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I. INTRODUCTION
,
.

Current NRC guidance for conducting final surveys at decommissioning!

|
facilities is contained in Draft NUREG/CR-5849, "Nanual for Conducting Surveys

j in Support of License Termination." NUREG/CR-5849 primarily addresses the
final surveys of surface contamination on both buildings and open land areas,
including guidance on acceptable averaging methods for surface contamination,

that exceeds the unrestricted use criteria (i.e., elevated areas). However,
methods for surveying and averaging subsurface contamination are not

.

| discussed. This document provides a method for averaging elevated areas of
.

i subsurface soil contamir. tion. Note that the potential for exposure from i

subsurface contar.ination via the groundwater pathway is not addressed in this
document. The groundwater pathway should be evaluated on a case-by-case

/ basis.
:

! The averaging method in NUREG/CR-5849 assumes that soil samples are collected
|

from the ground surface (first 15 cm). This sampling and averaging method is
!

acceptable for the majority of decommissioning sites since the surface samples
are considered sufficiently representative to assess the potential dose using
conventional pathway analysis. However, conventional pathway analysis, and3

i

the NURES/CR-5849 averaging method, may not be appropriate if significant
subsurface contamination is present.

Conventional pathway analysis concludes that the dose from subsurface i
'

contamination is essentially zero, except from the groundwater pathway (see
discussion below for other exceptions). This conclusion assumes that the
contamination will remain at depth for very long periods of time (the typical
pathway analysis is run for a 1000 year period). Since it is not reasonable
to assume that the subsurface soil will remain undisturbed for a 1000 year !

period, simple scenarios were developed to predict how subsurface soil would
i

be excavated in the future, the volume of the excavated soil, and the dose
consequences of the contaminated soil in the post-excavation geometry. Based |
on the predicted excavation volumes and the dose consequences, surveying and |

averaging protocol were developed for in-situ subsurface soil.

Two excavation scenarios were evaluated. The f;rst scenario assumes the
construction of a slab-on-grade house; the second a house with a basement. ;

For each of the construction scenarios, the volume of excavated soil and the
'

extent of surface spreading, as well as the depth of surfaces on which the
foundations could be built, were estimated. The potential dose from the
subsurface soil, after excavation, was estimated by: 1) calculating the dose

|
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; from the contaminated soil spread on the ground surface and 2) calculating the
i

i dose from the in-situ contaminated surface that is exposed after excavation,
assuming that the foundation of the house is built on the exposed surface. t

!

'

It is recognized that subsurface contamination contained closer to the
.

j surface, say 0-1 meter, mav deliver dose without being excavated. This,

i exposure may occur from: 1) direct gamma radiation from in-situ soil closer to
the surface, 2) the root uptake pathway down to about the first meter, and 3)i

the uncovering of contaminated surfaces through grading during construction,
and surface erosion over time, which could then cause dose through surface

i exposure pathways. However, the average concentration allowed for the in-situ
T

soil from 0-1 meter would be greater than that allowed under the excavation
scenario due to the soil being spread over a larger area after excavation.'

Therefore, the excavation scenario is used to determine acceptable averaging
limits for the 0-1 meter layer. This conservatism is appropriate because of

,

>

j the uncertainty as to potential exposure pathways for near surface
i. contamination.
h
i Finally, after the concentrations and averaging volumes were determined, a
i survey method was developed that would be acceptable to NRC for demonstrating
! that the averaging criteria are met. Section II describes the survey method.

The technical basis for the averaging concentrations and survey method is
presented in Section III.4

,

:

j II. SURVEY METHOD FOR SUBSURFACE THORIUM CONTAMINATION

| The final survey method for subsurface contamination should ensure that the
; number and location of samples are sufficient to; 1) demonstrate, with
.

reasonable confidence, that a significant volume of subsurface contamination
is identified by one of the samples, and 2) demonstrate that the average[ contamination level in the identified volume would not result in a significar.t

;

dose after excavation.'

5

The survey method described below can be used to satisfy the above two'

; objectives. The technical basis for this survey method is presented in
i Section III. The concentration values are based on the current unrestricted
i use limit of 10 pCi/g total thorium for widespread surface contamination. If

the guideline value changes, the averaging criteria will change accordingly.'

Other survey methods may be acceptable if they are justified on a dose basis
and provide sufficient confidence that significant volumes of soil are
identified.

.

Survey Assumptions:'

1. Samples are collected on a 5 meter square grid.
;

j 2. Samples are composited over each I meter layer of soil.
3

; - 3. Each sample is assumed to represent 25 m .
i

<

$

i
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34.100 m averages are represented by the average of four samples collected4

! from each I meter layer of soil.
1

3
! 5.Volumetricaveragesgrgaterthan100m are calculated assuming each
| sample represents 25 m .
i
i

Averaging Criteria for Total Thorium (Th-232 + Th-228):
;
.

| 0-1 meter depth Maximpa Individual Sample < 50 pCi/g
i 10 m' average < 20 pCi/g

3
: 100 m average < 13 pCi/g
1

50 pCi/g! l-2 meter depth
Maximuy (<0-2 m depth) < 10 pCi/gj 200 m-

i 2-3 meter depth 50 pCi/g
Maximuy (<0-3 m depth) < 10 pCi/g.

| 300 m
;

50 pCi/gi 3-4 meter depth
Maximuy << 13 pCi/g100 m!

i 400 m3 (0-4 m depth) < 10 pCi/g

> 4 meter depth maximum < 50 pCi/g
, volume from surface to depth "x" < 10 pC1/g
a
.

survey unit The volumetric average over the entire survey unit < the#

| unrestricted use limit (10 pCi/g for total thorium)
h

! The averaging criteria apply to any contiguous volume defined by the given3
number of 5 y grid samples, where each sample represents 25 m . For averaging!

!
over a 100 m' volume, each cost,' nation of four samples in a given 1 m layer

{ should be evaluated. This would only be necessary if an individual sample
3

i exceeds 10 pCi/g. To calculate the average for volumes greater than 100 m ,
i

consider the samples in a given 19 m X 10 m area projected to the depth of
| interest. For example, the 300 m' volume average is calculated by averaging
j 12 samples represented by the four samples in the 0-1 m layer of a given 10 X
! 10 m area (assuming 5 m grid), and the 4 samples each in the 1-2 m and 2-3 m

layers directly below the given 10 X 10 area. The samples at the respective i'

depths would likely be from the same borehole.

In addition to the above, a vertical averaging criteria is also defined. This|

averaging criteria is intended to identify significant volumes of contiguous
contamination in the vertical, as opposed to the horizontal, direction. The,

;

sampling and averaging described below also assumes a 5 m grid size.
j

The average of the two samples from 0-2 meters in same borehole (50 m ) < I3

| *
)14 pCi/g total thorium;
i

}

:

$ )
1

.
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3
! The average of the three samples from 0-3 meters in same borehole (75 m ) <*

| 13 pC1/g total thorium
!

III. TECHNICAL BASIS FOR SUBSURFACE SURVEYING AND AVERAGING METHOD

D

f
Discussion

!
; After the contaminated soil is excavated and brought to the surface, the

surface exposure pathways, and the surface averaging methods apply. The'

surface averaging method used for excavated subsurface soil is consistent with'

that used in NUREG/CR-5849. However, the NUREG/CR-5849 procedure was modified
to reduce the conservatism. A discussion of how the NUREG/CR-5849 averaging
method for surface contamination was modified is presented in the following
section. How the modified averaging method was applied to excavated
subsurface soil is presented in subsequent sections.

The averaging method in NUREG/CR-5849 was based on a combination of past-
practice and dose assessments. The averaging method has three steps:

1) elevated areas should be less than 3 times the release criteria,
'

2) the gncentration in the elevated area should not be greater than
(100/A) times thp release criteria, where "A" is the size of the
elevated area in m', and

3) the average over any 100 m' area should be less than the release
criteria.

The maximum criterion of 3 times the average limit in NUREG/CR-5849 (step #1
above) was based on a qualitative ALARA judgement and a comparison with the
maximum criteria in " Guidelines tor Decentamination of Facilities and
Equipment Prior to Release for Unrestricted Use or Termination of Licenses for
Byproduct, Sourco, or Special Nuclear Material," which also uses 3 times the
average value as the maximum. Since radionuclide specific evaluations will be
performed (as described below), the 3 times maximum criterion was not used in ,

the volumetric averaging method for subsurface contamination. The maximum 1

!criterion was determined by estimating the minimum volume of soil that could
be excavated without mixing with surrounding soil and assessing the relative ;

'

dose from this volume of soil compared to uniform, widespread contamination.

