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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 radoﬁ-222
emanation from the soil cover surface for comparison with the NRC performance standard of 20 pCi/m’-

sec.

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 Regﬁlatory 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 phyéical 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 Matérials Used in the Model

Dry Unit Water Degree of

Material Description Porosity Weight Content | Saturation

' (pch) (%) (%)
COVER .
Topsoil Sandy loam 0.49 84.4 6 17 .
Subsoil Sandy silt ' 0.45 91.0 6,15 19, 49
Liner cover Sand 0.40 993 6 24
Clay liner Silty clay 0.39 100.9 15 62
TYPED : ‘
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 | 070 | 49.6 | 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 coﬁtaminated 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 consérvative default value used in the RADON model). The
“radon diffusion coefficient for-cover and disposed materials was calculated by the RADON modél (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

Reclamatiqn 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 1‘0,‘000 years from the present. For the RADON modeling, two source-term scenarios were
evaluated: (1) 95 percent upper confidence-interval (UCI) values ét 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 21.3
TOTAL/WEIGHTED AVERAGE eee- 100 14.0 743 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 IIA 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
Sraet:;mate sludge (28,600 sq ft 355,000 32 1.4 7,183 18, 587
Pond 2 residual material 762,000 68 4.2 1,038 2,568
TOTAL/WEIGHTED AVERAGE |  ----- 100 166 | e | e
TYPE B-D MATERIALS
Structural material 568,600 100 8.4 30.9 75.3
TOTAL/WEIGHTED AVERAGE |  ----—- 100 8§84 | 0 ) 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 ft) 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 762,000 100 143 1,038 2,568
TOTAL/WEIGHTED AVERAGE |  -—--- 100 143 | eeee e
TYPE B-D MATERIALS
Structural material 568,600 100 10.7 30.9 75.3
TOTAL/WEIGHTED AVERAGE | ----- 100 Y 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 Radium-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 --- 3.4

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
Radium-226 Water Content Radon—222 Flux
Cell Phase Area 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 I1IB 1,000 years Subsoil at 15% 1.0
10,000 years Subsoil at 15% 24
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 IIA 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 ucCL,
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 7.18 541 - 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, UcCL, 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 55.7 889 90.1
Calcium Fluoride Basin Liner 95,285 | Estimate | 4.91 2.87 7.91 0.703 0.236 0.95 22 1.2 34
Emergency Basin Soils 162,500 | Estimate 149 238 241 542 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 55.7 889 90.1
Sanitary Lagoon Liner 56,356 | Estimate | 47.1 36.1 56.6 2.11 0.882 2.34 17.9 13.2 213
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/
Vol. Of Std UCL, UCL, Std ucCL,
Location (ft) Samples | Mean Dev 95% Mean | Std Dev 95% Mean Dev 95%
Fluoride Holding Basin #1 171,400 | Estimate | 4.91 2.87 7.91 0.703 0.236 0.95 2.2 1.2 34
Fluoride Holding Basin #2 186,000 | Estimate | 4.91 2.87 7.91 0.703 0.236 0.95 22 1.2 34
Fluoride Settling Basins & Clar. | 114,300 | Estimate 491 2.87 791 0.703 0.236 0.95 22 12 34
Buried Calcium Fluoride 96,380 6 4.91 2.87 7.91 0.703 0.236 0.95 2.2 1.2 34
Buried Fluoride Holding Basin
1 57,200 | Estimate 491 2.87 7.91 0.703 0.236 0.95 22 1.2 34
Interim Storage Cell 154,887 | Estimate | 47.1 36.1 56.6 2.11 0.882 2.34 17.9 132 213
Solid Waste Burials (No. 1) 43,000 | Estimate | 47.1 36.1 56.6 211 0.882 234 179 13.2 213
Solid Waste Burials (No. 2) 8,100 | Estimate 47.1 36.1 56.6 2.11 0.882 234 17.9 13.2 213
UFé6 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/,
Vol Std UCL, UCL, Std UCL,
Location It Samples | Mean Dev 95% Mean | Std Dev 95% Mean Dev 95%
Site Soils 600,000 8 36.5 54.1 81.8 248 1.26 3.54 144 19.8 30.9.




Initial Disposal Material Characterization Summary*

. a Item Layer Volume Weight Nat. Uranium Thorium-230 Radium -226
Material SCU No. No." No.t (cu ft)° (10°g) | pCilg | Ci | pCilg | Ci | pCig| Ci
SLUDGES & SEDIMENTS
Raffinate sludge 17 5 A 1,064,000 6.76 5914 [ 37.14 | 9611.1 | 604 | 118.1 0.7
Pond 2 residual materials 18 8 A 635,000 17.8 288 10.77 | 1284 | 48.03 | 43.0° 1.61
Emergency basin sediment 6 11 A 14,600 0.139 3864 0.54 | 33,900 | 4.71 885 0.123
North ditch sediment 9 11 A 20,770 0.198 3865 0.77 698 0.137 | 170 0.033
Sanitary lagoon sediment 7 10 A 10,365 0.099 12,884 | 1.28 276 0.50 5.8 0.008
Fluoride holding basin #1 13 7 C 171,400 2.62 311 0.82 4.8 0.013 0.8 0.002
Fluoride holding basin #2 12 7 C 186,000 2.85 356 1.02 4.8 0014 | 0.8 0.002
Fluoride settling basins & clarifier 14 7 C 114,300 1.79 520 0.92 4.8 0.008 0.8 0.001
Buried calcium fluoride 15 7 C 96,380 - -- 1.52 -- -- -- --
Buried fluoride holding basin #1 15 7 C 57,200 0.875 313 0.27 4.8 0.004 { 0.8 0.001
LINER SOILS & SUBSOILS
Clarifier liners 17 8 B 332,400 16.6 28 0.47 70 1.16 0.5 0.008
Calcium fluoride basin liner 12,13, 14 8 B 95,285 4.76 13.3 0.064 - - - -
Pond 3E clay liner 24 8 B 88,232 441 4.9 0.02 - - - -
Emergency basin soils 6 11 B 162,500 8.12 95 0.78 -- -- -- --
North ditch soils 9 11 B 87,500 4.37 68 0.30 - - -- -
Sanitary lagoon liner 7 10 B 56,356 2.81 28 0.08 70 0.20 0.5 0.001
BURIED MATERIALS & DRUMS
Pond 1 spoils pile 8 8 B 437,400 21.8 4.8 0.11 47 1.02 2.1 0.046
Interim storage cell 9 35 C 154,887 7.74 373 2.89 2.1 0.016 | 0.21 | 0.0016
Solid waste burials S 12 C 51,100 -- -- 0.681 -- - -- -
DUF, drummed contaminated trash -- 2 C 2,200 -- -- 0.37° -- -- -- --
Other drummed contaminated trash -- 6 C 4,050 -- -- 0.015 -- -- -- --
Empty contam. Drums -- 3 C 2,000 -- -- 0.015 -- -- -~ --

* From SCR (SFC, 1998).




Initial Disposal Material Characterization Summary (continued)*

. a b Layer Volume Weight | Nat. Uranium | Thorium-230 | Radium -226
Material SCU No. Item No. No.t (cu ft) d 10’ g : : i : . i
pCi/g Ci pCilg | Ci | pCig| Ci
STRUCTURAL MATERIALS (see below) (see below) 568,550 51.6 168 8.67 -- -~ -- --
Main plant building 1 13 C [2,178,000]
Solvent Extraction Building 2 13 C [180,000]
DUF, Building 29 13 C [281,000]
ADU/Misc. digestion building 21 13 C [75,000]
Laundry building 17 13 C [12,500]
Centrifuge building 17 13 C [15,000]
Bechtel building 30 13 C [27,000]
Solid waste building 10 13 C [18,000]
Cooling tower 2 13 C [30,000]
RCC evaporator 2 13 C [18,750]
Incinerator 10 13 C [7,500]
Concrete and asphalt Various 13 C 511,795 46.5 168 7.81
Scrap metal -- 4 C 100,000 -- -- 0.15 -- -- -- --
Chipped pallets -- -- B 3,000 -- -- -- -- -- -- --
SUBSOILS & BEDROCK
Contaminated materials’ Various 14 D 3,574,000 178.5 250 448 -- -- - --

* From SCR (SFC, 1998).

a Site characterization unit number from Section 4 of SCR (SFC, 1998).
b Calculation item number in Attachment [II of SCR.

