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ABSTRACT 

The Hanford Environmental Dosimetry Upgrade Project was undertaken to' 

incorporate the internal dosimetry models recommended by the International 

Commission on Radiological Protection (ICRP) in updated versions of' the 

environmental pathway analysis models used at Hanford. The resulting second 

generation of Hanford environmental dosimetry computer codes is compiled in 

the Hanford Environmental Dosimetry System (Generation II, or GENII). The 

purpose of this coupled system of computer codes is to analyze environmental 

contamination resulting from acute or chronic releases to, or initial con- 

tamination of, air, water, or soil. This is accomplished by calculating 

radiation doses to individuals or populations. 

GENII is described in three volumes of documentation. The first volume 

describes the theoretical considerations of the system. The second volume is 

a Users' Manual, providing code structure, users' instructions, required 

system configurations, and QA-related topics. The third volume is a Code 

Maintenance Manual for the user who requires knowledge of code detail. It 

includes code logic diagrams, g7obal dictionary, worksheets, example hand 

calculations, and listings of the code and its associated data libraries. 

. . . 
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1.0 INTRODUCTION 

At the direction of,the U.S. Department of Energy (DOE), the Hanford- 

Environmental Dosimetry Upgrade Project was undertaken by Pacific Northwest 

Laboratory (PNL)(a) to incorporate the internal dosimetry models recommended 

by the International Commission on Radiological Protection (ICRP) in updated 

versions of the environmental pathway analysis models used at Hanford. The 

resulting second generation of Hanford environmental dosimetry computer codes 

is compiled in the Hanford Environmental -Dosimetry System (Generation II or 

GENII) . The GENII system was developed by means of tasks designed to provide 

a state-of-the-art, technically peer-reviewed, documented set of programs for 

calculating radiation doses.from radionuclides released to the environment. 

The initial task resulted in a system design requirements report, based on 

input from the community of potential Hanford users, providing general 

descriptions of the calculations that the final programs must perform. The 

recommendations of this report formed the basis for the remainder of the 

tasks, defining the elements that determined the equation formulation and 

parameter selection tasks. The complete report, Hanford Environmental 

Dosimetry Upgrade Project (HEDUP) Task 02 - System Desiqn Requirements, is 

included here as the appendix. 

The general requirements of the GENII system to be designed included the 

capabilities for calculating radiation doses for acute releases, with options 

for annual dose, committed dose, and accumulated dose; for calculating the 

same types of doses from chronic releases; for evaluating exposure pathways 

including direct exposure via water (swimming, boating, and fishing), soil 

(surface and buried sources), air (semi-infinite cloud and finite cloud geom- 

etries), inhalation pathways, and ingestion pathways. The release scenarios 

to be included were acute releases to air from ground level or elevated 

sources, or to water; chronic releases to air from ground level or elevated 

sources, or to water; and initial contamination of soil or surfaces. Source 

term variations to be accounted for included decay of radionuclides to the 

start of the exposure scenario, input of total radioactivity or specified 

(a) Pacific' Northwest Laboratory is operated by Battelle Memorial Institute 
for the U.S. Department of Energy under Contract DE-AC06-76RL0 1830. 
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.fractions, and input of measured concentrations in specified environmental 

media. Interfaces were to be provided for external calculations of atmos- 
,f“‘ 

pheric dispersion, geohydrology, biotic transport, and surface water trans- 

port. Target populations were to be identified by distance and direction for 

individuals, populations, and for intruders into contained sources. 

As a result of the multitude of initial requirements on the design of 

the codes, the codes of the Hanford Environmental Dosimetry System can be 

used to determine radiation doses to individuals or populations from a wide 
- - 

variety of potential exposure scenarios. The core system may be used to 

calculate annual doses, dose commitments, or accumul ated doses from acute or 

chronic releases of radioactive materials to air or water. This capability 

essentially replicates that provided in the past by the computer codes KRONIC 

(Strenge and Watson 1973), SDBDOSA (Strenge, Watson and Houston 1975), 

DACRIN (Houston, Strenge, and Watson 1974; Strenge 19759, FOOD and ARRRG 

(Napier et al. 1980), and PABLM (Napier, Kennedy, and Soldat 1980). Annual 

doses, dose commitments, and accumulated doses can also be calculated from 

initial contamination of soil or surfaces, thus incorporating capabilities 

from PABLM and ONSITE/MAXI (Napier et a?. 1984; Kennedy et al. 1986; Kennedy 

et al. 1987). A limited biotic transport capability is included, simulating 

the results of BIOPORTIMAXI (McKenzie et al. 1986). One of the codes creates 
factors relating sources of various geometries to dose rate; this is essenti- 

ally a modified version of the shielding code ISOSHLD (Engel, Greenborg, and 

Hendrickson 1966; Simmons et al. 1967). An additional capability, that of 

predicting very-long-term doses from waste management operations to the 

public over periods of up to 10,000 years, is incorporated into the system 

essentially unchanged from the previously documented version of DITTY (Dose 

Integrated over Ten Thousand Years) (Napier, Peloquin,'and Strenge 1986). 

The Hanford Environmental Dosimetry System (GENII) is composed of seven 

linked computer codes and their associated data libraries. These codes 

and their linkages are illustrated in Figure 1.1. The computer programs are 

of three types: user interfaces (i.e., interactive, menu-driven programs 

to assist the user with scenario generation and data input), internal and 

external dose factor generators, and the environmental dosimetry programs. 

For maximum flexibility, the portion of the code used for analysis of 
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FIGURE 1.1. Current User/Computer Program Interaction 
in the GENII Software Package 

short-term scenarios (as opposed to lO,OOO-year migration analyses) has been 

divided into three interrelated but separate programs that handle input 

organization and checking, environmental exposure, and dose calculations, 

respectively. The intent of each of these codes is described in Section 3.0 

of this document. 

GENII is described in three volumes of documentation. This volume 

describes the theoretical considerations of the system, including the con- 

ceptual diagrams, mathematical representations of the solutions, and descrip- ' 

tions of solution techniques, where appropriate. The second volume is a 

Users' Manual, providing code structure, users' instructions, required system 

configurations, and topics related to quality assurance (QA). The third 

volume is a Code Maintenance Manual for the user who requires knowledge of 

code details, including code logic diagrams, global dictionary, worksheets, 
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example hand calculations, and listings of the code and its associated data 
3 

libraries. 
i 

1.1 DEVELOPMENT OF THE GENII SYSTEM 

A comprehensive set of codes (i.e., environmental pathway models and 

associated computer programs) has been developed and documented by PNL for 

estimating potential radiation doses to,humans as a result of radionuclides 

in the environment. The codes address_ both routine and accidental releases 

of radionuclides to air or water in addition to other situations (e.g., 

residual contamination from spills or decommissioning operations). Internal 

radiation dose calculations are performed using the methods recommended by 

the ICRP as described in ICRP 26 and 30 (ICRP 1977; ICRP 1979-1982). The 

codes are based, on existing Hanford models and codes, using updated formula- 

tions and transfer coefficients. Existing codes incorporated include DACRIN 

(Houston, Strenge, and Watson 1974; Strenge 1975), PABLM (Napier, Kennedy, 

and Soldat 1980), MAXI (Napier et al.. 1984), DITTY (Napier, Peloquin, and 

Strenge 19869, SUBDOSA (Strenge, Watson, and Houston 19759, KRONIC (Strenge 

and Watson 19739, and ISOSHLD (Engel, Greenborg, and Hendrickson 1966). A 

user-friendly, interactive, driver program was developed to consolidate all 

code input and output requirements. The resultant codes are small enough to 

operate on a personal computer. All codes and data bases developed in the 

PNL project have been thoroughly peer-reviewed, tested, and documented. 

The goal of this project was to develop a new generation of multi- 

purpose mathematical models and computer programs. The resultant codes will 

be used for retrospective calculations of potential radiation doses resulting 

from routine Hanford emissions by groups within PNL, as well as by other 

Hanford contractors. The codes will also be used for prospective dose calcu- 

lations for purposes such as siting facilities, environmental impact state- 

ments (EISs), and safety analysis reports (SARS). It was important that each 

user group provide input to the design of the proposed codes. 

A task was initiated to define the system design requirements of the 

proposed codes. A connnittee of representatives from potential user groups 

was formed under the guidelines of the Hanford Dose Overview Program. 
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Recommendations of this group were incorporated with those of prospective PNL 

users to help define the needed capabilities. 

Based on the recommendations developed, the relationships between radio- 

nuclide release, flux, concentration, and uptake were formulated. The path- 

ways included are internal exposure through inhalation, crop ingestion, 

animal product ingestion, water consumption,, and aquatic food product inges- 

tion; and external exposure through air submersion, water immersion (swim- 

ming), and contaminated ground surfaces and-objects. The equations are used 

as the basis for subsequent computerized implementation. 

Solving the equations depends on the values of the transfer parameters 

used. Existing libraries of radionuclide-specific factors existed but had 

not been reviewed/updated for nearly 10 years. A.literature review was per- 

formed of the most recent pertinent information with emphasis on Hanford- 

specific data. Parameters investigated included soil-to-plant concentration 

ratios (CRs), plant-to-animal product CRs, aquatic bioaccumulation factors, 

resuspension rates and resuspension factors (including mass loading rates), 

and selected specific-activity models (e.g., hydrogen-3 and carbon-14). 

The most flexible structure for a new generation of environmental dosim- 

etry models is similar to that shown as Figure 1.1. The major structural 

components are an environmental transport and human exposure module (incorpo- 

rating most of the existing models) coupled to an internal dosimetry module. 

For convenience and ease of use, these are controlled by an interactive 

"driver" program. Most data inputs are through calls to data files (not 

shown in Figure 1.1). 

1.2 QUALITY ASSURANCE ISSUES 

The GENII package of codes was developed under a stringent QA plan based 

on the American National Standards Institute (ANSI) standard NQA-1 (ASME 

1986) as implemented in the PNL Quality Assurance Manual PNL-MA-70.(a) All 

steps of the code development have been documented and tested. Extensive 

(a) Procedures for Quality Assurance Program, PNL-MA-70, is a controlled 
document used internally at PNL. Information regarding the manual may 
be obtained from the Pacific Northwest Laboratory, Richland, Washington. 
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.hand calculations have been performed and are available for review. An 

external peer review of the internal dosimetry portions of the code was held 
g- 

in Richland, Washington, the week of September 14, 1987. A second external 

review of the entire 'package was held in Richland the week of February'l, 

1988. Copies' of the reports issued by these reviewers are avajlable. Recom- 

mendations of these review committees were then incorporated into the final 

product. 
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2.0 CONCEPTS IN ENVIRONMENTAL DOSIMETRY 

.-. 

Some basic interrelated concepts were used to develop the GENII code 

system, some explicitly labeled and some implicitly used. These concepts of 

"Exposure Scenario Definition" and "Exposure Pathways" are described in this 

section. Understanding the approaches taken to allow flexible scenario 

definition will aid the user in applying the codes. The general concepts of 

"scenarios" are described first, followed by description of the environmental 
- - 

pathways included in GENII. 

2.1 SCENARIO DEFINITION 

A "scenario" is a conceptual model that calculates patterns of human 

activity corresponding to actions, events, and processes that result in 

radiation exposure to individuals or groups of people. The GENII code 

package can evaluate doses resulting from two general scenario types: far- 

field and near-field. A far-field scenario is defined as one that determines 

the impact of a particular release of radioactive material into a wide 

environment, such as doses from releases from a stack to individuals or 

populations downwind. In a near-field scenario, the focus is on the doses 

an individual could receive at a particular location as a result of initial 

contamination or external sources, i.e., buried waste or ,contaminated soil. 

In a near-field scenario, contamination levels in specific environmental 

media may be known. A far-field scenario focuses outward from a source, 

and a near-field scenario focuses in toward a receptor. Of course, the two 

types are not mutually exclusive. Some doses to individuals from remote 

sources can be calculated as either far- or near-field with the same result. 

Specific examples of common types of far-field and near-field scenarios are 

given below. 

2.1.1 Far-Field Scenarios 

A number of commonly encountered scenarios may be classed as far-field. 

The following are types of releases of radioactive materials into the wider 

environment: 

l chronic atmospheric releases - prospective or retrospective doses 

to individuals or populations at specified distances and directions 
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from the radioactive source, via submersion, inhalation, deposition 

groundshine, and food pathways. This class of scenario is commonly 

used for demonstrating compliance to regulations that involve 

emission sources. 

acute atmospheric release; - prospective or retrospective doses to 

individuals or populations at specified distances and directions 

from an acute radioactive release; via submersion, inhalation, 

deposition groundshine, and food pathways. This class of scenario 

is often used in SARs or EISs. - - 

l chronic surface water releases - prospective or retrospective 

doses to individuals and populations at specified distances 

downstream of a release point via swimming, boating, shoreline, 

drinking water, aquatic foods, irrigated terrestrial foods and 

animal products, soil contaminated via irrigation, and other 

pathways associated with liquid.releases. This class of scenario 

is also often encountered during the demonstration of compliance 

with regulations. 
\ 

l acute surface water releases - prospective or retrospective doses 

to individuals and populations at specified distances downstream 

of a release point via swimming, boating, shoreline, drinking 

water, aquatic foods, irrigated terrestrial foods and animal 

products, soil contaminated via irrigation, and other pathways 

associated with acute liquid releases. This class of scenario is 

also associated with SARs and EISs. 

2.1.2 Near-Field Scenarios 

Most other types of scenarios may be considered to be near-field. 

Examples are: 

. initial surface contamination - individual doses resulting from 

contact with contaminated soil or surfaces via direct contact, 

resuspension, or crop uptake. Calculations of this nature can be 

used to analyze the impact of spills or remedial actions. 

. initial subsurface contamination - individual doses resulting from 

contact with contaminated soil or surfaces via direct contact,, 
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resuspension, or crop uptake. The surface soil may be contaminated 

via manual redistribution of the material or through biotic 

transport. Calculations of this nature can be used to analyze the 

impacts of waste management options. Often a time delay may be 

included to account for radioactive decay of the source. 

l ground water contamination - prospective or retrospective doses to 

individuals and populations from a given water concentration via 

drinking water, irrigated terrestrial foods and animal products, 

soil contaminated via irrigation, and other pathways associated 

with liquid releases. This class of scenario is also often used in 

demonstrating compliance with regulations. 

l cumulative effects - prospective calculations combining initial 

soil contamination with additional contributions from an external 

atmospheric or liquid source. This type of calculation is 

representative of how near-field and far-field calculations can 

conceptually be combined. 

As seen in the above examples, the near-field and far-field scenarios are not 

necessarily mutually exclusive, and in some instances either approach may be 

used in defining them. An interactive user interface is provided with the 

GENII package to aid'the user in scenario definition. 

2.2 EXPOSURE PATHWAYS 

Potential routes through which people 

radiation are called "exposure pathways." 

may be exposed to radionuclides or 

Examples of general pathways are 

external exposure, inhalation, and ingestion. The pathways are defined 

depending on the ways people could be exposed for a given circumstance. In 

this way, an appropriate collection of defined pathways can also be con- 

sidered as the definition of an "exposure scenario.' Because a conceptuali- 

zation of the types of exposure must be made before the pathways can be fully 

defined, "scenarios" are usually defined before the parameters are selected 

for the "pathways." 

The various exposure pathways available to users of the GENII package 

are illustrated in Figure 2.1. This.logic diagram shows how known or assumed 
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values may be propagated through defined steps to estimate radiation doses. 

In the GENII formulation, data regarding the radioactive release or radio- 

active contamination levels may be input to the calculati.ons at different 

points in the calculation. These are represented on the diagram as hexagonal 

boxes. 

In most calculations, the known quantity is generally the release quan- 

tity, designated the "Release Terms" in Figure 2.1. These terms may take the 

form of activity, or activity per unit time,. released into the transport 

media of air, surface water, ground water, or soil. They are converted via 

appropriate models to concentrations in the-corresponding media (-if the 

basic media concentration is known, it may be input and the transport step 

omitted). The processes represented by square boxes in Figure 2.1 are 

simulated, resulting in the "Derived Concentrations." Again, if the Derived 

Concentrations are known, the earlier processes may be overridden. Finally, 

the human exposure parameters are factored in, and the dose is estimated. 

To optimize flexibility, the capability to input precalculated values 

of atmospheric dispersion, ground water concentration, and surface water 

concentration has been included in the GENII package. In this way, if the 

simple methods incorporated in the GENII package are insufficient for a 

particular calculation, more sophisticated results may be achieved with 

minimal effort. 
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3.0 CODE FUNCTIONAL DESCRIPTIONS 

The GENII system is composed of seven interrelated computer codes and 

their associated data libraries, as illustrated in Figure 1.1. The connec- 

tion between the codes is through data transfer files. The output of one 

code is stored in a file that can be read by the next code in the system. 

Depending on the desired usage, the experienced user may also stop the 

process and edit the intermediate data transfer files to obtain specific 

information on the processes occurring or on intermediate results. Input 

and output details for each of the codes are provided in the Users' Manual, 

Volume 2 of the GENII documentation. 

Section 3.0 describes the general functions and capabilities of each of 

the separate codes. 

3.1 APPRENTICE 

Detailed input to the GENII system consists of a multi-page data file 

containing the parameterized scenario description, radionuclide inventory 

data, and control parameters desired for a particular calculation. The 

APPRENTICE code is a not-quite-expert system that helps the user, through a 

series of interactive menus and questions, to prepare a text input file for 

the environmental dosimetry programs. In addition, APPRENTICE prepares a 

batch processing file to manage the file handling needed to control the oper- 

ations of subsequent codes and prepare an output report. 

Novice users will appreciate the pop-up help screens that are available 

in all sections of the program, the extensive logic that requests only 

pertinent input, default values available for all parameters, reasonable 

parameter value ranges, error checking for scenario incompatibilities, and 

checking for validity of file names. Experienced users will find that 

APPRENTICE has been constructed so that tutorial information does not get in 

the way of efficient scenario preparation. Pull-down menus allow the user 

substantial flexibility to modify a scenario under construction. The user 

can create multiple input files to execute under the control of a single 

batch-processing file that is generated by APPRENTICE in a relatively 

unobtrusive manner. File management is available within APPRENTICE; the 
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user may view, copy, and rename files, as well as make subdirectories and 

change default paths. 

3.2 ENVIN 

The ENVIN module of the GENII package controls the reading of the input 

files optionally prepared by APPRENTICE and organizes the input for optimal 

use in the following environmental transport and exposure module, ENV. The 

ENVIN code interprets the basic input, reads the basic GENII data libraries - - 
and other optional input files, and organizes the input into sequential seg- 

ments based on radionuclide decay chains. 

Input to ENVIN occurs by means of a standardized file containing 

scenario, control, and inventory parameters. ,Radionuclide inventories can 

be put in as functions of release to air or water, concentration in basic 

environmental media (air, soil, or water), or concentration in foods. If 

certain atmospheric dispersion options have been selected, this module can 

generate tables of atmospheric dispersion parameters (X/Q) that will be 

used in later calculations. If the finite plume air submersion option is 

requested in addition to the atmospheric dispersion calculations, preliminary 

energy-dependent finite plume dose factors are also prepared. ENVIN prepares 

the data transfer files that are used as input by the ENV module. It also 

puts out the first portion of the calculation documentation - the run input 

parameters report. 

3.3 &NJ 

The ENV module' is the portion of the GENII package that calculates the 

environmental transfer, uptake, and human exposure to radionuclides that 

result from the chosen scenario for the defined source term. The code reads 

the input files from ENVIN, and then for each radionuclide chain sequentially 

performs the precalculations to establish the conditions at the start of the 

exposure scenario. Environmental concentrations of radionuclides are estab- 

lished at the beginning of the scenario by assuming decay of pre-existing 

sources, considering biotic transport of existing subsurface contamination, 

and defining soil contamination from continuing atmospheric or irrigation 

depositions. Then, for each year of postulated exposure, the code estimates 
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air; surface soil, deep soil, and ground and surface water concentrations of 

each radionuclide in the chain. Human exposures and intakes of each radio- 

nuclide are calculated for the pathways of external exposure from finite or 

infinite atmospheric plumes; inhalation; external exposure from contaminated 

soil, sediments, and water; external exposure from special geometries; and 

internal exposures from consumption of terrestrial foods, aquatic foods, 

drinking water, animal products, and inadvertent intake of soil. 

The intermediate information on annual-media concentrations and intake 

rates are written to data transfer files. While these may be accessed 

directly, they are usually used as the input to the DOSE module of GENII. 

3.4 DOSE 

The DOSE module of the GENII package reads the annual intake and ex- 

posure rates defined by the ENV module and converts them to radiation dose. 

The calculation of external dose is donewith precalculated factors from the 

EXTOF module, and the calculation of internal dose is done with precalculated 

factors from the INTOF module. 

Radiation dose is proportional to the quantity of energy deposited per 

unit mass of irradiated tissue. The total "absorbed dose" is reported in 

units of "rad" (100 ergs/g) or, as in the International System of Units, 

commonly known as SI units, "gray," abbreviated "Gy" (1 J/kg). This is 

normalized to relative biological effect, depending on the type of radiation, 

in "dose equivalent" units of "rem",or "sievert" (Sv) in SI units. The 

length of time and mode of exposure designates the type of dose calculated. 

ICRP 26 states that special considerations must be made "when the expos- 
i ure is extended in time." The report defines "dose-equivalent commitment" to 

be the time integral of the dose rate in a given organ or tissue. The report 

then further defines the "committed dose equivalent" to be the dose that 

results M from a single intake of radioactive material into the body. This 

quantity, which may be considered to be a special case of dose-equivalent 

commitment, is the dose equivalent that will be accumulated over 50 years 

following the intake" (i.e., a 50.year dose commitment). For 

convenience, a dose equivalent is usually simply called a "dose" (ICRP 1977, 

PO 6). 
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The types of doses calculated in the DOSE module include: 

1. One-Year Dose - the population or individual dose that results from 

one year of exposure (external plus internal). This is the dose 

currently used for comparison with occupational exposure standards 

and the one originally used for comparison with public standards. 

The one-year dose is.now used at Hanford as a measure of potential 

short-term impact from accidental releases during waste management 

operations. This situation is illustrated in Figure 3.1, where 

"Intake" shows a constant rate of radionuclide intake (through 

inhalation and/or ingestion) and "Dose Rate" shows the resulting 

dose rate to a tissue or organ. The integral of the dose rate over 

one year is the one-year dose (i.e., the area under the dose-rate 

curve). 

2. Committed Dose - the population or individual dose that results 

from one year of external and internal exposure plus the extended 

internal dose that results from the one-year intake (ingestion plus 

inhalation). Normally, a 500 or 70.year dose-commitment period is 

used (i.e., the one-year intake period plus 49 or 69 years). This 

dose is the one currently being used by most of those who calculate 

public doses. 

The committed dose is used as a measure of the potential, longer- 

term impact of accidents and routine releases. This situation is 

illustrated in Figure 3.2, where "Intake" is the same as in Fig- 

ure 3.1 and shows a constant rate of radionuclide intake over a 

one-year period. "Dose Rate" in Figure 3.2 shows the resulting 

dose rate, and the initial portion of the curve is identical to 

that of Figure 3.1. However, the residual radioactive material 

left in the body continues to produce a dose after the initial 

one-year period ends. The integral of the dose rate over 50 or 

70 years gives the committed dose that results from one year of 

intake. 
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3: Cumulative Dose - the populat 

'. (50. or 70.year) that results 

via ingestion and inhalation. 

nuclides that accumulate (and 

on or individual lifetime dose 

from external exposure plus intake 

This includes-the dose from radio- 

physically decay) in the environment 

during the exposure period. The cumulative dose is used to assess 

the total potential impacts from operations that have chronic 

releases over a period of several years or from significant deposi- 

tion resulting from accidents. 
- - 

Some parameters can be varied in calculating cumulative dose. One 

example used in the Hanford annual surveillance reports between 

CY 1982 and CY 1987 (Jaquish 1987) is a one-year release of radio- 

nuclides with resulting residual environmental contamination. The 

resulting rate of radionuclide intake is illustrated in Figure 3.3, 

"Intake." The residual environmentally deposited radionuclides 

decrease by physical decay. The resulting dose rate is illustrated 

in Figure 3.3, "Dose Rate." 

A more complicated example, shown in Figure 3.4, is of a release 

that continues for more than one year. Scenarios of this sort are 

routinely used in prospective estimates of the total potential 

impact of a facility (e.g., environmental impact statements or 

EISs). 

4. Maximum Annual Dose - the largest annual dose that could occur 

during a specific period (e.g., 50 or 70 years). This calculation 

accounts for each year‘s external exposure plus the internal dose 

from radionuclides taken in during the year of interest and all 

previous years. The maximum annual dose is identified by including 

all organ doses. This type of dose estimate corresponds most 

closely to the existing annual dose limits for occupational and 

public exposure. 

The maximum annual dose is calculated for scenarios that consider 

human intrusion or long-term casual exposure to disposed wastes, 

for EISs, and for the allowable residual contamination level (ARCL) 

evaluations used for decommissioning operations. The maximum 
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annual dose is calculated by assuming an initial concentration of 

radionuclides in soil, concrete, piping, and other materials. 

These concentrations are reduced over time by physical decay. 

The annual dose'rate to the exposed individual from internally 

deposited radionuclides increases until the body burden reaches 

equilibrium with the environmental levels of the physically decay- 

ing radionuclides. The year that equilibrium occurs usually cor- 

responds to the maximum dose rate. The maximum-dose-rate year may 

not occur until many years after-the initial exposure. This situa- 

tion is illustrated in Figure 3.5. 

Because annual dose rates are calculated, the dose conversion factors 

from ICRP 30 are not usable; they are only for 50.year committed doses 

following an intake. The 50.year dose conversion factors cannot simply be 

divided by 50 to produce an "annual dose." The ICRP 30 factors are integrals 

similar to those illustrated in Figure 3.2' depending on the effective half 

time of the radionuclides in the body (ICRP 1979-1982). 

The computer code for calculating the internal dose factors, INTOF, does 

not itself provide these type of doses. Instead, it is used to calculate the 

incremental organ doses for each year following an initial intake. The 

output is the incremental dose to each organ, which is then used in DOSE to 

assemble annual doses, dose commitments, and accumulated doses. The method 

by which these doses are assembled is illustrated in Figure 3.6. This tech- 

nique minimizes the number of calculations needed from the internal dosimetry 

module. 

Effective dose equivalent (EOE) calculated in DOSE is calculated in the 

manner presented in ICRP 26 (1977). That is 

EOE = c wt Ht (3.4.1) 
t 
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The weighting factors (wt) used are also those of the ICRP, given in ICRP 26 

(1977) as: 

Gonads 0.25 

Breast 0.15 

Red Bone Marrow 0.12 

Lung 0.12 

Thyroid 0.03 

Bone Surfaces 0.03 

Remainder 0.30 - 

where the "remainder', is applied to the five other organs having.the highest 

dose, with. a weighting of 0.06 for each. 

DOSE also prepares the remainder of the normal output report of doses, 

optional doses by pathway and by radionuclide. This output is combined with 

that from the ENVIN routine to comprise the total routine reports. 

3.5 EXTOF 

The EXTOF module is incorporated into the GENII package to allow easy 

and uniform calculation of external dose-rate factors for submersion in an 

infinite cloud of radioactive materials, immersion in contaminated water, 

and direct exposure to plane or slab sources of contamination. The EXTOF 

capability also allows for the creation of special dose-rate factors for 

sources of other geometries in the GENII system. The EXTOF code is a modifi- 

cation and enhancement of the well-known shielding code ISOSHLO (Engel, 

Greenborg, and Hendrickson 1966). The portion of ISOSHLO that can be used to 

calculate source strength from reactor fission fuel (the RIB0 routines) has 

been eliminated. The data libraries of radionuclide decay information and 

gamma and beta yields have been updated from the ORALIST compilation of 

Kocher (1981b). 

The ISOSHLO code uses a point kernel integration technique; i.e., the 

dose at the exposure point is the contribution from a large number of 

individual point jources. A numerical integration is carried out over the 

source volume to obtain the total dose. For a limited number of geometries, 

an analytical solution is used. The geometries available in the EXTOF are 

the standard 14 available in ISOSHLO, as listed in Table 3.1. 
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TABLE 3.1. Available EXTOF Geometries 

Source Confiquration Shield. Configuration 

Point. 

Line 

Spherical 

Spherical 

Truncated Cone 

Infinite Plane 

Infinite Slab 

Disc 

- 

Slab 

Slab 

Spherical 

Slab 

Slab 

Slab 

Slab 

Slab 

Cylindrical (side) 

Cylindrical (side) 

Cylindrical (side) 

Cylindrical (end) 

Rectangular 

Annular Cylinder 

Cylindrical 

Slab * 

Cylindrical and Slab 

Slab 

Slab 

Cylindrical and Slab 

EXTOF is limited to calculating normalized dose rate factors. It is not 

available for routine shielding calculations because it automatically reads 

and computes factors for unit inventories of all radionuclides in the GENII 

master nuclide library. 

3.6 INTOF 

The INTOF code is used to make estimates of the dose equivalents in a 

number of target organs from the activity in a given source organ. For each 

type of radiation i, the dose equivalent Hi in target organ T from radio- 

nuclide j in source organ S is the product of two factors: 

l the total number of nuclear transformations of radionuclide j in 

organ S over the period of interest following intake 

l the energy absorbed per gram in target organ T, suitably modified 

for the quality factor, from radiation of type i per transformation 

of radionuclide j in source organ S. In other words, for each 

radiation of type i from radiopuclide j. 
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H(T 4 S)i = Us l 1.6 l lo-13 SEE(T + S)i l 103 (3.6.1) 

where Us = the number of transformations of radionuclide, j, 

in source organ, S, over the period of integration 

following intake of the radionuclide 

1.6 l lo-13 = the number of joules in 1 MeV 

SEE(T * S)i (in MeV g-1 per transformation) = the specific effective 

energy for radiation type i, suitably modified by quality 

factor, absorbed in T -from each transformation in S 

103 = the conversion factor from g-1 to kg-l. 

In general-, for the intake of any mixture of radionuclides, i.e. parent with 

daughters, the dose in target organ T from radioactivity in several different 

sources S is given by 

H = 1.6 l 10 :'Oc C [Us C 'SEE(T 4 S)iIj 
s j i 

(3.6.2) 

Most of the effort expended in the INTOF code is in calculating the inte- 

grated retentions of parent and daughter radionuclides in the source organs. 

Specific Effective Energies (SEE(T 4 S)) for Reference Man (ICRP 1975) were 

obtained from Oak Ridge National Laboratory (ORNL) on magnetic tape. 

The number of transformations of a radionuclide in any organ or tissue 

of the body during any period of time is the time integral of activity of the 

radionuclide within that organ or tissue over the stated period of time, 

referred to as Us in the above equations. The function describing uptake 

and retention of a radionuclide in a body tissue following'its ingestion or 

inhalation may be very complex. With certain exceptions (e.g., alkaline 

earth radionuclides in bone or iodine in the thyroid), the models used for 

this effort are based on the assumption that the body consists of a number of 

separate compartments. Any organ or tissue may comprise one or a number of 

compartments. Loss of the radionuclide from any compartment is assumed to be 

governed by first order kinetics. Therefore, the retention of any element in 

any'organ or tissue will usually be described by either a single exponential 

term or the sum of a number of exponential terms. 
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The compartment model used for the respiratory system is that.of the 

&RP Task Group on Lung Dynamics (ICRP 1966). The Task Group Lung Model /-' 
(TGLM) has been slightly revised by Johnson and Carver (1981) to simplify the 

differential equations describing the retention of material in the tracheo- 

bronchial compartment, which is the formulation currently used. 

The compartment model of the gastrointestinal tract (GI tract) is based 

on the model developed by Eve (1966). ,This is the same model used by ICRP 30 

(1979-1982) and Johnson and Carver (1981). The GI tract is assumed to con- 

sist of four sections, the stomach, siall intestine, upper large intestine, 

and lower large intestine. 

After a radionuclide has been inhaled or ingested it will be 

translocated to the body fluids at a rate determined by the rate constants 

for the different compartments in the respiratory and gastrointestinal 

systems and by the radioactive decay constant of the radionuclide. Its 

translocation thereafter to the compartments representing the various organs 

and tissues of the body is represented in the model by a transfer compart- 

ment, which is assumed to be cleared by first order kinetics with a half time 

of 6 hours, unless specifically given a different rate constant in the meta- 

bolic data. Transformations occurring in the transfer compartment are .I 

assumed to be uniformly distributed throughout the body. 

3.7 DITTY 

The codes described 

consequences in the near 

above are intended to consider the environmental 

term (approximately 0 to 100 years) following 

releases to the environment. Such programs are useful for most nuclear fuel 

cycle facilities, except nuclear waste disposal sites,which may have long- 
; 

term impacts. The long transport times through waste barriers and ground 

water aquifers require that longer time periods be considered. The computer 

code DITTY was developed to calculate the total population exposure over 

long time periods (Napier, Peloquin, and Strenge 1986). This code was 

incorporated, with only minor revisions, into the GENII package to provide 

the necessary capability to evaluate long-term releases. 

Total population exposure is dependent on many parameters that are sub- 

ject to large variations over thousands of years. Therefore, the user must 
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realize that the calculated results from use of DITTY are only estimates and 

are limited in accuracy by the validity of the input assumptions. The time 

variant input parameters include 1) air and water source terms, 2) atmos-. 

pheric dispersion patterns, and 3) exposed population. 
: 

Source terms of DITTY may be defined for releases to the atmosphere or 

to water. Releases to water may be to wells or surface water via ground 

water. The actual release rates are specified in an input file as the curies 

per year released for selected years following time zero for the calculation. 

One such data set is defined for each radionuclide of interest. Sophisti- 

cated ground water transport programs are generally used to determine the 

time variant release rate following transport from a geologic repository to 

the environmental access point (well or surface water). A similar definition 

of release rate as a function of time is needed for atmospheric releases. 

For releases to the atmosphere, estimates of dispersion patterns are 

needed to determine total exposure of the regional population. The purpose 

of the dispersion calculation is to provide estimates of ground-level air 

concentrations of released radioactivity as a function of distance and direc- 

tion from the release location. The downwind air concentrations are related 

back to the release rate by use of "dispersion factors,,, which may be either 

supplied as input to the program or calculated by the program. When the 

program calculates the dispersion factors, meteorological data must be pro- 

vided in the form of joint frequency of occurrence of windspeed, wind direc- 

tion, and atmospheric stability. The dispersion calculation may be performed 

external to the program with the results entered through input, or joint 

and dispersion factors calcu- frequency meteorological data may be supplied 

lated as a function of distance and direction 

averaged Gaussian plume model is used for the 

The regional population is defined for a 

. A straight-line crosswind- 

dispersion calculation. 

irborne and waterborne pathways 

as a function of time. For airborne pathways, the population is defined as a 

function of distance and direction corresponding to the locations for which 

dispersion factors are given or calculated. A population-weighted dispersion 

factor is calculated as the sum of the product of population and dispersion 

factor for each location. Alternatively, the population-weighted factor may 

be calculated external to the program and supplied as input. 
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The time frame for the calculation is any 10,000-year period. This 

period is broken into 143 periods of 70 years each. The average release in 

each of these periods is calculated from source-term data provided, and the 

total population dose to selected organs is determined for each period, as 

illustrated in Figure 3.7. The activity present during any period is the sum 

of material released during that period (uniformly released over 70 years) 

and residual material in the environment from releases in previous periods. 

The dose is calculated for all contributing pathways of exposure, including 

external exposure, inhalation, and ingestion of contaminated water and foods. 
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4.0 MATHEMATICAL REPRESENTATIONS 

Section 4.0 describes the mathematical models and algorithms used in the 

GENII package. It is divided into two broad sections: the equations used 

in the short-term analyses (i.e., those for the core GENII package) and the 

equations used in the long-term analyses (those for the DITTY code). The 

first six subsections deal with the core GEkII modules of internal dosimetry, 

external dosimetry, atmospheric dispersion, air submersion, aquatic pathways, 

and terrestrial pathways. The seventh subs&tion is, to some extent, a 

restating of the previous subsections in the nomenclature of the long-term 

calculation. 

