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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 2-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/m2-

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 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 Description Porosity Weight Content Saturation
(pcf___ _-- (% (%)

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 Sandy silt and sed. rock 0.40 99.3 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 clayey silt 0.70 I 49.6 [ 15 J 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

C.4 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
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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 summarizedin Table C.2. The modeled profile is

shown in Figure C.2.

Table C.2 Radiological Properties for Phase I Area Disposed Materials

{eVolume Fraction Layer Radium-226 Radium-226
oium f of Total Thick- Activity at 1,000 Activity at 10,000
(uft) I (%) 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 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 11A Area Disposed Materials

Fraction Layer Radium-226 Radium-226
Material cu f of Total Thick- Activity at 1,000 Activity at 10,000uft) % ness (ft) yrs (pCi/g) yrs (pCi/g)

TYPE A MATERIALS
Raffinate sludge (28,600 sq ft 355,000 32 12.4 7,183 18, 587
area) 12.4_7,183
Pond 2 residual material 762,000 68 4.2 1,038 2,568
TOTAL/WEIGHTED AVERAGE 100 16.6 ..........
TYPE B-D MATERIALS
Structural material 568,600 100 8.4 30.9 75.3
TOTAL/WEIGHTED AVERAGE 100 8.4 -----

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 Pronertie~ for Phase Till Area Di~nn~ed Materiak

Volume Fraction Layer Radium-226 Radium-226
Material of Total Thick- Activity at 1,000 Activityat 10,000

(cu ft) (%) ness (ft) yrs (pCi/g)

TYPE A MATERIALS
Pond 2 residual material 762,000 100 14.3 1,038 2,568
TOTAL/WEIGHTED AVERAGE 100 14.3 ..........

TYPE B-D MATERIALS
Structural material 568,600 100 10.7 30.9
TOTAL/WEIGHTED AVERAGE 100 10.7 ..........

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 Radinlo~icaI Prnnertie~ for Phase ITT Area Di~no~ed Materials

Volume Fraction Layer Radium-226 Radium-226
Material Vlume f of Total Thick- Activityat 1,000 Activity at 10,000(cuft) (%) 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 --- 3.4
Fluoride settling basin and clarifier 114,000 12 --- 3.4
Buried calcium fluoride 96,000 10 --- 3.4
Buried fluoride holding basin 1 57,000 6 --- 3.4
UF6 cylinders 15,500 2 --- 3.4
Clarifier liners 332,400 34 --- 90.1

TOTAL/WEIGHTED AVERAGE 100 15.0 32.9 38.4
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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 2-sec) are presented in the Table

C.6 below.

Table C.6 RADON Model Results
Radium-226 Water Content Radon-222 FluxCell Phase Area Value Variations (pCi/m2-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 1iB 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 III 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
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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 into 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/m2-sec in the

Phase I area and 38 pCi/m 2-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 2-sec in the Phase I area and approximately 12.5 to 12.8

pCi/m 2-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 2-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 9. These calculations show that gamma radiation exposure is

significantly reduced by a small thickness of soil cover.

C.7 REFERENCES

Earth Science Consultants, Inc. (ESCI), 1998. "Calculation Brief, RADON Analysis, Case I and Case II
Scenarios, Sequoyah Fuels Corporation, Gore, Oklahoma, Project No. 4881-04." Prepared for
SFC, December 9.

Earth Science Consultants, Inc. (ESCI), 1996. "Conceptual Design Report, Decommissioning,
Excavation, and Stabilization/Solidification Program." Prepared for SFC, December.

Schiager, K.J., 1974. "Analysis of Radiation Exposures on or Near Uranium Mill Tailings Piles."
Radiation Data and Reports, Vol. 15, No. 7, July, pp. 411-425. Reprinted by U.S. EPA Office of
Radiation Programs.

Sequoyah Fuels Corporation (SFC), 1998. "Site Characterization Report," (SCR).

Shleien, B., 1992.. The Health Physics and Radiological Health Handbook, Revised Edition, Scinta, Inc.

U.S. Nuclear Regulatory Commission (NRC), 1989. "Calculation of Radon Flux Attenuation by Earthen
Uranium Mill Tailings Covers," Regulatory Guide 3.64.

U.S. Nuclear Regulatory Commission (NRC), 1984. "Radon Attenuation Handbook for Uranium Mill
Tailings Cover Design," NUREG/CR-3533.

Reclamation Plan, Attachment E

Sequoyah Facility

Revision 2

November 2007C-8



SCALE IN FEET

0 150



1.5' \ X<ýY4§Wx`xlc
L

5.0'

101.0'

------------------------------------------.-.- ------- --- --- -------------------------------------------
-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

SUBSOIL ZONE
-------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------

COVER
SYSTEM

1.5' .* tLINER COVER MATERIAL>¾

2.0' CLYLINER

14'

2'

/7/7/7/
/7/7//7

/7/777/

//7/7//

/77/77/

/7//77/

/7//77/

/777777

/777777

/7777/7

/777777

/77/7/7

//7//7/

/77/7/7

/7/7/7/

/77/7/7

/77/7/7

/7/7/7/

/7/7///

/ / / / / / /7 / / / / / / / / / / / / / / /

/ / / / / / / / / / / / / / / 7 / / / / / / /

/ /EMERGENCY BASIN'SEDIMENf / / / / / / / / /
/ / NORTH DITCH SEDIMENT /
/ / SANITARY LAGOON SEDIMENT / / / / / / / / /
//7/////////////7// 77///
77777777777777777777777//
/777777/7//7///7//77/7/ 777777 /
77777777777777777777777/

7777777777//// /7777777/

77777777777777777777777 // / /
/777//77/777//7///777//77

XXX \ \ \\\\\\\\\\\\\\\X\ \\\\\\X\

EMERGENCY BASIN SOILS
NORTH DITCH SOILS

SANITARY LAGOON SOILS
SOLID WASTE BURIALS (NO. 1)

FIGURE C.2 Date: DECEMBER 2007
MFG, Inc. PHASIAEArojet: 1073

consulting scientists and engineers PHASEIAREA Project: 180734

TYPICAL INTERIOR CELL PROFILE File: CELL-FIG-XS.DWG



1.5'
t

N~K2~4K~r~c~r1/&PS I /

, I ..... .....
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
------------------------------------------
------------------------------------------
------------------------------------------
------------------------------------------
------------------------------------------

5.0' *SUBSOIL ZONE,°°'l ~ ~~.... .... .... LIL LI I10.0 '

1.5' 7LINER COVER MATERIAL

2.0' CA IE

--------------------------
----------------------------------------------------.... ..... ..... -1- 1 ... ..... ....--------------------------

COVER
SYSTEM

8.4'

4.2'

12.4'

\ \ \ / N 'TRUCTURAL M.ATERIAL, '.
A A -SV.

.2 ' ~ (N 2 7 2 (N 2 N ~ 7' /' 7' 2 "-N/-

POND2
/ / / / / / / / / / /RESIDUALMATERIALS/ / / / / / / / / / /

RAFFINATE SLUDGE
\ \* \ (IF DISPOSED ON SITE)\ \\

~1

M FIGURE C.3 Date: DECEMBER 2007,
consulting scientists and engineers PAEIAAE rjc:103

MFG, Inc. PHASE INIA AREA Project: 180734 1cosutig cintst ad ngnersTYPICAL INTERIO R CELL PRO FILE File: CELL-FIG-XS.DWG



1.5' T ISOL
-- - - - - - - - - - -- - - - - - - - - -

5 .o ----... ... . ... . .. .. .. ... .. ... . ... .. ------~i ... ..... -- ---...... ......... ... . ... .. ... .... . ... ... .. ...
....... . ..... ... ... .. .. ... ... . .. ... . ... ... .. ... .. .. .. . ... ... ... ... . . .. .. .. ... .. ... . . . .. .. ... ... . ..LO

10.0'~~. ....... . . . .. ... .... . .. . .. . . . ... SYS
10.0'. - --

.. ... ... .... . . .. ... .... ..... .... '.. ... .. . ". ... :..; . . ". . .". . . " * , • " ° . .

1.5' . . LINER COER MATERI . ..

2.0' CLAY LINER

ER
EM

8.4'

16.6'

.5 / 1.5/\ ! STRCTURAL MATERIAL ' P ,
p ~ ~ ~ ~~t S5 U' L~ M5'PP~ N~~\/ N

V~ j\ ~ ~ 5 ~ \ / ~ \ 5 j\ /5 / ~ 5 "N/p

IN ,\/5 I%, k. N""' p \ p p * P .~ \

/ / / / / / / / / / / / / / / / // / / / / / / / / /. / / /

/ / // /// / // / // // / // / // / / // / /// /

/ // / / // // / // / // // // // // // / // / /

/ / / / / / / / / / / / / /./ / / / / / / / / / / / / / / /

POND 2
/ / ///// / ///RESIDUAL MATERIALS//// / //

FIGURE C.4 Date: DECEMBER 2007
MFG, Inc. PHASEiBAEAPrject:18073

consulting scientists and engineers PHASE 1113 AREA Project: 180734

TYPICAL INTERIOR CELL PROFILE File: CELL-FIG-XS.DWG



1.5'
,?.lr

'y/yM Z
T 6ý s 6 1 L

5.0'

... ...... .... .. - .- . ....... ....------------------------------------------------------------------------------------.. .... ..... .... ..... - -... . .... .... ..... ... ...... ..... .......... ..... ..... - .- -------------------------------------------------------------------------------------------------------------------------------
..... ..... .... ... . ..... .... ..... ..... .... .... ..... .... .... .. .... ... . ... ..... . ..... .... ... .. .....
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

SUBSOIL ZONE
... ..... ... ... ..... .. ....