¢ Layer number in disposal cell sequence.

d Values are from Attachment 11l of SCR; values in brackets are calculated building volumes from floor area and building height; disposal volume is 20 percent of building volume.

¢ Depleted uranium value
f Materials above 27 pCi/g natural uranium.



ATTACHMENT C.2

RADON MODEL OUTPUT
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Version 1.2 - MAY 22, 198% - G.F. Birchard tel.$ {
¥.5. Nuclear Regulatory Commission Office of Researc!

RADON FLUX, CCONCENTRAT
ARE CALCULATED FOR MULTIPLE LAYE

OUTPUT FILE: phase I 95% ucl

DESCRIPTION: no

CONSTANTS

RADON DECAY CONSTANT

RADON WATER/AIR PARTITION COEFFICIENT
TATLINGS

DEFAULT SPECIFIC GRAVITY OF COVER &

GENERAL INPUT PARBMETERS

LAYERS 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 layexr A

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 2 layer b-d
THICKNESS
POROSITY
CRLCULATED MASS DENBITY

MEASURED RADIUM ACTIVITY
DEFAULT LAYER EMANATION
CALLCULATED SOURCE TERM CONM
WEIGHT % MOISTURE

MCISTURE SATURATION FRACTION
CALLULATED DIFFUSION COEFFICIENT

LR

.0000021
.26

[o3]

N n

2.957D~03
¥

i

TAILINGS COVER THICKNESS

LEA

o

1

§°~-1

Cm

g om™=3
pCi/ga-1

gC1i cm”™-3 s*-1
&

B

[

om’™2 o8



clay liner

THICKNESS

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMAMNATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 4 liner cover

THICKNESS
PORCSITY
CALCULAT D MASS DENSITY

MEASURED RADIUM ACTIVITY
DEFAULT LAYER EMANATION CCEFFICIENT
CALCULATED SCURCE TERM CCNCENTRATION
WEIGHT % MCISTURE
MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEEFICIENT

LAYER 5 subsoil

THICKNESS
POROSITY
CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFTAULT LAYER EMANATION COEFFICIEN
CALCULATED SOURCE TERM CONLLUTRATION
WEIGHT % MOCILSTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

ey
)
e

i

PG

CA D MA DENSITY

MEJ RADI ACETIVITY

0g VYRR EMANATION COEFFICTIENT
Ca SOURCE TERM CONCENTRATIOR
WETL MOISTURE

MO! ATURATION FRACTIOHN

CA DIFFUSION CORFFICIENT

6

[V B o

9
1.6165
0

.35

O GO0D+00
. 622
5.8610~03

)
N

46
4
.59

(=3

.35
0.000D+00
6

. 238
3.131D-02

[ERE e ol
o

oy <€

. 165
4.2310-02

om

g cmt-3
pCli/g*-1

pCi om”-
%

2 g7 -1

s~-1
s"=-1
s°-1
s~-1



DATA

N P01

6 ~1.000D+00 O
LAYER DX

1 €.100D+01 4

2 4.2€60D+02 3

3 6.100D+01 &

4 4.600D+01 3

5 1.5820Dp+02 1

8 4.600D+01 4

CN1

.300D+00

D

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

SENT TOC THE

[N PS Bt~ S |

WP WP

FILE "R

ICOST
0

P
.000D-01

.G00D~01"

.S00D-01
.000D-01
.500D-01
.500D-01

NDATA' ON DRIVE A:

CRITJ
. 600D+D0

<

Q
2.857D-03
.171D-04
.000B+00
.000BR+00
.000D+00
.000D+00

O oN

[ o)

BARE, SOURCE FLUX FROM LAYER 1: 1.021D+03 pCi m"-

RESULTS

LAYER

[o) RS2 IS S I (O

THICKNESS X

{cm)

6.100D+01
L2860D+02
1000401
.600D+01
.520D+02
.600D+01

i

W LI

=y

NN =W

IT FLUX
m~-2 s”-1}

.935D+4+02
.175D+01
L412D+01
L192D+00
.1358D+00
.031D+400

2

a
<
s
<

Ny pes
W~}
wW
(ST
(v w)
i1
o0
b

B R ON
3 }w.
5 m
Ln
(w)
i
<
—

OF THE RADON DIFFUSION CALCULATIONS

EXIT CONC.

(pCi 17-1)

5.
1

1820+05

1.018D0+05

) et et

.151D+04
L351D+04
. 3470+02
0.

G00D+00

o

-

pea

[S I SO

HO

798
59¢
617
590
458
352
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RADON

Version 1.2 - MAY 22, 1%8S - G.F. Bir -# (3

U.8. Nuclear Regulatory Commission Office of Ressarch
RADON FLUX, CONCENTRATICON AND

ARE CALCULATED FCR MULTIPLE LAYERS

QUTPUT FILE:

DESCRIPTION:

CCNSTANTS

A

YR ddd b

TAILINGS COVER

RADON DECAY CONSTANT .0000021 s~-1

RADON WATER/AIR PARTITION COEFFICIENT .26 :

DEFADLT SPECIFIC GRAVITY OF COVER & TAILINGS 2.65
GENERAL INPUT PARAMETERS

LAYERS OF COVER AND TAILINGS 7

NC LIMIT ON RADON FLUX

LAYER THICKNESS NOT OPTIMIZED

DEFAULT SURFACE RADON CONCENTRATION 0 pCi 17-1

SURFACE FLUX PRECISION .1 pCi m"=-2 s~=1
LAYER INPUT PARAMETERS

LAYER 1 raff sludge

THICKNESS 377 CIt

POROSITY g8

CALCULATED MASS DENSITY .5299593995399999

MEASURED RADIUM ACTIVITY 7183 pCi/gn-1

DEFAULT LAYER BMANATION COEFFICIENT [ -

CALCULATED SOURCE TERM CONCENTRATION 3.498D-03 pCi cn*-3 s°~1

WEICGHT % MOISTURE 160 %

MOISTURE SATURATION FRACTION .662

CALCULATED DIFFUSION COEFFICIENT 1.618D~02 omn2 501

LAYER 2 pond 2

THICKNESS 128 om

POROSITY 7

CALCULATED MASS DE .795% g om™-3

MEASURED RADIUM Af 1038 cCi/gn-1

DEFAULT LAYER EMA .35

CALCULATED ZQURCE N §.6650-04 oCi cm™~3 s°-1

WEIGHT % MOT 15 %

MOISTURE SAT 1740

CALCULATED DI 4.9420-02 crm™?2 ogh-1



THICKNESS
POROSITY
CALCULATED MASS DENSITY
MEASURED RADIUM ACTIVIT
DEFAULT LAYER EMANATION COEFFI ,!ENT
CALCULATED SCURCE TERM CONCENTRATION
WEIGHT % MOISTURE