4.1 INTERNAL OOSIMETRY 

For this work, estimates are made of the dose equivalents in a number of 

target organs from the activity in a given source organ. For each type of 

radiation i, the dose equivalent Hi in target organ T from radionuclide j in 

source organ S is the product of two factors: 

l the total number of'nuclear transformations of radionuclide j in 

organ S over the period of interest following intake 

l the energy absorbed per gram in target organ T, suitably modified 

for the quality factor, from radiation of type i per transformation 

of radionuclide j in source organ S. 

The number of nuclear transformations of the radionuclide in 

critical factor in the dose estimate. In order to implement 

type of calculations (ICRP 197901982)’ we have developed the 

the body is a 

the ICRP 30 

INTOF code to 

solve this initial-value problem by means of a coupled set of differential 

equations. 

4.1.1 The General Model 

The complete compartment model or the general model used in most cases 

is illustrated in Figure 4.1. The TGLM lung model (ICRP 1966) and the Eve 

GI-tract model (Eve 1966) are connected to the transfer compartment. Each 

organ or tissue of deposition is assumed to consist of from one to four 

compartments, and from each of these compartments the radionuclide is 
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translocated at an appropriate rate to the excretion pathways. For simplic- 

ity, it is assumed in the general model that no feedback to the transfer 

compartment occurs either from the routes of excretion or from the.organ 

compartments. Special models for which this is not the case are described 

as in the following subsections. 

The differential equations that govern the transport of materials 

through the compartments illustrated in Figure 4.1 are listed in Table 4.1. 

The parameters used in Table 4.1 are defined as: 

vij = the quantity of radionuclide j in compartment i as a function 

of time, Bq. For acute intakes, the,model may be initialized 

with amounts of radionuclide j in compartments 1 to 9 and/or 

13. 

1(t) = the intake rate of radionuclide j into the body via inhalation 
(for equations for compartments 1 to 9) or ingestion (equation 

for compartment 13)' Bq/day 

9i = the deposition fraction of inhaled radionuclides into the major 

physiological portions of the lung, dependent on the particle 

size. The deposition fractions used correspond to a set of 

equations fit to the curves in Figure 5.1 of ICRP 30, Part 1 

(ICRP 1979a). . 

Fi = the fraction of deposited material assumed to reside in each 

of the lung compartments, dependent on the translocation class 

of the inhaled material. Values of Fi and Oi are given in 

Table 4.2. 

i Ai = the rate constant describing the transfer of material out of 

compartment i, day-l 

Aij = the net rate of radiological decay (or ingrowth) for radio- 

nuclide j in compartment i, Bq/day 

6f = a Oirac delta function, where 6f = 1.0 if fl is not equal to 

1.0, and where 6f = 0.0 if fl = 1.0 

f 1 = the fractional uptake from the GI tract to the body 
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TABLE 4.1. Equations for the General Model Using Parameters Defined 
on Page 4.3 

1. Lung Comparments 

2 = I(t) Di Fi - Ai Yij - Aij; i = l,g 

dYIO * 
-3 t = X8 Yij - ‘10 ‘1Oj - ‘1Oj 

dYll * 
- - 

+ t = Xg Ygj 0 Aloj 

dy12 l 
+ t 

= x6 Y6j - X7 Y7j - X12 Y12j - A12j 

2. GI-Tract Compartments 

X2 Y2j + x4 + ‘4j + x12 125 Y 0) + I(t) - Xl3 Y13j - A13j 

dY14 * 
-+ 

6f fl x14 
t = 'f x13 ‘13j - 1 - fl + '14 ‘14j - ‘14j 

where 6f = 1 if fl # 1.0 

6f = 0 if fl = 1.0 

dYi. 

3 t = A. 
1-l ‘i-1,j 

0 Xi Yij 0 Aij; i = 15, 16 

3. Transfer Compartment 

'du,,j = [Xl Ylj + X3 y3j + X5 y5j + x10 'lOj1 

+ [cflfi t14) Y14j + (1 - Jf) ‘13 Yl3j] - A17 Y17j - A17j 
4. Organ Compartments 

17j 0 Xi Yij 0 Aij; i = 18, 33 
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.TABLE 4.2. Deposition Fractions and Clearance Half Times(a) (t1/2) 
for the Lung Model 

Class D Class W Class Y 
D (b) 

Region i 
"o;E;;t- F. 

m tl/2 Fi 1 %/2 Fi 9/2 

Naso- 0.3 : 8:: 0.01 0.1 K O-O1 0.01 
Pharangeal 0.9 . 0.99 0.4 

Tracheo- 0.08 3 0.95 0.01 0.5 0.01 0.01 0.01 
Bronchial 4 0.05 0.2 0.5 0.2 0.99 0.2 _ 

Pulmonary 0.25 ii o*8 i*” 0.15 50 0.05 500 

ii .o E 
1 

ii 0.2 0.5 0:05 ii 8-4” 0:135 50: 500 
9 0 0 0 0 0.015 500 

Lymph i! i 0.5 x 50 8 1000 
0 0 a0 

(a) Modified from ICRP 19 (1972) in days. 
(b) For a l-pm-Activity Median Aerodynamic Diameter (AMAD) aerosol. 

The term Aij is developed using a recursive application of the Bateman equa- 

tions (Bateman 191D), and the technique is further described in the following 

section on decay. However, it is used with the standard assumption that 

daughters produced in vivo can be described with the same metabolic param- 

eters‘as the parent radionuclide. While this assumption is in general not 

valid, data in most cases do not exist from.which the parameters for in vivo 

produced daughters can be estimated. Parameters can be estimated for the 

daughters not produced in vivo, but in general the daughters are transported 

to different organs than the parent. Even if the parent and daughter go to 

the same organ, the parameters describing the retention of the daughter taken 

up by the organ rather than produced in the organ are not necessarily the 

same. 

Because the rates of excretion of the radionuclides from the body were 

not part of this investigation, the equations are not included that describe 

the elimination of material leaving the designated organs. 
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4.1.2 The Alkaline Earth Model 

The alkaline earth model implemented in ICRP 30 (1979-1982) calculations 

is based on the power function representation given by ICRP 20 (1973).- The 

preferred model was the recycling model of Johnson (1981b). This model 

uses extra compartments in mineral bone to replace the power functions and 

includes recycling of materials through the transfer compartment. This model 

is illustrated schematically in Figure 4.2. 

The differential equations describing the lung and GI-tract models used 

with the alkaline earth model are the same as those used for the general 

model. The differential equations.describing the unique portions of the 

alkaline earth model are given in Table 4.3. This model replaces the 

general organ model of the general model with specific compartments for 

cancellous (trabecular) bone, cortical (compact) bone, bone surfaces, and 

other soft tissues. Because these compartments include inward as well as 

outward transfers, the notation of the equations in Table 4.3 includes X 

to be transfers into a compartment, and 1’ to be transfer rates out of a 

compartment. 
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TABLE 4.3. Equations for the Alkaline Earth Model 

1. and 2. Include Lung and GI-Tract Compartments Identical to Those 
of General Model 

3. Transfer Compartment 

'~ = Cx, Ylj + X3 y3j + X5 y5j + x10 ylOjl 

+ bf fl I14 
- - 

1 - fl ‘14j + (1 - 'f) x13 ‘13j 

+ ‘i8 ‘18j + 30 ‘2Oj + ‘52 ‘22j + ?3 ‘23 j 

- (‘17 + ‘18 + ‘20 + ‘22 + ‘23) ‘17 - ‘17j 

4. Cancellous Bone Compartments 

dY18* 
-3 t = '18 ‘17j + xi9 ‘19j - (‘i8 + ‘19) ‘18j - “18j 

dY19 * 
-i+ t = ‘19 ‘18j - ‘i9 ‘19j - ‘19j 

5. Cortical Bone Compartments 

dY20 * 
+ t = ‘20 ‘17j + % ‘2lj - (Xi0 + X21) Y2o-j 0 $oj 

dY21* 
79 t = '21 '2Oj' ‘hl ‘2lj - ‘2lj 

i 6. Bone Surface Compartment 

!!gLx y 
22 17j- %2 ‘22j - ‘22j 

7. Other Soft Tissue Compartment 

~=X 23 175 Y .-X~3 Y23j -A23j 
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4.1.3 The Iodine Model 

The iodine model implemented is that of Johnson (1982), which includes 

the provisions for calculating doses to fetal thyroid from iodine ingestion 

by the mother. The lung and GI-tract models are the same as those of the 

general model, and the model for the maternal thyroid is essentially the 

same as that used for ICRP 30 (1979-1982). The model is illustrated in Fig- 

ure 4.3. The differential equations that implement the model are listed in 

Table 4.4. All of the terms used are as defined above, with the addition of 

the fractional transfer terms ff, for fraction to fetal thyroid from the 

maternal inorganic compartment, and fm, for.the fractional transfer to the 

maternal thyroid. The compartment for bladder is not used in the ICRP 30 

model but is retained from Johnson in this implementation. The metabolic 

parameters for the thyroid are programmed into the subroutine, rather than 

read from the more general data library. These parameters are basically 

those of Johnson (1982), with the biological half time of iodine in the 

thyroid corrected to 80 days, as was actually used in ICRP 30 (see the 

errata to ICRP 30 Part 1 given at the end of ICRP 30 Part 3, 1981). 

All decay products of the iodine as assumed to be stable or to escape 

the body before decaying (isotopes of the noble gas xenon). 

The fetal thyroid model is included in the GENII system for future uses. 

The dose factors are not included in the routine tables of dose factor files 

normally accessed by the DOSE routine. 

4.1.4 The Tellurium/Iodine Model 

Some isotopes of tellurium decay to yield radioactive isotopes of 

iodine. It is assumed that all iodine produced in the body by the decay of 

tellurium is translocated instantaneously to the iodine inorganic transfer 

compartment. The metabolic behavior of iodine entering the inorganic trans- 

fer compartment this way is assumed to be governed by the model described 

above for iodine. The metabolic behavior of parent and daughter tellurium 

is governed by the general model. 

The tellurium/iodine model is illustrated in Figure 4.4. The basic 

model is that of the general model, with the relevant portions of the iodine 

model included for iodine produced in the body. The equations implementing 
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TABLE 4.4. Equations for the Iodine Model 

1. and 2. Include Lunq and GI-Tract Compartments Identical to Those 
of General Model 

3. Transfer Compartment (Maternal Inorganic) 

dY17 
'dt = IX, 'lj + ‘3 y3j + ‘5 ‘5j + ‘10’ ‘lojl + ‘13 ‘13j 

+ ‘19 ‘19j + 0.9 X21 Y2lj 0 Xi7 -Y17j 0 Al7j 

4. Fetal Organs (Thyroid and Orqanic Compartment) 

dY18' 
-i+ t = ff '17 ‘17j - ‘18 ‘18j’ ‘18j 

dY19 * 
-i+ t = ‘18 ‘18j - ‘19 ‘19j’ ‘19j 

5. Maternal Orqans (Thyroid and Organic Compartment) 

dY20- 
-+ t = fm '17 ‘17j - ‘20 ‘2Oj - ‘2Oj 

dY21' 7+ t = '20 '2Oj - '21 ‘2lj - ‘2lj 

6. Bladder 

where ff = 0.0, if age 190 days or age >270 days 

i ff = 0.03 (age/90 - l), if 90 c age 1270 days 

fm = 0.3 

7. Note: All xenon decay products are assumed to escape the body before 
decaying. 
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this model are essentially identical to those for the other two models, with 

appropriate revision of the maternal inorganic compartment to indicate that 

in vivo produced iodine is all moved instantaneously to that compartment. 

This equation is given in Table 4.5. The combination of the tellurium/iodine 

model including the fetal thyroid dose calculation capability is unique in 

our experience. 

As with the basic iodine model, all xenon decay products of the iodine 

are assumed to escape the body before decayjng. 

4.1.5 The Radium/Radon Model 

A specia'l case of the alkaline'earth model is implemented for the decay 

of Ra-226 through Rn-222. For this decay chain, radon is assumed to diffuse 

entirely out of soft tissues of the body before decaying and to retain only 

30% in mineral bone tissues (ICRP 1979a). Daughter products of the radon are 

allowed to continue to build into the bone compartments. The equations used 

to implement this option are provided in Table 4.6. 

4.1.6 The Tritium and Carbon Models 

Tritium and carbon-14 are radionuclides handled by the general model 

(Section 4.1.1) in a slightly modified manner. Both are elements that are 

integral to the human metabolism. 

Tritium is assumed to be in the form of tritiated water. All tritiated 

water ingested or inhaled is assumed to be completely and instantaneously 

absorbed into the transfer compartment. Tritiated water is assumed to be 

uniformly distributed among the soft tissues at any time following intake, 

where it is retained with a biological half time of 10 days. In addition, 

exposure to an atmosphere containing tritium results in intake of that mate- 

rial by absorption through intact skin. The combined total rate of intake of 

tritium in air is assumed to be 150% of the inhalation intake rate alone. 

In a similar fashion, all intakes of carbon-14 are assumed to be com- 

pletely and instantaneously absorbed into the transfer compartment. This is 

equivalent to assuming that inhaled material is carbon dioxide gas and that 

ingested materials are readily absorbed carbohydrates. Carbon is assumed to 

be distributed throughout.the organs and tissues of the body, where it is 

4.13 



1. 

2. 

3. 

4. 

1. 

2. 

3. 

TABLE 4.5. Equations for the Tellurium/Iodine Model 

All parent (tellurium) equations are identical to those of the genera 
model. 

Transfer Compartment (for iodine only) (Maternal Inorganic) 

dY l 

~ = C A 
n nj 

' X36 Y36j ' 0.9 X38 Y38j - X34 Y34j 

where n = total of all organs and all parents yielding iodine 
j = iodine index only. 

. . 

1 

All iodine transfers are governed as for iodine model (with the compart- 
ment indices as appropriate). 

Note: All xenon decay products of iodine are assumed to escape the 
body before decaying. 

TABLE 4.6. Equations for the Radium/Radon Model 

All equations are identical to those of the alkaline earth model, with 
the exception of RN daughter handling. 

Soft Tissue Compartments 

A ij = 0.0; j = RN222 index 

Bone Compartments 

= 0.3 Aij; j = RN222 index 

Xlj is then used throughout, replacing Aij 
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retained with a biological half time of 40 days. This assumption is con- 

sidered by ICRP 30 (ICRP 1979-1982) to yield realistic estimates for carbon- 

14.labeled metabolites and to overestimate doses from most other carbon-l$- 

labeled compounds. 

4.1.7 Decay Data 

Radioactive nuclei sometimes decay through a number of unstable 

daughters before reaching a stable (or very-long-lived) end state. These 

decay chains are important in that the decay energies of the daughter pro- 

ducts contribute,to the total dose received from intake of the parent. The 

data on radionuclide half-lives, decay chains, and various fractional branch- 

ing ratios within chains are largely taken from the DRALIST data of Kocher 

(1981b) for consistency with gamma energy data used elsewhere in the GENII 

code package. These data are listed in a standard library accessed by the 

computer codes. 

Radionuclides of half-life less than 10 minutes are of little importance 

in environmental calculations and in terms of internal dose, except where 

they are members of longer decay chains. All decay data in the standard 

library that is used represent radionuclides with half-lives greater than 

10 minutes. For chains with daughters with very short half-lives, the decay 

energy associated with these short-lived daughters has been assigned to the 

parent. This assignment includes correction of the SEE factors in the dose 

calculations. The appropriate branching ratios,have been considered. 

The computer programs within the GENII package include a generalized 

chain decay processor. This processor can give the activity of any member 

of a decay chain as a function of time from any initializing condition. 

Variants of the processor provide the total activities of chain members 

for conditions of continual input of the parent to a system. The chain pro- 

cessor (ACHAIN, with variants BCHAIN, DGCHAIN, etc.) operates on a recursive 

application of the Bateman equations (Bateman 1910). 

The Bateman equations provide a simple means of solving the differential 

equations describing chain decay. The basic form of the equation is 

An = N10 [ Cl e 
41t + c2 e-@ + . . . + C, eoXnt I (4.1.1) 
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‘1 
Ci= n 

‘2 . . . 'i-l (4.1.2) 

l-w Xj - Xi) 
j=l 
j=i 

where An = the activity of the nth daughter 

NlO = the initial activity of the parent at time t=O 

Ai = the decay constant for nucl-ide i of the chain. 

For initial conditions where initial concentrations of the daughter radio- 

nuclides exist, the equations can be applied assuming each nuclide is the 

start of a chain. The results are then summed. 

Another variant in general decay schemes is branching decay. In this 

case, the Bateman solution is applied by using partial decay constants (that 

is, the decay constant times the branching fraction) in the numerator of the 

constants Ci. If the decay chain branches and subsequently the two branches 

are rejoined (as in the natural radioactive series), the two branches are 

treated by this method as separate chains. The production of a common member 

beyond the branch point is the sum of the two paths. 

4.1.8 Metabolic Data 

Values for the fractional uptake of materials, their transfer coef- 

ficients from compartment to compartment, and their elimination rates are all 

contained in a standard computer library. The basic source of this informa- 

tion is the computer code GENMOD. Most of the data in this library is 

adapted directly from ICRP 30 (1979-1982). It also contains the specialized 

i parameters for the alkaline earth model (Ca, Sr, Ba, Ra) of Johnson and Myers 

(1981) . 

The parameters for the iodine model have been deleted from the library 

and hard-wired into the computer code. This simplifies both the iodine model 

and especially the tellurium/iodine model. 

In some instances, the parameters obtained from GENMOD have reverted to 

those of the ICRP because no documentation of the values that came in the 

original file was available. It could not be determined if those values were 
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intentionally used. (A specific example is metabolic data for technetium in 

thyroid.) 

The actinide metabolic data have been updated to account for the recom- 

mendations of ICRP 48 (1986). This includes new fl factors, as well as the 

half-time data and fractional uptake data for specific organs. 

The data adopted from GENMOD incjudes metabolic data for infants (up to 

one year old). This portion of the data has not as yet been extensively 

explored. The methods of deriving this information are given briefly in 

Johnson and Carver (1981) and seem reasonable, but the information has not 

yet been verified. The data may eventually'be used with some minor varia- 

tions on the standard transfer rates for the lung and GI-tract model. 

4.1.9 Dosimetric Data 

As described above, once the integrated retentions of the radionuclides 

in the source organs have been calculated, the dose to each target organ is 

calculated for each radiation of type i from radionuclide j 

H(T + S)i = Us l 1.6 l lo-13 SEE(T + S)i l 103 (4.1.3) 

where Us = the number of transformations of radionuclide j in source 

organ S over the period of integration following intake of 

the radionuclide 

1.6 l lo-13 = the number of joules in 1 MeV 

SEE(T + S)i (in MeV g-1 per transformation) = the specific effective energy 

for radiation type i, suitably modified by quality factor, 

absorbed in T from each transformation in S 

103 = the conversion factor from g-l to kg-l. 

In general, for the intake of any mixture of radionuclides, i.e., parent with 

daughters, the dose in target organ T from radioactivity in several different 

sources S is given by 

H= 1.6 l 10°l’ cc [ Us c SEE(T + S)ilj 
s,j i 

(4.1.4) 
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.The factors for specific effective energy are from a tape of SEE factors from 

ORNL.(a) For purposes of tabulating SEE values,, the body is divided into a 

.set of identified source and target regions with the remaining tissue 

assigned as "other". This region is largely muscle. The breast dose is 

based on the SEE values for "other" as a target. 

The metabolic models used in the calculations partition the activity in 

the body among a number of organs and assign the residual to be uniformly 

distributed among the remaining tissues, generally referred to as the "other" 

tissue. This "other" tissue group do& not necessarily correspond to that 

noted in the previous paragraph. Calculations of the number of nuclear 

transformations are performed for the lung, GI tract, transfer compartment, 

organs identified in the metabolic model, and the "other" tissue group (if it 

is identified in the model). The transformations in the transfer compartment 

are distributed among the "identified' organs and the "other" by mass frac- 

tion. The SEE value for "other" as a source is computed as 

MTB SEE(T+TB) - s c MS SEE(T+S) 

SEE(T+TB) = 
MOTHER 

(4.1.5) 

where MTB and MS are the masses of the total body and source organs. The 

summation extends over all explicitly identified organs (source regions) in 

the metabolic model. The mass of the "other" tissue is 

MOTHER = MTB - s MS c (4.1.6) 

The computer code for calculating internal dose, INTDF, does not itself 

provide effective dose equivalent (whole body dose). Instead, it calculates 

the incremental organ doses for each year following an initial intake. The 

output is the incremental dose to each organ, which is then used in other 

portions of the code to assemble annual doses, dose commitments, and 

(a) Personal communication from Keith Ackerman of Oak Ridge National Labora- 
tory, Oak Ridge, Tennessee. 
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accumulated doses. The method by which these doses are assembled was 

described in Section 3.4. 

4.2 EXTERNAL DOSIMETRY 

The ISOSHLD code that is the basis of the EXTDF module of GENII has been 

documented and verified numerous times (Engel, Greenborg, and Hendrickson 

1966; Sinrmons et al. 1967; Mansius 1969). It is a basic shielding code using 

the commonly accepted techniques of Rockwell (1956) or other standard refer- 

ences. Only the,basic theory is reproduced here. 

4.2.1 Point Kernel Integration 

Figure 4.5 illustrates a point source of gamma-ray photons, So (in this 

example within a large cylindrical volume, SV), that emits with equal inten- 

sity in all directions. 

-- -- Ii 

FIGURE 4.5. Point Source (So) Within a Finite Cylindrical Volume (SV) 
at a Distance p from Point P Through Shields of Thickness 
tl and t2 
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The dose rate at point P from photons originating at So is given by 

SOB e-bl ' 
IF 

D = 
K4np2 

(4.2.1) 

where bl = t piti 
1-l 

D = dose rate, R/h . 
so = emission rate of gamma rays,-photons/set 

B = build-up factor, dimensionless 

Pi = linear absorption coefficient of the ith shield, cm-l 

'ti = slant distance through the ith shield, cm 

K = conversion of gamma-ray flux to dose rate 

. p 
= distance from source to dose point, cm 

N = number of shields. 

7;- 

The dose rate at point P from photons of all initial energies originat- 

ing at all points within the source volume, SV, is given by 

Dtot = E /I 
S,(E,V) B(E,bl) eobl 

dV dE ,, K(E) 4?rp2(V) 
(4.2.2) 

Equation (4.2.2) may be analytically integrated for a few simple geometries, 

and this technique is used to obtain some of the extended source dose 

. formulas given in the shielding handbooks (Rockwell 1956; Etherington 1958; 

Blizard 1962). This equation may be numerically.,integrated for virtually any 

source geometry; however, only regular geometric shapes are normally con- 

sidered suitable for computer integration. Complex geometric shapes are 

generally constructed by synthesis of simple shapes. 

This numerical integration technique (commonly referred to as point 

kernel integration) divides the source volume into a number of differential 

volumes. The source energy is divided into a number of energy groups narrow 

enough to consider the build-up factors, attenuation coefficients, and dose 

conversion factors consistent over the energy range of the group. Each mono- 

energetic differential volume source is then treated as a point source, and 
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the.dose from each of these point sources is calculated. For each point 

source, new values of B, pi, ti, p, So, bl, and K are needed and are calcu- 

lated using trigonometric relationships and basic data appropriate to the 

system geometry, source photon energies, and materials. Integration over 

source volume and source energy is then obtained by summing the dose con- 

tributions from all differential source volumes over all source energies. 

4.2.2 Mixed Mass Attenuation Coefficients 

Linked to EXTDF is a library of mass-attenuation coefficients in 16 

energy groups for 20 common materials. These materials are water, tissue, 

air, hydrogen, lithium, carbon, aluminum, titanium, iron, nickel, zirconium, 

tin, tungsten, lead, uranium, ordinary and magnetite concretes, strontium, 

promethium, and cerium. The attenuation coefficients are listed for mater- 

ials of unit density. For each source and shield region, the code input 

requires the library material number and the material density. Up to five 

materials per region are allowed. Thus, .EXTDF calculates region mixed mass 

attenuation coefficients, Ii, for each region, i, by 

(4.2.3) 

where j is the index of materials specified to be in region i. If a combina- 

tion of the previous 10 materials will not adequately describe a desired 

shield material, the code user may add additional materials to this library. 

4.2.3 The Build-Up Factor 

Linked to EXTDF is a build-up factor library that contains, for 16 

photon energies, the coefficients A, nl, and a2 of Taylor's equation 

(Rockwell 1986) 

B = A eoalbl + (1-A) e-a2bl, (4.2.4) 

for dose build-up from a point isotropic source in seven materials: water, 

aluminum, iron, tin, tungsten, lead, and uranium. This material range covers 

the effective atomic numbers (EANs) from 4 to 92. The data in this library 

were taken from Goldstein (1959, p. 376). 
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In the process of kernel integration, the build-up factor for each dif- 

ferential source volume is calculated for all of,the materials between source 

point and dose point. Values of ti, the source point to dose point line of 

sight distance through the source and shield regions, are calculated for each 

new source point by trigonometric relationships. Values of ~1. for each 

shield region are obtained from Equation (4.2.3). EXTDF then calculates bl 

for 

TaY 

the line of sight from the source point to dose point, and bl is used in 

or's equation to obtain the correct build-up, B. 

Several considerations are disc&&d here in regard to how A, 01, and a2 

m the build-up factor library), are used. The method of selection is by (frl 

effective atomic number. The EAN has been defined in a number of ways (dis- 

cussed in Murty 1965); however, within EXTDF it is defined as 

EAN = 
c % . 
-k+ 

. 
Jo 

(4.2.5) 

where Zj = atomic number of species j in the shield 

4 = atomic weight of species j in the shield 

d j = density of species j in the shield. 

A particular shield region should be chosen whose characteristics will 

be used in calculating build-up through all 'shields in the system. This 

region is usually the last shield region, provided the region is thick com- 

pared to the sum thickness of the other regions. If no build-up region 

choice is made, the code will use the last defined region. The EAN is then 

calculated for the chosen region. EXTDF brackets this effective atomic 

number in the build-up factor table, calculates the build-up factors for both 

effective atomic numbers available in the library, and then interpolates to 

obtain the final build-up factor for use in the numerical integration. 

Because the atomic weight for each material in the library is required 

for use in evaluating EAN, an effective atomic weight (EAW) was defined for 

the mixed elemental materials given in the library. These were calculated by 

4.22 



c 
EAW = k 

NkAk 

c N 
k k 

(4.2.6) 

where Nk is atomic density of species K in the mix, and Ak is the atomic 

weight of species k in the mix. 

In summary, the build-up treatment in EXTDF includes all mean free paths 

in material between the source point and dose point and has the build-up 

characteristics of the last (or a particular specified shield region). 

4.2.4 Conversion of Surface Dose to Effective Dose Equivalent 

External dose rate calculations traditionally end at an exposure rate in 

air, in R/hr or equivalent units. The EXTDF results are used in conjunction 

with internal dose factors expressed in terms of effective dose equivalent, 

i.e., the weighted sum of organ doses. Therefore, all results are converted 

to effective dose equivalent using energy-dependent surface-dose to organ- 

dose conversion factors derived from information in Kocher (1981a). These 

values were derived from dose-rate factors for monoenergetic sources at the 

body surface given by O'Brien and Sanna (1976) and from scattered spectra for 

monoenergetic sources in an infinite atmospheric cloud given by Dillman 

(1974); the calculations were performed by Eckerman and Kerr in Kocher 

(1981a). The results are comparable to, but slightly larger than, those 

given by Kocher (1979) and Till and Meyer (1983),. For GENII, these were 

weighted with the ICRP 26 (1977) organ weighting factors and summed to give 

the surface-dose to effective dose equivalent conversion factors listed in 

Table 4.7. 
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TABLE 4.7. Photon Energy Group Definitions Conversion Factors 
Used in the EXTDF Code 

Group 
Pi;;o; E;;;gy 

9 , 

0.01 - 0.02 

0.02 - 0.03 

0.03 - 0.04 

0.04 - 0.05 

0.05 - 0.06 

0.06 - 0.07 

0.07 - 0.08 

0.08 - 0.09 

0.09 - 0.1 

0.1 - 0.2 

0.2 - 0.3 

0.3 - 0.4 

0.4 - 0.55 

0.55 - 0.75 

0.75 - 0.9 

0.9 - 1.1 

1.1 - 1.35 

1.35 - 1.6 

1.6 - 1.8 

1.8 - 2.0 

2.0 - 2.2 

2.2 - 2.4 

2.4 - 2.6 

2.6 - 2.8 

2.8 - 3.2 

Average Photon Surface Dose to 
Enerqy, MeV EDE Factor (rem/r-ad) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

0.015 0.0424 

0.025 0.131 

0.03,5 0.267 

0.045 0.410 

O.-o55 0.507 

0.065 0.550 

0.075 0.59 

0.085 0.62 

0.095 0.65 

0.15 0.67 

0.25 0.66 

0.35 0.65 

0.475 0.65 

0.65 0.66 

0.825 0.67 

1.0 0.68 

1.225 0.7 

1.475 0.72 

1.7 0.74 

1.9 0.76 

2.1 0.765 

2.3 0.77 

2.5 0.775 

2.7 0.777 

3.0 0.78 
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4.3. ATMOSPHERIC DISPERSION 

The dose to a receptor from an atmospheric release depends on the 

spatial and temporal distribution of radionuclides in the environment. This 

distribution is a function of, the way in which the material is released and 

of the environment between the release point and the receptor. Atmospheric 

dispersion models describe the transport and diffusion of material released 

to the atmosphere. They may also describe the depletion of material as a 

result of deposition on surfaces, washout-by precipitation, chemical trans- 

formations, and radioactive decay. Kao's report (1984) contains mathematical 

derivations of several general diffusion models. 

Selection of a dispersion model for a specific application should be 

based on intended model use, source characteristics, and available meteoro- 

logical data. Simple atmospheric models are appropriate for making concen- 

tration estimates to be used in evaluating potential doses for environmental 

impact statements and preliminary safety analyses because the releases are . 

hypothetical, the receptors are not in the immediate vicinity of the release 

point, and the evaluation is based on assumed meteorological conditions. The 

simple models may also be appropriate for assessing the consequences of a - 

routine release if the release is constant for prolonged periods and if no 

systematic spatial variations of the meteorological conditions occur. More 

complex models are required where topography has a significant effect on 

atmospheric transport and diffusion. In addition, complex models should be 

used for evaluating the consequences of accidental releases where actual 

meteorological data are available. Specialized models are required if con- 

centration estimates are needed in the immediate vicinity of a release point. 

These specialized models require specific information about the geometry of 

the release because they must treat initial plume conditions. Briggs (1984) 

and Hosker (1984) discuss problems associated with modeling transport and 

diffusion near the source. 

Simple atmospheric dispersion models are appropriate for estimating 

radiological doses from potential routine and accidental radionuclide 

releases at Hanford. For cases where simple models are not appropriate, the 

GENII package allows input or realistic data calculated independently of the 
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GENII models. GENII also includes an empirical building wake diffusion model 

that may be used to make concentration estimates near the source. 

The GENII package implements a selection of straight-line Gaussian-plume 

models for use when appropriate. These models are used to estimate air con- 

centrations on a grid for '16 directions and up to 10 distances. The GENII 

models make use of this information, along with information on individual 

location or population distribution, to project exposures from atmospheric 

releases. - - 

4.3.1 Gaussian Plume Models 

The straight-line Gaussian plume model is the basis of a set of disper- 

sion models that are widely accepted for routine dose assessment applica- 

tions. In a strict sense, these models are appropriate if: 

1) the release is from a source that has dimensions that are small 

compared to the distances at which concentrations are to be 

estimated 

2) the terrain is relatively flat and has uniform surface conditions 

in all directions 

3) the atmospheric conditions at the time and location of the release 

completely control the transport and diffusion of material in the 

atmosphere. 

It is not appropriate to apply'these models to releases in valleys, near lake 

shores, or along coasts because they may produce unrealistic dose estimates. 

The basic Gaussian plume model for a continuous release is 

where f = the concentration at the receptor (Ci/m3) 

Q' = the release rate (Ci/sec) 

"Y 
= the horizontal diffusion coefficient (m) 

uZ 
= the vertical diffusion coefficient (m) 

U = the average wind speed (m/set) 

F(Y) = a horizontal off-axis correction term 

(4.3.1) 
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G(z) = a vertical off-axis correction term. 

In this form, the x axis is assumed to be directed in the downwind (trans- 

port) direction, the y axis is directed to the left, and the z axis is 

directed vertically upward. The diffusion coefficients describe the spread 

of the plume and are functions of the atmospheric conditions and the time 

that it takes material to be transported from the release point to the 

receptor. In addition, they are frequently given as functions of atmospheric 

stability and distance from the source. Parameterization of diffusion - - 
coefficients is discussed in Section 4.3.2. Initial dilution of material in 

the plume is determined by the wind speed at the height of the release. If 

the release takes place at or near ground level, it is common practice to 

calculate the wind speed at 10 m above ground in computations. 

The horizontal and vertical off-axis correction terms are dimensionless 

quantities, that describe the decrease in concentration with increasing dis- 

tance from the plume axis. The horizontal correction term has the form 

F(Y) = exp[-0.5(ylt7y2] (4.3.2) 

where y is the horizontal distance to the plume axis in meters. At the plume 

axis, y = 0 and F(y) = 1. As the distance from the axis increases, F(y) 

decreases in the familiar bell-shaped form that is characteristic of Gaussian 

curves. The initial form of the vertical off-axis correction term is similar 

to that given for F(y). It is 

G(z) = exp (-0.5[(z-he)/~z]2} (4.3.3) 

i where z is the height of the receptor above ground in meters, and he is the 

effective release height in meters. The effective release height is the 

actual release height corrected as appropriate for initial plume rise or 

downwash. Estimating the effective release height is discussed in Sec- 

tion 4.3.3. Vertical diffusion is limited by the ground at the bottom of the 

atmosphere. Upward diffusion may also be limited. In this situation, the 

limit is called the top of the mixing layer. 
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The ground and the top of the mixing layer are generally assumed to 

reflect material. These characteristics are incorporated into G(z) by use of 

virtual sources below the ground and above the top of the mixing layer.(e.g., 

see Csanady 1973). The resulting form of G(z) is 

G(z) = nea {exp{-0.5[(2nH-he,+ z)/~~l~} 
=- 

(4.3.4) 

+ exp{-0.5[(2nH-he --z)/o;]~}} 

where H is the mixing layer thickness (depth) in meters. 

Several special cases of interest are included in this relationship. If 

source and receptor are at ground level and the mixing layer thickness is 

large compared to the vertical diffusion coefficient, 

G(z) = 2.0 (4.3.5) 

For an elevated release and ground-level receptor, if the mixing layer thick- 

ness is large compared to the release height and the vertical diffusion coef- 

ficient, then 

G(z) = 2.0 exp[-0.5(helq)2] (4.3.6) 

If the receptor is elevated but the remaining conditions remain true, then 

G(z) = exp(-0.5[(he-z)/~z]2} + exp(-0*5C(he+z)/~z12} (4.3.7) 

Finally, if the receptor is at ground level, the release is elevated, and the 

thickness is not large, then 

G(z) = 2 2 exp(-0.5[(2nH-he)/cz]2} (4.3.8) 
n=-00 
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As the plume grows vertically, it gradually becomes uniformly mixed 

throughout the mixing layer. Uniform mixing is reached when the vertical 

diffusion coefficient reaches approximately 0.8 H. Beyond the distance at 

which this occurs, the average concentration in the plume is given by 

z = * F(y) (4.3.9) 

Y 

The Gaussian models, as defined by Equations (4.3.1) and (4.3.9), are 

most appropriate for estimating average concentrations for periods that are 

longer than the time of travel from the source to receptor and not so long 

that atmospheric conditions are likely to change. This restricts limits 

application of Equations (4.3.1) and (4.3.9) to periods of less than 12 hours 

and probably 6 hours or less. As the duration of a release increases, it 

becomes less likely that the wind direction has remained constant since the 

beginning of the release. To compensate for meandering of the wind, it is 

assumed that the material in a plume is uniformly distributed across a sector 

22.5' in width (n/8 radians). With this assumption, the average concentra- 

tion in a plume in which the vertical diffusi.on has not been limited becomes 

x = -p$+ G(z) 
Z 

(4.3.10) 

where x is the distance between the source and receptor. In plumes with a 

uniform vertical concentration profile, the concentration becomes 

(4.3.11) 

If the release continues, it becomes necessary to consider the effects 

of changes in atmospheric stability, wind speed, and mixing layer thickness, 

as well as larger changes in wind direction. Equations (4.3.10) and (4.3.11) 

can estimate the concentration in the plume under each combination of 
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conditions, but it is no longer appropriate to assume that a receptor is 

- always within the plume. The concentration at a-receptor must be estimated 

by averaging the concentrations during periods when individual plume segments 

affect the receptor and as well as during the periods when the plume is 

elsewhere. This long-term average is given by 

(4.3.12) 

where P.. lJk? is the joint probability that the wind direction falls within 

class i and speed falls within class j, that the stability falls within 

class k, and that the mixing layer thickness falls within class 1. It should 

be recalled that G(z) is a function of distance, stability, mixing layer 

thickness, and release height. The derivation of Equations (4.3.9) and 

(4.3.12) is discussed by Gifford (1968). 

