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ABSTRACT

This report provides updated information on the default parameter values and parameter
distributions contained in the RESRAD family of codes since the release of the probabilistic
RESRAD-ONSITE Version 6.0 (formerly called RESRAD 6.0), RESRAD-OFFSITE Version 2.0,
and RESRAD-BUILD Version 3.0 (Yu et al. 2000, 2007). This report also discusses changes
made in the family of RESRAD codes since 2002. All three codes are pathway analysis models
designed to evaluate the potential radiological dose incurred by an individual who lives at a site
with radioactively contaminated soil or who works in a building containing residual radioactive
material.

In this report, probabilistic analyses are performed to evaluate the effect of new parameter
values and distributions on radiation exposures associated with common exposure scenarios
using new information such as updated dose conversion factors and transfer factors. Based on
the probabilistic analyses and the new information available on default parameter values,
parameter distributions are either updated if additional data is available or developed if
distributions for new parameters are identified. Appendix A of this report provides the default
parameter values and parameter distributions for RESRAD-ONSITE Version 7.2, RESRAD-
OFFSITE Version 4.0., and RESRAD-BUILD Version 3.5. The exposure scenarios used to
evaluate the effect of new parameter values and distributions includes the following: Resident
Farmer scenario for the RESRAD-ONSITE code; Building Occupancy scenario for RESRAD-
BUILD code; and, Offsite Resident scenario via Water Transport and Offsite Resident scenario
via Air Transport for the RESRAD-OFFSITE code. For the RESRAD-ONSITE and RESRAD-
BUILD codes, newly developed template files are presented to simulate the Resident Farmer
and Building Occupancy scenarios as described in NUREG/CR-5512 (Kennedy and Strenge
1992) and NUREG-1757 (NRC 2006). Appendix B provides the results of the probabilistic
analyses for the above exposure scenarios as well as the selection of input parameters,
deterministic results and regression analysis for each exposure scenario. Appendix C provides
the parameter distributions and supporting information available for use in RESRAD-ONSITE
Version 7.2, RESRAD-OFFSITE Version 4.0., and RESRAD-BUILD Version 3.5.
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Figure C-76 Radon Effective Diffusion Coefficient Probability Density Function
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1 INTRODUCTION

On July 21, 1997, the U.S. Nuclear Regulatory Commission (NRC) published the License
Termination Rule (Title 10, Code of Federal Regulations, Part 20 [10 CFR 20], Subpart E),
which establishes regulatory requirements for nuclear facility licensees that are terminating their
licensed operations. The NRC’s approach to demonstrating compliance is based on a
philosophy of moving from simple, prudently conservative calculations toward more realistic
simulations, as necessary, using dose modeling to evaluate exposure to residual radioactivity in
soil and structures.

The objective of dose modeling as described in the license termination rule is to assess the total
effective dose equivalent (TEDE) to an average member of the critical group from residual
contamination, including any contamination that has reached groundwater dependent pathways
including, but not limited to ground sources of drinking water. The assessment offers a
reasonable translation of residual contamination into estimated radiation doses to the public.
Compliance with the NRC-prescribed dose criteria can then be assessed by the modeling
results.

As part of the development of site-specific implementation guidance supporting the License
Termination Rule and development of a Decommissioning Standard Review Plan, the NRC
recognized the need to perform probabilistic analysis with codes that could be used for site-
specific modeling.

In 1999, the NRC requested that Argonne modify the RESRAD-ONSITE and RESRAD-BUILD
codes for use with the NRC’s license termination compliance process and the Decommissioning
Standard Review Plan. For this project Argonne developed parameter distribution functions that
could be used with the RESRAD-ONSITE, RESRAD-OFFSITE, and RESRAD-BUILD computer
codes to perform probabilistic analyses and the necessary computer modules that incorporate
the parameter distribution functions for conducting the probabilistic analyses.

Since 2000, the NRC has used probabilistic dose assessment codes to fulfil the agency’s need
for conducting screening, as well as site-specific and risk-informed radiological impact analysis,
to demonstrate compliance with the License Termination Rule (10 CFR Part 20, Subpart E). The
codes used by the NRC and its licensees include, but are not limited to, RESRAD-ONSITE,
RESRAD-OFFSITE, and RESRAD-BUILD, which together are sometimes referred as part of the
RESRAD Family of Codes. The RESRAD-ONSITE and RESRAD-OFFSITE codes compute the
release of radionuclides from a source or primary contamination and the subsequent transport
through air, groundwater, and surface water pathways to various onsite or offsite locations.
RESRAD-BUILD is used to calculate radiological doses resulting from exposure to residual
radioactivity in buildings.

The RESRAD-ONSITE code has 130 radionuclide-independent parameters, 10 radionuclide-
dependent parameters, and 5 element-dependent parameters. RESRAD-BUILD has

45 radionuclide-independent and 5 radionuclide-dependent parameters. The parameters were
classified into three types: physical, behavioral, and metabolic. A strategy was developed to
rank the input parameters according to their influence (high, medium, and low) in dose
estimation (Yu et al. 2000). Parameter distributions were developed for a total of 66 parameters
(45 for RESRAD-ONSITE and 21 for RESRAD-BUILD parameters) that the team identified as
having high and medium priority.
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Table 1-1 lists the parameters, parameter types, and the assigned distribution types (Table 3-1
in Yu et al. 2000). Some of the parameters for which distributions were developed were
classified as the behavioral type. Behavioral parameter values depend on the receptor’s
behavior and the scenario. For the same group of receptors, a parameter type could change if
the scenario undergoes change (e.g., the indoor fraction for recreational use will be different
from that found with residential use). The parameter distributions were analyzed tested in the
RESRAD-ONSITE code for the Residential Use scenario and in the RESRAD-BUILD code for
the Building Occupancy scenario (Kamboj et al. 2000).

Table 1-1 Parameters for Which Probability Density Functions Were Developed in the

Past
Parameter Assigned
Parameter Type? Distribution Type
RESRAD-ONSITE /RESRAD-OFFSITE

Density of contaminated zone (g/cm?3) P Normal
Density of cover material (g/cm?3) P Normal
Density of saturated zone (g/m?) P Normal
Depth of roots (m) P Uniform
Distribution coefficients (contaminated zone, P Loanormal
unsaturated zone, and saturated zone) (cm®/g) 9
Saturated zone effective porosity P Normal
Saturated zone hydraulic conductivity (m/yr) P Lognormal
Saturated zone total porosity P Normal
Transfer factors for plants P Lognormal
Unsaturated zone thickness (m) P Lognormal
Aquatic food contaminated fraction B, P Triangular
Bioaccumulation factors for fish [(pCi/kg)/(pCi/L)] P Lognormal
C-14 evasion layer thickness in soil (m) P Triangular
Contaminated zone b parameter P Lognormal
Contaminated zone erosion rate (m/yr) P, B Emp||r|cal gconfunuous

ogarithmic)
Contaminated zone hydraulic conductivity (m/yr) P Lognormal
Contaminated zone total porosity P Normal
Cover erosion rate (m/yr) P, B Emp||r|cal gconfunuous

ogarithmic)
Depth of soil mixing layer (m) P Triangular
Drinking water intake (L/yr) M, B Lognormal
Evapotranspiration coefficient P Uniform
External gamma shielding factor P Lognormal
a P = physical, B = behavioral, and M = metabolic; when more than one type is listed, the first is primary and the next is

secondary.




Table 1-1
Past (cont.)

Parameters for Which Probability Density Functions Were Developed in the

Parameter Assigned
Parameter Type? Distribution Type
RESRAD-ONSITE /RESRAD-OFFSITE (cont.)

Fruit, vegetables, and grain consumption (kg/yr) M, B Triangular
Indoor dust filtration factor P.B Uniform
Mass loading for inhalation (g/m?) P,B EmplrlcT;In(e(;or?tmuous
Milk consumption (L/yr) M, B Triangular
Runoff coefficient P Uniform
Saturated zone b parameter P Lognormal
Saturated zone hydraulic gradient P Lognormal
Soil ingestion rate (g/yr) M, B Triangular
Transfer factors for meat [(pCi/kg)/(pCi/d)] P Lognormal
Transfer factors for milk [(pCi/L)/(pCi/d)] P Lognormal
Unsaturated zone density (g/cm?®) P Normal
Unsaturated zone effective porosity P Normal
Unsaturated zone hydraulic conductivity (m/yr) P Lognormal
Unsaturated zone, soil b parameter P Lognormal
Unsaturated zone total porosity P Normal
Weathering removal constant (1/yr) P Triangular
Well pump intake depth (below water table) (m) P Triangular
Wet foliar interception fraction for leafy vegetables P Triangular
Wet-weight crop yields for nonleafy vegetables (kg/m?) P Lognormal
Wind speed (m/s) P Bounded lognormal-n
Humidity in air (g/m3) P Lognormal
Indoor fraction B Empiric?I (continuous

inear)
Inhalation rate (m%/yr) M, P Triangular

RESRAD-BUILD

Removable fraction P,B Uniform
Resuspension rate (1/s) P,B Loguniform
Shielding density (g/cm?) P Uniform
Source density, volume source (g/cm?) P Uniform
Air exchange rate for building and room (1/h) B Lognormal
Air release fraction B Triangular
Deposition velocity (m/s) P Loguniform
Humidity (g/m?) P,B Uniform
Indoor fraction B Empiric?l (continuous

inear)
Receptor indirect ingestion rate (m?/h) B Loguniform
a P = physical, B = behavioral, and M = metabolic; when more than one type is listed, the first is primary and

the next is secondary.




Table 1-1 Parameters for Which Probability Density Functions Were Developed in the
Past (cont.)

Parameter Assigned
Parameter Type? Distribution Type
RESRAD-BUILD (cont.)
Receptor inhalation rate (m®/d) M, B Triangular
Room area (m?) P Triangular
Room height (m) P Triangular
Shielding thickness (cm) P,B Triangular
Source erosion rate, volume source (cm/d) P,B Triangular
Source porosity P Uniform
Source thickness, volume source (cm) P Triangular
Time for source removal or source lifetime (d) P, B Triangular
Volumetric water content P Uniform
Water fraction available for evaporation P Triangular
Wet and dry zone thickness (cm) P Uniform
RESRAD-OFFSITE

Volumetric water content P Continuous linear
Dispersivity (m) P Continuous linear
Rainfall erosion index P Continuous linear
Soil erodibility factor (ton/acre) P Continuous linear
Slope length-steepness factor P Continuous linear
Cover and management factor P,B Continuous linear
Support practice factor P,B Continuous linear
Mass loading for inhalation (g/m?) P, B Continuous linear
Mean onsite mass loading (g/m?®) P, B Truncated lognormal-n
Deposition velocity (m/s) P Loguniform
Duration of growing season (days) P Triangular
Quantity of water for household purposes (L/day) B, M Continuous linear
Outdoor time fraction B Continuous linear
a P = physical, B = behavioral, and M = metabolic; when more than one type is listed, the first is primary and

the next is secondary.

In 2002, a data template file was developed for the RESRAD-BUILD code (Biwer et al. 2002) to
simulate the Light Industrial use of a decontaminated building as one of the Building Occupancy
scenarios as described in NUREG/CR-5512 (Kennedy and Strenge 1992) and NUREG-1757
(NRC 2006) with parameters consistent with the DandD code (McFadden et al. 2001). Template
files are useful to save input data for a particular scenario of interest such as the building
occupany scenario. The report by Biwer et al. (2002) lists the updated parameter distributions
for six RESRAD-BUILD parameters and discusses the process of selecting the appropriate
parameters or distributions for use in the data template file for the Building Occupancy scenario.

The RESRAD-OFFSITE code is an extension of the RESRAD-ONSITE code and can model
both onsite and offsite receptors. Some parameters used in the RESRAD-OFFSITE code are
the same as in the RESRAD-ONSITE code. In 2007, the team developed parameter
distributions for the additional parameters used in the RESRAD-OFFSITE code that were not
defined in the RESRAD-ONSITE (Yu et al. 2007), as listed in Table 1-1. Also listed in Table 1-1
are updated distributions for those parameters in which new information was found.
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Appendix A of this report provide a series of tables which lists the characteristics of current
default parameters for the RESRAD-ONSITE Version 7.2, RESRAD-BUILD Version 3.5 and
RESRAD-OFFSITE Version 4.0 codes. These tables include the following parameter-related
information: parameter name, default value, code-accepted range of values for each parameter,
parameter type, references for more information, and a general description of each parameter.

In 2015, Argonne published a new report titled the Data Collection Handbook to Support
Modeling Impacts of Radioactive Material in Soil and Building Structures (Yu et al. 2015). To
prepare the handbook, the authors conducted a detailed review of available parameter
databases. This handbook includes parameter definitions, typical ranges, variations, and
measurement methodology. In the handbook, 56 parameters are identified as the most
significant parameters based on a detail review of available parameter databases. These 56
parameters and the associated data are discussed in detail in Section 2 of this report.

Changes made in the RESRAD codes since the release of the probabilistic RESRAD-ONSITE
Version 6.0 (formerly called RESRAD 6.0), RESRAD-OFFSITE Version 2, and RESRAD-BUILD
Version 3.0 (Yu et al. 2000, 2007) are reviewed and discussed in Section 3 of this report.

Probabilistic analyses are performed to evaluate the effect of new parameter values and
distributions for a select few radionuclides using the new information that includes updated dose
conversion factors. For this evaluation, the Resident Farmer scenario is used for the RESRAD-
ONSITE code; the Building Occupancy scenario is used for the RESRAD-BUILD code; and two
scenarios described as the Offsite Resident scenario via Water Transport and Offsite Resident
scenario via Air Transport are used for the RESRAD-OFFSITE code (see Section 4).

The data in the handbook are used in updating parameter distributions to the extent practicable.
Based on the probabilistic analysis, parameters with significant effect on dose are identified, and
data are collected, or distributions are developed. Section 5 provides information on the updated
parameter distributions which includes a list of parameters and the assigned parameter
distribution. Section 5 also discusses the data collection for newly identified parameters such as
the distribution coefficient of suspended sediment in surface water body and the distribution
coefficient of bottom sediment in surface water body.

The development of the template files for the RESRAD-ONSITE and RESRAD-BUILD codes to
simulate the Resident Farmer and the Building Occupancy scenario described in NUREG/CR
5512 (Kennedy and Strenge 1992) and NUREG-1757 (NRC 2006) is discussed in Section 6.

References are listed in Section 7.






2 DATA COLLECTION HANDBOOK REVIEW

The Data Collection Handbook (Yu et al. 2015) provides the latest information on 56
parameters. It includes all 51 parameters from the original data collection handbook (Yu et al.
1993) and the 5 transfer factors from the parameter report (Wang et al. 1993). The handbook
includes 27 RESRAD-ONSITE, 7 RESRAD-BUILD, and 7 RESRAD-OFFSITE parameters for
which distributions were developed in 2000 and 2007. Some of the other parameters included in
the handbook are site-specific (e.g., initial concentration of a principal radionuclide, radiation
dose limit, radionuclide concentration in groundwater, elapsed time of waste placement,
thickness of contaminated zone, area of contaminated zone).

Table 2-1 lists the parameters for which recent data from the handbook are available and lists
whether the parameter distributions are available in the handbook. Table 2-1 also lists the code
default values used for these parameters in RESRAD-ONSITE, RESRAD-OFFSITE, and
RESRAD-BUILD codes. Note RESRAD-BUILD code uses different conceptual models
compared to RESRAD-ONSITE and RESRAD-OFFSITE codes, therefore many parameters are
not used in RESRAD-BUILD code.

The purpose of determining the (deterministic) defaults for a given scenario is to move from
simple prudently conservative calculations towards more realistic simulations. In general, for a
parameter that has a significant effect on total dose a realistically conservative value and for
other parameters the central values should be used in deterministic analysis for a given
scenario if site-specific value is not available. The mean, median, or most likely value depending
on the type of probabilistic distribution provides central value for a parameter. For example, for a
normal distribution mean value, for a lognormal distribution median value, and for a triangular
distribution most likely value can be used as a central value. The current code default values
are compared with the central values from the parameter distributions in Table 2-1. This
comparison will help in deciding what parameter values can be used in deterministic analysis for
a given scenario if site-specific values are not available.

Based on the review of the new information in the handbook Table 2-1 lists 23 parameters for
which the parameter values or distributions are very different from the current default values in
the code.

Based on this review the parameter distributions are updated in Section 5 for distribution
coefficient; root depth, average building air exchange rate; plant, meat, and milk transfer factors;
aquatic food bioaccumulation factors; fraction of time spent indoors; and fraction of time spent
outdoors.

The values in the handbook for some behavioral parameters such as drinking water intake rate
and seafood, leafy vegetable and meat and poultry consumption rates, and livestock water
intake rates are different from the default values in the RESRAD codes. The values from the
handbook are listed in Table 2-2 and should be considered in selecting input parameter values.
Table 2-2 also lists parameters for which distributions are updated based on this review and
listed in Appendix C.



Table 2-1 Data Collection Handbook Parameter Review
Handbook | Distribution Default Revision
Parameter [Type . .
Section | in Handbook | pEgR AD.ONSITE | RESRAD-OFFSITE | RESRAD-BUILD | Needed
Soil density Building foundation,| Building foundation,
(g/cmd) P 2 e 2.4; others, 1.5 2.4; others, 1.5 B e
Notes/Comments:

The handbook suggests using the site-specific values for density. If a site-specific value is not available, use
knowledge of soil type to obtain a slightly more accurate estimate of density. If site-specific value or soil type is not
known, use default value. The handbook suggests using distributions developed for density of soil of different soil
types in NUREG/CR 6697 in probabilistic analysis. For building foundation or source density in RESRAD-BUILD
code, shielding density distribution developed in NUREG/CR-6697 for concrete can be used.

Total Building foundation,| Building foundation.
porosity | | %7 No 0.1;0thers 0.4 | 0.1; others, 0.4 L No
Notes/Comments:

The handbook suggests using the site-specific values for porosity; if a site-specific value is not available, use
knowledge of soil type to obtain a slightly more accurate estimate of porosity; if neither site-specific value nor soil
type is known, then use default value. The handbook lists range and average values for porosity for various soil
types and suggests using the distributions developed for porosity of soil of different soil types in NUREG/CR 6697 in
probabilistic analysis.

Effective Contaminated zone,
orosit P 2.3 No 0.2 0.4; unsaturated and Not used No
P y saturated zone, 0.2
Notes/Comments:

The handbook suggests using the site-specific values for effective porosity; if a site-specific value is not available,
use knowledge of soil type to obtain a slightly more accurate estimate of effective porosity; if neither site-specific
value nor soil type is known, then use default value. Handbook lists range and average values for effective porosity
for various soil types and suggests using the distributions developed for effective porosity of soil of different soil
types in NUREG/CR 6697 in probabilistic analysis.

Hydraulic Contaminated and | Contaminated and
conductivity| P 24 No unsaturated, 10; unsaturated, 10; Not used No
(m/yr) saturated zone, 100| saturated zone, 100
Notes/Comments:

The handbook lists representative values and ranges of hydraulic conductivity for various soil types. It is suggested
knowledge of soil type and the direction of flow be used to obtain a slightly more accurate estimate of the parameter.
The values in the handbook for different soil types are not very different from the values in NUREG/CR-6697 used in
developing parameter distribution.
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Table 2-1 Data Collection Handbook Parameter Review (cont.)

Handbook | Distribution Default Revision

Parameter [Type . .
Section | in Handbook | RESRAD-ONSITE | RESRAD-OFFSITE | RESRAD-BUILD | Needed

Soil-specific
exponential| P 25 No 5.3 5.3 Not used No
b parameter|

Notes/Comments:

The handbook lists representative values of soil-specific exponential b parameter for various soil types. It is
suggested knowledge of soil type be used to obtain a slightly more accurate estimate of the parameter. For most soil

types, the values in the handbook are not very different from the values in NUREG/CR-6697 used in developing
parameter distribution.

Erosion rate
(m/yr)

Notes/Comments:

P,B 2.6 No 0.001 NA 2.4E-08 cm/d No

The handbook suggests determining the site-specific value for erosion rate. The values listed in the handbook for
erosion rate are not different from the values in NUREG/CR-6697 used in developing parameter distribution.

AhaLlie g 27 No 0.02 0.02 Not used Yes
gradient
Notes/Comments:

The handbook suggests determining the site-specific value for hydraulic gradient. According to the handbook,
median of the national distribution of hydraulic gradient is 0.006 based on the technical survey of 400 sites across
the United States (Newell et al. 1990). The values listed in the handbook are not different from the values in
NUREG/CR-6697 used in developing parameter distribution. The deterministic default in the code is different from
the median value from the distribution and this difference should be considered and site-specific value should be
used in the deterministic analysis.

Length of
contaminated
zone parallel P 2.8 No 100 100 Not used No

to aquifer (m)

Notes/Comments:
This parameter is site-specific. The handbook includes how to determine the parameter value.

Watershed
area for
nearby P 2.9 No 1,000,000 9,000,000 Not used No

stream or

pond (m?)

Notes/Comments:
This parameter is site-specific. The handbook includes how to determine the parameter value.
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Table 2-1 Data Collection Handbook Parameter Review (cont.)

Handbook | Distribution Default Revision
Section | in Handbook | pESRAD.ONSITE | RESRAD-OFFSITE | RESRAD-BUILD | Needed

Parameter [Type

Water table
drop rate P 210 No 0.001 Not used Not used No
(mfyr)
Notes/Comments:

This parameter is site-specific. The handbook includes how to determine the parameter value.

Well pump

intake P 2.1 No 10 10 Not used Yes
depth (m)
Notes/Comments:

The handbook suggests determining the site-specific value for well pump intake depth. According to the handbook,
based on the technical survey of 400 sites across the United States, the median of the national distribution of the
saturated thickness of aquifer is 9.09 m. The values listed in the handbook are not different from the values in
NUREG/CR-6697 used in developing parameter distribution. The default in the code for well pump intake rate is
different from the median value from the distribution and the user should use site-specific value in the deterministic
analysis.

Thickness of

unsaturated | P 2.12 No 4 4 Not used No
zone (m)
Notes/Comments:

The handbook suggests determining the site-specific value for thickness of unsaturated zone. According to the
handbook, based on the technical survey of 400 sites across the United States, the median of the national
distribution of the depth to top of aquifer is 4.55 m. The deterministic default in the code for thickness of unsaturated
zone is different from the median value from the distribution and the user should use site-specific value in the
deterministic analysis.

CDci)ztfrfiité?;inotr; P 213 Yes Element-specific Element-specific Not used Yes
Notes/Comments:

The handbook has K distribution data for different soil types. It lists correlations between Ky and soil properties. The
handbook has parameter distribution values for many more elementscompared to the parameter distributions in
NUREG-6697 (Yu et al. 2000).

Leachrate| P 2.14 No 0 0 Not used No

Notes/Comments:

If the value entered is zero the first-order ion-exchange leaching model used in RESRAD-ONSITE estimates the
leach rate from the distribution coefficient and other site-specific parameters.

Volumetric Cover material, |Cover material, 0.05;
water P 2.15 No 0.05; building building foundation, 0.03 No
content foundation, 0.03 0.03; others, 0.3

Notes/Comments:

The handbook suggests determining the site-specific value for volumetric water content and provides measurement
methodology. No need to change NUREG/CR-6937 distribution used in RESRAD-OFFSITE.
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Table 2-1 Data Collection Handbook Parameter Review (cont.)

Handbook | Distribution Default Revision
Section | in Handbook | pESRAD.ONSITE | RESRAD-OFFSITE | RESRAD-BUILD | Needed

Parameter [Type

Field

. P 2.16 No 0.2 0.3 Not used No
capacity

Notes/Comments:

The handbook suggests using the site-specific values for field capacity; if a site-specific value is not available, use
knowledge of soil type to obtain a slightly more accurate estimate of field capacity. The handbook provides
measurement methodology and lists field capacity for different soil types.

Precipitation
rate (miyr) P 3.1 No 1 1 Not used No

Notes/Comments:

The handbook suggests using the site-specific values for precipitation rate and provides measurement methodology.
If data on the precipitation rate are not being collected at a site or its vicinity, a site-specific estimation of precipitation
rate can be obtained from the U.S. National Weather Service or the U.S. Geological Survey network database.

Rt 3.2 No 0.2 0.2 Not used No
coefficient
Notes/Comments:

The handbook suggests using the site-specific values for runoff coefficient and provides values for different type of
areas. The handbook suggests site-specific value based on soil type and land utilization. No need to change
parameter distribution in NUREG/CR-6697.

Evapotrans-
piration P 3.3 No 0.5 0.5 Not used No
coefficient
Notes/Comments:

The handbook suggests using the site-specific values for evapotranspiration coefficient and provides measurement
methodology. The handbook suggests using National Oceanic and Atmospheric Administration (NOAA) publications
to estimate the value of evapotranspiration rate (and ultimately of evapotranspiration coefficient) at any particular
location in the United States. No need to change parameter distribution in NUREG/CR-6937.

Irrigation | o 34 No 0.2 0.2 Not used No
rate (m/yr)
Notes/Comments:

Default in RESRAD-ONSITE and RESRAD-OFFSITE codes represents the conditions of a relatively humid region.
For an arid region, the appropriate generic value is 1 m/yr.

Average
annual wind| P 3.5 No 2 2 Not used No
speed (m/s)

Notes/Comments:

The handbook suggests using the site-specific values for average annual wind speed. No need to change parameter
distribution in NUREG/CR-6697.
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Table 2-1 Data Collection Handbook Parameter Review (cont.)
Handbook | Distribution Default Revision
Parameter [Type . .
Section | in Handbook | pEgR AD.ONSITE | RESRAD-OFFSITE | RESRAD-BUILD | Needed
Mass
loadingfor| p o | 54 No 1.00E-04 1.00E-04 Not used Yes
inhalation
(g/m3)
Notes/Comments:

The handbook provides range of average and 98™ percentile PM2 s particulate 24-hr weighted air concentrations. It
also provides mass loading depending on human activities such as construction, agriculture, driving on unpaved
road, and so on. No need to change parameter distribution in NUREG/CR-6937. The mean or median value from the
distribution are very different from the code default values. The site-specific value should be used in the analysis.

Effective
radon Building foundation,| Building foundation,
diffusion P 4.1 No 3.0E-07; 3.0E-07; 2.0E-5 No
coefficient others, 2.0E-06 others, 2.0E-06
(m?s)
Notes/Comments:

This parameter is required for radon pathway. The handbook suggests using the site-specific values for effective
radon diffusion coefficient and provides measurement methodology. The handbook lists the effective diffusion
coefficient values for unconsolidated soil materials, concrete, and other building materials.

Radon
. Rn-222, 0.25 Rn-222, 0.25
emana_tlon P 4.2 No Rn-220. 0.15 Rn-220. 0.15 0.2 No
coefficient
Notes/Comments:

This parameter is required for radon pathway. The handbook suggests using the site-specific values for radon
emanation coefficient and provides measurement methodology. The handbook lists the Rn-220 and Rn-222
emanation coefficient values for various source materials.

Radon
vertical
e 4.3 No 2 2 Not used No
mixing (m)
Notes/Comments:

It is the height of the rectangular prism within which the gaseous releases are assumed to be mixed to compute
onsite exposure from the gaseous releases. It is used in radon pathway dose calculations and for the tritium vapor
and C-14 (g) dose calculations.

changed.

Average

building air
exchange B 5.1 Yes 0.5 0.5 0.8 Yes
rate (1/h)

Notes/Comments:

This parameter is required for radon pathway in RESRAD-ONSITE, RESRAD-OFFSITE, and RESRAD-BUILD
codes. The handbook suggests using the site-specific values for building air exchange and provides measurement
methodology. The handbook lists summary statistics on air exchange rate for residential and nonresidential buildings
in different regions of United States. Based on the new information in the handbook, distribution used may be
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Table 2-1 Data Collection Handbook Parameter Review (cont.)

Handbook | Distribution Default Revision
Section | in Handbook | pESRAD.ONSITE | RESRAD-OFFSITE | RESRAD-BUILD | Needed

Parameter [Type

Building
room height| P 5.2 No 2.5 25 25 No
(m)
Notes/Comments:

This parameter is required for radon pathway in RESRAD-ONSITE and RESRAD-OFFSITE codes and for air
pathway model in RESRAD-BUILD code. The handbook suggests using the site-specific values for building room
height. No need to change NUREG/CR-6697 distribution used for RESRAD-BUILD.

Building
indoor area| P 5.3 No 0 0 Not used No
factor
Notes/Comments:
This parameter is required for radon pathway in RESRAD-ONSITE and RESRAD-OFFSITE codes.
Building
foundation | P 5.4 No 0.15 0.15 Not used No
thickness
Notes/Comments:
This parameter is required for radon pathway in RESRAD-ONSITE and RESRAD-OFFSITE codes.
Foundation
depth below
grotind P 5.5 No -1 -1 Not used No
surface (m)
Notes/Comments:

This parameter is required for radon pathway in RESRAD-ONSITE and RESRAD-OFFSITE codes. The foundation
depth below ground surface is defined as the vertical distance in the soil immediately from the bottom of the
basement floor slab to the ground surface. Due to erosion of the cover and contaminated zones, the thickness of the
contaminated zone is time dependent and the foundation depth could be time dependent and less than the
(absolute) specified value. A default value of -1 m is used in the codes to adjust the absolute value (if needed) so
that the foundation depth will not extend into the contaminated zone.

Filtration

factor for P.B 5.6 No 0.4 0.4 Not used Yes
inhalation

pathway
Notes/Comments:

The handbook provides range of average indoor/outdoor filtration factor for four different types of buildings. The
filtration factor varies from 0.45 to 0.6. The average values in the handbook are comparable to the values in
NUREG/CR-6697 used in developing parameter distribution. No need to change NUREG/CR-6697 distribution used
for RESRAD-ONSITE and RESRAD-OFFSITE codes.
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Table 2-1 Data Collection Handbook Parameter Review (cont.)

Handbook | Distribution Default Revision
Section | in Handbook | pESRAD.ONSITE | RESRAD-OFFSITE | RESRAD-BUILD | Needed

Parameter [Type

Shielding
factor for
external P 5.7 No 0.7 0.7 Not used No
gamma
radiation

Notes/Comments:

'The handbook provides average external shielding factors for different types of house construction. There is
practically no difference in the values in the handbook compared to the values in NUREG/CR-6697 used in
developing the parameter distribution. No need to change NUREG/CR-6697 distribution used for RESRAD-ONSITE
and RESRAD-OFFSITE codes.

Fruit, grain, and
ol s P 6.1 Yes 0.9 nonleafy, 1.2; Not used Yes
(m) pasture, silage, and
leafy, 0.9
Notes/Comments:

Change NUREG/CR-6697 distribution used for RESRAD to match with NUREG/CR-6937 distribution used in
RESRAD-OFFSITE.

Livestock

water intake Beef cattle, 50 L/d; | Beef cattle, 50 L/d:;

el MBI BN6 2 N~ | milk cows, 160 L/d | milk cows, 160 L/d

milk cows

Not used Yes

Notes/Comments:

The handbook suggests water consumption range 27-55 L/d with average 41 L/d for beef cattle and range 68—-155
L/d with average 115 L/d for milk cows. The code defaults are different from the livestock water intake rate in the
handbook. The livestock water intake is a behavioral parameter, scenario specific mean value should be used for a
deterministic analysis.

Plar};::rg:ﬁer P 6.3 Yes Element-specific Element-specific Not used Yes
Notes/Comments:

The handbook has updated parameter distribution values for many more elements for plant transfer factors and has
transfer factors for different plant types.

Me?; Cttrgrnssfer P 6.4 Yes Element-specific Element-specific Not used Yes
Notes/Comments:

The handbook has updated parameter distribution values for many more elements for meat transfer factors and has
meat transfer factors for goat meat, mutton, pork, poultry, and eggs.
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Table 2-1 Data Collection Handbook Parameter Review (cont.)

Handbook | Distribution Default Revision
Section | in Handbook | pESRAD.ONSITE | RESRAD-OFFSITE | RESRAD-BUILD | Needed

Parameter [Type

M”g;i?:fer P 6.5 Yes Element-specific Element-specific Not used Yes
Notes/Comments:

The handbook has updated parameter distribution values for many more elements for milk transfer factors and has
milk transfer factors for goat milk and sheep milk.

Bio-
accumulation
factors for P 6.6 Yes Element-specific Element-specific Not used Yes
aquatic
organisms

Notes/Comments:

The handbook has updated parameter distribution values for many more elements for fish bioaccumulation factors
and parameter distributions for crustacean, mollusk, and invertebrates bioaccumulation factors.

Drinking
water intake| B 71 No 510 510 Not used Yes
rate (L/yr)

Notes/Comments:

The handbook lists U.S. Environmental Agency (EPA) recommended mean, 50™, 90, and 95" per-capita drinking
water intake rate for different age groups. The code's default value (510 L/yr) is very different from the EPA
recommended mean value (1 L/d) for adults. The value is also different from the mean value in the probabilistic
distribution (NUREG/CR-6697).The scenario specific value should be used in the deterministic analysis.

Inhalation

3 B, M 7.2 No 8400 8400 18 m3/d No
rate (m3/yr)

Notes/Comments:

The handbook lists mean and 95" percentile values for long-term exposure for different age groups from different
studies. It also has values for short-term exposure in different physical activities to calculate scenario-specific
inhalation rate by knowing the activity profile. The RESRAD default value is not much different compared to the
inhalation rate for sedentary male workers (ICRP 2002) and matches with the most likely value in the probabilistic
distribution (NUREG/CR-6697).

Soil and dust
ingestion rate| M, B 7.3 No 36.5 36.5 0 Yes

(alyr)

Notes/Comments:

According to the handbook, recommended EPA mean values for daily intake of soil and dust is 100 and 50 mg/day
for 1- to <21-yr-olds and adults in the workplace, respectively. The value is also different from the most likely value in
the probabilistic distribution in NUREG/CR-6697. The scenario specific value should be used in the deterministic
analysis.
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Table 2-1 Data Collection Handbook Parameter Review (cont.)

Handbook | Distribution Default Revision
Section | in Handbook | pESRAD.ONSITE | RESRAD-OFFSITE | RESRAD-BUILD | Needed

Parameter [Type

Seafood Fish, 5.4; other Fish, 5.4; other

Cfaqzu(r;gp/g(:)n M, B 74 No seafood, 0.9 seafood, 0.9

Not used Yes

Notes/Comments:

)According to the handbook, the recent National Health and Nutrition Examination Survey data compiled by EPA
(2011) suggest yearly average total fish consumption rate of ~7.3 kg/yr for adults. The scenario specific value should
be used in the deterministic analysis.

Fruit,
vegetable,
and grain | M, B 7.5 No 160 160 Not used Yes

consumption
rate (kg/yr)

Notes/Comments:

According to the handbook, recent National Health and Nutrition Examination Survey data compiled by EPA (2011)
suggest yearly average total fruit, vegetable, and grain consumption rate of ~165 kg/yr for adults. The code default is
different from the value in the handbook. The handbook suggests using distributions developed in NUREG/CR-6697.
The scenario specific value should be used in the deterministic analysis.

Leafy
vegetable
consumption
rate (kg/yr)

M, B 7.6 No 14 14 Not used Yes

Notes/Comments:

According to the handbook, recent National Health and Nutrition Examination Survey data compiled by EPA (2011)
suggest yearly average leafy vegetable consumption rate of about 16.5 kg/yr for adults. Based on the latest
information, the code default is different from the average leafy vegetable consumption rate in the handbook. The
scenario specific value should be used in the deterministic analysis.

Meat
consumption| M, B 7.7 No 63 63 Not used Yes
rate (kg/yr)

Notes/Comments:

According to the handbook, recent studies have reported somewhat higher total meat intake rates ranging from 71 to
76.7 kg/yr. Based on the latest information, the code default is different from the meat intake rate in the handbook.
The scenario specific value should be used in the deterministic analysis.

Milk
consumption| M, B 7.8 No 92 92 Not used Yes
rate (L/yr)

Notes/Comments:

The handbook includes average intake rates for dairy products and milk. The average value of 103 L/yr for milk
consumption is not very different from the most likely value of 102 L/yr for milk consumption rate in NUREG/CR-
6697. No need to change NUREG/CR-6697 distribution. Based on the latest information, the code default is different
from the average milk consumption rate in the handbook. The scenario specific value should be used in the
deterministic analysis.
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Table 2-1 Data Collection Handbook Parameter Review (cont.)

Handbook | Distribution Default Revision

Parameter [Type . .
Section | in Handbook | RESRAD-ONSITE | RESRAD-OFFSITE | RESRAD-BUILD | Needed

Area of

contaminated| M, B 8.1 No 10,000 10,000 36 No
zone (m?)

Notes/Comments:
Site-specific.

Thickness of

contaminated| P 8.2 No 2 2 0.15 No
zone (m)

Notes/Comments:
This parameter is site-specific. The handbook includes how to determine the parameter value

Cover
depth (m) P 8.3 No 0 0 0 No
Notes/Comments:

This parameter is site-specific. Handbook includes how to determine the parameter value.

Shape

P 8.4 No Circular Rectangular Not used No
factor

Notes/Comments:
This parameter is site-specific. Handbook includes how to determine the parameter value.

Radiation

dose limit P 9.1 No 0.25 0.25 Not used No
(mrem/yr)

Notes/Comments:

Site-specific. The value depends on the regulating agency and assessment context.

Radionuclide
concentration
in P 9.2 No 0 Not used Not used No
groundwater
(pCi/L)

Notes/Comments:

Site-specific. The radionuclide concentration in groundwater is only input if elapsed time of waste placement is
greater than 0. When these values are greater than 0, method described in Appendix H of RESRAD manual (Yu et
al. 2001) is used to calculate distribution coefficient.
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Table 2-1 Data Collection Handbook Parameter Review (cont.)

Handbook | Distribution Default Revision

Parameter [Type . .
Section | in Handbook | RESRAD-ONSITE | RESRAD-OFFSITE | RESRAD-BUILD | Needed

Elapsed time

pcl’afc":::;t P 9.3 No 0 Not used Not used No

(yr)

Notes/Comments:
Site-specific.

Initial
concentration
of principal P 94 No 0 0 1 No
radionuclides

(pCi/g)

Notes/Comments:

Site-specific. The user need to input soil concentration for atleast one radionuclide.

Fraction of

time spent| B 9.5 Yes 0.5 0.5 0.5 Yes
indoors

Notes/Comments:

The handbook includes average time spent indoors at a residence (0.66) and workplace for adult (18—64 yr) (0.23),

population/workers in the whole United States and in different census regions. The scenario specific value should be
used.

Fraction of

time spent| B 9.6 Yes 0.25 0.1 Not used Yes
outdoors

Notes/Comments:

The handbook includes average time spent in outdoor recreational activities (0.15), outdoor at residences (0.1), and
outdoor at workplaces (0.23). The scenario specific value should be used.
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Table 2-2 Summary of Parameter Review from Data Collection Handbook
Mean or Median
. Value from Distribution
Parameter Defaults in Codes Handbook or Updated Notes/Comments
Distribution
Median of the national distribution of hydraulic
. . gradient is 0.006 based on technical survey of
Hydraulic gradient 0.02 0.006 No 400 sites across the United States (Newell et
al. 1990).
Based on technical survey of 400 sites across
Well pump intake 10 9.09 NA the United States, the median of the national
depth (m) ’ distribution of the saturated thickness of aquifer
is 9.09 m.
Thickness of Based on technical survey _of 400 sites across
unsaturated zone 4 455 No the l.Jnltc'ed States, thg median of the national
(m) ’ distribution for the thickness of unsaturated
zone is 4.55 m.
Distribution 3 3 Distributions as well as defaults nee.d to bg
coefficient (Ky) Element-specific Element-specific Yes changed. The codes have more radionuclides
and new information available.
Mass loading for Handbook provides range of average and 98"
inhalation (g/m?) 1.0E-04 1.0E-06—4.5E-05 No percentile PM. s particulate 24-hr weighted air
concentrations.
RESRAD-ONSITE . -
- . ) . . Based on the new information in the handbook,
Average building air RESR.AD'OFFSITE’ Re3|d(_ant|al_, 0.45; Yes default values as well as distribution used may
exchange rate (1/h) 0.5; RESRAD- nonresidential, 1.5) b
BUILD., 0.8 e changed.
Filtration factor for The range of average ingioor/outdoor filtration
inhalation pathway 0.4 0.45-0.6 No factor is based on four different types of
buildings.
RESRAD-ONSITE and RESRAD-OFFSITE
RESRAD-ONSITE, |RESRAD-ONSITE, codes use uniform distribution for root depth.
0.9; fruit, grain, and |0.9; fruit, grain, and RESRAD-OFFSITE has four plant types with
Root depth (m) nonleafy, 1.2; nonleafy, 1.2; Yes minimum and maximum root depth of 0.3 m
pasture, silage, and |pasture, silage, and and 3.6 m, respectively. Use minimum and
leafy 0.9 (RESRAD- afy, 0.9 (RESRAD-| maximum values of 0.3 and 3.6 m, respectively,
OFFSITE) OFFSITE) for the root depth in RESRAD-ONSITE, which
does not distinguish among the plant types.
:::/:;et;orc:;evﬁitret;eef 50 a1 NA _The code defaults are different from the values
cattle (L/d) in the handbook.
::;/:Iféorg:e\’\gtrerrnilk 160 115 NA _The code defaults are different from the values
cows (L/d) in the handbook.
Distributions as well as defaults need to be
Plant transfer factor]  Element-specific Element-specific Yes changed. The codes have more radionuclides
and new information available.
Meat transfer 3 3 Distributions as well as defaults nee_d to bf—:
factors Element-specific Element-specific Yes changed. The codes have more radionuclides
and new information available.
Distributions as well as defaults need to be
Milk transfer factors Element-specific Element-specific Yes changed. The codes have more radionuclides
and new information available.
Bioaccumulation Distributions as well as defaults need to be
factors for aquatic Element-specific Element-specific Yes changed. The codes have more radionuclides
organisms and new information available.
Drinking water 510 365 No The EPA recommended mean value is 1 L/d for
intake rate (L/yr) adults.
The recommended EPA mean values for daily
Soil and dust 36.5 Child, 36.5; adult, No intake of soil and dust are 100 and 50 mg/day

ingestion rate (g/yr)

18.25

for 1- to <21-yr-old and adult in the workplace,
respectively.
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Table 2-2

Summary of Parameter Review from Data Collection Handbook (cont.)

Mean or Median
Value from

Distribution

Parameter Defaults in Codes Handbook or Updated Notes/Comments
Distribution
Seafood _ The rgcer)t National Health and_Nutrition
consumption rate Fish, 5.4; other 73 NA Examination Survey data compiled by EPA
(kglyr) seafood, 0.9) (2011) suggest yearly average total fish
consumption rate of ~7.3 kg/yr for adults.

. The recent National Health and Nutrition
Z;ﬂ%;’;ﬁetable’ Examination Survey data compiled by EPA
consumption rate 160 165 No (2011) suggest yea_lrly average _total fruit,
(kalyr) vegetable, and grain consumption rate of ~165

aly kg/yr for adults.
Leafy vegetable Ehe rgcetr]t Ngtional getalth and'll\lgtritigr;A
: xamination Survey data compiled in
Eo/nsumptlon rate, 14 16.5 NA (2011) suggest yearly average leafy vegetable
anr consumption rate of about 16.5 kg/yr for adults.
Meat and poultry The recent studies have reported somewhat
consumption rate 63 71-76.7 NA higher total meat intake rates ranging from 71
(kglyr) to 76.7 kglyr.
Milk consumption 92 103 No The recent studies have reported average
rate (L/yr) value of 103 L/yr for milk consumption.
. . . . The recent studies reported time spent indoors
;;z?]ttlci):d%f otrI;ne 0.5 svisrllgsgf:i: ggg Yes ?1t éa gzst/jrt)arzgezg(;.%) and workplace for adults
Recreational . . .
. . S . The recent studies reported time spent in
Fraction of time 0.25 activities, 0.15; Yes outdoor recreational activities (0.15), at

spent outdoors

residence, 0.1;
workplace, 0.23

residences (0.1), at workplaces (0.23).
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3 CHANGES IN THE RESRAD FAMILY OF CODES

There are no changes to the models used in the current RESRAD-ONSITE (Version 7.2) and
RESRAD-BUILD (Version 3.5) codes since 2002. However, many more radionuclides are now
available in the database. For the new added radionuclides, radionuclide- and element-specific
parameter distributions were not available in the past. The parameters in this category (i.e., for
radionuclide- or element-specific parameters) include distribution coefficients, plant transfer
factors, meat transfer factors, milk transfer factors, and bioaccumulation factors for aquatic
organisms.

For the RESRAD-OFFSITE code, the following changes have been made since the release of
Version 2 in June 2007:

A new module for the primary contamination (1) to provide three new conceptualizations
of the primary contamination (model all the solids in the primary contamination layer as
being contaminated, model the primary contamination as a homogeneous mixture of
contaminated media and clean soil with both solids being equally conductive to
infiltration, and model the primary contamination as a mixture of nonconductive
radionuclide-bearing material and clean soil through which all the infiltration flows); (2) to
simulate three new mechanisms to transfer and release radionuclides to the infiltration
out of the primary contamination (equilibrium desorption transfer, equilibrium solubility
transfer, and first-order rate-controlled transfer); (3) diffusive transport out of
nonconductive radionuclide-bearing material and advective-dispersive transport out of
conductive primary contamination; (4) to temporally vary the amount of contaminated
media susceptible to transfer radionuclides to the soil moisture, and to temporally vary
the properties characterizing the transfer mechanism for solubility and first-order rate-
controlled transfer; and (5) to model different transfer mechanisms for parent and
progeny radionuclides if necessary (version 4.0).

An upgraded surface water body module (1) to model water balance including inflow of
water from runoff and from the aquifer, and loss by evapotranspiration; (2) to model
sediment balance including sediment influx from entire catchment and the isolation of old
sediment buried under recent sediment; (3) to model adsorption on suspended
sediment; (4) to model adsorption on the surface layer of bed sediment; (5) to provide an
option to estimate the sediment delivery ratio using correlation with the area of the entire
catchment; (6) to model influx of radionuclides washed off following atmospheric
deposition over catchment; and (7) to model contaminated sediment delivery at offsite
locations (Version 4.0).

A revised C-14 model to account for photosynthesis at offsite locations (Version 3.1).

