METHOD FOR SURVEYING AND AVERAGING CONCENTRATIONS OF THORIUM IN CONTAMINATED
SUBSURFACE SOIL

Prepared by NRC Staff in Connection
With the Review of the AAR "Site
Remediation Plan for the Former Brooks
and Perkins, Inc. Site," Docket #040-00235
NRC Contact: David Fauver, 301-415-6625

I. INTRODUCTION

Current NRC guidance for conducting final surveys at decommissioning
facilities is contained in Draft NUREG/CR-5849, "Manual for Conducting Surveys
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
subsurface soil contamiration. Note that the potential for exposure from
subsurface contamination 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, and
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
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
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 fi.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
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.

It is recognized that subsurface contamination contained closer to the
surface, say 0-1 meter, mav deliver dose without being excavated. This
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)
the uncovering of contaminated surfaces through grading during construction,
and surface erosion over time, which could then cause dose through surface
exposure pathways. However, the average concentration allowed for the in-situ
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

the uncertainty as to potential exposure pathways for near surface
contamination.

Finally. after the conce.trations and averaging volumes were determined, a
survey method was developed that would be acceptable to NRC for demonstrating
that the averaging criteria are met. Section Il describes the survey method.
The technical basis for the averaging concentrations and survey method is

presented in Section III.

I1. 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 significail

dose after excavation.

The survey method described below can be used to satisfy the above two
objectives. The technical basis for this survey method is presented in
Section 111. The concentration values are based on the current unrestricted
use 1imit 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.

2. Samples are composited over each 1 meter layer of soil.
3. Each sample is assumed to represent 25 .



3

4. 100 w° averages are represented by the average of four samples collected
from each 1 meter layer of soil.

5. Volumetric averages g;gater than 100 m® are calculated assuming each

sample represents 25

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

0-1 meter depth uaxi:yl Individual Sample < 50 pCi/g
10 average < 20 pCi/g
100 o average < 13 pCi/g

1-2 meter depth Naxiu:, < 50 pCi/g
200 (0-2 m depth) < 10 pCi/g

2-3 meter depth Maximup < 50 pCi/g
300 (0-3 m depth) < 10 pCi/g

3-4 meter depth Haxilu! < 50 pCi/g
100 m” < 13 pCi/g
400 m® {(0-4 m depth) < 10 pCi/g

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

survey unit The volumetric average over the entire survey unit < the
unrestricted use limit (10 pCi/g for total thorium)

The averaging criteria apply to any contiguous volume defined by the given
number of 5 p grid samples, where each sample represents 25 w. For averaging
over a 100 volume, each combination of four samples in a given 1 m layer
should be evaluated. This would only be necessary if an individual sample
exceeds 10 pCi/g. To calculate the average for volumes greater than 100 a,
consider the samples in a given 10 m X 10 m area projected to the depth of
interest. For example, the 300 volume average is calculated by averaging
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

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

» The average of the two samples from 0-2 meters in same borehole (50 W) <
14 pCi/g total thorium
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» The average of the three samples from 0-3 meters in same borehole (75 m) <
13 pCi/g total thorium

111. TECHNICAL BASIS FOR SUBSURFACE SURVEYING AND AVERAGING METHOD

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 fgncentration in the elevated area should not be greater than
(100/A)"7% times the 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 1imit in NUREG/CR-5849 (step #]
above) was based on a qualitative ALARA judgement and a comparison with the
maximum criteria in *Guidelines ror Decc~tamination of Facilities and
Equipment Prior to Release for Unrestricted Use or Termination of Licenses for
Byproduct, Source, or Special Nuclear Material," which aiso 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
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 1985 for the Department of Energy using the DOE
*Manual for Implementing Residual Radioactivity Guidelines.® This manual was
eventually updated and codified in 1989 as DOE’s RESRAD pathway analysis/dose
asses<ment code. The dose from elevated areas of various sizes was estimated
using oafault input parameters for the code. The conclusion from these dose
estimaticns 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,
and ingestion.

or from one or more of the other pathways such as inhalation
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
of the dose consequences of elevated areas of various sizes.

Allowable Concentration in Elevated Area < C(lOO/A\)"2

where: C = ur.estricted use criteri
A = area of elevated area,

The above formula represents the lower bound of acceptable concentrations in
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.
This is evidenced by Enclosure 1, which shows the nuclide specific dose
consequences of elevated areas (represented :; the multiple of the authorized
limit on the Y axis) ranging in size frgp 1 to 100 m°. Enclosure 1 alsg
inciudes a line defined by the (100/A)/¢ formula. Note that the (100/A)"
line is below ali of the nuclide specific curves, and represents the most

conservative result.

Enclosure 1 was generated in 1985 and fgularizes the results of the dose
assessments used to select the (lOO/A)’ formula for determining acceptable

concentrations of contamination in e)evated 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 similar. This demonstrates that
RESRAD 1s appropriate, and will provide averagin9 criteria that is consistent
with, albeit less conservative than, the (lOO/A)" criteria. Therefore, in
order to prcvide more realistic criteria, the volumetric averaging me Lhod
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 gverage over 0 m° should be less than the release criteria.
The 100 average | n was intended to address the potential for a 10 m

x 10 m house being b the 100 parcel of land. The 10 mx 10w
averaging criteria is esscatially maintained in the subsurface volumetric

averaging method.

tions and calculations used to

The following sections describe the assump
for subsurface soil.

develop the volumetric averaging criteria

Excavation Assumptions

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

- House Size: 10 mx 10 m
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- Dimensions of footers for house w/no basement:
1 mdeep x 1 m wide x 10 m Tong

- Basement Depth: 3 m '

- Excavation Equipment Bucket Size: | m

- Five excavation scenarios evaluated:

1) eack 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 1 m deep x 10 m wide x 10 m long portion of soil from the surface
to a depth of | 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 separate
pile

- Each excavated pile uniformly blended

- FEach pile spread over a 1 foot depth

Method for Calculating Acceptable Averaging Volumes and Concentrations for
subsyrface Contamination

To determine the averaging vclume 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 scemarios.
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 Lo be brou?ht 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 e, using the same
conceniration, and assyming the default area of 10,000 m". The ratio of the
dose from the 10,000 area to the dose from the calculated area was then
multiplied by the unrestricted use criteria to determine the acceptable
concentration in .he 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-vides the averaging volume and
concentration for excavation Scenario #1, assuming that the contamination is

total thorium (Th-232 4+ Th-228):
1. Volume of 1 m deep x 1 m wide x 10 m Tong footer is 10 w.

2. Assuming the 10 m’ volume is excavated and spread over _a 1 foot depth,
the area of contamination on the surface would be 30 n’.

3. Run RESRAD to estimate dose assul:pg 10 pCi/g total thorium and assuming
that the contaminated area is 30 (Enclosure 3).

4. Run RESRAD to estimate dose, also assuming 10 pCi/g total thorium, but
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.
For total thorium, the ratio is 2.0.

6. Multiply the ratio, i.e., 2.0, by the unrestricted use limit for total
thorium, i.e., 10 pCi/g. The resulting concentration is 20 pCi/g, which
represents the acceptable average concentration in a 10 volume of

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 1 m.

The same calculations were performed for the other four excavation scenarios.
The resulting five volumetric averaging guicelines for subsurface thorium
centamination are listed below. The criteria for other radionuclides should
be developed on a case-by-case basis. The excavation scenarios described
above for housing construction are assumed to result in conservative averaging
criteria since excavations for larger structures should result in Targer
excavated volumes, and a greater degree of mixing with surrounding soil.

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.

1) The average concentration of total thorium in a 10 w volume should be
less than 20 pCi/g.

2) The average concentration of total thorium in a 100 m° volume of soil
should be less than 13 pCi/g.
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3) The average concentration of thorium in a 75 m volume of soil should be
less than 13 pCi/g.

4) The average concentration of thorium in a 300 m volume of soil should
be less than 10 pCi/g.

5) The average concentration of thorium in a ] m° volume of soil should be
less than 50 oCi/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-
grade house and a house with a basement, respectively, are ass to be
built. To control these scenarios, the :yerage over the 100 defined for
these layvers will be limited to the 100 averaging criteria.



MULTIPLE OF AUTHORIZED UMIT

-

-

-

STRAIGHT AVERAGE

£8 100/A |

b

b o

:- Sr—90

.