The Gaussian Plume based models embodied in Equations (4.3.1), (4.3.9), 

(4.3.10), (4.3.11), and (4.3.12) estimate average concentrations for con- 

tinuous releases with constant release rates. These concentrations may be 

used to evaluate dose rates. Before doses may be estimated, it is necessary 

to convert the average concentration to exposure. This is done by multiply- 

ing the average concentration by the time that the receptor is within the 

plume. In the case of a release of finite,duration, the release duration may 

be used in computing the exposure. 

4.3.2 Diffusion Coefficients 

A large number of experiments have been conducted to evaluate atmos- 

pheric diffusion coefficients. The results of these experiments have been 

used to relate diffusion coefficients to atmospheric stability and distance 

from the source. The most familiar set of relationships are contained in the 

Pasquill-Gifford-Turner (PGT) curves (Gifford 1961 and 1976). 

Martin and Tikvart (1968) and Tadmor and Gur (1969) present mathematical 

approximations, respectively, to the PGT vertical and horizontal diffusion 

coefficient curves. These parameterizations have the general form 
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Q = AxB + C (4.3.13) 

where A, B, and C are assigned different values for computation of the hori- 

zontal and vertical diffusion coefficients. In computation of the horizontal 

diffusion coefficient, A has been assigned the values for seven atmospheric 

stability classes, B has a constant value of 0.9031, and C has a value of 

0.0. For computation of vertical diffusion' coefficients, A, B, and C are 

assigned values for seven stability classes and three distance ranges. The 

distance ranges are: 1) less than 100 m,-2) 100 to 1000 m, and 3) greater 

than 1000 m. Values for A, B, and C are given in Table 4.8. It should be 

noted that A and C are dimensional constants with units of ml-B and meters, 

respectively. 

4.3.3 Effective Release Height 

Computating ground-level concentrations downwind of elevated releases 

requires that the effective release height be estimated. For free standing 

stacks, the effective release height is defined as 

he = hs + hr - hd 
. (4.3.14) 

where hs = the actual release height (m) 

hr = the plume rise due to momentum and buoyancy (m) 

hd = the plume downwash due to aerodynamic forces around the stack (m). 

TABLE 4.8. Constant Values for Diffusion Coefficient Evaluation 

Sta- AZ B'z cz 
bility Distance Range Distance Ranqe Distance Range 

i Class Ay I 2 3 1 2 3 1 2 3 -- --- 

A 0.3658 0.192 0.00066 0.00024 0.936 1.941 2.094 0 9.27 -9.6 

B 0.2751 0.156 0.0382 0.055 0.922 1.149 1.098 0 3.3 2 

C 0.2089 0.116 0.113 0.113 0.905 0.911 0.911 0 0 0 

D 0.1471 0.079 0.222 1.26 0.881 0.725 0.516 0 -1.7 -13 

E 0.1046 0.063 0.211 6.73 0.871 0.678 0.305 0 -1.3 -34 

F 0.0722 0.053 0.086 18.05 0.814 0.74 0.18 0 -0.35 -48.6 

G 0.0481 0.032 0.052 10.83 0.814 0.74 0.18 0 -0.21 .-29.2 
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Equation (4.3.14) may also be used to define the effective release height 

for stacks in the vicinity of buildings, provided that the stack height is 

sufficient such that plumes emitted avoid entering the building wakes.. As a 

general rule, a stack 2.5 times the height of nearby buildings is assumed to 

be equivalent to a freestanding stack. 

Briggs (1984) discusses both plume rise and downwash. Plume rise is 

directly related to the momentum and buoyancy of the effluent and is 

inversely related to the wind speed. In addition, the extent of plume rise - - 
is affected by atmospheric stability and may be limited by the top of the 

mixing layer. Evaluation of plume rise requires information on stack dimen- 

sions and flow, effluent density and temperature, and ambient air tempera- 

ture. The following relationships from Briggs (1984) provide a consistent 

set of plume rise estimates for all wind and stability conditions. 

Two parameters, buoyancy flux and momentum flux, are used in computing 

plume rise. The buoyancy flux parameter, Fb, is defined as 

(4.3.15) 

where g = the gravitational constant (9.8 m/sec2) 

p. = the density of the plume (Kg/m3) 

pa = the density of air (Kg/m3) 

wO 
= the stack exit velocity (m/set) 

rO 
= the inside radius of the stack (m). . 

The buoyancy flux parameter has dimensions of m4/sec3. The momentum flux 

parameter, Fm, is defined as 

Fm = (PO/r,) Wo2 ro2 

It has dimensions of m4/sec2. 

4.3.16 

The momentum component of plume rise, hm, is assumed to be limited by 

atmospheric turbulence. It is given by 
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h, = 
0.9 [F,/(UU*)]~'~ 

0.4 + 1.2 (U/w,) 
(4.3.17) 

where U is the stack-height wind speed and u* is a characteristicwind speed 

associated with turbulence. The relationship between the characteristic wind 

speed and the measured speed is discussed in Section 4.3.6, Wind Profiles. 

The buoyancy component of plume rise, hb, is estimated using three equa- 

tions. During unstable and neutral atmospheric conditions, the buoyancy rise 

component is given by 

hb = 1.54 [F,/(h*)]2'3 hs1'3 (4.3.18) 

During stable atmospheric conditions with a release height wind speed of 

1 m/set or more, the buoyancy rise component is given by 

hb = 2.6 [F,/(u,11’3 (4.3.19) 
. 

where s is a stability parameter. In stable atmospheric conditions, if the 

wind is less than 1 m/set, the buoyant plume rise component is estimated as 

hb = 5.3 [Fb/s3’2]1’4 - 6 r. (4.3.20) 

The stability parameter in Equations (4i3.19) and (4.3.20) is defined as 

(4.3.21) 

where 9 = the gravitational constant (9.8 m/set) 

8 = the potential temperature of the air (OK) 

aem = the potential temperature lapse rate )(OK/m). 

Near sea level, the stability parameter may be approximated as 
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S = c/T (4.3.22) 

where c is a constant that is defined by stability class, and T is the. 

ambient air temperature (OK). The values of c for E, F, and G stability 

classes are 0.049, 0.27, and 0.49"K/sec2, respectively. 

When Equation (4.3.19) or (4.3.20) is used to compute the buoyant com- 

ponent of plume rise, the estimated rise is compared with the rise computed 

using Equation (4.3.18). The smaller of the plume rise estimates is then - - 
used in computing the final plume rise. 

Final plume rise, which is the sum.of the momentum and buoyant compon- 

ents, is subject to three constraints. If the release height is greater than 

the mixing layer thickness or if the stack exit velocity is equal to zero, 

final plume rise is set to zero. Otherwise, the rise is limited to one half 

of the distance between the top of the stack and the top of the mixing layer. 

The plume rise component Equations (4.3.17);(4.3.18), (4.3.19), and 

(4.3.20), and the effective release height estimate in Equation (4.3.14) give 

the height of the plume after it has become essentially horizontal. These 

equations should not be used to estimate concentrations near the release 
s 

point because small changes in effective .release height result in large 

changes in estimated ground-level concentrations near the release point. 

If concentration estimates are needed for locations within a few hundred 

meters of a stack, the estimates should be made using more appropriate rela- 

tionships. In most cases, concentration estimates near an elevated release 

should be viewed with caution, particularly if the release parameters or 

atmospheric conditions are not well known. 

As the distance from the release point increases, the sensitivity of 

concentration as a function of release height decreases. In most atmospheric 

conditions, at distances greater than one or two kilometers, the concentra- 

tion estimates for elevated release should not be sensitive to moderate 

changes in release height. 

4.3.4 Buildinq-Wake Diffusion Model 
. 

Atmospheric diffusion in building wakes is usually treated by modifying 

the Gaussian plume model to account for increased diffusion caused by 
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bui?dings. However, analysis of building-wake diffusion data (Ramsdell 1988) 

shows that the usual methods of estimating the concentrations in wakes do not 

adequately describe the variations of the concentrations that are caused by 

changes in atmospheric conditions. An alternative model for centerline con- 

centrations in building wakes, which was proposed by Ramsdell, is included in 

GENII. That model is based on a statistical analysis of diffusion data 

obtained at seven locations. 

The basic form of the empirical building-wake diffusion model developed 

by Ramsdell (1988) is 

X/Q' = k xa Ab UC Sd (4.3.23) 

where X = distance from the release point (m) 

A = projected building area (m2) 

S = atmospheric stability class; 1 = A, 2 = B, . . . 

k, a, b, cl d = parameters to be determined. 

This model includes the same variables that have been included in previous 

models. However, it does not specify the way in which each of the variables 

enters the model. Multiple linear regression techniques were applied to 

building wake diffusion data for ground-level releases for a wide range of 

atmospheric conditions and distances to estimate parameter values for the 

model. Parameter values for the model are k = ,150, a = -1.2, b = -1.2, 

C = 0.68, and d = 0.5. 

Although the basic wake model provides a "best-fit" to the data in a 

least squares sense, it is not expected to model the concentrations near the 

source unless the size of the opening through which the release occurs is 

small and the flow through the opening is negligible. Similarly, the model 

does not asymptotically approach the Gaussian plume model as the distance 

from the source becomes large. To correct these deficiencies, the basic 

model is incorporated in the following composite model: 

;iT/Q’ = (F, + F; + Fw) (4.3.24) 
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where F, = the flow rate associated with the release 

FP 
= the denominator of the Gaussian plume model defined in 

Equation (4.3.1) multiplied by a factor of 2 

FW 
= the reciprocal of the wake model defined in Equation (4.3.23). 

In this model, the initial flow, Fo, is constant and does not contribute 

significantly at large distances. Both,Fp and Fw increase as x increases. 

To get the model to asymptotically approach the Gaussian plume model at large 

distances, the wake-induced diffusion-is-limited by placing an upper limit on 

the distance used in the wake model. Further, the limit should be related to 

building size. In GENII, a characteristic building dimension equal to the 

square root of the building area is used to limit the wake diffusion con- 

tribution in Equation (4.3.24). Fw is allowed to increase until the distance 

increases to 20 times the characteristic building dimension. At larger dis- 

tances, the wake diffusion contribution to Equation (4.3.24) is held constant 

at its maximum value. 

The conservative approach to estimating the concentrations downwind of 

short stacks and roof-top vents is to assume that a release takes place at 

ground level unless the release point is 2.5 times the building height. 

However, a significant body of literature.exists to support a less conserva- 

tive assumption in which the behavior of plumes released from short stacks 

and roof-top vents depends on the ratio between the vertical velocity of the 

effluent and the wind speed at release height. When the ratio is large, 

plumes escape the wake; when it is small, they remain in the wake; and when 

the ratio has an intermediate value, they escape the wake part of the time 

and are entrained in the wake the remainder of the time. 

Following the wake diffusion experiments at the Millstone Nuclear Power 

Station, Johnson et al. (1975) suggested a model, which they called a Split-H 

model, to account for this behavior of elevated releases. A modified version 

of the Split-H model is included in the U.S. Nuclear Regulatory Commission 

(NRC) Regulatory Guide 1.111 (NRC 1977c) and is implemented in the XOQDOQ 

model (Sagendorf, Go??, and Sandusky 1982), which is used in evaluating the 

consequences of routine releases from nuclear power plants. The NRC imple- 

mentation of the Split-H model is included in the GENII building-wake model. 
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The Split-H model is applied to releases in which the actual release 

height is equal to or greater than the height of the tallest building in the 

area. Assuming this condition, a release is considered to be elevated when 

the ratio of vertical velocity to wind speed is equal to or greater than 5. 

If this ratio is between 1 and 5, the concentration is computed aisum?ng that 

a portion of the release is elevated and the remainder is at ground level. 

Otherwise, the ratio is less than 1, and the release is considered to be a 

ground-level release. 
- - 

The exact form of the NRC implementation of the model is 

Z/Q’ = M@IQ’ ) entr + (1-M) @~Q’)elev (4.3.25) 

where Z/Q' = the normalized concentration predicted by the Split-H 

model 

M = the fraction of time that the plume is entrained in the 

building wake 

(ziQ’)entr = the normalized concentration in the building wake 

- predicted for a ground-level release 

(fiQ’)elev = the normalized concentration at ground level predicted 

for an elevated release. 

The fraction of the time that the plume is entrained in the wake is estimated 

from the ratio of the effluent vertical velocity (wo) to the release height 

wind speed (Ur) according to: 

M = I 2158 

W&Jr < 1.0 
- 1.58 (wo/Ur) 1.0 Cc W&Jr C 1.5 0.3 - 0.06 (wo/Ur) 1.5 C= W&Jr C 5.0 (4.3.26) 

0 W&Jr >= 5.0. 

The 10-m wind speed is used in the GENII wake model except when the Split-H 

procedure is used. Then the release-height wind will be used to determine 

the fraction of time that the release is in the wake and will be used to 

estimate diffusion when the plume escapes the wake. 
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4.3.5 Deposition and Depletion 

To estimate doses to individuals from contaminated soil and the farm 

product ingestion pathway, it is necessary to first estimate the amount of 

each radionuclide deposited on the ground. Two deposition mechanisms are 

frequently included in atmospheric models. The first mechanism, dry deposi- 

tion, involves the settling of material on a surface as a result of gravita- 

tion and turbulent transport. In the second mechanism, called wet deposi- 

tion, precipitation such as rain forms with particulate material, collides - - 
with particles, or absorbs gases and then carries the material to the sur- 

face. Wet deposition occurs during precipitation and results in a higher 

rate of surface contamination than dry deposition. However, dry deposition 

occurs whenever the concentration of material near the surface is greater 

than zero. As a result, in the vicinity of a source of routine release of 

radioactive nuclides, dry deposition is likely to be the primary process by 

which contamination occurs. Because of the infrequent precipitation in the 

Hanford environment, wet deposition is not considered further. 

Although the deposition rate may be of some interest, the dose rate due 

to deposited material is a function of the total deposited material. The 

total surface contamination is given by 

cS 
=%vdt (4.3.27) 

where C, = the surface contamination (Ci/m2) 

'd = the deposition velocity (m/set) 

f = the average air concentration (Ci/m3) 

t= the time period for which the average concentration was 

computed (set). 

The deposition velocity is a constant of proportionality between surface 

contamination rate and the concentration of contaminants in air. Deposition 

velocity depends on the substance and the surface, and the values of deposi- 

tion velocity covkr a wide range. Sehmel (1980, 1984) summarizes reported 

deposition velocities for many substances including iodine. For noble gases, 

a deposition velocity of zero is used; for most particulates, a deposition 
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velocity of 0.001 m/set is used; and for iodines, a deposition velocity of 

0.01 m/set is used. 

Deposition on surfaces results in depletion of material from the plume. 

Although several methods exist to account for this depletion, they are gener- 

ally not incorporated in simple atmospheric models even when deposition is 

included. As a result, air concentration estimated by simple models are 

biased to the high side. 

4.3.6 Wind Profiles - 

The algorithms within the GENII code are based on wind speeds at speci- 

fic heights. The height at which meteorological data have been obtained may 

or may not correspond to heights appropriate for the use in GENII. Conse- 

quently, a set of algorithms is provided within GENII to adjust wind speeds 

from the height of measurement to the height required. The algorithms are 

based on the diabatic wind profile model described by Panofsky and Dutton 

(1984) . In this model, wind speed is a function of height above ground, 

surface roughness, the characteristic turbulence velocity,.and a characteris- 

tic length associated with the atmospheric boundary layer. 
. 

The general form of the wind profile model is 

u(z) = - 05 In ( 1 z 9 q- (4.3.28) 

where U(z) = the wind speed at height z (m/set) 

u* = the characteristic velocity (m/set) 

Z = the height above ground (m) 

zO 
= the surface roughness length (cm) 

# = a dimensionless empirical function of the ratio between the 

height above ground and the characteristic length,' L, associ- 

ated with the atmospheric boundary layer called the Monin- 

Obukov length (Golder 1972). 

The Monin-Obukov length is positive for stable atmospheric conditions, nega- 

tive for unstable conditions, and infinite for neutral conditions. Estim- 

ates of L-1 used in GENII are based on Golder (1972) which relates the 
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.inverse of the Monin-Obukov length to stability class and surface roughness 

length. 

Wind profile data have been used to evaluate 9, which is a function of 

stability. For neutral stability, * is equal to zero, and Equation (4.3.28) 

simplifies to the familiar logarithmic profile. For stable atmospheric con- 

ditions, q is defined by 

I#=- 5 z/L (4.3.29) 

where L is the Monin-Obukov length- in meters. The definition of g for 

unstable conditions is considerably more complex. It is 

9 = ln [(0.5 + 3 (0.5 + 232 - 2 Atan ) + 21 (4.3.30) 

where # is defined as 

# = (1 - I6 z/L+'~ . (4.3.31) 

4.3.7 Atmospheric Dispersion Model Limitations 

The atmospheric dispersion models discussed are all simple models. They 

yield reasonable yet conservative concentration estimates, provided that they 

are not misapplied. 

As a general rule, the use of Equations (4.3.1) and (4.3.9) should be 

limited to potential releases of 30 minutes to 4 hours in duration. Equa- 

tions (4.3.10) and (4.3.11) can be used to assess the consequences of poten- 

tial releases 2 to 8 hours in duration, and Equation (4.3.12) can be used for 

potential releases with duration of 4 hours and longer. The fact that these 

ranges overlap should not imply that the models will yield identical results 

for release durations that fall within the overlap; they won't. When a 

release duration falls within an overlap, the choice between alternative 

equations should be based on an evaluation of the physical situation being 

modeled, and this evaluation should consider the source characteristics and 

meteorological situation. 
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The derivation of the dispersion models explicitly includes the assump- 

tions that the release is from a point source and that the effluent travels 

in a straight line once it is released. Considering the point source assump- 

tion, Equations (4.3.1) and (4.3.9) through (4.3.11) should not be used to 

estimate concentrations too near the source. For relatively small sources, 

the models may be applied to estimate concentrations as close to the source 

as 800 m. However, if the source isin or 'near large buildings, these models 

should not be used to estimate concentrations closer to the source than 

1600 m. Considering the straight-line assumption, the equations should not 

be used to estimate concentrations further than 80 km from the source under 

ideal conditions of flat terrain and no systematic spatial variations of the 

wind field. If topographic features may alter the wind field, the models 

should not be used to estimate concentrations on the opposite side of the 

features from the source. 

The release duration and travel time to the receptor should also be 

considered when determining a maximum range for estimating concentrations. 

If the release is short compared to the travel time, assuming that the 

effluent travels at the wind speed, the equations may not proyide realistic 

estimates of the concentration. Similarly, if the time required for the 

effluent to travel from the source to the redeptor is more than a few hours, 

atmospheric conditions will likely change sufficiently during the transit 

period to make the concentration estimates unrealistic. Specifically, 

concentrations from releases made near sunrise will be systematically 

overestimated, and concentrations for releases near sunset will be under- 

estimated. These considerations are particularly important when using 

Equations (4.3.1), (4.3.9), (4.3.10), and (4.3.11). 

Other meteorological conditions of concern in applying Equa- 

tions (4.3.1), (4.3.9), (4.3.10), and (4.3.11) include drainage winds, 

passages of fronts and other storms, and periods of low wind speeds. Each 

of these conditions can result in a significant departure from the modeling 

assumption that the release takes place in meteorological conditions that are 

not a function of time. Low wind speeds pose a particular problem because 

1) the wind direction becomes poorly defined as the speed decreases and 

2) the equations become undefined mathematically. 
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4.4 AIR SUBMERSION 

Persons submersed in a plume of airborne material will receive radiation 

exposure from gamma and x-rays emitted external to the body. This exposure 

is generally referred to as external dose from air submersion and is depen- 

dent upon the type of radiation, the energy of the radiation, and the spatial 

distribution of the airborne radionuclides surrounding the receptor. Two 

methods are available in GENII to estimate the dose: 1) the semi-infinite 

plume model and 2) the finite plume model. - _ 

The semi-infinite plume model is based on the assumption that the plume 

is semi-infinite in size (bounded by the ground plane) and that the energy 

deposition per unit volume of air is equal to the rate of energy emission per 

unit volume. In contrast, the finite plume model considers the size and. 

shape of the plume to estimate the actual dose rate at the center of the 

plume at ground level. Both methods may be applied to acute and chronic 

release situations. 

4.4.1 Semi-Infinite Plume Model 

For acute releases of radionuclides, the semi-infinite plume model for 

the air submersion dose is represented as follows: 

Dli = Qi (E/Q) DFsi (4.4.1) 

where D?i = individual dose from external exposure to the plume for 

radionuclide i (rem) 

Qi = total activity of radionuclide i released during the acute 

release period (curies) 

E/Q = acute release atmospheric dispersion factor at the exposure 

location (sec/mS) 

DFsi = submersion dose factor precalculated from EXTDF program 

(rem per Ci - sec/mS). 

For chronic releases, the air submersion dose is calculated similarly: 

D?i = Qi (Z/Q’) DFsi 

4.42 

(4.4.2) 



where Qi is the annual average release rate of radionuclide i (Ci/year), 

y/Q' is chronic release atmospheric dispersion factor at the exposure loca- 

tion (sec/mJ), and other terms are as defined above for acute releases. 

4.4.2 Finite Plume Model 

When the finite plume model is used, the geometry must be considered in 

evaluating the exposure. The evaluation involves use of pre-calculated 

factors representing volume integrals over the plume dimensions. Parameters 

important to this evaluation are plume size; release height, wind speed, and 

photon energy. Two empirical models are available, one for acute releases 

based on the bivariate Gaussian plume model, and one for chronic releases 

based on the crosswind averaged (sector width) Gaussian dispersion model. 

The exposure may be represented as follows for acute releases: 

D?i f Qi C DRAj Eij FCj 

j 
(4.4.3) 

where DRA. 
J 

= acute release finite plume dose rate factor for photons in 

energy group j at the exposure location (rad dis)/(MeV Ci) 

E ij = effective photon energy released by radionuclide i in energy 

group j (MeV/dis) 

FCj = surface-dose-to-effective-dose equivalent conversion factor 

for photon energy group j (rem/rad). 

The surface-dose-to-effective-dose-equivalent conversion factor converts 

from air dose to effective dose equivalent for photons in energy group j. 

The photon energy emission data are read from a data library which contains 

photon data grouped into the six energy groups indicated in Table 4.9. The 

table also gives the surface-dose-to-effective-dose-equivalent conversion 

factors for each energy group. Photon data for each radionuclide are con- 

tained in the data library. 
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TABLE 4.9. Photon Energy Group Definitions and Conversion Factors 
Used in Finite-Plume Air Submersion Calculations 

Photon Energy Average Photon Surface Dose to 
Group Range, MeV Enerqy, MeV EDE Factor, rem/rad 

1 CO.3 0.15 0.67 

2 0.3 - 0.5 0.40 0.66 

3 0.5 - 1.0 0.75 0.67 

4 1.0 - 1.5 1.25 0.71 

5 1.5 - 2.0 -1.-75 0.75 

6 >2.0 2.25 0.78 

For chronic releases, the air submersi.on dose is evaluated as follows: 

D?i = Q'i C DRCj Eij FCj (4.4.4) 
j 

where DRCj is the chronic release finite plume dose rate factor for photons 

in energy group j at the exposure location (rad dis)/(MeV Ci). 

The acute release model uses an empirical function to evaluate the 

finite plume dose factor (DRAj), depending on plume size (oy and oz), plume 

release height (he), and photon energy (subscript j). The empirical function 

was developed from finite plume dose rate factors calculated using the com- 

puter program SUBDOSA (Strenge, Watson, and Houston 1975). The analysis used 

the curve fitting program SSQMIN (Brown and Lin 1973; Brown 1973) to evaluate 

the constants of the empirical function. For ground-level releases, the dose 

rate factor is evaluated as follows: 

DRAOj = Kj ROj/(2 ~ uy ~z U) (4.4.5) 

where K. 

Ro; 

= units conversion factor (rad m3 dis)/(MeV set Ci) 

= ground-level release finite-plume correction factor for energy 

group j (dimensionless) 

"r 
= crosswind horizontal standard deviation of plume size at the 

downwind exposure location (m) 

uZ 
= crosswind vertical standard deviation of plume size at.the 
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downwind exposure location (m) 

U = average wind speed (m/set). 

The factor ROj is evaluated empirically as follows: 

ROj = a?j (ug)blj for ug 5 100 meters 

RO j = a2j (ug)b2j for 100 < ug < 600 meters 

ROj < 1 for all ug 

where 
"s 

= geometric mean of plume dimensions (m) 

"s 
= 'uy uzp2 

a1.j' a2jt bljt ba = empirical constants for energy group j. 

Values for the empirical coefficients are given in Table 4.10. 

For elevated releases, the dose rate factor is evaluated using the 

ground-level correction factor plus an effective release height as follows: 

DRAj = DRAOj exp[-(Hi)2/(2uz)i (4.4.6) 

where HT 
J 

= effective plume height for energy group j (m) 

"5 = HOj h (Uy/Uz) Pj 

where h = effective release height (m) 

TABLE 4.10 Empirical Constants for the Ground-Level 
Correction Factor, Roj 

Energy 
Group alj b2.j a2j hi 

1 0.007062 0.9623 0.1651 0.2779 

2 0.007915 0.9222 0.1514 0.2813 

3 0.008279 0.8839 0.08769 0.3713 

4 0.007696 0.8854 0.07532 0.3900 

5 0.006964 0.8941 0.06136 0.4215 

6 0.005852 0.9038 0.04238 0.4740 
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1 
Hoj = 

- dj (h/uz)ej for hluz 5 10 

fj/ (h/uz) for h/uZ > 10 

4 = Cj exp(-0.015 uz) 

where cj, dj, ej, fj are empirical constants for energy group j. Values for 

the empirical constants are given in Table 4.11. 

TABLE 4.11. Empirical Constants for Effective Release Height, H; 

Energy 
cj Group dj. .ei- fi- 

1 -0.19644 0.31637 0.38578 2.8173 

2 -0.18854 0.29041 0.41921 2.8136 

3 -0.18610 0.28409 0.42522 2.8053 

4 -0.18601 0.28408 0.42532 2.8049 

5 -0.18660 0.28414 * 0.42572 2.8039 

6 -0.18710 0.28418 0.42610 2.8031 

A similar empirical model is used to evaluate the finite plume dose rate 

factors for chronic releases (DRCj). However, the release height dependence 

is handled differently, in that the empirical representation is defined for 

specific release height values. Preliminary evaluation of dose rate factors 

is made for the specific release heights, and these factors are then inter- 

polated to provide dose rate factors for the'desired release height. The 

empirical function development for chronic release dose rate factors is 

based on calculations performed using the KRONIC subprogram FDOSE (Strenge 

and Watson 1973).which performs the dose rate integration over the sector- 

averaged plume volume. 

For ground-level releases, the dose rate factors are evaluated as 

follows for values of uz 5 200 meters: 

DRCoj = Kj [Aj + ~3 In uz] (4.4.7) 
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x2 when x > 900 meters 
where Aj = 

x4+x lnx 1 when x < 900 meters 

[Aj + In 421 ,< 1.0 

and as follows for values of uz > 200 meters: 

DRCo. 
J 

= x5/bz w 
- 

(4.4.8) 

where DRCOj = ground-level dose rate factor for photons in energy 

group j (rem dis)/(MeV Ci) 

X = downwind distance (meters) 

W = sector width at downwind distance x (meters) 

Kj, x1, x2, x3, x4, x5 = empirical constants. 

Value s for the empirical constants are given in Table 4.12. 

The user must perform the following steps in evaluating chronic dose 

rate factors for elevated releases: 

1. 

2. 

3. 

4. 

If uz < slh# set uz = slh. 

If uz < 32h# set xx = maximum of x and 2000 meters. 

and if uz <s3h# EF = Xlhj + X2hj ?n(xx). 

or if uz 2 33h' EF = EF (X4hj + X5hj xx) 

Using these values, 

DRChj = 0.398942 FKj uz X3hj EF/(W uz) 

This completes the evaluation when uz C s2h. 

If uz 2 s2h and uz < s4h, 

and if X > DXhj, 

evaluate EG = exp[X6hj + X7hj ?n ~~1 if X > DXhj. 

Otherwise, EG = X8hj (xxghj) exp(X6hj + X7hj ?n Uz) 

and then evaluate 

DRCjh = 0.398942 FKj Uz EG/(W Uz) 

This completes the evaluation when 32h 5 uz C 34h. 

If oz 2 s4h, 

DRChj = Ahj/(W uz) 
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TABLE 4.12. Empirical Constants for Ground-Level Sector Dose Rate Factors 

Energy 
Group Ak x1 x2 x3 x4 x5 

1 0.0040 0.2154 1.232 -0.1732 -0.1374 0.191 

2 0.0038 0.2056 1.328 -0.2005 0.0005606 0.199 

3 0.0038 0.1763 1.246 -0.1961 0.1066 0.182 

4 0.0036 0.1763 1.246 -0.1961 0.1066 0.182 

5 0.00342 0.1745 1.207 -0.1888 0.07537 0.182 

6 0.00342 0.1500 1. ii385 -0.1609 0.05711 0.182 

Parameters in the above calculational steps are previously defined in addi- 

tion to the empirical constants Ahj, DXhj, Slh through S4h, and xlhj through 

xghj. Values for the '5" constants (dependent only on release height) are 

given in Table 4.13. Values for Ahj, DXhj, and xlhj through xghj are given 

in Tables 4.14 through 4.24, respectively. 

TABLE 4.13. Values for "S" Parameters 

Release Height 
Meters Index Slh S2h S3h S4h 

50 1 5 '80 20 400 

100 2 15 100 30 300 

150 3 30 150 30 400 

200 4 53 150 40 500 

250 5 60 150 40 500 
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. . TABLE 4.14. Parameter Ahj Values 

Release Heiqht Enerqy Group ‘Index 
Meters Index 1 2 3 4 5 6 

50 1 0.1909 0.1995 0.1930 0.1897 0.1888 0.1916 

100 2 0.1904 0.1947 0.1947 0.1908 0.1908 0.1927 

150 3 0.1909 0.1974 0.1905 0.1875 0.1897 0.1914 

200 4 0.1900 0.1971 0.1902 0.1873 0.1893 0.1914 

250 5 0.1897 0.1968 O.l_89!j 0.1870 0.1890 0.1911 

TABLE 4.15. Parameter DXhj Values 

Release Heiqht Enerqy Group Index 
Meters Index 1 2 3 4 5 6 

50 1 900 1000 950 1200 1150 1500 

100 2 0 0 0 0 0 0 
150 3 250 0 0 0 0 0 

200 4 0 0 0 0 0 0 

250 5 0 0 0 0 0 0 

TABLE 4.16. Parameter xlhj Values 
-- _. 

Release Heiqht Enerqy Group Index 
Meters index 1 2 3 4 5 6 -- 

50 1 -0.0079836 -0.0068464 -0.0052439 to.0051147 -0.0048566 -0.0043104 
100 2 -0.002566 -0.002611 -0.002612 -0.002612 -0.0025281 -0.001543 
150 3 -0.0003225 -0.0004380 -0.0003760 -0.0003687 -0.0003970 -0.0004’192 
200 4 -0.0000072393 -0.0000218405 -0.0000287361 -0.0000315728 -0.000055851 -0.000055851 

250 5 -2.78157E-7 -2.1792E-6 -5.79535E-6 -7.382326G6 -l.l2916E-5 -1.99375E-5 
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TABLE 4.17. Parameter x2hj Values 

Release Height Energy Group Index 
Meters Index 1 2 3 4 
-- 

50 1 0.0020302' 0.0017336 0.0013365 0.0012986 

100 2 0.0006260 0.0006320 0.0006176 0.0006642 

150 3 0.00007903 0.0001071 0.000091789 0.0000901 

200 4 0.0000017612 o.000005309 0.0000069799 0.0000076741 

250 5 6.71701113E-8 '5.25722E-7 1.39556E-6 1.78079E-6 

-I’-- 
0.001230t 0.0010886 

0.00060655 0.0003799 

0.00009696 0.00010234 

0.0000135817 0.0000135817 

2.72453E-6 4.815094E-6 

- - 

TABLE 4.18. Parameter x&j Values 

Release Heiqht Enerqy Group Index 
Meters Index 1 2 3 4 5 6 

50 1 1.10853 1.12874 1.16066 1.15024 1.14787 1.14342 . 

100 2 1.2196 1.200 1.200 1.200 1.1124 1.167 

150 3 1.51233 1.43132 1.42964 1.41711 1.3893 1.35022 

200 4 2.193499 1.95538 1.86565 1.832157 1.679025 1.679025 

.’ 250 5 2.76218724 2.337204 2.109784 2.045505 1.950043 1.811961 

TABLE 4.19. Parameter x4hj Va?UeS 

Release Heiqht Energy Group Index 
Meters Index 1 2 3 4 5 6 

50 1 1.06496 1.05508 1.03420 1.0384 1 .D3637 1.036195 

100 2 1.243 1.244 1.244 1.244, 1.3268 1.3207 

150 3 1.36939 1.37817 1.3972 1.3934 1.38817 1.37466 

200 4 1.48126 1.45935 1.48287 1.457285 1.416737 1.416737 

250 5 1.50715482 1.462071 1.4591397 1.430768 1.410792 1.376726 
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TABLE 4.20. Parameter x!&j Values 

Release Heiqht Enerqy Group Index 
Meters index I 2 3 4 5 6. -- 

50 1 -0.00014497 -0.000120429 -0.000107396 -0.000102495 -0.000089844 -o.o000729814 

100 2 -0.0001404 -0.00009759 -0.OOOOS817 -1.E-a -0.0000285 -0.00008758 
150 3 -0.000060141 0.000016914 0.00006756 0.000113459 0.00015535 0.00023030 

200 4 -0.0000i00728 0.000094251 0.000178964 0.000241717 0.000401386 0.000401386 

250 5 2.31697304E-5 1.41925E-4 2.52501Ed4 3.34745E-4 4.020886E-4 5*244587E-4 

TABLE 4.21. Parameter X6hj Values 

Release Height Energy Group Index 
Meters Index 1 2 3 4 5 6 -- 

50 1 -2.2101 -2.2101 -2.2827 -2.33404 -2.411 -2.411 

100 2 -2.51 -2.51 -2.622 -2.622 -2.622 -2.6173 

150 3 -2.83872 -2.83001 -2.86357 -2.87222 -2.88118 -2.90774 

200 4 -3.20158 -3.19662 -3.17113 -3.12888 -2.819186 -2 .a19186 

250 5 -4.11710167 -4.002866 -3.882893 -3.809661 -3.688744 -3.434422 

i 

TABLE 4.22. Parameter x7hj Values 

Release Height Enerqy Group Index 
Meters Index 1 2 3 4 5 6 -- 

50 1 -0.6205 -0.6205 -0.6205 -0.6205 -0.6205 -0.6205 

100 2 -0.568 -0.568 -0.568 -0.568 -0.568 -0.5843 

150 3 -0.53759 -0.53616 -0.54130 -0.54504 -0.54449 -0.54523 

200 4 -0.49928 -0.49664 -0.51172 -0.52408 -0.58410 -0.58410 

250 5 -0.3576202 -0.37317 -0.40363 -0.42112 -0.44262 -0.49152 

4.51 



Release Heiqht 
Meters Index 

50 1 

100 2 

150 3 

200 4 

250 5 

Release Height 
Meters Index 

50 1 0.2761 0.3231 0.32880 0.3470 0.3607 0.3877 

100 2 0 0 0 0 0 0 

150 3 0 0 0 0 0 0 

200 4 0 0 0 0 0 0 

250 5 0 0 0 0 0 0 

TABLE 4.23. Parameter X8hj Values 

Energy Group Index 
1 2 3 4 5 6 

0.1525 0.10602 0.10084 0.08425 0.07891 0.0587 

0 0 0 0 0 0 

0.950 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 
- 

TABLE 4.24. Parameter xghj Values 

1 
Enerqy Group Index 

2 3 4 5 6 
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4.5 SURFACE WATER TRANSPORT MODELS 

Optional surface water transport models are available in the GENII com- 

puter package for estimating, at selected water usage locations, the water 

concentration resulting from.releases of radionuclides to nontidal rivers and 

near-shore lake environments. The mathematical models are the same as those 

employed in the LADTAP II computer program,(Strenge, Peloquin, and Whelan 

1986), which are based on work of Whelan as described a report by Codell, 

Key, and Whelan (1982). Nontidal rivers-are freshwater bodies with unidirec- 

tional flow in definable channels. Near-shore lake environments are surface 

water areas that are near the shores of large open bodies of water and that 

have a straight shoreline, constant depth, and steady-state, unidirectional 

flow parallel to the shore. 

