
April 25, 2006 

Via Federal Express 

- 

Dr. Peter Lee 
U S .  NRC Region I11 
801 Warrenville Road 
Lisle, IL 60532-435 1 

Re: Revised Dose Assessment Methodology 
Breckenridge Disposal Site, St. Louis, Michigan 

Dear Dr. Lee: 

As a precursor to the submittal of a Revised Work Plan for Supplemental Site Characterization, 
ENVIRON International Corporation (ENVIRON) requests your review and approval of the 
attached changes to the dose assessment assumptions used to developed the Derived 
Concentration Guideline Levels (DCGLs) at the Breckenridge Disposal Site (the “Site”). 
ENVIRON believes changes to a number of assumptions are necessary to reflect new Site 
information obtained during the Fall 2004 Remedial Activities (RA). 

Prior to the Fall 2004 RA, available information suggested that the filter cake waste was confined 
to distinct areas. As such, many assumptions were made in the development of the 2004 DCGLs 
prepared by Scientech (the “2004 DCGLs”), such as the development of a single DCGL instead 
of a surface and a subsurface DCGL. However, information obtained during the Fall 2004 RA 
indicated that many of the assumptions were not valid, and/or overly conservative. Any attempt 
to remediate the Site using the 2004 DCGLs would be fiscally irresponsible. ENVIRON 
proposes changes to assumptions used in the dose assessment to develop updated site specific 
DCGL that will be fully protective of human health (the total effective does will be less than 25 
mredyr). 

CONCEPTUAL SITE MODEL 
The following Conceptual Site Model (CSM) has been developed to reflect the information 
obtained during the Fall 2004 RA. This CSM will assist in the development of the Remedial 
Action Plan and provided guidance on selection of input parameters for the attached dose 
assessment used to develop the DCGLs. 

Current Contamination Distribution 
RAs in Fall 2004 showed that filter cake is present in other areas beyond the previously identified 
nine waste areas. Figure 1 shows the estimated extent of filter cake disposal areas based on the 
Fall 2004 RA. Based on this new information, ENVIRON estimates that subsurface filter cake is 
present at the Site over an area of 600 square meters (see Figure 1).  This value will be used in the 
dose assessment as the area of subsurface contamination. 

Post Remediation Residual Contamination’ 
The samples collected during the Fall 2004 RA from the overburden material exhibited much less 
activity then was previously assumed. The previous assumption was that for every one cubic 

Data collected during the Fall 2004 RA showed that not all filter cake exhibits activity. The remedial 
efforts will focus on the removal of filter cake disposal areas and other consolidated filter cake deposits at 
the Site. Filter cake that exhibits no activity will not be removed. Filter cake commingled with soils will 
be remediated based solely on comparison with the DCGLs. 

I 
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meter of filter cake removed, one cubic meter of overburden with activities approaching the 
DCGLs would be placed back in the excavation. This assumption is not supported by the data 
collected during the Fall 2004 RA. The amount of contaminated material (residual 
contamination) to be placed back in the excavation was overestimated. Based on the Fall 2004 
RA data, less than a I-foot thickness of material exhibiting activity levels at the DCGLs, let alone 
any detectable activity, will be placed back in the excavations. Therefore, for dose assessment 
purposes, it is conservatively assumed that a 2 feet thickness of material with activity at the 
DCGLs will be placed back i n  the excavation. The remaining overburden and imported f i l l  will 
act as a cover. It is conservatively assumed that the cover thickness is 5 feet. 

Equilibrium 
As discussed in the attached, ENVIRON does not believe that U-238 and Ra-226 are at 
equilibrium. Therefore it is assumed that Ra-226 and U-238 are at 50% equilibrium. 

Unsaturated Zone Depth 
Excavations during the Fall 2004 RA at the Site extended approximately 16 feet below ground 
surface (bgs) and remained dry. Borings completed during the 1982 Radiological Assessment of 
the Site encountered groundwater at 6 meters (approximately 20 feet) bgs. Therefore, a value of 
6 meters will be used as the depth of the unsaturated zone. 

Miscellaneous 
A number of other adjustments to the assumptions and input parameters were made to the dose 
assessment. As discussed in the attached, intake parameters and partition coefficients will be 
updated to reflect more recent guidance than was previously used. Additionally, both surface and 
subsurface DCGLs will be developed. 

CONCLUSIONS 
As evident by the results of the Fall 2004 RA, the 2004 DCGLs were based on assumptions that 
were overly conservative. As discussed in the attached, ENVIRON and EM-Inc have 
reevaluated the DCGLs using the best information currently available. The revised DCGLs are 
protective of human health and will allow the Site to be released for unrestricted use in the most 
cost effective manner possible. ENVIRON requests approval of the DCGLs presented in Table 6 
of the attached so ENVIRON can move forward with the Supplemental Site Characterization 
Work Plan and further RAs. 

ENVIRON request that a meeting be held between the NRC and ENVIRON to discuss and 
finalize these changes to the DCGLs. David Heidlauf will be in touch with you in the next few 
days to discuss the meeting coordination details. 

Sincerely , 

ENVLRON International Corporation 

Mark Travers 
Principal Senior Manager 

cc: Bill Thomas - IEM-Inc. 
Jay A. Steinberg, not individually, but solely as President of LePetomane 111, Inc., 

not individually, but solely in the representative capacity of Custodial Trustee. 
Christopher Greco - ENVIRON International Corporation 
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DOSE MODELING EVALUATION 

ENVIRON International Corporation 
"Radiation Dose Model for the Breckenridge Disposal Site" 

April 13,2006 

1.0 Introduction 
The Breckenridge Site is located on Madison Road about 4 miles east of downtown St Louis, 
Bethany Township, Michigan.' The Breckenridge property is a narrow triangular-shaped 2.2-acre 
parcel of land that is mostly flat and grassy with scattered large trees. The property is bounded by 
Madison Road on the north, by Bush Creek on the east, and by farmland on the west. The nearest 
residence is located approximately 0.2 kilometers to the east across Bush Creek. A six-foot high 
chain-link fence controls access to the Site. The site is located in a rural area surrounded by farms. 

A previous dose assessment was prepared by SCIENTECH, LLC. (SCIENTECH) to compare the 
estimated dose from the buried filtercake to a hypothetical future on-site residential receptor.' The 
assessment compared the estimated radiation dose to the dose limit established by the U.S. Nuclear 
Regulatory Commission (USNRC) for unrestricted release of the radiologically contaminated areas.3 
The radiation dose limit is 25 millirem per year (mredyr) total effective dose equivalent (TEDE). 
The regulation also stipulates that the dose should also be as low as reasonably achievable 
(ALARA). A number of assumptions made by Scientech were found to be inconsistent with the site 
conditions that were encountered during the remedial activities in 2004.4 

The purpose of this radiation dose assessment was to establish the derived concentration guideline 
levels (DCGLs) consistent with site conditions to be used to remediate the site and satisfy the 
radiation dose criteria established by the USNRC. The sections provided below define the input 
parameters that were used to establish the DCGLs. 

2.0 Assessment Methodology 
The process of assessing the radiation dose potential for the Breckenridge Disposal site involves 
defining the source(s), preparing a site conceptual model, identifying the likely pathways for 
potential human exposure, and assessing the availability of a receptor to receive a dose. However, 
the relationships between these factors are complex and often interdependent. Therefore, a computer 

Scientech, LLC, Remedial Work Plan - Waste Excavation and Site Restoration. Breckenridge Disposal Site, 
Document Number 82A95 14, August 17,2004. 

' Scientech, LLC, Dose Assessment Report, Breckenridge Disposal Site, Revision 0 ,  April 16, 2002 

US Nuclear Regulatory Commission, Radiological Criferiafor  Unrestricted Use,  Title I O  CFR 20.1 402. July 2 I ,  3 

1997. 

' Letter from Mr. Mark Travers, ENVIRON, to Dr. Peter Lee, USNRC Region 111, Fall 2004 Breckenridge 
Disposal Site Remedial Activities, May 3, 2005. 
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program to model the plausible human exposure scenarios and to perform the complex sets of 
computations was employed. 

The computer code, RESRAD (Version 6.3) was used to model radionuclide fate and transport of 
residual radioactivity at the site and to assess the radiation dose incurred by hypothetical receptors 
who may be impacted by the site after decommissioning is ~ o m p l e t e . ~  This code provides an 
estimate ofthe annual radiation dose beginning immediately after decommissioning is complete and 
extending for 1,000 years into the fUture.6 It is widely-accepted as an industry-standard tool for 
performing radiological dose assessments and for deriving DCGLs. However, there are several 
important features of the code that should be taken into account in interpreting any results that are 
generated. These include the following: 

e The radiation dose conversion factors (DCFs) used in RESRAD 6.32 are taken from 
Federal Guidance Reports (FGRs) No. 11 and 12, which are derived from outdated 
dosimetry model promulgated by the International Commission on Radiation 
Protection ( ICRP);’,”~.~ O 

Yu.  C, Zielen, A.J, et al, User‘s Manual f o r  RESRAD Version 6.  ANLIEAD-4, Argonne National Laboratory. 
Argonne. Illinois, July, 2001. 

The RESRAD code was chosen primarily because it  can adequately depict the key site-specific features of  the 
Breckenridge site. It is also able to derive values for exposure parameters based on built-in fate and transport 
computations using well-defined site-specific data. In addition, the code is able to integrate radiation dose 
projections over time taking into account transient conditions that may occur. 

U.S. Environmental Protection Agency, Limiting Values ofRadionuclide Intake and Air Concentration and Dose 
Conversion Factors.for Inhalation, Submersion, and Ingestion, Federal Guidance Report Number 1 I .  EPA 52011 -88- 
20. September, 1988. 

U.S. Environmental Protection Agency, External Exposure to Radionuclides in Air, Water and Soil. Federal 
Guidance Report Number 12, EPA 402 R-93-081, September, 1993. 

International Council on Radiation Protection, Report of the Task Force on Reference Man. ICRP Report 23, 
1981. 

l o  The bio-kinetic dosimetry model accounts for particle fractioning that might occur following exposure. For 
example. the DCFs for particle inhalation account for the dose to the GI tract from the fraction of  respired particles 
that are ingested. As a result. there is no need to independently account for biological fractioning in the dose 
calculations. 
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0 Short-lived radioactive progeny (e.g. halflife less than 180 days) are accounted for 
using the "parent+D" DCFs; 

0 RESRAD integrates and normalizes exposure factors based on the fraction of time 
a receptor is exposed over the exposure period;" and 

0 RESRAD uses single-point estimates for values of every parameter to evaluate 
complete pathways in the deterministic module of the code. 

The RESRAD code was used to calculate a deterministic result and capture the reasonable maximum 
exposure (RME) condition for a receptor using single point estimates of parameter values used to 
calculate dose. Such a calculation provides a single point estimate of radiation dose that could result 
from a given concentration of radioactivity. For the purposes of modeling radiation doses for the 
Breckenridge site, a deterministic approach was used to establish the acceptable concentrations of 
uranium and thorium in the surface soil as well as the subsurface component of the site. 

The remainder of this Chapter summarizes the various dose assessments as follows: Section 3 
describes the site conceptual model, the radioactive source term and the physical parameters of the 
Breckenridge site that are used as input to the computer modeling; Section 4 describes the exposure 
scenarios that were evaluated; and Section 5 presents the results of the dose modeling performed for 
the Breckenridge facility. 

3.0 Site Conceptual Model 
A site conceptual model has three fundamental components that must be described in order to 
calculate (or model) the potential future dose to a receptor at or near the decommissioned 
Breckenridge site. The first component is the source term itself.'* The second is the physical 
characteristics of the site.I3 And the third is the range of realistic (plausible) human exposure 
scenarios, described primarily by factors that are associated with human behavior and metabolic 
physics. Each of these fundamental components is discussed in the subsections that follow. The 
source term abstraction used by the RESRAD code to project potential future dose is derived from 
knowledge about the source material itself, and previously completed radiological assessments of 

I '  For example, a soil ingestion rate of 100 mg/d for a receptor who is exposed on Site for only 50-percent of one 
day would result in an ingestion intake of 50 mg. 

I' The size, thickness, and radiological composition of the source must be conceptualized in the source term 
abstraction. 

l 3  The site must be  described in a physical abstraction that includes physical and hydraulic characteristics of the site 
and its potentially impacted environment. 
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the residual radioactivity at the Breckenridge site. The source term is defined by its radionuclide 
composition, as well as its lateral and vertical extent (spatial configuration). 

3.1 Values Used to Describe the Source Term 
The source term is the residual concentrations of radioactive materials that will be allowed to remain 
after remediation is complete. That concentration is bounded by an upper limit on radiation dose 
of 25 millirem, TEDE, and applies to the surface and the subsurface of the Breckenridge Disposal 
site. 

The radiological contaminants of concern at the disposal site include processed uranium and 
t h ~ r i u m . ' ~ . ' ~  The release criteria (DCGLs) were developed in units of picocuries per gram (pCi/g) 
for uranium 238, uranium 235, thorium 232, and the associated decay progeny. The filter cake that 
was disposed in the Breckenridge facility was processed such that the uranium and thorium were 
not in equilibrium with the decay progeny, including radium. For the thorium decay chain, more 
than ninety percent (90%) of secular equilibrium will be reached in 20 years. Since the material has 
been in the ground for more than 35 years, it is reasonable to assume that the progeny are in 
equilibrium with the parent, thorium 232. For the uranium decay chain, the time required to reach 
secular equilibrium is more than 75,000 years. The existing analytical data are inconsistent 
regarding the ratio of uranium to radium; most samples indicate the ratio of radium activity is less 
than 50% of the uranium activity.I6 In order to be conservative, the DCGLs were developed 
assuming that the activity of radium 226 was 50% of the uranium 238 and uranium 234 activity. 
Table 1 describes the activity of the key radionuclides present in the filtercake that were used for 
the radiation dose modeling. 

In describing the source term for input to RESRAD, the area (size) of the contaminated zone 
parameter for the surface is equal to the surface area of the disposal site or 3,800 square meters 
(m2).I7 The thickness of the surface contaminated zone is assumed to be 15 centimeters (cm) and 
no cover (0 m) is assumed to be present. The area of the subsurface contaminated zone is defined 

l 4  Letter from Mr. David Heidlauf, ENVIRON, to Dr. Peter Lee, USNRC Region 111, Waste Characterization 
Sampling Results, Breckenridge Disposal Site, April 16,2004.  

I s  Scientech, LLC, Buried Filtercake Waste Characterization Report, Breckenridge Disposal Sife,  Report Number 
82A9433, March 1 ,  2002. 

l6 Letter from Mr. David Heidlauf, ENVIRON, to Dr. Peter Lee, USNRC Region 111, Waste Characterizafion 
Sampling Results, Breckenridge Disposal Site, April 16,2004.  

Letter from Mr. David Heidlauf, ENVIRON, to Dr. Peter Lee, USNRC Region 111, Fall 2004 Breckenridge 17 

Disposal Sife Remedial Activities, May 3, 2005. 
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as the area of the waste pits or 600 m2. The thickness of the subsurface contaminated zone is 0.6 
meters (2 feet) and the subsurface material is assumed to be located at least 1.5 m below the surface. 
The input parameters used to describe the surface and subsurface areas are summarized in Tables 
3 and 4; Table 5 lists the parameters that are common to both the surface and subsurface exposure 
scenario. 

3.2 Values Used to Describe the Site Physical Parameters 
The second major conceptual component of a dose assessment is the physical abstraction of the site, 
which must capture and express the important physical, hydraulic, and geological conditions at the 
site. It is also used to place the source term in the context of the ENVIRONment and systems that 
surround it. The RESRAD computer model uses information about the physical characteristics of 
the site to estimate the potential migration of radionuclides and the ultimate distribution of the 
radioactive materials in the pathways for exposure of the receptor (in this case, a "resident farm 
family") over the course of 1,000 years. Specific parameters are provided in Tables 3,4, and 5.  

In recognition of the relatively flat topographic features present at the site, the general 
meteorological signature for the area, and the non-invasive nature of the hture use scenario, all of 
which argue for lower than average soil erosion potentials, the subsurface contaminated zone erosion 
rate was conservatively modeled with a deterministic value of 0.001 m/yr (1 m / l , O O O  years), 
equivalent to the RESRAD default value. Annual dose estimates are not particularly sensitive to this 
parameter since the peak annual dose occurs in the first year after deposition, and decreases each 
year thereafter, regardless of the surface soil erosion rate used. 

For the subsurface zone or the excavated waste pits, there are four "layers", all of which are 
important to the dose modeling objective. These are: 

0 Cover - a thick layer of unimpacted native soil, topsoil and vegetation from the site 
to form a cover over the contaminated zone and underlying waste layer; 

0 Contaminated Zone Layer - a layer generally lying just beneath the cover in which 
radionuclide-bearing materials are consolidated; 

0 Undisturbed Surface Layer - a relatively thick, dense, undisturbed native deposit of 
siltey clay and clayey silt;" and 

0 Saturated Zone Layer - the saturated layer located beneath the unsaturated zone. 

Letter from Mr. David Heidlauf, ENVIRON, to Dr. Peter Lee, USNRC Region 111, Fall 2004 Breckenridge 18 

Disposal Site Remedial Activities, May 3 ,  2005. 
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3.2.7 Cover 
The work plan requires that each waste pit be excavated and the filtercake be removed for shipment 
offsite. The walls of the excavation will be surveyed to verify that the concentration of the 
remaining filtercake is less than the derived concentration guideline levels (DCGLs) described in 
Table 6. Each excavation is backfilled using soil from the surface of the site and soil transported 
to the site from a non impacted borrow area. It is assumed that the cover (backfill) is at least 1.5 m 
thick (approximately 5 feet thick). This thickness is likely to much greater than 4 feet because each 
of the waste pits are different depths. The thickness of 5 feet was selected in order to be 
conservative and able to reduce the potential radiation lower than the dose calculated in Section 5 
of this report. 

It is assumed that the larger area, the surface of the Breckenridge site, does not have any cover that 
may attenuate the gamma exposure rates. The surface is assumed to be approximately 15 cm (6 
inches) thick. 

3.2.2 Contaminated Zone Layer 
The filter cake is buried in pits spread over 600 m2 of the Breckenridge site. Each waste pit is more 
than 4 feet deep and will be excavated during remedial activities. The density of the filtercake is 
assumed to be 1.4 gkm’ and a hydraulic conductivity of 89 dyr . ’ ’  Other parameters related to the 
geotechnical parameters that were used in the RESRAD model are provided in Tables 3,4, and 5 .  

The chemical characteristics of the filtercake were not studied. Specifically, the likelihood that the 
uranium, thorium and radium may leach fiom the waste pits has not been tested. A review of 
published studies indicate that the movement of these elements is a function of the type of soil and 
the availability of groundwater. Conservative partition coefficients (&) were selected for each 
element and used as input to the RESRAD code.20,21 The coefficients for uranium, thorium, radium, 
lead, and actinium are provided in Table 5. It was assumed that the soil surrounding the waste pits, 
the unsaturated layer and the saturated layer were composed of siltey clay and clayey silt; the Kd for 
each element was selected for a soil type of clay. 

l 9  Scientech, LLC, Breckenridge Disposal Site. Buried Filtercake Waste Characterization Report, Document 
Number 82A9433, March 1, 2002. 

Sheppard, Marsha I. And D.H. Thibault, Default Soil Solid/liquid Partition Coefficients, Kds, &or Four Major Soil 20 

Trpes: a Compendium, Health Physics Journal, Volume 59, No. 4. pp. 471-482, October, 1990. 

U.S. Nuclear Regulatory Commission, Development ofProbabilistic RESRAD 6.0 and RESRAD-Build 3.0 21 

Computer Codes,  NUREGKR-6697,  November, 2000. 
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3.2.3 Undisturbed Subsurface Layer 
The third layer is the undisturbed native deposits of siltey clay and clayey silt that is estimated to 
have a thickness of 20 feet ( 6  meters)." RESRAD identifies this layer as the ''unsaturated layer" 
when modeling the source term. The soil density is 1.4 g/cm3 and hydraulic conductivity is 89 
m / ~ r . ~ ~  The radionuclide distribution coefficients described in Section 3.2.2 were used for all 
elements. 

3.2.4 Saturated Zone Layer 
The saturated layer is estimated to be more than 6 meters beneath the waste pits. The soil density 
is 1.4 g/cm3 and the hydraulic conductivity is 289 m / ~ r . ' ~  The radionuclide distribution coefficients 
described in Section 3.2.2 were used for all elements. 

4.0 Exposure Scenarios 
In order to demonstrate compliance with applicable requirements for both the surface and subsurface 
portions of the Breckenridge site, and to ensure a realistic correlation between radiation dose and 
residual radioactivity, it is critical that the model portrayed in the RESRAD code be sufficiently 
representative of actual (site-specific) cases. The input parameters to the RESRAD code were 
established after envisioning and then characterizing ed the most realistic exposure scenarios 
applicable to hture (post-decommissioning) receptors. 

For this assessment, it was assumed that the "agricultural farm family" scenario is applicable. In this 
scenario, a hypothetical family is assumed to move into a house built on the Breckenridge property 
after the waste pits are excavated and the impacted soil is shipped offsite. For this scenario, it is 
assumed that a fictitious family builds a home and raises all of the crops and livestock for family 
consumption on the property. These fictitious family members may thus incur a radiation dose by 
- all of the following pathways (see Table 2): 

Inhalation of re-suspended radioactivity; 

Ingestion of food from crops grown in the location of the residual radioactivity; 

22 Oak Ridge Associated University, Radiological Assessment of the  Breckenridge Disposal Site, Velsicol Chemical 
Corporation, St. Louis, Michigan, Final Report, July, 1982. 

Scientech, 2004. 23 

Scientech. 2004. 24 
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s Ingestion of milk from livestock that grazes in the location of the residual 
radioactivity; 

s Ingestion of meat fiom livestock that grazes in the location of the residual 
radioactivity; 

s Ingestion of fish from an on-site pond contaminated by water percolating through the 
residual radioactivity; and 

s Ingestion of water from a well on the property that is contaminated by water 
percolating through the residual radioactivity. 

The reason for selecting the agricultural farm family scenario for this dose assessment is that 
exposure of permanent residents is long-term in nature, generally involves a greater number of 
exposure pathways than for non-residents, and results in a high, or conservative, estimate of 
potential radiation dose. This scenario is conservative because the site is small and not large enough 
to support a family for as many as 1,000 years. However, the scenario is considered to be the most 
sensitive and results in the highest potential radiation exposure.25 

For dose modeling the Breckenridge site, the following key assumptions were made: 

The critical group is a resident farm family who lives at the site full time, ingests 
meat, plants and milk from livestock raised on the site, as specified in the manual for 
RESRAD;26 

Ground water is used for drinking purposes; and 

Radioactive materials have been remediated to concentrations below the DCGLs 
established in this section. 

These assumptions were used to select the specific parameters that were used in the RESRAD model 
for the resident farm family and serve as the basis for the calculation of the DCGLs. Table 3 

U.S.  Nuclear Regulatory Commission, Comparison of the Models and Assumplions used in DandD 1.0, RESRAD 
5.61,  and RESRAD 1.50 Computer Codes wfith respect to the Residential Farmer and Industrial Occupant Scenarios 
Provided in NUREGKR 5512,  NUREG/CR-5512, Volume 4, August, 1999. 

2 5  

26 Yu. C,  Zielen, A.J, et al, User's Manual for  RESRAD Version 6 ,  Table 2.2. ANLIEAD-4. Argonne National 
Laboratory. Argonne, Illinois, July, 200 I .  
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describes the parameters used in the RESRAD model to depict the physical parameters of the 
residual radioactivity in the surface soil after decommissioning is complete.27 Table 4 describes the 
parameters used in the RESRAD model to depict the physical parameters of the residual 
radioactivity in the subsurface soil (Le waste pits that have been excavated and backfilled) after 
decommissioning is complete. The parameters that are common to each of the scenarios are 
described in Table 5. 

Relevant data were obtained from USNRC-sponsored references, including NUREG-55 12, NUREG 
6697 and combined with a literature ~ e a r c h . ~ * * * ~ ~ ~ ~ ~ ~ '  Only data provided directly from the USNRC 
or obtained from readily available, citable, published sources were used as input parameters for the 
RESRAD code. 

5.0 Results 
The RESRAD code was iteratively run for both the surface and subsurface impacted soil to arrive 
at the highest uniform concentration of residual radioactivity in soil that resulted in a peak mean 
annual dose estimate to a single receptor in the critical exposure group that equal to the regulatory 
limit of 25 mredyear for the resident farm scenario. The DCGLs for the surface were found to 
contribute to the radiation dose of the resident farm family during the early years of occupancy, less 
than 200 years. The DCGLs for the waste pits were found to have their maximum impact after 1,000 
years when activity in the water was at a maximum; the ingestion of impacted plants and water 
contributed to the radiation dose after 1,000 years. 

27 A more comprehensive list of the input parameters used in the execution of the RESRAD dose modeling code to 
evaluate the potential future radiation dose for each scenario is provided in the RESRAD summary reports (see 
Table 3,4 and 5 ) .  

28 U.S. Nuclear Regulatory Commission, Residual Radioactive Contamination from Decommissioning - Parameter 
Analysis, NUREG 5512, Volume 3, October, 1999. 

29 

Computer Codes,  NUREGICR 6697, November, 2000. 
U.S. Nuclear Regulatory Commission, Development of Probabilistic RESRAD 6.0 and RESRAD-Build 3.0 

U.S. Nuclear Regulatory Commission, Probabilistic Dose Analjisis Using Parameter Distributions Developed.for 30 

RESRAD and RESRAD-BUILD Codes, NUREG 6676, May, 2000. 

3' U.S. Nuclear Regulatory Commission, Residual Radioactive Contamination from Decommissioning - Technical 
Basis for  Translating Contamination Levels to Annual Total Effective Dose Equivalent, N U R E G K R  5 5  12. Volume 
1, September, 1992. 
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The DCGLs provided in Table 6 reflect the concentration of radionuclides in soil that may be 
present in the surface soil to ensure a maximum exposure of less than 25 millirem per year over 
background. The presence of these isotopes will be verified after the remediation is completed and 
the final status survey is implemented. As described in Section4.0, a resident farm family exposure 
scenario was used to develop the DCGLs. The RESRAD summary report is provided in the 
Appendix (Breckenridge Surface 08041 2.rad, Breckenridge Subsurface 0804 1 1 .rad). 

The RESRAD code was used to generate DCGLs in the soil by inputting unit activity concentrations 
and running the code to determine the resulting dose rate. This dose factor (milliredyear per pCi/g) 
is divided into the release criteria (25 mredyr)  to yield the DCGL. For '32Th+D, the concentration 
of 0.51 pCi/g was used for the key isotopes, 232Th, 228Th and 228Ra. The ratios of the uranium 
isotopes, 238U, 235U and 234U, were used for the unit activity concentrations. For 238U, the fraction 
of 0.32 was used, 0.02 for 235U and 0.32 for 234U. The filtercake exhibits concentrations of 226Ra, and 
'"Pb; the fraction 0.16 was used for each of these isotopes, assuming 50% equilibrium. This 
fractional source term was entered directly into the RESRAD code; the short-lived progeny were 
calculated by RESRAD according to their respective parents. The resulting dose, 3.3 m r e d y r  was 
derived from the unit activity for all contributing isotopes to the surface radiation dose. The DCGLs 
were calculated by multiplying the unit activities by the fraction of25 mred3.3 mrem or multiplied 
by a factor of 7.6. The resulting dose, 0.0075 m r e d y r  was derived from the unit activity for all 
contributing isotopes to the subsurface radiation dose. The DCGLs were calculated by multiplying 
the unit activities by the fraction of 25 mred0.0075 mrem or multiplied by a factor of 133.3. The 
DCGLs are summarized in Table 6. 

Thorium 232 is present in equilibrium with its decay progeny. The DCGL established for 232Th 
applies to any isotope in the decay chain. The DCGL of 3.9 pCi/gram in the surface soil and 34 
pCi/gram in the subsurface soil represent a maximum of 25 m r e d y r  in any one year over 1,000 
years. Exposure to "'Th and "'Ra represents the principal exposure from time 0 to approximately 
40 years. Exposure to 232Th represents the principal exposure after 40 years to approximately 200 
years. External radiation represents the predominant exposure pathway contributing approximately 
90% of the total dose for the surface DCGLs. For the subsurface soil, external exposure contributes 
76% of the exposure combined with 24% of exposure from the ingestion of impacted plants. 
Thorium 232 contributes the majority (72%) of the radiation exposure for the subsurface soil. 

Uranium 238 is in secular equilibrium with its decay progeny, Uranium 234, but not the radium nor 
lead decay progeny. The DCGL established for 238U and 234U of 2.5 pCi/gram in the surface and 
2 1.5 pCi/gram in the subsurface soil represents a maximum exposure of 25 m r e d y r  in any one year 
over 1,000 years. Exposure to 226Ra represents the principal exposure from the surface soil from 
time 0 to approximately 200 years. External radiation represents the predominant exposure pathway 
contributing approximately 90% ofthe total dose (1 7% fiom 2'6Ra in Year 0) for the surface DCGLs. 
For the subsurface soil, external exposure contributes 76% of the exposure combined with 24% of 
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exposure from the ingestion of impacted plants. Radium 226 contributes the majority of the 
radiation exposure from the uranium chain (12%) for the subsurface soil. 

To verify that exposures in any given year were less than 25 millredyear, the calculated exposures 
for both the surface and subsurface DCGLs were summed. The results in Table 7 indicate that the 
DCGLs are conservative and establish the criteria such that no exposure is greater than 25 m r e d y r  
for any one year, over an exposure period of 1,000 years. As described in Table 7, the predicted 
radiation exposure decreases to less than 0.1 m r e d y r  after 200 years and increases to 25 mredyr  
after 1,000 years. 
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Table 1 - Radioactivity in the Filtercake 

Comments 

Average of 9 
composite samples 

Activity 

Average of 9 
composite samples 8 

Average of 9 
composite samples 212 I 

~ 

Activity is assumed 
to be less than 50% 

of the activity of 
U238. 

67 

a - For the uranium decay chain, the time required to reach secular equilibrium is more than 75,000 years. It is assumed 
that U234 and long lived progeny that decay before Ra226 are in secular equilibrium with U238. For Ra226 and 
subsequent progeny, it  is assumed that the activity is less than 50% of secular e q ~ i l i b r i u m . ~ ~ ’ ~ ~  

b - For the thorium decay chain. more than ninety percent (90%) of  secular equilibrium is achieved in approximately 20 
years. Since the filtercake has been buried for more than 35 years, it is reasonable to assume that the progeny are in 
equilibrium with the parent, thorium 232. 

32 Letter from Mr. David Heidlauf, ENVIRON, to Dr. Peter Lee, USNRC Region 111, Waste Characterization 
Sampling Results, Breckenridge Disposal Sire, April 16,2004.  

33 Letter from Mr.  David Heidlauf. ENVIRON, to Dr. Peter Lee, USNRC Region 111, Waste Characterization 
Sampling Results. Breckenridge Disposal Site, April 16, 2004. 

34 

Corporation, St. Louis, Michigan, Final Report, July, 1982. 
Oak Ridge Associated University, Radiological Assessment o f t h e  Breckenridge Disposal Site, Velsicol Chenrical 
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Table 2 - RESRAD Exposure Pathways 

II Direct Exposure I Yes 

M e a l  Ingesuon 

M i l l  Ingestion 

Aquatic Foods Ingestion 

Direct Ingestion 

Commcntr 
~~ 

The source term found in the site soils producer pcnctrating gamma radiation 
Exposure from direct penetrating radiation i s  crpccted to be a significant 
contributor to the o%crall potential dose 

Allowancc 1 6  made for soils containing radiological constituents o f  the source 
being liberated and suspended in the brcathlng air  o r t h e  members o f t h e  farm 
family 

Radon is specifically excluded from consideration within the framework o f  thc 
governing rcgulationr 
producer ofradon due lo thc rclatircly long half-life o f t h c  thorium ~ ro topcs  found 
in thc filtercake 

lngerlion of plant foods addresses those plant foods grown i n  the surface sot1 

radioactivity may bc consumed by thc resident faarm famdy 

In addition. the source tcrm found IS not a rlpnificant 

It IS assumed that ground water may be used for consumption at  somc time In the 
future 

The farm family may ingest livestock that p a r r  on thc property 
on  the property a1 this time 

No animals cxnst 

~ ~~ ~ 

Ltveslock IS not allowed lo graze on thc property currently. Howr\cr .  ihc scenario 
of a rcsidcnt farm family includes the ingestton of milk from l ircstocl lhat graze 
on the property 

While there arc no surface water ponds on  the property currently, 1 1  is reasonable 
lo  assume lhat a pond stocked with fish may bc added an the future 

Members o f  the farm family spend approrimatcly I I f . ;  ofthcir  time outdoors 
They may ingest rclativcly small amounts of soil through incidental oral contact 
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Description 

Area of conlaminaled 
zone 

Length parallel to 

aquifer flow 

Thickncss o f t h c  
contammaled zone 

Page 15 

~ 

Code  Uni t  

Area m' 

LCZPAQ m 

THICK0 m 

Table 3 

0 51 

0 . 3 2  

0 0 2  

o 32 

Input Parameter 
It Parameter 

~~ 

3 9  

2.5 

0 1  

2 5  

For Surface Soil 

I 
Default Value Selected t No dcfault 3.XOO 

N o  dcraull I 616  

No dcfaull I 0 1 5  

l o  No dcfault 

0 1  I 0 02 

0 16 I 3  

3 9  I 0.5 I 

The area o f t h e  dtspos; 
site IS approxmair ly  

3.XOU m'. ENVIRON 
zoos 

This parameter I S  

dcrirrd as the rquarc 
roo1 of the conlaminate 

area NUREG 6697 

The surface IS dcfincd 
by the USNRC as lhc 
lop I 5  cm NUREG 

6691 
~~ 

It IS assumed that lhcn 
IS  no co! cr on Ihc 

surface m i l  by 
definition 

U n i l  .Acti\iIy to d c n w  
DCGL 

Unit Aclivil) lo deri\c 
DCGL 

Unit Activity 10 dcrrbc 
DCGL 

Unil A c t n i l y  10 dcrnc  
DCGL 

Unil Acti\-iI) 10 derive 
DCGL 

Unit  A c u r ~ l y  io derive 
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Table 4 
r Subsurface Soil 

I Psramctsr 
~ ~ 

Code Unit Justification Defmull Vsluc Selccttd 

N o  defaull 
The arc of Ihc waste pits 
IS approximately 6Ofl m' 

ENL'IRON. 2005 
~ 

No default 24 5 

NO dcfauh 0 6  

~~ ~ 

This pararnetcr IS derived 
as Ihc square root of the 

concammaled area 
NUREG 6697 

I t  1s asrumcd that the 
layer of impacted so11 
rcrnaming an the n'astc 
pits aAcr rcmcdsahon 1s 

less than 0 6 mclerr 
thich ENVIRON. ?@OS 

LCZPAQ m 

m THlCKfl 

II  IS assumed that there IS 
at least 5 feet of cover 

sot1 I1 IS projcctcd that 
most of the = a s k  pits arc 
decpcr than 5 fcct Thts 
balue 1s conrenatnc.  Ihc 

radiation dose nil1 
dccrcase as the depth of 

Ihc clean c m n  mcrcascs 
ENVIRON. 2005 

Unil Acti>ity to drnve 
DCGL 

pctig Unit Activity to drnvc 
DCGL 

Unit Aclivny 10 dcnvc 
DCGL 

fl 16 10 5 
Unit Actirit) lo den ic  

DCGL 

0.51 1 34 Unit .4cln1ty to d m \ c  
DCGL 

34 I 0 5 1  

0 32 Unit Actn i t )  Io dcnhc 
DCGL 21 S 

Unit .Actwily lo dcnvc 
DCGL 

0 32 ? I  5 
Unit  A c t n t t y  to dcnvc 

DCGL 

002 I 1 5  Unit Acln it? to denvc 
DCGL 

0 32 21 5 
U n i t  Actl\nIy lo dcnrc 
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Descriptio. 

DOX 
Conrcrsion 

Factors 

Time since 
placement 

Radionucltdc 
concentration 

in groundwater 
(for each 
isotope) 

C o \ e r  Depth 
(thickness) 

Density of  

co\er  matcrlal 

Page 17 

Par sme te r  

C o d e  

DCFX(n)  

T(n)  

TI 

C O V E R 0  

D E N S C V  

Table 5 - Common Input Parameters 

Not assigned 

Not  assigned 

1 5  

Not assigned 

I ?  

I S  

Umit 

mrem!pCi 

pc I:L 

g!cm' 

V.l"C 
Sclectcd 

Dcfarll 

All  DCFs urcd are R E S R A D  
defaults 

I 
IO 
IO0 
300 
ZOO 
700 
900 
IO00 

I 
10 
IO0 
300 
500 
700 
900 
IO00 

Justification 

RESRAD dcfaults from FCR#I  I 
and F G R r l Z  and are drr i rcd 

using ICRP 30 dosimetry 
model " "Short-lived I C  I KO 

days) radioactt\,c progeny 
isotopes arc accounted for 

through the usc o i t h c  "parent-D" 
D C F r  

EIaluation at these time segments 
a l l o n s  Tor Consideration o i t h c  

potential for conditions at thr Srte 
to C w I w  from the initial 

conditions specified ( c  g , so11 
erosion impacts the C O V C T  

thickness) and projccts the 
changing Site conditions to  thc 
required 1000-vcar outlook "Ib 

~ ~~ 

This parameter %as not used for 
the calculation P a n ~ i i o n  

cocfficients ncre urcd assuming  
placement at t=O )ears while the 
fillcrrake has h e m  placed an !he 

waste p ~ t r  Tor more than 7 0  ycars 

A cover i s  assumed for the 
subsurface coil Each nastc p i t  IS 
fillcd with at least f i s c  ice1 ofso i l  
after the filtcrcakc 8s exca\atcd 

N o  co ie r  IS present Tor the 
surface so11 

A co \c r  1s assumed Tor the 
suhsurracc s o i l  No E O \ C ~  IS 

prcscnt for the ruriacc soil 

35 U.S. Environmental Protection Agency. Limiting Values of Radionuclide Intake and .4ir Concentrations and 
Dose Conversion Factors for  Inhalation, Submersion, and Ingestion, Federal Guidance Report Number 1 1, EPA 
520/1-88-020, September, 1988. 

