table 6.4 (see
Ref. D2), for general guidar-e on qQualitatfve petrographic ratings. 1In

additfon, if a rock contains smectites or expanding lattice clay n{nerals.
it will not be acceptable.

An occasfonally-saturated area {s defined as an area with underlying

filter blankets and slopes that provide good drainage and are steep enough

to preclude ponding, considering differential settlement, and are located

well above normal groundvater leveis; otherwise, the area is classified as
frequently-saturated. Natural channels and relatively flat man-made

diversion channels should be classified as frequently-saturated.

Generally, any toe or apron located belcw grade should be classified as
frequentiy-saturated; such toes and aprons are considered to be ’
poorly-drained in most cases.

Using the scoring criteria given in Table D1, the results of a durability
test determines the Score; this score is then multiplied by the weighting
factor for the particular rock type. The final rating should be
calculated as the percentage of the maxiaums possible score for all
durability tests that were performed. See example of procedure
application for additional guidance on determining final rating.

For final selection and oversizing, the rating may be based on the
durability tests indicated in the scoring criteria. Other tests may also
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procedures and references recomsended in Table 01. Further, if a rock
type barely fafls to veet minfaum criteria for placement in a Particular
area, with proger Justification and doctnent.ation. it may be feasible to

and substitute one op ®ore tests with higher weighting factors, depending
on the rock type or site location. In such cases, consideration should be
given to performing severa] additfonal tests. The - 1d{t{ona) tests shoylq

6. The oversizing Calculations represent ainimum increases. Rock sizes as
‘large as practicable shoyld be provided. (It 1s assumed, for example,
that a 12-{nch layer of 4-inch rock costs the samq a5 2 12-inch layer of

of less than 6 inches 81y be difficult to construct, unless the rock size
is relatively small.

6.4 Example of Procedure Application

It s proposed that a sandstone rock Source will be used. The rock has been
rated “fair”® {n o petrographic Examination. Repr sentative test results are
given. Compute the amount of oversi{zing Necessary.
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Using the scoring criteria in Table 01, the following ratings are computed:

Lab Test Result  sScore Weight  Score x Weight Max. Score
Sp. Gr. 2.61 7 6 42 _ 60
Absorp., X 1.22 4 5 20 S0
Sod. Sulf., X 6.90 6 3 18 ' 30
L.A. Abr., X 8.70 5 8 40 80
Sch. Ham, 51 6 13 78 130
Tens. Str., psi 670 6 4 24 40
. Totals 222 390

The final rating is computed to be ~22/290 or 57 percent. As discussed in
Section 6.2, the rock is not suitable for use in frequently-saturated areas,
but is suitable for use in occasionally-saturated areas, if oversized. The

oversizing needed is equal to (80 - 57), or a 23 percent increase in rock
diameter.

6.5 Limitations

The procedure previously presented is intended to provide an approximate
quantitative method of assessing rock quality and rock durability. Although
the procedure should provide rock of reasonable quality, zdditional data and
studies are needed to establish Performance historfes of rock types that have a
score of a specific magnitude. It should be emphasized that the procedure is

only a more quantitative estimate of rock quality, based on USBR classification
standards.

0-30




M

-confidence that significant deterioration will not occur, there is not coaplete

assurance that deterioration will not occur. Further, typical construction

specified time period. The amount of oversizing resulting from these
calculations s based on the engineering judgment of the NRC staff, with the
assistange of contractors. However, in keeping with the Management Position

lifetime of the project.
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The rainfall depth for a specific site is estimated by determining the

rainfall duration and/or appropriate time of concentration. The resulting
rainfall depth in inches, is

PMP rainfall depth = (% PMP) x (PMP) (2.1)

where the percent PMP is obtained from Table 2.1 and the PMP is obtained
from the appropriate PMP design storm presented in Section 2.1.1.

The rainfall intensity, i, in inches per hour can be computed as
60

i = rainfall depth (inches) x (2.2)
rainfall duration (minutes)

The rainfall intensity determined from Equation 2.2 is generally a conser-

vative value and represents the peak rainfall intensity of the design
storm.

To compute the rainfal) intensity for any rainfall duration, it is
recommended that a rainfall intensity versus rainfall duration curve be
plotted on semilogarithmic paper. Because of the extremely conservative
rainfall intensity values obtained for short durations, it is recommended
that the minimum rainfall duration be 2.5 minutes. Rainfall depths should
be extracted from the appropriate Hydrometeorological Report.

