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Appendix C Cell Construction Plan

C.1 INTRODUCTION

This appendix presents the calculations of radon-222 emanation and gamma radiation exposure from the
cover over the proposed Sequoyah Fuels Corporation (SFC) disposal cell. These calculations comprise an
update of analyses presented in the Preliminary Design Report (Reclamation Plan Appendix C), reflecting
the multilayered cover system design and phased construction of the disposal cell. In addition, gamma

radiation exposure calculations are summarized in Section C.6 of this appendix.

C.1.1 Background

The performance objective for the maximum rate of radon-222 emanation from the surface of reclaimed
facilities is 20 pCi/m*-sec, as outlined in Criterion 6 (1), Appendix A of NRC regulations (10 CFR 40).
This maximum rate of emanation is an average over “the entire surface of each disposal area.” This
average accounts for minor variations in cover material and byproduct material properties as well as
natural variations in cover material moisture content, vegetation cover, and other effects over the long-

term design life of the reclaimed facility.

Due to the short half-life of radon-222 (3.8 days), the key factor in control of radon emanation through a
soil cover is the travel time through the pore spaces in the cover. This attenuation of radon can be
achieved with a layer of low-permeability material (such as clay) or a thicker layer of more permeable
material (such as sand). This evaluation was conducted to calculate that the average rate of radon-222
emanation from the soil cover surface for comparison with the NRC performance standard of 20 pCi/m*-

secC.

C.1.2 RADON Model

The modeling was conducted with the RADON model (NRC, 1989), the standard model used to estimate
emanation of radon-222 from materials containing radium-226. This model is accepted and approved by
the US Nuclear Regulatory Commission (NRC), and documented in NRC publications NUREG/CR-3533
and Regulatory Guide 3.64 (NRC, 1984, 1989).

The RADON model has been shown to provide a conservative estimate of radon emanation from
reclaimed uranium tailings impoundments, because actual measured radon emanation rates from
reclaimed facilities are typically an order of magnitude lower than values calculated during reclamation

plan design with the RADON model.

Reclamation Plan, Attachment E Revision 2
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The modeling was also conducted utilizing previous information from evaluation of a multi-layered cover
system for the disposal cell documented in ESCI (1996 and 1998), as well as soil property and
radiological data collected by SFC.

C.2 ANALYZED PROFILES

The disposal cell profiles analyzed with the RADON model are based on the phases of cell construction
and the materials planned for disposal in each cell phase. This phasing is outlined in Appendix A of this
report. The cell phases are shown in Figure C.1. The profiles for the phases of the cell are shown in
Figures C.2 through C.5. These profiles do not include the cover synthetic liner in the RADON

modeling, to be consistent with NRC guidance.

These profiles include four specific types of contaminated material below the reclamation cover (material
Types A through D). The general disposal scenario is based on placing the materials with the highest
radium-226 and thorium-230 activity concentrations lowest in the profile. As shown in Figures C.2
through C.5, the materials to be placed in the disposal cell are primarily on-site soils (generally sandy,
silty clays). Exceptions are material Type A, which consist of sludges and sediments, and material Type

C, which consist of structural materials, miscellaneous buried materials and calcium fluoride solids.

The physical properties of the disposed materials and cover materials are based on drill logs and testing
described in Appendix A of MFG (2002b). For the RADON modeling, the critical physical properties of
these materials are porosity and long-term moisture content. The radiological properties are activity
concentrations of radium-226 and thorium-230 (which decays to radium-226). These radiological

properties are presented in Attachment C.1 and are summarized in the sections below.

C.3 MATERIAL PHYSICAL PROPERTIES

The physical properties of disposed materials and cover materials are summarized in Table C.1. The
material density values are based on testing of site materials by SFC. Long-term moisture content values
are either 6 percent for primarily sandy material (the conservative default value in NRC Regulatory Guide
3.64), 15 percent for on-site silty clays (that have Standard Proctor optimum values of 18 percent), or

other values measured by SFC.

Reclamation Plan, Attachment E Revision 2
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Table C.1 Physical Properties of Materials Used in the Model

Dry Unit Water Degree of

Material _ Deseription Porosity Weight Content | Saturation
(pef) (%) (%)

COVER
Topsoil Sandy loam 0.49 84.4 6 17
Subsoil Sandy silt 0.45 91.0 6,15 19, 49
Liner cover Sand 0.40 99.3 6 24
Clay liner Silty clay 0.39 100.9 15 62
TYPE D
Contaminated soils | Sandysiltandsed.rock | 040 | 993 | 6 | 24
TYPE C
Structural materials Soil and debris 0.20,0.40 | 132,99.3 6 64, 24
Calcium fluoride sludge | Chemical precipitate 0.70 49.6 15 17
Buried materials Sandy silt and debris 0.70 49.6 15 17
TYPE B
Soil liner and subsoils | Sandy and clayeysilt |  0.70 | 496 | 15 | 17
TYPE A
Raffinated sludge Chemical precipitate 0.80 33.1 100, 50 66, 33
Pond 2 residual materials | Chemical precipitate 0.70 49.6 15 17
Pond sediments Chemical precipitate 0.70 49.6 15 17

C4  MATERIAL RADIOLOGICAL PROPERTIES

The radiological properties used in the RADON model for the contaminated soils are based on
information presented in Attachment C.1. The radon emanation fraction from materials with a radium-
226 activity concentration was 0.35 (the conservative default value used in the RADON model). The
radon diffusion coefficient for cover and disposed materials was calculated by the RADON model (from

void ratio and moisture content).

C.4.1 Radium-226 Values

Radium-226 activity concentrations of the materials in the disposal cell were estimated for each layer as a
weighted average value from the individual material values to be placed in each phase of cell
construction. The volumes, weights and radionuclide activity concentration values are listed in

Attachment C.1.

Initial radiological properties of the disposal cell materials were derived from the SRC (SFC, 1998). Due
to the relatively high activity concentration values of material Type A (the raffinate sludge, Pond 2
residual materials, and basin sediments), the Type A materials are the key source term parameters for the
RADON modeling. As a result, the radium-226 and thorium-230 activity concentration values of these

materials were evaluated in more detail for the RADON modeling. From review of sample analysis data

Reclamation Plan, Attachment E Revision 2
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by SFC, statistical summaries of natural uranium, radium-226 and thorium-230 activity concentrations
were developed. The summary values for these materials are summarized in Attachment C.1. The mean
values and 95 percent upper confidence interval values were selected to conservatively represent the

range of source-term conditions for the RADON modeling.

Due to the amount of thorium-230 in these materials, the amount of radium-226 ingrowth due to thorium-
230 decay was considered for the material Type A source-term conditions. Natural uranium was not
considered due to its significantly longer half-life. Ingrowth due to thorium-230 decay was evaluated
with time for the Type A materials, with the maximum radium-226 values calculated at approximately
1,000 and 10,000 years from the present. For the RADON modeling, two source-term scenarios were
evaluated: (1) 95 percent upper confidence-interval (UCI) values at 1,000 years, and (2) 95 percent UCI
values in 10,000 years accounting for thorium-230 decay. The 95 percent upper confidence-interval
values represent conservative source term values. The 10,000 year from present radium-226 values are
beyond the required design life for the facility, but were evaluated as a sensitivity analysis of calculated
radon emanation. In addition, radionuclide activity concentrations were conservatively based on the dry

weights of these materials.

C.4.2 Values by Disposal Cell Phases

The radiological parameters used in the RADON modeling are presented in terms of the phases of cell
construction. The radium-226 activity concentrations incorporate decay of thorium-230 to radium-226,
and are calculated values at 1,000 and 10,000 years. The radiological parameters and layer thicknesses
for the Phase I area of the disposal cell (Figure C.1) are summarized in Table C.2. The modeled profile is

shown in Figure C.2.

Table C.2 Radiological Properties for Phase I Area Disposed Materials
Volume Fraction | Layer Radium-226 Radium-226
Material (cu ft) of Total | Thick- | Activity at 1,000 |Activity at 10,000
(%) ness (ft) yrs (pCi/g) yrs (pCi/g)
TYPE A MATERIALS
Emergency basin sediment 14,600 32 - 10,519
North ditch sediment 20,770 45 - 184
Sanitary lagoon sediment 10,365 23 -—- 405
TOTAL/WEIGHTED AVERAGE |  ----- 100 2.0 3,542 9,013
TYPE B-D MATERIALS
Emergency basin soils 162,500 50 90.1
North ditch soils 87,500 27 90.1
Sanitary lagoon soils 56,356 17 ‘ 21.3
Solid waste burials (No. 1) 20,000 6 213
TOTAL/WEIGHTED AVERAGE |  ----- 100 14.0 74.3 81.5
Reclamation Plan, Attachment E Revision 2
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The radiological parameters and layer thicknesses for the Phase IIA area of the disposal cell (Figure C.1)

are summarized in Table C.3. The modeled profile is shown in Figure C.3.

Table C.3 Radiological Properties for Phase ITA Area Disposed Materials
Volume Fraction | Layer Radium-226 Radium-226
Material (cu ff) of Total | Thick- | Activity at 1,000 | Activity at 10,000
(%) ness (ft) yrs (pCi/g) yrs (pCi/g)
TYPE A MATERIALS
Sriggnate sludge (28,600 sq ft 355,000 32 12.4 7.183 18, 587
Pond 2 residual material 762,000 63 4.2 1,038 2,568
TOTAL/WEIGHTED AVERAGE |  ----- 100 166 | - | e
TYPE B-D MATERIALS
Structural material 568,600 100 8.4 30.9 75.3
TOTAL/WEIGHTED AVERAGE |  ----- 100 84 | - | e

The radiological parameters and layer thicknesses for the Phase IIB area of the disposal cell (Figure C.1)

are summarized in Table C.4. The modeled profile is shown in Figure C.4.

Table C.4 Radiological Properties for Phase IIB Area Disposed Materials
Volume Fraction Layer Radium-226 Radium-226
Material (cu o) of Total Thick- | Activity at 1,000 |  Activityat 10,000
(%) ness (ft) yrs (pCi/g) yrs (pCi/g)
TYPE A MATERIALS
Pond 2 residual material 762,000 100 14.3 1,038 2,568
TOTAL/WEIGHTED AVERAGE |  ----- 100 143 | e | -
TYPE B-D MATERIALS
Structural material 568,600 100 10.7 30.9 75.3
TOTAL/WEIGHTED AVERAGE |  -—--- 100 107 | - e

The radiological parameters and layer thicknesses for the Phase III area of the disposal cell (Figure C.1)

are summarized in Table C.5. The modeled profile is shown in Figure C.5.