36 U.S.  Environmental Protection Agency, External Exposure to Radionuclides in Air, Water and Soil. Federal 
Guidance Report Number 12, EPA 402 R-93-08 1, September, 1993. 

37 U.S. Nuclear Regulatory Commission, Radiological Criteria for  License Termination. Volume 62, Federal 
Register, page 39058. July 2 1, 1997. 

3R U.S.  Nuclear Regulatory Commission, NMSS Decommissioning Standard Review Plan, NUREG-I 727, 
September. 2000. 



ENVIRON International Corporation 
"Radiation Dose Model for the Breckenridge Disposal Site" 

April 13, 2006 

Page 18 

P a r a m e t e r  
Value 

Selected Justification 
Code unit Descrlptlom 

Cover depth 
erosion rate 

Contaminated 
Zone Density 

Contaminated 
Zone Erosion 

Rate 

Contaminated 
Zone  Tota l  

Poros,ty 

Contaminated 
Zone 

Field Capacity 

Contaminated 
Zone 

Hydraulic 
Conductir 11) 

Contamtnated 
Zone 

B-Parameter 

miyr 

~~ _______ 

The erosion of the surface son1 
was selcctrd as a dcfault of thc 
RESRAD code This value is 
conser\ati\e and likcly to be 

lower  at Brcckcnridgc because the 
area 8s rclaiivcly flal and humid 
ambient conditions h value o f  
3x1Ohuaspred i r t cd  for humid 
sites including. Michigan. Ohio 

and N e w  Y o r l  

The density of the soil in the 
wastc pits. S c r n l r c h ,  2004 

vcv 0.00 I 0 001 

1 4  DENSCZ g k m '  I . 3  

The e r o s ~ o n  o l t h e  surface soil 
was selected as a default of the 
RESRAD code '' This \slue I S  

c o n s ~ r \ a t i r c  and Iikcl) to be 
loye r  at Brcckcnridgc hccausc the 

area is rclari\ely flat and humid 
ambient conditions \ \aIuc o f  
3 ~ I O ~ u a s p r c d i c t e d  for humid 
sites Including Michigan. Ohio 

and heu Yorh uI 

v c 2 0.001 0.00 I m:yr 

0 4  0 4  

~ ~~ 

Porosity of sandy soil 1s used to 

model the surface sail R E S R A D  
default This \ a h  is likely to hc 
lower because 1 1  IS assumed that 

the physical properties arc 
equivalent to clay rather than 

sandy soil 

Un,tlers 
010 I 

TPCZ 

FCCZ 0 2  

Field caparit) for sandy soil 1s 

calculated using total and 
eflectivc porosity. RESRAD 

default 

Unitless. 
0 to 1 

0 2  

The default \slue. 10 m yc 
corresponds to the measured 

hydraulic conductir ity In sandy 
s m l s  The subsurface gcolog) 15 

more  typical of clayey snli rather 
than sandy soil Scicnlech 2002 

The B-parameter w a s  selected for 
clay The b a l u c  I S  l i l c ly  IO be 
higher empirical data ranges 
from 4 l o  2 2  NUREG 6697 

HCCZ 10 89 m:yr 

BCZ Unitless 2 88 5.3 

39 Argonne National Laboratory, User's Manual for  RESRAD Version 6 ,  July. 2001. 

Argonne National Laboratory, The E'ecfs of Soil Erosion on the Long Term Stabilifji of FUSRAP Near Sui:face 40 

Waste Burial Sites, ANL/EIS-l8,  1983. 
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Paramctrr 

Descr ip t ion  Code U l i l  

A \  cragc 
Annual Wind WIND mlsec 

Speed 

Humidity !n air HUMID g,m' 

Page 19 

Jnsri l ication 
V.lur 

Selected 
Dtfanlt 

The sile- rpeciiBc a n n u a l  average 
4.25 4 65 value IS used for this input 

v a ~ u C . 4 :  

Not assigncd NA Tritium i s  not present a t  the sile 

E\ apatrdnspira 
EVAPTR 

T)pical  \slues in humid climates 
cast of the Mirsirsippt Ri \cr  are 

Dciaull 
I 0 5  I O S  I approximately o 7 " R E S R ~ D  

Unttlcss. 0 lo I 

1 Annual abtragc In the Michigan 
area Equals 29 inches per ycar" PRECIP m'year 1 0 5  0 751 

Precipitation 
Rate 

1rrigauon rate RI m'yr 0 2  I 0 5  USNRC. 1999"  

~~ 

41 U.S. Department of Agriculture, Soil Conservation Service, Soil Survey ofGrat iof  Count?,, Michigan, 1979 

Irrigation mode 

R u n o f f  
Cocificient 

42 Argonne National Laboratory, User's Manual f o r  RESRAD Version 6 ,  July, 2001. 

IDITCH unitless Ovcrhcad O\crhcad S i t c  specific mode o f  ~rrigatton 

The fraciton o f  total annual 
prcripitatton that sheds off Ihc 

suiiacr and drams t o  Siic 
ualershed drainage ui lhout  

percolaling through the soil The 
RUNOFF Unitless, 0 IO I 0 45 0 2  

National Climate Data Center. 43 

1.000.000 

Accuracy for 

cornputattons 
water soil EPS unillcrs 0 001 0 0 0 1  

44 U.S. Nuclear Regulatory Commission. Preliminary Guidelines.for Evaluating Dose Assessment in Support of 

Decommissioning, March, 1999. 

\aIuc 1)pically ranges irom 0 3 10 

0 5 For conscnat ism.  the \aluc 
I S  reduced Vl 'RtCi  6697 

Thc watershed area I S  used to 

calculate dilution factors for 
contaminant Cnncentrallons tn 

rurfacc walcr bodies in thc 
\ m n i t y  o f  the sitc UUREG hh97 

RESRAD deiaull parameter 

DEYSAQ 

Thc unsaruratcd m n c  % a s  
dc lemincd  to hc a clay sot1 Iypc I 1 2 2  I 1 4  1 soil during the Remedial 
I n ~ e s t w a t i o n  Scienwrh. 2004 

g'cm' 
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I P a r a m e t e r  
Value 

S c I e c I c d 
Default Jurtiflcntlon 

The total porosity was relectcd 
for sandy soil. RESRAD Default 

This value IS likcly to bc lawcr 
because o f  the presence ofclay I ,  

thc unsaturated laycr Scicntcch, 
2004 

0 4  0 4  

The total porosity a a s  sclccted 
for sandy so11 R E S R A D  Dcfaault 

This value i s  likely to bc lower 
because o f  the prcscncc of clay ir 
the unsaturated layer Scicntcch. 

2004 

0.2 0.2 

Ficld capacity ofsandy soil was 
derived for the effcctire and total 

porosity. RESRAD Default 
0 2  0 2  

289 10 Scicntcch. 2004 

0 02 0 02 NUREG 6697 

The 8-parameter was sclccted f a  
clay soil type R E S R A D  Default 

NUREG 6691 

NUREG 6697 

5.3 5.3 

0.001 0 001 

The non dispersal model applicr 
to thc site. 

ND 

10 

ND 

35 3 Obcrlitncr Wel l  Drilling. Cratiot 
County. 1999 Scienrech. 2004 

NUREG 6697 250 2 5 0  

4 6 O R 4 U .  1982 

The unsaturated zone w a s  

dcterrnincd to hc a clayey st11 soil  
type during the Remedial 

In\est ipation Scicntcch. 2004 

I .5 I .4 

The total  porosity was selected 
b r  sandy soil RESRAD Default  

This \ a h  1s l i l r ly  lo he louer 
because of the presence o f  clay In 
thc unsaturated la)rr  Scicnlech. 

2004 

0 4  0 4  



Dcfault 

0.2 

0 2  

Value 
Scleclrd 

0 2  

0.2 

Code Urnit 

B U Z ( I )  

HCUZ 

DCACT (n) 

Unitless 

m!yr 

cm’:g 

DCACT(n1 

DC A CT(n i 

cm”g 

cm’:g 
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Justincatloo 

The total porosity w a s  selected 
far randy 5011. RESRAD Default .  

This value IS Iihrly to b r  lower 
because of  the prcscnre of  clay ~n 
the unsaluratcd layer Scicntcch. 

2004 

Dercrlptlon 

C f f C C l l ,  c 
Porosily of 
Unsaturated 

Layer 

Field Capacity 
Unsaturatcd 

Layer 

Unsaturated 

8-Parameter 

Hydraulic 
Conduct,, ity 
Unsaturatcd 

Layer 

Layer I .  

Kd (Lcadi 

Kd (Uranium) 

Kd (Radium) 

Kd (Thorium) 

Inhalation Rate 

Wars Loading 
for Inhalation 

Shielding 
factor 

inhalation 

EPUZ Unitless, 
O t o  I 

~ ~ ~~ 

Thc field capacity u a s  derived 
using thc \ d u e s  for total and 

cffecti\c pororaty Tor sandy soil 
RESRAD Ocrault  

Unitless. 
0 to I 

FCUZ 

The 8-parameter u a s  selected for 
clay soil t jpc  RESRAD Default  

NUREC 6697 

Scicntcch. 2004 

Sclectcd the published value for 
clay soil type. Shcppard and 
Thibault 1990 NUREC 6697 

I O 0  550 

Sclcctcd the published \slue for 
clay soil type Sheppard and 
Thibault 1990 NUREG 6697 

DCACT(n)  

Sclecled lhc published baluc for 
clay soil type Shcppard and 
Thibault 1990YUREG 6697 

Sclectcd thc published value for 
clay s o d  typc. Shcppard and 
Thibault 1990 NUREC 0697 

Assume adult hreathing 20 l i t ~ r s  
‘min for 365 days. 24 hours per 

day “This  valuc 1s consc r~a i ivc ;  
marc typical breathing ratc IS 

8.400 m‘barcd on diffcrcnt 
breathing rates according to 

different a c t ~ v ~ t t c s .  NUREG 
6697 N U R E F  5 5 1 2  

Site spccific v a l u e  for this 
parameter is not available. 

Selcctcd parameter for outdoor 
airborne dust NUREG 5 5 1 2  

Filtration o rdus l  indoors. 
RESRAD default NUREC 6697 

0 00003 3 14c-6 

unitless I SHF3 0 4  0.4 

45 U.S. Environmental Protection Agency, Exposure Factors Handbook, Volume I ,  General Factors. EPA 6OOlP- 
95-002Fa. August, 1997. 
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Value 
Selected Defaull 

U.il 

Attenuation of external radiation 
inside the occupied building 

This value. a i  calculatrd using 
Microshield, is less than 0 01 

This value IS conscrvaI!vc likely 
to rcsull an a lower radiation 

crposurc. Sclectcd ia luc  from 
U S  E PA'" 

unitless 0 7  0 5 5  

Assumes number ofdays  per year 
of l ime  living P I  the Brcclcnridgc 

site 

h s sumer  that each day IS 24 hours 
long 

Days per year 

hours per day 

Not assigned 

Not assigned 

350 

24  

Unitless. 0 to I 

Thc fraction of a total  year 

(8.760hr) that IS sprnl indoors on 
site Assumes tha16hDb ( 1 5  77 
hr day for 3 5 0  days yr) of the  

exposure occur indoors 
N U R E G  5 5 1 2  

0.5 0 657 

The fracnon of a total year 
(8760hr) that IS spent outdoors o n  

Silc Equals 2 9 hrs day for 350 
days pcr year) outdoors on Site 

di\,idcd by  8760 hours K U R E G  
5 5 1 2  

Unitlcsr. 0 to 1 n 12 

RESRAD default  Represcntatire 
o f thc  impacted area n,ith an  area 

factor 
unitless Circular Ctrcular 

The shape of the Impacted area 1s 

modeled as a circlc This 
paramctcr IS not u r d  ~n thc 
calculation o f t h c  D C G L  

Value rclcctcd from NUREG 
6697 Libel) to bc loner  
USEPA rclccied 43  Lg yr 

U S E P A .  2000 

Not  assigned un~tIcss N o t  araignrd 

I I2 I60 kg:yr 

Value sclrrted from NUREG 
6697. Lihcly to bc loner 
L'SCPA rclcctcd 4 7 k g  yr. 
U S E P A .  znno 

kg/yr 14 21 4 

NUREG 6497 92 L/yr 2 3 3  

6 3  65.1 NUREG 6697 

46 U.S. Environmental Protection Agency, Soil Screening Guidance for  Radionuclides: User Guide, EPAi540-R-00- 
007. October, 2000. 
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V . l " C  

Selected 
Default Justificatlon 

Uait 

Value  sclcctcd from N U R E G  
6697 Likcly 10 bc lower. 
USEPA selected 7 3 kg'yr 

USEP.A. 2000 

5 4  20.6 

Y o  other seafood 15 lilcly to be 
consumed by members o f t h e  

rcsidrnt farm famnl) 

A member ofthc resident farm 
family may ingest soil as a result  

of mcidcntal contact wi th  the soil 
USNRC default for adults 

engaged In non contact tntenst\c 
acti\ities N U R E G  0697 

0.9 0 

36.5 I R  2 

Average intalc  b y  mcrnbcr o f t h c  

N U R E G  6697 
resident farm famil) I 3 L day 478 5 5 1 0  

R E S R A D  default for resident 
farm family scenario NUREG 
6697 

I uniilcss I 

RESRAD default for rcsidcnt 
farm family scenario N U R E G  
6697 

untllcss I I 

I RESRAD dcfault for resident 
farm family scenario NUREG 
6697 

unitless I 

RESRAD default for resident 
farm family scenario KUREG 

6697 
unitless 1 I 

RESRAD default far rcsidcnt 
farm famlly sccnarno KUREG 
6697 

unitless 0 5  0 5  

I 
RESRAD default for resident 

unitless I 

RESRAD default for rcsidrnt 
farm family scenario NUREG 
6697 

unitless I I 

I 
RESRAD default for rcsidcnt 
farm family sccnario. N U R E G  
6697 

unitless 1 

kgiday 68  h8 I RESRAD Default N U R E G  6697 



Description C o d e  

livestock 
iodder Intake LF16 

Tor milk 

L W l S  Iheslock w a t e r  

intake for meat 

LW16 Itrestock water 

intake for milk 

Umit 

kgiday 

L!day 

L:dny 

w e t  weight 
crop yield for 

non lcary 
plants I 
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Value  
Selected 

Default  

S 5  RESRAO Deiault K U R E G  6697 
5 5  

s o  so 

I 60 

RESRAD Default NUREG 6 6 9 7  

I60 I RESRAD Default NUREC 6 6 9 7  

0.5 RESRAD Default N U R E G  6 6 9 7  livestock soil I 
intake LSI kg:day 

MLFD glm’ 
mass loading 

for foliar 
deposition I 

0 0001 RESRAD Driault. KUREG 6 6 9 7  o.onoi 

n I S  N U R E G  6 6 9 7  RESRAD 
Default ‘- 

Thcrc are n o  re<trictions Tor 
plants and the dcpth o f  roots i n  

the impacted area The  dcpth of 
roots for cdlble plants 1s less than 

Grass on  thc impactrd 
area l ikely to be less than 0 3 m ‘I 

NUREG 6697 

0 9  m 
0 9  0 9  I Depth o f  Roots DROOT m ’ 

F C W D W  unitless 
drinking ua tc r  
fraction from 
ground water 

RESRAD drfault lor reridenl 
iarm iamily 

RESRAD Deiault NUREG S S 1 2  

I 

household 
%later fraction 1 rrom ground 

FGWHH unitless 

Y ater 

livestock uatcr  t ground u ater 
iraction irom FGWLW unitless I RESRAD Deiault. NUREG 6 6 9 7  

I t  IS assumed that thc propcrl) 
u 111 bc irrigated Y ilh rainu alcr. 
surface runof f  and supplemented 

by impacted groundwater 

I 

RESRAD Default NUREG 6 6 9 7  0 7  0 7  

I 

Argonne National Laboratory, User’s Manual for RESRAD Version 6, July. 200 1 41 

Argonne National Laboratory, Data Collecfion Handbook f o  Support Modeling the lnipacts of Radioacfit,e 48 

Maferial in Soil. ANL/EAIS-8, April, 1993. 
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Jurtificatiom 

_ _ _ _ _ _ _ _  ~~ 

R E S R A D  Default NUREG 6 6 9 7  

R E S R A D  Default NL'REG 6 6 9 7  

~~ ~ 

R E S R A D  Default NLIREG 6 6 9 7  

R E S R A D  Defaulf K U R E G  6697 

RESRAD Default. NUREG 5512  

R E S R A D  Default N U R E G  5 5 1 2  

R E S R A D  Dcrauit N U R E G  5 5 1 2  

RESRAD Default NL'REG 6 6 9 7  

R E S R A D  Default TiLIREG 6691 

RESRAD Default NL'REG Oh97 

R E S R A D  Default 

RESRAD Default 

R E S R A D  Default 
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JustIncatiom 

RESRAD DeTaull NUREG 6697 

RESRAD Dcfault NUREG 5 5 1 2  

RESRAD Delaull  NUREG 5 5 1 2  

RESRAD Drfault. NUREG 5 5 1 2  

RESRAD DcTaull KUREG 5 5 1 2  

~ 

RESRAD Defaull  NUREG 5 5 1 2  

R E S R A D  DcTaull KUREG 5 5 1 2  

R E S R A D  DeCaull KUREG 5 5 1 2  

R E S R A D  Default N U R E G  5 5 1 2  

RESRAD Default KUREG 5 5 1 2  

N o  pathua) for radon pas T h i s  
parameler IS not applicablc 

N o  palhwmay for radon gas T h i s  
parameter IS not applicable 

N a  pathway for radon gas This 
parameter IS no1 applicable 

N o  p a t h w a y  Tor radon gas This 
parameter I S  noi applicahlc 



ENVIRON International Corporation 
"Radiation Dose Model for the Breckenridge Disposal Site" 

April 13,2006 

Page 27 

Jusiilicatiom 

N o  pa thuay  for radon gas This 
paramrter IS not applicable 

N o  pathway fnr radon gar  This 
parameter IS not applicable 

N o  pathway for radon gas This 
parameter IS not applicable 

No pathwa) for radon gar  This 
parameter IS not applicable 

N o  pathway for radon gar This 
parameter i s  not applicablc 

N o  pathuay for radon gas This 
parameter I S  not applicable 

N o  pathway Cor radon gas This 
parameter i s  not applicable 

No pathua) for radon gar This 
parameter I S  not applicable 

Y o  pathway for radon gas This 
parameter 1s not applicablc 

N o  pathu,ay for radon gas This 
parameter IS not aml i r ab le  

N o  pathway for radon gas This 
parameter 1s not applicable 

N o  pa thuay  for radon %as This 
parameter IP no1 applicable 
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Isotope 

Thorium 232+D 

Table 6 
Derived Concentration Guideline Levels 

DCGL (pcilgram) 

Surface Subsurface 

3.9 34.0 

Uranium 238 and U234 2.5 I 21.5 

Radium 226 and Lead 210 I 1.3 I 10.5 

Table 7 
Annual Radiation Exposures Resulting From the DCGLs 

(medyr)  
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APPENDIX 



i ; : l i / i C G S .  21:49 Pa3e 1 

F i l e :  S r t c k e n r i d g e  Surface 12.RAri 

P a r t  I :  I.lixTure Suxs and S i n g l e  Raii3nuclide G u i i e i i n e s  - 

: ce  7cnver s i ;n  F a z t o r  : a n d  R e l a t e 3 :  Pa rame te r  S.~rrrrary . . . 
I- c . - e - S p e c i f i z  - P a r a w t e r  S~mrra ry  . . . . . . . . . . . . . . . . . . . . . . . . . .  
Z ~ r ~ x r y  z f  Fat?.way 3 e l e c t i c r . s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
- 

.................................... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

........................ 
........................... 

.................................... 
............................. 

......................... 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dcse/Source  Ratios S1;;m~e.J C-ger A11 Pathways . . . . , . . . . . . . . . 

i n g l e  R a d i c c - c l i d e  S o i l  k i d e l i r e s  . , . . . . . . . , . . . . . . . . . . . . 
z s e  ?er  ! . l uc l i l e  Swme3  Or-er A11 Pa t tways  . . . . . . . . . . . . . . . .  

Soil C o n z e s t r a t i 3 n  Per N1;clide . . . . . . . . . . . . . . . . . . . . . . . . . . . - 

i 

5 

10 

11 

12 

13 

14 
15 

16 

17 

1 8  

1 9  

20 

2 1  

2 2  

2 3  

2 4  

2 5  



Pa ramet e r  

-1 

-1 
E- 2 
- 
- 1  

- 
5- 1 
'-1 

-1 

- 
5- 1 

- ,  

-1 

E - 1  - -1 
-1 

>- 1 

2- 1 

-1 

_- 1 

C - 1  

-1 

-1 

.- 

- 

- 

"-34 

- 3 4  

7 - 3 4  
D-34 

-34 

--34 

E 3 4  

-34 

-34 

D-34 

n-34 
-34 

77-34 

- 

e-34 

-34 

-34 

9-34 

-34 

-34 

3-34 

7-34 

. ~~ 

- 

. - ~ .  trznsfer factors: 

A_- - 2 2 7 - D , p 1 a r, t / sc i 1 cs ncen t r a  t i o n  rat i ,2, dime n s i or. 1 e s s 

~ s - 2 2 7 ~ ~  , reef:livestr,c:.:-inta~e ratio, : p C i / k # J l /  I 'pCi/dJ  

hc-2271; , mlik/li.Jest:~:~-lnta~e r a t i c ,  :pZi/Ll/!pCi/d) 

Pa-531 , plar.t/soil concentration ratio, dinensionless 
Fa-231 , beef/livastoc~-intake r a t i o ,  IpCi/kq)/(pCi/d) 

?a-23: , ~,ilk/livestoc~-iitake ratio, ( p C i / L :  / Ip:i,'d) 

?t,-21C-D , plant/soil :ancentration ratic, dimensionless 

?b-?lC+I? , beef/livestcc?-intake ratio, !pCi/kgi/fpCi/d) 
p b - ~ l S + =  , mllk/livestcck-lnta?e ratio, ipCi/L)/(pCi/dl 

Ra-226tt , plant/soll consen-raticn rati3, dimensionless 
Pa-226-E' , beef/li.~estoc~:-lntake r a t i o ,  ( p C i / k j l  / (pCi/d) 

Pa-22E.b , rrilk/livestock-ictake ratio, (pCi/L; / 1pCi /d1 

I 5.0795-53 
I 3.454E-51 

I 3.263E-01 
I 1.64OEt00 
I 1.320E-Oi 
I 1.23CE-C1 
I 1.18CE-21 
I 1.18CE-21 

I 
I 
I 1.450E-32 

I 1. 060E-01 
1 7.216E-03 

I 1.321E-03 
I 1.442E-123 
I 8.C86E-C4 
I 5.48CE-04 
I 2.73CE-03 

I 2.830E-04 
I 2.67jE-$4 
1 2.553E-1)4 

I 2.687E-04 
I 

I 
I 4.00C'E-C? 
I 1.0@CE-C3 
I 1.@CCE-C3 
I 

4.770E-G3 

3.420s-01 

3.2602-01 

>.643E+53 

1.320E-01 

1.230E-01 

1.180E-0; 

1.19CE-0: 

1.410E-32 

1. @6@E-32 

5.373E-33 

1.32OE-33 

1.44OE-33 

3.9606-04 

5.480E-04 

2.730E-C3 

2.83CE-i4 

2.660E-54 

2.550E-34 

2.553E-54 

2. SCOE-03 

2.CCCE-65 
2 .  CCCE-C5 

1.02OE-02 

5. @@@E-03 
5. DDCIE-56 

1.000E-02 

8.OCCE-04 

3.CCCE-C4 

4. 000E-02 

1.00?E-53 

1.353E-3j 

4.005E-32 

1 . 0 @ @ E - 3 3  

1.00CE-03 

DCF? 

GCF2 

DCF2 

CCF? 

3CF2 

TCF5 

CCF2 

L C F l  

GCF3 

K F 3  

GCF3 

5CF3 

C C F ?  

CCF3 

1cf3 

DCF3 

b:Fj 

m r 3  

3CF3 

"F3 

R T F  [ 

R T F :  

RTF I 

RTF 1 

RTF I 

dlt ! - m -  

RTF ( 

R T F  I 

R T F  I 

RTF ( 

RTF{ 
RTF 1 

RTF ( 

RTF ( 

R T F  i 



, p l a n t / s c i l  c ? n ; e n t r a t i z n  r a t i c ,  d i m e n s i o n l e s s  

, b e e f / l i . ~ e s t o c k - i n t a k e  r a t i o ,  ( p C i / k q ) / ! p C i / d )  

, m i l k / l i . J e s r - c k - 1 - t a k e  r a t i c . ,  IpCiil! / ! p C i / d )  

, p lan : / so ; l  c o n c e E t r a t i o n  r a t i 3 ,  d i n e n s i o n l e s s  

, b e e f / l i v e s t o s C - i - r a k e  r a t i o ,  l p C i / k j )  / I p C i / d )  

, m i l k / l i . ~ e s t o s k - i n t a k e  r a t i o ,  IpCi/L:  / I p Z i i d )  

, p1ar . t  / s c , i l  c o r . c e n t r a t i o n  r a t i o ,  i i r n e n s i o n l e s s  

, t e e f / l i . J f s t o e k - i n t a k e  r a t i o ,  lpCi/kg ' i  / rpCi /d)  

, m i l k i l i . J e s t o c k - i ~ . t a k e  r a t i o ,  ipCi /Li  / ( p C l / d I  

, ~ 1 a r . t  / s o i l  cor , sen t  r a t i o n  r a t  i c ,  d i m e n s i o n l e s s  

, b e e f i l i . " . e s t o c k - i ~ t a k e  r a t i o ,  ( p C i / k g ~  / ' cpCi /dJ  

, ~ ~ i ? k / l i v e s t o ~ ~ - i n t a k e  r a t i o ,  ( p C i / L ) / ( p C i / c i )  

, c 1 a n t  /so i 1 :once n t r a t  i o n r a t  i c , (A ime n s i on 1 e s s 
, r e e f / l i , ~ e s t ~ c 4 - i n t a . e  rat:-, : pCi /kg l  / ( p C i / d )  

, ~ . : ~ i / l i v e s r - c c - l n t a ~ e  r a t i c ,  !pCi/L: / : p C i / d )  . .  

, p l a n t / s s : ;  c o n c e n t r a t i o n  r a t i o ,  d i n e n s i o n l e s s  

, t'ee : i  l i v e s t  t.c k-; n t  a ire r a t  i o ,  I p Z i / i q  ; / (pCi  / d )  

, r r : i l k / l i . ~ e s t o c k - i ~ t a k e  r a t i o ,  I p T i / i :  / l p C i / d )  

, 2lar . t  / . n i l  co : . cen t r a t ion  r a t i o ,  d i m e n s i o n l e s s  

, j e e f / l i v e s t o c k - i ~ . t a k e  r a t i o ,  I p C i / k g ' l / l p C i / d l  

, ~ ~ i ? k / l i v e ~ t o c k - i r . t a k e  r a t i o ,  (pCi /L!  / I p C i / d )  

I ~ i z a : : u r , a l a t i c n  f a c t o r s ,  f r e s h  w a t e r ,  L i i r g :  

I k-227-r  , fis-: 

I 
I 4:-227-c , c r u s t a z e a  and molljsks 

I ? a - 2 3 1  , f i s h  

I ?a-??: , c r u s t a c e a  and m c l l u s k s  

I 
I Pb-11S+2 , f i s h  

I Pb-:l3+? , c r - s t a c e a  and m o l l u s k s  

I 
I Ra- :26+r  , f i s n  

1 Ra-226-f , c r u s t a c e a  and m o l l u s k s  

I 
1 R a - 1 2 8 - P  , f i s n  

I Ra-126+r' , c r u s t a c e a  a~s3 r n o l l i s k s  

I 
I T h - L 2 3 1 D  , flsh 
I Th-123+D , c r u s t a c e a  and m o l l i l s k s  

I 
I rb,-:x , f i s h  

I T5.-1?,3 , c r ~ s t d i e a  an83 mcl1~sl.s 

I 

I 1.000E-63 I 1.00CE-03 I R T F l  6 . 1 )  

I 1.00ClE-04 I 1.0009-04 I X T F (  6,2) 

I 5.0002-06 I 5.0009-36 I R T F I  h , 3 :  

I I I 
I 1.009E-03 I 1.00:'E-33 I RTFl 7.1) 

I 1.0SOE-174 I 1.003E-34 I k T F I  7 . 2 )  

I 5.030E-176 I 5.00CIE-36 I ? T F (  7.3) 

I I I 
I 1.000E-23 I 1.ODOE-03 I R T F (  8 , l )  

I 1.01)OE-174 I 1.0OOE-34 I R T F (  8 . 2 )  

I 5.00DE-06 I 5.0ClOE-36 I R T F I  E , 3 )  

I I I 
I 2.500E-03 I 1 . 5 0 0 E - 0 3  I R T F !  9 , l )  

I 3.400E-04 1 3.40OE-04 1 R T F (  9,2) 

I 6.009E-04 I 6.000E-04 I R T F i  9 , 3 )  

I I I 
I 2.50CE-C3 I 2.500E-C3 I R T F ;  10,l) 

I 3.40CE-04 I 3.4CCE-C4 I R T F l  10,2: 

I 6.00CE-i4 I 6.0OCE-C4 I R T F I  1 0 , 3 !  

I I I 
I 2.50CsE-63 I 2.56CE-03 I R T F I  11.1: 

I 3.40C'E-94 I 3.40CE-34 I R T f l  11,Z: 

I 6.000E-174 I 6.OOOE-34 I k T F I  1 1 . 3 )  

I I I 
I 2.503E-33 I 2.553E-33 I R T F (  lZ,l) 

I 3.403E-J4 I 3.40CIE-04 I 3 T F I  1 2 . 2 )  

I 6 . 0 0 3 E - 0 4  I 6.000E-04 I R T F I  1 Z , 3 )  

I I I 
I I I 
I 1.500E+Ol I 1.500E-01 I BICFAC( 1 , l i  

I 1.00@E-C3 I 1.000E-03 I EICFAC( 1 , Z )  

I I I 
I 1.000E+01 1 1.CCCE-C: 1 B I C F A C (  2,1) 

I 1 . 1 G C E + I ; 2  I l.lC@E+CZ I BIOFACI 2 , : ;  

I I I 
I 3.0OCE+CZ I 3.GGCE+C2 I EIOFACI 3,:) 

I 1.00CE+02 I 1 . 0 0 C E t 0 2  I E I O F A C I  ?,:I 

I I I 
I 5.001?E+01 I 5.0009+01 I BICF;..~l 4,l; 

I I I 
I 2.5009+172 I 2.5309+32 I EIOfAC( 4 , 2 ;  

1 5.000E+01 1 5 .@00E+31  I BIDFAC( 5 , l ;  

I 2.50OE+O: I 2.500E+02 I SIOFAC( 5,:; 

1.00@E+Oi 

5.000E~02 

1. @0@E+02 

5 . 0 0 0 E ~ 0 2  

B I O F A C (  6 , l i  

BIOFAC( 6.1) 

BICFAC( 7 , l l  

?IOF.AC( 7 , : )  



Fa ram,e t e r  

C '  , L l s n  

, cr-stacea and mollusks 

, fish 
, c r u s t a c e a  and m o l l u s k s  

, fish 
, c r u s t a c e a  a:.d rnollllsks 

, f i s h  

, c r u s t a c e a  a n d  r r c l l u s ~ s  
I I 

Sass  :as* i~?sr . s  Tefadlt . L i b  w/o Associate Nuclide c : , n t r i t u t i 3 n s .  



P a r a r e t e r  

I user I I Vsed by  R E S R i L  I P a r a m e t e r  

I I n p u t  I D e f a u l t  I ( I f  d i f f e r e n t  from u s e r  i - p u t )  I Nanje 

:11 1 Area c f  c s n t a n l n a t e d  x?.e irn"2) 

R o l l  I Thickr .ess  of c o r ~ t a m i n a t e d  zone  I m )  

Roll I Length  p a r a l l e l  t o  a q u i f e r  f l o w  im) 

- 

311 I Basic  r a d i a t i o n  d o s e  l i m i t  ~ m r e m / y r i  

I Time s i n c e  p1acer;ent c f  r m t e r i a l  ( y r )  

R o l l  I Times f o r  c a l c u l a t i o c s  ( y r ~  

311 I Times for c a l c u l a t i o ? s  ( y r )  

5 1 1  1 Times f o r  c a l c u l a t i c n s  ( y r )  

R311 I T i m e s  for c a l c u l a t i a n s  iyr) 

-311 I Times f ? r  c a l c u ? a t i s n s  ( y r l  

311 1 Times f c r  c a l c u l a t i o n s  l y r l  

Roll 1 T i m e s  f o r  c a l c u l a t i o n s  ( y r )  

FOll 1 Times f o r  c a l c ~ l a t i o c s  ( y r )  

311 I Times f o r  c a l c c l a t i o n s  ( j , r )  

- 

- 

I - 
R312 I I n i t i a l  p r i n c i p a l  r a d i c n u c l i i e  i p C i / g )  

512 I I n i t i a l  p r i n c i p a l  r a d i s n u c i i ' d o  i p C i / g ) :  

312 I I n i t i a l  p r i n c i F a l  r a d i c x c l i d e  ! p c i / g ) :  

3012 I i n i t i a l  p r i n c i p a l  radio?:Jclide ( p C i / g )  : 

"312 1 I n i t i a l  p r i z c i p a l  r a d i o n I > c l i d e  ( p c i / g ! :  

:I12 I I n i t i a l  p r i n J i p s 1  r a d i o n u c l i d e  i p C i / g ) :  

T @ 1 2  1 I n i t i a l  p r i n c i p a l  r a c t i c n u c l i r l e  (~Ci/g): 

3312 I I n i t i a l  G r i n c i p a l  r a d i z n d z l i ' d e  ( p C i / g l :  

312 I I n i t i a l  p r i n c i p a l  r a d i c m c l i d e  ( p C i / q ) :  

2 ' 1 2  I I n i t i a l  p r i z c i p a l  r a d i o ? - c l i d e  i p c i / g !  : 

RC12 I I n i t i a l  p r i n c i p a l  rad ion1;c l ide  i p C i / g ) :  

312 1 C o n c e n t r a r i c n  i n  gr:un"ater ( p c i / L ) :  

312 I Concen:ration i n  j r c u n a u a t e r  ( ~ c : / L I :  

n in gr.cBundwatt.r (pCi /LI  : 

-*I12 I C o n c e n t r a t i o n  i n  groLndwater  ( p c i / L ) :  

;12 I Concentratio: .  i r ,  gro14?dwater ( p c i / L )  : 

m12 I C o n c e z t r a t i n r .  i n  g r o c z d w a t e r  i p C i / L ) :  

R312 I C o n c e c t r a t  i o n  i3 g r o u z d w a t e r  IpCi /L)  : 

312 1 C o n c e n t r a t i o n  i n  groundwater  \ p C i / L )  : 

3 1 2  I C o n c e n t r a r i c , n  i n  g rc ,undwater  ( p c i / L ) :  

2312 1 C o n c e n t r a t i c n  i n  g r c u n d i i a t e r  ( p C i / L ) :  

212 I C o n c e n t r a t i o n  i n  g r c u n d i i a t e r  !pCi/L!:  

- 

- 

I - 
R013 1 Cover  d e p t h  ( m j  

DO13 I D e n s i t y  of c o v e r  m a r e r i a l  f g / c n * * 3 )  

313 I Cover depth f r o s i c r i  r a t e  :m/y r )  

W 1 3  I D P n s i t y  c f  ~ c n : a r i n a t e d  ;:ne (g /cm+'3)  

R013 1 C o n t a r i n a t e d  z s n e  e r o s i o n  r a t e  ! m / y r i  

513 I C o n t a n i n a t e d  zone  t o t a l  p o r o s i t y  

- 3i3 I Contamir ,a ted  zone  f i e l d  c a p a c i t y  

KO13 1 Contamir.atnd :or,e ? . y d r a u l i s  c o n d u c t i v i t y  

313 1 Contaminated  zone  b p a r a r e c e r  

313 1 Agerage anr.ua1 wind s p e e d  :rr./sec) 

F.013 I Humidi ty  i n  a i r  :g/nL**31 

:313 1 E v a p o t r a n s p i r a t i o n  c o e f f i c i e n t  

2 1 3  1 P r e z i p i t a t i o -  ( rn /yr )  

Ac-227 

Pa-231 

Pb-Tl0 

Ra-226 

Ra-228 

Th-22$ 

Th-253 

T3-232 

u-234 

u-2?5 

U-238 

h c - 2 2 7  

Fa-231 

Pb-219 

Ra-226 

xa-2:a 

Th-228 

Th-230 
Th-232 

;I-234 

TJ-235 

rJ-228 

I I I 

1 3.8006+03 1 1.000E+04 I 
I 1.500E-01 I 2.000E+@0 I 
I 6.160E+01 I 1.000E+02 1 
1 2.50@E+01 I 3.000E+@1 I 
I 0.000E+00 I O.OOOE+O@ I 
I 1.00OEt00 I 1.000E+00 I 
I 1.000E+02 I 3.000E+00 I 
I 2.000E+02 1 l.O@OE+@l 1 
1 3.000E+02 I 3 . 0 0 0 E t 0 1  I 
I 5.000E+02 I 1.000E+02 I 
I 6.000E+02 I 3.000E+02 1 
1 7.COOE+02 I 1.000E+03 I 
I &.0@0E+02 I O . O O O E + O @  I 
I 1.000E+03 1 0.000E+03 I 
I I I 
I 1.400E-01 I 0.OOOEtCO I 
I 1.400E-01 1 O.OOCE+OO I 
I 1.300Et00 I 0.000E+00 I 
I ?.3@0E+00 1 0.000Et00 I 
I 3.900E+00 I 0.000E+03 I 
1 3.900Et00 I O.OOUE+OO I 
1 2 . 5 @ 0 E + 0 @  1 @.OG@E+OO 1 
I 3.900E+O@ I O.OOCE+OO I 
I 2.500E+00 I 0.@00E+OO I 
I 1.GOOE-01 1 O.OOGE+OO I 
I 2.500E+00 I O.OOOE+03 1 
I n o t  u s e d  I 0.00@E+30 I 
I ? o t  u s e d  I @.00OE+00 I 
1 - n t  u s e d  1 @.GCCE+CC 1 
I n o t  u s e d  I O.OO@E+OO I 
1 n o t  used I 0.000E+O@ I 
1 n o t  u s e d  I O . O O O E + i i 3  I 
I n o t  dsed I 0 . 3 0 0 E + 3 0  I 
I n o t  u s e d  1 O.OCOE+OO 1 
I not u s e d  I O.OCCE+CC I 
1 n o t  u s e d  1 o .onnE+oo 1 
I n o t  u s e d  I 0 . 0 0 0 E ~ 0 0  I 
I I I 
I 0.000E+00 I @ . O L ? O E + O O  I 
I n o t  u s e d  I 1.500ZtCO I 
1 n o t  u s e d  1 l.CCCE-C:! I 
I 1.400Et00 I l.S@OE+O@ I 
1 1.COOE-03 I 1.000E-03 1 
I 4.000E-01 I 4 . 0 @ 3 E - 3 1  I 
I 2.000E-01 I 2.800s-21 I 
1 &.900E+01 I 1.000E+'-l l I 
I 5.300E+00 I 5.30CE+iC I 
1 4.650E+@@ 1 2.000E-CO 1 
I not used 1 8.000E+-C@ I 
I 5.000E-01 I 5.000E-01 I 
1 7.540E-01 I 1 .000E+53 I 
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F i l e :  B r e c h e n r i d g e  S u r f a c e  ',.RAE 

S i t e - S p e c i f i c  Pa rame te r  Sumnary ( c o n t i n u e d )  

1 vser I I 
Pa ramet e r I I n p u t  I D e f a u l c  I ( I f  

I I 1 
I 

I r r i ,ga t i c, n 

I r r i g a t i c n  TC,+ 

RJr:off c o e f f i c i e n t  

Waters:,ed a r e a  f o r  r e a r b y  s t r e a m  or pond irr"2 

Accuracy  f o r  waterisoil c o m p u t a t i o n s  

i n , /  y r  1 

k n s i t y  sf s a r u r a t e d  r sne  Ig/cm*+31 

S a t u r a t e d  zone t c t a l  F , - r c s i t y  

S a t u r z t e d  zoce e f f e c t i v e  p o r o s i t y  

S a t , i r a t e d  zor,e f i e l d  c a p a c i t y  

S a t c r a t - d  Z G ; ~  h y d r a u l i c  c o n d u c t i v i t y  l n d y r :  

Sa t i J ra ted  zone h j l r a u l i c  g r a d i e n t  

S a t u r a - e 3  :cne b ~araneter 

Water t a b l e  d r a p  r a t e  I r / y r )  

Well ~ u r , p  i n t a k e  d e p t h  (r. beiow w a t e r  t a b l e )  

bic3e:: ! I c n d i s r e r s i c n  :!JT) cr  Kass -Ba lance  (Ma) 
well pumping r a t e  ( m " 3 / y r i  

Nurrber ,sf '27.saturated Z G 1 e  S t r a t a  

Llnsat. icce 1, t h i c k n e s s  (m! 