2.2 PMP COMPARISON STORMS

A comparison of estimates of the PMP with greatest observed rainfall
and estimates of the 100-year events for areas both east and west of the
105° meridian was prepared (NS, 1980). Information from 6500 precipita-
tion reporting stations in the eastern U.S. and about 2100 stations in the
west was used. Including storm durations of 6 to 72 hours, the study indi-
cated that 177 separate storm events have been recorded in which the rain-
fall was greater thin or equal to 50 percent of the PMP for stations east
of the 105° meridian. Only 66 Separate storm events were recorded west of

the 105° meridian where rainfalls were greater than or equal to 50 percent
of the PMP.

The National Weather Service also reported the number of storm events
which met or exceeded the 100-year rainfall values and compared them with
the regional PMP values (NWS, 1980). Table 2.2 summarizes these rainfall
events for 6 and 24-hour storms occurring over a 10 square mile area. It
's interesting to note that a storm has not been officially recorded west
of the Continental Divide that exceeds 90% of the PMP value. However, it
is evident that a number of storms approach the PMP values, thereby sub-
stantiating that the prescribed PMP values are not extremely conservative.
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4.1.5.6 Gully Width

The width of the gully across the top of the gully at the point of
maximum depth can be estimated from Figure 4.5. Having computed the maxi-
mum depth, qm. and knowing the uniformity coefficient, Cy» the top
width is estimated to be approximately 5.6 feet. However, the qully width
will widen over time to where the qully side wall stands at an angle legs

4.2 EMBANKMENT AND SLOPE STABILIZATION UGING RIPRAP

Rock riprap is one of the most econc ¢ aterials that is commonly
used to provide for cover and slope protect Factors to consider vhen
designing rock riprap are: (1) rock durability, density, size, shape,
angularity, and angle of Tepose; (2) water velocity, depth, shear stress,
and flow direction near the riprap; and (3) the slope of the embankment or
cover to be protected. Through the proper sizing and placement of riprap

on any impoundment cover, rill and gully erosion can be minimized to ensyre
Tong term stabilization.

fram the impoundment due to shear forces devel oped by water flowing paral-
lel and/or adjacent to the cover as described by Nelson et al . (1983). One

However, when surface waters are not properly managed, extreme erosion may

the hydraulic conditions have significantly altered causing flows to merge
or concentrate into drainage channels. The greater the concentration of
flow into the drainage channels, the greater the erosion potential.

4.2.1 Zone Protection

The design requirements for placing riprap rock on a cover vary
depending upon cover lecation. It is suggested that four areas oxist on
the cover in which di fferent failure mechanisms can resylt from tributary

drainage. The four areas or zones of concern are presented in Figure 4.6
and include:

1. Zone 1: This zone is considered the toe-of-ihe-slope of the
reclaimed impoundment. The riprap protecting the slope toe must
be sized to stabilize the slope due to flooding in the major
watersheds and dissipate energy as the flow transitions from the
impoundment slope into the natural terrain. Zone I is considered
a zone of frequent Saturation.

2. Zone 11: This is the area along the side slope which remains in
the major watershed flood plain (PMF). The rock protection must
resist not only the flow of f the cover, but also floods. The
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Fig. 4.6. Zooes of s reclaimed impoandment requiring riprap protection.
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riprap must serve as embankment protection similar to river ang

canal banks. Zone Il ig considered a zone of cccasional satura-
tion.

3. Zone III: Riprap should be designed to protect steep slopes and
embankments from potential high overtopping velocities and exces-
sive erosion. Flows in Zone 111 are derived from tributary

drainage and direct runoff from the reclaimed site. Zone I is
considered a seldom saturated Zone.

4. Zone IV: Rock protection for Zone IV is generally designed for
flows from mild slopes. Zone IV wil) usually be characterized by

sheet flow with Tow flow velocities. Zone IV is considered a zone
of seldom saturation.

Since the rock protection requirements are significantly different on
various locations on the cover, it should be apparent that each riprap
design procedure available was formulated to address a specific applica-
tion. Since a single riprap design procedure does not necessarily meet all
of the cover protection requirements, recommendations will be made indicat-
ing which zone(s) each riprap design procedure best addresses.

Because the frequency of wetting or saturation varies by zone, the
durability requirements of the riprap may vary by zone. The concept of
durability and oversizing will be addressed in Chapter 6 of this report.