+ (100/A)"2 UMt
U—-238

r + U-234

L

‘I AREAS < 1 SQUARE

L METER Th-232+D
Co—137

L Ro—226-+D

: L1111 7 IR

S a F ] A D » T a2 2 ] ¢ 5 & 7T e B » F o | Emenw

AREA IN SQUARE METERS

COMPARISION OF HOT SPOT LIMITS BASED
ON (100/A)'/2 AND mrem DOSE LIMIT

Enq]osure 1



2 34nso|ou3l

Aea 100 _|1002A |SQR(100[@000A) [SOR@OOOT U TRa G TS
Yy W0, S0 10 2000 44.7213 80| 129 60 60! |
af sy 80007 STTSSIS] 6 07| 25 100 ~ - |
1] 1] /3162278 200 1aiazi4 8 s 55 ol
- ) S | TS T . 33 2 -
1 T S S =
— ———
100
- 10042
ey = = 100/2A
SUR(100/A)
= {2000/A)
| —SOR{(20000A)
“o ';*fh
——p—| |
——— )
—p—
ﬁ\"
i
1 10 e
—i_ 1 { N i -

Page




£ 24n50|5u3

Ckuulforluulildhbnt&ﬂhdos

25 1

20 +

10

10
Years
- Selected Pathways Summed

FALIWER RAN snmame -

Lo RWEY L

1000



p @4nso|Iu3

Doss for All Radionuciides

b
*

1‘ +

10 +

10 100

Years

== Selectad Pathways Summed

FAUVER RAD 10/22/96 Includes Al Pathways

T ———————

1000



000¢

001

o e e e

-

-

shemuied iy SOPNIOUl 96201 QVM ¥IANY4

PRUWNG SABMUIE 4 D500 —

sJee )

ot

.

ol

Sapijonuoipey |1y Joj esoQ

147

Enclosure 5



RESRAD, Version 5.62 ™ Limit = 0.5 yeer 10/2396 0O7:52 Page 2

Summary : PG-8-08 Default Parameters File: FAUVER.RAD

Contamineted Zone Dimensione Initisl Soil Concentrations, pCi/g
Ares: 3.00 square meters Re-228 S .000€+00
Thickness: 0.30 metecs Th-228 5 . 000E+00
Cover Dapth: 0.00 meters Th-232 5 .000€+00

Totsl Dose TDOSE(L), wmrem/yr
Seaic Radiation Dose Limit = 30 mremyyr
Totel Mixture Sum M(t) = Fraction of Basic Dose Limit Received ot Time (1)

t (yesrs): 0.000+00 1.0006+00 3.000£+00 1.000E+01 3.000E+0% 1.0006+02 3.0006+02 1.0006+03

TDOSE(t): 1.008E+01 1.001E+01 O.B28E+00 9.2956+00 B.872E+00 B.4AT9E+00 3.492¢-09 2.756E-10

mer): 3.3806-07 3. 336E-01 3.276E-01 3.098E-01 2.957E-01 2.8266-01 1.231E-10 9.187E-12
Meximm TDOSE(t): 1.0088+0% mrem/yr ot t = 0.0006+00 years



RESRAD, Version 5.62 ™ Limit = 0.5 year 10/23/9 07:52

Susmery : PG-8-08 Default Parmmeters

¢
File: FAUVER .RMD

Total Dose Contributions TDOSE(!,.p,t) for Individue! Redionuc!ides (1) and Pathuays
Az mrem/yr and Fraction of Total Dose At t = 0.0006+00 vears -
Hater independent Pathuweys (irhelation exciudes radon)

Ground Irhatation Radon Plant Kea'
- "k soil
tuclide wrem/yr frect. aswes/yr fract. mrem/yr fract. wres/yr fract, wresw fract. wmwrem/yr fract. sram/yr  fract
Ra-228 2.4056400 02386 ©.4806-03 0.0009 0.000§+00 0.0000 2.S38E-02 0.0025 05 0.0000

T™h-228 3.9335+00 0.3902 6.4382-01 0.0639 G.000E+00 0.0000
Th-232 2.657%-04 0.0000 3.0608+00 0.3036 0.000+00 0.0000

5.555¢-04 0.0000
1.217-03 0.0001

9.4226-05 0.0000 1.321€-04 0.0000
1.9556-06 0.0000 1.5685-07 0.0000
6.751E-06 0.0000 5.3128-07 0.0000

2.996E-04 0.9%000
1.687E-04 0.0000
$.680€-04 0.0001

Total 6.3396+0C 0.4288 3.714E+00 ©.3484 0.000£+20 0.0000

2.695¢-02 0.0027

1.0296-04 0.0000 1.327¢-04 ©.0000

1.036€-03 0.0001
Total Dose Contributions TDOSE(i.p,t) for Individue! Rediomuc!ides (i) and Pathways (p)
Az mrem/yr and Fraction of Total Dose At t = 0.0096+00 yeers
Water Dependent Pathways
Water sish Radon Plant Meat i ik

Radio- ALl Pathways*
Nuclide mrem/yr fract. wrem/yr fract. wmrem/yr fract. wrea/yr fract. wrem/yr fract. mrem/yr fract. mrem/yr fract
Re-228 0.000£+00 0.0000 0©.000E+00 0.0000 0.000E+00 0.0000

Th-228 0.000E+00 0.0000 0.000€+00 0.0000 0.000£+00 0.0000
Th-232 0.000E+00 C.0000 0.000£+00 0.0000 G.000E+00 0.0000

0.000£+00 0.0000
0.000€+00 0.0000
0.000€+00 0.0000

0.000E+00 0.0000 0.000E+00 0.0000
0.000€+00 0.0000 0.000€+00 0.0000
0.000€+00 0.0000 0.000E+00 0.0000

2.841E+00 0.2421
&.STBE+00 0.4541
3.062€+00 0.3038

Total 0.0006+00 0.0000 0.0006+00 0.0000 0.000€+00 0.0000
*Sum of all water independent and dependent pathways.

0.000€+C0 0.0000

0.000€+00 0.0000 0.0606+00 0.0000

1.008€+01 1.0000



Dose for All Radionuclides

» 100
Years

=~ Seiected Pathways Summed

FAUVER RAD 1072396 Includes All Pathways

1000



RESRAD, Version 5.62 ™ Limit = 0.5 yeer 10,23/96 0O7:41 Page 8

Susmary : PG-8-08 Default Parssaters File: FAUVER. 28D

Contaminated ZJone Dimensions Initisl Sofl Concentrations, pCisg
Ares: 30.00 squere meters Ra-228 S . 000E+00
Thickness: 0.30 meters Th-228 5. 000€+00
Cover Depth: 0.00 meters T™-232 5. 000E+00

Totel Dose TDOSE(L), mrem/yr
Sasic Radistion Dose Limit = 30
Total Mixture Sum M(t) = Fraction of Besic Dose Limit Received st Time (1)

t (yesars): O0.000E+0C 1.0006+00 3.0006+00 1.000€+01 3.000E+01 1.000€+02 3.000¢

+02  1.000€+03
TOOSECT): 2.599E+01 2.57BED1 2.5256+01 2.371E+01 2.2536+01 2.154E+01 3.713:-08 2.7716-09
W(t): 8.6638-01 8.5936-01 8.4176-01 7.9036-01 7.5106-01 7.1796-01 1.2386-09 9. 237¢-11

Maxismm TDOSE(t): Z2.5996+01 mrem/yr ot t = 0. 0006+00 years
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RESRAD, Version 5.82 ™ Limit = 0.5 yeer 01/14/97 13:22 Page 8
Susmary : Fauver test Flie: FAUVER.RAD

Contaminated Zone Dimensions initial Soil Concentrations, pCi/g
Ares: 75.00 square meters Ra-228 5. D00E+00
Thickness: 0.30 meters Th-228 5.000€+00
Cover Depth: 0.00 meters Th-232 S . DODE+00

Total Dose TDOSE(L), mrem/yr
Bosic Redistion Dome Limit = 36
Total Mixture Sum M(t) = Fraction of Basic Dose Limit Received at Time (t)

t {years): 0.0006+00 1.0006+00 3.000£+00 1.000€+01 3.000E+01 1.000€+02 3.0006+02 1.
TDOSE(t): 3.1548+01 3.12808+01 3.0838+01 2.87SE+01 2.7I3E«01 2.6198+01 1.0786-06 8.
A(t): 1.051E+00 1.0436+00 1.021E+00 ©.5838-01 9.109E-01 B8.7316-01 3.583:-08 2.
Maximum TDOSE(t): 3.1548+0)1 mres/yr at t = 0.0006+00 years

000€
034E-
A78E -

288



mrem/yr
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RESRAD, Version 5.62 ™ Limit = 0.5 year D1/14/9T7 13:40 Pege 8

Susmary : Fauver test File: FAUVER.RAD

Contaminated Zone Dimensions initial Soil Concentrations, pCi/g
Ares: 100.00 square meters Ra-228 5.000€+00
Thickness: 0.30 meters Th-228 5 . 000€ +00
Cover Depth: 0.00 meters Th-232 5. 000€+00

Tetsl Dose TDOSE(Y), mrem/yr
Basic Radiation Dose Limit = 30 mrem/yr
Total Mixture Sum M(t) = Fraction of Basic Dose Limit Received at Time (1)

t (years): 0.000E+00 1.0006+00 3.000E+00 1.0006+0! 3.000E+071 1.0006+02 3.0006+02 1.000¢
TOOSECt): 3.319601 3.2926+01 3.2736+01 3.0256+01 2.8756+01 2.7566+07 1.255¢-06 ©.346F-
M(t): 1.1066+00 1.00TE+D0 1.074E+00 1.0086+00 9.5836-01 9. 1886-01 4. 183:-08 3.122-
Maxismm TDOSE(t): 3.3196401 mwem/yr ot t = 0.0006+00 years



Dose for All Radionuclides
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RESRAD, Version 5.62 ™ Limit = 0.5 year 0°/14/97 13:55 Page 3