ISTURE SATURATION FRACTION
CALC‘“ATED DIFFUSION COEFFICIENT

LAYER 4 clay line

THICKNESS

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION CV‘F”ICLFNL

liner cover

CbbCULA”ED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATICN FRACTION

CALCUOLATED DIFFUSION COEFFICIENT

subsocil

TRICKNESS
ECECmi;Y

DENSITY

ACTIVITY
“JANRT:ON ”GTP
TERM CONC

)
e
]
3
v}
i
=
i

6

pCi cm” -

- ~

cmtZ st -1

g ocm™-3
pCi/gn=1

pCi cm”-3
%
cm™2 st-1
om
g cm
pCi/g
oli cm
k3

~Zosgn-i
i £114

g cm”-3
SR
pCi/gr~1

pCi cm”™~3

omt 2 50 -



LAYER 7 topsoil

THICKNESS 46 o3+
POROSITY ’ .49

CALCULATED MASS DENSITY 1.3515 g cm”=3
MEASURED RADIUM ACTIVITY
DEFAULT LAYER EMANATION COEFFICIENT .35

CALCULATED SOURCE TERM CONCENTRATION 0.000D+00 pCi cm™-3 s5°-1
WEIGHT % MOISTURE ) 6

MOISTURE SATURATION FRACTICN L1653

CALCULATED DIFFUSION COEFFICIENT 4.231D-02 cm™z s5°-1

o

pCi/gh-1

)

kS

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

I8}

£01 CH1 ICOsT CRITJ RCC
-1.000D+00 ©.000D+00 0 0.000D+00 1.800D-01

~ 2

LAYER DX D P ¢ xMS REO
1 3.770D+02 1.6180-02 8.0Q00D-01" 3.498D-03 6.625D-01  0.530
2 1.280D+02 4.942D-02 7.000D-01 2.665D-04 1.704H-01 0.795
3 2.560D+402 4.015D-03 2.000D-01 2.407D-04 6.360D-01 2.120
4 6.100D+01 5.861D-03 3.900D-01 0.000D+00 €.2170-01 1,617
5 4.6000+01  3.131D-02 4.000D-01 (.000D+00 2.385D-G1 1.540
5 1.520D+402 1.334D-02 4.500D-01 0.000D+0C0 4.838D-01 1.458
7 4.6000+01  4.231D-02 4.900D-01L 0.000D+00 1.655D-01 1.3%2

BARE SOURCE FLUX FROM LAYER 1: 2.4220+03 pCi n"-2 s°-1

RESULTS OF THE RADON DIFFUSION CALCULATICONS

w

LAYER THICKNESS EXIT FLUOX EXTT CONC.
{cm} (pCi m™*-2 s~-1} (pCi 1i~-1)

i 3. 1.3500+03 72730405

2 1. 8.371D+01 §.3850D+05

3 Z. 1.565D+01 3.224D+04

4 6. 5.9360D+400 5.873D+03

5 4. 4.037D+00 €.657D+03

& 1. 1.054D+00 1.6845D+02

7 4, 1.001D+00 0.000D+00
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Version 1.2 - MAY 22, 1989 - G.F. Bi

fal

i
U.5. Nuclear Regulatory CTommission O

RADON FLUX, CONCENTRATICN A
ARE CALCULATED FOR MULTIPLE LAYERS

QUTPUT FILE: phase 2 wo raff

DESCRIPTION: no

CONSTANTS

RADON DECAY CONSTANT

~ RADON WATER/AIR PARTITION COEFFICIENT

DEFAULT SPECIFIC GRAVITY OF COVER &

GENERAL INPUT PARAMETERS

LAYERS OF COVER AND TAILINGS

NO LIMIT ON RADON FLUX

LAYER THICKNESS NOT OPTIMIZED
DEFAULT SURFACE RADON CONCENTRATION
SURFACE FLUX PRECISION

LAYER INPUT PARAMETERS

THICKNESS

PORGSITY

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

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSICON COEPFI

LAYER 2 struct debris
THICKHNESS

PORQSITY

CALCULATED MASS DENGI

MEASURED RADIUM ACTIX I b4

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOTSTURE SATURATION FRACTIOH
CALCULATED DIFFUSION COEFFICIENT

re
£

ND

Phk b d e -

ard tel.# {301)482-7000
'ce of Resesarch

TATILINGS COVER THICKNESS

Q00021 s*=1
.26
TAILINGS 2.65
6
0 pCi 1~-1
.1 pli m*~2 s°~1
505 om
.7 '
785 g cm”™-3
1038 pCl/g~-1
.35
8.665D-04 pCi cm*-3 s57~1
15 %
L1700
4.942D-02 om™2 g°-1
256 cm
2
2.12 g cm™-3
30.9 pCi/g~-
.35
2.407D~04 pCi cm~-3 z7-1
) %

. 636
4.0150-03 cm™Z s°-1



o

- MOISTURE

LAYER 3 cilay liner

THICKNESS

BOROSITY

CALCULATED MASS DENSITY
MEASURED RKDIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED “OUQC TERM CONCENTRATION
WEIGHT % MOISTUR

MOISTURE bATuRhTmON FRACTION
CALCULATED DIFFUSION COEFFTICIENT

LAYER 4 liner cover

THICKNESS
"POROSITY
CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COBFFICIENT
CALCULATED SCURCE TERM CONCENTRATION
WEIGHT % MOISTURE

SATURATION FRACTION

caLc ULATED DIFFUSICN COEFFICIENT

LAYER & ‘subsoil

THICKNESS

POROSITY

CALCULATED MASS DENSITY
MEASURED K’ IUM ACTIVITY

DEFAULT LAYER EMANATION COC FFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE .

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

topsoil

THICK

EMANATION COEFFICTIENT
JRCE TERM VqNCLV
{ X

61
.39
1.8165

0

.35

0.000D+00

15

. 622
&

5.8

1H-03

3!'
0. OOUD+O
5

O3

L2383
3.131D~02
[~

b, e b

.45

1.4575

G

S35

0.000D+0G

15

cm
g
oCi/g”-1
pCi cm”™-3

g cmt-

pCi/g~-1

- n N
pLl om

o
%

N “o_
m™2 s°~1
om




DATA SENT 7O THE

FGL CN1
-1.060p+00 0.000D+00

N Z

LAYER . DX D
1 5.0 4.%942D-02
2 2.5 4.015D-03
3 6.1 5.861D-03
4 4.6 3.131D-02
5 1.5 1.334D-02
3 4.60 4.231D-02

BARE SCURCE FLUX FROM LAYER

RESULTS OF THE

LAYER THICKHESS EXIT
{(cm) {pCi m

1 5.050D+02 2.2

2z 2.560D+02 1.5

3 6.100D+01 6.8

4 4.600D+01 3.3

5 1.520D+02 1.0

6 4.600D+01 9.8

[N ST VC IS BN

RADBON DI¥FFUSION

L]

"R

FIL

cosy

0

P

,000D~01
.000D-01
.9CGOD-01
L 000D-01
.500D-01
.5060D-01

NDATA' ON DRIVE A:

[AS N e)

OO OO

8.948D+02

N Oy Ll WA
O T -
(wiRwikw i wl

RIT
.06GD+00

TT3
RNV

e
SedN

e
w

.665D-04
.4C7D~04
.200D+00
.000D+00
.0000+00
.000D+00

Cr O

e

o]
9]
o
o

!

et

3
> O

+
o
(O

P

O oo
-0 00O

N

ACC
1.0000-01

XMS
L704D-01
.360D-01
.217D-01
.385D-01

858D~-01
.655D-01

ol N OV O B

43
{

CALCULATIONS

EXIT CONC.
{pCi 1~-1)

W L W

[enn ol

LBBODH05
L166D+04
L571D+03
.537D+03
LG620B+02
.000D+0D
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Version 1.2 - MAY 22, 1888 - G.F. Birchard tel.§ (301)492-7000
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RADON FLUX, CONCENTRATICON AND TAILINGS COVER THICKNESS
ARE CALCULATED FOR MULTIPLEZ LAYERS

e
QUTPUT FILE: phase 3 ﬁ &l,éf:fq “’ij’L“

DESCRIPTION: no

CONSTANTS

RADON DECAY CONSTANT . 00060021 -1
RADON WATER/EIR PARTITION COEFFICIENT .26
DEFAULT SPECIFIC GRAVITY OF CCVER & TAILINGS 2.65

GENERAL INPUT PARRAMETERS

LAYERS CF COVER AND TAILINGS 5

NO LIMIT ON RADON FLUX

LAYER THICKRESS NOT OPTIMIZED

DEFAULT SURFACE RADON CONCENTRATION o pCi 1°-1

SURFACE FLUX PRECISION .1 pCi m*=2 $7-1
LAYER INPUT PARAMETERS

LAYER 1 layer b-d

THICKNESS 457 fo)tal

PORCSITY 7 ’

CALquAm&) MASS DENSITY .. 785 g om™-3

MEASURED RADIUM ACTIVITY 32.9 pCi/gn-1

DEFAULT LAYER EMANATION COEFFICIENT .35

CALCULATED SOURCE TERM CONCENTRATION LTA60-05 pCi oem™-3 s™-1

WEIGHT % MOISTURE 15 %

MOISTURE SATURATION FRACTICN L1770

CALCULATED DIFFUSION COEFFICIENT 4.942D-02 cm™2 g7-1

LAYER 2 clay liner

THICKNESS 51 CIn

PORCSITY .38

CALCULATED MASS “ENR I 1.6L&k g ocmt-3

MEASURED PADLUV AC 8] pCifgr-1

DEFAULT LAYE ¥ 35

CALCULATED O 0GODR+00 pCl cm™~3 371

WEIGHT % MOLSTURE i5 %

MOLISTURE SATURATION N 62?

