Office of Environmental Management — Grand Junction

—/ — 5P

UMTRA Project

Attachment 1
Disposal Cell Design and
Engineering Specifications

June 2006

of Energy

Work Performed Under DOE Contract No. DE-AC01-02GJ79491
for the U.S. Department of Energy Office of Environmental Management.
Approved for public release; distribution is unlimited.



Appendix A

Appendix B~

Appendix C
Appendix D
Appendix E

~ Appendix F

Appendix G
Appendix H

: Conténts,

Freeze/Thaw Layer Design .

Radon Barrier Design Remedial Action Plan Calculation
Slope Stability of Crescent Junction Disposal Cell
Settlement, Cracking, and Liquifaction Ahalysis

Site Drainage-Hydrology Parameters '
Crescent Junction Site Hydrology Report

Diversion Channel Design, North Side Disposal Cell

Erosional Protection of Disposal Cell Cover




Summary: MODIFIED BERGGREN SOLUTION ;

Design Freezing Index <(AIR)

Design Freezing Index (SURFACE)> |
Mean Annual Temperature 8.8 °F i
Length of Freezing Season {

THI CKNESS

(inches> |

P .
—— End of Frost Penetration ——————————

TOTAL FROST PENETRATION = 33.4 inches

Do you want a hard copy of this data (¥ or

1933, N=0.8
o C:WPROGRA-1\DOSPRG - 1\Mrost\GO 2. exe

Design Freezing Index C(AIR)
Design Freezing Index (SURFACE)
Mean Annual Temperature

Length of Freezing Season

LAYER FREEZING INDEX DISTRIBUTION
THICKNESS
(inches) Each Layer Accumulated

1970, Ne08 =

¢ Ol




:\PROGRA - 1\DOSPRG- 1\frost\GOZ.exe

Summary: MODIFIED BERGGREN SOLUTION
Design Freezing Index (AIR) 278
Design Freezing Index (SURFACE)
Mean Annual Temperature
Length of Freezing Season

Waun

LAYER FREEZING INDEX DISTRIBUTION
THICKNESS
{inches) Each Layer Accunulated

—— End of Frost Penetration ——————————

TOTAL FROST PENETRATION = 29.5 inches

Do you want a hard copy of this data <Y op

1937, N=0.8

| <© C:\PROGRA-1\DOSPRG- 1\frost\GO2. exe

Summary: M ] EN SOLUTION

Design Freezing Index <(AIR) =
Design Freezing Index (SURFACE>
Mean Annual Temperature

Length of Freezing Season

LAYER FREEZING INDEX DISTRIBUTION
THICKNESS
pir

Each Layer Accunulated

11 6
— End of Frost Penetrat;
TOTAL FROST PENETRATION = 35 ¢ inches

Do you want a hard copy of this data <Y op

C O




C:\PROGRA- 1\DOSPRG - 1\frost\GO2. exe

Summary: MODIFIED BERGGREN SOLUTION

Design Freezing Index <AIRD = 1132 F-days
Design Freezing Index <(SURFACE) = 1819 F-days
Mean Annual Temperature = 5] 2R

Length of Freezing Season 93 Days

FREEZING INDEX DISTRIBUTION
THICKNESS
Cinches) Each Layer Accunulated

- End of e e e e
TOTAL FROST PENETRATION

Design Freezing Index <AIR)
Design Freezing Index (SURFACE)
Mean Annual Temperature

Length of Freezing Season

FREEZING INDEX DISTRIBUTION

THICKNESS
(inches) Each Layer Accumulated

—— End of Frost Fenetvatiaon ————-——- - %

TOTAL FROST PENETRATION -

1 937’ ,N=.0'9, o _— S — s O A A A1 5 85 S - R S —— S A ‘

oD




u.Ss. Department of Ener _Q—Grand Junction, Colorado

Calculatmn Cover Sheet
Calc. No.: MOA-02-05-200$-5-19-00 ~ Discipline: Engineering Design  No. of Sheets: 4

Project: Moab UMTRA Project '
Site: Crescent Junction Disposal Site
Feature: FreezelThaw Layer Design

Sources of Data: ’
Climate Data:- Westem Reglonal Climate Center
Desert Research Institute
University of Nevada, Reno, Nevada
Climate Data from Thompson, Utah
National Climate Data Center COOP Station # 428705
Latitude; 38°58"

Longitude: 109°43"
Elevation: 5150' AMS

Soli Data: Moab UMTRA Prdject: Attachment 5 - Field Investigations
Drilling at Crescent Junction: Field Test Documentation

| Sources of Formulae and References:

Ses *Sources of Formulae and References® on page 2.

Preliminary Calc. [~ Final Cachg Supers‘edas'cmc. No.
Author. ' - N q i &chockod by'
Approved by: _;Jre/t,\ dw 6’{1,[01 . “Name v
. P ALy K by Ll 9

. -Name - Date
/e-wawee/ b; @é@_@&

-Nams ) " Date




Problem Statement:

An important design parameter for the final cover of the Moab uranium mill tailings reposutory is the maximum
depth to which frost can be expected to penetrate into the cover. When surficial soils freeze, the coupled
processes of freeze-induced expansion and desiccation result in reduced soil density and the development of
cracks and fissures in the cover soils. These occurrences 1ead to increases in hydraulic conductivity and gas
permeability, which manifest as detrimental increases in the infiltration of meteoric water into the cover, and
also to increased flux of soil gases (e.g. radon) from the cover. As it Is a design imperative to reduce both the
water infiltration into and the radon flux out of the repository, the upper surface of the radon barrier must be
situated sufficiently below the effective ground surface that it is protected from seasonal freeze/thaw effects.

- The objective of this calculation set is to identify the design maximum frost penetration (desrgn frost depth) at
the repository site assummg a recurrence interval of 200 years for design of the freeze/thaiv protective layer.

Method of Solutlon'

* Obtain chmate data for the srte

=  Obtain material properties for the in-situ borrow matenals from the Field Test Documentation Calc set
for the Crescent Junction Site.

= Use the method described in Smith and Rager (2002) to predlct the maxrmum depth of frost
penetration for the Crescent Junction Disposal Site.

Sourc_es of Formulae.and References:

Aldrich, H.P. and Paynter, H.M., 1953. *Analytical Studies of Freezing and Thawing of Solls,” First Interim’
Report, U.S. Army Corps of Engineers, New England Division, Arctic Construction and Frost Effects
Laboratory (ACFEL) Technical Report 42.

t(ersten, M.S,, 1 949."Laboratory Research for the Determination of the Thermal Properties of Soils," Final
Report, U.S. Army Corps of Engineers, New England Division, Arctic Construction and Frost Effects
Laboratory (ACFEL) Technlcal Report 23. .

’NAVFAC 1986. Naval Facilities Englneenng Command. Soil Mechanrcs Design Manual 7.01.
Alexandria, VA. pp 7.1-42.

Smith, G. E. and Rager R. E., 2002. “Protectlve Layer Desrgn in Landfill Covers Based on Frost
Penetration.” ASCEJ Geotechnical/Geoenvrronmental Englneenng. 128:9, pp. 794-799.

U.S. Army and Air Force, 1988. (Departments of the Army and the Air Force) "Arctlc and Subarctlc
- Construction Calculation Methods for Determination of Depths of Freeze and Thaw in Soﬂs First Intern
fReport Army TM 5 852-6, Air Force AFR 88-19, Vol. 6. L.

;Assumptlons. |

« No cllmate data is avallable for the Crescent Junctlon Dlsposal Slte Climate data from -

‘Thompson Springs, Utah, was avallable for 37 of 61 years from 1933 to 1994. Thompson Spnngs is
located approximately 5 miles due east of the proposed disposal cell site. The elevation at the
weather station (5,150 feet [ft]) is approximately 112 ft higher than the estimated highest top-of-cover
elevation (5,038 ft) at the Crescent Junction Site. It is assumed that the climate at the Crescent

. Junction Disposal Site is the same as that of nearby Thompson Springs, Utah.

= Literature sources are rellable and representatlve sources of the physrcal phenomena.

*. Regardless of the final cover conflguratron selected, the Ioosely compacted cover materials will act as
either the protective layer over a typical compacted soil radon barrier or as the upper zone of a
monolithic cover. The effects of rock mulch or other surface treatment were conservatlvely neglected.
Frost penetration decreases with both increasing soil bulk density and increasing water content, due
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-to the insulating effect of ice that forms as water freezes. Although the loosely placed cover materials

will initially have higher bulk density and water content than the in-situ borrow materials, the cover soil
density and moisture conditions will eventually return to their in-situ state due to prolonged exposure
to freezing and thawing cycles. Consequently, soil conditions for the frost prediction model were
assumed to approximate those of the in-situ borrow soails, as indicated below.

- ' Water Content
- Borrow Material Condition Dry Density (gravimetric)
o (pcf) o
Loosely placed cover
(85% ASTM D 1557 max dry density 103.5 9.7
@ 2% below optimum water content)
‘Average in-situ conditions 87.9 7.2
~ Conditions modeled 90.0 ' 8.0

Cal(:ulation'

Step 1. Determine Freeze- Index Parameter
Climate data consisting of 37 years of maximum and minimum daily air temperatures were used to

compute the air-freeze index (degree-days), duration of freeze, and mean annual temperature for

. each year. Plotted data are included as Appendix A.

Step 2. Determine Surface Temgerature Correction Data
The daily temperature data used to determine the freeze-index parameters are typically measured 1.5

meters (m) above ground surface. However, measured ground temperatures can be greater than air
temperatures due to the effects of snow cover, net solar radiation, thermal conduction from warmer
soils below the surface, and convective heat transfer (Smith and Rager 2002). The ratio of the
surface-freeze index to the air-freeze index is related through a factor, N. Because of the complexity
and uncertainty between the freeze indices, a conservative estimate for N is recommended for
practitioners (U.S. Army and Air Force 1998). The surface correction factor, N, was conservatively -
assumed to be 1.0 for analysis of the Crescent Junction Disposal Site. In addition, values for N of 0.8
and 0.9 are used to more realistic estimates for depth of frost penetration assummg a vegetative
cover and a rock cover, respectrvely

Step 3. Determine Soil Thermal Propertle ' '
Soil thermal properties—thermal conductivity, heat capacny, and Iatent heat of tusron—are products

‘of empirical relationships between the dry unit weight (pcf) and gravimetric moisture content (%)..

These relationships are reproduced i in Altken and Berg (1968) ongmally pubhshed by Aldrich and

.Paynter (1 953) and Kersten (1949).

' ,Steg 4, Determme Annual Frost Depths -

Annual frost depths were determined for each of the subject years using the Modified Berggren
Formula (MBF) as discussed in Smith and Rager (2002). The MBF was converted to PC software by
the U.'S. Army Corps of Englneers in 1997. Computer output for each year analyzed are presented
as Appendix B, including design air freezing index, design surface freezmg |ndex mean annual

' temperature Iength of treezrng season and total trost penetratlon

‘Step 5. Determme Extreme Frost Dep_th S B : o
Extreme-value frost depths for the 200-year recurrence mterval are determmed by extrapolatmg

beyond the record of observed data using the cumulative probability distribution of the Gumbel
function (Smith and Rager 2002). Frost depths are plotted in relation to the standard variate and
recurrence interval, and linear regression is used to extrapolate and interpolate freezing depths.

Graphlcal results of the extreme-frost- depth analysrs are included in Appendix C, and indicate a
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maximum frost penetration of 41 inches (104 centimeters [cm)) for a recurrence interval of 200 years
with a surface factor of 1.0. Frost-depth predictions are also made with surface factors of 0.9,
predicted depth of 41.5 inches; and with a surface factor of 0.8, a frost-penetration depth of 38.5
inches is determined.

Discussion:

Placing a 44-inch-thick frost-protection layer over the radon barrier layer is the maximum thickness of soil
required to prevent freeze-thaw degradation of the barrier layer (N=1.0). Less thicknesses of 41.5 inches
(N=0.9), down to 38.5 inches (N=0.8) are also predicted dependent on the ratio between the air
temperature and surface temperature. Verification of the 41-inch predicted frost depth at proposed
Crescent Junction Disposal Site compares well to other uranium mifl tailings disposal cells in the general
region as shown in the Table below.

Design Water

- Site ‘ Deslgn Dry Density Predicted Frost
(pch) Content (%) ‘Depth (inches)
Monticello, uT 90 17 45 .
Cheney (Grand Junction, CO) - 104 12 38
- Estes Guich (Rifle, CO)' 106 9 - 69
- Green River, UT No frost protection layer included in the design -

Three layers in protective cover: 12-inch coarse material (rock riprap), 6-inch coarse material (sand bedding),
and fine material with these properties reported.

Green River, Utah is the closest constructed disposal cell to the proposed Crescent Junction Site. No
information was found to document that a trost-penetratron analysis had been performed here. The cover
at the Green River Site consists of a 12-inch-thick riprap layer underlain by a 6-inch-thick sand drainage
layer. Discussions with desrgners of the disposal cell reveal that an analysis was performed and without a
protective layer, the depth of frost penetration does extend into the radon barrier, but not completely
through the layer. No performance data was drscovered

Given similar density and moisture condrtrons the depth of frost penetration into coarse-grained soils,
such as a sand layer, is slightly greater than for a fine-grained soll layer. Thus, inclusion of a sand
drainage layer below a protective layer of soil would slightly increase the magnitude of frost penetration, if
the sand were used to replace the fine-grained soil. However, the magnltude of the difference in
thicknesses is not expected to be srgnmcant .

Conclusions and Rer’:ommendationSi o

*«  Based on results of the freeze/thaw analysrs a maximum frost penetratlon of 41.5 inches (1.05 m) .
‘should be assumed for design of the Moab uranium tailings cover at the Crescent Junction Disposal .
Site, using a rock cover. and 38.5 inches (0 98 m) |t a vegetated cover is used '

. ' The desrgn depth ot frost protectlons depends on the type of cover chosen in the fmal desrgn

: Computer Source.