U?.sat. i c n e  1. s s i l  aensity (g /cm+*31 

:Jr.sat. zone 1, t o t a l  p o r o s i r y  

I Jnsa t .  zzne 1, e f f e c t i v e  p c , r c , s i t y  

Unsa:. z3ne 1, f i e l d  c a p a c i t y  

IJnsat .  z c n e  1, scil-s~ecific b p a r a m e t e r  

C i s t r i b - t i o n  c o e f f i c i e n t s  for Ac-227 

Cc3r.t avinaced zone  icm" 3 / g !  

UnsatLrate3 zone 1 (cmn"3/g i  

Satcrated zorie ( cm**3 /3 :  

Leach r a t e  ( / y r :  

S.:,l u t, 1 l:: y c 3n s t a n t 

D ; s r r i b u t i ? n  c 3 e f f i c i e n t s  f c r  Fa-231 

Cc n t a1r 1 n a t e.3 z c n e 

9 n s a t . J r a t e d  zone  1 !crr,*+3/3) 

S a t u r a t e d  zone (cm" - 1 7 )  

Leach r a t e  :/yrj 

So 1 u b i  1 i t  y c o n s t a n t  

: cm* * 3 / i 

3i st r i b u t  i n n  c o e f f i c i e n t s  f 5 r Fb-2 1 0  

C o n t a n i n a r e 3  zone ( c m * * 3 / j :  

U n s a t u r a t e -  z3ne 1 (cn'*3/!31 

S a t i ~ r a - e 3  zzne  ! cn "3 /g )  

Leach 1-3te i / y r )  

S s I IJ b 1 1 1 c y con st a n t  

I 

I 5.000E-01 I 2.CCC:E-C1 I 
1 o v e r h e a d  1 o:.erhead 1 
I 2.000E-01 I 2 .000E-01 I 
I 1.O@OE+06 I 1 . 0 0 0 E + 3 6  I 
I 1.030E-03 

I 
I 1.400E+@0 

I 4.000E-01 

1 2.000E-01 

1 2.COOE-01 

I 2.830E+02 

I 2.0OOE-02 

I 5.300E+00 

I 1.033E-03 

I 3.530E+@1 

I N= 

I 
1 1  

I 2.500Et02  

I 6.000E+00 

I 1.40@E+@0 

I 4.0OOE-01 

I 2.030E-01 

1 2.300E-01 
I 5 . 3 0 0 E t 0 0  

1 8.90GE+01 

I 
I 
I 2.400E+C3 

1 2.4@06+03 

1 2.400E+03 

I D.OOOE+OO 
I 0.00@E+@@ 

I 
I 
I 2.700E+03 

I 2.70CE+03 

I 2.70OE+03 

1 0.000E+00 
I @ . @ @ @ E + O @  

I 
I 
I 5.50@Et@2 

I 5.500E+@2 

I 5.500E+02 

1 0.000E+00 

I 0.000E+00 

1 . 0 M E - 0 3  

1.50@E+L'O 

4.000E-01 

2.00CE-01 

2.0GOE-01 

1.0COE+02 

2.OG@E-C12 

5 .  ?03E+33 

1.3002-53 

1.000E+01 

N D  

2,5i'CE+C2 

1 

4.000E+03 

1.503E+33 

4.000E-51 

2,003'-01 

2.30"Z-Cl 

5.30CE+CO 

1.3GCE+il 

2.000E+01 

2.000E+01 

2.000E+S1 

@.O i l3E+3?  

i?.33?3t?C 

5.CCOEiCl 

S.CCCE*O? 
5.000E+CI? 

0 .0@@E+3@ 

@.0@0E+00 

1.53CE+02 

1.000E+C2 

l.OC,CE+C2 

0 .  O O O E ~ 0 0  
0.0@0E+00 

EPS 

K'ENSAQ 

TFSZ 

E P S Z  

FCSZ 

FCSZ 

?GWT 

3s Z 
, K I  

E<: BHT 
MOGEL. 

2w 

1 - 1- 
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i,-.-ary : 3 z e c k e n r i d g e  S,Jrfa?e O B C 4 1 2  F i l e :  B r e c k e n r i d g e  Surface :2.RRE 

. .,_. .-,2?i.3, 'brers ion 6.3 

- 
S i t e - S p e c i f i c  Pa rame te r  Sumrr,ary ( c o n t i n u e d !  

- 1  I llser I I 3 s e 3  by  EfSW.5 1 Paramete r  

:.:enu I Fa rame te r  I I n p u t  I D e f a u l t  I (If d i f f e r e n t  tr-ont u s e r  : n ~ u : )  I Narre 
I I I I I 
I I 

1 1 6  I J i s t r i b u t i o n  c o e f f i c i e - t s  for Ra--726 - 
h316 I Contamina ted  zcfne (c!n**?/g:,  

2316 I U n s a t u r a t e d  zcne  1 (cn*-j/g! 

016 1 S a t u r a t e d  x n e  !cir"?/ql 

-116 I Leach r a t e  ! / y r i  

F@16 

.I1 6 

F316 

316 

12 1 6 

RC16 

R G 1 6  

- 

- 

-016 

RO16 

31 6 

316 

1916 

-316 

- 

T O 1 6  

RIl16 

31 6 

-31 6 

R 3 1 6  

516 

- 
RC16 

cni6 

316 

7 3 1 6  

931 6 

016 

- 
R 0 1 6  

016 

016 

R016 

R016 

- 

S o h b i  l i t y  c o n s t a - t  

D i s t r i b u t i m  c s e f f i c i e n t s  fc.r Ra-218 

Contair . inated zcne  : cn "3 /3 '  . *  

U n s a t ' J r a t e d  zone 1 !cr."3/31 

S a t u r a t e d  :one (cm"3/gi 

Leacn r a t e  ( / y r )  

S o l u b i  1 i t y  eor.sta7.t 

D i s t r i bu t i on c c.8 f f i c i e ri t s for TC - 2 Z @ 

C o n t a n i n a t  e d  zcne  : TL'* 3 / 3  

U n s a t u r a t e d  zcnp 1 ; m + * 3 / g )  

Saturatecd zone :crr .+ '3/~~1 

Leach r a t e  ; / y r l  

S o l u b i  1 i t  y co?.st a7.t 

C, i s t r i b u  t ion coe f f i c 1 e? t s for Tt - 1 3  3 

Cont a m i n a r e 3  ziine ! c m +  * ? / g  ! 

U n s a t u r a t e d  z s n e  1 (cn**3/q) 

S a t u r a t e d  r3ne  :c3'*3/31 

Leach r a r e  : / y r !  

ScluOi 1 it.,; i o r . s t a r . t  

C i s  t r i bc  t i o n  coe  f f i c  it.?. t s fct r Th-2  32 
Contaminaze? z3P.e i c m n " ? / ; j  

U z s a t u r a t e d  z3ne 1 j cxn"3 /g i  

S a t u r a c e i  zcne ; c r m " 3 / ~ :  

Leach r a r e  :/yr: 

S o l u b i l i t y  constant 

D i s t r i b u t i o n  c o e f f i c i e r i t s  f o r  3-234 

C o n t a r , i n a t e d  zone  ! c1n"3/83 1 
U n s a t u r a t e , i  zone 1 ( c m t + 3 / g !  

Satura:ed zone !cnn"3/g'i 

Leach r a t e  (/yrl 
316 1 S o l u b l l l c y  canstant 

I - 
R @ 1 6  I D i s t r i b u t i o n  c 3 e f f i c i e n t s  f c r  3-235 

316 1 Contamina te?  zcne  ( c r i + 3 / , g !  

516 I U n s a t u r a t e d  zone 1 !crnt' j /g) 

R916 1 S a t u r a t e d  :one (crn++?/g'i 

G16 I Leach r a t e  ! / y r i  

1C16 I S o l u b i l i t j ,  m r , s t a n t  

I I I 
I 9.1@@E+03 I ' .09,7E+31 I _ _ _  
I 9.1@0E+@3 I 7.3@0Et;'1 I --_ 

I 9.100Et03 I 7.900EtCl 1 _ _ _  
I @.000E+O@ I 0 . 0 @ 0 E + C C  I 2.66tE-C3 

I 0.@00€+00 I O.CCCE+@O I n r t  u s e 3  

I I I 
I I I 
1 9.1@@E+03 I ' .O@CIE+?l  I 
I 9.100E+@3 I 7 . 0 5 3 E t 9 1  I 
1 9.100Et03 1 7 . 3 0 3 E + C 1  I 
I 0.000Et00 I O . O C , C E + C C  1 
I 0.000E+00 I O.L?CCE4C@ I 
I I I 
I I I 
I 5.600E+03 I 6.@03€+04 1 
1 5.8OOE+03 I 6.5032t14 I 
I 5.600€+03 I 6.330K+C4 I 
1 @.000Et0@ 1 @ . O L ? O i ' t C O  I 

I I I 
I I I 

I 0.000€+00 I @.OC'OE+CC I 

I 5.8008+03 I 6.0C@E+04 1 
I 5.8@0E+03 I 6.0@3E+@4 I 
1 5.6@0E+@3 I 6.393ZtS1 I 
I 0.300E+00 I @.03C'E+03 I 

I I I 
I I I 

1 @.000E+00 1 @ . @ S O E + i l  1 

1 5.800€+03 1 6.00CEiC4 1 
I 5.800E+03 I 6.000E+04 1 
I 5.800E+O3 I 6.003E+34 I 
I 3.0@@E+@O I @.333E+33 I 

I I I 
I I I 

I 0.@O@E+@O I O.OOnEtCO I 

I 1.60CE+@3 I 5.CCCE+@1 I 
I 1.600E+03 I 5.000E-01 1 
1 1.60@E+03 I 5.000E+31 I 
I @.@@@E+@@ I 0 . @ 3 @ E + 3 0  I 
I Ci.000Et00 1 0.3359+33 1 
I I I 
I I I 
1 1.600E+03 I 5.CCCE+@1 I 
I 1.600Ei03 I 5.0COE*@l I 
I 1.600E+03 I 5.00@E+i?: I 
I 0 . 0 0 0 E + O @  I @.000E+33 I 
I 0.000E+00 I @.@33E+'13 I 

_ _ _  
4 .523E-C4  

n c t  uEed 

- _ _  

4 . 5 2 3 E - 0 4  

ncmt used  

4 1  

5 )  
c - ,  ", - ,  

51  

51 

51  

61 

6 , : ;  

61 

6 1  

61 

7 1  

7, : ;  

7 \  , ,  

71 

7 ;  

3 1  

6, l! 

6 !  

8 i  

E 1  

9!  

3,1! 

31 

3:  

91 
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F i - e :  E r e z h e q r i d g e  S u r f a c e  12.W.L 

S i t e - S p e c i f i c  P a r a m e t e r  Summary i r o n t i n u e 3 i  

- 1  
!.!"nu I F a r a r . e t e r  

7 .  , ~ - 6  I L i s t r i b - t i o n  c o e f f i c i e : . t s  for rJ-236 - 
? , ? I 6  I C o r t a m i n a t e d  zone  (cn;+*3/gj  

2.216 I U n s a t u r a t e d  zone  1 ! c m * * 3 / 3 )  

516 1 S a t u r a t e d  zcne ! c r ; * *3 /g !  

- d l 6  I Teach r 3 t e  ( / y r l  

RC16 I S o l J h i l i t y  co2star.t 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1nta la t i :n  r a t e  I T I + * ~ / ~ K :  

Mass l c a A i n 3  fcr i n h a l a t i c n  : g / m * * 3 :  

Expcsure  3 a r a t  i o n  

S h  i e 1'3 i n , ~  f a c t  o r ,  i :.ha l a  t i c n  

S h i e l d i c q  f a c t o r ,  e x t e r n a l  gama 

Fr3cti83n > f  t i m e  spec! i: .dcors 

F r a c t i 3 n  a f  t i m e  s p e n t  outdoors  (on  s i r e :  
Shape  ia:trsr f l a g ,  e x t e r n a l  

Ragi: cf s?,ape f a c t o r  a r r a y  

O u t e r  a n n - l a r  r a d i z s  ( m ) ,  

O u t e r  ar . r .c lar  r a d i c s  ! m ) ,  

O.Jter  a z c u l a r  r a d i u s  ( m i ,  

0-ter  a n n u l a r  r a d i u s  (Ti; ,  

Outer a n n g l a r  r a d i , J s  ( K ) ,  

O u t e r  a z n u l a r  r a d i x  ( n ) ,  

O u t e r  ;:.rxlar r a d i - s  ! m i ,  

0;ter a z r . u l a r  radi1;s ( m i ,  

O - t e r  a n n i i l a r  r a d i u s  !m;, 

Ourer  a n n u l a r  r a d i l l s  (n:, 
3 u t 4 r  a n n J i a r  rad i ,ds  !r.:, 
Outer ann.;lar r a d i - s  (m.1, 

3 a m a  

: u s e 3  i f  FS = 

r i n g  1 :  

r i r .g  2 :  

r i n 3  3: 

r i n 3  :: 

r i n g  5:  

r i n g  6: 

r i n g  7 :  

r i n g  E :  

r i n g  3: 

r i n g  IC: 
r i n q  1:: 
r in 'q  1 2 :  

F r . d i t s ,  v e g e t a b l e s  and   rain consumpt ion  

Lea fy  1 - e g e r a t l e  consu-npt icn  : k q / y r )  

M i l k  c a n s u - i c t i s n  : L / y r )  

?Teat a n l  ~ z u l t r y  x r . s u r p t i c n  ! k g / y r )  

F1 sh : 3 n  s J r p  t i O i l  ; kg / y r I 

C t h e r  seafood conssmp:ion lkg/yr:N 

S o i l  i c j e s t i o n  r a t e  ! g / j r i  

3 r i r . k i r . 3  wayer i n r a k e  ! L / y r l  

I I I 
I 1 . 6 0 0 E + 0 3  I S.CCCE+P: I 
I 1 . 6 0 0 E t 0 3  I 5.OOOE-0: I 
1 1 . 6 3 0 E + 0 3  I 5 .333E+3i  I 
I 0 . @ 0 0 E + 0 0  I @ . @ 3 @ E + 0 3  I 
I O.GOOE+OO I 0.0L'CE+00 1 
I I I 
I 1 . 1 6 9 8 + 0 4  I 8 . 4 @ @ E - C 3  I 
I 3 . 1 4 0 E - 0 6  I 1 . 0 0 0 E - 3 4  I 
1 3 . 0 0 0 E + 0 1  I 3 . 2 3 3 E + 3 1  I 
I 4 . 0 0 0 E - 0 1  I 4.53OE-01 I 
1 4.000E-01 I 7 . C C C E - 4 1  1 
I 6 . 5 7 1 E - 0 1  I 5 .00@E-C? 1 
1 1 . 1 0 1 E - 0 1  I 2 . 5 0 0 E - C :  I 
1 1 . 0 3 0 E + 0 0  I 1.303E1C13 I 

11: I I I 
I n o t  u s e d  I 5 . 5 i ' O E t i ' l  I 
I n o t  u s e d  I 7 . C 7 1 E + C l  I 
I n o t  u s e d  I 0 . 0 0 @ E - C @  I 
I not used  I 0 . 0 0 0 E + 0 0  I 
I no t  u s e d  I @ . 3 0 3 5 + 0 3  I 
I not u s e d  I 0.@Ji'S+C'3 I 
I n o t  used I O . O a C E + C O  1 
1 not u s e d  I 0.GCCE-CO I 
I n o t  u s e d  I 0.OCCE-CU I 
I n o t  u s e d  1 O . O D O E + C I @  I 
I n o t  u s e d  I @ . 3 3 3 E + 5 0  I 
I r.ot u s e d  I 0 .0C~CZt50 I 
I I I 
I 
I n o t  u s e d  

I n o t  u s e d  

I z o t  u s e d  

I n o t  u s e d  

1 n o t  u s e d  

I n c t  used 

I n o t  u s e d  

I n o t  u s e d  

I Z o t  u s e d  

I n o t  u s e d  

I n o t  used 

I n c t  u s e d  

I 
ikg/yri I 4 . 1 ' 0 E + 0 1  

I 4 . 6 6 0 E + 0 0  

I 9 . ? 0 0 E + 0 1  

I 6 . 5 1 0 E + 0 1  

I 7 . 3 4 0 E + 0 0  

I @ . 0 3 0 E + 0 @  

I l . 8 2 6 E + 0 1  

I 4 . 7 8 5 E t O 2  

1 . 0 0 3 E - 0 3  

2 . 7  3 2  E- ill 
@ . 3 3 ? Z + 3 , 7  

0 . 0 0 0 E t O P  

O.CCCE+OO 

0.0@OE-O@ 

0 .  03@E+C15 

0 .300E+3@ 

0. OOOE+OO 

0.  C O C E + C O  

O.OCOE+CO 
0.000E+00 

1.6009+'J2 

1 . 4 6 0 E t S l  

9.2CCE+C 1 

6.300EiCl 

5 . 4  00E+O3 

3.20OE-01 

3 . 6 5 0 E t 3 1  

S.liCE+iZ 

_ _ _  
_ _ _  
_ _ _  

1 .64  1 E-C3 
nct used  
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ED 

SHF3 

3HF1 

FIND 

FOTD 



- 1  
:":en u I F a r a r e t e r  

I I I 
I I t 

,- ~ ~ - 8  I C s n t & n i n a t l c r  f r a c t i o n  o f  d r i n k i n g  water  

FOl8 I C c n t a r r i n z t i c n  f r a c t i o ? .  of  k.ousenold w a t e r  

R31E I Contdmizat io?.  f r a c t i o r .  o f  livestock w a t e r  

- 

51% 1 Cos tamica t  ion  f rac t ic , . .  of i r r i g a t i o n  w a t e r  

-913 I C o r t a m i n a t i s n  f r a c t i o n  Gf a3ua:ic food  

3013 I Conramna::cn f r a c t i c n  c f  p l a n t  food  

018 I C s n t a z i n a t i c n  f r a c t i o n  sf meat 

,318 I Cynta - ina - i cn  f r a r t i c n  c f  n i l <  - 
I -. u13 I Livest=:t f o d d e r  i r , t a k e  f o r  r reat  ( k g / d a y )  

l j 1 3  I :ivI?stcck f o d d e r  i r t a k e  f o r  r r , i l k  ( k g l d a y )  - 
RC15 I Li.;esto,:k w a t e r  i - t a k e  f o r  n e a t  ( L / d a y )  

K@:3 1 Li7;estocl: water  i r . t aCe  f o r  m i l k  iL/dayl  

319 I LiI .es t3ck s(:il in 'alie ikg/ciay'i 

-313 I Mass l c a 3 i n q  fDr f s l i a r  - , epc , s i t ion  (g/m**3) 

R219 I t iepth of scil mix in^ l a y e r  lm) 

313 I 3 e p t h  :f r?:ts (r.: 
a i 3  1 t i r i n k i n 3  wa-er  f r a c t i c n  f r x  g r o u n d  w a t e r  

R 0 1 3  I Hciuseh:Ld 'water f r a c t i , z n  f r cm g rcund  w a t e r  

'011 I ~--.'estc:r. 'water  f r a c t i o n  f r m  g rcund  w a t e r  

- 

013 I ; r r L g a t i c n  f r a c t i o n  from qro,Jnd w a t e r  

I 
- 

R 1 9 B  I Wet weig:.t irs>p y i e l d  fctr Ilon-Leafy ikg/m"2) 

; ?E  I Wet w e i 3 r t  crop  y i e l d  f o r  Lea fy  (kg /m '*2)  

-15B I Wet w e i g r t  ZIOF y i e l d  f o r  Fodder  !kg/m+*2) 

R153 1 Grcwir.g Season f c r  Nan-Leafy ( y e a r s )  

,193 I Growi-g S e a s r n  f c r  Lea fy  ( y e a r s )  

, 193  I ';rowing Seascn  f c r  FDdder ( y e a r s :  - 
R13B I Translzcarirn :ac ts r  f c r  IJcn-Leafy 

I T r a n s l s c a t i j n  ?a:tzr f o r  l e a f y  

!19B 1 T r a n s l z : a t l > n  F a c t ~ r  f c r  Fodder  

l.O@OE+CO 1 l . N C Z + C C  I 
n o t  u s e d  I l . O C , C E + I I O  I 
l.@OOE+OO 1 1.00CE-:l@ 1 
1.000Et00 I 1.OCOE-CID I 
@.030E+00 I 5.000E-31 I 

.1 1-1 I 
1-1 

1-1 

I 
I 6.SOOE+@1 
I 5.:@@E+@l 
I 5.000Et01 
I :.600E+02 
I 5.000E-01 
I 1.000E-04 
I 1.53@E-01 

I 9.330E-01 
1 1.000EtDO 

I "o t  u s e d  

I l.GO@E+@@ 
I l.CCOE+OO 
I 
I 7.COOE-01 
1 1.500E+00 

I ?.:@OEtOO 
I 1.700E-01 
I 2.530E-01 
I 8.003E-02 
1 1.300E-01 

I 1.000E+OO 
1 1.0@0E+00 

7 1 9 B  I Prjr  F o l i a r  I n t e r c e c t i o ?  F r a i t i c n  f o r  Ncrn-Leafy I 2.5@@E-01 
~ 1 5 ~  I Dry Frliar I n t e r r e c t i o r ,  F r a c t i e n  f o r  Lea fy  I 2.5COE-01 
(1?B 1 Pry F z l i a r  I n t e r z e F t i o n  F r a c t i c n  f o r  Foddnr I 2.500E-01 

-1198 I Wet F c i i a r  I n t e r c e p t i c : ,  F r a c t i o n  f o r  Nor.-Leafy I 2.500E-01 
R l ? B  I Y e t  F o l i a r  I n t e r c e p t i o n  F r a c t i o n  for Leafy  I 2.5OOE-01 
1198 I Wet F c l i a r  I n t e r c e p t i o n  F r a c t i o r .  f o r  Fodder  I 2.500E-01 
<19B I W e a t t e r i n g  ?ernoval 'onstan: for ' J e g e t a t i o n  - 

I 
$14 1 C-12 c o n c e f t r a t i o n  i n  w a t e r  ig/cm"3: 

:11 I C-12 concentra:;cn ~n c s n t a m i n a t e d  s o i l  : g / g i  
. .  

- 1 3  I F r a c t i s n  s f  ' ~ e g e t a t i c n  carb:n from s o i l  

~ 1 4  I F r a c t i o n  of v e g e t a t i o n  ca rbon  from a i r  

I C - 1 4  e v a s i o n  l a y e r  t h i c k n e s s  i n  s o i l  (m) 
7 1 4  I c-14 e v a s i 3 n  flu:.: r a t e  frcrn s c i l  (l/sec) 

~ 1 3  I C-12 e v a s ; m  f l x  r a t e  frorr. s e i 1  ( l / s e c !  

31: I f r a - " -  - - - - n  c f  g r a i n  ir.  bee f  c a t t l e  feed 

111 I Fra:ti:n z!f .g ra in  i; m i l k  cow f e e d  

714 1 DCF x r r e c t i o n  f a c t o r  f o r  g a s e o u s  forms o f  C 1 4  

I 
;TOR I Stcrage  tiwes of c o n t a n t i n a t e l  f s s d s t u f f s  :daysl: 

- 

2. @@@E+Oi 

n o t  u s e d  

not u s e d  

no t  u s e d  

n o t  u s e d  

n o t  u sed  

n o t  u s e d  

no t  u s e d  

n o t  u s e d  

n c t  u sed  

n o t  bused 

-1 

-1 

6.8i'CE+C1 

5.5CI;E+Cl 

5 .0  GO E+ C 1 

1.600E-C2 

5.@@@E-@: 

1 . 0 @ 9 E - @ 4  

1 . 5 0 3 E - 3 1  

9 .333E-51 

1 .  O S ? ~ t S ' 3  

1.000rti'a 

1. GCL'Eti'O 
1.OC"CtCO 

7.CCCE-C1 

1. SCCE-CO 

1.10CE+C3 

1.70ClE-2l 

2.5035-01 

a .  3332-32  

1.03:'2-31 

1.02?X+3Q 

1.05cEtzn 
2. ICCE-il 
2.5iCE-C1 

2.5COE-C1 

2.50CE-31 

2.5@@E-31 

2. 500E-:ll 

2.03L7z-n5 
3. ;o'c-c2 

2.0COE-C2 

3.8CCE-01 

3.OCCE-Cl 

7. OCCE-C '  

1.00CE-10 

P .  0@0E-C1 

2.003E-Ctl 

0.003Et33 
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S i t e - S p e c i f i c  Parameter  Sumnary iccntince3) 

Fi r a m e t e r  

I Parameter  ..Ise3 c y  RESRiL, I "ser I I 
I I n p u t  I D e f a u l t  I ( I f  d i f f e r e r t  f r o m  ~ s e r  i r p , ; t )  I Nam 

TCR I FrJits, nc.n-:eafy ve;ezab;es,  and g r a i n  

Leaf) .  .:ngetables 

!<ilk 

1.kat an3 p c u l t r y  

Fisn 
C r l i s t a c e a  ar.d noliusks 

Fell i i a t e r  

S J r  f i:e 'n'a t e r  

L i v e s t  o ,zk  fodder 

T h i c k n e s s  3 f  b u i l i i n 3  f i u n d a t i o n  [K,; 

Buil. i e n s i t y  of  r J i l d i n 8 2  f o c n d a t i c r .  (g/or;"3) 

T c t a l  ; - r r o s i t y  c ~ f  the  culier m a t e r i a l  

T o t a l  p r ' r o s i t y  czf t h e  b u i l d i n g  foundatican 

Voltmetr:s wazer content z f  t h e  c c v e r  nareria! 

'iolcmetric -6a:er z i r j+er l t  of t h e  fcun ,Aat icn  

D;ffus:.;n c s e f f i i i e r t  for rad';.n gas ( v / s e c l  : 

i n z m a t e r i a l  

i n  d a z i o r  m a t e r i a :  

ir.  contamina:ed zcne  sei: 

P a L n  .:ert:cal d i r r5ns ion  cf n i x i n g  (n.1 

S:~era7e k ~ i l d i n ' 3  a i r  exob.ar.s:e r a t e  ! l / h r l  

H e l g n t  c f  tte 5 - i l d i r g  irsmnl Irn! 

B - i l d i F q  i r t e r i o r  a r e a  f a c t a r  

% ' > i l = i n 3  - e p t h  b e l w  q r c u n d  s u r f a c e  ! m )  

E x a n a t ; n q  r w e r  cf Xtr.-L22 g a s  

Enanat in ,?  p,;we: r,f hr.-Li3 gas 

El-mber #r8: g r a p h i c a l  t i n e  pcints 

-1TL 1 Fla,:ixunl n u 3 b e r  s f  i n t e q r a t i c n  p o i n t s  fer d z s e  

ITL I ?.!a:r;.-u.-, rt'J.-,cer o f  i - t e g r a t i o n  p o i n t s  fcr r i s k  

1 1 . 3 0 0 E t 0 0  

I l.GOOEt00 

I 2.COOE+01 
I 7.000E+00 

I 7.O'JOE+OO 

1 1.000E+00 

I l . O G O E + O O  

I 4.500E+01 

I 
I n o t  Esed  

I ?.ot u s e d  

I not used  

1 n c t  u s e d  

I n o t  u s e d  

1 n o t  u s e d  

I 
I n o t  u s e d  

n o t  used  

n o t  J s e d  

n o t  used 

n o t  u s e d  

n s t  used  

n;t u s e d  

I n o t  u s e d  

I zot u s e d  

I ri3t used 

I 
I 32 

1. L7coztio 
1 . O C C E + O O  

2.OCCIE.31 

'. 3?3E+33 
7 .  SO0EtCO 

1. 0SCE+CO 

1. COOE+OO 
4 .  5UOEi31 

1.5OOE-C.1 

2.4iOE-CO 

4.003E-01 

1.003E-01 
5.2005-02 

3.CCCE-C2 

2.0OOE-O6 

3.3OOE-0' 

2.3001-06 

2 .  CCCEtCO 

5.0CCE-C: 
2.50OC+O3 

0 .  03'?E+0'3 

-1. G X Z t i O  

2.5iCE-01 

1 .5O@E-C1 

- 
S u m ~ a i y  ;f Pathway S e l e c t i o n s  

Pathway I User S e l e c t i o n  

I I 

1 -- e x t e r n a l  g a m a  I a c t i v e  

: I _ _  i n h a l a t i s n  : w / o  r a d o n )  I a c t i v e  

3 -- p l a n t  I n , q e s t i o n  I a c t  i ve 

a c : i ve  4 -- meat i n g e s t i o n  I 
a"'. - -\'e I 5 -- r' # i l k  i n g e s t i c n  

6 _ _  d q ' * a t i c  - foods  I a c t i v e  

7 -- = r i r . k i n g  w a t e r  I active 

8 -- S o i l  i n q e s t i o n  I a c t i v e  

3 -- r a l c n  1 s u p p r e s s e d  

Fir1.J p e a k  pa thway  3 c s e s  I a c t i v e  
I 
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C 2 n t a rm i n 3 t e i C L n e E: n e  n s i on s Initial Soil Concentrations, pCi/g 

kc-22' 1 . 4 0 0 E - 0 1  

Pa-271 1.400E-31 

Fb-210 1.300E+03 

Ra-226 1.30@E+00 

Ra-22E 3.900EIOG 

Tn-21'2 3.900E+00 

Tk.-230 2.500E+00 

Th-232 3.900E+O@ 
U-23; 2.500€+00 

IJ-235 1 . 0 0 0 E - 0 1  

L'-238 2.5@0E+00 

'Ictal Lose TDOSE(t), mrerrdyr 

Bas ic  Radiation 3ose L i m i t  = 2.5GOE+C1 mem/yr 

T.rta1 Mixt;re S J ~ ,  M : t )  = Fraction of B a s i c  Dose L i n i t  Received S t  T i r e  ! t I  
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- L - -  
'- -:kX, $'ersi ar. 6 .  i 

- 
Total %se C o n t r i b u t i o n s  T @ 0 S E ~ i , ~ , t l  for I n d i v i d ' J a l  R a d i o n c c l i d e s  t i l  and Pathways ( p !  

A s  mrerrdyr an4  ' r a c t i o n  o f  T o t a l  Pose A t  t = 0.000Et00 y e a r s  

Water Independen t  Pathways ( I n h a l a t i o n  e x c l u d e s  r a d o n )  

I n h a l a t i o n  3ado?, P l a n t  Meat MllK Soi 1 G r i i n d  - 
F. a 3  i 3- 

' . u i l i d e  nren1.j: f r a c t .  

TC-227 9.1475-CZ C . ' X 3 6  

fa-231 1.C27E-G2 C.CC0S 

2-210 -1.704E-[I? C.10CC: 

- 3-226 4.289E+3:0 0.1696 

53-228 5 . 3 4 3 E t 3 3  3 . 3 2 3 9  

h-228 9.353E+33 ? .  3633 

- . - i ? S  2. :145-03 '0.00c71 

L . L - L ~ >  4.735b-@l C . G l 3 G  

.1-234 ?.558E-C4 C.CCCC 
- - 7 z  __._  2.585E-32 0.CC13 

-238 Y.195E-31 3 , 0 0 4 7  

- "._ - - -  

= - 
: , ta l  2 .2 '2Et3?  3.6354 

rnrem/yr f r a c t .  

2.00'E-02 0.0008 

5.875E-02 0 . 0 0 2 3  

3.65'E-01 0 .0145 

2.763E-01 0.0113 

6.406E-01 0 .0332 

1.044E-02 0 .3004 

5.512E-03 9.0002 

9.052E-02 0 . 0 0 3 6  

6 . 3 6 1 ~ - 0 3  0 . ~ ~ 3  

2.635E-04 C.0000 

6.610E-03 0 . @ 0 0 3  - 
1.682E+OO 10.0665 

rnremiy: f r a c t .  

2 .65  6E- C 4  0 .  C 0 C 12 

5.6246-02 0.CC27 

5.626E-02 0.0022 

2.12SE-02 0 . 0 3 3 6  

6.324E-32 0 . 0 2 2 5  

1.6tBE-03 0.2321 

8.710E-04 iO.(j,??(3 

9 . 8 5 3 ~ - ~ 3  c . ccc4 
1 .567E-C?  @.CC@l 
5.957E-0s 0.CC00 

1.467E-03 0 .030:  

1.112E-01 0.3364 

rnrerniyr f r a c t .  

7 . 7 1 4 E - 0 4  0 . 0 0 0 0  

8.25SE-05 0.0000 

2.R74E-!!2 3 . 0 2 1 1  

2.543E-02 11.3310 

e .  013E-32 0 .0332 

l . P l E - 0 1  c . 0 2 c 0  

7.0'1E-C5 C.CO00 

4.32tE-03 @.COO2 

3.865E-03 0 . 0 0 0 2  

1.4616-04 9.0330 

3.6-@E-03 0 .33?1  - 
1.165E-01 0.02j553 

rnremlyr f r a c t .  