The results of the surface water transport calculations are given in the 

form of a mixing ratio. The mixing ratio is the ratio of concentration at 

the usage location divided by the initial concentration. The ratio includes 

the effect of dispersion and transport. Effects of radiological decay are 

not considered in the surface water models but may be included separately by 

applying decay corrections based on transport time. 

The surface water program solves for radionuclide concentrations in a 

river or large lake under the following limiting assumptions (Codell, Key, 

and Whelan 1982): 

0 constant flow depth 

l constant downstream or longshore velocity 

l straight river channel 

l constant lateral dispersion coefficient 

l continuous point discharge release of effluents 

l constant river width. 

Codell, Key, and Whelan (1982) note that applications of models similar 

to those described here should be restricted to those portions of the near- 

shore zone of a river or lake that are removed from the influence of the 

discharge. Initial dilution near the point of discharge is usually 

controlled by the momentum effects of jets. 
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For nontidal rivers, the assumed release point is on the near shore of 

the river with the water plant intake point located at a downstream distance 

x and a laterally offshore distance y. The water concentration (steady- 

state) at the downstream location is given by the following equation (NRC 

1977b; Codell, Key, and Whelan 1982): 

C = so (It2 $ [ exp - (&)2 Eyud2x ] cos (v) } 
- - 

(4.5.1) 

where C = water concentration at-the downstream location (defined by x and 

y), after continuous‘ release for a given time period (Ci/L) 

B= constant river width (m) 

co = initial concentration of effluent entering the water body (Ci/L) 

d = constant flow depth (m) 

Ey = constant lateral turbulent dispersion coefficient (m2/sec) 

Qb = effluent discharge rate to the receiving water body (ms/sec) 

U = average flow velocity (m/set) 

X = longitudinal (downstream) distance to location of interest (m) 

Y = lateral distance to water intake point from the near shore (m). 

The mixing ratio is calculated as the ratio of C to Co. 

When the dilution volume is used, the water concentration is calculated 

as follows: 

Q’ Wi 
CWi = w (4.5.2) 

where Q'wi is the release rate of radionuclide i to the surface water body 

(Ci/sec), and V is the dilution volume for the receiving water body repre- 

sentative of the usage location (L/set). 

The dilution volume is equivalent to a river flow rate. This represen- 

tative is available for use with all exposure pathways associated with con- 

taminated water usage. 
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Acute surface water releases are considered by allowing the calculation 

of a time;integrated water concentration, Ew, (equivalent to the E/Q used in 

atmospheric transport) as 

Q'w. 

Ewi V 
Owi =-ldtzT (4.5.3) 

Near-shore lake environments are described by a model similar to the 

river model. The NRC (1977b) has suggested-use of a quasi-steady-state model 

valid for simulating contaminant transport in near-shore lake environments 

for distances up to 16 miles. The model is represented by the following 

equation: 

c = (as) exp [- +&-I ig exp [- (2id4;E;2u] (4.5.4) 

where EZ is the vertical turbulent dispersion coefficient (mz/sec), z is the 

depth of discharge (m), and other terms are as previously defined. 

To use Equations (4.5.1) and/or (4.5.4)in any analysis, the lateral 

1 i.e., transverse) and vertical dispersion coefficients must be defined. 

Dispersion coefficients should be obtained by site-specific tracer studies 

whenever possible. Accurately defining dispersion coefficients for all 

riverain or lake environments under all conditions is difficult, if not 

impossible at this time. However, rough estimates can be defined. The 

coefficients are defined such that representative properties of the water 

body are considered when estimating. 

If the absence of site-specific estimates of dispersion coefficients 

(Strenge, Peloquin, and Whelan 1986) has suggested use of the following 

expressions: 

and 
EY = 0.06 du 

EZ = 0.0059 du 

(4.5.5) 

(4.5.6) 
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,Even though Equations (4.5.5) and (4.5.6) were developed for rivers, they are 

also suggested for use with near-shore lake environments. 

4.6 SOIL CONTAMINATION MODEL 

The GENII code simultaneously considers soils in three separate areas: 

residential soils, non-agricultural soils, and agricultural soils. The non- 

agricultural soils are used only in near-field scenarios for defining param- 

eters for arid and humid climate biotjc-transport. Upon the initiation of 

human use of the soils, the soil reverts to either residential, if the person 

lives there, or agricultural, if he grows crops there. Each food pathway has 

its own associated soil, so a large number of soil zones can be active in a 

single simulation. A single soil zone is made up of from one to three com- 

partments, as illustrated in Figure 4.6. 

The surface soil is the portion on which deposition from the atmosphere 

and irrigation occurs, and that from which resuspension occurs. For most 

far-field scenarios, it is the only portion of the soil model that is used. 

Radionuclides may be lost from the surface soil through harvest removal, 

radiological decay, and leaching to deeper soil layers. In situations where 

subsurface contamination exists, radionuclides,may be contained in waste 

packages or simply distributed in the soil. If the waste is in a package, it 

may be released to the soil using the waste package decomposition model. 

Radionuclides in the available subsurface soil (those not in packages) may be 

transported to the surface soils by root uptake by plants, by physical trans- 

port by native animals, or by human interactions through intrusion into the 

waste which result in redistribution of waste from deep to surface soil. 

Although the model explicitly considers three compartments, the fourth 

is conceptually an uncontaminated layer in between the surface and deep 

soils. Although neglected in the model, the existence of such a layer may be 

easily simulated by appropriate application of rooting depth fractions 

(described in Section 4.7). A fraction of plant roots may be described as 

located in the surface soil layer, and another fraction as located in the 

deep soil. These two fractions may add to less than one if a clean soil 

layer intervenes. 
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FIGURE 4.6. Schematic of Soil Compartment Interactions 

4.6.1 Deposition Rates 

For the air deposition pathway, the deposition rate, Dui, is calculated 

from the air concentration and an average deposition velocity as 

Dui = Cai Vdi (4.6.1) 

where Vdi is the deposition velocity for radionuclide (m/set). 

For the water pathways, the deposition rate is calculated from the 

irrigation rate and water concentration as 

where 

Dui = 25.4 Cwi I/(2.592 l 106 MY) 

I = irrigation water application rate (in./yr) 

2.592*106 = units conversion factor (sec/mo) 

25.4 = number of liters in 1 in. applied over 1 m2 

MY = number of mo/yr that irrigation occurs. 

(4.6.2) 
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3.6.2 Removal Rates 
i' 

Radiological chain decay from each of the soil compartments is handled 

with the GENII chain decay processor. The soil compartment for each food 

type, animal type, and residential exposure is treated separately. 

Removal from the surface soils through leaching into deeper soils is 

treated by means of a soil removal rate constant, Xwi, which is a correction 

for long-term leaching of deposited radionuclides out of the surface soil 

rooting and resuspension zones. The values for Xwi are calculated using the 

formula of Baes and Sharp (1981): 

P+I-E 
‘Wi = d (1 + p/Q kdi) 

where P = total precipitation (cm/yr) 

I = total irrigation (cm/yr) 

E = total evapotranspiration (cm/yr) 

d = depth of the rooting zone (cm) 

P = soil bulk density (g/cm3) 

6 = soil volumetric water content (mL/cm3) 

kdi = distribution coefficient for.isotope i (mL/g). 

For simplicity, the term P + E - I is approximated as an overwatering term, 

implying about 15 cm/yr of percolation through the rooting zone and into 

deeper soil layers. The depth, d, is defined as 15 cm to be compatible with 

other portions of the code. Baes and Sharp (1981) show that the term p/6 

averages about 3. Thus the soil removal constant for percolation can be 

considered as inversely proportional to the soil distribution coefficient, 

kdi. The values used in GENII are based on the most conservative (i.e., 

largest) value of kdi identified in a wide range of literature. 

Harvest removal is simulated as a discrete process at the end of each 

calculational year. A quantity of each radionuclide equal to the product of 

the calculated vegetation concentration due to root uptake times the har- 

vested yield (an input) is subtracted from the soil compartments. The sub- 

traction is normalized by the root penetration factor. 
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4.6.3 Biotic Transport 

Models are included to estimate the transport of radioactivity between 

soil layers by plants and animals. These models were developed to estimate 

potential radiation dose to man resulting from biotic transport of activity 

at low-level radioactive waste burial sites (McKenzie et al. 1986). Biotic 

pathways include translocation by plant root systems and by burrowing insects 

and small mammals. Examples of plants include grass, shrubs, and trees; 

examples of insects and mammals include pocket mice, badgers, harvester ants, 

and field mice. 

Transport of activity by insects and mammals is described by the follow- 

ing simplified model: 

Qsni = 2 cs 
j-i ni Mjn 

(4.6.4) 

where Qsni = the quantity of radionuclide i moved to the surface per year 

from soil stratum n (Ci/mB yr) 

a = number of animal species considered 

Csni = concentration of radionuclide i in soil stratum n (Ci/m3) 

Mjn = mass of soil moved from soil stratum n to the surface by 

animal j (m3/ha yr). 

The burrowing activity is assumed to result in excavation of soil, all 

of which is deposited on the surface soil layer. 

The transfer of activity by plants to the surface is estimated as 
I 

follows: 

Qhi = CSni Bvi RZn Bz/K (4.6.5) 

where QPni = quantity of radionuclide i moved from soil stratum u to the 

surface per year (CilmB yr) 

P = number of plant species considered 
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Bvi = soil-to-plant transfer factor (Ci/g plant per Ci/g soil) 

RIn = fraction of roots of plant 1 in soil stratum n (dimensionless) 

Bl = total biomass production of plant Z for a year (g/m2 yr). 

K = soil density (Kg/m3). 

The quantity of activity brought to the surface is assumed to be uni- 

formly distributed in the surface soil and available for entry into plant and 

animal product pathways in subsequent years. Other exposures include 

external dose from ground surface contamination and inhalation of suspended - 
activity. 

4.6.4 Manual Redistribution 

Transport of material from the deep soil or contained waste compartments 

to the surface soils may occur via human disruption of a site. This is 

modeled simply using a manual redistribution factor. The manual redistribu- 

tion factor relates the resultant surface soil concentration, in Ci/mB, to 

- the initial subsurface concentration, in Ci/mS. Because the surface soil is 

modeled as a slab 15 cm thick, a scenario in which deep soils are brought up 

and overlay the previous surface would use a manual redistribution factor of 

0.15 (e.g., 0.15 mS of deep soil is required to provide a 15-cm-thick layer 

over one m2). Scenarios that result in proportionately less redistribution 

would be simple multiples of this value. 

4.7 TERRESTRIAL EXPOSURE PATHWAYS 

This section presents the environmental transport pathway models 

selected to estimate exposure of individuals or populations from releases 

of radionuclides to air or water. The primary exposure modes considered 

are inhalation, external exposure, and ingestion. The exposure analysis 

begins with environmental concentrations predicted by air and water transport 

models. Output from the exposure analysis is an estimate of the effective 

dose equivalent for either a maximally exposed individual or the collective 

dose to a defined population group. Optional input is that of radionuclide 

concentrations in various exposure pathway media derived from environmental 

monitoring data. 
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The mathematical models for the environmental transport pathway analysis 

are described in this section in general terms with 'emphasis given to defini- 

tion of parameter requirements. For readability, activity units are show in 

this section as curies, although the code actually functions in "units of 

activity" (UoA), which are converted to becquerels or curies as required. 

Models are included for the major routes of transport of radionuclides from 

the release point to the point of intake or exposure by humans. The models 

used are generally of the type called the "concentration factor method" by 

ICRP 29 (1979b). The relationships between-the environmental concentrations 

and human exposures are illustrated in Figure 2.1 on page 2.4. The four 

"transport" boxes on the left of the figure indicate the input to the 

terrestrial exposure analysis. The exposure pathways represented in this 

figure include the following: 

l inhalation - primary mode of exposure for the air transport pathway 

l drinking water ingestion - from all three water transport pathways 

l aquatic food ingestion - from fish and shellfish produced in water _ 

contaminated from overland or surface water transport pathways 

l crop ingestion - from farmlands contaminated by air transport and 

deposition, or from irrigation using water contaminated from the 

water transport pathways 

0 animal product ingestion - from animals fed contaminated crops 

(all transport pathways) or contaminated water (water transport 

pathways) 

l external exposure to radionuclides - from contaminated air or soil 

(air transport pathway) and from aquatic recreational activities 

(swimming, boating, and shoreline activities for surface water 

transport pathways). 

In the following discussions, the concentration of a radionuclide in air 

or water is assumed to be the starting point in the environmental transport 

analysis. For air pathways, the concentration may be represented in three 

forms, as follows: 

1. average concentration, Cai, for time period, t 
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2. long-term time-integrated air concentration, x/Q' x Q' 

3. short-term time-integrated air concentration, E/Q x Q. 

Each of these representations has equivalent units of Ci sec/m3. These 

units are derived for the first representation by multiplying the'air con- 

centration by the exposure period, Cai x t. 

Chronic water pathways are represented by the average water concentra- 

tion, CWi, for radionuclide i existing over the exposure period. This - - 
concentration is supplied as input to the program or is estimated from a 

relatively simple relationship as indicated in Section 4.5. Acute releases 

are represented by the time-integrated water concentration, Ew, in Ci-set/L. 

No ground water or overland water transport models are included in this 

program. 

Mathematical models and parameters required for each model are defined 

for each exposure pathway in the discussions below. The dose to an indi- 

vidual is the output of the exposure models. For simplicity, the dose param- 

eters are referred to as "dose". Actually, the calculations are implemented 

to give dose as well as effective dose equivalent to selected organs. The 

dose conversion factors may be defined for whatever uptake and commitment 

period necessary, as specified by the user, for the particular case being 

-analyzed. The representations in the equations, therefore, do not mention 

the uptake or commitment periods as such, but assume that appropriate factors 

will be used for the particular calculationbeing performed. 

The formulations are/complete, in that they all relate directly to dose. 

The coded equations are, in many cases, fragmented to allow more efficient' 

use of intermediate parameters. Some equations given here have been simpli- 

fied to eliminate unit conversion factors. The actual equations as coded are 

given in the hand-calculation worksheets supplied in the GENII Code Main- 

tenance Manual, Volume 3 of this set of documentation. 

4.7.1 Inhalation 

Inhalation exposure may result from inhalations of the passing plume or 

from inhalation of resuspended activity. The dose to an individual from 
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inhalation of contaminated air is calculated from the individua‘l ventilation 

rate and the air concentration parameter. 

hi = 3.15 l 107 B Cai f Dhi (4.7.la) 

or 

Dni = 3.15 l 107 B Q' Z/Q' Dhi (4.7.lb) 

Dni = B Q E/Q fc Dhi (4.7.lc) 
- 

where Dni = individual dose from inhalation (rem/yr) 

3.15 l 107 = the number of seconds in a year 

B = ventilation (breathing) rate for exposed individuals (m3/sec) 

Cai = average air concentration of radionuclide i (Ci/m3) 

Dhi = inhalation dose conversion factor for radionuclide i 

(rem per Ci inhaled) 

f = fraction of year exposed to inhalation (dimensionless) 

E/Q = short-term normalized time-integrated air concentration (sec/m3) 

f/Q' = long-term normalized time-integrated air concentration (sec/m3) 

Q = total release of radionuclide i (Ci) 

0’ = average release rate of radionuclide i (Ci/sec) 

fc = fraction of acute plume passage time spent in cloud 

(dimensionless). 

Inhalation of resuspended activity uses the first form of the above 

representation (Equation 4.7.la) with the air concentration estimated from 

either a resuspension factor or mass loading considerations. These methods 

are based on the assumption that the particulate matter in the air has the 
!' same activity as the soil at the location. This is represented mathemati- 

cally using a resuspension factor as follows: 

Cai = M Csi (4.7.2) 

where M is the resuspension factor (m-1) and Csi is the soil concentration of 

radionuclide i (Ci/m2). 
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The resuspension factor may be estimated in one of two ways - either by 

using a time-dependent function developed by Anspaugh et al. (1975) or by 

means of a mass loading factor. The Anspaugh resuspension factor is given 

as: 

M = 10-4 exp(-0.15 ,/t) + IO-9 (4.7.3a) 

where M= resuspension factor (m-l), 

10-4 = resuspension factor at time t = 0 (m-1) 

0.15 = effective decay constant controlling the availability of 

material for resuspension (dayli2) 

t= time after deposition (days) 

10-9 = resuspension factor after 17 years (m-1). 

The second term in Equation (4.7.3a), 10-9, is added based on the assumption 

that no further measurable decrease in the resuspension factor process occurs 

after about 17 years, the longest period for which there are data available. 

Alternatively, the resuspension factor may be calculated from the 

atmospheric mass loading as 

M = S/p (4.7.3b) 

where S = mass 

P = soil 

to a 

Evaluation 

loading of soil in air (g/m3) 

surface density (g/m2). A standard.value of 224,000 g/m2 

depth of 15 cm is used. 

of the soil concentration was described in Section 4.6. 

4.7.2 Drinking Water Ingestion 

Exposure to radionuclides by means of the drinking water ingestion path- 

way may result from the ground water or surface water transport pathways. 

The overland transport pathway may contribute to contamination in surface 

water systems and thus indirectly contribute to drinking water ingestion of 

radionuclides (as indicated in Figure 2.1). The dose from the ingestion of 

water is calculated from the water concentration, water ingestion rate, a 

water treatment factor, and a decay correction (for transport through the 

4.64 



water distribution system). The dose to an individual using a contaminated 

domestic water supply is calculated as follows: 

Dwi = Uw Cwi Tfi exp(-Xi tp) Dgi (4.7.4a) 

Dwi = Uw Ewi Tfi exp(-Xi tp) Dgi (4.7.4b) 

where Dwi = individual dose from water ingestion for radionuclide i - _ 
(remlyr) 

uw = water-intake rate for an indi,vidual (L/yr) 

CWi = water concentration of 'radionuclide i (Ci/L) 

Wi = ingestion dose conversion factor for radionuclide i (rem per Ci 

ingested) 

Tfi = water treatment purification factor, fraction of contaminant 

remaining after treatment for radionuclide i (dimensionless) 

Xi = radiological decay constant for radionuclide i (set-I) 

tP = time of transit through the water distribution system (set) 

Ewi = time integrated water concentration (Ci set/L). 

The water concentration, Cwi, represents the concentration at the usage 

location. This concentration can either be provided directly as input or 

estimated as shown in Section 4.5. 

The water treatment purification factor accounts for removal of radio- 

nuclides during treatment in municipal water supply facilities. If no water 

treatment is performed, then the purification factor is 1. The daily water 

intake rate is dependent on the type of calculation being performed. For an 

individual at maximal exposure, a higher value is generally assumed than for 

an average individual or population analysis. Inadvertent ingestion of water 

during bathing could be represented by an increment to the daily intake rate. 

However, the amount is considered small (0.01 L/d) compared to the daily 

average intake from drinking water (2 L/d) and is not included in this 

analysis. 
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.4.7.3 Aquatic Food Ingestion 

Ingestion of contaminated aquatic foods is an exposure pathway 

considered for the surface-water transport pathways. Four types of aquatic 

foods are considered: fish, mollusks, invertebrates, and water plants. Fish 

represent organisms exposed in free-flowing rivers, lakes, or sea coasts. 

Mollusks and invertebrates represent organisms that live in water and feed in 

sediments. The radionuclide concentration in these organisms is related to 

the contaminant water concentration through bioaccumulation factors. The 

individual dose from chronic ingestion of aquatic foods is calculated for the 

water concentration and uptake rates as follows: 

Dai = t Uf CWi Bif exp(-Xi tp) Dgi 
f=l 

(4.7.5a) 

where Dai = individual dose from aquatic food ingestion for radionuclide i 

(rem) 

CWi = water concentration (Ci/L) 

Bif = bioaccumulation factor for aquatic food f (L/kg) _ 

n = number of aquatic food types ingested 

tP = time for decay from food harvest to consumption (set) 

Uf = consumption rate of aquatic food f, for individuals (kg/d). 

For acute exposures, for a time-integrated water concentration of Ewi, 

the dose is given as 

Dai = 2 Uf Ewi Bif exp(-Xi tp) Dgi 
f=l 

(4.7.5b) 

4.7.4 Crop Ingestion - Chronic Exposures 

Two models are used for calculating human exposures to contaminated 

foods, one for chronic releases and one for acute releases. The acute model 

is an extension of the chronic model and is described in Section 4.7.6. 

Irrigating with contaminated water or direct deposition of airborne con- 

taminants onto plants can contaminate agricultural crops. Four food products 
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associated with contaminated crop production are considered: leafy vege- 

tables' root vegetables, grains, and fruit. The leafy vegetable category 

represents plants such as lettuce.whose edible portions are above ground, I 

exposed, and eaten directly with little processing. The root vegetable cate- 

gory represents all other vegetable crops where direct deposition has a much 

smaller chance of being incorporated directly into the edible portion of the 

plant. The model used to estimate radionuclide concentration in edible plant 

portions considers uptake from two pathways: direct deposition and absorp- 

tion through roots from soil. The model-is- a variant of that prepared for 

the NRC for use in Regulatory Guide 1.109 (1977a). This model has been shown 

to be reasonable by direct comparison of modeled and measured values (Jaquish 

and Napier 1987). From direct deposition onto leaves, the radionuclide con- 

centration in the plant at time of consumption is calculated as follows: 

Clip = Dui Tvp r [l -exp (-Xei tep)] exp (-Xi thp)/(Xei Yp) (4.7.6) 

where Clip = concentration of radionuclide i in the vegetable for pathway p 

(leafy, root, grain, or fruit) from deposition onto leaves 

W/kg) 

Dui = deposition rate from air or water onto farmlands (Ci/mz/sec) 

TvP = translocation factor from plant surfaces to edible parts of the 

plant (dimensionless), currently assumed at 1.0 for leafy 

vegetables and forage crops, and 0.1 for all other vegetation 

r= fraction of initial deposition retained on the plant 

(dimensionless), discussed below 

Xei = effective weathering and decay constant (see-1) 

tep = duration of the growing period for plant type p (set) 

thP = time between harvest and consumption for the vegetable type 

bet) 

Yp = yield of crop type p (kg/mz). 

From the root uptake pathway, radionuclide concentration in the plant is 

calculated as follows for air deposition pathways: 

Crip = Kdi Rp2 + (Csi/P + Cbi) Rpl] Bvip exp(-Ai thp) (4.7.7) 
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.where Crip = plant concentration from uptake through roots for radionuclide 

I and plant type p (Ci/kg) 

Bvip = soil-to-plant transfer factor for radionuclide i 

(dimensionless) and plant type p 

Cbi = residual soil concentration from previous years'. deposition 

of radioneclide i (Ci/kg) 

CSi = area soil concentration from air deposition for radionuclide 

i (Ci/m8)@ discussed below 

Cdi = deep soil concentration-for radionuclide i, Ci/kg, discussed 

below 

P = effective soil density in the plow layer (kg/mz) 

BP1 = root penetration factor for surface soil, (dimensionless) 

BP2 = root penetration factor for deep soil, (dimensionless). 

This root penetration factor is included for special cases where the 

contamination is not uniform with soil depth. See the soil model discussion 

in Section 4.6. The factor allows a simple correction based on the fraction 

of the plant room system that is in contaminated soil. For example, if the 

contaminated soil is buried a meter or so below the surface, only a portion 

of the root system would reach the contamination. Uptake of radioactivity 

for such cases would likely be less than if the entire root system were in 

-contact with the contamination. 

The total plant concentration at the time of consumption is then cal- 

culated as the sum of the contributions from direct deposition and soil 

uptake as follows: 

Cip = Clip + Crip (4.7.8) 

where Cip is the concentration of radionuclide i in crop type p at the time 

of consumption (Ci/kg). 

The individual dose from ingestion of agricultural crops is estimated 

from the plant concentration in Equation (4.7.8) and the average consumption 

rate of vegetables as follows: 
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Dvi = i!l 
p=l 

Up Cip Dgi (4.7.9) 

where Dvi is the dose from consumption rate of contaminated crops (rem/yr), 

and Up is the consumption rate of crop type p (leafy, root, grain, or fruit) 

in kg/yr. The summation is over the four vegetable types. 

Interception Fraction, r 

The interception fraction, r, for a-given vegetation type is a factor 

that accounts for the fact that not all of the material deposited within a 

unit area will end up on vegetation surfaces. The fraction of the total 

deposition that initially resides on vegetation is the interception fraction, 

r, such that 0 cr c 1.0. 

The interception of materials in irrigation water is not well studied. 

Thus, a default value of 0.25 is used for all materials deposited on all 

vegetation types by irrigation. 

An empirical relationship between biomass and interception fraction was 

originally suggested by Chamberlain (1967). This model has been expanded 

recently by Pinder, Ciravolo, and Bowling (1988) for grasses and other 

species. The following form of the equation is used for grasses, leafy vege- 

tables, and grains: 

r = 1.0 - exp(o2.9 Yp fd) (4.7.10a) 

A similar equation is used for fruits and other vegetables: 

r = 1.0 - exp(-3.6 Yp fd) (4.7.10b) 

where fd is the dry-to-wet biomass ratio, and Yp is the standing biomass of 

the growing vegetation, kg(wet)/m2. The dry-to-wet ratio is required because 

the Pinder formulations are given in terms of dry biomass. This formulation 

results in the need to define the growing biomass, as well as the harvested ' 

yield (for use with the harvest removal term defined in Section 4.6). The 

values currently in the GENII default files are given in Table 4.25. 
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The value formerly used at Hanford for the interception fraction was 

0.25 for atmospheric deposition and for irrigation deposition. The newer 

formulations for atmospheric deposition tend to produce higher concentrations 

than did previous techniques. 

4.7.5 Animal Product Ingestion - Chronic Exposures 

Atmospheric deposition of contaminants onto feed crops and use of 

contaminated water to irrigate feed crops can result in the ingestion of 

contaminated crops by animals. In addition, contaminated water can be used 

for animal drinking water. Four animal products are considered: beef, 

poultry, cow milk, and eggs. In evaluating the radionuclide concentration in 

the beef, poultry, milk, and eggs, the animals are assumed to be feed crops 

containing radionuclide levels defined by Equation (4.7.8), without the decay 

correction between harvest and consumption [the exponential term with thp in 

Equations (4.7.6) and (4.7.7)]. The animal product concentration resulting 

from animal ingestion of contaminated feed is calculated as follows: 

Cfim = Cip Fmi f Qf exp(-Xi thm) (4.7.11) 

where Cfim = concentration of radionuclide i in animal product m, from 

animal ingestion of contaminated feed (Ci/L for milk and Ci/kg 

for meat) 

Cip = concentration of radionuclide i in feed crop p, used by the 

animal (Ci/kg) 

f = fraction of animal feed that is contaminated (dimensionless) 

Fmi = transfer coefficient that relates daily intake rate by an 

animal to the concentration in an edible animal product (Ci/L 

milk per Ci/day for milk and Ci/kg meat per Ci/day for meat) 

Qf = consumption rate of feed by the animal (kg/d) 

thm = holdup time between harvest or slaughter and consumption for 

the animal product (set). 
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TABLE 4.25. Harvested Yield, Standing Biomass, and Ratio of Drv to Wet 
Vegetation Used in Interception and -Harvest 

Category 

Harvested(a) 
Yield (wet) 

for Soil Removal 

Standin (b) 
Biomass wet) T 

for Interception 

Removal Models 

Dry-to-Wet(c)- 
Ratio for 

Interception 

Leafy Vegetables 

Other Vegetables 

Grain 

Fruit 

Meat: Forage/Hay 

Meat: Grain 

Poultry & Eggs: 
Grain 

Milk: Fresh Forage 

Milk: Hay 

2.0 2.0 0.10 

4.0 2.0 0.25 

0.6 0.8 0.18 

2.0 - 3.0 0.18 

2.0(d) 1.0 0.20 

0.6 0.8 0.18 

0.6 0.8 0.18 

3.0(d) 1.5 0.20 

2.0(d) 1.0 0.20 

(a) Adapted from data in Shor, Baes, and Sharp (1982) for the Washington 
counties of Benton, Franklin, and Yakima. 

(b) Derived from data in Shor, Baes, and Sharp (1982), Strenge, Bander, and 
Soldat (1987), or Napier et al. (1980). 

(c) Adapted from Till and Meyer (1983), Section 5. 
(d) Multiple cuttings. 

In evaluating the feed concentration, Cip, from Equation (4.7.8)' param- 

eters representative of animal feed production are used which differ from 

vegetable production parameters for human consumption. For example, the 

growing period is usually set to 30 days to represent animal grazing habits. 

The contribution to animal product concentration from animal ingestion 

of contaminated water is calculated as follows: 

Cwim = CWi Fmi fw Qw exp(-Xi thm) (4.7.12) 

where Cwim = concentration of radionuclide i in an animal product m, from 

animal ingestion of water (Ci/kg for meat and Ci/L for milk) 

fw = fraction of animal water that is contaminated (dimensionless) 

Qw = consumption rate of water by the animal (L/d). 
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Default values of the animal consumption rates used in the GENII code 

are given in Table 4.26. 

The,total concentration in the animal product is the sum of the con- 

tributions from feed and water intake: . 

Cim = CWfm + Cfim (4.7.13) 

where Cim is the concentration of radionuclide i in animal product m (Ci/kg) 
. 

for beef and eggs, and Ci/L for milk). 

The individual dose is calculated from the animal product concentration 

and the consumption rate of the products as follows: 

Dmi 5 it Urn Cim Dgi (4.7.14) 
m=l 

where Dmi is the individual dose for radionuclide i from ingestion of animal 

product m (rem), and Um is the average daily consumption rate of animal pro- 

duct m (L/d for milk and kg/d for meat). The summation is over the four 

animal product types - meat, milk, poultry, and eggs. 

TABLE 4.26. Default Consumption Rates of Feed 
and Water by Farm Animals 

Animal 

Milk Cow 

Feedko/rdprage Water 
(g Y) (L/day) 

55 60 

Beef Cattle 68 50 

Poultry 0.12 (dry feed) 0.3 

Adapted from Baker, Hoenes, and Soldat (1976). 

4.7.6 Terrestrial Food Pathways Models - Acute Releases 

Radionuclides deposited on farmland can result in human radiation 

exposure through farm product pathways. These pathways -include food. crops 

4.72 



and.animal products. Under accidental release conditions, the amount of 

activity ingested through these pathways is difficult to assess. The annual 

average parameter values and equilibrium bioaccumulation factors used in the 

chronic pathway analysis models are not directly applicable in describing 

radionuclide behavior during'the short time periods considered in accidental 

release situations, but they may be more useful for estimating time- 

integrated dose. The GENII formulation for acute releases takes advantage 

of this. Information is not provided on dose rates, but estimates are given 

for total integrated dose for specific sets-of assumptions. The GENII 

formulation is similar to, but an extension of, that used in the Belgian 

model DOSDIM (Govaerts, Martens, and Kretzchmer 1983). The GENII formulation 

is also conceptually similar to that used in the model PATHWAY (Whicker and 

Kirchner 1987), but it uses fewer input parameters. 

The GENII formulation for acute releases is intended to be used in pro- 

spective assessments, for which the exact timing and conditions of an acci- 

dent cannot be predicted. For conditions following an accident, the GENII 

models using known input concentrations should instead be used. 

The basic input to the following derivation is season of year, which is 

actually a surrogate for a more complex set of assumptions concerning crop 

status and time until harvest. In brief: 

l Winter accidents result in soil contamination which becomes a 

source of contamination via root uptake for all plant pathways for 

the remainder of the year. 

l Spring accidents result in soil contamination for root vegetables, 

grains, and fruit (because of little plant development and long 

I weathering times). They also result in deposition on leafy vege- 

tables and pasture grass (thus causing milk and beef contamina- 

tion). Human exposures to ingested contaminants via the leafy 

vegetable and milk pathways are moderated by the weathering of the 

initial contamination, using the model developed for the PABLM code 

by Napier (Till and Meyer 1983). A weathering time of up to three 

months is assumed. 
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. Summer accidents result in both soil and leaf contamination of all 

vegetable products and of forage for animals. A weathering time of 

one month is assumed for root vegetables, grains, and fruit; 

immediate harvest and use are assumed for leafy vegetables and 

forage using the PABLM continuous weathering model. 

l Autumn accidents are assumed to occur imnediately before harvest, 

resulting in no soil uptake for crops for that year. 

The initiating parameter in all of -the following .equations is the 

initial deposition on the ground and plant surfaces. This may be defined 

from the integrated air concentration or the integrated water concentration 

as 

cS(t=O)a = E/Q Q vd (4.7.15) 

Cs(t=O)w = Ew I (4.7.16) 

where Cs(t=O)a = the initial soil surface concentration (i.e., at time t=O) 

from atmospheric deposition, also interpreted as the total 

downward flux of material per unit area (Ci/m8) 

Cs(t=O)w = the initial soil surface concentration from irrigation 

deposition (Ci/m8) 

and other terms are as defined in prior sections. 

The basic formulation for human intake of contaminated crops is depend- 

ent on the times of deposition, harvest, and consumption. The initial 

concentration on the plant can be expressed as 

cp (t=0) = r Cs(t=O) Tvp/Y (4.7.17) 

The initial plant concentration due to the initial deposition decreases over 

time by means of radiological decay and weathering. These processes are 

assumed to occur continuously from deposition to harvest. The plant con- 

centration at harvest is calculated as 

Cp(t=Th) = cp(t=o) e-h Th (4.7.18) 
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where Xe = an effective removal constant 

Xe = Xr + Xw 

Xr = radiological decay constant 

Xw = weathering removal rate, based on a half time of 14 days. 

After harvest, a delay period usually occurs before consumption of the 

food product begins. During this delay, additional radiological decay may 

occur. For some crops, the consumption period may last for weeks or months. 

To estimate the uptake during this period, consumption is assumed to occur at 

a uniform rate. The total intake is then given by a time integral over the 

consumption period 

(4.7.19a) 

or 

I = U Cp(t=Th) [l - e-ir Tf]/Xr (4.7.19b) 

where I = the total activity of a radionuclide ingested over a consumption 

period Tf (Ci) 

U = the average daily ingestion rate of the crop over the ingestion 

period (kg/day) 

Tf = the length of the uptake period (day).. 

The radiation dose received by a person ingesting this amount of activity can 

be determined using appropriate ingestion dose conversion factors. 