The area averaging criterion in NUREG/CR-5849 (step #2 above) was based on a
dose assessment made in 1995 for the Department of Energy using the 00E
" Manual for Implementing Residual Radioactivity Guidelines." This manual was
eventually updated and codified in 1989 as DOE's RESRAD pathway analysis / dose
assessment code. The dose from elevated areas of various sizes was estimated
using & fault input parameters for the code. The conclusion from these dose
estimations was that the dose is reduced as the area of contamination is
reduced, assuming the same concentration. The extent of the reduction in dose
as a function of area depends on whether the predominant dose pathway is from
direct exposure, or from one or more of the other pathways such as inhalation
and ingestion. In general, there is a greater dose reduction for elevated
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areas containing radionuclides that deliver a significant fraction of the dose !
through the inhalation and ingestion pathway than for radionuclides that ;

deliver a higher fraction of dose via the direct exposure pathway. The ,

formula in NUREG/CR-5849 (restated below) was derived from the 1985 DOE study j

of the dose consequences of elevated areas of various sizes. !

|
|

Allowable Concentration in Elevated Area < C(100/A)v2 j

where: C = unestricted use criterig
A = area of elevated area, m' ]

)
The above formula represents the lower bound of acceptable concentrations in i

an elevated area of size "A" for all of the radionuclides evaluated. A'

| similar dose assessment for a specific radionuclide will very likely result in
an allowable concentration exceeding that calculated using the above formula.i

This is evidenced by Enclosure 1, which shows the nuclide specific dose
consequencesofelevatedareas(representedbythemult'ipleoftheauthorized

to 100 m . Enclosure 1 al| limit on the Y axis) ranging in size f y 1 m Note that the (100/A),sgincludes a line defined by the (100/A) formula.
' line is below all of the nuclide specific curves, and represents the most,

! conservative result.

rizes the results of the dose
Enclosure I was generated in 1985 and pformula for determining acceptableassessments used to select the (100/A)
concentrations of contamination in elevated areas. To ensure that the current
version of RESRAD is consistent with the 1985 dose assessments, a similar
series of dose assessments were conducted using a recent version of' RESRAD.
As shown in Enclosure 2, the results are very siellar. This demonstrates that

with, albeit less conservative than, the (100/A)geriteria that is consistentRESRAD is appropriate, and will provide averagin
criteria. Therefore, in,

i

order to previde more realistic criteria, the volumetric averaging method
described below relies on radionuclide specific dose assessments, using the
DOE RESRAD code, to determine the acceptable concentration in subsurface soil
containing elevated contamination levels.

The third part of the averaging method in NUREG/CR-5849 (step #3 above) is
that the average over cv '00 m should be less than the release criteria.2

The 100 m' average 1 o - ,n was intgnded to address the potential for a 10 m
x 10 m house being bt - 'L , the 100 m' parcel of land. The 10 m x 10 m
averaging criteria is essentially maintained in the subsurface volumetric
averaging method. |

|

The following sections describe the assumptions and calculations used to |
!develop the volumetric averaging criteria for subsurface soil.

Excavation Ass - tions

Excavation scenarios for both a house w/ basement and a house w/out basement ;-

\

f House Size: 10 m x 10 m !
-

i

,,, ., . - . . . . _ . . , . . . . - -
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Dimensions of footers for house w/no basement:-

1 m deep x 1 m wide x 10 m long
:

- Basement Depth: 3m .

3Excavation Equipment Bucket Size: 1m-

- Five excavation scenarios evaluated:

1) each of four 1 m deep x 1 m wide x 10 m long footer excavation for a
house w/out basement is placed in separate pile

2) the I e deep x 10 m wide x 10 m long portion of soil from the surface
to a depth of I m is excavated for a house with no basement and placed
in separate pile

3) each 3 m deep x 2.5 m wide x 10 m long portion of soil for basement
excavation placed in separate pile

4) entire 3 m deep x 10 m wide x 10 m long excavation for house
w/ basement placed in one pile

5) one bucket (1 m x 1 m x 1 m) of excavated soil placed in sep'arate
pile j

- Each excavated pile uniformly blended

Each pile spread over a 1 foot depth-

Method for Calculatina Acceptable Averacina Volumes and Concentrations for ,

Subsurface Contamination

To determine the averaging volume for subsurface contamination, and the
acceptable concentration as a function of volume, the first step was to
calculate the volume of soil excavated in each of the above five scenarios.
The dose from the excavated soil was then estimated and compared to the dose
from widespread, uniform contamination.

To estimate the dose, the soil volumes defined by the five excavation
scenarios were assumed to be brought to the surface and spread over a 1 foot
depth. Using the resulting calculated surface area as input to the RESRAD
code, the dose from the excavated soil was estimated using the resident farmer
scenario and the input parameters from Policy and Guidance Directive PG-8-08
" Scenarios for Assessing Potential Doses Associated with Residual
Radioactivity," May 1994. A second RESRAD run was then pde, using the same

The ratio of theconcentration, and asspaing the default area of 10,000 m .
dose from the 10,000 m' area to the dose from the caleclated area was then
multiplied by the unrestricted use criteria to determine the acceptable
concentration in the elevated area, and hence the corresponding subsurface
volume. This concentration is considered acceptable since the dose from the
elevated area containing this concentration will deliver the same dose as a
large area contaminated at the unrestricted use level. To determine
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compliance with the volumetric averaging criteria, the average
concentration over the in-situ volume of soil defined in the scenario must be
less than the above ratio times the guideline.

For example, the following calculation pr~.' ides the averaging volume and
concentration for excavation Scenario #1, assuming that the contamination is i

total thorium (Th-232 4 Th-228): |

31. Volume of 1 m deep x 1 m wide x 10 m long footer is 10 m .
32. Assuming the 10 m volume is excavated and spread over a 1 foot depth,

2the area of contamination on the surface would be 30 m ,
,

3. Run RESRAD to estimate dose assumipg 10 pCi/g total thorium and assuming
'

i

that the contaminated area is 30 m (Enclosure 3).

4. Run RESRAD to estimate dose, also assuming (10 pCi/g total thorium, but
|

| i

using the RESRAD default area of 10,000 m Enclosure 4).

5. Calculate the ratio of the dose from Step 4 to the dose from Step 3.
Far total thorium, the ratio is 2.0. |

6. Multiply the ratio, i.e., 2.0, by the unrestricted use limit for total I
thorium, i.e., 10 pCi/g. The resulting concentration is 30 pCi/g, which I

represents the acceptable average concentration in a 10 m' volume of l

soil.
!

Note that Scenario #1 applies only to volumes of soil starting on the surface ;

and ending at the first meter since the excavation is assumed to be for a
footer, and would not go below I m.

The same calculations were performed for the other four excavation scenarios.
The resulting five volumetric averagino guidelines for subsurface thorium
centamination are listed below. The criteria for other radionuclides should ,

I

be developed on a case-by-case basis. The excavation scenarios described
above for housing construction are assumed to result in conservative averaging i

'

criteria since excavations for larger structures should result in larger
excavated volumes, and a greater degree c,f mixing with surrounding soil.

Vol - tric Averaaina Guidelines For Subsurface Thorium Contamination

The five excavation scenarios were evaluated to determine acceptable averaging
volumes and concentrations for sub urface thorium contamination. Enclosure 5
contains the RESRAD output for each of the five evaluations.

3
'

1) The average concentration of total thorium in a 10 m volume should be!

less than 20 pCi/g.
3

2) The average concentration of total thorium in a 100 m volume of soil

|
should be less than 13 pC1/g.

l
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3
3) The average concentration of thorium in a 75 m volume of soil should be

less than 13 pCi/g. ;

3
4) The average concentration of thorium in a 300 m volume of soil should

be less than 10 pCi/g.
3

5) The average concentration of thorium in a 1 m volume of soil should be
less than 50 pCi/g. This concentration is considered the maximum value !

for an individual sample composited over a 1 meter depth.

The above averaging guidelines were developed assuming that the soil is
excavated and placed on the ground surface. The final step is to ensure that
the volumetric averaging does not result in a layer of exposed soil with
excessive concentrations. The soil layers of concern are the layer from 0-1 m
and 3-4 m, which are the layers upon which the foundations for the slab-on-
gradehouseandahousewithabasement,respectively,areassymedtobe
built. To control these scenarios, the ayerage over the 100 m defined for
these layers will be limited to the 100 m averaging criteria.

i

!

l

i

.
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REsRAD, veroton 5.62 in Limit o 0.5 yeer 10/23 % 07:52 Pese 8
Sammary : PG-8-08 Default Parameters File: FAUVER.R2 ,

Centaminated Zone Dimenolone Inittet Soit Concentratione, pCl/g ~

Arse: 3.00 square seters Re-228 5.000E+00 ,

Thicknees: 0.30 meters Th-228 5.000E+00 *

Cover Depth: 0.00 metere Th-232 5.000E+00

Total Deee TDoeE(t), aren/yr
Seele Radiation Doeo Llelt = 30 areevyr

Total Mixture tus M(t) = Fraction of Beele Dose Llef t Received et Time (t)

t (years): 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03
T00eE(t): 1.000E+01 1.001E+01 9.828E+00 9.295E+00 8.872E+00 8.479E+00 3.692E-09 2.756E-10

M(t): 3.360E-01 3.336E-01 3.276E-01 3.098E-01 2.957E-01 2.826E 01 1.231E 10 9.187E-12 i

Monteue TDosE(t): 1.000E+01 mreuvyr et t = 0.000E+00 yeere
.

'

P
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i
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* REssue, version 5.62 in Limit e 0.5 yeer 10/23/96 07:52 Pese 9
sismery : PG-5-OS Default Perseetere File: FAUWER. RAD. -

Total Dose Centributtene 7000E(1,p,t) for Indivieset Radionuelldes (I) and Pathueys (p) '.

As aren/yr and Fraction of Totet Does At t = 0.000E+00 years
Water I.* L a Pethueys (inhetetten excludee redan) -

Groned Ifteletten ,Reden Plant Itset ultk gegt .

,

Radio-
muctide areevyr fract, uree/yr fract. aremfyr fract. arem/yr fract. arem/i c fract. arem/yr fract, areeVyr frect.