Susmery : Fauver test File: FAUVER.RAD

Contaminated Zone Dimensions Initial Soil Concentretions, peisg
Ares: 150.00 squere meters fn-228 5. 000800
Thickness: 0.30 meters Th-228 5.000€+00
Cover Depth: 0.00 meters Th-232 5.0006+00

Totel Dose TDOSE(Y), wmrem/yr
Basic Radistion Dose Limit = 30 srem/yr
Total WMixture Sum W(t) = Fraction of Basic Dose Limit Receivad at Time (1)

t (ysers): O0.000E+00 1.0008+0C 3.000E+00 1.000E+07 3.000E+01 1.0006+02 3.0008+02

1.000€+03
TOOSE(t): 3.499E+01 3 .4AT08+01 3.3976+01 3. 987E+01 3.0296«01 2.9028+01 1.5586-06 1.143£-07
M(t3:  1.968E+00 1.1STE+0C 1.1326+00 1.0626+00 1.0706+00 9.6726-01 5.194£-08 3.877¢-09

Maximum TDOSE(t): 3.4996+01 mram/yr ot t = 0.000E+00 years



Years

= Selected Pathways Summed

FAUVER RAD 10/22/96 Includes All Pathways



RESRAD, Version 5.62 ™ Limit = 0.5 year 10/22/96 13:34 Page 3

Susmery : PG-3-08 Defeult Perameters File: FANER.RAD

Contamineted Zone Dimensions Initial Soil Concentrations, pCisg
Ares: 225.00 square meters Be-228 5 . 000E +00
Thicknees: 0.30 meters Th-228 5.0008+00
Cover Depth: 0.00 seters Th-232 5.0008+00

Totel Pose TDOSE(L), mrem/yr
Resic Radistion Dose Limit = 30
Total Kixture Sum N(t) = Fraction of Besic Dose Limit Received at Time (1)

t (yeers): O0.000E+00 1.0006+00 3.0006+00 1.000£+01 3.000£+01 1.0006+02 3.0006+02

TDOSECt): 3.6996+01 3.668E+01 3.5906+01 3.3686+01 3.1996+01 3.0586401 2.895¢-07

WOE): 1.2336+00 1.2236+00 1.19TE+Q0 1.1238+00 1.0668+30 1.0198+00 O.M:
Maximm TDOSE(t): 3.6996+01 mrem/yr ot t = 0. 000E+00 yesrs



RESRAD, version 5.62
Summary : PG-8-08 Default Pearsmeters

Totel Dose Contributions TDOSE(! p,t) for Individuel Rediormuc!ides
As mren/yr and Fracticn of Total Dose At t = 0.000E+00 ywars
Water lm Pathways (Irhaiation excludes rd-n)

™ Limit = 0.5 year

16722796

13:34 Page 9
File: FALVER RAD

(1) and Pathuays (p)

Cround inhaletion Plant Aeat "k soil
Radio-
Muclide srem/yr fract. wsrew/yr frect. wmremfyr fract. wsrew/yr fract. srem/yr fract wren/yr  fract.  wrew/yr fract.
Re-228 9.8696+00 0.2668 2.1586-02 0.0006 0.000E+00 0.0000 1.904E+00 0.0515 7.079€-03 0.0002 9.910£-03 0.0003 2.247¢-02 0.0006
Th-228 1.6556+01 04476 1.464E+00 0.039% 0.0008+00 0.0000 2.6976-02 0.0007 1.469€-04 0.0000 1.1786-05 £.0000 1.261€-02 0.0003
Th-232 9.030¢-04 0.0000 3.968E+00 C.1883 0.000E+00 0.0000 9.2138-02 0.0025 5.0726-04 0.0000 3.990¢-05 0.0000 4.2608-02 0.0012
Totel  2.6A26+01 0.712 B.455£450 0.2285 0.000E+00 0.0000 2.023+00 0.0547 7.725¢-0% 0.0002 9.961€-03 0.0003 7.768€-02 0.0021

Totai Dose Contributions TDOSE(I.p,t) for Individuel Redionuciides (1) and Pathueys (p)
As mrem/yr and Fraction of Total Dose At t = 0.000E+00 yeers
Weter Dependen'

Water Fish Zadon Plant Meat itk ALl Pathuays*

m:. mrem/yr fract. mrew/yr frect. wrem/yr fract. @rem/yr frect. mrew/yr fract. wream/yr fract. wrem/yr fract.
- 0.000£+00 §.0000 0.000£+00 0.0000 ©0.000€+00 0.0000 0.0006+00 0.0000 0.000€+00 0.0000 0.000E+00 0.0000 1.143£+01 ;.!199

.t;g ©.0006+00 0.0000 0.C00E+00 0.2000 0.000E+0C 0.0000 0.000E+0C G.0000

Th-232

0.000€+00 0.0000

0.000€+00 9.00 20

0.000€+00 9.0000

0.000E+00 0.0000
0.000€+00 0.0000

0.0COE+00 ©.0000
5.000€+00 0.0000

1.8066+01 0.4881
7.104E+00 0.1920

Total

0.000€+00 0.0000

0.000€+00 0.0000

*Sum of all water independent and dependent pathways.

G.000E+00 0.0000

0.000€+00 0.0000

0.0006+00 0.0000

3.699€+01 1.0000
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RESRAD, Version 5.62 ™ Limit = 0.5 year 10/:2/96 11:46% Page 8§

Susmary : PG-8-08 Default Paremeters File: FAUVER.RAD

Contaminated Zone Dimensions Initial Soil Concentrations, pCi/g
Area: 300.00 square meters Ra-228 5. 000€+00
Thickness: 0.30 meters Th-228 5. 000 +00
Cover Depth: 0.00 meters Th-2352 5. 000 +00

Tota. Dose TOOSE(L), mram/yr
Sesic Radistion Dose Limit = 30 arew/yr
Total Mixture Sum %(t) = Fraction of Basic Dose Limit Received st Time (t)

t {yesrs): 0.0006+00 1.0006s00 3.0002<00 1.000E+C! 3.0008+01 1.0006+02 3.0006+02 1.0006+03

TDOSE/t): 3.8338+01 3.801E+01 3. 719F+01 3. 487E+01 3. 310F+01 3.155€+01 3.917E-07 2.923%-

Mit): 1.27BE+00 1.2675+00 1.2406+00 1.1626+00 1.103E+00 1.0526+00 1.3065-08 ©.742¢-
Eaxims T)OSE(T): 3.8338401 sra/yr ot t = 0.0006+00 years

48
o



Soil

wilk

} and Pathways (p)

°
years
radon)
Heat

Page
Plant

10/22/96 11:49

Seter Indepsndent Pathweys (Inhalation excludes

As mrem/yr and Fraction of Total Dose At t = 0.0006+00

™ Limit = 0.5 year
irhalation

~8-08 Default Parsmeters
Totsl Dose Coniributions TDOSE(i. p,t) for Individuel Redionuc!ides (i

fon 5.62

Vers
P

Summer ’ @
Nuclide wrem/yr frect. wrea/yr fract. wmrem/yr frect. erea/yr frect. wremyr fract. wsrew/yr fract. wran/yr  frect

SRAD ,
Radio-

coo
333

No-n

oo
yes
w

14

-

sa3

58

o -w

E:s

Nﬂ"

!ﬁ

NPN

..O
—o-

P—Q

8££

698E+00 0.0704 1.0306-02 0.0603 1.3288-22 ©.0003 1.036£-01 0.0027

2

Total 2.6868+01 0.7007 B.8485+00 0.22%6 n.m

ALl Pathways®

Hilk

(1) and Pathways (p)
000E+0C 0.0000 3.8336+01 1.0000

years
Heat

As mrem/yr and Fraction of Totsl Dose At t = 0.0006+00

Fish

Total Dose Cortributions TDOSE(| p,t) for Individual Redionuc!ides

Water

duclide wrem/yr fract. wmrem/yr fract. mrem/yr fract. wrem/yr fract. wmrem/yr fract. mrem/yr fract. mrem/yr fract

Total 0.0006+00 0.0000 0.000E+00 0.0000 0.000£+30 0.00C) 0.000£+00 0.0000 0.000+00 0.000C 0O.

*Sum of all water independent and dependent pathways.