CALCULATED DIFFUSION COE: 861D-03 o™ 2 s°-3




LAYER 3 liner cover

THICKNESS

POROSITY

CALCULATED MASS DENSITY
MEASURED RADIUM ACTIVITY
DEFAULT LAYER EMANATIOM CCEFFE]
CALCULATED SOURCE TERM CONCENT
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 4 subsoil

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 topsoil

THICKNESS

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SCURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

<m

g cm”-3

pCi/gn-1

pCi cm™-3

Q.
k-3

cmh2 50-1

el
g cm”™-3
pCi/gn-1
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BARE SOURCE FLUX FROM LAYER 1:

RESULTS CF THE R&DON DIF

LAYER

W N

¢
(8]

0.

SENT TO THE FILE "R

CN1 1COST
00CD+G0 0

0 2
14.542D-02 7.000D-01
5.861D-032 3.9%00D-01
3.131D-02 4.300D-01
1.334D-02 4.500D-01
4.231D-02 4.9200D-01

NDATA' ON DRIVE A:

CRITJ

0.000D+0CD

]
2.7460-05
L.G0OD+GD
.GCQD+0GY
.000D+00
.OG0D+00

[N o o]

f]

2.793D+01 pCi m~~-

Z

a

301

(=N
=

1.60

AMS
L704D-01
.217D-01
.3850-01
.BE8D-01
.655D-01

Oy ke

)

Jout

FUSION CALLCULATIONS

PHICKNESS EXIT FLUOX
{cm) {pCi Mm™=2 s7-1})

4.570D4+02
6.100D+01
4.600D+01
.520D+02
4.600D+01

o
NI

»
i

.2360+00
.439D+00
.3450-01
L180D-01
.0700-01

CEXIT CONC.

(pCi 17-1)

O W b e b

L101D+04
L1730+03
L377D+03
. 411iD+01

.000D+00

Pt Bed e p

RHO
L7895
.617
L5490
. 458
352
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RADON FLUX, CONCENTRATION AND TAILINGS COVER THICKWESS

ARE CALCULATED FOR MULTIPLE LAYERS
QUTPUT FILE: raff sludge - lower debris density
DESCRIPTION: no f%{z/i(fq_ tIIT'/¥

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

GENERAL INPUT PARAMETERS
LAYERS OF COVER AND TAILINGS
NO LIMIT ON RADON FLUX
LAYER THICKNESS NOT CPTIMIZED _
DEFAULT SURFACE RADON CONCENTRATION 0
SURFACE FLUX PRECISICN .1

LAYER INPUT PARAMETERS
LAYER 1 raff sludge
THICKNESS 377
POROSITY .8 .
CALCULATED MASS DENSITY .5298¢9999
MEASURED RADIUM ACTIVITY 7183
DEFAULT LAYER EMANATION COEFFICIENT .35
CALCULATED SOURCE TERM CONCENTRATION 3.498D-03
WEIGHT % MOISTURE © 100
MOISTURE SATURATION FRACTION 662
CALCULATED DIFFUSION COEFFICIEN 1.618D-02
LAYER 2 pond 2
TRICKNESS . 128
POROSITY .7
CALCULATED MA3S DENSITY 745
MEASURED RADIUM ACTIVITY 1038
DEFAULT LAYER EMENATION .35
CALCULATED SOURCE TERM { CENTRAT 8.68650~04
WEIGHT % MCISTURE 15
MOTSTURE SATURATION FRACTE ON 170

CRLCULATED DIFFUSION COEFT

1.942D-02

e A A
cm”™Z 57—

ey



THICKNESS

PORCSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAGLT LAYER EMANATION COREFICIENT
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 SCURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE °ATUQ“” 'ON FRACTION
CALCULATED DIFFUSION COEFFICIENT

liner

o

O

<
i
[a]

THICKNESS

PCROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT

CALCULATED SOURCE TERM CONCENTRATION

WEIGHT % MOISTURE

MOISTURE SATURATION FRACT
T I

IC
CALCULATED DIFFUSION COEFFI C ENT

LAYER 6 subsoil

THICKNESS

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CRLCULATED DIFFUSION COEFFICIENT

61
.39
1L.6165
0

35

i ocm”-2
%
C’ﬂ'\) ,_:A___]



LAYER 7 topsoil

THICKNESS

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

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

~J
l
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o
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o
o
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LAYE DX D e
1 3.770D+02 1.618D-02 8
2 1.280D+02 4.942D-02 7
3 2.560D+02 3.131D-02 4
4 6.100D+01 5.861D-03 3
5 4.6000+01 3.13iD~02 4
5 1.520D+02 1.334D-02 4
7 4.600D0+01 4.231D-02 4

o
N

S

)
1.3
o

.35

(93}

15

0.000D+060

g cm”

pCi/g™-1

9
02 cm® 2

‘RNDATA' ON DRIVE A:

CRITJS

0.0C00D+00

~
L

.0GGD-01  3.498D-023
.00CC-01 8.665D-04
.0000-01 9.028D-05
.560D-01 0.000D+00
.000D~01  0.000D+00
.5000-01 D.000D+00
.960D~01 0.0060D+00

BARE SOURCE FLUX FROM LAYER 1: 2.422D+03 pCi m"~

2

ACC

1.500D-01
KMS
£.6250-01
1.704D-01
2.385D~-01
6.217D-01
Z2.385Db-01
4.858D-01
1.655D-01

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LAYER THICRNESS
{cm) pC
1 Gz
2 02
3 02
4 0l
5] 01
& Gz
7 i

SRS

BN () bt

2080401
1540400
.3962+00

EXIT CONC.
(pCi 1°-1)

[on B e L R e}
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.DO3D+(5
5010405
.6980+04
G820+ 04
L 837D+02
GOOD+00
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pCi cnm™-3 g~
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Phoddeded o e

TAILINGS CO

QUTPUT FILE: raff sludge - lower water content

DESCRIPTION: wcv /z}"ﬂZ,EELf@- :[Ij {ﬁ _ [f?ét)

CONSTANTS

RADON DECAY CONSTANT

RADON WATER/AIR PARTITION COEFFICIENT

. 000
.26

DEFAULT SPECIFIC GRAVITY OF COVER & TAILINGS

LAYERS OF CCVER AND TAILINGS
NGO LIMIrP ON RADCN FLUX

LAYER THICKNESE NOT CGPTIMIZED
DEFAULT SURFACE - RAD

JON CONCENTRATION
SURFACE FLU¥ PRECISIC

LAYER INPUT PARAMETERS

LAYER 1 raff sludge

THICKNESS

POROSITY
CALCULATED MASS DENSI
MEASURED RADIUM ACIIVIT

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

LAYER 2 ‘pond 2
THICKNESS

FOROSITY

r"AL"“ULl\.TE,_, MAESS
.