Resupension of deposited contamination for estimating air concentration at offsite
locations (Version 3.2).

Submerged source/primary contamination (Version 3.2).
Radon exposure from radon precursor accumulation in offsite soil (Version 3.1).

Automated area factor calculation for offsite scenarios (Version 3.1).



Table 3-1 shows the improved/added features in the RESRAD-OFFSITE code since Version 2,
along with the parameters associated with those changes/improvements. Most of the new
parameters added to RESRAD-OFFSITE are site-specific or waste form-specific parameters.
The changes to the RESRAD-OFFSITE code, such as the new surface water model (Task 3 of
the NRC RESRAD Project) and the new source term model for solubility-limited release and
diffusion-controlled release (Task 2 of the NRC RESRAD Project), are also included in Table 3-

1.

Table 3-1

Version 2

Added Features and New Inputs in the RESRAD-OFFSITE Code Since

New Primary
Choice or New
Primary Input

New Associated Choices and
Inputs

Comment

Source Term Model Upd

ates

Conceptualization of

primary
contamination

Select from four options available:

e Use RESRAD-ONSITE
exponential release model;

e Specify initial activity based on
mass of entire primary
contamination;

e Specify initial activity based on
mass of contaminated medium; or

e Model diffusive transport out of
contaminated medium.

Selection depends on waste type and
design of waste disposal facility and
on the level of modeling detail
desired.

The choice of the conceptualization
applies to all the radionuclides in the
input file.

RESRAD-ONSITE
exponential release
model

Choice of either

e Specifying the first-order leach
rate, or

e Using the specified distribution
coefficient to estimate a first-order
leach rate.

The release out of the primary
contamination is modeled using the
leach rate. The release takes the form
of a single exponential for parent
radionuclides and a series of
exponentials for progeny; modified by
a linear term to account for erosion.

Different choices from the two
associated choices can be made for
different radionuclides in the same
input file.These inputs existed in
Version 2.
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Table 3-1

Version 2 (cont.)

Added Features and New Inputs in the RESRAD-OFFSITE Code Since

New Primary
Choice or New
Primary Input

New Associated Choices and
Inputs

Comment

Source Term Model Updates (cont.)

Specify initial activity
based on mass of
entire primary
contamination

Choice of either

e Modeling multiple forms of
contaminated media, or

e Modeling a single form of a
contaminated medium.

The associated choice applies to all
the radionuclides in the input file.

Model multiple forms
of contaminated
media

First-order transfer rates for each
radionuclide in each form.

Fraction of inventory of each
radionuclide in each form.

Time at which the release of each
form begins.

The radionuclides in each form will be
transferred from the solid phase of the
contamination to the water in the
contamination beginning at the time
specified for that form, at the rate
specified for the radionuclide in that
form.

The time at which the release from a
waste form begins applies to all
radionuclides in that form.

The transfer rates are specific to the
waste form and to the radionuclide.

Model a single form
of a contaminated
medium

Choice of transfer mechanisms:

e Equilibrium desorption transfer,
e Equilibrium solubility transfer, or
e First-order rate-controlled transfer.

The transfer option is specific to the
radionuclide, regardless of whether it
was initially present or whether it was
produced by ingrowth.

Equilibrium
desorption transfer

The distribution coefficient of each
isotope in the primary contamination

(cclg).
Temporal information about the part of

the contaminated medium that is
prone to release.

Models the transfer from the solid
phase of the contaminated medium to
the water in the primary contamination
by equilibrium desorption followed by
advective-dispersive transport within
the primary contamination to compute
the release out of the primary
contamination.
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Table 3-1

Version 2 (cont.)

Added Features and New Inputs in the RESRAD-OFFSITE Code Since

New Primary
Choice or New
Primary Input

New Associated Choices and
Inputs

Comment

Source Term Model Updates (cont.)

Equilibrium solubility
transfer

Temporal information on the soluble
concentration of each element in the
primary contamination (g atomic
weight/L).

Temporal information about the part of
the contamination that is prone to
release.

Maximum number of iterations for
solubility release.

Models the transfer from the solid
phase of the contaminated medium to
the water in the primary contamination
by equilibrium dissolution followed by
advective-dispersive transport within
the primary contamination to compute
the release out of the primary
contamination.

First-order rate-
controlled transfer

Temporal information on the leach
rate of each isotope in the primary
contamination (1/year).

Temporal information about the part of
the contamination that is prone to
release.

Models the transfer from the solid
phase of the contaminated medium to
the water in the primary contamination
by a first-order rate-controlled process
followed by advective-dispersive
transport within the primary
contamination to compute the release
out of the primary contamination.

Model diffusive
transport out of
contaminated
medium

Mass of contaminated medium (kg).
Volume of contaminated medium
(m?3).

Volumetric water content of
contaminated medium.

The length, width, and height of the
representative fragment of
contaminated medium for modeling
diffusive transport.

The diffusion coefficient and the
distribution coefficients in the
contaminated medium and in the
surrounding soil in the primary
contamination for each of the
radionuclides.

Temporal information about the
fraction of the contaminated medium
that is prone to release.

Transfer from the solid phase of the
contaminated medium to the water in
the contaminated medium is currently
only by equilibrium desorption.

Diffusive transport out of the
contaminated medium followed by
advective-dispersive transport through
the surrounding soil in the primary
contamination are modeled to
compute the release out of the
primary contamination.
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Table 3-1

Version 2 (cont.)

Added Features and New Inputs in the RESRAD-OFFSITE Code Since

New Primary

New Associated Choices and

Choice or New Comment
. Inputs
Primary Input
Source Term Model Updates (cont.)
Temporal Times at which release begins or

information on
release properties

changes.

The manner in which the release
properties change.

Times at which
release begins or
changes

The time at which release begins and
up to eight times at which the release
changes.

The same times apply to all the
radionuclides in the input file.

The manner in which
the release
properties change

Choice of either

e Stepwise at the time, or
e Linearly over the preceding time
interval.

The release properties change in a
stepwise fashion at the beginning of
the release. Different choices can be
made at the other eight times.
Different choices can be made for the
property that characterizes the
release and the releasable fraction.
Different choices can also be made
for different radionuclides.

Release from the
surface layer to the
atmosphere or runoff

Choice of either

¢ Inthe same temporal manner as
for release to groundwater, or
e Beginning at time zero.

The first choice generally applies.

Area Factors for Small Areas of Elevated Contamination

Range of X
dimension of small
area of elevated
contamination

Range of Y dimension of small area of
elevated contamination (m).

Distribution of X and Y dimensions.
Number of points on the dose—area
plot.

This can range from some fraction of
the X dimension of the entire
contamination to being equal to the
dimension of the entire contamination.
These are the bounds of the
distribution.

Range of Y
dimension of small
area of elevated
contamination

Choice of either

e Being proportional to the X
dimension, or
e Of a specified range.

Y dimension
proportional to the X
dimension

Ratio of Y dimension to X dimension

Ensure that the specified ratio when
applied to the range of the X
dimension does not cause the Y
dimension of the small area to exceed
the Y dimension of the entire
contamination.
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Table 3-1

Version 2 (cont.)

Added Features and New Inputs in the RESRAD-OFFSITE Code Since

New Primary
Choice or New
Primary Input

New Associated Choices and
Inputs

Comment

Area Factors for Small Areas of Elevated Contamination (cont.)

Specify range of Y
dimension (m)

Rank correlation coefficient between
X and Y dimensions

If a range is specified, this can range
from some fraction of the Y dimension
of the entire area of contamination to
being equal to the dimension of the
entire area.

The correlation coefficient can be
used to ensure that the shape stays
within desired proportions.

Distribution of X and
Y dimensions

Choice of

e Triangle skewed to the high end,
e Uniform, or
e Triangle skewed to the low end.

Triangle skewed to the high end
results in a uniform distribution for the
area of the small area of elevated
contamination.

The other two choices progressively
shift the distribution of the area
towards the lower end.

Number of points on
the dose—area plot

No associated choice or input

Must choose a large number of
samples to ensure that the code
tabulation of area factor increases
with decreasing area.

Location of small
area of elevated
contamination

Choice of

e Small area centered on the entire
area, or

e Distributed uniformly over the
entire area.

Distributing the small area over the
entire area produces area factors that
can be applied regardless of where
the small area of elevated
contamination is discovered.

Resuspension of Soil from Offsite Locations

Mass loading of all
particulates at offsite
location (g/m?3)

No associated choice or input

Parameter distribution for mass
loading is available. Review available
information.

Respirable fraction
at offsite locations

No associated choice or input

Review available information.
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Table 3-1

Version 2 (cont.)

Added Features and New Inputs in the RESRAD-OFFSITE Code Since

New Primary

New Associated Choices and

contamination that is
submerged

Choice or New Comment
. Inputs
Primary Input
Submerged Primary Contamination
Fraction of primary No associated choice or input Site-specific

Main subzones in
submerged primary
contamination

No associated choice or input

Scenario-specific

Surface Water Model Up

date

Distribution
coefficient of
suspended sediment
in surface water
body (cm?3/g)

No associated choice or input

Site-specific. Distribution available for
soil.

Potential
evaporation (m/yr)

No associated choice or input

Site-specific

Stream outflow (as a
fraction of total

No associated choice or input

Value can be input or estimated using
inflow ratio. Site-specific

sediment layer in
adsorption/desorptio
n equilibrium of
radionuclides with
water (m)

outflow)

Settling velocity of No associated choice or input Site-specific
sediments (cm/s)

Density of bottom No associated choice or input Site-specific
sediment (g/cm3)

Thickness of bottom | No associated choice or input Site-specific

Number of
catchment areas

Next eleven inputs for each
cathchment

Site-specific; can use up to 10
rectangular regions to approximate
the catchment.

larger X coordinate

Catchment area, No associated choice or input Site-specific
smaller X coordinate
Catchment area, No associated choice or input Site-specific
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Table 3-1

Version 2 (cont.)

Added Features and New Inputs in the RESRAD-OFFSITE Code Since

New Primary

New Associated Choices and

Choice or New Comment
. Inputs
Primary Input
Surface Water Model Update (cont.)
Catchment area, No associated choice or input Site-specific
smaller Y coordinate
Catchment area, No associated choice or input Site-specific

larger X coordinate

Catchment area,
runoff coefficient

No associated choice or input

Site-specific. Parameter distribution
available.

Catchment area, soil
erodibility factor
(ton/acre)

No associated choice or input

Site-specific. Parameter distribution
available.

Catchment area,
slope-length-
steepness factor

No associated choice or input

Site-specific. Parameter distribution
available.

Catchment area,
cover and
management factor

No associated choice or input

Site-specific. Parameter distribution
available.

Catchment area,
support practice
factor

No associated choice or input

Site-specific. Parameter distribution
available.

Catchment area,
sediment delivery
ratio

Choice of

e Estimate using area of single
catchment, or
e Specify value.

Fraction of deposited
radionuclides
reaching surface

No associated choice or input

Site-specific

water body
Atmospheric Choice of
d iti . .
eposition on e Model the atmospheric deposition

catchment

on the catchment, or

e Approximate it by the release to

the atmosphere.
Convergence No associated choice or input Input required when atmospheric
criterion for deposition on catchment area is
atmospheric modeled.
deposition
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Table 3-1 Added Features and New Inputs in the RESRAD-OFFSITE Code Since
Version 2 (cont.)

Nev_v Primary New Associated Choices and
Choice or New Comment

Primary Input Inputs

Surface Water Model Update (cont.)

Fraction of eroded No associated choice or input Site-specific
radionuclides
deposited at dwelling
site

Fraction of eroded No associated choice or input Site-specific
radionuclides
deposited in the
nonleafy vegetable
plot

Fraction of eroded No associated choice or input Site-specific
radionuclides
deposited in the
leafy vegetable plot

Fraction of eroded No associated choice or input Site-specific
radionuclides
deposited in the
pasture plot

Fraction of eroded No associated choice or input Site-specific
radionuclides
deposited in the feed
grain plot

Fraction of eroded No associated choice or input Site-specific
radionuclides
deposited in the
surface water body
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4 PROBABILISTIC ANALYSIS TO IDENTIFY PARAMETERS WITH
SIGNIFICANT EFFECT ON DOSE

The Consolidated Decommissioning Guidance, NUREG-1757, (NRC 2006) provides guidance
and the technical basis regarding dose modeling for demonstrating compliance with radiological
criteria. The NRC prescribed a graded approach to dose modeling, from a conservative
screening dose assessment to a site-specific analysis. The DandD code, developed by NRC
(McFadden et al. 2001), uses a screening dose assessment approach as described in
NUREG/CR 5512 (Kennedy and Strenge 1992) to allow licensees to perform simple estimates
of the annual dose from residual radioactivity in soils and building surfaces. For a more flexible
dose assessment approach, a site-specific analysis is used to allow licensees to tailor the
analysis to their site conditions with proper justification. As stated in NUREG-1757, site-specific
analyses would require the licensee to provide justifications and site-specific information, as
necessary, to support changes in parameters or changes of codes/models, and default
assumptions.

The RESRAD family of codes uses site-specific analyses to demonstrate compliance with the
dose criteria in Subpart E of 10 CFR Part 20. For site-specific analyses, assessing the
uncertainty in dose assessments should be considered due to the lack of specific information
about the site. By performing an uncertainty analysis, important assumptions and parameter
values can be identified that influence decisions about the site. Furthermore, a sensitivity
analysis provides a tool for understanding and explaining the influence of these key
assumptions and parameters values on the variability of the estimated dose

For a site-specific analysis, new parameter values and distributions may have the potential to
have significant effect on the dose/risk and these effects should be evaluated. In this section,
probabilistic analyses are performed to evaluate the effect of new parameter values and
distributions using new information such as updated dose coefficients, transfer factors,
distribution coefficients, and bioaccumulation factors for fish and crustacean. For this evaluation,
the Resident Farmer scenario is used for the RESRAD-ONSITE code, and the Building
Occupancy scenario is used for the RESRAD-BUILD code. The behavioral and metabolic
parameters used in the analysis are kept at DandD defaults.

The Resident Farmer scenario analysis is based on the following assumptions:

¢ Radioactive contamination occurs in a surface soil layer with no cover and there is no
existing groundwater contamination.

e The property is used for residential and farming activities.

o Residency can occur immediately after release of the property.

¢ Radioactive dose results from exposure via the following exposure pathways:
o Direct exposure to external radiation from the contaminated soil material,
o Internal dose from inhalation of airborne radionuclides, including radon progeny,
o Internal dose from ingestion of the following:

= Plant foods grown in the contaminated soil and irrigated with
contaminated water,



= Meat and milk from livestock fed with contaminated fodder and water,
= Drinking water from a contaminated well or surface water body,
= Fish from a contaminated surface water body, and
= Contaminated soil.
The Building Occupancy scenario analysis is based on the following assumptions:
e The building will be commercially used after decommissioning.
e The occupancy of the building will occur immediately after release.

e The residual contamination will be represented by a surface residual radioactivity left on
the inner building surfaces.

e The removable fraction will be 10 percent.

e The exposure type will be a long-term chronic exposure to low-level radioactive
contamination because major contamination will have been cleaned up before
decommissioning of the building.

e Radioactive dose results from exposure via the following exposure pathways:
o External exposure to penetrating radiation from surface sources,
o Inhalation of resuspended surface contamination,
o Inadvertent ingestion of surface contamination directly from the source,
o Inadvertent ingestion of materials deposited on the surfaces,
o External exposure from deposited material,
o External exposure during submersion in airborne radioactive dust, and
o Inhalation of indoor radon aerosol.

The parameters with a significant effect on dose in the RESRAD-OFFSITE code are identified
by probabilistic calculations using two site-specific scenarios. For both scenarios, the receptor is
located offsite at some distance from the primary contamination. The first scenario, termed
Offsite Resident scenario via Water Transport, considered mainly exposure from water-
dependent pathways. The second scenario, termed Offsite Resident scenario via Air Transport,
considered exposure from all exposure pathways.

In the Offsite Resident scenario via Water Transport scenario, the groundwater well and the
surface water body are downgradient. The groundwater also discharges to a surface water
body. This scenario assumes 50 percent of the water use is from groundwater, and 50 percent
is from surface water for drinking and irrigation. This scenario mainly considers water-
dependent pathways. The direct external exposure, dust inhalation, and radon inhalation
pathways are not active. The radionuclides become releasable linearly over time: 50 percent of
the source is initially releasable and 50 percent transforms to a releasable form later. First and
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second release times (0 and 200 years) have a uniform distribution (0 — 100 years for the first
release time and 100 — 300 years for the second release time). Release mechanism is first-
order rate-controlled release with transport. Initial leach rate is low, and final leach rate is

10 times higher. The source has a cover that erodes over time. Release from the surface layer
is in the same manner as for release to groundwater.

In the Offsite Resident scenario via Air Transport scenario, this scenario considers all exposure
pathways including radon inhalation. The source has no cover. Release from the surface layer
begins at time zero. Release to groundwater occurs after a delay of 100 years. Release
mechanism is equilibrium desorption release. The groundwater well and surface water body are
downgradient. The groundwater also discharges to a surface water body. This scenario
assumes that 100 percent water use is from surface water. Table 4-1 lists the assumptions and
the main parameters used in both scenarios.

Table 4-1

Transport and Air Transport Scenarios

Assumptions Associated with Offsite Resident Scenario via Water

Pathways/Parameters/Assumptions

Offsite Resident
Scenario 1 Water
Transport

Offsite Resident
Scenario 2 Air
Transport

Pathways suppressed

External, dust inhalation,
radon inhalation

None

Conceptualization of primary
contamination

Specify initial activity
based on mass of entire
primary contamination.

Specify initial activity
based on mass of entire
primary contamination

Default release mechanism

First-order rate-controlled
release

Equilibrium desorption
release

Time at which release begins or
changes for release to groundwater

(yr)

Two times selected (0
and 200 yerars) and
uniform distribution on
the times ( 0 — 100 for
the first time and 100 —
300 for the second time)
used.

100 years

Release from surface layer

In the same manner as
for release to
groundwater

Beginning at time zero

Leach rates

Small leach rate initially
(0.001) and changes to
large value (0.01) at the
second time

Primary contamination
area; Ky values are used.




Table 4-1

Transport and Air Transport Scenarios (cont.)

Assumptions Associated with Offsite Resident scenario via Water

Pathways/Parameters/Assumptions

Offsite Resident
Scenario 1 Water
Transport

Offsite Resident
Scenario 2 Air
Transport

Water use

50 percent from surface
water and 50 percent
from groundwater

100 percent from surface
water

Location of well and surface water
body

Located downgradient
from primary
contamination (uniform
distribution well at 50—
200 m; surface water
body 225-900 m)

Located downgradient
from primary
contamination (uniform
distribution well at 50—
200 m; surface water
body 225-900 m)

Cover

Triangular distribution O,
0.15, 0.3 and erodes
over time

None

Source thickness

Uniform distribution 1-3
m

Uniform distribution 1-3
m and also includes
surface erosion going to
surface water

Receptor location

Offsite

Offsite

Infiltration rate

Probabilistic analysis on
multiple parameters that
are used to calculate
infiltration rate

Probabilistic analysis on
multiple parameters that
are used to calculate
infiltration rate

Radionuclides selected

C-14, Co-60, Cs-137, H-
3, 1-129, Np-237, Pu-239,
Ra-226, Ra-228, Sr-90,
Tc-99, U-238

C-14, Co-60, Cs-137, H-
3, 1-129, Np-237, Pu-
239, Ra-226, Ra-228, Sr-
90, Tc-99, U-238

Time span Radionuclide-dependent | Radionuclide-dependent
varying from 300 to varying from 300 to
10,000 years. 10,000 years.
4.1 Resident Farmer Scenario Analysis

Section B.1 in Appendix B provides the details of the analysis and lists all the parameters used
in the Resident Farmer scenario. Tables B-11 through B-22 list the reported results for the
Resident Farmer scenario for soil contamination by each of the 12 radionuclides selected for

evaluation.

Pathways that contribute significantly to the total dose depend on the radionuclide at the dose
percentile selected. Dominant exposure pathways at 50 percent and 95 percent are highlighted
in Tables B-11 through B-22. Table B-23 presents the dominant exposure pathways identified
for dose percentiles 50 percent and 95 percent by radionuclide and compares them with
dominant exposure pathways identified from deterministic analysis. For probabilistic analysis,
any pathway with 50" or 95" percentile dose that is more than 5 percent of the 50" or

95" percentile peak total dose was considered significant in this analysis.Table 4-2 lists the



peak total dose distribution from probabilistic calculations for all radionuclides analyzed in the
Resident Farmer scenario. The peak dose-to-source ratio (mrem/yr per pCi/g) at 95 percent
varied from 0.12 (H-3) to 58 (Ra-226). The relative variability in dose distribution captured by the
ratio of peak total dose at 95 percent to 50 percent (listed in last row of Table 4-2) was small for
Co-60 (1.9) and large for Sr-90 (6.9). For other radionuclides, relative variability was

>1.9 and <6.9.

Table 4-2 Distribution of Peak Total Dose Obtained with Probabilistic Calculations in
the Resident Farmer Scenario for Different Radionuclides Analyzed

(mremlyr per pCil/g)
Percentile| C-14 | Co-60 ‘ Cs-137 ‘ H-3 ‘ 1129 ‘ Np-237 ‘ Pu-239 ‘ Ra-226 ‘ Ra-228 ‘ Sr-90 ‘ Tc-99 ‘ u-238
5 1.07E-01 2.55E+00 7.79E-01 3.68E-03 4.34E-01 3.81E-01 2.50E-02 5.43E+00 3.13E+00 3.48E-01 7.94E-02 6.57E-02
10 1.53E-01 2.78E+00 8.58E-01 6.51E-03 6.00E-01 4.48E-01 3.05E-02 6.66E+00 3.80E+00 5.61E-01 1.44E-01 7.65E-02
15 1.93E-01 2.96E+00 9.33E-01 9.99E-03 7.57E-01 5.03E-01 3.64E-02 7.75E+00 4.47E+00 7.74E-01 2.02E-01 8.50E-02

20 2.38E-01 3.12E+00 1.00E+00 1.38E-02 8.93E-01 5.57E-01 4.21E-02 8.76E+00 5.12E+00 9.99E-01 2.74E-01 9.34E-02

25 2.84E-01 3.26E+00 1.06E+00 1.82E-02 1.04E+00 6.13E-01 4.79E-02 9.78E+00 5.78E+00 1.25E+00 3.51E-01 1.02E-01

30 3.26E-01 3.42E+00 1.12E+00 2.27E-02 1.20E+00 6.72E-01 5.44E-02 1.09E+01 6.46E+00 1.51E+00 4.30E-01 1.10E-01

35 3.71E-01 3.57E+00 1.19E+00 2.83E-02 1.35E+00 7.39E-01 6.18E-02 1.20E+01 7.17E+00 1.78E+00 5.21E-01 1.20E-01

40 4.20E-01 3.73E+00 1.25E+00 3.45E-02 1.55E+00 8.09E-01 6.96E-02 1.32E+01 7.94E+00 2.10E+00 6.13E-01 1.30E-01

45 4.68E-01 3.88E+00 1.32E+00 4.07E-02 1.73E+00 8.84E-01 7.77E-02 1.44E+01 8.88E+00 2.45E+00 7.21E-01 1.39E-01

50 5.11E-01 4.04E+00 1.39E+00 4.72E-02 1.95E+00 9.63E-01 8.73E-02 1.57E+01 9.94E+00 2.87E+00 8.41E-01 1.50E-01

55 5.62E-01 4.22E+00 1.46E+00 5.32E-02 2.23E+00 1.07E+00 9.84E-02 1.71E+01 1.12E+01 3.34E+00 9.78E-01 1.62E-01

60 6.16E-01 4.42E+00 1.55E+00 5.95E-02 2.52E+00 1.18E+00 1.10E-01 1.88E+01 1.27E+01 3.92E+00 1.15E+00 1.77E-01

65 6.81E-01 4.63E+00 1.65E+00 6.63E-02 2.89E+00 1.31E+00 1.26E-01 2.09E+01 1.43E+01 4.65E+00 1.33E+00 1.96E-01

70 7.57E-01 4.88E+00 1.76E+00 7.28E-02 3.31E+00 1.49E+00 1.43E-01 2.31E+01 1.63E+01 5.43E+00 1.57E+00 2.16E-01

75 8.36E-01 5.19E+00 1.88E+00 8.02E-02 3.92E+00 1.66E+00 1.65E-01 2.59E+01 1.86E+01 6.54E+00 1.85E+00 2.42E-01

80 9.40E-01 5.52E+00 2.05E+00 8.79E-02 4.69E+00 1.91E+00 1.93E-01 2.95E+01 2.20E+01 8.09E+00 2.29E+00 2.76E-01

85 1.06E+00 5.95E+00 2.28E+00 9.54E-02 5.87E+00 2.25E+00 2.35E-01 3.45E+01 2.63E+01 1.01E+01 2.79E+00 3.26E-01

90 1.21E+00 6.56E+00 2.61E+00 1.07E-01 7.63E+00 2.79E+00 2.95E-01 4.23E+01 3.29E+01 1.35E+01 3.68E+00 4.08E-01

95 1.46E+00 7.49E+00 3.36E+00 1.23E-01 1.16E+01 3.89E+00 4.14E-01 5.82E+01 4.58E+01 1.98E+01 5.28E+00 6.13E-01

Max 4.48E+00 1.10E+01 3.08E+01 2.47E-01 1.60E+02 1.63E+01 4.93E+00 4.84E+02 2.65E+02 3.30E+02 9.10E+01 5.76E+00

Mean 6.13E-01 4.40E+00 1.67E+00 5.28E-02 3.57E+00 1.41E+00 1.39E-01 2.18E+01 1.56E+01 5.70E+00 1.56E+00 2.23E-01

Ratio

(95/50) 2.85E+00 1.85E+00 2.41E+00 2.60E+00 5.95E+00 4.04E+00 4.75E+00 3.71E+00 4.61E+00 6.88E+00 6.28E+00 4.09E+00

Table 4-3 lists important exposure pathways identified that contribute to variability in peak dose
distribution for the 12 radionuclides selected in the Resident Farmer scenario.
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Table 4-3

Important Exposure Pathways Identified for the 12 Radionuclides Selected
in the Resident Farmer Scenario

Water-Independent Pathways
Radionuclides External . Plant Meat Milk Soil
Ground Inhalation Radon Ingestion Ingestion Ingestion Ingestion
C-14 X X X
Co-60 X X
Cs-137 X X X X
H-3 X X X
1-129 X X X
Np-237 X X
Pu-239 X
Ra-226 X X X
Ra-228 X X X
Sr-90 X X
Tc-99 X X
U-238 X X X
Water-Dependent Pathways
Water Fish Plant Meat Milk
Ingestion Ingestion Radon Ingestion Ingestion Ingestion
C-14
Co-60
Cs-137
H-3 X
1-129 X
Np-237 X
Pu-239
Ra-226
Ra-228
Sr-90
Tc-99 X
U-238

Note: “X” indicates important exposure pathway contributing in the peak total dose variability. Any pathway that contributed more
than 5 percent in the peak total dose absolute variability was considered significant in this analysis.

Table 4-4 lists parameters (a total of 35) associated with each radionuclide with a significant
effect on dose for the Resident Farmer scenario. The parameters with a significant effect on
dose depend on the dominant exposure pathways and their variability in peak total dose

distribution. Table 4-5 lists the effect and significance of parameters in the Resident Farmer
scenario analysis.




Table 4-4

Scenario

Parameters with High Correlation with Dose for the Resident Farmer

Parameter to
Which the Peak
Total Dose Is
Sensitive

C-14 Co-60 Cs-137 H-3

1-129 Np-237 Pu-239 Ra-226 Ra-228 Sr-90 Tc-99 U-238

Thickness of
contaminated zone

Area of
contaminated zone

Density of
contaminated zone

External gamma
shielding factor

Depth of roots

Contaminated zone
b parameter

Contaminated zone
hydraulic
conductivity

Contaminated zone
total porosity

Ky in contaminated
zone

Effective porosity of
unsaturated zone

Total porosity of
unsaturated zone

Ky in unsaturated
zone

Livestock fodder
intake for milk

Livestock intake of
soil

Livestock water
intake for milk

Meat transfer factor
Milk transfer factor
Plant transfer factor

Plant transfer factor
for progeny
Saturated zone
effective porosity

Saturated zone
hydraulic
conductivity

Saturated zone
hydraulic gradient

Ky in saturated zone

+++ + +++ +++

+++ + +

++ + ++

+++ +++

++

++

+ +++

+++

++

+++

+++

++

+++

+++

+++

+++

+++

+++

++

+++

++

+++

++

+++

+++

+++

+++ +++
++

+
++
+ +++
+++ +++

The influence of a parameter is categorized subjectively into three groups: those with standardized rank regression coefficient (SRRC) >0.2 are shown with +++ or ---; those
with an SRRC in the range 20.1 to 0.2 are shown with ++ or --; and those with an SRRC in the range 20.05 to <0.1 are shown with + or -. Symbol “+” is used when an
increase in the parameter value increases dose, and symbol “~“is used when an increase in the parameter value decreases dose.
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Table 4-4

Scenario (cont.)

Parameters with High Correlation with Dose for the Resident Farmer

Parameter to
Which the Peak
Total Dose Is
Sensitive

C-14 Co-60 Cs-137 H-3

1-129 Np-237 Pu-239 Ra-226 Ra-228 Sr-90 Tc-99

U-238

Precipitation
Runoff coefficient

Rn-222 emanation
coefficient

Building foundation
radon diffusion
coefficient

Building foundation
thickness

Building foundation
total porosity

Building air
exchange rate

Building room
height

C-14 evasion flux

rate from soil *
Thickness of

evasion layer of C- +
14 in soil

Wind speed -

++

+++

++

++

The influence of a parameter is categorized subjectively into three groups: those with standardized rank regression coefficient
(SRRC) >0.2 are shown with +++ or ---; those with an SRRC in the range =0.1 to 0.2 are shown with ++ or --; and those with an
SRRC in the range 20.05 to <0.1 are shown with + or -. Symbol “+” is used when an increase in the parameter value increases
dose, and symbol “-“is used when an increase in the parameter value decreases dose.

Table 4-5 Effect of Parameters Contributing Significantly to Pathway Doses for the
Resident Farmer Scenario
Parameter Effect Significance Comment
Thickness of contaminated Area factor All pathways | The thickness and area of contaminated zone determine
zone the extent of contamination and used in calculating area
_ cover-and-depth factor and depth-and-cover factor in multiple exposure
Area of contaminated zone factor pathways
Density of contaminated Total activity External, Density of contaminated zone determines the total amount
zone water- of radionuclides in the source volume.
dependent
pathways,
C-14, H-3,
radon
External gamma shielding External gamma Direct External gamma shielding factor accounts for the
factor shielding external attenuation of gamma radiation by building materials.
exposure
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Saturated zone hydraulic
conductivity

Saturated zone hydraulic
gradient

Table 4-5 Effect of Parameters Contributing Significantly to Pathway Doses for the
Resident Farmer Scenario (cont.)
Parameter Effect Significance Comment
Depth of roots Plant Plant, meat, Depth of roots calculates the cover-and-depth factor
concentration and milk (Appendix D, Yu et al. 2001) for the plant, meat, and milk
exposure pathways.
Contaminated zone b Soil and water All pathways The hydraulic conductivity in the contaminated zone is
parameter concentration used along with the water infiltration rate and soil b
. parameter to determine the water saturation ratio in soil,

Contaminated zone which is then used to determine the leach rate of

hydraulic conductivity contaminants.

Contaminated zone total The total porosity along with saturation ratio determines the

porosity moisture content of soil, which in turn is used to determine
the retardation factor and transport speed of water in the
contaminated zone.

Kg in contaminated zone Kq4 values estimate the retardation factors. Higher K, values
result in greater soil retention and slower radionuclide
movement.

Effective porosity of Transport through | Water- Effective porosity of unsaturated zone determines the

unsaturated zone unsaturated zone dependent transport through the unsaturated zone and breakthrough

pathways time.

Total porosity of Total porosity of unsaturated zone determines the transport

unsaturated zone through the unsaturated zone and breakthrough time.

Livestock fodder intake for | Milk concentration | Milk Livestock fodder intake for milk determines the daily intake

milk of fodder by livestock kept for milk consumption. Higher
contaminated fodder intake will result in higher
concentration of radionuclides in milk.

Livestock intake of soil Meat and milk Meat, milk Livestock intake of soil determines the daily intake of soil

concentration by livestock kept for meat and milk consumption. Higher
contaminated soil intake results in higher concentration of
radionuclides in meat and milk.

Livestock water intake for Milk concentration | Milk Livestock water intake for milk determines the daily intake

milk of water by livestock kept for milk consumption. Higher
contaminated fodder intake results in higher concentration
of radionuclides in milk.

Plant transfer factor Plant Plant, meat, Plant transfer factor determines the concentration of

concentration milk radionuclides in plant.

Meat and milk transfer Meat and milk Meat, milk Meat and milk transfer factors determine the concentration

factor concentration of radionuclides in meat and milk.

Saturated zone effective Water Water- Saturated zone effective porosity determines the rise time

porosity concentration dependent (i.e., the time required to transport groundwater from the

pathways upgradient edge to downgradient edge of the saturated

zone).

Saturated zone hydraulic conductivity and hydraulic
gradient determine the flow rate.

Groundwater flow rate affects the rise time as well as the
dilution factor of radionuclides in well water.
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Table 4-5

Effect of Parameters Contributing Significantly to Pathway Doses for the
Resident Farmer Scenario (cont.)

from sail

Thickness of evasion
layer of C-14 in soil

Wind speed

concentration in
different media

Parameter Effect Significance Comment

Precipitation and runoff Infiltration rate All pathways Precipitation and runoff coefficient are used in calculating
infiltration rate of contaminant from contaminated zone.

Rn-222 emanation Radon Radon The rate of radon generation in the pore volume depends

coefficient concentration on the radon emanation coefficient, bulk density of the
material, and total porosity.

Building fi ti

Ui d|_ng ound_a_lon radon The radon flux depends on the gradient of radon

diffusion coefficient _ )

concentration in the pore space, total porosity, and radon
. . diffusion coefficient.

Building characteristics

(room height and air The radon concentration indoor depends on the building

exchange rate) characteristics and radon flux.

C-14 evasion flux rate C-14 C-14 The C-14 evasion flux rate from soil determines the rate at

which C-14 is released into the atmosphere.

Thickness of evasion layer of C-14 in soil affects the
evasion of C-14.

C-14 evasion flux from the contaminated area along with
wind speed and contaminated zone area, thickness, and
density calculate C-14 concentration in air. The C-14
concentration in air is used in calculating C-14
concentration in plant. Higher C-14 concentration in air
results in higher plant concentration and higher plant, meat,
and milk pathway doses.

4.2

Building Occupancy Scenario Analysis

Appendix B provides the details of the analysis and lists all the parameters used in the Building
Occupancy scenario (Table B-26). Table B-27 lists peak total dose and contribution from
different exposure pathways in a deterministic analysis. Tables B-28 through B-39 list the
reported results for the Building Occupancy scenario concerning building surface contamination
by each of the 12 radionuclides selected for evaluation.

Pathways that contribute significantly to the total dose depend on the radionuclide at the dose
percentile selected. Dominant exposure pathways at 50 percent and 95 percent are highlighted
in Tables B-28 through B-39. Table B-40 presents the dominant exposure pathways identified
for 50 percent and 95 percent dose percentiles by radionuclides and compares them with
dominant exposure pathways identified from deterministic analysis. The dominant exposure
pathways are defined as pathways that contribute more than 5 percent to the total dose.

Table 4-6 lists peak total dose distribution from probabilistic calculations for all radionuclides
analyzed in the Building Occupancy scenario. The peak dose-to-source ratio (mrem/yr per
pCi/m?) at 95 percent varied from 2.24E-08 (H-3) to 4.88E-04 (Np-237). The relative variability in
dose distribution captured by the ratio of peak dose at 95 percent to 50 percent (listed in last
row of Table 5-6) was small for Co-60 (1.0) and large for C-14 (3.19). For other radionuclides,
relative variability ranged from >1.0 to <3.19. Table 4-7 lists important exposure pathways
identified that contribute to peak total dose variability for the 12 radionuclides selected in the
Building Occupancy scenario.



Table 4-8 lists parameters (a total of 8) associated with each radionuclide with a significant
effect on dose for the Building Occupancy scenario. The parameters with a significant effect on
dose depend on the dominant exposure pathways and their variability in dose distribution.
Table 4-9 lists the effect and significance of parameters in the Building Occupancy scenario

analysis.
Table 4-6 Distribution of Peak Total Dose Obtained with Probabilistic Calculations in
the Building Occupancy Scenario for Different Radionuclides Analyzed
(mrem/yr per pCi/m?)

Percentile| C-14 ‘ Co-60 ‘ Cs-137 ‘ H-3 ‘ 1129 ‘ Np-237 ‘ Pu-239 ‘ Ra-226 ‘ Ra-228 ‘ Sr-90 ‘ Tc-99 ‘ U-238
5 5.40E-08 4.16E-05 1.14E-05 1.62E-08 7.74E-06 1.66E-04 1.29E-04 7.58E-05 1.05E-04 4.09E-06 3.94E-08 1.78E-05
10 |5.40E-08 4.16E-05 1.14E-05 1.62E-08 7.75E-06 1.71E-04 1.33E-04 7.73E-05 1.14E-04 4.11E-06 3.95E-08 1.90E-05
15  |5.40E-08 4.16E-05 1.14E-05 1.63E-08 7.75E-06 1.76E-04 1.37E-04 7.82E-05 1.22E-04 4.12E-06 3.96E-08 2.00E-05
20  |5.40E-08 4.16E-05 1.14E-05 1.63E-08 7.76E-06 1.82E-04 1.42E-04 7.88E-05 1.30E-04 4.13E-06 3.96E-08 2.10E-05
25  |5.40E-08 4.16E-05 1.14E-05 1.63E-08 7.76E-06 1.87E-04 1.45E-04 7.92E-05 1.36E-04 4.14E-06 3.97E-08 2.21E-05
30  |5.40E-08 4.16E-05 1.14E-05 1.63E-08 7.76E-06 1.92E-04 1.49E-04 7.93E-05 1.42E-04 4.15E-06 3.98E-08 2.30E-05
35  |5.40E-08 4.16E-05 1.14E-05 1.64E-08 7.77E-06 1.96E-04 1.53E-04 7.94E-05 1.46E-04 4.16E-06 3.99E-08 2.39E-05
40  [5.41E-08 4.16E-05 1.14E-05 1.64E-08 7.77E-06 2.01E-04 1.56E-04 7.96E-05 1.50E-04 4.18E-06 4.00E-08 2.48E-05
45  |5.41E-08 4.16E-05 1.14E-05 1.64E-08 7.77E-06 2.06E-04 1.61E-04 7.97E-05 1.52E-04 4.19E-06 4.01E-08 2.58E-05
50  |5.41E-08 4.16E-05 1.14E-05 1.65E-08 7.78E-06 2.12E-04 1.65E-04 7.98E-05 1.54E-04 4.20E-06 4.02E-08 2.71E-05
55  |5.43E-08 4.16E-05 1.14E-05 1.65E-08 7.80E-06 2.17E-04 1.70E-04 7.99E-05 1.55E-04 4.22E-06 4.04E-08 2.82E-05
60  |5.45E-08 4.16E-05 1.14E-05 1.66E-08 7.83E-06 2.24E-04 1.75E-04 8.01E-05 1.56E-04 4.24E-06 4.07E-08 2.94E-05
65  |5.51E-08 4.16E-05 1.14E-05 1.67E-08 7.90E-06 2.32E-04 1.81E-04 8.04E-05 1.57E-04 4.26E-06 4.10E-08 3.09E-05
70  |5.59E-08 4.16E-05 1.14E-05 1.68E-08 8.01E-06 2.40E-04 1.88E-04 8.08E-05 1.58E-04 4.29E-06 4.15E-08 3.25E-05
75  |5.72E-08 4.16E-05 1.15E-05 1.71E-08 8.19E-06 2.54E-04 1.99E-04 8.15E-05 1.59E-04 4.33E-06 4.24E-08 3.45E-05
80  |6.07E-08 4.16E-05 1.15E-05 1.75E-08 8.66E-06 2.68E-04 2.10E-04 8.33E-05 1.60E-04 4.39E-06 4.46E-08 3.71E-05
85  |6.98E-08 4.17E-05 1.15E-05 1.82E-08 9.90E-06 2.96E-04 2.32E-04 8.83E-05 1.61E-04 4.50E-06 5.13E-08 4.01E-05
90  |9.32E-08 4.17E-05 1.17E-05 1.97E-08 1.31E-05 3.49E-04 2.74E-04 1.01E-04 1.62E-04 4.71E-06 6.79E-08 4.49E-05
95  |1.73E-07 4.17E-05 1.19E-05 2.24E-08 2.45E-05 4.88E-04 3.80E-04 1.48E-04 1.66E-04 5.19E-06 1.28E-07 5.72E-05
Max  |8.07E-08 4.16E-05 1.15E-05 1.73E-08 1.18E-05 2.76E-04 2.15E-04 9.24E-05 1.46E-04 4.34E-06 6.12E-08 3.19E-05
Mean |1.95E-06 4.20E-05 1.31E-05 3.48E-08 3.27E-04 5.37E-03 4.02E-03 8.79E-04 1.98E-04 7.82E-06 1.71E-06 3.46E-04
(g{sa/gcé) 3.19E+001.00E+00 1.04E+00 1.36E+003.15E+002.31E+002.30E+00 1.85E+00 1.08E+00 1.23E+003.17E+002.11E+00
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Table 4-7 Important Exposure Pathways Identified for the 12 Radionuclides Selected
in the Building Occupancy Scenario

Radionuclide | External | Inhalation External Expf).sure Immersion | Ingestion | Radon
from Deposition
C-14 X
Co-60 X X X X
Cs-137 X X
H-3 X X
1-129 X
Np-237 X X
Pu-239 X X
Ra-226 X
Ra-228 X X X
Sr-90 X X
Tc-99 X
U-238 X X
Note: “X” indicates important exposure pathway contributing in the dose variability.
Table 4-8 Parameters with High Correlation with Dose for the Building Occupancy

Scenario

Parameter to
Which the Peak
Total Dose Is
Sensitive

C-14 Co-60 Cs-137 H-3 1129 Np-237 Pu-239 Ra-226 Ra-228 Sr-90 Tc-99 U-238

Deposition velocity ++ +++ +++ +++ ++ ++ ++ - — ++ +++ +
Resuspension rate - - -

Release time of
source 1

Release time of
source 2

Release time of
source 3

Release time of
source 4

Release time of
source 5

Release time of
source 6

The influence of a parameter is categorized subjectively in to three groups: those with standardized rank regression coefficient
(SRRC) >0.4 are shown with +++ or ---; those with an SRRC in the range 20.2 to 0.4 are shown with ++ or --; and those with an
SRRC in the range 20.1 to <0.2 are shown with + or -. Symbol “+” is used when an increase in the parameter value increases
dose, and symbol “~“is used when an increase in the parameter value decreases dose.
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Table 4-9

Effect of Parameters Contributing Significantly to Pathway Doses for the
Building Occupancy Scenario

rate

on the surface
that is
resuspended in air

Parameter Effect Significance Comment
Deposition Deposition rate of Surface Deposition rate in the room depends on the deposition velocity.
velocity particulates in air concentration, The surface contamination due to deposition is directly
air concentration | proportional to deposition velocity and air concentration and
Resuspension Material deposited inversely proportional to resuspension rate. Higher deposition

velocity coupled with higher air concentration and low
resuspension rate results in higher surface contamination. The
surface contamination calculates ingestion pathway dose directly
from the deposited materials and the external pathway dose from
deposited material.

Release time of

Release rate

Air concentration

The release rate of radionuclides in the room is inversely

source/source proportional to the source lifetime. The shorter source lifetime
lifetime increases the release rate. Air concentration in the room is
directly proportional to the release rate. The higher release rate
increases radionuclide concentration in the room.
4.3 Offsite Resident Scenario via Water Transport

Section B.3 in Appendix B provides the details of the analysis for the Offsite Resident Scenario
via Water Transport. Table B-42 lists the input parameters of the RESRAD-OFFSITE code, their
base value used in the deterministic calculations, and their statistical distribution (including the
distribution function and the associated distribution parameters) used in the probabilistic
calculations. Hydraulic conductivity of contaminated zone and unsaturated zone was set at the
code default to avoid water ponding. Table B-43 through B-54 list the reported results for the
Offsite Resident Scenario via Water Transport scenario for each of the 12 radionuclides
selected for evaluation. In the probabilistic analysis, there is a distribution of peak total dose and
distribution of peak pathway doses from different simulations. Pathways that contribute
significantly to the total dose depend on the radionuclide at the dose percentile selected.
Dominant exposure pathways at 50 percent and 95 percent are highlighted in Table B-43
through B-54. Table B-55 lists dominant exposure pathways for 50 percent and 95 percent dose
percentiles. The dominant exposure pathways are defined as pathways that contribute more

than 5 percent to the total dose.

Table 4-10 lists the peak dose distribution with probabilistic calculation for all radionuclides
analyzed in the Offsite Resident Scenario via Water Transport. The peak dose-to-source ratio
(mrem/yr per pCi/g) at 95 percent varied from 3.6E-07 (H-3) to 17.3 (Ra-226). The relative
variability in dose distribution captured by the ratio of peak dose at 95 percent to 50 percent
(listed in last row of Table 4-10) was small for C-14 (18) and large for Co-60 (4600). For other
radionuclides, relative variability ranged from >18 to <4600. Table 4-11 lists important exposure
pathways identified that contribute to peak total dose variability for the 12 radionuclides selected
in the Offsite Resident Scenario via Water Transport.

Table 4-12 lists parameters (a total of 33) associated with each radionuclide with a significant
effect (SRRC 20.05) on dose for the Offsite Resident Scenario via Water Transport. The
parameters with a significant effect on dose depend on the dominant exposure pathways and
their variability in dose distribution. Table 4-13 lists the effect and significance of parameters in
the dose assessment for the Offsite Resident Scenario via Water Transport.