Radio-
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RESRAD, Version 5.62 ™ Limit = 0.5 year 10722796

Summary @ PG-3-08 Defeult Parameters

Teble of Contents

Part 1: Mixture Sums and Single Radiomuc!ide Guidelines

Dose Corwersion Factor (and Related) Farameter Summery ...
Site-Specific Parsmeter Susmary ....... sEPs s RS ssBRRSS S
Summary of Pathwey Selections ............coeunn POIPpORPa
Contaminated Jone and Total Dose Sumemery ...........cccune
Total Doee Components

Time = 0.000E+00 ........ SR G EAECEREIEHIRINAI RO S e &

Time = 1.000E+01 ..... esssssssnsnesnseiee sosssnssssse
Time = 30008407 ....ccvvvcssnnncsncssnnnnrnscasasnns
Time = 10006402 .....ccocvvnncnnsscnnsnnsennssssnans
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single Radionuciide Soil Guideiines ...... P
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RESRAD, Version 5.62 ™ Limit = 0.5 your 10/22/9 09:08 Page 2
Summary : PG-8-08 Defeult Parsssters File: FAUVER.RAD

Dose Conversion Factor (and Reisted) Parsmeter Summary
File: DOSFAC.BIN

Current Parameter
v Parameter Value Default > e
8- Dose conversion facters for inhalation, mrem/pli:
8- Re- 22840 S.080-03 | S.0806-03 | pcr2¢ 1)
81 Th-228+0 3.4506-01 | 3.4506-01 | DCF2( 2)
8- ™-232 1.6406+00 | 1.8408+00 | DCF2¢ 3)
o-1 Dose corwversion factors for ingestion, mram/pCi:
-1 Re-228+0 V.4406-03 | 1.4408-03 | DCF3( 1)
p-1 Th-228+0 8.080€-04 | 8.0806-04 | DCFY( 2)
',1 m-m 2.7!&43 2.“'0’ x"( ’)
D-34 | Food transfer factors: )
D-34 | Ra-228+0 , plant/scil concentration retio, dimensionless 4.0006-02 | 4.500E-02 | «TFC 1,1)
D-34 | Re-228+0 , beaf/livestock-intake retio, (pCi/kg)/(pCi/d) 1.0006-03 | 1.000€-03 | RTF( 1,2)
D-34 | Ra-228+40 , milk/livestock-intake ratio, (pLisL)/(pCi/d) 1.0006-03 | 1.0006-03 | RTF( 1,3)
0-34
D-34 | Th-228+D , plant/scil concentration ratio, dimensioniess 1.000€-03 | 1.0006-03 | RYF( 2,1)
D-34 | Th-228+D , beef/livestock-intske retio, (pCi/kg)/(pCi/d) 1.0006-04 | 1.0006-04 | RYF( 2,2)
D-34 | Th-228+0 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 5.000€-06 | 5.0006-06 | RT:( 2,3)
D-34
0-3% | Th-232 , plent/soil concentrstion ratio, dimensionless V.000E-03 | 1.0006-03 | RTF( 3,1)
D-34 | Th-232 , beef/livestock-intaks ratio, (pCi/kg)/(pCi/d) 1.0006-04 | 1.0006-04 | RTF( 3,2)
D-34 | Th-232 , milk/livestock-intake ratio, (pCi/L)/(pCisd) 5.000€-06 | 5.0006-06 | RTF( 3,3)
p-5 Bioaccumulation factors, fresh water, L/kg:
-5 Ra-2280 | fish 5.0006+01 | 5.000E+01 | BIOFAC( 1.
£-5 | Ra-228+0 , crustaces and mollusks 2.5006-02 | 2.500€+02 | BIOFACC 1,2)
D-5
D-5 Th-228+p , fish 1.000E+02 | 1.000E+02 | BIOFACC 2,1)
p-S Th-228+0 , crustaces and mclliusks 5.0008+02 | 5.000€+02 | BIOFACK 2,2
-5
-5 Th-232 , fish 1.0006+02 | 1.007%+02 | BIOFACC 3,1)
D-5 Th-232 , crustacea and mollusks i S.0008+02 | 5.0008+02 i BIOFAC( 3.2)




RESRAD, Version 5.62

™ Limit = 0.5 your 10722796 09:08 Page 3

Summary : PG-8-08 Defeult Paremeters File: FAUVER. man
Site-Specific Parameter Summe
Leer Used RESRAD

Meru Parsmeter Input Default If diﬂmwn- user input) ’.”..-tor
RO1Y | Ares of contaminated rone (w**2; 1.0008 +0v, 1.0008+04 P
RO11 | Thickness of contamineted zone (m) 3.0006-21 | 2.0008+00 —
R0T1 | Length peraliel to aquifer flow (m) 1.0006402 | 1. 000g+02 s
ROT1 | Basic rediation dose iimit (mremyy=) 5.0006501 | 3_000€+01 L
ROT1 | Time since placessnt of meterial (yr) 0.0006400 | 0_poor- g0 "
RO1Y | Timee for coleulations (yr) 1. 000 «0n 1. 0008 +00 cee "2
RO11 | Times for calcuiations {yr) . 0008400 | 3.000€+00 " 5
ROT1 | Times for celculations (yr) 1.0006401 | 1.000ge01 o o
ROIT | Times for calculations (yr) 3.0006+01 | 3.000e+01 ': s;
ROY | Times for calculations (yr) 1.000€+02 1.0008+02 S e
ROT1 | Times for calculstions (yr) 3.0008+02 | 3.0008407 ”° ,;
RO1Y | Times for caleulations (y+) 1.0008+03 | 1.c00g+g3 " o
RIT1 | Times for calcuiations (yr) not used | 0.0008+00 "we
RC1T ; Times for calculations {yr) not used | 0.000g+00 1010y
RO12 | Initial principel rediomuc!ide (pCizg): Ra-228 5. 0008 +00 0.000£+00
2012 | Initial principal racionuclide (pCi/g): Th-228 | 5.000Ee00 0.000€+00 ) ::: ;;
ROI2 | Initial principsl radionuctide (pCi/g): Th-232 5. 0008 +00 G. 0908 +00 . $1¢ 3)
RO12 | Concentration in groundwater pCi/L): Re-222 not used 0.000&+00 s ViC 1)
R012 | Concentration in groundwster (pCi/sL): Th-228 not used 0.000§ +00 e viC 2)
RO1Z | Concentration in groundwster (pCisL): Th-232 not used 0.000¢+00 . viC )
RO13 | Cover depih (m) 0.000E+00 0.000€+00
RO13 | Density of cover material (9/ce**3) not used 1.5006+00 N :m“'o
ROI3 | Cover depth erosion rate (m/yr) not used 1.000€-03 vov
RO13 | Density of contaminated zone (g/cw**3) 1.6306+00 1.5008+00
EJ13 | Contaminated zone erosion rate (m/yr) 1.0006-03 | 1.000¢-03 m”“u
=013 | Contaminated zone totat porosity 3.000€-01 4.000¢-01 Pez
RO13 | Contaminated zone effective porosity 2.0006-01 | 2.000¢-01 epc2
RO13 | Contaminated zon. hydraulic conductivity (miyr) 1.0006+01 | 1. coog+01 weez
RO13 | Contaminated zone b parameter 5.300€+00 | 5.300¢+00 oz
RO | mumidity in air (g/cwm*y) not used 8.000¢£+00 W ID
RO13 | Evapotranspiration coefficient 5.000¢-01 5.000¢-91 el
RO13 | Precipitation (m/yr) 1.0006+00 | 1.000e+00 PRECIP
RO13 | Irrigetion (m/yr) 7.600€-0% 2.000¢-01 ®1
RO13 | Irrigation mode overhead overhead " 101TCH
R013 | Runoff coefficient 2.000€-01 2.000¢-01 RUNOF F
RO'3 | watershed ares for nearby stream or pond (w**2) 1.0008+08 1.0008+06 VAREA
ROIE | Accuracy for water/soil computations 1.000¢-03 1.000¢-03 s
ROYL | Density of setu~sred zone (g/cm™*X) 1.6308+00 1.500€+00
ROT4 | Saturated zone total porosity 3.0006-01 | 4.0006-01 . "":z"'
ROY4 | Saturated zone effective porosity 2.000¢-01 2.000¢-01 - £psy
ROY4 | Saturated rone hydraulic conductivity (m/yr) 1.000€+02 1.000€+02 es2
B014 | Saturated zone hydraulic gradient 2.0006-02 2.000€-02 e
ROT4 | Saturated zone b parametsr 5.300€+00 5.3008+00 P
RO14 | Water table drop rate (m/yr) 0.0006+00 | 1.000¢-03 W
ROMG | Well pump intake depth (m below water table) 1.0206+01 1.000€+01 DWIBWT
RG14 | Model: Nordispersion (¥D) or Mass-Balance (M8 ND ) MODEL
RO | well pumping rate (u**3/yr) 2.5006+02 | 2 S00g+02 -