------------------------------------------------------------------------------------
------------------------------------------

.... .... ....... ...... --. 7-7-7-7-7.
------------------------------------------
------------------------------------------

COVER
SYSTEM

LINER COVER MATERIAL

CLAY LINER

7
/

/
/
/

//
/7/
7//

/7
//
77

// // / /*/// // // // /

/ / / / / // / / / /// 7/ / /

/7///
/777
7777
7777

7
7

777
777

7777
7777
////

7777
/7///
7///// 7//

/ /

15.5'

/

/

/

77//
7///

/7/

///

FLUORIDE HOLDING BASIN 1 AND 2 SEDIMENTS / /
FLUORIDE SETTLING BASIN AND CLARIFIER SEDIMENTS / /

BURIED CALCIUM FLUORIDE SEDIMENTS 7 /
BURIED FLUORIDE HOLDING BASIN 1 SEDIMENTS 7 7

/7/
/7

7//

/7
/ 7 / 7 UF6 CYLINDERS

CLARIFIER LINERS SOLID AND SUBSOILS

/ // / // // / // / 7 / / /// // ///

/ / / // / // / // // // // // / // /

/
/
/
7
/
/

/77/
7,/7//

//7/7//
//7/7//

/77/7/

/77/7//

77/7///
/7/7/7/

/7/7/7/
/ // // /

FIGURE C.5
MFG, Inc.

consulting scientists and engineers PHASEIIIAREA
TYPICAL INTERIOR CELL PROFILE

Date: DECEMBER 2007

I
ect: 180734

File: CELL-FIG-XS.DWG I



ATTACHMENT C.1

DISPOSAL MATERIAL CHARACTERIZATION SUMMARY



A Updated Disposal Material Radiological Characterization Summary

U TvDe A Material
v

Number Th-230, pCi/g Ra-226, pCi/g Ra-226 @ 1000 yrs, pCi/g
Vol. Of Std UCL, UCL, Std UCL,

Location (fte) 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 1 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 1 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 (ft3 ) 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 2.2 1.2 3.4
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 I Spoils Pile 437,400 59 47.1 36.1 56.6 2.11 0.882 2.34 17.9 13.2 21.3
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 (ft3) 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 3.4
Fluoride Holding Basin #2 186,000 Estimate 4.91 2.87 7.91 0.703 0.236 0.95 2.2 1.2 3.4
Fluoride Settling Basins & Clar. 114,300 Estimate 4.91 2.87 7.91 0.703 0.236 0.95 2.2 1.2 3.4
Buried Calcium Fluoride 96,380 6 4.91 2.87 7.91 0.703 0.236 0.95 2.2 1.2 3.4
Buried Fluoride Holding Basin
1 57,200 Estimate 4.91 2.87 7.91 0.703 0.236 0.95 2.2 1.2 3.4
Interim Storage Cell 154,887 Estimate 47.1 36.1 56.6 2.11 0.882 2.34 17.9 13.2 21.3
Solid Waste Burials (No. 1) 43,000 Estimate 47.1 36.1 56.6 2.11 0.882 2.34 17.9 13.2 21.3
Solid Waste Burials (No. 2) 8,100 Estimate 47.1 36.1 56.6 2.11 0.882 2.34 17.9 13.2 21.3
UF6 Cyliners 15,500
DUF4 Drummed Contain.
Trash 2,200
Other Drummed Contain. 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 (ft) 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.



00.
Initial Disposal Material Characterization Summma *

No.a Item Layer Volume Weight Nat. Uranium Thorium-230 Radium -226
Material SCU No. b No.c (Cu ft)a (109 g) pCi/g Ci pCi/g Ci pCi/g Ci

SLUDGES & SEDIMENTS
Raffinate sludge 17 5 A 1,064,000 6.76 5914 37.14 9611.1 60.4 118.1 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 0.014 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 4.41 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 5 12 C 51,100 - -- 0.681 -- -- -- --

D U F 4  d ru m m e d c o n ta m in a te d tra sh -- 2 C 2 ,2 0 0 .... 0 .3 7e ........

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 (continue d)*
Layer Volume Weight Nat. Uranium Thorium-230 Radium -226

Material SCU No.a Item No.b No.c (cu ft) d (109 g) pCi/g Ci pCi/g Ci pCi/g 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]
DUF4 Building 29 13 C [281,000]
ADU/Misc. digestion building 21 13 C [75,0001
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 44.8 .. .. .. ..
* From SCR (SFC, 1998).

a Site characterization unit number from Section 4 of SCR (SFC, 1998).
b Calculation item number in Attachment III of SCR.
c Layer number in disposal cell sequence.
d Values are from Attachment III of SCR; values in brackets are calculated building volumes from floor area and building height; disposal volume is 20 percent of building volume.
e 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, 1989 - G.F. Birchard tel.# (301)492-7000
U.S. Nuclear Regulatory Comrission Office of Research

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

THICKNESS

OUTPUT FILE: phase I 95% ucl

DESCRIPTION: no -U-
CONSTANTS

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

s^-l

2.65

GENERAL INPUT PARAMETERS

LAYERS OF COVER AND TAILINGS
NO LIMIT ON RADON FLUX
LAYER THICKNESS NOT OPTIMIZED
DEFAULT SURFACE RADON CONCENTRATION
SURFACE FLUX PRECISION

6

0
.I

pCi !^-I
pCi m'"-2 a^ -!

LAYER INPUT PARAMETERS

LAYER 1 layer 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

61
.7
.795
3542
.35

2. 957D-03
15
.170
4. 942D-02

Cm

g cm^"

a "g--1

LAYER 2 layer b-d

THICKNESS
POROSITY
CALCULATED MASS DENSITY
MEASURED RADIUM ACTIVITY
DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SAT ''URATPION FRACTION
CALCULATED DIFFUSION COEFFICIENT

426
.4
1.59
74 . 3
.35
2.171D-04
6
.238
3.131D-02

Urn

q cm'-3
oCi/q"-1.

D(:1 cm"-:3 S^-!

0



LAYER 3 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

61
.39
-. 6165
0
.35
0.000D+00
15
.622
5.861D-03

cm

g cm'-- 3
pCi/g^~-1

pCi cifl^-3 s^-!

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

46
.4
1.59
0
.35
0.000D+00
6
,238
3.131D-02

pCi/g^-1

pCi cm"-3 s^-l

cm^t2 s^ -1

LAYER 5 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

152
.45
1.4575
0
. 35
0.000D+00
i5
.486
1.334D-02

cm

C cm"-3
pCi/g"-l

oCi crri"-3 s'-1

cm"2 s

LAYER 6 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

46
.49
1.3515
0
. 35
0. 0000±00

.165
4.2310-02

pCi/g^-I.

pf-i cm"-3 s^-!
C%
cm• "]



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

N Fol

6 -.1.0OOD+OO0

LAYER
1
2
3
4
5
6

DX
6.1OOD+01
4. 260D+02
6.100D+01
4. 600D+01
1. 520D+02
4. 600D+01

CN i
0. 000D1-00

D
4. 942D-02
3. 131D-02
5. 861D-03
3. 131D-02
1.334D-02
4. 231D-02

I COST
0

p
7. 0OfD-0
4. 000D-011
3. 900D-0i
4. OOD-01
4. 500D-01
4. 900D-0l

CRiTJ
0. 000D+00

Q
2.957D-03
2.171D-04
0. O.OD+00
0.000D+00
0.000D+00
0.OOOD+00

ACC
-. 000OD-0i

XMS
1.704D-01
2. 385D-0-
6. 217D-01
2. 385D-01
4.858D-0i

1655D-01

RHO
0.795

1.590
1. 617
1. 590

. 458
1.352

BARE SOURCE FLUX FROM LAYER 1: 1.021D+03 pCi m^-2 s"-i

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LAYER THICKNESS EXIT FLUX EXIT CONC.
(cm) (pCi r^-2 s'-l) (pCi 1"-1)

1 6.100D+01
2 4.260D+02
3 6.100D+0i
4 4.600D+01
5 1.520D+02
6 4.600D+01

4.935D+02
3.175D+01
1. 412D+01
8.1921+00
2.139D--OO
2.031D+00

6.192D+05
1.018D+05
1. 151D+04
1. 351D+04
3.3470+02
0. 000D+00



I

-. - - '"!RADON

Version 1.2 - MAY 22, 1989 - G.F. Birchard tel.# (301)492-7000
U.S. Nuclear Regulatory Com•rission Office of Rese.arch

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

OUTPUT FILE: raff storage 95% UCL for Ra

DESCRIPTION: no
AiZ1 zuF4

CONSTANTS

RADON DECAY CONSTANT .0000021
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 RADON CONCENTRATION
SURFACE FLUX PRECISION

2

0
.i

pCi 1'-1
pCi m^-2 s^-!