8 .  C24E-C4 C. 0 0 0 0  

1.6FJOE-04 0.0000 

2.56'E-OS 0 . 0 0 9 0  

1. 93EE-3S 0 , 0 3 5 0  

1. Si64E-04 0.0000 

3 .731E-3 '4  2 .0000 

?.061E-'34 0 . 0 0 0 0  

5.C-_CE-C3 C.@C@? 
2.85-E-04 0.0000 

1 . C 6 5 E - 0 5  0 . 0 0 0 0  

2.555E-04 0 .3330  

= 

i .. 953E-03 3.0004 

mremiyr  f r a c t .  

0 .  OOOE-00 0 .  0000 

0 . 3 3 3 E + 9 0  3 . 5 0 0 0  

0 . 3 3 0 E t 3 3  3.3005 

3 . 0 0 0 r t 3 0  '3.i.000 

0.000Et';O O . C C I C 0  

0.CGiEtCC C.OOOO 
I ? .OI lCE*CC 0.0009 

0 . 0 3 C E ~ 0 0  0 . 0 0 0 0  

O.O00E+00 0 . 0 0 3 0  

0.303Et00 3.3000 
0 . 0 3 5 b t 3 3  0 .3000  - 
0.00iEtSO 0 . 0 0 0 0  

m:e!n/yr f r a c t .  

2.645E-C2 C.CC11 

2.116E-02 0 . C C ; C G  

1.2Si'E-01 3.01751 

2 .  S 995-02 :I. 3 3  1 3  

e.37BE-22 c1.:l?i2 

3.633E-02 3.X15 

1 . 9 13E- C2 C . I: I?(> 8 

1.535E-CI @ . C , C 6 ?  

9.670E-03 @ . C O O 4  

3.731E-04 3 .3300  

'r.372E-33 3.0334 - 
5.153E-Cl 0.2204 

T o t a l  Scse C o n t r i t ? u t i o r , s  TDOSE(i,p,t) f o r  I n d i v i d u a l  R a d i o n u c l i d e s  ii! and Pa-hways  IF! 
hs n,ren,/y: and F r a - t i o n  o f  T o t a l  Dose A t  t = C . @ C O E + C C  years 

Water Dependent Parh*iays 

Radon P l a n t  

mrern/yr f r a s t .  

A l l  Pa thwa\ . s '  

nrer?/)-r f rs::. 

1.4 1 4 E - 3 1  3.  C356 

1.46'E-31 3 .  art55 

5 .  8 32E-31 :I. 5231 

4 .64 ? E t  SD 3 . 1  S 3 5 

3,40;Etc'? :1.3721 

3.423Et iC 11.3713 

2.914E-CZ C.CC12 

7 . 4  3 P E - C 1 IC . C 2 3 4 

2 . 2  9 CIE- 0 2 0 . C, 0 0 9 

2.673E-02 Cl.3311 

1.412;-31 3 . 3 ' 2 5 6  -- 
2 . 5 L j E t i l  1 . C , i C 5  

F i s h  

m r e d y r  f r a c t .  

C.CCCEtC0 0 . 0 0 0 0  

O . C C C E & O O  0 . 0 0 0 0  

0.3C,3E-30 0 . 0 3 0 3  

3.3Cl3E+:13 c1.3350 

3 .333Et33  3 .3350  

:1.333Et3'3 0.0300 

:I. 35 3Et 3 0  3 .  0 C i C  

0.530E+00 0 .  0000 

0.300EtC'0 0.0000 

C.CCCEtC0 C.0000 

C.CCCE-00 0 . 0 0 0 3  

Meat 

mremiyr  f r a s t .  

@.@OCE+CC 0.CC0C 

0.000E+00 0.0000 

0 .  000E+00 0 .  6 3 0 3  

@.300E+33 3 . 3 3 3 3  

3.000Ei-33 0.32:13 

0 . 0 0 0 E t 3 3  0 . 0 2 3 2  

0.005EtGC G.C,03j5 

0. 0C IC E +  2 0 C . C C C 12 

@.@CCE+GC. 0.CCCO 

@.000E+00 CI.C~C@:I@ 

0.000Et00  0 . 0 3 3 3  

- wate r  

Rad io -  

J z i i * j e  rnrerniyr f r a s t .  mremiyr f r a c t .  

- 
h z-  2 i 7 

?'3-231 

5-210 

T a - 2 2 6  

P a - 2 2 8  

1-228 

-'-230 

Th-232 

-234 

-235 - 
ii-23~3 

O.@03E+00 3.0300 

0.330Et50  0.3309 

0 .  03:lEt33 3 .  C~000 

0 .  CI0C,E+OS '0. i , c00  

3.02OEtGC 0.CC0C 

O . O C C E 4 C C  C.0000 

C.CCCE-OC 0 . 0 0 0 5  

0.@OCE+lIO 10.0000 

@.000E+03 0 .0033  

0.000E+03 3 .3000  

0.303Et33 0.3000 

0.000E+00 0.CCC0 

0. 000E+00 0. 00C0 

@.OOOE+@O 0.0000 

O.OGOE+OO O.OCli?:i 

0.000Et00 0.033cI 

0.000Et00 3.333'2 

O.OO@E+OO 0.0050 

O.OOOE+O@ 0.OCCC 

0.000Et00 0.CCC0 
0.00@E+00 0.0000 

0.00CEt00 0 . 0 0 0 0  

3 t a l  C.@CCE-CC C.CC03 0.003E+il3 3.0030 O.GOC,E+ii G.CCCC @.000E+00 0 . 3 3 3 0  5.00SEt03  Cl.53'J2 '2.~130EtCO ? . . C C C C  

'Sum s f  all water  i ndependen t  and dependen t  pa thways .  



~__I 

L \ , . X % L ,  '.-.L-L.:I'.,. i , .  'r" Limit ~ I! ,:ays C4/10/2C06 21:49 P a j e  1 3  

im-ary : 21s:ker,ri'Jge S > r f a r e  ,9.?C;12 F i l e :  B r e c k e n r i d g e  S u r f a c e  i 2 . R W  - 
T c t a l  Ease C o n t r i b u t i o n s  T D O S E ( i , p , t !  f o r  I n d i v i d u a l  R a d i o n u c l i d e s  l i )  dnd 5d thnays  Ip :  

A s  rnrem/yr a?d F r a c t i o n  o f  T o t a l  Dose At  t = i . O O O E + C C  y e a r s  

--- 1-.i 2 2 7 

'3-231 

c-211: 

- 3-226 

?a-228 

n-228 

h-27C 

l7t-23: 

11-234 

-L35 

- 

C.0235 

c .  ,3005 
12. 20" l  

C . 1 6 3 7  

ci.3352 

:I . 2 E,7 5 

2 . 3 5 3 3  

:I. 0634 

0.3033 

0.00:0 

W3ter I n d e p e n d e n t  Pathways ( I n h a l a t i o n  e x c l u d e s  r a d o n )  

l n h a l a t i c n  Radon P l a n t  Meat b l l l i :  

x l ren /yr  f r a c t .  n r e r r / y r  f r a c t .  mrem/yr f r a c t .  rnrem/yr f r a c t .  rnrern/j;r f r a c t .  

'.713E-04 0.00C0 

1.91'E-04 0 .0000  

2 .4635-05  0.00l j0  

1.5735-05  0 .  3000 

4.533E-04 3.003cI 

6 . 7  666-34 3 . 3 3 3 0  

7 . 0 1 3 E - 0 4  r ) . @ 0 0 3  

5.553E-33 0 . 0 0 0 2  

2.874E-04 0 . 0 0 0 0  

?.057E-C5 0 . 0 0 0 0  

2.534E-C4 C.OC00 

0.000E+CO 3.0000 

O . O O G E + O O  0 . 0 0 0 0  

O.OCGE+CO 0 . 0 0 0 0  

@ . C C C E + C C  0.c000 

O.OOCE+CC 0.00C0 
0.GGOEtOG G.0000 

0 . 0 0 0 E t 0 0  0.C000 

3.003E+O3 0 .  0000 

0.003f+00 0 . 0 0 0 0  

0.003E+03 0 . 3 0 0 0  

0 . 0 0 3 E t 0 3  0 . 0 0 0 0  

1.929E-02 0 . 0 3 0 8  

5.694E-02 0 . 0 0 2 3  

3.505E-01 0 . 0 1 3 3  

2.6618-0; 0 . 0 1 1 4  

7.437E-01 0 . 0 2 9 5  

7.213E-03 0 . 0 0 0 3  

5.7068-03 0.0002 

1.644E-01 C.CC73 

6.904E-03 0.CCC3 

i .622E-04 0.OG00 

6.555E-03 3 . 0 0 0 3  

2.553E- 04 Cl . 3  3 7 3 

5.564E-32 3 .  jci2: 

5.392E-02 0 . 5 3 2 1  

2.263E-02 3 . 0 3 9 9  

5.624E-02 0.0322 

1.153E-03 O . C O C i 0  

8 . P 2 9 E - 0 4 I7 . C 0 1.: I? 

1.663E-02 @ . C O G 7  

1 . 5 5 4 E - 0 3  C.C@@; 

5.991E-05 C.CCCC 

1.475E-03 C . C C C 1  

T o t a l  3 o s e  C o n t r i b c t i o n s  TDOSE(i,p,t) f o r  I n d i v i d u a l  R a d i o - c c l i d e s  ( i  1 and Pathway5 i p !  

AS rnrem/yr an:' F r a c t i 3 n  of T o t a l  Dcse A t  t = 1 . 0 5 3 E t 3 3  y e a r s  - 
Water Dependent P a t h u a y s  

h": > - XaTer F i s h  Radon P l a n ?  bleat ..--K 

Radio- 

J c l i d e  mrerniyr frac:. nren /y r  f r a c t .  r n r n d y r  f r a c t .  rnrem/yr f r a c t .  m r e n / y r  f r a c t .  rnrern/;.r f r a c t .  

C.@O@E+00 0 . 0 0 0 0  

C.@OCE+O@ 0 . 0 0 0 0  

C . @ C C E + C @  0 . 0 0 0 0  

0.C:cCEtCC 0.C000 
i i . O O i E + C C  0 . c 0 0 0  

O.OOCE+CC 0. COCO 
O.GGL,E+OG @.GOGO 
3 .  @OSE+OO li.0000 
0 . 3 3 5 z t 0 0  0.00C~O 

0 . 0 3 3 2 t 3 3  0 .3000  

0 . 0 0 0 E t 0 3  0 .300 '3  

0 .030Et30  3 .0300  

0.000E+03 3 . 0 3 3 ?  

O.OOOEt00 0 .3333  

0 .000Et00  0.009:~ 

0.000E+00 0 . 0 3 0 3  

@ . O O O E + O O  0.0003 

0 . 0 0 @ E t 0 0  C.011i30 

@.000E+CO 0.0000 

0.000EtCO 0.CC00 

0.000Et00  G.CC0C 
0.000Et00  0.0C00 - - -- -- = = 

c t a l  3 . 3 0 5 E + 5 3  0.'3035 0.O:'OEtCO C,.00CC 0.000Et00  3 .0300  0.000E+00 O . , ? O G C  O.CCCE-09 C.iCii C.CCCE+CC C.CCC0 - 
'Sum of a l l  'dater i n d e p e n d e n t  and  d e p e n d e n t  path.ways. 

S o i l  

mrern/\;r f r a c t  . 

2 . 7  35 E- 02 3 .  3f 11 

2 . 1 5 SE- 02 :I , j,:, ,:, 9 

1.14.5-51 3 . 3 0 4 9  

2 . 9 7 3 3 - 3 2  3 .3312 

$ . l t # 7 E - ; I 2  3 . 3 3 3 5  

2.552E-02 0.3311) 

1.90iE-102 :!.03n6 

1.67:E-Cil 0.C064 

3 . i f i F E - 0 3  0.C304 

3.704E-C4 C.CC00 

?.  2?4E-C3 0. C C C 4  

5.11CE-Cl C.CZC3 

x e r . / y r  f r a ; i .  

1.3E:E-Cl G.CCS4 

1.5C 1 E-C 1 C . CC 6C 

5 .  S3SE-Cl C .  122: 

1.612EtC'C 0 . 1 8 1 2  

1 . 3 3 3 f i 3 1  3 . 4 3 6 1  

6.5:43+3:1 3 . 5 5 2 9  

j . 2  E 35- 32 3 ,  :I :I 1 3 

1. 9T 3E+317 I ? .  3766 

2 . 2 7 2 ~ - 3 2  o .  ;1:1cig 
2.663E-32 0 .0311  

1 . 4 0 7 E - 0 ;  0 . 0 0 5 6  

2.5ICE+C1 1.CCCC 



T o t a l  Z ~ s e  C D n t r i b u t i o n s  TDOSEli,p,t) f o r  I n d i v k i u a l  R a d i o n u c l i d e s  [ i l  a n d  ?ath. i3: ,s  1:: 

As m r e n / y r  and  F r a c t i o n  of T o t a l  Dose A- t = 1.0@0E+Ci2 y e a r s  

Water I n d e p e n d e n t  Pathways ( I n h a l a t i s n  e x c l u d e s  radcni 

'Gr c u nd 1 nh 3 1 a t  i o n  Radon P l a n t  Meat Ki i 1: Slll - 
F ad  i i>- 

hJ;cIide rnrem/yr f r a c t .  m r e d y r  f r a c t .  rnrem/yr f r a c t .  r n r e d y r  f r a c t .  rnrem/yr f r a c t .  mrem/yr f r a c t .  x r e d y r  :racy. 

-3-227 

;a-231 

c-210 

2-226 - 
Ra-228 

h-228 

b.- 2 3 IC 

15-225 

2-234 

-235 

--238 

- 

2.185~-~13 C . C C O ~  
5.6alE-OC c . 0 ~ 2 3  
6.37'2-95 17.GOC'O 

2.564Et00 0.1716 

7.391 E- 3 5 e .  '30c13 
9 . 1 3 7 E- 1 6 . 0 SC"> 
1.328E-31 3.9146 

9.7'JEE+O@ 3.7427 

3.358E-04 0.0000 

1.SCtE-02 0.001; 

6 . 3 ' 4 E - 0 2  0 . 0 0 4 8  

9. 8 6 iE- C 6 C . C 1; C C 
2.9i3E-C; C.0GCC 
2.3E6E-1;' 0.0000 

3.831E-C6 0.0000 

3.11iE-63 0.0000 

5.723E-'3 0.3920 

2.713E-34 0 . 3 3 0 3  

2.li9E-03 0.3002 

E.015E-05 0.000D 

3.3i4E-06 C.0000 

7.:8:E-C5 C.OCC0 

C.@0@E+0D 0.@0@0 

C.Ci0OE-00 0.0000 

@ . C O C E + C O  @.00@0 

C.OOCE+(:C @.COO@ 
O.OCCE+CC O.@CC0 
0.5002+1:'0 0.0000 

5.333E+00 0.0000 

CI. 3355+00 0.0000 

0.00@E+33 3.3000 

0.03@E+@3 3 . @ 0 @ @  

O.@@OE+00 0.0000 

2.469E-04 0 . 3 3 9 3  

2.338E-02 0 .3318  

3.358E-03 0 . 0 0 3 3  

1.821E-C1 0.0131: 

1.605E-C6 C.COC0 
6.083E-13 C.CCCO 

1.503E-02 0.i.i.11 

2.986E-01 0 . 0 2 1 6  

1.963E-03 9.3301 

1.060E-04 3.9003 

1.653E-03 0.3131 

3.270E-06 i? .0?53 

1.696E-02 5.5313 

5.169E-04 0.3333 

2.146E-32 0 . 0 3 ! 6  

1.234E-07 0 .L33J  

5 . 7 1 7 E - 2 0  O.COGO 

1.765E-03 @.CCOl 

2 . 3 7 2 E - 0 2  O.C@;8 

4 .4 12E-C4 C . CCC 5 

4.154E-05 C . W C , 3  

4.184E-04 0.0?3'3 

T o t a l  Lose COntrib,atiO:.s T W T E ( i , p , t !  f o r  Ind iv ic iua i  R a d i z n u c l i d e s  : i l  and  ' a t h w a y s  f p ;  

AS r r r e d y r  and F r a c t i o n  o f  T o t a l  Dose A t  t = I.OC@E+02 y e a r s  

Water Dependent Patk.waj.F 

,,, - L a y e r  F i s h  Radcn P l a n t  bleat ?li 1 k ni- ?a:hway5* 

Radio- 

- 
A13 - 2 2 7 
'3-231 

3-210 

sa L L ~  

3a-228 

1-228 

-__-- 

-r, -2 3 0 

Th-232 

-234 

-215 

c-238 
- 

mram/yr  fract. 

O.O~335+Oi 0.0OOC 

5.  '3 3SE+ :o 0. 0000 

3 . 3 3 5 E t 2 2  0.0'300 
CI.  33;15+35 3.5000 

0 . @ 0 3 E + 3 @  3 . 0 3 0 3  

C.@OOE+O@ 3.0000 

C.GOCE+CO 0.0000 

I?.OI:I:E-!>0 0.0000 

C.0CCEACC @.@@00 

G.OOCE+CG @.COO0 
O.OSSC+OC O.OCO0 - 
0.333K+30 0.0000 

rnrern/yr f r a c t .  

0.000Et00 C.00CO 

O.OOOE+OO c . c r z o  
0.000Et00 G.CCi0 
0.000EtOO 0 . C G Z C  

0.000E+@3 3.11130 

@.0@0E+03 2 . 3 3 3 3  

0.000E+00 3.C1033 

O.O00E+00 0.00J3 

O.OOOE+CO @.000@ 

O.OOOE+CO @.@@GO 
0.000Et00 0.0CCC 
-= 

O.@@OE+00 i.CCiC 

*Sum of  a l l  w z t e r  i n d e p e n d e n t  and  dependent  p a t h w a y s .  



-- i r b d l  * - C'css C o r ~ t r i b u t i o n s  TDOCEli,p, t) f;r I n d i v i c l u a l  R a d i o n u c l i d e s  l i l  and  ?aChwaj-s r c :  

A s  mrem/yr and Fracl ; ion of T o t a l  Dose i.t t = 2.COOE+C2 y e a r s  

?s-227 

?'5-231 

2-21G 

- 3 - 2 2 6  

,z a -2 2 y 

i-2ii 

. -2?J  

T?. -2 3 2 

:1-134 

- 2 3 5  

---236 

- 

I r.?. a 1 a t  i o n  

Water  Independen t  Pathways 1Inhala: ion e x c l u d e s  r a d o n )  

b d o n  

rrrem/yr f r a c t  . 

O . O i ) O E + O @  0.0000 

0 . 0 0 3 E + 0 0  0.@@00 

0.1)0DE+?0 10.0000 

O.0DDE-02 C.@OC@ 
0.000E-31) 0.0000 

0.000E-GO C.CCC0 
@.10@0E+l:iI 0.Cl:OC 

O.CCOE+CC C.OG0C 
C.CCCEtC0 S.0000 

C.CiOEtC0 0.0000 

C.':COE+SC! 5 .3000  - 
C.Gi.'3E+C@ 3.0030 

~~ 

mrerr/yr f r a c t .  

0 .333z+73 0 .0000  

0 .033Et33  0 .5000 

0.00DEt30 0.0301) 

@.030E+30 3 . 3 3 0 0  

O . @ C I O E + @ O  3 . 3 3 3 0  

0 . 0 0 0 E + @ @  3 . 0 3 3 0  

l C . O O C E L O O  3 . 0 0 0 0  

C . C O C E - C O  @.@OD0 
S.OCCE+CO O.@O@O 
0.0CCE+CC 0.0@00 

C . O O i , E + C C  0.0000 - 
S.OC!CE+CQ G.CC00 

P l a n t  

mrem/yr f r a c t .  

0.000E+00 0.0OiC 
0 .000E+00  3 . 3 3 0 5  

0.000E+00 3 .  .I200 

0.0@0E+00 3 . 3 3 3 2  

0.000E+00 0.33113 

O.@@OE+@O 0 . 3 3 3 3  

@.000E+00 0.03J3 

@.OO@E+OO 0.0003 

O.OO@E+OO 0 . 0 0 0 3  

O . O O O E + O O  i 1 . 0 0 ~ 0  

0.00@E+00 0.CCCC 
_I__- 

0.00CE+~C C.CCC0 

T o t a l  2ose C o n t r i b , J t i o n s  T 3 O S E ! i , p , t )  for I n d i v i d u a l  R a d i o n u c l i d e s  :: > and FaThiiays :p l  

A s  r r , ren/yr  and F r a c t i o n  o f  T o t a l  Dose A t  t = 2.COOE+O2 y e a r s  

Water Dependent P a t t w a y s  

w a t e r  F i s h  Radon P l a n t  Eleat ? ! i l k  A l l  F a t h r a y s '  - 
7 -  x-d io -  

m r e d y r  f r a c t  . 

0.CCCEtCC O.@O@O 
O.I>OCE+I:O 0 . 0 0 0 0  

G.GCCE+31) U.C00@ 

O.0GOEtCi O.C00@ 
5.00C.Et00 0.0CC0 

3. @'3CE+C0 0.0C0C 
3.0'33E+00 0.0000 

0 . 3 3 3 z t 0 0  0 .0000  

0.:135E+35 0 . 0 0 0 0  

0. @@CIE+03 0.3000 

0 .003Et00  3 . 0 0 0 5  - 
0.@0CE+00 0 . 0 0 0 3  

mrerr/yr f r a z t  

O.O@@E+@@ 0.0300 

O.@@OE+O@ 0.0C00 

O.O@@E+@O C.CG00 

@.@00E+G@ C . t C C 0  

@ . @ @ @ E + C @  0.CCC0 

@ . 0 0 @ E + @ 0  0.CCCC 
0.000E+0@ C.0CiC 

0.00CE+00 I:. c'';L?G 

0. @S@E+O@ 0. C G 3 C  

@.0@@E+00 0.0000 
0.00@E+00 O.OG03 
-= 

0.000E+00 3 .C l j j3  

'Sum sf a l l  w a t e r  1 -dependen t  and oependenz pa thways .  



T o t a l  Dcse C o n t r i b u t i o n s  T 3 0 S z ( i , p , t l  f o r  I n d i v i , d u a l  R a d i o n u c l i d e s  ( i r  ar.d Pathways ( p i  

A s  rnrern/yr ar.3 F r a c t i o n  of  T o t a l  Dose Af t = 3.000E+:12 y e a r s  

7 . C  - 2 27 

Pa-231 

s -210  

- 3 - 2 2 6  

R a - i Z 8  

h-228 

h - 2 3 0  

T h - 2 3 2  

i '-234 

-235 
- - 2 ? 8  

- 

I n h a l a t i o n  

Water InaJeperde?.t Pathways I I n h a l a t i s n  e x c l u d e s  radcnl 

Radin P l a n t  Meat S o i l  

nNren/yr f rac:. 

@.l?COE-@O C.OOC0 

O . C C O E + C C  0.0060 

C.CCOE+CC 0.0OiC 

C.CC0E-OC 0.00SjC 

O . G O C E + C ?  0.?000 

O.iOOE+20 5.03S0 
0 .13COEi39  3 . 3 3 3 0  

C.;!S0E+:<0 0.533CI 

!?.5335+33 0.0000 

2 . 3 2 3 E + 3 3  0.3000 

:1.303E+33 0.0000 - 
O.C03E-33 0.0OCO 

mreniyr f r a c t .  

0.003E-CO 13.0303 

0.GCCE-CO 0.0000 

?.CCCE+I:C 0.0000 

C.GOOE+CC 0.COOO 
O.OOCE+'SG 0.C@@@ 

5.w;s+,:s G . C C C @  

5.03:~P+00 O.O000 

5 . 3 3 3 E + 3 3  O.00GG 

3 .332E+33  3.3?GO 

0.300E+03 3 . 3 0 0 3  

0 . 0 0 0 E c 0 3  3 . 0 ? 3 0  -- 
C.COCE+CC 0 . 0 0 3 0  

rnrern/yr f r a c t .  

0.000E+00 3 . 3 3 3 0  

0.300E+00 3.00S3 

3.000E+00 5 .3552  

O.OO@E+O@ 0 . 0 3 3 3  

O.OOOE+OO 0 .3933  

@.000E+00 0.0000 

@.OOOE+@O l 3 . 0 C C 3  

@.@@@EtO@ G.OCC0 

O.OOOE+CO C . C I ' C ~  

@ . @ @ @ E + @ @  C.CCCC 
0.00@E+0@ C . 0 C C C  

c- 

3.000E+00 3 . 0 3 L C  

x e ? i y r  f z a z t .  

O.OCCEAC0 0.0003 

C.CCCE+CO 0.0000 

C.CCCE+CO 0.0000 

C . O C C E + C @  @.COCO 
C . C C C E + C C  C.COC0 

c! . DLCEt i c  c . CCCO 
,?. 32 ' ?E tS ' ?  O.Cl .C0 

3 .300E+c!~?  @ . C , C G G  

2 .  33;1Z+5? 0.5000 

3 . 3 3 : ' E t S P  0. 31700 

3.003E+33 3.3000 - 
0.0COE-03 0 . 3 3 3 3  

T o t a l  k s e  C o n t r i b u t i o n s  T 3 0 S Z l i , p , t )  f o r  I n d i v i d , J a l  Xadin:.uclizies ( i !  and  'axhways Ip :  

As rnrern/yr and F r a c t i o n  o f  Tota l  Dcse A t  t = 3.00CEc92 y e a r s  

Water Gependent P a t h d a y s  

- x a t e r  F i s h  Radon P l a n t  Meat M i l k  . i ll  Pathways' 

Tiadlo- 

A i l i d e  mrex/yr  f r a c t .  

- 
r - 2 2 7  

3 - 2 3 i  

b-210 

7 3 - 2 2 6  

n.  

Ra-228 

h-228 

-h - 2 3 C 
;t - 2 ? 2 

- 2 3 4  

-535 

F 5 3 C  
- 

r . r e r /y r  f r a c t  . 

0. CC>OE-CO C. O G O C  

0.1: I: OE+ C C 0 . OG?? 
O.iCCE+CO 0.ClGC~0 

(3 . 2, i QE+O (0 0 , 00 ClQ 

3.03oz+0'3 3 .3350  

? . 3 3 3 2 + 3 3  5.030O 

3.033E-00 0.5000 

0.00OE-00 0.0000 

0.00OE-GO C.0@00 

O.CCOE+CO 0.00C0 

C.CCCE+CC 0.0000 - 
0. il:jOE+C@ 0. 0000 

nrem/yr f r a c t .  

C.CCCE-CC 0.@0@0 

G.C?CE+CC 11.0000 

O.CGCE+ii 0.C000 

S . G G i , E + i S  G.C@@@ 
0.030r+c0 '3.0CCC 

3 .0335103  3.0000 

0 . 3 3 2 E + 3 3  O.OOG@ 
0.0OOE+30 3.5000 
0. 000E+Oil 3. SO05 
@.@OOELO@ 0 . 3 3 0 0  

@.@@CE+0@ @.@OD3 

rnrem/yr f r a c t .  

3.000E+00 3 .  :IO00 

0.0@0E+03 3.3350 

0.000E+@3 0 . 3 0 3 2  

O.@OOE+@O 0.OOCl3 

0.000E+@@ 3 . 0 0 5 3  

@.000E+@0 0.0003 

0.000Et00 O.COC@ 
@.@00E+00 O.O@C@ 
@.000E+GO O . C C I ' 0  

0.00@E+@0 0.C00C 
0.@0@Et00 0.000i' 

0.000E+00 0.3050 

*Sum of a l i  'deter i n d e p e n d e ? t  a?.d d e p e n d e n t  pa thways .  



- -- 

T,?td!  Less C s n t r i b u ' i o n s  TDOSEIL,p, t f o r  I n d i v i d u a l  R a d i o c c c l i d e s  ( i )  2 n d  Pathiiaj 's lp:  

As mrem/yr ar.5 F r a c r i s n  of T o t a l  Pcse A t  t = 5 .053E+32 y e a r s  

-:-22? 

Fa-231 

1-210 

1-226 

F a - 2 2 6  

- '-1 - 2 2 8 

1-230 

T2-232 

- -,4 

-235 

- 

- 
:,--,2 

-236 

Water Indepe?.dent 3a thways  ( I n h a l a t i s n  e x c l u d e s  r a d c n l  

1 ad  or. 

mren/yr f r a c t .  

O.OOCE*I:c 10.0000 

O.GGGE+ii C.CO00 

0 . '3'2 SEt oc I; . 00 1; 0 

0 . 3 3 3 ? + 3 3  n . 0 0 0 0  

0 . 0 0 3 E t 3 3  ' 3 .0000 

0. D@GE+O0 3 . 2 3 0 0  

IC.~CCE+CO 0 . 0 3 0 3  

C ' . C C C E + C O  0.00@@ 

O.@@CE+CC 0.C000 

0.0332+00 c.cnnc 
3 . 3 3 0 E + 3 0  0.i000 
-= 

@.000E+3S 3 . 3 0 0 3  

P l a n t  

mrem/yr  fract . 

@.@00E+0@ 0.0003 

O.OO@E+OO 0.0000 

@.0O@E+O@ 0.0000 

@.00@E+CO C.CCC@ 
0.00@E+0@ @ . C t @ C  

0 . 0 0 0 E t 0 0  0.0GCC 

0.@00E+00 3.3030 

0.0@0E+00 il.O:i05 

0 .  @O@E+@0 0.300@ 

O.@OOE+O@ 0.000C 

0.00CE+00 0.0000 - 
0.000E+00 0.CCCC 

? ? t a l  Dcse ? ~ n t r i b u t i o n s  T P ? S E ( i , F , t )  f o r  I n d i v i d l i a l  Aadio? .uc l ides  ,,it and Faa:hways l p :  

As rnrern/yr and F r a c t i c n  3f T o t a l  Dose At t = 5.0?2+32 years  

Water Dependent P a t h u a y s  

- X a t e r  F i s h  Radcn P l a n t  Kea: Mi 1 I. A11 Pathways'  

?ad lo-  

;elide mrernijr f r a c t .  

- 
5T-227 

c2-231 

2-210 

T a - 2 2 6  

Sa-229 

;-22Y 

- 3-233 

Th-232 

-234  

-235 

1;-236 
- 

rnrern/yr f r a s t  

@.00@E+@3 3 .2303  

@.00@E+00 0 . 0 0 0 0  

0.000E+C@ 0.00C0 
0.0 OOE+ G O  6. (IC L'C 

0.000E+00 C . i " O i C  

0.000E+00 0. 0050 

0. 03@E+03 3 . 3 9 3 3  

@ . @ @ O E + 3 3  3 .3333 

0.000E+03 @ . 2 @ 3 3  

0.000Et00  0.0000 

0.00OEt00 0 . 0 0 0 0  - -- 
0.00OE+00 L 7 . C O i C  

mrem/yr f r a s r .  

0. 333Et32 3 . D 3 0 3  

@.000E+33 0 . 3 3 2 3  

@.OOOE+@O 0 .0333  

C.@CLE+CC @.C:103 

O.OCCE+CC c . c c 0 0  

~.DI:@E+OC C.CCCC 

3.0Oi~E+CO O . D C C C  

3.303E+03 Ci. O X 3  

0 . 3 3 :lE+ 3 5 3 . :I 2 :I 3 

O.O@0E+@0 0. :1333 

0.OOOE+00 0 . C 3 3 3  

O.CCCE+CC C.C000 

*Sum of  a l l  water indepe-der :  a n d  d e p e n d e n t  pa thways .  



T o t a l  Dcso C ; n t r i b u t i o n s  TDOS:(i,p,t) f o r  I n d i v i d u z l  R a d i o n c c l i d e s  i i )  2 c d  Pztr,wz;'s i p )  

A s  mrern/yr ar.2 r r a c t i o n  o f  T c t a l  Dose A t  t = 6.00@6+32 y e a r s  

Water  I n i e p e z a e n t  Pathways ( I n h a l a t i c n  exclcdes rado?.) 

Z :G i r,d I n h a l a c i c n  Fadcn P l a n t  Meat 311 1 c c e l l  - 
5 j 3 i ,>- 

IZ:slide mrerr,;yr f r a c t .  mrernjyr fract. m r e n / y r  f r a c t .  rnrem/yr f r a c t .  mrem/yr fract. mrem/yr- f r a c r .  mernijr fract. 
- 

@.O@@EtOO 0. 

0.000E+00 0. 

0.000Et00 0. 

O.OOOEtO0 0. 

O.OOOE+OO 0. 

0.000E+00 3. 

O.O@OE+OO 0. 

0.000Et00 0. 

O.OOOE+O@ 0. 

0.000E+00 3. 

0.000Et00 0. 

0. C C C O  

c ; . C O C 0  

0.CCO0 

@.CO@O 

@.CC@C 

0.0000 

0.G000 

0 . 0 0 Cl 0 

cI.0000 

3.CO00 

0 . 0 3 0 0  

C . ~ C C E + I : C  n . o o o o  
G.OOCE+CC 0.0@00 
O . O C C E - 0 C  0.0000 

C.OCCE+CC 0 . 0 0 0 0  

@.CCCE+CO 0.0000 

C.0CCE-CC 0.0000 

I?. Ill2 CE+ OC 0.0000 

C . @ G C E - C C  0.C000 

C.CCCE+ICC 0.0000 

C.OCCE+CC 0.0@00 

C . C O C E - C O  0.00@0 

C . I: CCiEIC I: 12. 0COC 

C.CC0E-CO C.0000 

i C . C C C E - C O  C.COC0 

C.CO@E-00 C.@GC@ 
C.CCCE-C0 c.0000 

0.CCOE-GO C.GCC0 

~C.I:CCE+CO I:.OIIICO 

0.CCOE-CO C.ClCGO 

C . C C @ E - C C  C.CC0C 
C.CCCE+CC C.0CCC 

C L C C E - C C  C.0OCG 

Tatal r c s e  : a n t r i b u t i o n s  T D ! j S E ( i , p , t )  f o r  I n d i v i d c a l  X a d i o n u c l i d e s  (i) a n 3  Farhwajs IF :  

As nrem/yr  a n 3  ' r a c t i c n  of T o t a l  Dose A t  t = 6.00CEtC2 y e a r s  

Water bependen t  Pathways 

- Water f i s h  Padsn P l a n t  Meat 

?Sdl@- 

mrem/yr f r a s t  mrem/yr f r a s t .  n r e d y r  f r a c t .  

@.CC@E-03  0.c0cI0 

0.CCOE-00 0.0000 

C . 0 O C E - C O  0 . 0 3 0 0  

C.CCCE+C@ 0.0000 
0 . O C C E - C O  @.COO0 

I?.CCCE+CO O . C O C B O  

@.CCCE+C@ 0.0300 

C.OI:CE+C0 O.OO00 

C.0CCE-00 C.C@00 

@.00CE-0@ 0.0000 

0.00CE-00 0.0000 

0.000Et00 3.303C 

O.OOOE+OO 0.C30? 

0.000E+00 3.000 '2  

0.000E+O0 3. X3C' 

0.000EtOO 3.?02C' 

0.000E+03 0.0900 

0.000Et03 0.3500 

O.OOOEtO0 0.'2Ci0*3 

0.000Et00 0.X'00 

0.000Et00 0.0000 

0. OODEt00 0. 090D - 
0. OOOEtOO 0.0C,C0 

C . C C C E + C C  0.0@00 

C . C C C E + I > C  0 . 0 0 0 0  

C.CCCE+CC 0 . 0 0 0 0  

C . 0 C C E A C C  0.C000 

C.CCCE+CC O.CO00 

C.OCCE+CG 0.0000 

O.CCCE+CC 0.C000 

C.CIXE+CC 0.0@@0 

C.@CC,E+CC, 0.0000 

C . @ C C E - C O  @.0000 

O.OCCE+OC @.@@no 

'Sum of a l l  w a t e r  l?.depe?.de?t an,3 dependen t  pa thways .  



:~ta; Dzso C c n t r i b u t i c n s  TLCSE(i ,p ,  t l  f o r  I n d i v i d u a l  R a d i o n u c l i d e s  (i:i and  k'athwaj-s Cp) 

A s  nrem/yr  and  F r a c t i o n  of T o t a l  Dose A t  t = 7.00@E+G2 y e a r s  

Water I n d e p e n d e n t  Pathways ( I n h a l a t i o n  e x c l u d e s  r a d o ? )  

I n h a l a t i c n  Radcn P l a n t  Meat Miik 

r ,ren/yr f r a c t  rnrer./yr f r a c t  . 

O . O O O E + O D  I!. 0030 

0. 000E+50 3. 0,300 

0.005E+30 3 . 0 3 0 5  

0.0032+30 3 . 3 0 0 0  

0 . 0 3 i ~ E + 3 0  3 .  3000 

G.0002+35 3 . 0 3 3 0  

0.003E+I?O 11.0000 

O . O O C I E + O i i  0. 3 0 0 3  

0 . 0 0 0 E + 3 0  0 . 2 0 3 3  

0.000E+00 0 . 3 0 3 3  

0.000E+03 ci.0000 - 
0 . 0 0 0 E + 5 0  3 . 0 3 3 0  

rnrern/yr f r a c t .  

0.000E+00 O.CCO0 
0.000E+G0 0.CCCO 
0.000E+00 0.CCC0 

0.000E+00 0.CCC0 

O.OOOE+OO o.crco 
0.000E+00 G.GCC0 

0.000E+00 O . f O C 0  

0.000Et00 0.CCCO 
0.000Et00 C.OCC@ 
0.000Et00 0.CCCC 
0.000E+00 0.CCC0 

0.000E+00 0.CCC@ 

mrew'yr  f r a c t .  