RESRAD, Version 5.62
Summery : PG-8-08 Default Parsmeters

Site-Specific Parsseter Summery (continued)
I

™ Limit = 0.5 your 10722796 09:08

Page &
File: FAUVER.RAD

Uner | Used by RE
Rorws Parameter frput - Default | (1t diﬂmb:r-‘:ﬁ frput) '..:“'
RO'S | Wumber of wwaturated zone strata 1 Y i -
2015 | Unsat. zome 1, thickness (®) 1.0006+00 | 4.000€+00 .
R0TS | Uneat. zome 1, soil density (g/cw**3) 16308400 = 1.5008+00 S
2015 | Unast. zone 1, total porosity 3.0006-01 | 4.000€-01 ""‘}("
R015 | Unest. zome 1, effective porosity 2.0006-01 | 2.000€-01 x“’
RO1S | Unsat. zome 1, soil-specific b persmeter 5.3008+00 | 5.3008+00 - s )
2615 | Unest. zone 1, hydraulic cencuetivity (wyr) 1.0006+01 | 1.000£+01 .u‘::,
R016 | Distribution coefficients for Re-228
R016 Contemincted zone (ce*3/g) 7.0006+01 | 7.0008+01 . ‘
»016 Unsatursted zone 1 (ce**3/g) 7.0006+01 | 7.0008+01 - bomucc "
ROS Saturated zone (ca®*3/g) 7.0008+01 | 7.0006+01 Do ‘.1)
R016 | Lesch rate (/yr) 0.000€+00 | 0.000€+00 2.27€-02 ——
R016 |  Solubility constent 0.000E+00 | 0.000€+00 not used ryecs B4
RO16 | Distribution coefficients for Th-228
ROV Contaminated zone (cw**3l/g) 6.C00E+04 | 5. 000E+04
R016 | Unsstursted zone 1 (cwP*3/g) 6.0006+04 | %.000E+04 samEE: 2)
RO Satursted zone (cw**3/g) € .000E+04 | 5.0006+04 owm: g.n
RO16 Leach rate (/yr) 0.000E+00 | .000€+00 2.6586-05 ALEACH 2)
R016 |  Solubility comstent 0.000€+00 | 2.000€+00 not used St 33
R4 | Distribution coefficients for Th-232
ROYS Contaminated rone (cw®*3/g) 6.000E+04 | 3.0008+04 3
R0T6 |  Unsatursted zome 1 (co**3/g) 6.0006+04 | .0006+04 . Samcc( 3"
R016 Sstursted zone (cw**3/g) 6.0006+06 | .000E+04 :mcmu(( . )
RO16 Leach rate (/yr) 0.000€+00 | 9.000€+00 2.6588-05 ALEACN( 3)
L{]] Solubility constant 0.0006+00 | O.0006+00 not used soLueK( 3)
RO17 | Inhalation rate (w**3/yr) 1.051E+04 | 0.4008+03 INNALR
RO17 | Mass loading for inhalation (g/®**3) 2.000€-04 | 7.000¢-04 gy
017 | Dilution Length for airborne dust, irhelation (m)| 3.0006+00 | 5.0006+00 - ™
RO17 | Exposure durstion 3.0008+01 | 3.0006+01 . 0
RO17 | Shielding factor, inhalation S.0006-01 | 4.0006-0% SHFY
RO17 | sShielding factor, external gamme 3.3006-0Y | 7.0006-01 SHEY
RO17 | Fraction of time spent indoors S.5006-0% | %.0006-01 FIND
RO17 | Fraction of time spent outdoors {on site) 2.1006-01 ; 2.500¢-01 FOTD
RO17 | Shape factor fiag, external gamme 1.000€+00 | 1.000E+00 ! shows circular AREA.




RESRAC, Version 5.62

™ Limit = 0.5 year

Susmary : PG-5-08 Defsult Parsmeters

Site-Specific Paremeter Summery {continued)
User

10/22/9¢ 09:08

Page 5

File: FAUVER.RAD

by RESRAD

Used
Paremeter Input | Defeult | (If sifterent from wer irgut) | | mam

RO17 | Roadit of shape factor array (wead If F§ = -1):
017 Outer srwwier rediue (m), ring 1: not used 5. 0008 +01 "o ‘N
ROY7 Outer srvwier redius (m), ring 2: not used | 7. OTIE+OY “-”t( 2)
017 Outer annular radius (m), ring 3: not used | 0.0006+00 “-u‘( 3
ROYT Outsr srwwier rediue (m). ring &: not used | 0.0008+00 “_Mt‘ s
ROY7 Outer anrular radiue (m), ring 5: not used | 0.0008+00 n-“ ‘( e
R0OY7 Outer snuiar rediue (m), rirg &: not used | 0.000E+00 “-'“!‘ &
ROV7 Outer anrular radiue (m), ring 7: not used | 0.000€+00 “-”‘( n
ROY7 Outer arruler radius (m), ring 6: not used 0. 0008+00 “-""( 5
ROY7 Outer snrwler radius (m), ring ©: not used 0.000¢ +00 “-m'( P
RO17 Outer snrwier radiue (m), ring 10: not used | 0.0006+00 m’m!no)
ROY7 Duter snnwlar rediue (m), ring 11: not used 0. 000 +00 “~“!(“)
ROY7 Outer srnnular radiue (m), ring 12: not used 0. 000&+00 “:ml ‘(12)
ROV7 | Fractions of arvwiar sreas within AREA: ety Lol et
ROY7 Ring 1! t o —y St 4
2017 | Ring 2 not used | 2.732-01 - : 2;
ROY7 Ring 3 not used | 0.0008+00 - FRACA( 3)
ROY7 Ring 4 1ot used 0.000€ +00 - FRACAC &)
ROV7 Ring S not used | 0.000F+00 .es < $)
RO17 Ring 6 not used | 0.0006+00 - 'nm":" &
ROY7 Ring 7 not used 0.0008-00 FRACAC 7)
ROV7 Ring 8 not used | 0.000£+00 - FRACAC 8)
ROY7 Ring © not used 0.000+00 FRACAC 9)
ROY7 Ring 10 not used 0.000€+00 .- FRACA(10)
ROY7 Ring 11 1ot used 0.0008 +00 S an
ROY7 Ring 12 not used 0.000€ +00 we flmlul AC12)
ROIR | Sruits, vegetables and grain consumption (kg/yr) | 1.6560E+02 | 1.6008+02 o DIETCY)
ROI8 | Leafy vegetable consumption (kg/yr) 1.10UE+01 | 1.4008+01 DIET(2)
RO18 | Milk consumption (L/yr) 1.0006+02 | 9.2006+01 = DIET(S)
RO18 | Meat and pouitry consumption (kg/yr) 6.3008+01 | 6.3006+01 DIETCA)
RO1B | Fish consumption (kg/yr) S.400E+00 | 5. 4008+20 - DIET(S)
ROI8 | Other seefood consumption (ke/yr) 9.000€-C1 | §.000E-01 DIET{6)
RO18 | Soil ingestion rate (g/yr} 1.825E+01 | 3.6506+01 SOt
RO18 | Drinking weter intake (L/yr) T.3006+C2 | 5.1008+02 - P
RO18 | Contamination fraction of drinking water 1.0006+00 | 1.D000€+00 .- oM
2018 | Contamination fraction of household water not used 1.000€+00 - U
RO18 | Contamination fraction of livestock water 1.0006+00 | 1.0008+00 LY
R012 | Contamination fraction of irrigation water 1.0006+00 | 1.0006+00 - FIRY
RO18 | Contsmination fraction of squatic food 5.000€-01 | 5.000€-01 Mty
R018 | Contemination fraction of plant food -1 -1 0.5006+00 FPLANT
R018 | Contamination fraction of mest - -1 0.500€+0C FHEAT
RO18 | Contaminetion fraction of milk - 1 0.5008+00 FRILK

1 Livestock fodder intske for meat (kg/dey) 6.800E+01 | 6.800F+01 LFIS
31: Livestock fodder intske for wmilk (kg/day) 5.500E+01 | 5.5008+01 LF16
R019 | Livestock water intake for mest (L/dey) 5.000E+01 | 5.0008+01 e 1S
RO19 | Livestock water intake for milk (L/day) 1.6008+02 | 1.6006+02 - V16
RO19 | Livestock soil inteke (kg/dey) S.000E-0% | S.000&-01 - LSt
RO19 | Mass loeding for foliar deposition (g/m**3) 1.000€ -04 1.000€-04