LAYER INPUT PARAMETERS

raff sludgeLAYER 1

THICKNESS
POROSITY
CALCULATED MASS DENSITY
MEASURED RADIUM ACTIVITY
-OF-ULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

37'7 cm
.8
.5299999999999999
7183 pig-
.35

3.4980-03 pCi cm-
100 %
.662
1.618D-02 cm^2

g cmn--3

3 s'-1

LAYER 2 pond 2

THICKNESS
POROSITY
CALCULATED MASS DENSITY
MEASURED RADIUM ACTIVITY
DEFAULT LAYER EMiTANAT COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISITURE
MOISTURE SATURATION FRACTION
CALCULATED DIFFUSIN COEFFICIENT

12
.7

.795
1038

.35
9. 6650-04
15
.!70
4.942D-02

~jcIT-3

cm"'2 s"-1



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

256
.2
2.12
30.9
.35

2 407D-04
6
.636
4. 015D-03

o(:i cru"-3 s^-!

c~m2 s^-

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

61
.39

1. 6165
0
. 35

0. 000D+00
15

. 622
5.861D-03

Cm,

pCi cm^-.3 s<-1

cm"2 s'-l

LAYER 5 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

46

1.59
0
.35

0.000D+00
6
.238
3. 131D-02

cm

o crn'-3
cCi/a"-l

A A. -pCi cm -- ; s

LAYER 6 subsoil

THICKNESS
POROSITY
CALCULATED MASS DENSITY
MEASURED RAIDIUM ACTIVITY
DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TER.M CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATUIRAT-c IO.-)N FRACTION
CALCULATED DIFUSI TON COEFFICIENT

0 .000D(00

is

.481~'

g cm^-3

pCi cm'-3 S'-l

cm-2 s^-i



LAYER 7 top soil

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

46
.49
1.3515
0

0. 000D+00
6
,165
4 .231D-02

cm

a cm*-3

pC~i /qg ^-

pCi cm^-3 s^-!

cmI^2 s "-1].

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

N F01 CNI
7 -1.000D+00 0.000D+00

ICOST
0

CRITJ ACC
0.000D+00 1.000D-01

LAYER
1
2

4
5
6

DX
3.'770D+02
1.280D+02
2.560D+02
6. 100D+01
4.600D+01
1.520D+02
4.600D+01

D
1.618D-02
4. 942D-02
4. 015D-03
5.861D-03
3.131D-02
1. 334D-02
4. 231D-02

P
8. OOOD-01'
7.000D-01
2. 0OOD-01
3. 900D-01.
4 ,000D-01
4. 500D-01
4. 900D-01

Q
3. 498D-03
8. 665D-04
2 407D-04
0. 000D+00
0. 000D+00
0. 000D+00
0. 000D+00

XMS
6.625D-01
i.?04D-0].
6. 360D-01
6.217D-01

.385D-01
4.858D-01

() .550-i-0 1

RHO
0.530
0.795

2.120
1.617
1.590
1.458
1 .352

BARE SOURCE FLUX FROM LAYER 1: 2.422D+03 pCi m^-2 s--j.

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LAYER TIfCKNESS EXIT FLUX FV',X' CONO.
(cm.) (pCi'- m'-2 s--) (pCi 11-1)

S 3,7700D+02
2 1. 2 80D+-,0 2

3 2 560D+02
4 6. 1000+01
5 4 . 600±D01
6 1.520D+02
71 4,600D+01

1 .350D+03
8. 971D±01
1. 565.+01
6. 960r+00
4 .0370±00

1.0541+00
1. 0 0 1D.,0 0

7.2730D05
9. 950D+05
3.224D004
5.673D-03
6. 657D+03

. 649D702
0.000D+00



RADON

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 THICKPNESS
ARE CALCULATED FOR MULTIPLE LAYERS

OUTPUT FILE: phase 2 wo raff

DESCRIPTION: no
4~F4 jiL7~

CONSTANTS

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

GENERAL INPUT PARAMETERS

2.65

LAYERS OF COVER AND TAILINGS
NO LIMIT ON RADON FLUX
LAYER THICKNESS NOT OPTIMIZED
DEFAULT SURFACE RADON CONCENTRATION
SURFACE FLUX PRECISION

LAYER INPUT PARAMETERS

6

0
* 1.

oCi ^-Il

LAYER 1 pond 2

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

505
.7

95
1-038

.35
8. 665D-04

.170
4.942D-02

g C:m"-'-3

DCi. crn'-3 s^-l

cm"2 s^-!

LAYER 2 struct debris

THICKNESS
POROSITY
CALCULATED MASS DENSITY
MEASURED RADIUM ACTIVITY
DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TEPI"- CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
CA.LCULATED DIFFUSION COEFFICIENT

256

2.12
30.9

.5

2.407D-04
6

636
4.015D-03

g cm",t-3
pCila"-1

pCi c"3s-

cmii2 s -



LAYER 3 clay liner

THICKNESS
POROSITY'

CALCULATED MASS DENSITY
MMEASURED RADIUM ACTIVITY
DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
CALCULATED DI F FUSION COEFFICIENT

61
.39
i..6165
0

0.000D+00

.622
5.861.0-03

I -Tn. -3
pCi/g"-l

p~ cvm'- 3 Aj•-

%

k--^2 st-i

LAYER 4 liner cover

THICKNESS
POROSITY

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

46
.4
1.59

0
.35

0. 000D+00
6
* 1238
3.1310-02

cm

g7cm'- 3
*pCi/gqA-i

pCi cm ̂ -3 st'-

cm"2 s^-c i

subsoil

HICKNESS
POROSITY
CALCULATED MASS DENSITY
MEASURED RADIUM ACTIVITY
DEFAUL-T LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIG-HT % MOISTURE"
MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

1652
.45
1.4575

..35
0.0 00 D+ 00(

.486

!. 334 D-02

g cm"-3

pCi- cm^-3 sA'-i

cm'2 s^-!

LAYER 6 topsoil

TH I ,CNESS
POROSITY
CALCULATED MASS DEC•SICY
MEASURED RADIUM ACTIVITY
DEFAULT LAYER EMANATI°'-)N CO-6 EFFICIENT
CALCULA.TED SOURCE TERM CONCENTRATION
WEIGHT I MOISTURE
MOISTURE SATURATION FRACTTON
CALCULATED DIFFUSION rOFWICIEpT

.41,

46

'-.5

.35
0. 000D±00

. .5
4.23!D-02

g -m" - 3

.pC~i cm-•-3 c.,-

c• 2 s -



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

N F01 CNI
6 - I. 000D+00 0. 000D+00

ICOST
0

CRIT J ACC

LAYER

2
3

4
5
6

Dx

5. 050D+02
22.560D-02
6.100D+01
4.600D0i±
1.520D-02
4.600D+0i

D
4 .942D-02

4. 015D-03

5.861D-03
3. 131D-02
1. 334D-02
4.231D-02

P
7.000D-01
2.000D-01
3.900D-01
4.000D-01
4 .500D-01
4.900D-0i

Q
8.665D-04
2.407D-04
0.000D+00
0. O00D+00
0.000D+00
0.000+00

XMS
'. 704D-01

6. 360D-01
6.217D-01
2. 385D-01
4.858D-01
1. 655D-01

RHO
0.795
2.120
1.617
1.590
1.458

352

BARE SOURCE FLUX FROM LAYER I: 8.948D+02 pCi r,--2 s'-!

RESULTS OF THE RADON DI FFUSION CALCULATIONIS

LAYER THICKNESS EXIT FLUX EXIT CONC.
(c ) pCi M^-2 s--) (pCi 1^-1)

! 5. 050D+02
2 2.560D+02

6.1000D01
4 4.600D+01
5 1.520D002
6 4.600D+01

2.220D+01
i.537D0±0

6.835D+00
3,964D+00
1.035D-00
9.829D-0!

3.68800D05
3. 166D+04
5.57],D+03
6. 537D+03
2.1620D+02
0.0000D±00



R~~-' PADON !** --

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: phase 3

DESCRIPTION: no

CONSTANTS

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

GENERAL INPUT PARATMETERS

S2-5

2. 65

LAYERS OF COVER AND TAILINGS
NO LIMIT ON RADON FLUX
LAYER THICKNESS NOT OPTIMIZED
DEFAULT SURFACE RADON CONCENTRATION
SURFACE FLUX PRECISION

.5

0 p ",i 1. --I
pCi m'-2 s^-1

LAYER INPUT PARAMETERS

layer b-dLAYER 1

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

457

.795

32.9
.35

2.746D-05
15
.1.70
4.9420-02

gq cm"- 3
pC:[ig ^-3

pC'i cm"-3 sý-i

LAYER 2 c-,ay 1L i.ner

THICKNESS
POROSITY
CALCULATED MASS DENSITY
MEASURED RADIUM ACTIVITY
DEFAULT LAYIER EMANATION COEFFICIENT
CALCULATED SOUR2E TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION F.RACTION
CALCULATED DIFFUSION COEFFICIENT

611
.39
1.616S,

0.
350. 0000+00

.622
5. 861D-03

pcm"-3'

pfi/ -i

2~ s 1-



LAYER 3 liner cover

THICKNESS
POROSITY
CALCULATED MASS DENSITY
MEASURED RADIUM ACTIVITY
DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT I MOISTURE
MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

46
.4
1.59
0
.35

0.000+O00

.238
3•. 132.-02

clm

g cla"-3i
pCi/gQ"-

pCi cm^-3 s^-1

cm"2 s"-1

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

152
.45
1. 4575
0
.35;

0. 000D+00
15

.486
1.334D-02

Ccm

g cm^-.3
pCi/g^-1

pCi. cnv'-3 s"-1

cm "2 s^-l

LAYER 5 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

46
.49

3.3515
0

.35
0.000D+00
6
. 165
4.231D-02

cro

g cm'-3

pCi/g^-i

pCi cxn^-3 s^-i

cm"2 s^-].