4.2.2 Design Procedures

Presently, several methods are available to assist the designer in
determining the appropriate rock size for
embankments and unprotected slopes from the impact of drainage waters.
Alternative riprap design methods summarized herein are

-l.  Safety Factors Method

2. The Stephenson Method

3. Corps of Engineers Method

4. The " .S. Bureau of Reclamation Method

These riprap design procedures are but examples of the many methods
available.

4.2.2.1 Safety Factors Method

The Safety Factors Method (Richardson et al., 1975) for sizing rock
riprap is quite versatile in that it allows the designer to evaluate rock
stability from flow parallel to the cover and adjacent to the cover. The
Safety Factors Method can be used by assuming a rock size and then
calculating the safety factor (S.F.) or allowing the designer to determine
a S.F. and then computing the corresponding rock size. If the S.F. is _
greater than unity, the riprap is considered safe from failure; if the S.F.

Is unity, the rock is at the condition of incipient motion; and if S.F. is
less than unity, the riprap will fail.
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where dgg is the mean rock size in feet. A graphical representation

for determining n is presented in Figures 4.12 and 4.13. However, these
values were developed for uniform flow condition over submerged riprap.
When overtopping flows on steep slopes begin to cascade, n values will

increase and may range from 0.07 to 0.09 or higher. (Abt and Ruff, 1985
and COE, 1970).

Table 4.2. Manning Coefficient, n.

Channel Material Manning Coefficient, n
Fine sand, colloidal 0.020
Sandy loam, non-colloidal 0.020
Silt loam, non-colloidal 0.020
Alluvial silts, non-colloidal 0.020
Ordinary firm loam 0.020
Volcanic ash 0.020
Stiff clay, very colloidal 0.025
Alluvial silts, colloidal 0.025
Shales and hardpans 0.025
Fine gravel 0.020
Graded loam to cobbles, non-colloidal 0.030
Graded silts to cobbles, colloidal 0.030
Coarse gravel, non-colloidal 0.025
Cobbles and shingles 0.035

Source: Morris and Wiggert, 1972.

4.8 COVER EROSION RESISTANCE EVALUATION

The cover design should be evaluated to determine if the unprotected
slopes(s) can withstand overland or sheet flow with a minimum of erosion.
Based upon the site-specific cover and precipitation parameters, the design
sheet flow velocity should be estimated. A compariso. of the design flow
velocity with the cover permissible flow velocity can be performed.
Furthermore, the design velocity can be used to determine the sediment

discharge using the Universal Soil Loss Equation (Chapter 5) and for sizing
stone protection (Section 4.2).

The design velocity will usually be determined from the peak discharge
generated from the Probable Maximum Flood (PMF). The PMF can be estimated
by

(a) Using computer models, i.e., HEC-1 (COE, 1974), that are widely
accepted by the engineering profession.

* .
%
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(b) Applying the Rational Method for tributary areas that are less
than approximately one square mile in area.

The Rational formula is canmonly expressed as

Q = CiA

rainfall intensity expressed in inches per hour and A is the tributary area
expressed in acres. When a unit width approach is taken, the area Ay is

the slope(s) length times the unit width. Therefore, Equation 4.42 would
be presented as

q = CiA, (4.43)

for a unit width analysis,

4.8.1 Runoff Coefficient

The runoff coefficient, C, is related to the climatic conditions and
type of terrain characteristic of the watershed including soil materials,
permeability and storage potential. Values of the coefficient C are

presented in Table 4.4 (Lindsley et al., 1958), Table 4.5 (Chow, 1964), and
Table 4.6 (ASCE, 1970 and Seelye, 1960).

Table 4.4, Values of Coefficient C.

Type Area N Value of C
Flat cultivated land, open sandy soil 0.20
Rolli  cultivated land, clay-loam soil 0.50
Hill land, forested, clay loam soil 0.50
.~ Steep, impervious slope 0.95
Source: Lindsley, et al, 1958,

The selection of a coefficient valye requires considerable Judgment as
it is a tangible aspect of using the rational formula. It is recommended
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Therefore, less frequent, higher intensity storms will require the use of 3
higher C value (Chow, 1964). It is recommended that a runoff coefficient
of 1.0 be used for PMF applications in very small watersheds since the
effects of localized “torage and infiltration will be small.

Table 4.5. Values of C for Use in Rational Formula.