Table C.5 Radiological Properties for Phase III Area Disposed Materials
Volume Fraction | Layer Radium-226 Rz.ld‘ium—226
Material (cu ft) of Total | Thick- | Activityat 1,000 | Activity at 10,000
(%) ness (ft) yrs (pCi/g) yrs (pCi/g)
TYPE B-D MATERIALS
Fluoride holding basin 1 171,400 18 - 34
Fluoride holding basin 2 186,000 19 --- 34
Fluoride settling basin and clarifier 114,000 12 - 34
Buried calcium fluoride 96,000 10 - 34
Buried fluoride holding basin 1 57,000 6 --- 34
UF6 cylinders 15,500 2 --- 34
Clarifier liners 332,400 34 --- 90.1
TOTAL/WEIGHTED AVERAGE |  ----- 100 15.0 32.9 38.4
Reclamation Plan, Attachment E Revision 2
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C.5 RADON MODEL RESULTS

The RADON model output for the four scenarios outlined above is provided in Attachment C.2. The
calculated radon-222 flux values through the top of the cover (in pCi/m*-sec) are presented in the Table

C.6 below.

Table C.6 RADON Model Results
Cell Phase Area Radium-226 Water Content Radon—2222 Flux
Value Variations (pCi/m”-sec)

Phase I 1,000 years Subsoil at 15% 2.0
10,000 years Subsoil at 15% 2.9
10,000 years Subsoil at 6% 7.7

Phase IIA 1,000 years Subsoil at 15% 1.0
1,000 years Raffinate at 50% 1.0
1,000 years Lower debris density 3.0
10,000 years Subsoil at 15% 2.4
10,000 years Subsoil at 6% 6.3

Phase IIB 1,000 years Subsoil at 15% 1.0
10,000 years Subsoil at 15% 2.4
10,000 years Subsoil at 6% 12.5

Phase 111 1,000 years Subsoil at 15% 0.2
10,000 years Subsoil at 15% 0.2
10,000 years Subsoil at 6% 0.6

C.5.1 General Conclusions

The proposed cover system was evaluated for acceptable performance in reduction of radon-222
emanation from the disposal materials using modeling recommended by NRC, with the results compared
with NRC criteria for maximum rate of radon emanation. Conservative assumptions in cover and
disposal material porosity and moisture content were made, and conservatively high radium-226 activity

concentrations were used.

The radiological parameters used in the model were based on a limited number of samples, with analysis
results showing significant variability. The existing data was evaluated statistically, with mean and 95
percent upper confidence interval values used in the modeling to represent a conservative range of source

term parameters.

With these conservative assumptions and values, the modeling results show that the proposed cover (and

planned order of material disposal) maintains radon-222 emanation rates from the top of the cover within

NRC performance standards for conditions over the design life (up to 1,000 years). Analyses
Reclamation Plan, Attachment E Revision 2
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representing conditions of maximum thorium-230 ingrowth (although beyond the design life at 10,000

years) show acceptable radon-222 emanation rates.

C.5.2 Variability Due to Root Penetration

The effect of root penetration intb the cover on radon emanation was evaluated based on a percentage of
the cover having root holes (of relatively large diameter) extending to the bottom of the cover (through
the synthetic liner and two-foot thick clay layer). One percent of the cover surface area was evaluated
with a higher radon emanation rate, equivalent to two one-inch diameter root holes for each square foot of

cover surface area.

This higher rate of radon emanation was calculated with the RADON model with no cover over the
disposed materials. For maximum ingrowth conditions, this rate is approximately 46 pCi/m*-sec in the
Phase I area and 38 pCi/m*-sec in the Phase ITA and IIB areas. If one percent of the cover surface area
had this higher rate of radon emanation, the average radon emanation rate from the top of the cover
increases from approximately 7.7 to 8.1 pCi/m’-sec in the Phase I area and approximately 12.5 to 12.8

pCi/m*-sec in the Phase IIB area, or an increase of up to 5 percent.

Actual root holes from vegetation on the cover would not be continuous from the top to the bottom of the
cover, and the travel time of radon-222 migrating through pore spaces and root holes through the 10-foot
thick cover would reduce the radon emanation rate at the cover surface, so this calculation is extremely

conservative.

These calculations show that the effects of root penetration into the SFC disposal cell cover do not have a
significant impact on the rate of radon emanation from the cover surface. Root penetration deep into the
cover with subsequent decay of plant material may increase the average rate of radon emanation from the
cover surface by a few percent, but would not significantly affect the rate of radon emanation relative to

the performance standard of 20 pCi/m*-sec.

C.6 GAMMA RADIATION EXPOSURE

The gamma radiation exposure from covered areas of the site was estimated from exposure relationships
presented in Schiager (1974) and Shleien (1992). The effect of a soil cover in reducing exposure from a
gamma radiation source is calculated as the ratio of the shielded exposure rate (due to the soil) to the

unshielded exposure rate. Using coefficients for soil, the shielded exposure rate is approximately 1/10 of

Reclamation Plan, Attachment E Revision 2
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the unshielded rate at a soil cover thickness of one foot. This ratio is 1/100 at a soil cover thickness of
over two feet, and is 1/1000 at a soil cover thickness of over three feet. For a soil cover thickness of 10
feet, the ratio is approximately 1/10°. These calculations show that gamma radiation exposure is

significantly reduced by a small thickness of soil cover.
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ATTACHMENT C.1

DISPOSAL MATERIAL CHARACTERIZATION SUMMARY



Updated Disposal Material Radiological Characterization Summary

Type A Material
Number Th-230, pCi/g Ra-226, pCi/g Ra-226 @ 1000 yrs, pCi/g
Vol. of Std UCL, UCL, Std UCL,
Location ) Samples | Mean | Dev 95% Mean | Std Dev 95% Mean Dev 95%
Raffinate Sludge 355,000 11 11100 | 13400 | 20200 128 62.2 170 3970 4732 7183
Pond 2 Residual Materials 762,000 52 2100 | 2460 2790 71.5 79.6 93.7 782 913 1038
Emergency Basin Sediment 14,600 | Estimate | 16300 | 10300 | 29100 332 142 508 5923 3699 10519
North Ditch Sediment 20,770 | Estimate | 211 232 499 7.18 5.41 13.9 78.5 84.7 184
Sanitary Lagoon Sediment 10,365 | Estimate | 276 338 1120 5.77 5.61 19.7 100 122 405
Type B Material
Number Th-230, pCi/g Ra-226, pCi/g Ra-226 @ 1000 yrs, pCi/g
Vol. of Std UCL, UCL, Std UCL,
Location (ft’) Samples | Mean Dev 95% Mean | Std Dev 95% Mean Dev 95%
Clarifier & Pond 4 Liners 332,400 28 149 238 241 5.42 8.62 8.77 55.7 88.9 90.1
Calcium Fluoride Basin Liner 95,285 | Estimate | 4.91 2.87 7.91 0.703 0.236 0.95 22 12 34
Emergency Basin Soils 162,500 | Estimate 149 238 241 5.42 8.62 8.77 55.7 88.9 90.1
North Ditch Soils 87,500 | Estimate 149 238 241 5.42 8.62 8.77 55.7 88.9 90.1
Sanitary Lagoon Liner 56,356 | Estimate | 47.1 36.1 56.6 2.11 0.882 2.34 17.9 13.2 21.3
Pond 1 Spoils Pile 437,400 59 47.1 36.1 56.6 2.11 0.882 2.34 17.9 13.2 213
Chipped Pallets 3,000
Type C Material
Number Th-230, pCi/g Ra-226, pCi/g Ra-226 @ 1000 yrs, pCi/g
Vol. of Std UCL, UCL, Std UCL,
Location (£)) Samples | Mean | Dev 95% Mean | Std Dev 95% Mean Dev 95%
Fluoride Holding Basin #1 171,400 | Estimate | 491 2.87 791 0.703 0.236 0.95 22 1.2 3.4
Fluoride Holding Basin #2 186,000 | Estimate | 4.91 2.87 791 0.703 0.236 0.95 22 1.2 34
Fluoride Settling Basins & Clar. | 114,300 | Estimate | 4.91 2.87 791 0.703 0.236 0.95 22 1.2 3.4
Buried Calcium Fluoride 96,380 6 491 2.87 791 0.703 0.236 0.95 22 1.2 34
Buried Fluoride Holding Basin
1 57,200 | Estimate | 491 2.87 791 0.703 0.236 0.95 22 1.2 3.4
Interim Storage Cell 154,887 | Estimate | 47.1 36.1 56.6 2.11 0.882 234 17.9 13.2 213
Solid Waste Burials (No. 1) 43,000 | Estimate | 47.1 36.1 56.6 2.11 0.882 234 17.9 13.2 21.3
Solid Waste Burials (No. 2) 8,100 | Estimate | 47.1 36.1 56.6 2.11 0.882 234 17.9 13.2 213
UF6 Cyliners 15,500
DUF4 Drummed Contam.
Trash 2,200
| Other Drummed Contam. Trash 4,050
Empty Contam. Drums 2,000
Main Process Building 436,600
Solvent Extraction Building 36,000
DUF4 Building 56,200
ADU/Misc. Digestion Bldg 15,000
Laundry Building 2,500
Centrifuge Building 3,000
Bechtel Building 5,400
Solid Waste Building 3,600
Cooling Tower 6,000
RCC Evaporator 3,700
Incinerator 1,500
Concrete and Asphalt 511,795
Scrap Metal 50,000
Type D Material
Number Th-230, pCi/g Ra-226, pCi/g Ra-226 @ 1000 yrs, pCi/g
Vol. Std UCL, UCL, Std UCL,
Location () Samples | Mean Dev 95% Mean | Std Dev 95% Mean Dev 95%
Site Soils 600,000 8 36.5 54.1 81.8 2.48 1.26 3.54 14.4 19.8 30.9.
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ATTACHMENT C.2

RADON MODEL OUTPUT
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Version 1.2 - May 22, 1989 - G.F. Birchard tel . ¥
U.S. Nuclear Regulatory Commission Office

RADON FLOUX,
ARE CALCULATED FOR MULTIPLE LAYERS
OUTPUT FILE: phase I 95% ycl

DESCRIPTION: no

CONSTANTS

RADON DECAY CONSTANT

RADON WATER/AIR PARTITION COEFFICIENT

DEFAULT SPECIFIC GRAVITY OF COVER &

GENERAL INPUT PARAMETE
LAYERE OF COVER AND TAILINGS

NG LIMIT ON RADON FLUX

LAYER THICKNESS NOT OPTIMIZED
DEFAULT SURFACE RADON CONCENTRATION
SURFACE FLUX PRECISION

LAYER INPUT PARAMETERS

LAYER 1

layer

s

M

THICKNESS

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATTON
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 2 layer b-g