DATA SENT TO THE FILE "RNDATA' ON ID.RIVE A:

N FOi CN0
5 -1.0000+00 0.000D+00

LAYER
1
2
3
4

DX
4.570D+02
6. 100D+01
4. 600D+01
i.:520D+02
4.600D+01

D
4.942D-02
5.861D-03
3.131D-02
1.334D-02
4.231D-02

ICOST
0

7. 000D-0!

3.900D-01
4.000D-01
4.500D-01
4.900D-01

CRITJ
0. 000D+1*00

Q
2. 74 6D-05
0. 000D+00
0.000D+00
0.00OD+OO
0.0000+00

ACC
1.000D-01

XMS

.704D-0-
6.21'7D-01
2.385D-01.
4.858D-01
1.655D-01

RHO
0.795
1 .61"7

1 .590

1.458
1. 352

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

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LAYER THICKNESS EXIT FLUX EXIT CONC.
(cm) lI Ci m--2 s"-l) (pCi 1'-1)

i 4.570D+02
2 6.100D+01
3 4.600D+01
4 1.5201+02
5 4.600D+01

3. 236D0.00
2.439D000
8.349D-01
2.1800D-01
2.070D-01

1. 101D+04
.13D0+03

1.377D+03
3. 411D+01
0.000D+00
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----- *****! RADON !k''*** .....

Version 1.2 - MAY 22, 1989 G.F. Bircthard tel.# (301)492-7000
U.S. Nuclear Regulatory Cormnission Office of Research

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

OUTPUT FILE: raff sludge - lower debris density

DESCRIPTION: no w A- 4e6tz t'C' 6QA~P

CONSTANTS

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

S -1

2. 65

GENERAL INPUT PARAMETERS

LAYERS OF COVER AND TAILINGS
NO LIMIT ON RADON FLUX
LAYER THICKNESS NOT OPTIMIZED
DEFAULT SURFACE RADON CONCENTRATION
SURFACE FLUX PRECISION

0
.I

p Ci. .1.^- 1
pCi ,.",-2 s-

LAYER INPUT PARAMETERS

LAYER 1 raff sludge

THICKNESS
POROSITY
CALCULATED MASS DENSITY
MEASURED RADIUM ACTIVITY
DEFAULT LAYER EMANATION COEFFICIENT

CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

377 cm
.8

.5299999999999999
7183 pCiLq/-1

g cm"-3

.35
3.498D-03
1.00

662
1. 618D-02 cn'2 s^-!.

LAYER 2 pond 2

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

'128

795
1038
.35
8.6650-04

170
4.942D-02

g cm^-3



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

256

30.9
.35
9. 028D-05
6
, 238
3.131D-02

oicm, -3 -i

cm.^2 s"-l.

LAYER 4 clay liner

THICKNESS
POROSITY
CALCULATED MAhSS DENSITY
MEASURED RADIUM ACTIVITY
DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

61
.39

6165
0

.35
0. 000D+00
15
.622
5-ý.86 1 D- 03

pCJ. crnA3 s'-1

cm^2 sA 1

LAYER 5 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

46
.4
I . 559
0
. 35
0).000D+00
6
. 238
3.1.31D-02

cm

g. -~m - 3
114i/g^-l

oCi. cm^-3 s"-1

LAYER 6 sub soil

THICKNESS
POROS I TY
CALCULATED MtASS DENSITY
MEASURED RADIUM ACTIVITY

DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATICON FRACTI ON
CALCULATED DIFFUSION COMEFFICiENT

1.",2
145

1.4.5-1

0

o 0OcC4,0n

4 8 (

.334D-02

l~~rcflA3 s^l-



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

46
.49
I1.3515
0
. 35
0. 000D+00
6
.165
4.231D-02'

gcm^-

pCi/q~-1

pCi cm"-3

cm^2 s^-]1

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

N F01
7 -1. 000D+00

LAYER
1
2

7

DX
3. 770D+02
1. 280D+02
2.560D+02
6.100D401
4.600D+01
1.520D+02

4.600D+01

CNI
0. 000D+00

D

1.618D-02
4. 942D-02
3.13iD-02
5. 861D-03
3. 131D-02
1. 334D-02
4. 23iD-02

.COST
0

p

8. OCOD-01
7. 000D-01
4 .00OD-01

3. 900D-01
4 . 000D-01
4. 50OD-01
4. 900D-01

CRITJ
0.000D+00

Q
3. 498D-03
8 . 665D-04
9. 028D-05
0. OOOD+00
0. 000D+00
0. OOOD+00
0. 000D+00

ACC
1. 000D-0l

XMS

6. 625D-01
1.'704D-0I
2.385D-01
6.217D-01
2.385D-01
4.858D-01
1.655D-01

RHO
0. 530

0. 795
! .590
i. 617?

1 . 590

1.458
.352

BARE SOURCE FLUX FROM LAYER 1: 2.422D+03 pCi m^-2 s^-1.

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LAYER THICKNESS EXIT FLUX EXIT CONC.
ýcm) pCi m"-2 s"-.) (pCi i^-!)

I 3.7170D+02
2 1. 280D+02
3 2.560D+02
4 6.100D+01

5 4.600D-±01
6 :4. 520D+021

7 4,6000+01.

1.493D403
6.337D+02
4.683D+01
2.083D001
1,.2080±01

3.154±+00
2.996D+00

6.307D+05
) .0931+05
1.5010+05
1.698D+04
1. 992D+04
4.9317D+02
0.000D+00



p

RADON -* *

Version 1.2 - MAY 22, 1989 - G.F. Birchard tel.# (301'1492-7000
U.S. Nuclear Regulatory Commission Office of Research

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

OUTPUT FILE: raff sludge - lower water content

DESCRIPTION: no PI C .-4 zIA - (v ý9k ~

CONSTANTS

RADON DECAY CONSTANT .0000021
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 RADON CONCENTRATION
SURFACE FLUX PRECISION

7

0
.i

poi 1^-l
Tx-i m-v-2 s"--

LAYER INPUT PARAMETERS

LAYER 1 raff sludge

THICKNESS
POROSITY

CALCULATED MASS DENSITY
MEASURED RADIUM ACTIVITY
DEFAULT LAYER EMA.NATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

37 7 C-m

.8

.5299999999999999
7183 pCiig^-l

g cinA- 3

.35
3.498D-03
50

3 331
4. 276D-02

pcirv'l-3 s"-i

'pond 2

THICKNESS
POROSITY
CALCULATED MASS DENSITY
MEASURED RADIUM ACTIVITY
DEFAULT LAYER E-tANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURA'-TION FRACTION
CALCULATED DIFFUSION COEFFICIENT

1.28
.7

.795
*i.03

8. 665D-04

170
4. 942D-02

q~ cm'-

ti 4 g -

cmW2 s"-i



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

256
.2
2.12

30.9
.35

2.407D-04
6

C636
4. 015D-03

-M cm-3

crn^2 s",-l

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

61
39

1.6165
0

0. O00D+00
15
. 622
5. 861D-03

pCi om'-3 s^-1

cm'^2 s^-l

LAYER 5 ,iner 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

46

1.59
0
. 35

0. 000D+00
6
.238

3.- 13 iD-- 0 2

Cm

g cm'-3
oCi4/g",-1

pCi Cm/'-3 S'-a

cm^2 s*' -1

LAYER 6 subsoil

THICKNESS
POROSITY
CALCULATED MASS DENSITY
MEASURED RADIUM ACTIVITY
DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOI STURE SATURATION FRACTI ON
CALCULATED DIFF.F.USION COFFC ENT

152

3 0'D4-02

cxn"2 s'>-l



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

46
.49

. 35

0. 0 001D+ 0
6
*16!