Re-22s 2.405E+00 0.2306 9.400E-03 0.0009 0.000E+00 0.0000 2.530E-02 0.0025 9.422E-05 0.0000 1.321E-M 0.0000 2.996E-04 0.0000
Th-22s 3.933E+00 0.3902 6.430E-01 0.0639 0.000E+00 0.0000 3.555E M 0.0000 1.955E-06 0.0000 1.560E-07 0.0000 1.681E-M 0.0000
Th-232 2.657E-M 0.0000 3.060E+00 0.3036 0.000E+00 0.0000 1.21 h-03 0.0001 6.751E-06 0.0000 5.312E-07 0.0000 5.600E-04 0.0001 I

r

Totet 6.339E*00 0.6208 3.714E+00 0.3604 0.000E+00 0.0000 2.695E-02 0.0027 1.029E-06 0.0000 1.327E-06 0.0000 1.036E-03 0.0001

Totet Doee Centributtone TD0sE(i.p,t) for Individael Radionuctides (I) and Pathways (p)
As erem/yr and Fraction of Total Dose At t = 0.000E+00 years

Water Dependent Pathueye
Water llah Redon Plant feest Mitk Att Pethueys*

iRadle-
stuctide arsevyr fract. aremfyr fract. arem/yr fract. airem/yr fract. ersevyr fract. meneVyr fract. ereeVyr fract. L

'.
Re-228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.441E+00 0.2421
Th*228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.578E+00 0.4541
Th-232 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.062E+00 0.3038

*

Totet 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.000E+01 1.0000* sue of att water independent and dependent pathways.

t
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RESRAD, version 5.62 T% Limit o 0.5 year 10/23/96 07:41 Page 8
Summary : PG 8-06 Default Perameters File: FAUWER. RAD .

Contaminated Zone Olsenelone Inittet soit concentratione, pCl/g '

Aree: 30.00 agaere meters Re-228 5.000E+00 .

Thicimese: 0.30 motors Th-228 5.000E+00
Cover Depth: 0.00 meters Th-232 5.000E+00

*

Total Dose TOOSE(t), aremfyr
Seele Redletten Does Llelt = 30 area /yr

Total Mixture Sun M(t) = Fraction of teele Dose Llelt Received at flee (t)

t (years): 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03
TDOSE(t): 2.599E+01 2.578E+01 2.525E+01 2.371E+01 2.25M+01 2.154E+01 3.713E-08 2.771E-09

M(t): 8.663E-01 8.593E-01 8.417E 01 7.903E-01 7.510E-01 7.179E-01 1.238E-09 9.237E-11
Mexianae TDOSE(t): 2.599E+01 mreuvyr et t = 0.000E+00 yeers

,

u__________________.________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ _ _ . _ _ _ - _ _ _ _ _ _ _ . _ -___ _ _ _ _ _ _ _ _ - _
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RESRAD, version 5.62 in Lizit e 0.5 year 01/14/97 13:22 Pese 8
Summary : Fauver test File FAUVER. RAD ,

Centaminated 2cne Dimensters Inittel Soll Concentrations, pCl/g

Aree: 75.00 agaere meters Re-228 5.000E+00 .

Thicknese: 0.30 metere Th-228 5.000E+00
Cover Depth: 0.00 metere Th-232 5.000E+00

*

Total Dese TDosE(t), areW yr
Seele Redletten Dome Limit = 30 mremryr

Total Mixture Sun M(t) = Fraction of Beelc Dose Limit Received et Time (t)

t (years): 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03
T900E(t): 3.154E41 3.120E 41 3.00E41 2.875E+01 2.733E+01 2.619E+01 1.076E-06 8.034E-06

M(t): 1.051E+00 1.00E+00 1.021E40 9.583E-01 9.109E-01 8.731E-01 3.588E-06 2 A7BE-09
menisman TDOSE(t): 3.154E+01 aree/yr at t = 0.000E+00 yeere

,
,

, . _
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RESRAD, version 5.62 in Lielt = 0.5 yeer 01/14/97 13:40 Pese 8
Summary : Feuver test File: FAUYER. RAD *

.

Contaminated Zone Diesnelone Inittet soll Concentrations, pct /s
*

Aree: 100.00 square metere Re-228 5.000E+00
Thicknese: 0.30 meters Th-228 5.000E+00

cover Depth: 0.00 meters Th-232 5.000E+00

Tetet Dose TDosE(t), arem/yr
Beale Redletion Dose Llelt = 30 armaryr

Total Mixture sue M(t) = Fraction of Beste Dose Limit Received at flee (t)

t (years): 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03
7900E(t): 3.319E+01 3.292E+01 3.223E+01 3.025E+01 2.875E+01 2.754E+01 1.255E-06 9.366E-08

M(t): 1.106E+00 1.097E*00 1.074E+00 1.000E+00 9.583E-01 9.180E-01 4.183E-08 3.122E-09
Mexisan TDOSE(t): 3.319E+01 arem/yr at t = 0.000E+00 yeers

,
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RESIUS, Version 5.62 T% Ll;lt = 0.5 year 01/14/97 13155 Pese 8
Summary : Fauver test File: FAUWER. RAD

.

.

!

Centaminated Zone Dimonelene Inittel Soll Concentretions, pCl/0 I
'

Aree: 150.00 square meters Re-228 5.000E+00 -

Thicknees: 0.30 meters Th-228 5.000E+00
Cover Depth: 0.00 meters Th-232 5.000E+00

'

Total Doee TD00E(t), erem/yr
Beele Radletion pose Llett = 30 arem/yr

Total Mlature se M(t) = Fraction of Beste Dose Lleit Received at Time (t)

t (years): 0.000E*00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03
TDoeE(t): 3.499E+01 3.470E+01 3.397E+01 3.187E+01 3.829E+01 2.902E+01 1.558E-06 1.163E-07

M(t): 1.166E+00 1.157t+00 1.132E+00 1.062E+00 1.010E+00 9.672E-01 5.194E-08 3.8 TIE 09 <

Mexleue TDosE(t): 3.499E+01 erem/yr et t = 0.000E+00 years )

*

I
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RESRAD, verston 5.62 T% Llelt = 0.5 year 10/22/96 13:34 Pese a
summary : PG-8-08 Default Poremeters File: FAUWER.R4D .

Contaminated Zone Dimenolone Inittet soit concentrations, pCl/g -

Area: 225.00 a w e metere Re-228 5.000E+00 .

Thicimose: 0.30 meters Th-228 5.000E+00
Cover Depth: 0.00 metere Th-232 5.000E+00

'

Total Dose TeosE(t), erem/yr
Beele Radletion Dose Lleft = 30 aremryr

Totet mixture sum N(t) = Fraction of Beele Dose Llelt Received at flee (t)

t (yeere): 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03
TDOSE(t): 3.699E+01 3.668E+01 3.590E+01 3.368E+01 3.199E+C1 3.058E+01 2.895E-07 2.160E-06

M(t): 1.233E+00 1.223E+00 1.197E+00 1.123E+00 1.066E+00 1.019E+00 9.650E-09 7.201E 10
nextaun TDOBE(t): 3.699E+01 erem/yr et t = 0.000E+00 yeere

,

P

.I

!
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afsmAO, wereton 5.62 T% Lielt = 0.5 year 10/22/96 13:34 Page p
.

suonary : PG-0-00 Default Peremeters File: FAUWER. RAS !.

-

Total Dese Centritmstione T900E(1,p t) for Individet medionucLtdes (I) and Pathueys (p)
;

As ares /yr and Fractlen of Total Deee At t = 0.000E+00 years p
*Water I ^ L a Pethueys (le etetten encluttes redon) ,

Greed Imeletlen ,Reden Plant Aset nitt gett -

Redle-
muctide aree/yr fract. arearyr freet, area /yr fract. aren/yr fract. areatyr fract. ares /yr fract, aremryr fract.

go.223 9.084E+00 0.2660 2.15M-St 0.0006 0.00m 4 0 0.0000 1.904E+00 0.0515 7.071E-03 0.0002 9.910E-03 0.0005 2.247E-02 0.0006
Th-238 1.eS5E+01 0.4474 1.48dE+00 0.0396 0.000E+00 0.0000 2.491E-02 0.0007 1.460E-06 0.0000 1.170E-05 0.0000 1.261E-02 0.0003
Th-232 9.030E 04 0.0000 6.90 m+00 0.10E5 0.00E+00 0.0000 9.21 M-02 0.0025 5.072E-06 0.0000 3.990E-05 0.0000 4.260E-02 0.0012

Totet 2.642E+01 0.71 2 8.455E+GO 0.2235 0.000E+00 0.0000 2.02M+00 0.0547 7.725E-03 0.0002 9.961E-03 0.0003 7.760E-02 0.0021 [
Total Deee Centributione T900E(1,p,t) for Individsel Radionuclides (1) and Pathueys (p)

As aremryr and Frection of Total Dese At t = 0.000E+00 years
Water Deperuhnt Pathueys

Wetw Floh Reden Plant Meet Nilk Att Pathways *

suct aren/yr fract. arem/yr fract. aremryr fract. arem/yr fract. mram/yr fract, arem/yr fract. arem/yr fract.

Re-220 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.183E+01 0.3199
th.228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.006E+01 0.4861
Th-232 0.000E+00 0.0000 0.000E+00 0.00M 0.MOE+00 0.D 0. M OE+00 0.00 M 0.000E+M 0.0000 0.000E+00 0.0000 7.104E+00 0.1920

Totet 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+M 0.MM 0.000E+M 0.0000 0.000E+00 0.0000 0.000E 40 0.0000 3.699E+01 1.0000 t* Sus of att unter independent and dependent pathueys. [
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REstac, version 5.62 in LII.it = 0.5 year 10/~2/96 11:49 Pee. 8
summary : PG 8-08 Default Parameters File: FAUWER. RAD q

Conteelneted Zone Diaonolone Inittet soit Concentrations, pcl/g
'

Area: 300.00 square meters Re-228 5.000E+00 -

Thickness: 0.30 meters Th-228 5.000E+0D .