*  MBF (Modrfred Berggren Formula) Coded for personal computer use by U S. Army Corps of
Engrneers, Cold Regrons Research and Engtneenng Laboratory in1997.

o/
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Appendix A

" Plotted Freeze-Index Data




-Appendix B

MBF 'Compﬁ_ter Output




Appendix C

Results of Ektreme Frost Depth Analysis



"~ APPENDIX A
PLOTTED FREEZE-INDEX DATA
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APPENDIX B

MBF COMPUTER OUTPUT




1933
- CAPROGRA - 1\DOSPRG - 1\frost\GO 2. exe

Design Freezing Index <AIR)>
Design Freezing Index (SURFACE)
Mean Annual Temperature

Length of Freezing Season

LAYER DISTRIBUTION
THICKNESS

(inches) Accumulated

——— FEnd of Ffbst Penetration

TOTAL FROST PENETRATION = 8.3 inches

Do you want a hard copy of this data <Y or

1934
= C:\PROGRA-1\DOSPRG- 1\frost\GO2.exe

Design Freezing Index (AIR) = 4 F-days
Design Freezing Index (SURFACE) = 88 F-days
Mean Annual Temperature = oF
Length of Freezing Season = 42 Days

LA FREEZING INDEX DISTRIBUTION
LAYER THICKNESS

#: Type Cinches) Each Layer Accumulated

s End of Frost Penetration —=—-——
TOTAL FROST PENETRATION = i inches

Do you want a hard copy of this data (¥ or

C 0




1935
. - C:\PROGRA-1\DOSPRG- 1\frost\GO2,exe

Design Freezing Index <AIR)
Design Freezing Index (SURFACE)
Mean Annual Temperature

Length of Freezing Season

LAYER FREEZING INDEX DISTRIBUTION
THICKNESS
Cinches) Each Layer A

End of Frost Penetration —————————

TOTAL FROST PENETRATION = inches

Do you want a hard copy of this data (Y op

+ C:APROGRA - 1\DOSPRG - 1\frost\GO 2. exe

Design Freezing Index <AIR)
Design Freezing Index ¢(SURFACE)
Mean Annual Temperature

Length of Freezing Season

LAYER
LAYER THICKNESS
#: Type Cinches)

e End of Prost Penetration —————-L -

TOTAL FROST PENETRATION - inches

Do you want a hard copy of this data <Y or

(. U>




1938

« C:\PROGRA~1\DOSPRG- 1\rost\GO2.exe

Design Freezing Index <AIR)
Design Freezing Index (SURFACE)>
Mean Annual Temperature

Length of Freezing Season

FREEZING INDEX DISTRIBUTION
THICKNESS
Cinches?> Each Layer Accumulated

-——— End of Frost Penetration

TOTAL FROST PENETRATION = t inches

Do you want a hard copy of this data ¢

1941
OGRA-1\DOSPRG- 1\frost\GO2.exe

Design Freezing Index <(AIR) = F-days
Design Freezing Index (SURFACE)> = 479 s
Mean Annual Temperature : :

Length of Freezing Season = Days

LAYER FREEZING INDEX DISTRIBUTION
THICKNESS
i

iches) Each Layer Accumulated

- T L End of Frost Penetration —————

TOTAL FROST PENETRATION = ¢ I dnches

Do you want a hard copy of this data <Y or

c 00y




o+ C:APROGRA - 1\DOSPRG- 1¢rost\GO2 exe

Design Freezing Index C(AIR) =
Design Freezing Index (SURFACE) =
Mean Annual Temperature

Length of Freezing Season

FREEZING INDEX DISTRIBUTION
THICKNESS

Cinches) Each Layer Accumul

st Penetration

TOTAL FROST PENETRATION = '.8 dinches

Do you want a hard copy of this data ¢ or

1944
-+ C:\PROGRA-1\DOSPRG- 1\frost\G0 2.exe

Design Freezing Index <AIR) = L? F-days
Design Freezing Index (SURFACE) 119 F-days
Mean Annual Temperature oF
Length of Freezing Season = } Days

LAYER FREEZING INDEX DISTRfBﬂfIéN
LAYER THICKNESS
(inches) Each Layer

Accumulated

—— End of Frost Penetratidn T
TOTAL FROST PENETRATION = 8.8 inches

Do you want a hard copy of this data <Y or

CANT




Design Freezing Index

Design Freezing Index C(SURFACE)
Mean Annual Temperature

Length of Freezing Season

LAYER FREEZING INDEX DISTRIBUTION
THICKNESS

Each Layer Accumulated

- End of Frost Penetratinn AT e e e e 0

TOTAL FROST PENETRATION = inches

- C:\PROGRA - 1\DOSPRG~ 1\frost\GO2 .exe

Design Freezing Index <(AIRY
Design Freezing Index ¢(SURFACE)
Mean Annual Temperature

Length of Freezing Season =

i F-days
F-days

0 ‘?
Days

LAYER FREEZING INDEX DISTRIBUTION
THICKNESS
Cinches) Each Layew Accumulated

e e End of ?Post Penetration
TOTAL FROST PENETRATION =

inches

Do you want a hard copy of this data <Y op

@




Design Freezing Index (AIRD>
Design Freezing Index (SURFACE)
Mean Annual Temperature

Length of Freezing Season

LAYER FREEZING INDEX DISTRIBUTION
THICKNESS

Cinches) Each Layer Accunulated

End of FProst Penetration ———————

TOTAL FROST PENETRATION = 1.6 inches

Do you want a hard copy of this data <Y or

1954
~1WDOSPRG~ 1¥Mrost\GO2.exe

Design Freezing Index <AIRY = i3 F-days
Design Freezing Index {(SURFACE) 248 F-days
Mean Annual Temperature = &t oF
Length of Freezing Season = 15 Days

LAYER FREEZING INDEX DISTRIBUTION
THICKNESS
{inc > Each Layer

Accumulated

———— End of Frost Penetration ———

TOTAL FROST PENETRATION = I inches

Do you want a hard copy of this data (¥ or




1955

> CAPROGRA-~ 1\DOSPRG- 1\Mrast\GO2 .exe

Design Freezing Index (AIR)
Design Freezing Index (SURFACE)
Mean Annual Temperature

Length of Freezing Season

LAYER FREEZING INDEX DISTRIBUTION
THICKNESS
(inches) Each Layer Accumulated

———— End of Frost Penetration ——————————

TOTAL FROST PENETRATION = 2.7 inches

Do you want a hard copy of this data (¥ or

1956

o C:\PROGRA - 1\DOSPRG - 1\frast\GO 2. exe

Design Freezing Index <AIR)
Design Freezing Index (SURFACE)
Mean Annual Temperature

Length of Freezing Season

LAYER DISTRIBUTION
THICKNESS
Cinches) Each Layer Accumulated

End of Frost Penetration

TOTAL FROST PENETRATION = 24.6 inches

Do you want a hard copy of this data <Y opr

e 19




-~ C:\PROGRA-1\DOSPRG-11frost\GO2. exe

El

Design Freezing Index <(AIR) F-days
Design Freezing Index (SURFACE) F-days
Mean Annual Temperature ®F
Length of Freezing Season Days

LAYER FREEZING INDEX DISTRIBUTION
THICKNESS

Cinches) Each Layer Accumulated

—— End of Frost Penetration ——————————

TOTAL FROST PENETRATION = 16.8 inches

Do you want a hard copy of this data <Y op

1961
C:\PROGRA - 1\DOSPRG-1\frost\GO2.exe

LA

1ED B}

Design Freezing Index (AIR) 9 F-days
Design Freezing Index (SURFACE) '9 F-days
Mean fAinnual Temperature = 54.8 °F
Length of Freezing Season Days

TH?( FREEZING INDEX DISTRIBUTION

(inches) Each Laver Accunulated

=+ Hnd of Frest Penetpation -

TOTAL FROST PENETRATION = inches

Do you want a hard copy of this data (Y op

e1




1963

+ C:\PROGRA - 1\DOSPRG Hfrost\G(?Z.exe

Design Freezing Index <(AIR)
Design Freezing Index <(SURFACE)
Mean Annual Temperature

Length of Freezing Season

LAYER
THICKNESS
Cinches) Each Layer Accumulated

= Fnod of Ff‘ost Penetration ——————

TOTAL FROST PENETRATION = 28.9 inches

Do you want a hard copy of this data <Y op

1971
- C:\PROGRA-~ 1\DOSPRG - 1\frost\GO2.exe

Design Freezing Index <AIR)
Design Freezing Index (SURFACE
Mean Annual Temperature

Length of Freezing Season

LAYER FREEZING INDEX blSiﬁléﬁflaﬁ
THICKNESS

Cinches) Each Layer

Accumulated

i e End ok Frocst Penttratiah ——-f-2 . L

TOTAL FROST PENETRATION = inches

Do you want a hard copy of this data ¢ or

C\e




1974

o+ C:PROGRA -~ 1\DOSPRG - 1Mrost\GO 2 .exe

Design Freezing Index (AIR) =
Design Freezing Index (SURFACE)
Mean Annual Temperature

Length of Freezing Season

LAYER
THICKNESS
Cinches)

Accunulated

- End of ?ln"t Penetration ——

TOTAL FROST PENETRATION = 27.8 inches

Do you want a hard copy of this data <Y or

1975
=+ C:A\PROGRA-~ 1\DOSPRG- 1Xrost\GO2 .exe

Design Freezing Index <(AIR) =
Design Freezing Index (SURFACE)
Mean Annual Temperature

Length of Freezing Season

FREEZING INDEX DISTRIﬁﬁTIbN

Each Layer

Accumulated

End of Frost Penetration ——— -l 0 .

TOTAL FROST PENETRATION = { inches

Do you want a hard copy of this data (¥ or

£




Design Freezing Index (AIR)
Design Freezing Index (SURFACE>
Mean Annual Temperature

Length of Freezing Season

LAYER FREEZING INDEX DISTRIBUTION
THICKNESS
{inches> Each Layer Accumulated

- End of Frost Penetwpation

TOTAL FROST PENETRATION = 15.8 inches

Do you want a hard copy of this data (Y op

1977
WPROGRA - 1\DOSPRG~ 1\frost\GO2. exe

Design Freezing Index <(AIR)>
Design Freezing Index (SURFACE)>
Mean Annual Temperature

Length of Freezing Season

LAYER FREEZING INDEX® DISTRIBUTION
THICKNESS
{inches) Each Layer Accumulated

——— End of Frost Penetration ——————

TOTAL FROST PENETRATION = 13.6 inches

Do you want a hard copy of this data <Y ow

Cl| &




1978

\PROGRA - 1\DOSPRG - 1¥Mrost\GO 2. exe

Design Freezing Index <AIR)
Design Freezing Index (SURFACE)
Mean Annual Temperature

Length of Freezing Season

LAYER FREEZING INDEX
THICKNESS
Cinches) Each Layer

DISTRIBUTION

Accumulated

et Nnd ofF Frost Penett‘ation ST FE e e v

TOTAL FROST PENETRATION = 14.4 inches

Do you want a hard copy of this data (Y op

1979

Design Preezing Index <AIRD
Design Freezing Index (SURFACE)
Mean Annual Tenperature

Length of Freezing Season

LAYER THICKNESS
Each Layer

- End of Frost Penetration —————

TOTAL FROST PENETRATION - 6.8 inches

Do you want a hard copy of this data <Y or

LAYER FREEZING INDEX

DISTRIBUTION

Accunulated




1980

o C:APROGRA~ 1\DOSPRG~ 1\Mrost\GO2 .exe

Design Freezing Index <(AIR)>
Design Freezing Index (SURFACE) =
Mean Annual Temperature

Length of Freezing Season

LAYER FREEZING INDEX DISTRIBUTION

THICKNESS

(inches) Each Layer Accumulated

i 114
—— End of Frost Penetration ———————

TOTAL FROST PENETRATION = 15.6 inches

Do you want a hard copy of this data ¥ op

1982
* C:\PROGRA- 1\DOSPRG- 1\frost\GO2.exe

¥

Design Freezing Index <AIR) = 448 F-days
Design Freezing Index (SURFACE) 18 F-days
Mean Annual Temperature =5 bid
Length of Freezing Season = 6 Days

THICKNESS
Each Layer Accumnulated

- End of Frost Penetratibn

TOTAL FROST PENETRATION = .4 inches

Do you want a hard copy of this data <Y op

LAYER FREEZING INDEY DISTRIBUTIO&




Design Freezing Index C(AIR)
Design Freezing Index (SURFACE)
Mean Annual Temperature

Length of Freezing Season

LAYER FREEZING INDEX DISTRIBUTION
THICKNESS
Cinches) Each Layer

TOTAL FROST PENETRATION =

Do you want a hard copy of this data ¥ or

. 1986

» C:YPROGRA - 1\DOSPRG- 1\ frost\GO 2. oxe

Design Freezing Index <AIR)
Design Freezing Index <(SURFACE)
Mean Annual Temperature

Length of Freezing Season

el 0l

LAYER FREEZING INDEX DISTRIBUTION
LAYER THICKNESS
f: Type Cincl Each Layer

7 End of Frost Penetration ———— - 0

TOTAL FROST PENETRATION = ) inches

Do you want a hard copy of this data (¥ op




Design Freezing Index (AIR) = F-days
Design Freezing Index (SURFACE) F-days
Mean Annual Temperature 1

Length of Freezing Season Days

LAYER FREEZING INDEX DISTRIBUTION
THICKNESS
(inches) Each Layer Accumulated

— End of Frost Penetration

TOTAL FROST PENETRATION = 12.8 inches

Do you want a hard copy of this data (Y op

1988
* C:\PROGRA-1\DOSPRG- 1\frost\GO2.exe

Design Freezing Index C(AIR) =
Design Freezing Index (SURFACE) =
Mean Annual Temperature =
Length of Freezing Season =

LAYER FREEZING INDEX DISTRIBUTIéN
LAYER THICKNESS
Cinches) Each Layer Accunulated

- End of Frost Penetration

TOTAL FROST PENETRATION = B.7 inches

Do you want a hard copy of this data <Y opr




1989

¢+ CAPROGRA-1\DOSPRG~1\rost\GO 2. exe

Design Freezing Index <AIR) F-days
Design Freezing Index (SURFACE) F-days
Mean Annual Temperature b5 i o
Length of Freezing Season