4 . 231D-02

cm^-

pci/"--i

Pci cm"'-3 s"'-1

cm'2 s-

DATA SENr TO THE FILE "RNDATA' ON DRIVE A'

N F()
7 -1.000D+00

LAYER
!
2
3

4
5

6
7

DX
3. 70D+02

I1. 280D+02
2.560DD02

6. ID0DD-+01
4. 600D+01
1. 520D0*2
4 . 600D+01.

CNI
0. 000D+00

D
4. 276D-02
4. 942D-02
4. 010S-03
5. 861D-03
3. 131D-02
1. 334D-02
4. 231D-02

ICOST
0

CRITJ ACC
0. 000D+00 i 000D-01

P
8 . OOOD-0l
7. 000D-01
2. 000D-01
3. so0D-01
4 000D-01
4 00D-01
4 900D-0 1

Q
3. 498D-03
8. 665D-04
2. 407D-04
0. OOOD+00
0.O00D+O0
0. O00OD+O0
0.000D+00

XMS
3. 312D-01
i. 704D-01
6. 360D-01
6. 217P-0:1.
S. 385D-0i
4 .858D-0!1
1. 655D-01

RHO
0. 530
0.795
2.120
1. 617

1. 590
1.458

1.352

BARE SOURCE FLUX FROM LAYER 1: 3. 693D+03 pCi m^-2 s3-I

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LAYER THICKNESS EXIT FLUX EXiT CONC.
(cm.) (pCi m" 2(" = . pC•,_i ^-.

1 3.T7TOD+02
2 1. 280D+02
3 2.560D+02
4 6.100D+0i
5 4.600F+01
6 1.520D+02
7 4 .00D10i

4032D4fl0W-0
1. 01 5 D+ -

9. 99?Df101

1. 027D+06
9.538D+05
3.220Di-04
S. 666D+03

6.49D+ 03
.-647D+02

0. 000D+00



--- **,"**! RADON !Vk***+----

Version 1.2 - MAY 22, 1989 - G.F. Birchard te1!. ("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: 10000 I 17 , o

DESCRIPTION: no

CONSTANTS

RADON DECAY CONSTANT .0000021
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 RADON CONCENTRATION
SURFACE FLUX PRECISION

6

0
.!

pCi !^-i
pCi rn'-2 s'-l

LAYER INPUT PARAMETERS

LAYER 1 layer 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

.7

.7 95

9013
.35
7.524D-03
15
.170
4. 942D-02

cm ý'-

pCi/g"-l

pC'i CNIW-3 s'--1

cm"2 s'-IL

LAYER 2 saver b-d

THICKNESS
POROSITY
CALCULATED MASS DENSITY
MEASURED RADIUM ACTIVITY
DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FACTI ON

CALCULATED DIFFUSION COEFFICIENT

426.4

1.59

.35
2.381D-04

.238
3. 131D-02

g c6 -



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

61
.39
1.6.65
0
. 35
0. 000D+00
15
.622
5.861D-03

ocm

PCI c-m",-3 ^

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

46
.4
1.59
0
. 35

0. 000D+00
6
.238
3. 131D-02

cm

a cm"-3
PCA /9"-

PC-; c-rn'-3 s^-l

cm"2 s^-1

LAYER 5 subsoil

THICKNESS
POROSITY
CALCULATED MASS DENSITY
MEASURED PADIUM ACTIVITY
DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

152
.45
1.4575
0

35
0. 000D+00
15
.486
1. 334D-02

p Cm -,hf

Pci cm^-3 s"-l

cm^2 s^"-!

LAYER 6 topsoil

THICKfNESS
FOROSITY
CALCULATED MASS DENSITY
MEASURED RADIUM ACTIVITY
DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERIM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

46
.49
1.3515
0
. 35

0. 00OD+00
6
.165
4.231D-02

Lcm



DATA SENT TO THE FILE "RNDATAt ON DRIVE A:

N Fo0
6 -i.O00D+O0

LAYER
1
2
3
4

6

DX
6.100D+01
4.260D+02
6. 100D+01
4 . 600D+01
1.520D+02
4. 600D+01

CN1
0. 000D+00

D
4. 942D-02
3.131D-02
5. 861D-03
3. 131D-02
1. 334D-02
4. 231D-02

P
7.0000-OI

4. 000D-01
3. 900D-01
4.000D-01
4.50OD-0!
4. 900D-01

Q
7. 524D-03
2. 381D-04
0. 000D+00
0. 00 0±D00
0. 000D+00
0. 000D+00

XMS
1. 704D-01

2. 385D-01
6. 217D-01
2. 385D-01
4. 858D-01
1. 655D-01

ICOST CRITJ ACC
0 0.000±D00 1.000D-01

RHO
0.795
1. 590
1.617
1.590
1.458
1.352

BARE SOURCE FLUX FROM LAYER 1: 2.599D+03 pCi m^-2 s^-.

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LAYER THICKNESS EXIT FLUX EXIT CONC..
(cm) (pCi w.^-2 s"-l) (pCi 1i-1)

1 6.100D401
2 4.260D+02
3 6.100D+01
4 4.600D+01
5 1.520D+02
6 4.600D+01

1. 327D+03
4.602D+01
2. 047D+01
1. 187D+01
3. 1OOD+00
2. 944D+00

1.4930+06
1.475D+05
1. 669D+04
1. 958D+04
4.852D+02
0.000-D+00



~4* *I RADON !*'***---

Version 1.2 - MAY 22, 1989 - G.F. Birchard tel.# t301)492-7000
U.S. Nuclear Regulatory Commission Office of Research

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

OUTPUT FILE: 10000 IIA

DESCRIPTION: no

AvL~e A JJA. - 10 o 00 L.VL.-S

CONSTANTS

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

GENERAL INPUT PARAMETERS

2.65

LAYERS OF COVER AND TAILINGS
NO LIMIT ON RADON FLUX
LAYER THICKNESS NOT OPTIMIZED
DEFAULT SURFACE RADON CONCENTRATION
SURFACE FLUX PRECISION

.7

I
.1 pCi rný'-2 sýA1

LAYER INPUT PARAMETERS

LAYER 1 raff sludge

THICKNESS
POROSITY
CALCULATED MASS DENSITY
MEASURED RADIUM. ACTIVITY
DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

377 cm
.8
.5299999999999999
18587 oCi/g"'-I
.35

9.051D-03 OCi cm^-A
100 %
.662
1. 6180-02 cm'2 s^-

g cm'_-3

3 s'-1

LAYEER 2 porki 2

THICKNESS
POROSITY
CALCULATED MASS DENSITY
MEASURED RADIUM ACTIVITY
DEFAULT LA7 .YER EM-ANATION COEFF'ICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACT ION
CALCUL.-ATED DIFFUSION.'"" ..FF1 CIENT

128

.795
2568
.35
2. 144D-03
15
.1"70

4. 942D-02

Cm

cm3

pCi cmA-3 s^-!.



LAYER 3 struc debris

THICKNESS
POROS ITY
CALCULATED MASS DENSITY
MEASURED RADIUM ACTIVITY
DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

256
.2
2.1.2
'75.3
.35
5. 867D-04
6
. 636
4 . 01SD-03

cmP

g cnV.-3
PC i /(T^- 1

pCi, cm'^-3 s^-1

cm"2 s^'-!

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

61
.39
1.6165
0
. 35
0. 0OOD+00
15
.622
5.861D-03

cm,-

pCl/g^-!l

pCi cTnA^-3 s--1

cmA^2 s'-1.

LAYER 5 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

46
.4
1.59

.35
0. 000D+00
6
. 238
3.131D-02

paCi /q -. i

pCi cmA-3 s^-1

cmA2 sA-1

LAYER 6 sub soil

THICINESS
POROSITY
CALCULATED MASS DENSITY
MEASURED RADIUM ACTIVITY
DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION

CALCULATED DIFFUI01ON COEFFICIENT

!52
.45
1.4575
0
.35
0.1000D+00
15
.486
1.334D-02

cm

~ cnf~ -3
pCl/cA~1

pCi cmA~3 sA~1

coY0 2. sAl



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

46
.49

35 15

.35
0.000D+00
6
. 1.65
4. 231f-02

cmn

p(i cm'^-3 s

cm"^2 s~--

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

N
.7

LAY ER
1.
2
3
4
5
6
7

FOl
-1. 000D+00

DX
3.'770D+02
1. 280D+02
2.560D+02
6 .10 D+01
4. 60D+0i

" 1.520D-,-02
4. 60OD01

cN!1
0.000D+00

D
1.-618D-02
4.942D-02
4.015D-03
5.861D-03
3. 31D-02
1.334D-02
4.231D-02

ICOST
0

P
8. OOOD-01
7.00OD-01
2. OOOD-01
3.900D-01
4 . 000D-01
4. 50OD-0!
4. 900D-01

CRITJ
0.000D+00

Q
9. 051D-03
2. 1.44D-03
5. 867D-04
U 000OD+ 00
0. 000D-+o
0. 000D+00
0. O00D+00

ACC
1. 0000-01

XMS
6. 625D-01
I. 704D-01
6. 360D-01.
6. 2 17 D-01
2. 385D-0 1
4. 858D-01

i.655D-0i

RHO
0.530
0.795
2.120
1. 617

1.590
1.458
1.352

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

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LAYER THICKNESS EXIT FLUX EXIT CONC.
(cm), (pC-i m^-2 s^-11 f{pCi. !"-I)