Table 4-10 Distribution of Peak Total Dose Obtained with Probabilistic Calculations in

the Offsite Resident Scenario via Water Transport for Different
Radionuclides Analyzed (mreml/yr per pCi/g)

Percentile| C-14 | Co-60 ‘ Cs-137 ‘ H-3 ‘ 1-129 ‘ Np-237 ‘ Pu-239 ‘ Ra-226 ‘ Ra-228 ‘ Sr-90 ‘ Tc-99 ‘ U-238
5 |2.74E-04 0.00E+000.00E+000.00E+00 3.54E-07 5.27E-10 0.00E+000.00E+000.00E+000.00E+00 3.59E-09 0.00E+00
10 |3.55E-04 0.00E+000.00E+00 8.68E-15 1.10E-05 6.20E-06 3.29E-06 3.44E-05 0.00E+000.00E+00 7.64E-08 4.24E-07
15 |4.25E-04 2.22E-20 7.67E-09 4.36E-12 3.81E-05 3.34E-05 9.99E-05 1.98E-03 3.81E-15 1.05E-08 2.72E-07 1.64E-05
20  |4.78E-04 4.75E-13 1.40E-07 2.69E-11 9.03E-05 8.62E-05 3.71E-04 8.18E-03 1.69E-09 1.22E-07 7.16E-07 5.16E-05
25  |5.38E-04 5.54E-12 4.68E-07 7.52E-11 1.81E-04 1.72E-04 8.10E-04 1.96E-02 1.22E-08 4.17E-07 1.70E-06 1.18E-04
30  |5.97E-04 2.06E-11 1.03E-06 1.57E-10 3.40E-04 2.99E-04 1.59E-03 3.51E-02 4.31E-08 8.63E-07 3.38E-06 2.16E-04
35  |6.60E-04 5.54E-11 2.02E-06 2.68E-10 6.66E-04 4.87E-04 2.75E-03 6.33E-02 1.02E-07 1.61E-06 6.53E-06 3.89E-04
40  |7.25E-04 1.29E-10 3.37E-06 4.51E-10 1.12E-03 7.85E-04 4.39E-03 1.03E-01 2.29E-07 2.69E-06 1.27E-05 5.84E-04
45  |7.95E-04 2.94E-10 5.45E-06 7.37E-10 1.99E-03 1.19E-03 7.07E-03 1.53E-01 4.84E-07 4.16E-06 2.62E-05 8.78E-04
50  |8.77E-04 7.37E-10 8.30E-06 1.17E-09 3.61E-03 1.85E-03 1.12E-02 2.33E-01 1.05E-06 6.46E-06 6.04E-05 1.34E-03
55  |9.87E-04 1.68E-09 1.26E-05 1.91E-09 6.85E-03 2.80E-03 1.67E-02 3.49E-01 2.33E-06 9.51E-06 1.35E-04 2.03E-03
60  |1.11E-03 3.50E-09 1.87E-05 3.07E-09 1.34E-02 4.16E-03 2.47E-02 5.11E-01 4.78E-06 1.37E-05 3.38E-04 2.85E-03
65  |1.29E-03 8.62E-09 2.89E-05 4.89E-09 2.78E-02 6.36E-03 3.55E-02 7.44E-01 1.05E-05 2.11E-05 8.04E-04 4.15E-03
70 |1.55E-03 1.95E-08 4.30E-05 8.38E-09 5.36E-02 9.98E-03 5.20E-02 1.06E+00 2.30E-05 3.10E-05 1.73E-03 6.14E-03
75  |1.96E-03 4.53E-08 6.62E-05 1.45E-08 1.02E-01 1.57E-02 7.88E-02 1.60E+00 4.91E-05 4.90E-05 3.48E-03 9.03E-03
80  |2.72E-03 1.05E-07 1.01E-04 2.48E-08 2.01E-01 2.63E-02 1.22E-01 2.55E+00 1.08E-04 7.52E-05 6.11E-03 1.40E-02
85  |4.13E-03 2.51E-07 1.66E-04 4.72E-08 3.89E-01 4.84E-02 2.08E-01 4.12E+00 2.50E-04 1.31E-04 1.04E-02 2.24E-02
90  |6.86E-03 7.09E-07 3.17E-04 1.10E-07 7.96E-01 8.95E-02 3.84E-01 7.35E+00 6.46E-04 2.52E-04 1.75E-02 3.89E-02
95  |1.56E-02 3.36E-06 7.54E-04 3.60E-07 1.84E+00 2.09E-01 9.60E-01 1.73E+01 2.99E-03 5.64E-04 3.07E-02 8.89E-02

Max [2.69E+002.57E-04 4.12E-02 2.18E-05 2.20E+015.20E+002.55E+014.78E+02 2.66E-01 4.04E-02 1.34E-01 4.34E+01
Mean |5.77E-03 1.16E-06 2.30E-04 1.32E-07 3.59E-01 4.57E-02 2.35E-01 4.02E+00 9.92E-04 1.48E-04 5.18E-03 6.17E-02
(556}2%) 1.77E+014.56E+039.09E+013.08E+025.09E+02 1.13E+028.59E+017.30E+012.84E+038.72E+015.08E+026.62E+01
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Table 4-11

Important Exposure Pathways Identified for the 12 Radionuclides Selected
in the Offsite Resident Scenario via Water Transport

Radionuclides

Water Release

Fish
Ingestion

Plant
Ingestion

Meat
Ingestion

Milk
Ingestion

Soil
Ingestion

Water
Ingestion

C-14

X

Co-60

X

Cs-137

X

H-3

1-129

x

x

x

Np-237

Pu-239

Ra-226

Ra-228

Sr-90

X | X X [ X | X

Tc-99

U-238

X

CZ and Air

Release

Plant Ingestion

Meat Ingestion

Milk Ingestion

Soil Ingestion

C-14

Co-60

Cs-137

H-3

1-129

Np-237

Pu-239

Ra-226

Ra-228

Sr-90

Tc-99

U-238

X

Note: “X” indicates important exposure pathway contributing in the peak total dose variability.
Note: "CZ and Air Release” represents dose directly from primary contamination and from release to atmosphere.
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Table 4-12  Parameters with High Correlation with Dose for the Offsite Resident
Scenario via Water Transport

Parameter to
Which the Peak
Total Dose Is
Sensitive

C-14 Co-60 Cs-137 H-3 1129 Np-237 Pu-239 Ra-226 Ra-228 Sr-90 Tc-99 U-238

Cover and

management

factor in area of +++ + +++ +++ +++ +++ +++ +++ +++ +++ +++
primary
contamination
Slope-length-
steepness factor in
area of primary
contamination

+++ + +

Rainfall and runoff
factor in area of
primary
contamination

+++ + ++ +

Dry bulk density of
cover

- +++ +++ +++ ++ ++ ++

Soil erodibility
factor of cover

Depth of soil
mixing layer in
area of primary
contamination

+++ -

Thickness of cover -—- +

Runoff coefficient
of catchment area

Deposition velocity

of all particulates

to compute = it
atmospheric

release

Mass loading of all
particulates

Deposition velocity
of all radionuclide +
particulates

Hydraulic gradient
of saturated zone
to well

Hydraulic
conductivity of + +
saturated zone

Total porosity of
saturated zone

Effective porosity
of saturated zone

The influence of a parameter is categorized subjectively in to three groups: those with standardized rank regression coefficient
(SRRC) >0.2 are shown with +++ or ---; those with an SRRC in the range =0.1 to 0.2 are shown with ++ or --; and those with an
SRRC in the range 20.05 to <0.1 are shown with + or -. Symbol “+” is used when an increase in the parameter value increases
dose, and symbol “~"is used when an increase in the parameter value decreases dose.
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Table 4-12

Parameters with High Correlation with Dose for the Offsite Resident
Scenario via Water Transport (cont.)

Parameter to
Which the Peak
Total Dose Is
Sensitive

C-14 Co-60 Cs-137 H-3

1-129 Np-237 Pu-239 Ra-226 Ra-228 Sr-90 Tc-99 U-238

Distance in the
direction parallel to
aquifer flow from
downgradient edge
of contamination

Longitudinal
dispersivity of
saturated zone to
well

Ky in saturated zone

Ky in unsaturated
zone

Thickness of
unsaturated zone

Cover and
management factor
of catchment area

Slope-length-
steepness factor of
catchment area

Fraction of eroded
radionuclides
deposited in the
surface water body

First time at which
release begins

Water to aquatic
food transfer factor
for fish

Soil to plant transfer
factor for fruit, grain,
nonleafy vegetables

Intake to animal
product transfer
factor for meat

Intake to animal
product transfer
factor for milk

Irrigation applied
per year to pasture
and silage field

Dry bulk density of
contaminated zone

Thickness of
contaminated zone

+
+
+++ +
+
+++
++
+

++

++

+++

+++

+++

+++

++

++

+++

+++ +++

++

+++ +++

+++

+

+++

+++

+ +

+++ +++ +++
++

+++ +++ +++
+

++ ++

+ +++
+++ +++
+++ +++
++

+

The influence of a parameter is categorized subjectively in to three groups: those with standardized rank regression coefficient
(SRRC) >0.2 are shown with +++ or ---; those with an SRRC in the range =0.1 to 0.2 are shown with ++ or --; and those with an
SRRC in the range 20.05 to <0.1 are shown with + or -. Symbol “+” is used when an increase in the parameter value increases
dose, and symbol “~"“is used when an increase in the parameter value decreases dose.
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Table 4-12

Parameters with High Correlation with Dose for the Offsite Resident

Scenario via Water Transport (cont.)

Parameter to
Which the Peak
Total Dose Is
Sensitive

C-14 Co-60 Cs-137 H-3

1-129 Np-237 Pu-239 Ra-226 Ra-228 Sr-90 Tc-99 U-238

C-14 evasion flux
rate from soil

Evapotranspiration

primary
contamination

coefficient in area of

The influence of a parameter is categorized subjectively in to three groups: those with standardized rank regression coefficient
(SRRC) >0.2 are shown with +++ or ---; those with an SRRC in the range =0.1 to 0.2 are shown with ++ or --; and those with an
SRRC in the range 20.05 to <0.1 are shown with + or -. Symbol “+” is used when an increase in the parameter value increases

s

dose, and symbol “—“is used when an increase in the parameter value decreases dose.

Table 4-13  Effect of Parameters Contributing Significantly to Pathway Doses for the
Offsite Resident Scenario via Water Transport
Effect Significance C':)ontrlbutlng Comments
arameters
Surface water All pathways Cover and The cover and management factor in area of primary
concentration management factor. | contamination, the slope-length-steepness factor in area of
material availability Slope-length- primary contamination, the rainfall and runoff factor in area
for atmospheric steepness factor. of primary contamination, bulk density and the soil
release Rainfall and runoff erodibility factor compute the erosion rate.
factor.
Soil erodibility factor
of cover.
Bulk density of
cover.
Depth of soil mixing | The depth of soil mixing layer, the thickness of the cover,
layer. and the erosion rate determine (1) the rate of erosion
Thickness of cover. release to runoff that eventually runs into the surface water
body, and (2) the rate at which the material from the
primary contamination enters the mixing layer and is
available to be released into the atmosphere.
The initial thickness of the cover and the erosion rate also
determine the evasion of C-14 and H-3, and the diffusion of
the radon isotopes.
Surface water All surface Runoff coefficient of | The runoff coefficient of catchment area is used to compute
concentration water release catchment area the amount of precipitation on the catchment that reaches
pathways the surface water body.
Air concentration All pathways Mass loading. The deposition velocity of all particulates and mass loading
Deposition velocity is used to compute atmospheric release.
of all particulates
Offsite radionuclide All pathways Deposition velocity A higher deposition velocity leads to greater deposition of

concentration

of all particulates
containing
radionuclides

the radionuclides at nearby offsite locations, but can also
lead to lower deposition further away due to depletion of the
plume.
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Table 4-13  Effect of Parameters Contributing Significantly to Pathway Doses for the
Water Transport Scenario (cont.)
Effect Significance (;’oar:;rir:;g:g Comments

Ground water
concentration

Water release
pathways

Hydraulic gradient of
saturated zone to well.
Hydraulic conductivity
of saturated zone.
Total porosity of
saturated zone.
Effective porosity of
saturated zone.
Distance in the
direction parallel to
aquifer flow from
downgradient edge of
contamination.
Longitudinal dispersivity
of saturated zone to
well.

Kg in saturated zone.

A faster transport rate allows radionuclides from the far end
of the primary contamination to reach the well before the
flow of radionuclides from the near end decreases
appreciably.

Ground water

Water release

Thickness of

The distribution coefficient in unsaturated zone and the

lived radionuclides
available for
release

release begins.

concentration pathways unsaturated zone. thickness of unsaturated zone determine the transport of
Kqin unsaturated zone. | the radionuclides in the unsaturated zone.
Surface water All surface Cover and The cover and management factor of catchment area and
concentration water release management factor of the slope-length-steepness factor of catchment area
pathways catchment area. determine the quantity of sediments that are eroded from
Slope-length-steepness | the catchment.
factor of catchment
area.
Surface water All surface Fraction of eroded The fraction of eroded radionuclides deposited in the
concentration water release radionuclides deposited | surface water body determines the amount of radionuclides
pathways in the surface water deposited in the surface water body.
body.
Inventory of short- | All pathways 15t time at which The first time at which release begins in conjunction with

the erosion rate of the cover also affects the thickness of
the cover at the time the release commences, reducing the
thickness of the cover through which gaseous forms of
radionuclides diffuse out of the primary contamination and
increasing the thickness of the primary contamination from
which the nuclides are released.

Fish concentration

Fish ingestion

Water to aquatic food

Higher water-to-animal aquatic food transfer factor

for meat.

pathway transfer facto.r increases fish pathway dose.
Plant Plant, meat, Soil to plant transfer Higher soil-to-plant transfer factor increases plant, meat,
concentration milk ingestion factor. and milk ingestion pathway doses.

pathway
Meat Meat ingestion The intake-to-animal Higher intake-to-animal product transfer factor for meat
concentration pathway product transfer factor increases meat pathway dose.

Pasture and silage
concentration

Meat and milk
pathway

Irrigation applied to
pasture and silage field

Higher irrigation applied to pasture and silage field
increases meat and milk pathway doses.

Radionuclide total
inventory in the
contaminated zone

All pathways

Dry bulk density of
contaminated zone.
Thickness of
contaminated zone.

The dry bulk density of contaminated zone and the
thickness of the contaminated zone influence the inventory
of the radionuclides in the contaminated zone of fixed
dimension.
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Table 4-13  Effect of Parameters Contributing Significantly to Pathway Doses for the
Water Transport Scenario (cont.)

. Contributing
Effect Significance Parameters Comments
C-14 air C-14 dose C-14 evasion flux rate The C-14 evasion flux rate from soil determines the rate at
concentration from soil. which C-14 is released into the atmosphere.
H-3 air Amount of H-3 in | Evapotranspiration The evapotranspiration coefficient in area of primary
concentration air and food coefficient in area of contamination along with other parameters determines the
products primary contamination. H-3 release in air.

4.4 Offsite Resident Scenario via Air Transport

The Offsite Resident Scenario via Air Transport considers all exposure pathways including
radon inhalation. The source has no cover. Release from the surface layer begins at time zero.
Release to groundwater occurs after a delay of 100 years. Release mechanism is instantaneous
equilibrium desorption release. The groundwater well and surface water body are downgradient.
The groundwater also discharges to surface water body. This scenario assumes that

100 percent water use is from the surface water. In the analysis, physical parameters have a
distribution. In the case of physical parameters for which distributions are available, those are
used; for other physical parameters without distributions, those were based on judgment.

Section B.4 in Appendix B provides the details of the analysis for the Offsite Resident Scenario
via Air Transport. Table B-57 lists the input parameters of the RESRAD-OFFSITE code, their
base value used in the deterministic calculations, and their statistical distribution (including the
distribution function and the associated distribution parameters) used in the probabilistic
calculations. Radionuclide- or element-specific input parameters are listed in separate tables.
Hydraulic conductivity of contaminated zone and unsaturated zone was set at the code default
to avoid water ponding. Table B-58 through B-69 list the reported results for the Offsite Resident
Scenario via Air Transport for each of the 12 radionuclides selected for evaluation. Pathways
that contribute significantly to the total dose depend on the radionuclide at the dose percentile
selected. Dominant exposure pathways at 50 percent and 95 percent are highlighted in Table B-
58 through B-69. Table B-70 lists dominant exposure pathways for 50 percent and 95 percent
dose percentiles. The dominant exposure pathways are defined as pathways that contribute
more than 5 percent to the total dose.

Table 4-14 lists the peak total dose distribution obtained with probabilistic calculations for all
radionuclides analyzed in the Offsite Resident Scenario via Air Transport. The peak dose-to-
source ratio (mrem/yr per pCi/g) at 95 percent varied from 8.9E-04 (Tc-99) to 41.8 (Ra-226).
The relative variability in dose distribution captured by the ratio of peak dose at 95 percent to
50 percent (listed in last row of Table 4-14) was small for Co-60 (1.0), Ra-228 (1.7), H-3 (1.8),
and Cs-137 (2.3) and >9 for other radionuclides. Table 4-15 lists important exposure pathways
identified that contribute to peak total dose variability for the 12 radionuclides selected in the
Offsite Resident Scenario via Air Transport analysis.

Table 4-16 lists parameters (a total of 40) associated with each radionuclide with a significant
effect (SRRC 20.05) on dose for the Offsite Resident Scenario via Air Transport. The
parameters with a significant effect on dose depend on the dominant exposure pathways and
their variability in dose distribution. Table 4-17 lists the effect and significance of parameters in
the dose assessment for the Offsite Resident Scenario via Air Transport.
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Table 4-14  Distribution of Peak Total Dose Obtained with Probabilistic Calculations in

the Offsite Resident Scenario via Air Transport for Different Radionuclides
Analyzed (mrem/yr per pCi/g)

Percentile| C-14 | Co-60 ‘ Cs-137 ‘ H-3 ‘ 1-129 ‘ Np-237 ‘ Pu-239 ‘ Ra-226 ‘ Ra-228 ‘ Sr-90 ‘ Tc-99 ‘ U-238
5  |1.31E-03 3.81E-02 9.35E-03 3.50E-03 2.78E-05 3.07E-03 5.75E-04 7.58E-01 5.50E-01 1.17E-04 6.40E-07 4.92E-04
10 |1.49E-03 3.81E-02 9.35E-03 4.18E-03 5.96E-05 3.43E-03 1.29E-03 1.02E+00 6.43E-01 1.21E-04 9.31E-07 5.51E-04
15 |1.63E-03 3.81E-02 9.35E-03 4.67E-03 1.08E-04 3.69E-03 1.83E-03 1.20E+007.09E-01 1.27E-04 1.31E-06 5.90E-04
20  |1.76E-03 3.81E-02 9.35E-03 5.07E-03 1.82E-04 3.95E-03 2.26E-03 1.52E+00 7.63E-01 1.39E-04 1.86E-06 6.28E-04
25  |1.88E-03 3.81E-02 9.35E-03 5.49E-03 2.73E-04 4.20E-03 2.71E-03 1.75E+00 8.17E-01 1.54E-04 2.58E-06 6.63E-04
30 |1.98E-03 3.81E-02 9.36E-03 5.86E-03 4.04E-04 4.50E-03 3.15E-03 1.96E+00 8.66E-01 1.74E-04 3.70E-06 6.99E-04
35  |2.10E-03 3.81E-02 9.36E-03 6.19E-03 5.58E-04 4.84E-03 3.66E-03 2.24E+00 9.11E-01 2.00E-04 5.26E-06 7.43E-04
40 |2.21E-03 3.81E-02 9.37E-03 6.53E-03 7.85E-04 5.25E-03 4.21E-03 2.54E+00 9.55E-01 2.40E-04 7.33E-06 7.95E-04
45  |2.34E-03 3.81E-02 9.38E-03 6.87E-03 1.08E-03 5.82E-03 4.86E-03 2.83E+001.00E+00 2.87E-04 1.02E-05 8.60E-04
50  |2.47E-03 3.81E-02 9.40E-03 7.25E-03 1.49E-03 6.57E-03 5.65E-03 3.15E+001.05E+00 3.47E-04 1.37E-05 9.46E-04
55  |2.63E-03 3.81E-02 9.42E-03 7.63E-03 1.95E-03 7.48E-03 6.75E-03 3.62E+001.09E+00 4.34E-04 1.87E-05 1.05E-03
60  |2.79E-03 3.81E-02 9.45E-03 8.08E-03 2.55E-03 8.78E-03 8.16E-03 4.05E+001.15E+00 5.48E-04 2.49E-05 1.18E-03
65  |3.02E-03 3.81E-02 9.51E-03 8.55E-03 3.56E-03 1.05E-02 9.99E-03 4.71E+001.20E+00 6.94E-04 3.61E-05 1.38E-03
70 |3.38E-03 3.81E-02 9.61E-03 9.05E-03 4.75E-03 1.20E-02 1.29E-02 5.49E+001.26E+00 9.07E-04 5.15E-05 1.63E-03
75  |3.96E-03 3.81E-02 9.87E-03 9.55E-03 6.63E-03 1.50E-02 1.67E-02 6.76E+001.33E+00 1.21E-03 7.68E-05 2.04E-03
80  |4.95E-03 3.82E-02 1.03E-02 1.02E-02 9.43E-03 2.14E-02 2.25E-02 8.88E+001.40E+00 1.71E-03 1.17E-04 2.61E-03
85  |6.66E-03 3.82E-02 1.12E-02 1.08E-02 1.38E-02 2.92E-02 3.19E-02 1.25E+011.49E+00 2.53E-03 1.94E-04 3.62E-03
90  |1.08E-02 3.84E-02 1.36E-02 1.17E-02 2.31E-02 4 45E-02 4.94E-02 2.03E+011.61E+00 4.17E-03 3.70E-04 5.56E-03
95  |2.27E-02 3.88E-02 2.11E-02 1.31E-02 4.98E-02 8.61E-02 1.04E-01 4.18E+011.82E+00 9.01E-03 8.86E-04 1.23E-02

Max  [3.09E+00 1.49E-01 8.13E-01 2.21E-02 6.34E+007.50E+00 1.32E+011.37E+031.17E+02 5 68E-01 2.89E-02 5.68E-01
Mean |7.92E-03 3.83E-02 1.21E-02 7.68E-03 1.33E-02 2.62E-02 3.06E-02 1.18E+011.14E+00 2.39E-03 2.03E-04 3.47E-03
(556}2%) 9.19E+001.02E+002.25E+00 1.80E+003.35E+01 1.31E+01 1.84E+01 1.33E+011.73E+002.59E+016.47E+01 1.30E+01
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Table 4-15

Important Exposure Pathways Identified for the 12 Radionuclides Selected
in the Offsite Resident Scenario via Air Transport

Radionuclides

Water Release

External
Ground

Fish
Ingestion

Radon

Ingestion

Plant

Meat
Ingestion

Milk

Ingestion

Soil

Ingestion

Water
Ingestion

C-14

X

Co-60

X

X

Cs-137

X

H-3

1-129

Np-237

x

x

Pu-239

Ra-226

Ra-228

Sr-90

X

Tc-99

X

x

x

U-238

X [X [ X [ X | X | X |X|X

X

Contaminated Zone and Air

External
Ground

Inhalation

Radon

Plant
Ingestion

Meat
Ingestion

Milk
Ingestion

Soil
Ingestion

C-14

Co-60

Cs-137

H-3

1-129

Np-237

Pu-239

Ra-226

Ra-228

Sr-90

Tc-99

U-238

X

Note: “X” indicates important exposure pathway contributing in the peak total dose variability.
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Table 4-16  Parameters with High Correlation with Dose for the Offsite Resident
Scenario via Air Transport

Parameter to
Which the Peak
Total Dose Is
Sensitive

C-14 Co-60 Cs-137 H-3 1129 Np-237 Pu-239 Ra-226 Ra-228 Sr-90 Tc-99 U-238

Cover and
management factor
in area of primary
contamination

+++ + +++ +++ o+t +++ +++ +++ +++ +++ +++ +++

Slope-length-
steepness factor in
area of primary
contamination

+++ + +

Rainfall and runoff
factor in area of
primary
contamination

+++ + ++ +

Soil erodibility factor
of contaminated ++ +++ +++ +++ ++ ++ ++

zone

Support practice

factor in area of

primary

contamination

Deposition velocity

of all particulates to

compute -
atmospheric

release

Mass loading of all
particulates

Deposition velocity
of respirable - -
particulates

Deposition velocity
of all particulates

Hydraulic gradient
of saturated zone to +
surface water body

Hydraulic
conductivity of +
saturated zone

Distance in the
direction parallel to
aquifer flow from
downgradient edge
of contamination

Ky in saturated zone + +
Cover and
management factor + + +

of catchment area

The influence of a parameter is categorized subjectively in to three groups: those with standardized rank regression coefficient
(SRRC) >0.2 are shown with +++ or ---; those with an SRRC in the range 20.1 to 0.2 are shown with ++ or --; and those with an
SRRC in the range 20.05 to <0.1 are shown with + or -. Symbol “+” is used when an increase in the parameter value increases
dose, and symbol “~* is used when an increase in the parameter value decreases dose.
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Table 4-16

Parameters with High Correlation with Dose for the Offsite Resident
Scenario via Air Transport (cont.)

Parameter to
Which the Peak
Total Dose Is
Sensitive

C-14 Co-60 Cs-137

H-3 11129 Np-237 Pu-239 Ra-226 Ra-228 Sr-90 Tc-99

U-238

Soil erodibility factor
of catchment area

Slope-length-
steepness factor of
catchment area

Runoff coefficient of
catchment area

Ky in bottom
sediment in surface
water body

Thickness of bottom
sediment layer in
adsorption/desorpti
on equilibrium of
radionuclides with
water

Density of bottom
sediment

Water-to-aquatic
food transfer factor
for fish

Soil-to-plant
transfer factor for
fruit, grain, nonleafy
vegetables

Intake-to-animal
product transfer
factor for milk

Intake-to-animal
product transfer
factor for meat

Irrigation applied
per year to pasture
and silage field

Dry bulk density of
contaminated zone

Thickness of
contaminated zone

C-14 evasion flux
rate from soil

Thickness of
evasion layer for C-
14 in soil

Mass fraction of C-
12 in atmosphere

+++ ++

+++

+++

++

++

++

++

+++

++

++

+++

++

The influence of a parameter is categorized subjectively in to three groups: those with standardized rank regression coefficient
(SRRC) >0.2 are shown with +++ or ---; those with an SRRC in the range =0.1 to 0.2 are shown with ++ or --; and those with an
SRRC in the range 20.05 to <0.1 are shown with + or -. Symbol “+” is used when an increase in the parameter value increases
dose, and symbol “~* is used when an increase in the parameter value decreases dose.

4-24




Table 4-16  Parameters with High Correlation with Dose for the Offsite Resident
Scenario via Air Transport (cont.)

Parameter to
Which the Peak
Total Dose Is
Sensitive

C-14 Co-60 Cs-137 H-3 1129 Np-237 Pu-239 Ra-226 Ra-228 Sr-90 Tc-99 U-238

Mass fraction of C-

12 in fruit, grain, +
nonleafy vegetables
Runoff coefficient in

area of primary ---
contamination

Evapotranspiration
coefficient in area of

; +++
primary
contamination
Irrigation applied
per year in area of s

primary
contamination

Ky in contaminated
zone

Total porosity of
contaminated zone

b parameter of
contaminated zone

Radon emanation

coefficient +++ +++
Building air B

exchange rate

Effective radon . "

diffusion coefficient

The influence of a parameter is categorized subjectively in to three groups: those with standardized rank regression coefficient
(SRRC) >0.2 are shown with +++ or ---; those with an SRRC in the range =0.1 to 0.2 are shown with ++ or --; and those with an
SRRC in the range 20.05 to <0.1 are shown with + or -. Symbol “+” is used when an increase in the parameter value increases
dose, and symbol “~* is used when an increase in the parameter value decreases dose.
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Table 4-17  Effect of Parameters Contributing Significantly to Pathway Doses for the
Offsite Resident Scenario via Air Transport
I Contributing
Effect Significance Parameters Comments
Surface water All pathways Cover and The cover and management factor in area of primary
concentration management factor. contamination, the slope-length-steepness factor in area
material availability of primary contamination, the rainfall and runoff factor in
for atmospheric Slope length area of primary contamination, the soil erodibility factor,
release steepness factor. and support practice factor compute the erosion rate.
Rainfall and runoff
factor.
Soil erodibility factor.
Support practice
factor.
Air concentration All pathways Mass loading. The deposition velocity of all particulates and mass
. . loading is used to compute atmospheric release.
Deposition velocity of
all particulates.
Offsite radionuclide All pathways Deposition velocity of | A higher deposition velocity leads to greater deposition of
concentration all particulates the radionuclides at nearby offsite locations, but can also
containing lead to lower deposition farther away due to depletion of
radionuclides. the plume.
Offsite respirable Inhalation Deposition velocity of | A higher deposition velocity leads to greater deposition of
radionuclide pathways respirable the radionuclides at nearby offsite locations, but can also
concentration particulates. lead to lower deposition farther away due to depletion of

the plume.

Water concentration

Water release
pathways

Hydraulic gradient of
saturated zone to
surface water body.

Hydraulic
conductivity of
saturated zone.

Distance in the
direction parallel to
aquifer flow from
downgradient edge of
contamination.

Kyin saturated zone

A faster transport rate allows radionuclides from the far
end of the primary contamination to reach the surface
water body before the flow of radionuclides from the near
end decreases appreciably.

Surface water
concentration

All surface water
release
pathways

Cover and
management factor
of catchment area.

Slope-length-
steepness factor of
catchment area.

Soil erodibility factor
of catchment area

The cover and management factor of catchment area, the
slope-length-steepness factor of catchment area, and soil
erodibility factor of catchment area determine the quantity
of sediments that are eroded from the catchment.

Surface water
concentration

All surface water
release
pathways

Runoff coefficient of
catchment area

The runoff coefficient of catchment area is used to
compute the amount of precipitation on the catchment that
reaches the surface water body.
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Thickness of bottom
sediment layer in
adsorption/desorption
equilibrium of
radionuclides with
water

Density of bottom
sediment

Table 4-17  Effect of Parameters Contributing Significantly to Pathway Doses for the
Offsite Resident Scenario via Air Transport (cont.)
I Contributing
Effect Significance Parameters Comments
Surface water All surface water | Ky in bottom The K in bottom sediment in surface water body,
concentration release sediment in surface thickness of bottom sediment layer, density of bottom
pathways water body sediment, and runoff coefficient of catchment area

determine the water concentration.

Fish concentration

Fish ingestion
pathway

Water-to-aquatic food
transfer factor

Higher water-to-animal aquatic food transfer factor
increases fish pathway dose.

Plant concentration

Plant, meat, milk
ingestion
pathway

Soil-to-plant transfer
factor

Higher soil-to-plant transfer factor increases plant, meat,
and milk ingestion pathway doses.

Meat concentration

Meat ingestion

The intake-to-animal

Higher intake-to-animal product transfer factor for meat

pathway product transfer increases meat pathway dose.
factor for meat
Milk concentration Milk ingestion The intake-to-animal Higher intake-to-animal product transfer factor for milk
pathway product transfer increases milk pathway dose.

factor for milk

Pasture and silage

Meat and milk

Irrigation applied to

Higher irrigation applied to pasture and silage field

concentration pathway pasture and silage increases meat and milk pathway doses.
field
Radionuclide total All pathways Dry bulk density of The dry bulk density of contaminated zone and the
inventory in the contaminated zone thickness of the contaminated zone influence the inventory
contaminated zone . of the radionuclides in the contaminated zone of fixed
Thickness of dimension
contaminated zone '
C-14 concentration in | C-14 dose C-14 evasion flux The C-14 evasion flux rate from soil determines the rate at

air and food products

rate from soil

Thickness of evasion
layer for C-14 in soil

Mass fraction of C-12
in atmosphere

Mass fraction of C-12
in fruit, grain,
nonleafy vegetables

which C-14 is released into the atmosphere. The thickness
of the evasion layer for C-14 determines the fraction of the
inventory that can be released to the atmosphere in
gaseous form. Mass fractions of C-12 in atmosphere and
fruit, grain, and nonleafy vegetables calculate the C-14
concentration in different media.
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Table 4-17

Effect of Parameters Contributing Significantly to Pathway Doses for the

Offsite Resident Scenario via Air Transport (cont.)

Contributing

Effect Significance Parameters Comments
H-3 concentration in H-3 dose Evapotranspiration The runoff coefficient in area of primary contamination, the
different media coefficient evapotranspiration coefficient in area of primary
. contamination, the irrigation applied per year in area of
Runoff coefficient primary contamination, the distribution coefficient in
Irrigation contaminated zone, total porosity of contaminated zone,
and b parameter of contaminated zone determine the H-3
Kg in contaminated release in air.
zone
Total porosity of
contaminated zone
b parameter of
contaminated zone
Radon and its short- Radon dose Radon emanation The radon emanation coefficient, the building air exchange

lived progeny
concentration

coefficient

Building air exchange
rate

Effective radon
diffusion coefficient

rate, and the effective radon diffusion coefficient affect the
concentration of radon and its short-lived progeny in air.
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5 PARAMETER DISTRIBUTIONS

Table 5-1 lists the parameters with a significant effect on peak total dose for multiple
radionuclides in different scenarios based on the probabilistic analyses. The Resident Farmer
scenario was analyzed using RESRAD-ONSITE code. The Building Occupancy scenario was
analyzed using RESRAD-BUILD code. The Offsite Resident via Water Transport and Offsite
Resident via Air Transport scenarios were analyzed using RESRAD-OFFSITE code. Some
parameters, such as density of contaminated zone, K, of saturated zone, and deposition velocity
of all particulates, have a significant effect on peak total dose for multiple scenarios and multiple
radionuclides. For many parameters with a significant effect on peak total dose, distributions are
available from the previous studies.

Table 5-1 Parameters with Significant Effect on Peak Total Dose in Different
Scenarios
Distribution
Parameter with Significant Effect on Peak Total Dose Scenario3 Av;llab_l e from
revious
Studies
First time at which release begins Offsite Resident via Water No
Transport
Area of contaminated zone Resident Farmer No
Building air exchange rate Resident Farmer, Offsite Resident v
o es
via Air Transport
Building foundation thickness Resident Farmer No
Building foundation total porosity Resident Farmer Yes
Building room height Resident Farmer Yes
C-14 evasion flux rate from soil Resident Farmer, Offsite Resident
via Water Transport, Offsite No
Resident via Air Transport
Contaminated zone b parameter Resident Farmer, Offsite Resident v
O es
via Air Transport
Contaminated zone hydraulic conductivity Resident Farmer Yes
Contaminated zone total porosity Resident Farmer, Offsite Resident v
O es
via Air Transport
Cover and management factor in area of primary contamination Offsite Resident via Water
Transport, Offsite Resident via Air Yes
Transport
Cover and management factor of catchment area Offsite Resident via Water
Transport, Offsite Resident via Air Yes
Transport
Density of bottom sediment Offsite Resident via Air Transport No
Density of contaminated zone Resident Farmer, Offsite Resident
via Water Transport, Offsite Yes
Resident via Air Transport
Deposition velocity of all particulates Building Occupancy, Offsite
Resident via Water Transport, Yes
Offsite Resident via Air Transport
Deposition velocity of all particulates to compute atmospheric Offsite Resident via Water
release Transport, Offsite Resident via Air Yes
Transport
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Transport

Table 5-1 Parameters with Significant Effect on Peak Total Dose in Different
Scenarios (cont.)
Distribution
. . . Available from
Parameter with Significant Effect on Peak Total Dose Scenario Previous
Studies
Deposition velocity of respirable particulates Offsite Resident via Air Transport No
Depth of roots Resident Farmer Yes
Depth of soil mixing layer in area of primary contamination Offsite Resident via Water Transport Yes
Distance in the direction parallel to aquifer flow from downgradient Offsite Resident via Water
edge of contamination Transport, Offsite Resident via Air No
Transport
Dry bulk density of cover Offsite Resident via Water Transport Ns
Effective porosity of saturated zone Resident Farmer, Offsite Resident Y
- es
via Water Transport
Effective porosity of unsaturated zone Resident Farmer Yes
Evapotranspiration coefficient in area of primary contamination Offsite Resident via Water
Transport, Offsite Resident via Air Yes
Transport
External gamma shielding factor Resident Farmer Yes
Fraction of eroded radionuclides deposited in the surface water body Offsite Resident via Water Transport No
Hydraulic gradient of saturated zone to surface water body Offsite Resident via Air Transport Yes
Hydraulic gradient of saturated zone to well Offsite Resident via Water Transport Yes
Irrigation applied per year in area of primary contamination Offsite Resident via Air Transport No
Irrigation applied per year to pasture and silage field Offsite Resident via Water
Transport, Offsite Resident via Air No
Transport
Ky in bottom sediment in surface water body Offsite Resident via Air Transport No
Kg in contaminated zone Resident Farmer, Offsite Resident Y
o es
via Air Transport
Livestock fodder intake for milk Resident Farmer No
Livestock intake of soil Resident Farmer No
Livestock water intake for milk Resident Farmer No
Longitudinal dispersivity of saturated zone to well Offsite Resident via Water Transport No
Mass fraction of C-12 in atmosphere Offsite Resident via Air Transport No
Mass fraction of C-12 in fruit, grain, nonleafy vegetables Offsite Resident via Air Transport No
Mass loading of all particulates Offsite Resident via Water
Transport, Offsite Resident via Air Yes
Transport
Meat transfer factor Resident Farmer, Offsite Resident
via Water Transport , Offsite Yes
Resident via Air Transport
Milk transfer factor Resident Farmer, Offsite Resident
via Water Transport, Offsite Yes
Resident via Air Transport
Plant transfer factor Resident Farmer Yes
Plant transfer factor for fruit, grain, nonleafy vegetables Offsite Resident via Water
Transport, Offsite Resident via Air No
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Table 5-1 Parameters with Significant Effect on Peak Total Dose in Different
Scenarios (cont.)
Distribution
Parameter with Significant Effect on Peak Total Dose Scenario Av:llab_le from
revious
Studies
Plant transfer factor for progeny Resident Farmer Yes
Precipitation Resident Farmer None
recommended
Radon diffusion coefficient Resident Farmer, Offsite Resident No
via Air Transport
Rainfall and runoff factor in area of primary contamination Offsite Resident via Water
Transport, Offsite Resident via Air Yes
Transport
Release time or source lifetime Building Occupancy Yes
Resuspension rate Building Occupancy Yes
Rn-222 emanation coefficient Resident Farmer, Offsite Resident No
via Air Transport
Runoff coefficient in area of primary contamination Resident Farmer, Offsite Resident Yes
via Air Transport
Runoff coefficient in catchment area Offsite Resident via Air Transport Yes
Runoff coefficient of catchment area Offsite Resident via Water
Transport, Offsite Resident via Air Yes
Transport
Saturated zone hydraulic conductivity Resident Farmer, Offsite Resident
via Water Transport , Offsite Yes
Resident via Air Transport
Saturated zone hydraulic gradient Resident Farmer Yes
Slope-length-steepness factor in area of primary contamination Offsite Resident via Water
Transport, Offsite Resident via Air Yes
Transport
Slope-length-steepness factor of catchment area Offsite Resident via Water
Transport, Offsite Resident via Air Yes
Transport
Soil erodibility factor of catchment area Offsite Resident via Air Transport Yes
Soil erodibility factor of contaminated zone Offsite Resident via Air Transport Yes
Soil erodibility factor of contaminated zone Offsite Resident via Air Transport Yes
Soil erodibility factor of cover Offsite Resident via Water Transport Yes
Support practice factor in area of primary contamination Offsite Resident via Air Transport Yes
Thickness of bottom sediment layer in adsorption/desorption Offsite Resident via Air Transport No
equilibrium of radionuclides with water
Thickness of contaminated zone Resident Farmer, Offsite Resident
via Water Transport, Offsite No
Resident via Air Transport
Thickness of cover Offsite Resident via Water Transport No
Thickness of evasion layer of C-14 in soil Resident Farmer, Offsite Resident Yes
via Air Transport
Thickness of unsaturated zone Offsite Resident via Water Transport Yes
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Table 5-1 Parameters with Significant Effect on Peak Total Dose in Different
Scenarios (cont.)

Distribution
Parameter with Significant Effect on Peak Total Dose Scenario Av:llab_le from
revious
Studies
Total porosity of saturated zone Offsite Resident via Water Transport Yes
Water to aquatic food transfer factor for fish Offsite Resident via Water
Transport, Offsite Resident via Air Yes
Transport
Wind speed Resident Farmer Yes

For the Resident Farmer scenario, the newly identified important parameters with significant
effect on peak total dose include area of contaminated zone, building foundation thickness, C-
14 evasion flux rate from soil, livestock fodder intake for milk, livestock intake of soil, livestock
water intake for milk, precipitation, radon diffusion coefficient, radon emanation coefficient, and
thickness of contaminated zone. The area and thickness of contaminated zone and the
precipitation rate are very site-specific. The area and thickness of contaminated zone can be
easily obtained from measurement, and site-specific precipitation data can be obtained from the
nearest weather station (https://www.ncdc.noaa.gov/cdo-web/datatools/normals).

Building Occupancy scenario analysis did not identify any new parameter with significant effect
on peak total dose.

For the Offsite Resident Scenario via Water Transport, the newly identified parameters with
significant effect on dose include first time at which release begins; C-14 evasion flux rate from
soil; distance in the direction parallel to aquifer flow from downgradient edge of contamination to
well; dry bulk density of cover; fraction of eroded radionuclides deposited in surface water body;
irrigation applied per year to pasture and silage field; longitudinal dispersivity of saturated zone
to well; plant transfer factor for fruit, grain, and nonleafy vegetables; and thickness of cover. The
first time at which release begins, distance in the direction parallel to aquifer flow to well, and
density and thickness of cover depend on the waste type and disposal option selected; for these
parameters site-specific values should be used.

For the Offsite Resident Scenario via Air Transport, the new parameters with significant effect
on dose include C-14 evasion flux rate from soil; density of bottom sediment; deposition velocity
of respirable particulates; distance in the direction parallel to aquifer flow from downgradient
edge of contamination to well; irrigation applied per year in area of primary contamination;
irrigation applied per year to pasture and silage field; Ky in bottom sediment in surface water
body; mass fraction of C-12 in atmosphere; mass fraction of C-12 in fruit, grain, and nonleafy
vegetables; plant transfer factor for fruit, grain, and nonleafy vegetables; radon diffusion
coefficient; radon emanation coefficient; thickness of bottom sediment layer in
adsorption/desorption equilibrium of radionuclides with water; thickness of contaminated zone;
and irrigation applied per year in area of primary contamination. The distance in the direction
parallel to aquifer flow from downgradient edge of contamination to well and thickness of
contaminated zone are very site-specific; a site-specific value should be used. The irrigation
applied per year in area of primary contamination and irrigation applied per year to pasture and
silage field depend on the site-specific needs of the vegetation grown in the area; a site-specific
value should be used.



Based on the new information available in the data collection handbook, parameter distributions
have been updated for the following: Kq, plant transfer factor, meat transfer factor, milk transfer
factor, fish bioaccumulation factor, building air exchange rate, mass loading for inhalation, depth
of roots, and fraction of time spent indoor and outdoor are updated.

The distributions for radon emanation coefficient, effective radon diffusion coefficient, and
building foundation thickness are developed in this report. Data are collected for some new
parameters (diffusion coefficient, soluble concentration, distribution coefficient of suspended
sediment in surface water body, and distribution coefficient of bottom sediment in surface water
body).

Radionuclide- and element-specific parameters for which distributions were not available in the
past in NUREG-6697 report are added in Appendix C of this report. The parameters in this

category include distribution coefficient, plant transfer factor, meat transfer factor, milk transfer
factor, and bioaccumulation factors for aquatic organisms.

The livestock fodder intake for milk, livestock intake of soil, and livestock water intake for milk
are metabolic parameters. For livestock water intake for milk cow, the data collection handbook
(Yu et al. 2015) lists an average value of 115 L/d, rather than the DandD default value of 60 L/d.

Based on this analysis, more data should be collected or distributions should be developed for
the following parameters:

e (C-14 evasion flux rate from soil,
e Deposition velocity of respirable particulates,
o Fraction of eroded radionuclides deposited in surface water body,

e Thickness of bottom sediment layer in adsorption/desorption equilibrium of radionuclides
with water,

e Density of bottom sediment,

e Livestock fodder intake for milk,

¢ Livestock intake of soil,

e Mass fraction of C-12 in atmosphere,
e Mass fraction of C-12 in fruit, grain.

The plant, meat, and milk transfer factors were identified to have significant effect on peak total
dose in different scenarios for multiple radionuclides in this analysis. It would be nice to be able
to specify different plant types and different meat/milk types in future code updates.

Appendix C includes parameter distributions for all parameters for which distributions were
available in the past, parameters for which distributions are updated, and the new parameters
for which distributions are developed.

For presentation, the parameters are grouped into six categories: soil and hydrogeological,
meteorological, receptor characteristics, crops and livestock, building characteristics, and



source characteristics. The presentation of each parameter distribution identifies the code or
codes in which it is used and gives a brief description of the parameter, its units, its assigned

distribution, and input data. Table 5-2 lists parameters with available distributions.