LAYER FREEZING INDEX DISTRIBUTION

THICKNESS
Cinches) Each Layer Accumulated

L End of Frost Penetration —————

TOTAL FROST PENETRATION = 25.9 inches

Do you want a hard copy of this data <Y op

1990
> C:\PROGRA-1\DOSPRG- 1¥rost\GO 2. exe

Design Freezing Index <AIR)
Design Freezing Index (SURFACE)
Mean Annual Temperature =
Length of Freezing Season =

LAYER
LAYER THICKNESS
¢

ches) Each Layer Accunulated

End of Fﬁost Penetration —-

TOTAL FROST PENETRATION - inches

Do you want a hard copy of this data (Y op

FREEZING INDEX DlSTHIéUTIég




1991

\PROGRA - 1\D0SPRG - 1\frost\GO2.exe

Design Freezing Index <AIR) F-days
Design Preezing Index (SURFACE)> F-days
Mean Annual Temperature : il
Length of Freezing Season

LAYER FREEZING INDEX DISTRIBUTION
THICKNESS
(inches? Each Layer Accunmulated

= End of Frost Penetration

TOTAL FROST PENETRATION = 26.8 inches

Do you want a hard copy of this data <Y or

1992
" €:\PROGRA - 1\DOSPRG-1\rost\GO2.exe

Design Freezing Index <AIR)
Design Freezing Index (SURFACE)
Mean Annual Temperature

Length of Freezing Season

LAYER FREEZING INDEX DISTRIBUTION
LAYER THICKNESS
(inches) Each Layer Accumulated

End of Frost Penetration ———

TOTAL FROST PENETRATION = 27.4 inches

Do you want a hard copy of this data (¥ opr dei

¢ TtD




Design Freezing Index <(AIR)>
Design Freezing Index (SURFACE>
Mean Annual Temperature

Length of Freezing Season

LAYER FREEZING INDEX DISTRIBUTION
THICKNESS
Cinches) Each Layer Accumulated

= ~ End of Frost Penetration ——

TOTAL FROST PENETRATION = 3 inches

Do you want a hard copy of this data <Y or

-~ C:\PROGRA- 1\DOSPRG-1\ros\GOZ. exe

Design Freezing Index <(AIR)
Design Freezing Index ¢SURFACE)
Mean Annual Temperature

Length of Freezing Season

FREEZING INDEX DISTRIBUTION
THICKNESS
(inches) Each Layer Accumulated

- End of Frost Penetration ————

TOTAL FROST PENETRATION = / inches

Do you want a hard copy of this data <Y op

C24
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APPENDIX C

RESULTS OF EXTREME FROST DEPTH ANALYSIS
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Problem Statement:

Part 40 of the Code of Federal Regulations, section 192.02 (40 CFR 192.02) requires that control of
radioactive materials and their listed constituents shall be designed to provide reasonable assurance
that release of radon-222 from residual radioactive material (RRM) to the atmosphere will not exceed

- an average of 20 picocuries per square meter per second (pCl/m %sec), averaged over the entire

cover top slope.

The cover of the Crescent Junction Disposal Cell must be sufficient to provide isolation of tailings and
control of radon emanation for the period of up to one thousand years, to the extent reasonably
achievable, and, in any case, for at least 200 years.

This calculation establishes the dimensions and input parameters for design of the Crescent Junction
Disposal Cell radon barrier that will provide the requisite reasonable assurance of performance.

Method of Solution:

Site-specific data for the RRM, which includes tailings, contaminated soils, mill debris, and other
contaminated materials, and for the native cover materials were developed through thorough field
investigations and laboratory testing programs (DOE 2006a; Golder 2006a). These site-specific data

~ are presented in summary tables presented in Appendix B.
- Two conceptual design configurations were evaluated. One using a compacted-clay radon barrier

(Uranium Mill Tailings Remedial Action [UMTRA] checklist cover) and one using a monolithic soil
cover (Alternative cover).

The Nuclear Regulatory Commission (NRC) computer code RAECOM (Rogers et aI 1984) was used
1o calculate the optlmum radon-barrier thickness, given the specific input parameters for each model
rup.

In order to evaluate the impact of the uricert’ainty for the input parameter values on the calculated

" radon-barrier thickness, model runs were performed using the mean value of the key input

parameters and using the mean value plus the standard error of the mean (SEM). A ratio of the
calculated radon-barrier thickness, using these two ranges of input values of greater than 1.4,
indicates that additional characterization of the input materials may be required to decrease the
design uncertainty (DOE 1989).

Assumptions:

Tailings activity will be relatively homogeneous as placed; no layers of different radium-226 activity
were modeled. This is conservative, as placement of contaminated soils of lower activity may be
placed in the upper portions of the pile. It is anticipated that the cover design will be re-evaluated
dunng construction using actual as- placed source matenal actlvmes and propertles to ensure the
cover is optimized for as- -built condmons '

Bottom-boundary radon fluxis equal to zero, as per the Technlcal Approach Document (T AD)
(DOE 1989). :

Ambient air radon concentr_ations were assumed to equal the conseryative default value of zero, no
local ambient air radon concentration data were available. Should these data become available prior
to construction, these measured values should be considered in evaluation of the final cover design.

The tailing side slopes will be constructed of dikes made from clean fill to thicknesses far in excess of

-the cover and with properties comparable to the cover material; therefore, radon flux through the side

slopes was not modeled.

Followmg UMTRA precedence, materials above the radon barrier (e.g., freeze/thaw protectlon Iayers
riprap, or rock mulch erosion-protection layers) were not modeled. These overlying materials provide
additional radon attenuation. This conservative assumption enhances the reasonable assurance that
the barrier as designed will provide the requisite protection and long-term performance.

U.S. Department of Energy Radon Barrier Design Remedial Action Plan
June 2006 ’ . Doc. No. X0175600
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e Aclean-fill interim cover 1 foot (ft) thlck will be placed over the tallmgs as a best management

: ‘ ) _ practice.

o Physncal properties of the cover materials are adequately represented by the characterization data.
This is supported by analysis of parameter uncertainty using the SEM in cover calculations. These
show that the calculated radon-barrier thickness when using the mean parameter values plus the
SEM is less than 40 percent greater than the calculated radon-barrier thickness when using the mean
parameter values.

» RAECOM model default values for radon-emanation coefficient (0.35) are assumed conservative and
appropriate.

e Capillary breaks and biointrusion layers were assumed to have insignificant impact on radon
attenuation, given their large pore size and low long-term moisture content. Therefore, these layers
have conservatively been omitted form the RAECOM model runs.

Calculation:

+ The mean value (Xnean) of any parametet is celculated t;y the equation:
| xmean.=‘ 2x/n

where:  x =thei" velue, and o
n = the total number of values.

. | The standard deviation (s) of a set of values is calculated by the equat:on

s = 5qrt{ (Z(X —Xmean)” / [n-1]))
U where: “sqrt = the square root of the value.

‘. .The SEM is calculated by the equation:
SEM = s/ sqrt(n)

¢ Porosity (n) of a sample is calculated from the equation;
m=Q1- [dry bulk dens:ty (specmc grawty X umt welght of water)])
where the unit welght of water is 62 4 pounds per cubic foot. (pct) or 1 gram per CUbIC .
centlmeter (g/cc).

e The density of a sample in g/ccis converted to pct By tnultiplying the unit weight of water (62.4 pcf).

e The Rawls & Brakensiek equation referenced in the NRC Regulatory Guide 3.64 (NRC 1989a) can be
- used to estimate the 15 bar moisture content as a reasonable lower bound of long-term moisture
content. The equatlon is: . :

" 15 bar moisture content =0. 026 + 0 005z +0. 0158y

where:  z= percent clay in the soil
y = percent organic matter in the soil

-

U.S. Depariment of Energy = : Radon Barrier Design Remedial Action Plan
June 2006 . Doc. No. X0175600
: Page 3




</

Description of Model and Input Values

_ attenuation provided by overlying Iayers such as freeze/thaw protection layers or rock mulch layers. The

For example, the calculated 15 bar moisture content of the alluvial site materials, which have a
mean clay content of 18.63 percent and a mean organic matter content of 0.28 percent is:

15 bar moisture content = 0.026 + 0.005(18.23) +0.0158(0.28)
15 bar moisture content = 0.075, or 7.5 percent ‘

The individual RAECOM model output files, which mclude the input parameter values for each model

- layer, are included in Appendix A. Appendix B provides additional calculatrons and data supporting

development of the input parameters.

Discussion:

Two general cover configurations were considered: 1) a “typical” UMTRA-style cover consisting of a
compacted, native-clay radon barrier (see Figure 1); and 2) an alternative cover design using a monolithic
cover of loosely compacted native materials (see Figure 2). It has been assumed as a best management
practice that a 1-ft-thick interim cover of clean native materials will be placed on the RRM to control wind
transport of fine material and to provide for a relatively clean and uniform work surface on which the
radon barrier will be constructed. '

The radon barner layers have been optimized by the RAECOM model to limit the radon flux to

20 pCi/m?/sec under long-term moisture content conditions. As with previous UMTRA Title | cover
designs, the attenuation of radon by the freeze/thaw or erosion protection layers are not considered in
these analyses, though these layers will further reduce the radon flux rate at the Disposal Cell surface.

Because the Disposal Cell design calls for clean-fill dikes, only flux through the top cover is modeled.

Rad~n emanation calculations from a multilayered cover system were made with the RAECOM model
(Rogers et al. 1984; NRC 1889), a one-dimensional model that calculates radon flux from decay of a
radium-226 (Ra-226) source (such as the tailings). The key input parameters to the mode! include:

+ Layer thickness.

. Porosity.

« Mass density.

. Ra-226 activity concentration.
« - Emanation coefficient.

«  Weight percent moisture.

. Coeffrcrent of radon diffusion.

Only those material Iayers mcludmg the radon barrier and below are modeled This ensures that the radon
barrier alone can meet the long-term average radon flux requirement of 20 pCr/m"’/s without the additional

input parameters and values used in the model are outlined below. Table 1 summarizes the mdrvrdual
input parameters used for all of the models run and their bases.

As per the TAD (DOE 1989), the uncertalnty regarding model parameters has been evaluated. Input
parameter uncertainty is evaluated by comparing the calculated radon barrier thickness using mean input
parameters to the calculated radon barrier thickness using mean +/— SEM input parameters. If the ratio of
the radon barrier calculated using mean +/- SEM input parameters to the calculated radon barrier
thickness using mean input parameters is greater than 1.4, then the uncertainty regarding the variability of
the input parameters is considered too large and additional input parameter. characterization is
Tecommended. Table 1 summarizes the input parameters for each model run and the calculated radon
barrier thickness. Appendix B provides additional calculations of the mean input values and related
statistics, including the SEM. .
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" Table 1. Crescent Junction Disposal Cell Radon Barrier Design, RA ECOM Model Runs Summary, UMTRA Cover .

Output File Name UMTRA 1 __Output File Name UMTRA 2 Qutput File Name UMTRA 3.
Parameters | - . i . IE . .
. : . . - . UMTRA Cover, Mean input values, Radon
Run Purpose UMTRA ‘Cover_. Mean input values UMTRA Cover, Mean +/- SEM input values Barrier moisture content @ Mean — SEM value
. . Source for Input Parameters| - Source for Input Parameters| Source for Input Parameter:
Tailings _ ) ‘ . : J ’
. Average value for tailings from | _- . Average value for tailings from Average value for tailings from
Specific Gravity . 2.8 | [Shaw Lab Data (DOE 2006¢) 2.8 Shaw Lab Data (DOE 2006e) 2.8 Shaw Lab Data (DOE 2006e) for
L mE ) for all tailings samples - for all tailings samples ) all tailings samples -
Porosity L 0.44 Calculated 0.44 - |[Calculated . . 0.44 Calculated
Dry Density (g/cc) . 1.57 Calculated = - . 1.57 Calculated 1.57  -|Calculated
: ' : o © |90% of average standard 90% of average standard ~ |90% of average standard proctor
. ' proctor max dry density of proctor max dry density of max dry density of transition
Dry Density (pcf) . %8 transition tailings from Golder |- 98 transition tailings from Golder 98 taflings from Golder bench scale
) _|bench scale test (2006a) bench scale test (2006a) ~ [test (2006a)
. ' O : Based on calculated fong-tem | - Based on calculated long-term Based on calculated long-term
Moisture Content (%) 15 moisture content from 15 moisture content from 15 moisture content from Infiltration
) - (Infiltration modeling ! Infiltration modeling modeling -
ey 0 O SavrRton| 535 Icaloutated 535  [Calculated - 535 [Calculated
Radium Activity Mean of 27 values from Mean plus SEM from ~ |Mean of 27 values from
(pCil 868 - [November 2005 OCS analysis 954 November 2005 OCS analysis 868 November 2005 OCS analysis of
pCilg) ’ ] of tailings of tailings tailings
?c‘::“é,s;gg)cf’ef 1.045 x 10M-2|Calculated by RAECOM 1.045 x 102 |Calculated by RAECOM 1.045 x 10~-2[Calculated by RAECOM
s B Model not sensitive to depths Model not sensitive to depths Model not sensitive to depths
Thlckpess (cm) . .| .500 greater than 500 cm 500 greater than 500 cm 500 greater than 500 cm
[Thickness (ft) - 16.4  .|Calculated 16.4. : . 16.4
Interim Cover . : '
o . |Average value for sheet wash, a;z;a%mg"s frﬁihl;?i;hse;:s Average value for sheet wash, -
Specific Gravity - 2.67  [fluvial, and eolian soils from 27 trom GEG lab data 2.67 fluvial, and eolian soils from GEG
— ‘ . GEG lab data (DOE 2006f) (DOE 2008f) lab data (DOE 2006f)
Porosity . - .0.38 Calculated : 0.39 Calculated 0.38 Calculated
[Density (g/cc) 1.65  [calculated - 1.65 _ [Calculated 1.65  [Calculated
o \ . |85% of average modified . 85% of average modified . |B5% of average modified proctor
"Densny (pcf) - 103 . proctor max dry density of 103 Jproctor max dry density of 103 max dry density of sheet wash,
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Output File Name UMTRA 1