3. 77000
4 1.2800+02
3 2.560D+02
4 6.100D+01
5 4.600D+01
6 1.520D+02
7 4.600D+01

3. 520D+03
2.315D+-02
3.818D+01
1.698D+00

2. 572D+00
2.4422D+00

1.8650+06
2. 540D+06
7.867D+04
1.384D+04
1..624D+04
4.025D+02
0. 000D+00



- ---- **4-** RADON !***** -----

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: 10000 113 Pre . C 10,000

DESCRIPTION: no

.CONSTANTS

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

2. --

2.65

GENERAL INPUT PARAM,1ETERS

LAYERS OF COVER AND TAILINGS
NO LIMIT ON RADON FLUX
LAYER THICKNESS NOT OPTIMIZED
DEFAULT SURFACE RADON CONCENTRATION
SURFACE FLUX PRECISION

LAYER INPUT PARAMETERS

0 -'-

PCIL rqA2 s1-1l

LAYER 1 pond 2

THICKNESS
POROSITY
CALCULATED MASS DENSITY
MEASURED RADIUM ACTIVITY
DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION

CALCULATED DIFFUSION COEFFICIENT

505
.79

2568
.35
2. 144D-03
15

.170
.4. 942D-02

pCi/gq--l

c cri2 s' -l

LAYER 2 struc debris

T H I ChNES S
POROSITY
CALCULATED MASS DENS ITY

MEASURED RPADIUM ACTIVITY
DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE' TIERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
CAL-.CULATEDI•• DIFFUSION C()EFFICCIENT

2562

~2

6-6

.0' 2,5D 0

CMý

g cm^-3

,DCi caQ'-3



LAYER 3 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

61
.39
1.6165

.35
0.000D+00
15
.622
5.861D-03

vCi/a:--m- s

CrrK2 a "-1

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

46
.4
-. 59

0
.35
0. 000D+00

.238
3.1311D-02

cm

g m
pci/g ' -l

oCi. cm--3 s1-1.

cra"2 s" 1

LAYER 5 subsoil

THICKNESS
POROSITY
CALCULATED MASS DENSITY
MEASURED RADIUM ACTIVITY
DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
CA L C ULATED DIFFUSION COEFFICIENT

152
45

0
1.15
0.000D+00

.486
1.3-34D-02

gc cin"-3 S

LAYER 6 topsoil

THICKNESS
POROSITY
CALCULATED MAS S DENSITY
MEASURED RADIUM ACTIVITY
DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

41.

.49
1.3515
0
. 35
0.000D+00
6

.165
4.2310D-02

aCi cm"-3 S"-l

cm2 "1.



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

N F01
6 -1.000D+00

LAYER DX
I 5,050D+02
2 2.560D+02
3 6.100[)+01
4 4.600D+01
5~ 1.520D+02
6 4.600o+01

CNI
0.O00D+00

D
4.942D-02

4.015D-03
5.861D-03
3.131D-02
1.334D-02
4.231D-02

ICOST

0
P

7.000D-01
2.000D-01
3.900D-01
4 .000D-01
4.5001-01
4.900D-01

CRITJ ACC
0.000D+00 1.000D-01

Q
2.144D-03
5.867D-04
0.000D+00
0.000D+00
0.000D+00
0.000D+00

XMS
1. 704 D-01
6. 360D-01
6.217D-01
2.385D-01
4.858D-01
i .655D-01

RI-10
0.795
2.120
1.617

1.590
1.458
1.352

BARE SOURCE FLUX FROM LAYER 1: 2.214D+03 pCi rn^-2 s^1]

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LAYER THICKNESS EXIT FLUX EXIT CONC.
(cm) (pC-i mr^-2 s--!) fpCi l^-i)

- 5.050D+02
2 2.560D+02
3 6.100D+01
4 4.600D+03,
5 1.520D+02
6 4.600D+02.

5. 565D+01
3 .745D+01
I 666D+01
9. 662D+00
2. 523D+00
2. 396D+00

9. 5960+05

7.717D+04
1.358D+04
i.-593D+04
3.948D+02
0.000D+00



----- **+ '! RADON ! **** -----

Version 1.2 - MAY 22, 1989 - G.F. Birchard tel.# Q301)492-7000
U.S. Nuclear Regulatory Commission Office of Research

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

OUTPUT FILE: 10000 !I1

DESCRIPTION: no

pt4 lzF7 -I

CONSTANTS

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

GENERAL INPUT PARAMETERS

2. 65

LAYERS OF COVER AND TAILINGS
NO LIMIT ON RADON FLUX
LAYER THICKNESS NOT OPTIMIZED
DEFAULT SURFACE RADON CONCENTRATION
SURFACE FLUX PRECISION

0
.i

pci W-1.
pCi m^-2 s"-1

LAYER INPUT PARAMETERS

LAYER 1 layer b-d

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

457
.7

.795
38.4
.315

3.205D-05
i5
.170
4 942D-02

oWi cm^-3 s'-1

LAYER 2 clay liner

THICKNESS
POROSITY
CALCULATED MASS DENSITY
MEASURED RAJDIUM ACTIVITY
DEFAULT LAYER EMANATI ON COEFFICIENT
CAILCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MO.ISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

.39

1.6165

35
0. 000D+00
15
.622
5.861D-03

g cm' -3
pCi. /g"-I

pCi cm^-3 -s'--

cmN 2 s •"-



LAYER 3 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

46
.4
1.59

.0
. 35
0.000D+00
6
.238
3.131D-02

cm-

a cmi"-3

p lg,-

vCi c-rv'-3 s^-!l

cm'^2 s~'-!

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

152
.45
1.45775

0
. 35
0. 000D+00
1-5
.486
1.334D-02

cm

g cm"'-3
pCi/g"-!

pCi cm^-3 s"-1

cmA2 s^-!

LAYER 5 topsoil

THICKNESS
POROSITY
CALCULATED MASS DENSITY
MEASURED RADIUM ACTIVITY
DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATUPATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

46
.49
1.3515
0
.35
0.000D+00
6
. 1.65
4.231D-02

g cmp'<-3
pCiA.^-

PCi (-m'--3 s

cm^2 s"-!



DATA SENT TO THE FILE "RNDATA# ON DRIVE A:

N F0!
5 -1. 000D+00

ILAYER
1
2
3
4
5

DX
4 570D+02
6. 100D+01
4 . 600D+01
1. 520D+02
4. 600D+01

CNI
0.0OOOD+00

D
4. 942D-02
5.861D-03
3.131D-02
1. 334D-02
4. 231D-02

ICOST
0

CRITJ ACC
0.000D+00 1.00OD-01

7OOOD-01
3.900D-01
4 000D-01
4.500D-01
4. 900D-01

Q
3. 205D-05
0. 000D+00
0. 000D+00
0. 000D+00
0. OOOD+00

XMS
1. 704D-01
6. 217D-01
2,385D-01
4.858D-01
1. 655D-0!

RHOo0.795

1. 590

1 . 458
1. 352

BARE SOURCE FLUX FROM LAYER 1: 3.260D+01 pCi m^-2 s'-!

RESULTS OF' THE RADON DIFFUSION CALCULATIONS

LAYER THICKNESS EXIT FLUX EXIT CONC.
(c~m) (pCi m^-2 sl-l) (pCi i^-i.)

1 4.570D+02
2 6.100D+01
3 4.600D+01
4 1.520D+02
5 4. 600D+01

3.77')D+00
1.680D+00
9.744D-01
2.544D-01
2. 416D-01

1.285D+04
1.369D+03
1.607r+03
3.982D+01
0.000D+00



Compiled Radon Data 1/28/2006

0

0

Laer A Ra fSto dQe Pond 2 Layerb-d

Specific Gravity 0.80 0.80 Specific Gravity 0.53 0.53 Specific Gravity 0.80 0.80 Specifi Gravi 0.80 0.80
Porosity 0.7 0.7 Porosity 0.8 0.8 Porosity 0.7 0.7 Porosi 0.7 0.7
Density (g/cn) 0.795 0.795 Density (/cc) 0.53 0.53 Density (q/cc) 0.795 0.795 Denst gc 0.795 0.795
Denity 48.6 48.6 Denst 33.1 33.1 Dent c 49. 6 4 Donsi c 48.6 49.6

Do gree o fSa tra fon (% 0.17 0.17 Deqree ofSa turo n % 0.682 0.682 De gre e of Satur aton 00 0.17 0.17 De gree of Satu ragon 0) 0.17 I.17
Radiu A 0> v~ RadinAdio R/4, A19i,& _L50n040 Ž6 i.Rd AO 1 I6 ~ O, Ž

Diffusion Cooe( cm Z/et n 0.04042 0.04 942 Diffsion Coef (n, ben) 0.01018 0.01 61 8 Diffusion Coot tm•/ ec) 0.04 942 0.04 942 D/ffosionCo et (cm /s ec) 0.04542 0.04 942

Th)i141mo4 ofT),h>>> 1/204' . knlol 1/n K0 7'77 37 Thick-)~4 sod An~~00'..0847Tlooess8 4O/11>,4 47 . 71

Radon Flux (pC/I -ec) 1327 1327 Radon Flux (pCi e 2582 2682 Radseonc F il 75.3 75.6 Rad30o lu 5C2.• 3.7770

RaonFin j/,
0

oO 4.0 4.0 Rdo FnnCion-80 310 310 adon Flux (Cifrn
0
-seoo 37.45 3783RdnFinC777se .8 .6