Table 5-2 Parameters with Significant Effect on Peak Total Dose in Different
Scenarios, Applicable Code, and Assigned Distributions
Assigned Section
Parameter Applicable Code Type Distribution in Apzendlx
Soil and Hydrogeological
Density of soil (g/cm3) RESRAD-ONSITE and -OFFSITE P Normal 3.1
Total porosity RESRAD-ONSITE and -OFFSITE P Normal 3.2
Effective porosity RESRAD-ONSITE and -OFFSITE P Normal 3.3
Hydraulic conductivity | peap AD-ONSITE and -OFFSITE | P Bounded 3.4
(mlyr) lognormal-n
Soil b parameter RESRAD-ONSITE and -OFFSITE | P Bounded 35
lognormal-n
Hydraulic gradient RESRAD-ONSITE and -OFFSITE | P Bounded 36
lognormal-n
unsaturated zone RESRAD-ONSITE and -OFFSITE | P Sounded 3.7
thickness (m) lognormal-n
Cover anq contaminated RESRAD-ONSITE PB Contl.nuogs 38
zone erosion rate (m/yr) logarithmic
([i';t;z‘)‘t'on coefficients | RESRAD-ONSITE and -OFFSITE | P | Lognormal-n 3.9
Well pumping rate RESRAD-ONSITE and -OFFSITE | B,P None 3.10
(m3/yr) recommended
Well pump intake depth | oo oo Ab ONSITE and -OFFSITE | P Triangular 3.11
(below water table) (m)
Depth of soil mixing RESRAD-ONSITE and -OFFSITE | P Triangular 3.12
layer (m)
None
Cover depth (m) RESRAD-ONSITE and -OFFSITE P 3.13
recommended
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Table 5-2 Parameters with Significant Effect on Peak Total Dose in Different
Scenarios, Applicable Code, and Assigned Distributions (cont.)
Assigned Section
Parameter Applicable Code Type Distribution in Apgendlx
Soil and Hydrogeological (cont.)
Cover depth (m) RESRAD-ONSITE and -OFFSITE | P None 3.13
recommended
Volumetric water RESRAD-OFESITE p Cothlnuous 314
content linear
Dispersivity (m) RESRAD-OFFSITE P COE::Z:;’“S 3.15
Rainfall erosion index | RESRAD-OFFSITE P COEEZ:;’”S 3.16
Soil erodibility factor RESRAD-OFESITE p Cor?tlnuous 317
(ton/acre) linear
Slope length-steepness RESRAD-OFESITE p Cor?tlnuous 318
factor linear
Cover and management RESRAD-OFFSITE P Cothlnuous 319
factor linear
Support practice factor | RESRAD-OFFSITE P 00:;:2:?”5 3.20
C-14 evasion layer RESRAD-ONSITE and -OFFSITE | P Triangular 3.21
thickness in soil (m)
Sediment distribution | e e o pp P Lognormal 3.22
coefficients (cm3/g)
Meteorological
s None
Precipitation rate (m/yr) | RESRAD-ONSITE and -OFFSITE P 4.1
recommended
Runoff coefficient RESRAD-ONSITE and -OFFSITE P Uniform 4.2
Evapotranspiration ONSITE, OFFSITE P Uniform 4.3
coefficient
- RESRAD-ONSITE, -OFFSITE Lognormal-n
3 ’ k) L}
Humidity (g/m") and -BUILD P uniform 44
Bounded
Wind speed (m/s) RESRAD-ONSITE and -OFFSITE P lognormal-n, 4.5
uniform
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Table 5-2 Parameters with Significant Effect on Peak Total Dose in Different
Scenarios, Applicable Code, and Assigned Distributions (cont.)
Assigned Section
Parameter Applicable Code Type Distribution in Apgendlx
Meteorological (cont.)
Mass loading for Continuous
inhalation and foliar RESRAD-ONSITE and -OFFSITE P.B linear, 4.6
deposition (g/m3) lognormal-n
Deposition velocity (m/s) | RESRAD-BUILD and -OFFSITE P Loguniform 4.7
Receptor
RESRAD-ONSITE, -OFFSITE
i 3 ’ ’ .

Inhalation rate (m3/d) and -BUILD M,B Triangular 5.1
Drinking water intake
(Liyr) RESRAD-ONSITE and -OFFSITE M,B Lognormal-n 5.2
Milk consumption (L/yr) RESRAD-ONSITE and -OFFSITE M,B Triangular 5.3
Fruit, vegetables, and
grain consumption RESRAD-ONSITE and -OFFSITE M,B Triangular 54
(kglyr)
Soil ingestion rate (g/yr) | RESRAD-ONSITE and -OFFSITE M,B Triangular 5.5
Receptor indirect RESRAD-BUILD B | Loguniform 56
ingestion rate (m3/h)
Direct ingestion rate (g/h None
for volume source and RESRAD-BUILD B recommende 5.7
1/h for all other sources) d
Quantity of water for
household purposes RESRAD-OFFSITE B Lognormal-n 5.8
(L/day)

. RESRAD-ONSITE, -OFFSITE, Continuous
Indoor fraction B . 59

and -BUILD linear
Outdoor fraction RESRAD-ONSITE and -OFFSITE | B 00:;22:;’”5 5.10
Crops and Livestock

Depth of roots (m) RESRAD-ONSITE and -OFFSITE P Uniform 6.1
Duration of the growing | R AD.OFFSITE Triangular 6.2
season (days)
Transfer factors for RESRAD-ONSITE and -OFFSITE | P | Lognormal-n 6.3

plants
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Table 5-2 Parameters with Significant Effect on Peak Total Dose in Different
Scenarios, Applicable Code, and Assigned Distributions (cont.)
Assigned Section
Parameter Applicable Code Type Distribution in Apgendlx
Crops and Livestock (cont.)
Transfer factors for meat
[(pCi/kg)/(pCi/d)] RESRAD-ONSITE and -OFFSITE P Lognormal-n 6.4
Transfer factors for milk | e qpAD ONSITE and -OFFSITE | P | Lognormal-n 6.5
[(pCi/L)/(pCi/d)] 9 |
Wet-weight crop yields
for nonleafy vegetables RESRAD-ONSITE and -OFFSITE P Lognormal-n 6.6
(kg/m?)
Weathering removal .
RESRAD-ONSITE and -OFFSITE P Triangular 6.7
constant (1/yr)
Wet foliar interception
fraction for leafy RESRAD-ONSITE and -OFFSITE P Triangular 6.8
vegetables (kg/m?2)
Bioaccumulation factors
for fish [(pCi/kg)/(pCilL)] RESRAD-ONSITE and -OFFSITE P Lognormal-n 6.9
Aquaticfood = RESRAD-ONSITE and -OFFSITE | B,P | Triangular 6.10
contaminated fraction
Building Characteristics
Indoor dust filtration RESRAD-ONSITE and -OFFSITE | P,B Uniform 7.1
factor
Resuspension rate (1/s) | RESRAD-BUILD P.,B Loguniform 7.2
Shielding density RESRAD-ONSITE, -OFFSITE, .
(glom?) and -BUILD P Uniform 7.3
Air exchange rate for RESRAD-ONSITE, -OFFSITE, B Loanormal-n 74
building and room (1/h) and -BUILD 9 '
Room area (m2) RESRAD-BUILD P Triangular 7.5
: RESRAD-ONSITE, -OFFSITE, .
Room height (m) and -BUILD P Triangular 7.6
Do . RESRAD-ONSITE, -OFFSITE, .
Shielding thickness (cm) and -BUILD P.,B Triangular 7.7
External gamma Bounded
shielding/penetration RESRAD-ONSITE and -OFFSITE P 7.8
lognormal-n

factor
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Table 5-2 Parameters with Significant Effect on Peak Total Dose in Different
Scenarios, Applicable Code, and Assigned Distributions (cont.)
Assigned Section
Parameter Applicable Code Type Distribution in Apgendlx
Source Characteristics

Source density, volume | e gpAD-BUILD P Uniform 8.1
source (g/cm3)
Source erosion rate, RESRAD-BUILD PB | Triangular 8.2
volume source (cm/d)
Removable fraction RESRAD-BUILD P.B Triangular 8.3
Source porosity RESRAD-ONSITE, -OFFSITE, and |, Uniform 8.4

-BUILD
Air release fraction RESRAD-BUILD B Triangular 8.5
Wetand dry zone RESRAD-BUILD P Uniform 8.6
thickness (cm)
Time for source removal | peapAn BUILD PB | Triangular 8.7
or source lifetime (d)
Source thickness, .

RESRAD-BUILD P Triangular 8.8
volume source (cm)
Water fraction available | pesrAD-BUILD P | Triangular 8.9
for evaporation
Radon emanation RESRAD-ONSITE, -OFFSITE, and P Loauniform 8.10
coefficient -BUILD 9 '
Radon Diffusion RESRAD-ONSITE, -OFFSITE, and p Loquniform 8.11
coefficient -BUILD 9 '
Solu.ble concentration of RESRAD-OFESITE P None 8.12
nuclides recommended
Dn‘fu.5|on coefficient of RESRAD-OFESITE p None 813
nuclides recommended
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6 DEVELOPMENT OF TEMPLATE FILES FOR RESIDENT FARMER
AND BUILDING OCCUPANCY SCENARIOS

Template files for conducting deterministic analysis for 12 representative radionuclides, as well
as the methodology for selecting the deterministic parameter value for analysis, are developed.
The concept adopted is to select a single representative value for a specific parameter that,
when used in a deterministic analysis, results in a dose estimate close to the value of the mean
dose estimate that would result from a probabilistic analysis.

The following are the criteria used in developing template files for the deterministic analysis:

e For behavioral and metabolic parameters, values from DandD code (Beyeler, et al.
1999) were used. If the parameter is scenario-dependent, the value provided in the
description of the scenario was used.

o For the site-specific parameters that are readily available, such as room area, room
height, precipitation rate, size and depth of contamination, thickness of the cover
material, and so on, the site-specific value should be used in the analysis, if available.

o If the parameter had a significant effect on peak total dose (see Section 5), reasonable
effort should be made to obtain the site-specific value. If the site-specific value was not
available, for a positively correlated parameter the higher percentile (e.g., 75 percent)
was used, and for a negatively correlated parameter, the lower percentile
(e.g., 25 percent) from the parameter distribution was used.

e For the positively correlated parameter, if the 75" percentile value from the distribution
was less than the mean value from the distribution or DandD default value, then the
mean or median value from the distribution or DandD default value was used.

e For the negatively correlated parameter, if the 25" percentile value from the distribution
was higher than the mean value from the distribution or DandD default value, then the
mean or median value from the distribution or DandD default value was used.

¢ |f a parameter does not have significant effect on dose/risk for a given scenario, the
mean, median, or most likely value from the parameter distribution was used.

o For the rest of the parameters such as translocation factors and storage times, DandD
code defaults were used; if the parameter was not available in DandD code such as
exposure duration, RESRAD defaults were used.

6.1 Template File for Resident Farmer Scenario

To develop radionuclide-specific template files for deterministic analysis, the parameters with
high correlation are assigned more conservative values than most of the values in the
distribution, as discussed previously. The external gamma shield factor is kept at the DandD
default value of 0.552 because this value is higher than the 75" percentile from the distribution.
Similarly, building height is kept at the most likely value from the distribution because the

25" percentile value of building room height from the distribution (3.89 m) is higher than the
most likely value (3.7 m) from the distribution. Table 6-1 lists the deterministic values selected
for highly correlated parameters for 12 radionuclides in the template file. Table 6-1 also lists
parameters’ plus or minus correlation. A separate run gives the deterministic dose from each
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radionuclide. Table 6-2 lists the peak total dose for each radionuclide replacing the values for
parameters identified sensitive to peak total dose with the parameter values listed in Table 6-1.
Table 6-2 also provides the peak total dose from the deterministic run using the DandD
parameter default values in Table B-2, peak of the mean, mean of the peak, and values at the
50 percent, 75 percent, 90 percent, and 95 percentiles from probabilistic analysis using the
parameter values listed in Table B-2. For all radionuclides, dose is higher than the peak of the
mean and 75" percentile dose values.

Table 6-1 Dose-Sensitive Parameters, Correlation (+ or —), and Value Used in
Template File for the Resident Farmer Scenario
Parameter for Radionuclide Unit Correlation Ta\?al‘leulz-z ;?én\'?;?f;
C-14

Thickness of contaminated zone m + 0.15 2.07

Area of contaminated zone m? + 2400 5660

Wind speed m/s - 4.2 3.6

Density of contaminated zone g/lcm?® + 1.43 1.67

C-14 evasion flux rate from soll 1/s + 7.0E-07 9.71E-07

'1I'2|icnkr;§:s of evasion layer of C- m N 03 0.4268
Co-60

External gamma shielding factor none + 0.552 0.552

Plant transfer factor for Co-60 pC;)/gc;:ii)EI]aQ;”per N 3 00E-02 1 5E-01

Thickness of contaminated zone m + 0.15 2.07

Area of contaminated zone m? + 2400 5660
Cs-137

Plant transfer factor for Cs-137 nggiZa;;”per N 4.00E-02 8 00E-02

External gamma shielding factor none + 0.552 0.552

Thickness of contaminated zone m + 0.15 2.07

Note: When area of contaminated zone was changed to 5660 m?, length parallel to aquifer flow was also changed
to 75.23 m [length parallel to aquifer flow = square root (area of contaminated zone)].




Table 6-1

Template File for the Resident Farmer Scenario (cont.)

Dose-Sensitive Parameters, Correlation (+ or —), and Value Used in

porosity

Parameter for Radionuclide Unit Correlation Ta\?al‘leulz-z I-Ii?;n\‘l):ll:z
Cs-137 (cont.)
Depth of roots m - 2.15 1.23
Meat transfer factor for Cs-137 p(;légi/zer N 2 19E-02 4.00E-02
Milk transfer factor for Cs-137 p(;lé;/zer N 4 61E-03 7 40E-03
Plant transfer factor for Cs-137 pCi/g .plant.per . 4.00E-02 8 00E-02
pCi/g soll
External gamma shielding factor none + 0.552 0.552
Thickness of contaminated zone m + 0.15 2.07
Depth of roots m - 2.15 1.23
Meat transfer factor for Cs-137 pCplé:gi/zer N 2 19E-02 4.00E-02
Milk transfer factor for Cs-137 pCi/I_. per N 4.61E-03 7 40E-03
pCi/d
Livestock fodder intake for milk kg/d + 63.2 87.698
Livestock intake of soil kg/d + 0.5 0.694
Density of contaminated zone glcm?® + 1.43 1.67
Area of contaminated zone m? + 2400 5660
H-3

Thickness of contaminated zone m + 0.15 2.07
Depth of roots m - 2.15 1.23
Runoff coefficient none + 0.31 0.63
Density of contaminated zone g/lcm?® + 1.43 1.67
Precipitation m/yr - 1 0.71
Kq of H-3 in contaminated zone cmd/g - 0.06 0.043
Contaminated zone total none B 0.46 0.37

ote: When area of contaminated zone was changed to 5660 m?, length parallel to aquifer flow was also changed to
75.23 m [length parallel to aquifer flow = square root (area of contaminated zone)].




Table 6-1

Template File for the Resident Farmer Scenario (cont.)

Dose-Sensitive Parameters, Correlation (+ or —), and Value Used in

Parameter for Radionuclide Unit Correlation Table B-2 T_emplate

Value File Value
H-3 (cont.)

Livestock water intake for milk L/d - 60 83.258

Contam!ngted zone hydraulic miyr N 10 412

conductivity

Livestock fodder intake for milk kg/d + 63.2 87.698

Contaminated zone b parameter none - 3.59 1.86

1-129
Plant transfer factor for 1-129 pCi/g .plant.per N 2 00E-02 3 70E-02
pCi/g soll
Thickness of contaminated zone m + 0.15 2.07
Milk transfer factor for 1-129 pC|/L. per N 5 41E-03 9.90E-03
pCi/d
Depth of roots m - 2.15 1.23
Meat transfer factor for 1-129 pC|/g per N 6.67E-03 1 50E-02
pCi/d

Kq of 1-129 in saturated zone glcm?® - 7 24

Saturate.d. zone hydraulic miyr N 10 412

conductivity

Satu.rated zone hydraulic none N 0.02 0.019

gradient

Livestock intake of soil kg/d + 0.5 0.694

Ky of 1-129 in unsaturated zone g/lcm?® - 7 2.4

Np-237
Plant transfer factor for Np-237 | pCi/g .plant.per N 2 00E-02 3 70E-02
pCi/g soil

Thickness of contaminated zone m + 0.15 2.07

Depth of roots m - 2.15 1.23

External gamma shielding factor none + 0.552 0.552

Note: When area of contaminated zone was changed to 5660 m?2, length parallel to aquifer flow was also changed
to 75.23 m [length parallel to aquifer flow = square root (area of contaminated zone)].




Table 6-1

Template File for the Resident Farmer Scenario (cont.)

Dose-Sensitive Parameters, Correlation (+ or —), and Value Used in

porosity

Parameter for Radionuclide Unit Correlation Table B-2 T_emplate
Value File Value
Np-237 (cont.)
Ky of Np-237 in saturated zone cmd/g - 36 11
Saturgted zone effective none i 0.355 0.289
porosity
Pu-239
Plant transfer factor for Pu-239 | pCi/g .plant.per N 1 00E-03 1 90E-03
pCi/g soll
Thickness of contaminated zone m + 0.15 2.07
Depth of roots m - 2.15 1.23
Meat transfer factor for Pu-239 pCl/g per N 1 1E-6 9 5E-6
pCi/d
Total porosity of unsaturated none N 046 0.4835
zone
Ra-226
Building air exchange rate per h - 1.52 0.84
Thickness of contaminated zone m + 0.15 2.07
Plant transfer factor for Ra-226 | pCi/g .plant.per N 4.00E-02 7 BE-02
pCi/g soll
Depth of roots m - 2.15 1.23
Rn-222 emanation coefficient + 0.25 0.423
Plant transfer factor for Pb pCi/g .plant.per N 4.0E-03 7 5E-03
pCi/g soll
Buliding foundation radon m?/s + 3.00E-07 | 3.5E-07
diffusion coefficient
Building room height m - 3.7 3.7
External gamma shielding factor none + 0.552 0.552
Building foundation total none N 01 016

Note: When area of contaminated zone was changed to 5660 m?, length parallel to aquifer flow was also changed
to 75.23 m [length parallel to aquifer flow = square root (area of contaminated zone)].




Table 6-1

Template File for the Resident Farmer Scenario (cont.)

Dose-Sensitive Parameters, Correlation (+ or —), and Value Used in

Parameter for Radionuclide Unit Correlation Table B-2 T_emplate
Value File Value
Ra-226 (cont.)
Building foundation thickness m - 0.15 0.14
Density of contaminated zone glcm?® + 1.43 1.67
Conta.mlnated zone total B 0.46 0.37
porosity
Ra-228
Plant transfer factor for Ra-228 | pCi/g .plant.per N 4.0E-02 7 BE-02
pCi/g soll
Thickness of contaminated zone m + 0.15 2.07
Depth of roots m - 2.15 1.23
External gamma shielding factor none + 0.552 0.552
Milk transfer factor for Ra-228 pC|/I_. per N 3 8E-4 1 1E-03
pCi/d
Effective porosity of unsaturated none N 0.355 0.4209
zone
Sr-90
Plant transfer factor for Sr-90 pCi/g .plant.per N 3 00E-01 5 90E-01
pCi/g soll
Thickness of contaminated zone m + 0.15 2.07
Depth of roots m - 2.15 1.23
Milk transfer factor for Sr-90 pC|/I_. per N 1 3E-03 1 8E-03
pCi/d
Tc-99
Plant transfer for Tc-99 pCi/g plant per
. : + 5 9.1
pCi/g soll
Thickness of contaminated zone m + 0.15 2.07
Depth of roots m - 2.15 1.23

Note: When area of contaminated zone was changed to 5660 m?, length parallel to aquifer flow was also changed
to 75.23 m [length parallel to aquifer flow = square root (area of contaminated zone)].




Table 6-1

Template File for the Resident Farmer Scenario (cont.)

Dose-Sensitive Parameters, Correlation (+ or —), and Value Used in

. . . . Table B-2 Template

Parameter for Radionuclide Unit Correlation Value File Value
Tc-99 (cont.)

Kq of Tc-99 in contaminated cm¥g N 02 0.88

zone

Milk transfer factor for Tc-99 pCI/L. per N 1.29E-03 1 60E-03
pCi/d

Runoff coefficient none + 0.31 0.63

U-238

Milk transfer factor for U-238 pCI/L. per N 1 80E-03 4.30E-03
pCi/d

Plant transfer factor for U-238 pCi/g .plant.per N 2 00E-03 3 70E-03

pCi/g soll

Thickness of contaminated zone m + 0.15 2.07

External gamma shielding factor none + 0.552 0.552

Livestock intake of soil kg/d + 0.5 0.694

Depth of roots m - 2.15 1.23

Note: When area of contaminated zone was changed to 5660 m?, length parallel to aquifer flow was also changed
to 75.23 m [length parallel to aquifer flow = square root (area of contaminated zone)].




Table 6-2 Comparison of Deterministic Dose (mrem/yr per pCi/g) Calculated Using
Data Template File with Calculated Dose Using DandD Defaults and
Probabilistic Dose Results at Peak of the Mean, Mean of the Peak, and 50,
75, 90, and 95 Percentile Values for the Resident Farmer Scenario

Deterministic Analysis Probabilistic Analysis

Te?na;f'ate DandD Peti'; °f | Mean of 50 75 90 95
Radionuclide | File Value Default Mean the Peak | Percent Percent Percent Percent
C-14 1.41E+00 5.59E-02 | 6.13E-01 | 6.13E-01 | 5.11E-01 | 8.36E-01 | 1.21E+00 | 1.46E+00
Co-60 6.72E+00 | 5.39E+00 | 4.40E+00 | 4.40E+00 | 4.04E+00 | 5.19E+00 | 6.56E+00 | 7.49E+00
Cs-137 2.97E+00 | 1.40E+00 | 1.67E+00 | 1.67E+00 | 1.39E+00 | 1.88E+00 | 2.61E+00 | 3.36E+00
H-3 1.51E-01 1.38E-03 | 5.28E-02 | 5.28E-02 | 4.72E-02 | 8.02E-02 | 1.07E-01 | 1.23E-01
1-129 2.48E+01 4.42E-01 | 3.57E+00 | 3.57E+00 | 1.95E+00 | 3.92E+00 | 7.63E+00 | 1.16E+01
Np-237 2.50E+00 5.57E-01 | 1.37E+00 | 1.41E+00 | 9.63E-01 | 1.66E+00 | 2.79E+00 | 3.89E+00
Pu-239 2.47E-01 2.56E-02 | 1.39E-01 | 1.39E-01 | 8.73E-02 | 1.65E-01 | 2.95E-01 | 4.14E-01
Ra-226 6.17E+01 6.63E+00 | 2.04E+01 | 2.18E+01 | 1.57E+01 | 2.59E+01 | 4.23E+01 | 5.82E+01
Ra-228 3.07E+01 4.04E+00 | 1.56E+01 | 1.56E+01 | 9.94E+00 | 1.86E+01 | 3.29E+01 | 4.58E+01
Sr-90 1.06E+01 | 3.93E-01 | 5.70E+00 | 5.70E+00 | 2.87E+00 | 6.54E+00 | 1.35E+01 | 1.98E+01
Tc-99 3.33E+00 4.63E-02 | 1.55E+00 | 1.56E+00 | 8.41E-01 | 1.85E+00 | 3.68E+00 | 5.28E+00
U-238 3.31E-01 1.12E-01 2.21E-01 | 2.23E-01 | 1.50E-01 | 2.42E-01 | 4.08E-01 | 6.13E-01

6.2 Template File for Building Occupancy Scenario

To develop radionuclide-specific template files for deterministic analysis, the parameters with
high correlation are assigned more conservative values, as discussed previously. If the source
lifetime had negative correlation and the 25" percentile value from the parameter distribution
(18,300 days) was higher than the most likely value from the parameter distribution

(10,000 days), then the source lifetime value is kept at most likely value from the distribution.

Table 6-3 lists the deterministic values selected for highly correlated parameters for 12
radionuclides in the template file. Table 6-3 also lists parameters’ plus or minus correlation. A
separate run gives the peak total dose for each radionuclide replacing the values for parameters
for which peak total dose was identified sensitive with the parameter values listed in Table 6-3.

Table 6-4 lists the peak total dose for each radionuclide replacing the values for parameters
identified sensitive to peak total dose with the parameter values listed in Table 6-3. Table 6-4
also provides the peak total dose from the deterministic run using the DandD parameter default
values in Table B-26, peak of the mean, mean of the peak, and values at the 50 percent,

75 percent, 90 percent, and 95 percentiles from probabilistic analysis using the parameter
values listed in Table B-26.
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Table 6-3

Template File for the Building Occupancy Scenario

Dose-Sensitive Parameters, Correlation (+ or =), and Value Used in the

Parameters for Radionuclide Unit Correlation Table B-26 T_emplate

Value File Value

C-14
Resuspension rate 1/s - 6.80E-08 6.7E-10
Deposition velocity m/s + 3.90E-04 4.80E-04
Co-60
Resuspension rate 1/s - 6.80E-08 6.7E-10
Deposition velocity m/s + 3.90E-04 4.80E-04
Source lifetime of contaminated days . 10,000 52.800
floor
Source lllfetlme of west days i 10,000 10,000
contaminated wall
Source lifetime of east contaminated days i 10,000 10,000
wall
Source .Ilfetlme of north days i 10,000 10,000
contaminated wall
Source lllfetlme of south days i 10,000 10,000
contaminated wall
Cs-137

Resuspension rate 1/s - 6.80E-08 6.7E-10
Deposition velocity m/s + 3.90E-04 4.80E-04
Source lifetime of contaminated days . 10,000 52.800
floor
Source lifetime of contaminated roof days + 10,000 52,800

Note: Source 1, floor; source 2 roof; source 3 west wall; source 4 east wall; source 5 north wall; source 6 south wall.




Table 6-3

Template File for the Building Occupancy Scenario (cont.)

Dose-Sensitive Parameters, Correlation (+ or =), and Value Used in the

contaminated wall

Parameters for Radionuclide Unit Correlation Table B-26 T.emplate

Value File Value

H-3
Resuspension rate 1/s - 6.80E-08 6.7E-10
Deposition velocity m/s + 3.90E-04 4.80E-04
Source lifetime of contaminated floor days - 10,000 10,000
Source lifetime of contaminated roof days - 10,000 10,000
Source lifetime of west contaminated days i 10,000 10,000
wall
Source lifetime of north contaminated days i 10,000 10,000
wall
Source lifetime of east contaminated days i 10,000 10,000
wall
Source .Ilfetlme of south days i 10,000 10,000
contaminated wall
1-129
Resuspension rate 1/s - 6.80E-08 6.7E-10
Deposition velocity m/s + 3.90E-04 4.80E-04
Np-237

Source lifetime of contaminated roof days - 10,000 10,000
Source lifetime of contaminated floor days - 10,000 10,000
Resuspension rate 1/s - 6.80E-08 6.7E-10
Deposition velocity m/s + 3.90E-04 4.80E-04
Source lifetime of north contaminated days i 10,000 10,000
walls
Source lifetime of west contaminated days i 10,000 10,000
wall
Source lifetime of east contaminated days i 10,000 10,000
wall
Source lifetime of south days ) 10,000 10,000

Note: Source 1, floor; source 2 roof; source 3 west wall; source 4 east wall; source 5 north wall; source 6 south wall.




Table 6-3

Template File for the Building Occupancy Scenario (cont.)

Dose-Sensitive Parameters, Correlation (+ or =), and Value Used in the

Parameters for Radionuclide Unit Correlation Table B-26 T_emplate
Value File Value
Pu-239
Source lifetime of contaminated roof days - 10,000 10,000
Source lifetime of contaminated floor days - 10,000 10,000
Source lifetime of contaminated walls days - 10,000 10,000
Resuspension rate 1/s - 6.80E-08 6.7E-10
Deposition velocity m/s + 3.90E-04 4.80E-04
VSleIJlgce lifetime of north contaminated days i 10,000 10,000
VSleIJIrce lifetime of west contaminated days i 10,000 10,000
\?vzrlrce lifetime of east contaminated days i 10,000 10,000
R
Ra-226
Resuspension rate 1/s - 6.80E-08 6.7E-10
Source lifetime of contaminated roof days - 10,000 10,000
Deposition velocity m/s - 3.90E-04 1.52E-05
Source lifetime of contaminated floor days - 10,000 10,000
Ra-228
Deposition velocity m/s - 3.90E-04 1.52E-05
Source lifetime of contaminated roof days - 10,000 10,000
Source lifetime of contaminated floor days - 10,000 10,000
Sr-90
Resuspension rate 1/s - 6.80E-08 6.7E-10
Deposition velocity m/s + 3.90E-04 4.80E-04

Note: Source 1, floor; source 2 roof; source 3 west wall; source 4 east wall; source 5 north wall; source 6 south wall.




Table 6-3

Template File for the Building Occupancy Scenario (cont.)

Dose-Sensitive Parameters, Correlation (+ or =), and Value Used in the

Parameters for Radionuclide Unit Correlation Table B-26 T.emplate

Value File Value

Sr-90 (cont.)
Resuspension rate 1/s - 6.80E-08 6.7E-10
Deposition velocity m/s + 3.90E-04 4.80E-04
Source lifetime of contaminated roof days - 10,000 10,000
Source lifetime of contaminated floor days - 10,000 10,000
Source lifetime of west contaminated days i 10,000 10,000
wall
Source lifetime of east contaminated days i 10,000 10,000
wall
Source .Ilfetlme of north days i 10,000 10,000
contaminated wall
Source .Ilfetlme of south days i 10,000 10,000
contaminated wall
Tc-99

Resuspension rate 1/s - 6.80E-08 6.7E-10
Deposition velocity m/s + 3.90E-04 4.80E-04
Source lifetime of contaminated roof days - 10,000 10,000
Source lifetime of contaminated floor days - 10,000 10,000
Source lllfetlme of north days i 10,000 10,000
contaminated wall
Source lifetime of east contaminated days i 10,000 10,000
wall
Source lifetime of west contaminated days i 10,000 10,000
wall
Source lllfetlme of south days i 10,000 10,000
contaminated wall

Note: Source 1, floor; source 2 roof; source 3 west wall; source 4 east wall; source 5 north wall; source 6 south wall.




Table 6-3 Dose-Sensitive Parameters, Correlation (+ or =), and Value Used in the
Template File for the Building Occupancy Scenario (cont.)

Parameters for Radionuclide Unit Correlation Table B-26 T.emplate

Value File Value
U-238

Source lifetime of contaminated floor days - 10,000 10,000

Source lifetime of contaminated roof days - 10,000 10,000

Resuspension rate 1/s - 6.80E-08 6.7E-10

Source lifetime of east contaminated days i 10,000 10,000

wall

Source lifetime of north contaminated days i 10,000 10,000

wall

Source lifetime of south contaminated days i 10,000 10,000

wall

Source lifetime of west contaminated days i 10,000 10,000

wall

Deposition velocity m/s + 3.90E-04 4.80E-04

Note: Source 1, floor; source 2 roof; source 3 west wall; source 4 east wall; source 5 north wall; source 6 south wall.




Table 6-4

Comparison of Deterministic Dose (mrem/yr per pCi/m?) Calculated Using

Data Template File with Calculated Dose Using DandD Defaults and

Probabilistic Dose Results at Peak of the Mean of the Peak, and 50, 75, 90,
and 95 Percentile Values for the Building Occupancy Scenario

Deterministic Analysis

Probabilistic Analysis

Data Peak of

Template g:fr;illjt the tI::aPneZL per5:ent pe:csent pe?:ent pe?csent
Radionuclide | File Value Mean
C-14 9.84E-08 5.43E-08 | 8.07E-08 | 5.41E-08 | 5.72E-08 | 9.32E-08 | 1.73E-07 | 9.84E-08
Co-60 4.18E-05 | 4.16E-05 | 4.16E-05 | 4.16E-05 | 4.16E-05 | 4.17E-05 | 4.17E-05 | 4.18E-05
Cs-137 1.17E-05 1.14E-05 | 1.15E-05 | 1.14E-05 | 1.15E-05 | 1.17E-05 | 1.19E-05 | 1.17E-05
H-3 2.45E-08 1.70E-08 | 1.73E-08 | 1.65E-08 | 1.71E-08 | 1.97E-08 | 2.24E-08 | 2.45E-08
1-129 1.37E-05 7.77E-06 | 1.18E-05 | 7.78E-06 | 8.19E-06 | 1.31E-05 | 2.45E-05 | 1.37E-05
Np-237 4.14E-04 3.19E-04 | 2.76E-04 | 2.12E-04 | 2.54E-04 | 3.49E-04 | 4.88E-04 | 4.14E-04
Pu-239 3.26E-04 2.51E-04 | 2.15E-04 | 1.65E-04 | 1.99E-04 | 2.74E-04 | 3.80E-04 | 3.26E-04
Ra-226 8.25E-05 8.02E-05 | 9.24E-05 | 7.98E-05 | 8.15E-05 | 1.01E-04 | 1.48E-04 | 8.25E-05
Ra-228 1.71E-04 1.50E-04 | 1.46E-04 | 1.54E-04 | 1.59E-04 | 1.62E-05 | 1.66E-04 | 1.71E-04
Sr-90 5.59E-06 4.43E-06 | 4.34E-06 | 4.20E-06 | 4.33E-06 | 4.71E-06 | 5.19E-06 | 5.59E-06
Tc-99 7.25E-08 4.15E-08 | 6.12E-08 | 4.02E-08 | 4.24E-08 | 6.79E-08 | 1.28E-07 | 7.25E-08
U-238 5.73E-05 5.16E-05 | 3.19E-05 | 2.71E-05 | 3.45E-05 | 4.49E-05 | 5.72E-05 | 5.73E-05
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APPENDIX A PARAMETERS AND PARAMETER TYPES IN RESRAD-
ONSITE, RESRAD-OFFSITE, AND RESRAD-BUILD CODES

A1 INTRODUCTION

This appendix presents tables listing characteristics of the parameters used in RESRAD-
ONSITE Version 7.2, RESRAD-OFFSITE Version 4.0, and RESRAD-BUILD Version 3.5 codes.
These tables include parameter name, default value, code-accepted range of values for the
parameter, parameter type, references for more information, and the general description of the
parameter.

The parameters used in the RESRAD family of codes are classified into three types: physical,
behavioral, or metabolic, as described in this Appendix. Some parameters may belong to more
than one of these types (e.g., the mass loading factor). Additionally, if a parameter does not fit
either the physical or metabolic definition, it is classified as a behavioral parameter. Many
parameters used in the RESRAD-OFFSITE code are the same as those used in the RESRAD-
ONSITE code (Yu et al. 2001); therefore, the same parameters are assigned the same
parameter types (NRC 2000).

Physical Parameter: any parameter whose value would not change if a different group of
receptors were considered. Physical parameters are determined by the source, its location, and
the geological characteristics of the site (i.e., these parameters are source- and site-specific).

Behavioral Parameter: any parameter whose value depends on the receptor’s behavior and
the scenario definition. For the same group of receptors, a parameter value could change if the
scenario changes (e.g., parameters for recreational use could be different from those for
residential use).

Metabolic Parameter: a parameter that represents the metabolic characteristics of the potential
receptor and is independent of the scenario. The parameter values may be different in different
population age groups. According to the recommendations of the International Commission on
Radiological Protection, Report 43 (ICRP 1985), parameters that represent metabolic
characteristics are defined by average values for the general population. These values are not
expected to be modified for a site-specific analysis because the parameter values would not
depend on site conditions.

Table A-1" lists user parameters in the RESRAD-ONSITE code. Parameters in this table are
arranged according to the input window in which they appear. The number of parameters a user
can change depends on the pathways and radionuclide selected. In RESRAD-ONSITE and
RESRAD-OFFSITE codes, pathways can be turned on and off. Parameters pertaining to
suppressed pathways are disabled in the data entry screens because they will not be used in
the calculations. Radon parameters can only be changed if a radon precursor is selected in the
radionuclide list and the radon pathway is turned on. Similarly, carbon-14 (C-14) and tritium
(H-3) parameters can only be changed if C-14 and H-3 respectively are selected in the
radionuclide list. Some parameters are nuclide or element specific. Separate tables for element-
specific data are provided (Table A-2 through Table A-4). Table A-1 also identifies the
parameter types: physical (P), metabolic (M), and behavioral (B). For some parameters, more
than one type is listed; the first one listed is the primary type and the next one is secondary. For
example, the inhalation rate is identified as M, B, which indicates that it depends primarily on the

" To maintain the continuity of the text, the tables have been placed at the end of the section.
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metabolic characteristics of the potential receptor, but it also depends on the receptor behavior
or exposure scenario. The default values are the current defaults in the code.

In RESRAD-ONSITE and RESRAD-OFFSITE codes, the user has an option to select the ICRP
107 (ICRP 2008)-based or ICRP 38 (ICRP 1983) -based radionuclide transformation database.
If the ICRP 107 radionuclide transformation database is selected, only the ICRP 60 (ICRP 1991)
-based external, inhalation, and ingestion dose coefficients are available. If the ICRP 38
radionuclide transformation database is selected, the ICRP 26 (ICRP 1977) -based external,
inhalation, and ingestion dose coefficients are also available. RESRAD-BUILD only has the
ICRP 38-based radionuclide transformation database.

If the ICRP 107 radionuclide transformation database is selected, the DCFPAK 3.02 internal
dose coefficients library for any listed age groups or DOE STD-1196-2011 (Reference Person)
can be selected for the analysis. The Reference Person is defined as a hypothetical aggregation
of human (male and female) physical and physiological characteristics arrived at by international
consensus for standardizing radiation dose calculations. The Reference Person dose
coefficients are derived using age-specific dose coefficients coupled with information on the age
and gender structure of the U.S. population in 2000 census data and age- and gender-specific
intakes (DOE 2011). If the ICRP 38 radionuclide transformation database is selected, the FGR
11 (Eckerman et al., 1988) dose coefficient library or age-dependent ICRP 72 (ICRP 1996)
libraries can be selected for the analysis. FGR 11 internal dose coefficients are based on ICRP
26 methodology, and ICRP 72 internal dose coefficients are based on ICRP 60 methodology.

If site-specific dose coefficients are available, the user can create their own dose coefficient
libraries by changing the values in the base library. This is done by using the Dose Conversion
Factor Editor, which is a standalone utility program common to the RESRAD family of codes.
The base external dose coefficient library is automatically selected based on the internal dose
library selection. For example, if the FGR 11 internal dose library is chosen, the external dose
library used is FGR 12 (Eckerman et al., 1993).

If the ICRP 107 radionuclide transformation database is selected, DCFPAK 3.02 Morbidity or
Mortality risk factor libraries can be selected for the analysis. If the ICRP 38 radionuclide
transformation database is selected, the standard FGR 13 morbidity or mortality (Eckerman et
al., 1999) or HEAST 2001 morbidity (EPA, 2001) slope factor libraries can be selected for the
analysis. Users also can create their own risk factor libraries and select them for the analysis.

Table A-5 includes parameter name, default value, code-accepted Table A-2 provides default
values and distribution for the distribution coefficient parameter for different elements used in
RESRAD-ONSITE and RESRAD-OFFSITE code. Table A-3 provides element-specific transfer
factors for plants, meat, and milk. Table A-4 provides element-specific bioaccumulation factors
for fish and for Crustacea and mollusks. The values are in the RESRAD DCF Editor. Users also
can create their own library by changing the default values in the DCF Editor for use in the
analysis.

range of values for the parameter, parameter type, and the general description of the
parameter. Additional information about the parameters can be obtained from the RESRAD-
OFFSITE “help” function in the code. Table A-2 has default distribution coefficients which are
element specific, but the code can accept different values for different isotopes of an element
when that information exists for a particular site. Table A-3 lists element-specific transfer factors
for plants, meat, and milk. Although only one “default” value is available for the plant transfer
factor in the database, the user can input four different root uptake transfer factors for the four



different types of plants (leafy vegetables; grains, fruit, and nonleafy vegetables; pasture and
silage for livestock; and grains for livestock) grown in different areas in RESRAD-OFFSITE.

Table A-6 lists the parameters used in the RESRAD-BUILD V3.5, the pathways in which they
are used, and their description. Additional information about these parameters can be obtained
from Yu et al. (2003). Dose conversion factors for direct external exposure, inhalation, and
ingestion pathways used in the RESRAD-BUILD code are the same as those used in RESRAD-
ONSITE. The ICRP107-based radionuclide transformation database is not included in
RESRAD-BUILD code. Table A-6 also lists the RESRAD-BUILD parameter types identified. As
was the case for RESRAD-ONSITE (Table A-1) and RESRAD-OFFSITE (Table A-5), more than
one attribute may be identified for some parameters. For example, shielding thickness is
identified as P, B, meaning that it depends primarily on the source or site-specific conditions; but
it also can be modified by receptor behavior as a secondary attribute.



Table A-1 Parameters and Their Default Values Used in Version 7.2 of RESRAD-
ONSITE
Parameter Name | Unit Default Code-Accepted Type® | References Description
Value Values®
Title
RESRAD 80 alphabetic or . The Title is used to identify the run
: . Kamboj et .
Title - default numeric NA and can be up to 80 alphabetic or
al., 2018 .
parameters characters numeric characters long.
Radionuclide . The code has radionuclide
transformations ICRP 107 ICRP 107 or ICRP NA Kamboj et transformation based on ICRP 107
38 al., 2018
based on as well as on ICRP 38.
The DOE-STD-1196-2011
(Reference Person) internal dose
library is based on ICRP60
DOE STD-1196- methodology and radionuclide
transformation data from ICRP-
2011 (Reference . .
Person) 107. For radionuclide
’ transformation based on ICRP
DCFPAK 3.02 - -
Adult 107, the dose coefficients are from
DCFEPAK 3.02 - DCFPAK 3.02 and are frgm IC_RP
60 methodology. For radionuclide
Infant DCFPAK .
transformation based on ICRP 38,
3.02 - Age 1 - )
the dose coefficients are available
DCFPAK 3.02 - .
Ade 5 DCFPAK from ICRP 26 methodology in FGR
Internal dose _ DCFPAK 3?02 - Age 10 NA Kamboj et 11) and from ICRP 60
library 3.02 (Adult) DCEPAK 3.02 - al., 2018 methodology in ICRP 72. Usually,
values for more than one
Age 15 . . .
inhalation class are listed per
ICRP 72 — Adult . .
radionuclide. The three classes D,
ICRP 72 — Infant .
W, and Y in FGR 11 correspond to
ICRP 72 - Age 1; . .
retention half-times of less than 10
ICRP 72 - Age 5;
days, 10 to 100 days, and greater
ICRP 72 - Age 10; than 100 days; respectively. The
ICRP 72 - Age 15; ys, resp y.
most conservative dose
FGR 11, user . }
specified conversion factor is chosen as the
P default. The values can be
changed if chemical forms are
known or more appropriate data
are available.
External dose DCEPAK DCFPAK 3.02 Kamboj et This I|braw is selgcted based on
libra - 302 FGR 12 NA al. 2018 the selection for internal exposure
v ' FGR 13 . dose library.

2 Code-accepted values are not provided for element- or nuclide-specific parameters.
b P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
¢ “~”indicates that the parameter is dimensionless.

4 Groundwater concentration can be input only if time since placement of material is greater than 0.
¢ This parameter should be used only if radionuclide leach rates are known.
T NA = not applicable.

A4




Table A-1

Parameters and Their Default Values Used in Version 7.2 of RESRAD-
ONSITE (cont.)

Parameter Name | Unit Default Code-Accepted Type® | References Description
Value Values®
Title (cont.)
DCFPAK 3.02
morbidity
DCFPAK 3.02 This is the name of the slope
DCFPAK . . . -
Risk factors _ 3.02 mortality FGR 3 NA Kamboj et factor library containing all slope
Mor.bidit morbidity al., 2018 factors for the RESRAD-ONSITE
Y| FGR 13 mortality V7.2 pathways.
or HEAST 2001
morbidity
This is the cutoff half-life that is
Cutoff half-life - 180 days 2 10 minutes NA Kamboj et used to separate the “principal
Y B al., 2018 nuclides” from the “associated
nuclides.”
This parameter specifies the
Number of points _ 32 32, 64, 128, 256, NA Kamboj et number of graphic points. It affects
for graphics 512, 1024 al., 2018 the smoothness of the output
graphic curves.
Spacing of . Linear or Log is to specify the type
. . Kamboj et .
graphic - Log Log, Linear NA of spacing in years between the
al., 2018 L .
parameters generated graphic time points.
Maximum time . Number of time integration points
. . . Kamboj et . )
integration points - 17 1,5,9,17 NA used in calculating average yearly
al., 2018
for dose dose.
!VlaX|mu.m tlm(.a 1.5.9, 17, 33, 65, Kamboj et Numbgr of tlme.lntegratlon points
integration points - 257 NA used in calculating risk over the
- 129, 513 al., 2018 .
for risk exposure duration.
Source
Radionuclide unit . I Yuetal., The code accepts values in
of activity B pCi Traditional or S NA 2001 traditional units or Sl units.
Radionuclide unit I Yuetal., The code accepts values in
of dose B mrem Traditional or S NA 2001 traditional units or S| units.
. - The annual radiation dose limit in
Basic radiation . - Yuetal., . .
o - 25 Site specific NA mrem/yr used to derive all site-
dose limit 2015 o L
specific guidelines.
Average radionuclide
concentration in the contaminated
Radionuclide B 100 Site specific P Yuetal, zone. The contaminated zone is
concentration P 2015 treated as a uniformly
contaminated volume with the
same radionuclide concentration.

This parameter should be used only if radionuclide leach rates are known.
NA = not applicable.

2 Code-accepted values are not provided for element- or nuclide-specific parameters.
b P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
¢ ““”indicates that the parameter is dimensionless.

¢ Groundwater concentration can be input only if time since placement of material is greater than 0.
e

f




Table A-1
ONSITE (cont.)

Parameters and Their Default Values Used in Version 7.2 of RESRAD-

Default

Unit Value

Parameter Name

Code-Accepted
Values®

Type®

References

Description

Transport Factors

Distribution
coefficients
(contaminated
zone, unsaturated
zones, and
saturated zones)

Nuclide

3
cm/g specific

Yuetal.,
2015

Site-specific values should be
used everywhere for each
radionuclide. Default values are
provided by the code for most
radionuclides. However, these
values should be used with care
as distribution coefficients can vary
over many orders of magnitude.

Number of
unsaturated —° 1
zones

0-5 (integer
value)

Yuetal.,
2001

An unsaturated zone is defined as
a horizontal uncontaminated layer
located between the contaminated
zone and the aquifer. The code
allows for a maximum of five
unsaturated zones.

Time since
placement of
material

0-100

Yuetal.,
2015

The duration between the
placement of radioactive material
on-site and the performance of a
radiological survey. A non-zero
value for this parameter is
necessary to activate the
groundwater concentration input
box. The non-zero value of this
parameter is used along with
groundwater concentration to
calculate the water/solil
concentration ratio and effective
distribution coefficient. If a
distribution coefficient is calculated
using this or any of other options
that follow, the code sets the
distribution coefficient in all the
zones (contaminated, unsaturated,
saturated) to this value.