THICKNESS

CALCULATED MAS 51

MEASURED RADI I

DEFAULT LAYER ANATY COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION

WEIGHT % MGISTURE
MOISTURE SATURATION FRACTION
CALCULATED DIFFUSTON COEFFICIENT

RADON

s

CONCENTRATION AND TAILINGS COVER

Aren

.0600021
» 26

[w)]

&l

7

L7585
3542

.35
2.957D~0%
15

170
4.5420-02
426

.4
1.59
74,3

.35
2.1710-04
&

. 238
3.131D-02

T

L

571

pCi 1~-1
pCi m*-2

I

{3013492~7000
of Research

THICKNESS



LAYER 3

THICKNESS

POROSITY

CALCULATED MASS DENSITY
MEASURED RADIUM ACTIVITY
DEFAULT LAYER EMANATION (
CALCULATED SOURCE TERM
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

COEFFICIENT
CONCENTRATION

LAYER 4 liner cover

THICKNESS

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

subsail

THICKNE
PCQOQTTE

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MCISTURE SATURATION FRACTIOV
CALCULATED DIFFUSION COEFFICIENT

topscil

< U
ier)

i

TED MASS DENSITY
MEASURED CTIV
SKFAWzv AN

ALCULAT

WL?C&z %
MOISTURE

CRALCULATED

46

.4

1.59

0

.35
0.000n+00
&

.238
3.131b~02

—t
EE R
1S &2 I Y

fet v
oy

¢
.
o

o
L
O fa

QOD+OO

(= Q .

(&

)
Ly o
&Y

1.

o
e
O
i
<
59

G.000D+00
&
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om
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pCi/gn-
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%

o2 st -
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o

pli cn=3
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e

$°~1



DATA SENT

FO1
-1.000D+00

oY 2

LAYER DX

3. 100D+01
.260D+02
.100D+01
4.600D+01
L. 520D+02

.600D+01

GO WA
B

BARE SOURCE FLUX

CNi

G.000D-

b

[S2 IR VRSN

L e Y

FROM LAYER

. 942D~
.131Db-
.B61D~
.131D~
L3340~
231D~

TC

+GO

02
02
c3
62
02
G2

THE FILE “RNDATA’

.GO0D-01
.0O0D-01
.500D-01
.000D~-01
.500D-01
L S00D-01

LR B VS Rt R

CRITJ

G.CO0D+O0C
Q
2.857D~03
2.171D-04
0.000D+00
G.000D+00

1: 1.021D+03

L.GO0D+00
LGOGD+00

pCi m”

-2

ON DRIVE A:

~
ACC

1.000b-01

XME
L704D-01
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L2175-01
.385D-01
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—

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LA

YER T

@Y s {0 N &=

HICKNESS BEXIT
{em) {(pCi m”

i0
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6.100D+01
4.60
1.
4.600D+01
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CD+01
GD+02

OO W

EXIT CONC.

(pCi 17-1)
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.018D+05
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bt et
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3510+04
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Version 1.2 -~ MAY 22, 1989 - G.§'. Bir c?ard tel.#
U.8. Nuclear Regulatory Commission Offic 158

RADON FLUX, CONCENTRATION AND TAILINGS COVER THICKNESS
ARE CALCULATED FOR MULTIPLE LAYERS

OUTPUT FILE: raff storage 95% UCL for Ra \ 7| f}» :1:(ﬁ»f%‘
o g

DESCRIPTION: no

CONSTANTS

RADON DECAY CONSTANT .¢oo0c21 s”=-1
RADON WATER/AIR PARTITION COEFFICIENT .26
DEFAULT SPECIFIC GRAVITY OF COVER & TAILINGS Z.65

GENERAL INPUT PRRAMETERS
LAYERS QF COVER AND TAILINGS 7

NC LIMIT ON RADON FLUX
LAYER THICKNESSE NCT OPTIMIZED

DEFAULT SURFACE RADON CONCENTRATION G pCi 17°-1
SURFACE FLUX PRECISION .1 pCi m*~2 s~-1

LAYER INPUT PARAMETERS

LAYER 1 raff sludge

THICI@]ESS 27 CHt
POROSITY

CALCULATED MASS DENSITY .529990Q999°9999° g cm”™-3
MEASURED RADIUM ACTIVITY 718

3 pCi/gn-1
DEFAULT LAYER EMANATION COEFFICIENT 35~~~ 777777
CALCULATED SOURCE TERM CONCENTRATION 3.498D-03 pCi cn”-3 s°-1
WEIGHT % MOISTURE 1 %

MCISTURE SATURATION FRACTION .
CALCULATED DIFFUSION COEFFICILENT 1.

LAYER 2 pond 2
THICKNESS 128 et il
PORGSITY L7
LﬁLCP'AEE *ASS DENSITY L7958 g om”~=-3
CTlVI*f 1038 pCi/g -1
35

T »OJ« C O FFICIENT
T 7"




LAYER 3 struct debris

THICKNESS

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 4 clay liner

THICKNESS

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 5 iliner cover

THICKNESS

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SCOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER & subsolil
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LAYER 7 topscil

THICKNESS

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MCISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

DATA SENT TG THE

CHl ICOST

~ 2
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-1 Q00D+00 0
LAYER DX D P
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5 4.600D+01  3.131iD-02 4.,000D-01
6 1.520D+02 1.334D-02 4.5008-01
7 4.6000+01 4.231D-02 4.%00D-01

FRCM LAYER 1:

OF THE RADON

LAYER THICKNESS
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L00CD~-01
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LIRS,

rd tel.# {301)422-7000
2 of

Research

RADCON FLUX, CONCENTRATICN AND TAILINGS CCOVER THICKNESS

ARE CALCULATED FOR MULTIPLE LAYERS

CONSTANTS

RADON DECAY CONSTANT

RADON WATER/AIR PARTITION COEFFICIENT
TAILINGS 2.65

DEFAULT SPECIFIC GRAVITY OF COVER &

GENERAL INPUT PARAMETERS

LAYERS OF COVER AND TAILINGS
NO LIMIT ON RADON FLUX

LAYER THICKNESS NOT OPTIMIZED
DEFAULT BURFACE RADON CONCENTRATICN
SURFACE FLUX PRECISION

LAYER INPUT PARAMETERS

LAYER 1 pond 2

THICKNESS

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATICN
WEIGHTY % MOISTURE

MOISTURE SATURATION FRACTION
SALCULATED DIFFUSION COEFFICIENT

JRE
LATED

hes T8

.0000021 s*-1
.26

6

G pCi 17-1

L1 pCi m*=2 g°~1
505 o

7

L7895 g cmt=-3

1038 oCi/fgn-1

.35

¢.665D-04 pCi cm*~3 s°~1
15 %

170

4,842D-02 w2 s°-1




LAYER 3 cilay liner

THICKNESS

POROEITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SCURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFTICIENT

LAYER 4 liner cover
THICKNES
POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SCOURCE TERM CONCENTRATION
WEIGHT % MOKSTURE

MOISTURE SATURATION FRACTION
CALCULATED DIthSEON COEFFICIENT

LAYER & subsoil

THICKNESS

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION CORFFICIENT

Oy el

<o MASS DENSITY
MEASURED RADRIUM AC. Y
DEFAULT LAYER EMANATION COEFFICIENT
CALCULA SOURCE TERM CONCENTRATION
WEIGHT ;
MOIEBTUR
CALCULA

5.861D-03

ot
&
N

O
=N
(i

~J

on

=
"

fes)

o

w
{ad

«
1
A

hicl

g om®-3

pCi/gr-1

<

g om” -3
pCi/gr~1

pCi ocm™-3
%

cm™Z gt -

ocm™2 sc-~1

V53
bt



Pyt

731
& -1, OF +00
j5):4

50D+02
.560D402
L100D+01
LB00D+01L
.520D+02

. H00D+01

W b s 5y Do U
.

BARE SOCURCE

CN1
00CD+00

D
4.942D-02
4.015D-03
5.8619*03

.131D-02
1 334D-02
4.231D-02

FROM LAYER

THE FILE

icost

Fal
%

5
.000D~-01
.000D-01

9C0D-01
LGCODR-01
.500D-01
4.9000-01

1

RNDATA'

§.948D+02

OoN D
CRITS

0.00GD+00

Q
g.665D-04
2.4G70-04
0.0000+00
.000D+00
.0C0D+00
O00D+006

OO O

oCi m”

RESULTS OF THE RADON DIFFUSION CALC
LAYER THICKHESS EXIT FLOX
(cm) (pCi m™*~2 g™-1}

1 5.050D+02 2.220D+01

2 2.560D+02 1.537D+01

3 6.100D+01 6,.835D+00

4 4.600D+01L 3.,964D+00

5 1.520D+02 1.035D+00

6 4.600D+C1L 3.829D-01

l‘lﬁaﬂ

£

[o R w i o B w i O]

o% O
O b

Iy
U

i

Y ON

OO

[ex]
N W~

1~

1
2.385D-
4.858D~
1.655D-

2 s~-1

ULATIONS

EXIT CONC
{pCi 1~-1
3.880D+05
3.168D+04
5,5710+03
6.537D+03
1.6200+02
G.00CD+00

OO O

}

Pt 3 ek

(]

hes

.