Layer b-d Pond 2 Struc, Debris Clay Liner

S ecif Gravito 1.59 1.59 Specific Gravity 0.80 0.80 Specific Gravity 2.12 2.12 Specific Gravity 1.62 1.62
Porosi 0.4 0.4 porosit 0.7 0.7 Porosity 0.2 0.2 Porosity 0.39 0.39
Densi no 1.66 1.59 Density (,q/co) 0.795 0.795 Dens/ty (nn/cc) 2.12 2.12 Density (//cc) 1.6165 1.6165
0ensity 100.0 100.8 0enst of 1.3 12.3 Density (p 10.3 10. Denst o 88.3 900.
Deoree oSaturaton 00 0.2 0.2 Degree of Saturation 00 0.17 0.13 Deoree of Saturation 0 8.62 0.62 Degree of Saturation 00 0.23 0.23

R"dfunmActiv Cil 0 0 Rad iu 9 Ci/ 73 75.3 Radi. Acity (pCi/ 0 Radium Activity (pCi) 0 0
Diffunion Coof (n, /oon) 0.03131 0.005 31 Diffusion C o nf loon ) 0.0040 0.0401 Diffosion Coef ncm loon) 0.00581 0.0056 Diff usio Coe f ym,/loo) 0.03 59 0.0351

Radon Flux JpCi/im-sec) 20.,2 42.65 Radon Finn 7C,/n n 3818 230.4 Radon Flux CI/m-sec) 16.66 18.8 Radon Finn Cilm,-sec 1.68 1.865

Clay Liner Struc Debris Clay Liner Laver 3

S ecific Gravi 1.62 1.62 S ecific Gravi 2.12 2.12 Specific Gravity 1.62 1.62 S e.ific Gravity 1.59 1.49
Porosit 0.39 0.39 Porosi 0.2 02.3 Porosity 0.39 0.39 Porosity 0.4 0.4
Desit /cc 1.61658 1.61658 Densi cc6 2.12 2.12 Densi (Icc) 1.6165 1.6165 Density (g/..) 1.59 1.59
Dens/ity pf 108. 900.3 Doity (cf) Densi10 sity89.3 09.3 Dons o 91.0 91.0

Deoree of Saturation 00 5.206 0.20 Degree of Saturaion 00 0.022 0.622 Do of Saturation 00 0.235 5.623 Degree of Saturation 0 5.236 0.238
Radiun Andi C, Rudn An0 adiun Acupi pil 0 0 Radium Actiy! i 0 0Diffusion Coef(c /soo) 0.03131 0.03513-1 Diftusion Coef (cm /oon) noo4 0.005186 Diffusion Coef (n loon) 0.03131 0.03881 Diffusio Coe lcon) 0.0133 0.03761

Radon Finn Ci/n,-e) 11.2087 16.02 Radon Finn pCi/mlsec5 38.18 38.48 Radon Finn Ci/mn-sec) 816.66 18.8 Radon Flux (pCi/m2-sec) 0.9744 1.393

Liner Cover Clay Liner Liner Co-er Subsoi

Specific Gravity 1.59 1.59 Specific Groity 1.62 1.62 S0 efio Graniy 1.59 1.59 S pcific Gryl 1.36 1.36
Porosity 0.4 0.4 Porosity 0.39 0.39 Porosi 0.4 0.4 Porosi 0.45 0.45
Density (icon) 1.59 1.59 Density (I/cc) 1.6165 1.6165 Densi ncc 1.59 1.59 Densi Inc 1.4575 1.4575
Dens (pe 91. 9.9. Densi o 9 Donsity (0 8.4 8.

De "o , Sluralon 00 0.408 0.104 De ree of Straton .) 0.230 0-23 Doeree of Saturaton 00 0406 0183 D reoee of Saturalon 00 0.465 0.165
Radiu m Acgvity (pC/ 0 0 Radian A ctiy, CI/ 0 0 Radiun Activity (pCiI) 0 0 Rodiun A ctivi Ci/d 0 0
Diffusion Coef(cn s et / 3n 0.0 3133 0.0376 1 D6ftusson Co efeo (c / se) 0.03131 000313 Di1usion Coef(on ( / sec) 00 133 0 .0376 0 ifusion Co ef (cm / sen) 0.01334 0.00376

Radon Flux (pCi/mý-sec) 11.87 , 16.92 RdnFu p/m-e) 16.98 18.53 •Radon Flux (pCIilm2sec) 9.662 15.21 adnFu(p/m-e) 0.2544 0.6677

subsooil Liner Cover Subso0l Topsoil

Specific Gravity 1.46 1 2.46 S ecfic GrviyF 1.59 1.59 Specific Gravity 1.46 1.46 Specific Grality 1.35 1.35Porosity 0.45 0.45 Porosit 0.4 • 0.4 Porosity 0.45 0.45 %ro1t 0.49 0.49
Density (glee) 1 .4576 1.4575 Denit I9c 1.59 1..59 Density (g/ccj 1.4575 A .4575 0 ...ity ('11cc) 1.3515 1.3515

eniyPo 91.0 91.0 Density I..1f0 9H. 9.3;, ii. Density (pcf 91 .4 t.0 Dniypf84.5 8445

Degree, ufStrto % .48- 0.94 Degree of Saturation (%) U.3 .3 ereo auain( .496 U. 01194 Deqree of Saturation I% u....16 0.16
Radi1 Acivt pi/) 0 0 RdmAciiypi/ 0 0 adium Activit ('Fg r, 0 aifum Actiit ("f, l 0 '

Diffusion Coefcmse)0134 .07 Didfuio Coef (,m/et I.33 I.33 Difftusonu Coef (m/e) 0034 .36 Dfiso C7o 1cZsc .43 .4

To .. H

S ecifi. Grayi
P '

o'-s'
D.nsi W.c
Darin c

g'IC'Zýý,

begiree -,f S,

WoAtý- -Diffusion C.c

3.1

1.35
0.49

1.3515
84.4

0.165

0.0423 1

8.109

1.35
0.49

1.3515
84.4

0.168

0.04231

Subsoil

Specific Gravity
Porosity
Density (,q/cc)

De~qreeof Saturatin(%
Radium Activity (pýig

Radon Flu (pO1/ -nen)

9.851

1.46
0.45

1.4575
81.0

0,6

0.01334

13.84

1.46
0.45

1.4575
91.0

0.104
0

0.0376

Toosoff

Specific Gravity

Dansiý'Igkc)

jyiýrfidaeýC'ff'ý ......

Badium Activity (Dgil
Diffusion Coal

2.523

1.35
0.49

1.3515
84.4

0.165

0.04231

3.523

1.35
0.49

1.3515
84.4

0.165

0.04231

iiaod ci~~on i Flx9.24ý-e) V16 06341

ThfoS.fdss om 0>' -
TfnfoOOeO0't89).',00 L2.Lz~~AzŽ2. I .,~4 4''.ovon7 hioos0om . 4 'o/ 0'

Radon FlUX (DCV?-`eCM 2.844 7.701
I

Specific Gravity
Porosity
Density (qfcc)

MAry, - --
D reeofS.tuafin A):
Radium Activity (pCi1q)
Diffusion Coef (cW/sec)

2.572

1.35
0.49

1.3515

0.165

0
0.04231

6.633 Rodon FIux (/n11 -Secl 2.396 2.03

1.35
0.49

1.3515
04.4

0.165
0

0.04231

Radon Flun (pCi/n,'-sen) 2.442 63

P/i 00734 SFC\BG compiled layer data.xls



AREA I 1
----- -*****! RADON !***** .....

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

sA-1

2.65

GENERAL INPUT PARAMETERS

LAYERS OF COVER AND TAILINGS
DEFAULT RADON FLUX LIMIT
LAYER THICKNESS NOT OPTIMIZED
DEFAULT SURFACE RADON CONCENTRATION
SURFACE FLUX PRECISION

6
20

0
.001

pCi mA-2 sA-1

pci lA-1
pCi mA-2 sA-1

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

61
.7
.795
9013
.35
7. 524D-03
15
.170
4.942D-02

cm

g cmA-3
pCi/gA-1

pCi cmA-3 sA-1

cmA2 sA-1

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

426
.4
1.59
81.5
.35
2.381D-04
6
.238
3.131D-02

cm

g cmA-3
pCi/gA-1

pCi cmA-3 sA-1

cmA2 sA-1

0
LAYER 3 Clay Liner

Page 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

AREA I 1
61
.39
1.6165
0
.35
0. OOOD+00
15
.622
5.861D-03

cm

g cmA-3
pCi/gA-1

pCi cmA-3 sA-1

cmA2 sA-1

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

46
.4
1.59
0
.35
0.OOOD+00
6
.238
3.131D-02

cm

g cmA-3
pCi/gA-1

pCi cmA-3 sA-1

cmA2 sA-1

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

152
.45
1.4575
0
.35
0. OOOD+00
6
.194
3.762D-02

cm

g cmA-3
pCi/gA-1

pCi cmA-3 sA-1

cmA2 sA-1

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

46
.49
1.3515
0
.35
0.OOOD+00
6
.165
4.231D-02

cm

g cmA-3
pCi/gA-1

pCi CmA-3 sA-1

cmA2 sA-1

0

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

N
6

F01
-1. OOOD+00

DX

CN1
0.OOOD+00

D

ICOST CRITJ
0 2.OOOD+01

ACC
1.000D-03

XMSLAYER P Q
Page 2

RHO



1
2
3
4
5
6

6.100D+01
4.260D+02
6.100D+01
4.600D+01
1. 520D+02
4.600D+01

4.942D-02
3.131D-02
5.861D-03
3.131D-02
3.762D-02
4. 231D-02

7. OOD-01
4. 0OOD-01
3.900D-01
4. 0OOD-01
4. 500D-01
4.900D-01

AREA I 1
7. 524D-03
2.381D-04
0.OOOD+00
0.OOOD+00
0.OOOD+00
0.OOOD+00

1. 704D-01
2. 385D-01
6.217D-01
2. 385D-01
1. 943D-01
1. 655D-01

0.795
1.590
1.617
1.590
1.458
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.
(cm) (pci MA-.2 SA-1) (pci 1A-l)