O.OCCE+l;O 1:. C O O i 1  

C . O O G E + G G  C . C C i G 0  

O.O00E+00 C. C O O 0  

0.@OCE+CC c.ccc0 

0 . OOC!E+CC C . CCl0 O 

0.000E+OC C.COG0 

0.000E+CC; 1!.1:~7110 

O.OODE+CG C . C O O I ;  

O . O O O E - C C  c.cc00 

O . O O O E + C C  0.CO00 

O . @ G C E + C C  O.CCC0 

C . O O O E - O C  0.C0G0 

n r e r . / y r  f r a c r .  

0.0CCE+CO 0.0CO0 

C I . O C C E - C O  O.OC00 
9.003E-C;I 0.001!1) 

3 . 3 O O E I C 3  0.CC00 

3.033E+C0 0.0300 

3.00:IE+CCl Cl.0300 

3.033E+03 3.i19011 

3.3Cl3E+6@ 0 . ~ 1 0 0 0  

3 .330E+CO 0.0000 

3 . 3 3 0 € + 0 3  0.0000 

3 . 0 3 3 E + 0 0  0 . 0 3 3 0  

3.33:lE+03 0 . 3 3 0 0  

r n r e d y r  f r a c t .  

0. C O O E + C @  C. Clcoo 
C . C C O E + C O  0.0000 

O.CCOE+@O 0.0000 

o.cnnE-on o.ocoo 
@ . C O @ E - O @  0.0000 

O . C G 0 E - C O  0.OOG0 

O.O00E+O@ 11.0000 

0.CCCIE-CO 0.0000 

C.CC@E-C,@ G.0000 

C . C C C E + C C  C.0000 
c.IIC0E-Co lC.0000 

0.003E-00 C . O I l C 0  

c . 0 c o o  

C.CGC0 
I? . c 1: c 0 
I:. c c c 0  

c .  ccc0  

C.CGO0 
0 . c c o 0  

C' .OC30 

C.OCO0 
c . o o o o  
0 . 0 0 0 0  

O . C @ O E - @ O  0 . 0 0 @ @  

O.O00E+30 3.0500 

II .@O@E+00 3.0050 

O.CO@E~O@ 0 . 0 3 0 0  

O.C00E+00 3.0030 

O . C O O E + O O  0.3530 

I!.000E+@@ 3.!1J,711 

0.030E+i?0 Cl.3:12Cl 

0.003E+00 0 . 3 3 3 0  

@ . 0 0 0 E + 0 @  3.0333 

0.000E+@@ 3 . 0 0 3 0  

0.030E+00 3 . 3 3 3 3  

T z t a l  Esse C s n t r i b u t l c n s  T D C S E ( i , p , t i  f o r  Ind iVldlJa l  R a d i o n u c l i d e s  i i !  and  Pathways lp !  

As n,rerr,/yr and F r a c t i o n  o f  Tota l  Dose A t  t = 7.OC@E+C2 y e a r s  

Water Dependent Pathways 

Radcn Pl i lk  .A11 F'athways.' P l a n t  

rnrern/yr f r a c t .  

F i s h  

?tro?,/yr f r a c t  . 

C . C C , C E - C O  C.0000 
12.1: c ICE+CC IC.  CCC0 

0.CCCE-00 C.0CCO 

C . I ' C . 0 t - C O  C , . @ C O O  

O . C C C E + C C  C.CC00 

C:.CCClE-CO C.OCO0 

C.iCCE*OO 0.OC00 
C.i:CCE+SO 0.0CCO 

C.CCCE-C@ G.CCC0 
C . C G C : E - C C  C.0000 

C . C C C E - O C  C.00CO 

Mea: 

mrern/yr f r a ~ : .  

O.OOCE+CC C.COG0 

C . @ O C E ~ C O  I:.C001; 

C . O O G E ~ C C  C.COC0 
G.OCCE+CG C.CO00 
C . O O O E + C G  O.CC00 

C.OCCE-00 0.CO00 

O . O O G E + C G  G.C@GO 
0.00CE+1>0 C: .CP@C 

C.@GGt+00 C.C>CGC 

C . O C C E * O O  @.CC00 

O . @ G C E + C O  c.cco0 
= 

G.COCE+CC 0.COOO 

- N'ater  

Sadie- 

- c l i3e  7 r e ~ d j . r  f r a c z .  rr,rer/yr f ract  . 

0 . 0 0 0 E + 3 0  0 . 0 3 3 3  

0.000E+00 0.0030 

0 . 0 0 3 E + 0 0  O.i i003  

0 . 0 0 3 E + 0 0  3 .  0300 

0.000E*00 0 . 0 3 0 0  

0 . 0 0 0 E + 0 0  0.0000 
0 . 0 3 0 E + J 3  3.03C13 

U . O ~ O E L J O  n.0309 

O.OOi lE+@O C l .  0300 

O . O O O E + O O  0 .0300 

0.030E+OO 0 . 0 0 0 0  

C ) . O O O E + O O  0.CCCO 
0.000E+00 2 .  C C C C  

0 .300E+00 0.CCCO 
@.030E+00 0.0CCO 
0.000E+O@ O.00CC 

0.000€+00 O.COCG 
0.00OE+OG O.CCC0 
0.000E+00 O. 'SI>CO 

0.000E+00 0 . C C C G  

0.000E+00 0.CCC0 

0 . 0 0 0 E + 0 0  O.CCCC - 
0.300E+C~G 0. CCC0 O . C C O E + C O  G.00CO 0.000E+00 0.0300 

'Sum of  a l l  w a t e r  l 3 d e F e > d e 2 t  a n d  dependent  p a t h w a y s .  
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, " .  .$:aA Ccse Z c n t r i b u t i a n s  TDCSE(i,p,  tl f o r  I n d i v i ' A J a l  Radionuclides ( i l  a n d  Fath,,da;s ( p l  

F.s nrem'yr and  F r a c t i o n  of T o t a l  Dose A t  t = 1.000E+03 y e a r s  

7 7 - 2 2 ?  

Pa-231 

2-215 

3-226 

Ra-228 

'h-228 

h-230 

7 h - 2 3 2  

i ' -2?4 

-235  

,-2?S 

- 

P 

; t a l  C .  CCI>E-CO 3.2030 

H a t e r  I n d e p e n d e n t  Pathways [ I n h a l a t i c n  e x c l u d e s  r a d c n l  

I r ? . a l a t i o n  

r n r e d y r  f r a c t  . 

@.000E+00 0.0003 

O.OCC!EACO 0.0000 

O.GCOE+@O 0.0000 

O.CCOEtO0 C.0000 

0.CCOEtCO 0.CCG0 

C.CCCE+CO 1 : . 0 C C C  

C . 12 0 ,>E+ BX O . 0 iO3jg 

0 . ?,GCEtC<@ 2 .  OOGC 

0.S30EtCl3 3 . 0 0 0 9  

'3.330Et33 0 . 3 3 3 ' 3  

?.033E+03 0.3020 
= 

3.00CIEt00 0.0000 

Radcn 

m r e m / j r  f r a c t .  

D.C133E+30 0.0000 

0.335E+30 0.0000 

0.030E+00 3.0000 

0.000E+00 0.0009 
C.000Et00 0.0000 

G.OOGE-00 0.0000 

~C.@~>CE+lIO 10.0000 

O.OCCEt00 0.0000 

O . O O C E + C C  0.0000 

0.033E+O0 0.0000 

0.005EtOO 0.0000 
= 

0 . 0 3 0 E t 3 0  0.3001) 

P l a n t  

mrem/yr f r a c t .  

@.000E+00 2.0'3c70 

0.000Et00 3.02GCl 

3.000E+00 3.033: '  

O.OOOE+OO 3.03017 

O.OOOEtO0 3 . 3 0 3 3  

0.000E+00 0 . 3 0 d 3  

O.OOOE+OO o.oncn 
0.000E+00 0.0000 

0.00CEt00 0.0CC0 

0.000Et00 0.CCGC 

0.000E+00 0 . O O C C  

=- = 

O.OOOE+OO 5.0029 

Meat 

r n r e d y r  f r a c t .  

0.00CE+00 C . C O O 3  

2.00iEtOi3 C. COGS 
J.O0)OE+O3 3.3C:,5 

3. 000Et05 0. 3 3 3 3  

0 .000Et33 ':I. :I 30 3 
0.003Et32 :i.G:13J 

0.0!)0Et53 O.3'YXl 

0.000E+00 0.Cl303 

0 .000E+00 0.3000 

0.000ELOC 0.C000 

0.000E-00 0.CC0C 
7 

2.CCCEtCC C.COC0 

T z t a l  b c s e  C o n t r i b u t i o n s  T D O S E ( i , p , t )  f o r  I n d i V i d J a l  R a d i o s c c l i d e s  ( i i  azd Patkwaq-5 IF :  

hs m r e d y r  and F r a c t i o n  of T o t a l  Dcse A t  t = 1.00(3E+03 y e a r s  

K a t e r  Dependent Pathways 

- Water F i s h  Radon P l a n t  Meat b! i 1 k A11 Pat?.WayS' 

Radio- 

- 
hr-227 

'1-231 

b-213 

-a-226 

Ra-228 

h-228 

- h-231: 

T?L- 2 3 L 
-234 

-235  

V-236 
- 

rrrer/\ r f r a c t  

0.000E-90 0 . 3 0 0 0  

0.CCOE-CO lC.0000 

0.CCCEtCC C.0CCO 
C.iCrE+CO C . C C i . 0  

0 L130E+00 0 .000c  

7.333Zt59 0.0000 

3.353Et:13 0 . 3 0 0 0  

0.1303Et00 3.3320 

O.OO3EtCIO 0.0053 

0.000E-00 0.000@ 

C.CC@E+C@ 0.0003 - 
C.CCCE+CC C.0000 

rnrern/yr f r a c t .  

0.3332+33 0.0300 

C.003Et30 3.3030 

G.CIOOE+OCI 0.0000 

0.00CE*00 0.0000 
C . @ @ C E + C @  0.0000 

0.CCCE+OC 0.0000 

O.GOCE+CC 0.0000 

0.000E+CC 0.0000 

0. OCSE+CC 0. CCC0 

@.300E+00 0.0C00 

0.000EtCO 0.OCO0 - 
@.005't33 0.3300 

mrem/yr f r a s t  

0.300E+00 0.332C 

0.003E+00 3 . 3 9 5 2  

0.000E+03 0 . 3 3 3 0  

0.000E+00 0.333:l 

0.000E+00 0.3003 

0.000E+00 0.0000 

0.000Et00 0.0bGO 

0.000E+00 0.0C00 

0.00CE+00 O . O C I ' 0  

0.000Et00 C.CCCC 

0.000E+00 0.CC00 -- 
O.OOOE+SO 0. CCl3@ 

'SUP z f  a l l  w a t e r  i?.depe?.de?.t a n d  d e p e n d e n t  p a t h w a y s .  



180 d a y s  C 4 / 1 0 / 2 C @ 6  21:49 Paqe 2 2  

i r r a r ;  : S r e ~ l e n r i d g e  S,;rface C;r41_1 F i l e :  S r e c k e n r i d q e  S u r f a c e  12.m.b 

- .  .c. .,.:-: ~ 

- - ~ .  
. - - < , f l t l l ,  Version 6.3 

- 
Dose/So'~rce R a t i o s  Summed Over A l l  Pathways 

P a r e n t  and  Progeny P r i n c i p a l  R a d i o n u c l i d e  C o n t r i b u t i o n s  I x d i c a t e d  

- 
P a r e r t  'rociuct T h r e a d  DSR(j,t) A t  Time in Years ( r n r e m / y r ) / ( p C i / , g  

1 : )  (1 F r a c t i s r t  O . @ C @ E + C O  1.@0@E-O0 1 . 0 0 0 E t 0 2  2 . 0 0 0 E t 0 2  3 . @ 3 3 C + 5 2  

l . G C @ E + C O  l . @ l @ E + d @  9 . 7 4 3 E - C 1  1 . 9 5 3 E - 0 2  0 . 0 0 0 E + @ @  @ . 0 0 3 E + 5 0  

1 . 0 3 3 E + 3 0  1 . 3 3 3 E t D 0  1 . 0 2 3 3 t C 1 3  3 . 2 6 3 E - C 1  0 . 0 0 0 E + 0 @  @ . C I ; @ E + C @  

1.3@:IE+Cl3 1 . 7 4 3 E - 0 2  4.305E-02 4 . 7 4 1 E - 0 1  0 . 0 0 0 E + 0 0  C . @ C @ E - 0 0  

? . 0 4 a E + 0 @  1 . 3 7 2 E t 5 S  3.004E-01 0 . 0 0 0 E + @ G  O.COGE+C@ 

l . C @ O E - 0 0  3 . 5 6 1 E + 0 0  3 . 5 4 9 E + 0 0  1 . 8 2 1 E + 0 0  0 . 0 0 0 E c 3 0  @ . 3 3 C ~ E + 3 @  

l . ( :CCE*C@ ' . 9 7 5 E - 0 3  2 . 1 6 9 E - i l 2  1 . 2 2 0 E - 0 1  @ . 0 0 0 E + 0 @  @ . @ D 3 E t S 3  

3 . 5 6 3 E t 0 0  3 . 5 7 1 E i C C  1 . 5 4 3 E + 0 0  0 . 0 0 0 E + 0 0  @ . 0 3 @ E + 0 3  

1 . 0 3 ? 9 + 3 , 3  1 . 9 6 7 E t 3 0  1 . 7 3 8 E + C , ' 3  6 . 0 2 6 8 - 0 6  0 . 0 0 0 E t 0 0  C.OO@E+OO 

1 . 3 3 3 E t O 3  4 . 4 5 7 E - 0 1  1 . 0 @ 3 E + O O  1 . 2 7 C E - 0 5  O.@O@E+@O 0 . 0 0 C E + O @  

5 . 4 1 i E + 0 0  2 . < 1 7 E + D @  1 . 8 7 3 3 - 0 5  0 . 0 0 0 E t 0 0  3 .GGCE+CC 

l.C@CE-C@ 2 . 4 1 1 E t O C  1 . 6 7 3 E t 0 0  2 . 3 5 1 1 E - 1 6  O . O @ O E + @ @  3 . 0 1 1 0 E t 0 0  

l . O C ~ C E t C 0  1 . 0 8 3 E - 0 2  1 . C 8 1 E - G 2  3 . 6 2 8 E - 0 3  0 . 0 0 0 E + @ 0  0 . 0 0 0 E t 0 0  

l . ' ? O , 3 E t X  7 . 6 7 4 8 - 0 4  2 . 3 0 2 E - 0 3  8 . 0 3 1 6 - 0 2  O.OOOE+Cl@ O . @ J O E + i 3 0  

1.GOOZti~O 1 . 2 2 6 E - 0 6  7 . 6 8 4 C - C 6  4 . 0 1 4 E - 0 3  0 . 0 0 0 E t 0 0  O.CC,CE+OO 

1 . 1 6 6 E - 5 2  1,312E-02 8 . 7 3 5 E - 0 2  0 . 0 0 0 E + C O  C.CCCE+00 

1 . 0 0 3 E + 5 3  5 . 2 3 3 E - 0 1  S . 1 5 5 E - 3 2  1 . 6 6 5 3 - 0 2  0 . 0 0 0 E t 0 0  S . ' j Z O E + C C  

1 . @ 3 3 E + 0 3  1 . ? 5 7 E - C ?  3 . 4 1 8 E - 0 1  l.@BjZ+SC! 0 . 0 0 0 E + 0 0  3 . 0 S C E t S G  

1 . 0 0 3 E - 0 3  : . 6 6 E E - C 2  1 . 1 3 9 E - @ l  1 . 5 2 5 E t 0 3  0 . 0 0 0 E t 3 3  5 . 3 3 3 E t 9 0  

? . O C 7 E - 0 1  5 . C ' E E - O i  2 . 6 2 4 E + 0 @  0 . 0 O O E t D D  3 . 0 3 3 E t 0 3  

l.GI:CE+CC 3 . 1 6 X E - 5 3  9 . 0 8 ' E - @ 3  2 . 6 1 5 E - 0 3  0 . 0 0 0 E + 0 @  @.OCOE+OO 

l .GL~CE+C,C 5 . 3 2 3 E - 0 5  1 . 4 ' 3 E - C 7  3 . 0 3 5 E - C 6  0 . 0 O C E + @ 0  C.OOGE+OO 

l .SSC 'Z tC~c7  T . 2 5 5 E - 3 9  1.6C16E-Cl8 3 . 5 3 8 E - C 5  @.@OOE+CC C.CCCE+C@ 

1.3333133 2 . 8 6 7 E - 1 2  3 . b 5 3 E - 1 1  1 . 4 q 4 E - 0 6  @.0@0E+CC C.CCCE+I;C 

9 . 1 6 2 E - 0 3  9 . 0 8 7 E - 0 3  2 . 6 7 4 ' - 0 3  0 , 0 0 0 E t 0 0  G.CJ@OE+OC 

l . O X E + I : C  2 . 6 7 0 E - ' 3 1  2 . 6 6 3 E - 0 1  1 . 5 2 4 E - 0 1  @.000E+00 @.303E+03 

1 . ~ W Z t 3 0  1 . G 1 9 E - 0 5  3 . 1 6 3 E - 0 5  6 . 7 1 5 E - 0 4  O.OOOE+@@ 0 . @ 3 5 E + 3 5  

1 . 3 3 @ Z t 0 0  1 . 2 7 ' E - 0 7  8 . 3 3 0 6 - 0 7  7 . 1 7 8 E - 0 4  O.OOOE+@O @ . @ 0 0 E + 0 @  

2 . 6 7 0 E - 3 1  2 . 6 6 3 E - 0 1  1 . 5 3 7 E - 0 1  0 . 0 0 0 E t 0 0  C.OCOE+OO 

5 . 4 0 3 E - 0 5  4 . 4 0 5 E - 0 7  4 . j 7 2 E - 0 7  1 . 2 5 C E - 0 7  O.OCOE+C@ C.CCCE-OG 

3.954E-01 5 . 6 5 C E - 0 2  5 . 6 2 6 E - 3 2  2 . 7 9 0 E - 0 2  0 . 0 0 0 E t 0 0  @ . @ @ C E + O @  

3 . 4 9 9 E - C l  1 . 2 5 ? E - 0 8  3 . 8 6 2 E - 0 5  7 . 5 0 7 E - 0 7  0.000E+00 3.000E+0@ 

9.99iE-il 4.824E-14 3 . 2 7 6 E - 1 3  4 . 3 2 3 E - 1 0  0 . 0 0 0 E + 0 0  2 . 3 0 2 E t 3 5  

3.9932-31 1 . 6 2 2 E - 1 5  2 . 4 3 7 E - 1 4  3 . 2 7 3 E - 0 9  0 . 0 0 0 E + 0 0  C i . O 3 0 E + S @  

9 . 9 9 5 E - 5 1  1 .C98E-18  4 . 6 5 5 E - 1 7  l . i 3 7 E - 1 0  O.OOOE+OO @ . 0 0 0 E + 0 @  

5 . € S ? E - 5 2  5 . 6 2 6 5 - 0 2  2 . 7 9 O E - 0 2  0 . 0 0 0 E + @ 0  0 . @ @ @ E t O O  
_ _ _ _ ~ ~  ~~ 

Trie C3.q incii;j=?s ccntribitiocs from a s s o c i a t e d  ( h a l f - l i f e  < 180 d a y s )  d a u g h t e r s .  

0 . 0 0 OE+ 0 G 0 . 0 0 0 E+ 0 0 9. C 17 ? , b +  0 2 0 . C C C E+ C C C . 0 C C E* C C 



- 
hc-227 

Fa-231 

2 - 2 1 0  

3 - 2 2 6  

R a - 2 2 8  

1-228 

- 1 - 2 3 0  

l h - 2 3 2  

-.-74 

- 2 3 5  

c - 2 3 8  

- 
- .I 

- 

1 . C C C E - C C  

Single Radicnucllde Soil Guidelines G i i , t l  in pCi/g 

Basic Radiaticn Pose Limit = 2 . 5 3 0 E t 3 1  rnrern/vr 

1 . 0 0 0 E t O 1  2 .  CCCE4C2 3.OOOE+O2 5 .  C C C E t O ?  6 . 3 3 3 E t 3 1  

2 . 5 6 6 E t 0 1  

2 . 3 3 3 E + O 1  

5 .  F l E E t 3 1  

7 . 0 0 2 E t 0 3  

8 .  E ? j E + 3 3  

1 . 4 9 4 E + 3 1  

1 . 9 0 5 E t O i  

4 . 3 2 5 E t 3 1  

2 . ? 5 1 E t C I 3  

9 . 3 E 5 E t 3 1  

4 . 4 4 4 E + i i 2  

1 . 2 5 0 E + S 3  

3 . 1 2 3 E t 0 1  

6 . 3 2 9 E t 3 3  

1 . 2 6 7 E t 0 1  

1 . 3 3 5 € + 0 6  

‘ 8 . 1 9 5 E t 1 4  

2 . 8 4 3 E t O 1  

9 . 5 2 8 E t 0 0  

9 . 3 4 8 E + 0 3  

1 . 6 2 6 E + 0 2  

8 . 9 E C E + C 2  

* 7 . 2 3 2 6 + 1 3  

’ 1 . 7 2 3 E + 1 0  

* 7 . 0 3 4  E + l 3  

+ 9.88 5 E + l 1  

* 2 . 7 2 6 E + 1 4  

+ 8 . 1 9 5 E + 1 4  

’ 2 . 0 1 8 E t 1 0  

* 1 , 0 9 ? E + 0 5  

6 . 2 4 7 E t 0 9  

* 1 . 1 6 1 E + 0 6  

‘ 3 . 3 6 1 E t 0 5  

‘ 7 . 2 3 L E - 1 3  

* 4 . - 2 3 E - 1 0  

- 7 . 6 3 4 E : - 1 3  

‘ 9 . 8 8 C . E + 1 i  

‘2.  7 2 6 E + 1 4  

’ 8 . 1 3 5 E 4 1 4  

+ 2 . 0 1 8 E + l G  

+ 1 . 0 3 7 E + C j  

’ 6 . 2 4 7 E t 0 9  

+ ? ,  1 6 1 E t 0 6  

‘ 3 . 3 6 1 E t 0 5  

\t s p e c i f i c  activity 1ir;it 

S U X Y ~ Z I  D?se/Ssurce Ratios DSR(i,t) in lnrem/yr!/(pCi/gl 

ani Single Radionuciiie Soil Gcidelines C ; ( i , t )  i n  pCi/g 

at t m i ;  = time $of  minimum single radionuclide so i l  guideline 
- 

and at tmax = rime of maxim?;m total dose = 0 . G ’ : i E t i C  years 

-2 -227  

Fa-221 

> - 2 1 c  

3 - 2 2 6  

:a-22.3 

-h.-2iE! 
--2 j j  

7 3 - 2 3 ?  

Y - 2 3 4  

--55 

- -238  

_ -  

I .  3 0 ’ 3 E t 3 3  

tm1n 

(years i 

DSRii, tmin! 

3.33:1€+33 
-. j i . l E  t 5 . 9 6  

3 . 3 0 3 2 + 0 3  

1 . 0 3 5  I c . 0 0 4  

2 . 3 6 3  i 0 . 3 0 5  

0. CC!IE+TJO 

3 7 . 7  I c . 2  

2 9 . 2 1  2 i ’ . 06  

0 .  J i ’ i ? Z t i C  

,3. J j O Z + 0 0  

3 . 3 J 0 E + 5 5  

1. G:OE+OO 

1 . 3 6 2 E - C O  

4 . 4 8 6 E - 0 1  

3 . 5 7 1 E t C O  

2 .97:E+G@ 

2 . 4  1 1 E t C O  

5. G 2 8 E - i 2  

4 . 3 2 5 E t 0 0  

3 .162E-03 

2 . 6 7 0 E - 0 1  

5 . 6 5 3 E - 3 2  

G (i, tmin! DSR l i ,  tmax) G [i, tmax: 

(pCiigi (pCi/g ! 

2 . 4 7 5 E t 3 1  1 . 0 1 G E t 0 0  2.475Et01 

? . 8 3 6 E + 3 1  1 . 0 4 8 E t 0 0  2 . 3 3 6 ? t L 7 1  

5 . 5 7 3 E t 3 1  4 . 4 8 6 E - 0 1  5 . 5 7 3 E + 0 1  

7.001E+@0 3 . 5 6 9 E t 0 0  ? .3@4E+CIO 

8 . 4 0 1 E r 0 0  2 . 4 1 2 E + 0 0  1 . 3 3 6 E t C l l  

1 . 1 0 3 7 E - 0 1  : . 4 1 1 E + 3 0  1 . 0 3 ‘ E + 3 1  

? . 7 6 9 E + C 2  1 . 1 6 6 E - 0 2  2 . ? 4 5 € 1 3 3  

5 . 7 7 C E - C O  i . 9 0 7 E - 0 1  1 . 3 1 1 E + 0 2  

2 . 7 2 3 E - 1 2 3  9 . 1 6 2 E - 0 3  2.729E-03 

3 . 3 6 2 E + C 1  2 . 6 7 0 E - 0 1  9 . 3 6 2 E + 0 1  

4 . 4 2 5 E + 0 2  5 . 6 5 0 E - 0 2  4 . 4 2 5 E + 0 2  
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" I L  5 File: Erezke-ridge Surface 12.?.AL 
- 

IndividJal Nuz:ide 2ose Summed O.ver All Pathway-. 

de and Branch Fraction Indicated 

- 
t :osl ide Fare? :  :HP:il DOSE ( j , t ) , mrern/jr 

! 3 :, (1: t= 3 . 3 3 3 2 + 3 3  1.3OOE+O@ 1.303E+CI2 1.0OOE+@2 3.COCElGZ I .CGCE+C2 6.iCCE~i.2 7.COOE-02 a.i.CCZ+02 1.CGCE-C3 

3-231 Fa-2.31 :.OlIOE+l?J 

3-231 2-135 1.3@OE+03 - 
Fa-271 IDOSE (1  

k-228 Ra-228 - 
Th-228 Th-2.29 

'h-225 T?.-2?2 

1. COOE+30 

1. COCE+O@ 

1. COCE+3@ 

9. 999E-0: 

1. @@OE+30 

1. @OOE-OC 

1 .CO@E+3@ 

1. C O C E - O O  

1. CCCE-@@ 

h-232 Tk-2 32  1. C C C E I C O  - 

-235  7-235 1.303E+C13 

~- 

11-238 '1-238 5.40OE-05 

-238 1.i-238 9.999E-01 

- 2 3 8  YbOSE 11 ) 
. ~~ 

-= 

1.414E-01 1.364E-01 2.'93E-33 3.000Et00 O.OC'CE+OC O . C O C E + C O  C . I > C @ E + C O  I O . C O C E + C C  I C . i " O 2 t L ' C  O.CCCE+CI? 

7.436E-03 6.867E-03 6.638E-52 @.@OOE+O@ @.OCCEtOCl O . @ O C E + O O  C.CCCE.00 C.O@CEACS C . I C C E t C 0  C.CCCE-OC 

l.277E-JE 5.330E-05 7.17FE-25 5.000E+00 O . O C C E + @ @  O.@O@E~CC C.CCOE*CO 0.00CE-01: O . C C C E + C @  C.CCCE-00 

1 . 4 3 l i E - 0 1  1.433E-01 6.925E-52 @.@00E+@@ O.OOCEt00 O.CCOE+C'J C.CCCE-CO C.OOCE-CC C. I>CC:E+C@ C.OCCE-OO 

1 . 4 4 L E - 3 1  1.432E-01 4.56EE-3i 0.000Et00 O . O l ) i ' E + N  O . C O C E + C C  I ' . C C C E * C O  C.@@OE-CC O.CCCE+CO C.@CCE+0@ 

1.313E-06 3.163E-06 6.715E-35 0.000Et00 0.00CE+L7C O . C C C E + C O  C.CCCE+C@ C.@@C!E+CC @.CCCE+C@ O.OCCE~O0 

1.442E-D1 1.432E-01 4.575E-32 @.000Et0@ O.@@CE+CC 0.0@1CE+CO ?.CC!'E-CO C.OO0E-CC @.CCCE*C@ O . C , O C E - O O  

E,. 6 3 2 E - 3 1  5. 589E-O? 5. 3 91 E-03 0. 000E+00 0. 0CCE+0<3 0. COI:E+I;I: 5'. i:CCE-i:O C . @Oi?E+CC 0. 

i .  337E-02  2.819E-Cl2 1 . 5 6 6 E - 3 1  0.@00E+@@ 0.00 tEtOC 0. COCE+@G C. C C C E - L O  C.OGOE-OC C .  

3.:1662-06 1.921E-05 1.303E-02 @.@@OE+@O @.09C,EtO8 C E + @ C  C.CZCE-CC C.@@CE-CC @.CCCE-CO C . O l I C E - C I 1  

7,2132-12 9.6256-11 3.5E6E-06 3.000E+00 @.O@2E+30 O.CCCE+OO C.CCCEACC C.OOOE+CC O.CCCE+CC C.COCE*OC 
4,2442-18 1.164E-I€ 2.642E-13 3.00@E+@@ @.000E+33 IGZ+CO C . G C C E + C C  C.OOCE+GC O . [ C C C E + C @  C.@lICE+CO 

5.936E-01 5.872E-01 1 . 7 4 5 E - 3 1  0.@@OE+@O @.CC,GE+OS 3.CCCE+OC C . C C C E + C C  O . 0 O C E - C C  C.CCCE+CO C.C@GE-Olj 

4.6iOE+OCl 4.614E+CIO 2.367E+00 0.000Et00 0.0002+00 D . O C @ E + O O  C.CCCE+C'C C:.@OCE-CC O . C C C E + C @  C.@@CE-CIO 

1.919E-03 5.755E-@3 2.CCSE-01 O.@@OE+@@ 0.00L7Et03 @.Cl@GE+00 C.CCCE-CC C.CCCE*CC @ . I ' C C E + C C  C.COCE-@O 

5.737E-09 4.020E-08 e . 7 6 9 E - 0 5  O.@@@E+O@ @ . 0 0 0 E + 3 3  3.3,3CEtCS '?.GCCE*CC O.CGCE+CC C . C C C E + C C  C.@OCE-00 
4.'l5?E-15 €.C33E-14 P.lS3E-03 O.@O@E+00 @.0'30E+L13 E+CC C.CCCE-OI1 

4.632E+CO 4.619E-00 2.56BE+C10 O.O@OE+@O O.@L7L?E+,75 @.SOGCtOO C.SCCE+C*C O.CCCE+I'C C . C C , C E + C O  C,.CCCE-@O 

1.738E-CC 4.211E+OC 4.9556-05 0.000E+00 0.003K+L19 O.@OClE+OO ?.i7ScEt5C :?.CCOE-CC C . C ? C E + O O  C.CCCE-CC 

9.403E-00 6.524E+CC 9.167E-16 0.000Et00 0.ClOCEtS3 3.33OE+33 t?.jiCEt:,,? O . i ? C C E - C i  C . i X E t C 0  C.CCCE-CC 

7.2 1 7 E-C2 4 .4 4 2E- C 1 5.94 1 E-0@ 0.0@0E+00 0.303Et 0 0 3,33OE+03 ? . '3 J'2+2'? 0 .  CC ICE+ I'': C . IJSCZ+I'C C . C: IC ICE- C I> 

l.l2lE+01 1.116E+01 5. 947E-00 0.000Et00 0.3052+30 :i.53!3E+33 0 .  E+SC O . C C C , E - C i  C.i:~ci'+io c.CCCE-OC 

_ _  1 ?-'-I ,--E-l>2 2.703E-C2 9.127CE-03 O.@OOE+O@ 0 . 3 3 3 E + @ 3  3 . 0 0 0 € + 3 3  0 .  :12CE+C'? O.CC'?E+CC C.S?QZ+DO C,.CCCE-CO 

1.256E-07 3.687E-C7 7.738E-06 0.@00E+00 0.30@2+00 O.2@3E+OCI 3. E+ :'o 13 . c c '3 E+ c '2 '1 . 
?.2CEE-13 8.19CE-12 1.G81E-05 0.000E+00 0.035Et30 3.33CiE+33 3. E t L. 2 . 0 C I; E+ C 5 '2 . 

2 . 0 4 l E - 0 1  2.626E-Cl 6.493E-02 0.@00E+00 0.003EtOO @.033E+O3 3.9JCEt5n O . C O C E + C O  C.3302tOO 0.CCCE.OC 

Z.67CE-02 2.663E-02 1.524E-02 0.000E+00 0.03@2+03 0.030Et33 ?.'323Zt59 3 . C C C E + , > C  C.~~?C~ZtCi' O.O~LELCC 

T H i ' l i )  is t h e  thread fractior. of the parent zuclide. 
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F i l e :  3 r t c h e n r i d 3 e  S u r f a c e  12.RAD 

1r .d iv idca l  Nuc l ide  S o i l  C c n c e n t r a t i c n  

Pare:.t K c c l i d e  and Branch F r a c t i s n  I n d i c a t e d  

- 
' 1 ~ ~ 1  ide F a r e n t  T-:F ( i )  sr:,t1, p c i / g  

t= O . C O C E + O G  1..?000E+33 1.030E+C2 2.000E+02 3.0OCE~02 5.@3@E+02 6.353E+32 7.333E+O2 P.C33E-32 1.335Et33 

1.43C5-31 1 . 3 5 5 E - 0 1  J.?O@E-C3 1.332E-04 7.175E-06 9.699E-09 3.6TTE-13 1.366E-11 5.3'3E-13 6.959E-16 

D.C13C'E+Cl@ 4 . 3 3 2 E - 0 3  1.112E-il 1.142E-01 1.036E-Cl 8 .490E-32  7.667E-52 6.963E-32 6.3CllE-Cl2 Es.165E-02 

3.33OZ+33 3.328E-38 1.3225-04 2.7596-04 3.E56E-1'4 5.184E-34 5.524E-34 5.:37E-34 5.'65€-34 5.616E-CN 

1,4305-31 1.395E-31 1.265E-01 1.147E-01 l.040E-01 6.542E-32 7.742E-32 7.017E-02 6.359E-32 5,2222-02 

3-226 Ra-226 1 .O:I@K+CI@ 

Rd-226 Th-233 1. 333E+O3 

-3-226 L'-234 1.0335+:13 

3-226 '1-23s 9 . 3 3 5 E - 3 1  

- 

-!?a-226 ZS I ] ;  : 

1.4 505- 5 1 1.  3 3 9 E 4  1 1.1 EA€-0 1 1.14 8E-0 1 1.03 ?E-0 1 E. 51 ?E- (12 7 . 7  11 E- 35 6.352E- 32 6.32 1 E-32 5.1 Q2<-'32 

3.C13??+33 2.113E-36 1.655E-04 3.254E-04 4.282E-04 5.49EE-04 5.794E-34 5.339E-34 5.965E-34 5.7655-34 

1.43:19-31 1 . 3 9 9 E - 3 1  1 . 2 6 3 E - 0 1  1.151E-01 1.043E-01 6.572E-02 7.763E-32 7.34iE-CI2 6.iC:E-32 5 . 2 3 3 E - 3 2  

1.?,)3E+33 1.254E+33 3.633Z-02 9.3876-04 2.768E-115 2.127E-3s 5.F95E-;3 1.634E-11 4.5L9E-13 7.4735-16 

0 . 3 3 3 2 + 3 3  3.968E-32 1 .3325+0@ 9.346E-01 9.26LE-01 8.@;6E-01 7.45fE-3: 6.339E-01 6.455E-:ll 5.5E.52-01 

5.'33,?lE+33 1.663E-35 6.5215-02 1.456E-C1 2.172E-CI 7.351E-31 3.823E-31 4.242E-@i 4.536E-31 5.146E-31 

3 . 3 3 3 E + 0 @  5.302E-11 i.316E-05 1.086E-04 2.44iE-C1 6.084E-34 f.152E-34 1.327E-03 1.239E-33 l.6445-33 

3 . 0 3 3 E + 3 3  3.551E-17 1.6252-03 1.'81E-C8 6.@79E-C8 2.50RE-07 3.996E-37 5.E36E-3: -.C'PE-37 1.272E-36 

1 . 3 3 3 E + 5 @  1.294E+03 ?.l33E+O9 1.141E+00 1.144E+CC 1.137E-00 1.13:lE-03 1.119€+33 1.106E~33 1.0755+33 

1 . 3 3 0 E + 0 0  1.299E+@0 1.2Cl9E+:lC 1.125E+@@ 1.047E+CC 9.061E-01 6.43OE-Cl 7.843E-31 -.25'E-51 6.316E-31 

0.330E+@@ ?.082E-03 ? . 0 2 1 E - 0 1  1.324E-01 2.721E-C1 4.03iE-01 4.561E-01 5.017E-01 5.436E-31 6.@092-@1 

0.33@E+@@ 4.870E-09 4.438E-55 1.617E-04 3.316E-C4 7.667E-04 1.@CBE-C3 1.254E-03 1.457E-33 !.559E-33 

0 . 3 ~ I 9 E + O 0  4.601E-15 4.123E-09 ?.%@E-08 8.413E-CR ?.?17E-07 5.142E-@7 7.329E-07 l . 8 2 5 E - 3 7  1.550E-16 

1.300Et00 1.300E+00 1.3!2E+:13 l.jlEE+@@ 1.313E+CC l.jl@E-@O 1.3GOE-CO :.287E+CC 1.272€-0@ 1.235EtCI3 

3.903E+C@ 3.356E-00 2.204E-05 l.246E-10 7.0455-16 2.24SE-26 1.271E-31 7.181E-37 4.C6;E-42 0.@0CE130 

0.00GE+C@ 4.327E-01 3.732E+03 3.567E+00 3.403Z+00 3.114E+GC 2.976E-CC 2.P44E-CC 2.7;PE-I.O 2.483E.33 

3.90GE-CC 3.6:99E+OC 3.732E+OO 3.567€+00 3.403E+CO 3.114E+C1' 2.976E-ZC 2.844E-60 2.71RE-C,0 2 . 4 6 3 E L 3 3  

@.000EiCC 1.112E+00 3.3i;;E-05 1.E65E-10 1.0545-15 3.367E-26 1 .9C3E-31  1 . 0 7 5 E - 3 6  6.1'7-E-42 0.00CEt30 

3.9CCE.CC 2.713E+O@ 6.65PE-16 1.236E-31 0 . @ 0 3 5 + 3 3  O.0OCEtCO C.CCCE-CC @ . C G C E - C , C  @.CCCE+@@ O.C00E+30 

0.ClOCE-CC 7.266E-CZ 3.73ZE-00 3.567E+00 3.4035t00 3.114E+C@ 2.976E+CC 2.844E-l;l: Z.:iEIE+CC 2.483E-@0 

3.3CCE+CC 3.8?8E+CC 3.732E+00 3.567E+00 3.4332+33 3.114E+00 2.976E.iC 2.A<IE+CI: 1.71BE+CO 2.463E-CO 

2.5CCE+C@ 2.339E+CC 2.367E-00 2.279E+00 2.1775+03 1.334E+0@ 1.835EtCC l.RC9C-CC 1.7LSZ+CC 1 . 5 7 5 E A ( r @  

0.0?lOE+G0 2.248E-C5 2 .C27E-03  3.655E-03 4 .94BE-03  6.7432-03 7.33CE-i3 7.755E-C3 3.5:62-i3 8.316E-03 

C.CCCE+GO 3.186E-11 2 .816E-07  9.954E-07 1.9615-56 4.313546 5.5C5E-66 6.649E-C6 7.711E-i6 5.525E-C6 

2.5CI>E+OC 2.43OEt00 2.3836-00 ?.283E+00 2.161E+00 1.331E+03 l . X T E + i O  l.P17E+CC 1.736Et3'2 1.584E-'20 

?.5302+30 2.436E+@G 2.121E+CO 1 . 7 9 3 E + 0 0  1 . 5 2 7 E t 0 0  1.0395+30 3.111E-01 7 .30SE-51 6.7035-01 4.829E-Cl 

0.009EtOj 7 , 3 7 5 1 - 0 6  6.CljE-04 1.020E-03 1.299E-33 1.558E-03 1.5672-33 1.571E-03 1.5;35-C'3 1.371E-03 

2.5555+03 2.4362+00 ?.122E+C@ 1.800E+OO 1.52k?E+33 1 . 1 0 0 € + 0 3  9.?3-E-31 7.524E-01 6 . 7 L 4 5 - C ' l  4.842E-CI 

TH'lii i s  t h e  thsea '3  f r a c t i c : ,  o f  t k e  p a r e n t  :.ticlide. 