.

et i et

]
o
5

(O ks G Oy R~ LD

G e O
O o~ W

N O3

+

(]
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RADON FLUX, CONCENTRATION AND TAILINGS CCOVER THICKNESS
ARE CALCULATED FOR MULTIPLE LAYERS

: phase 3 fﬁrﬂi,éfifz uﬂéi/{»

> e

<

UTPUT FIL

5]

DESCRIPTIO

3
5

CONSTANTS
RADON DECAY CONSTANT .C0000212 =1

RADON WATER/AIR PARTITION COEFFICIENT .26
DEFAULT SPECIFIC GRAVITY OF COVER & TAILINGS 2.65

GEMNERAL INPUT PARAMETERS

LAYERS OF COVER AND TAILINGS 5

NC LIMIT ON RADON FLUX

LAYER THICKNESS NOT QPTIMIZED

DEFAULYT SURFACE RADON CONCENTRATIC 3 pCi 17-1

SURFACE FLUX PRECISION L1 pCi m” =2 g7-1
LAYER INPUT PARAMETERS

LAYER 1 iayer b-d

THICKNESS 457 I

POROSITY .7

CALCULATED MASS DENSITY L7855

MEASURED RADIUM ACTIVITY 32.9

DEFAULT LAYER EMANATION COEFFICIENT .35

CALCULATED SOURCE TERM CONCENTRATION 2.7460-05 pCi om™-3 g~-1}

WEIGHT % MOISTURE 15 %

MOISTURE SATURATION FRACTION L1770

CALCULATED DIFFUSION COEFFICIENT 4.942D-02 crat2 sh-1

LAYER 2 clay liner




LAYER 3 liner cover

HICKNE
PORCSZT
CALCULATED MASS D
MEASURED RADI JM
DEFAULT LAYER E
CALCULATED ”O}RCE LERN CONC
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION CORFFICIENT

LAYER 4 subscil

THICKNESS

POROSITY
CALCULATED MASS DE
MEASURED RADIUM ACT
DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SCURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 5 topsoil

CAuLLuAfED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CA4CJLATTD DIFFUSICN COEFFICIENT

46
4
1.59
o
35
0.000D+00
6
.238
3.131p-0z2
152
L45
1.4575
0
OOOU~00
15
. 486

1.334D~02

ti1}

g cm”~-3

pCi/q"— 1

pCi em™~3 s

%
B3

cm
g cm®=-3
pCi/g™=1

1

b



DATA SENT TO THE FILE "RWNDATA' ON DRIVE A:

B FOL CN1 ICOST CRITJ ACC
5 ~1.000D+00 0.00CD+00 0 C.0C0Db+00  1.000D-01

LAYER DX 8] P G AMS
1 4.570D+02 4.542D-02 7.000D-01 2.746D-05% 1.704D-01
2 6.100D+01 5.861D-03 3.300D-01 0.C00D+030 6.217D-C1
3 4.6000+01 3.131D-02Z 4.060D-01 0.000D+00 2.385D-01
4 1.5200+02  1.334D0-02 4.500D-C1 ©.000D+00 4.858D-0G1
5 4.600D+01 4.231D-02 4.9%00D~01 0.000D+00  1.655D-01

BARE SOURCE FLUX FROM LAYER 1: 2.793D+01 pCi n"-2 s™-1

RESULTS OF THE RADON DIFFUSION CALCULATICNS

LAYER THICKNESS EXIT FLUX EXIT CONC.
{cm) {(pCi m~=2 s7-1} {(pCi 1~-1}

i 4.570D+02 3.236D+00 1.1010404
2 6.130D+01 1.439D+00 3I.1730+03
3 4.600D+01 8.349D-01 1.377D+03
4 1.520D+02 2.180D~01 3.411D+01
5 4.600D+01 2.070D-01 G.000D+G0

feo]
)

Pt P 2 peed
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Version 1.2 - MAY 22, 1%89 - G.PF. Birchard tel.# (301:492~7000
U.S. Nuclear Regulatory Commission Office of Researah

RADON FLUX, CONCENTRATION AND TAILINGS COVER THICKNESS
ARE CALCULATED FOR MULTIPLE LAYERS

CUTPUT FILE: raff sludge - lower debris density

DESCRIPTION: no ﬁ»f}/ ;4 Z[_;F - L@Lb’ Déé)ﬁ{‘; Dﬁm?t}iﬂ

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

GENERAL INPUT PARAMETERS

-3

LAYERS OF COVER AND TAILINGS
NO LIMIT ON RADON FLUX

LAYER THICKNESS NOT OPTIMIZED
DEFAULT SURFACE RADON CONCENTRATION 0 pCi 17°-1

SURFACE FLUX PRECISION .1 pCLi m™~2 s~-1
LAYER INPUT PARAMETERS
LAYER 1 raff sludge
THICKNESS 377 oI
POROSITY .8
CALCULATED MASS DENSITY .529999848939095¢ g cm™-3
MEASURED RADIUM ACTIVITY 7183 pCi/gn-
DEFAULT LAYER EMANATION COEFFICIENT .35
CALCULATED SOURCE TERM CONCENTRATION 3.4980-03 pCi cm™~~3 s°-1
WEIGHT % MOISTURE 100 %
MOISTURE SATURATION FRACTION L 662
CALCULATED DIFFUSION COEFFICIENT 1.618D-02 om™2 st -2
LAYER 2 pond 2
128 413
L7
185
1038
.35
8.6650-04 pCi om™~3 g~~1
170




LAYER 3 ztruc debris

THICKNESS 256 o
POROSITY .4

CALCULATED MASS DENSITY 1.5% g om”-3
MEASURED RADIUM ACTIVITY 3C.9 pCi/g~-1
DEFAULT LAYER EMANATION COEEFFICIENT 38

CALCULATED SCURCE TERM CONCENTRATION $.028D-05 pCi cm™-3
WETGHT % MOISTURE & %
MOISTURE SATURATION FRACTICN .238

CALCULATED DIFFUSION COEFFICIENT 3.131D-02 cm2 -1

LAYER 4 clay liner

THICKNESS &
POROSITY .
CALCULATED MASS DENSITY 1.6165 g omt-3
MEASURED RADIUM ACTIVITY 0 pCi/gn-1
DEFAULT LAYER EMANATION COEFFICIENT .35

CALCULATED SCURCE TERM CONCENTRATION C.000D+00 pCi cm”™-3
WEIGHT % MOISTURE i5 %
MOISTURE SATURATION FRACTION . 622

CALCULATED DIFFUSION COEFFICIENT : 5.861D-03 cm™2 ost-1

LAYER 5 liner covar

THICKNESS 446 om
PCRCSITY L4

CALCULATED MASS DENSITY 1.59 g cmt-3

MEASURED RADIUM ACTIVITY 0 pCi/gr-1
DEFAULT LAYER EMANATION COEFFICIENT L35
CALCULATED SOQURCE TERM CONCENTRATION G.000D+00 pCi cm”™=3
WEIGHT % MOISTURE I 2

MOISTURE SATURATION FRACTION . 238
CALCULATED DIFFUSION COEFFICIENT 3.131D-02 cw™Z ost-1
LAYER & subsoil

%
"3

NESS s}
S1ITY V45
ILATED MA 1.4575
RED RADI 0
VULT LAYER R COEFFICIENT .35
ED SOURCE TERM CONCENTRATION G.000D+00
MOISTUL i5
S E FRACTION LARE
1.3340-02 cm™2 gt -]



top

THICKNESS
POROSITY
CALCULATED MASS D

MEASURED RADIUM ACT
NATION

DEFAULT LAYER EMA
ALCULATED SOURCE
WEIGHT % MOISTURE
MOISTURE SATURATI
CALCULATED DIFFUS

DATA

F03
-1.000D+00
LAYER DX
.770D+02

80D+02
.560D+02
.100D+01
600D+01
520D+02
.600D+01

8]

S e W N
B bl Y N R

BARE SOURCE FLUX

LAYER

[V N

sy

Ln

oy Ln

~i

5011

S
(9

ENSITY
IVITY
COEFFE

TERM CONCENT

ic

IEN
e
.L

T
ON

b

LA

(84

=

it

@

ON EFRACTION .165
ION COEFFICIENT 4.231D-0
A SENT TO THE FILE "RNDATA' ON DRI
CN1 IcosT CRITJ
0.000D+00 0 0.000D+C0
D P ¥
1.618D-02 8.00CD-01 3.498D-03
4.942D~-02 7.000D-01 8.665D-04
3.131D-02 4.000D-01 9.628D-05
5.861D-03 3.9%G0D-01 0.C00D=00
3.131p~-02 4.000D~01 0.,000D+00
1.334D-02 4.500D-01 D.000D+00
4.231D-02 4.9060D-01 ©O,0G00D+0C

FROM LAYER 1:

"”3

HE

RADON DIF

O P
N

N3 D
PR

[¥3]

g

FUSION

)
»n
> K

I
ot
r

4830403
337D+02
6330401
083D+01
2080+01
1540+00
g G0

2.4220+03 pCi m™~2

L093D+0

o1

cm” -3

LK

g
pCi/gr-1

folt

R
[@!
bt

2 om”t 2 gh =1
VE A:

ACC

1.000D-01

AMS RHO
6.6250-01 0.530
1.704D-01 0.795%
2.385D-01  1.59¢
£.217D-01 "1.617
2.385D~-01  1.590
4.858D-01 1.4538
1.655D-01 1.352

CALCULATIONS

IT CoNG,
M~ T A !
Ci i°~13
~ AT TN L E
L3070+05

=
7

WO

Rt}

Lo

-3 gt

1
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Vwrs1on 1.2 - MAY 22, 1988 - G.F. Birchard tel.# (301)492~7000
U.S. clear Regulatory Commission Cffice of Research

RADON FLUX, CONCENTRATION AND TAILINGS COVER THICKNESS
v

IC
ARE CALCULATED FOR MULTIPLE LAYERS

CUTPUT FILE: raff sludge - lower water content

ALEHR TT 4- (9w Shedyw

s

DESCRIPTION:

CONSTANTS
RADON DECAY CONSTANT .0000021 s°=-1
RADCN WATER/AIR PARTITION COEFFICIENT .26

DEFAULT SPECIFIC GRAVITY OF COVER & TAILINGS

D
.

=3}
(8]

GENERAL INPUT PARAMETERS

LAYERS OF COVER ANS TAILINGS 7

NOC LIMIT ON RADON FLUX

LAYER THICKNESS NOT COPTIMIZED

DEFAULT SURFACE RADON CONCENTRATION 0 pCi 1°-1

SURFACE FLUX PRECISION .1 pCi m*~2 s~~1

LAYER INPUT PARAMETERS

LAYER 1 raff sludge

THICKNESS 377 fete

PORCSITY - .8

CALCUIAT:D MASS DENSITY .525998569998999¢ g cmt-3
ASURED RADIUM ACTTVITS 7183 pCi/gn-1

Dﬁ“AuHT LAYER EMANATION COEFFICIENT .35

CRLCULAT S SOURCE TERM CONCENTRATION 3.498D-03 oCl cn”-3 s7-]

WEIGHT % MOISTURE 50 %

MOISTURE SATURATION FRACTION .331

CALCULATED DIFFUSION COEFPFICIENT 4.276D~02 cmt2 gh-

LAYER 2 pond 2

THICK 128 om

PORG L

CALCU 7

MEAS

DEFAI

Fad ey

REOVT O

MOLSTURE
CALCULATED




LAYER 3 struct debris

THICKNESS
POROSITY
CALCULATED MASS DENSITY

Y
MEASURED RADIUM ACTIVITY
DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TEZERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
CRLCULATED DIFFUSION COEFFICIENT

LAYER 4 clay liner

THICKNESS

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION CCEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

THICKNESS

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATICON COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSICON COEFFICIENT

LAYER 6 subsoil

OQUE QY

et
P~

[andEL N ¢ 31
W
[ea NN o]

foost
N
w

G

.35
0.C00D+00
15

.622
5.861D~03

46

1.59

0

.35
0.000D+Q0
6

.238

4
Lo
.45
1.4575

om

g om™~3
pCi/gn~1

g oom” -3
o~ A
pCi/gn-1

pCi cm”™~3

o)

oy 7Y S
o a8

-1

~ 1
[ |



LAYER

~4

THICKNESS
POROSITY
CALCULATED

MEASURED RADIUM
EMANATION COEFFICI

DEFAULT LAY
CALCULATED
WEIGHT
MOISTURE
CALCULATED

7 -1.00

3.77
1.28
2.58
4 6.10

4.60

BARE SOURCE

MASS DENSITY
ACTIVITY

e

ER
SCURCE

MOISTURE
SATURATION FRACTION
DIFFUSION COEFFICIENT

0D+00  ©.000D+00

D
}.276D-02
.942D-02
L015D-03
.861D~03
1b-G2
D_.