Output File Name UMTRA 2

Output File Name UMTRA 3

Parameters

Run Purpose

UMTRA

Cover, Mean input values

UMTRA Cover, Mean +/- SEM input values

UMTRA Cover, Mean input values, Radon
Barrier moisture content @ Mean — SEM value

Source for Input Parameters|

Source for Input Parameters

Source for Input Parameters

sheet wash, fluvial, and eolian

sheet wash, fluvial, and eolian

fluvial, and eolian soils from GEG

in-situ soils analysis, Rawls &
Brakensiek Equation, and

estimated form in-situ soils
analysis, Rawls & Brakensiek

soils from GEG lab data soils from GEG lab data lab data (DOE 2006f)

(DOE 2006f) ' (DOE 2006f)

Mean gravimetric moisture - Mean minus SEM gravimetric Mean gravimetric moisture
[content value estimated form moisture content value - content value estimated form in-

- |Brakensiek Eqn, and average

situ soils analysis, Rawls &

in-situ soils analysis, Rawls &
Brakensiek Eqn, and average

content value estimated from

H i 0y
Moisture Content (%) 8 average measured 15 bar 7 - |[Eqn, and average measured 8 measured 15 bar moisture
' moisture content for sheet 15 bar moisture content for content for sheet wash and
wash and fluvial/eolian sheet wash and fluvial/eolian fluvial/eolian materials by ASTM
materials by ASTM D3152 materials by ASTM D3152 D3152
(Iaz)gree o Saturgtnon 347 - |Calculated * 29.6  ‘[Calculated N 34.7 Calculated
" .. Mean from February 2006 . Mean plus 1 SEM from
Radium Activity 1.86 OCS sheet wash and edlian 2.02 February 2006 OCS sheet 1.86 Nllqean from February 2006 OCS
(pCi/g) data - \wash and eolian data _ sheet wash and eolian data
gg\%f;gg)cw 2,089 x 102 Calculated by RAECOM 2.541 x 1072 |Calculated by RAEGOM 5,089 x 107-2|Calcutated by RAECOM
Thickness (cm) 30.5 ' 30.5 30.5
Thickness (ft) 1 1 1
Radon Barrier o .
' ’ Mean value for weathered Mean plus SEM value for Mean value for weathered
Specific Gravity 2.65 - [Mancos soils from GEG lab 2.73 . [weathered Mancos soils from 2,65 Mancos soils from GEG lab data
. data (DOE 2006f) - GEG lab data (DOE 2006f) (DOE 2006f)
Porosity - 0.33 Calculated 0.35 Calculated 0.33 Calculated
Density (g/cc) 1.78 Calculated 1.78 Calculated 1.78 Calculated
) 90% of average modified 90% of average modified 90% of average modified proctor
Densi f 411 proctor max dry density of 111 proctor max dry density of 111 max dry density of weathered
ensity (pef) weathered Mancos soils from weathered Mancos soils from Mancos soils from GEG lab data
GEG lab data (DOE 2006f) GEG lab data (DOE 20061) (DOE 2006f) '
. - : Value is mean observed insitu : .
o contont valus estimated form value, lower than mean plus Valus, lowsr han moan pls SEM
Moisture Content (%) 12 10 SEM Gravimetric moisture 10 !

in-situ soils analysis, Rawls &

Gravimetric moisture content
value estimated from in-situ soils
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: Output File Name UMTRA 1 Output File Name UMTRA 2 Output File Name UMTRA 3
" Parameters ' | ' | - A |
i o : 3 . UMTRA Cover, Mean input values, Radon
Run Purpose .. UMTRA Cover, Mean input values UMTRA Cover, Mean +/- SEM input values Barrier moisture content @ Mean — SEM value
Source for Input Parameters Source for Input Parameters Source for Input Parameters]
measured 15 bar moisture Brakensiek Eqn, and average analysis, Rawls & Brakensiek
. [content for weathered Mancos measured 15 bar moisture Eqn, and average measured 15
Shale by ASTM D3152 content for weathered Mancos bar moisture content for
: : T Shale by ASTM D3152 weathered Mancos Shale by
- ASTM D3152
Degree of Saturaton| 647 Icaleulated | 509 [Calculated - 539 |Calculated
Radium Activity b - |Mean from February 2006 N gr';’zgose%"cfgm s3  |Meantrom February 2006 OCS
(pCi/g) o OCS weathered Mancos . weathered Mancos weathered Mancos
lg;f]‘éfs'gg)cm '|4.423 x 10r3|Calculated by RADON 1.X 102 [Calculated by RADON 1.025 x 1072|Calculated by RADON
[Thickness (cm): 126.1 Calculated 235.3 Calculated 197.7 _ |Calculated
[Thickness (ft) 4.1 Calculated 7.7 Calculated 6.5 Calculated
. (Note: RADON uses gravimetric water contents. .-
?. | - Ratio of calculated radon barrier thickness: 1.2,
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The mbdel output file names and the purpose of the model runs are summarized below.

"« Model Run UMTRA 1 uses mean input values for the UMTRA style cover.
¢ Model Run UMTRA 2 uses mean +/- SEM input values for the UMTRA style cover.

o Model Run UMTRA 3 uses mean input values for the UMTRA style cover except it uses the mean
minus SEM long-term moisture content for the radon barrier to evaluate the sensmvnty of the model to
this parameter..

. Model Run ALT 1 uses mean input values for the Alternative cover.
¢ Model Run ALT 2 uses mean +/- SEM input values for the Alternative cover.

Layer Thickness

The layers and sequences are illustrated in Figure 1 and Figure 2 and represent the geometries of the
tailings and of each cover-layer component. For all model runs, a tailings thickness of 500 centimeters
(cm) is used; the model output is insensitive to source term thicknesses greater than 500 cm.

UMTRA-Style Cover

The current conceptual design of the UMTRA cover system consists of 1 ft of interim cover below the
compacted-clay radon barrier. A 1-ft-thick interim cover of clean, native materials will be placed on the
surface of the tailings as a best management proaction to contro! wind transport of fine material and to
provide for a relatively clean, uniform work surface upon which to construct the radon barrier. The model
is used to optimize the layer thickness of the compacted-clay radon barrier,

Alternative Cover

The current conceptual design of the alternative cover system consists of one foot of interim cover, a
9-inch-thick capillary break/biointrusion layer and a monolithic moisture-storage/radon-barrier layer.
However, because the capillary barrier is very coarse grained and will have very low long-term moisture
content, experience has shown that its infiuence on radon attenuation is minimal. Therefore, it has
conservatively been omitted from the model runs. :

The Alternative cover uses a monolithic soil layer placed at a density similar to existing native soils
conditions and is modeled under conservative long-term soil moisture conditions. Therefore, a
freeze/thaw protection layer is not needed to protect it from changes due to seasonal freeze/thaw cycles.
This monolithic soil layer will also be covered by a rock mulch designed to resist wind and surface water
runoff erosional forces under the Probable Maximum Flow (PMF) event, ensunng that the layer endures
as an integral unit for the desngn life of the dlsposal cell.

Porosity (n)

The porosity of the layer matenals have been calculated based on the dry densnty and the specific gravnty
of the specific materials according to the followmg equation:

n=1- (dry densnty [specific gravnty X umt weight of water])
for example, tatliﬁgs porosny is: '

-1-(157g/cc [28x1g/cc])
‘n=044 -

U.S. Department of Energy Radon Barrier Design Remedial Action Plan
June 2006 . : Doc. No. X0175600
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The porosity of the tailings was modeled as 0. 44, given a mean specific gravity of 2.8 for the tailings
based on the data in the Shaw Labs Calculatron set (DOE 2006¢), and a designed placement density of
1.57 g/cc (98 pcf).

The porosity of the interim cover and the monolithic layer of the alternative cover, to be developed from
the alluvial silty sands and sheet wash deposits overlying the in-situ weathered Mancos Shale, was
modeled as 0.38, given a mean specific gravity of 2.67—based on nine samples presented in Calculation
Set MOA-02-03-2006-4-01-00 (DOE 2006a) and Appendix B—and a designed placement density of 1.65 g/cc
(103 pcf). These two Iayers will be constructed of the same on-site materials from the Crescent Junction
Site and will be placed in the same conditions.

The porosity of the compacted Mancos Shale was modeled as 0.33, given a mean specific gravity for the
_ Mancos of 2.65—based on the data in Calculation Set MOA-02-03-2006-4-01-00 (DOE 2006a) and Appendix
‘B—and a designed placement density of 1.78 g/cc (111 pcf).

Mass Denslty

- The dry density of the tailings as placed has been modeled as 1.57 g/cc (98 pcf), which is 90 percent of
the mean standard Proctor maximum dry density of transition tailings materials as reported in the Golder

Draft Tech Memo (2006b)

The density of the interim cover materials and the alternative cover monolithic layer, as placed, has been
modeled as 1.65 g/cc (103 pcf), which is 85 percent of the mean modified Proctor dry density value
(121.6 pcf) for these materials as developed in Calculation Set MOA-02-03-2006-4-01-00 (DOE 2006a).

The density of the compacted clay materials and the UMTRA-style cover, as placed, has been modeled
as 1.78 g/cc (111 pcf), which is 90 percent of the mean modified Proctor dry density value (123 pcf) for
these materials as developed ln Calculation Set MOA-02-03-2006-4-01-00 (2006).

Radium Activity Concentratlon

The radium-226 actlvrty concentration values used in the model for each specific material are outlined
- below.

Tailings

The Ra-226 activity values for the tailings are based on 27 tailings samples collected in November 2005, and
range in depth from the tailings surface to 75 ft below the surface. The coflection and analysis of the samples
is discussed in the Calculation Set MOA-02-05-2006-5-02-00 (DOE 2006a). The samples were analyzed using
the opposed crystal system (OCS) at the Moab Site. Measured Ra-226 activity values range from 186 .
picocuries per gram (pCi/g) to 1,670 pCi/g, with a mean value of 868 pCi/g (see Appendix B). To evaluate the
impact of uncertainty of the tailings actnwty as an input parameter for the radon-barrier design, the tailings’
Ra-226 activity have been modeled using the mean activity and the mean-plus-one SEM as per the TAD
(DOE 1989). Appendlx B provrdes supportrng documentatron regardlng Ra-226 activity measurements

The current conceptual plan for talllngs removal and placement would entall a significant amount of blending
of lower-activity beach sands and higher-activity slimes. Therefore, no Iayenng of the tailings source term has
been modeled, and a single activity value has been used. However, it is highly likely that lower-activity
" contaminated sub-pile soils and contaminated soils from the mill site and clean up of peripheral and vicinity
properties will be placed above the higher activity tailings, which would serve to further reduce Ra-226 activity
_ at the base of the cover. However, the source term activity and properties as well as the actual propertles of
the cover materials once delivered to the site should be reevaluated to ensure that the cover design is
optlmlzed for the actual as-burlt condmons ol the cell contents. .

. Interim Cover ‘and Alternative Cover Monollthlc Laver

The monolithic layer Ra-226 activity for the interim and alternative covers is based on eight samples of native
materials collected from the Crescent Junction Site that will be used to construct the cover and clean-fill

U.S. Department of Energy ' Radon Barrier Design Remedial Action Plan
June 2006 - Doc. No. X0175600
. ' Page 11



perimeter dikes (see Appendix B). Samples were collected from alluvial materials with depth ranging from’
4 to 15 ft below the surface. The samples were analyzed using the OCS at the Moab Site.

The Ra-226 activity of the alluvial material ranged from 1.4 to 2.3 pC/g with a mean value of 1.86 pCi/g. To
evaluate the impact of uncertainty of the cover materials activity as an input parameter for the radon barrier
design, the cover materials Ra-226 activity have been modeled using the mean activity and the mean plus
one SEM as per the TAD (DOE, 1989). '

Compacted Clay Layer

The Ra-226 activity value for the compacted clay layer is based on two samples of Mancos Shale collected
from the Crescent Junction Site that will be used to construct the compacted-clay radon barrier and clean-fill
perimeter dikes (see Appendix B). Samples were collected from weathered Mancos Shale samples with
depths of approximately 20 to 22 ft below the surface. The Ra-226 activity of the weathered Mancos Shale
ranged from-1.6 to 3.0 pCi/g, with a mean value of 2.3 pCi/g. The samples were analyzed using the OCS at
the Moab Site. To evaluate the impact of uncertainty of the cover materials activity as an mput parameter for
the radon-barrier design, the Ra-226 activity of the cover materials has been modeled using the mean activity
and the mean-plus-one SEM as per the TAD (DOE 1989).

Radon Emanation Coefficient

A radon-emanatlon coefficient of 0.35 was used for all of the tailings, random fill, and cover materials. This is
the conservative default value used in the RADON model.

Weight Percent Molsture

The mean weight percent moisture of the tailings has been modeled as 15 percent based on the modeled
long-term moisture content from the calculation set MOA-02-05-2006-03-21-00 (Inf/Itratlon Modeling for
Alternative Cover Design).

The mean Iong-term gravimetric moisture content of the interim cover and alternative cover monolithic
layer is modeled as 8 percent. This value is based on a review of the measured in-situ moisture content
for the alluvial materials (6.8 percent), the mean measured 15 bar moisture content (9.0 percent) as
determined by ASTM Method D3152 and presented in the GEG calculation set (DOE 2006g), and a
calculated 15 bar moisture content based on the Rawls and Brakenseik equation (7.5 percent) as presented
in the NRC Regulatory Guide 3.64 (NRC 1989). These data are summarized in Appendix B.

The mean long-term moisture content of the compacted clay derived form the on-site weathered Mancos
Shale is modeled as 10 percent. This value is based on a review of the measured in-situ moisture content
for the weathered Mancos Shale (10.2 percent), the mean measured 15-bar moisture content for the -
weathered Mancos Shale (12.1 percent) as determined by ASTM Method D3152 and presented in the
GEG calculation set (DOE 2006g), and a calculated 15-bar moisture content based on the Rawls and
;Brakens:ek equation (11.9 percent) as presented in the NRC Regulatory Guide 3. 64 (NRC 1989). Table 2 - -
summarizes these data. The lower value of 10 percent was selected because it was the observed in-situ
condition and, though these materials will be remolded during the cover construction process, it represents a
.conservative Iower bound on ‘future performance as per NRC guidance.