Groundwater

H d
concentration pCilL 0

0-1E+34

Yuetal.,
2015

The measured groundwater
concentration of principal
radionuclides. The groundwater
concentration should be measured
at the same time the soil
concentrations are measured.
Groundwater concentration can be
input only if time since placement
of material is greater than zero.

indicates that the parameter is dimensionless.

- o a o T

NA = not applicable.

Code-accepted values are not provided for element- or nuclide-specific parameters.
P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.

Groundwater concentration can be input only if time since placement of material is greater than 0.
This parameter should be used only if radionuclide leach rates are known.




Table A-1 Parameters and Their Default Values Used in Version 7.2 of RESRAD-
ONSITE (cont.)

Default Code-Accepted

b T
Value Values? Type References Description

Parameter Name Unit

Transport Factors (cont.)

The fraction of the available
radionuclide leached from the
contaminated zone per unit of
time. Radionuclide leach rates
should be used if known. The non-
zero leach rate is used to calculate
(Nuclide 0_1E+34 = Yuetal., the leaching of the radionuclide
specific) 2015 from the contaminated zone and to
derive the water/soil concentration
ratio and distribution coefficient. If
the derived distribution coefficient
is greater than zero, the input
distribution coefficient would be
replaced by these values.

Leach rate® 1/yr

The solubility limit provides an
additional option for calculating the
distribution coefficient in the code.
The solubility limit serves as an
upper boundary on the amount of
a radionuclide released from the
soil particles.

(Nuclide 0_1E+34 p Yuetal.,

Solubility limit mol/L specific) 2001

The code allows distribution
coefficients to be calculated from
Usg plant/sail B Unchecked Check box NA! Yuetal., the plant.root uptake .factor.s
ratio 2001 (plant/soil concentration ratio).
This option becomes active if the
plant/soil ratio box is checked.

Calculation Parameters

The times in years following the
radiological survey for which
tabular values for single-

1, 3, 10, 30, Yuetal radionuclide soil guidelines and

yr 100, 300, 0-1E+5 P 2001 v mixture sums will be obtained. The
1000 code calculates yearly dose at
time zero—the time of the
survey— and up to nine user-
specified times.

Times for
calculations

Contaminated Zone Parameters

Area of
contaminated m? 10,000 1E-4—1E+15 P
zone

Yuetal, Total area of the site that is
2015 homogeneously contaminated.

2 Code-accepted values are not provided for element- or nuclide-specific parameters.

b P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
¢ ““”indicates that the parameter is dimensionless.

¢ Groundwater concentration can be input only if time since placement of material is greater than 0.

¢ This parameter should be used only if radionuclide leach rates are known.

f NA = not applicable.




Table A-1

Parameters and Their Default Values Used in Version 7.2 of RESRAD-

ONSITE (cont.)

Parameter Name | Unit Default Code-Accepted Type® | References Description
Value Values®
Contaminated Zone Parameters (cont.)
The distance between the
Thickness of Yu et al uppermost and lowermost soil
contaminated m 2 1E-5-1E+3 P 2015 v samples that have radionuclide
zone concentrations clearly above
background.
The distance between two parallel
lines perpendicular to the direction
of aquifer flow, one at the
Length parallel to Yuetal, upgradient edge of the
-4— +
aquifer flow m 100 1E-4-1E+6 P 2015 contaminated zone and the other
at the downgradient edge. Only
used for the nondispersion water
transport model.
Does the initial
contamination B Unchecked Check box NA Kamboj et The code allows to model
penetrate the al., 2018 submerged source.
water table
Cont.ammated Kamboj et Fraction of the contamination that
fraction below - 0 0-1 NA .
al., 2018 is below the water table.
water table
Cover and Contaminated Zone Hydrological Data
Yuetal., Distance from the ground surface
Cover depth m 0 0-100 P 2015 to the contaminated zone.
Density of cover 1 gjoms 15 1E-3-22.5 P vuetal, 1 gy density of the cover material.
material 2015
The average volume of cover
material that is removed per unit of
Cover erosion Yuetal, ground surface area and per unit
rate miyr 0.001 0-5 P.B 2015 of time. Erosion rates can be
estimated by means of the
universal soil loss equation.
Density of . .
contaminated glem?® 15 1E-3-225 = Yuetal., Bulk density of the contaminated
2015 zone.
zone
Contaminated Yuetal Ratio of the pore volume to the
zone total - 0.4 1E-5-1 P 2015 v total volume of the contaminated
porosity zone.

2 Code-accepted values are not provided for element- or nuclide-specific parameters.

b P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
¢ ““indicates that the parameter is dimensionless.

4 Groundwater concentration can be input only if time since placement of material is greater than 0.
¢ This parameter should be used only if radionuclide leach rates are known.
T NA = not applicable.




Table A-1

ONSITE (cont.)

Parameters and Their Default Values Used in Version 7.2 of RESRAD-

Parameter Name

Unit

Default
Value

Code-Accepted
Values®

Type®

References

Description

Cover an

d Contaminated Zone Hydrological Data (cont.)

Contaminated
zone field
capacity

0.2

1E-34-1

Yuetal.,
2015

Volumetric moisture content of soil
at which (free) gravity drainage
ceases. This is the amount of
moisture that will be retained in a
column of soil against the force of
gravity. The field capacity is one of
several hydrogeological
parameters used to calculate
water transport through the
unsaturated part of the soil. The
user can use this input to specify a
minimum moisture content for
each partially saturated region. It is
also called specific retention,
irreducible water content, or
residual water content.

Contaminated
zone erosion rate

m/yr

0.001

0-5

Yuetal.,
2015

The average volume of source
material that is removed per unit of
ground surface area and per unit
of time.

Contaminated
zone hydraulic
conductivity

m/yr

10

1E-3—1E+10

Yuetal.,
2015

The measure of the soil’s ability to
transmit water when submitted to a
hydraulic gradient. The hydraulic
conductivity depends on the soil
grain size, the structure of the soil
matrix, the type of soil fluid, and
the relative amount of soil fluid
(saturation) present in the soil
matrix.

Contaminated
zone b parameter

5.3

Yu et al.,
2015

An empirical and dimensionless
parameter that is used to evaluate
the saturation ratio (or the
volumetric water saturation) of the
soil according to a soil
characteristic function called the
conductivity function.

Humidity in air

g/m?®

0-1,000

Yuetal.,
2001

Average absolute humidity in air. It
is used in the tritium model to
calculate tritium concentration in
air.

- o a o T

NA = not applicable.

Code-accepted values are not provided for element- or nuclide-specific parameters.

P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
indicates that the parameter is dimensionless.

Groundwater concentration can be input only if time since placement of material is greater than 0.
This parameter should be used only if radionuclide leach rates are known.




Table A-1

Parameters and Their Default Values Used in Version 7.2 of RESRAD-
ONSITE (cont.)

Parameter Name | Unit Default Code-Accepted Type® | References Description
Value Values®
Cover and Contaminated Zone Hydrological Data (cont.)
The ratio of the total volume of
water leaving the ground via
Evapotranspiratio B 05 0-0.999 = Yuetal., evapotranspiration to the total
n coefficient ' ' 2015 volume of water available within
the root zone of the soil during a
fixed period of time.
. Yuetal., The overall average of the wind
Wind speed m/s 2 1E-4-20 P 2015 speed, measured near the ground.
The average volume of water in
. Yuetal., the form of rain, snow, hail, or
Precipitation miyr 1 0-10 P 2015 sleet that falls per unit of area per
unit of time at the site.
The average volume of water that
is added to the soil at the site, per
unit of surface area and per unit of
time. Irrigation is the practice of
supplying water artificially to the
Yuetal. soil in order to permit agricultural
Irrigation m/yr 0.2 0-10 B 2015 ’ use of the land in an arid region or
to compensate for occasional
droughts in semidry or semihumid
regions. It is the average annual
irrigation rate. The code has two
irrigation modes: overhead and
ditch irrigation.
Irrigation mode - Overhead Overhead/ditch B Yuetal, Method of irrigation; overhead or
2001 ditch.
This is the fraction of precipitation
Runoff coefficient B 0.2 01 p Yu et al., thgt does not penetrate the top
2015 soil, but leaves the area of concern
as surface runoff.
}/:fg:r:yds?::m m2 1,000,000 1E-4—1E+34 p Yu et al., The site-specific area that drains
2015 into the nearby pond.
or pond
The fractional accuracy desired
Accuracy for Yu et al (convergence criterion) in the
water soil - 0.001 0-0.1 NA v Romberg integration used to
. 2001 ) . .
computation obtain water/soil concentration
ratios.
Saturated Zone Hydrological Data
Density of Yuetal., See “Density of contaminated
saturated zone glom’ 15 18-3-225 P 2015 zone” (above).

Code-accepted values are not provided for element- or nuclide-specific parameters.
P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
“~” indicates that the parameter is dimensionless.

This parameter should be used only if radionuclide leach rates are known.

a
b
c
4 Groundwater concentration can be input only if time since placement of material is greater than 0.
e
f

NA = not applicable.
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Table A-1

Parameters and Their Default Values Used in Version 7.2 of RESRAD-

ONSITE (cont.)

Parameter Name | Unit Default Code-Accepted Type® | References Description
Value Values®
Saturated Zone Hydrological Data (cont.)

Saturated zone _ 04 1E-5-1 = Yuetal., See “Contaminated zone total

total porosity ' 2015 porosity” (above).
The effective porosity is the ratio of
the pore volume where water can

Saturated zone B 02 1E-341 = Yuetal, flow to the total volume. It is used

effective porosity ' 2015 along with other hydrological
parameters to calculate the water
transport breakthrough times.
See “Contaminated zone field

Saturated zone Yuetal., capac!ty" (above). (The field

) . - 0.2 1E-34-1 P capacity and b parameter of the

field capacity 2015 .
saturated zone are used only if the
water table drop rate is positive.)

ﬁ;;l:;it”ecd zone e 100 1E-3-1E+10 P Yuetal., See “Co.n.tar;ninated zone hydraulic

o 2015 conductivity” (above).

conductivity
The change in hydraulic head per
unit of distance in the groundwater
flow direction. In an unconfined
(water table) aquifer, the horizontal

Saturated zone B 0.02 1E-10-10 p Yuetal, hydraulic gradient of groundwater

hydraulic gradient ' 2015 flow is approximately the slope of
the water table. In a confined
aquifer, it represents the difference
in potentiometric surfaces over a
unit distance.

Saturated zone b B 53 1E-34-15 p Yuetal., See “Cont?minated zone b

parameter 2015 parameter” (above).
The rate at which the depth of the
water table is lowered. If the water
table drop rate is greater than

Water table drop Yu et al., zero, the unsaturated zone

rate miyr 0.001 0-5 P 2015 thickness will be created or
increased. The code does not
allow for a negative water table
drop rate.

Well pump intake Yu et al The screened depth of a well

depth (below m 10 1E-5-1,000 P v within the aquifer (the saturated

2015
water table) zone).

2 Code-accepted values are not provided for element- or nuclide-specific parameters.

b P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
¢ “~”indicates that the parameter is dimensionless.

9 Groundwater concentration can be input only if time since placement of material is greater than 0.
¢ This parameter should be used only if radionuclide leach rates are known.
T NA = not applicable.




Table A-1

Parameters and Their Default Values Used in Version 7.2 of RESRAD-

ONSITE (cont.)

Parameter Name

Unit

Default
Value

Code-Accepted
Values®

Type®

References

Description

Saturated Zone Hydrological Data (cont.)

Model for water
transport
parameters:
nondispersion
(ND) or mass-
balance (MB)

ND

ND/MB

Yuetal.,
2001

Two models are used in the code
for calculating the water/soil
concentration ratio for the
groundwater pathway: a mass-
balance (MB) model and a
nondispersion (ND) model. The
MB model assumes that a well is
located at the center of the
contaminated zone, and the ND
model assumes that the well is
located at the downgradient edge
of the contaminated zone. In the
MB model, it is assumed that all of
the radionuclides released from
the contaminated zone are
withdrawn through the well. In the
ND model, it is assumed that the
saturated zone is a single
homogenous stratum, and the
water withdrawn introduces only a
minor perturbation in the water
flow.

Well pumping rate

m3/yr

250

0-1E+10

Yuetal.,
2001

The volume of water removed from
the groundwater aquifer annually
for all domestic purposes.

Uncontaminated Unsaturated Zone Parameters

Unsaturated zone
thickness

0-10,000

Yu et al,
2015

The thickness of the
uncontaminated unsaturated zone
that lies below the contaminated
zone and above the groundwater
table. The code has provisions for
up to five different horizontal strata
within this zone. Each stratum is
characterized by six radionuclide
independent parameters:
thickness, density, total porosity,
effective porosity, b parameter,
and hydraulic conductivity.

2 Code-accepted values are not provided for element- or nuclide-specific parameters.

b P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
¢ ““”indicates that the parameter is dimensionless.
d
e
f

Groundwater concentration can be input only if time since placement of material is greater than 0.
This parameter should be used only if radionuclide leach rates are known.
NA = not applicable.
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Table A-1
ONSITE (cont.)

Parameters and Their Default Values Used in Version 7.2 of RESRAD-

Parameter Name | Unit Default Code-Accepted Type® | References | Description
Value Values®
Uncontaminated Unsaturated Zone Parameters (cont.)
Unsgturated zone glom? 15 1E-3-22.5 = Yuetal., Bulk der)sity of the unsaturated
density 2015 zone soil.
Unsaturated zone B 04 1E-5-1 p Yuetal., See “Contaminated zone total
total porosity ' 2015; porosity” (above).
Unsaturated zone B 0.2 1E-34-1 p Yuetal., See “Saturated zone effective
effective porosity ' 2015 porosity” (above).
Unsaturated zone _ 02 1E-341 = Yuetal., See “Contaminated zone field
field capacity ' 2001 capacity” (above).
Unsature.lted - Yuetal, See “Contaminated zone b
zone, soil-specific — 5.3 0-15 P N
b parameter 2015 parameter” (above).
g;dsraatlljlzited zone e 10 1E-3-1E+10 P Yuetal., See “Co.n.tarpinated zone hydraulic
conductivity 2015 conductivity” (above).
Occupancy, Inhalation, and External Gamma Data
The annual air intake in m%yr. The
Yuetal default value of 8,400 m®/yr is
Inhalation rate m3/yr 8,400 0-20,000 M, B 2015 ’ recommended by the International
Commission on Radiological
Protection (1975).
This is the average mass loading
of respirable airborne
Mass loading for Yuetal., contaminated soil particles. The
inhalation g/m’ 1.00E-04 0-2 P.B 2015 code uses this parameter along
with area factor for inhalation
pathway dose estimation.
The exposure duration is the span
of time, in years, during which an
Exposure Yuetal individual is expected to spend
. yr 30 1-1,000 B ’ time on the site. This value is used
duration 2001 . s .
in calculating lifetime cancer risk
from exposure to radionuclide
contamination.
Describes the effect of the building
structure on the level of
Indoor dust B 04 01 P B Yuetal, contaminated dust existing
filtration factor ' ’ 2015 indoors. This is the fraction of the

outdoor contaminated dust that will
be available indoors.

¢ “~”indicates that the parameter is dimensionless.

T NA = not applicable.

2 Code-accepted values are not provided for element- or nuclide-specific parameters.
b P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.

4 Groundwater concentration can be input only if time since placement of material is greater than 0.
¢ This parameter should be used only if radionuclide leach rates are known.
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Table A-1

Parameters and Their Default Values Used in Version 7.2 of RESRAD-
ONSITE (cont.)

Parameter Name

Unit

Default
Value

Code-Accepted
Values®

Type®

References

Description

Occupancy, Inhalation, and External Gamma Data (cont.)

External gamma
shielding factor

0.7

0-1

Yuetal.,
2015

Describes the effect of building
structure on the level of gamma
radiation existing indoors. It is the
fraction of the outdoor gamma
radiation that will be available
indoors. The shielding factor value
is used in calculating the
occupancy factor.

Indoor time
fraction

0.5

0-1

Yuetal.,
2015

The average fraction of time during
which an individual stays inside
the house.

Outdoor time
fraction

0.25

01

Yuetal.,
2015

The average fraction of time during
which an individual stays outdoors
on the site.

Shape of the
contaminated
zone (shape

factor flag)

Circular

Circular/non-
circular

Yuetal.,
2015

The code has the capability to
handle any shape of contaminated
zone. If the shape factor flag has
been set, the 12 annular area
fields comprising shape factor data
are calculated. The shape factor
data are calculated by RESRAD
by drawing 2 to 12 concentric
circles emanating from the
receptor location inside (or
possibly outside) the contaminated
area. The outermost circle
circumscribes the entire
contaminated zone. For each
annular ring, the outer radius and
fraction of the ring within the
contaminated zone are calculated.

Ingestion Pathway, Dietary Data

Fruit, vegetable,
and grain
consumption

kglyr

160

0-1,000

M, B

Yuetal.,
2015

The dietary factor for fruit,
vegetable, and grain consumption
by humans. The default is based
on national averages.

2 Code-accepted values are not provided for element- or nuclide-specific parameters.

b P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
¢ “~”indicates that the parameter is dimensionless.

9 Groundwater concentration can be input only if time since placement of material is greater than 0.
¢ This parameter should be used only if radionuclide leach rates are known.
f NA = not applicable.
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Table A-1 Parameters and Their Default Values Used in Version 7.2 of RESRAD-
ONSITE (cont.)

Parameter Name | Unit Default Code-Accepted Type® | References Description
Value Values®
Ingestion Pathway, Dietary Data (cont.)

Fruit, vggetable, Yuetal, Izgee(tj:ztgyaf:gtgrrafi%r;Lur:gumption

and grain kglyr 160 0-1,000 M.B 2015 by humans. The default is based

consumption :
on national averages.
The dietary factor for leafy

Leafy vegetable Yuetal., vegetable consumption by

consumption kglyr 4 0-100 M.B 2015 humans. The default is based on
national averages.

The dietary factor for milk
. . Yuetal., consumption by humans. The

Milk consumption Liyr 92 0-1,000 M.B 2015 default is based on national
averages.

The dietary factor for meat and

Meat and poultry Yuetal., poultry consumption by humans.

consumption kglyr 63 0-300 M.B 2015 The default is based on national
averages.

The dietary factor for fish
. . Yuetal., consumption by humans. The

Fish consumption kglyr 54 0-1,000 M.B 2015 default is based on national
averages.

The dietary factor for other

Other seafood Yuetal., seafood consumption by humans.

consumption kglyr 0.9 0-100 M.B 2015 The default is based on national
averages.

Yuetal The average annual quantity of

Soil ingestion alyr 36.5 0-10,000 M, B 2015 ’ soil ingested for the soil ingestion
pathway.

:?1::;:9 water Liyr 510 0-10,000 M, B Yuzgggl., The drinking water ingestion rate.
Allows specification of the fraction
of contaminated intake for the
drinking water pathway. The

Drinking water remaining balance (if value is less

- Yuetal., than 1) of the drinking water is

contaminated - 1 0-1 B, P . .

fraction 2001 from off-site sources, wh|<.:h are
assumed to be uncontaminated.
Setting the value to zero will turn
off the drinking water pathway
entirely.

2 Code-accepted values are not provided for element- or nuclide-specific parameters.

b P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
¢ ““indicates that the parameter is dimensionless.

9 Groundwater concentration can be input only if time since placement of material is greater than 0.

¢ This parameter should be used only if radionuclide leach rates are known.

f NA = not applicable.
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Table A-1

Parameters and Their Default Values Used in Version 7.2 of RESRAD-
ONSITE (cont.)

Parameter Name

Unit

Default
Value

Code-Accepted
Values®

Type®

References

Description

Ingestion Pathway, Dietary Da

ta (cont.)

Household water
contaminated
fraction

Yuetal.,
2001

Allows specification of the fraction
of contaminated household water
for use in calculating radon
exposure. The remaining balance
(if value is less than1) of the
household water is from off-site
sources, which are assumed to be
uncontaminated. The default value
of 1 indicates that all household
water is from an on-site source.

Livestock water
contaminated
fraction

Yuetal.,
2001

Allows specification of the fraction
of contaminated intake of livestock
water for the meat and milk
pathway. The remaining balance
(if value is less than 1) of the
livestock water is from off-site
sources, which are assumed to be
uncontaminated. The default value
of 1 indicates that all livestock
water is from an on-site source.

Irrigation water
contaminated
fraction

Yuetal.,
2001

Allows specification of the fraction
of contaminated intake of irrigation
water for the plant, meat, and milk
pathways. The remaining balance
(if value is less than 1) of the
irrigation water is from off-site
sources, which are assumed to be
uncontaminated. The default value
of 1 indicates that all irrigation
water is from an on-site source.

Agquatic food
contaminated
fraction

0.5

01

Yuetal.,
2001

Allows specification of the fraction
of contaminated intake for the fish
pathway. The remaining balance is
from off-site sources, which are
assumed to be uncontaminated.
The default value of 0.5 indicates
that 50 percent of aquatic food is
being obtained from on-site
sources. Setting the value to 0 will
turn off the fish pathway entirely.

Code-accepted values are not provided for element- or nuclide-specific parameters.

P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
“~” indicates that the parameter is dimensionless.
Groundwater concentration can be input only if time since placement of material is greater than 0.
This parameter should be used only if radionuclide leach rates are known.

NA = not applicable.
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Table A-1

Parameters and Their Default Values Used in Version 7.2 of RESRAD-
ONSITE (cont.)

Parameter Name

Unit

Default
Value

Code-Accepted
Values®

Type®

References

Description

Ingestion Pathway, Dietary Da

ta (cont.)

Plant food
contaminated
fraction

0-1or-1

Yuetal.,
2001

Allows specification of the fraction
of contaminated intake for the
plant pathway. The appropriate
values range from 0 to 1, although
a negative value can be input. The
remaining balance is from off-site
sources, which are assumed to be
uncontaminated. The default value
of -1 specifies that the
contaminated fraction of plant food
will be calculated from the
appropriate area factor in the
code. Setting the value to 0 will
turn off the plant pathway entirely.

Meat
contaminated
fraction

-1

0-1or -1

Yuetal.,
2001

Allows specification of the fraction
of contaminated intake for the
meat pathway. The appropriate
values range from 0 to 1, although
a negative value can be input. The
remaining balance is from off-site
sources, which are assumed to be
uncontaminated. The default value
of -1 specifies that the
contaminated fraction of meat will
be calculated from the appropriate
area factor in the code. Setting the
value to O will turn off the meat
pathway entirely.

Milk contaminated
fraction

0-1or—1

Yuetal.,
2001

Allows specification of the fraction
of contaminated intake for the milk
pathway. The appropriate values
range from 0 to 1, although a
negative value can be input. The
remaining balance is from off-site
sources, which are assumed to be
uncontaminated. The default value
of -1 specifies that the
contaminated fraction of milk will
be calculated from the appropriate
area factor in the code. Setting the
value to 0 will turn off the milk
pathway entirely.

NA = not applicable.

2 Code-accepted values are not provided for element- or nuclide-specific parameters.

b P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
¢ ““indicates that the parameter is dimensionless.
d
e
f

Groundwater concentration can be input only if time since placement of material is greater than 0.
This parameter should be used only if radionuclide leach rates are known.
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Table A-1 Parameters and Their Default Values Used in Version 7.2 of RESRAD-
ONSITE (cont.)
Parameter Name | Unit Defauilt Code-Accepted Type® References Description
Value Values®
Ingestion Pathway, Nondietary Data
The daily intake of fodder by
. livestock kept for meat
!'WeStOCk foader kg/d 68 0-300 M Sprung etal, consumption. The code uses the
intake for meat 1990
area factor to calculate the
contaminated intake.
The daily intake of fodder by
. livestock kept for milk
!.westock fo.d der kg/d 55 0-300 M Sprung etal, consumption. The code uses the
intake for milk 1990
area factor to calculate the
contaminated intake.
The daily intake of water by
. livestock kept for meat
!'NeStOCk water L/d 50 0-500 M Yuetal, consumption. The code uses the
intake for meat 2015
area factor to calculate the
contaminated intake.
The daily intake of water by
. livestock kept for milk
!'IveStOCk w.ater L/d 160 0-500 M Yuetal, consumption. The code uses the
intake for milk 2015
area factor to calculate the
contaminated intake.
Livestock intake Yuetal., The daily intake of soil by livestock
of soil kg/d 0.5 0-10 M 2015 kept for meat or milk consumption.
The average mass loading of
Mass loading for Gilbert et al., | airborne contaminated soil
foliar deposition g/m’ 1.00E-04 0-1 P 1983 particles in a garden during the
growing season.
Used in calculating the depth
factor for dust inhalation and soil
ingestion pathways and for foliar
deposition for the plant, meat, and
Depth of soil Yuetal milk ingestio.n pathwayg The
mixing layer m 0.15 0-1 P 2001 ’ depth factor is the fraction of the
resuspendable soil particles at the
ground surface that are
contaminated. It is calculated by
assuming that mixing of soil will
occur in the soil mixing layer.
The maximum root depth below
Yuetal. the ground surface. The code uses
Depth of roots m 0.9 0-100 P ’ the depth of roots that interact with
2015 .
the contaminated zone to calculate
the plant concentration.

¢ ““”indicates that the parameter is dimensionless.

f NA = not applicable.

2 Code-accepted values are not provided for element- or nuclide-specific parameters.
b P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.

¢ Groundwater concentration can be input only if time since placement of material is greater than 0.
¢ This parameter should be used only if radionuclide leach rates are known.
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Table A-1
ONSITE (cont.)

Parameters and Their Default Values Used in Version 7.2 of RESRAD-

Parameter Name | Unit Default Code-Accepted Type® | References Description
Value Values®
Ingestion Pathway, Nondietary Data (cont.)
This is the fraction of contaminated
Groundwater water from the site used for
A Yuetal, drinking that is obtained from the
fractional usage - 1 0-1 B, P )
o 2001 well. The complementary fraction
for drinking water . . .
of contaminated water is obtained
from surface water body.
This is the fraction of contaminated
Groundwater water from the site used for the
fractional usage _ 1 01 B P Yuetal., household that is obtained from
for household ’ 2001 the well. The complementary
water fraction of contaminated water is
obtained from surface water body.
This is the fraction of contaminated
Groundwater water from the site used for
A Yuetal, livestock that is obtained from the
fractional usage - 1 0-1 B, P .
. 2001 well. The complementary fraction
for livestock water . ) )
of contaminated water is obtained
from surface water body.
This is the fraction of contaminated
water from the site used for
Groundwater L . .
A Yuetal., irrigation that is obtained from the
fractional usage - 1 0-1 B, P .
L 2001 well. The complementary fraction
for irrigation water . . .
of contaminated water is obtained
from surface water body.
Plant Factors
The weight of the edible portion of
plant food produced per unit land
. USDA 1997: area for different food classgs. The
Wet-weight crop ) code has wet-weight crop yield for
. kg/m 0.7 0.01-3 P Beyeler et
yields — nonleafy nonleafy, leafy, and fodder.
al., 1998
Nonleafy and leafy vegetables are
for human consumption; fodder is
for animal consumption.
Wet-weight cro USDA 1997; | The weight of the edible portion of
ields —Igeafy P kg/m? 1.5 0.01-3 P Beyeler et plant food produced per unit land
y al., 1998 area for different food classes. The
code has wet-weight crop yield for
Wet-weight cro USDA 1997; | nonleafy, leafy, and fodder.
ields - f?)dder P kg/m? 1.1 0.01-3 P Beyeler et Nonleafy and leafy vegetables are
y al., 1998 for human consumption; fodder is
for animal consumption.

¢ ““indicates that the parameter is dimensionless.

T NA = not applicable.

2 Code-accepted values are not provided for element- or nuclide-specific parameters.
b P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.

4 Groundwater concentration can be input only if time since placement of material is greater than 0.
¢ This parameter should be used only if radionuclide leach rates are known.
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Table A-1

Parameters and Their Default Values Used in Version 7.2 of RESRAD-
ONSITE (cont.)

Parameter Name

Unit

Default
Value

Code-Accepted
Values®

Type®

References

Description

Plant Factors (cont.)

Length of growing
season —
nonleafy

yr

0.17(nonlea
fy)

0.01-1

USDA 1997;
Beyeler et
al., 1998

The exposure time to
contamination for the plant food
during the growing season. The
contamination can reach the edible
portion of the plant food through
foliar deposition, root uptake, and
water irrigation. The code has
length of growing season for
nonleafy vegetables, leafy
vegetables, and fodder.

Length of growing
season — leafy

yr

0.25

0.01-1

USDA 1997;
Beyeler et
al., 1998

The exposure time to
contamination for the plant food
during the growing season. The
contamination can reach the edible
portion of the plant food through
foliar deposition, root uptake, and
water irrigation. The code has
length of growing season for
nonleafy vegetables, leafy
vegetables, and fodder.

Length of growing
season — fodder

yr

0.08

0.01-1

USDA 1997;
Beyeler et
al., 1998

The exposure time to
contamination for the plant food
during the growing season. The
contamination can reach the edible
portion of the plant food through
foliar deposition, root uptake, and
water irrigation. The code has
length of growing season for
nonleafy vegetables, leafy
vegetables, and fodder.

Translocation
factor — nonleafy

0.1

01

IAEA 1994;
Snyder et al.,
1994

The fraction of the contamination
that is retained on the foliage that
is transferred to the edible portion
of the plant. The code has three
food categories: nonleafy (includes
nonleafy vegetables, fruit, and
grain) and leafy vegetables for
humans; and fodder for animal
consumption.

2 Code-accepted values are not provided for element- or nuclide-specific parameters.
b P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
¢ “~”indicates that the parameter is dimensionless.
4 Groundwater concentration can be input only if time since placement of material is greater than 0.
¢ This parameter should be used only if radionuclide leach rates are known.
T NA = not applicable.
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Table A-1

Parameters and Their Default Values Used in Version 7.2 of RESRAD-
ONSITE (cont.)

Parameter Name

Unit

Default
Value

Code-Accepted
Values®

Type®

References

Description

Plant Facto

rs (cont.)

Translocation
factor — leafy and
fodder

0-1

IAEA 1994;
Snyder et al.,
1994

The fraction of the contamination
that is retained on the foliage that
is transferred to the edible portion
of the plant. The code has three
food categories: nonleafy (includes
nonleafy vegetables, fruit, and
grain) and leafy vegetables for
human and fodder for animal
consumption.

Weathering
removal constant

1lyr

20

140

IAEA 1994;
Snyder et al.,
1994

The weathering process would
remove contaminants from foliage
of the plant food. The process is
characterized by a removal
constant and reduces the amount
of contaminants on foliage
exponentially during the exposure
period.

Wet foliar
interception
fraction

0.25
(nonleafy,
leafy, and

fodder)

01

IAEA 1994

The fraction of deposited
radionuclides that is retained on
the foliage of the plant food. Both
dry deposition (from airborne
particulates) and the wet
deposition processes (from
irrigation) are considered. The
code has a wet as well as dry foliar
interception fraction for nonleafy,
leafy (for human consumption),
and fodder (for animal
consumption).

Dry foliar
interception
fraction

0.25
(nonleafy,
leafy, and

fodder)

IAEA 1994;
Snyder et al.,
1994

The fraction of deposited
radionuclides that is retained on
the foliage of the plant food. Both
the dry deposition (from airborne
particulates) and the wet
deposition processes (from
irrigation) are considered. The
code has a wet as well as dry foliar
interception fraction for nonleafy,
leafy (for human consumption),
and fodder (for animal
consumption).

Code-accepted values are not provided for element- or nuclide-specific parameters.
P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.

Groundwater concentration can be input only if time since placement of material is greater than 0.
This parameter should be used only if radionuclide leach rates are known.
NA = not applicable.

a
b
¢ ““indicates that the parameter is dimensionless.
d
e
f
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Table A-1 Parameters and Their Default Values Used in Version 7.2 of RESRAD-
ONSITE (cont.)
Parameter Name | Unit Default Code-Accepted Type® | References Description
Value Values®
Radon Data
Cover total Yuetal, The ratio of the void space volume
. - 0.4 0-1 P to the total volume of the porous
porosity 2015 .
medium.
. The fraction of the total volume of
Cover volumetric Yuetal, . )
- 0.05 01 P the porous medium that is
water content 2015 .
occupied by water.
The effective (or interstitial) radon
diffusion coefficient is the ratio of
the diffusive flux density of radon
activity across the pore area to the
Cover radon Yu et al gradient of the radon activity
diffusion m?/s 2.00E-06 0-1or -1 P v concentration in the pore space.
- 2001 . e
coefficient Entering —1 for any diffusion
coefficient will cause the code to
calculate the diffusion coefficient
based on the porosity and water
content of the medium.
Building Yuetal Average thickness of the building
foundation m 0.15 0-10 P ’ shell structure in the subsurface of
. 2015 )
thickness the soil.
Building .
foundation glem? 24 0-100 p Yuetal, The mass of solid phase to the
. 2015 total volume.
density
Building
4 Yuetal., “ “ow
foundation total - 0.1 1E-4-1 P 2015 See “Cover total porosity” (above).
porosity
Building
foundation B 0.03 01 p Yuetal., See “Cover volumetric water
volumetric water ' 2015 content” (above).
content
Building
foundation radon ) Yuetal., See “Cover radon diffusion
diffusion /s 3.00E-07 0-1or-1 P 2015 coefficient” (above).
coefficient
Contaminated e _ .
radon diffusion m2s 2 00E-06 0-1 or -1 p Yuetal., lefu5|or1 coefficient of radon in
- 2015 contaminated zone.
coefficient
Radon vertical Yuetal The height into which the plume of
dimension of m 2 1E-4-1,000 P 2015 v radon is uniformly mixed in the
mixing outdoor air.

¢ ““indicates that the parameter is dimensionless.

T NA = not applicable.

2 Code-accepted values are not provided for element- or nuclide-specific parameters.
b P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.

4 Groundwater concentration can be input only if time since placement of material is greater than 0.
¢ This parameter should be used only if radionuclide leach rates are known.
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Table A-1
ONSITE (cont.)

Parameters and Their Default Values Used in Version 7.2 of RESRAD-

Default

Unit Value

Parameter Name

Code-Accepted
Values®

Type®

References

Description

Radon Data (cont.)

Building air

1/h 0.5
exchange rate

0-1,000

Yuetal.,
2015

The building exchange rate (or
ventilation) is defined as the
number of the total volumes of air
contained in the building being
exchanged with outside air per unit
of time.

Building room
height

1E-4-100

Yuetal.,
2015

The average height of rooms in the
building.

Building indoor
area factor

0-100

Yuetal.,
2015

The fraction of the area built on the
contaminated soil. Values greater
than 1 indicate contribution from
adjacent walls. A default value of 0
is assumed, which forces the code
to calculate this time dependent
area factor by assuming floor area
of 100 m? and walls extending into
the contaminated area. This factor
is time dependent because of
erosion.

Foundation depth
below ground m -1
surface

0-100 or -1

Yuetal.,
2015

The vertical distance in the soil
immediately from the bottom of the
basement floor slab to the ground
surface. A default value of —1 is
used in the code; in this case the
code adjusts the depths so that the
foundation depth will not extend
into the contaminated zone at
each of the times at which a dose
is computed.

Radon-222
emanation —
coefficient

0.25

0.01-1

Yu et al,
2015

The fraction of the total radon
generated by radium decay that
escapes soil. (Depends on such
parameters as porosity, particle
size distribution, mineralogy, and
moisture content.)

Radon-220
emanation —
coefficient

0.15

0.01-1

P

Yuetal.,
2015

See “Radon-222 emanation
coefficient” (above).

¢ “~”indicates that the parameter is dimensionless.

T NA = not applicable.

2 Code-accepted values are not provided for element- or nuclide-specific parameters.
b P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.

9 Groundwater concentration can be input only if time since placement of material is greater than 0.
¢ This parameter should be used only if radionuclide leach rates are known.
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Table A-1
ONSITE (cont.)

Parameters and Their Default Values Used in Version 7.2 of RESRAD-

Parameter Name | Unit Default Code-Accepted Type® | References Description
Value Values®
Storage Times before Use Data
The storage times are used to
calculate radioactive ingrowth and
decay adjustment factors for food
Storage times for and feed due to storage. The code
fruits, nonleafy d 14 0_1E+34 B Snyder et al., | has values for frmts,. nonleafy
vegetables, and 1994 vegetables, and grain; leafy
grain vegetables; milk; well water;
surface water; livestock fodder;
meat; fish; and Crustacea, and
mollusks.
Storage times for Snyder et al.,
—1E+
leafy vegetables d 1 0-1E+34 B 1994 See above.
St.orage times for d 1 0_1E+34 B Snyder et al., See above.
milk 1994
Storage times for d 20 0_1E+34 B Snyder et al., See above.
meat 1994
Storage times for Snyder et al.,
fish d 7 0-1E+34 B 1994 See above.
Storage times for
Crustacea and d 7 0-1E+34 B Snyder et al, See above.
1994
mollusks
Storage times for d 1 0_1E+34 B Snyder et al., See above.
well water 1994
Storage times for d 1 0_1E+34 B Snyder et al., See above.
surface water 1994
For livestock fodder, the storage
time is an annual average. The
. default value is obtained by
Storage times for d 45 0-1E+34 B Snyder etal., assuming 6 months of outside
livestock fodder 1994 ) .
grazing and 6 months of silage
fodder with an average silo time of
3 months.
Carbon-14 Data
c-12 Yuetal The stable carbon concentration in
concentration in g/lcm® 2.00E-05 0-100 P v
2001 water.
local water
C-12 .
. Yuetal., The stable carbon concentration in
concentration in ag/g 0.03 1E-4-1 P . )
. . 2001 contaminated soil.
contaminated soil

¢ ““indicates that the parameter is dimensionless.

T NA = not applicable.

2 Code-accepted values are not provided for element- or nuclide-specific parameters.
b P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.

4 Groundwater concentration can be input only if time since placement of material is greater than 0.
¢ This parameter should be used only if radionuclide leach rates are known.
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Table A-1

Parameters and Their Default Values Used in Version 7.2 of RESRAD-
ONSITE (cont.)

Parameter Name | Unit Default Code-Accepted Type® | References Description
Value Values®
Carbon-14 Data (cont.)
Fraction of . .
veqetation carbon Yu et al The fraction of total vegetation
9 - 0.02 1E-4—1 P v carbon obtained by direct root
absorbed from 2001 ;
. uptake from the soil.
soil
. The fraction of total vegetation
Fraction of -
. Yuetal, carbon assimilated from the
vegetation carbon — 0.98 0-1 P
. 2001 atmosphere through
absorbed from air .
photosynthesis.
The maximum soil thickness layer
Thickness of Yuetal through which C-14 can escape to
evasion layer of m 0.3 0-10 P 2001 v the air by conversion to CO,. C-14
C-14 in soll below this depth is assumed to be
trapped.
. The fraction of the soil inventory of
C-14 evasionflux | (| 7 hoE-07 0-1 P Sheppard et | 1/ ot is lost to the atmosphere
rate from soil al., 1991 o
per unit time.
C-12 evasion flux Amiro et al., The fraction of C-12 in soil that
. 1/s 1.00E-10 01 P escapes to the atmosphere per
rate from soil 1991 o
unit time.
Grain fraction in . The fra.ctlor? of gre.un (nonlea.fy)
. Amiro et al., | vegetation in the livestock diet.
livestock feed — - 0.8 0-1 B )
1991 The balance is assumed to be
beef cattle .
leafy vegetation: hay or fodder.
Grain fraction in . The fra(.:tlor.1 of gra.ln (nonlea.fy)
livestock feed — B 02 01 B Amiro et al., | vegetation in the livestock diet.
' 1991 The balance is assumed to be
cow .
leafy vegetation: hay or fodder.

@ Code-accepted values are not provided for element- or nuclide-specific parameters.
b P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
¢ “~”indicates that the parameter is dimensionless.

9 Groundwater concentration can be input only if time since placement of material is greater than 0.
¢ This parameter should be used only if radionuclide leach rates are known.
T NA = not applicable.
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Table A-2 RESRAD-ONSITE V7.2 and RESRAD-OFFSITE V4.0 Default Value and
Distribution for the Distribution Coefficient, Ky Parameter for Different

Elements
Deterministic Default Lognormal Distribution?
Element DistributionCoefficient, Kua

(cm3/g or L/kg) H c
Ac 20 6.72 3.22
Ag 0 5.38 2.1
Al 0 6.45 3.22
Am 20 7.28 3.15
As 114 NAP NA
At 0 NA NA
Au 0 4.65 3.22
Ba 50 6.33 3.22
Be 810 NA NA
Bi 0 4.65 3.22
Bk 70 NA NA
Br 49 NA NA
C 0 2.4 3.22
Ca 50 14 0.78
Cd 0 3.52 2.99
Ce 1,000 7.6 2.08
Cfe 1,380 7.23 3.22
Cl 0.1 1.68 3.22
Cme 1,380 8.82 1.82
Co 1,000 5.46 2.53
Cr 30 4.63 2.76
Cs 4,600 6.1 2.33
Cu 333 NA NA
Dye 935 NA NA
Erc 935 NA NA
Esc 1,380 NA NA
Euc 825 6.72 3.22
Fe 257 NA NA

@ Source: Yu et al., 2000

® NA = not applicable.

¢ RESRAD-ONSITE V7.2 uses Plant/Sail ratio to estimate Ky value. RESRAD-OFFSITE V4.0 does not have the root
uptake transfer factor correlation as an option for estimating the distribution. The values that RESRAD-ONSITE
computes using the correlation are the default inputs for RESRAD-OFFSITE.

Note: p is mean of the underlying normal distribution and o is standard deviation of underlying normal distribution.
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Table A-2

RESRAD-ONSITE V7.2 and RESRAD-OFFSITE V4.0 Default Value and
Distribution for the Distribution Coefficient, Ky Parameter for Different

Elements (cont.)

Deterministic Default

Lognormal Distribution®

Element DistributionCoefficient, Kua
(cm3/g or L/kg) H c

Fe 1,000 5.34 2.67
Fme 935 NA NA
Fr 200 NA NA
Ga° 745 NA NA
Gde 825 6.72 3.22
Ge 0 3.87 3.22
H 0 -2.81 0.5
Hf 1,500 NA NA
Hg 52 NA NA
Ho 800 NA NA

I 0.1 1.52 2.19
In 158 NA NA
Ir 0 5.32 3.22
K 5.5 1.7 0.49
La 4.98 NA NA
Luc 935 NA NA
Mde 935 NA NA
Mg 63 NA NA
Mn 200 5.06 2.29
Mo 125 NA NA
Na 10 5.04 3.22
Nb 0 5.94 3.22
Nd 158 NA NA
Ni 1,000 6.05 1.46
Np¢ 257 2.84 2.25
Os 157 NA NA
P 30 NA NA
Pa 50 5.94 3.22

@ Source: Yu et al., 2000

® NA = not applicable.

¢ RESRAD-ONSITE V7.2 uses Plant/Soil ratio to estimate Ky value. RESRAD-OFFSITE V4.0 does not have the root
uptake transfer factor correlation as an option for estimating the distribution. The values that RESRAD-ONSITE
computes using the correlation are the default inputs for RESRAD-OFFSITE.

Note: p is mean of the underlying normal distribution and o is standard deviation of underlying normal distribution.
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Table A-2 RESRAD-ONSITE V7.2 and RESRAD-OFFSITE V4.0 Default Value and
Distribution for the Distribution Coefficient, Ky Parameter for Different
Elements (cont.)

Deterministic Default Lognormal Distribution?
Element DistributionCoefficient, Kua
(cm3/g or L/kg) H c

Pb 100 7.78 2.76
Pd 180 NA NA
Pme 825 6.72 3.22
Po 10 5.2 1.68
Pr 157 NA NA
Pt 24 NA NA
Pu 2,000 6.86 1.89
Ra 70 8.17 1.7
Rb 125 NA NA
Re 43.5 NA NA
Rh 4 NA NA
Rn 0 NA NA
Ru 0 7.37 3.13

S 0 3.65 3.22
Sb 0 5.94 3.22
Sc 0 6.84 3.22
Se 0 4.73 0.57
Si 110 NA NA
Sme 825 6.72 3.22
Sn 0 6.72 3.22
Sr 30 3.45 212
Ta 0 5.55 3.22
Tb 157 NA NA
Tc 0 -0.67 3.16
Te 0 3.64 3.22
Th 60,000 8.68 3.62
Tic 1,380 NA NA
T 0 4.26 3.22

@ Source: Yu et al., 2000

® NA = not applicable.

¢ RESRAD-ONSITE V7.2 uses Plant/Sail ratio to estimate Ky value. RESRAD-OFFSITE V4.0 does not have the root
uptake transfer factor correlation as an option for estimating the distribution. The values that RESRAD-ONSITE
computes using the correlation are the default inputs for RESRAD-OFFSITE.

Note: p is mean of the underlying normal distribution and o is standard deviation of underlying normal distribution.
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Table A-2 RESRAD-ONSITE V7.2 and RESRAD-OFFSITE V4.0 Default Value and
Distribution for the Distribution Coefficient, Ky Parameter for Different
Elements (cont.)

Deterministic Default Lognormal Distribution?
Element DistributionCoefficient, Kua

(cm3/g or L/kg) H c
T 0 4.26 3.22
Tme 935 NA NA
U 50 4.84 3.13
Ve 935 NA NA
w 157 NA NA
Y 720 NA NA
Ybe¢ 935 NA NA
Zn 0 6.98 4.44
Zr 2,200 7.23 3.22

2 Source: Yu et al., 2000

® NA = not applicable.

¢ RESRAD-ONSITE V7.2 uses Plant/Soil ratio to estimate K, value. RESRAD-OFFSITE V4.0 does not have the root
uptake transfer factor correlation as an option for estimating the distribution. The values that RESRAD-ONSITE
computes using the correlation are the default inputs for RESRAD-OFFSITE.