DX

On+02
0D+02
0D+02
OD+01
0D+01
OD+02

Oun+01

P
o

0
.0
.G

LT ks s
- N

TN

)

Y

4
&
4.5
4

ot 1

W
.

FLUX FROM i

LAYER

THICKNESS
{cms

1 3. 32
2 i. ¥
3 2. Z
4 G. #01
5 4. 01
& 1. +O2
7 4. #O1

TERM CONCENTRATION

.5000-01

.800D-01 O

ENT

A e

DATA SENT TO THE FILE "RNDATA' ON DRI
Ol CN1 ICoesT CRITJ

[
<

5.000D+00

C
.498D-03
.865D-04
. 407D-04
. 300D+ D0
LGO0D+00
LO00D+00

™~

LOGOD+00

00D-01
00n-01
GOD-01

3O N W W

00D-01
0GD-01

)

3.693D+03 pCi m~-2

L0 b

ek

o

[TCRERIN
o

W

fad

oY U

ACC
1.000D-C1

XMEB
3.312D-01
1.764D-01
6.360D-01
6.2170~01
Z.3850-01
4.858D-01

1.655D~01

ERAE

OF THE RADON DIFFUSION CALCULATIONS

3

o3

bt e g et N O

ocmt2 s°~1

. 530
.795
120

. 580
. 458

~

. 352

b
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Yersion 1.2 - MAY 22, 1989 - G.F¥. Birchard t
U.S. Nuclear Regulatory Commission Cffice of Research

RADON FLUX, CONCENTRATICON AND TAILINGS COVER
ARE CALCULATED FOR MULTIPLE LAYERS

OQUTPUT FILE: 10000 I A"Q—EA I

DESCRIFTION: no

CONSTANTS

RADON DECAY CONSTANT : .0000021
RADON WATER/AIR PARTITION COEFFICIENT .26
DEFAULT SPECIFIC GRAVITY OF COVER & TAILINGS

GENERAL INPUT PARAMETERS

LAYERS OF COVER AND TAILINGS &
NO LIMIT ON RADON FLUX

LAYER THICKNESS NOT OPTIMIZED

DEFAULT SURFACE RADON CONCENTRATION 0
SURFACE FLUX PRECISION .1

LAYER INPUT PARAMETERS
LAYER 1 layer A
THICKNESS 61
POROSITY 7

CALCULATED MASS DENSITY . 785
MEASURED RADIUM ACTIVITY 9013

DEFAULT LAYER EMANATION COEFFICIENT .35
CALCULATED SOURCE TERM CONCENTRATION 7.524D-03
WEIGHT % MOISTURE 15
MOISTURE SATURATION FRACTION 70
CALCULATED DIFFUSION COEFFICIENT 4.2420-02
LAYER Z laysr b-d
THICKNESS 426
PORCSITY . 4
CALCULATED MASS DENSITY 1.59
MEASURED RADIUM ACTIVITY 81.5
DEFAULT LAYER EMANATION COEFFICIENT L35
CALCULATED SOURCE TERM COMNCENTRATION 2.3810-04
% MOISTURE &

TURE SATU ON FRACTION L 238

CALCULATED ODIFFUSION COEFSICIENT 3.131D-02

tel.# {3013492-7000
3

THICKNESS

12,000

o
{
font

cm

g cm™-3
pCi/gn-1

pCi cm”-3 s*=~1

%
o2 o1
CI

g cm”™-3

=

pCisgn-1

pCi cm~-3

%

R
cm™2 gt -1

y s



LAYER 3 clay layer

THICKNESS

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COREFFICIEN
CALCULATED SOURCE TERM CONCENTRATI
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTICN
CALCULATED DIFFUSION COEFFICIENT

T
ON

liner cover

THICKNESS

PORCSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOLSTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 5 subsoil

THICKNESS

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULY LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 6 topseoil

THICERESS

POROSITY

CALCULATED MA

MERS URED RADI

EFTAULT LAYER EM 1 CORPPICIENT
VALC»AETLT SCURC CONCENTRATION
% MOISTUR

TURATION FRACTIOH
DIFFUSION COERFICIENT

.35
G.0600D+00
15

.622
5.861D~03

L 238
3.131b-02
152z
.45
1.4575
O
35
LG00D+00
15
486
1.334D-02
46
.49
1.3515
]
35
~

UK
@]

cmt2 s°-1

8iii3

g cm”-3
pCi/gn-1

pCi cm™~3 g

%

o2 87 -1

fwised

g om”™-3
pCi/gn-

pCi cm™~3
%

cmt?2 3h-1

571



LAYER

G5 G s W N

BARE SOURCE

BN s Y

N

DATA SENT

FO1

.G00D+00 G,

(354
LI00D+01
L260D+02
L100D+01
.600CD+01
L5200+02
. 600D+01

"

LAYER

Gy UL W N

FLUX FROM

ESUL

Eo T o N VY I SRR O B

THICKNESS
{cm)

6.100D+01
4.260D+02
6.100D+01
4.600D+01
1.520D+02
4,600D+01

TRNDATA' ON DRIVE A:

1.327D+03
.602D+01
.047D+01
.187D+01
100D+00
.844D+G0

N W ot B s

TO THE FILE
cNl ICOST CRITJ
000D+00 0 0.0006D+00

D D 0
.942D-02  7.000D-01 7.524D~03
.131D-02 4.0600D-01 2.381D-04
.861D-03 3.300D~01 0.000D+00
.131D-02 4.000D-01 0.000D+00

34D-02  4.500D-01 0.000D+00
.231D-02 4.900D-01 0.000D+00
LAYER 1: 2.599D+03 pCi m*~

ACC

1.000D-01

MG

1.704D-01
2.385D-01
6.217D-01
.385D-01
.B58D-01
.655D-01

& N

p]

2 g~=1

'S CF THE RADON DIFFUSION CALCULATIORS

EXIT CONC.
(pCi 17~1}

.493D+046
.475D+05%
.6630+04
.958D+04
.8520+02
.0005+00

W b b ded

[

RHO
(.795
i.530
i.617
1.590
.. 458
1.352

1 e
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RADON
Version 1.2 - MAY 22, 1989 -~ G.F. Birchard tel.# {301)492-7000
U.S. Nuclear Regqulatory Commission Office of Research

RADCN FLUX, CONCENTRATION AND TAILINGS
CALCULATED FOR MULTIPLE LAYERS

CCVER THICKNESS

TA —

ARE

OUTPUT FILE: 10000 1Ia

ALE A 10,000 Y 1§

DESCRIPTION: no

CONSTANTS
RADON DECAY CONSTANT . 00006021 s7=1
RADON WATER/AIR PARTITION COEFFICIENT .26
DEFAULT SPECIFIC GRAVITY OF COVER & TAILINGS 2.65
GENERAL INPUT PARAMETERS
LAYERS OF COVER AND TAILINGS 7
NO LIMIT ON RADON FLUX
LAYER THICKNESS NOT CPTIMIZED
DEFAULT SURFACE RADON CONCENTRATION b pCi 1°~1
SURFACE FLUX PRECISION .1 pCi m™=-2 s*-1
LAYER INPUT PARAMETERS
LAYER 1 raff sludge
THICKNESS 377 om
POROSITY 8
CALCULATED MASS DENSITY .5258589838995949599999 g cm™-3
MEASURED RADIUM ACTIVITY 18587 pCi/g~-1
DEFAULT LAYER EMANATION COEFFICIENT .35
CALCULATFQ SOURCE TERM CONCENTRATION $.051D~03 pCiL om”=-3 s*~1
WEIGHT % MOISTURE 100 %
MOISTURE SATURATION FRACTION . 662
CALCULATED DIFFUSION COEFFICIENT 1.618D~02 cnt2 g~k

pond 2

THICKNESS 128 om

PG ‘E((z*; ey .7

CALCULATED MASS DENSITY 785 g cmt-3
%EAQURED RADIUM ACTIVITY 2568 pCi/gn-1
DEFAULT LAYER E ”AHY\Q "( CEFICIENT .35

CALCULATED CEWTRATION 2.144D-03 ot cm™-3 s°-1
WEIGHT % M 15 %

MOISTURE SATL 176

CALCULATED

4.942D-~02

CRAZ 87—



LAYER 3 struc debris

THICKNESS

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIERT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 4 clay liner

THICKNESS

PORCSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 3 liner cover

THICKNESS
POROSITY
CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SGURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

subsoil

THICKNESS
POROSITY
CALCULATED MASS DEN
MEASURED RADIUM ACT
DEFAULT LAYER EMANAT CN VOEF?ICIEiT
CALCULATED SQURCE TERM CONCENTRATION
WEIGHT % MOI TﬁRE

MCISTURE SA
CALCULATE D

\J "'i 1'

I FJQ N COEFE

.636
4.015D-03

0.0800D+00
i5

. 622
5.861D-03

O
o
[Es

.35

o~
AT

g cm™ -3
pCi/g~-1

om

g cm”=3
pCi/g™-1

pCi em”~3

Q.
k]

cm™2 gh-1

I
q om™-3
bpi/g -1

g1



LAYER 7 topsoil

THICKNESS 46 il

POROSBITY .49

CALCULATED MASS DENSITY 1.3515 g em"-3
MEASURED RADIUM ACTIVITY O pCi/g~-1
DEFAULT LAYER EMANATION COEFFICIENT .35

CALCULATED SQURCE TERM CONCENTRATION 0.000D+C0 pCi em”-3 s™-1
WEIGHT % MOISTURE 6 %

MOISTURE SATURATION FRACTION .165

CALCULATED DIFFUSION COEFFICIENT 4.231D-02 cm™Z s™-1

DATA BENT TC THE FILE "RNDATA' ON DRIVE A:

N FO1l TNl Icost CRITJ ACC
7 -1.0000D+00  0.000D+CO 0 $.000D+0C 1.00005-01

LAYER DX D P Q XM5 RHO
1 3.7700402  1.618D-02 8.000D-01 9.051D-03 £.625D-01 0.530
2 1.280D+02  4.942D~02  7.0060D-01 2.3144D-03 1.704D-01 ©.795
3 2.560D+02  4.015D-03 2.000D-01 5.867D-04 6.360D-01 2.120
4 6.100D+01  5.861D-03 3.900D-01 0.000D+C0 6.217D-01 1.6L17
5 4,600D+01L  3.131D-02 4.000D-03 O0.000D+00  2,383D-01 1.590
6 1.520D+02 1.334D-02 4.500D-01 0.000D+0C 4.838D-01 1.458
? 4.600D+01  4.231D-02 4.9%00D-01 0.000D+00 1.653D-01 1.352

BARE SOURCE FLUX FROM LAYER 1: 6.268D+03 pCi m"~2 sg~-1

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LAYER THICKNESS EXIT FLUX EXIT CONC.
fom) (pCi m”~-2 s°-1) (pCi 17-1}

i 3.7700D+02 3.520D+03 1.865D+06

z 1.2800+02 2.315D402 Z2.540D+06

3 2.560D+02 3.81BD+02 7.8670+04

4 5. 1000+01 1.698D+01 1.384D+02

5 4.600D+01 9,.8510+00 1.624D+04

& 1.520D+02 2.5720+00 4.025D4+02

7 4.600D+01 2.4420400 0.00060+00



_____ 'k*‘l:*'kg RADON !i****._,_.__._._

Version 1.2 - MAY 22, 1989 - G.F. Birchard tel.$# {301;49
U.8. Nuclear Regulatory Commissicn Office of Research

RADCN FLUX, CONCENTRATION AND TAILINGS COVER THI

ARE CALCULATED FOR MULTIPLE LAYERS

OUTPUT FILE: 10000 IIB A,fzeﬁ, E’B

DESCRIPTION: no

CONSTANTS
RADON DECARY CONSTANT .0006021

RADON WATER/AIR PARTITION COEFFICIENT .26
DEFAULT SPECIFIC GRAVITY OF COVER & TAILINGS

GENERAL INPUT PARAMETERS

[

LAYERS OF COVER AND TAILINGS

NO LIMIT ON RADON FLUX

LAYER THICKNESS NOT OPTIMIZED
DEFAULT SURFACE RADON CONCENTRATION &

SURFACE FLUX PRECISION .1

LAYER INPUT PARAMETERS

LAYER 1 pond 2

THICKNESS 565
POROSITY .7
CALCULATED MASS DENSITY . 795
MEASURED RADIUM ACTIVITY 2568
DEFAULT LAYER EMANATION COEFFICIENT .35
CALCULATED SOURCE TERM CONCENTRATION 2.144D-03

WEIGHT % MOISTURE 15
MOISTURE SATURATION FRACTION 170
CALCULATED DIFFUSION COEFFICIENT 4.9420-02
LAYER 2 struc debris

THICKMESS 256
POROSITY .2

CALCULATED MASS DENSITY Z2.12
MEASURED RADIUM ACTIVITY 75.3
DEFAULT LAYER EMANATION COEFFICIEN .35
CALCULATED Z0UI 3 . 5.867D~04
WEIGHT % o &

MOIST ; 636
CALCULATED 4.0130~03

cm

g cm”™=3
pCi/gr-1
pCi cm™=3
%

g Cm;\‘g

£y Fee AN 1
pli/7g7-i

pCi cm™-3

TS
-

-1



clay liner

THICKNESS

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICI EN?
CALCULATED SOURCE TERM CONCENTRATI
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSICN COEFFICIENT

LAYER 4 liner cover

THICKNESS

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MCISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 5 subsocil

TRICKNESS

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SQURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 6

et 1
TOPSOLL

THICKNESS

PORDSITY

C CULATED MASS DENBITY

bt D RADI UM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SCGURCE TERM CONCEMTRATION
WEIG % ISTURE

MOTL! E T I

CRLOULAS ¥ 5

Fy

oY CD .
c> &3
<')

Lo
.{

(&)
oot
—
)
i
o
(%]

>

.
ot

8oy
u

oM

g om™ -3
pCi/fgn=-1

pCi cm”™~-3

om

g om™=3
pCi/g~-1
pCi cn~=-3

9
%

CH

g om™-3
pCi/gr-

o



n

DATA SENT TO THE FILE "RNDATA' ON DRIVE A:
N 01 CN1 ICOS8T CRITJ ACC
[3 ~1.0000400C 0.000D+00 O ¢.000D+00  1.000D-01
LAYER DX 3] P Q XMS
1 5.050D+02  2.%42D~02 7.000D-01 2.144D-03 1.704D-01
2 2.560D+02 4.015D-03 2.000D~01 5.867D-04 &.360D-01
3 6.,1000+01 5.861D~-03 3.9%00D-01 0.000D+00 $.217D-01
4 4.600D+01 3.131D-02 4.000D~-01 0.000D+00 2Z.385Db-01
5 1.520D+02  1.334D-02 4.500D-01 0.000D+00 4.858D-01
46 4.600D+01  4.231D-02 4.300D~01 Q.000D+00 1.655D-01
BARE SOURCE FLUX FROM LAYER 1: 2.214D403 pCi m™-2 s7~=1
RESULTS CF THE RADON DIFFUSION CALCUILATIONS
LAYER THICKNESS EXIT FLUX EXIT CONC.
{cm} (pCi m*=-2 ¢~=1) (pCi 1L"-1}
i 5.030D+02 5.5650+01 9.596D+05
2 2.560D+02 3.745D+01 7.717D+04
3 6.100D+01 L.668D+01 1.358D+04
4 4.,.600D+01 3.662D+00 1.593D+04
5 1.320D+G2 2.523D+G0 3.948D+02
6 4.600D+01 2.396D+00 0.000D+00

o

o

[ ]
« .