Watershed Cover

Soil Type Cultivated Pasture Woodlands

With above-average infiltration rates; 0.20 0.15 0.10
usually sandy or gravel ly

Kith average infiltration rates; no 0.40 0.35 0.30
clay pans; loams and similar sotls

With below-average infiltration rates; 0.50 0.45 0.40
heavy clay soils or soils with a clay
Pan near the surface; shallow soils
above impervious rock

Source: Chow, 1964,

4.8.2 Rainfall Intensity

In order to determine the rainfall intensity, i, the time of concen-
tration, t, must be estimated. The time of concentration can be
approximated by:

(a) Applying one of the Many accepted empirical formulae such as

(0.77
t. = 0.00013

(4.44)
50.385

where L is the length of the basin in feet measured along the
watercourse from the upper end of the watercourse to the drainage
basin outlet and S is the average slope of the basin. Time of
concentration is expressed in hours. This procedure is not
appiicable to rock covered slopes. This expression was
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Table 4.6. Values of runoff coefficient (.

e tenn,

Runoff Coefficients

Character of Surface Range Recommended
Pavement--asphalt or concrete 0.70-0.95 0.90
Gravel, fram clean and loose to 0.25-0.70 0.50

clayey and compact

Roofs 0.70-0.95 0.90

Lawns (irrigated) sandy soil
Flat, 2 percent .05-0.15

0 0
Average, 2 to 7 percent 0.15-0.20 0.17
Steep, 7 percent or more 0.20-0.30 0

Lawns (irrigated) heavy soil

Flat, 2 percent 0.13-0.17 0.15
Average, 2 to 7 percent 0.18-0.22 0.20
Steep, 7 percent 0.25-0.35 0.30
Pasture and non-irrigated lawns
Sand
Bare 0.15-0.50 0.30
Light vegetation 0.10-0.40 0.25
Loam
Bare 0.20-0.60 0.40
Light vegetation 0.10-0.45 0.30
Clay A
Bare 0.30-0.75 0.50
Light vegetation 0.20-0.60 0.40
Composite areas
Urban
Single-family, 4-¢ units/acre 0.25-0.50 0.40
hulti-family, »6 units/acre 0.50-0.75 0.60
Rural (mostly non-irrigated lawn area)
<1/2 acre - 1 acre 0.20-0.50 0.35
1 acre - 3 acres 0.15-0.50 0.30
Industrial
Light 0.50-0.80 0.65
Heavy 0.60-0.90 0.75
Business
Downtown 0.70-0.95 0.85
Neighborhood 0.50-0.70 0.60
Parks 0.10-0.40 0.20

Source: ASCE, 1970 and Seelye, 1960.
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designed for and applicable to small drainage basins (Kirpich,
1940).

(b) Using the Soil Conservation Service (SCS) Triangular Hydrograph
Theory (DOI, 19779)/. the time of concentration is

&=

\ P4 DAY
11.9 13 Aeg USNRC |
t §om=Z bl “ ; ; (4.45)
H MS(“-‘ T
‘ ( Em«- )wr. Exv-orsos Poglie Lusin Goneny
where L is the length (miles) of the longest watercourse from the $,

point of interest to the tributary divide, H is the difference in
elevation (feet) between the point of interest and the tributary
divide. The time of concentration will be expressed in hours.

The SCS procedure is most applicable to drainage basins of at
least 10 square miles.

Once the rainfall duration or time of concentration is determined, the

rainfall depth can be computed based on the PMP intensity values estimated
in Section 2.1.2.

4.8.3 Tributary Area

The tributary area may be expressed in a unit width format for design
of rock protection on an embankment. Therefore, the area is the length of
the longest expected or measured water course multiplied by the unit width.
This procedure is primarily applicable to Zones I, II, and III and is not
applicable for drainage ditch design. It should be noted that a unit width
approach to drainage and diversion ditch design is not effective. Ditch
design requires an entire basin analysis in which.a composite inflow hydro-
graph is determined and is routed along the channel. Fram the inflow

hydrograph, water surface profiles (i.e., HEC-2) can be estimated to deter-
mine flow depth and velocities for riprap design (COE, 1982).

4.8.4 Sheet Flow Velocity

mated by solving the Manning formula presented in Equation 4.39. |t is
assumed that the hydraulic redius, R, is approximately equal to the flow

depth, y, and that the design discharge is equal to that estimated by the
Rational Method. Therefore, the depth of flow is

3/5
y = Qn (4.46)
[l .486 S ]

where Q is the discharge, S is the slope, and n is the Manning coefficient.

Cwn)