MLFD



RESRAD, Version 5.62
Summary : PG-8-08 Defsult Parametsrs

™ Limit = 0.5 year 10/27/96 09:08 Page &

File: FAUVER.RAD

Site-Specific Parameter Summary (continued)
User

Used RE
Meru Parameter Input Default | (1f dlﬂm":m: input) "'.:“'
RC19 | Depth of soil mixing layer (m) 1.5008-01 | 1.5006-01 ses o
#0119 | Depth of roots (m) 9.000E-01 | 9.0006-01
R019 | Drinking water fraction from ground weter 1.0008+0C | 1.0006+00 ""“'
2019 | Nousehold water fraction from ground weter 1.0008+00 | 1.0008+00 - F NN
2019 | Livestock water fraction from ground water not used 1.000€+00
RO1? | Irrigation fraction from ground water 1.0006+00 | 1.0008+00 'Mml
c14 C-12 concentration in weter (g/c=**3) not used 2.000¢ - 05 - C12vTe
ci4 C-12 concentration in contemineted soil (g/g) not used 3.000¢-02 c12e2
ci4 Fraction of vegetation carbon from soil not used 2.000€-02 cso1
cis fraction of vegetation carbon from air not used 9.8008 - 01 awo c“"‘
cié C-14 evesion layer thickness in soil (m) not umed 3.0006-01 saw s
(4 1Y C-14 evasion flux rete from soil (1/sec) not used 7.000¢-07 Even
c14 C-12 svasion flux rete from soil (1/sec) not used 1.000€-10
ci Fraction of grain in beef cattie feed not used 8.000¢-01 :!"“'.
{4 1 Fraction of grain in miik cow feed not used 2.0006-01 AVFSS
SYOR | Storsge times of contamineted foodetuffs (days):
STOR Fruits, non-ieafy vegetables, and grain 1.4008+01 | 1.4008+01 sTOR T(1
sToR Leaty vegetables 1.0006+00 | 1.000€+00 m‘r‘z’
sToR wilk 1.0006+00 | 1.0006+00 sm'r‘;’
sioR Meat and poultry 2.0006+01 | 2.0008+01 e "u-""
sToR Fish 7.0006400 | 7.000€+00 i m.-,gs’
STOR | Crustacea snd mollusks 7.0006+0C | 7.000€+00 e 6’
STOR | well water 1.0006+00 | 1.000€+00 ‘. ,m-':,’
STOR Surface water 1.0006+400 | 1.000€+00 -- STOR 1 a’
STOR Livestock fodder 4.5008+01 | 4.5006+01 ,m-,ggg
RO21 Thickness of buiiding foundation (m) not used 1.5008-01 - FLOOR
R021 | Bulk density of building foundation (g/ce**3) not used 2.4008+00 .o DENSFL
2021 | Total porosity of the cover matarisl not used 4.000€-01 - oeY
R021 | Total porosity of the building foundation not used 1.000€-01 PEL
RO21 | Volumetric water content of the cover material not used | S5.000€-02 o Pu20CY
R021 | Volumetric water content of the foundation not used 3.0008-02 : PR2OFL
R021 | Diffusion coefficient for redon ges (W/sec):
ROV in cover material not used 2.000€-06 DIFCY
rO21Y in foundation material not used 3.000€-07 * DIFFL
RO21 in contaminated zone sofl not used 2.000€-06 DIFCZ
2021 | Radon vertical dimersion of mixing (m) not used 2.000€+00 WiX
2021 | Average anual wind speed (m/sec) not used 2.000€+00 vIND
R021 | Aversge building air sxchange rate (1/hr) not used 5.CO0E-01 REXG
R02Y | Meight of the building (room) (m) not used 2.5008+00 R
R0O21 | Building interior ares factor not used 0.000€+00 - Al
R021 | Building depth below ground surface (m) not used | -1.0006+00 - DMEL
R021 | Emanating power of Rn-222 gas not used 2.500€-01 . EMANACT)
R021 | Emenating power of Rn-220 ges not used 1.500€-01 - EMANACZ)




RESRAD, Version 5.62
Susmary : PG-83-08 Defsult Parameters

™ Limit = 0.5 ywar

Summary of Pethway Selections

== radon

Pathuay User Selsction

1 - exterral gesms active
2 -~ inhelestion (w/'o redon) ective
3 -- plant ingestion active
& -- meet ingestion sctive
S -- mitk ingestion active
6 -- squatic foods active
7 -~ drinking water active
8 -- soil ingestion active
9

sppressed

10/22/96 09:08 Page 7

File: FAUVER.RAD
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Summary : PG-8-08 Defsult Parameters File: FAUVER RMD

Contaminated Zone Disensions initial Soil Concentretions, pCi/g
Ares: 10000.00 squere meters Ra-228 5. 000€+00
Thickness: 0.30 meters Th-228 S . 000E +00
Cover Depth: 0.00 meiars Th-232 5.0008+00

Total Dose TDOSE(L), mrem/yr
Basic Recdiation Dose Limit = 30
Totel Mixture Sum W(t) = Fraction of Besic Dose Limit Received at Time (1)

t (years): O0.0006+00 1.000E+00 3.0006+00 1.000E+01 3.0006+01 1.0006+02 3.000€+02

1.00°8+03
TOOSE(t): 4.986E+01 4.9386+01 4.B216+407 &.SOTE+O1 4.251E+01 39556401 1.0386-06 1 4456-07
M(t): 1.662E+00 1.6486+00 1.607E+00 1.5026400 1.417E+00 1.318E400 4.4596-08 & 817¢-09

Maximes TDOSE(t): & .9868+01 mrew/yr at t = 0.0008+00 years
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RESRAD, version 5.62 ™ Limit = 0.5 year 10/22/9¢ 0908 Papr 11
Summary @ PG-5-08 Default Parsmeters File: FAUNVER.RAD

Total Dose Contributions TDOSE(1,p,t) for Individusl Radionuciides (i) and Pathways ()
As mrem/yr and Fraction of Total Dose At t = 3 0006+00 years
Water Independent Pathweys (Irhalation exclude: radon)

Ground inhalation Radon Plant Hoat Nilk
Radio- -

Soit

Nuclide wrem/yr fract. mrew/yr fract. wrem/yr frect. srem/yr fract.  wsresv/yr fract. wrew/yr fract.

wrem/yr fract,

Re-228 1.695€+01 0.3516 9.0156-01 0.0187 0.000£+00 0.000G 5.5536400 0.1152 2.091£-01 0.0043 2.854E-01 0.00859
Th-228 6.3236+00 0.1312 5.759€-01 0.0119 0.000E+00 0.0000 4.005€-02 0.0008 2.201€-03 0.0000

1.765€-04 0.0000
Th-232 5.5466+00 0.1150 B8.3326+00 0.1728 0.0006+00 0.0000 2.903£+00 0.0602 1.1652-01 0.0024 1.307-01 0.0027

9.402¢-02 ©.0020
1.0906-02 0 004
2.255€-01 0.0047

Total 2.8826+01 G.5978 9.8098+00 0.2035 0.000€+00 0.0000 8.49SE+00 0.1762 3.2786-21 0.0068 &.163-01 0.008¢8
Total Dose Contributions TDOSE(i p,t) for Individus! Redionuclides (i) and Pathueys (p)
As mrea/yr and Fraction of Total Dose At t = 3.000E+00 years
Sater Dependent Pathways
Vater Fish Radon Plant Meat Milk
Redio-

3.384€-01 0.0070

ALL Pathwe :*

Wuclide mrem/yr fract. wrew/yr fract. wrem/yr froct. mrem/yr fract. mrem/yr fract. wremiyr fract.

wrem/yr fract.

Re-228 0.000€+00 0.0000 0.000£+00 5.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000€+00 0.0000 0.000E+00 0.0000
Th-228 0.000€+00 0.0000 0.0006+00 0.0000 0.000€+00 0.0000 0.0D0€+00 0.0000 0.0006+00 0.0000

0.000€+00 0.0000
Th-232 0.000£+00 0.0000 0.000€+00 0.0000 0.0COE+00 0.0000 0.000E+00 0.0000 0.000€+00 0.0000 0.000+00 0.0000

2.399€+01 0.4977
6.960E+00 0. 1444
1.7258+01 0.3579

Total 0.000€+00 0.0000 0.000€+0C 0.0000 0.000E+00 0.000C 0.000£+00 0.0000 0.0006+00 0.0000 0.000E+00 0.0000
*Sum of all water independent and dependent pathwsys.

4.8216+01 1.0000



RESRAD, Version 5.62 ™ Limit = 0.5 year 10/22/9% 09:08  Page 12
Summary : PG-8-08 Default Parsmeters File: FAUVER. RAD

Total Dose Contributions TDOSE(!,p,t) for Individusl Radionuciides (1) end Pethways p
As mrem/yr and Fraction of Total Dose At t = 1.0006+0%

years
veter Independent Pathweys (irhalstiorn excludes radon)
Ground irhaiation Radon Plant | eat Nilk soil
Radio-

Nuclide mres/yr fract. wrem/yr fract. wrem/yr frect. wsrem/yr fract. wsram/yr fract.

Ra-228 9.2136900 0.2044 6.046-01 0.0134 0.000£+00 0.0000 2.007¢+00 0.0445 7.6626-02 0.0017 1.033-01 0.0023 4347502 0.
Th-228 4.997E-01 0.0111 4.5586-02 0.0010 0.000E+00 0.0000 3.097¢-03 0.0001 7E-02 0.0010

1.761E-04 £.0000 1.396£-05 0.0000 1.496€-03 0.0000
Th-232 1.6026+01 0.3754 §.026E+00 0.2003 0.000€+00 0.0000 5.737€+00 0.1273 2.2546-01 0.0050 2.789¢-01 0.0062 2.826&-01 0.0063

wrem/yr freact. wmrew/yr fract.

Total 2.6636+01 0.5909 9.676E+00 0.2147 0.000€+00 0.0000 7.747E+00 0.1719 3.024E-01 0.0067 3.822¢-01 0.008%
Totai Dose Contributions TDOSE(i p,t) for Individuel Redionuc!ides (i
As srem/yr and Fraction of Totel Dose At t = 1 0008+01

Water Dependent “athways
veter Fish Radon Plant Heat

3.276€-0t 0.0073

) and Pathweys (p)
years

Radio-

Nitk ALl Pathuays®
Nuclide mres/yr fract., mrem/yr fract. wrem/yr fract. wrem/'r fract. wrem/yr fract.

mrem/yr fract. wrem/yr fract.

. L000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000€+00 0.0000 1. :
it — 0.000€+00 0.0000 ©0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 00000 SN0 .07

0.000€+00 0.0000 5.5006-01 0.0122
0000 0.000E+00 0.0000 0.000E+00 0.00(0 ©.000E+00 0.0000 0.000€+00 0.0000 0.000E+00 0.0000 3.247E+01 0.720%
0000

Total 0.000€ 0.000€+00 0.0000 0.000€+00 0.0000 0.000E+00 0.0000 ©.C00E+00 0.0000

0.000E+00 0.0000 4.5078+01 1.0000
*Sum of sll water independent and dependent pathways.