B2 b e e

.
L Y Gy ke

~1

TN W0 0O
N OO



~~~~~ **QJ('&E RanDON gi'*‘k**.,....._._

Version 1.2 — MAY 22, 198% - G.F. Birchard tel.# (301)4%2-7000
U.S. Nuclear Regulatory Commission Office of Research

RADON FLUX, CONCENTRATION AND TATLINGS COVER THICKNESS
ARE CALCULATED FOR MULTIPLE LAYERS

OUTPUT FILE: 10000 III Ai?«lfﬂ' m’ -~ 10000
(e . /

DESCRIPTION: no

CONSTANT
RADON DECAY CONSTANT .0000021 s”~1
RADON WATER/AIR PARTITION CORFFICIENT 26
DEFAULYT SPECIFIC GRAVITY OF COVER & TAILING 2.65

GENERAL INPUT PARAMETERS

LAYERS OF COVER AND TAILINGS 5
NO LIMIT ON RADON FLUX
LAYER THICKNESS NCOT OPTIMIZED

DEFAULT SURFACE RADON CONCENTRATION 0 pCi 17-1
SURFACE FLUX PRECISION 1 pCi m -2 s7-1

LAYER INPUT PARAMETERS

LAYER 1 layer b-d
THICKNESS 457 rm
POROBITY t
CALCULATED MASS DENSITY 795 g cm”-3
MERSURED RADIUM ACTIVITY 38.4 pCi/gn-1
DEFAULT LAYER EMANATION COEFFICIENT 35
CALCULATED SOURCE TERM CONCEMTRATION 3.2050-05% pCi cm*-3 s~
WEIGET % MOISTURE i5 %
MOISTURE SATURATION FRACTION 170
ALCULATED DIFFUSION COEFFICIENT 4,942D-02 mhZ 8-
LAYER 2 clay linex
THICKNESS 61 o
PORODSITY 39
CALCULATED MASS DEHSITY 1.6165
MEASURED RADIUM ACTIVITY 0
DEFAULT LAYER EMANATION COEFFICIENT .35
A*CU*?EED SOURCE TERM CONCENTRATION 0.000D+00 pCi cm™-3 s8™-
WEIGHT % MOISTURE 15 %
“OTSTUKE SATURATION FRACTION L 622
CALCULATED DIFFUSION COEFFICIENT 5.861D-03 om~2 g7 -1

vy



LAYER 3 liner cover

THICKNESS

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COBFFICIENT
CALCULATED SOURCE TERM GCONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 4 subsoil

THICKNESS

POROSITY

CRLCULATED MASS DENSITY

MEASURED RADRIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MCISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 5 topscil

THICKNESS

PORCSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION CCEFFICIENT

.238
3.131D-02
152

.45
1.4575

0

.35
0.000D+00
15

. 486

1.3340-02

46

.49
1.3515
.35
0.000D+00
&

L1865

4.231D-02

cm

g cm”-3
pCilgh-1

pCi om”=~3

&

cm™2 g1

cm

g cm™=3

pCi/gn~1
pCi ¢m”™-3
%

-

cmt? st-1

s"~-1



LAYER

LY @ WMo

BARE

DATA

POl
.00GD+CO

™Y
LA

L570p+02
.100D+01
L 600D+01
.520D+02
L600D+01

N

ax P

SOURCE ELUX

SENT TC
CN1
LG00D+00

D
.942D-02
.861b~03
.131Db-02
.334D~02
.231D-02

xR Lo (o

FROM LAYER

THE
1Co8T

8}

P
.0C0D-01
.9600-01
.0Q0D-01

L500D0~01
.906D-01

LA ~ N WS B |

1: 3.260D

FILE “RNDATA'

CRITJ
L000D+00

Q

.205D-08
LO00D+00
L000D+00
. G00D+00
.000D+00

DoQOow

+01 pCi m"-2

ON DRIVE A:

ACC
1.006D-01

XM8
1.704D-01
6.217D-01

2.385b-01

4.858D-01
1.6550-01

@
ot

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LAYER THICKNESS EXIT FLUX EXIT CONC.
{cm) (pCi m =2 $7-1) (pCi 1%-1}

1 4.570D+02 3.7770+00 1.285D4+04

2 6.100D+01 1.680D+00 1.369D+03

3 4.600D+01 9.744D-01 1.607D+G3

4 1.520D+02 2.544D-01 3.982D+01

5 4.600D+01 2.416D-01 0.000D+00

Fan]

[

ot i

Fre
e

Ut WO = O
- ;

)
3 Ut

W U1 o
[eaNe

)



Compiled Radon Data

LayerA Raif Sludge Pond 2

Specific Gravity X X Specific Gravi . . Specific Gravif
Porosity A . Porost | . . Porosi

i Density (g/cc) . X Density {g/co)
po

S

.
Radon Flux (pCi/m*sec) 1327 Radon Flux (pCi/m*sec 3520 Radon Flux (pCifm*-sec) X Radon Flux (pCifm>sec) | 3.777

Layerb-d . Pond 2 Struc Debris Clay Liner

Specific Gravi . . Spegific Gravity . X Specific Gravity 5 . Specific Gravi
Porosif X . Porosity B ) . Porosity . .
Densi K E i A . Density (g/cc)

Densil i Densi

TR 0 ? :  on sy 56 : i

0.238 . . 0.636 0.636 0622 0622

815 . 753 753 0 0

0,03131 Diffusion Coef (cm/sec) ; Diffusion Coef (cm¥sec) | 0.0040 0.0040 0.0059 0.0059
- & ey 8 g omy ™ 3 % i % T

s

Radon Flux (pCi/m?-sec) | 46.02 Radon Flux (pCi/m*sec) | 2315 Radon Fiux (pCi/m?-sec] 3745 37.87 Radon Flux (pCi/m*-sec]

Clay. Liner Struc Debris Clay Liner Layer3

Specific Gravif K Specific Gravif 5 3 Specific Gravity A 1.62 Specific Gravi

Porosif . Porosi . . Porosity . 0.39 Por
Density (g/cc! Density {g/cc) 5 ) i cc | 1. 16165 Det
i i 10

Del N . JDensil _ : Density (pci
HH o ] i R G :
0.662 0.662 0.636 0.636 X ) X
0 o 753 753 0 0
0.005861 _ 0.005861 0004015 _0.004 0.005861 __0.005861 0.03
s } T hickness it i

Radon Flux (pCifm*sec) | 20.47 Radon Flux (pCi/m%sec) | 38.18 Radon Flux (pCifm*-sec) . Radon Flux {pCi/m’sec) | 0.9744

Liner Cover Clay Liner Liner Cover Subsoil

Specific Gravit E Spegcific Gravi 1.62 1.62 Specific Gravity 1.58 1.59 Specific Gravi
Porosif X Porosil . . . Parosity 04 0.4 Porosil
Density (g/cc] E Density {g/cc) K A Density (g/cc) E Density (g/cc]

Density {pcf . . Density (p . Density (pc
= s . : i T

‘ ERIInEEE e B e . : - e :

Degree of Saturation.(%) | 0.2: 0.238 X X 0.238 Degree of Saturation (%) | 0.486

Radium Activity (pCilg 0 0 Radium Activity (pCilg 0 0 0

Diffusion Coef (cm“/sec) | 0.03131 0.03131 |Diffusion Coef (cm“/sec) | 0.00586 0.00586 Diffusion Coef (cm“/sec) | 0,03131 0.03131 Diffusion Coef (cm*/sec) | 0.01334
it 6 LAie

[T

Radon Flux (pCi/m*-sec) | 11.87 Radon Flux (pCi/m?sec) Radon Flux (pCi/m*sec) | 9.662 15.21 Radon Flux (pCilm*sec) | 0.2544 0.6677

Subsoil Liner Cover Subsoil Topsoil

Specific Gravil 1.46 1.46 Specific Gravi E . Specific Gravity K 1.46 5 1.35 1.35
Porosif 0.45 0.45 Porosi . X Porosity X 0.45 0.49 049

Density (g/cc) 1.4575 1.4575 Density (g/cc! K . Density (g/cc) K 1.4575 i 1.3515 1.3515
Densif 0 ) 0 Densil 9 § i i 4
8 e e NE i B 16 Tancs - i SR e
0.486 . 0.238 0238 0.486 0.194 0.165 0.165
o 0 0 0 0 0

0
Diffusion Coef (cm*/sec) | 0.01334 0.0376  |Diffusion Coef (cm“/sec) | 0.03131 0.03131 Diffusion Coef (cm’/sec) | 0.01334 0.0376 Diffusion Coef (cm‘/sec) | 0.04231 0.04231
- T o o : = R — - ; .

]
Radon Flux (pCi/mf-sec) 3.1 Radon Flux (pCi/mf-sec) | 9.851 X Radon Flux (pCi/m-sec) | 2.523

]
3.523 Radon Flux (pCilmt-sec) | 0.2416 0.6341

Topsoil Subsoil Topsoil

Specific Gravil 1.35 135 Specific Gravi 1.46 146 Specific Gravif 1.35 1.35
Porosi 0.49 049  [Porosi 045 0.45 Porosi 0.49 0.49
Density (g/cc 1.3515 1.3515 |Density (glcc) | 1.4575 14575  |Density {glcc] 1.3515 13515
Densil Vsu L Density {pcf) L. 310 D)0, [DenSity (po 84.4 844 |
BIS B ORI AT A BRLAL L s R VERIGe € Bage &
Degree of Saturation (%) 0.165 5 Degree of Saturation (% 0.486 0.194 Degree of Saturation (% 0.165

Radium Activif Cil 0 0 Radium Activi Cil 0 0 Radium Activity (pCils 0

Ditfusion Coef (cm/sec) | 0.04231 _ 0.04231 _|Diffusion Coef (cm*/sec) | 0.01334 0.0376 __|Diffusion Coef (cm¥sec) | 0.04231 0.04231
T - S e e T T g G e —

g i S 2 Sh HEAlld 5 S50 58 PinickressRy B e
Radon Flux (pCi/m’-sec) | 2.944 7.701 Radon Flux (pCifnf-sec) | 2.572 6,633 Radon Flux (pCifn’-sec) | 2.396 12.53

Topsoil

Degree of Saturation (%!
Radium Activity (pCilg
Diffusion Coef (cm“/sec)

P:\100734 SFC\BG compiled layer data.xls

1/28/2006



_____ KRhkkk | RADON

AREA I 1

Version 1.2 - MAY 22, 1989 - G.F. Birchard tel.# (301)492-7000

U.S. Nuclear Regulatory Commission Office of Research

RADON FLUX, CONCENTRATION AND TAILINGS COVER THICKNESS

ARE CALCULATED FOR MULTIPLE LAYERS

OUTPUT FILE: Area I 10000 Years 6%WC Subsoil

DESCRIPTION: Subsoil is 6% WC instead of 15%

CONSTANTS
RADON DECAY CONSTANT

RADON WATER/AIR PARTITION COEFFICIENT

.0000021
.26

DEFAULT SPECIFIC GRAVITY OF COVER & TAILINGS

GENERAL INPUT PARAMETERS

LAYERS OF COVER AND TAILINGS
DEFAULT RADON FLUX LIMIT

LAYER THICKNESS NOT OPTIMIZED
DEFAULT SURFACE RADON CONCENTRATION
SURFACE FLUX PRECISION

LAYER INPUT PARAMETERS

LAYER 1 Layer A

THICKNESS

POROSITY

MEASURED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 2 Layer b-d

THICKNESS

POROSITY

MEASURED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

a

LAYER 3 Clay Liner

61
7

.795

9013

.35
7.524D-03
15

.170
4.942D-02

426

.4

1.59

81.5

.35
%.3810—04

.238
3.131p-02

Page 1

sA-1

2.65

pCi mA-2 sA-1

pCi 1A-1

pCi mA-2 sA-1

cm

g cmA-3
pCi/gA-1

pCi cmA-3 sA-1
%

cmA2 sA-1

cm
g cmA-3
pCi/gA-1

%

cmA2 sA-1

pCi cmA-3 sA-1



AREA I 1

THICKNESS 61 cm
POROSITY .39
MEASURED MASS DENSITY 1.6165 g cmA-3
MEASURED RADIUM ACTIVITY 0 pCi/gA-1
DEFAULT LAYER EMANATION COEFFICIENT .35
CALCULATED SOURCE TERM CONCENTRATION 0.000D+00 pCi cmA-3 sA-1
WEIGHT % MOISTURE 15 %
MOISTURE SATURATION FRACTION .622
CALCULATED DIFFUSION COEFFICIENT 5.861D-03 cmA2 sA-1
LAYER 4 Liner Cover
THICKNESS 46 cm
POROSITY .4
MEASURED MASS DENSITY 1.59 g cmA-3
MEASURED RADIUM ACTIVITY 0 pCi/gA-1
DEFAULT LAYER EMANATION COEFFICIENT .35
CALCULATED SOURCE TERM CONCENTRATION 0.000D+00 pCi cmA-3 sA-1
WEIGHT % MOISTURE 6 %
MOISTURE SATURATION FRACTION .238
CALCULATED DIFFUSION COEFFICIENT 3.131Dp-02 cmA2 sA-1
LAYER 5 Subsoil
THICKNESS 152 cm
POROSITY .45
MEASURED MASS DENSITY 1.4575 g cmA-3
MEASURED RADIUM ACTIVITY 0 pCi/gA-1