'Radon-Diffusion Coeﬁiclent -

The radon-diffusion coefficient used in the RAECOM model can either be calculated within the model (based -

on an empirical relationship with degree of saturation) or input directly into the model using values measured
" from laboratory testing. For this evaluation, the RAECOM model was used to calculate the values in the
model runs. The lower the diffusion coefficient value, the lower the resulting rate of radon emanation. The
values that were calculated by the model are summarized in Appendix A.

U.S. Department of Energy - Radon Barrier Design Remedial Action Plan
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Radon in Ambient Air

The ambient air radon concentrations above the radon-barrier layer are assumed to zero in absence of
srte-specmc data.

Conclusion and Recommendations

* The alternative cover design showed less than 40 percent difference in modeled radon-barrier
thickness (actual ratio is 1.2) when modeled using mean input parameter values and mean values
plus the SEM input values. This indicates three things: 1) that the current characterization data for the
input parameters are adequate for this design; 2) that uncertainty related to the variability of mput
parameter data is sufficiently low; and 3) that further characterization to reduce this uncertainty is not
required for this level of design.

* The UMTRA-style cover showed greater than 40 percent difference in modeled radon-barrier
thickness (actual ratio is 1.9) when modeled using mean input parameter values and mean values
plus the SEM input values. This indicates that: 1) the current characterization data for the input
parameters is not adequate for this design; 2) uncertainty related to the variability of input parameter
data is large; and 3) further characterization to reduce this uncertainty is required for this level of
design. The difference is likely related to the differences in long-term moisture content of the
compacted-clay radon barrier and the increased Ra-226 activity of the tailings. Model Run UMTRA 3
uses mean input values for all input parameters except the long-term moisture content, which is set at
10 percent rather than the mean value of 12 percent. This single-input change accounts for
approximately one third of the difference between the two scenarios.

U.S. Department of Energy Radon Barrier Design Remedial Action Plan
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Table 2. Crescent Junction D)'sposal Cell Radon Barrier Design, RAECOM Model Runs Summary, Alternative Cover

. ALT 1 ALT 2
Parameters Output File Name Source for Input Parameters Output File Name |Source for Input Parameters
Tailings : :
: 'Mean Input Parameter Mean Plus SEM Input
Values Parameter Values :
» : - o Average value for tailings from
- . Average value for tailings from Shaw Lab Data
Specific Gravity 2.8 0 2.8 - {Shaw Lab Data (DOE 2006e) for
: . (DOE 2006¢) for all tailings samples all tailings samples
Porosity 0.44 Calculated - 0.44 Calculated
[Dry Density (g/cc) 1.57 Calculated 1.57 Calculated
. - ) 90% of average standard proctor max dry gch‘(’ gf ac\!,:rl;as?tsl ztfatr:;i:;gig;octor
Dry Density (pcf) 98 density of transition tailings from Golder bench 98 L ailin sl:yfrom Golder bench scale
| e scale test, 2006 . : g
test, 2006 -

: . " |Based on calculated long-term
S ' Based on calculated long-term moisture Y .
M0|sture.Content (%) .15 content from Infiltration modeling 15 . moustqre content frorp Infiltration

S modeling
“Degree of Saturation (%) 53.5 Calculated 53.5 Calculated
. . . . o Mean of 27 values from November 2005 OCS M tus 1 SEM from N b
) C al 954 ean plus rom November
Radlpm Actlwty (rCilg) 868 . analysis of tailings 2005 OCS analysis of tailings
IDiffusion Coef (cm%/sec) 1.045 x 10~-2 Calculated by RAECOM 1.045 x 10~-2 Calculated by RAECOM
LThicknesé (cm) 500 Model not sensitive to depths greater than 500 500 Mode! not sensitive to depths
: . cm greater than 500 cm
[Thickness (ft) 164 .. Calculated 16.4 Calculated
interim Cover
Specifi ' . 2 67' Average value for sheet wash, fluvial, and 27 Average plus SEM for sheet
pecific Gravity : eolian soils from GEG lab data (DOE 2006f) ' wash, fluvial, and eolian soils
: from GEG lab data (DOE 2006f)
Porosity 0.38 Calculated 0.39 Calculated
Densi cc) 1.65 Calculated 1,65 Calculated
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ALT 1

from GEG lab data (DOE 2006f)

fluvial, and eolian soils from GEG

ALT 2
Parameters Output File Name Source for Input Parameters Output File Name [Source for Input Parameters
L ' 85% of average modified proctor max dry 85% gf ac\,/:;asge n;o?:ﬁe;i pro<r:,tor
Density (pcf) © 103 density of sheet wash, fluvial, and eolian soils 103 ;Ina>_< 'ry d zlt.y ors _lee was F'SG
T from GEG lab data (DOE 2006f) uvial, and eolian soils from G
: : lab data (DOE 2006f)
, Mean plus SEM gravimetric
. . . . moisture content value estimated
, Me.an gravnmetr]c n‘}mstu'r e conten} value . form in-situ soils analysis, Rawls
. g estimated form in-situ soils analysis, Rawls & & Rakenseik Ean. and avera
Moisture Content (%) 8 Rakenseik Eqn, and average measured 15 bar 7 measured 15 bgr'm oisture ge
- i ~ moisture content for sheet wash and content for sheet wash and
fluvial/eolian materials by ASTM D3152 N g .
‘ fluvial/eolian materials by ASTM
v - : D3152 . ’
Degree of Saturation (%) 34.7 Calculated 29.6 Calculated
AL ' - Mean plus 1 SEM from February 2006 OCS Mean plus 1 SEM from February
Radlrum_ Activity (pCig) 186 . sheet wash and eolian data- 2.02 2006 OCS sheet wash and eolian
L - . . . : . data
Diffusion Coef (cm"‘/sec) 2.089x 102  |Calculated by RAECOM 2.541 x 10~-2 Calculated by RAECOM
[Thickness (cm) 30.5 30.5
Thickness (ft) 1 1
Radon Barrier
ecific Gravi "o 67' : Average value for sheet wash, fluvial, and 07 Average plus SEM for sheet
Specific Gravity 67 . eolian soils from GEG lab data (DOE 2006f) : wash, fluvial, and eolian soils
. o from GEG lab data (DOE 2006f)
Porosity 0.38 Calculated 0.39 Calculated
Density (g/cc) 1.65 Calculated 1.65 Calculated
' ' . 85% of average modified proctor
- : - 85% of average modified proctor max dry :
Density (pcf) . - 103 density of sheet wash, fluvial, and eolian soils 103 max dry density of sheet wash,

lab data (DOE 2006f)




9002 aunp

ABiau3 jo uswpedaq ‘s'n
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C

C

Thicknesses:

ALT 1 _ ALT 2
Parameters Output File Name Source for Input Parameters Output File Name |Source for Input Parameters
’ ) Mean plus SEM gravimetric
, L . moisture content value estimated
, Mean gravimetric moisture content value form in-situ soils analysis, Rawls
7 . _ : estimated form in-situ soils analysis, Rawls & & Rakenseik Eqn, and average
Moisture Content (%) 8 Rakenseik Eqn, and average measured 15 bar 7 measured 15 bg r'moisture 9
R o moisture content for sheet wash and content for sheet wash and
fluvial/eolian materials by ASTM D3152 A " A
) fluvial/eolian materials by ASTM
- A _ - D3152 :
Degree of Saturation (%) 34.7 . Calculated 29.6 Calculated -
3 : ‘ . : ' ' Mean plus 1 SEM from February
. . . . Mean plus 1 SEM from February 2006 OCS -
Radium Activity (pCi/g) ‘ 1.86 A 2.02 2006 OCS sheet wash and eolian
. ‘ _ L sheet wash and eolian data ‘ data '
Diffusion Coef (cm?/sec) . 2,089 x 1012 Calculated by RAECOM 2541 x 102 - [Calculated by RAECOM
Thickness (cm) - : 355 Calculated by RAECOM 415.1 Calculated by RAECOM
Thickness (ft) - 3 116 Calculated by RAECOM . 13.6 Calculated by RAECOM
Note: RADON uses gravimetric water contents.
’ : Ratio of Calculated Radon Barrier 1.2




. e The compacted- clay radon barrier of the UMTRA checkhst-type cover under the modeled conditions,
ﬁ ) _ using the mean plus SEM input values, is 7.7 t thick.

¢ The alternative cover design, under the modeled conditions, using the mean plus SEM input values,
is 13.6 ft thick.

. 'Based on these results, either design is capable of meeting the requnsrte reasonable assurance of
providing long-term control of radon flux to the specific average of 20 pCi/m?/sec.

o Itis recommended that the mode! be run again once the laboratory Ra-226 data for the tailings
source term are available..

e ltis recommended that three actions occur during construction and prior to placement of the radon

barrier:
" 1. Additional testlng of Ra-226 activity for the contaminated materials placed in the upper 10 ft of
the cell.

2. Additional testing of long-term moisture content of matenals stockpiled for construction of the
- radon barrier.

3. Another run of the miodeél to refine the required cover thickness.

'Computer Seurce:

" Rogers,-V.C., KK. Nielson, and D.R. Kalkwarf, 1984. "Radon Attenuation Handbook for Uranium Mill
Tailings Cover Design,” NUREG/GR-3533, prepared for U.S. Nuclear Regulatory Commission,

April.
,
[
U.S. Department of Energy _ Radon Barrier Design Remedial Action Plan .
June 2006 . Doc. No. X0175600

Page 17
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Appendix A

" RAECOM Model Output Files




Versicn

1.2 - MRY 22, 1985 - G.F. Birchard
U.S. Nuclezr Regulatory Ceomnmission 0Ifice o

RADON FLUX, CONCENTRATICH END TAILINGS COVER

ARE CALCULATED FOR MULTIPLE LAYERS

CUTPUT FILE: Alt 1

DESCRIPTION: Alternative Cover, Mean Input Values

CONSTANTS

RADON DECARY CONSTENT
RADON WATER/AIR FARTITION COEFTICIENT

DEFRULT SPECIFIC GRAVITY CF COVER & T

LAYERS OF COVER AND TAILINGS
DEFAULT RADON FLUX LIMIT _
NO. OF THEE LAYER TO BE OPTIMIZED
DEFAULT SUKFACE RADOM CONCENTRATIOR
SURFACE FLUY PRECISION

LAYER 1

THICKNESS .

POROSITY _

" MEASURED MASS DENSIT

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERMY CONCEHTRATICN
WEIGHT % MOISTURE '
‘MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

© LAYER 2 . Interim Cover

THICKNESS.

POROSITY

MEASURED MASS DENSITY

MEASURED RADIUM ACTIVITY

. DEFAULT LAYER EMANATION COEFFICIENT

CALCULATED SOURCE TERM CCNCENTRATION

NEIGHT ¥ MOISTURE
MOISTURE SATURATICN FRACT

T
CALCULATED DIFFUSICH CORF

GENERAL INPUT PARRMETERS

- N
Y NS

13
(73]
tn

.0000022

.26

AILINGE

D ) N L
o .

o
o
pry

w
P2 ]

a3 s
™
~

DG L s O

76D-02

1.045D-02

THICKNESS

pCi n"*-2 s*-1

pCi 1~-1
eCi m*~2 s~-1

cn

g cm -2
pCi/gn=-1

pCi cm”*-2 s*-1
R : :

<

cmt2 g1




m
13
4

LAY

THICKNESS
POROSITY

Radon Rarrier

MEASU

DEFAU

CALCULA

-

Rols
MEASURZID RADIUM ACTI
EMAN

SOURCE TERM

MASS
LT LAYER

Noe

LATED

o
DEN

WEIGET % MCISTURE

MOIST

URE SATUR

RETION TRAC

SITY

-
41

mMTAN
PN R Wi

C”EF
CONCE

TION

—
FI
HT

EN
L.

Ci
FATI

NT
O

CALCULATED DIFFUSION COEFrICIENT

N
- 3

LAYER

LN e

DATA

FCl1
.CCCD+00

DX
5.000D+G2
3.0500-C1

3.000D+C2

SENT

CN1
G.000D+00

b
1.045E-02

2.089D-02
2.089D-02

FROM

{cm)

TO THE FILE

LAYER 1

THICKNESS

ICGST
3

i:
4.400D-01
3.£00D0-01
3.800D-01

'R

L

(73 ]

O O Y D

o N

3 ped o
iad o

in.
(o8]
N
Lws

(44}
(7% .
[ 0 2N
D -3
el
(e

PO e

NDATA' ON D
CRITJ
2.0G60D+C1

e
2.276D‘03
.536D-06
5.836D-06

:  7.055D:02 pCi m~-

OF THE RADON DITFUSION

(pCi

EXIT

Wt

5.000D+02
3.050p401
3.550D+02

CALC

FLOX

mh-Z s°-1)

.23245+02
.1200+02
.000C+01

roo
i

g cu

R
2

pCi/c-1

-0& pli cm™-3 57~
~-02 cm™h2 osn-1
RIVE A
ACC
.000D-03
XMS REC
5.35ZD-01 1.%70
2.474C-01 1,650
3.474D-01 1.650
2 sh=1
ULATICONS
IAIT CONC.
{pCi 17-1;
3420405

4.
3.540D+05
VN

0000+00




————— sesxs 1 RADON

P

Version 1.2 - MAY 22,
U.S. Nuclear Regulatory Comniss

RADON FLUX, CONCENTRATION AND TAILINGS

ERE CALCULATED FOR MULTIFLE LAYERS
OUTPUT FILE: Alt 2

DESCRIPTION: ARlternative Cover, Mean
. Valueg

COMSTANTS
.