Cover Depth: 0.00 meters Th-232 5.000E+00

Tote! Does 1900E(t), areeryr
Seele tedletion Deee Lielt = 30 mramryr

Total Mixture sus M(t) = Fraction of Basic Dooo Llelt Received at Time (t)

t (yeere): 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03
TDOSE(t): 3.833E+01 3.801E+01 3.719E+01 3.487E+01 3.310E+01 3.155E+01 3.917E-07 2.923E-08

mit): 1.278E+00 1.267E+00 1.240E+00 1.162E+00 1.103E+00 1.052E+00 1.306E-08 9.742E-10
nextaus T)osE(t): 3.833E+01 aremryr et t = 0.000E+00 yeere

,

5

F

i

l

!

l
.
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RESRAD, verolan 5.62 T% Lielt o 0.5 yeer 10/22/96 09:08 Pese 2
Summary : PG-8-OS Defeutt Parameters File: FAUVER. RAD %

'

Dose Corworsion Factor (and Related) Parameter Summary
File: DOSFAC. BIN

Current Parameter '

plenu Perameter Vetue Default Name

3-1 pose corwersion facters for ledaletion, arem/pCI:
g-1 Re 223*D 5.000E-03 5.000E-03 DCF2( 1)
3-1 Th-220+D 3.450E-01 3.450E-C1 DCF2( 2)
3-1 Th-232 1.640E+00 1.640E+00 DCF2( 3)

0-1 Dose cerwersion factors for ingestion, erem/pCl:
0-1 Re-2284 1.440E-03 1.440E-03 DCF3( 1)
D-1 Th-228+D 8.000E-04 8.000E-04 DCF3( 2)
D-1 Th-232 2.730E 03 2.730E-03 DCF3( 3)

0-34 Food trenefer factors:
D-34 Re-228+0 , plant /scit concentration retto, dimenslantees 4.000E 02 4.000E-02 wTF( 1,1)
D-34 Re-228+0 , beef /tivestock-intake retto, (pCl/kg)/(pCl/d) 1.000E-03 1.000E-03 RTF( 1,2)
0-34 Re-228+D , altk/ Livestock-intake ratio, (pCl/L)/(pC1/d) 1.000E-03 1.000E-03 RTF( 1,3)
0-34
0-34 Th-228*0 , plant / soft concentration retto, dimensionteet 1.000E-03 1.000E-03 RTF( 2,1)
D-34 Th-228+0 , beef /tivestock-intake retto, (pCl/kg)/(pCl/d) 1.000E 04 1.000E-06 RTF( 2,2)
D-34 Th-228+0 , milk / livestock-intake retto, (pCf/L)/(pCl/d) 5.000E-06 5.000E-06 RTF( 2,3)
D-34
D-34 Th-232 , plant /soit concentration ratio, dimensionless 1.000E-03 1.000E-03 RTF( 3,1)
D-34 Th-232 , beef / livestock-intake retto, (pCf/ks)/(PCI/d) 1.000E-04 1.000E-04 RTF( 3,2)
D-34 Th-232 , milk /tivestock-intake ratio, (pci/L)/(pCf/d) 5.000E-06 5.000E-06 RTF( 3,3)

D-5 sloeccumutetten factors, fresh veter, L/ks:
0-5 Re-228+0 , fish 5.000E+01 5.000E+01 510FAC( 1,1)
D-5 Re-228+0 , crustacee and mottusks 2.500E+02 2.500E+02 s!OFACC 1,2)
D-5
D-5 Th-228+0 , fish 1.000E+02 1.000E+02 310FAC( 2.1)
D-5 Th-228+0 , crustacee and mottusks 5.000E+02 5.000E+02 BIOFACC 2,2)
D-5
0-5 Th-232 , fish 1.000E+02 1.00T+02 BIDFAC( 3,1)
D-5 Th 232 , crustacee and mottusks g 5.000E+02 5.000E+02 810FACC 3,2)
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RESRAD, version 5.62 T% Limit = 0.5 year 10/22/96 09.08 Page 3tusmery : PG-0-OS Default Perametere
File: FauvER.Rao '

Site-specific Persmeter Sumery
.

menu UserParameter used by REtta0tryut Defeutt
.

RO11 Area of contaminated sene (m**2) (If dif ferent from user Iryut) '

p

Reit Thicknees of contaminated sene (e) 1.000E+04 1.000E+04
R011 Length parettet to ogstfor flew (a) 3.000E-01 2.000E+00 AREA

--- ,

Rett Deele radietten dose tielt (aram/g ) 1.000E*02 1.000E+02 y,g
---

R011 Tlas einee placement of meterial (yr) 3.000E+01 3.000E+01 gg
---

R011 Tlass for ceteutettens (yr) 0.000E*00 0.00pMA) OR04.
---

,

R011 Tless for ceieutetfene (yr) 1.000E+0p i.000E+00 T1
--- '

Rett Tiess for cateutettene (yr) 3.GueE+00 3.000E+00 TC 2
--*

RO11 flees for calcutetions (yr) 1.000E+01 1.000E*01 yg3f---

R011 Tlass for calcutettone tyr) 3.000E+01 3.000E+01 yg 43
.

---

R011 Times for calcutettens (yr) 1.000E+02 1.000E+02 TC 5) !

---

RO11 Tlase for calculottens (yr) 3.000E+02 3.000E+02 T( 6) '

---

RO11 Times for calcutettens (yr) 1.000E+03 1.000E+03 n 73
---

R011 Tlase for calculatione (yr) not used 0.000E+00 yg g3
---

--.not used 0.000E+00 yg 93---
R012 Initiet principet radionuclide (pcl/s): Re-228

5.000E+00 0.000E+00
T(10)

R012 Inittet principet radionuctide (pct /s): Th-228
5.000E+00 0.000E+00 III II

---
R012 Inittet principet radionuclide (pCl/s): Th-232

5.000E+00 0.000E+00 S1( 2)
---

R012 Concentration in groundseter (pCf/L): Re-228 not used 0.000E+00 IN 3I
---

R012 concentration in preundseter (pct /L): Th-228 not used 0.000E+00 "II II
---

R012 concentration in proindseter (pci/L): Th-232 not used 0.000E+00 W1C 2)
---

---
R013 Cover depth (m) W1C 3)
R013 Denalty of cover meteriet (s/ceF*3) 0.000E+00 0.000E+00 ---not used 1.500E+00 0A013 Cover depth econfon rete (m/yr) not used' 1.000E-03 ;

--- y
R013 Density of contmaineted zone (g/ce**3)

1.630E+00 1.500E+00
---

R013 contmeinsted zone erosion rete (m/yr)
1.000E-03 1.000E-03

--- +

2013 Contaminated zone total porcelty
3.000E-01 4.000E-01

I i---
R013 contesinated zone effective porcelty

2.000E-01 2.000E-01
---

R013 contaminated zoni. hydraulic conductivity (m/yr) 1.000E+01 1.000E+01
---

R013 Contaminated zone b parameter
5.300E+00 5.300E+00 " I

---

R013 Numidity in air (g/cm**3) ---not used 8.000E+00 'UIRO13 Evapotranspiration coefficient
5.000E-01 5.000E-01

---
R013 Precipitation (m/yr) *

R013 Irrigation (m/yr) 1.000E+00 1.000E+00 E
--

R013 Irrigetion mode 7.600E-01 2.000E-01 PRECIP
---

1013 Rinoff coefficient overhead overhead
---

,

2.000E-01 2.000E-01 IDITCH
---

R013 Watershed eree for neerby stream or pond (m**2) 1.000E+06 1.000E+06 F

'
---

R013 Accuracy for veter/soit couputations
1.000E-03 1.000E-03

---

---

R014 Density of estu eted zone (g/ce**3)
1.630E+00 1.500E+00

pg '

R014 Saturated zone totet porcelty
3.000E-01 4.000E-01 " "8"'

---
*RO14 Saturated zone effective porosity

2.000E-01 2.000E-01 I
...

'

R014 Saturated zone hydraulic conductivity (m/yr) 1.000E+02 1.000E+02 m2
---

RO14 Saturated zone hydraulic gradient
2.000E 02 2.000E-02

---

R014 Saturated zone b perameter
5.300E+00 5.300E+00

--- "C32
R014 Water table drop rate (m/yr)

0.000E+00 1.000E-03 88I
---

R014 Welt pw p intake depth (a belou unter table) 1.030E+01 1.000E+01 --

DWItWT

---

R014 Model: Nordispersion (MD) or Mose-Belence (MS) MD nDR014 Welt ptsping rete (u'*3/yr)
2.500E+02 2.500E+02

---

---

_ - - _ - - . _ - _ - - - _ _ - _ _ _ _ _ _ _ _ _ - _ _ _ - _ -
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RESRAD, version 5.62 Tn Lielt = 0.5 year 10/22/96 09:08 Page 4
Sammary : PG-8-08 Default Parameters File: FAUWER. RAD "

. ' -
Site specific Peremeter 9tsesary (contlessed)

User I Used by RESRAD ParameterMenu Parameter Irgiut { Default (If different from user irgsut) Wenn
.