&SZkLC.E:<E e x e x t i c n  time = 6.46 secnr.ds 
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I I C u r r e n t  I B a s e  I F a r i n e t e r  
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I tisze c3n:Tersion f a c z o r s  f c r  i n h a l a t i D n ,  . r e d p C i :  

I A c - 2 2 7 t G  

I F a - 2 3 1  

I P b - Z l ' j t 3  

I 3a-LZCt2 

I 3 a - 2 i i t 3  

I T n - 2 3 3  

I T'I-2.3; 

1 2-234 

I 1-138 
1 I:-238-D 

I 

I A c - 2 2 7 + D  

I Pa-T31 

I Pk-sl:l+3 

1 Ra-22643 

1 K a - 2 2 5 - f  

I U-135*L 

I DOZB csnvers ion  f a c z c r s  f z r  i p g e s t i o n ,  m r e d p t : :  

I Th-226-C 
1 Th-23C 
I Th-232 
I L'-:34 

I 1;-235+:1 

I i j - c j a  

I 
I : j - ? j? t ;  

I F = i d  t r a n s f e r  f a z t o r s :  

I >.c-?S;-? , p l a r . t / s o i l  c o n s e n t r a t i o c  r a t i o ,  d l m e n s i o n l e s s  

I >.c-22:+E' , b e e f / l L v e s t c c ~ - i n t a k e  r a t i o ,  ( p C i / k g i  / f p C i / 3 )  

I ~ c - 2 2 7 ~ ~  , - . i ? k / l i ~ e s : 3 c ; : - i n t a k e  r a t i o ,  ! p C i / L )  / ( p C i / d )  

I 
I "-231 , p l a n t / s c i l  c c n z e n t r a t i c n  r a t l c ,  , d i m e n s i o n l e s s  

I Pa-231 , b e e f / l i . ~ e s t s c ~ - i n - a ~ e  r a t i s ,  Ip: i /k, j l  / ( p C i / d )  

I Pa-231 , milk / l i . J e szcck- in : ake  r a t i o ,  ~p: i /L!  / l p C i / d )  

I 
I ~ b - 2 1 3 i r  , p l a r . t / s o i l  s o n c e n r r a t i o n  r a t i o ,  d imensLon les s  

I Pk-210-P , r e e f / l i v e s t o c k - i ? . t a k e  r a t i o ,  ~ p C i / k g ) / l p C i / d l  

1 ~ b - 2 1 0 - l i  , ~ . i . i l k / l i v e s t o c ~ - i s t a k e  r a t i o ,  1 p ? i / L 1 /  IpCi /d l  

I 
1 R a - 2 2 6 t P  , p i a n t / s o i l  c o n c e n t r a t i o n  r a t i o ,  d i m e n s i o n l e s s  

I R a - 2 2 6 t D  , b e e f / ? i v e s t c c ~ - i n t a k e  r a t i o ,  !pCi/kg:i / i ,pCi /d)  

I R a - 1 2 6 t D  , m i l 4 / l i . J e s ~ c c ~ - i n t 3 k e  r a t i o ,  ipCi /L)  / ( p C i / d )  

1 
I ~ a - 2 2 5 + ;  , p l a r . t / s o i l  c 3 n ; e n t r a t i c n  rat::, ' d i m e n s i o n l e s s  

I ~ a - 1 2 6 + ~ '  , b e e f i l i ~ J e s t - c ~ ~ - i n t a ~ e  r a t i s ,  : p : i / k , g l /  ( p C i / d )  

I P . z - 2 2 6 ~ C  , m i l k / l i v e s t c c ~ - : n t a ~ e  ratio, !pCl/L:  / IpCi /d)  

I 
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, p l a n r / s c i a  c o n c e n t r a t i o n  r a t i o ,  d i m e n s i o ? . l e s s  

, ~ e t f / i i v t s _ ? c ~ - i n r a % e  ratio, ( p C i / k g ~ / i p C l / d !  

, r r , i l s i ; i ' i es toc l - in ta i :e  r b t i o ,  ( p C i l L )  / ( p C i / d )  

, p l a n t / s c i ;  z s n ~ e n t r a t i c n  r a t i s ,  d i m e n s i o n l e s s  

, ~ e e f l l i v e s ~ c : r - i n t a ~ e  r a t i c ,  i c C i / k g i  / i p C i / d )  

, ~,i;~/l;vestoc~-inta~e r a t i o ,  : p C i / L )  / ( p C i / d )  

, ~ l a r . t / s c ~ i l  c o z c e : t r a t i o n  ra t i t : ,  d i n e n s i c n l e s s  

, ~ e e : / l i . ~ e s t o ~ k - i n t a k e  r a t i o ,  ~ p C i / r q !  / ( F C i / d )  

, m i l k / l i - ~ e s t o c ~ - i - t a k e  r a t i o .  I p C i / L :  / l F C i / d i  

, F l a  7. t / c c  i 1 s83?cez t r a t  ion rat i (17, d i n e n s  i o n  1 e s s 

, benf i l i - ;es toc i r - in ta l :e  r a t i o ,  ~ p C i i k g ) /  l p C i / d ;  

, ~ i l k i l i v e s t n c ~ - i n t a k e  r a t i o ,  IpCl/L: / l p Z i / d :  

, p l a ~ , t i s i i l  c o n i e r . t r z t i o n  ra t i s j ,  d i m e n s i o n i e s s  

, ~ e e f : l i ~ ; e s t o 3 k - i c t a k e  r a t i o ,  ( p C i / k g : i / l p C i / d !  

, ~ i l k l l i v e s t o ~ k - i n t a k e  r a t i o ,  ipCi/L! / I p C i / d !  

P t , - 2 l C + i i  , f i s h  

P h - : l j + 3  , c r c z i a c e a  a n 3  mzllusls 

R s - Z i 6 + >  , f i s k .  

Ra-I26+; , sr '2s tacea  a n 3  mzllusks 

Ha-_'ZS+T , fish. 

R a - 2 2 6 - C  , z r - s t a z e a  an3 m o l l u s k s  
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7t1-226-2 , :rust3iea a73 m o l l u s k s  
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6 . 3 0 C E - 0 4  
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1. GCCE+Ci  
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9,1: 

9.2: 

9,3: 

c ,  1: 

1,2: 

2,3: 

R T F l  11.1! 

R T F (  1 1 . 2 )  

R T F I  1 1 , 3 )  

x r F (  1 z . i )  

R T F (  l ? , i !  

RTF' 1 L , 3 )  

S I O F A C  

B I C F A C  
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S i t e - S p e c i f i c  P a r a m e t e r  Summary 

I user I I Llsed by RE3FciC 

Paramete r  I I n p u t  I E e f a u l t  I ( I f  d i f f e r e n t  frcr, u s e r  in?;t) 
I I I 
I I I 

Area sf c,Zntarr inated x n e  i 1 ~ + * 5 !  

T h i c k n e s s  of c c n t a n i n a t e d  zcne  [rl 

Lengrh p a r a l l e l  t c  a q u i f e r  f l ow :m) 

adsis r a c i i a t i c n  l s s e  limit I rnrerdyr)  

T i m e  S i n c e  placemen: of m a t e r i a l  l y r )  

31: 1 T i m e s  fsr c a l c u l a r i s n s  l y r !  

- 511 1 T i m e s  ft7.r c a l c u l a t i o n s  l y r )  

FC;1  1 T i m e s  for calcclatiocs ( y r )  

,.1 I Tires  for c a l c i L l a t i o n s  [ y r )  

,711 1 T i r e s  for c a l c 2 l a t i o r . s  ( y r )  

2011 I Yines  f3r c a l c u l a t i o n s  ( y z ~  

3211 1 ~ i m e s  f r r  c a l c a l a t i c n s  { y r !  

,711 I Times f:r c a 1 c u l a t l : n s  : y r )  

+I1 1 Tines icr ca!cu:at icns  i y r l  

- .? 

- 

I 
1012 1 I n i t i a l  p r i n c i p a l  r a d i s n u c l i d e  ipCi /g  

112 I i n i t i a l  p r in . c ipa1  r a d i o n , L c l i d e  !FCi /g  

R212 I ; n i t i s :  c r i n c i p s l  r z d i c , n , J c l i d e  ipCi /g  

-212 I I n i t i a l  p r i n c i p a l  r a d i c n ' J c l i d e  ( p C i / g  

212 1 I n j : i a l  crinzipal r s d i m u c l i d e  IpCi/g 

- 

- 
R312 

P O : 2  

5 1 2 

4 1 2  

1c12 

212 

0 1 2 

.?@I2 

-312 

212 

A312 

R0:2 
c12 

-012 

x 1 2  

- 

- 

: Ac-227  

: Fa-231 

: Pb-21C 

: Ra-226 

: Ra-223 

I : . i t i a l  p r i n c i p a l  r a c i i c n u c l i l e  IpCi/gl: 

I n i t i a l  p r i n c i p a l  r a z i o n u c l i 2 e  lpCi/gl: 
I n i t i a l  p r i n c i p a l  r a d i o n u c l i d e  l p C i / g ) :  

I n i t i a l  p r i n c i p a l  r a d i o n u c l i d e  ( p C i / g ) :  

I n i t i a l  p r i r , c i p a l  rad ior . ixc l ide  ( p C i / g )  : 

I n i t i a l  p r i z c i p a l  r a d i o z s c l i d e  ( p C i / g l :  

C c n c e n t r a t i o n  i n  g r o ~ n d w a t e r  (pCi /L! :  

Ccncen t r a  t i c  n i n  3rc u n d w a  t e r  {pCi /L i  : 

:c,ncen:raticn i n  g r c u n d x a t e r  (pCi /LI  : 

C c n c e n r r a t i o n  i n  g r c u n d w a t e r  IpC:/L): 
Co?.cec:rarion i n  g r c u n d v a t e r  ( p C i / L )  : 

O c n c e n t r a t i c ' r  i n  g rou2dwate r  ( p C i / L )  : 

, C o n c e n t r a t i o n  i n  #gro , :~dwater  ( p C i / L )  : 

C c n c e n t r a t i c n  i n  g r o s n d w a t e r  !pCi /L)  : 

C s n c e n r r a t l c n  i n  g r c u n d w a t e r  ( p C i / L I :  

Tt~-Z;B 
Tr.- 2 i 3 
Th-232 
L-234 

u-235 

u-235 

As-227 

pa-231 

F b - i l C  

R 3 - 2 - 6  

R a - 2 T i  

Th-226 

Th-230 

Th-232 

11-234 

1312 1 C o n c e n t r a t i o n  I n  grsund.water  IpCi/L)  : U-235 

2.0@@E+02 

3.000E+02 

4.000E+02 

5.000E+02 

6.C00E+02 

7. COOE+@2 
8.000E+02 

9. @@0E+02 

1. @@@Et03 

1.5@@E+0@ 

1.500E+OO 

1.050Et01 

1.05OE+C1 

3.4COE+01 

3.4COEt01 I @ . O i @ E + i O  1 
2.15@€+@1 1 @.00C5+00 I 
3.400Et01 I @.333E+03 I 
2.150E+01 I @ . 0 5 3 E + 5 3  I 
1.500E+00 I O.OO:~E+O3 I 
2.150Et01 I @.@CCE+O@ I 
n o t  u s e d  I @.CO@E+C@ I 
n o t  u sed  I @.CCCE+C@ I 
n o t  u s e d  I C.CCCEtCC I 
n o t  u s e d  1 O.rJiCEti0 I 
n o t  u s e d  I @.@:(?Z+~I@ I 
n o t  d s e d  1 0 . 0 5 ? E + 7 3  I 
n o t  u s e d  I @ . @ 0 3 E + @ 3  1 
not u s e d  I 0 .0@0E+30 I 
n o t  u s e d  I @.C@@E+@@ I 
n o t  u s e d  1 O.OCCE+CO I 

312 I C o n c e n - r a t i c n  i n  g r o u n a v a r e r  ( p C i / L ) :  il-238 I n o t  u s e d  I O.OCCE+OO 1 - 
I I I I 

0013 I Ccver  depth  ( m )  I 1.5@@E+0@ I 0 . 0 3 0 5 + 0 @  I 
3 1 3  I D e n s i t y  of cover m a t e r i a l  ig/cm*+3) 1 1.5@0E+00 1 1.53rJE+O@ I 

71313 1 C;ver d s c t h  e r , ? s i o n  r a t e  ( m / y r )  I 1.000E-03 1 1.033E-03 I 
1013 1 p e n s i r y  s f  c o n t a m i n a t e d  zcne  (g/cm+*3) 1 1.300E+00 1 1 .500E+@@ 1 
313 I C o n t a m n a t e d  zzne  e r c s i o n  r a t e  ( m / y r )  I l.@OOE-03 I l.OO@E-33 I 

Co:.taminared : m e  t c t a i  F z r s s i t y  1 4.000E-01 
Co7,taminatas  zone f i e l d  c a p a c i t y  I 2.000E-01 
Contarnin2ted zone h y d r a u l i c  c o n d u c t i v i t y  ( rn/yr)  1 @.9@@E+01 

Ccntar i : .a ted l o n e  b p a r a m e t e r  I 5.300Et00 

A:'erage anr,L;al wind s p e e d  (n/sec: I 4.65@E+00 

H u r r i i l i t ; .  i n  a i r  (g/m*+3) I n o t  u s e d  

E. . rapstranspirat ioc c o e f f i c i e n t  I 5.000E-01 
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I I User I I Lsed by  ?.ESW.D I FaraTeter  

I Paramete r  I I n p u t  I Defa);;lt I ( I f  z i f f e r e n t  from )user  inpu:! I Kare 
I I I I I 

I I - 
? 3 ! 3  I P r e c i p i r a t i c n  ;r/yr) I 7.540E-01 I 1.0COZ+Q0 I 
3 2 1 3  I I r r l ? a t i o n  i d y r ;  I 5.000E-01 I 2.000E-C'l  I 

313 I Irriqaticn n c a e  I o v e r h e a d  1 o v e r h e a d  1 
-313 I Runoff c c e f f i c i e n t  I 2.000E-01 I 2.030E-Ql I 

3013  I i J a t e r s t e 5  a r e a  f r r  nea rby  s t r e a m  c r  Fond i r r i i 2 )  I 1.000Et06 I 1.053E+:'6 I 

S a t i i r a t e d  zone h j , d r a u l i c  g r a 3 i e r . t  

S a t c r a t e d  zijne b p a r a m e t e r  

X a t e r  t a h l e  drop r a r e  i."n/yrj 

Weli punp i r . t a k e  dept!: ( m  below w a t e r  t a b l e )  

Elcdel: I jof id ispers ion  (NU) o r  Mass-3alance (M3j 

iv'ell Furpin,?  r a t e  (m++3/yrl 

Nunker i f  u r . s a t ~ r a t e d  zone s t r a t a  

U n s a t .  zsne  1,  t n i c k r l e s s  : m )  

C n s a t .  zcne  1, scil d e n s i t y  :g/cm"3) 

Unsar .  z3ne 1, t c t a l  prrcsity 

I ' n s a r .  zcne 1, e f f e c t i v e  F n r c s i t y  

L'nsar. zsne 1, f i e ; d  c a p a c i t y  

Cizsat. ;cne 1, s : i : - spec i f i c  b paramerer  

U?.sa:. zc,ne 1, h y d r a u l i c  c a n d u c t i v i t y  l n d y r ;  

2 i s t r i b c t i o n  c o e f f i c i e n t s  for As-22' 

Coztarninated zone lcm**3/g: 

O n s a t ' L r a t e 1  zqne 1 ( c n - * 3 / 3 )  

Saturate83 zune ( c m " 3 i g )  

Leach r a t ?  ( / y r )  

Solubility c o r . s t a n t  

D i s t r i h t i c n  c c e f f i z i e n t s  for Pa-231 

C o n t a r - n a t e d  zone (:rrtt3/g) 

O n s a c d r a t e d  zone 1 !crr"3/9) 

Sa 'u ra t ea  zone l c m + * ? / q )  

L e a c h  r a t e  : / y r )  

S o l u b i l i t y  c c n s t a n t  

I 1.000E-03 I 1.330E-33 I 
I I I 
1 1.400E+0@ I 1.53QE+33 I 
I 4.000E-01 1 4.OOClE-31 1 
I 2.000E-01 I 2.000E-91 I 
1 2.000E-01 1 2.30DE-0: 1 
I 2.89@E+02 I 1.003E-02 I 
1 2.0@@E-02 I 2.000E-C2 1 
I 5.3@0€+00 I 5.3CCE-GO I 
1 1.000E-03 1 1.CCGE-C3 1 
1 3.530E+C1 I I .CCCE+C!l I 
I KD I ND I 

I I I 
I 1  I 1  I 

I 2.50@E+02 I 2.5CCEt02 I 

I 6.SCOE+00 
I 1.4@0E+00 

I 4.000E-01 

I 2.000E-01 
I 2.000E-01 

I 5.300E+00 
I B.900E+01 
I 
I 
I 2.400E+03 
I 2.4@0E+03 
I 2.4@0€+03 
I @.0@0E+@O 
I O.O@OE+OO 
I 
I 
I 2.70@E+03 

I 2.700E+03 
I 2.7@0E+03 

1 0.000E+OO 
I 0.000E+00 
I 
I 
I 5.500EtG2 
I 5.:0OE+02 
I 5.500E+02 

I 0.003E+@0 
1 V.OOOE+OO 

4.Oi1CEt00 

1.50?5+00 

4.0305-01 

2.05C1E-51 

2.33CiE-01 

5.30.1E+03 

l . O ; i ; l E + O l  

2.000E+01 

2. CC0E~Cl 
Z.OCCE+Cl 
C.CC@E+C@ 

O.OCCE+C@ 

5.OCCE+C1 

S.OCCE+@l 

5.000E+@1 

0. 000E+00 

0. 00@E+@O 

1.350E+02 

1. S'i@E+32 

1. @CIOE+O2 

0.0@3E+30 

0.OO@E+O3 

_ _ -  

2 . 4  32E-C1  

n c t  use3 



S i r e - S p e c i f i c  P a r a m e t e r  Summary ~ , c o z t i n u e d )  

P a  r a re  t t.r 

Leach r a t e  [ / j . r )  

E o 1 I: b 1 1 i t j. cim s t a n t  

bi s t r 1 zu t L 3r. z.30 f f i c i en t s f c r Th - 2 3 0 

C o n t a r  i n a t e  3 zcne  : cr,+ + ? / q  : 
t i n s a ~ u r a t e d  z c n i  1 : c r , + * 3 / 3 ;  

S a t u r a t e d  zcne :cr:*3/,3) 

L iach  r a t a  : / j ; r :  

Solubiiiry z o n s t a n t  

C i s t r i r . J t i o n  c o e f f i c i e n t s  for  P i 3 1  

C s c t a r r i n a t e d  zone ( c r t + + 3 h )  

J c s a t J r a t e d  2or.e 1 !zm*+3/33) 

SatJrated z c n e  i c m * * 3 / y i  

Leach r a t e  ( / y r l  

xS16 I S I l m i l i t y  x n s t a n t  

I 
316 I D i s t r i b u t i o n  c o e f f i c i e n t s  f o r  U-235 
3 1 6  I C c ' r . r a m i n a t e d  zone :cm**3/3: 

RS16 1 U n s a t u r a t e 3  zcne  1 ! c n + * ? / g )  

216 I Sat ' ; ra ted zone !c r?**?/3)  

316 I Leas!. r a t e  

R316 I S o l - b i l i t y  c o n s r a n t  

I I I 
I 9.130E+03 I '.003E+:ll I 
1 9.10@E+03 1 ' . 0 3 3 E + ? l  I 
I 9.100E+03 I - . 0 3 @ E + 3 1  I 
I 0.000E+00 
I O.O@@E+OO 
I 
I 
I O.i00E+03 
I 0.100E+03 
I 9.100Et03 
I 0.000E+@0 
I O.O@OE+OO 
I 
I 
I 5.E(OCE+03 
I 5.80GE+03 
1 5 . 8 @ @ E + @ 3  

I 0.00GE+00 
I 0.000E+0@ 
I 
I 
I 5.800E+03 
I 5.5@0E+03 
I 5. 5'30E+O3 

I 0.000E+O@ 

0.003E+:13 

0. dC3E+03 

7.000~~0: 

7. OCCE-01 

'.OO@E+Oi 

0. CGCE+@O 
0. CCCE+C@ 

6.2CCE+C4 

6.00CC+C4 

6.QiCE+C'4 

0 . 5 3 C E + i 0  

I @.033E+OO I @.003E+Cb0 I 
I I I 
I i I 
I 5.60@E+O3 I 6.00ilEt04 I 
I 5.80OE+03 I 6.000E~04 I 
I 5.8@0E+03 I 6.00aE.04 I 
I 0.000Et00 I @.@OCE*CO I 
I @.000E+00 I O.GGOE+OO I 
I I I 
I I I 
I 1.6@0E+03 I 5.C@@E+01 I 
I 1.600Et03 I 5.0@0E+01 I 
I 1.60@E+03 I 5.000EiO1 I 
1 O.COOE+OO 1 O.OCCE+CO 1 
I @.COOE+OO I O.CCCE+@@ I 
I I I 
I I I 
I 1.60@E+03 I S.OC,CZ+Cl I 
I 1.600E+@3 I 5.0005+01 I 
I 1.6@0E+03 I 5.00@E+C1 I 
I @.000E+0@ I @.0302+O0 I 
1 0.000Et0@ I @.053ZtO@ I 

61 

6,l) 
61 

6, 



S i t e - S p e c i f i c  P a r a n e t e r  Summary ( c c n t i n u e d )  

- 
I I User I I ';sed b y  RESRkD I Farareter 

. . s n ? l  I P a r a m e t e r  I I n p u t  I D e f a u l t  I (if d i f f e r e n t  f r c n  u s e r  i n p i J t )  I N ~ T S  

I I I 1 I 

31 6 

- 
F,O? l  

-1:7 

2 i 7  

T O 1 1  

1017 

3 1 1  

4 1 '  

3317 

I? 7 
317 

R017 

"'I17 

:11 

- 

So 1 ,; b 1 1 i t y cons t a rl : 

I n n a l a t i o r .  r a t e  (m'+3/yr) 

l.?ass l s a d i n g  f o r  i r .k .a ia t ic r ,  ( g / m t ' 3 )  

E z F G s u r s  d u r a t l c n  

S h i e 1 71 : "'3 f a  c t o r , L n h a 1 a t  i c n 

S h i e l - J l n g  f a c t ? r ,  e x t e r n a l  g a m a  

r r a z t i z n  z f  t i n e  s p e n r  i n d x r s  

f r a i - i c n  sf t im  s p e n t  c u t c i s o r s  (OR s i t e )  

Shape  f a c t c r  f l a 3 ,  e x t e r n a l  gamma 

R a d i i  nf s h a p e  f a c t o r  a r r a y  ( -sed i f  FS = -1: 

O u t e r  ar . rAclar  r a d i u s  ( m i ,  r i n g  1: 

O u t e r  a n n d l a r  r a d i ; s  (P I ,  r i n g  2 :  

C u t e r  a n n u l a r  r a d i u s  i n ) ,  r i n g  3 :  

O u t 9 1  a n n u l a r  r a d i u s  iri, r i n g  3 :  

Rin,3 

Rizg 

iii7.g 

Rir.3 

Ring 

R i n ?  

Ring 

Ring 

Ring 

Rin3 

3i-g 

R i z g  

_ .  

F r a c t i i n s  z f  a n n u l a r  a r e a s  .wi th in  ARE&: 

1 

i 

3 

1 

5 

6 

7 

8 

9 

C 
1 

I I I 
1 1.600E+03 1 5.30@Z+31 1 
I 1.600E+03 I 5.3335+?1 I 
1 1.600E+03 1 5.033E+31 1 
I O.GOOE+OO I @.003E+:13 I 
I 0.000E+00 

I 
I a . 6 0 0 ~ + 0 3  

1 3.14GE-G6 

I 3 . 0 0 0 E t 0 1  

I 4.G00E-01 

1 4.000E-01 

I 6.571E-01 

I 1.101E-01 

I I.GOOE+OO 

I 
I n o t  u s e d  

I n o t  u s e d  

I n o t  used 

1 n o t  u s e d  

1 n o t  used 

I n o t  u s e d  

I n o t  u s e d  

I n c t  u s e d  

@ . @ ~ I @ E + 3 0  

8.4CCE-03 

1 . C C C E - @ 4  

3 . ~3C~:E+ 1: 1 

4 .  SC'?E-Ol 

7 . 9 3 3 E - 3 1  

5.333E-01 

I not u s e d  I 0 . 0 0 0 E - 0 3  I 
I n o t  used I @.CCCE-00 I 
I n o t  u s e d  I C . O C C E + C O  I 
1 no t  u s e d  1 O.CCCE+CC 

I I 
I I 
I n o t  u s e d  I 1.33:iK+Ci0 

1 n o t  u s e d  1 2.732E-31 

I n o t  used I O . @ O @ E + @ O  

I not u s e d  I @ . 0 0 0 E + 0 3  

I not u s e d  I 0 . 0 0 0 E + 0 0  

I n o t  u s e d  

I n o t  u s e d  

I r.ot used 

1 fiot u s e d  

1 n o t  u s e d  

I n o t  u s e d  

1 n o t  used 

I 
F r u i t s ,  . / ege tab :?es  and g r a i r .  cor.s,mption ( k g i y r : ,  I 4 .270E+01 

L e a f y  v s q e t a b l e  c ,3nsurrpt icn ( k g / y r l  I 4 .660E+00 

M i l k  consumpt ion  lL/yrI I 9.200E+01 

Eleat 2-3 p o u l t r y  c o n s u n p t i c n  l k g / y r i  1 6.510E+01 

F i s h  consumpt ion  i i :q /y r l  I 7.340E+0@ 
C t n e r  zeafood c o n s u n p t i c n  : k g / y r )  I @.00OE+00 

Soil i s g e s t i o ? .  r a t e  ! g / y r )  I 1 . 6 2 6 E t 0 1  

O . O C O E + C O  

O . O C C E + C O  

@ . O O C E + C @  

0. ! x @ E + 0 0  

0.003E:iCO 

@ . 0 3 0 E + " 3  

O.O@3E+03 

1.60:1€+@2 

1 . 4 0 0 E + 0 1  

9.2 C 0 E+ C 1 

6.3GCEtOl 

5.4ClCE+00 

3.303E-31 

3 . 6 5 3 Z + j l  



S i t e - S p e c i f i c  a a r a m e t e r  Summary i z o n t i n u e d )  

- 
I 1 User  I I .Jsed by  RESkqC 1 Parame:er 

" e n J  I Parameter I I n p u t  I c e f a u i t  I ! i f  . d i f f e r e n t  f x r r  ~ s s r  i:.>r.t) I N ~ W  
I I I I 
I I I 

-13 

?013 

-1 53 

Rl93 

13E 

1 qB 

R 1 4 B  

;;3B 

19B 

- 

- ~ i  sa 
R 1 9 B  

19B 

19B 

R13B 
19B 

13B 

R 1 3 B  

R19B 

- 

- 

-1 4 

c11 

1 4  

1 4  

c1 4 
-11 

14 

c 1 1  

C 1 4  

14 
~ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Cr:n?:ng i a t e r  i n t a k e  ; L / y r i  

'3znta:i;naticn f r a c - l c n  c f  d r i n k i n g  w a t e r  

Contani r ,a t  i z ' n  f r a c t i c , n  c.f h c u s e h z 1 . j  w a t e r  

Conraal i r .a t ion f r a c r i c n  of l i v e s t o c k  w a t e r  

C13r:a~fir.ar icn fracticn t i  irrigatizn w a t e r  

Co?. tamirat ioc f r a c t i c n  c f  a q u a r i c  food  

C8>ntamir .a t ior .  f r a c t i o n  c,f p l a n t  food  

Contani r .a t ior .  f r a s t i o ?  of  meat 

C z n t a r r i r a t i c r .  f r a c t i o r .  o f  m i l k  

L:..'estcc% f o d d e r  i n t a k c  f i r  r reat  !kg /day l  

est;;.: f c d j e r  i n t a k e  f z r  rr 
a t e r  i n t a . < e  f i r  m e a t  ::/day] 

a c e r  i n c a t e  f c r  7.il.k ;L /day- :  

L i a e s t o c i :  s s i l  i r t a k e  1.<3/day)  

Ma:: 1sxdir .a  f ~ > r  f s 3 l i a r  d e p o s i t i o n  1g/x1**3!  

r e p t h  of s o i l  m i x i n ?  l a y e r  (m! 

Lert?, .3f rc . : ts  ilp) 

CrLrtkir.8; 'dater  i r a z t  ion from g r o J n d  w a t e r  

Hc,Jsehsld w a t e r  f r a c t i , s n  f rorr  g round  w a t e r  

- - - r .  w a t e r  f r a c t i o n  f r m  g round  w a t e r  es-..-' 

n frac::>n f r x  g r c u n d  w a t e r  

Wet w e i a h t  c r o p  y i e l z  f o r  Non-Leafy (kg/z**2: 

Wet weig?.t 8:rop y i c l i  f c l r  Lea fy  (kg/m+*2: 

Wet wsimjnt  c m p  y i e l d  far F o d d e r  (kg/m"2: 

Growi-.g Zeascn for Non-Leafy ( y e a r s )  

r.--*: _ _ _  -ng  Srassn f i r  Leaf;. ( y e a r s )  

C-rcwing Season  f s r  F,sdder ( y e a r s )  

n F a z t c r  f o r  IJcn-Leafy 

T r a n s l o c a t i o n  F a c t c r  f c r  l e a f y  

Tra: .s l#jcat  icmn F a c t  3 r  f s r  Fcdzier 

2 ry  F o l i z r  I ? . t e r c e p t i o ? .  F r a c t i o n  f o r  Non-Leafy 

Cry  F c i i a r  : n t e r z e c t i o r .  F r a c t i o n  f o r  Lea fy  

Cry F o l i a r  I n t e r c e p t i o n  F r a c t i o n  f o r  Fodder  

Wet F z l i a r  i n t e r z e z t i c n  F r a c t i o n  f o r  Non-Leafy 

We: F c l i a r  I n t e r c e p t i o n  F r a c t i o n  f o r  Lea fy  

K e t  ' s ? i a r  I n t e r c e p t i c r ,  F r a c t i o n  f o r  Fodder  

Wearherlng hemava; C c n s t a n t  f o r  V e g e t a t i o n  

C-1: s o r c e - t r a t i c - n  i n  a 'arer (g / cm"3!  

C-12 c o - c e n t r a t i o n  i: c o n t a m i n a t e d  soii i g / g )  

F r s s t i c n  o f  ' , -ege ta t ion  ca rbon  from s o i i  

F r a c t i c n  zf : 'ecJetation carbon from a i r  

L - A 4  e:.aision l a y e r  t h i c k n e s s  i n  s o i l  I r n :  

C-14 e v a s i o n  f l u x  r a t e  f rcrr  soil ! l / s e c )  

C-12 e\.aisior. flu:,: r a t e  f r s r r  s o i l  !l/sec) 

F r a i t i o r .  of , ? r a i n  i n  bee f  c a t t l e  f e e d  

F r a i t i o ;  of g r a i n  i n  7 , i l k  cow feed 

CCF ccr ree t io? .  f a c t o r  f s r  g a s e c u s  f c r r s  c f  C i 4  

r l  

I 4.:85E+02 I 5.1CCE+C2 I 
I 1.0@@E+00 I l.@CCE+iO I 
I not u s e d  I l.JGCEt?@ I 
I 1.030E+0@ I 1.310Zt00 I 
I l.O@OE+OO I 1.3Ci3Et03 I 
I O.OO@E+OO I 5 .503E-D1 I 
1-1 1-1 I 
1-1 1-1 I 
1-1 1-1 I 
I I I 
I 6.80GE+G1 I 6.8iCE+il I 
I 5.500E+01 I 5.5C,C'G+?l I 
I 5.030E+@l I 5.0002tnl I 
I 1.63@E+02 I 1.65?Z+32 I 
1 5.00@E-01 1 5 . 3 2 3 E - 5 1  1 
I @.00@E+00 I 1 . 3 3 3 E - 0 4  I 
1 1.5@@E-01 I 1.533E-01 I 
I 3.CCOE-01 I 3.003E-01 I 
I l.CC@E+OO I 1.GCOE-CO I 
I no t  u sed  I l.CCCE+I:C I 
I l.S@OE+GO 
1 1.3?OE+00 

I 
I 7.03OE-01 

I 1.500Et00 
I 1.1@0E+00 
1 1.7COE-01 

I 2.50CE-01 
I 8.000E-02 
I 1.00GE-01 
1 1 . 000E+00 
1 1.000E+30 

1 2.5@@E-01 

I 2.500E-01 
I 2.500E-01 
I 2.500E-01 
1 2.500E-01 

1 i.@00E+01 
I 

I 2.500E-01 

1 n o t  u s e d  

I n o t  u s e d  

I not u s e d  

n c t  u sed  

n o t  u s e d  

not u s e d  

no t  u s e d  

no t  u s e d  

no t  u sed  

n o t  u s e d  

1. C C C E + C O  

1. S2C~t3@ 

7 . 3 5 3 E - 5 1  

1.553E+O3 

1. ! 3 3 E + 0 3  

i. i0OE-02 
2. SCCE-C1 

8.CCCE-C2 

1. G C C E - C 1  

1.53CEtSO 

1.33"Z+32 

r .5:13z-31 

2. 5Zl3E-31 

2. 5:lOE-31 

2. 5 0 0 E - i l l  

2.50@E-01 

2.5OCE-01 

2.COCEtCl 

2. 3ClC'G-O5 

3.030E-02 

2.330E-32 

9 . 6 8 3 E - D l  

3.30OE-01 

7.000E-CT 

1. 0CCE-10 

8.CCOE-C1 

2. CCI?E-Ol 

0. i,SCEtCll 



I 1.4OGE+G1 

I 1 . 3 0 0 E t 0 0  

I l.O@OE+@@ 
I 2.0@@E+@1 

I ?.OOOE+@@ 

1 ?.OOOE+@O 

I l.GOOEt00 
I l.OOGEtG0 
I 4.5GOE+@l 

I 
I not u s e d  

n o t  u s e d  

n o t  used 

n o t  u s e d  

n o t  u s e d  

n o t  u s e d  

n o t  u s e d  

n o t  u s e d  

n o t  u s e d  

n o t  u s e d  

n o t  u s e d  

r o t  used 

n o t  u s e d  

n o t  u s e d  

n o t  u s e d  

r o t  u s e d  

1.4CCE+C? 