RADCN DECAY CONSTANT

RADCN WATER/AIR PARTITION COEFFICIENT

1989 - G.F. Birchard tel.# [(301)
ssion Ofiice of Resear

Jus Standard =

.Gocoezt
.26

DEFRULT SPECIFIC GRAVITY OF COVER & TAILINGS

GENERAL INPUT PARAMETERS

LAYERS OF COVER END TAILINGS
DEFAULT RADON FLUX LIMIT

NO. OF THE LAYER TO BE OPTIMIZED
DEFAULT SURFACE RADON CONCENTRATION
SURFACE FLUX PRECISION

LAYER INPUT PARRMEZTERS

LAYZR 1 . Tailings

THICKNESE

PCRCEITY

YEASURED MASS DEINSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATICN COEFFICIENT
CALCULATED SCURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MCISTURE SATURARTION FRACTION
CALCULATED DIFFUSION COEFTICIERT -

LAYER 2 Interim Cover

THICKNESS

PORCSITY ; _

MEASURED MASS DENSITY

MERSURED RADIUM ACTIVITY -
DEFAULT LAYER EMANATION 'COEFFICIENT
CALCULATED SOURCE TERM CCNCENTRATION
WEIGHT % MOISTURE - , .
MOISTURE SATURATION FRACTION .
CALCULATED DIFFUSION COGEFFICIENT

O W N W
o

]
«©
b

LB S B o SEURE Ve 3 S ) n
s Tle WU O
QW O Q1 U1 o OO
B © i

n Ny

Lo oo

i ]

o o)

X! w

COVER THICKN

T
»

o




k"?) LAYER 3 Radon Barrier

THICKNESS

POROSITY

MEASURED MASS DENSITY
MEASURED RADIOM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIE

CARLCULATED SCURCE TERM CONCENTRA
WEIGHT %.MOISTORE

‘MOISTURE SATUPATION FRACTIOHN
CALCULAT ED DIFFUSION COEFFICIENT

30 cm
. 3¢
1.63 g cm
2.02 oCi/
ENT .35
. TICH £.2EL0-C6 pCi
7 %
L2986
2.%41D-02 cmt2

CATA SENT TO THE FILE “RNDATA' ON DRIVE A:

FO1 cnl I

N

3 1.0C0D+00 0.000D+00
LAYER [9).4 ) D

1 5.000D+02 1.045D-02 .4.4

2 3.050D+01 2.541p-02 3.9

3 3.000D+01 2.541D-02 3.9

k!-!‘) BARE SOURCE FLUX FROM LAYER 1:

RESULTS OF THE RADON DIFFUSION CRLC

LAYER THICKNESS
- (em)

5.000D+02

(VYIS 38 2

4.151D+02

3.050b+01.

COST CRITCS
3 2.000D+C1
P . Q
COD-G1 2.562D-03 .
00D-01. €.2EiD-0¢€
00D-01 6.281D-0€

7.758D+02 pCi m~-

EXIT FLUX
{pCi m*-Z s~-1)
4.970D+02

'3.767D+02
1.995D+91

. RACC
1.00CD-03

XMs
5.352D-01
2.962Dp-C1
2.962D-0%

ULATIONS
EXIT CONC.
(pCi 17-1}

4.287D+0E
4.206D+08

.. 0.0063+00

REC
1,57C
l1.65¢C

1.65C




_____ woh kok |

RADON 1%~ % eweun
Version 1.2 ~ MAY 22, 1985 - G.F. Birchard tel.# (301)492-7000
9.8, Nuclear Reghlatorv Commissicon Ofrlce cf Research

ED FOR MULTIPLE LAYERS

CONSTENTS

RADON DECAY CONSTANT . 2000021 s7-1

REDON WATER/AIR FARTITION COEFFICIENT .26
2.65

DEFARULT SPECIFIC GRAVITY OF COVER & TAILINGS
I
GENERAL INPUT PARAMETERS

FLIY, CORCENTRATION AND TAILINGS COVER THICKNESS

LRYERS OF COVER AND TAILINGS il
DzsAubT RADON FLU¥X LIMIT 20 pCi m™=2 s5°~1
NO. THE LAYER TC RBE OPTIMIZED 2
DEFAULT SURFACE RADON CONCENTRATION c pCi 17-1
SURFACE FLUX PRECISION .001 pli m~-2 s°-1
LAYER INMPUT PARAMETERS
LAYER 1 Tailings
THICKNESS ' . . 500 - o
FOROSITY L84
. MEASURED MASS DENSITY 1.87 g cnt-
MEASURED RADIUM,AC IVITY BEE pCi/sgn-1
DEFAULT 'LAYEK EMANATION CCEFFICIENT | .35
CALCDLn;ED SCURCE TERIM CONCENTRA"IOF 2.2760-03 pCi em~-32 s°-1
WEIGHT % MCISTURE , : .15 %
MOISTURE SATUBATION FRACTION .535 .
CALCULATED DIFFUSICN COEFFICIENT 1.045D-02 cm~2 st=1
LBYER 2 Interim Cover
THICKNESS - 30.5 - ¢m
POROSITY .38 . B
MEASURED MASS DENSITY _ - 1.85 ¢ cm~=3
MEASGRED RADIUM prmIzITg - . 1.86 eCi/gr-1
DEFAULT LAYER EMANATION COEFFICIENT .35 '
CALCULATED SOURCE TERM CONCENTRATION 5.936D-06 - pCi cm™-3 s°-1
WEIGHT & MOISTURE : . 8 T
MOISTURE SATURATION FRACTICH .347 :
CALCULATED DIFFUSION COEFFICIENT 2.0690-02 cm~2 sn-l




LAYEER 2 Radon Barrier

THICKNESS

35 cm

POROSITY L33

MEASURED MASS DENSITY 1.78, g cm™=-3
MEASURED RADIUM ACTIVITY 2.3 pCi/g™~-1
DEFTAULT LAYER EMANATION COZFFICIENT .38

ALCULATED SCURCE TERM CORCENTRATICH ¢,.212D-Cs pCi zm™=3 gn-1
WEIGET % MOISTURE - i2 %

MCISTUEE SATURATION FRACTION 647
. CALCULATED DIFFUSION COEFFICIENT 4,423D-C3 cietg oat=-1

§

OATA SENT TC THE FILE 'RNDATA' CN DRIVE A:

N FO1l CHl ICoSsT CRITJ ACC
3 -31.0C0D+G0 0.0C0D+00 3 2.000D+01  1.006D-03

LAYER DX o P o} . XMS RHO
1 5.0C0D0+02 1.545D~02 -4.400D-C1 2.276D-03 3.382D-01 1.37C
2 3.0500+01 2.089D-02 3.800D-0% 5.936D-0¢ 3.474D-01 1.65C
3 3.000D+01 4.423D-03. 3.3000-01 '9.118D-0& 6.473D-01 1.78C

ZARE SOURCE FLUX FRCM LAYER 1: 710599+02 pCi m"-2 s~-

[

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LUZX . EXIT CONC.

LAYER THICKMESS EXIT F
{cm) (pCi m"-2Z s7-1) (pCi 17-1}
i 5.000D+02 3.136D+02 . 6.027D+0%’
2 3.050D+C1 1.458D+02 £€.53¢8D+05
3 1.251D+02 1.9¢8

‘YZE0+01 - - G.COCD+00.




----- » &+ 1 RADON

Versicn 1.2 - MAY 22 1985 - G.F. Bi
J.S5. Hucl i

RADON FLUX, CONCEN?R? TION Ad
ARE CALCULATED FOR MULTIFLE LAYERS

v
ezx Reg atorj Commi 538 zion Gf

“%

R LA R Jn

chard tel.% (301}4%2-700D
fize cf Resezrch
NI TAILINGS COVER THICKMESS

'DESCRIPTICN: Mean plus standard error of the mean input

CONSTANTS

RADON DECAY. CONSTART

RADON WATER/AIR PARTIT’ON COEFFICIENT
T

DEFAULT SPECIFIC GRAVITY OF COVER &

.000C021
.26

AILINGS

Gnu“RAL INPUT FARARMETEES

LAYERS OF COVER ANMD TAILINGS
DEFAULT RADON FLUX LIM’”

NO. OF THE LAYER TO BE OPTIMIZEC
DEFAULT SURFACE FADON LONCED;RATION
SURFACE FLUX PRECISICH

LAYER INPUT PARAMETERS

LAEYER 1 Tailings.
TEICKNESS

PORGSITY

MEERSURED MASS DENSITY
MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION CCEFFICIENT
CALCULATED SOURCE TERM.CONCENTRATICN
WEIGHET % MOISTUERE

MCISTURE SATURATION FRACTIOCH
CALCULATED DIFFUSION COEFFICIENT

LAYER 2 - Interim Cover

THICKNESS

POROSITY,

MEAS DRED MASS PLVS*”V

MEASURED RADIVY ACTIV

DEFAULT LAYER ZMANATION CCEFFICIENRNT
CALCULATED SOURCE TERM COVC&NTRATION
WEIGHT % MOISTURE

¥OISTURE SATURATICN FRACTION

CALCOLATED DIFFUSION COZFPICIEXRT

QLN W,
O

.0C1

- wm
i O

. \c ’.I
[RRTIR
A E e O
)

2.5062D~-03
.533
1.0450-02
36.5
.39
1.65
2.02
.35
€.281D-06
"7
L2586
2.541D-32

values.

pCi n*-2 s°-1

pCi 1~-1

pCi m*-2 s°-1

gt=1
)
5°-1




LAYER 2 Barrier
THICKHNESS ki o
PCROSITY ) .3
MEASUKED MASS DENSITY .78 g omt=3
MEASURED RADIUM ACTIVITY 3 oli/g"-1
DEFAULT LAYER EMANATION CCOEFFICIENT .35
CALCULATED SCURCE TERM CORCENTRATICH 2.121b0-05 oCi cm”-3
WEIGET % MOISTURE - ' 10 %
MCISTURE SATURATION FRACTION .50¢
CALCULATED DIFFUSICN COEFFICIENT 2.025D-C2 crt2 s7-1
DETA SENT TC THE FILE 'RNDATA' OH DRIVE A
N FOl1 CHl ICOST CRITJ ) ACC
3 --1.0C0D+400 0.000D+00 3 2.000D+01 1.000D-03
LAYER DX D P ¢] : M8 A
1 5.000D+02 1.045D-02 4.4C0D-01 2.502D-53 =2.332D-C1 1.5
2 3.050D+01 2.541D-02 2.9C0D-01 6.28iD-06 Z2.962D-01 1.6
3 3.0C0D+01 1.025D-02 3.500D-0%1 1.121p-05 5.C8€D-01 1.7

BARE SOURCE FLUY FROM LAYER 1:

7.758D+02

ESULTS OF THE RADON.DIFFUSION CRLCULRTI

pCi n*-2 s~-1

R ons
LAYER  THICKNESS EXIT FLUX EXIT CONC
{crz) (pCi m"-2 s”=-1) (pCi 1~-1}

1 S.000D~C2 5.1500+02 5.546D+05

2 - 3.050D+C1 2.5GED+02 6.153D408

3 2.353D+02 1.998D+01 0.000D+00

v -3 O

SO
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C

Summary of Geot‘echnlc’al Testing ﬁata From Calculation Set X0156200 (Gebtechnical Prope

Tested | - Natural Dry | Liquid Passing Yena Wom
. . . [ Depth | Moisture | Density | Limit | Plasticity} No. 200| Specific | (Modified | (Modified
Sampla] Number | Field Dascription] (1) |- (%) {pch) (%) {Index (%) (%) Gravity | Proctor) Proctor)
TP 156 eglian 12) - 19 2 64 2.64 124.5 11.0
TP liner |154 eolian 13 571 .820 20 2 69
TP liner {156 eolian 12.25 7.9 88.0 0 0 50
P - 1152 fluvial/eolian - 15 21 3 84 2.63 127.5 10.0
TP 153 fluvial/eolian 8.5 0 0 67 2.65 118.0 11.0
TP 154 fluvial/eolian 12 20 3 63 2.65 122.0 12.0
HEH 005 sandy silt 2 4.2 91.0 21 4 69
BH 007 sandy silt :
B8H 009 - sandy silt 4 6.6 83.0 24 9 74
184 [ sandy silt - 2 6.1 83.0 22 9 78
fBH 013 sandy sift -7 8.3] 1134 0 0 43
lBH 013 . sandy silt 2.5 5.8 89.0 24 9 70
BH 023 sandy silt 3.5 . 6.0 25 8 72
Bt 025 sandy silt 16.5 7.3 106.0 21 6 66
BH 025 sandy silt -6 49] 89.01 24 ] 59
BH 027 sandy silt 16.5 8.4 108.04. 24 11 87
{IBH 027 - |sandy siit 4 . 59 24 3 - 44
B+ 029 sandy silt 7 134 - 77.0 23 6 77
8H 031 sandy silt 12 - 82 96.0 24 4 50
BH 031 sandy silt 5.5 7.0 87.0 25 g 85
BH 043 sandy silt 3.5 6.1 90.01- 25 8 53
1BH 045 sandy siit * - 1.5 - 4.6 84.0 19 7 57
i8H 045 sandy silt 6.5] . 86 98.0 32 9 78
1BH 049 sandy silt 6.5 6.0 83.0 20 6 62
iBH o049 sandy silt . 12 541 - 102.0 19 5 80
iBH 051 sandy silt 35 38] 850 20 6 57
BH 062 sandy silt 4 7.6 103.0 29 10 69
8H 062 sandy silt v ‘
BH 064 sandy sit C 21 124] 95.0 34 <] 74
B8H 066 . sandy silt 3.5 .47} - 90.0 21 5 53
BH 068 sandy sift 2] 4.2 94.0 21 6 36
BH 078 sandy sift . 7 5.7 85.0 23 7 70
BH 080 sandy siit 3 2.8 95.0 19 5 53

CMab results TWxis

511612006




C

Summary of Geotechnical Testing Data From Calculation Set X0156200 (Geote.chhical Prope

C

Tested | Natural Dry | Liquid Passing - Ymax Wopt
Depth | Moisture | Density | Limit } Plasticity| No. 200} Specific | (Modified | (Modified