*
,

R015 mustier of smeetureted none strate 1 1 ...
''

R015 Unset. sene 1, thicknees (a) 1.000E+00 4.000E+00 -..

ROIS tmoet. aene 1, soit density (e/ceF*3) 1.630E+00 1.500E*00 "III
...

R015 Unset. aene 1, totet pereelty 3.000E-01 4.000E 01 III
...

R015 Unset, anne 1, effective pereelty 2.000E 01 2.000E-01 NUI
...

R015 Unset asne 1, sof t-specific b parameter 5.300E+00 5.300E+00 UI
... Burd)RO15 Unset. aene 1, hydraulic coneksetivity (avyr) 1.000E+01 1.000E+01 ---

NcutO}
R016 Distribution coefficiente for Re-228
R016 Contaminated none (ceF*3/g) 7.000E+01 7.000E+01 ---

R016 Uneaturated zone 1 (ceF*3/s) 7.000E+01 7.000E+01 EI II
...

R016 Saturated mene (car *3/g) 7.000E+01 7.000E+01 " UI 1*II---

fR016 Leech rete (/yr) 0.000E+00 0.000E+00 2.276E-02
R016 sol 4 1Lity constant 0.000E+00 0.000E+00 not used gotyggg

R016 Distribution coefficients for Th 228
R016 Contaminated zone (e# *3/g) 6.000E+06 S.000E+04 ...

R016 Unsetureted zone 1 (ce3/s) 6.000E+06 6.000E+06 --

mg g
R016 Satursted zone (ceF*3/g) t.000E+04 6.000E+06 ---

N( 2 1
DCNUCS( NR016 Leech rate (/yr) 0.000E+00 0.000E+00 2.658E-05 ALEEMt 2) i

R016 Sott&llity constant 0.000E+00 0.000E+00 not used SOLUSK( 2) !

R016 Distribution coefficients for Th-232
R016 Contmeinsted none (ceF*3/s) 6.000E+04 4.000E+04 ---

DCuuCC( 3I
I

R016 Unsaturated zone 1 (caf*3/g) 6.000E+04 6.000E+04 ---

I llR016 Saturoted zone (ceF*3/g) 6.000E+06 6.000E+06 --- g,f 'R016 Leech rete (/yr) 0.000E+00 0.000E+00 2.658E-05
R016 Sol 4 1Lity constant 0.000E+00 0.000E+00 not used SOLUgK( 3)

R017 Inhetetion rate (aF*3/yr) 1.051E+06 4.400E+03 -.

*""'I
R017 ness toeding for inhetetton (g/ar*3) 2.000E-06 2.000E-06 ..- ""
R017 Dilution length for airborne cksst, inhalation (m) 3.000E+00 3.000E+00 --.

$
*

R017 Emposure duration 3.000E+01 3.000E+01 ..-
!

R017 shletding factor, irtetetton 5.000E-01 4.000E-01 i... -
g,,3

R017 shielding factor, externet gesen 3.300E-01 7.000E-01 --. g,73
R017 Fraction of time spent Indoors 5.500E-01 5.000E-01 ---

R017 Fraction of time spent outdoors (on site) 2.100E-01 2.500E-01 --- I

R017 shape factor flag, externet games 1.000E+00 1.000E+00 1 shows circuter AREA. Fs

!

__ - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - _ - _ _ - _ - - _ _ _ _ _ _ _ _ _ - . _ _ _ _ _ _ - _ _



RESRAD, Veroien 5.62 T% Limit o 0.5 year 10/22/96 09;08 Page 5
Summary : PG-8-08 Default Parametere Files FAUYER. RAD s

Site-specific Peremeter Sueeery (continued)
'

' *Menu Persnoter gut Default (If Jiff t ram user input) use.
'

R017 Redit of shape factor errey (used if FS = -1):
R017 Outer emuler radius (m), ring la not used 5.000E+01 ...

R017 Outer emuler radius (m), ring 2 not used 7.071E+01 RA0_SNAPE( 1)...

R017 Outer annuter radius (m), ring 3: ret used 0.00gE*00 ##8 SNAPEC 2)... -

R017 Outer enruster radius (m). ring 4: not used 0.000E+00 RA0_SaAPE( 3)...

R017 Outer emuter radius (m), rirg 5: not used 0.000E+00 RA0_SNAPE( 4)...

R017 Outer emuler radius (m), ring 6: not used 0.000E+00 "#0 SNAPE( 5)
... -

A0_SNAPE( 6)R017 Outer emuter radius (m), rirg 7: not used 0.000E+00 ...

"#0 SNAPE( 7)R017 Outer emuter radius (m), ring 8: not used 0.000E+00 ...

RA0_SNAPEC 8)
-

R017 Outer emuter radius (m), rity 9: not used 0.000E+00 ...

R017 Outer emuler radius (m), ring 10: not used 0.000E+00 RA0_SNAPE( 9)...

R017 Outer emuter radius (m), ring 11: not used 0.000E+00 A0_SNAPE(10)...

R017 Outer emuter radius (m), ring 12: not used 0.000E+00 RA0_SNAPE(11)...

RA0_SNAPE(12)

R017 Fractions of emuler erees within AREA:
R017 Ring 1 t.ot used 1.000E+00 ...

R017 Ring 2 not used 2.732E 01 ...
FRACA( 1)
FRACA( 2)R017 Ring 3 not used 0.000E+00 ...

R017 Ring 4 eet used 0.000E+00 FRACA( 3)
...

R017 Ring 5 not used 0.000E+00 FRACA( 4)
...

R017 Ring 6 not used 0.000E+00 FRACA( 5)
...

R017 Ring 7 not used 0.000E-00 ...
FRACA( 6)

R017 Ring 8 not used 0.000E+00 FRACA( 7)
...

FRACA( 8)R017 Ring 9 not used 0.000E+00 ...

R017 Ring 10 not used 0.000E*00 IIAEAC 'I
...

R017 Ring 11 oct used 0.000E+00 ...
FRACA(10)
FRACA(11)R017 Ring 12 not used 0.000E+00 ...

FRACA(12)

R018 Fruits, vegetables and grain coneusption (kg/yr) 1.660E+02 1.600E+02 ...

DIET (1)R018 Leafy vegetable constaption (kg/yr) 1.100E+01 1.400E+01 ...

DIET (2)R018 Milk consumption (L/yr) 1.000E+02 9.200E+01 ...

DIET (3)
RO18 Meet and poultry consumption (kg/yr) 6.300E+01 6.300E+01 ...

DIET (4)R018 Fish consumption (kg/yr) 5.400E+00 5.400E+00 ...

DIET (5)R018 other seefood consumption (kg/yr) 9.000E-01 9.000E-01 ...

DIET (6)R018 Soit ingestion rate (g/yr) 1.825E+01 3.650E+01 ...

SOIL
R018 Drinking water intake (L/yr) 7.300E+02 5.100E+02 ...

DWI
R018 Contamination fraction of drinking water 1.000E+00 1.000E+00 ... ID"
RO18 Conteetnetton fraction of household water not used 1.000E+00 ...

I"""
R018 Contaminetton fraction of Livestock water 1.000E+00 1.000E+00 ...

FW
R018 Contaminetton fraction of irrigation water 1.000E+00 1.000E+00 ...

IIEW
R018 Contaminetton fraction of acpastic food 5.000E-01 5.000E-01 ...

R018 Contmeinetton fraction of plant food 1 1 0.500E+00
R018 Contaminetton fraction of meet -1 1 0.500E+00
R018 Contesinetton fraction of altk 1 1 0.500E+00 ry

R019 Livestock fodder intoke for meet (kg/ day) 6.800E+01 6.800E+01 ...

LFIS
R019 Livestocet fodder intake for altk (kg/ day) 5.500E+01 5.500E+01 ...

LFI6
R019 Livestock water intake for meet (L/doy) 5.000E+01 5.000E+01 ...

W15
RO19 Livestock water intoke for milk (L/dsy) 1.600E+02 1.600E+02 ...

I0
R019 Livestock soit intake (kg/dey) 5.000E-01 5.000E-01 ...

R019 | Mass toeding for folter deposition (g/m**3) 1.000E-04 1.000E-04 ...

-- - _ _ - - - - --- _ - .
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Summary : PG-8-06 Default Peremeters File: FAUWER. RAD :-

,

Site-specific Parameter summary (continued)
L

user used by RESRAD * **seenu Peremeter tryut Default (If different from user fryut) meme
,

'

RC19 Depth of soit sizing toyer (a) 1.500E-01 1.500E 01 ...
D4

R019 Depth of roots (m) 9.000E-01 9.000E 01 ...
DROOTR019 Drtritre water fraction from gramd water 1.000E+00 1.000E+00 ...

R019 Neusehold water fraction from gre e d weter 1.000E+00 1.000E+00 ... '"R019 Livestock water fraction from promd water not used 1.000E+00 ...

R019 Irrigetton fraction from gro md water 1.000E+00 1.000E+00 ...

C14 C-12 concentration in water (s/ceF*3) not used 2.000E-05
'

-
...

C12 m
C14 C 12 concentratten in contaminated soit (5/g) not used 3.000E-02 ...

C12CZ
C14 Fraction of vegetetton carbon from soit not used 2.000E-02 ...

C301L
C14 Fraction of vegetetton carbon from air not used 9.800E-01 ...

AIE
C14 C-14 eveston layer thicknees in soit (m) not used 3.000E-01 ...

Dec
C14 C-14 ewesion flum rete from eoit (1/sec) not used 7.000E-07 ...