DP PUFJ. M
CALZULATED RC
WEIGHT % MOISTUR

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSI COE

GENERAL INPUT PARAMETERS
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LAYER 3 struct debris

THICKNESS

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT

CALCULATED SOURCE TERM CONCENTRATION

WEIGHT % MOISTURE

MOISTURE SATURATION FRACT
COEF

CTION
CALCULATED DIFFUSION COEFF

ICIENT

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 5 liner cover

T

THICKNESS

PCRCSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION CCOEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCUOLATED DIFFUSICON COEFFICIENT

LAYER © subsoil

THICKNESS

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTTIOH
CALCULATED DIFFUSION COEFFICIENT

G.GO0D+0C
15

. 622
5.861D-03

le
1.59
0
.35
0.006D+Q0
6
.238
3.13iD0-02

&

cm

g cm™-3
pCi/g~-1

pCi cm*-3

crm

g cm”—3

.t
pCi/sgt-1



LAYER

~
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O
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o
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THICKNESS
PO?OSITY

ALCULATED MASS DENSITY
MEASLR&D RADIOM ACTIVITY
DEFAULT LAYER EMANATION COEFFICIENT
CRLCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MGISTURE SATURATICON FRACTION
CALCULATED DIFFUSION COEFFICIENT

DATAR SENT TO TEE FILE

N o1 CN1 ICOST

7 -1.000D+0Q 0.000D+00 0

LAYER DX

3.770D+02
1.280D+02
2.560D+02
100D+01
4.600D+0L
1.5320D+02
4.600D+0]
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BARE SCURCE FLUX FROM LAYER

RESULTS OF THE RADON DIFFUS

LAYER THICKNESS
{cm) {pC
1 3.770D+02
2 1.280D+0G2
3 2.560D+02
4 £.100D+01
5 4.600D+01
6 1.5200+02
7 4.600D+01

fer)

.276D-02 8.000D-01
.842D-02  7.000D-03
L015P-03  2.000D-
L861D-03  3.900D-01
.131D-02  4.000D-

' 5000~
4.900D-01

O N W
N Oy O
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i
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O
[e8)

(pCi 17-1)
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[ R

18-02 cm™ 2

xME
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8580-01
.655D~-01
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ICN CALCULATIONS
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RADON FLUX, CONCENTRATION AND TAILINGS COVER
ARE CALCULATED FCR MULTIPLE LAYERS

OUTPUT FILE: 10000 I A,{LEA I‘

DESCRIFTION: no

CONSTANTS
RADON DECAY COMNSTANT .0000021
RADON WATER/AIR PARTITION COmEFLCILNT .26

DEFAULT SPECIFIC GRAVITY OF COVER & TAILINGS

GENERAL INPUT PARAMETERS

LAYERS OF COVER AND TAILINGS (7
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

THICKXNESS 61
POROSITY L
CALCULATED MASS DENSITY L7785
MEASURED RADIUM ACTIVITY 3013
DEFAULT LAYER EMAMATION COEFFICIENT .35
CALCULATED SQURCE TERM CONCENTRATICHN 7.524D-03
WEIGHT % MOISTURE 15
MCISTURE SATURATION FRACTION 170
CALCULATED DIFFUSION COEFFICIENT 4.%420~-02
LAYER Z layer b-d

THICKHNESS 426
qupocu ‘!‘!ﬁY R 4
CALCULATED MASS 1.59
MEASURED RADIUM ACTIVI 81.5
DEFAULT LAYER QNANATTOU COEFFICIENT .35
CALCULATED QOLRCE TERM COMCENTRATION 2.3810-04
WEIGHT % MOISTUE )
MOTSTORE SATURA ;N FRACTION L238
CALCULATED DIFFUSION (OEFFICIENT 3.131D-02

{301)492-7000

THICKNESS

12,000 x,[,zg

pCi 1~-1
pCi m"-2 s"-1

cm

g crn”-3
eCisg™-

I

g om”™-3
pCi/gn-1

pCi cm”™-3 g~-1

[+3
o

cm™2 571



LAYER 3 clay laYer

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 liner cover

THICKNESS

PORCSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SCURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COLEFFICIENT

LAYER 5 subscoil
THICKNESS
POROSITY

CALCULATED MASS DENSIT:

MEASURED RADIUM ACTIVITY

DEFAULY LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 6 topsoil

Qo
i

s
ATED MAZSS DENSITY
URED RADIUM ACTIVITY

T LAYER EMANATION COEFFICIENT
LCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
CALCULATED DITFUSION CORFFICIENT

g Gy o8
[GEN-]
> K

2o 0

(il

7

{

.

e
S

o
[T

9
6165

€ s e

.35
C.600D+00
15

.622
5.861D-03

ot
LRS- o1
&N

et
(&)
~)
9]

G

.35
0.000D+00
15

L486
1.334Dp-02

1=
[V IaNe]
(8]
oy
U

4.

G

.38
0.000D+00
3

L 165
4.231D-02

om™~2 s°-1

{618

g cm”™-3
pCi/gn-1

pCi cm™-3

X
&



DATA SENT TO THE

N FOL1

6 -1.000D+00 O.

LAYER DX
1 6.100D+01 4
2 4.260D+02 3
3 6.100D+01 5
4 4.600D+01 3
5 1.5200+02 1
6 4.600D+01 4

CN1
00CD+00

D

.942D-02
L131D-02
.861D-03
.131p-02
.3340~-02
.231D-02

~d
N1

Bk B L0

FILE >

AR

ICOST
0

P

.000D-01
.000D-01
.300D-01
.000D-01
.500D-01
.900D-01

CRITJ
3.000D+00

0GD+00

O C S ON
OO WL,

BARE SOQURCE FLUX FROM LAYER 1: 2.598%D+03 pCi m*-

RESULTS OF THE RADON DIFFUSIOCH

LAYER

QY s o N

THICKNESS EXIT FPLUX
{cm) {pCi m~-2 s~-1)
6.100D+01 1.327D+03
4.260D+02 4.6020+01
6.100D+01 2.047D+01
4.600D+01 1.187D401
1.520D0+02 3.100B+00
4,600D+01 2.944D+00

CALCUL

RNDATA' ON DRIVE A:

ACC
1.000D-01

XMS
.704D~-01
.385D-01
L 217D-01
.385D-01
.858D-01
.655b-01

ooy N

LY

ATIONS

EXIT CONC.
(pCi 17-1)

ot ok ped

O o

.493D+06
.475D+05
.6630+04
.958D+04
.8520+02
.0000+00

N R =)

RHO
.795
.590
.617
.59¢
.458
. 352
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RADON FLUX, CONCENTRATICN AND TAILINGS COVER THICKNESS
ARE CALCUILATED FOR MULTIPLE LAYERS

T
a

[}

OUTPUT FILE: 1003090

.=
.o

AMeh LA — 10000 40S

DESCRIPTION: no

CONSTANTS

RADON DECAY CONSTANT .0000021 s*~-1
RADON WATER/AIR PARTITION COEFFICIENT .. .26
DEFAULT SPECIFIC GRAVITY OF COVER & TATILINGS 2.65
- GENERAL INPUT PRARAMETERS
LAYERS OF CCVER AND TAILINGS 7
NO LIMIT ON RADON FLUX .
LAYER THICKNESS NOT OPTIMIZED
. DEFAULT SURFACE RADON CONCENTRATION a pCi 17°~1
SURFACE FLUX PRECISION 1 pCi m™=-2 s7-1
LAYER INPUT PARAMETERS
LAYER 1 raff sludge
THICKNESS 377 om
POROSITY .8
CALCULATED MASS DENSITY L 52685939999%9929% g cm™~3
MEASURED RADIUM. ACTIVITY 18587 pCi/gr-1
DEFAULT LAYER EMANATION COEFFICIENT .35 o
CALCULATED SOURCE TERM CONCENTRATION $.051D-03 pCi cm™-3 g*-1
WEIGHT & MOISTURE 140 %
MOISTURE, -SATURATION FRACTION . 662
CALCULATED DIFFUSION COEFFICIENT 1.618D~-02 cmt2 g™ -1
LAYER 2  pond 2
THICKNESS 128 e
PO 7
. 785 G om”™-3
2568 pCi/gn-1
IE ) CORFFIC 35
CAl B TERM CONCEWTRATION Z2.144D~-03 pCi cm™-3 s5°-1
WE : i5 %
MO FRACTION 170
Ch COEFFICIENT 4.9420-02 2 8t}



LAYER 3 struc 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
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 5 liner cover

THICKNESS

POROSITY :