1.  C C C E + C @  

l.OOOE+CO 
2.OGCE+O1 

7 .  O O i l E + O O  

7 . O O @ E + C @  

l . O O C E + O @  

1.CCOE-00 

4.5COE+Ol 

l.SC@E-C? 
2 . 4  C O E -  c @  
4.CCOE-01 

1 . O C O E - G 1  

5.OO@E-C2 

3.OGOE-02 

2.OG@E-C6 

3 .  1)00E-0- 

2.OCGE-06 

2.  C C O E + O @  

5 .@@@E-01 

2.5CCE-CCI 

0 .  OCCEtOO 

-l.OCCE*CO 
2.50OE-Gi 

1.5OOE-01 

I 3 2  I --- 1 
I 1 7  I --- I 
I 257 I --- I 

3~mn;a ry  of Pathway S e l e c t i o n s  

Pathway I User S e l e c t i o n  

1 -- e x t e r n a l  garrma I a c t i v e  

2 -- i n h a l a t i o n  (w/o rador.) I a c t i v e  

3 -- p l a n t  i n g e s t i o n  I a c t i v e  

4 -- n e a t  i n g e s t i o n  I a c t i v e  

5, -- mi:,: i n g e s t i o n  I a c t i v e  

6 _ _  a . q u a t i c  - foods I a c t i v e  

7 _ _  d r :  r '  ~ ~ - n g  : w a t e r  I a c t i v e  

8 - -  s o i l  i n g e s t i o n  I a c t i v e  

1 -- - a d i n  I s u p p r e s s e d  

Find  peak pat twaj ;  l o s e s  I a c t i v e  



Coxtav i  n a t e d  Zone 3ime-s i o n s  I n i t i a l  Sei: C c n c e n t r a t i o n s ,  pCi/g 

A<:- 2 2 7 

Pa-251 

Pb-ZlO 

Ra-126 

Ra-228 

Th-228 

Th-230 

Ti-232 

11-234 

U-235 
IJ-238 

1.500E+CX 

1.500EtCC 

1.050E+Ol 

1.050E+01 

3.100E+01 

3.100E+01 

2.150E+01 

3.400E+01 

2.150Et01 

1 .500Et00  

2.150EtOi 

Total Dose TDOSE (t I ,  mrem/yr 

Basic  Ra313 t i cn  Ijcse L i m i t  = 2.5@0S+C1 mrern/yr 

T s r a l  ?!ix:ure S u m  Y [ L I  = F r a c t i c n  cf B a s i c  Dose L i m i t  Rece ived  at Time It) 

- 
t ( y e a r s ; :  3.00UE-03 2.OCOE-C2 3.000E+G2 4.303?+32 5 . 0 3 0 E t 0 2  6.OCCEi02 7.000E+02 6 . 3 3 3 S + 0 2  5.3009+Cf: l .OCl jE+03  

TIjCjSEit): 6.B2EE-25 4.5?3€-134 l.i65E-03 3.01?E-33 7 . 8 5 7 E - 0 3  4.803E-02 6.01EE+33 1.2J4EtS1 1 . R i i ' E t i l  2.477E+C1 

l ? ! t ) :  2.731E-CI6 1.505E-05 4.06@E-D5 1.207E-01 3.143E-04 1.513E-03 2.407E-Cll 4.316E-01 7.2eZE-Cl 9.9CSE-Cl - 
"aximurr T3OSg i t 1 : 2.4772+31 r r rem/yr  a t  t = 1. OCCE+C3 y e a r s  



T o t a i  b s e  C o n t r i b u x i o n s  TPOSE(:,p. tl f o r  I n d i v i d u a l  R a d i o n u c l i d e s  ( i )  and  Fathways ip l  

hs mrern/yr a n 3  F r a z t i c n  o f  T o t a l  Dose A t  t = 0 .000E+30 ) ' e a r s  

Water Independent  Pathways ( I n h a l a t i c n  e x c l u d e s  radon1 

- 
G r c i n d  I n h a l a t i o n  R a d o n  P l a n t  Meat M i l l :  3 .:: i 1 

:a 10- 

- e l i d e  n r c / ; r  f r a c t .  r r t r / y r  f r a c t .  rnrem/j,r f r a c t .  mrem/yr f r a c t .  r re rn /yr  f r a c t .  r,rem/;.r f r a c t .  r,rer,!'yr f r a i t .  

O.003E-30 0.OOd3 

0.IlCOE-00 C.0033 

O.CCOE+OO 0 . 0 3 0 0  

0.0COE-00 0.0000 

@.OCOE+CO C.0000 

O.CCCIE+CG C.0000 

C.CCCE+CC C . @ C G @  

C.I:CCE+C@ 0.CO0C 

?.CCCE+OO 0.0COC 

C.CCCE+OO 0.0000 
C . C i C E t 0 0  L7.0000 

0 . 3 3 3 f + ~ J d  0.G000 

0 . 3 3 3 K i 5 3  ,3.0009 

@ . 3 3 3 Z + 3 3  3.0000 

0.000Et33  0.0000 

0 . 3 0 3 E t 0 5  5 . 0 0 0 3  

O.@OOE+09 3 .0000  

C.OOClEt00 0.0000 

C.@@CE+OO 0 . 0 0 0 0  

C . O C C E + O O  0 . 0 0 0 0  

C.OGCE+CC 0.0000 

C.OCCE+CO 0.0000 

O.@OOE+CO 0.0CCO 

0.000E+00 C.CC00 
0.000E+00 C.CCC0 
0.000E+00 C.CC00 

0.000E+00 0.0000 

0.000E+00 0. 0 0 N  

@.@@@E+00 0.0000 

0.000E+00 0.0090 

0.000E+00 0 . 3 0 3 3  

0 .000E+00 0 . 0 3 3 3  

0.000E+00 0.3UD3 

0.000E+00 0.C3C0 

0.Ol~CE+1lll 0. C C C 0  

0. 0IICEl00 0. C0OC 
0.000E-OC 0 . C C I . C  

O.COGE+OC 0 . C C ' C C  

0 . 0I>C E+ C C 13 . C C I: 8; 

C'.CCCE+CC C.CCC0 

S.OCOE+OG C.CCC0 
0.000E+00 C . 0'2C~0 
O . O C J O E + O G  CI.DCCI3 

3 .  00ClE+Gd 0. Ll>:t0 

C1.33@E+53 3 . 3 3 0 0  

3.00:1z+o3 3 . 0 0 0 3  

3 . 0 3 0 E t 0 3  0.0000 

3.000EACI3 0 . 0 0 0 0  

CI.OCCIE*C3 3.CO00 

?.0C@E-00 I I . C C C 0  

C ' . 0 O C E - C 0  0.CCCC 

C.CCCE+C@ C.CCCC 
c.ccrE+cc C.CCCC 
C.I:CCE+CC 0.CCOI:  

C . G C C E + C C  0.C,L100 

3tal 6.E252-:15 1 . 0 3 0 0  0.iS'0Z+C'0 0 . 0 0 0 0  O.OOC'E+CC 0.0000 0.000E+00 0.0003 3 . 0 0 0 E t 0 0  3 . 3 3 3 3  3 . 3 3 3 E t 0 3  ? . S 3 C C  C.OOCE+C!:  C.3000 - 

As m r e d y r  and  f r a c t i o n  of T o t a l  Pose  A t  t 

T o t a l  Dose C c n t r i D u t i o r > s  T 3 0 S E ( i , p , t )  f o r  I n d i v i d u a l  R a d i o n u c l i d e s  : i l  a n d  P a t h H i j ' s  ip l  

F i s h  

nrem/,-r  f r a c t  . 

IC . 21 C CE+ 1: 0 0 . 0 0 0 0 
0.Si~05+00 0.000c 

@ , 1, c, 0 2 + 0 0 0 , 0 c, C, Q 

3 . 3 3 3 E + 3 3  0 . 3 0 0 ?  

3.303E+30 3 . 3 0 3 0  

5.303E+O5 0 . 5 3 3 0  

3.003E+00 0. 3030 

0.300E-00 0 . 0 0 0 0  

0.000E-00 0.0000 

?.OO@E+CO 0 . 0 0 0 0  

C. i:COE+CO I: .0000 

Water 3ependent  Pathways 

Radon 

n r e d y r  f r a c t .  

0.00CE+00 0.0000 

C.GOCE+CC 0.0000 

O.GOCE+GC 0.0000 
O.COCE+CC 0.0000 

O.OOGE+CC 0.COCC 

S.C,5SE+GC G.OC00 

3.333E+00 0.0000 

0.305E+D0 0 . 0 0 0 0  

0.333E+00 0.0000 

O.OOOE+33 0 . 0 0 0 0  

0.000E+33 0 .0000  

O.OOOE+00 0.3000 

pathways  . 

P l a n t  

r n r e d y r  f r a c t .  

0.000E+00 3.0902 

0.000E+00 0.0003 

0 . 0 0 0 E + 0 0  0.2C10:~ 
0.000E+00 0 . 0 0 0 3  

O.OOOE+O@ 0.0000 

O.OOOE+CO 0.0000 

O.OOOE+OO o.oni:n 
0.000E+00 0.0000 

0.000E+00 0.0000 

0.000Et00 C.0COC 
0.000E+00 0.00CC 

0.000E+00 0.000C O.C@@E+OC 3.3333 

n r e z / y r  f r a c t  . 

7.284E-11 C.0CGC 
1.E3lE-12 0.CCCC 

3 .  G3CE- 1 5  0 . C,CC'O 

1 . 6 5 1 E - 2 6  0 .324:  

1 .3?4E- '>5  3 . 1 5 7 3  

5 . 5 i i Z - C , 5  3 . 6 1 1 7  

7. 3 5 6 Z - 1 "  3 .  3 0 0 0  

4 .  595Z-57  3 .  ;I367 

2 . 2 0 3 E - 1 5  3 .3300  

1.246E-14 3 .3300 

1.555E-03 0 . 0 0 0 3  

6.62EE-05 i.0000 

Sun of  a l l  w a t e r  indepeEdent  and  dependen: 



?,?tal C'3se C c n t r i h t i o n s  T I O S E ! i , p , t !  f o r  I n d i v i d u a l  R a a i o n u c l i d e s  ( i !  a-.d Fat?.ways i p :  

- A s  rnrerr/yr and F r a c t i o r ,  of T o t a l  Dose A t  t = ?.CCCE+02 years  

N a t e r  I n d e p e n d e n t  Pathways ( I n h a l a t i o n  e x c l u d e s  rado-  i 

I nha la: i?n Radzn P l a n t  Meat P!i!k so1 1 

mrem/;:r f r a c t .  

3 .  J 3 3E+ S O  3 .  0000 

3.3;1:12~3:! 3 . 5 3 3 0  

?.003E+30 5.31130 

0.1103EL03 0 . 0 3 0 0  

O.CC3E-00 0.00@0 
3 .  CC0E- I~O IC. O O l ) @  

0.CCOE-CO O . C I @ O @  

@ . C C @ E + C @  C.00130 

C.CCCE+CO C.0030 
c .  I:cCE+Cc c .  C C C C  

C.iiCEtCC 0.CGGC - 
3.0;13E+00 0 .0500  

m r e m / i ; r  f r a z t .  

G.GGGE*CG O.C@CC 
O . G O C E + C C  O.CC@O 

0.000E+'?O 0.0C00 

0.003E+30 C'.00@0 

0.333?+93 0.0000 

0.303E+30 0.5'3'75 

0.00CIEt05 3.5000 

O . O O C E + O @  0 . 0 3 0 0  

0.000E+00 0 . 3 3 0 0  

C . @ O @ E - C O  @ . @ O O O  

G.OCOE+@O 0.0000 -- 
O.GGOE+CC C.@@OC 

nrern/yr f r a c t .  

O.OOOE+OO O . @ O @ @  

@.000E+OO 0 . 0 0 0 0  

0.000E+00 G.COC0 

0.000E+00 0.COCC 
@.0@0E+00 0. CCCC 
0.000Et00 9 . O O i C  

0. 030E+00 0. 0'3X 

O.DOOE+OO 5.30Si l  

@ . O O O E + O O  3 . 3 0 0 0  

0.0 OOE+ 00 0 .  '2 3 3 3 

0.000E+00 0 . 0 @ 3 0  -- 
0.000E+00 0 . @ 0 @ 3  

Tsral Dcse C o n t r i b u t i o n s  T30SZ(i,p,t) f o r  I n d i v i S u a ;  Ra3:onuc:idos : i !  and  Pathways I C .  

A s  rr,rerr,/yr and  F r a c t i o r .  o f  T o t a l  Dose A t  t = ? . O C O E & C 2  y e a r s  

F i s h  

mremlyr f r a c t .  

cl. 0""?+"0 0 . 0 0 0 0  

,3 ,  ~,jCIE+"O 0. 0',5@ 

:I , 3 ;I :I E + :i :I 3 , CI 3 j 0 

0.l!0OE-03 3 . 0 3 3 3  

@.COO€-00 0.0003 

C . C C O E + C @  0.00@0 

17.21:CE+cc 0.0000 

O.CCC)E+C'O 0.000@ 

3 .  '~DCEtG0 0. CCOC 
3 . 3 3 O E t 3 0  0.000C 

@ . 3 3 3 E + 0 0  5. O00C 

Water Dependent Pathh.ays 

Radon 

mrem/yr f r a c t .  

0.000E+~>C 0. coo0  

ij.GCiE+Zi C.GCO0 
@.OGC'E+OC 0.CCCO 
0.0@3f.+,'0 0. 0000 

3.033?+00 '3.0000 
5.3351+50 3 . 0 0 0 0  

0 . 0 0 3 E + 3 3  3 . 3 0 0 9  

0. O O @ E i @ S  3. @;I03 

O.OOOE+@O D.0000 
O.OOOE+OO 3 . 0 3 0 0  

0. @@l lE+O@ 0.0000 

P l a n t  

mrerr/yr f r a c t  . 

O.OOOE+OO 0 . 0 0 0 0  

O.OOOE+OO 0.OGOO 
O.OOOEtG0 0.C003 
O.OOOE+OO 0.00C0 

O.OO@E+@O C.CO0C 
0.000Et00 0 . C C Z C  

0.00@E+00 0. CICOO 

O.OOOE+00 0. C G S O  

0.000E+00 3 . 0 0 0 0  

0.000Et00 0 . 3 0 3 3  

0.000E+OO 0 . 0 0 3 0  

Meat 

mrern/yr f r a r t  . 

O.@@OE+O0 0 .C30C 

0.000E+03 0 .CG 'CC 

O . @ @ C E + O C l  O.CCI00 

0.OCOE-OO @.COO0 

C.OC0E-OO 0.CCO0 

C.OCCE+CC C.CCC0 

G . OCCE+ C 0 C . C C C C  

O.OGGE+CC 0 . C . C G G  

0. 000E+00 0. On00 

0. 00i)E+05 0. 0000 

O.005Et00 0.5300 

3 . 3 3 C E + a n  0 . 3 3 0 3  

A?: 'athways' 

rIrerri/yr f r a c t .  

i.l?fS-12 0 . 3 ' 2 3 3  

1 ,  j : ,gz- jg  3 .  :':loa 
7 . 1 6 4 5 - 1  5 :I. 30:13 

; .4 !6E-35 0 . 0 3 1 4  

2.3BiE-14 0.3303 

0.003E+O:I 0.0000 

2.617E-06 0.01758 

4 . 3 4 5 E - C 4  0.9628 

2.346E-C? C.CCCC 
5.3E2E-12 0.C0CC 

2.11CE-CB 0 .CCCCI  

;urn of  all w a t e r  ;ndependent  and dependext  pa thways .  



00CI;'O 00+3000'0 
-- - 0000'0 00+3000'0 

0000'0 00+3000'0 

0000'0 00+3000'0 

0303'0 00+3000'0 

0303'0 00+3i?00'0 

0030'0 00+3000'0 

0000'0 00+3000'0 
0000'0 00+3000'0 

CC00'0 00+3000'0 

COOO'O 00+3000'0 

CCCC'O 00+3000'0 

.a:,~l:~ JA/uam 

0000'0 00.3300'3 
-- OCCC'O 03+3000'0 

OOC0'0 CO+3000'0 

000C'C 00+3000'0 

O00c'I: 00+33C0'0 

0000'0 CCtZCCC'0 
0003'0 r:G+5?CO'C 

0303'0 OC+SCGO'r: 

0003'3 0C+31'30'0 

0003'0 30+3?33'? 

0000'@ 33+3303'3 

0000'0 3C1+3330'0 

'3se13 xli/uaiw 

OC00'0 00+3000'0 

-- ""0'9 OO+3000'O 

03013'0 00+30OO'O 
0333'0 00+3000'0 

0033.3 00+3500'0 

0030'0 00+3000-0 

0000'0 00+3000'0 

0300.0 00+3000'0 

00OC'O 00+3000'0 

CCOC'O 00+H000'0 
OCCI"0 00+3000'0 

OOOG'C 00+3000'0 

-1se13 :A/uaxw 



T o t a l  h s ?  C c n t r i b u c i o n s  T D O S E ( i , p , t )  f o r  I n d i v i d . J a 1  R a d i o n u c l i d e s  ( i l  and  F.3thwa.y.s ( p i  

As rnrern/yr 3rrd ' rac t icn  of  T o t a l  Dose A t  t = 4.000E+32 y e a r s  

Water  I n d e p e n d e n t  Tarhways (Inhalaticn e x c l u d e s  r a d c n l  

- 
C-rcJnd Inb .a la t  i a n  s a d a n  P l a n t  Meat M i  1 k S c i l  

rrern/yr f r a c t .  

0.000E+30 0 . 0 0 0 0  

@ . O C ! D E + @ O  0.01100 

0.CCOE-00 0.0000 

0.CCOE-00 0.0000 

0.CCOE-CC C . C C C C  

C . C C O E + C C  2.C00C 

C . C C O E + i ' O  0.00OC 

0.2CCE+OC 3.003L7 

0 . '3 SC E t  0.3 0 . '3 0 30 

?..00r+30 3 .0330  

'ZO. ;'>>Et23 0.3003 
= 

0 . 3 3 3 E + 3 3  0.0000 

rnrem/j.r f r a c t  . 

0 . 0 0 0 E t 0 5  3 . 3 3 ' 3 0  

0 .  @OOE+33 9 .  3330 

0.00CEAOO 0 . 0 0 0 0  

0.00CE-00 0 . 0 0 0 0  

C.0CCE-GO 0 . 0 0 0 0  

C.CCI:E+CO 0 . 0 0 0 0  

0. C G O E + C C  0. COO0 

3.00SE+C0 0.CO00 

0.33SE+O0 0.000C 

3 . 3 3 5 E + 0 3  9.3C00 

O.:I35E+3'2 3 . 3 C G O  - 
0.000E+O3 3 .3000  

rnrern/yr f r a c t .  

O.C00E+00 C.LCZ0  

0.000Et00 0.OSiC 

@.000E+C0 0.C3CC 

0.300E+00 3 . 3 2 3 0  

0.000E+00 3 . 3 9 3 2  

0.000E+00 3 . 3 3 2 ?  

0.0 DOE+ 00 0. :I :I 3 3 

O.OO@E+OO 0 . 3 0 3 3  

0.000E+00 0.3000 

0.00OE+00 0.00CO 

O.DGOEt00 C . 0 i l C C  

0.000Et00 C.CCCC 

hc-227 E.728E-13 C.GC03 

:-231 

3-2 1 0  

R3-226 

- 3-228 

-1-22R 

7.7 -230 

- 

- 
'1 !I -i 3? 

-234 

--235 

1.'- 2 3 8 

>tal 3 .016E-03  1.0000 - 

? c r a l  Dcse Contributions T t ! O S € ( i , ~ , t l  for  I n d i v i d u a l  3 a z i i o n u c l i d e s  ( i )  a n d  ? a t h w a j s  Ip:  

A s  rnre!n/yr a n d  Fraction of  T o t a l  Dose A t  t = 4.0D?E+G2 years  

Water Dependent Patb.ways 

- 
Water 

a d i o -  

s c l i i e  n r e r i y r  f r a z t  . - 

F i s h  Radon P l a n t  Meat Milk 

rrrern/yr f r a c t .  rnrern/yr f r a c t .  rnrem/yr f r a c r  . rnrem/yr f r a c t .  

7 c-227 

3-231 

m - 2 1 0  

Ra-226 

3-228 

--,-228 

Th-230 

2-23: 

-234 

U-235 

r7-236 

- 

0.000E+00 0.COCC 

0.000E+GO 0. 0CiC 

0. 000E+00 3. OS SC 
0. DDOE+00 3 . 3 3 3 ?  

0.000E+00 3.0332 

0.0 O@E+ 0 3  0 . 3  :I 3 c' 

O.OO@E+OO 0 . 0 ? 0 3  

O.O00E+00 0 . 3 @ 3 3  

0.0COE-00 0.0000 

O.OCOE+OO 0.0000 

0.00CE+CO 0.000C 
_p - 
0.000E+ 00 0 . C C 00 

0.O?OE+O3 3 . 0 3 0 0  

O.O@0E+30 0 . 3 0 0 3  

0.OGCE-00 0.0000 
0 .  OOTE-110 0 .0000 

C.rCCE-CO 0 . 0 0 0 0  

0.0CiE+CC 0.0000 
L?.GOiE+0C 0.C000 

D . @ C ~ G E + C G  C.COC0 
0.032EtCO 0.0000 

3 . 3 0 3 2 + 0 0  0.3000 

3 .3332+03  3.000?7 -- 
0 . 3 0 0 2 + 3 3  3.0000 

;urn of  a l l  w a t e r  i?.dependent and  a e p e n l e n t  path*iays.  



' I c t a l  Dose C o n t r i b u t i o n s  T D C S E ( i , p , t l  f o r  I n d i v i d c a l  X a d i o n u c l i d e s  ( i )  azd  Fathwayr-  i p :  

AS r r e d y r  and F r a c t i o n  of T o t a l  Dose A t  t = 5.CCCE+02 y p a r s  

Y a t e r  I n d e p e n d e n t  Pathways ( I n t , a l a t i o n  t x c l u z e s  r a m ? !  

- 
G r e  dnd I nha 1 a t  i .:n Radon P l a n t  E e a t  Nl?? Sei! 

r r e m / y r  f r a c t  - r e r . / y z  f z a c t .  rnrern/yr f r a c t .  

0 . 3 3 3 5 + : ~ 3  G.3060 

0.3335+33 -1.0000 

0.03SE+SO 0.3C00 

O . O ? C ' E + ; O  0.0000 
S.GGCE+CO C.OC00 

0.00i'E+SO 0. CC00 
O.GO;,E+CO 0.0C00 

O.OiiE+OC C.0000 

L?.OOiE+CO 0.CCO0 

0.01:CE+':0 0.CC0C 

C.OGOE+Ci C.CCC0 

C.GOGE+CC 0.0000 

mrem/yr f r a c t  

O.OOCE+CO C.0000 
0.000E+CO 0.0000 

0.000E+00 0.0000 
O.OOOE+O@ 0.3000 
O.OOOE+OO 0 . 0 3 3 3  

O.O@OE+O@ 0.0@3 3 

0.000E+00 0.000:1 

O.@OOE+00 0.00@0 
0.000E+O@ 0.30153 

0.000E+00 0.0330 

O.OOOE+O@ 3.3J30 

0.00@E+03 0.3000 

n r e d y r  f r a c t .  

O . O O C E + O @  0.C333 

0 .@0CE+00  0.03CI15 

0.OOOE+00 3.3333 
O.@OOE+03 0.3303 

0. @33E+03 9 .  0:1:13 

0.303E+03 0.39::13 
0.03ilE+3il  3.it:3:13 

0.033E+33 3.3?:13 

3.303Et33 3.3333 

0.3035+33 3.1?03 

0 . 3 0 S E t  3 s 0 . 5 :":' 3 

= 

0.000E+30 0 . C ' O O S  C.I'CCE+CC 0.C00C 

' I c t a l  Dcse C o n - r i b u t i o n s  T D O S E l i , p , t )  f o r  I n d i v i d u a l  R a d i o n u c l i d e s  ( i i  ar.3 Pathways IF :  

AS r n r e d y r  and F r a c t i o n  c f  Tota l  Dose A t  t = 5.000Et:,2 jJears 

Water Dependent Patk.ways 

Fish Raci;n P l a n t  Meat I , >  Fathuays '  i i a t e r  

a d i o -  

n . r e r , i y r  f r a c t .  mren?/yr f r a c t  mrem/yr f r a c t .  

0.030E+00 3.0'20? 

0.0~02+00 0 . c c c c  

0.300E+00 0.00iC 
0.300E+00 0.CC3C 

0.000E+00 0.OC09 

0.000Et00 0.0CCC 

0. @00E+00 0. 0000 

0.000E+00 G.COC0 

0.000E+O@ O.COC0 
0.000E+00 0.00CC 

O.OOCE+OO 0.0CCC 
= 

0.000E+00 0.0000 

u c l i a e  !xeni/yr f r a c t .  - mrern/yr fra::. 

O.CCCE+CI: iC.Ci:CC 

O.OCCE+CC C.C@CC 

C.CCGE+GC C.CC0C 
I ) . C C i E + C O  C.CCCC 

O.CCC€+CC C.CCCC 
C.OCCE+GC I ; .CCCG 

C.000E4C IC.CCl?C 

O.0OCE-OC C.C:':IC, 

C .  OOCE-OC 0. C#C'@O 

0.00CE-01) 0.CO00 

0.000E-00 0.0030 
= 

O.OOOE+OO 3.C303 

n.rerr/yr f r a c t  . 

; . : ? 5 E - 1 4  0.0300 

1.023E-07 0.3300 

2 . 7 6 5 E - 1 7  :i.ii:130 

3.557E-C4 3.C453 

6.761E-TI? 3.0303 

~ ~ . O O ~ ~ E + 0 0  3.3303 

1.741E-04 3 . 3 2 2 2  

7.326E-33 3 . 9 3 2 4  

3.65:E-07 0. 30:1@ 

1.299E-39 3.33:13 

1 .35 ,9E-06  3 . 0 0 0 1  

7.65'5-53 1.3300 

'c-227 

3-231 

3 - 2 1 0  
Ra-226 

3-528 

A - 2 2 8  

Th-230 

h-232 

- 2 3 4  

u-235 

r1-236 

- 

C.CCOE-Cl0 C.0000 

0.COOE-00 0.0000 

0.COOE-03 0.0000 
C.CC0E-30 c.0000 

C.CC@E-03 0.0000 

0.CCOE-03 0.0000 

O . C C O E - O O  o .noon 
O.OC~IE+CJ@ 0.0000 

~.@CIOE+O3 0.0000 

0.000E~O0 0.0300 

@.C09E+03 0.0000 
_=_ 

@.CC@E+@O 0.0000 

O.OOCE+@0 0.0000 

O.OOCE+CO 0.3000 

O.OCGE+00 0.0000 
O.OOOE+OO 0.0330 

0.000E+00 3 . 0 3 0 0  

0 . 0 0 0 E + 3 3  0.0000 

0 . 0 0 0 E + @ 0  0.0300 

0.030E+@0 3 . 5 0 3 3  

0 . 0 0 0 E + 0 3  3.3000 

0 . 0 3 3 2 + @ 0  3.0300 

0.330Et00 0 . 3 3 0 0  

* -  

0 .333E+33 3.30015 

:un of a l l  w a t e r  i n d e p e n d e n t  and  deFendent  pa thways  



T o t a l  D s s e  T o n : r i b u t i o n s  TD9SE(l,p, t) for I n d i v i , J u a l  R a d i o n u c l i d e s  ( i )  and Fathwags (p i  

As m r e m / j ; r  a n d  F r a c t i o n  cf T o t a l  Ijcse A t  t = 6 . 0 0 3 E - 0 2  y e a r s  

I r.3 a 1 a t  i r,n 

Water 1 r . d e p t : d e n t  P a t h w a y s  I l n h a i a t i - n  e x c l u d e s  r a d c n l  

Radon P l a n t  

r r , r e r / j ; r  f r a c t  . 

0.00CET00 11.0000 

0.COCE-CO 0.0000 

C . C C C E 4 C  @.O@OO 
C.CCCE-CC C.0000  

S r . C C i E + O i  C.GOOC 
(2 . Ql)CE+ '3 (2 C . 1: 0 I] 1: 

0. @ 3 j E + G i ~  0. O O G O  

5 . 0 3 3 2 t 0 0  G .  3000 

3 . 3 3 3 E t 3 5  0.9000 

0. @03E+110 3.3 '300  

0 . 0 0 5 E + 0 @  3 . 5 0 3 3  - 
0.00CE-00 11.0000 

m r e m / y r  f r a c t .  

1 .71 5 E - 1 2  I?. S j u O  

1 . 3 4 6 E - 0 3  0 . 3 2 5 0  

2 . 1 3 5 E - 1 1  9 . 3 3 3 3  

7.073E-03 0.i471 

0.000E+GO 0.3330 

O.OOOE+GO 0.03517 

4 . 1 8 1 E - C 3  0.CmE65 

1 . 4 3 4 E - 0 2  0 . 2 9 8 1  

9 . 8 2 0 E - 0 5  C.0C20  

2 . 1 9 3 E - 0 5  C . C C C S  

a . j i z ~ - o 5  G . C C I :  --- 
2 . 7 1 5 E - 0 2  0 . 5 6 4 5  

!"!eat 

m r e m / j : r  f r a c t .  

2 . 3 2 1 E - 1 6  I ; . C C C G  

3.391E-05, <@.St?(>? 

1.1562-  1 3  0 . 0 ? ? 3  

4 . 2 6 0 2 - 0 5  Ci. 3794 

3.30iE+33 0.5:1:13 

3.000E+00 3.03C11 

1 . 4 9 3 E - 3 5  C1.3335 

9 . 1 1 6 E - 0 5  Cl.0319 

2.655E-07 C,.C:'@@ 

4.258E-C7 C . C C C I 0  

1 . 3 1 5 E - C 7  C.ZC0C 

1 . 9 3 ? E - 0 4  0.C.040 

S c i  1 

r r e m / y r  f r a t .  

2 . 0 0 3 E ~ 0 0  0 . 0 0 0 0  

P . C @ C E - C @  0.12000 

@.0CCE&C0 0.C000 

C . C C C E + C @  C.CC00 
C.CCCE+CO C.ZCC0 

C . I: t: L' E t C C I) . I: C I: I: 

'@.C'C.CEtS@ O.CC00 

? . ' 3 0 1 7 r t 0 ?  3.0c'CO 

3 . 3 0 0 E + 5 0 '3 . 0 0 0 '3 

3 . 3 3 3 E + a ?  3 . 3 0 0 0  

3.03:iE+03 3 .  J:133 - 
@ . 0 0 0 E + O @  0 . 0 0 0 0  

T o t a l  305'3 C o z t r i b u t i o n s  T D O S E l i , p , t )  f o r  I n d i v i ' J ; 1 a 1  R a d i m u c l i d e s  i i )  a?d PatP.ways Ip :  

hs m r e m / y r  and F r a c t i o n  of T o t a l  D o s e  A t  t = 6.009E+:12  y e z r s  

Water D e p e n d e n t  P a r h i ; a y s  

- 
Water F i s h  R a d o n  P l a n ?  Meat E C i l k  A l l  Pdthh'ayS'  

ad1 >- 

r r , r e n / y r  f r a z t  . 

C.OCCE+OC 0 . 0 0 0 0  

C.CCCE+CC 0.COOO 

i . C G i r E + G C  C . C O O 0  

0 .032E+0C 0 . i 0 0 0  

0 . 0 3 3 E + 0 0  0.3000 

3 . 0 3 3 E + 3 0  O.OOG0 
0.330E+00 0.0000 

0. CiClCiE+30 :I. 0 0 0 3  

O.@OOE+OO 3 . 0 3 0 0  

0.OOOE+00 0 . 0 0 0 0  

O.OGOE+CO 0.0000 -- 
C.@CCE+CC 0 . 0 0 0 0  

m r e r n / y r  f r a c t .  

0 . 0 0 0 E + 0 3  3 . ' 205 '2  

0.000E+GO 0 .3333  

O.OOOE+O@ 0.:i00:1 

@.OGOE+OO 0 . 3 3 2 3  

O . G 0 0 E + 0 0  0.0000 

G.@OOE+G@ C . C ; C C O  

@.OO@E+OC C . O C C C  

0.000E+00 C . C S S G  

0 . 0 0 0 E t 0 0  0.CCCC 
@ . 0 0 0 E + 0 0  5.OGSS 

0 . 0 0 3 E + 0 0  5.0150 
- -- 

0.000E+00 3.3303 

m r e m / y r  fract. 

0 . 0 3 0 E + 3 3  C.33C2 
j . 0 0 9 E + O j  j . 2 3 3 3  

0 . 3 3 5 E t 3 5  3.2202 
0 . 3 0 0 E + 0 0  3 . 3 3 3 3  

3.000E+OS 3 .0333  

0 . O O C E - 0 0  0.C5Cl5 

iC.00CE-UC 0.0230 

C.OOCE+CC C , . C C C C  

O.O00E+OC C.CC00 

0.000E+017 C.CCCC 
0 .  OGGE+@C '2. X O C  -- 
3 . 0 0 0 E t S 0  3 .03C,S  

Sum cf a:? ' w a t e r  i n d e p e n d e n t  a n d  d e p e n d e n t  patb..ways 



T o t a l  P s s e  : o n t r l t ? u t i o n s  T K l S E ( i , p , t )  f o r  I n d i v i d u a l  X a d i o n u c l i d e s  ti) and Path.#a;.s ( p i  

A s  rnrern/yr an3 " r a z t i c n  cf T c t a l  Dcse A t  t = 7.000Et32 yea rs  

Water Independen t  ?a:hijays I I n h a l a t i o n  exclILdes r a d c ? )  

- 
IZrsllnd I nb,a 1 a t  i ,:n hadsn P l a n t  Meat E l i l k  Ss>i 1 

P a d i 3 -  

12=;i?e r,rt.::yr f r a c t .  r r rem/yr  f r a c t .  mrern/.;;r f r a c t .  mrem/yr fra,::. rr.rev,/yr f r a : t .  r.ren/;.r f r a c t .  mrem/yr frsct. 

kc-227 

2-211 

b-210 

Ra-226 
- 
-3-226 

r -22E 

Th-230 

T h - 2 3 2  

-234 

-6235 

L'-c33 

- 

O.CiJ5E+33 0.3000 

0 . 0 3 0 E + J 3  3.3000 

0.303E+d0 3.0005 

C.@@OE+00 0.0000 
C.0GCEtCO 0.0000 

C . I : C C E + O O  0.0000 

C.CCCEACC @.COO0 

O.OQiE+CC 0.0000 
0.00SEtCO 0.G000 

0. 002r+'30 0. 0000 

3.393Zt5j G. S000 

1.501E-11 0.0CiC 

2.629E-01 0.0470 

1.83'E-IO 3.0050 

1.452E+00 0.2413 

0.000E+00 0.0000 

0.000E+00 0 . 0 0 5 0  

1.022E+00 0.1693 

3.053E+00 0 . 5 0 6 3  

2.118E-02 0 . 0 0 3 5  

5.134 E- C 3 C . 0 IC 0 9 
1.722E-C2 0.CC29 

2.802E-15 0.COCC 

9.817E-03 C . C I : ? 6  

1.372E-1-1 C . C C C I :  

1.209E-Cz C.GO2i; 
O.OCGE+OO C. iCC.3 

0.000Et00 0. 0?:13 

9 . 4  11E-Oj 0. Cl21-1 

2.679E-32 0.3545 

6.270E-05 0.0339 

1.421E-04 0.0000 
5.467E-05 0.C000 

3 . 0 0 0 E + 0 3  3 . 0 0 0 J  

3.000EtC0 l l .CJ00 

3.1000E+03 0. e000 

0.00CE-CO 0 . C C C I :  

C . O C C E + C O  G . C O ( i 0  

c.IIC@E+I:c 0 . c c 0 0  

C.CCCEtC@ 0.  C C G O  

O.CCCE+GC 0.0CCC 

0 . 0 i , C E t O C  0.ccc0 

,?.OOCEtGC 0.000'3 

?.30"E+SC 0.0000 

3 t a l  5.42:E-02 O.CC90 O.0COE-00 G.@OOC 0 . @ 0 0 Z + 3 3  0.0000 5.860E+00 0.3737 5.739E-02 0.C095 4.63tE-02 3 . 0 0 ~ 7  3.330Et03 3.3003 - 

33i3- 

u c l i d e  - 
' i - 2 2 7  

a-231 

-Fb-2 13 

Ra-226 

3-229 

__h-226 

Th-220 

h - 2 3 1  

-234 

v-235 
11-238 

- 

T o t a l  k s e  3 n t r i b u : i o n s  TDOSEii,p, t I f o r  I n d i v i d - a l  .?JdionucliAes i i  i and Pathways 1 0 :  

A s  m r e d y r  and F r a c t i c n  of T o t a l  Dose A t  t = 7.0COEt02 y e a r s  

F i s t  

rr,rsv,/yr f r a z t  . 

0 . 0 C 3 E - 3 0  0.0000 

0.CCOE-30 C.UCC0 

C: . C C (:E+[. 0 C . C CCO 
O . C C @ E + C O  0.OCGO 
9.0'3OE+CC S.(1@0C 

0. 32,3E+CC 0. 3 G J O  

3.S3OEt0'3 5 . 3 0 0 0  

3.355Et33 3.3350 

3. 033€+:13 3 . 3 3 3 0  

3.00:lE+33 0 . 3 0 0 3  

O.IIC3E-30 0 . 0 0 0 3  

h'ayer  Dependent Pathways 

Radzn 

rnrem/yr f r a c t .  