C14 C-12 aveelen flux rate from soit (1/sec) not used 1.000E-10 ... ""
C14 Fraction of grain in beef cattle food not used 8.000E-01 ...

A
,

C14 Fraction of grain in milk cow feed not used 2.000E-01 ...

STut Storage times of contaminated foodstuffs (deys):
STOR Fruits, non-teefy vegetables, and grain 1.400E+01 1.400E+01 ...

STOR Leefy vegetables 1.000E+00 1.000E+00 STOR_T(1)...

STOR Mitk 1.000E+00 1.000E+00 STOR_T(2)...

- (3)T
s10R Meet and poultry 2.000E+01 2.000E+01 ...

STOR Fish 7.000E+00 7.000E+00 ...
I " T(4)

,

t

I -T- (5)STOR Crustacee and mottusks 7.000E+00 7.000E+00 ...
I - (6)T

STOR Welt water 1.000E+00 1.000E+00 ...
I - (7)T

STOR Surface water 1.000E+00 1.000E+00 ...
I

Sion Livestock fodder 4.500E+01 4.500E+01 ...
ST

R021 Thicknees of building foundation (m) not used 1.500E-01 ...
LOOR =

;

R021 Sulk density of building fo m dation (g/ceF*3) not used 2.400E+00 ...

DENSFL i
R021 Total porcelty of the cover meteriet not used 4.000E-01 ...

R021 Totet porosity of the building foundation not used 1.000E 01 ...
TPFL

R021 Volumetric water content of the cover meteriet not used 5.000E-02 ... M20W
R021 Volumetric water content of the foundation not used 3.000E-02 ...

PN20FL
R021 Diffusion coefficient for redon see (Wsec):
R021 in cover meteriet not used 2.000E-06 ...

DIEU
R021 in fo m dation meteriet not used 3.000E-07 ...

DIFFL
R021 in contaminated zone soit not used 2.000E-06 ...

DIFCZ
R021 Redon verticet dimension of mixing (m) not used 2.000E+00 ...

""I*
R021 Average emuel wind speed (Weec) not used 2.000E+00 ... " iR021 Average building air exchange rete (1/hr) not used 5.000E-01 ...

REXG 6

R021 Height of the building (room) (m) not used 2.500E+00 ... "
R021 suilding interior eree factor not used 0.000E+00 ,

... I
R021 sullding depth below gro m d surface (m) not used -1.000E+00 ... f

R021 Emanating power of an-222 ges not used 2.500E-01 ... "
R021 Emeneting pewer of Rn-220 ges not used 1.500E-01 ...

>

-- - - . _. _ . _ _ _ _ - - _ - . . _ _ _ . - _ _ _ _ _ . _ _ _ _ _ _ . _ . _ - _ _ . . - - - _ - - _ _ - _ - . - _ . _ - _ _ - _ _ _ _ _ - - - _ _ _ - _ - - _ . _ _ _ _ _ _ . . _ _ - - _ - _ _ - _ _ - - - - - - _ _ _ _ _ - - . - _ _ _ _ . _ _ - . - . _ - _ _ _ _ _ - - _ _ - _ _ . - - - - - - - _ _
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REssue, ver.lon 5.62 T% Limit e 0.5 yeer 10/22/96 09:08 Pese 7
Summary : PG-8-08 Default Perameters File: FAUVER. RAD -

.

.

Summary of Pethuey selectione ,

Pethuey User selection

1 -- enternet samme active
2 -- frdutetton (te/o redon) active
3 -- plant inesetten active
4 -- meet ingestien active
5 -- altk trypestim active
6 -- espotle foods active
7 -- drinking meter active
8 -- soit ingestion active
9 -- reden sigpressed

;

- _ _ _ _ . _ _ _ _ _ _ _ _ - - _ _ - _ - _ _ - _ - _ _ _ - _ _ _ _ _ . - . .- - _ _ - _ _ - _ . _ - - - . - - _ _ _ _ _ _ -



__. _ _ _ _ _ _ _ - - - -- - - - - . _ _ _ _ _ - _ _ . . - _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

REERAD, Version 5.62 .T% Lielt e 0.5 yeer 10/22/96 09.08 Paee 8,

summary : Ps-8-00 Default Parameters File: FALNER. RAD '

Contaminated Zone Dimensions Inittet soll Concentrations, pcl/s
'

s

-

Aree 10000.00 ocpere meters Re-228 5.000E+00 -

Thickness: 0.30 meters Th-228 5.000E+00
cover Depth: 0.00 meters Th-232 5.000E+00

'

Total Deee TDOSE(t), arge/yr
;seele Red!ation Doee Limit = 30 aremryr
,

Total Mixture 9 m int) = Fraction of Basic Doee Lielt Received at flee (t) '

t (years): 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.00M+03
TD00E(t): 4.906E+01 4.930E+01 4.821E+01 4.507E+01 4.251E+01 3.955E+01 1.938E-06 1.445E-07 '

M(t): 1.662E+00 1.646E+00 1.607E+00 1.502E+00 1.417E+00 1.318E+00 6.459E-08 4.817E 09
nonisan TDOSE(t): 4.986E+01 mram/yr at t = 0.000E+00 years

,

b

{

i

_ - _ - _ _ _ _ . . . _ . - _ _ - _ _ _ - - - - _ _ _ _ _ _ _ . _ . _ - - _ _ _ _ . . _ _ - - - - - _ - - _ - - - _ . _ . _ - - _ - _ . _ . _ _ _ . . . _ . - - . - - - _ . -
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RESRAD version 5.62 in Limit = 0.5 year 10/22/96 09t08 Pepe 11
Semiery : PG-8-08 Default Parameters File FAUwR. RAD

Totet Deee Contributions 7800E(1,p.t) for Individael Redlanuclides (1) and Pethueye (p) *

An uremfyr and Fraction of Total Dose At t = 3.000E+00 years
Water t. * -.. Pethueye (Inhetetton esclude redon) .

scomd Ireistetton .Redan Plant meet milk gogg "

Radio-
muctide areevyr fract. aree/yr fract, areevyr fract. aren/yr fract. arem/yr fract. aren/yr fract. arem/yr fract.

Re-228 1.695E+01 0.3516 9.015E-01 0.0187 0.000E+00 0.0000 5.553E*00 0.1152 2.091E-01 0.0043 2.854E-01 0.0059 9.402E-02 0 0020
Th-228 6.323E+00 0.1312 5.759E-01 0.0119 0.000E+00 0.0000 4.005E-02 0.0008 2.201E 03 0.0000 1.765E-04 0.0000 1.090E-020$024
Th-232 5.546E+00 0.1150 8.332E+00 0.1728 0.000E+00 0.0000 2.903E+00 0.0602 1.165E-01 0.0324 1.3071 01 0.0027 2.255E 01 0.0047
Totet 2.882E+01 0.5978 9.009E+00 0.2035 0.000E+M 0.M 8.M+M 0.1762 3.278E-31 0.0068 4.163E-01 0.0086 3.384E-01 0.0070

Totet Dose Contributione 700SE(f.p.t) for Individael Radionuclides (1) and Pathueye (p)
As arsevyr and Fraction of Totet Dose At t = 3.000E+00 years |

Water Dependent Pathways
hter Floh Redon Ptont Neet Mitk Att Pathue)s'

t h arem/yr i

fract. arem/yr fract, area /yr fract. ersevyr fract, mreevyr fract. arem/yr fract. aren/yr frac

Re-228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.M 0.M0E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.399E+01 0.4977
Th-228 0.000E+00 0.0000 0.000E+00 0.0000 0.0ME+M 0.M 0.0ME+M 0.0MO 0.000E+00 0.0000 0.000E+00 0.0000 6.960E+00 0.1444
Th-232 0.000E+00 0.0000 0.000E+00 0.0000 0.0C3E+M 0.M 0.M0E+M 0.0000 0.M 0E+ M 0.0000 0.000E+00 0.0000 1.725E+01 0.3579 r

Totet 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0. M 0.M0E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.821E+01 1.0000* Sus of att water Independent and dependent pathways.

i

i

i

t

I

. _ _ _ _ _ _ _ _ . _ _ _ _ - . _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ ._ - _ _- - -_ - - _ _ ________- - _ _ _
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RESRAD, versten 5.62 in Llelt e 0.5 yeer 10/22/9s 09:00 Pese 12 {
Summary : PG-0-00 Default Parameters File: FAUWER. RAD m

Total Deee Centributtone T900E(1,p,t) for Individust Redlenuclides (t) and Pathueys (p) *

As aremryr and Fraction of Total Dese At t = 1.000E+01 years
Water Independent Pethueys (Irdeletten excludes redon) ,

Ground Ifdialetten Reden Plant I.eet Mith gott -

Redle- ..