Note: p is mean of the underlying normal distribution and o is standard deviation of underlying normal distribution.
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Table A-3 Transfer Factors for Plants, Meat, and Milk in RESRAD-ONSITE V7.2 and
RESRAD-OFFSITE V4.0

Element Plant Meat Milk
(pCilg-plant)/(pCil/g-soil) (pCilkg)/(pCild) (pCilL)/(pCi/d)
Ac 2.50E-03 2.00E-05 2.00E-05
Ag 1.50E-01 3.00E-03 2.50E-02
Al 4.00E-03 5.00E-04 2.00E-04
Am 1.00E-03 5.00E-05 2.00E-06
Ar 0 0 0
As 8.00E-02 1.50E-03 1.00E-04
At 2.00E-01 1.00E-02 1.00E-02
Au 1.00E-01 5.00E-03 1.00E-05
Ba 5.00E-03 2.00E-04 5.00E-04
Be 4.00E-03 1.00E-03 2.00E-06
Bi 1.00E-01 2.00E-03 5.00E-04
Bk 1.00E-03 2.00E-05 2.00E-06
Br 7.60E-01 2.00E-02 2.00E-02
C 55 3.10E-02 1.20E-02
Ca 5.00E-01 1.60E-03 3.00E-03
Cd 3.00E-01 4.00E-04 1.00E-03
Ce 2.00E-03 2.00E-05 3.00E-05
Cf 1.00E-03 6.00E-05 7.50E-07
Cl 20 6.00E-02 2.00E-02
Cm 1.00E-03 2.00E-05 2.00E-06
Co 8.00E-02 2.00E-02 2.00E-03
Cr 2.50E-04 9.00E-03 2.00E-03
Cs 4.00E-02 3.00E-02 8.00E-03
Cu 1.30E-01 1.00E-02 2.00E-03
Dy 2.00E-03 2.00E-03 6.00E-05
Er 2.00E-03 2.00E-03 6.00E-05
Es 1.00E-03 2.00E-05 2.00E-06
Eu 2.50E-03 2.00E-03 5.00E-05
F 2.00E-02 2.00E-02 7.00E-03
Fe 1.00E-03 2.00E-02 3.00E-04
Fm 2.00E-03 2.00E-04 8.00E-06
Fr 3.00E-02 3.00E-02 8.00E-03
Ga 3.00E-03 3.00E-04 1.00E-05
Gd 2.50E-03 2.00E-03 2.00E-05
Ge 4.00E-01 2.00E-01 1.00E-02
H 4.8 1.20E-02 1.00E-02
Hf 3.00E-03 4.00E-04 2.00E-05
Hg 3.80E-01 1.00E-01 5.00E-04

Source: Yu et al,, 2015 (Tables 6.3.10, 6.4.2, and 6.5.1).
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Table A-3 Transfer Factors for Plants, Meat, and Milk in RESRAD-ONSITE V7.2 and
RESRAD-OFFSITE V4.0 (cont.)

Element Plant Meat Milk
(pCilg-plant)/(pCil/g-soil) (pCilkg)/(pCild) (pCilL)/(pCi/d)

Ho 2.60E-03 2.00E-03 2.00E-05
I 2.00E-02 7.00E-03 1.00E-02
In 3.00E-03 4.00E-03 2.00E-04
Ir 3.00E-02 2.00E-03 2.00E-06
K 3.00E-01 2.00E-02 7.00E-03

Kr 0 0 0
La 2.50E-03 2.00E-03 2.00E-05
Lu 2.00E-03 2.00E-03 6.00E-05
Mg 3.00E-02 3.00E-03 8.00E-03
Mn 3.00E-01 5.00E-04 3.00E-04
Mo 1.30E-01 1.00E-03 1.70E-03
N 7.5 1.00E-01 1.00E-01
Na 5.00E-02 8.00E-02 4.00E-02
Nb 1.00E-02 3.00E-07 2.00E-06
Nd 2.40E-02 2.00E-03 2.00E-05

Ne 0 0 0
Ni 5.00E-02 5.00E-03 2.00E-02
Np 2.00E-02 1.00E-03 5.00E-06
(@) 6.00E-01 2.00E-01 2.00E-02
Os 3.00E-02 2.00E-03 1.00E-04
P 1 5.00E-02 1.60E-02
Pa 1.00E-02 5.00E-03 5.00E-06
Pb 1.00E-02 8.00E-04 3.00E-04
Pd 1.00E-02 8.00E-04 3.00E-04
Pm 2.50E-03 2.00E-03 2.00E-05
Po 1.00E-03 5.00E-03 3.40E-04
Pr 2.50E-03 2.00E-02 2.00E-05
Pt 1.00E-01 2.00E-04 1.00E-04
Pu 1.00E-03 1.00E-04 1.00E-06
Ra 4.00E-02 1.00E-03 1.00E-03
Rb 1.30E-01 1.50E-02 1.00E-02
Re 2.00E-01 1.00E-02 2.00E-03
Rh 1.30E-01 1.00E-03 5.00E-03

Rn 0 0 0
Ru 3.00E-02 2.00E-03 3.30E-06
S 6.00E-01 2.00E-01 2.00E-02
Sb 1.00E-02 1.00E-03 1.00E-04
Sc 2.00E-03 1.50E-02 5.00E-06

Source: Yu et al,, 2015 (Tables 6.3.10, 6.4.2, and 6.5.1).
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Table A-3 Transfer Factors for Plants, Meat, and Milk in RESRAD-ONSITE V7.2 and
RESRAD-OFFSITE V4.0 (cont.)

Element Plant Meat Milk
(pCilg-plant)/(pCil/g-soil) (pCilkg)/(pCild) (pCilL)/(pCi/d)

Se 1.00E-01 1.00E-01 1.00E-02
Si 2.00E-02 3.00E-04 2.00E-05
Sm 2.50E-03 2.00E-03 2.00E-05
Sn 2.50E-03 1.00E-02 1.00E-03
Sr 3.00E-01 8.00E-03 2.00E-03
Ta 2.00E-02 5.00E-06 5.00E-06
Tb 2.60E-03 2.00E-03 2.00E-05
Tc 5 1.00E-04 1.00E-03
Te 6.00E-01 7.00E-03 5.00E-04
Th 1.00E-03 1.00E-04 5.00E-06
Ti 1.00E-03 2.00E-02 1.00E-02
T 2.00E-01 2.00E-02 3.00E-03
Tm 2.00E-03 2.00E-03 6.00E-05
2.50E-03 3.40E-04 6.00E-04
\Y 2.00E-03 1.00E-02 5.00E-04
w 1.80E-02 4.00E-02 3.00E-04

Xe 0 0 0
Y 2.50E-02 2.00E-03 2.00E-05
Yb 2.00E-03 2.00E-03 6.00E-05
Zn 4.00E-01 1.00E-01 1.00E-02
Zr 1.00E-03 1.00E-06 6.00E-07

Source: Yu et al., 2015 (Tables 6.3.10, 6.4.2, and 6.5.1).

Table A-4 Bioaccumulation Factors for Fish, and Crustacea and Mollusks in RESRAD-
ONSITE V7.2 and RESRAD-OFFSITE V4.0

. Crustacea and . Crustacea and
Element . Fish . Mollusks Element . Fish . Mollusks
(pCilkg)/(pCi/L) (pCilkg)/(pCilL) (pCil/kg)/(pCilL) (pCilkg)/(pCilL)
Ac 15 1,000 Mn 400 90000
Ag 5 770 Mo 10 10
Al 500 1,000 N 150,000 0
Am 30 1,000 Na 20 200
As 300 300 Nb 300 100
At 15 -1 Nd 100 1,000
Au 35 1,000 Ni 100 100
Ba 4 200 Np 30 400
Be 100 10 (0] 1 -1
Source: Yu et al., 2015 (Tables 6.6.1 and 6.6.3).
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Table A-4 Bioaccumulation Factors for Fish, and Crustacea and Mollusks in RESRAD-
ONSITE V7.2 and RESRAD-OFFSITE V4.0 (cont.)
. Crustacea and . Crustacea and
Element . Fish . Mollusks Element . Fish . Mollusks
(pCi/kg)/(pCilL) (pCilkg)/(pCilL) (pCi/kg)/(pCilL) (pCilkg)/(pCilL)

Bi 15 10 Os 35 -1
Bk 25 -1 P 50,000 20,000
Br 420 330 Pa 10 110
C 50,000 9,100 Pb 300 100
Ca 1.000 330 Pd 10 300
Cd 200 2,000 Pm 30 1,000
Ce 30 1,000 Po 100 20,000
Cf 25 1,000 Pr 100 1,000
Cl 1,000 190 Pt 35 -1
Cm 30 1,000 Pu 30 100
Co 300 200 Ra 50 250
Cr 200 2000 Rb 2,000 1,000
Cs 2,000 100 Re 12,000 -1
Cu 200 400 Rh 10 300
Dy 25 -1 Ru 10 300
Er 12,000 -1 S 1,000 240
Es 25 -1 Sb 100 10
Eu 50 1,000 Sc 100 1,000
F 10 100 Se 200 170
Fe 200 3,200 Si 20 -1
Fm 10 -1 Sm 25 1,000
Fr 30 -1 Sn 3,000 1,000
Ga 400 -1 Sr 60 100
Gd 25 1,000 Ta 100 30
Ge 4,000 20,000 Tb 25 1,000
H 1 1 Tc 20 5
Hf 40 -1 Te 400 75
Hg 1,000 20,000 Th 100 500
Ho 25 1,000 Ti 1,000 -1

| 40 5 Tl 10,000 15,000
In 10,000 15,000 Tm 25 -1

Ir 10 200 10 60

K 1,000 200 \% 200 3,000
Kr 0 0 W 1,200 10
La 30 1,000 Y 30 1,000
Lu 25 -1 Yb 200 -1
Md 10 -1 Zn 1,000 10,000
Mg 50 100 Zr 300 6.7

Source: Yu et al., 2015 (Tables 6.6.1 and 6.6.3).
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Table A-5

Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0

Code-Accepted

Input Screen Default Val_ues"
Title and Units Value? Physical or Typed Description
Parameter Name Numerical® (N)
Range
Title & Radiological Data
RESRAD- - . .
. The Title is used to identify the run and can
Title - OgFSITE 80 alphabetic or NAf be up to 80 alphabetic or numeric
efault numeric characters characters long
Parameters )
Iglc:)c;aefloanngf dose, CARESRAD This parameter specifies the directory of
transfer factor - Family\DCF\ - NA ggstﬁéslc;;;:a, l?tr;(: transfer factor database
database 3.1 puter.
. . This is the name of the radionuclide
Radionuclide . L
; transformation database containing
Lransformatlon - ICRP 107 ICRP 107, ICRP 38 NA radionuclide transformation based on ICRP
ased on 107.
External exposure _ DCFPAK D1C3FF|>:AC‘;KR31'(2)2’UZeGrR NA This library is selected based on the
library 3.02 ’ specifie’d selection for internal exposure dose library.
DOE STD-1196-
2011 (Reference
Person)
DCFPAK 3.02 -
Adult
DCFPAK 3.02 -
Infant DCFPAK 3.02
- Age 1 DCFPAK
Internal exposure ?109%_23?1' 3.02-Age 5 This is the name of the internal dose
° - DCFPAK 3.02 - Age NA conversion factor library for the RESRAD-
dose library (Reference 10 DCFPAK 3.02 - OFFSITE V4.0.
Person) Age 15 ICRP-72 -
Adult
ICRP-72 - Infant
ICRP-72 - Age 1;
ICRP-72 - Age 5;
ICRP-72 - Age 10;
ICRP-72 - Age 15;
FGR-11, user
specified
DCFPAK 3.02
morbidity DCFPAK
Slope factor (risk) DCFPAK 3~021 ?Oﬂagt}é,tFGR- This is the name of the slope factor library
library - 3.02 morbidity NA containing all slope factors for the
Morbidity FGR-13 mortality or RESRAD-OFFSITE V4.0 pathways.
HEAST 2001
morbidity

e

€ Numerical range is the range defined in a program file to prevent code crashes.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.

d P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
“~” indicates that the parameter is dimensionless.
f NA = not applicable.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accebpted
Input Screen Values
Title and Units Ii)/eflaulat Physical or Type® Description
Parameter Name alue Numerical® (N)
Range
Title & Radiological Data (cont.)
RESRAD
Transfer factor _ default trEnEs?eR;?aDctiiaLTslter NA This is the name of the transfer factor
library transfer e library for the RESRAD-OFFSITE V4.0.
factors specified
This is the cutoff half-life used to separate
Cutoff half-life - 30 days 210 minutes NA the “principal nuclides” from the “associated
nuclides.”
Number of 32, 64, 128, 256, This parameter specifies the number of
intermediate time _ 2048 512, 1024, 2048, NA graphic points. It affects the precision of the
points 4096, 8192, 16384, computed results and the smoothness of
22000 the output graphic curves.
Spacing between Linear or Log is used to specify the type of
intermediate time - Linear Linear/Log NA spacing (years) between the generated
points time points.
Minimum time 11,112, 1/4, 1/8, - L
between - 1 1/128, 1/256, 1/512, NA : :
h . . also used to determine the second
intermediate time 1/1,024, 1/2,048, intermediate time point
points 1/4,096 )
Update progress 0.1 2 4. 15. 30. 60 An interface parameter that specifies how
of computation s 0 T éOO, U NA frequently the progress of computation is to
message be reported and displayed on the screen.
Use line draw _ Yes Yes/No NA Qse line-draw character set in the report
character files.
Preliminary Inputs
Any of the four units of radioactivity: Curie
(Ci), Becquerel (Bq), disintegrations per
Radiological units . . second (dps), or disintegrations per minute
for activ?ty - pCi Ci, Bq, dps, dpm NA (dpm) cz(an bé selected. gAny standard one-
character metric prefix can be used with Ci
and Bq.
Both conventional and Sl units may be
Radiological units selected for radiation dose. Any standard
for dose - mrem rem, Sv NA one-character metric prefix can be used
p
with rem and Sv.
Basic radiation This is the annual ra_diation <_jose Iim_it in
dose limit mrem/yr 25 1E-34-1E+34 (N) NA mr.em/.yr used to derive all site-specific
guidelines.
Exposure duration The exposure duration is the span of time,
. yr 30 1-1,000 B in years, an individual is expected to spend
(for risk) )
at the exposure location.

e

€ Numerical range is the range defined in a program file to prevent code crashes.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.

dp= physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
“~” indicates that the parameter is dimensionless.
f NA = not applicable.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accepted
b
Inpyt Screen ) Default VaI!Jes . o
Title and Units Value? Physical or Type Description
Parameter Name alue Numerical® (N)
Range
Preliminary Inputs (cont.)
Number of Number of unsaturated zones. An
unsaturated _ 1 0-5 (N) p unsaturated zone is defined as a horizontal
uncontaminated layer located between the
zones : :
contaminated zone and the aquifer.
Submerged The code can model submerged
fraction of primary - 0 0-1 P contamination. This is the fraction of the
contamination primary contamination that is submerged.
RESRAD-ONSITE
Exponential Release
MOd?I /Spemfy initial This is the choice for conceptualization of
activity based on . ination. Multiol )
mass of entire primary contamination. Multiple options are
RESRAD- rima available to model the transfer of
Conceptualization ONSITE primary " radionuclides from the contaminated
: : contamination/Speci . . ; “ .
of primary - Exponential fv initial activit P medium to the soil moisture. If “Specify
contamination Release baysed on massyof initial activity based on mass of primary
Model . contamination” or “contaminated medium”
contaminated o )
. option is selected, multiple forms of
medium/Model : .
e contaminated media can be modeled.
diffusive transport
out of contaminated
medium
Equilibrium It is not displayed for the default
Default release Equilibrium desorption/ conceptualization “RESRAD-ONSITE
mechanism - dgsor tion Equilibrium P Exponential Release Model”. For other
P solubility/First order conceptualizations, default is “Equilibrium
rate controlled desorption”.
Maximum number L . .
. ) This is the number of iterations for the
of iterations for - 5 1-10 solubility release mechanism selected.
solubility release
First time at which This is the time at which release properties
release begins r 0 0-100,000 P begin.
Number of times
at which the _ 1 1-9 p This is the number of times at which
release properties release properties change.
change
Source
The radionuclide concentration in the
Nuclide contaminated zone. The contaminated
. - 100 pCi/g 0-1E+34 (N) P zone is treated as a uniformly contaminated
concentration . : ) .
area with a single radionuclide
concentration at every point.

e

fNA= not applicable.

“~” indicates that the parameter is dimensionless.

€ Numerical range is the range defined in a program file to prevent code crashes.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.

dp= physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accepted
b
Inpyt Screen ) Default VaI!Jes . o
Title and Units Value? Physical or Type Description
Parameter Name alue Numerical® (N)
Range
Source Release
Release to groundwater
This is the transfer mechanism selected,
which will depend on the choice of
conceptualization. Nothing is shown with
Equilibrium the initial default conceptualization of
dgsor tion/ “‘RESRAD-ONSITE” exponential release
Transfer Equilibrium Orpu methodology.
; ) Equilibrium P “ P s A
mechanism desorption solubility/First order Equilibrium desorption” is the initial default
rate gontrolle d for the other three conceptualizations
unless the user makes another choice or
checks the “model multiple forms of
contaminated media” box in the
conceptualization.
:;?;gsaet ;vehg:;?:s or yr 0 0-100.000 = This is the time when release begins or
changes ’ changes.
g:g:il;ft(l)\;e This is the cumulative fraction of
radionuclide 1 0—1 = radionuclide bearing material that is
bearing material releasable at times when release begins or
that is releasable changes.
Incremental
fraction of Linearly over This is how the release occurs. For the first
radionuclide Stepwise at time/ste ywise at = release time, the default is stepwise at time
bearing material time tin?e and the default for all subsequent times is
that becomes linearly over time.
releasable
P This is the ratio of the concentration of the
(I:;)(I)setf?i?;?etlr?tnin Nuclide- contaminant in adsorbed phase in primary
fima cm¥/g dependent 0-1E+34 (N) P contamination to the concentration of the
Eonta;wyination P contaminant in the aqueous phase of
primary contamination.
Distribution This is the ratio of the concentration of the
o . contaminant in adsorbed phase in
coeffiient In the omig | puclde 0-1E+34 (N) P | contaminated medium to the concentration
medium P of the contaminant in the aqueous phase of
the contaminated medium.
Soluble atomic This is the soluble concentration of an
concentration of gvei ht/L 0 0-1E+34(N) P isotope. By default solubility limit is not
an isotope 9 used.
Soluble This is how the soluble concentration
concentration of Stepwise at Linearly over changes. For the first release time, the
an isotope Ft)ime time/stepwise at P default is stepwise at time and the default
changesp time for all subsequent times it is linearly over
time.

2 The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.

b Code-accepted values are not provided for element- or nuclide-specific parameters.
€ Numerical range is the range defined in a program file to prevent code crashes.
dp- physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.

€ “_indicates that the parameter is dimensionless.

f NA= not applicable.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accepted
Input Screen Values®
Title and Units Ii)/eflaulat Physical or Type® Description
Parameter Name alue Numerical® (N)
Range
Source Release (cont.)
This is the soluble concentration of an
Leach rate 1yr 0 0-1E+34(N) P isotope. By default leach rate is not used.
Linearly over This is how the soluble concentration
_Leach rate of an Step_W|se at time/stepwise at P phanges_. For the first release time default
isotope changes time time is stepwise at time and the default for all
subsequent times it is linearly over time.
Egg‘;ﬁé‘i’é‘m e This is the diffusion coefficient of an isotope
- m2/yr 0 0-1E+34 (N) P in a contaminated medium. By default the
contaminated e s :
: diffusion model is not used.
medium
Release from surface layer
Radionuclide In the same In the same manner
as for release to o . .
becomes manner as This is how the radionuclides become
) groundwater/ P
available for for release to Beginni . releasable from the surface layer.
eginning at time
release groundwater
Z€ero
Distribution Coefficients
Contaminated 3 Nuclide-
zone cm/g dependent 0-1E+34 (N) P
Nuclide-
3 —
Unsaturated zone cm®/g dependent 0-1E+34 (N) P
Nuclide-
3 _
Saturated zone cm°/g dependent 0-1E+34(N) P
Suspended
sediment in 3 Nuclide-
surface water cm/g dependent 0-1E+34 (N) P
E(())?t)(l)m sediment This is the ratio of the concentration of the
h Nuclide- contaminant in adsorbed phase in soil to
3 —
Lnozl;/rface water cm*/g dependent 0-1E+34(N) P the concentration of the contaminant in the
e - - aqueous phase of soil, in cm?/g.
Fruit, grain, 3 Nuclide- _
nonleafy fields cm/g dependent 0-1E+34 (N) P
Leafy vegetable 3 Nuclide- -
fields cm/g dependent 0-1E+34 (N) P
Pasture, silage 3 Nuclide-
growing areas cm/g dependent 0-1E+34(N) P
Livestock feed 3 Nuclide-
grain fields cm-/g dependent 0-1E+34(N) P
Offsite dwelling 3 Nuclide-
site cm/g dependent 0-1E+34 (N) P

e

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.

€ Numerical range is the range defined in a program file to prevent code crashes.
d P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
“~” indicates that the parameter is dimensionless.
f NA = not applicable.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0

(cont.)
Code-Accepted
Input Screen Default Values®
Title and Units Value? Physical or Type® Description
Parameter Name alue Numerical® (N)
Range
Deposition Velocities
Atmospheric transport
Deposition For nuclides that are transported by
velocity of 0.001 contaminated dust, it is the settling velocity
respirable m/s 0'%1 )((CI’ ) 0-1E+34 (N) P of dust particulates that are of respirable
particulates (Xe) size that will be deposited in the lung.

- For nuclides that are transported by
\I/D;ggist;ngpan e 0(?1(}%1' ) 0_1E+34 (N) b c?ntaminatt_ad dust, it is the settling _velo?ity
particulates 0 (Xe) [} dl_Jst particle that are representative of all

particulates.
Transfer Factors
Fruit, grain,
nonleafy Element-
vegetables - dependent 0-1E+34(N) P
transfer factor
Leafy vegetables _ Element- 0-1E+34 (N) ) The soil-to-plant transfer factor is the ratio
transfer factor dependent of radionuclide concentration in edible
Pasture and Element- portions of the plant at harvest time to the
silage transfer - 0-1E+34 (N) P dry soil radionuclide concentration.
dependent
factor
Livestock feed
grain transfer - Element- 0-1E+34 (N) P
factor dependent
The meat/livestock-intake transfer factor is
Meat transfer _ Element- 0-1E+34 (N) = the ratio of radionuclide concentration in
factor dependent beef to the daily intake of the same
radionuclide in livestock feed or water.
The milk/livestock-intake transfer factor is
Milk transfer _ Element- 0-1E+34 (N) P the ratio of radionuclide concentration in
factor dependent milk to the daily intake of the same
radionuclide in livestock feed or water.
The bioaccumulation factor is the ratio of
Bioaccumulation _ Element- 0-1E+34 (N) P radionuclide concentration in aquatic food
factor for fish dependent to the concentration of the same
radionuclide in water.
Bioaccumulation The bioaccumulation factor is the ratio of
factor for _ Element- 0-1E+34 (N) = radionuclide concentration in aquatic food
Crustacea and dependent to the concentration of the same
mollusks radionuclide in water.
Reporting Times
These are the times in years following the
136 12 radiological survey for which tabular values
Times at which r 36 7’5 ’175’ 0-1E+5 P for single-radionuclide soil guidelines and
output is reported y 4‘20 ‘970 ’ mixture sums are reported in the text output
’ file. (The code calculates dose at time zero
and up to nine user-specified times)

The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.

Code-accepted values are not provided for element- or nuclide-specific parameters.

Numerical range is the range defined in a program file to prevent code crashes.

P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
“~” indicates that the parameter is dimensionless.

- 0 O O T o

NA = not applicable.

A-39



Table A-5

Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0

(cont.)
Code-Accepted
Input Screen ) Default VaI!.lesb o
Title and Units Value? Physical or Type® Description
Parameter Name alue Numerical® (N)
Range
Storage Times

Storage time for d 1 0-1E+34 (N) B

surface water

Storage time for

well water d 1 0-1E+34 (N) B

Storage time for

fruits, grain, and

nonleafy d 14 0-1E+34(N) B

vegetables

iff;asz;gaeblfgg d 1 0-1E+34 (N) B The storage times are used to calculate

Storage time for radioactive ingrowth and decay adjustment

pasture and d 1 0-1E+34 (N) B factors for food and feed due to storage.

silage The code has value_s for fruits, nonleafy

Storage time for vegetables, arjd grain; leafy vegetables;

livestock feed d 5 0-1E+34 (N) B pasture and silage; milk; well and surface

) water; livestock feed grain; meat; fish; and

grtilri;ge time for Crustacea and mollusks.

meat d 20 0-1E+34 (N) B

St.orage time for d 1 0-1E+34 (N) B

milk

fSi;(r)1rage time for d 7 0-1E+34 (N) B

Storage time for

Crustacea and d 7 0-1E+34 (N) B

mollusks

Site Layout

Bearing of X axis degrees 90 0-360 (N) P It is the clockwise angle from the north.
The primary contamination is modeled as a
rectangle for atmospheric release and
transport calculations. The lengths of the
sides of the rectangle are used to define

X dimension of the rectangular re_gion for the atmosphe_ric

primary m 100 -80.000 — +80.000 P transport calculations. The area is optalned

contamination ’ ’ as the product of these two perpendicular
dimensions. The two sides of the rectangle
that meet at the lower left corner serve as
the axes of the coordinate system that is
used to define the locations of the other
receptor areas.

Y dimension of

primary m 100 -80,000 — +80,000 P See above.

contamination

e

f NA= not applicable.

“~” indicates that the parameter is dimensionless.

€ Numerical range is the range defined in a program file to prevent code crashes.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.

dp= physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accebpted
Input Screen Values
Title and Units Ii)/eflaulat Physical or Type® Description
Parameter Name alue Numerical® (N)
Range
Site Layout (cont.)

The fruit, grain and nonleafy vegetable plot,
the leafy vegetable plot, the pasture and
silage growing area, the livestock feed
grain fields, and the dwelling site are all
approximated by rectangular shapes in the
atmospheric transport model. The sides of

Smaller X these rectangles must be parallel to the

: sides of the primary contamination. The

;:o%rdlna_te of the 34.375 80.000 — +80.000 = location and size of the rectangular areas

r:g:]iegg]?yl n, m ’ o B ’ are specified by the coordinates of two
opposite corners. The coordinates are

vegetables plot specified with respect to a system of
Cartesian axes on the left and lower sides
of the primary contamination. The area is
obtained as the product of these two
perpendicular dimensions. The size and
location of these receptor areas can also
be specified in the map interface.

Larger X

coordinate of the

fruit, grain, m 65.625 -80,000 — +80,000 P See above.

nonleafy

vegetables plot

Smaller Y

coordinate of the

fruit, grain, m 234 -80,000 — +80,000 P See above.

nonleafy

vegetables plot

Larger Y

coordinate of the

fruit, grain, m 266 -80,000 — +80,000 P See above.

nonleafy

vegetables plot

Smaller X

coardinate of the m 34.375 -80,000-+80,000 | P | Seeabove.

eafy vegetables

plot

Larger X

i m 65.625 -80,000-+80,000 | P | Seeabove.

plot

Smaller Y

coordinate of (he m 268 -80,000-+80,000 | P | Seeabove.

eafy vegetables

plot

2 The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.

b Code-accepted values are not provided for element- or nuclide-specific parameters.
€ Numerical range is the range defined in a program file to prevent code crashes.

dp- physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.

e

f NA= not applicable.

“~” indicates that the parameter is dimensionless.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)

Code-Accepted
b

Inpyt Screen ) Default VaI!Jes . o

Title and Units Value? Physical or Type Description

Parameter Name alue Numerical® (N)
Range

Site Layout (cont.

~

LargerY
coordinate of the
leafy vegetables
plot

m 300 -80,000 — +80,000 P See above.

Smaller X
coordinate of the
pasture, silage
growing area

m 0 -80,000 — +80,000 P See above.

Larger X
coordinate of the
pasture, silage
growing area

m 100 -80,000 — +80,000 P See above.

Smaller Y
coordinate of the
pasture, silage
growing area

m 450 -80,000 — +80,000 P See above.

LargerY
coordinate of the
pasture, silage
growing area

m 550 -80,000 — +80,000 P See above.

Smaller X
coordinate of the m 0 -80,000 — +80,000 P See above.
grain fields

Larger X
coordinate of the m 100 -80,000 — +80,000 P See above.
grain fields

Smaller Y
coordinate of the m 300 -80,000 — +80,000 P See above.
grain fields

Larger Y
coordinate of the m 400 -80,000 — +80,000 P See above.
grain fields

Smaller X
coordinate of the m 34.375 -80,000 — +80,000 P See above.
dwelling site

Larger X
coordinate of the m 65.625 -80,000 — +80,000 P See above.
dwelling site

Smaller Y
coordinate of the m 134 -80,000 — +80,000 P See above.
dwelling site

LargerY
coordinate of the m 166 -80,000 — +80,000 P See above.
dwelling site

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.

b Code-accepted values are not provided for element- or nuclide-specific parameters.

€ Numerical range is the range defined in a program file to prevent code crashes.

dp= physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
€ “indicates that the parameter is dimensionless.

f NA = not applicable.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accepted
Input Screen Default Values®
Title and Units Value? Physical or Type® Description
Parameter Name alue Numerical® (N)
Range
Site Layout (cont.)
Smaller X
coordinate of the m -100 -80,000-+80,000 | P | See above.
surface water
body
Larger X
coordinate of the m 200 -80,000 — +80,000 P | Seeabove.
surface water
body
Smaller Y
Soordinate of the m 550 -80,000-+80,000 | P | See above.
body
Larger Y
coordinate of the m 850 -80,000-+80,000 | P | Seeabove.
surface water
body
Physical and Hydrological
The average volume of water in the form of
rain, snow, hail, or sleet that falls at the site
per unit of area per unit of time. It is used in
— a number of calculations, includin
Precipitation miyr L 0-10 P radionuclide leaching from the i
contaminated zone and accumulation of
contaminants in the agricultural fields and
pastures. Site-specific data should be used.
It is the overall average of the wind speed
measured near the ground, in a one-year
Wind speed m/s 0.89 1E-4-20 P period. It is used to compute the onsite
contaminant concentration in airborne dust
and the atmospheric release rate.
Primary Contamination
Total area of the site that is
Area of primary homogeneously contaminated. This is not
R m2 10,000 Calculated P user input, but is calculated by the code
contamination . ) .
from the X and Y dimension of the primary
contamination.
The distance between two parallel lines
Length of perpendicular to the direction of aquifer
contamination flow, one at the upgradient edge of the
parallel to aquifer m 100 1E-4-1E+6 P contaminated zone and the other at the
flow downgradient edge of the contaminated
zone.

e

“~” indicates that the parameter is dimensionless.
f NA = not applicable.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.
€ Numerical range is the range defined in a program file to prevent code crashes.
d P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accepted
Input Screen ) Default VaI!.lesb o
Title and Units Value? Physical or Type® Description
Parameter Name alue Numerical® (N)
Range
Primary Contamination (cont.)

The thickness of surface soil that may be
assumed to be mixed uniformly from time
to time due to anthropogenic or physical
processes. It is used to calculate the depth
factor for the onsite components of dust

Depth of soil inhalation a_md soil ingestion pathways and

mixing layer m 0.15 0-1 P,B for computing the release to the
atmosphere. The depth factor is the fraction
of resuspendable soil particles at the
ground surface that are contaminated. It is
calculated by assuming that mixing of the
soil will occur within a layer of thickness
(depth of mixing layer) at the surface.

Mass loading of The average mass of all particulates in a

: g/m3 0.0001 0-2 unit volume of air above the primary

all particulates o
contamination.

Deposition

velocity of all This is the average velocity with which dust

particulates (to settles onto the contaminated zone. It is

compute m/s 0.001 0-0.01 P used to calculate the release to the

atmospheric atmosphere.

release)

Respirable

particulates as a 1 0—1 = This is the fraction of total particulates that

fraction of total is respirable.

particulates

Deposition

veloqty of This is the average velocity with which

respirable respirable dust settles onto the

particulates (to m/s 0.001 0-0.01 P . .

compute contaminated zone. It is used to calculate

. the release to the atmosphere.

atmospheric

release)
This is the average annual irrigation rate, in
meters/year, applied to the region of
primary contamination. It is the amount of
irrigation water that is applied over a period

Irrigation applied miyr 0.2 0-10 B _of_one_ year, a_nd is n_ot the actual_rate of_

per year irrigation applied during the growing period.
It is one of the parameters used to
calculate radionuclide leaching from the
contaminated zone. Site-specific data
should be used.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.

€ Numerical range is the range defined in a program file to prevent code crashes.

d P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.

e s

f NA = not applicable.

" indicates that the parameter is dimensionless.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accepted
Input Screen ) Default VaI!.lesb o
Title and Units Value? Physical or Type® Description
Parameter Name alue Numerical® (N)
Range
Primary Contamination (cont.)
This is the fraction of precipitation and
irrigation water that penetrates the topsoil
that is lost to the atmosphere by
Evapotrans- _ 05 0-0.999 P evaporation and by transpiration by the
piration coefficient ’ ’ vegetation. The evapotranspiration
coefficient is one of a number of
parameters used to calculate radionuclide
leaching from the contaminated zone.
The fraction of the average annual
precipitation that does not penetrate the top
soil, but leaves the area of concern as
Runoff coefficient - 0.2 0-1 P surface runoff. The runoff coefficient is one
of a number of parameters used to
calculate radionuclide leaching from the
contaminated zone.
This is also known as the rainfall erosivity
Rainfall and runoff factor; it is a measure of the energy of the
factor - 160 0-1,000 P rainfall. The value entered is used to
compute the erosion rate at all locations.
Slope- Thi?‘lfathotL a(icour?ts(mr thle effe(f:tﬂ(:f tlhed
profile of the terrain (the slope of the lan
:cength/steepness - 0.4 0-10 P and the length of the slope) on the erosion
actor rate.
Cover and This factor accounts for the effects of
management - 0.003 0-1 B, P vegetation, mulching, etc., on the erosion
factor rate.
Support practice This factor accounts for .conservation
factor - 1 0-1 B, P prac_tlces such as terracing, etc., on the
erosion rate.
Fraction of
primary This is the fraction of primary contamination
N - 0 0-1 P .
contamination that is submerged.
that is submerged
Contaminated zone
Thi This is the distance between the uppermost
ickness of .
contaminated m 9 1E-5-1.000 P anq Iowermost soil sam.ples that have
’ radionuclide concentrations clearly above
zone
background.
Ig;?;&?;g?gé’ of _ 0.4 1E-5-1 P It is the ratio of the pore volume to the total
Zone volume of the contaminated zone.
Dry bulk density
of contaminated glem?® 1.5 1E-3-22.5 P Bulk density of the contaminated zone.
zone

e

f NA= not applicable.

“~” indicates that the parameter is dimensionless.

€ Numerical range is the range defined in a program file to prevent code crashes.
dp- physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accebpted
Inpyt Screen ) Default VaI!Jes o
Title and Units Value? Physical or Type® Description
Parameter Name alue Numerical® (N)
Range
Primary Contamination (cont.)

Contaminated zone
Soil erodibility
factor of tons/acre 0.4 0-0.5 = This quantifies the susceptibility of the soil
contaminated ’ ' to erosion.
zone
Effective porosity Th . . .
of contaminated _ 0.4 1E-5-1 = e volume fraction of soil through which
Zone water flows.

It is the volumetric moisture content of soil

at which (free) gravity drainage ceases.

. . This is the amount of moisture that will be
E('ﬁ:?;;ggfe'g of _ 0.3 1E-5-1 = retained in a column of soil against the
Zone ’ force of gravity. The field capacity is one of

several hydrogeological parameters used
to calculate water transport through the
unsaturated part of the soil.
It is an empirical and dimensionless
Soil b parameter pa{amtgter th?t i(s Uf:d tolevaILtjgte thte
- saturation ratio (or the volumetric water
g(f)ggntammated - 53 0-15 P saturation) of the soil according to a soil
characteristic function called the
conductivity function.
It is the measure of the soil’s ability to
Hydraulic transmit water when subjected to a
conductivity of hydraulip gradient. The hydraul!c o
contaminated m/yr 10 1E-3-1E+10 P conductivity depends on the soil grain size,
Zone the structure of the soil matrix, the type of
soil fluid, and the relative amount of soil
fluid (saturation) present in the soil matrix.
Longitudinal The ratio between the longitudinal
dispersivity m 0.05 0-15 P dispersion coefficient and the pore water
velocity.
Clean cover
Thickness of m 0 0-100 P Distance from the ground surface to the
clean cover contaminated zone.
This is the volume fraction of soil that is
. occupied by liquid and gaseous phases.
IIZ::] Féz:?;'ty of - 0.4 1E-5-1 P The total porosity is one of several
hydrogeological parameters used to
calculate water transport times.
Sfrégglrlfff\?gty g/em3 1.5 1E-3-22.5 P Bulk density of the cover material.
fsacé'tloirg? 'Ctl’ggﬁ tons/acre 0.4 0-0.5 = See “Contaminated zone soil erodibility
cover : ) factor” parameter.

e

f NA= not applicable.

“~” indicates that the parameter is dimensionless.

© Numerical range is the range defined in a program file to prevent code crashes.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.

dp- physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0

(cont.)
Code-Accebpted
Inpyt Screen ) Default VaI!Jes o
Title and Units a Physical or Type® Description
Parameter Name Value Numerical® (N)
Range
Primary Contamination (cont.)
Clean cover
This is the volumetric water content in a
Volumetric water porous medium that represents a fraction of
content of clean - 0.05 0-1 P the total volume of porous medium that is
cover occupied by the water. The value should be
less than the total porosity of the medium.
Contaminated Medium
This input for the total mass of the
T contaminated medium is displayed when
otal mass of d
) the user chooses to conceptualize the
contaminated kg 0 0-1E+10 P ) o I
medium primary contamlna.tlon as c.on.s[s'tmg ofa
contaminated medium within initially clean
sail.
Total volume of This input for the total volume of the
contaminated contaminated medium is displayed when
medium m3 0 0—1E+10 = th.e user choosgs to conceptua!izg the
primary contamination as consisting of a
contaminated medium within initially clean
sail.
Volumetric water This input for Fhe vqumeFric V\_/ate_r content
content of of the contaminated medium is displayed
; 0 0-1 P when the user chooses to model the
contaminated e . .
medium diffusive trgnsport of the radionuclides on
the contaminated medium.
Length of a This input for the length of a representative
representative fragment of the contaminated medium is
fragment of the m 0 0-10 P displayed when the user chooses to model
contaminated the diffusive transport of the radionuclides
medium on the contaminated medium.
Width of a This input for the width of a representative
representative fragment of the contaminated medium is
fragment of the m 0 0-10 P displayed when the user chooses to model
contaminated the diffusive transport of the radionuclides
medium on the contaminated medium.
Depth of a This input for the depth of a representative
representative fragment of the contaminated medium is
fragment of the m 0 0-10 P displayed when the user chooses to model
contaminated the diffusive transport of the radionuclides
medium on the contaminated medium.
Sediment Delivery Ratio - Fate of Material Eroded from the Primary Contamination by Runoff
Fraction of eroded This is the fraction of the contaminated soil
radionuclides _ 0 0-1 P that was eroded from the area of primary
deposited at contamination that reaches the dwelling
dwelling site site.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.

€ Numerical range is the range defined in a program file to prevent code crashes.

€ “indicates that the parameter is dimensionless.
f NA = not applicable.

dp= physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accepted
Input Screen Values®
Title and Units Ii)/eflaulat Physical or Type® Description
Parameter Name alue Numerical® (N)
Range

Sediment Delivery Ratio - Fate of Material Eroded from the Primary

Contamination by Runoff (cont.)

Fraction of eroded
radionuclides

This is the fraction of the contaminated soil
that was eroded from the area of primary

nonleafy
vegetables field

ggﬂg}id in the - 0 0-1 P contamination that reaches the nonleafy
vegetable plot vegetable plot.
Fraction of eroded This is the fraction of the contaminated soil
radionuclides _ 0 0-1 P that was eroded from the area of primary
deposited in the contamination that reaches the feed grain
feed grain plot plot.
'I-:argicot;]our:j(i)é:sroded This is the fraction of the contaminated soil
deposited in the _ 1 0-1 = that was eroded from the area of primary
sufface water contamination that reaches the surface
body water body.
Agriculture Areas

Fruit, grain, and nonleafy vegetables field

. Area for growing fruit, grain, and nonleafy
Arraeii f(;rnijrwt, vegetables. This is not user input, but is
gonléaf m? 1,000 Calculated B calculated by the code from the X and Y
ve etatﬁes field coordinates of the fruit, grain, and nonleafy

9 vegetable field.

Fraction of area
directly over
ggmgrrnyination for _ 0 0-1 B P Fraction of the growing area directly over
fruit, grain, and ’ primary contamination.
nonleafy
vegetables field
Irrigation applied
gfgize;g)r fruit, miyr 0.2 0-10 B See “Primary contamination area irrigation”
nonléafy ’ parameter.
vegetables field
Evapotranspiratio
n coefficient for See “Primary contamination area
:g:qtie%r]?yl n, and - 0.5 0-0.999 P evapotranspiration coefficient” parameter.
vegetables field
Runoff coefficient
for fruit, grain, and _ 0.2 0-1 = See “Primary contamination area runoff

coefficient” parameter.

e

f NA= not applicable.

“~” indicates that the parameter is dimensionless.

€ Numerical range is the range defined in a program file to prevent code crashes.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.

dp= physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accebpted
Input Screen Values
Title and Units Ii)/eflaulat Physical or Type® Description
Parameter Name alue Numerical® (N)
Range
Agriculture Areas (cont.)
Fruit, grain, and nonleafy vegetables field
Depth of soil
mixing layer or
plow layer for m 0.15 0-1 PB See “Primary contamination area depth of
fruit, grain, and ’ ’ soil mixing layer” parameter.
nonleafy
vegetables field
Volumetric wa_ter This is the fraction of the total volume of
content for fruit, . ) )
grain, and _ 0.3 1E-5-1 = _;I>_(r)1rous medium that is occupied by water.
nonleafy e vglue should ngt exceed the total
vegetables field porosity of the medium.
Dry bulk density
g:;ﬁ'yl ;c:dfrwt, glem?® 15 1E-3-22.5 = See “Cc:ntaminated zone dry bulk density”
nonleafy parameter.
vegetables field
Soil erodibility
‘:‘r‘:l?]r ‘;°;Jr“'t* ons/acre 04 005 5 fSee “Contaminated zone soil erodibility
actor” parameter.
nonleafy
vegetables field
Slope-
length/steepness
factor for fruit, _ 0.4 0-10 P See “Primary contamination area slope-
grain, and ’ length/steepness factor” parameter.
nonleafy
vegetables field
Cover and
management
factor for fruit, _ 0.003 0-1 B p | See"Primary contamination area cover and
grain, and ) ’ management factor” parameter.
nonleafy
vegetables field
Support practice
factor for fruit, See “Prima tamination it
grain, and _ 1 01 B,P ee ry contamination area suppo
practice factor” parameter.
nonleafy
vegetables field
Leafy vegetable field
Area for growing leafy vegetables. This is
Area for leafy not user input, but is calculated by the code
vegetable field m? 1,000 Calculated B | from the X and Y coordinates of the leafy
vegetable field.

2 The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.

b Code-accepted values are not provided for element- or nuclide-specific parameters.

€ Numerical range is the range defined in a program file to prevent code crashes.

d P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
€ “indicates that the parameter is dimensionless.

f NA = not applicable.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accepted
Input Screen Values®
Title and Units Ii)/eflaulat Physical or Type® Description
Parameter Name alue Numerical® (N)
Range
Agriculture Areas (cont.)
Leafy vegetable field
Fraction of area
directly over
primary _ 0 0—1 B P Fraction of the growing area directly over
contamination for ’ primary contamination.
leafy vegetable
field
gg?;ggpf?)‘:ﬂfg miyr 0.2 0-10 B See “Primary contamination area irrigation”
vegetable field parameter.
Evapotrans-
piration coefficient _ 0.5 0 — 0.999 = See “Primary contamination area
for leafy ’ ’ evapotranspiration coefficient” parameter.
vegetable field
Runoff coefficient ‘oo -
for leafy _ 0.2 0—1 = See .P‘rlmary contamination area runoff
vegetable field ’ coefficient” parameter.
Depth of soil
mlloxvlvnglz);ef;?r m 0.15 0-1 P B See “Primary contamination area depth of
Ipeafy vggetables ’ ’ soil mixing layer” parameter.
field
Zgrlll:er?ﬁtfrg r;ztfir _ 0.3 1E-5-1 = See “Fruit, grain, and nonleafy field
vegetables field ’ volumetric water content” parameter.
Efrg:ﬂgrdlzgzty glom® 15 1E-3-225 = See “Contaminated zone dry bulk density”
vegetables field parameter.
fSa(z;Itloerrfooc:’llbe”altfi tons/acre 0.4 0-0.5 = See “Contaminated zone soil erodibility
vegetables field factor” parameter.
Slope-
length/steepness _ 0.4 0-10 P See “Primary contamination area slope-
factor for leafy ’ length/steepness factor” parameter.
vegetables field
Cover and
management _ 0003 0-1 g p | See"Primary contamination area cover and
factor for leafy ) ’ management factor” parameter.
vegetables field
?a%fgffr;rﬂr:;&ce _ 1 0—1 B P See “Primary contamination area support
vegetables field ’ practice factor” parameter.

e

“~” indicates that the parameter is dimensionless.
f NA = not applicable.

€ Numerical range is the range defined in a program file to prevent code crashes.
d P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accepted
Input Screen ) Default VaI!.lesb o
Title and Units Value? Physical or Type® Description
Parameter Name alue Numerical® (N)
Range
Livestock Feed Growing Areas
Pasture and silage field
Area for growing pasture and silage. This is
Area for pasture not user input, but is calculated by the code
and silage field m? 10,000 Calculated B from the X and Y coordinates of the pasture
and silage field.
Fraction of area
directly over
primary _ 0 0-1 B P Fraction of the growing area directly over
contamination for ’ primary contamination.
pasture and
silage field
Irrigation applied
per year for miyr 0.2 0-10 B See “Primary contamination area irrigation”
pasture and parameter.
silage field
Evapotrans-
piration coefficient See “Primary contamination area
for pasture and - 0.5 0-0.999 P evapotranspiration coefficient” parameter.
p p! p p
silage field
Runoff coefficient See “Primary contamination area runoff
for pasture and - 0.2 0-1 P AT
. ) coefficient” parameter.
silage field
Depth of soil
mixing layer or - P
plow layer for m 0.15 0-1 P, B Sc?ne mFi’Xri';”ag ‘;‘:”taa”r’;';fgt‘;? area depth of
pasture and g layer” p .
silage field
Volumetric water
content for _ 0.3 1E-5-1 = See “Fruit, grain, and nonleafy field
pasture and ’ volumetric water content” parameter.
silage field
cl:))fric?iluyc()rd;:sstllt};e glom® 15 1E-3-22 5 = See “Contaminated zone dry bulk density”
and silage field parameter.
Soil erodibility See “Contaminated zone soil erodibility
factor for pasture tons/acre 0.4 0-0.5 P factor” parameter
and silage field :
Slope-
length/steepness _ 0.4 0-10 P See “Primary contamination area slope-
factor for pasture ’ length/steepness factor” parameter.
and silage field
Cover and
management _ 0.003 0—1 B P See “Primary contamination area cover and
factor for pasture ) ’ management factor” parameter.
and silage field

e

f NA = not applicable.