0.3332t33 3 . 3 0 0 0  

0.303Et00 3.3300 

0.00CiEt33 3.0300 
C.@COE+33 0.0000 

C . @ C C E + @ O  0.0000 

C.OCCE-C0 0.0000 

0. C 12 C E+ 0 C 0. C 0 0 0 
C.OGCE+CC C.C@GC 
O.OCGE+CC 0.0CCC 
0.300EtCG C.0000 
3.300c,t00 0.0nOS 

Plan: 

mrem/yr f r a c t .  

@.000E+00 2.O':CO 

0.000E+SO 0.0GiO 
3.000E+00 3 . @ G i C  

0.003E+03 3 .3530  

0.000Et00 0.0009 

0.000Et00 0.3303 

0.000E+00 0.0030 

0.000E+00 0 . 0 0 3 3  

0.00CEt00 0.0003 

0.000E+00 C.0000 

0.00CE+00 C.0000 

M i l k  All Pathways '  

rnrem/yr f r a c t .  

1.531E-11 3 . 3 3 3 3  

2.927E-31 3 .0486  

1.857E-13 0.CI0i10 

:.377EtC0 0 . 2 4 5 4  

C.OC@E-C@ 0.0000 

0.CCOE-CO O.CCC0 
l.l:33E+CC 0.1727 

3.16:E+G@ C.5259 

2.141E-C2 0.0C36 
5 . 2 9 4 E - 0 3  0. a r c 9  

1 .74CE-02 0 . 0 0 2 9  



T o t a l  T'ose C o n t r i b u t i o n s  T S C S E ( i , p , t !  for I n d i v i d u a l  R a d i o n u c l i d e s  : I 1  and i a - h j i y s  (s:  
A s  r,rerr/yr and  F r a c t i o n  o f  T o t a l  D o s e  A: t = 8.COOE+02 y e a r s  

Xater I n d e D e n d e n t  P a t h w a y s  ( I - b . . a l a t i o n  e . i c l u d e 5  r a d c n !  

- 
,;r c u n 3  i n h a l a t i o n  R a d c n  P l a r , t  M e a t  ?:11 i: 

Z;dio- 

rrern/yr f r a c t  . 

1 . 2 0 7 ~ - 1 2  0 . 0 3 ~ 3  

5 . 4 3 8 6 - 0 1  0 . 0 4 5 7  

1 . 4 5 4 E - 1 1  0.0000 

2 . 7 5 5 E t O O  0 . 2 2 8 6  

0 . 0 0 0 E + 0 0  0.0000 

0 . 0 0 0 E + 0 0  0.0000 

2 . 2 6 4 E + 0 0  0 . 1 8 8 0  

6 . 0 3 5 E + 0 0  0.5C11 

4 . 2 4 5 E - 0 2  0 . 0 0 3 5  

1 . 0 9 9 E - 0 2  0 . 0 0 0 3  

3 .299E-52 3 . O G Z 7  

1 . 1 6 9 E + 0 1  0 . 3 7 0 5  

mren/yr f r a c t .  

0 . G C G E t I ; C  0.CCO0 

0 . 0 O C E + C 0  11.C.000 

0.030€+0@ 0 . c c c c  

3 . 3 3 C l E + 0 0  0 .0000  

3.303:t130 0 . 6 0 0 0  

3 . 3 3 3 E t 3 0  0.CC00 
0 .  035E+33 0. 5000 

0 . 0 0 3 E t 3 5  0 . 3 0 0 0  

0 . 0 0 0 E t 3 3  : 1 . 5 0 3 9  

0 . 0 0 0 E L 0 0  3 . 0 0 0 3  

0 . 0 0 0 E t 0 0  0.3300 - 
@ . 0 0 0 E - C 0  0 . 0 0 0 0  

r n r e r n / y r  f ract  . 

2.256E- 1 6  G . i , C i S  

1. 909E-02 0 . 0 0 1 6  

1 . 0 8 7 E - 1 3  0 . 3 3 5 3  

2 . 2  9 6 E - 0 1  3 .  Cl? 19 

0 . 0 0 3 E t 3 3  :l.3C'33 

0 .  0 0 3 E + 0 0  3 . 0 3 3 3  

1 . 8 6 7 E - 0 2  O.CiCl:6 

5.289E-02 0.0344 

1 . 7 4 l E - 0 4  0 . 0 0 0 0  

3 . 1 . 2 4 E - 0 4  0.0?0C 

1 . 0 1 8 E - 0 4  G.CCG0 
= 

1 . 1 4 2 E - 0 1  C.CC45 9 . C 3 8 E - 0 2  0 . 0 0 7 7  0 . 0 3 3 E + 0 3  0 . 0 0 0 0  

T o t a l  3o5e C o n t r i b c t i o n s  T D O S E l i , p , t )  f o r  I n d i v i . 3 u a l  R a d i o r ~ o c l i d e s  ( i i  and P a t h w a y s  I p :  

A s  rnrem/yr a?.d F r a c t i o n  of T o t a l  D o s e  A t  t = 8 . 0 0 0 E + C i 2  y e a r s  

Water D e p e n d e n t  P a t h w a y s  

P l a n t  

mrem/yr f r a c ? .  

0 . 9 0 0 E + 0 0  0. 0000 

0 . 0 0 0 E + 0 0  0 . 0 0 0 0  

O.OOOE+DO 0 . 0 0 0 C  

O . O O O E + O O  o . 0 3 0 0  

0 . 0 0 0 E t 0 0  0 .3033  

0 . 0 0 0 E t 0 0  0.0030 

O . O 0 0 E + 0 0  0 . 0 0 9 0  

0 . 0 0 0 E + 0 0  0 . 0 0 0 0  

0 . 0 0 0 E + 0 0  0 . 0 0 0 0  

0 . 0 0 0 E + 0 0  0 . 0 0 0 0  

O.GG'JE+GO 0.OCOC 

F i s h  

r r e d y r  f r a c t .  

3.CCOE-20 0.001?C 

O . C C C E + C C  0 .000C 

C.CCCE+CO 0.00C~C 

" . 3 3 3 Z + 0 ?  0 .0300  

'3. 333E+O'3 3 .  0000 

3 .  03'3E+50 3 . 3 0 3 0  

: 1 . 3 5 3 E + 3 3  3 . 3 0 3 ' 3  

:1.3c13E*30 0.3000 

:1.1133E+50 0 . 0 0 0 0  

C I . 3 0 0 E - 0 0  0 . 0 0 0 0  

5 .  ICCoE-00 11. 0000 

%do? 

r n r e d y r  f ract  . 

C.OOCE+JO 0 . 0 0 0 0  

C.CCCE-00 0 . 0 0 0 0  

0.CCGE-CC 0 . 0 0 0 0  

O . O C C E + C O  0. 0000 

0 .  GGCEaCC 0 . 0 0 0 0  

0 . C O C E - 0 0  0.COCC 
CI.OSQE+I>O 11.0000 

3 . 0 O O E t G O  0.CC00 

@ . 0 0 C l E + G 0  0 . 0 0 0 0  

0 . 3 3 3 E + 3 0  0.0000 

0 .000Et00  0.0000 

A l l  F a t k w a ) . s +  

mrernlyr f r a c t  . 

1 . 2 3 E E - 1 2  3 . 3 3 3 3  

5 . 6 6 9 E - 3 1  0 . 3 4 7 2  

1 . 4  6 9 E - 1 1  0. Ct OCl0 

2 . 6 0 : E + C 3  0 . 2 3 2 9  

0 . 0 0 3 E - 0 3  0.CCCC 
@.CCC'E-CC '  C . C C C C  

2 . 3 C S E - C C  c . 1 3 1 4  

6.27:E+CC 0 . 5 2 1 1  

4.2".E-C2 C.GC36 

1 . 1 3 2 E - 0 2  0.3CC,4 

3 .  ;.;6z-ij2 3. ;,Q25 

C: . C C, CE+C C: I:. 0000 0.0302t33 3.00011 

p a t h w a y s  . 

0 . 0 0 0 E + 0 0  0.CCC0 C!.OOOE-00 0.0300 

3 . x  cf a l l  water  l n d e p e n d e n r  an,J d e p e n d e n t  



Total Dsse C u n t r i b u t i o n s  :DOSE(i,p, t )  fo r  I n d i v i d u a l  3 a l i o n u c l i d e . s  ( I )  azd  Fathwaj .?  I F :  

As !nrorn/yr a n 3  T r a c t L o n  o f  T o t a l  Dose A t  t = 9 .000Et02 y e a r s  

W a t e r  I n d e p e c d e n t  P a t h w a y s  ( I n h a l a t i o n  e x c l u d e s  r a d c n )  

- 
G r c J n d  I n h  a 1 a t  i ,on R a d o n  P l a n t  Meat M i l k  Sei 1 

P a A j i 3 -  

~ < ; i i p  r , z e ~ / y r  f r a c t .  r , ren /yr  f r a c t .  r r e ~ , / y r  f r a c t .  r n r e m / y r  f r a c t .  m r e . n / y r  f r 3 ; t .  n r e r / y r  fr-acL.  rrerriyr f r a z t .  

7 . 2 9 7 E - 1 4  0.0GGC 

6 . 0 2 5 E - 0 1  9 . 0 4 4 1  

8.640E-13 0.0390 

3 . 9 2 6 E + @ 0  0 . 2 1 5 7  

0 . 0 0 0 E t 0 0  0.030:1 

O.@OOE+00 0.@01)3 

3.708EtOCI 0 . 2 0 3 7  

8 . 9 4 3 E + 0 0  C . 4 0 1 2  

6 . 4 1 9 E - 0 2  0 .0035  

1 . 7 4 9 E - 0 2  0.0l210 

4 . 7 4 8 ~ 4 2  0.0~26 

1 . 3 6 4 E - 1 7  C.CCCG 
2 . 7  8 BE-'32 C . C C  15 

6 . 4 5 9 E - 1 5  @.CnGi 

3 . 2  7 3 E -  02  0 .  00 1 8  

5. 0 0 5 E t 0 0  0.03C'3  

9 . 0 0 0 E t 0 0  @.33? . !  

3 . 0 6 1 E - 0 2  Ci.il317 

7 . 6 4 0 E - 0 2  O . C D 4 3  

2 . 7 6 3 E - d 4  @.C@@O 
5.@SOE-04 @.COO@ 

1.5C9E-04 0.CCCC 

1.559E-17 C.CCCU 

7.657E-05 C. CCCG 
i . 7  6 ?E-  I 5 e .  c c c c: 
2.5l?E-C2 c . c o 1 4  

G . C O G E + 3 G  C . C i i ' 0  

0 . 0 0 0 E t O ' ?  " . " O O C )  

2 . 3  6 9E-  0.2 12.1' Cc 1 3 

F . R 5 4 E - 3 2  'C'. 1343 

4 .  i 0 9 E - 3 4  3 . 3 3 3 3  

2.240E-35 3 . 3 9 3 3  

3 .  C 4 3 E- 0 4 3.0 3 3 5 

T o t a l  3cSe C o - t r i b c t i o n s  T3OSE(i,p,tl f o r  I n d i v i , d u a l  R a d i c n u c l i d e s  ( i l  a r d  P a t k w b y s  Ip: 

As m r e m / y r  and F r a c t i o n  of T o t a l  Dose A t  t = 9 . @ @ @ E + @ 2  y e a r s  

Water D e p e n d e n t  P a t h w a y s  

F i s h  R a d z n  P 1 a r . t  Meat M i l k  A l l  F a t n w a y s '  

m r e d y r  f r a c t .  

0 . 0 0 0 E t 0 0  0 . 3 3 0 3  

O.O@OE+O@ @ . 0 0 0 0  

@.@@@E+@@ 0.00CO 
O.CO@E+@O C.COC0 

0.000Et00 0.00C0 

@ . 0 0 0 E + G O  0.COCO 

0 . 0 0 O E t 0 0  C I . 0 0 C O  

0 . 0 0 0 E t 0 0  0.COOG 
D.O@OE+DD 0.0OL70 

0.000Et00 0 . 0 3 0 3  

0 . 0 0 0 E + 0 0  0.3050 

r .rer, /yr f r a c t .  

7 . 3 0 1 E - 1 4  C .  cccc  
a .  355s-i 1 G. i 4 56 

8 . 7  3.2 E-  1 3  0. ('COO 
4 . 0 1 C E t 0 9  3 . 2 2 0 3  

? . 9 3 " 2 + 0 3  3 . 5 ' ? 0 0  

3 . 3 3 : l E t 5 3  :1.3:130 

3 .  ' 9 ' E t C 3  0 . 2 3 F O  

9 . 4 4 6 € + 0 3  0 . 5 1 8 9  

6 . 3 9 7 E - C Z  0 . 0 @ 3 6  

1.SCZE-CZ @.C@l@ 
4 . 8 1 4 E - C 2  C . C C 2 6  

m r e m i y r  f r a c t .  

0 . 0 9 0 E t 2 G  0.000@ 

3.030Et50 O.C0@0 

C 1 . 3 0 b E t 3 3  G . G @ @ @  

0 . 3 3 1 7 E t 0 3  3 .0000  

O . @ C l D E + O O  3 .3000 

@ . @ @ 0 E t G @  3 .3000  

C.@OOE+CO 0 . 0 3 0 3  

C . @ C C E + C C  0.0000 

0. O C C E - C C  n. COO@ 
0 . 0 0 C E t G C  0 . 0 0 0 0  

O.OOCEtC!C O.CCO0 

m r e m / y r  f r a c t .  

3 . 0 0 0 E t 0 3  3 . 3 2 ? 3  

0 . 3 0 0 E t 0 0  3 . 0 3 3 3  

0 . @ 0 C I E t @ 0  0 .  0 3 0 3  

0 . @ @ @ E + O O  CI.0333 

O.@OCE+@@ 0.C030 

C . @ C C E + C C  0 . C G C I ;  

O.@0CE+00 0.CPCII 

O.OGGE+OG o . c c c c  
D . O O 0 E t 0 0  G . G O C G  

0 . 0 0 0 E t 0 0  0.5,?09 

3 .  0 3 1 7 E t 0 3  3 .  9*?'?3 

~ 

0 . 0 3 0 E - 3 3  5 . 3 3 3 3  

_____ ~~ 

O.@OOE+O@ 0.0000 

~ 

1.8: CEt i 1 1 . o c  Go 

Sum of all w a f e r  ~ n ~ e p e n a e n r  a n 4  d e F e n d e n t  p a t h w a y s .  



Tcta? rose Co? . t r ib ic t ions  T 3 9 S E ( i , p , t )  f o r  I n d i v i d u a l  R a d i o n u c l i d e s  : i l  and Fatnways lp l  

A s  mrem/yr and  F r a c t i o n  of  T o t a l  Dc,se A t  t = 1.000E+03 y e a r s  

Water Independen t  Pathways ( I n h a l a r i o n  e x c l u d e s  radon)  

- 
SroI;r.d I n h a i a r i c n  Radcn P l a n t  Meat M i l k  so:; 

Padio-  

J z l i , d e  r;rt.m{;.r f r a c t .  m r e m / i r  i r a c t .  mrem/),r f r a c t .  n rem/yr  f r a c t .  mrem/yr f r a r t .  mrem/).r f r a c c .  

3.593E+00 5.3000 

@.093E+03 3.3030 

@.OODE+D3 0.0000 

@.000E+DD 0.0000 

O.CCOE+OO 0 . 0 0 0 0  

O . C C O E + C O  0.0000 

C.CCOE+CO 0.00CO 

O.iOCE+iO 0.0000 
2.CO.SEt02 0.0000 

0.330E+00 0 .3330  

:1.553E+33 0.3000 

O.GGGE+CC G.CC00 

3 . 0 ' 3 5 E t 9 0  0 . 0 0 0 0  

0 . 0 0 3 z + 0 3  0 . 0 0 0 0  

0.330E+D0 0.3000 

0 . 0 3 0 E + 0 0  0.0300 

0.000E+00 0.0000 

0. @OOE+OC! 0.0000 
0. @C,OE+CC 0.0000 

0.000Et00 0.COCC 
O.OOCE+t10 0. G00C 

0 . 3 0 3 E + 3 5  0.0000 

3.922E-15 0.0000 

1 .042E+00 0.10421 
4.566E-14 C.OOOO 

4.975E+00 0.2303 

0.000E+00 0.0C00 

0.000Et00 0.OG00 

5.332E+00 0.2152 

1.179E+01 0.475i: 

6.662E-02 0.0035 

2.456~-02 0.0nio 

6.077E-02 0.0025 

7.325E-13 0.03z13 

3 .6 1 SiE - 0 2 3 .3  :I 1 5 

3.414E-16 0 . 0 3 0 3  

4.147E-02 0.0317 

0.00CE+00 0.CC03 

0. C C  OE+ 0 0 C, . C i' I: 1: 

4.405E-02 0.CC19 

1.033E-01 0.0047 

3 .  908E-04 D .  53Cls2 

7.263E-04 3 . 3 3 3 3  

1.932E-04 0.0:133 

8.j1 8 E- 1 5 0 .  O X G  
9.340E-35 3 .  55'30 

1.463E-16 3.3930 

3.1 8 5 E- 0 2 :I. 0 0 1 3 

0.000E~OO 3 . 0 0 0 0  

O.COOE+CO 0.111>00 

?.4C8E-02 0.CC14 

1.167E-01 C.CC47 

5.C45E-04 C.CiC0 
2.S87E-05 0.03CO 

3 . 6 95E- :I4 5. 030 3 

.:.'3- 2 2 1 

3-231 

3-210 

.?a-226 

- 3 - 2 2 ?  

:-22B 

Th-230 

T h -2 3 2 

-233 

-135 

r_l-z:8 

- 

- 

0. @D@E+G3 3.3303 

A11 Fat?.ways' 

> t a l  1 . C 5 4 E - C C  0.C426 @.000E+00 0.0000 O.CIOOE+OO 0.0000 2.331E+01 0.9409 2.263E-01 0.009; 1.837E-01 3.3C174 - 

T o t a l  33se C o n t r i b u t i o n s  TDOSEli ,p , t l  f o r  Indivi83Jal  3 a d i o n u c l i d e s  ( i i  an3  Paathiiays Ip: 

As mrem/yr and FracTion of  T o t a l  Pose A t  t = 1.00@E+Oj years  
- 

Water Dependent Pathways 

F i s h  Radon P l a n t  Meat Miik 

mren/j.r f r a c t .  

c . 0 c c E+ 1: I: 0 . 0 0 0 0 

O . G C C E + O C  0 .0000  

5.@CC'E+OO 0.0000 

0.033E+30 0 . 0 0 0 0  

0 . 0 0 3 E + 3 0  0.3000 

0.035E+00 0.0300 

0.000E+00 0.0009 

0.000EL00 0.0000 

0.000E-00 0.0000 

O.CCOE+CG 0.0000 

O . O O C E + C C  0.OO00 

mrem/yr f r a c t .  

O.OOCE+OQ 12. 0 O C C  

0.000Et05  0 . 0 3 G 3  

0 .  000EtO:i 3. 5205 

3.003E+03 3.33:13 

0.000E+00 9.3333 

0.000E+00 0.0000 

0.00OE+OC 0.12000 

O.OCCE+CC C . C C C , C  

0.000E+00 0.OCC0 

0.000E+00 0.3000 

0.000E+00 ? . 3 ? 0 3  

r . r e r / y r  f r a c t .  

3.926E-15 O.CCC0 

l.G7RE+CO C.iZ?S 

4.6lCE-14 0 . C C O G  

5 .1>62+33  3 . 1 C E 9  

3.3325+3:1 3 . 3 3 0 3  

3.003E+ti:I 3 . 0 3 3 0  

5.493E-00 0.221s 

i.29CE-GI 0.5207 

E.793E-C2 @ . P O 3 5  

2.533E-02 C.CO10 
6.2CSE-C2 0.iC25 

mrem/yr f r a c t .  

0.000E+00 3.0'355 

0.000E+00 0.3350 

0.000E+00 O . O D 0 : i  

0.000E+00 0 . 0 0 0 3  

0.000E+00 0.0000 

0.000E+OO O.CCC0 
0. 000Et00 3.i'1700 

0.000Et00 0 . 0 G Z G  

O.OO~E+OO 0.0000 

0.000Et00 3 . 3 0 0 0  

0.000E+00 0.0090 

0. 0110E+i0 0. GO00 0.000E+00 0.0000 O.@30E+00 3.9333 

3ur cf a l l  w a t e r  1-dependent  ana 3eFendent  



Dose/Source Ratios Summed Over A l l  Pathways 

Parer . t  a7.d Praqer.;, P r i c c i p a l  Radionucl ide  C o n t r i b u t i c , n s  In,3A:a7P2 

1.GGOEtCC 4.8566-11 1.459E-12 2.549E-13 4.486E-14 7.9696-15 1.145E-12 1.CCIE-11 8.C53E-13 4.868E-14 2.617E-15 

1.0002+G@ 3.C81E-13 9.48CE-12 5.264E-11 2.921E-10 1.621E-09 6.873E-G4 1.462541 2.E42E-Cl 4.148E-C1 5.38I-E-Cl 

l.OGOE+CD 7.789E-13 8.63CE-10 3.64EE-03 1.551E-08 6.655E-03 2.331594 1.69.18-02 9.511E-G: 1.3aPE-Cl l.aC3E-Gl 
l.ll87E-12 8.725E-ill 3.700E-03 1.580E-08 6.817E-38 9.234E-04 1.9FZE-Ol 3.'P?E-:l 5.F3'E-C; 7.1.3iE-01 

1.3003+00 C.886E-14 6.823E-16 1.05-E-16 1.657E-17 2.652E-18 2.053E-12 1 . - 6 3 E - 1 1  1.3SPE-lL ?.3l?E-l4 ;.3552-15 

1.3011E+O'3 1 . 5 7 2 2 - 5 7  1.3485-ri6 3.943E-C6 1.157E-05 3.388E-05 3.904E-34 6.32E.E-02 ?.14'?-31 1.647E-,?1 2.12'rE-Ol 

1.350€+29 1.513E-16 3.89TE-13 1.449E-12 5.445E-12 2.089E-11 3.907E-04 P.037E-02 ?.5255-C11 2.173E-?l 2.753E-01 

1.572E-07 1.345E-06 3.943E-06 1.157E-05 3.388E-05 7.811E-04 1.407E-01 2 . 6 7 1 E - 3 1  3.619E-31 4.FS2E-01 

;.000E+03 1.490E-DE 5.392E-18 l.232E-22 2.411E-27 : . B E E - 3 2  1.56RE-35 1.685E-38 ?.?SEE-43 C.OOCIE-3:J 0.OOCE.CO 
1.000E-GO 3.013E-07 6.062E-16 9.3132-21 1.34OE-25 1.093E-30 3.C09E-35 9.597E-40 7.CGtE-35 C . O C : I E - 3 0  0.0OCE-CO 

3.159E-07 6.121E-16 ?.1332-21 1.365E-25 -7.04jE-3C 4.579E-31- l.??lE-38 2.228E-4? O.C@CE-@I: C.C@CE+@C 

l.OCCE+C@ 1.63CE-C6 3.574E-37 0.003Et03 0.0@0E+00 3.000Et00 0.00OEtCO C..001"EtC@ i . C C C E + C , G  C.CC@E-CO C . C , @ C E + C C  

l.CCCE+CD 2.104E-22 5.608E-20 3.157E-i3 1.435E-17 2.441E-16 3.746E-06 7 . 4 9 6 5 - 0 4  1.574E-'Z,; 2.33!E-C3 3.C,6?E-C3 

1.GGCEtCO 3.41CE-11 1.217E-C7 5.448E-07 2.1696-06 8.097E-06 1.142E-04 2.39iE-02 4.653E-31 '.672E-C2 l.123E-01 

l.COCEt3C 6.553E-20 2.954E-14 1.78OE-13 9.356E-13 4.652E-12 1.077E-34 2.657E-3i 5.310E-3C 3.713E-CZ 1.4lNE-01 
3.412E-11 1.217E-07 5.448E-07 2.169E-06 8.097E-06 2.557E-34 4.635E-02 1.372E-Cil 1.7615-C1 Z.55SE-01 

1.020Et33 7.613E-25 3.317E-22 a.547E-21 1.914E-13 4.2856-18 1.8'EE-05 4.004E-03 7 . 5 9 9 E - 3 3  1.171E-ni 1.543E-02 

;.000E+@3 9.17PE-10 1.S65E-97 6.455E-07 2.139E-C6 7.552E-06 4.266E-04 8.535E-02 ;.69yE-:ll 2 . 5 L l E - ? 1  3.344E-31 

l.@@ClE-CO 1.260E-08 1.259E-05 3 . 2 3 5 E - 0 5  8.162E-05 2.C79E-0.2 5.382E-C4 3.;27E-03 6.95iE-33 :.432E-?2 2 . 3 4 i E - 0 2  

1.35lE-08 1.2'6E-05 3.270E-35 8.382E-05 1.155E-03 9.83EE-04 9.3C8E-02 l.E46E-3: 2.776E-31 3.733E-01 

l.CCCE+CO 1.2136-23 3.763E-21 6.629E-20 1.168E-18 Z.G57E-17 4.i88E-C€ Y.452E-04 1.624E-03 2.335E-03 2.987E-03 

l.CCCE+CC 3.514E-28 9.833E-23 2.372E-21 5.087E-20 1.023E-18 1.65EE-C8 4.556E-Cm6 l.ClLE-I:? i.E62E-:5 2.316E-CF. 
l.OGCE+SC 1.025E-16 1.C31E-10 7.294E-10 3.856E-39 1 . 7 9 3 Z - 5 8  3.1724E-07 E.i55E-G5 1.632E-i'4 7.CllE-04 4.RRZE-CZ 

l.QGCE+OC 1.477E-25 2.312E-17 2.166E-16 1.546E-15 9.739E-15 2.715E-07 ?.5?4E-05 1.395S-C4 ?.E,88E-C4 C.?C5E-C4 
1.025E-16 1.C91E-112 7.2946-10 3.856E-39 1.793E-35 4.680E-36 5.9563-04 1.?336?43 3.i22E-C3 4 . C X E - 0 3  

1 . 3 5 3 E + 0 2  3.299E-15 4.60iE-l? 3.652E-12 2.778E-11 2.113E-10 3.E1:iE-176 5.329E-54 1.5353-C~j 2.;13E-C3 1 .8352-03  

1.330E+3@ 3.269E-15 3.366E-14 3.274E-13 2.404E-12 1.655E-11 8.363E-36 2 . 0 6 0 E - 3 3  4.54C5-03 1.4i'6E-G3 1.06CiE-02 

1 .033E+53  5.5152-19 3.355E-12 2.036E-11 1.179E-10 6.383E-10 2.694E-06 6.601E-04 1.4645-33 2.336E-03 3.345E-03 

8.308E-15 3.5'5E-12 2.4348-11 1.481E-10 8.66:E-10 1.333E-05 3.523E-33 7 . 5 4 4 E - 3 3  1.232E-22 1.65SiE-32 

3.993E-Cl 7.231E-11 9.814E-10 3.618E-09 1.335E-C8 4.325E-08 4.C:CE-06 8.075E-C4 1.54EE-33 2.232E-33 2.8-BE-03 

9.999E-Cl 1.726E-23 2.140E-24 5.649E-23 1.326E-E1 2.32OE-20 6.367E-CO l.C86E-C6 3.661iE-06 5.5EPE-C6 8.483E-CE 

3.395E-01 3.01CE-34 2.7686-26 9.95SE-25 2.833E-23 7.037E-22 1.537E-11 1.?73E-C3 1.112SE-OR 2.031E-I'R 3.239E-08 

9.9932-01 7.2666-23 2.061E-14 2.061E-13 1.450E-12 a.439E-12 1.699E-li 4. E-C'E 1.216E-G7 2.?2?E-C7 4.5?9E-C7 

S.995E-01 8.39CE-32 3.865E-21 5.613E-20 5.430E-19 4.207E-ld 1.455E-1: 4.320E-CEI 1.4?6E-C: 2.3'32E-C7 S.??CE-C7 

7.231E-11 9.814E-10 3.61EE-09 1.335E-36 4.926E-53 4.@77E-G6 332-:,4 1.552E-03 2.239E-C3 2 . 8 8 7 E - C 3  - - - 
n e  ESR i n c l u d e s  z o c t r i b , i t i o n s  f r m  a s s o c i a t e d  : h a l f - l i f e  I 1 8 0  d a y s )  d a u , ? t t e r s .  



J c l i d e  

( i )  t =  O.COOE+O~> 2 . O ' X E + i ) ?  - 
5 . 1 4 5 6 + 1 1  1.714E+lj 

3 - 2 3 ;  +4.723Et15 ?.E65E+13 

-_ _I 2111 *7.634E+13 +7.634E+13 

33-226 1.593E+35 1.254E+37 

3-228 7.313EtO7 +?.'26E+14 

h-228 1.534E+@7 *5.195E+14 

T:? -2 ? c ';.D16€+10 2.354E+35 

-c -232  *:.037E+05 + 1 . 3 5 7 E + 0 5  

-234 '€.247E+05 *6.247E+05 

. ? - ? - -  - _  L L i  

- 

- 
7-235 '2 .161E-06 '2.16:E-C6 

'j-238 * ? . ? 6 1 E + C 5  +3.36iE+05 
= 

4 t  s p e c i f i c  a c t i v i t y  lizit 

S i n g l e  R a d i c n u z l i d e  S o i l  Guide l ine .5  G ( 1 . t )  i n  pCi/g 

P a s i c  Ra.Aiation Dose L i m i t  = 2.:0'3E+01 m r e m / j ; r  

5.000Ec02 

7 . 2 32 5+ 1 j 

6 . 7  56E+O3 

+7.6?4?+13 

6.3jlE+06 

' 2 .  '?6E+14 

' 8 .155E+14 

4 . 5 6 9 E + @ ?  

'1.057Et05 

*6.247E+05 

*2.1E?E+06 

*3.3€1E+05 

'7.232E-13 

3.667€+08 

+ 7.634 E+13 

7.380E+C5 

+ 2.72 6E+14 

' 3 .195€+14 

3.088E+06 

*l. 097E+@S 
1.394E+09 

'2.161E+06 

*3.361E+05 

2.;83E+13 

2. ':6E-04 

i.22CE-13 

3.2GlE-04 

'2.'26€-?4 

*8.1?-E+14 

1.1CYE-C5 

2.542E+04 

5.34 1E+C6 

1.675Z+G6 

'?.361E+05 

3.131E.:, 

6.59iE+J: 
:.757E+:3 

5.355E-0: 

_. -6E-14 
- 8 . : 9 : € + - 1 3  

2.332E-C2 

1.355E-21 

1.252Ei24 

3.3l:E+S3 

1 .611Et24  

* r  ;? 

Summed 3 o s e / S o u r c e  Rat ios  D S R ( i , t )  i n  ( m r e m / y r ; / l p C i / g )  

and  Si::gle R a d i o - c c l i d e  S o i l  G c i d e l i r ! e s  S ( i , t l  i n  p C i / g  

a t  trin = time of  minimiim s i n g l e  rad io :uc l ide  s o i l  g u i d e l i n e  

- 

an3 a t  trrax = time of maxirwm t o t a l  d o s e  = l.O?iiE+C3 y e a r s  - 

-- 
hc- 2 2 7 

a-231 

"213 

Ra-226 

na-228 

n-228 

m - 2 3 3  

T h-  2 ? 2 

-234 

--235 

- 

lJ-238 

0.000E-GO 

1. I>COE-C,3 
63C 2 1 

1.OCCE+C3 

C.CCCE+CO 

c . i i c E+ is 0 

1. C,OOZ+j3 

1.5i33E+33 

I. 303E+33 
1.003E*Cl3 

1. 00OEi03 

4.856E-1;  

7.188E-Cl 

5.137E-11 

4.882E-C1 

3.153E-C7 

1.630E-C6 

2.555E-C,l  

3.7 532-01 

4.35'3E-03 

1.6E9E-32 

2 .  EE?E-83 

5.14EEcll 

3.4:PE+01 

4.667E+il 

5. ?2;E+O? 

7.013~+07 

1.5336+07 
3.78SE+01 

6.59CE+C1 

6.113E+C3 

1.48iE+@3 

9.65?E+Oj 

2.617E-15 ".2j25+13 

7 .16 8 E- 0 1 3 .4 ' F E+? I 
4.395E-15 *'.634E+13 

4 . 8 6 2 E - 0 1  5.12?E+31 

0 . 0 0 0 E + 0 0  *2.?26E414 

0.00OE+00 *8.:95E+i4 
2.5556-01 5.785E-01 
3.793E-01 6.530E+31 

4.050E-03 6.113E+03 

1.689E-02 1.48CE+C3 

2.887E-03 8.658E+03 



I n c r i v i l u a l  h u c l i d e  Dose Surrmed 0:~er A l l  Pa thways  

Paren t  G u s l i d e  a n d  B r a n c h  Fracticn imjicated 

- 
Th-231 T h - 2 3 2  l.@@@E+30 

-236 3-235 5 . 4 3 3 E - 0 5  

-236  3 - 2 3 5  9 . 3 9 9 2 - 0 1  
- 

' j - 2 3 6  ;LCSE! i ) 

i . 2 5 4 E - 1 1  2 . 1 8 8 E - 1 2  3 . 8 2 3 E - 1 3  6 . 7 2 8 E - 1 4  1 . 1 9 E E - 1 4  1 . 7 1 8 E - 1 2  1 . 5 C l E - 1 1  1 . 2 C 8 E - 1 2  7 . 3 C l E - 1 4  ? . a 2 E . L - l 5  

: . : 6 X E - i 1  1 . 2 5 5 2 - 3 9  5 . 4 3 2 E - 3 3  2 . 3 2 6 E - 0 8  9 . 5 8 Z E - 2 3  3 . 4 9 ? E - C 4  7 . 7 4 1 E - C Z  1 . 4 2 7 E - C l  2 . i 8 3 - C :  2 . 7 C S E - C ;  

8 . 2 7 1 E - 1 8  4 . 5 8 2 E - 1 2  3 . 0 5 4 E - 1 1  1 . 7 6 8 E - 1 0  9 . 5 7 " E - l C  4 . O 4 1 5 - 0 6  3 . 9 C I E - r J 4  2 . 1 9 6 E - r 2  ? . ? ? 7 E - C ' 3  C . 1 7 2 E - 0 3  

7 . 4 1 3 1 E - 1 1  1 . 3 0 1 E - 0 9  5 . 5 0 3 E - 0 3  2 . 3 4 4 E - 0 8  1 . 0 3 E E - 3 7  3 . 5 3 7 E - 0 4  7 . 4 1 0 E - 0 2  1 . 4 4 5 2 - ~ ~ 1  2 . 1 1 3 E - C " l  2 . 7 5 7 E - C 1  

4 . 6 2 1 E - 1 3  1.423E-li 7 . 6 3 6 E - 1 1  4 . 3 6 1 E - 1 0  - 3 . 4 3 : E - 0 9  1.331E-33 2 . 1 3 3 9 - 3 1  4 . 2 6 3 Z - 3 1  6 . 2 Z 2 2 - ? 1  3 . 0 7 7 E - 0 1  

4 . 0 0 j E - 1 6  5 . 2 4 9 2 - 1 4  4 . 9 1 2 E - 1 3  3 . 6 0 6 E - 1 2  2 . 4 6 2 E - 1 1  1 . 2 5 4 E - 3 5  3 . 3 3 ? 2 - 3 3  6 . 6 1 1 . E - 3 3  1.1?1E-?2 1.591E-3Z 
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From Origin ID 1312)853-!3430 
David Heidlauf 
ENVIRON CORPORATION 
123N WackerDr Suite250 

Chicago, IL 60606 IEl 
c L s m w w m  

SHIPTO (312)853-4130 BILL SENDER 
Dr. Peter Lee 
U.S. NRC Region 111 
801 Warrenville Road 

Lisle, IL 60532 

$hip Dale- 25ApRG6 
4ctWgl: 1 LB 
;ystem#. 244281 2ANET2400 icmnt#: s .***.*..1 

Ill llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 
Delivery Address Bar Code 

WED PRIORITY OVERNIGHT 
Deliver By 

rRK# 7919 2469  4278 ':?: 26APR06 

ORD A* 

79 ENLA 
60532 -IL-us 

1. Use the 'Print' feature from your browser to send this page to your laser or inkjel printer 

2. Fold the printed page along the horizontal line 

3. Place label in shipping pouch and affix it to your shipment so that the barcode portion of the label can be read and scanned 

Warning: Use only the pr inted or ig inal  label  for shipping. Using a photocopy of this label  f o r  shipping purposes is fraudulent 
and could resul t  in addi t ional  billing charges, along with the cancellation of your FedEx account  number.  
Use of this system constitutes your agreement to the service conditions in the current FedEx Service Guide. available on fedex.com. FedEx will not 
be responsible for any claim in excess of $100 per package, whether the result of loss. damage, delay, non-delivery. misdelivery. or misinformation, 
unless you dedare a higher value. pay an additional charge, document your actual loss and file a timely claim. Limilations found in the current FedEx 
Service Guide apply. Your right to recover from FedEx for any loss, including intrinsic value of the package. loss of sales, income interest, profit, 
attorney's fees, costs. and other forms of damage whether direct, incidental, consequential, or special is limited to the greater of $100 or the 
authorized declared value Recovery cannot exceed actual documenled loss. Maximum for items of extraordinary value is $500, e.g. jewelly. 
precious metals, negotiable instruments and other items listed in our Service Guide. Written claims must be filed within strict time limits, see current 
FedEx Service Guide. 

https://www.fedex.condcgi-bidship . it/iinity/4AfQt6CgXtSAcVs 1 FbZt9Cb'I'z4B,jX>t3HaU ... 4/25/2006 

http://fedex.com
https://www.fedex.condcgi-bidship