NucLtdo rem /yr fract. aremryr fract. aremfyr fract. areevyr fract. aremryr fract. areevyr fract. aree/yr fract. '

me.228 9.213E+00 0.2044 6.06eE-01 0.0134 0.000E+00 0.0000 2.00 E+00 0.0445 7.662E-02 0.0017 1.033E-01 0.0025 4.347E 02 0.0010
Th-228 4.99M-01 0.0111 4.55E 02 0.0010 0.000E+00 0.0000 3.ONE-05 0.0001 1.741E-04 0.0000 1.396E 05 0.0000 1.496E-05 0.0000 *

Th-232 1.492E+01 0.3754 9.02dE+00 0.2005 0.000E+00 0.0000 5.737E*00 0.1273 2.256E-01 0.0050 2.709E-01 0.0062 2.026E-01 0.0063
Totet 2.663E+01 0.5909 9.674E+00 0.2147 0.000E+00 0.0000 7.747E+00 0.1719 3.024E-01 0.0067 3.022E-01 0.0005 3.27eE-01 0.0073

i

Total Deee Centributions T90eE(1,p t) for Individual Redlenuclides (l) and Pethueye (p)
,As areevyr and Fraction of Total Deee At t = 1.000E+01 years 6

Water Dependent Pathueys
Water Floh Redon Plant Meet Milk All Pathueys*

;

muct woovyr fract. wom/yr fract. arem/yr fract. arem/!T fract. areevyr fract. weavyr fract. arem/yr fract. j

Re-228 0.000E+00 0.0000 0.000E+00 0.0000 0.0ME+00 0. M 0.0ME+00 0.0M0 0.0ME+M 0.M00 0.000E+00 0.0000 1.205E+01 0.2673
Th-228 0.000E+00 0.0000 0.000E+00 0.M00 0.M+M 0.M 0.M0E+M 0.M 0.0ME+M 0.M 0.000E+00 0.0000 5.500E-01 0.0122

.!Th-232 0.000E+00 0.0000 0.000E+00 0. M 0.0ME+M 0.M 0.M0E+M 0.M 0.0ME+M 0.0000 0.000E+00 0.0000 3.247E+01 0.7205
Totet 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.507E+01 1.0000 1

- * Sus of att unter independent and dependent pathueys. ;

I

!

!

!

>

t

I

0

_ _ . _ - - - _ . . _ . - - - . . . . - - . . _ - _ _ . . . . . . . _ _ - . - _ . - _ - _ _ - - . - _ _ _ . . . _ _ _ . _ . . - - _ _ - - _ - _ _ _ - - _ . - . _ - - _ _ - - - . - - _ _ . . _ - . . _ _ , . _ .
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RESRAD, version 5.62 in Llett = 0.5 yeer 10/22/96 09:08 Pese 13 '

sueeery : PG-8-08 Defoult Peremeters File: FAUWER. RAD
^

'.
Total Does Contributtone 7000E(1 p.t) for individset Radionuclides (1) and Pethueys (p)

As area /yr and Fraction of Tetel Dose At t = 3.000E+01 years *

Water Independent Pathueys (Irdeletion escludes redon)
-

Gromd Ifdietetten Redan Plant meet ultk gottRadio- >

Nuctido eres/yr fract. arem/yr fract. ares /yr fract. arem/yr fract. ureevyr fract. eremfyr fract. arem/yr fract.

Re-228 5.6ESE-01 0.0134 3.06M-02 0.0009 0.000E+00 0.0000 1.067E-01 0.0025 4.1ME-03 0.0001 5.640E-03 0.0001 2.415E-05 0.0001
Th-228 3.540E-34 0.0000 3.247E 05 0.0000 0.000E*00 0.0000 2.057E-06 0.0000 1.237E-07 0.0000 9.924E-09 0.0000 1.065E-06 0.0000 !

Th-232 2.449E+01 0.5 MO 9.536E+00 0.2243 0.000E+00 0.0000 6.OZ3E+00 0.1605 2.750E-01 0.0065 3.463E-01 0.0001 3.101E-01 0.0073 |
Totet 2.506E+01 0.5894 9.574E+00 0.2252 0.000E+00 0.0000 6.930E+00 0.1630 2.792E-01 0.0066 3.519E-01 0.0003 3.207E-01 0.0075

Total Dose Centributions TD00E(1,p,t) for Individsel Medionuclides (1) and Pathueys (p)
As area /yr and Fraction of Total Dose At t = 3.000E+01 years

Water Dependent Pathways
Water Floh Redon Plant Meet Nilk

Radio- -

Att Pathueys* i

Imuclide areevyr fract. aremryr fract. areevyr fract, area /yr fract. arem/yr fract. aram/yr fract. area /yr fract.
~

Re-228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0. M 0.000E+00 0.0000 0.000E+00 0.0000 7.261E-01 0
Th-228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.897E-04 0.0000 i

Th-232 0.000E+00 0.0000 0.000E+00 0.0000 0.M+00 0.M 0.M+00 0.M 0.000E+00 0.M 0.000E+00 0.0000 4.179E+01 0.9829 i

Totet 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.M 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 4.251E+01 1.0000* sum of at t water independent and dependent pathueye.
[
!

!
i

I

:

r

l

!

i

+

_ _ _ _ _ _ _ ._._.._____.___.__m___ _ . _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . _ _ _ _ __._ _ _
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etsRAD, version 5.62 in Liett = 0.5 yeer 10/2*/96 09:08 Pese 14
m: PG-8-08 Default Parametere Flte: FAUWER. RAD ,

Total Deee Centributtene 7000E(l.p.t) for Individual Redlanuctidos (1) and Pethueys (p)
Ae aree/yr and Fractlen of Total Dene At t = 1.000E+02 yeers

Water Independent Pethueys (Irseletten excludes redon) *

Groimd Iftetetten Reden Plant Noet Nith Solt
.

Radio-
;muctido eremryr fract. arestryr fract. aremryr fract. aree/yr fract, aremryr fract. aren/yr fract. aremfyr fract. t

Re-228 2.413E-05 0.0000 1.70dE-06 0.0000 0.000E+00 0.0000 3.4EE-06 0.0000 1.565E-07 0.0000 2.125E-07 0.0000 1.153E-07 0.0000 ;

Th-228 3.270E-15 0.0000 3.136E-16 0.0000 0.000E+00 0.0000 1.402E 17 0.0000 1.182E-18 0.0000 9.501E-20 0.0000 1.020E-17 0.0000 !

Th-232 2.403E+01 0.6075 9.550E+00 0.2415 0.000E+00 0.t000 5.115E+00 0.1293 2.370E-01 0.0060 2.996E-010.00M 3.197E-010.0081
Totet 2.403E+01 0.6075 9.550E+00 0.2415 0.000E*00 0.0000 5.115E+00 0.1293 2.37aE-01 0.0060 2.996E 010.00M 3.197E.010.0081

Total Doee Centributtane 7000E(1,p,t) for Indivissel Radionuclides (i) and Pathueys (p)
.As prem/yr and Fraction of Total Doee At t = 1.000E+02 years '

Water Dependent Pethueys
Water Floh Redon Plant Meet Milk Att Pathueys*Radio-

muclide aree/yr fract. eremfyr fract. arem/yr fract. arem/yr fract. ersevyr fract. aremfyr fract. aree/yr fract. !

Re-228 9.012E-07 0.0000 3.332E-09 0.0000 0.000E+00 0.0000 1.962E-07 0.0000 2.154E-08 0.0000 3.505E-08 0.0000 3.104E-05 0.0000
Th-228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+M 0. m 0.000E+ M 0. M 0.000E+00 0.0000 0.000E+00 0.0000 3.615E-15 0.0000 i

Th-232 1.406E-07 0.0000 5.020E-10 0.0000 0.000E*00 0. m 2.937E 08 0.0000 3.260E-09 0.0000 5.424E-09 0.0000 3.955E+01 1.0000
Totet 1.130E-06 0.0000 3.834E 09 0.0000 0.000E+00 0.0000 2.235E-07 0.0000 2.480E-08 0.0000 4.127E 08 0.0000 3.955E+01 1.0000 i
* sue of att unter independent and dependent pathueys.
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REsRAD, version 5.62 in Llelt = 0.5 yeer 10/22/96 09:08 Pese 15
Summary : PG-8-08 Default Peeemeters Files FAUVER. RAD a

Totet Deee Centributione TDOSE(i.p.t) for Individuet Radionuclides (1) and Pethueys (p) '
'

As arsevyr and Fraction of Total Dose At t = 3.000E+02 years
Water I, 1 .t Pethueys (Irdnetetton excludes redon) ,

Growug IrdieLetIon ,Redon P1ent Meet M1Lk solt
'

Radio-
guetido eres/yr fract. mreevyr fract, areR/yr freet. arenVyr fract. arenifr fract. aremfyr fract. aremfyr fract.

Re-228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Th-228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E*00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Th-232 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Totet 0.000E+00 0.0000 0.000E+00 0.M 0.000E+00 M 0.M0E+M 0.M 0.M0E+00 0.M00 0.000E+00 0.0000 0.000E+00 0.0000

Totet pose Contributione TDOSE(1,p,t) for Individael Redlanuclides (t) and Pathueye (p)
As aren/yr eno Fraction of Total Dose At t = 3.000E+02 years

iWater Dependent Pathways
Water Flah Redon Plant Meet Milk All Pathways *Radio-

guclide urem/yr fract. aren/yr fract. aremfyr fract, areevyr fract. aren/yr fract. arem/yr fract. mram/yr fract.