DEFAULT LAYER EMANATION COEFFICIENT .35
CALCULATED SOURCE TERM CONCENTRATION 0.000D+00 pCi cmA-3 sA-1
WEIGHT % MOISTURE 6 %
MOISTURE SATURATION FRACTION .194
CALCULATED DIFFUSION COEFFICIENT 3.762D-02 cmA2 sA-1
LAYER 6 Topsoil
THICKNESS 46 cm
POROSITY .49
MEASURED MASS DENSITY 1.3515 g cmA-3
MEASURED RADIUM ACTIVITY 0 pCi/gA-1
DEFAULT LAYER EMANATION COEFFICIENT .35
CALCULATED SOURCE TERM CONCENTRATION 0.000D+00 pCi cmA-3 sA-1
WEIGHT % MOISTURE 6 %
MOISTURE SATURATION FRACTION .165
CALCULATED DIFFUSION COEFFICIENT 4.231p-02 cmA2 sA-1
0
DATA SENT TO THE FILE “RNDATA' ON DRIVE A:
N FO1 CN1 ICOST CRITJ ACC

6 -1.000D+00 0.000D+00 0 2.000D0+01 1.000D-03

LAYER DX D P Q XMS RHO
Page 2



1 6.100D0+01
2 4.260D+02
3 6.100D+01
4 4.600D+01
5 1.520D0+02
6 4.600D+01

BARE SOURCE FLUX FROM LAYER 1:

Hwwuiwp

.942D-02
.131D-02
.861D-03
.131D-02
.762D-02
.231D-02

7.000D-01
4.0000-01
3.900D-01
4.000D0-01
4.5000-01
4.900D0-01

2.599D

AREA T 1

.524D-03
.381D-04
.000D+00
.000D+00
.000D+00
.000D+00

OCOOONN

+03 pCi mA=2

1.704p-01
2.385D-01
6.217D-01
2.385D-01
1.943p-01
1.655D-01

SA-1

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LAYER

OYUVTPAWN PR

THICKNESS

EX

(cm)

.100D+01
.260D+02
.100p+01
.600D+01
.520D+02
.600D+01

ARDOBRO

(pci

NOO N B

Page 3

IT FLUX EXIT CONC.
mA-2 sA-1) (pCi TA-1)
.327D+03 1.493D+06
.704D+01 1.465D+05
.265D+01 1.219D+04
.692D+01 1.141D+04
.109D+00 1.6970+03
.701D+00 0.000D+00

0.795
1.590
1.617
1.590
1.458
1.352



_____ khkdk | RADON

AREA 2A

version 1.2 - MAY 22, 1989 - G.F. Birchard tel.# (301)492-7000

U.S. Nuclear Regulatory Commission Office of Research

RADON FLUX, CONCENTRATION AND TAILINGS COVER THICKNESS

ARE CALCULATED FOR MULTIPLE LAYERS

OUTPUT FILE: Area 2A 10000 Years

DESCRIPTION: Subsoil with 6% wc instead of 15%

CONSTANTS
RADON DECAY CONSTANT

RADON WATER/AIR PARTITION COEFFICIENT

.0000021
.26

DEFAULT SPECIFIC GRAVITY OF COVER & TAILINGS

GENERAL INPUT PARAMETERS

LAYERS OF COVER AND TAILINGS
DEFAULT RADON FLUX LIMIT

LAYER THICKNESS NOT OPTIMIZED
DEFAULT SURFACE RADON CONCENTRATION
SURFACE FLUX PRECISION

LAYER INPUT PARAMETERS

LAYER 1 Raff Sludge

THICKNESS

POROSITY

MEASURED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 2 Pond 2

THICKNESS

POROSITY

MEASURED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 3 Struc Debris

377

.8

.53

18587

.35
9.051D-03
100

.662
1.618D-02

128

7

.795

2568

.35
2.144D-03
15

.170
4.942D-02
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pCi cmA-3 sA-1

%

CmA2 sA-1

cm

g cmA-3
pCi/gA-1

pCi cmA-3 sA-1
%

cmA2 sA-1



THICKNESS

POROSITY ,

MEASURED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 4 Clay Liner

THICKNESS
POROSITY

MEASURED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 5 Liner Cover

THICKNESS

POROSITY ,

MEASURED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE '

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 6 Subsoil

THICKNESS

POROSITY

MEASURED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

0

LAYER 7 Topsoil

THICKNESS

POROSITY

MEASURED MASS DENSITY

MEASURED RADIUM ACTIVITY ‘
DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION

AREA 2A

256

.2

2.12

75.3

.35
2.867D-04

.636
4.015D-03

.35
0.000D+00
15

.622
5.861p-03

46
.4
1.59
0

.35
g.OOOD+OO

.238
3.131D-02

152
.45
1.4575

0

.35
0.0000+00

.194
3.762D-02

46

.49
1.3515
0

.35
0.000D+00
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WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

BARE SOURCE FLUX FROM LAYER 1:

AREA 2A
6
.165

%

4.231D-02 cmA2 sA-1

6.268D+03 pCi mA-2 sA-1

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LAYER

NOYVIhWNRE

THICKNESS
(cm)

.770D+02
.280D+02
.560D+02
.100D+01
.600D+01
.520D0+02
.600D+01

DR PDPOINEW

EXIT FLUX

(pci

3.

mA-2 sA-1)

520D+03

2.315D+02

AR RFRW

. 848D+01
.853D+01
.384D+01
.633D+00
.300D+00
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EXIT CONC.
(pCi T1A-1)

1.

865D+06

2.540D+06

oOrVWWON

.705D+04
.972D+03
.335D+03
.388D+03
.000D+00
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version 1

AREA 2B

RADON FLUX, CONCENTRATION AND TAILINGS COVER THICKNESS

ARE CALCULATED FOR MULTIPLE LAYERS

OUTPUT FILE: Area 2B 10000 Years

DESCRIPTION: Subsoil with 6%wc .instead of 15%

CONSTANTS
RADON DECAY CONSTANT

RADON WATER/AIR PARTITION COEFFICIENT

.0000021
.26

DEFAULT SPECIFIC GRAVITY OF COVER & TAILINGS

GENERAL INPUT PARAMETERS

LAYERS OF COVER AND TAILINGS
DEFAULT RADON FLUX LIMIT

LAYER THICKNESS NOT OPTIMIZED
DEFAULT SURFACE RADON CONCENTRATION
SURFACE FLUX PRECISION

LAYER INPUT PARAMETERS

LAYER 1 Pond 2

THICKNESS

POROSITY

MEASURED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 2 Struc Debris

THICKNESS

POROSITY

MEASURED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

]
LAYER 3 Clay Liner

505

795
2568
.35
2.144p-03
15
.170
4.942D-02

256

.2

2.12

75.3

.35
2.867D—04

.636
4.015D-03
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SA-1

2.65

pCi mA-2 sA-1

pCi 1A-1

pCi mA-2 sA-1

cm

g cmA-3
pCi/gA-1

pCi cmA-3 sA-1
%

cmA2 sA-1

cm

g cmA-3
pCi/gA-1

pCi cmA-3 sA-1
%

CmA2 sA-1



THICKNESS

POROSITY

MEASURED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED- DIFFUSION COEFFICIENT

LAYER 4 Liner Cover

THICKNESS

POROSITY

MEASURED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 5 Subsoil

THICKNESS

POROSITY

MEASURED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 6 Topsoil

THICKNESS

POROSITY

MEASURED MASS DENSITY

MEASURED RADIUM ACTIVITY ;
DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

0

BARE SOURCE FLUX FROM LAYER 1:

AREA 2B

0.000D+00
15

.622
5.861D-03

46
4
1.59
0

.35
g.OOOD+00
.238
3.131D-02

46

.45
1.4575
0

35
9.0000+00

6
.194
3.762D-02

46

.49
1.3515

0

.35
g.OOOD+OO

.165
4.231D-02

2.214D+03 pCi mA-2 sA-1

cm

g cmA-3
pCi/gA-1

pCi cmA-3 sA-1
%

CmA2 sA-1

cm

g cmA-3
pCi/gA-1

pCi cmA-3 sA-1
%

CmA2 sA-1

cm

g cmA-3
pCi/gA-1

pCi cmA-3 sA-1
%

cmA2 sA-1

cm

g cmA-3
pCi/gA-1

pCi cmA-3 sA-1

%

CmA2 sA-1

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LAYER THICKNESS

EXIT FLUX
Page 2

EXIT CONC.



ADAUVITDWN

AP phoOYNWDN

(cm)

.050D+02
.560D+02
.100D+01
.600D+01
.600D+01
.600D+01

(pci

RRRRwO

AREA 2B

mA-2 sA-1) (pci 1A-1)

.565D+01
.787D+01
.880D+01
.521p+01
.320D0+01
.253Dp+01
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9.596D+05
7.491D+04
8.198D+03
6.331D+03
2.761D+03
0.000D+00
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version 1.2 - MAY 22, 1989 - G.F. Birchard tel.# (301)492-7000

U.S. Nuclear Regulatory Commission Office of Research

RADON FLUX, CONCENTRATION AND TAILINGS COVER THICKNESS

ARE CALCULATED FOR MULTIPLE LAYERS

OUTPUT FILE: Area 3 10000 Years

DESCRIPTION: Subsoil with 6%wc instead of 15%

CONSTANTS
RADON DECAY CONSTANT

RADON WATER/AIR PARTITION COEFFICIENT

.0000021
.26

DEFAULT SPECIFIC GRAVITY OF COVER & TAILINGS

GENERAL INPUT PARAMETERS

LAYERS OF COVER AND TAILINGS
DEFAULT RADON FLUX LIMIT

LAYER THICKNESS NOT OPTIMIZED
DEFAULT SURFACE RADON CONCENTRATION
SURFACE FLUX PRECISION

LAYER INPUT PARAMETERS

LAYER 1 Layer b-d

THICKNESS

POROSITY

MEASURED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 2 Clay Liner

THICKNESS

POROSITY

MEASURED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

g
LAYER 3 Layer 3

457

.7

.795

38.4

.35
3.205D-05
15

.170
4.942D-02

61

.39
1.6165

0

.35
0.000D+00
15

.622
5.861D-03

Page 1

sA-1

2.65

pCi mA-2 sA-1

pCi 1A-1

pCi mA-2 sA-1

cm
g cmA-3
pCi/gr-1

%

cmA2 sA-1

cm
g cmA-3
pCi/gA-1

%

cmA2 sA-1

pCi cmA-3 sA-1
[+)

Pcﬁ cmA-3 sA-1



THICKNESS

POROSITY

MEASURED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER. EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 4 Subsoil

THICKNESS

POROSITY

MEASURED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 5 Topsoil

THICKNESS

POROSITY ‘

MEASURED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

g

AREA 3 1

46

.4

1.59

0

.35
g.OOOD+00

.238
3.131p-02

152

.45
1.4575

0

.35
g;OOOD+00

.194
3.762D-02

46

.49
1.3515
0

.35
2.000D+00

.165 '
4.231D-02

cm

g CmA=3
pCi/gA-1

pCi cmA-3 sA-1
%

cmA2 sA-1

cm
g cmA-3
pCi/gA-1

%

cmA2 sA-1

cm
g cmA-3
pCi/gA-1

%

CmA2 sA-1

pCi cmA-3 sA-1

Pci cmA-3 sA-1

BARE SOURCE FLUX FROM LAYER 1: 3.260D+01 pCi mA-2 sA-1

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LAYER THICKNESS EXIT FLUX
(cm) (pCi mA-2 sA-1)

1 4.570D+02 3.873D+00

2 6.100D+01 1.865D+00

3 4.600D+01 1.393D+00

4 1.520D+02 6.677D-01

5 4.600D0+01 6.341D-01
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EXIT CONC.
(pCi TA-1)

1.280D+04
1.004D+03
9.396D+02
1.397D+02
0.000D+00