This model may be extended for use with animal products. The animal is 

assumed to eat contaminated crops or drink contaminated water and produce, 

contaminated products continuously over the consumption period defined for 

humans. The animal product concentration at the time of production is then 

given as 

Ca(t) = Cp(t) Fmi f Qf (4.7.20) 

This animal concentration is not strictly appropriate, because the equilib- 

rium constant does not directly apply to the transient case; but the integral 
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.of the concentration is appropriate. The result for the animal product con- 

centration is then used in Equation (4.7.19b) to estimate the total radio- 

nuclide intake by an individual consuming the particular animal product. 

This model is most appropriate for animal products in which the radionuclide 

concentration comes to a,rapid equilibrium. 

Application of the general equations is illustrated in Tables 4.27 

through 4.30. These tables present the equations used for leafy vegetables, 

other vegetables, milk and meat, and other animal products for the four 

seasons. The equations yield the total-time-integrated concentration 

realized by the consumer of the food product, in Ci-yr/kg, which when multi- 

plied by the consumption rate in kg/yr gives in Ci the total intake of radio- 

nuclides resulting from the initial release. 

For each of the equations in Tables 4.27 through 4.30, terms are 

included for uptake to the crop by means of root and leaf pathways. For 

winter and some spring pathways, the leaf route is set to zero. The plant is 

assumed dead above ground during winter. For autumn accidents' the root 

pathways are set to zero because the harvest is assumed to occur soon enough 

after the deposition that the plant has not come to an equilibrium with the 

soil. Most equations also explicitly contain the exponential term of Equa- 

tion (4.7.19b). Those that do not, contain the term [l/(Xr + XW)]. This is 

the exponential integrated to infinity' because the weathering term is so 

fast that the remainder of the integral term is negligible. 

4.7.7 External Exposure 

Land and surface-water transport pathways are involved in external radi- 

ation exposure.' Individuals may be exposed to contaminated air and ground. 

They may also be exposed through aquatic recreational activities, such as 

boating, swimming, and shoreline water use. The radiation dose is calculated 

as follows from the water concentration or soil concentration, depending on 

which transport pathway is being studied. 
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Aquatic Recreational Activities 

For water pathways, the recreational dose is 

Dei = (0.5 tb + ts) Cwi Dbi + tf Cdi W Dsi (4.7.21) 

where Dei = dose to an individual from external exposure for radionuclide i, 

from aquatic recreational 'activities (rem) 

Cdi = sediment concentration of radionuclide i, deposited on shore- 

line from contaminated water .(Ci/m2) 

tb = time spent by an individual in boating (h) 

tf = time spent by an individual fishing or in shoreline activities 

04 

ts = time spent by an individual swimming (h) 

Dbi = external dose conversion factor for radionuclide i, for 

immersion in water (rem/h per Ci/L) 

Dsi = external dose conversion factor for exposure to a contaminated 

plane of radionuclide i (rem/h per Ci/m2) 

W = shore width factor to correct for finite size of shoreline 

(dimensionless). 

The average sediment concentration is estimated from a model developed 

by Soldat, Robinson, and Baker (1974) relating water concentration to sedi- 

ment concentration following a long period of deposition. The sediment con- 

centration is given by the following expression: 

Cdi = 100 Ti Cwi [l - exp(-Ai Tb)] (4.7.22a) 

where Tb = length of time the sediment is exposed to the contaminated 

water (d) 

Ti = physical half-life of the radionuclide (d) 

100 = transfer constant from water to sediment (L/m2/d). 

The value of the transfer constant was derived for several radionuclides 

by using data obtained from analyzing water and sediment samples taken from 

the Columbia River between Richland, Washington, and the river mouth, and 

from Tillamook Bay, Oregon, 75 km south of the river mouth (Nelson 1965; 
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Toombs and Cutler 1968). The equation estimates an effective surface con- 

tamination for calculating gamma exposure rates to persons standing on sedi- 

ment. 

The shore-width factor,, W, represents the fraction of dose from an 

infinite plane source an individual could receive from a given shoreline 

situation that may not be well described as an infinite plane (for which the 

dose factors are defined). The shore-width factor is essentially a geometric 

correction. Suggested values for W are derived from experimental data 

(Dunster 1971) and are presented in Table 4.31. 

TABLE 4.31. Suggested Values for Shore-Width Factor 

Shoreline Type, Shore-Width Factor 

River Shoreline 0.2 

Lake Shore 0.3 

Nominal Ocean Site 0.5 

Tidal Basin 1.0 

For acute releases, the time-integrated water concentration, Ew, is used 

in place of the integral portion of Equation' (4.7.22a) as 

Cdi = 100 Ti Ew (4.7.22b) 

Exposures from sediment are then calculated as given in,Equation (4.7.21). 

For swimming and boating, certain assumptions have been incorporated. It is 

assumed that maximum individuals are exposed to the entire passage of the 

contaminated water. Populations, conversely, are assumed to completely avoid 

contamination. These assumptions are only valid if the acute release and 

transport times are short. Otherwise, the individual dose could be substan- 

tially over estimated. With these assumptions, Equation (4.7.21) can be 

rewritten as 

Dei = 1.5 Ewi Dbi + tf Cdi W Dsi (4.7.23) 
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Contaminated Land 

Generally, exposure to contaminated ground is important only for the air 

transport pathway because water transport pathways will not result in 

widespread contamination. Airborne deposition is assumed to cover the entire 

region of the defined population group, and all individuals are potentially 

exposed. However, in evaluating the maximally exposed individual dose, soil 

contamination from irrigation is also included as an external exposure route. 

The radiation dose is calculated from the soil concentration as follows: - - 

Dxi = tS CSi DSi (4.7.24) 

where Dxi is dose to an individual from exposure to contaminated ground for 

radionuclide i (rem), and ts is the time of exposure to contaminated ground 

(h). 

Inadvertent Ingestion of Soil and Water 

Uptake of radionuclides may result from inadvertent ingestion of soil 

with foods or of water during recreational swimming. Soil ingestion is 

estimated conservatively using soil ingestion amounts of Kimbrough et 

al. (1983) presented in Table 4.32. Using the values in this table, an 

estimate of average soil ingestion over the lifetime of an individual can be 

obtained. This average value is 410 mg/d. The average individual dose 

from inadvertent ingestion of soil is then estimated as follows: 

TABLE 4.32. Soil Ingestion by Age(a) 

Age Group Soi 1 Inqested (mq/d) 

0 - 9 mo 0 

9 - 18 mo 1,000 

1.5-3.5 yr 10,000 

3.5-5 yr 1,000 

> 5 yr 100 

(a) Derived from Kimbrough et al. 
(1983). 
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Ddi = 410 td Csi Dgi/2.24 l 108 (4.7.25) 

where Ddi = dose to an individual from inadvertent ingestion of soil (rem) 

td = period of exposure to ingestion of soil (d) 

410 = daily average soil ingestion rate (mg soil/d) 

2.24 l 108 = area1 soil density (mg soil/m2). 

Inadvertent ingestion of water may also occur during recreational swim- 

ming. The amount ingested is assumed tobe 10 mL per hour of swimming. The 

time of swimming (ts) as defined above for Equation (4.7.21) is used to 

estimate the average daily exposure as follows: 

Dri = 0.01 CWi ts Dgi 

where Dri is the dose to an individual from ingest 

tional swimming (rem), and 0.01 is the inadvertent 

ing recreational swimming (L/hr). 

4.7.8 Population Dose Calculations 

ion of water dur ing recrea- 

water ingestion rate dur- 

(4.7.26) 

The above models have described calculation of dose to individuals. 

Population doses can be estimated from the individual dose in two ways, 

depending on the basis for determining the exposure of the population group. 

If the number of people exposed by a given pathway is known, then the popula- 

tion dose for that pathway is estimated as the product of individual dose and 

population exposed as 

Dpi = Pp Dpi (4.7.27) 

i 
where Ppi = population dose for pathway p and radionuclide i (person-rem) 

Dpi = dose to an individual from pathway p and radionuclide i (rem) 

PP = number of people exposed by pathway p (persons). 

External exposure pathways and inhalation exposure use Equa- 

tion (4.7.27). The ingestion pathway may also use Equation (4.7.27) if the 

amount of food produced is known to be sufficient to feed the given popula- 

tion. Or alternatively, base the number of people exposed on the amount of 
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,food produced. This is accomplished by considering the number of people that 

can be fed by the production using average ingestion rates. 

Pp = Kp/(Up tp) (4.7.28) 

where Pp = population served by production of food type p (persons) 

KP = production of food type p during period of exposure (kg or L) 

UP = consumption rate of food type p during the period of exposure - - 
(kg/d or Ld) 

tP = period of exposure (d). 

The population served as calculated by Equation (4.2.28) is then used in 

Equation (4.7.27) to estimate the population dose. 

4.7.9 Special Models for SH and 14C 

The behavior of the radionuclides tritium and carbon-14 in exposure 

pathways is handled in a special manner. The concentrations of tritium or 

carbon-14 in environmental media (soil, plants, and animal products) are 

assumed to have the same specific activity (curies of radionuclide per kilo- 

gram of soluble element) as the contaminating medium (air or water). The 

fractional content of hydrogen or carbon.in a plant or animal product is then 

used to compute the concentration of tritium or carbon-14 in the food product 

-under consideration. The hydrogen content in both the water and the nonwater 

(dry) portion of the food product are used when calculating the tritium con- 

centration. For airborne releases, it is assumed that plants obtain all 

their carbon from airborne carbon dioxide and that animals obtain all their 

carbon through ingestion of plants. 

i The transfer of 14C from water to plants is difficult to model because 

plants acquire most of their carbon from the air. Currently available models 

for carbon-14 uptake by plants from water use specific-activity models relat- 

ing the activity in the plants directly to the activity in irrigation water. 

This is extremely conservative in that it assumes that plants receive all of 

their carbon from water. An interim model is described here based on the 

ratio of grams of carbon-14 to grams of total carbon in soil and a correction 

for the amount of carbon plants obtain from soil. 
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The special models recommended for 3H are described first followed by 

the 14C models. The concentration of tritium in vegetation is calculated as 

CHP = 9 CWH Fhp (4.7.29) 

where CHP = the concentration of 3H in plant type p (Ci/kg) 

CwH = the concentration of tritium i'n the environmental water (Ci/L) 

FH~ = the fraction of hydrogen in total vegetation. - 

The coefficient 9 converts tritium concentration in environmental water 

to concentration in hydrogen. The fractions of hydrogen in various food 

types are given in Table 4.33. 

For airborne release, the concentration of 3H in environmental water is 

calculated from the air concentration and the absolute humidity as follows: 

CwH = CaH/H (4.7.30) 

where CaH is the average air concentration of 3H (Ci/m3), and H is the 

absolute humidity (L/m3), taken to be 0.008 L/m3 for Hanford. 

The concentration of tritium in the animal product is 

CH Qf + c”Hb’ 
CHm = m FHm 

(4.7.31) 

where CHm = concentration of 3H in animal product m (Ci/kg or Ci/L) 

CHP = concentration of 3H in animal product feed crop p (Ci/kg) 

CwH = concentration of 3H in animal drinking water (Ci/L) 

FHf = fraction of hydrogen in animal feed (dimensionless) 

FHm = fraction of hydrogen in animal product m (dimensionless) 

and other terms are as previously defined. 

The models for 14C are similar to those for 3H. The concentration of 

carbon-14 in vegetation from irrigation is 
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TABLE 4.33. Fractions of Hydrogen and Carbon in Environmental 
Media, Vegetation, and Animal Products 

Food or 
Fodder 

Fresh fruits, 
vegetables, 
and grass 

0.80 0.45 0.062 0.090 0.10 

Grain and 
stored animal 
feed 

0.12 0.45 0.062 0.40 - 

Eggs 0.75 0.60. 0.092 0.15 

Milk 0.88 0.58 0.083 0.070 

Beef 0.60 0.60 0.094 0.24 

Poultry 0.70 0.67 0.087 0.20 

Absolute humidity . . . . . . . . . . . . . . . 0.008 L/m3 

0.068 

0.11 

0.11 

0.10 

0.10 

Concentration of carbon in water . . . . . . . 2.0 x 10-5 kg/L(c) 

Concentration of carbon in air . . . . . . . . 1.6 x 10-4 kg/m3(d) 

Fraction of soil which is carbon . . ‘. . . . . 0.03 

Soil moisture . . . . . . . . . . . . . . . . . 0.1 L/kg 

(a) F,, or F,, = f, (1 - f,) 

(b) Fhv or Fha = f,/g + fh (1 - f,) 

(c) Assumes a typical bicarbonate concentration of 100 mg/L 

(d) Assumes a typical atmospheric CO2 concentration of 320 ppm, 
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CCP = Cwc I tep O-l [l 
0.01 PXsc 

- exp(-XsC tep)] (4.7.32) 

where CCP = concentration of 14C in plant type p (Ci/kg) 

cwc = concentration of 14C in irrigation water 

xsc = effective removal rate constant for 13C in soil (set -1) 

0.1 = the assumed uptake of 10% of plant carbon from soil 

0.01 = the average fraction of soi_l that is carbon 

and other terms are as previously defined. The concentration of 14C in crops 

from atmospheric contamination is calculated as 

CCP = Cat Fcp/Pc (4.7.33) 

where CaC = concentration of 14C in air (Ci/m3) 

FCP = fraction of carbon in the plant (dimensionless) 

PC = concentration of carbon in air (kg/m3). 

The concentration of 14C in animal products is calculated as 

CCm = 
CcpQf + CwcQw 

RfQf + FcwW FCm (4.7.34) 

where CCm = concentration of 14C in animal product p (Ci/kg or Ci/L) 

CCP = concentration of 14C in crop used for animal feed (Ci/kg) 

CWC = concentration of 14C in animal drinking water (Ci/L) 

FCf = fraction of carbon in animal feed (dimensionless) 

FCw = fraction of carbon in animal drinking water (dimensionless) 
i 

FCm = fraction of carbon in animal product m (dimensionless) 

and other terms are as previously defined. This expression can be simplified 

for airborne releases by noting that the water concentration (CwC) is zero, 

and the carbon content in plants is much higher than in water (FCf >>FCw). 

The animal product concentration then becomes: 

FCm 
CCm = Qp FCf 
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4.8 LONG-TERM CALCULATIONS 

This section describes the mathematical models and algorithms used in 

the DITTY program. The discussion is divided into five parts as follows: 

l source terms - specification and use 

l airborne release - modes for estimating average air concentrations 

downwind of the release, and definition of the exposed population 

l waterborne release - model for de_finition of exposed populations 

l environmental concentrations - models 

environmental pathway concentrations 

l pathway dose calculations - models to 

doses from important pathways. 

Most of the descriptions parallel those in 

to estimate important 

determine total population 

the previous five sections, 

4.3 to 4.7, modified for the lD,OOD-year integral formulation. 

4.8.1 Incorporation of Lonq-Term Sources 

The environmental source terms represent the rate at which radionuclides 

enter the environment through airborne or waterborne routes. The generation 

of source terms is normally performed by sophisticated computer programs for 

ground water transport. To interface easily with these programs, a general 

method for source-term specification was chosen: all radionuclide release- 

rate data are provided as time/rate data pairs. Each data pair gives a time 

(years after a reference time) and a release'rate in curies per year for a 

given radionuclide. The data for each radionuclide are provided in a set of 

data pairs with up to 450 time points. Such a set is provided for each 

radionuclide of interest. Using this procedure, a different set of time 

points can be used for each radionuclide. Because of the great variation in 

transport properties among the radionuclides of interest in radioactive 

waste, it is important to be able to specify releases over a range of time 

periods. 

To use the release rate data within the 'IO-year increment calculational 

scheme, the release rate data are interpolated and integrated to give the 

total activity released in each 70.year increment. 
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A special option is included to describe an acute release to the 

environment at the beginning of the time period. This acute release can be 

selected for either airborne or waterborne pathways. No more than one acute 

release per computer simulation is allowed. 

4.8.2 Long-Term Airborne Releases 

To estimate the radiation dose received from releases to the atmosphere, 

it is necessary to consider atmospheric transport of radionuclides. The 

atmospheric processes transport the radionuclides throughout the region 

rounding the release point. The resulting distribution of material is 

tant in determining the radiation exposure received by members of the 

regional population through potential exposure pathways. This section 

describes the methods available for specifying and estimating atmospher 

dispersion. 

sur- 

mpor- 

C 

Calculating population exposure is based on a spatial grid as described 

in Section 414.3. The population data set is specified as the number of 

people living within each area element of the grid at a given time. Sixteen 

directions and up to 10 distance intervals are used. The atmospheric disper- 

sion calculation is based on joint frequency ofpccurrence data for wind 

speed, wind direction' and atmospheric stability for the site. One set of 

joint frequency data is given to be used with all population data. The down- 

wind normalized air concentration is estimated for each area element using 

the long-term average equation provided in Section 4.3. If values of 

normalized air concentrations are already known, they may be supplied as 

input rather than calculations. The dispersion factors are used with the 

population distribution data to provide a population-weighted dispersion 

factor. The factor represents a population-weighted estimate of the average 

normalized air concentration for the region. The factor is calculated as 

follows: 

directions distances 

PM(t) = c 
i=l 

c 
j=l 

Pij (t) (X/Q’ ) ij (4.8.1) 
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,where PM(t) is the population-exposure factor at time t (person-sec/m3), and 

Pij(t) is the number of people living in the area interval in direction j at -. 

distance i at time t (persons). As the equation indicates' the population 

exposure factor is a function of time. Changes in population over the 

lO,OOD-year period will be the primary cause of change in the population- 

exposure factor. While climate changes may also affect the factor, such 

changes are difficult to predict and are not considered. 

Two options that determine population-exposure factors are available in 

DITTY for normalized air concentration values. When estimates of the total 

population change are known, the population exposure factor for the initial 

time may be calculated, and values for 'remaining time increments will then be 

calculated by ratio to population changes with time. If population distribu- 

tion data are known as a function of time, they may be used to calculate 

population-exposure factors at each of the specified times, which are, in 

turn, interpolated for each 700year increment. 

Specifying population exposure factors can occur by direct input of 

factor at defined time points or by calculation from defined meteorological 

data and population data. When population exposure values are input, inter- 

polations are made to determine the values at the midpoint of each 70-year 

time increment. 

.4.8.3 Lonq-Term Waterborne Releases 

Pathways associated with waterborne releases include external exposure 

to contaminated water and sediment; ingestion exposure from drinking water, 

farm products (via irrigation), and aquatic foods; and inhalation of 

resuspended material after irrigation. The release of activity to water is 

described by a release rate in curies per year defined at specific times. 

The activity released is assumed to result in exposure of a regional popula- 

tion. Specification of the number of people exposed to waterborne pathways 

is performed similarly to definition of population for airborne pathways. 

The major difference is that only the total population is specified (spatial 

distribution. is not needed). 

Two methods are available for defining population data for waterborne 

release. The first method is to define the population exposed during each of 
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the. 143 700year periods. The second method is to give the population present 

at specified times for interpolation at the midpoint of each 'IO-year period. 

4.8.4 Long-Term Environmental Concentrations 

In estimating exposure of the regional population from airborne as well 

as waterborne releases, it is necessary to determine radionuclide concentra- 

tions in several environmental media and exposure-pathway media. This sec- 

tion describes models used to estimate air, water, soil, sediment, and food 

concentrations for the important pathways-. -All radionuclide concentrations 

are expressed as time integrals over a 70.year period. This is done to 

facilitate dose calculations that use the concentration data. 

Input to the pathway analysis is the total release of curies in each 

700year time period. The total release is combined with population and dis- 

persion parameters to estimate an environmental parameter for the exposure 

analysis. For airborne releases, the value is calculated as: 

A,(i,t) = PM(t) 3o1E l lo 
-8 

/ 
to+70 

ri to 
ai(t)dt (4.8.2) 

where Ac(i,t) = population-weighted airborne release for radionuclide i 

over 70 years (person-Ci-yrP/m3) 

PM(t) = population exposure factor for time period t 

(person-sec/m3) 

Xri = radiological decay constant for radionuclide i (yr-1) 

ai = release rate of radionuclide i at time t (Ci/yr) 

3.169 l 10-8 = conversion factor (yrjsec). 

i 
For waterborne releases, the water concentration parameter is calculated as: 

P(t) N M 1.119 l 10 
-9 

/ 

to+70 
W,(i,t) = 

Fr 'ri 
C(t)dt 

to 
(4.8.3) 

where Wc(i,t) = population-weighted water concentration for radionuclide 

i and time period t (person-Ci-yrz/L) 

P(t) = population exposed to water for time period t (persons) 

4.93 



N = reconcentration factor (dimensionless) 

M = mixing ratio (dimensionless) 

Pr = flow rate of receiving water (ft3/sec) 

cw 

1.119 . loo9 

= release rate to the receiving wat;r (Ci/yr, at time $) 

= conversion factor‘, 
28.31 -& 3.156 l 1D7 yr F 

(q$l" 

The airborne pathway analysis used the air concentration parameter, 

Ac(i,t), to determine several environmental concentrations: - - 

l Sca(i,t), soil concentration parameter for radionuclide i, 

person-Ci-yr2/kg 

l Lca(i,p,t), time integral of leaf concentration for radionuclide i 

and pathway p, from air deposition and resuspension over the 

current period t, person-Ci-yr2/kg 

l Pca(i,p,t), time integral of plant concentration for radionuclide i 

and pathway p, from air-deposited contaminants on plants and root 

uptake over the current period t, person-Ci-yr2/kg. 

The soil concentration parameter is calculated from the air concentration 

parameter assuming deposition to be at a uniform rate over the 70-year 

period: 

S,,(ilt) = 
(4.8.4) 

where vdi = deposition velocity for radionuclide i (m/set) 

xb = environmental decay constant (yr-1) 

7.069 l 109 = constant (224 kg/m2 l 3.156 l 107 sec/yr). 

The environmental decay constant, Xb, is calculated as the sum of a 

radiological decay constant, Xri, and a soil removal constant for weathering 

Xwi. The soil removal constant is a correction for long-term leaching of 

deposited radionuclides out of the soil rooting and resuspension zones. The 

values given for Xwi are calculated using the formula of Baes and Sharp 

(1981) as given in Equation (4.6.3). 
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The time integral of leaf concentration is calculated from the air and 

soil concentration parameters assuming a constant soil concentration equal to 

the value at the end of the 70.year period. This is a conservative assump- 

tion. The equation is: 

L,,(i ,P,t) 
r 'di = - [Ac(i,t) + 1.49 l 10 O8 
yP 

S,,(i A)1 (4.8.5) 

1 - eoAeiTp ' 36 
x 

3 156 . 107 
. 

ei 

where Yp = crop yield for food pathway p (kg/m2) 

Xei = effective retention rate constant for radionuclide i (yr-1) 

r= interception fraction, discussed in Section 4.7.4 

Xei = Xri + 18.0838 (yr-1) 

18.0838 = rate constant for a 140day half time 

TP = growing period for food pathway, p (days) 

0.25 = interception fraction (dimensionless) 

1.49 l 10-8 = conversion factor, 1 l 10-9 (m-.1) l 224/15 (kg/m2) 

365 = days per year 

3.156 l 107 = seconds per year. 

The factor of 1 l 10-9 (m-l) represents a resusp.ension factor assumed con- 

stant' characteristic of aged deposition material (Anspaugh et al. 1975). It 

is assumed that the resuspended activity deposits on the plants near the soil 

from which it was suspended. Downwind transport of resuspended activity is 

not considered. The factor of 224 is the soil area density to a depth of 

15 cm of 224 kg/m2, and 15 cm is the plow depth through which the contamina- 

tion is distributed. This value is included so that only the top centimeter 

of material (l/15 of the total) is considered available for resuspension. 

The leaf concentration as calculated above represents the time integral over 

a 70.year period. 

The radionuclide concentration in edible parts of the plant includes 

material from direct deposition plus material from root uptake: 
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ka(hp,t) = ka(Lplt) Tvp + Sca(i,t) Biv (4.8.6) 

where Pca(i,p,t) = time integral of plant concentrations for plant type p 

for radionuclide i and time period t (person-Ci-y&kg) 

TvP = translocation factor of externally deposited radio- 

nuclides to edible parts of the plant (dimensionless) 

Biv = concentration ratio,for plant uptake of radionuclide i, 

Ci/kg (wet weight plant) per Ci/kg (dry weight soil) 
- 

and other terms are as previously defined. 

The concentration used for calculating uptake by population is the plant 

concentration for plant pathways. For animal pathways, the uptake is calcu- 

lated as: 

Acdi ,p,t) = ka(ilPlt) Sip Qp (4.8.7) 

where Aca(i,p,t) = time integral of animal product concentration for 

radionuclide i, animal product p, and time period t, 

period-Ci-y&kg (person-Ci/yrz/L for milk) 

Sip = transfer coefficient of radionuclide i from daily 

intake by animal to edible portion of animal product, 

Ci/L (milk) per Ci/day or Ci/kg (animal product) per 

Ci/day 

QP = the consumption rate of contaminated feed or forage 

by the animal for animal product p (kg/day). 

The waterborne pathway analysis uses the water concentration Wc(i,t) to 

determine the following environmental concentrations: 

l Scw(i,t), soil concentration for radionuclide i for the current 

period t for irrigation deposition, person-Ci-yrz/kg 

l Sdw(i,t), sediment deposition concentration for radionuclide i for 

current period t for shoreline of contaminated water body, 

person-Ci-yr2/m2 
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l Lcw(i,p,t), leaf concentrations for radionuclide i, plant type pl 

and time period t for irrigation deposition and.resuspension, 

person-Ci-yr2/kg 

0 Pcw(i,p,t), plant concentration of radionuclide i and pathway p, 

from irrigation deposition onto plant and root uptake through soil, 

person-Ci-yr2/kg. 

The soil concentration at the end of the period is calculated assuming 

uniform deposition over the period. - - 

S,,W) = 
W,(i,t) I T. 

' 224 (' -A;"~ (4.8.8) 

where I = irrigation rate (L/m2 mo) 

Ti = irrigation period (mo/yr) 

224 = soil area density (kg/m2). 

The exponential term represents the integral over the 70.year period. 

The concentration in the sediment is calculated similarly as: 

sdwti It) = W,(i,t) 25300 (4.8.9) 

where 25300 is the constant to represent deposition to sediment, L/m2/yr. 

The value of the sediment deposition constant (25300) is the same as that 

described in Section 4.7.7 with the units converted. 

The concentration on leaves is calculated for contributions from direct 

i irrigation deposition plus resuspension from soil: 

L,,(i ,p,t) = F ☯wc(ilt) l 1 l 12,+ s,,(i,t) l 0.47 Vdi] 
P 

1 

( 
_ e-X,iTp'36 

x ei ") 
(4.8.10) 
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where 0.25 = plant interception fraction for irrigation (dimensionless) 

Yp = plant yield for plant type p (kg/m2) 

12 = unit conversion constant (mo/yr) 

0.47 = conversion factor for resuspension 

0.47 = (10-g m-l) (3.156 l 107 sec/yr) (224 kg/m2) (l/15) 

vdi = deposition velocity of resuspended activity (m/set) 

Xei = environmental weathering constant for 14.day half time, yr-1 

Xei = Xri + 18.0838. 

The radionuclide concentration in edible-parts of the plant is calculated for 

root uptake plus direct deposition as 

P,,(i ,p,t) = L,,(i,P,t) Tvp + Scw(i,t) Biv (4.8.11) 

where Tvp = translocation factor of externally deposited radionuclides to 

edible parts of plant (dimensionless) 

B. 
1V 

= concentration ratio for plant uptake of radionuclide i, Ci/kg 

(wet weight plant) per Ci/kg (dry weight soil). 

The total uptake of plants during the 700year period is given by the 

above plant concentration parameter. For animal products, uptake is calcu- 

lated for animal consumption of plants plus animal consumption of water as 

A,(i ,p,t> = Sip f?cw(i ,p,t) Q, + W&t) Q,,l (4.8.12) 

where Acw(i,p,t) = time integral of animal product p, concentration in time 

t, for radionuclide i from waterborne pathways, person- 

Ci-yr2/kg (person-Ci-yr2/L for milk) 

Sip = transfer coefficient of radionuclide i from daily intake 

by animal to edible portion of animal product p, Ci/L 

(milk) per Ci/day or Ci/kg (animal product) per Ci/day 

QP = the consumption rate of contaminated feed or forage by 

animal for animal type p (kg/day) 

QPW = the consumption rate of water by animal for animal type 

P (L/d). 
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The time-integrated concentration in aquatic foods is calculated from 

the water concentrations as 

Afw(i,p,t) = Wc(i,t) Bip (4.8.13) 

where Afw(i,plt) = time-integrated concentration of radionuclide i in 

aquatic food p (person-Ci-yr2/kg) 

Bip = bioaccumulation factor for radionuclide i and aquatic 

food p (Ci/kg per Ci/C)i 

The time-integrated water concentration for the drinking water pathway 

is calculated as 

Adw(i,t) = Wc(i,t) Ci (4.8.14) 

where Adw(ilt) = time-integrated concentration in drinking water for 

radionuclide i and time period t (person-Ci-yr2/L) 

Ci = water purification plant cleanup factor (dimensionless). 

The radionuclides tritium and carbon-14 

manner described in Section 4.7.9. 

4.8.5 Long-Term Pathway Dose Calculations 

The total dose received by the regional 

sum of contributions from all pathways. The 

are handled in the special 

population is estimated as the 

doses are calculated as the 

population dose received in each 70.year time period from material released 

to the environment during that period plus all previous periods. Precalcu- 

lated dose conversion factors are used to estimate dose from uptake and 

environmental concentration. The exposure pathways are described in the 

following sections. 

Air Submersion 

Contributions for external exposure from air submersion are included for 

1) submersion in the release plume, 2) submersion in resuspended activity 

from an initial airborne release, and 3) submersion in suspended activity 

from an initial irrigation water deposition. The dose is calculated as 
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D 
-8 

oei 
= Dei X,i 3.156 l lo7 [A$,t) + 1.49 l 10 (4.8.15) 

l (Sca(W + S,,(i A)1 

where Doei = population dose from air submersion to organ o from 

radionuclide i (person-rem) 

Dei = external exposure dose conversion factor for air submersion 

(rem per Ci-sec/m3) - - 

Xri = radiological decay constant for radionuclide i (yr-1) 

3.156 l 107 = conversion factor (sec/yr). 

Adi ,t> = time-integrated air concentration of radionuclide i in 

time period t (person-Ci-yr2/m3) 

1.49 l 10-8 = resuspension factor constant (kg/m3) 

= (1 l 10-9 m-1) (224 kg soil/m2) (l/15) 

Scdi $1 = soil concentration parameter from airborne release of 

radionuclide i for'time period t (person-Ci-yr2/kg) 

Scdi A = soil concentration parameter from waterborne release of 

radionuclide i for time period t (person-Ci-yr2/kg). 

The contribution from deposited material is based on the concentration at the 

e.nd of the current period. This concentration is assumed to occur throughout 

the period, which is a conservative assumption by no more than a factor of' 

two. Resuspension is based on a constant resuspension factor of 10-9 m-l, 

representing resuspension of aged deposited material (Anspaugh et al. 1975). 

The resuspended activity is assumed to expose individuals in the vicinity of 

the soil from which it was suspended. Downwind transport of resuspended 

activity is not considered. The decay constant, Xri, is included to convert 

the units of radionuclide concentration from mass to activity. The calcula- 

tions are performed in units proportional to mass to meet requirements of the 

chain decay processor, BCHAIN. 

Inhalation 

Inhalation exposure includes contributions from the released airborne 

activity plus the resuspended activity from airborne and irrigation water 

deposition. The dose is calculated as: 
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D ohi = Ohio 3.156 l 1D7 Xri [Ac(i,t) + 1.49 l 1D-8 (4.8.16) 

(S,,(W + ~,,(W)l 

where Dohi = dose from inhalation exposure 'from organ o from radionuclide 

i (person-rem) 

Dhio = inhalation dose conversion factor for radionuclide i and 

organ 0 (rem per Ci-sec/m3) 

and other terms are as previously defined. 

Terrestrial Ingestion Pathways 

Terrestrial pathways include ingestion of crops and animal products. 

The seven terrestrial ingestion pathways available are vegetable, grain, 

eggs, milk, beef, pork, and poultry. The dose for each pathway is calculated 

from the time-integrated food-product concentration. For plants, the dose is 

calculated as 

D oti = D gio ‘ri Up CPca(ilplt) + P,&p,tH 

and for animal products, the dose is calculated as 

D oti 
=D gio 'ri Up [Aca(ilplt) + A,,(hp,t)l 

(4.8.17) 

(4.8.18) 

where Doti = dose from terrestrial ingestion pathways for organ o 
1 

(person-rem) 

Dgio = ingestion dose conversion factor for radionuclide i and 

organ 0 (rem/Ci) 

DP = the usage rate by humans of food product p (kg/yr or L/yr 

for milk) 

pca(i,P,t) = time integral of plant concentration from airborne pathways 

for radionuclide i, plant type p, and time period t 

(person-Ci-y&kg) 
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kdi ,p,t> = time integral of plant concentration from waterborne pathways 

for radionuclide i, plant type p, and time period t 

(person-Ci-yrzlkg) 

Acdi ,p,t) = time integral of animal product concentration from airborne 

pathways for radionuclide i, animal product p, and time period 

t (person-Ci-yrz/kg or person-Ci-yr2/L for milk) 

Adi ,p,t) = time integral of animal product concentration from waterborne 

pathways for radionuclide i, animal product p, and time period 

t (person-Ci-yrz/kg or pWson-Ci-yre/L for milk). 

The total dose from terrestrial ingestion pathways is calculated by summing 

contributions from all plant and animal product food types. 

Aquatic Ingestion Pathways 

Ingestion pathways resulting from release of radionuclide to surface or 

ground water include ingestion of drinking water and aquatic foods. The five 

pathways available are fish, crustacea, molluscs, water plants, and drinking 

water. The dose for each pathway is calculated from the time-integrated 

aquatic media concentration as follows for aquatic foods: 

D oai = D gio 'ri Ua Afw(ilplt) 

and for drinking water: 

D oai = 'gio ri x u, Adw(ht) 

(4.8.19) 

(4.8.20) 

where Doai = dose from-ingestion of aquatic food or water for organ o 

(person-rem) 

Da = the usage rate by humans of aquatic-food pathway a (kg/yr or 

L/yr for drinking water) 

Afdi ,p,t) = time integral of aquatic food pl concentration for 

radionuclide i, in time period t (person-Ci-y&kg) 

Adw(i,t) = time integral of drinking water concentration for 

radionuclide i in time period t (person-Ci-yrz/L). 
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External Exposures 

External exposures result from proximity to contaminated ground, shore- 

line, and water. Swimming and shoreline doses are calculated from the time- 

,integrated sediment concentration and water concentration as 

D 
oew = Xri csdwti d) DOS ush W + wc(i ,t) 0, Uswl (4.8.21) 

where Doew = dose from external exposure-to shoreline and water for organ 

0 (person-rem) 

DOS = external dose factor for organ o for exposure to contaminated 

soil or shoreline (rem/h per Ci/m2) 

Dow = external dose factor for organ o for submersion in 

contaminated water (rem/h per Ci/L) 

Ush = time of exposure to contaminated shoreline (h/yr) 

Usw = time of exposure to contaminated water (h/yr) 

SdwM) = sediment concentration parameter for radionuclide i for 

the current time period t (person-Ci-yrlm2) 

WA = time integral of water concentration for radionuclide i and 

time period t (person-Ci-yr2/L) 

W = shore-width factor for shoreline exposure (dimensionless). 

The shore-width factor is an approximate correction to the infinite-plane 

geometry of the external exposure factors. To correct for the actual geom- 

etry of a river bank or beach, a shore-width factor is applied corresponding 

to the particular exposure situation. Suggested shore-width factors are 

given in Table 4.31. Contaminated soil can result from deposition of air- 

borne material or from irrigation with contaminated water. The dose from 

external exposure to contaminated soil is calculated as 

0 oes = Xri Et Dow 224 CS,,(i,t) + Scw(i J)l (4.8.22) 

where Does = dose from external exposure to soil for organ o (person-rem) 

Sca(i,t) = soil concentration due to a 

i at the end of time period 

Et = time of exposure to contaminated ground (h/yr) 

irborne deposition of rad 

t (person-Ci-yr/kg) 

ionuclide 
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Scdi A = soil concentration due to waterborne deposition of radionuclide 

i at the end of time period t (person-Ci-yr/kg) 

224 = soil area1 density (kg/m2). 

and other terms are as previously defined. Note that the external exposure 

is based on the integrated soil concentration for the current 700year period. 
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5.0 SOLUTION TECHNIQUES 

The GENII package of computer codes is written in standard FORTRAN 77 

using a Leahey compiler. Most routines are simple algebraic solutions, and 

no special logic 1s employed. The exception is the INTDF code, which 

calculates internal dose factors and uses a general purpose solver for 

ordinary differential equations. The solver used is from the ODEPACK 

collection developed at Lawrence Livermore National Laboratory (Hindmarsh 

1983). The specific portion if DDEPACK used is called LSODES. 