Sample] Number | Field Description]  (ft) (%) {pch) {%) lindex (%)} (%) Gravity | Proctor) Proclor)
B8H 080 - Isandy siit 7 - 6.0 89.0 24 7 65 ]
BH 082 sandy sift - 12 4.7 91.0 21 -8 79

ieH 092 sandy sift 2 . 571 . 810 22 9}. 63

¥BH 094 sandy sift 4 12.2 89.0 31 10 61

iBH 004 .. - [sandy silt 17 741 102.0f 20 5 37

IIBH 085. - sandy silt 7 6.5 85.0 23 7 46

iBH 099 . - |sandysilt 2.5 48] 87.0 18] 3 a7
BH 100 sandy sitt . - 4 8.0 25 5 69 .
P 151 sheet wash 4.5 24 5 66 . 118.5 13.0
TP 152 sheet wash 7.5) - 26 .9 74 2.64 120.5 13.0
TP 153 sheet wash 3.5 23 5 72 2.68 120.5 12.5
1P 154 sheet wash 4 22 4 83 123.0 12.0
TP 156 \ |sheet wash . 5 . . 24 7 69 2.82 120.0 11.5
TP liner 1154 sheet wash 4 9.5 81.0 . 22 5 81
TP liner | 156 sheet wash 3.5 9.5 89.0 0 0 79
TP tiner {156 " {sheet wash 7.25 6.0 91.0 63
BH 011 _|siity gravet 11.5 26] 21 4 19
BH 005 . lweathered shale 11 6.0f 118.0 25 10 79

iBH 009 jweathered shale 6.5 - 6.6 107.2 28 g 84

liBH 026 |weathered shale 15.5 - 587 24 10 - 71

[t 029 weathered shale 27 - 6.4 81.0 29 .10 81

I[HH 033 . weathered shale 10.75 6.7 117.0 34 18 82

" IBH 043 weathered shale 6 5.0 93.0 24 16 47

{BH 046 weathered shale : N
BH 064 |weathered shale 3.5 10.0§ 109.0 31 19 86
BH 066 - |weathered shale -7 12.3]  112.0 31 10 90
BH 079 weathered shale 10.5 25 10 78
BH 082 weathered shale 17 - 7.1 118.0 34 14 93

II8H 090 . weathered shale 12 8.2] 99.0 22 5 55

E 092 weathered shale 12 7.7 710 26 6 71

IBH 094 weathered shale . 21.5 6.3] 112.0 21 4 33

TP 152 weathered shale 23 33 12 97 121.0 12.0
Liid 154 . {weathered shale 20 38 20 95 2.73 120.5 13.0
iP 156 . weathered shale 22 25 7 84 2.56 127.5 11.0

Cllab results TW.xls -
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Summary of Geotechnical Testing Data From Calculation Set X0156200 (Geotechnical Prope

Tested Natuml Dry | Liquid Passing Yeax Wm
|, Depth | Moisture | Density | Limit. | Plasticity| No. 200 Specific | (Modified | (Modified
Sample| Number | Field Description (ft) (%) {och (%} lindex (%) (%) Gravity | Proctor) Proc! tor)
) ’ All Data Max 134 1180} . 38} - 20 97 2.82 127.5 13.0
Min 26 710 0 4] 19¢ - 2.56 118.0 10.0
Avg.- . 6.8] " 94.0 23] . 7 67 267 122.0 11.8
Median | .64 90.5 241 - 7 69] 2.65] . 1208 ©o12.0
count | - 510 46,0 63 63 84 9.00 120 12,0
Standard Deviation 23] 16| .74 42| 161 01" 3.1 1.0
Standmd Error of the Mean {SEM) _ 03 171 . 09 0.5 2.0 0.0 09| . 0.3
Averaye - SEM| - 6.5 923] 219 6.6f 654 2.6 121.1 11.6
‘Weathered Mancos  Max . 1231 1180 38 20 97 213 127.5 13.0
. : Min . 50 71.0 21 4 a3 2.56]- 120.5 11.0
Avg. T4} 1034 28] - 1 7 . 265 123.0 12.0
Median| | 68| 109.0 27 0] = 82 2.65 121.0 12,0{ -
count 2 1] 16 16 16 2 3 3
] . Standard Deviation 20 15.8 4.9 49 17.8 0.1 3.9 1.0
Standard Error of the Mean (SEM) ~06)- 48 1.2 1.2 4.5 0.1 - 23 06
i Averaye - SEM .68 986] 26.9 10.0 72.2 2.6 120.7] . 1.4
All Data without
Weathered . o
. Mancos = Max . 134 1134} 340 110 .87.0 2.8 1275 13.0
- Min A 28} 170 00] °~ 00 36.0 26 118.0 10.0
Avg. ' 68f. 911} 210 58 65.2 2.7 121.6 11.8
Median | .- 6.1 89.0] 220 6.0 67.0 27 120.5 12.0
count | - 38 35| - 46 46 a7 7 9 9
Standard Deviation 23 8.3 7.4 2.9 12.9 0.1 3.0 1.0
Standard Error of the Mcan (SEM) 0.4 1.4 1.1 0.4 1.9 0.0 1.0 0.3
"Averaze - SEM 6.4 89.7] 20.0 5.3 63.4 © 26 120.6 114

C:uab results TW.xls _ . . ' . 511612006
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Summary of Geotechnicalzrties of Nafive Materials

.

C

Sieve Hydrometer
: Double
Sample ] Number | Field Description |% Gravel |% Sand % Fines {% silt % clay Hydrometer
P 156 . eolian - ] 35 65 39 26 83
TP liner 1154 eofian -
TP liner 156 - jeolian [
P 152 - [fiuvial/ectian 49 22 29 15 .14
Ip 153 fluvial/eolian 1 32 67 52 15
p 154 fluvialeolian ’ 33 67 40 27 62
84 005 sandy silt :
8H 007 sandy silt - -
BH 009 sandy silt
BH 011 sandy silt
BH 013 sandy sit -
BH 013 sandy sit
8H 023 sandy silt
IlBH 025 sandy silt

BH - 025 sandy silt - - -
BR . 1027 sandy silt
BH a27 sandy silt
BH 029 sandy silt
BH 031 sandy sitt —
BH 031 sandy siit
8H 043 - .. Isandy silt
BH 045 sandy silt
BH 045 sandy silt
BH 049 sandy silt
BH 049 sandy sitt .
BH D51 sandy siit
BH 062 - sandy silt
BH 062 sandy siit
BF 064 sandy sift

"¥8H 066 sandy silt
8H 068 sandy silt
BH 078 sandy silt
BH 080 sandy silt

Cilab results TW.xls
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Summary of Geotechnicalzrties of Native Materials

Sieva Hydrometer
~ . . Double
Sample| Number | Field Description {% Gravel {% Sand % Fines {% silt % clay Hydrometer
#BH 080 sandy silt
1Bt 082 sandy silt
iBH 092 sandy silt -
[BH 094 sandy silt .
Bit 094 sandy silt
BH 095 sandy silt
BH - 1089 sandy sit
BH 100 sandy silt
P 151 sheet wash 4 30 66
P 152 sheet wash 0 .. 25 75 59 16 .
P 153 sheet wash 0 27 73] - 60 13
TP 154 sheet wash 0 16 84 62 22 79
P 156 sheet wash 1 29 70 54 16 61
TP liner | 154 sheet wash : -
TP liner |156 - sheel wash
11 tiner | 156 sheet wash
B8R lon silty gravel
BH 005 weathered shale
BH 009 weathered shala
BH 026 weathared shale
8H 029 weathered shale
. |iBH 033 weathered shale
kaH 043 weathered shale .
IBH 046 weathered shale
iBH 064 weathered shale
BH 066 weathered shale
BH 079 weathered shale
BH 082 weathered shale
BH 090 weathered shale
BH 092 weathered shale
BH 094 weathered shale -
1w 152 weathered shale 0 3 97 55 42
TP 154 weathered shale 0 S 95 55 40 62
T 156 weathered shale 2 14 84 53 31 86
Clab results TW.xls
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Summary of Geotechnicabrties of Native Materials

Sieve Hydrometer
1 - . S Double
Sample} Number | Field Description |% Gravet |% Sand {% Fines % sit % clay Hydrometer
Al Data 49 - 35| 97 62 ~42 86
0 3 29 15 13 61
5 - . 23 73 49 24 72
0 26 72 54 22 7
o . 12 12 12 11 1 6
Standard 1401 ~ 108 17.1y . 136 104 1.7
Standard Errorof the Ml 40 3.4 5.1 4 3.4 a8
Avera 0.7 19.5 67.6] 454 20.7 67.4
Weathered Mancos 2 14 a7 55 42 86
s - 0 3 84 53 3 62
1 7 92 54 38 74
0 5 95 55 40 74
.- 3 3 3 3 3 2
R Standard - 1.2 591 . 7.0 1.2 5.9 17.0
~ Standard Error of the M o7l - 34 4.0 0.7 34 12.0
T Aver; 0.0] - 40 88.0 53.7 34.3] 62.0
"All Data withouy|
Weathered] - i .
Mancos - 49.0 350] . 840 62.0 27.0] 83.0
0.0]. 16.0 29.0 "15.0 13.0 61.0
6.1] . 21.7 66.2 476 18.6 71.3
0.0 29.0 67.0 53.0 16.0 70.5
. 9 .9 9 8 8 4
Standard 16.1] . 6.0 15.2 15.8 56] 114
- Standard Error of the Mej 54 © 20 5.1 56 20 57
Aver 0.7] 257 97 42.0 16.7 65.6

Ciab results TW.xis . i . ' ~ . 5M16/2006
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C

Moab Project, Crescent Junction Disposal Cell
Radon Barrier Design, RAECOM Mode! Runs
Summary of Mean and Standard Error of the Mean (SEM) Calculations for Key Parameters

C

Porosity f (G,) No. of Samples Gy - vd . n G,+SEM yd n
Alluvium 9] 2.67 - 1.65 0.38 2.7 1.65 0.39
Weathered Mancos ~3]  2.65 1.78 0.33 2.73 1.78 0.35
Tallings - - ? 2.8 1.57 0.44 ? 1.57 ?
[Cong<term Gravimetric | . , R R -
Molsture Content (%) |No. of Samples |- In Situ " {Rawls & Breckensic |ASTM D3151 15 bar tests n mean St Dev | Mean-SEM| Used
- : " Avg Avg : : .
Alluvium 38 6.8 7.5 9 3 . 1.8 1.12 7.1 7
Weathered Mancos - 12) - 7.4 13.4 121 3 11 3.16 7.8 8
Tailings : NA 15
IRa-226 Activity (pCi/g) [No. of Samples.| Mean - SEM Mean+SEM .
Alluvium I 5| 1.86 0.16 2.02
Weathered Mancos 2 2.3 - 0.7 3
Tailings - 27] 868 86.2 954
P:\181268\Moab Radon\New Folder\Key Parameter SEM summary.xis Sheet1 5/16/2006
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Moab Project, Crescent Junction Disposal Ce!l

Native Materlals for Cover Construction

Tested Fleld Specific |% Organic Ra-226?
Sample | Number | Depth (ft) | Description Gravity' Matter' | % Clay (pCilq)
TP - {156 12|eclian 2.64 0.10 26 2.1
TP. 156 15]fluvial/eolian 0.20
P 152 15]fluvial/eatian 2.63 14 1.4
P 153 8.5fluvial/eolian 2.65 15
TP 154 12{fluvial/eolian 2.65 0.20 27 1.6
P 152 7.5]sheet wash 2.64 16 1.9
TP 163 3.5|sheet wash 2.68 e 13 .
7P 154- 4|sheet wash 0.50 22 2.3
TP 155 4-5|sheet wash 0.40 2.4
P 156 5|sheet wash 2.82 16
TP liner 156 3.5|sheet wash
TP liner_. 156 7.25{sheet wash 0.30
TP 152 23{weathered shale 42
TP 154 20}weathered shale 2.73 40 1.6
TP 156 23{weathered shale 0.40 I
P 1566 22|weathered shale 2.56 § 3N 3.0)|
Alldata =~ Max 2.82 0.50 42.00 3.00
Min 2.56 0.10 13.00 1.40
Avg. 2,67 0.30 23.82 2.04
Median _ 265 0.30 22.00 2.00
count 9 7 11 8
Standard Deviation 0.07 0.14 10.37 0.53
Standard Error of the Mean (SEM) 0.02 0.05 3.13 0.19
Average + SEM 2.69 0.25 20.69 2.22
All Data w/out - Max 2.82 0.50 27.00 2.40
Weathered Shale Min 2.63 0.10 13.00 - . 140
Avg. . 2,67 0.28 - 18.63 1.95
Median 2.65 0.25 16.00 2.00
count 7 6 8 - 6
_ Standard Devlation 0.07 0.15 5.55 0.39
Standard Error of the Mean (SEM) 0.03 0.06 1.96 0.16
Average +'SEM 2,70 0.22. 16.66 211
Weathered Shale Only Max 2.73 0.40 42.00 3.60
Min. 2.56 © 040 31.00 - 1.60
© Avg. 2.65 0.40 37.67 2.30
Median - 2.65 0.40 40.00 2.30
. count . . -2 1 3 2
i Standard Deviation - 0.12 NA : 5.86 0.99
Standard Error of the Mean (SEM) 0.08 NA 3.38 0.70
Average + SEM 2713 NA 34.28 3.00

ote: For % organic matter and % clay, Agerage minus SEM is used. :
' Geolechnicaf datz are from calculation set X0156200 (Geotedmncal Propemes of Native Materials)

2 0CSs system anzlyses of native matena's from Crescent Junction

P:181268'\Moab Radon'New FoloenRaden SEM cales.xls
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Moab Project , Moab Tailings , ‘
OCS system analyses of tailings samples

Nov-05
Sample Depth in Date Sampled Ra-226
Location Feet pCi/g
Number
BH 700 3G-60 11-07 to 11-05-05 £€6.5
BH 713 20-36.5 11-07 to 11-09-05 631.1
BH 701 0-20 11-07 to 11-08-05 - 400.9
BH 701 20-40 11-07 tc 11-09-05 480.8
-BH 701 40-60 11-07 tc 11-09%-05 788.9
BH 709 0-20 11-07 to 11-069-05 289.9
BH 709" 20-40 11-07 to 11-09-02 546.6
BH 709 40-60 11-07 to 11-09-0S 1195.3
BH 7096 60-65,75] 11-07 to 11-09-05 1205.¢8
BH 701 60-80 11-07 to 11-C9-05 1215.8
BH 703 0-20 11-07 to 11-05-05 457.6
BH 703 20-40 11-07 to 11-09-05 610.1
BH 703 40-60 11-07 to 11-09-05%5 139€.3
BH 7063 65-73 11-07 to 11-09-0S 1333
BE 7.5 0-20 11-10 to 11-13-065 1000.5
BH 715 20-40 11-10 to 11-13-05 278.9
BH 715 50-60 11-10 to 11-13-05 1225.9
BH 715 60+ 11-10 to 11-13-05 1518.6
BH 719 0-20 Nov-05 357.4
BH7 1¢ 20-40 Nov-05 1117.7
BH 7i¢ 40-51.5 Nov-05 1669.7
BH 705 0-20 Dec-05 186.2
BH 705 20-4GC - Dec-05 616.9
BH 705 40-€0 Dec-0% 1232.8
BH 718 0-20 Dec-05 717.8
BE 718 20-40 - Dec-05 . 917.3
BH 718 40~43 Dec-05 "1601.7
"MAX{ 1669.7
"MIN] - 186.2
Average 868
Median 759
Count(n) 27 -
, sStd. Dev. 447.8
- Standard Error of 8§.2
~ the Mean (SEM) o
Average + SEM 954.0

P:A181268\Moab Radon'\New Folder\Radon SEM calcs.xls
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Fax: (303) 885-2080

Golder Assoclates Inc.