Version 5.62

™ Limit = 0.5 year

Summary : PG-8-08 Defsult Parsmeters

kadio-
Nuci ide

Total Dose Contributions TDOSE(!,p,t) for Individus! Radionuclides (i) and Pa
As mrem/yr and Fraction of Tetsl Dose At t = 3 000F«0! years
Water Independent Pathweys (inhalation excludes radon)

Ground

Inhalation

Redon

10/22/9% 09:08

Page 13
File: FAUVER.RAD

Plamt

Meat

thueys (p)

milk

Soil

wrem/yr fract.

wrea/yr frect.

wram/yr fract.

wren/yr frec:.

wram/yr  fract.

reawyr fract.

wrem/yr fract.

Re-228
Th-228
Th-232

S.683:-01 0.0134
2.5408-24 0.0000
2.46496+01 0.5760

3.867€-02 ©.0009
3.2¢7¢-05 ©.0000
9.5368+00 0.2243

1.067€-01 93.002%
2.057%-06 0.0000
6.8238+00 0.1605

6.1946-03 0.0001 5.6486-03 0.0001

1.237€-07 0.0000 9.924£-09 0.0000

2.750€-01 0.0065

3.44632-91 ¢.2081

2.615€-03 0.0001
1.065¢-06 0.0000
5.18€-01 0.0073

Totei

Redio-
Nucl ide

2.5068+01 0.589

Total Dose Contributions TDOSE(i p.t) for Individusl Wedionuc!ides
As sresvyr and Fraction of Total Dose At t = 3 0008+01

Water

9.574E+00 0.2252

Fish

0.200€+00 0.0000

6.930E+00 0.1630

Water Dependent Pathways

Radon

Plant

2.T926-01 0.0066 3.5196-01 0.0083

(1) and Pathweys (p)

years
Heat

nilk

3.207¢-01 0.0075

All Pathways*

mrem/yr frect.

wrem/yr fract.

wrem/yr fract.

mren/yr fract.

mrem/yr fract.

Ra-228
Th-228
™-232

0.000€+00 0.000C
0.000€+00 0.0000
0.000€+00 0.0000

0.0C0€+00 0.0000
0.000%+00 ©0.0000
0.000€+00 0.0000

0.000€+00 0.0000
0.000€+00 0.0000
0.000€+00 ©.00M0

0.00GE+00 0.0600C
0.C00€+00 0.0000
0.000€+00 0.0000

0.000€+00 0.0000
0.000€+00 0.0000
0.000£+00 0.0000

wrea/yr fract,

wre/yr frsct.

0.000€+00 9.0000
0.000€+00 0.0000
0.000€+00 G.0000

T.261€-01 .01 7Y
3.897¢-04 0.0000
4.179E+01 0.982¢9

Toral

0.000£+00 0.0000

0.000£+00 0.0000

0.000E+00 0.0000

*Sum of all water independent and dependent pathuays.

0.000€+00 0.0000

0.000£+00 0.0490

0.000€+00 0.0000

4.2518+01 1.0000



RESRAD, version 5.62 ™ Limit = 0.5 yeour 1072796 09:08 Page 14
Summary : PG-8-08 Default Parsmeters Flle: FAUVER.RAD

Total Dose Contributions TDOSE(i,p,t) for Individuai Redionuclides (i) and Pathways (p)
As mren/yr and Fraction of Totel Dose At t = 1.0006+02 yeers

Water Independent Psthways (Inhalstion excliudes radon)
Ground inhalation Radon Plant Weat milk soil
Radio-

Nuclide wrem/yr fract. wrew/yr fract. ®mrew/yr fract. wrem/yr froct. wrem/yr fract.

Ra-228 2.413£-05 0.0000 1.706€-06 0.0000 0.000E+00 0.0000 3.485€-06 0.0000 1.5656-07 0.0000 2.125€-07 0.0000 1.153€.07 0.
Th-228 3.2766-15 0.0000 3.134€-16 0.0000 0.000E+00 0.0000 1.4826-17 0.0000 1.182E-18 0.0000 9.501€-20 0.0000 1 gose. 1y g
Th-232 2.4036+01 0.6075 9.5506400 0.2415 0.000E400 0.1000 5.115€900 0.1293 2.37BE-01 0.0060 2.9%E-01 0.0078 3. 197.0) o oo

2.994E-01 0.0076 3.197¢-01 0.0081

mrem/yr fract. mrem/yr fract.

Total  2.403£+01 0.6075 9.550£+00 0.2415 0.000E+00 0.0000 5.1156+00 0.1293 2.3786-01 0.0060

Total Dose Contributions TDOSE(i,p,t) for Individusi Radiomuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 1.0006+02 yeers
Water Dependent Pathuays
Water Fish Redon Plant Meat Nilk ALL Pathuways®
Radio-
Nuclide mrem/yr fract. wrem/yr fract. wrem/yr fract. wrem/yr fract. wrem/yr fract.

Re-228 ©.8126-07 0.0000 3.3326-09 0.0000 0.000E+00 0.0000 1.9426-07 G.0000 2.154E-08 0.0000 3.585€-08 0.0000 3.104£-05 0.0000
TH-228 0.0006+00 0.0000 0.000€+00 0.GCOD 0.000E+30 0.000C 0.000€+00 0.0000 0.0006+00 0.0020 0.000€+00 0.0000 3.415¢-1% 0.0006
Th-232 1.484E-07 0.0000 5.020€-10 0.0000 0.000E+00 0.L000 2.937E-08 0.0000 3.2606-09 0.0000 5.424E-09 0.0000 3.9556+01 1.0000
Total 1.1306-06 0.0000 3.834E-09 0.0000 0.000E+00 C.0000 2.235€-07 0.0000 2.4806-08 0.0000 4.127€-08 0.0000 3.9556+01 1.0000
“Sum of all water independent and dependent pathways.

mrem/yr fract. wres/yr fract.




RESRAD, Version 5.62

™ Limit = 0.5 ywear

Summery : PG-8-08 Default Perameters

Totel Dose Contributions TDOSE(!,p,t) for Individual Radionuciides
nmuﬁmﬂnd Total Dose At t = 3 000E+02 years

Ground

10722796 09:08
File: FAUVER.RAD

Page

15

lw Pathways (Inhalation excludes roan)

(i) and Pathuays (p)

irhalation Plant Meat milk soil
Redio-

Nuclide wrem/yr fract. mrew/yr fract. wrem/yr fract. wmrem/yr fract. wrem ;r fract. srem/yr frect. wremfyr fract.
Re-228 0.000E+00 0.0N00

Th-228 0.000€+00 0.0000
Th-232 0.000€+00 0.0000

0.000E+00 0.0000
0.000€+00 0.0000
0.000E+00 ©.0000

0.000€+00 0.0000
0.000¢ +00 0.0000
C.000€+00 0.0000

0.000E+00 0.0000
0.000£+00 0.0000
0.000€+00 0.0000

0.000€+00 0.0000
0.000€+00 0.0000
0.0006+00 0.0000

Total 0.0006+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.0O00E+00 0.0000 0.0006+00 0.0000 0.000E+00 0.0000 0.000+00 0.0000
Total Dose Contributions TDOSE(i,p,t) for Individusl Radionuclides (i) end Pathueys (»
As mrem/yr ana Fraction of Total Dose At t = 3.000E+02 years
Water Dependent Pathways

Water Fish Radon Plant Meat Nilk ALl Pathways*
Radio-
Nuciide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. wmrem/yr fract. mwremyr fract. mrem/yr fract
Re-228 5.65& 16 0.0000 1.9226-18 0.0000 0.000€+00 0.0000 1.119€-16 0.0000 1.2406-17 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+00 C.0000 0.000£+00 0.0000 0.0006+00 0.0000 0.000E+00 0.0000 0.000€+00 0.0000
Th-232 1.537€-06 0.7931 5.220€-09 0.0027 0.000€+00 0.0000 3.059€-07 0.1579 3.3726-08 0.0174 S5.6126-08 0.0290 1.938-06 1.0000
Totsl 1.537€-06 0.7931 5.220€-09 0.0027 0.000£+00 0.00C7 3.059€-07 0.1579 3.3726-08 0.0174 5.612e-08 0.029C 1.938¢-06 1.0000
*Sum of .u water independent and dependent pathways.
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Summary : PG-8-08 Defsult Parameters File: FAUVER.RAD

Total Dose Contributions TDOSE(!,p,t) for Individual Redionuclides (i) and Pathways (p)
As mresyyr and Fraction of Total Dose At ¢t = 1, 000E+03 years
Vater lm Pathweys (Inhalation exciudes rtdnn)
Ground Inhalstion Plant Meat Rilk Soil
Radio-

Muclide wres/yr fract. wremfyr fract. mrea/yr fract. wsrew/yr fract. wrem yr  fract.

wrea/yr fract. wrem/yr fract.
- 0.000€+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000£+00 0.0000 0.0006+00 0 0000 0.000F+00 0.9000 0.0006+00 0.