“~” indicates that the parameter is dimensionless.

€ Numerical range is the range defined in a program file to prevent code crashes.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.

dp- physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
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field

Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accepted
b
Inpyt Screen ) Default VaI!Jes . o
Title and Units Value? Physical or Type Description
Parameter Name alue Numerical® (N)
Range
Livestock Feed Growing Areas
Pasture and silage field
%%?gffrérprzzttﬁ?e _ 1 0-1 B P See “Primary contamination area support
and silagé)fiel d ’ practice factor” parameter.
Grain field
Area for grain Area for growing grain. This is not user
field 9 m? 10,000 Calculated B input, but is calculated by the code from the
X and Y coordinates of the grain field.
Fraction of area
d'r'i';C;Iy over _ 0 0-1 B P Fraction of the growing area directly over
(F:)ontar:1yination for ’ primary contamination.
grain field
Irggagg?fzfplgi% mivr 0.2 0-10 B See “Primary contamination area irrigation”
?iel dy 9 y ’ parameter.
Evapotrans- See “Pri L
piration coefficient - 05 0-0.999 P ee “Primary contamination area
for grain field evapotranspiration coefficient” parameter.
Runoff coefficient _ 0.2 0-1 = See “Primary contamination area runoff
for grain field ) coefficient” parameter.
Depth of soil
mixing layer or m 0.15 0—1 P B See “Primary contamination area depth of
plow layer for ’ ’ soil mixing layer” parameter.
grain field
Volumetric water . . )
) See “Fruit, grain, and nonleafy field
]cc:iglrétent for grain - 0.3 1E-5-1 P volumetric water content” parameter.
Dry bulk density “ . -
. . See “Contaminated zone dry bulk density
3 _3—
]cc)i(falséon for grain glcm 1.5 1E-3-22.5 P parameter.
Soil erodibility . . I
; See “Contaminated zone soil erodibility
;iaeﬁgor for grain tons/acre 0.4 0-0.5 P factor’ parameter.
Slope-
length/steepness _ 0.4 0-10 P See “Primary contamination area slope-
factor for grain ’ length/steepness factor” parameter.
field
Cover and
management _ 0.003 0—1 B P See “Primary contamination area cover and
factor for grain ' ’ management factor” parameter.
field
?aléfgffr;rpg?;trl]ce _ 1 0-1 B P See “Primary contamination area support

practice factor” parameter.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.
€ Numerical range is the range defined in a program file to prevent code crashes.

dp= physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.

e

f NA = not applicable.

“~” indicates that the parameter is dimensionless.
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Table A-5

Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0

(cont.)
Code-Accepted
b
Inpyt Screen ) Default VaI!Jes . o
Title and Units Value? Physical or Type Description
Parameter Name alue Numerical® (N)
Range
Offsite Dwelling Area
Area for offsite dwelling site. This is not
Area of offsite 5 user input, but is calculated by the code
dwelling site m 1,000 Calculated B from the X and Y coordinates of the offsite
dwelling site.
gg?;ggp t?)phpcllr?wi miyr 02 0-10 B See “Primary contamination area irrigation”
garden or lawn parameter.
Evapotrans- . s
piration coefficient - 0.5 0-0.999 P See Prlmary cqntamlna_tlc_m area
for dwelling site ’ ’ evapotranspiration coefficient” parameter.
Runoff coefficient _ 0.2 0-1 = See “Primary contamination area runoff
for dwelling site ) coefficient” parameter.
r%?)fi);h CI); sgr"for m 0.15 0-1 PB See “Primary contamination area depth of
dwelli%g Zite ’ ’ soil mixing layer” parameter.
Zgrlll:er?ﬁtfrg water _ 0.3 1E-5-1 = See “Fruit, grain, and nonleafy field
dwelling site ’ volumetric water content” parameter.
Dry bulk density See “C . d drv bulk density”
of soil for dwelling |  g/om® 1.5 1E-3-22.5 P ee “Contaminated zone dry bulk density
site : : parameter.
fsacc):ltlo?'rf%drlzl\::/tgllin tons/acre 0 0-0.5 = See “Contaminated zone soil erodibility
site 9 ’ factor” parameter.
Slope-
length/steepness _ 0.4 0-10 P See “Primary contamination area slope-
factor for dwelling ’ length/steepness factor” parameter.
site
Cover and
management _ 0.003 0-1 g p | See"Primary contamination area cover and
factor for dwelling ’ ’ management factor” parameter.
site
fsaléfgrofrérp&?etllﬁi _ 1 0—1 B P See “Primary contamination area support
site 9 ’ practice factor” parameter.
Atmospheric Transport
Release height m 1 0-100 P The elevation of primary contamination with
9 respect to the ground level in the vicinity.
Release heat flux calls 0 0 1E+10 The heat energy associated with the
contaminant release.
Anemometer m 10 0-100 = This is the height at which the value for
height wind speed is measured.

2 The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.

b Code-accepted values are not provided for element- or nuclide-specific parameters.

€ Numerical range is the range defined in a program file to prevent code crashes.

dp= physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
€ “indicates that the parameter is dimensionless.

f NA= not applicable.
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Table A-5

Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0

(cont.)
Code-Accepted
Input Screen Default Values®
Title and Units Value? Physical or Type® Description
Parameter Name alue Numerical® (N)
Range
Atmospheric Transport (cont.)
Ambient Ambient temperature used in the
temperature K 285 250-320 P calcul_atlon of plume rise of escaped
material.
This is the annual average morning mixing
AM atmospheric height. The annual average morning mixing
mixin heipht m 400 0-3,000 P height and annual afternoon mixing height
9 helg are used to determine the mixing height for
different Pasquill stability classes.
Pl.\/I.atmos.pherlc m 1,600 0-3,000 P This is the annual afternoon mixing height.
mixing height
Controls which dispersion coefficients are
Dispersion model _ Pasquill- Briggs rural/urban, P used for the plume dispersion calculations.
coefficients Gifford Pasquill-Gifford Pasquill-Gifford coefficients should be used
for releases at or near ground level.
Wind speed Used to select the wind speed height
terrain - Rural Rural, urban P relationship appropriate for the terrain.
Eg::ltégfr;m’ This is the elevation of the fruit, grain,
vegetables plot m 0 0-100 P nonleaf_y vggetables plot relative to primary
. contamination.
elevation
Leafy vegetables This is the elevation of the leafy vegetables
; m 0 0-100 P . . R
plot elevation plot relative to primary contamination.
Pasture, silage This is the elevation of the pasture, silage
growing area m 0 0-100 P growing area relative to primary
elevation contamination.
Grain fields This is the elevation of the grain fields
. m 0 0-100 P . ) LI
elevation relative to primary contamination.
Dwelling site This is the elevation of the dwelling site
. m 0 0-100 P . . A
elevation relative to primary contamination.
Surface water This is the elevation of the surface water
) m 0 0-100 P f . o
body elevation body relative to primary contamination.
The primary contamination and the offsite
receptor areas are assumed to be
rectangular in shape when modeling the
atmospheric transport. Rather than use a
single transport distance from the centers
of the source and the receptor, the code
Grid spacing for provides the option to subdivide the source
; . m 10 0-500 P h
areal integration and receptor areas into smaller squares or
rectangles. The transport from each
subdivision of the source to each
subdivision of the offsite receptor area is
computed and summed together to get a
better estimate of the atmospheric
transport.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.

€ Numerical range is the range defined in a program file to prevent code crashes.

dp= physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.

e

f NA = not applicable.

“~” indicates that the parameter is dimensionless.
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Table A-5
(

cont.)

Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0

Code-Accepted
Input Screen Default Values®
Title and Units a Physical or Type® Description
Parameter Name Value Numerical® (N)
Range
Atmospheric Transport (cont.)
This is the fraction of the time that the
atmospheric conditions in a specified sector
(compass direction) fall within each wind
speed interval and stability class
combination. Only one of the 16 sectors is
Joint frequency of displayed at a time, but the information for
. all the sectors that are relevant to the
wind speed and scenario are used. S to N is the sector with
stability class for - StoN 0-1 P 01 02 and 0.7 : . f
a 16 sector wind -1,0.2,and 0. respe_ctlvely or classes D,
rose E, and F in default setting. The code starts
off with all the receptor/accumulation
locations to the north of the primary
contamination and classes D, E and F give
a higher dose for a near ground level
release as there is less dispersion in these
cases.
0.89, 2.46,
Wind speed m/s 4.47, 6.93, 0.001-20 P Wind speeds for the joint frequency data.
9.61, 12.52
Water Use
Consumption by humans
. This is the total amount of water consumed
Quantity of water by an individual; it includes water that is
consumed by an L/yr 510 0-1,000 M, B . ) f and d
individual u§ed in the preparation of and consume
with food.
fFr;e::]:tg)un rfgiz\év?)t(i;y This is the fraction of water consumed by
. - 0 0-1 B, P humans that is obtained from the surface
for consumption water source
by humans )
Fraction of water
from well for _ 1 0-1 B P This is the fraction of water consumed by
consumption by ’ humans that is obtained from the well.
humans
Number of
household o
individuals - 4 0-1,000 B | humber of household individuals for
consuming and 9 ’
using water

e

f NA = not applicable.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.
€ Numerical range is the range defined in a program file to prevent code crashes.

d P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
“~” indicates that the parameter is dimensionless.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0

(cont.)
Code-Accepted
Input Screen Default Values®

Title and Units Value? Physical or Type® Description

Parameter Name alue Numerical® (N)
Range
Water Use (cont.)
Use indoors of dwelling
This is the total amount of water used
Quantity of water indoors by an individual for bathing,
for use indoors of laundry, washing, etc. This quantity is used
dwelling per L/day 225 0-1,000 M.B to estimate the volume of water that needs
individual to be extracted from the well to satisfy the
specified needs.

Fraction of water This is the fraction of water used in the
from surface body _ 0 0-1 B P dwelling that is obtained from the surface
for use indoors of ’ water source. This factor is used in the
dwelling computation of indoor radon.
f':rgigt:zgllo ffo\:/its(z This is the fraction of water used in the
indoors of - 1 01 B, P dwelling obtained from the well. This factor

8 is used in the computation of indoor radon.
dwelling
Beef cattle
Quantity of water This is the total amount of water used by
for beef cattle Liday 50 0-500 M, B beef cattle. This quantity estimates the

volume of water extracted from the well to
satisfy the specified needs.

Fraction of water
from surface body - 0 0-1 B, P
for beef cattle

This is the fraction of water consumed by
beef cattle raised for meat obtained from
the surface water source.

Fraction of water

This is the fraction of water consumed by

from well for beef - 1 0-1 B, P beef cattle raised for meat obtained from

cattle the well water source.

Number of beef Number of beef cattle for calculating water
- 2 0-10 B

cattle use.

Dairy cows

Quantity of water

for dairy cows L/day 160 0-1,000 M, B

This is the total amount of water used by
dairy cows. This quantity estimates the
volume of water extracted from the well to
satisfy the specified needs.

Fraction of water
from surface body - 0 0-1 B, P
for dairy cows

This is the fraction of water consumed by
dairy cows raised for milk obtained from the
surface water source.

Fraction of water

This is the fraction of water consumed by

from well for dairy - 1 0-1 B, P dairy cows raised for milk obtained from the
Ccows well water source.

Number of dairy _ 9 0-10 B Number of dairy cows for calculating water
Ccows use.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.

€ Numerical range is the range defined in a program file to prevent code crashes.

€ “_indicates that the parameter is dimensionless.
f NA= not applicable.

d P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
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for offsite dwelling
site

Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accepted
b
Inpyt Screen ) Default VaI!Jes . o
Title and Units Value? Physical or Type Description
Parameter Name alue Numerical® (N)
Range
Irrigation Applied Per Year
Fruit, grain, nonleafy vegetables
Fraction of water
from surface body This is the fraction of irrigation from the
for fruit, grain, and - 0 01 B, P surface water source applied to fruit, grain,
nonleafy and nonleafy vegetable fields.
vegetables
Fraction of water
from well for fruit, This is the fraction of irrigation water from
grain, and - 1 0-1 B, P the well applied to fruit, grain, and nonleafy
nonleafy vegetable fields.
vegetables
Leafy vegetables
Fraction of water This is the fraction of irrigation from the
from surface body 0 0-1 B P . . f
for leafy - — , surface ;Naft.elr source applied to leafy
vegetables vegetable fields.
Fraction of water o . s
fom el oraty | - 1 B | e e e o
vegetables pp yveg )
Pasture and silage
Fraction of water This is the fraction of irrigation from the
from surface body .
— 0 01 B,P surface water source applied to pasture
for pasture and : )
. and silage fields.
silage
Fraction of water
from well for _ 1 01 B P This is the fraction of irrigation water from
pasture and ’ the well applied to pasture and silage fields.
silage
Livestock feed grain
Fraction of water This is the fraction of irrigation from the
from surface body . -
. - 0 0-1 B, P surface water source applied to livestock
for livestock feed )
. feed grain fields.
grain
Egﬁtwglf ffo\:/ater This is the fraction of irrigation water from
livestock feed - 1 0-1 B, P t_he well applied to livestock feed grain
; fields.
grain
Offsite dwelling site
Fraction of water This is the fraction of irrigation from the
from surface body _ 0 01 B P surface water source applied to offsite

dwelling site.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.

€ Numerical range is the range defined in a program file to prevent code crashes.

d P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.

e

f NA = not applicable.

“~” indicates that the parameter is dimensionless.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accepted
Input Screen Default Values®
Title and Units Value? Physical or Type® Description
Parameter Name alue Numerical® (N)
Range
Irrigation Applied Per Year (cont.)
Offsite dwelling site
Fraction of water This is the fraction of irrigation water from
from well for the well applied to offsite dwelling site.
. ) - 1 0-1 B, P
offsite dwelling
site
Well pumping rate This is the total volume of water withdrawn
mS3/yr 5,100 0-100,000 B, P from the well for all purposes. It estimates
the dilution that occurs in the well.
Well pumping rate This is not an input; it is the lower bound to
need_e_d to support mllyr 5.084.17 Calculated B, P the well pumping rate calculated by the
specified water code.
use
Unsaturated Zone Hydrology
Number of
unsaturated . - .
. Parameter is from the preliminary inputs
zones set in 1
e ) form.
preliminary inputs
form
Urjsaturated zone m 4 0.01-10,000 = This is the thickness of the specific
thickness unsaturated zone.
Unsaturated zone 3 See “Contaminated zone dry bulk density”
dry bulk density g/em 1.5 1E-3-22.5 P parameter.
Unsaturate_d zone - 0.4 1E-5-1 P See “Clean cover total porosity” parameter.
total porosity
The effective porosity of the unsaturated
zone is the ratio of the pore volume where
Unsaturated zone water can circulate to the total volume of
. . - 0.2 1E-5-1 P ; .
effective porosity the unsaturated zone. It is used along with
other hydrological parameters to calculate
the water transport breakthrough times.
Unsaturated zone See “Contaminated zone field capacity”
- . - 0.3 1E-5-1 P
field capacity parameter.
Unsaturated zone “ . .
hydraulic miyr 10 1E-3-1E+6 P S;? ducc‘t’icitf‘ff"”aarfn‘i zone hydraulic
conductivity Y P )
Unsaturated zone “ . I
soil b parameter - 5.3 0-15 P See “Contaminated zone soil b” parameter.
This is the ratio between the longitudinal
Unsaturated zone . : -
longitudinal m 0.1 0-100 = dlsper5|on goefﬂuent anq pore water
dispersivit ’ velocity. This parameter is dependent on
P y the thickness of the zone.

e

f NA = not applicable.

“~” indicates that the parameter is dimensionless.

€ Numerical range is the range defined in a program file to prevent code crashes.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.

dp= physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accepted
b
Inpyt Screen ) Default VaI!Jes . o
Title and Units Value? Physical or Type Description
Parameter Name alue Numerical® (N)
Range
Saturated Zone Hydrology
Thickness of o .
saturated zone m 100 0-1,000 P This is the thickness of the saturated zone.
Dry bulk density glom? 15 1E-3-22.5 = See “Contaminated zone dry bulk density
of saturated zone parameter.
Saturated zone - 0.4 1E-5-1 P See “Clean cover total porosity” parameter.
total porosity
Saturated zone See “Unsaturated zone effective porosity”
: ; - 0.2 1E-5-1 P
effective porosity parameter.
Saturated zone . .
: See “Contaminated zone hydraulic
hydraulic miyr 100 1E-3-1E+10 P conductivity” parameter.
conductivity
This is the slope of the surface of the water
Saturate_ad zone table. The hydraulic gradient is one of
hydraulic gradient - 0.02 1E-10-10 P : .
several hydrogeological parameters used in
to well )
water transport calculations.
Depth of aquifer The well is assumed to be fully screened
contributing to m 10 1E-4-1,000 P from the water table to the specified well
well screen depth.
Saturated zone m 0 - 1,000 P See unsaturated zone longitudinal
longitudinal dispersivity parameter.
dispersivity to well
This is the ratio between the horizontal
Saturated zone lateral dispersion coefficient and pore water
horizontal lateral m 0.4 0-1,000 P velocity. This parameter is usually about
dispersivity to well one-tenth to three-tenths of the longitudinal
dispersivity.
Saturated zone This is the ratio between the vertical lateral
vertical lateral m 0.02 0-1,000 P dispersion coefficient and pore water
dispersivity to well velocity.
Saturated zone This is the slope of the surface of the water
hydraulic gradient table. The hydraulic gradient is one of
- 0.02 1E-10-10 P : .
to surface water several hydrogeological parameters used in
body water transport calculations.
This is the depth of the aquifer that flows
. into the surface water body. If water flows
CD;ﬁtr?bﬂiﬁqlf[ger in the opposite direction (from the surface
9 m 10 0-1,000 P water body into the aquifer) this depth
surface water )
body would pe zero. This depth calculates the
contaminant flux reaching the surface water
body by way of the aquifer.
Saturated zone
longitudinal “ -
dispersivity to m 10 0-1,000 p | S Unsaturated zone longitudinal
surface water P y' P '
body

e

f NA = not applicable.

“~” indicates that the parameter is dimensionless.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.
€ Numerical range is the range defined in a program file to prevent code crashes.

dp= physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accepted
Input Screen ) Default VaI!.lesb o
Title and Units Value? Physical or Type® Description
Parameter Name alue Numerical® (N)
Range
Saturated Zone Hydrology (cont.)
Saturated zone This is the ratio between the horizontal
horizontal lateral lateral dispersion coefficient and pore water
dispersivity to m 1 0-1,000 P velocity. This parameter is usually about
surface water one-tenth to three-tenths of the longitudinal
body dispersivity.
Saturated zone
vertical lateral This is the ratio between the vertical lateral
dispersivity to m 0.06 0-1,000 P dispersion coefficient and pore water
surface water velocity.
body
Groundwater Transport

Distance in the direction parallel to aquifer flo

w from downgradient edge of contamination to:

Well

100

-16,000 — +16,000

P, B

This is the distance between two parallel
lines that are perpendicular to the direction
of aquifer flow, one at the downgradient
edge of the contaminated zone and the
other at the well.

Surface water

450

-16,000 — +16,000

This the distance between two parallel lines
that are perpendicular to the direction of
aquifer flow, one at the downgradient edge
of the contaminated zone and the other at
the closest point on the surface water body.

Distance in the direction perpendicular to aquifer flow from center of contamination to:

This is the distance between two parallel
lines that are parallel to the direction of

accuracy desired)

Well m 0 -16,000 — +16,000 P,B aquifer flow, one through the center of the
contaminated zone and the other at the
well.

This is the distance between two parallel

Left edge of lines that are parallel to the direction of

surface water m 150 -16,000 — +16,000 P aquifer flow, one through the center of the

body contaminated zone and the other at the
closest point on the surface water body.
This the distance between two parallel lines

Right edge of that are parallel to the direction of aquifer

surface water m -150 -16,000 — +16,000 P flow, one through the center of the

body contaminated zone and the other at the
farthest point on the surface water body.

c This is the fractional accuracy desired

onvergence TR

criterion (convergence criterion) in the Romberg

(fractional - 0.001 0-0.1 P integration used to calculate the

contaminant flux or concentration in
groundwater.

e

f NA= not applicable.

“~” indicates that the parameter is dimensionless.

€ Numerical range is the range defined in a program file to prevent code crashes.
dp= physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accepted
Input Screen Default Values®
Title and Units Value? Physical or Type® Description
Parameter Name alue Numerical® (N)
Range
Groundwater Transport (cont.)
Number of subzones (to model dispersion of progeny produced in transit)
. . The contaminated medium can be
Main subzones in o . )
. subdivided into subzones to improve the
contaminated - 1 1-1024 NA dicti for the t it of
Medium predictions for the transport of progeny
nuclides.
. . The primary contamination can be
Main subzones in - . )
) subdivided into subzones to improve the
primary - 1 1-1024 NA o
N predictions for the transport of progeny
contamination )
nuclides.
Main subzones in The submerged primary contamination can
submerged _ 1 1-1024 NA be subdivided into subzones to improve the
primary predictions for the transport of progeny
contamination nuclides.
Main subzones in The saturated zone can be subdivided into
saturated zone — 1 1-1024 NA subzones to improve the predictions for the
transport of progeny nuclides.
Mai . Each partially saturated zone can be
ain subzones in subdivided into subzones to improve the
each partially - 1 1-1024 NA ictions for the t oo
saturated zone predictions for the transport of progeny
nuclides.
Retardation and dispersion treatment
Nuclide-specific
retardation in all When the layer is subdivided, one must
subzones, choose which process—longitudinal
longitudinal - Yes Yes/No NA dispersion or nuclide-specific retardation—
dispersion in all will be considered in the subzone in which
but the subzone each atom undergoes a transformation.
of transformation
Longitudinal
dispersion in all
subzones,
nuclide-specific
retardation in all - No Yes/No NA | See above.
but the subzone
of transformation,
parent retardation
in zone of
transformation

e wn»

fNA= not applicable.

indicates that the parameter is dimensionless.

€ Numerical range is the range defined in a program file to prevent code crashes.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.

dp= physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accepted
b
Inpyt Screen ) Default VaI!Jes . o
Title and Units Value? Physical or Type Description
Parameter Name alue Numerical® (N)
Range
Groundwater Transport (cont.)
Retardation and dispersion treatment
Longitudinal
dispersion in all
subzones,
nuclide-specific
retardation in all
but the subzone - No Yes/No NA See above.
of transformation,
progeny
retardation in
zone of
transformation
Surface Water Body

Volume of surface m3 150,000 1-1E+34 (N) = This is the volume of water in a surface
water body water body.
Potentlal_ m/yr 1 1-10 P Evaporation rate in the surface water body.
evaporation
Stream outflow . . .
(as a fraction of 0.9983 0-1 = The valuc_a can be input or estimated using

inflow ratio.
total outflow)
Sett_lmg velocity of cmls 0.1 0-1 = The l_'ate at which suspgnded solids
sediments subside and are deposited.
Density of bottom 3 See contaminated zone dry bulk density
sediment g/em 1.5 18-3-22.5 P parameter.
Thickness of The radionuclides in older sediment buried
bottom sediment below more ljecent se_d|men_t_W|_II not have
| h the opportunity to be in equilibrium with the
ayerin in the surf ter body. This is th
adsorption/desorp m 0.05 0-1 P W?ter in the surface water body. IS IS the
. P ) thickness of the top layer of the sediment
tion equilibrium of ) . )

. ) . that is considered for the adsorption-
radionuclides with ) S . .
water dgsorpthn equilibrium of the radionuclide

with that in the water.
Sediment from This is the fraction of the contaminated soil
primary _ 1 0-1 P that was eroded from the area of primary
contamination contamination that reaches the surface
delivery ratio water body.
Number of This is the number of rectangular areas
catchment areas - 1 0-10 P used to _apprommate the catchment area
that drains in to surface water body.

e

f NA = not applicable.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.

€ Numerical range is the range defined in a program file to prevent code crashes.
d P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
“~” indicates that the parameter is dimensionless.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accepted
Input Screen ) Default VaI!.lesb o
Title and Units Value? Physical or Type® Description
Parameter Name alue Numerical® (N)
Range
Surface Water Body (cont.)
Characteristics of catchment area
The catchment area is modeled as a
rectangle for release and transport
calculations. The sides of this rectangle
must be parallel to the sides of the primary
contamination. The location and size of
Smaller X these rectangular areas are specified in the
) m -1,450 -80,000 - +80,000 P code by the coordinates of two opposite
coordinate . " .
corners. The coordinates are specified with
respect to a system of Cartesian axes on
the left and lower sides of the primary
contamination. The area is obtained as the
product of these two perpendicular
dimensions.
'gsggjirn);te m 1,550 -80,000 — +80,000 P | Seeabove.
Smaller ¥ m 2,450 -80,000 - +80000 | P | Seeabove
Largar ¥ _ m 550 -80,000 — +80,000 P | seeabove.
- See “Primary contamination area runoff
Runoff coefficient - 0.2 0-1 P coefficient” parameter.
Soil erodibility tons/acre 0.4 0-0.5 = See “”Contaminated zone soil erodibility
factor factor” parameter.
Slope- See “Primary contamination area slope-
length/steepness - 0.4 -10 P | ry ” P
factor ength/steepness factor” parameter.
Cover and See “Primary contamination area cover and
management - 0.003 0-1 B, P »
factor management factor” parameter.
Support practice _ 1 0—1 B P See “Primary contamination area support
factor ’ practice factor” parameter.
Sediment from This is the fraction of the soil that eroded
catchment - 0.2121 0-1 P from the catchment and reached the
delivery ratio surface water body.
Fraction of
deposited Fraction of radionuclides that was
radionuclides - 0.02 0-01 P deposited on the catchment and washed
reaching surface out into the surface water body.
water body
Computing Model it or use the Atmospheric deposition on the catchment
deposition on - Model it release which is the area can be modeled or approximated by
catchment upper bound the atmospheric release.

e

f NA= not applicable.

“~” indicates that the parameter is dimensionless.

€ Numerical range is the range defined in a program file to prevent code crashes.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.

dp= physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accepted
Input Screen Values®
Title and Units Ii)/eflaulat Physical or Type® Description
Parameter Name alue Numerical® (N)
Range
Surface Water Body (cont.)
Characteristics of catchment area
grﬁg\r/i?)rr?z?ce Conversion criteria for the areal integration
. - 0.001 0-01 P of the atmospheric transport from the
atmospheric . S
d o primary contamination to the catchment.
eposition
Ingestion Rates
Consumption rate
Prlnklng water Liyr 510 01,000 M, B This is the amour)t of V\./at('er'that is
intake consumed by a single individual in a year.
Fish consumption kglyr 5.4 0-1,000 M, B This s the v_vel_ght of f'.Sh that is consumed
by a single individual in a year.
. This is the weight of other aquatic
Other aquatic . kglyr 0.9 0-100 M, B organisms that is consumed by a single
food consumption S 8
individual in a year.
rl:(r)l::ltégfram, This is the weight of nonleafy vegetables,
M kglyr 160 0-1,000 M, B fruits, or grain that is consumed by a single
vegetables individual in a year
consumption )
Leafy veggtables kglyr 14 0-100 M, B This is the welght. of Ie.afy'v'egeta'bles that is
consumption consumed by a single individual in a year.
Meat _ kglyr 63 0-300 M, B This is the v_velght of meat that is consumed
consumption by a single individual in a year.
. . This is the weight of milk that is consumed
Milk consumption L/yr 92 0-1,000 M, B by a single individual in a year.
Soil (incidental) This is the quantity of soil ingested by a
ingestion rate glyr 36.5 0-10,000 M.B single individual in a year.
Fraction from affected area
Drinking water This is the fraction of drinking water
intake fraction - 1 0-1 B, P consumed by an individual that is obtained
from affected area from the contaminated area.
Fish consumption This is the fraction of fish consumed by an
fraction from - 0.5 0-1 B, P individual that is obtained from the
affected area contaminated surface water body.
Other aquatic - . .

. This is the fraction of the other aquatic food
food consumption - 05 0-1 B,P | consumed by an individual that is obtained
fraction from )

from the contaminated surface water body.
affected area
Fruit, grain,
nonleafy This is the fraction of fruit, nonleafy
vegetables _ 05 0-1 B P vegetables, or grain consumed by an
consumption ’ ’ individual that is obtained from

fraction from
affected area

contaminated agricultural areas.

e

f NA = not applicable.

“~” indicates that the parameter is dimensionless.

€ Numerical range is the range defined in a program file to prevent code crashes.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.

dp= physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
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Table A-5

Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0

(cont.)
Code-Accepted
b
Inpyt Screen ) Default VaI!Jes . o
Title and Units Value? Physical or Type Description
Parameter Name alue Numerical® (N)
Range
Ingestion Rates (cont.)
Fraction from affected area
I;e)sg”\;egi%sbles This is the fraction of leafy vegetables
ump - 0.5 01 B, P consumed by an individual that is obtained
fraction from from contaminated agricultural areas
affected area ¢ )
(';/(I)er:tum tion This is the fraction of meat consumed by an
ump - 1 0-1 B, P individual that is produced using
fraction from )
contaminated feed and water.
affected area
Milk consumption This is the fraction of milk consumed by an
fraction from - 1 0-1 B, P individual that is produced using
affected area contaminated feed and water.
Plant Factors
Fruit, grain, nonleafy vegetables
Wet weight crop
yield of fruit, This is the mass (wet weight) of the edible
grain, and kg/m? 0.7 0.01-3 P portion of fruit, grain, and nonleafy
nonleafy vegetables produced from a unit land area.
vegetables
gDrLcIJTI;[:]Ogns?afason of This is the period of time during which the
. . _ fruit, grain, and nonleafy vegetables are
fruit, grain, and yr 0.17 0.01-1 P exposed to contamination by foliar
nonleafy .
deposition and root uptake.
vegetables
Foliage to food This is the contaminant foliage-to-food
transfer transfer coefficient. A fraction of the
coefficient of fruit, _ 0.1 0-1 ) contaminants that retain on foliage of the
grain, and ’ fruit, grain, and nonleafy vegetables will be
nonleafy absorbed and transferred to the edible
vegetables portion of the pasture and silage.
The weathering process would remove
Weathering contaminants from foliage of the fruit, grain,
removal constant and nonleafy vegetables. The process is
of fruit, grain, and 1lyr 20 1-40 P characterized by a removal constant and
nonleafy reduces the amount of contaminants on
vegetables foliage exponentially during the exposure
period.
el |nt§rgept|pn This is the fraction of deposited
factor for irrigation : ) R . .
) . radionuclides from irrigation that is retained
of fruit, grain, and - 0.25 0-1 P ) : .
on the foliage of the fruit, grain, and
nonleafy nonleafy vegetables
vegetables 9 ’

e

“~” indicates that the parameter is dimensionless.
f NA = not applicable.

€ Numerical range is the range defined in a program file to prevent code crashes.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.

dp= physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accepted
b
Inpyt Screen ) Default VaI!Jes . o
Title and Units Value? Physical or Type Description
Parameter Name alue Numerical® (N)
Range
Plant Factors (cont.)
Fruit, grain, nonleafy vegetables
Foliar interception This is the fraction of deposited
factor for dust of : ) ; .
. ) radionuclides from mass loading that is
fruit, grain, and - 0.25 0-1 P : . 4 .
retained on the foliage of the fruit, grain,
nonleafy and nonleafy vegetables
vegetables )
Root depth of
fruit, grain, and This is the maximum root depth of the fruit,
m 1.2 0-10 P :
nonleafy grain, and nonleafy vegetables.
vegetables
Leafy vegetables
Wet weight crop This is the mass (wet weight) of the edible
yield of leafy kg/m? 1.5 0.01-3 P portion of leafy vegetables produced from a
vegetables unit land area.
. This is the period of time during which the
Duration of f
growing season of yr 0.25 0.01-1 P lea %/ ve.gettfables afrei. exgosed.;[.o d root
leafy vegetables contamination by foliar deposition and roo
uptake.
This is the contaminant foliage-to-food
Foliage to food transfer coefficient. A fraction of the
transfer _ 1 0—1 = contaminants that retain on foliage of the
coefficient of leafy leafy vegetables will be absorbed and
vegetables transferred to the edible portion of the
pasture and silage.
The weathering process would remove
Weathering contaminants from foliage of the leafy
removal constant 1Uyr 20 1-40 = vegetables. The process is characterized
of leafy by a removal constant and reduces the
vegetables amount of contaminants on foliage
exponentially during the exposure period.
Foliar interception L . .
AL This is the fraction of deposited
factor for irrigation - 0.25 0-1 P radionuclides from irrigation that retains on
of leafy )
the foliage of the leafy vegetables.
vegetables
_— . This is the fraction of deposited
Foliar interception ) ) ;
radionuclides from mass loading that
factor for dust of - 0.25 0-1 P . he foli f the leaf
leafy vegetables retains on the foliage of the leafy
vegetables.
Root depth of M 09 0-3 = This is the maximum root depth of the leafy
leafy vegetables ) vegetables.
Livestock Intakes
Beef cattle
Water intake for Ld 50 0-500 M This is the daily mtake_a of water by cows
beef cattle kept for meat production.

e

“~” indicates that the parameter is dimensionless.
f NA = not applicable.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.
€ Numerical range is the range defined in a program file to prevent code crashes.

dp= physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.

A-66




Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accepted
Input Screen Values®
Title and Units Ii)/eflaulat Physical or Type® Description
Parameter Name alue Numerical® (N)
Range
Livestock Intakes (cont.)
Beef cattle
Pasture and o - .
silage intake for kg/d 14 0-300 M This is the daily intake of sﬂag_e or pasture
by cows kept for meat production.
beef cattle
Grain intake for kg/d 54 0-300 M This is the daily mtakg of grain by cows
beef cattle kept for meat production.
Soil from pasture This is the daily incidental intake of soil with
and silage intake kg/d 0.1 0-10 M silage or pasture by cows kept for meat
for beef cattle production.
Soil from grain o R . -
intake for beef kg/d 0.4 0-10 M Thl_s ithe dallyk/ |nC|fdentaI mtakefj of §0|I with
cattle grain by cows kept for meat production.
Dairy cows
We_lter intake for Ld 160 0-500 M This is the_ daily mtalfe of water by cows
dairy cows kept for milk production.
Pasture and - - .
silage intake for kg/d 44 0-300 M This is the daily mtgke of snage or pasture
dai by cows kept for milk production.
airy cows
Grain intake for u This is the daily intake of grain by cows
dairy cows kg/d " 0-300 M kept for milk production.
Soil from pasture This is the daily incidental intake of soil with
and silage intake kg/d 0.4 0-10 M silage or pasture by cows kept for milk
for dairy cows production.
Soil from grain - S . .
: ) This is the daily incidental intake of soil with
Icn(:\e/lvkse for dairy kg/d 0.1 0-10 M grain by cows kept for milk production.
Pasture and silage
. This is the mass (wet weight) of the edible
V\i/;:jvgfalggét%rrc;p ka/m?2 11 001-3 = portion of pasture and silage that is
y or p g/m ’ ’ consumed by livestock produced from a
and silage .
unit land area.
Duration of This is the period of time during which the
growing season of r 0.08 0.01-1 P pasture and silage that is consumed by
pasture and y ’ ) livestock is exposed to contamination by
silage foliar deposition and root uptake.
This is the contaminant foliage-to-food
Foliage to food transfer coefficient. A fraction of the
transfer contaminants that retains on foliage of the
coefficient of - 1 0-1 P pasture and silage that will be absorbed
pasture and and transferred to the edible portion of the
silage pasture and silage that is consumed by
livestock.

e

f NA= not applicable.

“~” indicates that the parameter is dimensionless.

€ Numerical range is the range defined in a program file to prevent code crashes.
dp= physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.
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Table A-5

Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0

(cont.)
Code-Accepted
Input Screen Default VaI!.lesb
Title and Units Value? Physical or Type® Description
Parameter Name Numerical® (N)
Range
Livestock Feed Factors (cont.)
Pasture and silage
The weathering process would remove
Weathering contaminants fr_om foliage of the_pasture
removal constant and silage th?t is consumed by livestock.
of pasture and 1/yr 20 1-40 P The process is characterized by a removal
silage constant and reduces the amount of
contaminants on foliage exponentially
during the exposure period.
Foliar interception This is the fraction of deposited
factor for irrigation _ 0.25 01 = radionuclides from irrigation that retains on
of pasture and ’ the foliage of the pasture and silage food
silage that is consumed by livestock.
Foliar interception This is the fraction of deposited
factor for dust of _ 0.25 0-1 P radionuclides from mass loading that
pasture and ’ retains on the foliage of the pasture and
silage silage food that is consumed by livestock.
Root depth of This is the maximum root depth of the
pasture and m 0.9 0-3 P pasture and silage that is consumed by
silage livestock.
Grain
Wet weight crop This_ is the mass (we_t weight) of the edible
ield of grain kg/m? 0.7 0.01-3 P portion of grain that is consumed by
Y 9 livestock produced from a unit land area.
Duration of Thi_s is the_ period of time dL_Jring Whiqh the
growing season of yr 017 0.01-1 P grain that is consurped.by ||vest9ck is
rain ’ ' exposed to contamination by foliar
9 deposition and root uptake.
This is the contaminant foliage-to-food
Foliage to food transfer_ coefficient. A f_raction c_Jf the
t f _ 0.1 0-1 = contaminants that retain on foliage of the
ransfer . . ) . h
coefficient of grain grain that is consumed by Ilvestock. will be
absorbed and transferred to the edible
portion of the grain.
The weathering process would remove
contaminants from foliage of the grain that
Weathering is consumed by livestock. The process is
removal constant 1lyr 20 1-40 P characterized by a removal constant and
of grain reduces the amount of contaminants on
foliage exponentially during the exposure
period.
Foliar interception Thi_s is th_e fraction pf_dep_osited _
f L, _ _ radionuclides from irrigation that retains on
actor for irrigation 0.25 0-1 P

of grain

the foliage of the grain that is consumed by
livestock.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.

€ Numerical range is the range defined in a program file to prevent code crashes.

d P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.

e

f NA = not applicable.

“~” indicates that the parameter is dimensionless.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accepted
Input Screen Default Values®
Title and Units Value? Physical or Type® Description
Parameter Name alue Numerical® (N)
Range
Livestock Feed Factors (cont.)
Grain
_ . This is the fraction of deposited
Foliar interception radionuclides from mass loading that
factor for dust of - 0.25 0-1 P : ; ; .
. retains on the foliage of the grain that is
grain '
consumed by livestock.
Root depth of This is the maximum root depth of the grain
; m 1.2 0-10 P . .
grain that is consumed by livestock.
Inhalation and External Gamma Shielding
Inhalation rate m3fyr 8,400 0-20,000 M, B This is the annual air intake.
Mass loading of
all parh_culates g/m? 0.0001 0-2 P.B This is t_he mass_loadlr_lg of airborne
from primary contaminated soil particles.
contamination
R:r?ipcl l;?abtlt‘:s asa Fraction of total particulates originating
?raction of total - 1 0-1 P from the primary contamination that are of
particulates respirable size.
. Use same value as User has an option to choose to use same
Mass loading and Input for prima value of mass loading and respirable
respirable fraction - different primary P : . 9 pirabl
. . contamination, input fraction at offsite locations as for primary
at offsite locations values . S : .
different values contamination, or input different values.
Mass Igadmg of This is the mass loading of particulates of
all particulates 3 ! I
g/m 0.0001 0-2 P,B all sizes originating from the nonleafy
from nonleafy b
. vegetable field.
vegetable field
Resplrable This is the fraction of the particulates
fraction from 1 01 = iginating fi h leaf ble field
nonleafy - — ;)hrlgilnatlng tl:om t e n(t))r|1 eafy vegetable fie
vegetable field at are of the respirable size.
21/:|a s::t?:uc:;rlgsof This is the mass loading of particulates of
P g/m?3 0.0001 0-2 P,B all sizes originating from the pasture and
from pasture and ) -
) . silage field.
silage field
Respirable This is the fraction of the particulates
fraction from Lo ) )
- 1 0-1 P originating from the pasture and silage field
pasture and that are of the respirable size
silage field '
Mass loading of o . .
: This is the mass loading of particulates of
all particulates g/m3 0.0001 0-2 P,B ) LIS S
from grain field all sizes originating from the grain field.
Respirable This is the fraction of the particulates
fraction from grain - 1 0-1 P originating from the grain field that are of
field respirable size.

e

f NA = not applicable.

“~” indicates that the parameter is dimensionless.

€ Numerical range is the range defined in a program file to prevent code crashes.
d P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accepted
Input Screen Default Values®
Title and Units Value? Physical or Type® Description
Parameter Name alue Numerical® (N)
Range
Inhalation and External Gamma Shielding (cont.)

Z:Ia ps):rltci):udlggsOf This is the mass loading of particulates of

from offsite g/m?3 0.0001 0-2 P,B all sizes originating from the offsite

d h dwelling.

welling

Respirable This is the fraction of the particulates

fraction from - 1 0-1 P originating from the offsite dwelling that are

offsite dwelling of the respirable size.

Indoor dust The indoor dust filtration factor describes

filtration factor the effect of the building structure on the

(indoor to outdoor _ 0.4 0-1 P B level of contaminated dust existing indoors.

dust ’ ’ Specifically, the factor is the fraction of

concentration outdoor contaminated dust that will be

ratio) available indoors.
The shielding factor describes the effect of

External gamma the building structure on the level of

shielding _ 0.7 0-1 ) gamma radiation existing indoors.

(penetration) ’ Specifically, the shielding factor is the

factor fraction of outdoor gamma radiation that
will be available indoors.

External Radiation Shape and Area Factors

This sets the lengths of the sides of the
square frame within which the primary
contamination is to be drawn. The scale
should be chosen to fully encompass the

Scale m 200 >0-32,000 P primary contamination. If the mouse is used
to specify the locations of the dwellings, the
scale must be chosen so that the primary
contamination and the dwellings can be
located in the drawing frame.
The point locations of the onsite and offsite
dwellings can be specified either by
inputting the coordinates or by clicking on
the figure. First select the tab

Dwelling location corresponding to the dwelling location

coordinate in X- m 100 -16,000 — +16,000 P (onsite or offsite). Then key in the

direction coordinates of the dwelling location in these
input boxes. Click the Calculate Radii and
Fractions button after entering the
coordinates of each dwelling location to
compute the radii and fractions.

Dwelling location

coordinate in Y- m 0 -16,000 — +16,000 P See above.

direction

e

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.

€ Numerical range is the range defined in a program file to prevent code crashes.

d P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.

“~” indicates that the parameter is dimensionless.
f NA = not applicable.
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Table A-5

Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0

(cont.)
Code-Accepted
Input Screen Default Values®
Title and Units a Physical or Type® Description
Parameter Name Value Numerical® (N)
Range
External Radiation Shape and Area Factors (cont.)
The radii and fraction are calculated by the
code by drawing 12 concentric circles
centered at the dwelling location. The
radius of the outermost circle is such that it
6 encloses the entire primary contamination.
12 The radius of the innermost circle is 1/12 of
18 the radius of the outermost circle. The radii
24 of the remaining 10 circles are in an
30 Calculated by code, arithmetic series between the radii of these
Radii from onsite m 36 can be over written = two circles. The interface then estimates
dwelling 42 by user the fraction of each annular ring that is
48 1E-34-1E+34 (N) within the primary contamination displayed
54 in the graphic. The radii of the 12
60 concentric circles and the fractional area of
66 each annular ring within the primary
72 contamination are displayed in the 12 radii
and fraction input boxes in the tab
corresponding to the receptor location. The
user can directly input the radii and fraction
information if it is available.
1
1
1
Fraction of 1
annulus from 1 Calculated by code,
onsite dwelling 1 can be over written
that is within the - 1 by user P See above.
primary 1 0-1
contamination 0.78
0.37
0.17
0.035

e

f NA = not applicable.

“~” indicates that the parameter is dimensionless.

€ Numerical range is the range defined in a program file to prevent code crashes.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.

d P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
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Table A-5

Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0

(cont.)
Code-Accebpted
Inpyt Screen ) Default VaI!Jes o
Title and Units a Physical or Type® Description
Parameter Name Value Numerical® (N)
Range
External Radiation Shape and Area Factors (cont.)
The radii and fraction are calculated by the
code by drawing 12 concentric circles
centered at the dwelling location. The
radius of the outermost circle is such that it
13.25 encloses the entire primary contamination.
26.5 The radius of the innermost circle is 1/12 of
39.75 the radius of the outermost circle. The radii
53.0 of the remaining 10 circles are in an
66.25 Calculated by code arithmetic series between the radii of these
Radii from offsite m 79.5 can be overwritten = two circles. The interface then estimates
dwelling 92.75 by user 1E-34 — the fraction of each annular ring that is
106 1E+34 within the primary contamination displayed
119.25 in the graphic. The radii of the 12
132.5 concentric circles and the fractional area of
145.75 each annular ring within the primary
159 contamination are displayed in the 12 radii
and fraction input boxes in the tab
corresponding to the receptor location. The
user can directly input the radii and fraction
information if it is available.
0
0
0
Fractions of 0.024
annulus from 0.19
?rffastltiz \(/jv‘?tlﬁ::ﬂ%e - 06?24 Calculated P See above.
primary 0.17
contamination 0.15
0.13
0.12
0.052
Shape of the . ) .
primary - Polygonal Circular or polygonal P This deflne§ the shape of the primary
o contamination.
contamination

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.