44 Union Boulevard
Lakewood, CO 80228
Telephone: (3030)980-0540

DRAFT TECHNICAL MEMORANDUM

TO: Greg Lord, S.M. Stoller : DATE: April 3, 2006

FR: James M. Johnson, Golder Associates Inc. . OUR REF: - 053-2269.2050
Luis A. Quirindongo, Golder Associates Inc. .
Ron DiDonato Golder Associates Inc.

RE: RESULTS OF THE BENCH SCALE TESTING PROGRAM ON COVER SOILS A\D
URANIUM MILL TAILINGS FROM THE MOAB TAILL\'(‘S IMPOUNDMENT,
GRAND COUNTY, UTAH

INTRODUCTION

As part of our approved work program on the Moab Project, personnel from Golder Associates lné.
(Golder) completed an onsite bench scale testing program during the period of March 135 through
March 23, 2006.

The objective of the bench scale testing program was to advance the tailings characterization cfforts
started during the August 2005 preliminary tailings test program, adjusted to meet the evolving needs
and goals of the tailings relocation materials handling evaluation and design.

Durmg this perxod Gnlder completed the following tests:

s As samplcd moisturc content testing of the cover soils :md tailings materials after
composxtmg {(ASTM D2216) — 14 tests;
. Standard Proctor compactlon tcs!mg (ASTM D698) ~ 14 tests;

. '_ Loose density testing (no ASTM standard) - 14 tests; and
e Settled density tcsts (no AS‘TM standard) - 14 tests. .

Each of the 14 samplcs was created by mmng either bulk 9amplcs obtained: from the ten backhoe test
pits completed in early December 2005, or selected Shelby tube and’or split spoon samples from the

.November/December 2005 geotechmcal dnllmg and sampling program.

TESTING PROGRAM DESCRIPT 10N
Sample ]’rcjraralion

The bcnch scale testing program was designed to make use of cover soxls and’ lzulmgs samples
remaining onsite, exclusive of the samples already selected and shipped for offsite geotechnical
laboratory testing. The samples pre-selected for use in this program are listed in the March 14, 2006 -
Golder letter describing the proposed bench scale testing program. At the ‘start of .the sample
preparation phase of the work, Golder personnel noted that some of the pre-selected samples were no

OFFICES ACROSS AFRICA, ASIA, AUSTRALIA, EUROPE, NCRTH AMERICA AND SOUTH AMERICA.
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longer available onsite or were different material types than originally classificd. Therefore, the list
of samples to be used in this testing program was modified based on review of the available samples
and material types. The final sample list is presented in Table 1.

From March 15 through March 17, Messrs. Luis Quirindongo and Jeft Robison of Golder visited the
site to begin the preparation of the samples for the testing program. Each group of samples was

. mixed to create a composite sample, with splits set aside for Proctor compaction and loose/settied

density testing. The sample for Proctor compaction testing was set out o air dry (over the weekend
of March 18-19, 2006). The samples for loose and settled density testing were placed either in
buckets or bags to preserve the as-sampled moisture content.

Sample Testing

During the sample preparation period, moisture content samples were obtained and tested to
determine the initial, or as-sampled moisture content. During the period of March 20 through 23,
Messrs. Luis Quirindongo and Ron DiDonato were present on site to perform the standard Proctor
compaction and loosc/scttled density testing. During the course of the week, sample processing,
moisture conditioning, and testing were performed. All testing was completed by March 23,

Narural Moisture Content Testing

e Fourteen moisture content tests were performed following ASTM D2216 procedures.
Standard Proctor Cmnpaclian Testing

s Fourteen compacuon tests were performed following AS'IM D698, Method A
procedures.

Loose Settled Density Testing .

» Fourteen loosc settled. density tests were performed. Thesc arc non-standard tests
designed to collect data which we expect to be useful indicators of marterial
characteristics following excavation and during and after transport. ASTM D4253 -
Standard Method for Maximum Index Density and Unit Weight of Seil Using Vibratory

* Table and ASTM D4254 Standard Method for Maximum Index Density and Unit Weight
" of Soil and Calculation of Relative Density were used as g,mdehm.s The procedures
dcvclopcd by Golder for lhuc tests are as follous :

o Tor loose density testing, a standard Proctor mold \\xth a known’ wolume was used.
Material at its natural moisture content was placed in the mold as loosely as possible, -
. struck ‘off at the top of the mold, and the weight of the mold plus wet soil was

- recorded.

- o Tor the settlcd dc.nsxt) test, the same mold and malenal was used. To prevent any
loss of mass. and obtain a smoother recording surface. a cap weighing 1.34 pounds -
was placed on top of the sample before proceeding with testing. To settle the sample,
the mold with the sample was dropped on a concrete floor from a height of 1 to
3 inches, 100 times. After every 25 drops, the side of the mold was tapped with a

s

Golder Associates
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hammer approximately 16 to 20 times. After shaking the sample, height changes and
moisture content were measured and recorded.

TEST RESULTS
Durihg sample preparation and testing, materials were mixed to represent four typical types found at -

the site: cover soils, sand tailings, transition tailings, and slimes tailings. Golder recommends that
leftover sample materials be tested for classification properties in an offsite laboratory to either

- confirm the visual classification presented in this technical memorandum or provide a basis for

modifying the classification. The range of measurements obtained for the four primary material types
are presented below.

-

Natural Moisture Content:
" o Cover Soil ~ 6.5%
s Sand Tailings — 1.1 t0 9.4%.
¢ Transition Tailings — 16.5 10 37.0%
» Slimes Tailings - 37.5 t0 52.3%

Procror Maximum Dry Density:
o Cover Soil - 109.2 to 117.7 pef
» Sand Tailings - 103.9 to 107.3 pcf
¢ Transition Tailings — 102.0 to 113.3 pcf
e Slimes Tailings - 95.0 to 101.6 pef’

Proctor Optimum Moisture Content:
e Cover Soil - 11.9 to 13.8%
o Sand Tailings ~ 12.7 to 15.6%
» Transition Tailings — 13.1 to 21.1%
s Slimes Tailings —20.9 to 28.7%

Loouse Wet Density:
e Cover Soil - 71.5 to 78.7 pcf
* Sand Tailings — 63.7 to 66.8 pcf
e Transition Tailings — 71.6 to 103.1 pcf

e Shmcq Tmlm;,s—_49_0to 93.8 pef E , ' - g ' o

Loose Dry Den s‘uy
‘e Cover Soil - 66.9 to 73. l pcf
.» Sand Taﬂmgs —~57.7 to 61.7 pef
» Transition Tailings — 53.2 to 83.9 pef
. Slxmcs Taxhn{,s ~33.210 64 3pef -, '

© Settled We lDeu.sm’

o Cover Soil — 100.9 to 103.3 pcf

« Sand l"mlqu - 93.1 t0 95.9 pef

« Transition Tailings - 107.3 to 126.4 pef -
e Slimes Taxlmgs ~-58910114.2 2 pcf

Golder Associates
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Settled Dry Density: .
¢ Cover Soil - 93.7 t0 96.6 pef
e Sand Tailings - 84.3 10 88.6 pcf’
¢ Transition Tailings — 84.6 to 102.9 pcf.
e Slimes Tatlings — 39.9 to 8§0.7 pcf

Percent Vertical Compression (under dynamic loading):
o Cover Soil - 22.0 t0 30.8%
+ Sand Tailings — 30.3 to 31.5%
» Transition Tailings - 18.4 10 39%
e Slimes Tailings — 16.9 t0 39.6%

Percent Compaction (Settled Dry Density as a pereentage of the standard Proctor maximum dry
density). ' :
"o Cover Soil - 82.0 to 85.8%
e Sand Tailings — 79.3 to 82.6%
e Transition Tailings — 78.8 to 94.6%
e Slimes Tailings ~39.3 to 84.9%

All test results are summarizcd on Table 2. The bench scale test data sheets are included in
Attachment 1. .

Golder Associates -
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TABLE 1
SAMPLE SELECTION MIX SUMMARY

Bench Test

Sample No.

Borehole or
Test Pit

Depth or
Interval

Mised Description

GABT-0!

GATP-03

(i-3°

GATP-11

1-5*

SAND (SP), little silC trace gravel, tine grained. reddish brown, cover soi!

GABT-02

GATP-08

0-§'

GATP-08

0-5°

SANI (SP). some silt, peorly graded. vellowish brown, cover soil

GARBT-C3

GATP-04

S-10°

10-15

15-20"

SAND (SP). some silt. poorly graded, mwist. yellowish brown, sand tailings

GABT-04

GATI0S |

5-10'

10-15"

1520

SANID (SP). trace to little silt. wrace clay. poorly graded, maist, light brown, sand tailings

GABT-05

GATP-06

S-10°" -

10-15

15.200

Clayey SAND (SC), poorly graded, saturated. reddish brown, transition astings

GABTD00

S-10

GATP.0Y

10-15"

15.20'

SAND (8P, litile to somie siit, saturafed, reddish brown, sand tilings

GABTG7

GATP-08

10-1§8

GATP-07

10-15°

Sandy SILT (ML), moist, reddish brown, transition tailings -

GABT-0%

GATP-10

10-15°

GATP-11

10-18*

Sandy SILT (ML), moist. littic to some clay, reddish brown. transition tilings

GART-.09

700

12-14°

Sandy CLAY (CL). some silt, medium plasticity, grayish brown, moist, transition taiimgs

24.2¢'

40-42°

42-44°

346"

GART-1G

6-8°

Sandy CLAY (CL), some silt. medium plasticity, dark gray, wel, transition Gilings

3.10°

10.12*

1214

18-20'

20-22°

H3 .

13.5-15.5'

203

18-20°

33.38

SILT (ML). low plasticity, rmoist. dark brown, slimces tilings

38408

4345

S8-0(Y

63-65'

68-70"

GABT-12

09

13.15°

Silty CLAY (CL). medimm plasticity, moist, grayish brown. slimes taitings

2325

28-30¢

48-50°

53.58

63-65

GABT-13

700

64-60

70-72"

CLAY (CL), low to medium plasticity, moist, grayvish browsn, slimes tailings

78-R0

£0-82'

34-30°

50-52°

5254

GABT-14

68

20-2

CLAY (CH), high plasticity. moist, dark groy, slimics tailings

1022

353G

4346

59.60°

060-62°

March 2006
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TABLE2
BENCH TESTING RESULTS SUMMARY

tnitial Moisture

Reoch Test Content (Taken Maximony Dry Optimum Loose Wet Density]Loase Dry Density|  Settled Wet Settled Dry Vertical Percent | Settled Percent Comments

Sample No, March 17, 2006) Denlmy (pehy | Molsture Content {pef) (peh Density (peh) Density (pef) Settlement * Compaction
GAB1-01 6.5% 17.7 11.9% 71.5 669 - 103.3 96.6 308% 82 0% Cover Soit
GABT-02 6.5% - 1092 13.8% 78.7 73.1 100.9 93.7 22.0% 85.8% Cover Soil
GABT-03 9.4% 106.3 N 12.7% 63.7 317 93.1 84.3 L% 79.3% Sand Tailings
GART-04 . 1.1% 103.9 15.6% 661 593 95.1 854 30.5% 822% . Sand Tailngs
GABT-03 19.9% - 1133 13.1% 103.1 839 126.4 102.9 184% 920.9% Transition Tailines
(ABT.06 39% 1073 14.6% 66.8 61.7 959 £8.6 : 30.3% 82.6% Sand Tailings
GARBT-07 354% 107.3 18.4% 727 32 - 115.7 84.6 37.1% 78.8% ‘Transition Tailings i
GART-08 16.5% 1128 16.0% 71.6 62.7 107.3 93.9 33.3% £31.3% Transition Tailings
GABT-.09 37.0% : 102.0 21.1% 718 54.7 1176 89.7 . 39.0% 87.9% Transition Tailings
GABT-10 7% - 107.8 18.7% 825 66.2 1270 102.0 35.1% 94.6% Transition Tailings
GART-11 49.4% 9.0 . 27.8% s83 40.6 94.5 ] - 657 38.3% 68.5% . Slimes Tailings
GABT-12 40.8% . 1016 22.5% 490 . 332 389 39.9 16.9% 393% Slimes Tailings
GABT-13 37.5% 95.0 28.7% : 689 48.7 114.2 £0.7 39.6% 834.9% Slimes Thailings
GARBRT-14 §23% 101.5 - 20.9% 93 8 - 64.3 . 1134 77,7 17.3% 76.6% nges Tailings

March 2006
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