The LSODES package solves explicit systems of stiff differential equa- 

tions. Stiffness is related to the rate constants of the equations and may 

require large numbers of iterations for some solution techniques. LSODES 

uses a backwards differentiation formulation, based on the multistep methods 

first implemented by C. W. Gear (1971). The following description was 

adapted from a publication by Hindmarsh (1983): 

When solving a stiff system of size N, of the general form 

i E dy/dt = f(t,y) 

the LSODES package makes use of the Jacobian matrix of partial 
derivates 

J = Sf/By 

For stiff problems, LSODES uses the Backward Difference 
Formula (m 

i 

q 

yn = c 
i=l 

ai Yn.1 + h B, in 

= a, + h PO f(t,,y,) 

where again q is the order (here 1 5 q < 5), and PO > 0. Stiffness 
makes functional iteration fail to converge for the step sizes of. 

5.1 



interest, because of strong dependencies in f upon y. Therefore, 
LSODES uses a modified Newton iteration 

-P bn(m+l) - yn(m)I = yn(m) - an - h Bo f(tn,yn(m)) 

where P is an NxN matrix approximating the Jacobian of the 
algebraic system to be solved: 

P-1 - h PO J, J = Bf/By 

(Here I denotes the NxN identity matrix.) Again a prediction yn(o) 
is formed from an analogous explicit formula. This iteration 
differs from a true Newton method in that J is only evaluated 
periodically. In fact, J is evaluated only at predicted values 
yn(o 
on t 2( e 

and only on those steps where a new value appears nece;;;ry, 
basis of a convergence failure or other indication. 

same value of P (or its LU decomposition, if used) is used over all 
iterations in any one step, and typically also over several time 
steps, uhtil a reevaluation of J and P is called for. (In the case 
of the LSODES solver, P is sometimes updated and LU-decomposed 
without a reevaluation of J.) Again, h and q are both varied to 
meet local error tolerance requirements. 

In applying the BDF method to large stiff problems, it is 
important to note that a numerical solution of the linear system 

Px = r 

(x = correction vector, r = residual vector) 

can very often easily take advantage of a sparse structure in P. 
This is accomplished either through suitable structured LU decom- 
positions, or through iterative linear system methods that use 
a given matrix structure. The use of structure is especially 
important in solving ODE systems that come from time-dependent 
partial differential equation (PDE) systems by the method of lines, 
whereby spatial variables are discretized, leaving ODE's in time. 

The LSODES package solves explicit systems ; = f, but treats 
the Jacobian matrix J as a general sparse matrix in the stiff case. 
In LSODES, linear systems are solved using parts of the Yale Sparse 
Matrix Package (YSMP) (Eisenstat et al. 1977a and 1977b). Recall 
that the systems to be solved have the form 

Px = rl P = I - hgoJ 

where x is a correction vector, h is the step size, and @o is a 
scalar depending on the current method order. The solution of 
these systems involves several phases: 

(a) Determination of sparsity structure. This is inferred 
from calls to the f routine. 
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(b) Determination of pivot order. Diagonal pivot locations 
are chosen, and the choice is based on maintaining maximum spars- 
ity. This is done by YSMP (ODRV module) (Eisenstat et al. 1977a). 
The ordering algorithm (minimum degree algorithm) operates only on 
a symmetric sparsity structure,, and in LSODES the structure used 
for this is that of 3 + JT. 

(c) Symbolic LU factorization of the matrix P. This is based 
only on sparsity and the pivot order, and uses the module in YSMP 
designed for nonsynnnetric matrices with compressed pointer storage 
(CDRV module) (Eisenstat et al. 1977b), 

(d) Construction of J. This is done internally by difference 
quotients. The number of f evaluations needed is kept to a minimum 
by a column grouping technique'due to Curtis, Powell, and Reid 
(1974). J is stored internally in an appropriate packed form. 
Evaluations of J are done only occasionally, as explained below. 

(e) Construction of P = I - hgoJ. LSODES does not force a 
reevaluation of J whenever the existing P is deemed unsuitable for 
the corrector iterations. Instead, when the value of J contained 
in the stored value of P is likely to be usable (and P is not, 
only because h@o has changed significantly), then a new matrix P 
is constructed from the old one, with careful attention to roundoff 
error. This cuts down greatly on the total number of J 
evaluations. 

(f) Numerical LU factorization of P. This is done by YSMP 
(CDRV module) in sparse form, and the array containing P is saved 
in the process. Because of the absence of partial pivoting for 
numerical stability, this operation can conceivably fail. However, 
this has only rarely been observed in practice, and if it does 
occur (with a current value of J), the step, size h gets reduced and 
the difficulty disappears. 

(g) Solution of Px = r. This is done by YSMP (CDRV module) 
using the existing sparse factorization of P. Because a modified 
Newton iteration is used, many values of r (i.e., many linear 
systems) can arise for the same P, and the separation of the 
various phases takes advantage of that fact. 

The first three phases and part of the fourth (column grouping 
for difference quotients) are normally done only at the start of 
the problem. However, the user can specify that the sparsity 
structure is to be redetermined in the middle of the problem, and 
then these operations are repeated. , 
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Hanford Environmental Dosimetry Upgrade Project (HEDUP) 

TASK 02 -- SYSTEM DESIGN REQUIREMENTS 

INTRODUCTION 

Computer codes will be developed on this project for calculating radiation - _ 

doses to humans from radionuclides released into the environment from Hanford 

Operations. The computer codes will,be used by a number of different groups 

at Hanford for both retrospective calculations of the radiological impacts 

of routine Hanford emissions and also for prospective dose calculations, as 

required for various scenarios. The users would include, among others: 

* PNL -- Environdental Evaluations Section, for calculating offsite radiation 

doses to the general public and the maximally exposed hypothetical individual, 

as required for preparation of the annual Hanford Environmental Monitoring 

Report, 

-0 Environmental and Risk Assessment Section, for use in developing 

environmental impact statements, safety analysis reports, radiological impacts 

studies, and environmental assessment work. 

* RHO -- Nuc'lear and Safety Analysis Group, for accidental release analyses 

and routine release consequence analyses, 

-0 Regulatory and Safety Review Group, for evaluating the doses 

resulting from annual average stack releases, reviewing Clean Air Act 

compliance, and for performance assessments, 

* HEDL -- Safety Analysis Group, for safety analyses, accident and chronic 
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release consequence studies, and environmental assessments, 

-0 Environmental and Radiological Engineering Group, for safety 

analyses, accident and chronic release consequence studies, and environmental 

assessments, 

* UNC -- Radioactive Effluent Control Subsection, for estimating offsite 
- - 

impacts of radioactive releases for environmental assessments, decommissioning 

activities, and routine and accidental. releases. 

The computer code developed on this project must therefore be designed to 

match the needs of multiple users. A committee of representative potential 

user groups was formed under the coordination of the Hanford Dose Overview 

Committee to develop recommendations for computer code system design 

specifications to match the needs of each operating contractor. 

This document identifies the system design requiremen 

computer codes user-friendly, compatible with current 

and well-suited to the calculational requirements of 

ts needed 

computer 

individua 

facilities, 

1 users. 

to make the 

System design requirements are grouped into the following categories: 

1. General computational requirements 

2. Computational facilities, hardware, and databases. 

3. Code language. 

4. Coding Standard and coding standard tools. 

5. Input parameters and format: 

Release category and source term. 

Scenarios. 
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Meteorology. 

Environmental transport. 

Exposure pathways. 

6. Dosimetry specifications. 

7. Risk assessment calculations. 

8. Integration of separate codes. 

9. Customized pathway requirements. 

10. Specialized scenario requirements. 

11. Output format. 

12. Graphics. 

13. Documentation and instructions. 

14. Error messages. 

15. Updates and revisions. 

16. Security. 

17. Quality assurance. 

18. Training. 

These items are discussed in the following sections. 

GENERAL COMPUTATIONAL REQUIREMENTS 

The capabilities of the computer code shall include, as a minimum, the 

following: 

1. Radiation doses for: 

(a) Acute exposure to radionuclides, with option for annual dose, 500year 

committed dose, and '/O-year committed dose, i.e. l/l, l/50, l/70. 

(b) Chronic exposure to radionuclides, with option for annual dose, 

500year committed dose, 700year committed dose, and the 50.year 
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cumulative dose and '/O-year cumulative dose for a user-specified 

number of years of exposure, i.e. l/l, l/50, l/70, x/50, and x/70. 

2. Exposure pathways to include: 

(a) Direct exposure via (1) water (swimming, boating and fishing), 

(2) soil (surface and buried depositions), (3) air (semi-infinite 

cloud and the finite plume), and (4) special geometries. 
- - 

(b) Inhalation pathways, in units of rem/Ci and Sv/Bq inhaled. 

(c) Ingestion pathways, in units of rem/Ci and Sv/Bq ingested. 

3. Scenario designs to include: 

(a) Acute releases by (1) air at ground level or elevated levels 

(2) water releases. 

I or by 

(b) Chronic releases by (1) air at ground level or elevated leve 

by (2) water releases. 

Is, or 

(c) Initial contamination of (1) soil, (2) buildings .and other surfaces, 

and (3) water. 

4. Source term variations to include: 

(a) Decay of radionuclides to start of scenario. 

(b) Input of total radionuclide inventory or specified fraction. 

(c) Input of radionuclide concentrations,(Ci/g, Ci/m3, etc.) 

(d) Release rate of radionuclides to (1) air and (2) water. 

5. Interface considerations: 

(a) Atmospheric dispersion. 

(b) Geohydrology. 

(c) Biotic transport. 

(d) Surface water transport. 

(e) Special shielding calculations. 

6. Target population variations by distance and sector: 
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(a) Offsite individuals. 

(b) Offsite populations. 

(c) Onsite individuals. 

(d) Intruders. 

COMPUTATIONAL FACILITIES, HARDWARE AND DATABASES - 

The computer code shall be designed for implementation on the UNIVAC-1100 

to provide optimum access to the code by users at Hanford contractor 

facilities. The code shall secondarily be designed for in-house VAX and 

other minicomputer systems. Design of the code for future application to 

IBM-PC/AT/XT (or compatible) systems should be considered for the future. 

If necessary to improve data processing speeds, provision should be made 

for the code could to be run on the NAS-9060 LSIS (large scale information 

system) computer. 

The code shall be available to authorized users *on demand." A convenient 

facility/user interface is desirable for on-line access on a priority basis 

for general purpose needs, and batch mode for routine work and preparation 

of the Hanford environmental monitoring report. 

CODE LANGUAGE 

The computer code shall be written in ANSI FORTRAN-77 standard language. 

This choice will facilitate conversion to other computing systems, 

modifications of the code, and necessary updating. 
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CODING STANDARD AND CODING STANDARD TOOLS 

Programming shall follow the guidelines of the PNL Statistical Computing 

Unit FORTRAN coding standard. The coding standard is intended to provide a 

neat, uniform, and complete form of documentation and quality control, to 

streamline review efforts by standardizing the format of the code, and to 

make software maintenance a more simple task. 
- - 

All FORTRAN routines shall consist of three blocks: 

1. Definition block (routine name, limitations and prerequisites, arguments, 

logical names and files used, routines used), 

2. Implementation block (development information, modification history, 

algorithms, constants, parameter statements, common blocks', and variables), 

and 

3. Code block (data statements and code). 

Common blocks, often used constants (parameter statements) and often used 

variable names shall be handled as stated in their respective sections. 

Where applicable, the programmer should localize system-dependent calls, 

avoid dependency on internal word size (i.e., set up a constavt word size), 

place constants in an up-front parameter file, put variables in Common block, 

use device names in front of file names, and hold to a limit of one routine 

per file. 

INPUT PARAMETERS AND FORMAT 

A user-friendly, menu-driven program will facilitate use of the code by 

many different Hanford users. An input screen would streamline initial 
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data entry and specification of the type of calculation desired. 

The option should be added for using a 'runstream' in place of the menu. 

Runstreams can be quickly copied or altered and used inplace of the menu to 

initialize a program run. 

- 

The code shall organize and display each input item to allow a user re-check 

of the data entry. 

A namelist input, or the equivalent in standard FORTRAN language should be 

provided and standardized. The current DACRIN source term input system is 

much easier to use than the SUBDOSA system. The new code shall allow the 

user the flexibility of specifying any distance parameters desired. 

The maximally exposed individual shall be determined from realistic 

assumptions concerning location of residence, dietary practices, and living 

conditions. Unlikely combinations of parameters should be avoided. 

Release Category:. 

Both acute (accidental or one-time) and chronic releases shall be available 

as options in the calculation. The code shall allow 1) evaluation of acute 

releases via air submersion, ingestion, and inhalation pathways, and 2) 

evaluation of chronic releases via air submersion, inhalation, ingestion, 

and direct exposure (ground contamination, water immersion, etc.) pathways. 

Scenarios: 
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By allowing, the time parameters to be variable, such scenarios as the case 

of transient residents and intruders could be modeled by the user. The 

default condition, however, should be for the permanent resident. 
, 

Meteorology: 

Three atmospheric dispersion models are needed in the code: 1) the 

straight-line gaussian model, 2) input tables of X/Q, and 3) 95 percentile 

X/Q. These models need to be as complete as possible to keep the results 

reproducible, standardized, and 'documented. The code should be able to handle 

specified distances of from 0.1 km to 72 km from the source. The release 

durations should be variable from as short a time as an instantaneous release, 

to times as long as one year. 

The computer code shall allow simple incorporation of site-specific 

meteorology. The user shall be allowed.to input X/Q values as a number, 

and the allowed range of X/Q values shall cover the range typical for Hanford 

conditions. An option shall be provided for ground-level radionuclide 

releases, and releases from any specified height above ground level. The 

straight-line model may be appropriate for most applications. 

A user-friendly option shall be provided for the finite cloud model for 

both elevated releases and ground-level releases. 

It would be useful if the code also took into account plume depletion and 

deposition from the plume to ground. 

The PNL Atmospheric group should be involved in the preparation of the 
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meteorological aspects of the code. 

Environmental Transport: 

The code shall take into account the effect of long-term weathering of 

radionuclides in soil, i.e. dispersion into the below-surface soil matrix. 

Exposure Pathways: 

Deposition on soil shall be considered for both atmospheric deposition and 

irrigation using contaminated water. 

The uptake of radionuclides in the soil by plants shall be accounted for 

using current methods. The typical user will not have input data for this 

pathway, and must rely on the best available models, concentration ratios, 

or measured concentrations as currently recommended. 

The uptake of radionuclides by farm animals shall take into account the 

ingestion of crops and the consumption of contaminated water. 

Commonly used or typical exposure pathway parameters shall be established 

in the code as default values. 

DOSIMETRY SPECIFICATIONS 

GENMOD shall replace DACRIN; however, some of the valuable input/output 

features of DACRIN shall be retained. Internal dosimetry calculation shall 

be based on ICRP-30 models and biokinetic values for radionuclide residency 

and transport in the body. 
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GENMOD incorporates additional models other than those of the ICRP. These : 

shall be available at the option of the user. These models include the 

alkaline earth model, the MIRD iron model, the 14C model 8 etc . 
. 

Provision shall be made for revising b!okinetic models and input parameters 

as updated values become available. 
- 

The code should permit the user-the option of inserting desired input 

parameters (e.g. breathing rate, quantity of water or foodstuffs consumed), 

although such usage should be considered nonstandard and so identified to 

the user. Standard default values should be easily recognized. 

The code shall calculate the effective dose equivalent for the average member 

of the general public in the sector and distance of interest, as well as 

for the maximally exposed individual. 

The code shall provide integration of doses for any time period of choice 

following radionuclide release. This choice should be an input parameter. 

The user shall be able to set up the dose calculation to provide the annual 

(one year) dose and dose equivalent, the 500year committed dose equivalent, 

and cumulative doses expected from both acute and chronic exposures from 

ground level and elevated releases, as well as liquid releases to river and 

drinking water pathways. 

The calculation shall account for radionuclide decay "in transit," i.e., 

the diminishing activity of radionuclides between time of release and time 
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of exposure of the target individual. 

DACRIN currently has the problem that erroneous' results appear when dosimetry 

is requested for more than seven organs. The new code should permit the 

user to obtain dose data for all organs, including the skin. 

- - 

Standard default values shall be given for breathing rates assumed for the 

exposed population, with the user option to change the values. Onsite 

occupancy factors shall be considered for the calculation of dose to the 

maximally exposed onsite Individual. 

The code shall allow the user to specify the activity median aerodynamic 

diameter of the inhaled aerosol for cases involving inhalation of 

radionuclides. The code shall calculate deposition fractions in the three 

major lung regions for the particle size selected, instead of prompting the 

user to supply those deposition fractions. 

GENMOD currently provides output for Class D, W, or Y materials. Often, 

however, the radioactive aerosol may contain a mixture of Class D, W, and 

Y materials. GENMOD shall be modified to consider mixtures or combinations 

of different solubility classes, and produce output for that mixture. 

In the foodchain pathway, an option shall be provided to specify the total 

crop production versus the number of people consuming those crops. 

The population dose may be estimated from 

resident times the number of persons invo 

the average dose 

lved. Doses shal 

to the average 

1 therefore be 
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calculated for individuals and then multiplied by the number of persons. 

ision shou Age considerations should not be necessary at this time, but prov 

be made for future incorporation of age-dependent models. 

Id 

RISK ASSESSMENT CALCULATIONS 
- - 

The code shall calculate the 500year and 700year committed effective dose 

equivalent for individuals, and the 50-year and 700year effective dose 

equivalent commitment (i.e. the collective effective dose equivalent 

commitment) for populations. 

INTEGRATION OF SEPARATE CODES 

The final product will be a single code developed from several existing 

codes. This code shall carefully integrate all components to facilitate 

ease of program execution. 

CUSTOMIZED PATHWAY REQUIREMENTS 

None are identified at this time. Should the need arise, they could be 

added to the code, and provision should be made accordingly. 

SPECIALIZED SCENARIO REQUIREMENTS 

The option to allow input of externally-calculated meteorology data would 

cover any specialized scenarios, including release of radionuclides during 

postulated tornado conditions. 

OUTPUT FORMAT 

At the beginning of the report output, the input variables shall be repeated 
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back for user verification. 

The output shall be either in terms of (2) traditional quantities and units, 

such as rem, millirem, curies, etc., or (2) S.I. units, such as sievert, 

millisievert, becquerel, etc., at the option of the user. 

The output format shall include consequences at any given input distance 

rather than requiring interpolation within'a set group of distances (as 

currently the case with certain modes in SUBDOSA). The output shall match 

the desired input. ' 

A summary of the doses calculated shall be provided for each contributing 

pathway and organ. The summary shall also include a listing of the major 

contributing radionuclides, and the percent of the total dose for each pathway 

contributed by each radionuclide. 

Literature references to the published sources on which the computer code 

is based shall be incorporated into the program and should be callable, 

GRAPHICS 

There are no graphics needs current ly identified. However, it is expected 

that there will be a future need to graphically display numbers calculated 

by the computer code. An example might be a plot of X/Q versus distance 

from the point of release. A mechanism shall be designed therefore, to 

' dump output into files for l,ater graphics applications. 

with printout capability, at the option of the user. 
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DOCUMENTATION AND INSTRUCTIONS 

The user's manual shall be a living document that is updated whenever a 

change is made. User's manuals shall be maintained in three-ring binders 

that are easily updated. Numbered copies shall be distributed to individuals 

on a list of users. 

ERROR MESSAGES 

Error messages shall assist the user when improper input parameters or formats 

are used. Error messages should not occur when the data is properly entered. 

All input errors shall be identified by the input routines prior to program 

execution. 

UPDATES AND REVISIONS 

Notices of code updates, and revised instructions shall be provided to 

potential users. A list of potential users shall be maintained so that 

revisions and notices may be distributed, as appropriate. 

SECURITY 

The computer code and associated databases are to be considered sensitive. 

Security measures shall be implemented to protect the code from access by 

unathorized users. 

Configuration control shall be a feature of the software to protect the 

basic code from unauthorized changes. A control mechanism with sign-off 

procedures shall be implemented to protect the software from unauthorized 
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modifications. Needed changes shall be validated before modification are 

permitted (see Quality Assurance). 

QUALITY ASSURANCE 

PNL's Procedures for License-related Programs for quality assurance shall 

be followed. Software control procedures are given in SCP-301 through SCP - . 

312, and include: 

-0 magnetic media protection and control, 

-0 software development specification preparation and approval, 

-0 computer code verification and/or validation, 

-0 computer code configuration control, 

-0 computer code acceptance testing, 

-0 computer code and documentation change control, 

-0 computer code application control, 

-0 final internal development review of computer code and documentation, 

-0 .computer software transfer, 

-0 utility code documentation, control, testing and use, 

-0 documenting and reporting discrepancies found during computer code control, 

testing and use, and 

-0 determination of software classification. 
i 

TRAINING 

A short training program shall be developed at the completion of the code 

to instruct potential users on the execution of the code. A detailed stepwise 

instruction manual shall also be prepared. Training should consist of class 

sessions and hand-out instructions, with opportunity for hands-on testi.ng 

of the code. 
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ABSTRACT 

The Hanford Environmental Dosimetry Upgrade Project was undertaken to. 

incorporate the internal dosimetry models recommended by the International 

Commission on Radiological Protection (ICRP) in updated versions of the 

environmental pathway analysis models used at Hanford. The resulting second 

generation of Hanford environmental dosimetry computer codes is compiled in 

the Hanford Environmental Dosimetry System (Generation II, or GENII). The 

purpose of this coupled system of computer codes is to analyze environmental 

contamination resulting from acute or chronic releases to, or initial 

contamination of, air, water, or soil. This is accomplished by calculating 

radiation doses to individuals or populations. 

GENII is described in three volumes of documentation. This second 

volume is a Users' Manual, providing code structure, users' instructions, 

required system configurations, and QA-related topics. The first volume 

describes the theoretical considerations of the system. The third volume is 

a Code Maintenance Manual for the user who requires knowledge of code detail. 

It includes code logic diagrams, global dictionary, worksheets, example hand 

calculations, and listings of the code and its associated data libraries. 

. . . 
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1 .O INTRODUCTION 

At the direction of the U.S. Department of Energy (DOE), the Hanford. 

Environmental Dosimetry Upgrade Project was undertaken at Pacific Northwest 

Laboratory (PNL)(a) to incorporate the internal dosimetry models recommended 

by the International Commission on Radiological Protection (ICRP) in updated 

versions of the environmental pathway analysis models used at Hanford. The 

resulting second generation of Hanford environmental dosimetry computer codes 

is compiled in the Hanford Environmental Dosimetry System (Generation II or 

GENII). The GENII system was developed by means of tasks designed to provide 

a state-of-the-art, technically peer-reviewed, documented set of programs for 

calculating radiation doses from radionuclides released to the environment. 

The initial task resulted in a system design requirements report, based on 

input from the community of potential Hanford users, providing general 

descriptions of the calculations that the final programs must perform. The 

recommendations of this report formed the basis for the remainder of the 

tasks, defining the elements that determined the equation formulation and 

parameter selection tasks. The complete report, Hanford Environmental 

Dosimetry Upgrade Project (HEDUP) Task 02.System Desiqn Requirements, is 

included in Volume 1 as the appendix. 

The general requirements of the system to be designed included the 

capabilities for calculating radiation doses for acute releases, with options 

for annual dose, committed dose, and accumulated dose; for calculating the 

same types of doses from chronic releases; for evaluating exposure pathways 

including direct exposure via water (swimming, boating, and fishing), soil 

(surface and buried sources), air (semi-infinite cloud and finite cloud 

geometries), inhalation pathways, and ingestion pathways. The release 

scenarios tb be included were acute releases to air from ground level or 

elevated sources, or to water; chronic releases to air from ground level or 

elevated sources, or to water; and initial contamination of soil or surfaces. 

Source term variations to be accounted for included decay of radionuclides to 

the start of the exposure scenario, input of total radioactivity or specified 

(a) Pacific Northwest Laboratory is operated by Battelle Memorial Institute 
for the U.S. Department of Energy under Contract DE-AC06-76RL0 1830. 
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,fractions, and input of measured concentrations in specified environmental 

media. Interfaces were to be provided for external calculations of atmos- 

pheric dispersion, geohydrology, biotic transport, and surface water trans- 

port. Target populations were identified by distance and direction fdr 

individuals, populations, and for intruders into contained sources. To 

accommodate the multitude of initial requirements on the design of the codes, 

the codes of the Hanford Environmental ,Dosimetry System were written to 

determine radiation doses to individuals or populations from a wide variety 

of potential exposure scenarios. The-core system may be used to calculate 

annual doses, dose commitments, or accumulated doses from acute or chronic 

releases of radioactive materials to air or water. 

The Hanford Environmental Dosimetry System (GENII) is composed of seven 

linked computer codes and their associated data libraries. These codes and 

their linkages are illustrated in Figure 1.1. The computer programs are of 

three types: user interfaces (i.e., interactive, menu-driven programs to 

User 

APPRENTlCE: 
User Interface 

Environmental 

EXTDF: 
External 
Dose Factors 

I 

DOSE: INTDF: DITl-Y: 
Dosimetry - Internal - Long-Term 
and Output Dose Factors Calculations 

I I I 

I 
I 

Result 

FIGURE 1.1. Component Programs of the GENII Software Package 
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assist the user with scenario generation and data input), internal and 

external dose factor generators, and the environmental dosimetry programs. 

For maximum flexibility, the portion of the code used for analysis of short- 

term scenarios (as opposed to lO,OOO-year migration analyses) has been 

divided into three interrelated but separate programs that handle input 

organization and checking, environmental exposure, and dose calculations, 

respectively. 

GENII is described in three volumes of documentation. Volume 1 

describes the theoretical considerations if-the system, including conceptual 

diagrams, mathematical representation of th,e solutions, and descriptions of 

solution techniques, where appropriate. This, the second volume, is a Users' 

Manual, providing code structure, users' instructions, required system 

configurations, and topics related to.quality assurance (QA). The third 

volume is a Code Maintenance Manual for the user who requires knowledge of 

code detail, including code logic diagrams, global dictionary, worksheets, 

example hand calculations, and listings of the code and its associated data 

libraries. 
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2.0 CODE STRUCTURE 

The GENII Software Package comprises several computer programs and data 

libraries. The computer programs fall into three categories: 1) user 

interface (e.g., interactive menu-driven program to assist the user with 

scenario generation), 2) internal and external dose factor generators, and 

3) the environmental dosimetry programs. APPRENTICE is the user interface 

for the short-term environmental dosimetry programs; EXTDF and INTDF generate 

internal and external dose rate factors, respectively; DITTY handles long- 

term environmental dosimetry. For maximum,flexibility, the short-term 

environmental dosimetry portion has been divided into three interrelated but 

separate programs (ENVIN, ENV, and DOSE) that handle input organization and 

checking, environmental exposure, and dose calculations, respectively. 

Two user interaction levels are defined for the GENII software package. 

With the first, Level 0, the user interacts with the user interface. With 

the second, Level 1, the user interacts directly with the text input files. 

Level 0 is helpful to the both the novice and the experienced user of the 

software package. Level 1 is intended for the experienced user of the 

software. DITTY, EXTDF, and INTDF are available only to the Level 1 user at 

this time. 

Figure 2.1 depicts the software organization and the user interaction 

with the programs. 

Figure 2.2 illustrates the data transfer mechanisms between the various 

program elements. Each of these input, output, and intermediate files is 

described in Section 2.2. 

i 
Figure 2.3 illustrates the data bases and their relationships to the 

various program components. These are further described in Section 2.3. 

2.1 USER INTERACTION LEVELS 

Two user interaction levels are defined for the GENII software package. 

The first, designated Level 0, is that at which most users will interact 

with the system. In Level 0, the user accesses the interactive program 
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Level 0: 

Level 1: 

APPRENTICE: 
User Interface 

I 

ENVIN: 
Input Setup 

I 
ENV: 
Environmental 
Calculations 

. 
I 

IF: DOSE: INTDF: Dll-l-Y: 

External - Dosimetry - Internal - Long-Term 

Dose Factors and Output Dose Factors Calculations 

I I I I 

I 
.- 

Result 

FIGURE 2.1. Organization and User Interaction Levels 
for the GENII Software Package 
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GENII 

SEE.IN 
METADATA.DAT ENERGY. IN 

. SEEl.DAT/SEEZ.DAT/SEE3.DAT ISOLIB.DAT 
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FIGURE 2.3. GENII Data File Requirements 
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APPRENTICE, which handles all file handling and data input necessary for 

most applications. In Level 1, the user himself must create input files and 

assure that all intermediate library and data transfer files are appro- 

priately handled. 

2.1.1 Level 0 User Interaction - Environmental Dosimetry 

APPRENTICE is a menu-driven user interface intended to simplify input 

preparation for both novice and experienced users of this software package. 

APPRENTICE solicits needed information from the user and prepares a text 

input file for the environmental dosimetry programs. In addition, a batch- 

processing file is prepared to manage file handing. 

Novice users will appreciate the pop-up help screens that are ava 

in all sections of the program, the extensive logic that requests only 

pertinent input, default values available for all parameters, reasonab 

parameter value ranges, error checking for scenario incompatibilities, 

checking for validity of file names. Experienced users will find that 

APPRENTICE has been constructed so that help does not "get in the way" 

ilable 

le 

and 

of 

efficient scenario construction. Pull-down menus allow the user substantial 

flexibility to modify a scenario under construction. The user can create 

multiple input files to execute under control of a single batch-processing 

file which is generated by APPRENTICE in a relatively transparent manner. 

File management is available within APPRENTICE; the user may view, copy, and 

rename files as well as make subdirectories and change default paths. 

The following is the general procedure for Level 0 users. 

1. Create a work subdirectory on the same drive as that on which GENII is 

located: 
i 

MD \mydir 

where mydir is the name of the work subdirectory you wish to create, 

2. Set the work subdirectory to default: 

CD \mydir 

3. Execute APPRENTICE by typing: 

\GENII\APPRENTICE 
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.2.1.2 Level 1 User Interaction - Environmental Dosimetry 

Level 1 interaction is useful for modifying previously existing GENII 

input files, (e.g., if a source term has changed and doses must be 

recalculated). APPRENTICE creates two files that the user may modify: 

nnnnnnnn.IN and nnnnnnnn.BAT, where nnnnnnnn is the file name specified in 

APPRENTICE. Nnnnnnnn.IN is the annotated input file to ENVIN/ENV/DOSE. 

Nnnnnnnn.BAT contains DOS commands that control program execution. Level 1 

users modify these text files with a standard text editor and submit the 

batch-processing file as in Level 0. -Sample files are included in 

Appendix A. 

2.1 

for 

fol 

l 

.3 Level 1 User Interaction - External Dose Factors 

EXTDF is a modified version of the ISOSHLD program. Input preparation 

EXTDF is essentially the same as input preparation for ISOSHLD with the 

lowing exceptions: 

EXTDF is primarily a library generator. Consequently, the 

specification of radionuclides has been deleted from input. EXTDF 

automatically generates dose factors for all radionuclides listed 

in the master radionuclide library (file: RMDLIB.DAT). Energies 

of implicit daughters (listed to the right of the radionuclide in 

RMDLIB.DAT) are included with the parent. 

EXTDF outputs effective dose equivalent. (For surface-dose-to- 

effective-dose-equivalent conversion factors see Section 4.4.1 of 

Volume 1.) 

EXTDF expects its input to be located in the file buffer named 

\GENII\EXTDF.IN and will place output in the file buffer named 

\GENII\ExTDF.~uT. To execute, type the following commands: 

COPY nnnnnnnn.IN \GENII\EXTDF.IN 

\GENI I\EXTDF 

COPY \GENII\EXTDF.OUT nnnnnnnn.OUT 

where nnnnnnnn is the unique file name of your EXTDF input. A sample 

input file is located in Appendix A. 
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2.1.4 Level 1 User Interaction - Internal Dose Factors 

INTDF calculates integrated retentions and committed dose equivalents 

for radionuclides included in the master radionuclide library (file: 

RMDLIB.DAT). 

l INTDF expects its input to be located in the file buffer named 

ill place output'in the file buffer named 

execute, type the following commands: - 

\GENII\INTDF. IN and w 

\GENII\INTDF.OUT. To 

COPY nnnnnnnn.IN 

\GENII\INTDF 

\GENII\INTDF. IN 

COPY \GENII\INTDF.OUT nnnnnnnn.OUT 

where nnnnnnnn is the unique file name of your INTDF input. A sample 

input file is located in Appendix A. 

2.1.5 Level 1 User Interaction - DITTY Long-Term Calculations 

Execution of DITTY is essentially as documented in Napier, Peloquin, and 

Strenge (1986), with the following exceptions: 

l DITTY expects its input to be located in the file buffers as 

follows: 

\GENII\DITTY. IN - Input file 

\GENII\POP. IN - Population file 

\GENII\J~INTFRE. IN - Joint frequency file (in format as 

provided on Hanford Data Supplementary 

Disk) 

\GENII\AIRREL. IN - Air release input file 

\GENII\WATREL. IN - Water release input file 

* DITTY will place output in the file buffer named \GENII\DITTY.OUT. 

l To execute DITTY, type the following commands: 

COPY nnnnnnnn.IN \GENII\INTDF.IN 

COPY mypop.IN \GEHII\POP.IN 
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COPY myjf.IN \GENII\JOINTFRE.IN 

COPY myair.IN \GENII\AIRREL.IN 

COPY mywat.IN \GENIII\WATREL.IN 

\GENI I\DITTY 

COPY \GENII\DITTY.OUT nnnnnnnn.OUT 

where nnnnnnnn is the unique file.name of your DITTY input, and mypop, 

myjf, myair, mywat are user-prepared files. 
- - 

2.2 DATA TRANSFER FILE DESCRIPTIONS 

The GENII package makes use of three basic types of data files: 1) data 

transfer files, 2) data libraries, and 3) working buffers. The data transfer 

files are used to input information to the codes and to transfer intermediate 

results from one code to the next. Data transfer files are described in this 

section. The data libraries are large static files of parameters necessary 

for the calculations, but with which the average user need not interact. The 

data libraries provided with GENII are described in Section 2.3. The working 

buffers are created and deleted during code execution, are transparent to the 

user, and are not described further. 

2.2.1 ENVIN/ENV/DOSE Input File Buffer - GENII.IN 

i 

Program ENVIN expects to find an input file in the file buffer named 

GENII.IN. APPRENTICE handles transferring the user's input file into this 

file buffer. Consequently, use of this buffer is transparent to the Level 0 

user. APPRENTICE writes an input file (named "nnnnnnnn.IN" where nnnnnnnn 

is a user-supplied name) for the user's scenario and stores the file in 

the default subdirectory. APPRENTICE also writes a batch file (named 

"nnnnnnnn.BAT", where nnnnnnnn is a user-supplied name) containing DOS (IBM 

1985) commands to control execution of the programs. One of the commands in 

the batch file copies the user-named input file into GENII.IN in the \GENII 

subdirectory. GENII.IN is read by subroutine READIN of program ENVIN. The 

format of the file is constant with the exception of the inventory section, 

which may vary in length. See Section 3.2 for a detailed discussion on the 

format, preparation, and use of the input file. 
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2.2.2 Joint Frequency Input File Buffer - JOINTFRE.IN 

Joint frequency meteorological data is read from the file buffer 

JOINTFRE.IN. The user is responsible for preparing joint frequency data in 

the file and record formats shown in Table 2.1. The file contains values 

representing the percent of time for persistence of each condition for 

specified numbers of wind speed groups, and atmospheric stability groups for 

16 sectors. The grid sectors must correspond to the directions provided in 

the population input file buffer POP.IN.- The formats shown in records 3 and 

4 and in the joint frequency data sets are suggested; these records are 

processed with a free-formatted read statement. JOINTFRE.IN is read by 

TABLE 2.1. Joint Frequency File and Record Format 

Record 
Number 

: 

Field Data Field 
Number Type Size 

: 
CHARACTER 
CHARACTER iii 

z 
5 

5 

10 

7 

5 

Descriptive title 
(Not read'by program. May contain 
additional descriptive and quality 
assurance data.) 