Re-228 5.656E-16 0.0000 1.922E-18 0.0000 0.000E+00 0.0000 1.119E-16 0.0000 1.240E-17 0.0000 2.064E-17 0.0000 7.124E-16 0.0000
Th-228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+M 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 i

Th-232 1.537E-06 0.7931 5.220E-09 0.0027 0.000E+00 0.0000 3.059E-07 0.1579 3.372E-08 0.0174 5.612E 08 0.0290 1.938E-06 1.0000
,

Totet 1.537E-06 0.7931 5.220E 09 0.0027 0.000E+00 0.00C3 3.059E-07 0.1579 3.372E-08 0.0174 5.612E-08 0.0290 1.938E-06 1.0000* sum of att water independent and dependent pathueys.
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REstAD, version 5.62 in Lielt o 0.5 year 10/22/96 09:08 Pese 16
stamery : PG-0-06 Default Parameters File: FAUWER. RAD ^

*

Total Deee Centributions TDosE(i.p.t) for Indivieset Redlanuclides (I) erus Pathueys (p)
.
~

As arem/yr and Fraction of Total Dose At t = 1.000E+03 years
*Water I. ^ - - a Pethueys (IrMletion excludes redon)

Ground Inhetetton Redon Plant Meet Mitt gott
. ,

Redle-
muctim arem/yr fract. arem/yr fract. areevyr fract. aremryr fract. mram, fract. mres/yr fract. aren/yr fract.

Re.228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 Os M00 0.000E+00 0.0000 0.000E+00 0.0000
Th-220 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000

+

Th-232 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E*00 0.0000 0.000E+M L.0000 0.000E440 0.0000 0.000E+00 0.0000
Totet 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000

t

Total Dose Centributione 700sE(i.p t) for Individsel Redlanuclides (l) and Pathueys (p)
As aremryr and Fraction of Total Dose At t = 1.000E+03 years (

Water Dependent Pathueys
[Water Flah Redon Plant Meet Nilk ALL Pathueys*
!Radio-

Nuclide areevyr fract. aren/yr fract. arem/yr fract. aree/yr fract, mreevyr fract. ersevyr fract. arem/yr fract. i

Re-228 0.000E+00 0.0000 0.000E+00 0.0000 0 000E+M 0.0M0 0.MOE+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 !

Th-228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0MO 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Th 232 1.147E-07 0.7938 3.802E-10 0.0027 0.000E+00 0.0000 2.270E-08 0.1571 2.519E-09 0.0174 4.194E-09 0.0290 1.445E-07 1.0000 !

Totet 1.147E-07 0.793t 3.OS2E-10 0.0027 0.000E+00 0.0000 2.270E-08 0.1571 2.519E-09 0.0174 4.194E-09 0.0290 1.445E-07 1.0000 !* sue of at t unter independent and dependent pathueys.
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REsRAD, werefon 5.62 T% Lielt e 0.5 year 10/22/96 09:08 Pese 17 Isummary : PG-8-00 Default Peremeters File: FAUWER. RAD #
!

Dese/ Source Rettos Suomed Over Att Pathueys
L

Perent and Progeny Principet medionuclide Contributions Indicated
Perent Product Branch DsR(),t) (arouvyr)/(pct /g) {

-

(t) (j) Fraction to 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03
'

.

j
Re-2M Re-228 1.000E+00

4.092E+00 3.541E+00 2.650E+00 9.610E 015.30M-02 2.300E 'l61.42M-16 0.000E+00Re-2M Th-228 1.000E+00
0.000E+001.170E+00 2.14E+001.440E+00 9.216E-02 3.900E-06 2.105E-19 0.000E+00

1

Re-2M B8R(}) 4.002E+00 4.716E+00 4.M+00 2.4W+001.452E-016.200E-061.425E-16 0.000E+00 '
i

Th-22S Th-228 1.000E+00
4.130E+00 2.5ME+001.392E+001.100E-017.796E-05 7.231E 16 0.000E+00 0.000E+00Th-232 Th-232 1.000E+00
1.M9E+00 1.M0E*00 1.740E+00 1.M5E+00 1.739E+00 1.717E+00 0.000E+00 0.000E+00 i

Th-232 Re-228 1.000E+00
0.000E+00 4.591E-01 1.190E+00 2.582E+00 3.239E+00 2.870E+00 3.067E 07 2.000E-08Th-232 Th-228 1.000E+00
0.000E+00 7.75M-02 5.053E-01 2.16M+00 3.3M+00 3.314E+00 8.02E 10 0.000E+00 !

Th-232 BsR(j)
1.M9E+00 2.205E+00 3.451E+00 6.494E+00 0.357E+00 7.910E+00 3.875E-07 2.090E-08

'

Branch Fraction is the cteutetive factor for the j8th principet radionuclide daughter:
The Dsa includes contributions from eseociated (half-Life s 0.5 yr) daighters. CUMOSF(j) = ORF(1}egRF(2)* ... ORF(j).

;

single medienuctide soit Guidelines G(1,t) in pcl/s
seele Radiation Dose Lielt = 30 aremVyr i

inuclide
(1) to 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E*03 |

Re-228 7.331E+00 6.361E+00 6.252E+00 1.245E+01 2.066E+02 4.832E+06 *2.726E+14 *2.726E+14 '

Th-228 7.266E+00 1.064E*01 2.155E+01 2.727E+02 3.849E+05 '8.192E+14 '8.192E+14 *8 192E+14 5

Th-232 1.716E+01 1.313E+01 8.696E+00 4.620E+00 3.590E+00 3.793E+00 *1.096E+05 *1.096E+05 I

.

i*At specific activity limit '

sunned Domessource Ratios DSR(1,t) in (arenVyr}/(pCf/s) I

and single Redlanuclide soll Guidelines G(i,t) in pCl/g ;
et tain = time of minimam sinste radionuctide soit guideline

and at taen = tiime of ansiassa total dose = 0.000E+00 veers -
Nuctide inttiet tuin DSR(1,toin) G(I,toin) ust(1,tmex) G(i tmax)

(i) pcl/g (years) (pCf/s) (pCl/g) |

Re-228 5.000E+00 2.070 a 0.002 4.893E+00 6.132E+00 4.092E+00 7.331E+00
Th-228 5.000E+00 0.000E+00 4.130E+00 7.264E+00 4.130E+00 7.264E+00 f

Th-232 5.000E+00 36.29 e 0.04 8.386E+00 3.577E+00 1.749E+00 1.716E+01 I

- i
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REsRAD, versten 5.62 in Lielt = 0.5 year 10/22/96 09:08 Pese 18
Susumery : PG-8-08 Defeutt Peremeters File: FAUWER. RAD *

*.
Individient Nuclide Dose Suomed Over All Pethways *

i

Perent nuclide end Branch Fraction Indicated i-
sucLIda parent - ORF(l) DOGE (),t),eree/yr ;

(j) (1) to 0.000E+00 1.000E*00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E*03
,

,.

Re-228 Re-228 1.000E+00 2.066E+01 1.7 NE*01 1.325E+01 4.00N+00 2.454E-01 1.150E-05 7.114E-16*0.000E+00
Re-228 Th-232 1.000E*00 0.000E+00 2.296E*00 5.900E+001.N1E+01 1.420E+01 1.4J9E+01 1.934E-061.445E 07
Re-238 BosE(j): 2.046E+01 2.000E+01 1.924E+01 1.772E+01 1.646E+01 1.439E+01 1.934E-06 1.445E-07
Th-228 Re-228 1.000E+00 0.000E+00 5.870E+00 1.074E+01 7.259E+00 4.600E-01 1.954E-05 1.052E-18 0.000E+00 *

Th.223 Th-220 1.000E+00 2.065E+01 1.437E*01 6.960E*00 5.500E-01 3.897E-04 3.615E 15 0.000E+00 0.000E*00
Th-228 Th-232 1.000E+00 0.000E+00 3.094E 01 2.526E+00 1.004E+01 1.609E+01 1.657E+01 4.014E-09 0.000E+00

-

Th.228 BosE(}): R.065E*01 2.064E+01 2.023E+01 1.862E+01 1.736E+01 1.657E+01 4.014E-09 0.000E+00
iTh-232 Th-232 1.000E+00 8.743E+00 8.74tE*00 8.730E+00 8.727E+00 8.696E+00 8.586E+00 0.000E+00 0.000E+00 i

ORF(l) is the branch fraction of the paren+ nuclide. '

i
, r

'Individual Nuclide Soll Concentration
Perent Nuclide end Branch Fraction Indicated

'

muctide Perent ORF(l) 5(),t),pcl/g

(}) (1) t= 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03 ;

Ra-228 Re-228 1.000E+00 5.000E+00 4.333E+00 3.253E+00 1.193E+00 6.794E-02 2.994E-06 1.073E-18 0.000E+00 i
Ra-228 Th-232 1.000E+00 0.000E+00 5.615E-01 1.470E+00 3.202E+00 4.147E+00 4.196E+00 4.174E+00 4.097E+00
Ra-228 ES(j): 5.000E+00 4.894E+00 4.723E+00 4.395E+00 4.215E+00 4.196E+00 4.174E+00 4.097t+00
Th-228 Ra-228 1.000E+00 0.000E+00 1.410E+00 2.592E+00 1.753E+00 1.122E-01 4.951E-06 1.775E-18 0.000E+00 I

Th-228 Th-228 1.000E+00 5.000E+00 3.400E+00 1.686E+C0 1.335E-01 9.507E-05 9.175E-16 0.000E+00 0.000E+00
'

i

Th-228 Th-232 1.000E+00 0.000E+00 9.251E-02 6.074E-01 2.619E+00 4.109E+00 4.196E+00 4.174E+00 4.097E+00
Th-228 ISCj): 5.000E+00 4.982E+00 4.885E+00 4.505E+00 4.222E+00 4.196E+C0 4.174E+00 4.097E+00 t

Th-232 Th-232 1.000E+00 5.000E+00 5.000E+00 5.000E+00 4.999E+00 4.996E+00 4.987E+00 4.960E+00 4.869E+00

BAF(1) is the branch fraction of the parent nuclide. +
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