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT

CALCULATED SOURCE TERM CONCEMNTRATION

WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 6 subsoil

THICKNESES

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATICN COEFFICIENT

CALCULATED SOURCE TERM CONCENTRATION

WEIGHT % MCGISTURE
MCOISTURE SATURATION
CALCULATED DIFFUSION (

TERM CONCENTRATION

4
4

.39
1.6165

G

.35
0.000D+00
15

. 622
5.861D-03

o

g cm”~-3
pCi/gn-1

pCi cm”~3

Q.
k)

o2 st -1

T

q cm™=3
eCi/gn-1

pCl cm™ -3

o

cm™2 at-1

s™-1

s~=-1



LAYER 7 topsoil

THICKNESS

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT

CALCULATED SQURCE TERM CONCENTRATION

WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

DATA SENT TG0 THE FILE

N FO1 Nl
7 ~1.000D+0C  0.000D+C0 ¢

i~
b
=
i

WO AR A N e

DX D P
L7I00+02  1.618D-02

0b+02 .942D-02
.0150-03
. 5.861D-03
3.1310-062-
. 334D-02
1.231D~-02
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LAYER THICKNESS
{ocm) {pC
i 3.7700+0
Z 1.28G0+0
'3 2.560D+02
4 5. 100D+01
5 4.600D+01
2 1.520D402
7 4.e00n+01L

icoesT

.000D-01
.000D-01
.000D-01
.900D-01
.0060D-01
.500D~01
.900D-01
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.867D-04
.000D400
.GOOD+00
.000D+00
.000D+00
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"RNDATA' ON DRIVE A:

ACC
1.0000-01

25D-01
34D-01

[

EXIT CONC.
{pCi 1°~1}

CBE65D+06
CH400+06
.867D+04
.384D+04
LE2ADH04

L000DHCG

BN DO

oot
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o 2.~ MAY 22, 1989 - G.F. Birchard tel.& (30
d.5. Nuaclea 8 c

ear legaiatory Commission Office of Res

RADCN FLUX, CONCENTRATION AND TAILINGS CCVER THICKNESS
ARE CALCULATED FOR MULTIPLE LAYERS

OUTPUT FILE: 10000 IIB A‘!Zé/{' .CCB —~ 10,000 L{IZS

DESCR I? ION: no

- CONSTANTS
RADON DECAY CONSTANT ’ 0066021 571
_RADON WATu&/AIR PARTITION COEFFICIENT .26
DEFAULT SPECIFIC GRAVITY OF COVER & TAILINGS . 2.65

GENERAL INPUT PARAMETERS

LAYERS OF COVER AND r"s‘EuINGQ . 6
NO LIMIT ON RADON FLUX
LAYER THICKNESS NOT OPTIMIZED

DEFRULYT SURFACE RbDO\ CONCENTRATION - O'v pCi 1~-1

SURFACE FLUX PRECISION _ Ll pCi m™-2 s”~-1
LAYER INPUT PARAMETERS

LAYER 1 pond 2

THICKNESS 505 cm

PORCSITY - .7

CALCULATED MASS DENSITY : .795 g cm™-3

MEASURED RADIUM ACTIVITY ) 2568 pCi/g~-1
DEFAULT LAYER EMANATION COEFFICIENT .35

CARLCULATED S0OURCE TERM CON FBVTRAT CN 2.1440-03 pCi om™=-3 g°~1
WEIGHT % MOISTURE : 15 %

MOISTURE SATURATION FRACTION L1740

CALCULATED DIFFUSION COEFFICIENT ) LE.9420-02 cmt2 8 -1
LAYER 2 struc debris

om
IS 2.12 g rm”‘B
IVITY 75.3 pCisgt

PLEF”* TION CORLF .35

_LALCUE” M “OM”'W 5.8670~G4 3 s°-1
&
§ VI TON VRB”TTPN . B38
CALCULATED DIFFUSION COEFFICIERT 4,0150~-03 cm™2d 57-1




LAYER 3 clay liner

THICKNESS

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE 3ATURATION FRACTION
CALCULATED DIFFUSICN COEFFICIENT

to}

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

subsoil

THICKNESS
POROSITY

CARLCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

LAYER 6 Topscil

THICKNESS

PORDSITY

CALCULATED MASS DENBITY

MEASURED RADIUM ACTIVITY .
DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SCURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOTSTURE SATURATION FRACTION
CALCULATED DIFEFUSION COEFFICIENT

)

1

. 3%
1.6165
0

35
6.000D+00
i5

.622
5.861D-03
46

.4
1.59
0

.35
G.C00D+00
2

.238
3.131D-02
152

.48
1.4575
0

35
0.000D+0GC
15

4

i
ke O
3 l_.o

it
{a
[
A
in

0
.38
0.000D+030

[+3)
't

L

Al

(X

L 168
NS

4 1b-02

T

ot -3
g om 3

pCi/gn-1~
pli cm”-3 s4~1
%

cmtZ2 §h-1

om
g cm™-3
pCi/gA-l

pCi cn™-3

©



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

N FO1l CN1 ICOST CRITJ ACC
(S -1.0000+00 0.000D+00 -0 0.000D+00  1.000D-0L

LAYER X D P Q XMS RHO
1 5.050D+02 4.3420~02 7.000D-01 2.144D~03 1.704D-01 0.795
2 2.560D+02 4.015D-03 2.000D-01 5.,867D-04 6.3600-01 2.120
3 6,1000+0% 5.861D-03 3.500D-01 0.000D+00 6.2170-01 1.617
4 4,600p+01 3.131D-02 4.000D~-01 0.0C0D+00 2Z.385D~-01 1.59¢
5 1.5206D+062  1.334D-02 4.3500D-01 0.0000+00 4.858D-01 1.458
6 4.600D+01 4.231D-02 4.300D-01 0.000D+00 1.655D-01 1.352

BARE SCURCE FLUX FROM LAYER 1: 2.214D+403 pCi m*-2 s5°-1

LAYER THICKNESS EXIT FLUX EXIT COuC.
{cm) (pCi m"-2 g~-1) (pCi 1°-1})

1 5.050D+02 5.565D+01 3.596D+05

2 2.560D+02 3.745D+01 7.717D+04
3. 6.100D+01 1.666D+01 1.3580+04

4 4.600D+01 9.662D+00 1.593D+04

5 1.520D+02 2.523D+00 3.948D+02

6 4.600D+01 2.396D+00 0. 000D+00



_____ **:‘!*i‘! RLADOI\" g-ir‘»'r'k*"k_d._~._.

Version 1.2 - MAY 22, 1585 - G.F¥. Birchard tel.§ !
0.S$. Nuclear Regulatory Commission Office of RPs ea

RADON IFLUX, CONCENTRATIOM AND TAILINGS COVER THICKMNESS
ARE CALCULATED FCR MULTIPLE LAYERS

QUTPUT FILE: 10000 III AKZEA' m _ fO,DOO

DESCRIPTION: no

CONETANTS
RADON DECAY CONSTANT . 0000022 s"-1
RADON WATER/AIR PARTITION COEFFICIENT .26
DEFAULT SPECIFIC GRAVITY OF COVER & TAILINGS 2.65

GENERAL INPUT PARAMETERS

LAYERS OF COVER AND TAILINGS
NO LIMIT ON RADON FLUX

LAYER THICKNESS NOT OPTIMIZED
DEFAULT SURFACE RADOM CONCENTRATION . G pCi 1~-1

N

SURFACE FLUX PRECISION .1 pCi m~-2 s~-1
LAYER INPUT PARAMETERS

LAYER 1 layer b-d

THICKNESS 517 om

POROSITY L7

CALCULATED MASS DENSITY L3785 g cm”™-3

MEASURED RADIUM ACTIVITY 38.4 pCi/gn=1

DEFAULT LAYER EMANATION COEFFICIENT 35

CALCULATED SOURCE TERM CONCENTRATION 3.205D-05 eCi cm”~3 s*-1

WEIGHT % MOISTURE i5 %

MOISTURE SATURATION FRACTION L1790

CALCULATED DIFFUSION COEFFICIENT 4.542D-02 cra™2 a7 -1

LAYER 2 clay linex

THICKNRESS g1 cm

POROSIT 38

CALCULATED MASS DENSITY 1.8165 g om™-3

MEASURED RADIOM ACTIVITY it pCi/gr=~1

DEFAULT LAYER EMANATION COEFFICIENT ?5

CALCULATED SOURCE TERM CONCENTRATION LO00D+G0 pCi ocm™-3 s°-1

WEIGHT % MOISTURE 15 %

MOISTURE SATURATION FRACTION L8222

CALCULATED DIFFUSION COEFFICIENT 5.861D-03 omt 2 s-1



LAYER 3 liner cover

THICKNESS

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATICON COEFFICIENT

CALCULATED SCURCE TERM CONCENTRATION

WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COERFFICIENT

LAYER 4 subsoil

THICKNESS

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

topsoil

THICKNESS

POROSITY

CALCULATED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SQURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MCISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