€ Numerical range is the range defined in a program file to prevent code crashes.

d P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
€ “_indicates that the parameter is dimensionless.

f NA = not applicable.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accebpted
Inpyt Screen ) Default VaI!Jes o
Title and Units Value? Physical or Type® Description
Parameter Name alue Numerical® (N)
Range
External Radiation Shape and Area Factors (cont.)
If the user has more information on the
shape of the primary contamination, they
can press “clear” to clear the previous
X coordinate of shape and draw the exact shape of the
the vertices of the polygon or input X and Y coordinates of the
polygon of the m None -16,000 — +16,000 P polygon’s vertices. The polygon can be
primary drawn using the mouse and instructions
contamination given in the yellow information box on the
form. Alternatively, the polygon’s vertices
can keyed in by following the instructions
given in the green instructions box.
Y coordinate of
the vertices of the
polygon of the m None -16,000 — +16,000 P See above.
primary
contamination
Occupancy
Fraction of time spent on primary contamination (whether cultivated or not)
Indoor time This is the average fraction of time during
fraction on _ 0 0—1 B which an individual stays inside a house
primary that is built on top of the primary
contamination contamination.
g:éggﬁrcﬂ]me Thi.s is thg average fraction of time during
primary - 0 0-1 B which an |_nd|V|duaI stays ogtdoors on the
N area of primary contamination.
contamination
Fraction of time spent in offsite dwelling site
Indoor time This is the average fraction of time during
fraction on offsite _ 05 0—1 B which an individual stays inside a house
dwelling site ’ that is built outside the area of primary
contamination.
Outdoor time This is the average fraction of time during
fraction on offsite - 0.1 0-1 B which an individual stays outdoors in the

dwelling site

offsite dwelling site.

Fraction of time spent in farmed areas (including primary and secondary contaminated areas)

Time fraction in
fruit, grain, and

fields

- 0.1 0-1 B
nonleafy
vegetable fields
Time fraction in
leafy vegetable - 0.1 0-1 B

This is the average fraction of a day during
which an individual stays in the agricultural
field or pasture (farmed area).

e

f NA= not applicable.

“~” indicates that the parameter is dimensionless.

€ Numerical range is the range defined in a program file to prevent code crashes.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.

dp= physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accepted
Input Screen Values®
Title and Units Ii)/eflaulat Physical or Type® Description
Parameter Name alue Numerical® (N)
Range

Occupancy (cont.

)

Fraction of time spent in farmed areas (including primary and secondary contaminated areas)

Time fraction in

and foundation

pasture and - 0.1 0-1 B
silage fields
Time fraction in
livestock grain - 0.1 0-1 B
fields
Radon
The effective (or interstitial) radon diffusion
coefficient is defined as the ratio of the
Effective radon _gradient of the radon acti\{ity c_oncentration
diffusion in thg pore space to'the diffusive flux
coefficient of m?/s 2.0E-06 0-1or-1 P density of rgdon activity across the pore
cover area. Entering -1 for any diffusion
coefficient will cause the code to calculate
a diffusion coefficient based on the porosity
and water content of the medium.
Effective radon
diffusion
coefficient of m/s 2.0E-06 0-1or-1 P Same as above.
contaminated
zone
Effective radon
diffusion m2/s 3.0E-07 0-1or-1 P Same as above.
coefficient of floor
The building foundation thickness is
Thickness of floor m 0.15 0-10 = defined as the average thickness of the
and foundation ’ building shell structure in the subsurface of
the soil.
. The building foundation bulk density is
aDrfc??gznocI;![?oor: glem? 2.4 0-22.5 P | defined as the ratio of the solid-phase mass
to the total volume.
Total porosity of Total porosity is defined as the ratio of the
floor and - 0.1 1E-04-1 P void-space volume to the total volume of a
foundation porous medium.
The volumetric water content in a porous
Volumetric water medium represents the fra_ction of t_he total
content of floor _ 0.03 0-1 P volume of the porous medium that is

occupied by the water contained in it. The
value should be less than the total porosity
of the porous medium.

e

fNA= not applicable.

“~” indicates that the parameter is dimensionless.

€ Numerical range is the range defined in a program file to prevent code crashes.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.

dp= physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
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Table A-5

Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0

(cont.)
Code-Accepted
Input Screen Default Values®
Title and Units a Physical or Type® Description
Parameter Name Value Numerical® (N)
Range
Radon (cont.)

The foundation depth below ground surface
is defined as the vertical distance in the soil
immediately from the bottom of the
basement floor slab to the ground surface.

Depth of If a negative value is entered, the absolute

f . ) - ) value will be adjusted (if needed) so that

oundation below m 1 0-100 or -100 P the foundation depth will not extend into th

ground level e foundation depth will not extend into the
contaminated zone. Thus, due to erosion of
the cover and contaminated zones, the
foundation depth could be time-dependent
and less than the (absolute) specified
value.

Vertical Radon vertical dimension of mixing is

. ; defined as the height into which the plume
dimension of m 2 1E-04-1,000 P . f . .
- of radon is uniformly mixed in the outdoor

mixing air.

Building room The building room height is defined as the

height m 25 1E-04-100 P average height of the rooms in the building.
The building air exchange (or ventilation)

Building air 1/hr 05 0-1,000 B rate is define_d as the nL_Jrn_ber of_the total

exchange rate volumes of air in the building being
exchanged with outside air per unit of time.
The building indoor area factor is the
fraction of the floor area built on the
contaminated area. Values greater than 1
indicate a contribution from walls extending

Building indoor _ 0 0-100 P into the contaminated zone. A default value

area factor of 0 means the code will calculate
automatically a time-dependent area factor
on the basis of an assumed floor area of
100 m? and the amount of wall area
extending into the contaminated zone.
The radon emanation coefficient is defined
as the fraction of the total radon generated

Rn-222 by radium decay that escapes from the soil

emanation - 0.25 1E-02-1 P particles. The emanating power is

coefficient dependent upon on many factors, such as
mineralogy, porosity, particle size
distribution, and moisture content.

Rn-220

emanation - 0.15 1E-02-1 P Same as above.

coefficient

e

f NA= not applicable.

“~” indicates that the parameter is dimensionless.

€ Numerical range is the range defined in a program file to prevent code crashes.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.

dp= physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accepted
Input Screen Values®
Title and Units Ii)/eflaulat Physical or Type® Description
Parameter Name alue Numerical® (N)
Range
Radon (cont.)
Effective radon
diffusion « . - -
coefficient of m2/s 2 0E-06 0-1 or -1 = See Fffectlve radon diffusion coefficient of
cover”.
nonleafy
vegetable field
Effective radon
diffusion 2 See “Effective radon diffusion coefficient of
coefficient of leafy m*/s 2.0E-06 0-1or-1 P cover”.
vegetable field
Effective radon
diffusion m2/s 2 0E-06 0-1 or -1 = See Fffectwe radon diffusion coefficient of
coefficient of cover”.
pasture
Effective radon
d|ffu§|9n m2/s 2 0E-06 0-1 or -1 = See Fffectwe radon diffusion coefficient of
coefficient of cover”.
livestock grain
Effective radon
diffusion « . e -
coefficient of m2/s 2 0E-06 0-1 or -1 P See !)Effectwe radon diffusion coefficient of
. ; cover”.
offsite dwelling
site
Carbon-14 and Carbon-12
Thickness of This is the maximum soil thickness layer
evasion layer for m 0.3 0-10 P through wh_|ch C-14 can escape to th_e air
: ’ by conversion to CO,. C-14 below this
C-14 in soil . X .
depth is assumed trapped in the soil.
Vertical This vertical dimension together with the
d|m§n5|on of m 5 0.0001-1,000 = area of the prlmary.contamlnanotj is used
mixing for to compute the onsite concentrations of C-
inhalation 14 for inhalation.
Vertical This vertical dimension together with the
dimension of ) area of the primary contamination is used
mixing for m L 0.0001-1000 P to compute the onsite concentrations of C-
vegetation 14 for vegetation.
C-14 evasion flux 1/s 7 0E-07 0-1 p This is the fraction of C-14 in soll that_
rate from soil escapes to the atmosphere per unit time.
C-12 evasion flux 1/s 1.0E-10 01 = This is the fraction of C-12 in soil that
rate from soil ) escapes to the atmosphere per unit time.
\ljézzttlgt?o?wf carbon This is the fraction of total vegetation
absorbed from - 0.02 1E-04-1 P ::r?erbsc;r;l obtained by direct root uptake from
soil )

e

f NA = not applicable.

“~” indicates that the parameter is dimensionless.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.

b Code-accepted values are not provided for element- or nuclide-specific parameters.

€ Numerical range is the range defined in a program file to prevent code crashes.

d P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.
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Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accepted
b
Inpyt Screen ) Default VaI!Jes . o
Title and Units Value? Physical or Type Description
Parameter Name alue Numerical® (N)
Range
Carbon-14 and Carbon-12 (cont.)
Fraction of This is the fraction of total vegetation
vegetation carbon - 0.98 0-1 P carbon assimilated from the atmosphere
absorbed from air through photosynthesis.
Mass Fractions and Concentrations of Carbon-12
C-12 . L
concentration in gim? 0.18 0.1-0.3 = This is the C-12 concentration in the
atmosphere.
the atmosphere
C-12 . L
concentration in a/g 0.03 1E-04-1 P Ig;]st;ntirrlztg(-i1220ﬁ2ncentratlon in the
contaminated soil :
C-12 . L
concentration in glem® 0.00002 0-100 = This is the C-12 concentration in the local
water.
local water
C-12 mass
fraction in fruit, This is the mass of C-12 in a unit mass of
; - 0.4 0-1 P . .
grain, nonleafy fruit, grain, and nonleafy vegetables.
vegetables
C-12 mass o . .
fraction in leafy _ 0.09 0-1 P This is the mass of C-12 in a unit mass of
leafy vegetables.
vegetables
C-12 mass o . .
fraction in pasture _ 0.09 0-1 P This is the mass of C-12 in a unit mass of
f pasture and silage.
and silage
C-12 mass
fraction in This is the mass of C-12 in a unit mass of
. - 0.4 0-1 P ;
livestock feed grain.
grain
C-12_ mass _ 0.24 0-1 = This is the mass of C-12 in a unit mass of
fraction in meat meat.
C-12_ mass _ 007 0-1 = Tr_ns is the mass of C-12 in a unit mass of
fraction in milk milk.
Tritium (H-3)
Humidity in air gim? 8 01,000 = A_|r_ humidity is us'_ed fo_r thg computation of
tritium concentrations in air.
Mass fraction of water:
Water fraction in - 0.8 0-1 P
fruit, grain, This is the mass of water in a unit mass of
nonleafy fruit, grain, and nonleafy vegetables.
vegetables
Water fraction in - 0.8 0-1 P This is the mass of water in a unit mass of
leafy vegetables leafy vegetables.
Water fraction in - 0.8 0-1 P o ) .
asture and This is the mass of water in a unit mass of
gilage pasture and silage.

e

“~” indicates that the parameter is dimensionless.
f NA = not applicable.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.
€ Numerical range is the range defined in a program file to prevent code crashes.

dp= physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.

A-T7




Table A-5 Parameters and Their Default Values Used in RESRAD-OFFSITE V4.0
(cont.)
Code-Accepted
Input Screen Values®
Title and Units Ii)/eflaulat Physical or Type® Description
Parameter Name alue Numerical® (N)
Range
Tritium (H-3) (cont.)
Mass fraction of water:
Water fraction in - 0.8 0-1 P o . .
livestock feed ThIS is the mass o_f water in a unit mass of
: livestock feed grain.
grain
Water fraction in - 0.6 0-1 P This is the mass of water in a unit mass of
meat meat.
Water fraction in - 0.88 0-1 P This is the mass of water in a unit mass of
milk milk.
Vertical This vertical dimension together with the
dimension of area of the primary contamination is used
mixing for m 2 0.0001-1000 P to compute the onsite concentrations of
inhalation tritium.

e «n»

f NA = not applicable.

indicates that the parameter is dimensionless.

€ Numerical range is the range defined in a program file to prevent code crashes.
d P = physical, B = behavioral, M = metabolic; when more than one type is listed, the first is primary and the next is secondary.

@ The default values listed in this table are the default values in the RESRAD-OFFSITE V4.0.
b Code-accepted values are not provided for element- or nuclide-specific parameters.

A-78




Table A-6

Parameters and Their Default Values Used in RESRAD-BUILD V3.5

Parameter

Pathways

Default

Code-Accepted

. b i
Name Used Unit Value Values? Type Reference Description
Case
Default The Title is used to identify the
Title Al e Case for 80 alphabetic or NA run and can be up to 80
RESRAD- numeric characters alphabetic or numeric
BUILD characters long.
FGR 11, FGR 12,
FGR 13 Morbidity,
FGR 13 Mortallty, The Dose/Risk library contains
HEAST 2001 . .
e the dose and risk coefficients
Morbidity, ICRP 72 used in the calculations. The
Dose/Risk (Adult), ICRP 72 '
) All - FGR 11 NA user can select from the
Library (Age 1), ICRP 72 . . .
available default libraries or
(Age 10), ICRP 72 create their own library usin
(Age 5), ICRP 72 DCF Editor e
(Age 15), ICRP 72 ’
(Infant), User
supplied
Time Parameters
The time spanned by the dose
assessment, including
intervals during which
receptors may be absent from
Exposure Yuetal the building. It is used to
pos All d 365 >0 B » | calculate the amount of time at
duration 2003 . )
each receptor location as: time
at receptor location = exposure
duration x fraction of time
inside x fraction of time at
receptor location.
The fraction of total time spent
Indoor Yuetal.,
) All - 0.5 0-1 B by one or more receptors
fraction 2003 o L
inside a building.
Evaluation Times
The times at which the dose
assessment is performed
Times for Yuetal., (other than time zero). Dose
calculation Al yr ! 0-100,000 P 2003 can be calculated at nine user

specified times. Dose is
always calculated at time zero.

applicable.

d
f

h

¢ ““”indicates that the parameter is dimensionless.
Value for this parameter will appear only if more than one room is selected in the “number of rooms” parameter.
¢ Value for this parameter will not appear if the selected source type is a point source.
Value for this parameter will appear only if the selected source type is other than a volume source.

9 Value for this parameter will appear only if at least one of the selected radionuclides is a radon precursor.
The tritium evaporation model implemented in the RESRAD-BUILD code was adapted from the land farming model developed by Thibodeaux
and Hwang (1982) to consider evaporation of hydrocarbons from contaminated soils.

@ Code-accepted values are not provided for nuclide-specific parameters.
b P = physical, B = behavioral, and M = metabolic; when more than one type is listed, the first is primary and the next is secondary. NA = not
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Table A-6

Parameters and Their Default Values Used in RESRAD-BUILD V3.5 (cont.)

Parameter Pathways . Default Code-Accepted b A
Name Used Unit Value Values? Type Reference Description
Time Parameters (cont.)
Evaluation Times
The number of points
. to calculate the time-
Maximum .
number of integrated dose. If the
ti:1e Al _ 17 1,2,3,5,9, 17, 33, p Yu et al., user selects 1, then
. . 65, 129, 257 2003 the instantaneous
integration
oints dose at the user-
P specified time is
calculated.
Building Parameters
The maximum number
All excent of rooms in the
Number of directp ~ ] ‘23 b Yuetal, | building being
rooms T 2003 modeled. Maximum
external
rooms allowed are
three.
The indoor deposition
" All except .
Deposition ) Yuetal, velocity of
. direct m/s 0.01 >0 P ) .
velocity 2003 contaminant particles
external . - .
in the building air.
The fraction of the
Resuspension All except Yuetal deposited particles
P direct 1/s 5.00E-07 >0 P.B v P par
rate 2003 resuspended into the
external . . )
air per unit of time.
Room Details
All except Yuetal The height of each
Room height direct m 25 >0 P 2003 ” | distinct air flow
external volume.
All except Yuetal The floor area of each
Room area direct m? 36 >0 P ” | distinct air flow
2003
external volume.
The rate at which the
Air exchange total amount of air
All except . s
rate for . Yuetal., contained within the
- direct 1/h 0.8 >0 B . .
building and 2003 building or room is
external
room replaced or renewed

per unit time.

@ Code-accepted values are not provided for nuclide-specific parameters.
b P = physical, B = behavioral, and M = metabolic; when more than one type is listed, the first is primary and the next is secondary. NA = not

applicable.

¢ ““indicates that the parameter is dimensionless.
Value for this parameter will appear only if more than one room is selected in the “number of rooms” parameter.

d

¢ Value for this parameter will not appear if the selected source type is a point source.

f

Value for this parameter will appear only if the selected source type is other than a volume source.

9 Value for this parameter will appear only if at least one of the selected radionuclides is a radon precursor.

h

and Hwang (1982) to consider evaporation of hydrocarbons from contaminated soils.

The tritium evaporation model implemented in the RESRAD-BUILD code was adapted from the land farming model developed by Thibodeaux
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Table A-6 Parameters and Their Default Values Used in RESRAD-BUILD V3.5 (cont.)
Parameter Pathways . Default Code-Accepted b A
Name Used Unit Value Values? Type Reference Description
Building Parameters (cont.)
Room Details
The rates at which air
flows in each direction
between adjacent
rooms. The net flow
Flow rate All except Yu et al :i)embse:;v:eg;wo
between direct m®h 309 Unlimited B v " y
2003 positive, zero, or
rooms external . .
negative. This
parameter is not
applicable for the
default configuration,
which is one room.
Outdoor | Al except Yuetal, | fows pemeonthe
inflow and direct m®h 72 Unlimited B, P v .
2003 rooms and the exterior
outflow external .
of the building.
Radiological Units
. The code accepts
Unit for . " . L
. All - pCi Traditional or Sl NA values in traditional
activity . .
units or Sl units.
The code accepts
Unit for dose All — mrem Traditional or Sl NA values in traditional

units or Sl units.

applicable.
c

- o

> @

“~” indicates that the parameter is dimensionless.
4 Value for this parameter will appear only if more than one room is selected in the “number of rooms” parameter.
Value for this parameter will not appear if the selected source type is a point source.
Value for this parameter will appear only if the selected source type is other than a volume source.
Value for this parameter will appear only if at least one of the selected radionuclides is a radon precursor.
The tritium evaporation model implemented in the RESRAD-BUILD code was adapted from the land farming model developed by Thibodeaux
and Hwang (1982) to consider evaporation of hydrocarbons from contaminated soils.

a8 Code-accepted values are not provided for nuclide-specific parameters.
b P = physical, B = behavioral, and M = metabolic; when more than one type is listed, the first is primary and the next is secondary. NA = not
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Table A-6

Parameters and Their Default Values Used in RESRAD-BUILD V3.5 (cont.)

Parameter
Name

Pathways
Used

Unit

Default
Value

Code-Accepted
Values?

Type®

Reference

Description

Rec

eptor Parameters

Number of
receptors

All

Yu et al.,
2003

The number of distinct
combinations of
locations, time
fractions, and intake
characteristics for one
or more individuals
who are subject to
dose assessment.
Each combination is
identified by a number
which is used to
define/input the
characteristics of that
combination.

Receptor
room

All except
direct
external

Yu et al.,
2003

The room in which an
individual receptor is
located.

Receptor
location

Direct
external

1,11
(Cartesian
coordinates)

Unlimited

Yu et al.,
2003

The spatial
coordinates of the
point occupied by a
receptor.

Receptor time
fraction

All

01

Yu et al.,
2003

The fraction of time
spent by one receptor
at a given location
while inside the
building.

Receptor
inhalation rate

Inhalation
and radon

m®/d

18

>0

Yu et al.,
2003

The rate at which an
individual inhales air
at the receptor
location. The dose
could be 0 from these
pathways if the
inhalation rate is 0 or
the injection rate is 0.

applicable.

d

T @ = o

¢ ““indicates that the parameter is dimensionless.
Value for this parameter will appear only if more than one room is selected in the “number of rooms” parameter.
Value for this parameter will not appear if the selected source type is a point source.
Value for this parameter will appear only if the selected source type is other than a volume source.
Value for this parameter will appear only if at least one of the selected radionuclides is a radon precursor.
The tritium evaporation model implemented in the RESRAD-BUILD code was adapted from the land farming model developed by Thibodeaux
and Hwang (1982) to consider evaporation of hydrocarbons from contaminated soils.

2 Code-accepted values are not provided for nuclide-specific parameters.
5 P = physical, B = behavioral, and M = metabolic; when more than one type is listed, the first is primary and the next is secondary. NA = not
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Table A-6

Parameters and Their Default Values Used in RESRAD-BUILD V3.5 (cont.)

Parameter
Name

Pathways
Used

Unit

Default
Value

Code-Accepted
Values?

Type®

Reference

Description

Receptor Parameters (cont.)

Receptor
indirect
ingestion rate

Ingestion

m?/h

0.0001

>0

Yu et al.,
2003

The rate at which an
individual ingests
deposited dust after it
has transferred to
hands, foods, or other
items at each receptor
location. This
parameter is used in
one of two ingestion
pathways. The other
pathway is direct
ingestion of the
contaminated
material. The dose
from indirect ingestion
could be 0 if the
ingestion rate is 0 or
the deposition velocity
is 0. Unlike the direct
ingestion rate, the
dose from this
pathway might be
nonzero when the
source of
contamination and the
receptor points are in
different rooms.

Source Parameters

Number of
sources

All

Yu et al.,
2003

The number of
sources at different
locations, or of
different geometrical,
physical, and
radiological
characteristics of
sources entered. Each
source can have up to
10 radionuclides.

applicable.
c

- o

> @

“~” indicates that the parameter is dimensionless.
9 Value for this parameter will appear only if more than one room is selected in the “number of rooms” parameter.
Value for this parameter will not appear if the selected source type is a point source.
Value for this parameter will appear only if the selected source type is other than a volume source.
Value for this parameter will appear only if at least one of the selected radionuclides is a radon precursor.
The tritium evaporation model implemented in the RESRAD-BUILD code was adapted from the land farming model developed by Thibodeaux
and Hwang (1982) to consider evaporation of hydrocarbons from contaminated soils.

@ Code-accepted values are not provided for nuclide-specific parameters.
b P = physical, B = behavioral, and M = metabolic; when more than one type is listed, the first is primary and the next is secondary. NA = not
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Table A-6

Parameters and Their Default Values Used in RESRAD-BUILD V3.5 (cont.)

Parameter
Name

Pathways
Used

Unit

Default
Value

Code-Accepted
Values?

Type®

Reference

Description

Source Parameters (cont.)

Source type

All

Volume

Point, line, area,
volume

Yuetal.,
2003

This could be one of
four source types —
point, line, area, or
volume. Different
assumptions and input
parameters are
required for the
different types of
sources. The user has
a choice between
circular, the default,
and rectangular
exposed area with
some finite depth
perpendicular to this
area. Details of the
five different regions
and contamination
need to be specified.
The area source has a
circular or rectangular
exposed area with no
thickness. There is a
distinction between
the volume type and
the other sources in
the air quality model.
The injection and
radon release models
are different.

Source room

All except
direct
external

1,2,3

Yu et al.,
2003

It could be one of up
to a maximum of three
rooms allowed in
which each source
must be located. It is
the primary room
location of the
contamination source.

applicable.

f

¢ “~”indicates that the parameter is dimensionless.
9 Value for this parameter will appear only if more than one room is selected in the “number of rooms” parameter.
¢ Value for this parameter will not appear if the selected source type is a point source.
Value for this parameter will appear only if the selected source type is other than a volume source.
9 Value for this parameter will appear only if at least one of the selected radionuclides is a radon precursor.
" The tritium evaporation model implemented in the RESRAD-BUILD code was adapted from the land farming model developed by Thibodeaux
and Hwang (1982) to consider evaporation of hydrocarbons from contaminated soils.

2 Code-accepted values are not provided for nuclide-specific parameters.
5 P = physical, B = behavioral, and M = metabolic; when more than one type is listed, the first is primary and the next is secondary. NA = not
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Table A-6

Parameters and Their Default Values Used in RESRAD-BUILD V3.5 (cont.)

Parameter
Name

Pathways

Used

Unit

Default
Value

Code-Accepted
Values?

Type®

Reference

Description

Source Parameters (cont.)

Source
direction

Direct

external

X direction

Yu et al.,
2003

The direction of a
source relative to the
three axes. For the
volume and area
sources, it is the
direction perpen-
dicular to the exposed
area. For the line
source, it is the
direction of the line.
No direction required
for point source. The
source direction is
used for external dose
calculations only, and
it determines the
geometry of the
source and receptor.

Source
location

Direct

external

0,0,0

Unlimited

Yuetal.,
2003

The geometric
coordinates to define
the location of the
source center in 3D
space relative to the
origin.

Details for Source

Geometry

All

Circular

Circular/Rectangular

Yu et al.,
2003

For volume and area
sources user can
select circular or
rectangular geometry

applicable.

f

h

¢ “~indicates that the parameter is dimensionless.
9 Value for this parameter will appear only if more than one room is selected in the “number of rooms” parameter.
¢ Value for this parameter will not appear if the selected source type is a point source.
Value for this parameter will appear only if the selected source type is other than a volume source.
9 Value for this parameter will appear only if at least one of the selected radionuclides is a radon precursor.
The tritium evaporation model implemented in the RESRAD-BUILD code was adapted from the land farming model developed by Thibodeaux
and Hwang (1982) to consider evaporation of hydrocarbons from contaminated soils.

2 Code-accepted values are not provided for nuclide-specific parameters.
5 P = physical, B = behavioral, and M = metabolic; when more than one type is listed, the first is primary and the next is secondary. NA = not
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Table A-6

Parameters and Their Default Values Used in RESRAD-BUILD V3.5 (cont.)

Parameter Pathways . Default Code-Accepted b A
Name Used Unit Value Values? Type Reference Description
Source Parameters (cont.)
Details for Source
This is the input for a
circular source and
also is calculated for a
rectangular source.
The measure of the
Source area Yuetal extent of
for circular All m or m? 36° >0 P v contamination from
2003 )
source the center point of the
source; it is assumed
that the contamination
is distributed evenly
along these
dimensions.
Length alc?ng Defines the
one direction Yu et al rectangular source
for Al - 0 >0 P 2003 | and used in
rectangular )
calculating area.
source
Width glong Defines the
other direction
for Al B 0 >0 P Yu et al., rectangular source
2003 and used in
rectangular ;
calculating area.
source
The amount of
contaminated material
removed from the
source that is in the
. All except . .
Air release ) Yuetal, respirable particulate
. direct - 0.1 0-1 B .
fraction 2003 range. It is assumed
external

that the remainder of
the material is
removed immediately
from the site.

applicable.

f

h

¢ “~”indicates that the parameter is dimensionless.
9 Value for this parameter will appear only if more than one room is selected in the “number of rooms” parameter.
¢ Value for this parameter will not appear if the selected source type is a point source.
Value for this parameter will appear only if the selected source type is other than a volume source.
9 Value for this parameter will appear only if at least one of the selected radionuclides is a radon precursor.
The tritium evaporation model implemented in the RESRAD-BUILD code was adapted from the land farming model developed by Thibodeaux
and Hwang (1982) to consider evaporation of hydrocarbons from contaminated soils.

2 Code-accepted values are not provided for nuclide-specific parameters.
5 P = physical, B = behavioral, and M = metabolic; when more than one type is listed, the first is primary and the next is secondary. NA = not
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Table A-6

Parameters and Their Default Values Used in RESRAD-BUILD V3.5 (cont.)

Parameter
Name

Pathways
Used

Unit

Default
Value

Code-Accepted
Values?

Type®

Reference

Description

Source Parameters (cont.)

Details for Source

Direct
ingestion rate

Ingestion

g/h
(volume)
and 1/h
(area,
line,
point)

Yu et al.,
2003

The incidental
ingestion rate of
contaminated material
directly from the
source by any
receptor in the room.
For a volume source,
each receptor will
ingest the source at a
rate determined by the
product of the
ingestion rate and the
amount of
contamination in the
source at that time.
For a point, line, or
area source, each
receptor will ingest the
source at a rate
determined by the
product of the
ingestion rate, the
removable fraction,
and the amount of
contamination in the
source at that time.

Removable
fraction

All

0.5

01

Yu et al.,
2003

The fraction of a point,
line, or area source
that is subject to
removal. This fraction
of the source will be
linearly removed
between time 0 and
time for source
removal.

applicable.
c

d

- o

> @

“~” indicates that the parameter is dimensionless.
Value for this parameter will appear only if more than one room is selected in the “number of rooms” parameter.
Value for this parameter will not appear if the selected source type is a point source.
Value for this parameter will appear only if the selected source type is other than a volume source.
Value for this parameter will appear only if at least one of the selected radionuclides is a radon precursor.
The tritium evaporation model implemented in the RESRAD-BUILD code was adapted from the land farming model developed by Thibodeaux
and Hwang (1982) to consider evaporation of hydrocarbons from contaminated soils.

@ Code-accepted values are not provided for nuclide-specific parameters.
b P = physical, B = behavioral, and M = metabolic; when more than one type is listed, the first is primary and the next is secondary. NA = not

A-87




Table A-6 Parameters and Their Default Values Used in RESRAD-BUILD V3.5 (cont.)
Parameter Pathways . Default Code-Accepted b A
Name Used Unit Value Values? Type Reference Description
Source Parameters (cont.)
Details for Source
The time period during
which the removable
fraction of an area,
Time for I!ne, or point source
linearly erodes. If the
source Yu et al source is fixed nothing
removal or All d 365 >0 P,B 2003 will erode; the
source .
lifetime removable fraction
should be set to 0,
and the source
lifetime would be
immaterial.
The fraction of the
total amount of radon
produced by radium
Radon Yuetal decay that escapes
release Radon - 0.1¢ 0-1 P,B v the surface of a
- 2003 . .
fraction contaminated material
and is released to air
for point, line, or area
source.
The activity (for a
point source) or
activity concentration
. of radionuclides
pCilg distributed in a
Radionuclide pCi/m? 1 (Cobalt- Yu et al., .
. All . >0 P source. The units of
concentration pCi/m 60) 2003
oCi measure depend on

the type of source
(volume: pCi/g; area:
pCi/m?; line: pCi/m;
point: pCi).

applicable.
c

- o

> @

“~” indicates that the parameter is dimensionless.
4 Value for this parameter will appear only if more than one room is selected in the “number of rooms” parameter.
Value for this parameter will not appear if the selected source type is a point source.
Value for this parameter will appear only if the selected source type is other than a volume source.
Value for this parameter will appear only if at least one of the selected radionuclides is a radon precursor.
The tritium evaporation model implemented in the RESRAD-BUILD code was adapted from the land farming model developed by Thibodeaux
and Hwang (1982) to consider evaporation of hydrocarbons from contaminated soils.

@ Code-accepted values are not provided for nuclide-specific parameters.
b P = physical, B = behavioral, and M = metabolic; when more than one type is listed, the first is primary and the next is secondary. NA = not
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Table A-6 Parameters and Their Default Values Used in RESRAD-BUILD V3.5 (cont.)
Pa;;':;ter PaltJI;v:(ajys Unit I::Ie;‘ruuelt Cods::ec:r ted Type® | Reference Description
Source Parameters
Details for Source
The number of distinct
layers in a volume
source. The
Number of contamination is
wall regions in Al _ 1 12345 = Yuetal, within these regions
volume T 2003 and the thickness of
source the volume source is
the sum of the
thickness of these
regions.
The number of distinct
layers in a volume
source. The
Number of contamination is
wall regions in Al _ 1 12345 = Yuetal, within these regions
volume T 2003 and the thickness of
source the volume source is
the sum of the
thickness of these
regions.
The code can handle
Concrete, water, concrete, water,
Material type Direct _ Concrete aluminum, iron, = Yu et al., aluminum, iron,
external copper, tungsten, 2003 copper, tungsten,
lead, uranium lead, or uranium as
source material.
Layer region parameters
One of up to five
Contaminated Yu et al layers in an idealized
region-volume All - 1 1,2,3,4,5 P ” | volume source that
2003 . . )
source contains radionuclide
contamination.
Sc.)urce The thickness of each
thickness, Yu et al., . ; )
volume All cm 15 >0 P 2003 layer in an idealized
volume source.
source

applicable.
c

- o

> @

“~” indicates that the parameter is dimensionless.
4 Value for this parameter will appear only if more than one room is selected in the “number of rooms” parameter.
Value for this parameter will not appear if the selected source type is a point source.
Value for this parameter will appear only if the selected source type is other than a volume source.
Value for this parameter will appear only if at least one of the selected radionuclides is a radon precursor.
The tritium evaporation model implemented in the RESRAD-BUILD code was adapted from the land farming model developed by Thibodeaux
and Hwang (1982) to consider evaporation of hydrocarbons from contaminated soils.

2 Code-accepted values are not provided for nuclide-specific parameters.
b P = physical, B = behavioral, and M = metabolic; when more than one type is listed, the first is primary and the next is secondary. NA = not
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Table A-6 Parameters and Their Default Values Used in RESRAD-BUILD V3.5 (cont.)
Pa':aanr:;ter PaLth;v(;/gys Unit Eifaffuu;t COdS:S::f ted Type® | Reference Description
Source Parameters (cont.)

Layer region parameters

The effective density
Source density, Direct Yu et al., of each layer in an
volume sourcg external glom’ 2.4 20 P 2003 idealized \)//olume

source.

The erosion rate of
Source erosion Yu et al each layer in an
rate, volume All cm/d 2.40E-08 20 P,B 2003 v idealized volume
source source when each

layer is exposed.

The ratio of the pore

volume to the total

Yuetal. volume. Although 0
Source porosity Radon - 0.1¢ 01 P ’ value is accepted by
2003

the code for

porosity, it will give

no results.

Radon effective Yuetal The diffusion
diffusion Radon m?/s 2E-5¢9 20 P v coefficient of radon
- 2003 .

coefficient source materials.
The fraction of the
total amount of
radon produced by

Radon radium decay that

. Yu et al.,
emanation Radon - 0.2¢9 0-1 P escapes the
., 2003 .

coefficient contaminated
material and gets
into the pores of the
medium.

Shielding Parameters

The effective (line-

Shielding Direct - 0 - b | Yuetal, ;’:“Z'%Tr?gtzfxsjs ;’f

thickness external ’ 2003
receptor and a
source.

applicable.

¢ “~”indicates that the parameter is dimensionless.
9 Value for this parameter will appear only if more than one room is selected in the “number of rooms” parameter.
¢ Value for this parameter will not appear if the selected source type is a point source.
' Value for this parameter will appear only if the selected source type is other than a volume source.
9 Value for this parameter will appear only if at least one of the selected radionuclides is a radon precursor.

" The tritium evaporation model implemented in the RESRAD-BUILD code was adapted from the land farming model developed by Thibodeaux
and Hwang (1982) to consider evaporation of hydrocarbons from contaminated soils.

@ Code-accepted values are not provided for nuclide-specific parameters.
5 P = physical, B = behavioral, and M = metabolic; when more than one type is listed, the first is primary and the next is secondary. NA = not

A-90




Table A-6 Parameters and Their Default Values Used in RESRAD-BUILD V3.5 (cont.)
Parameter Pathways . Default Code-Accepted b L
Name Used Unit Value Values? Type Reference Description
Shielding Parameters (cont.)
The effective (line-
Shielding Direct o 0 - b | Yuetal, EIHZ'IQJI';) tg'gt'\(;::: zf
thickness external B ’ 2003 9
receptor and a
source.
The effective density
. . Direct 3 Yuetal., of shielding between
Shielding density external glem 24 >0 P 2003 areceptor and a
source.
The type of material
used in the shield
between the
Concrete, water, receptor and the
Shielding Direct aluminum, iron, Yuetal., source. The code
) - Concrete P
material external copper, tungsten, 2003 can handle
lead, uranium concrete, water,
aluminum, iron,
copper, tungsten,
lead, or uranium.
Tritium parameters for volume source
The measure of the
Tritium Yuetal area of
Area volume m? 36 >0 P v contamination from
2003 .
source the center point of
the source.

applicable.
c

- o

> @

“~” indicates that the parameter is dimensionless.
4 Value for this parameter will appear only if more than one room is selected in the “number of rooms” parameter.
Value for this parameter will not appear if the selected source type is a point source.
Value for this parameter will appear only if the selected source type is other than a volume source.
Value for this parameter will appear only if at least one of the selected radionuclides is a radon precursor.
The tritium evaporation model implemented in the RESRAD-BUILD code was adapted from the land farming model developed by Thibodeaux
and Hwang (1982) to consider evaporation of hydrocarbons from contaminated soils.

@ Code-accepted values are not provided for nuclide-specific parameters.
b P = physical, B = behavioral, and M = metabolic; when more than one type is listed, the first is primary and the next is secondary. NA = not
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Table A-6

Parameters and Their Default Values Used in RESRAD-BUILD V3.5 (cont.)

Parameter
Name

Pathways
Used

Unit

Default
Value

Code-Accepted
Values®

Type®

Reference

Description

Triti

ium parameters

for volume source (cont.)

Dry zone
thickness

Tritium
volume
source

cm

Yu et al.,
2003

RESRAD-BUILD
has a specific
model" to consider
the volatilization of
tritiated water (HTO)
from the
contaminated
material. A
contaminated layer
with HTO can be
located within the
material. The dry
zone thickness is
the thickness
between the
uppermost plane of
the contaminated
zone and the
surface of the
material (or the
interface of the
material and the
indoor atmosphere).
As water molecules
evaporate, tritium is
released to the
indoor air and
results in potential
radiation exposure.
To estimate the
release rate of
tritium, the values of
several additional
parameters are
required.

applicable.
c

- o

> @

“~” indicates that the parameter is dimensionless.
4 Value for this parameter will appear only if more than one room is selected in the “number of rooms” parameter.
Value for this parameter will not appear if the selected source type is a point source.
Value for this parameter will appear only if the selected source type is other than a volume source.
Value for this parameter will appear only if at least one of the selected radionuclides is a radon precursor.
The tritium evaporation model implemented in the RESRAD-BUILD code was adapted from the land farming model developed by Thibodeaux
and Hwang (1982) to consider evaporation of hydrocarbons from contaminated soils.

2 Code-accepted values are not provided for nuclide-specific parameters.
b P = physical, B = behavioral, and M = metabolic; when more than one type is listed, the first is primary and the next is secondary. NA = not
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Table A-6 Parameters and Their Default Values Used in RESRAD-BUILD V3.5 (cont.)
Parameter Pathways . Default Code-Accepted b A
Name Used Unit Value Values? Type Reference Description
Tritium parameters for volume source (cont.)
The thickness
Wet + dry Tritium between the gurface
> Dry zone Yuetal, of the contaminated
zone volume cm 10 . P .
; thickness 2003 material and the
thickness source
bottom of the
contaminated zone.
The volume of water
. per unit volume of the
. Tritium . )
Volumetric volume _ 003 > 0-1 P Yuetal., porous material. This
water content ’ 2003 value should be less
source .
than the total porosity
of the solid material.
The fraction of the
amount of water in the
contaminated zone
that will volatize to the
total amount of water
in the contaminated
Water fraction Tritium _zone. This parameter
. Yuetal., is used to account for
available for volume - 1 0-1 P e
. 2003 potential binding
evaporation source
between water
molecules and the
solid matrix of the
contaminated zone,
which prohibits
volatilization of water
molecules.
The ratio of the pore
Total porosity i volume to the total
Tritium
of volume B 01 > 0-1 p Yu et al,, volume. Although 0
contaminated ’ 2003 value is accepted by
) source .
material the code for porosity,
it will give no results.
Density of Tritium \ Yuetal, The effectlye density
. volume g/lcm 24 >0 P of an idealized volume
material 2003
source source.

applicable.

¢ “~indicates that the parameter is dimensionless.
9 Value for this parameter will appear only if more than one room is selected in the “number of rooms” parameter.
¢ Value for this parameter will not appear if the selected source type is a point source.
' Value for this parameter will appear only if the selected source type is other than a volume source.
9 Value for this parameter will appear only if at least one of the selected radionuclides is a radon precursor.
" The tritium evaporation model implemented in the RESRAD-BUILD code was adapted from the land farming model developed by Thibodeaux
and Hwang (1982) to consider evaporation of hydrocarbons from contaminated soils.

@ Code-accepted values are not provided for nuclide-specific parameters.
5 P = physical, B = behavioral, and M = metabolic; when more than one type is listed, the first is primary and the next is secondary. NA = not
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Table A-6

Parameters and Their Default Values Used in RESRAD-BUILD V3.5 (cont.)

Parameter
Name

Pathways
Used

Unit

Default
Value

Code-Accepted
Values?

Type®

Reference

Description

Tritium parameters for volume source

(cont.)

Humidity

Tritium
volume
source

g/m®

Yu et al.,
2003

The average humidity
in the building. The
value is dependent on
the air conditioning
and ventilation in the
building.

Erosion rate

Tritium
volume
source

cm/d

2.40E-08

Yuetal.,
2003

The erosion rate of
tritium volume source.

Direct
ingestion rate

Tritium
volume
source

g/h

Yuetal.,
2003

The incidental
ingestion rate of
removable
contaminated material
directly from the
source by any
receptor in the room.
Each receptor will
ingest the source at a
rate determined by the
product of the
ingestion rate, the
removable fraction,
and the amount of
contamination in the
source at that time.

Air release
fraction

Tritium
volume
source

0.1

01

Yu et al.,
2003

The amount of
contaminated material
removed from the
source that is in the
respirable particulate
range. It is assumed
that the remainder of
the material is
removed immediately
from the site.

applicable.
c

d

@

> @

“~” indicates that the parameter is dimensionless.
Value for this parameter will appear only if more than one room is selected in the “number of rooms” parameter.
Value for this parameter will not appear if the selected source type is a point source.
Value for this parameter will appear only if the selected source type is other than a volume source.
Value for this parameter will appear only if at least one of the selected radionuclides is a radon precursor.
The tritium evaporation model implemented in the RESRAD-BUILD code was adapted from the land farming model developed by Thibodeaux
and Hwang (1982) to consider evaporation of hydrocarbons from contaminated soils.

@ Code-accepted values are not provided for nuclide-specific parameters.
b P = physical, B = behavioral, and M = metabolic; when more than one type is listed, the first is primary and the next is secondary. NA = not
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APPENDIX B PROBABILISTIC ANALYSIS

Probabilistic analysis was conducted to evaluate the influence of input parameters on radiation
exposures associated with several common exposure scenarios involving a few selected
radionuclides, including C-14, Co-60, Cs-137, H-3, 1-129, Np-237, Pu-239, Ra-226, Ra-228, Sr-
90, Tc-99, and U-238. The selected list include radionuclides that have special models (C-14, H-
3, Ra-226, and Ra-228), strong gamma emitters (Co-60 and Cs-137), strong beta emitter (Sr-
90), and radionuclides (I-129, Np-237, Pu-239, Tc-99, and U-238) requested by NRC (Private
Communication 2016). RESRAD-ONSITE code version 7.2 was used to evaluate the sensitivity
of the results to various RESRAD-ONSITE parameters with respect to a resident farmer
scenario, and RESRAD-BUILD code version 3.5 was used to evaluate sensitivity of the results
to various RESRAD-BUILD parameters with respect to a building occupancy scenario.
RESRAD-OFFSITE code version 4.0 was used to evaluate influence of input parameters related
to the transport of radionuclides in water and in the air, leading to radiation exposures to Offsite
Resident scenario via Water Transport and Offsite Resident via Air Transport scenarios. The
probabilistic analysis quantifies the uncertainty in radiation dose results caused by the
uncertainty in the input parameter values.

B.1 Resident Farmer Scenario

The purpose of this analysis was to illustrate the use of the probabilistic RESRAD-ONSITE code
to simulate the use of a decontaminated property for residential and farming activities as
described in NUREG/CR-5512 (Kennedy and Strenge 1992) and NUREG-1757 (NRC 2006).
The probabilistic analysis was performed to identify parameters that have significant effect on
peak total dose. The probabilistic analysis was also used to illustrate how a data template file of
updated input parameters for deterministic analysis may be constructed to transition from the
probabilistic dose analysis to a site-specific deterministic analysis.

B.1.1 Selection of Input Parameters for Resident Farmer Scenario

In a probabilistic analysis, behavioral parameters were kept at a fixed value (obtained from
DandD, Table 6.87 in NUREG/CR-5512 Volume 3) and physical parameters were assigned a
statistical distribution. Table B-1 lists DandD behavioral parameter values with comparison to
the RESRAD-ONSITE default values. For physical parameters, the statistical distributions
assigned were those developed in 2000 as documented in NUREG/CR-6697 (Yu et al. 2000),
except for the distribution coefficient (Ky), plant, meat, and milk transfer factors, and fish
bioaccumulation factor. For these parameters, new statistical distributions were developed,
based on new information collected and documented in the updated data collection handbook
published in 2015 (Yu et al. 2015). Table B-2 lists the input parameters of the RESRAD-
ONSITE code, their base value used in the deterministic calculations, and their statistical
distribution (including the distribution function and the associated distribution parameters) used
in the probabilistic calculations. For physical parameters, for which there was no parameter
distribution developed in 2000, professional judgement was used in assigning parameter
distribution for this sensitivity analysis. Radionuclide or element specific input parameters are
listed in separate tables. Table B-3, Table B-4, Table B-5, Table B-6, Table B-7, and Table B-8
list point values and statistical distributions for the plant transfer factor, meat transfer factor, milk
transfer factor, fish bioaccumulation factor, crustacean bioaccumulation factor, and Ky,
respectively. Some input parameters are correlated (e.g., density and porosity are negatively
correlated); the correlation coefficients used in the analysis are listed in Table B-9 (Yu et al.
2000).



Table B-1

ONSITE Default Parameter Values

DandD Behavioral Parameter Values with Comparison to the RESRAD-

Parameters

DandD

RESRAD-
ONSITE

Remarks

Irrigation rate

1.20 I/m2*day
(0.1125 mly)

0.2 mly

Well pumping rate

118,000 Iy (118 m3/y)

250 mdly

Irrigation rate and well pumping

rate will only affect the calculated
total dose when water-dependent
pathways contribute to total dose.

Indoor breathing rate

0.9 m3/h

Outdoor breathing rate

1.4 m%h

Gardening breathing rate

1.7 m%h

Inhalation rate

8578 md3ly

8400 m3ly

RESRAD-ONSITE uses one yearly
average breathing rate compared
with three activity-specific
breathing rates specified in DandD.
The inhalation rate of 8578 m3y is
calculated by using the default
inhalation rates and time fractions
spent in different activities and
normalizing with the 