: 
INTEGER 
INTEGER 

3 INTEGER 

4 INTEGER 

5 REAL 

4 l-10 REAL 

Joint Frequency Data Set 

la 1-16 REAL 

. 

10; 

Description 

Number of wind speed data groups in file 
Number of atmospheric stability data groups 
in file 
Number of seasons data groups in file 
(always one at this time) 
Number of time-of-day data groups in file 
(always one at this time) 
Height at which joint frequency data 
applies, m 

Average wind speed for each windspeed 
group, m/set 

Percent of time for persistence of 
condition for directions into S, SSW, SW, 
. . . ( i.e., wind from N, NNE, NE . ..) 

(Each Joint Frequency Data Set contains 
data for 16 sectors [across]. Data are 
grouped first by atmospheric stability 
group and then by wind speed group.) 
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.ACCMOD and CRONMOD in program ENVIN. An example of this file is shown with 

the sample problems in Appendix A of this report. 

2.2.3 Chi/Q Input/Report File Buffer - CHIQ.IN 

The user may request that Chi/Q values be generated from joint frequency 

data. If that is the case, the file buffer CHIQ.IN will contain the Chi/Q 

values generated upon completion of program ENVIN. Alternately, if known, 

the user may provide atmospheric dispersion factors as input in the file 

buffer CHIQ.IN. Options and file handling are controlled within APPRENTICE. 

ENV reads the Chi/Q values in CHIQ.IN and uses them to calculate air 

concentrations. If chronic expasure to a finite plume is considered, CHIQ.IN 

will also contain dose rate factors for each distance and direction of the 

grid for the six energy groups identified in Table 4.9 of Volume 1. Each 

data set consists of two identically formatted parts, the first for sector 

indices l-8 (Wind toward: S-NNW) and the second for sector indices 9-16 (Wind 

toward: N-SSE). The file and record format as shown in Table 2.2 is based on 

the default number of distances (10). 

TABLE 2.2. Chi/Q File and Record Format 

Record Field Data Field 
Number Number Type Size . Description 

CHARACTER 80 Title of input file that created this file. 
: : CHARACTER 80 (Not read by program. File creation date 

and time.) 
3 80 (blank) 

Chi/Q Data Set for Eiqht Sectors for Each of 10 Distances 

la (blank) 
la l-8 INTEGER ii Sector index, l-8 or 9-16 

2a (blank) 
2a l-8 REAL ; Effective wind speed (m/set) for each 

sector indicated in data set record la 

3a 1 REAL Distance from source, m 
3a 2-9 REAL ii Chi/Q, m3/sec, for sector indices l-8 or 

9-16, respectively 

12: (One record for each distance) 
13a 80 (blank) 
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TABLE 2.2; (contd) 

Enerqy Group Dose Rate Factor Data Set - Six Data Sets (If Selected) 

:b” l-8 
(blank) 

INTEGER ; Sector index, l-8 or 9-16 

;I 2-t 
REAL Distance from source, m 
REAL ; Finite plume dose rate factor, (person rem 

dis/Ci MeV) for sector indices 1-8, or 
9-16, respectively 

llb (One record for each distance) 
12b 80 (blank) 

D/Q Data Set for Eight Sectors for Each of 10 Distances 

:: l-8 INTEGER i 4%?index 18 or 9-16 # - 

I: 2-i 
REAL Distance from source, m 
REAL ii Normalized deposition factor, m2/sec, for 

sector indices 1-8, or 9-16, respectively 
. 

11; (One record for each distance) 
12c 80 (blank) 

2.2.4 Population Grid Input File Buffer - POP.IN 

Population distribution information is read from the file buffer named 

POP. IN. The grid used for population must correspond to the grid used for 

joint frequency and Chi/Q data. The file format is shown in Table 2.3. If 

DITTY population specification for chronic airborne releases Method Three is 

used, (see Section 3.5.1), population data sets should be stacked 

consecutively in the file for each time, T, specified in NAMELIST INPUT, 

! e 

TABLE 2.3. Population File and Record Format 

Record Field Data Field 
Number Number Type Size Description 

1 1 CHARACTER 80 Title 

2 1 CHARACTER 80 (Not read by program. File creation date 
and time.) 

3 80 (blank) 
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TABLE 2.3. (contd) 

Population Data Set 

la l-10 INTEGER 8 Population for each distance for one sector 

16: (One record for each sector starting 
with S) 

2.2.5 Food Production Grid Input File Buffer - FOODPROD.IN 

If a food production distribution is to be used for the ingestion 

population, option 3 (see Section 3.1 Line 115+M to 116+M) food distribution 

is read from the file buffer named FOODPROD.IN. A data set is read for each 

selected food type, terrestrial food types first followed by animal products, 

for each of the 10 x 16 grid points. Table 2.4 shows the file and record 

format for the food distribution file. FOODPROD.IN is read by module XQIN in 

program ENVIN. 

TABLE 2.4. Food Distribution File and Record Format 

Record Field Data Field 
Number Number Type Size Description 

1 1 CHARACTER 80 Title 

2 1 CHARACTER 80 (Not read by program. File creation date 
and time.) 

3 80 (blank) 

Food Distribution Data Set for Each Selected Food Type 

I la l-10 REAL 8 Food production for each grid point, kg/yr, 
for each of 10 distances 

16: (One record for each sector starting 
with S) 

2.2.6 Parameter Default Value Input File - DEFAULT.IN 

The user has the option of changing most default parameters used in 

GENII. Those parameters not included in the input file because they are 

infrequently changed are read from the file DEFAULT.IN. The user may edit 
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DEFAULT.IN with a standard text editor. It is recommended, if changes are 

made to DEFAULT.IN, that the title line (first line.of the file) be changed 

for QA purposes. However, all changes from default parameter values will .be 

noted in the output file. The parameter name, previous default value, and 

modified value will be listed. DEFAULT.IN is processed with free-formatted 

read statements and includes descriptive information and units to simplify 

modifications. The distribution version of the DEFAULT.IN is shown in 

Volume 3, Section 5.2. 
- - 

2.2.7 ENV Input File Buffer - ENV.IN 

Program ENVIN reads the user's .input file, performs validity checks on 

the user's scenario, reads necessary library data, writes the input parameter 

report, and then writes a cryptic file of parameter values into the file 

buffer ENV.IN. Scenario-specific parameters are written first, followed by 

radionuclide-specific parameters organized into decay chains. ENV.IN is 

subsequently read by ENV. ENV.IN is written by subroutine RITENV and read by 

subroutines REDCAS and REDCHA. Use of this file is transparent to the user. 

2.2.8 INTDF Input File Buffer - INTDF.IN 

The INTDF input file is read from the file buffer INTDF.IN. The user is 

responsible for copying INTDF input files into this buffer in the \GENII 

subdirectory. Level 1 users may interact with the INTDF internal dosimetry 

computer program by creating a free-formatted input file. See the input 

preparation'instructions in Section 3.4 for details. 

2.2.9 DITTY Input File Buffer - DITTY.IN 

The DITTY input file is read from the file buffer named DITTY.IN. The 

user is responsible for copying DITTY input files into this buffer in the 

\GENII subdirectory. Information on preparing this file is included with the 

user instructions in Section 3.5. DITTY.IN is read by subroutine CASE2. 
. 

2.2.10 DITTY Water Release Input File Buffer - WATREL.IN 

In DITTY, when waterborne releases are to be read from the water release 

input buffer (IWAT > 0 and LUW # l), a file should b e prepared in the format 

shown in Table 2.5. The first two records, title and number of data sets, 

are followed by a data set for each radionuclide. 
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TABLE 2.5. Activity Release Data File and Record Format 

Record Field Data Field 
Number Number Type Size 

1 1 CHARACTER 80 

2 1 INTEGER 5 

Radionuclide Release Data Set 

iii : 
CHARACTER 
CHARACTER f 

:: 3 INTEGER : 

2a 1 REAL 10 

2a 2 REAL 10 

NT: 

Description 

Title 

Number of radionuclides that activity 
release data are supplied for 

Element symbol for the current radionuclide 
Atomic weight symbol for the current 
radionuclide 
(blank) 
Number of times for which release data will 
be supplied, < 300. This parameter, NT, 
determines the number of records in the 
radionuclide data set. 

Time at which the current release rate is 
defined; years since start of release based 
on input parameter TZR (see Section 3.5). 
Parameter: TA(i). 
Release rate, Ci/yr, for the current 
radionuclide at time TA(i). Read in double 
precision and converted to single 
precision. 

There are NT data records for each 
radionuclide. 

2.2.11 DITTY Air Release Input File Buffer, - AIRREL.IN 

In DITTY, when airborne releases are to be read from the air release 

input buffer (IAIR > 0 and LUA # l), a file should be prepared in the format 

shown in Table 2.5. The first two records, title and number of data sets, 

are followed by a data set for each radionuclide. 

2.2.12 EXTDF Input File Buffer - EXTDF.IN 

The EXTDF input file is read from the file buffer named EXTDF.IN. The 

user is responsible for copying EXTDF input files into this buffer in the 

\GENII subdirectory. Information on preparing this file is included with the 

user instructions in Section 3.3. EXTDF.IN is read by module EXTDF. 
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2.2;13 ENV Report File Buffer - GENIIZ.OUT 

For some scenarios, information is written to the report file buffer 

named GENII2.OUT during ENV execution. The APPRENTICE-generated batch- 

process file contains a command to copy the contents of this file buffer, 

along with the file buffers named GENII.OUT and DOSE.OUT to create the user's 

report file. GENIIZ.DUT is written by module XQCAL. 

2.2.14 ENVIN Report File Buffer - GENII.OUT 

The APPRENTICE-generated batch-procek-file that controls ENVIN/ENV/DOSE 

execution contains a command to copy the contents of the file buffer named 

GENII.OUT, along with the file buffers GENII2.0UT and DOSE.OUT, to a user- 

named report file. GENII.OUT contains the portion of the report written by 

the program ENVIN (in subroutine RITQA), namely the input parameter report. 

In general, only parameters used by the given scenario are included in the 

report. 

2.2.15 DOSE Report File Buffer - DOSE.OUT 

Dose results are written to the file buffer DOSE.OUT by the subroutines 

DOSSUM, RITBYR, RITBYP, and RITEDE. The reports to be written are selected 

by the user in APPRENTICE. The minimal set of reports includes the 

following: 

l a one-page report showing the committed (CDE) and weighted (WOE) 

dose equivalent by organ, the effective dose equivalent (EDE), 

external dose, and annual effective dose equivalent (AEDE) for the 

given scenario. The controlling organ, exposure pathway, and 

radionuclide for the scenario are identified. The inhalation EDE 

and ingestion EDE are also listed. 

l a one-page matrix report showing the dose components and their 

additive interrelationships for the first three years of the dose 

commitment period. This report is included to aid the user in 

understanding the dose terminology. 

l a report by radionuclide of the following doses: inhalation EDE, 

ingestion EDE, external dose, internal EDE, and AEDE. 
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In addition, the user may request reports of CDE by exposure pathway, 

CDE by radionuclide, and external dose by exposure pathway. The contents of 

DOSE.OUT including the input parameter report are written to the user-named 

output file. Sample problem reports, in Volume 2 Appendix A, provide 

examples of the various reports available. 

2.2.16 ENV Media Concentration Report File Buffer - MEDIA.OUT 

Media concentrations are not part of the GENII standard output. However 

this information is available to thelevel 1 user in the file buffer 

MEDIA.OUT. For chronic exposure scenarios the residential air, surface soil, 

deep soil, ground water, and irrigation surface water concentrations are 

shown for each radionuclide for each year of the exposure period. The 

surface water concentration at the source is also shown. For acute 

exposures, the residential average population-weighted air concentration and 

surface soil concentration, as well as the time-integrated surface water 

concentration, are shown for each radionuclide for each year of the exposure 

period for each of the four seasons. It is the user's responsibility to store 

the contents of MEDIA.OUT under a unique file name at the completion of each 

scenario. An example of MEDIA.OUT is shown with the sample problems in 

Volume 2, Appendix A. 

2.2.17 DOSE Summary Dose Report File Buffer - DOSEQA.OUT 

The ENVIN/ENV/DOSE sequence is frequently used in applications that 

require several executions of the code. When this occurs, it is useful to 

have summary information available for preliminary results-checking, QA 

recording, and report generation. With each execution of DOSE, the file 

buffer named DOSEQA.OUT is appended with a one-line summary record. 

i Table 2.6 describes each field in the summary record. This file can be 

copied and erased at will. It is efficient to delete the file from time to 

time, otherwise the file may become quite large. This report is written by 

module DOSSUM of program DOSE. 
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2.2.20 INTDF CDE Yearly Increment File Buffer - CDEINC.OUT 

CDE yearly increments are written to the file CDEINC.OUT. Use of this 

file is transparent to the user. The output from this file is used to 

generate the internal dose factor library, DOSINC.OUT, that is used by 

program DOSE to calculate doses. The file contains data sets for each 

radionuclide considered in the execution organized as follows in Table 2.7. 

TABLE 2.7. CDE Yearly Increme_nt File and Record Format 

Record Field Data Field 
Number Number Type Size 

1 

: 

1 

1 

1 

: 

: 

1 

2 

2 

3 

1 CHARACTER 

2 CHARACTER 

3 CHARACTER 

4 CHARACTER 

CHARACTER 

CHARACTER 
CHARACTER 

CHARACTER 

CHARACTER 

1 INTEGER 

2-26 INTEGER 

l-25 INTEGER 

Description 

a 

14 

:32 
3 
7 

a 

Exclamation point. Indicates beginning of 
radionuclide data set. 
(blank) 
Alphabetical element symbol as specified in 
the radionuc lide master library 
Atomic weight and possible metastable 
designation as specified in the 
radionuclide master library 
Inhalation classification used in 
calculations as defined above. Included 
for QA. 
FI value used in calculations. Included 
for QA. 
Date of calculation. Included for QA. 

ion. Included for QA. Time of calculat 
(blank) 
Type of exposure 
Included for QA. 
Dose units. 'Inc 
and QA. 

, either acute or chronic. 

luded for file readability 

Number of organs 
NORG 

considered. Parameter: 

Organ index of each organ considered as 
specified in the master organ list 

Number of years for which ingestion dose 
increments are supplied for each organ 
specified in record t2 
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TABLE 2.7. (contd) 

Orqan Data Sets for Ingestion: 

la 1 CHARACTER 1 Flag indicating ingestion ("G"). Included 
for file readability. 

la 2-16 REAL a Yearly ingestion dose increment starting 
with the first year of exposure for this 
organ, SvlBq or Sv/Bq-yr 

2a (blan,k) 
2a 2a-15 REAL ii Yearly ingestion dose increment as defined 

above - - 
: 
n As needed for the number of years of data 

for this organ as identified in record 3 

Organ Data Subsets for Inhalation: 

lb 1 CHARACTER 1 Flag indicating inhalation ("H"). Included 
for file readability. 

lb 2-16 REAL a Yearly inhalation dose increment starting 
with the first year of exposure for this 
organ, Sv/Bq or Sv/Bq-yr 

f t: 
(blank) 

1-15 REAL li Yearly inhalation dose increment as defined 
above 

: 
n As needed for the number of years of data 

for this organ as identified in record 3 

This file is written by subroutine RITINC. For an example of this file 

format, see the listing of the file DOSINC.O,UT in Section 5.2 of Volume 3. 

2.2.21 INTDF CDE File Buffer - CDE.OUT 

Committed dose equivalent data sets are output in a form useful for 

library generation in the file CDE.OUT Output from this file was used to 

create the DITTY internal dose factor library DSFCT30.DAT. A data set for 

each radionuclide considered is generated in the following format in 

Table 2.8. 
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Field 
Number 

1 

5 
4 

i 
7 

a 

9 

:: 

:3’ 

:: 

16 

TABLE 2.6. Summary Dose Report Record Format 

Data Field 
Type Size 

CHARACTER 

REAL 
REAL 
REAL 
REAL 
REAL 
CHARACTER 

CHARACTER 

CHARACTER 

ia 
1 

: 

: 
a 
4 

3 

3 

CHARACTER 
CHARACTER 
CHARACTER 
CHARACTER 

CHARACTER 
CHARACTER 

CHARACTER 

: 
a 
1 

: 

2: 

Description 

First 18 characters of the scenario title 
Colon as title delimiter 
Effective dose equivalent from inhalation 
Effective dose equivalent from ingestion 
External Dose , 
Effective dose equivalent 
Annual effective dose equivalent : 
Dose units: reti or Sv for individual, Prem or PSv 
for person-rem or person-Sv 
Flag for organ receiving largest commitment. Flag 
consists of first three letters of organ name. 
Flag indicating environmental pathways providing 
largest dose contribution. Flags are: "Inh" for 
inhalation, ‘Ing” for ingestion, and "Ext" for 
external. 
Radionuclide providing largest dose contribution 
Date of execution 
Time of execution 
"T" if near-field scenario, "F" if far-field 
scenario 
"T" if acute exposure, "E",li f 
"T" if population dose, F i 
(blank) 

chronic exposure 
f individual dose 

"T" if each of environmental 
considered, "F" if not. The 
Fisted in order are: 
I' - external exposure from p 1 
2 - inhalatfon uptake _ 

exposure pathways is 
environmental pathways 

ume 

3 - external exposure from ground 
4 - leafy vegetable ingestion 
5 - root vegetable ingestion 
6 - grain ingestion 
7 - fruit ingestion 
a - meat ingestion 
9 - poultry ingestion 
10 - cow milk ingestion 
11 - egg ingestion 
12 - inadvertent soil ingestion 
13 - water ingestion while swimming 
14 - external exposure from swimming 
15 - external exposure from boating 
16 - external exposure from shoreline activities 
17 - drinking water ingestion 
18 - fish ingestion 
19 - mollusk ingestion 
20 - crustacea ingestion 
21 - aquatic plant ingestion 
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TABLE 2.6. (contd) 

ii 
19 

22 - exterrral exposure from deep soil 
23 - external exposure from buried waste 
24 - (unused) 

INTEGER Length of intake (yr) 
INTEGER I Length of release (yr) 
INTEGER 2 Length of dose commitment period (yr) 

2.2.18 ENV Output File Buffer - ENV.OUT 

Program ENV writes yearly environmental exposure rates by pathway and 

radionuclide to the output file buffer.ENV.OUT in subroutine RITEXP. The 

file is subsequently read by DOSE in subroutine DOSCTL. Use of this file is 

transparent to the user. 

2.2.19 INTDF Report File Buffer - INTDF.OUT 

INTDF.OUT contains the report generated by the INTDF program. The file 

consists of the following reports for each radionuclide chain: 

l input and program-assigned parameter report 

l optional report (if detailed report flag has been set "on" in the 

input file) of SEE factors for each.radionuclide 

l the number of nuclear transformations over the given time period in 

the source organs and tissues, oral and inhalation, for each 

radionuclide chain member 

l CDE for the given time period in target organs and tissues, oral 

and inhalation 

i 
l statistics detailing the amount of computational work performed by 

the LSODES solver. 

It is the user's responsibility to save the output of this file buffer 

under a unique name. The file is written by the subroutines RITINT and 

RITEND. The report for Sample Problem 5, shown in Appendix A, is an example 

of this report. 
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TABLE 2.8. CDE File and Record Format 

Record Field Data Field 
Number Number Type Size 

1 

1 

1 

: 

: 

: 

1 

2 

2 

3 

4 

4 

4 

5 

5 

5 

1 

2 

3 

4 

i 
7 

a 

1 

2-n 

l-n 

1 

2 

3-n 

CHARACTER 

CHARACTER 

CHARACTER 

REAL 

CHARACTER 
CHARACTER 
CHARACTER 

CHARACTER 

2 

6 

7 
1 

95 

5 

:: 
10 

10 

INTEGER 

INTEGER 

CHARACTER 

CHARACTER 

INTEGER 

REAL 

1 CHARACTER 1 

2 INTEGER 3 

3-n REAL a 

Description 

Alphabetical element symbol as specified in 
the radionuclide master library 
Atomic weight, also metastable (m) 
designation 
(descriptive information) 
Translocation classification as described 
under RJDLIB.DAT 
(descriptive information) 
F1 value used to calculate result. 
Included.for QA. 
(blank) 
Date of calculation. Included for QA. 
Time of calculation. Included for QA. 
Type of exposure, acute or chronic. 
Included for readability and QA. 
lJJ;t;Aof result. Included for readability 

. 

Number of organs for which data is included 
for this radionuclide 
Master organ index of each organ considered 

(blank) 
Descriptive title of each organ as ordered 
in Record 2. Included for readability. 

Flag indicating dose factor type: "G" for 
ingestion. Included for readability. 
Number of years in the dose commitment 
period. Included for QA and readability. 
Ingestion committed dose equivalent, units 
as shown in Record 1 for each organ as 
ordered in Record 2. 

Flag indicating dose factor type: "HI' for 
inhalation. Included for readability. 
Number of years in the dose commitment 
period. Included for QA and readability. 
Inhalation committed dose equivalent, units 
as shown in Record 1 for each organ as 
ordered in Record 2 

2.2.22 DITTY Report File Buffer - DITTY.OUT 

The input parameter report and dose results of program DITTY are written 

to the output file buffer DITTY.OUT. It is the user's responsibility to 
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.store the contents of the file buffer under a unique file name. DITTY.OUT is 

written by modules QAPAGE and REPORT. An example of this file is the output 

from Sample Problem 7, found in Appendix A. 

2.2.23 DITTY Summary Dose Report File Buffer - DITTYQA.OUT 

DITTY is frequently used in applications that require several executions 

of the code. When this occurs, it is useful to have summary information 

available for preliminary results-checking, QA recording, and report 

generating. With each execution of MTTY, the file buffer named DITTYQA.OUT 

is appended with a one line summary record. Table 2.9 describes each field 

in the summary record. This file can be copied and erased at will. It is 

efficient to delete the file from time to time, otherwise the file may become 

quite large. This report is written by module REPORT. 

TABLE 2.9. DITTY Summary Dose Report Record Format 

Field Data Field 
Number Type Size Description 

1 

2 

3 

4 

6 

10 

11 

:f 

CHARACTER 

REAL 

CHARACTER 

CHARACTER 

INTEGER 

REAL 
CHARACTER 
CHARACTER 

INTEGER 

INTEGER 

CHARACTER 
CHARACTER 

ia 

: 

4 

6 

3 

a 

ii 

3 

5 

: 

First 18 characters of the scenario title 
Colon as title delimiter 
Cumulative population dose equivalent received by 
population over the lO,OOO-yr period 
Unit flag for preceding dose, "Prem" indicating 
person-rem 
Radionuclide providing largest contribution to 
population dose 
Index of 70-yr period in which highest population 
dose increment was received 
Maximum individual dose 
Units for preceding dose 
Radionuclide providing largest contribution to 
individual dose 
Index of 70-yr period in which maximum individual 
dose was received 
Year of scenario in which maximum individual dose 
was received 
Date of execution 
Time of execution 
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2.2;24 EXTDF Report File Buffer - EXTDF.OUT 

The file buffer named EXTDF.OUT is used to store the report file from 

EXTDF executions. Input parameter values are printed as are selected output 

units. Dose factors are printed in a format that simplifies library 

generation. EXTDF.OUT is written by modules EXTDF and SHORT. It is the 

user's responsibility to store the contents, of the file under a unique file 

name. 

2.3 DATA LIBRARY DESCRIPTIONS 

The data files that provide tabulated values of constants for the 

calculations are described in this section. 

2.3.1 Radionuclide Master Library - RMDLIB.DAT 

The radionuclide master data library (RMDLIB.DAT) contains all 

radiological decay data in addition to the specification of all radionuclides 

for which data is included in the GENII Software System. The radionuclides 

are organized into decay chains ordered by atomic number under the 

radionuclides highest in the chain. RMDLIB.DAT is.read by subroutine RLIBIN 

and is used by programs ENVIN, DITTY, INTDF, and EXTDF. Calculations of 

radioactive decay and daughter ingrowth are performed in the subroutines 

CHAIN and DGCHAIN, using the decay chain data of RMDLIB.DAT and the decay 

equations of Bateman (1910). RMDLIB currently contains information on 245 

radionuclides. 

RMDLIB contains one record for each radionuclide plus a header record 

and a trailer record. The header record contains the file title (FORTRAN 

format: A80) and a blank trailer record. The balance of the records contain 

information as shown in Table 2.10. 
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TABLE 2.10. Radionuclide Master Library Record Structure 

Field Data 
Number Type 

CHARACTER 
CHARACTER 

REAL 
INTEGER 

INTEGER 

6 REAL' 

7 INTEGER 

a REAL 

9 INTEGER 

10 CHARACTER 

11 

12 

ii 

15-17 

36i38 

INTEGER 

CHARACTER 

CHARACTER 
INTEGER 

Field 
Size Description 

6’ 
10 
2 

2 

7 

2 

7 

4 

: 

2 

: 

: 

Alphabetical element symbol. Parameter: ELTM 
Atomic weight, also metastable (m) designation. 
Parameter: AWM 
Radiological half-life, days. Parameter: TR 
Indicator of.relative osition in decay chain 
(1 is-highest position P 
Indicator of precursor in decay chain (as 
identified in-column 4 of the precursor, zero 
indicates no precursors). Parameter: IFR 
Branching ratio for primary precursor. Parameter: 
DKF 
Indicator of alternate precursor in decay chain. 
Parameter: IFR 
Branching ratio for alternate precursor. 
Parameter: DKF 
Atomic number. Parameter: ATNO 
(blank) 
Special-purpose flag used for research 
applications, input as a character field to set 
logical flag, used by EXTDF 
Applicable internal dosimetry model used by INTDF 
where: O-use General Model, l-use Alkaline Earth 
Model, e-use Iodine Model. Parameter: IMODM 
(blank) 
Flag indicatin whether radionuclide is a bone- 
volume seeker 7 V), bone-surface seeker (S), or not 
applicable (N). Parameter: BONED 
Translocation classification. Parameter: TCLASS 
Number of implicit daughters built into 
radionuclide. Parameter: NDAU 
First implicit daughter data set 

Eiihth implicit daughter data set 

Each implicit daughter data set consists of three columns containing the 

alphabetical element symbol, atomic weight plus metastable designation, and 

branching ratio as specified in fields 1, 2, and 6, respectively. The 

associated parameter name for the branching ratio is BRANCH. 

Translocation refers to the rate at which radionuclides are transported 

by body fluids from the lungs to the blood and GI tract after inhalation 

(sometimes referred to as inhalation class or solubility class). For 

inhalation calculations, translocation classifications are made for each 
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organ based on the usage of the Task Group Lung Model (ICRP 1966). The 

translocation flags used in RMDLIB.DAT refer to the following classes as 

defined by the ICRP (1966): 

D- Class D Materials: A maximum clearance time of less than a day 

W- Class W Materials: A maximum clearance time of a few days to 

a few months 

Y - Class Y Materials: A maximum clearance half time of six months 

to a few year& 

Columns l-14 are read with the'FORTRAN format (A2, A6, E10.2, 12, 2(I2, 

F7.4)) 14, 1X, Al, 1X, 11, 1X, 2A1, 12). If the 

is greater than 0, the record is reread with the 

B(A2,A6, F5.3, 1X)). RMDLIB.DAT is listed in Vo 

2.3.2 Metabolic Data Library - METADATA.DAT 

1 

number of implicit daughters 

FORTRAN format (52X, 

ume 3, Section 5.2. 

Johnson's (Johnson and Carver 1981, Johnson and Myers 1981) metabolic 

data library has been modified and expanded for use with the INTDF internal 

dosimetry program. The adult metabolic data is taken from ICRP 30 (1979a, 

1980, 198lb) with minor exceptions. The library contains adult and infant 

data on uptake by blood, fl values for each inhalation class, distribution 

and retention in organs, as well as fraction of excretion via urine and 

feces. Excretion data is not used in INTDF. 

The file consists of a header record containing title information and 

data sets for each element, adult or infant. Each data set contains three 

data records followed by up to four organ data subsets, followed by a single 

record indicating the end of the data set. Each of the organ data subsets 

consists of four records each, one record for each biological half time 

(organ/tissue sub-compartment). The last organ data subset is for remaining 

tissues/organs, classified as "OTHER." Organ data sets for the Alkaline 

Earth Model are ordered more stringently. Alkaline Earth Model data subsets 

are ordered as trabecular/cancellous bone, cortical bone, and bone surface, 

fol 1 owed by “OTHER”. The file.format is shown in Table 2.11. 
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TABLE 2.11. Metabolic Data Set Record Format 

Record Field Data Field 
Number Number Type Size 

1 1 INTEGER 3 

2 1 CHARACTER 14 

; 2 CHARACTER : 

f 3 REAL ; 

2 4 REAL 5 

2 5 REAL 5 

z : 
REAL n 
REAL n 

3 3 REAL n 

Description 

Atomic number of element 

Descriptive name of element, not used by 

iy:;ty 
Age indicator, A-Adult and I-Infant (Only 
adult information is processed in this 
version of INTDF.) 
(blank) 
Biological rate constant for the transfer 
compartment (blood and body fluids), d-1 
Parameter: RTBLOOD 
Fraction of excretion from blood via urine, 
(not used by INTDF) 
Fraction of excretion from blood via feces, 
(not used by INTDF) 

F1 value for Inhalation Class D material 
F1 value for Inhalation Class W material 
F1 value for Inhalation Class Y material 

Alkaline Earth Model Organ/Tissue Subset 

la 
la 

la 

la 

la 

(blank) 
1 CHARACTER : Bone compartment name, ("BONE CAN", "BONE 

COR", or "BONE SUR") or "OTHER" 

2 REAL 1: 
(blank) 
Fraction of material going from transfer 
compartment to each bone or OTHER sub- 
compartment. Parameter: TCBONE or TCOTHR 

3 REAL 10 Biological rate constant for each bone or 
OTHER sub-compartment, d-l. Parameter: 
RTBONE or RTOTHR 

4 REAL 10 Fraction of material excreted via urine, 
(not used by INTDF) 

5 REAL 10 Fraction of material excreted via feces, 
(not used by INTDF) 

4: One record for each of four sub- 
compartments 
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TABLE 2.11. (contd) 

All Other Models Subset 

?I 1 

:: 2 

lb 3 

lb 4 

lb 5 

4: 

Last Record 

4" 1 

1 
CHARACTER 

REAL 

REAL 

REAL 

REAL 

CHARACTER 

a 

1: 

10 

10 

10 

(blank) 
yg;n name as specified in the master organ 

(blank) 
Fraction,of material going from transfer 
compartment to each organ/tissue sub- 
compartment. Parameter: TCBONE, TCORG, or 
TCOTHR- _ 
Biological rate constant for each 
organ/tissue sub-compartment, d-l. 
Parameter: RTBONE, RTORG, or RTOTHR 
Fraction of material excreted via urine, 
(not used by INTDF) 
Fraction of material excreted via feces, 
(not used by INTDF) 

One record for each of four sub- 
compartments. 

Record 1 is read in subroutine METLIB with the FORTRAN format (A14, 1X, 

Al; 7X, 3F5.3). Record 2 is processed with a free-formatted read. Each 

organ/tissue sub-compartment record is read as (1X, A8, 1X, 4E10.3). 

METADATA.DAT is listed in Volume 3, Section 5.2. 

2.3.3 Radionuclide List By Atomic Number - RMDBYELE.DAT 

To simplify scenario construction in APPRENTICE, radionuclides are 

displayed sorted by atomic number and mass number. The file RMDBYELE.DAT is 

a sorted list of radionuclides included in the master radionuclide library. 

The file consists of a header record with title information followed by 

records consisting of the two-character alphabetic symbol followed by the 

six-character atomic weight and possible metastable designation. 

RMDBYELE.DAT is read by BASIC subroutine MENU5 and is listed in Volume 3, 

Section 5.2. 
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2.3.4 Food Transfer Library - FTRANS.DAT 

The food transfer factor library, FTRANS.DAT, contains factors used in 

programs ENV and DITTY relating concentrations of elements in soil to 

concentrations in farm products grown on that soil, and relating concen- 

trations in animal feed to concentrations in animal products. 'The library 

also contains air deposition velocities. Sources of these parameters are to 

be published in a separate document. The file consists of a header record 

with title information, a second record containing column headings for file 

readability (not processed by the programs), followed by a record for each 

element included in the radionuclide master. The record format for this file 

is shown in Table 2.12. 

TABLE 2.12. Food Transfer Library Record Format 

Field Data Field 
Number Type Size Description 

1 CHARACTER 

2 REAL 

3 REAL 

4 REAL 

5 REAL 

6 REAL 

7 REAL 

a REAL 

9 REAL 

10 REAL 

11 REAL 

2 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

Alphabetical element symbol as specified in the 
radionuclide master library 
Elemental deposition velocity from air to ground, 
m/set. Parameter: DPVLT, DPVL 
Food transfer coefficient for leafy 
vegetables/fresh animal forage, pCi/g plant (dry) 
per pCi/g soil (dry). Parameter: ‘BVIT(l,n) 
Food transfer coefficient for root ve etables, 
;iG{ 2pA;nt (dry) per pCi/g soil 

7 
(dry . Parameter: 3 

Food tkansfer coefficient for grains/stored animal 
feed, pCi/g plant (dry) per pCi/g soil (dry). 
Parameter: BVIT(3,n) 
Food transfer coefficient for fruit, pCi/g plant 
(dry) per pCi/g soil (dry). Parameter: BVIT(4,n) 
Food transfer coefficient for beef, d/kg. 
Parameter: FMIT(l,n) 
Food transfer coefficient for poultry, d/kg. 
Parameter: FMIT(2,n) 
Food transfer coefficient for cow milk, d/L. 
Parameter: FMIT(3,n) 
Food transfer coefficient for eggs, d/kg. 
Parameter: FMIT(4,n) 
Leaching rate (percolation) of radionuclides out of 
the surface soil layer (top 15 cm), yr-1. 
Parameter: LEACHT 
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The FORTRAN format for each record' is (A2, 9E9.2). FTRANS.DAT is read 

and dry plant weights are converted to wet weights in subroutines ENVLIB and 

FOOLIN. A listing of the file is included in Volume 3, Section 5.2. 

2.3.5 Bioaccumulation Library - BIOACl.DAT 
- . 

The bioaccumulation library, BIOACl.DAT, contains the factors used by 

ENV and DITTY to relate the concentration of radionuclides in aquatic biota 

to the concentration of radionuclides in the water. There are separate. 

factors for fresh and salt water. Also included are factors representing the 

fraction of chemical elements passing through conventional municipal water 

treatment plants. These parameters. and their selection processes will be 

documented in a separate report. The file consists of a header record with 

title information, a second record containing column headings for file 

readability (not processed by the programs), followed by a record for each 

element included in the radionuclide master library. The record format for 

this file is shown in Table 2.13. 