0.000D+00C
6

.238
3.131D-02

0.000D+00
15

.486
1.334D~-02

46
.49
1.3515

<@

.35
0.000D+00
&

. 165
4.231D-02

cm

g cm™=-3

pCi/g~-1

pCi cm”-3 s”~1"

om

g cm™-3

pCi/gn-1

pCi cm -3 g7-1
[



N

5

LAYER

U W N e

BARE

N

SCURCE

DATA SENT TO THE

.5700+02
L100D+01
.600D+01
. 520D+02
.B00D+01

FLUX

CN1 ICosT

§5.000D+00 0

D P
4.942D-02 7.000D-01
5.861D-03 3.900D-01
3.131D-02 4.000D-01
1.334D~-02 4.500D-01
4.231D-02 4.900D-01

FROM

LAYER 1:

FILE ~RNDATA'

3.260D+01

o

CRITJ
0OD+00

4

0.¢

&

o .
.205D-05
.000D+00
. C00OD+00
. 000D+G0
.000D+00

Do oW

pCi m"~-

2

CN DRIVE A:

ACC
1.000D-01
XMS

. 704001
.217D-01
.385D-01
.B858D0-01
.8550-01

N

ot

~

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LAYER

Ly O

i

THICKNESS EXIT FLUX
(cm} {(pCi m*~2 s~-1)
4.570D+02 3.777D+00
6.100D+01 1.680D+00
4.600D+01 9.744D-01
1.520D+02 2.544D-01
4.600D+01 2.416D-01

B
2

{

nX
o]
E

IT CONC.
ci 1~-1)

.285D+04
L369D+03
LE0TDHG3
. 982D+ 01
L0006DB+00

RHO
G.795%
1.617
1.230
1.458
1.352



Layer A

Specific Gravi

0.80 0.80
Porosi 07 07
Densif /cL] 0.795 0.785
Density (pc 49463\ 496

Radon Flux (pCi/m*sec) | 1327 1327

La; erS—d

Specific Gravif 1.59 1.59

Porosi 04 - 04

Density (g/cc 1.59 1.59

Densil

MCISEE e Conte Rt {uaY i =

Degree of Saturation (% 0.238 0.238

Radium Activi Ci/ 81.5 81.5

Diffusion Coef (cm“/sec) | 0.03131 0.03131

o 4

S

Radon Flux {(pCiim?-sec] 46.02 42.04

Clay Liner

Specific Gravi 162 1.62

Porosil 0.39 . 039

Densif cc 1.6165 1.6165

Densil

M3t

(4%
Degree of Saturation (%]
Radium Activity (pCi/

Radon Flux (pCifm*sec) | 20.47 22565
Liner Cover. .
Specific Gravi 1.59
Porosi 0.4
icc)
cf
B ontaht

Dearee of Saturation (%
Radium Activity (pCift
Diffusion Coef (cm*/sec)

0.031
7

Radon Flux (pCim*sec) | 11.87 16.92
Subsoil

Specific Gravi 1.46 1.46

Porosi 045 0.45

Density (gfce) 1.4578 1.4575

T

stifesontentiseiie
Degree of Saturation (% 0.486

0.194
Radium Activity (pCifg 0 2]
Diffusion Coef (cm*/sec) | 0.01334 0.0376
ThickAess e’ 2 o

Radon Flux (pCi/mf-sec) 341 8.109
Topsoil .

Specific Gravity 1.35 1.35
Porosity 0.48 048
Density (g/cc] 1.3515 1.3515
Bensil

MG ORtErt % - :
Degree of Saturation (% 0.165 0.185
Radium Activity (pCils [ B ]
Diffusion Coef (cm“/sec) | 0.04231 0.04231
THIERAESS (L) T H4]

7

ThicKBEgs:

Radon Flux (pCi/nt-sec) 2.944

ol

" {Sfruc Debris

Raff Sludge

Specific Gravil
Porosif

Densi cc)
Density (pcf :

BitiieiCantent v

Degree of Saturation
Raditim Acivity¥pei
Diffusion Coef {(cm
TBickness (i)
hickaege(ry

v Isec)

Radon Flux (pCi/m?-sec]

Pond
Specific Gravif
Porosif

Density {g/cc)
Density {pc!

SrentYiig
Degree of Saturation (%
Radium Activity (pCif

Diffusion Coef (cm*/sec)

Radon Flux (pGifm?sec)

Spegcific Gravil
Porosi

jistiitE R Bent{ATE:
Degree of Saturation (%
Radium Activity (pCif
Diffusion Coef (cm*/sec)
G STy )

Radon Flux (pCi/m*-sec]

Clay Liner

Specific Gravil
Porosil
Density {g/cc
Density (pc
olstire Content i
Degree of Saturation (%
Radium Activif Cif
Diffusion Coef (cm*/sec)
ICKARES(EmY iy
hiCknBsEf) o

Radon Flux (pGi/m?-sec

Liner Cover

Specific Gravity

Density (pc!

| Moistiire Contert:
e
hlekiess e

qoRy
ke 7

EsEHIn

Radon Flux (pCi/m’-sec)

Subsoil

Specific Gravity

Porosif
Density (g/cc)

Degree of Saturation (%
Radiutn Activity (pCift

Diffusion Coef (cm*/sec)
FHiCkHB8S €]

Radon Flux (pCi/nr’-sec)

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

Jopsoil

Mlst Fient:
: o

EhicH

Porosity
Density (g/cc! .

3520

017
2568

0.0494

128

2315

.636
75.3
0.004015 -

38.18

1.6165

"o

0.00586

0.238
0

9.851

146
0.45

1.4575

486
o

0.01334
1527

2572

03131

0.636
75.3

0.004015

23

146

. 045
1.4575

0194

0

0.0376

0.16
0

0.04231
6.

2 YRS

Compiled Raden Data

Pond 2

Radon Flux (pCifm%sec

Struc Debris

Specific Gravity
Porosity

Density (g/ce;

Densi ]

RERE:
Degree of Saturation (%
Radium Activity (pCi/

Diffuslon Coef (cm“/sec)

—

Radon Flux (pCifm?-sec

Clay Liner

Specific Gravi
Parosil

Degree of Saturation (%
Radium Activil Cif
Diffusion Coef (cm‘/sec)

o

Radon Flux (pCilni-sec]

BRda
0.622

Liner Cover

Specific Gravi
Porosi

Porosity |
Density (g/cc)

Density (pcf

MBISHIFS L OMEREI
Degree of Saturation (%
Radium Activity (pCifs
Diffusion Coef (cm‘/sec)
Thickhessieim)
THIEKNESS I (f):

Radon Flux (pCi/m*-sec

Subsoil

%
Degree of Saturation (%,
Radium Activity (pCi/g

Diffusion Coef (cm/sec)

Radon Flux (pCifm*-sec)

Topsoil

Specific Gravif
Porosif
o

ContEntA%:
Degree of Saturation (%:
Radium Activity (pCi/s
Diffusion Coef (cm‘/sec)
Thlckness/ (i

I Thickness: (i

Radon Flux {pCi/nt-sec)