.r:g 0.0006+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 £.0000 0.000£+00 0.0000 0.0008+00 0. g::
Th-232 0.0006E+00 0.0000 0.000E+00 0.000C 0.000E+00 0.0000 O.000E+00 0.0000 O.000E+0Y {,.0000 0.000€:00 0.0000 0.000€+00 00000

0.000€+00 0.0000 0.0006+00 0.0000 0.000€+00 0.0000

Total Dose Contributions TDOSE(i,p,t) for Individusl Redionuciides (i) snd Pathways ()]
As mrem/yr and Fraction of Totel Dose At t = 1. 0006+03

years
Water Dependent Pathways
Water Fish Redon Piant

Yotal 0.000E+00 0.0000 0.000€+00 0.0000 0.000E+00 0.0000 0©.000E+00 0.0000

Meat Witk
Radio-
Nuclide mrem/yr fract. wrem/yr frect. wmrea/yr frect. mres/yr fract. mrew/yr fract.

ALL Pathueys®
wrem/yr fract. mrem/yr fract.

Re-228 0.0006+00 0.0000 0.000E+00 0.0000 0.000E+0C 0.0000 0.000€+00 0.0000 0.0006+00 0.0000 0.000E+00 0.0000 0.000£+00 0.0000
T:-ZZI 0.000€+00 0.0000 0.000€+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000

0.000E+00 0.000C 0.000E+00 0.0000 0.000€+00 0.0000
Th-232 1.147¢-07 0.7938 3.882€-10 0.0027 0.000£+00 0.0000 2.270F-08 0.1571 2.519€-09 0.0174 &.194€-09 0.0290 1.4456-07 1.0000

2.5196-09 0.0174 4.194E-09 0.0290

Total 1.147€-07 0.793f 3.8826-10 0.0027 0.000E+00 0.0000 2.2706-08 0.1571

1.445€-07 1.0000
*Sum of all water independent snd dependent pathways.
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Dose/Source Ratios Susmed Over All

Parent and Progeny Principal Radionuciide Contributions Indicated

Parent Product Branch DSRCj,t) (mrem/yr)/(pCi/g)

) () Fraction t= 0.0006+00 1.000£+00 3.000£+00 1.0006+01 3.000€+01 1.000€+02 3.000€+02 1.000€+a3
Re-228 Re-228 1.0006400  4.092E+00 3.541E+00 2.6506+00 9.6186-01 5.307¢-
Re-228 Th-228 1.0006+00 n.ma1muumvum9.m:§::;g:::'=:
Re-228 mMSR()) 4.0926400 47166400 4.798E+00 2.4106400 1.4526-01 6.208-06 1 425E-16 0. 000E+00
Th-228 Th-228 1.000400  4.130+00 2.876E400 1.3926+00 1.100E-01 7.704E-05 7.231E-16 0.000€+00 0.0 sny
Th-232 Th-232 1.0006400  1.7496400 1.7486400 1.7486+00 1.74SE+00 1.7396+00 1.717E+00 0.000E+00 0. 000Esen
Th-232 Re-228 1.0006400  0.000E+00 4.591E-01 1.198E+00 2.582E+00 3.239€+00 2.8786+00 3.867¢-07 3. o0 ou
Th-Z32 Th-228 1.0006900  0.000E+00 7.787E-02 5.0S3E-01 2.167Es00 3.3796+00 3.314E+00 8.028-10 0. 000Eagy
™-232 DsR()) 1.7496400 2.2856400 3.451E+00 6.494E+00 8.357E+00 7. 9106400 3.875E-07 2,090 g

Sranch Fraction is the cumulstive factor for the [“th principel redionuclide deughter:

The DSR includes contributions from associated (half-life 5 0.5 yr) deughters.

Single Radionuciide Soil Guidelines G(i,t) in pCisg
Basic Radiation Dose Limit = 30 mrem/yr

CUMBAFC)) = BRECY)*SRF(2)* ..

¥ucl ide

(i) t= 0.0006+00 1.000E+00 3.0006+00 1.0006+01 3.000E+01 1.000E+02 3.0006+02  1.0008+03
Ra-228 73316400 63616400 5.2526+00  1.2456+01  2.0D66E+02 4 8326406 *2.7266+14 “2.T288414
Th-228 7.264E+00  1.044£>01  2.155E€+01 2.727E+02 3.B496+05 *8.192E+14 *B_ 1928414 *B.1928+14
Th-232 1.7166+01  1.3136401 B.69GE+00 &.6206+00 3.5906+00 3.793E+00 *1 -096E+05 *1. 006E+0S

*At specific activity limit

Summed Dose,Source Ratios DSR(i t) in (mrem/yr)/(pCi/g)
and Single Radionuclide Soil Guidelines G(i,t) in pCi/g
at tmin = time of minismm single radicnuclide soil guideline
and st tmax = time of maximm total dese = 0.000£+00 vesrs
Nuclide Initial tmin OSR(i,tmin) G(i, tmin) USR(T, tmax) G(i,tmax)
(i) pCizg (years) (pCi/e) (pCi/g)

Ra-228 5.000E+00 2.070 ¢ 0.002 4.893E+00 6.1326+00 4.0926+00 7.331£+00
Th-228 5.000E+00 0.000€+00 4.130E+0C 7.264E+00 &.130E+00 7.264E+00
Th-232 5.000€+00 36.29 & 0.04 8.386E+00 3.577E+00 1.749E+00 1.716E+01
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Summary : PG-8-08 Default Parameters File: FAUVER.RAD

Individue! Muclide Dose Suwmed Over All Pathwsys
Parent Muclide and Branch Fraction Indicated
¥uciide Parent BRF(I) DOSEC ], 1), mrem/yr

(8] (8 t= G.000E+00 1.0006+00 3.0006+00 1.000E+01 3.0006+01 1.0006+02 3.000€+02 1.000€+03

Re-228 Ro-228 1.0006+00  2.0668+01 1.770E+01 1.3256+01 4.8006+00 2.6546-01 1.1506-05 7.114E-16%0.
Re-228 THh-232 1.0006+00  0.000E+00 2.296E+00 5.9886+00 1. 7D1E+01 1.6206+07 1.4396+01

1.9346-06 1.445€-07
Ra-228 IDOSE()): 2.0466401 2.0006+01 1.924E401 1.772E+01 1.6466+01 1.4396+01 1.934E-06 | 44SE-07
Th-228 Re-228 1.0006+00  0.000E+00 5.878E+00 1.074E+01 7.2396+00 4.608E-01 1.954E-05 1.0526-18 0.0006+00
Th-228 Th-228 1.0006900  2.085E+01 1.437E+01 6.960E+00 5.5006-01 3.897¢-04 3.6155-15 0.000E+00 0.000E+00
Th-228 Th-232 1.0006400  0.000E+00 3.894E-01 2.526E+00 1.0B4E+01 1.6896+01 1.657E+01 4.014E-09 0.000E+00
Th-228 IDOSE(j): ?.085E401 2.064E+01 2.0236401 1.8626401 1.7366+01 1.6576+01 4.014E-09 0. 000E+00
Th-252 Th-232 1.0006400  B.7A3£+00 8.7ATEe00 8.738E+00 8.7276400 8.696£+00 8.5866+400 0.000E+00 O 0O0E+00

BRF(i) is the branch frection of the perent nuclide.

Individusl Nuclide Soil Concentration
Parent Nuclide end Branch Frection indicated
Wuclide Parent BRF(i) $¢j,v), pCi/g
(93] (i) t= 0.0006+00 1.000€+00 3.000E+00 1.000E+01 3.0006+01 1.0006+02 3.0006+02 1.000€+03

Ra-228 Ra-228 1.000E+00 5.000€+00 4.333£+00 3.2536+00 1.1936+00 6.794E-02 2.994E-06 1.073E-18 0.000£+00
Ra-228 Th-232 1.000€+00 0.0006+00 5.615E-01 1.4706+00 3.2026+00 4.147E+00 4.196E+00 4. 174E+00 4.097E+00

Re-228 IS(j): S .000E+00 4.294E+00 & .723E+00 &.395E+00 4.2156+00 4.196E+00 4. 174E+00 4. 09TE+00

Th-228 Ra-228 1.0006400  0.000E+00 1.4106+00 2.592€+00 1.753600 1.122E-01 4.951E-06 1.775E-18 0.000E+00
Th-228 Th-228 1.0006+00  5.000E+00 3.480E+00 1.686E+C5 1.335E-01 9.507E-05 9.1756-16 0.000E+00 0. 000E+00
Th-228 Th-232 1.0006+00  0.000€+00 9.251E-02 6.074E-01 2.619E+00 &.109E+00 &.196E400 & 174E+00 4. 097E+00
™h-228 3S(j): S.000E+00 4.982E+00 4.BESE+00 4.50SE+00 42226400 4.196E+00 4. 174E+00 & 09TE+00
Th-232 Th-232 1.0006+00  5.000E+00 5.000E+00 5.0006+00 &.999E+00 &.996E+00

4.987E+00 4.960E+00 &.8696+00

BRF(i) is the branch fraction of the parent nuclide.