1
2
3
4
5
6

6. 100D+01
4.260D+02
6.100D+01
4.600D+01
1. 520D+02
4.600D+01

1. 327D+03
4. 704D+01
2. 265D+01
1. 692D+01
8. 109D+00
7. 701D+00

1.493D+06
1.465D+05
1. 219D+04
1. 141D+04
1. 697D+03
0.OOOD+00

0
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AREA 2A
...... *****! RADON !*****.

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
ARE CALCULATED FOR MULTIPLE LAYERS

OUTPUT FILE: Area 2A 10000 Years

DESCRIPTION: Subsoil with 6% wc instead of 15%

CONSTANTS

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

THICKNESS

sA-1

2.65

GENERAL INPUT PARAMETERS

LAYERS OF COVER AND TAILINGS
DEFAULT RADON FLUX LIMIT
LAYER THICKNESS NOT OPTIMIZED
DEFAULT SURFACE RADON CONCENTRATION
SURFACE FLUX PRECISION

7
20

0
.001

pCi mA-2 sA-1

pCi lA-1
pCi mA-2 SA-1

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

377
.8.
.53
18587
.35
9.051D-03
100
.662
1. 618D-02

cm

*g cmA-3
pCi/gA-1

pCi cmA-3 sA-1

cmA2 sA-1

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

128
.7
.795
2568
.35
2.144D-03
15
.170
4.942D-02

cm

g cmA-3
pCi/gA-1

pCi cmA-3 sA-I

cmA2 sA-1

0
LAYER 3 Struc Debris
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THICKNESS
-POROSITY
MEASURED MASS DENSITY
MEASURED RADIUM ACTIVITY
DEFAULT LAYER EMANATION'COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

AREA 2A
256
.2
2.12
75.3
.35
5.867D-04
6
.636
4.015D-03

cm

g cmA-3
pCi/gA-1

pCi cmA-3 sA-1

cmA2 sA-1

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

61
.39
1.6165
0
.35
0.OOOD+00
15
.622
5.861D-03

cm

g cmA-3
pCi/gA-1

pCi cmA-3 sA-1

cmA2 sA-1

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

46
.4
1.59
0
.35
0.OOOD+00
6
.238
3. 131D-02

cm

g cmA-3
pCi/gA-1

pCi cmA-3 sA-1

cmA2 sA-1

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

152
.45
1.4575
0
.35
0.OOOD+00
6
.194
3. 762D-02

cm

g cmA-3
pCi/gA-1

pci cmA-3 sA-1

cmA2 sA-1

5
LAYER 7 Topsoil

THICKNESS
POROSITY
MEASURED MASS DENSITY
MEASURED RADIUM ACTIVITY
DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION

46
.49
1.3515
0
.35
0.OOOD+00

Page 2

cm

g cmA-3
pCi/gA-1

pCi cmA-3 sA-1



WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

AREA 2A
6
.165
4.231D-02 cmA2 sA-1

BARE SOURCE FLUX FROM LAYER 1: 6.268D+03 pCi mA-2 sA-1

RESULTS OF THE RADON DIFFUSION CALCULATIONS

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

1
2
3
4
5
6
7

3.770D+02
1. 280D+02
2. 560D+02
6. 100D+01
4.600D+01
1. 520D+02
4.600D+01

3. 520D+03
2. 315D+02
3. 848D+01
1. 853D+01
1. 384D+01
6.633D+00
6.300D+00

1.865D+06
2.540D+06
7.705D+04
9.972D+03
9.335D+03
1. 388D+03
0. 000D+00

0
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AREA 2B
------*****! RADON !*****.

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

sA-1

2.65

GENERAL INPUT PARAMETERS

LAYERS OF COVER AND TAILINGS
DEFAULT RADON FLUX LIMIT
LAYER THICKNESS NOT OPTIMIZED
DEFAULT SURFACE RADON CONCENTRATION
SURFACE FLUX PRECISION

6
20

0
.001

pCi mA-2 sA-1

pci lA-1
pci mA-2 sA-1

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

505
.7
.795
2568
.35
2.144D-03
15
.170
4.942D-02

cm

g cmA-3
pCi/gA-1

pCi cmA-3 sA-1

cmA2 sA-1

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

256
.2
2.12
75.3
.35
5.867D-04
6
.636
4.015D-03

cm

g cmA-3
pCi/gA-1

pCi cmA-3 sA-1

cmA2 sA-1

LAYER 3 Clay Liner

Page 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

AREA 2B
61
.39
1.6165
0
.35
O.OOOD+O0
15
.622
5.861D-03

cm

g cmA-3
pCi/gA-1

pCi cmA-3 sA-1

cmA2 sA-1

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

46
.4
1.59
0
.35
0.OOOD+00
6
.238
3.131D-02

cm

g cmA-3
pCi/gA-1

pCi cmA-3 sA-1

cmA2 sA-1

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

46
.45
1.4575
0
.35
0.OOOD+00
6
.194
3.762D-02

cm

g cmA-3
pCi/gA-1

pCi cmA-3 sA-1

cmA2 sA-1

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

46
.49
1.3515
0
.35
0.OO0D+00
6
.165
4.231D-02

cm

g cmA-3
pCi/gA-1

pCi cmA-3 sA-1

cmA2 sA-1

0

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.



AREA 2B
(cm) (pCi mA-2 sA-1) (pci 1A-i)

1
2
3
4
5
6

5 .050D+02
2. 560D+02
6. 100D+01
4. 600D+01
4. 600D+01
4. 600D+01

5. 565D+01
3. 787D+01
1.880D+01
1. 521D+01
1. 320D+O1
1. 253D+01

9. 596D+05
7. 491D+04
8.198D+03
6. 331D+03
2. 761D+03
0. 000D+00

0
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AREA 3 1
.....------- RADON !***** .....

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

sA-1

2.65

GENERAL INPUT PARAMETERS

LAYERS OF COVER AND TAILINGS
DEFAULT RADON FLUX LIMIT
LAYER THICKNESS NOT OPTIMIZED
DEFAULT SURFACE RADON CONCENTRATION
SURFACE FLUX PRECISION

5
20

0
.001

pCi mA-2 sA-1

pCi lA-1
pCi mA-2 sA-1

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

457
.7
.795
38.4
.35
3.205D-05
15
.170
4.942D-02

cm

g cmA-3
pCi/gA-1

pCi cmA-3 sA-1

cmA2 sA-1

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

61
.39
1.6165
0
.35
0. OOOD+00
15
.622
5.861D-03

cm

g cmA-3
pCi./gA-1

pCi cmA-3 sA-1

cmA2 SA-1

0
LAYER 3 Layer 3
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THICKNESS
POROSITY
MEASURED'MASS DENSITY
MEASURED RADIUM ACTIVITY
DEFAULT LAYER EMANATION COEFFICIENT
CALCULATED SOURCE TERM CONCENTRATION
WEIGHT % MOISTURE
MOISTURE SATURATION FRACTION
CALCULATED DIFFUSION COEFFICIENT

AREA 3 1
46
.4
1.59
0
.35
0.OOOD+00
6
.238
3.131D-02

cm

g cmA-3
pCi/gA-1

pCi cmA-3 sA-1

cmA2 SA-1

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

152
.45
1.4575
0
.35
O.OOOD+00
6
. 194
3. 762D-02

cm

g cmA-3
pCi/gA-I

pCi cmA-3 sA-1

cmA2 sA-1

LAYER :5 Topsoil

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

46
.49
1.3515
0
.35
0.OOOD+00
6
.165
4.231D-02

cm

g cmA-3
pCi/gA-i

pCi cmA-3 sA-1

cmA2 sA-1

0

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

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LAYER THICKNESS EXIT FLUX EXIT CONC.
(cm) (pCi-mA-2 sA-1) (pci IA-1)

1
2
3
4
5

4. 570D+02
6.100D+01
4.600D+01
1. 520D+02
4.600D+01

3.873D+00
1.865D+00
1.393D+00
6.677D-01
6.341D-01

1.280D+04
1.004D+03
9.396D+02
1. 397D+02
0. OOOD+00
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