0.80
07
0.795

55.65

0.636
75.3
0.0040

37.45

1.62
Q.39

0
0.005861

16.66

0.03131
v

9.662

1.46
0.45
1.4575

0.486
4
0.01334

2.523

165
[\

4231
5

0.0
T

0.80
0.7
0.79§
49.6

i) Thickie

:JNiEknes s

=

‘[ Mbisture: Content: (76,

R4 A
itfusion Coef (cm/sec)
i S H{E]

Radon Flux (pCim*sec)

Clay Liner

Specific Gravil
Porosi
Density {g/ce]

Density (pc

MBSt Content %)
Degree of Saturation (%]
Radium Activity (pCils
Diffusion Coef (cm*/sec)

Radon Flux (pCifm*sec

Layer3

Specific Gravif
Porasif
Densil ce]

SR
Degree of Saturation (%]
Radium Activi Cis
Diffusion Coef (cm/sec)

Cifm®sec)

Radon Fiux

Subsoil

Specific Gravi
Porosi
Density (g/cc]

Density (pcf

e CORENt (o
Degree of Saturation
Radium Activity (pCi/
Coef (cm“/sec)

—

Ci/m%sec)

Radon Flux

Jopsoil

Specific Gravity

Porosity
Oensity {g/cc]
Density (pct

Degree of Saturation (%!
Radium Activity (pCifg

Radon Flux (pCiim-sec)

i
0.4
o

001334

0.2544

0
0.04231

1.46
045
1.4575

o
0.0376

0.6677

1.35
0.49
1.3518

0.6341




_____ xhkhk | RADON

AREA I 1

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

U.S. Nuclear Regu]atory commission office of Research

RADON FLUX, CONCENTRATION AND TAILINGS COVER THICKNESS

ARE CALCULATED FOR MULTIPLE LAYERS

OUTPUT FILE: Area I 10000 Years 6%wWC 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

0

LAYER 3 Clay Liner

61

795
9013
.35
7.524D-03
15
.170
4.942D-02

426

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

pCi cmA-3 sA-1

%

CmA2 sA-1



AREA I 1

THICKNESS 61 cm
POROSITY .39
MEASURED MASS DENSITY 1.6165 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/gh-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 3.131p-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
d
DATA SENT TO THE FILE “RNDATA' ON DRIVE A:

N FO1 CN1 ICOST CRIT] ACC

6 -1.0000+00 0.000D+00 0 2.000D+01 1.000D-03
LAYER DX D P Q XMS RHO

Page 2



AREA T 1

1 6.1000+01 4.942D-02 7.000D0-01 7.524D-03 1.704D-01 0.795
2 4.2600+02 3.131D-02 4.000D-01 2.381p-04 2.385D-01 1.590
3 6.100D+01 5.861D-03 3.900D-01 0.000D+00 6.217D-01 1.617
4 4.6000+01 3.131p-02 4.000D0-01 0.000D+00 2.385D-01 1.590
5 1.520D0+02 3.762D-02 4.500D0-01 0.000D+00 1.943D-01 1.458
6 4.600D0+01 4.231D-02 4.900D-01 0.0000+00 1.655D-01 1.352

BARE SOURCE FLUX FROM LAYER 1: 2.599D+03 pCi mA-2 sA-1

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LAYER THICKNESS EXIT FLUX EXIT CONC.
(em) (pCi mA-2 sA-1) (pci TA-1)

1 6.1000+01 1.3270+03 1.493D0+06
2 4.260D+02 4.704D+01 1.465D+05
3 6.100D+01 2.265D+01 1.2190+04
4 4.600D+01 1.6920+01 1.141D0+04
5 1.520D0+02 8.109p+00 1.697D+03
6 4.6000+01 7.701D+00 0.000D+00

pPage 3



————— *#x%%| 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 TATILINGS
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 SOQOURCE 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

O

LAYER 3 Struc Debris

377
.8.
.53
18587

.35
9.051p0-03
100

.662
1.618p-02

128

.7

.795

2568

.35
2.144D-03
15

.170 _
4.942p-02
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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

%

cmA2 sA-1

cm

g CcmA-3
pCi/gA-1

pCi cmA-3 sA-1

%

cmA2 sA-1

pCi 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 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

o

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
5.861D-03

46

.4

1.59

0

.35
8.000D+00

.238
3.131D-02

152

.45
1.4575

5

.35
g.oooo+oo

.194
3.762D-02

46

.49 :
1.3515
0

.35
- 0.000D+00

~ Page 2 .

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

pCi cmA-3 sA-1
%

cmA2 sA-1

~cm

g cmA-3
pCi/gr-1

pCi cmA-3 sA-1
%.

cmA2 sA-1

cm

g cmA-3
pCi/gA-1

pCi cmA-3 sA-1

pCi cmA-3 sA-1



WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

BARE SOURCE FLUX FROM LAYER 1:

AREA 2A
6
.165

4.231D-02

%

CmA2 sA-1

6.2680+03 pCi iMA-2 SA-1

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LAYER

NoOVibhwN =

THICKNESS

AHEDONRW

(cm)

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

EXIT FLUX

(pCi mA-2 sA-1)

.5200+03
.315D+02
.848D+01
.853D+01
.384D+01
.633D+00
.300D+00

AR WNW

Page 3

EXIT CONC.
(pCi 1A-1)

ORWVWONNE

.865D+06
. 540D0+06
.705D+04
.972D+03
.335D+03
.388D+03
.000D+00



_____ *****! RADON

AREA 2B

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 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

0

LAYER 3 Clay Liner

505

.7

.795

2568

.35
2.144p-03
15

.170
4.9420-02

256
.2
2.12
75.3

.35
5.867D-04
6

.636
4.015p-03
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sA-1

2.65

pCi mA-2 sA-1

pci TA-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 o

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 v

MEASURED MASS DENSITY

MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

0

AREA 2B

35

.622

cm

g CmA-3
pCi/gAa-1

?éOOOD+OO pCi cmA-3 sA-1

%

5.861D-03 CmA2 sA-1

46

.4
1.59
0
.35

cm

g cmA-3
pCi/gA-1

2.000D+00 pCi cmA-3 sA-1

.238
3.131D

46
.45
1.4575
0

.35

%

-02 CmA2 sA-1

cm

g cmA-3
pCi/gA-1

 0.0000+00  pCi cmA-3 sA-1
6 %

.194
3.762D

46

.49
1.3515
0

.35

-02 CmA2 sA-1

cm

g cmA-3
pCi/gA-1

0.000D+00 pCi cmA-3 sA-1
6 %

.165

4.231D-02 CmMA2 sA-1

BARE SOURCE FLUX FROM LAYER 1: 2.214D+03 pCi mA-2 sA-1

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LAYER THICKNESS

EXIT FLUX
Page 2

EXIT CONC.



N HAhWNE

SAphPpOYNWDN

(cm)

.0500+02
. 560D+02
.1000+01
.6000+01
.6000+01
.6000+01

(pci

RPRPRRRPRWwWOb

AREA 2B

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

.565D+01
.787D+01
.880D+01
.521D+01
.320D+01
.253D+01
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9.596D+05
7.491D+04
8.198D+03
6.331D+03
2.761D+03
0.000D+00



_____ *****! RADON

AREA 3 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 3 10000 Yéars

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

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
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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

%

cmAZ sA-1

pCi cmA-3 sA-1



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. 3.131D-02 cmA2 sA-1
LAYER 4 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 5 Topsoil
THICKNESS 46 - cm
POROSITY .49
MEASURED MASS DENSITY 1.3515 g cmA-3
MEASURED RADIUM ACTIVITY 0 pCi/gh-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

cmA2 sA-1

- CALCULATED DIFFUSION COEFFICIENT

0

BARE SOURCE FLUX FROM LAYER 1:

AREA 3 1-

4.231D~-02

3.260D+01 pCi mA-2 sA-1

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LLAYER THICKNESS . EXIT FLUX EXIT CONC.
(cm) (pCi -mA-2 sA-1) (pci 1A-1)

1 4.5700+02 3.8730+00 1.2800+04

2 6.100D+01 1.865D+00  1.004D+03

3 4.,600D+01 1.393D+00 9.396D+02

4 1.520D+02 6.677D-01 1.397D+02

5 4.600D0+01 6.341D-01 0.000D+00
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