TABLE 2.13. Bioaccumulation Library Record Format 

Field Data Field 
Number Type Size Description 

1 CHARACTER 2 

2 REAL 9 

3 REAL 9 

4 REAL 9 

5 REAL 9 

6 REAL 9 

7 REAL 9 

a REAL 9 

9 REAL 9 

10 REAL 9 

Alphabetical symbol as specified in the master 
radionuclide library 
Bioaccumulation factor for fish in salt water, 
pCi/kg per pCi/L. Parameter: BIOACT(l,n) 
Bioaccumulation factor for mollusk in salt water, 
pCi/kg per pCi/L. .Parameter: BIOACT(2,n) 
Bioaccumulation factor for crustacea in salt water, 
pCi/kg per pCi/L. Parameter: BIOACT(3,n) 
Bioaccumulation factor for aquatic plants in salt 
water, pCi/kg per pCi/L. Parameter: BIOACT(4,n) 
Bioaccumulation factor for fish in fresh water, 
pCi/kg per pCi/L. Parameter: BIOACT(l,n) 
Bioaccumulation factor for mollusk in fresh water, 
pCi/kg per pCi/L. Parameter: BIOACT(2,n) 
Bioaccumulation factor for crustacea in fresh 
water, pCi/kg per pCi/L. Parameter: BIOACT(3,n) 
Bioaccumulation factor for aquatic plants in fresh 
water, pCi/kg per pCi/L. Parameter: BIOACT(4,n) 
Drinking water clean-up factor, dimensionless. 
Parameter: DWCLET 
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The FORTRAN format for each record is (A2, 9E9.2). BIOACl.DAT is read 

by subroutines ENVLIB and BIOLIN. A listing of the file is included in 

Volume 3, Section 5.1. 

2.3.6 External Dose Factor Library - GRDF.DAT 

External dose factors for air submersion, water surface, soil surface, 

deep soil and buried waste for each radionuclide specified in the master 

library are found in the file GRDF.DAT.' Values in the library were 

calculated by the EXTDF program. All-values are effective dose equivalent, 

calculated as the weighted sum of the organ doses. 

GRDF.DAT is used by programs. DOSE .and DITTY. The file consists of a 

header record with title information, three records containing column 

headings for file readability (not processed by the programs), and followed 

by a record for each radionuclide included in the radionuclide master library 

in the format shown in Table 2.14. 

TABLE 2.14. External Dose Factor Library Record Format 

Field Data Field 
Number Type Size 

1 CHARACTER 2 

2 CHARACTER 6 

3 REAL 

4 REAL 

5 REAL 

6 REAL 

REAL 

REAL 

REAL 

a 

10 

10 

10 

10 

10 

10 

Description 

Alphabetical element symbol as specified in the 
master radionuclide library 
Atomic weight plus possible metastable 
specification as included in the master 
radionuclide library 
External dose factor for air immersion, Sv/yr per 
Bq/m3. Parameter: DAIT 
External dose factor at water surface, Sv/yr per 
Bq/L. Parameter: DBIT 
External dose factor for the soil surface, Sv/yr 
per Bq/'@" to a depth of 15 cm. Input value is 
divided by 0.15 before storing in parameter DSIT. 
External dose factor for deep soil or buried waste 
with a clean overburden of 15 cm, Sv/yr per Bq/m3. 
Parameter: DDIT(n,l) 
External dose factor for deep soil or buried waste 
with a clean overburden of 0.5 m, Sv/yr per Bq/m3. 
Parameter: DDIT(n,2) 
External dose factor for deep soil or buried waste 
with a clean overburden of 1.0 m, Sv/yr per Bq/m3. 
Parameter: DDIT(n,3) 
External dose factor for a plane surface, Sv/yr per 
Bq/m2. Not used at this time. 
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The FORTRAN format for each record is (A2, A6, EB.2, 5E10.2). GRDF.DAT 

is read by subroutines REDFIL and GRDLIN. A listing of the file is included 

in Volume 3, Section 5.2. 

2.3.7 Radioactive Decay Data for RMDLIB - ENERGY.DAT 

Radioactive decay energies for the EXTDF program are read from a 

specialized version of DRALIST (Kocher 1981). The specialized file, named 

ENERGY.DAT, contains data sets for radionuclides as ordered in RMDLIB.DAT. 

Energies for implicit daughters, as identified in RMDLIB.DAT, have been added 

to the parent. Data set and record organization is the same as those of 

DRALIST. This file is read by module NRGLIB. ENERGY.DAT is listed in 

Volume 3, Section 5.2. 

2.3.8 DITTY Internal Dose Factor Library - DSFCT30.DAT 

Committed dose equivalents from chronic exposure for 70 years are stored 

in the file DSFCT30.DAT for use by DITTY. Data sets for this file are gene- 

rated by INTDF. The library consists of a title record followed by a data 

set for each radionuclide included in RMDLIB.DAT. The format of the data 

sets are shown in Table 2.8. DSFCT30.DAT is listed in Volume 3, Section 5.2. 

2.3.9 Attenuation Coefficients and Build-Up Factor Library - ISOLIB.DAT 

.- EXTDF uses attenuation coefficients and build-up factors of the ISOSHLD 

(Engle 1966) program. This data is stored in the file named ISOLIB.DAT. 

Build-up factor coefficients are handled differently for energy groups 1 

through 9 (0.01 to 0.1 MeV) and for groups 10 to 25 (0.1 to 3.2 MeV). 

Attenuation coefficients are included for 20 common materials and are 

based on unit density. Mixed attenuation coefficients are calculated using 

Equation (4.2.3) of Volume I. Each attenuation coefficient data set consists 

of three records containing data for 25 average group energies defined in 

Table 4.7 of Volume 1. 

Build-up factors for energy groups 1 through 9 have been calculated 

using the "straight ahead" approximation. The build-up factors are tabulated 

for six.atomic numbers (13, 26, 50, 74, 82, 92), five representative energies 

(0.01, 0.02, 0.05, 0.1, 0.2), and seven absorption mean free-path (px) values 
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.(l, 2, 4, 7,. 10, 15, 20). Build-up factors for a particular solution are 

obtained by linear interpolation within this table. 

The build-up factor library for groups 10 through 25 contains 

coefficients A, aI, 42 for the point isotopic source dose build-up factor 

[Taylor's formula (Rockwell 1956)’ Equation (4.2.4) in Volume ‘11. These data 

are tabulated for seven materials: water, aluminum, iron, tin, tungsten, 

lead, and uranium (with effective atomic numbers 4, 13, 26, 50, 74, 82, and 

92, respectively). The effective atomic number of a single shield region (in 

which build-up is considered characteristic of all shield regions) is used 

for interpolating in this library; Each build-up factor data sets consists 

of six records. 

The file and record formats of ISOLIB.DAT are shown in Table 2.15. 

ISOLIB.DAT is listed in Volume 3, Section 5.2. 

TABLE 2.15. ISOLIB.DAT File and Record Format 

Record Field Data Field 
Number Number Type Size Description 

1 1 CHARACTER 80 Title 

Attenuation Coefficient Data Sets 

la 1 CHARACTER 7 Material name (first record of data set 
only) 

:: ' 3' 
INTEGER 2 Material number 
INTEGER 

la 4-12 REAL : 
Data set record number (1, 2, or 3) 
Mass attenuation coefficient for nine 
energy levels 

la 13 REAL 3 Atomic number (first record of data set 
only) 

la 14 REAL 3 Atomic weight (first record of data set 
only) 

Build-Up Factors for Enerqy Groups 10 Throuqh 25 Data Sets 

:bb 
a (Not read by program) 

INTEGER Material number 
lb : INTEGER : Data set record number 
lb 3 REAL 7 Coefficients for eight energy groups: 

Records l-2 AI, Records 3-4 01, 
Records 5-6 a2 
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TABLE 2.15. (contd) 

lb REAL 3 Atomic number 
lb :: INTEGER 1 Flag set to 1 if this is the last record of 

last data set of this type. 

Build-Up Factors for Energy Groups One Throuqh Nine Data Sets 

:z : 
INTEGER Atomic number 
INTEGER f First abserption mean free path value for 

which factors are given for five energies 
this record 

lc 3 INTEGER 2 Second absorption mean free path value for 
which factors are given for five energies 
this record 

lc 4-13 REAL 6 Build-up factors for five energies for 
absorption mean free paths as identified in 
fields 2 and 3 

2.3.10 Committed Dose Equivalent Yearly Increment Library - DOSINC.DAT 

Committed dose equivalent yearly increments are stored in binary form in 

the file named DOSINC.DAT. CDE yearly increment data sets for each 

radionuclide were generated with INTDF. The output from the file buffer 

named CDEINC.OUT was accumulated in the file buffer named DOSINC.OUT. A 

title line was added to DOSINC.OUT, and the utility program UNFORMAT was 

executed to generate the binary version of the file named DOSINC.DAT. Note 

that in the distribution package, the file DOSINC.OUT has been stripped of 

data, as only the title of the file is read from DOSINC.OUT during 

ENVIN/ENV/DOSE execution. Data set record formats are shown in Table 2.7. 

The text version of this file is shown in Volume 3, Section 5.2. 

2.3.11 Gamma Enerqy Library - GAMEN.DAT 

Finite plume calculations use energy per disintegration, (MeV/dis), for 

six energy groups for each radionuclide. The energy ranges of the six groups 

are shown in Table 4.9 of Volume 1. This information is stored in the file 

named GAMEN.DAT. The file is composed of a title record followed by records 

of the format shown in Table 2.16. The gamma energy library is read by 

module ENVLIB of program ENVIN. GAMEN.DAT is listed in Volume 3, 

Section 5.2. 
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TABLE 2.16. Gamma Energy Library Record Format 

Field Data Field 
Number Type Size Description 

1 CHARACTER 2 

2 CHARACTER 6 

REAL a 3-a 

Alphabetic element symbol as specified in the 
master radionuclide library 
Atomic weight plus possible metastable 
specification as included in the master 
radionuclide library 
Energy per disintegration for six energy groups 

2.3.12 Spec ific Effect ive Energy Library - SEEn.DAT 

Specific effective energy data sets have been extracted from the ORNL 

data file (personal communication, Keith Eckerman) used to produce ICRP 

Publication 30 (1979a, 1979b, 1980, 198la, 19alb, 1982a, 1982b) for radio- 

nuclides included in RMDLIB.DAT. ,Because of the volume of this data, the 

data has been split into three files and converted to an abbreviated (header 

and trailer records removed) binary format. SEEI.DAT consists of data sets 

for radionuclides with atomic numbers l-43, SEE2.DAT of those with atomic 

numbers 44 through 80 and SEE3.DAT contains the remainder. The utility 

program UNSEE is used to create the binary version of the files. 

2.4 EXTERNAL FILE NAME ASSIGNMENTS - FILENAME.DAT 

GENII assigns each external file (data, input, or output) a unique 

logical unit number (LUN). All file names qnd there associated LUNs are 

transparent to the user; APPRENTICE generates the necessary commands to 

handle the user's input and output files. However, the experienced user in 

the course of research may wish to assign experimental data libraries. This 

is possible because all file names and LUNs are stored in the file named 

"FILENAME.DAT". GENII looks first in the users default directory for 

"FILENAME.DAT". If not found, the distribution version of the file stored in 

the GENII subdirectory is used. “FILENAME.DAT” consists of 49 records 

containing the file names for LUNs 2-50, ("FILENAME.DAT" is assigned in 

LUN 1). Each record contains the information shown in Table 2.17. The 

contents of the 49 records are shown in Table 2.18. 
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TABLE 2.17. File Name Assignments Record Structure 

Field Data Field 
Number Type Size Description 

1 INTEGER 2 Logical unit number (Not read by the program, 
included for readability). Parameter: LUN 
(blank) 

2 CHARACTER 3: File name, including drive specification and path. 
Parameter: FILN 

The FORTRAN format for each record is (lOi,-A30). "FILENAME.DAT" is read by 

the subroutine OPNFIL and is used by all programs in the software package. A 

listing of "FILENAME.DAT" is shown in Volume 3, Section 5.2. 

TABLE 2.18. Logical Unit Numbers, Default File Names, and Usage of 
External Files in the GENII Software Package 

Logical 
Unit 
Number 

3' 
4 

65 
7 

21 

22 
23 

Default File Name File Usaqe 

\GENI I\RMDLIB. DAT 
\GENII\METADATA.DAT 
\GENII\RMDBYELE.DAT 

\GENII\GENII.IN 
\GENII\GENII.OUT 
\GENI I\WORK.BUF 

\GENII\FTRANS.DAT 
\GENII\BIOAC~ .DAT 
\GENII\GRDF.DAT 
\GENI I\ENV. IN 
\GENII\DOSSUM.DAT 
\GENII\ENV.OUT 
\GENII\DOSE.OUT 
\GENII\INTDF.OUT 
\GENII\CDEINC.OUT 

\GENII\DITTY .OUT 
\GENII\INTDF. IN 

\GENII\CDE.OUT 

\GENII\MEDIA.OUT 

\GENI I\DEFAULT. IN 
\GENII\J~INTFRE. IN 

Radionuclide master library 
Metabolic data library 
Radionuclide list sorted by atomic 
number and mass number 
GENII input file buffer 
GENII report file buffer 
Work space used by various programs 
in the software package 
Food transfer library 
Bioaccumulation library 
External dose factor library 
ENV input file buffer 
Dose report format file 
ENV output file buffer 
DOSE report file buffer 
INTDF report file buffer 
Committed dose equivalent yearly 
increment INTDF output file 
DITTY report file buffer 
INTDF input file buffer 
unused 
Committed dose equivalent INTDF 
output file 
Air; water, and soil concentration 
report file buffer 
Parameter default value input file 
Joint frequency input file buffer 
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I: 
26 

Ii 
29 

3: 

9: 

3: 

;; 

38 

39 

40 

41 

42 

ii 

45 

46 

47 

ti 

50 

TABLE 2.18. (contd) 

\GENII\CHIQ. IN 

\GERII\ENERGY.DAT 

\GENII\P~P. IN 
\GENII\GENII2.0UT 
\GERII\FOODPR~D.IN 

\GENI I\DSFCT30. DAT 
\GENII\WATREL. IN 

\GENII\AIRREL.IN 
\GENII\DITTY. IN 
\GENII\ISOLIB.DAT 
\GENII\EXTDF. IN 
\GENII\EXTDF.OUT 
\GENII\D~SINC.OUT 

\GERII\GAMEN.DAT 

\GENII\DOSEOA.OUT 

\GENII\DOSINC.DAT 

\GENII\SEE. IN 

\GENII\SEERPT.OUT 

\GENI I\SEE~ . DAT 

\GENII\SEE2.DAT 

\GENII\SEE3.DAT 

\GENI I\WORK~. BUF 

\GENI I\WORK3. BUF 

Mhizdinput/output 

DRALIST for RMDLIB 

file buffer 

with implicit 
daughters built into parent 
Population grid input file buffer 
Second GENII report file buffer 
Food production grid input file 
buffer 
DITTY internal dose factors 
DITTY water release input file 
buffer 
DITTY air release input file buffer 
DITTY input file buffer 
EXTDF ISOSHLD library 
EXTDF input file buffer 
EXTDF report file buffer 
Text version of committed dose 
equivalent yearly increment file 
Gamma energies for each of 6 energy 
groups 
Summary dose report/quality 
assurance log file 
Binary version of committed dose 
equivalent yearly increment file 
Label format file for the utility 
program SEERPT 
Unused 
Unused 
Report file of the utility program 
SEERPT 
Specific effective energies for 
radionuclides with mass numbers c 44 
Specific effective energies for 
radionuclides with mass numbers > 43 
and c 81 
Specific effective energies for 
radionuclides with mass numbers > 80 
Unused 
Workspace used by various programs 
in the software package 
Workspace used by various programs '- 
in the software package 
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3.0 USERS' INSTRUCTIONS 

3.1 APPRENTICE 

APPRENTICE is an interactive, menu-driven input generator for most 

applications of the GENII system. The code is largely self-documenting by 

means of numerous pull-down help screens. Description of the use of the code 

is therefore limited to general instructions. Detailed descriptions of the 

various options available in APPRENTICE are-provided to the user as the code 

is used. General instructions on the use of APPRENTICE are: 

1. Use left and right arrows on numeric keypad to move to another 

menu. There are 12 main menus in APPRENTICE. You will see only 

those menus that are appropriate for the scenario under construc- 

tion. 

2. Use down arrow on numeric keypad to pull a menu down. 

3. Use return key to select an item. 

4. Use the Fl key or select Help from the menu. Assistance is avail- 

able throughout APPRENTICE by accessing pop-up help screens. 

5. Use APPRENTICE to assist you with scenario construction in the 

following ways: 

l APPRENTICE checks for option incompatibilities and alerts you 

when these are discovered. 

e APPRENTICE asks questions pertinent only to the current 

scenario. 

l APPRENTICE provides default values for all variables. 

You may select between maximum individual and average 

individual parameters. 

. APPRENTICE checks all input variables against reasonable 

bounds. 

6. Use APPRENTICE when scenario construction is complete to request a 

file name for storing your scenario. A GENII input file will be 

created with a file extension of “.IN”. An execution file will be 

created with a ".BAT" extension. 
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7. Create multiple input files in an APPRENTICE execution if desired. 

Simply select "Another Scenario" after you have selected "Write 

file" on the final menu. APPRENTICE will return you to the first 

menu. All variable selections from the previous scenario remain in 

effect unless changed. A single execution file will be generated 

for processing the series of scenarios. 

8. Exit APPRENTICE quickly without saving your scenario if desired. 

Simply press the Esc key several-ti-mes until the final menu 

appears. 

3.2 ENVIRONMENTAL DOSIMETRY PACKAGE: ENVIN/ENV/DOSE 

The "main line" GENII programs are ENVIN, ENV, and DOSE. These three 

codes perform input checking and atmospheric dispersion calculations, 

environmental transport and exposure calculations, and dosimetry calcula- 

tions, respectively. All calculations performed by these three codes are 

controlled by an input file named GENII.IN, which may be created by the user 

interface code APPRENTICE or directly by the user. An example of the 

GENII.IN file is presented as Exhibit 3.1. A line-by-line description of the 

parameters and options defined in GENII.IN is given in the paragraphs follow- 

ing the exhibit, with the code variable name in capital letters. 
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Line X 
1 

35+2 
35+N 
36+N 
37+N 
38+N 

j 39+N 
40+N 
41+N 
42+N 
43+N 
4&M 
45+M 
46+M 
47+M 
48+M 
49+M 

I 131 3.OE+OO 
cs137 l.OE-01 

-0o---o- ----Derived Concentrations----- 
Use when measured values are known 
-w------ o~oooooooooo~-oooo-o-~~~~~~~~~~ 
Release Terres. Animal Drink Aquatic 
Radio- Plant Product Water Food 
nuclide /kg /kg IL /kg 
-------- ------- -o----- B---o-- --o-o-- 

TIME %##B##################~~###~##############~############################## 

1 Intake ends after (yr) 
70 Dose talc. ends after (yr) 

Release ends after (yr) 
0 No. of years of air deposition prior to the intake period 

50+M 0 No. of years of irrigation water deposition prior to the intake period 

EXHIBIT 3.1. Example GENII.IN File 

##################l###### Program GENII Input File ######%####B 8 Jul 88 #XX% 
Title: Demonstration Case for Example 
GPTIONS\GENII\exit.in Created on 09-09-1988 at lo:24 

IIPIPPPI=DP==IDPP==~~=~~D Default P=PfPPIIIPIIII3PP='t=PS=P==IP-PI=====~======== 
F Near-field scenario? (Far-field) NEAR-FIELD: narrowly-focused 
F Population dose? (Individual) release, single site 
F Acute release? (Chronic) FAR-FIELD: wide-scale release, 

Maximum Individual data set used multiple sites 
Complete Complete 

TRANSPORT OPTIONS============ Section GOSURE PATHWAY OPTIONS===== Section 
T Air Transport 1 T Finite plume, external 
F Surface Water Transport 2 
F Biotic Transport (near-field) 3,4 

F Infinite plume, external 

F Waste Form Degradation (near) 3,4 
T Ground, external 
F Recreation, external : 
T Inhalation uptake 

REPORT OPTIONSE==~===PISD=~=~==~~=O======= F Drinking water ingestion 
T Report AEOE only F Aquatic foods ingestion 
F Report by radionuclide T Terrestrial foods ingestion 
F Report by exposure pathway T Animal product ingestion 
F Debug report on screen F Inadvertent soil ingestion 

INVENTORY ####%#########B##################################################### 

0" Surface soil source units (l- m2 2- m3 3- kg) 
Inventory input activity units: (1-pCi 2-uCi 3-mCi 4-Ci 5-Bq) 

Equilibrium question goes here 

---w---- 

Use when 
-------- 
Release 
Radio- 
nuclide 
w--w---- 
SR90 

----Release Terms------ 
transport selected 

-oooo~~-ooooo~oooo---~~ 
Surface Buried 

Air Water Waste 
lyr /yr h3 

S.OE-02 

‘-----.----Basic Concentrations--------- 

near-field scenario, optionally 

Surface ,"l;y Ground Surface 
Air Soii Water Water 
IL /unit /m3 IL /L 
------w -0-0-0- w-----w -o--0-0 o-----m 
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51&l 
52+M 
53+M 
54+N 
55+M 
56+M 
57+M 
5&M 
59+M 
60+M 
61+M 
62+M 
63+~ 
64+M 
65+~ 
66+M 
67+M 
68+M 
69+M 
7o+M 
71+M 
72+M 
73+M 
74+M 
75+M 
76+M 
77+M 
78+hl 
79+M 
80+M 
Bl+bl 
82+M 
83+M 
84+bl 
85+M 
86+M 
87+M 

E 
9o+M 
9l+M 
92+M 
93+M 
94+M 
95+M 
96+M 
97+M 
98+!4 
99+M 
lOO+M 
lOl+M 
102+M 
103+M 
104+M 

FAR-FIELD SCENARIOS (IF POPULATION DOSE) #Y#ffXY####t##XBtXXXXXX%X#RXRXXXXXXXR 

Definition option: I-Use population grid in file POP.IN 
Z-Use total entered on.this line 

NEAR-FIELD SCENARIOS ##########B##R######BBbbBXXfbdllPtlXIRR%################~ 

Prior to the beginning of the intake period: (yr) 

x 
When was the inventory disposed? (Packa e degradation starts) 
When was LOIC? (Biotic transport starts 4 

i 
Fraction of roots in upper soil (top 15 cm) 
Fraction of roots in deep soil 

Fl 
Manual redistribution: deep soil/surface soil dilution factor 
Source area for external dose modification factor (m2) 

TRANSPORT #######Ri###I#B##t######~####~##~################################~## 
P===AIR TRANSPORT==P====I===I==IP======--= ------ IP====I===SE(--ION 1=x=== 

0-Caiculate PM 
2 Option: l-Use chi/Q or PM value 

Z-Select MI dist & dir 
3-Specify MI dist & dir 

00 
Chi/Q or PM value 
MI sector index (l=S) 

! 
MI distance from release point (m) 
Use jf data, (T/F) else chi/Q grid 

! 
60. 
100.0 

2” 

: 

Release type (O-3) 
Stack release (T/F) 
Stack height (m) 
Stack flow (m3/sec) 
Stack radius (m) 
Effluent temp. (C) 
Building x-section (m2) 
Building height (m) 

s===SURFACE WATER TRANSPORT ___________-____---_------ SECTION 2===== -------------------------- 

Mixing ratio model: O-use value, l-river, Z-lake 
Mixing ratio, dimensionless 
Average river flow rate for: MIXFLG=O (m3/s), MIXFLG=l,Z (m/s), 
Transit time to irrigation withdraw1 location (hr) 
If mixing ratio model > 0: 

Rate of effluent discharge to receiving water body (m3/s) 
Longshore distance from release point to usage location (m) 
Offshore distance to the water intake (m) 
Average water depth in surface water body (m) 
Average river width (m), MIXFLG=l only 
Depth of effluent discharge point to surface water (m), lake only 

====WASTE FORM AVAI~BILITY-------------------------- --------------------------SECTION 3===== 

Waste form/package half life, (yr) 
Waste thickness, (m) 
Depth of soil overburden, m 

====BIOTIC TRANSPORT OF BURIED SOURCE---------------- ----------------SECTION 4===== 

Consider during inventory decay/buildup period (T/F)? 
Consider during intake period (T/F)? l-Arid non agricultural 
Pre-Intake site condition.............. Z-Humid non agricultural 

3-Agricultural 

EXPOSURE X###R#RR#ft###X############################~######################### 

====U(TERNAL WPOSURE-------------------------------- --------------------------------SECTION 5===== 

Exposure time: 1 Residential irrigation: 

3.4 



105+M 
106+M 
107+M 
108+M 
109+M 
llO+M 
lll+M 
llZ+M 
113+M 
114+M 
115+M 
116+M 
117+M 
118+M 
119+M 
lZO+M 
lZl+M 
lZ+M 
123+M 
124+M 
125+M 

xi 
128+M 
129+M 
130+M 
13l+M 
132+M 
133+M 
134+M 
135+M 
136+M 
137+M 
138+M 
139+M 
14o+M 
14l+M 
142+M 
143+M 
144+M 
145+M 
146+M 
147+M 
148+M 
149+M 
150+M 
15l+M 
152+M 
153+M 
154+M 
155+M 
156+M 
157* 
158+M 

8766.0 
4380 .O 

: 

8 

ii 

8766 .O 

i 

O1 

ii 
F 

F 

Plume (hr) Consider: (T/F) 
Soil contamination (hr) 
Swimming (hr) 

Source: l-ground water 
P-surface water 

Boating (hr) Application rate (in/yr) 
Shoreline activities (hr) i Duration (mo/yr) 

Shoreline type: (l-river, Z-lake, 3-ocean, 4-tidal basin) 
Transit time for release to reach aquatic recreation (hr) 
Average fraction of time submersed in acute cloud (hr/person hr) 

~P=IINHALATIONPIPISP==~~S=IP~~~~=~OPIIII~===~========SECTION 6====0 
Hours of exposure to contamination per year 
O-No resus- l-Use Mass Loading Z-Use Anspaugh model 
pension Mass loading factor (g/m3) Top soil available (cm) 

==zPINGESTION POPULATIONEP=====I=I=P=IP==PD=P===’I===========SECTION 7===== 
Atmospheric production definition (select option): 
O-Use food-weighted chi/Q, (food-sec/m3), enter value on this line 
l-Use population-weighted chi/Q 
P-Use uniform production 
3-Use chi/Q and production grids (PRODUCTION will be overridden) 

Population ingesting aquatic foods, 0 defaults to total (person) 
Population ingesting drinking water, 0 defaults to total (person) 
Consider dose from food exported out of region (default=F) 

Note below: S* or Source: O-none, l-ground water, Z-surface water 
3-Derived concentration entered above 

==== AQUATIC FOODS / DRINKING WATER INGESTION=========SECTION a==== 

Salt water? (default is fresh) 

USE TRAN- PROD- -CONSUMPTION- 
SIT 

i/F %"E hr 
UCTION HOLDUP RATE 
kglyr da Wyr DRINKING WATER 

S-B -s---- ms-s- Bs---s- ---m-s --s-w _-_-----------_---------- 
F FISH 0.00 O.OE+OO 0.00 0.0 0 Source (see above) 

MOLLUS 0.00 O.OE+OO 
:: CRUSTA 0.00 O.OE+OO 

0.00 0.0 T Treatment? T/F 
0.00 0.0 0 Holdup/transit(da) 

F PLANTS 0.00 O.OE+OO 0.00 0.0 0 Consumption (L/yr) 

====TERRESTRIAL FOOD INGESTION----------------------- -----------------------SECTION +=== 

USE GROW --IRRIGATION-- PROD- --CONSUMPTION-- 
FOOD TIME S RATE TIME 

?/F TYPE da 
YIELD UCTION HOLOUP RATE 

* in/yr molyr kg/m2 kglyr da kg/v 
SW- -mssss Bs-ms - sMmBs -m-s- m-s-- wssMB-- s---s- s--s-- 
T LEAF.V 90.00 0 0.0 0.0 1.5 O.OE+OO 

::i 
30.0 

T ROOT V 90.00 0 0.0 0.0 
2: EE8 

220.0 
T FRUIT 90.00 0 0.0 0.0 330.0 
T GRAIN 90.00 0 0.0 0.0 0.8 O.OE+OO 185:; 80.0 

====ANIMAL PRODUCTION CONSUMPTION------------------.-- --------------------SECTION 10===z 

---HUMAN---- TOTAL DRINK --------STORED FEED------w.------ 
USE CONSUMPTION PROD- WATER DIET GROW -IRRIGATION-- STOR- 
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159+M 
16O+M 
16l+M 
162+M 
163+M 
164+M 
165+M 
166+M 
167+t4 
168+M 
169+M 
17o+M 

:/F :% 
RATE HOLDUP UCTION 
kglyr da Wv 

s-s -s---s v--s-s -s--w -we--- 
T BEEF 

POULTR 
; MILK 
T EGG 30.0 1.0 0.00 

BEEF 
MILK 

CONTAM FRAC- TIME S RATE TIME YIELD AGE 
FRACT. TION da * in/yr mofyr kg/m3 da 
w--S--m w--m w-m- m m---s ----- -s--s --s-s 

0.00 0.00 90.0 0 0.0 0.00 0.80 180.0 
0.00 0.00 90.0 0 0.0 0.00 0.80 180.0 
0.00 0.00 45.0 0 0.0 0.00 2.00 100.0 
0.00 0.00 90.0 0 0.0 0.00 0.80 180.0 

----------FRESH FORAGE--------- 
0.00 45.0 0 0.0 0.00 2.00 100.0 
0.00 30.0 0 0.0 0.00 1.50 0.0 
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Line 1: The first line is a file identifier line for the GENII.IN file. 

Because the file is written by and read by formatted commands, changes 

to the basic format can result'in the inability to transfer data. This 

line contains the date of the last revision to the formatting of this 

file. Should future changes to the codes require changes to the format . 

of this input file, this date will indicate whether or not the file will 

be successfully read by ENVIN. 

Line 2: This line is a title line for the specific input case, TITLS. 

Line 3: This line provides the name of the specific input file created by 

APPRENTICE that was copied into GENIIiIN. It also provides the date and 

time at which the file was created, INFILN. 

Line 4: OPTIONS header line. 

Line 5: Near-field or far-field scenario option flag, NEAR. A "scenario" is 

a conceptual model of patterns of human activity corresponding to 

actions, events, and processes that result in radiation exposure to 

individuals or groups. A "far-field" scenario is one defined to deter- 

mine the impacts of a particular release of radioactive material into a 

wide environment, such as doses from releases from a stack to indiv- 

iduals or populations downwind. In a "near-field" scenario, focus is 

on possible doses to an individual at a particular location resulting 

from initial contamination or contaminated external sources, e.g., 

buried waste or contaminated soil. In a near-field scenario, contamina- 

tion levels'in specific environmental media may be known. A far-field 

scenario can be characterized as coming in to a receptor. Of course, 

the two types are not mutually exclusive - some doses to individuals 

from remote sources can be calculated as either far- or near-field with 

the same result. Specific examples of common types of far-field and 

near-field scenarios include: 

CHRONIC ATMOSPHERIC RELEASE - prospective or retrospective doses to 

individuals or populations at specified distances and directions from 

the source, via submersion, inhalation, deposition groundshine, and 

food pathways. This class of scenario is commonly used for showing 

compliance with regulations that apply to emission sources. 
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ACUTE ATMOSPHERIC RELEASES - prospective or retrospective doses to 

individuals or populations at specified distances and directions from 

an acute release via submersion, inhalation, deposition groundshine, and 

food pathways. This class of scenario is often used in Safety Analysis 

Reports (SARS) or Environmental Impact Statements (EISs). 

CHRONIC SURFACE WATER RELEASES - prospective or retrospective doses to 

individuals or populations at specified distances downstream of a 

release point via swimming, boating, shoreline exposure, drinking water, - 
aquatic foods, irrigated terrestrial. foods and animal products, soil 

contaminated from irrigation, and other pathways associated with liquid 

releases. This class of calculation is also often encountered in show- 

ing compliance with regulations. 

ACUTE SURFACE WATER RELEASES ~prospective or retrospective doses to 

individuals and populations at specified distances downstream of a 

release point via swimming, boating, shoreline exposure, drinking water, 

aquatic foods, irrigated.terrestrial foods and animal products, soil 

contaminated from irrigation, and other pathways associated with acute 

liquid releases. This class of calculations is also associated with 

SARs and EISs. 

INITIAL SURFACE CONTAMINATION - individual doses resulting from contact 

with contaminated soil or surfaces via direct contact,' resuspension, or 

crop uptake. Calculations of this nature can be used to analyze the 

impacts of spills or remedial actions.' 

INITIAL SUBSURFACE CONTAMINATION - individual doses resulting from con- 

tact with contaminated soil or surfaces via direct contact, resuspen- 

sion, or crop uptake. The surface soil may be contaminated via manual 

redistribution of the material or via biotic transport. Calculations of 

this nature can be used to analyze the impacts of waste management 

options. Often a time delay may be included to take into account the 

radioactive decay of the source. 

GROUNDWATER CONTAMINATION - prospective or retrospective doses to 

individuals and populations from a given water concentration via irriga- 

tion and other pathways associated with liquid releases. This class of 
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calculations is also often encountered when showing compliance with 

regulations. 

CUMULATIVE EFFECTS - prospective calculations combining initial soil 

contamination with additional contributions from an external atmospheric 

or liquid source. This type of calculation is representative of how 

near-field and far-field calculations can conceptually be combined. 

Line 6: Population or individual dose calculation flag, POPDOS. Scenarios 

may be constructed to calculate either-doses to representative members 

of critical groups (individuals).or collective doses to regional popula- 

tions or subpopulations. Note-that individual doses may be calculated 

for either near-field or far-field scenarios but that population doses 

are defined for far-field scenarios (because locally-measured or 

locally-predicted values cannot be representative over wide areas). 

Line 7: Acute or chronic release flag, ACUTE. For scenarios involving 

release of radioactive materials into the environment, the input may be 

either of short duration (a matter of minutes to a few days) or con- 

tinuous or routine (such that annual average parameters are appropri- 

ate). Note that scenarios involving*exposure to pre-existing soil, 

vegetation, or ground water contamination must be treated as chronic. 

Line a: This line contains a reminder of the type of individual exposure 

parameters used for inhalation, ingestion, and external exposure. Two 

sets of recommended default parameters are.provided to ease data entry 

for the APPRENTICE code: The "Average Individual" set is representative 

of the population average exposure and dietary habits, and should be 

used for most population dose calculations. The "Maximum Individual" 

set provides upper bound parameters you may override. All default 

parameters may be overridden; however, they provide an adequate basis 

for most generic calculations. 

If you find that you are regularly resetting particular parameters, you 

may revise the default parameter file by editing the PARAMS.DAT file 

accessed by APPRENTICE. The format of this file is described in 

Section 2.3. 
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Note: Only the first column of each of these lines 5, 6, and 7 is read, 

as a True or False logical variable. The remainder of the line is 

information to allow ease of editing and is not read by the ENVIN. pro- 

gram. Similar structure is true of all the remaining lines of the 

GENII.IN file, i.e., only the fields necessary to transmit information 

are read. 

Lines 9 and 10: Spacing and header lines for transport and exposure 

pathway options. - - 

Line 11, Column 1: Atmospheric transport flag, AIR. In most calculations, 

the known quantity is generally the release quantity. This may take the 

form of activity, or activity per unit time, released into the transport 

media of air or surface water, or in the case of buried waste, into soil 

via waste package degradation and biotic transport. These are converted 

via appropriate models to concentrations in the corresponding media. 

The transport flags of lines 11 through 14 indicate which models are to 

be activated. 

Line 12, Column 1: Surface water transport flag, SWAT. 

Line 13, Column 1: Biotic transport flag (only activated for near-field 

scenarios with subsurface contamination), BIOT. 

.Line 14, Column 1: Waste form degradation flag (only activated for near- 

field scenarios with buried wastes), BURWAS. 

Line 15, Column 1: A blank field. 

Line 16, Column 1: The Report Options header. 

Line 17, Column 1: Flag for type of dose calculation, OUTEDE. Various 

levels of detail are available in the output report. The Annual Effec- 

tive Dose Equivalent (AEDE) is the committed dose from one year of 

exposure (Volume 1, Figure 3.2). If this option is not selected, cumul- 

ative doses (Volume 1, Figure 3.3 or 3.4) from continued exposure (for 

the number of years you specify in the TIMES menu) will also be calcu- 

lated and reported. Additional information can be requested on AEDE and 

cumulative dose-by-radionuclide or dose-by-exposure-pathway as 
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controlled by the flags on lines 18 and 19. Note that all of these 

options result in an increased number of pages of output. 

Line ia, Column 1: Flag to provide report of exposure by radionuclide, 

OUTRAD. 

Line 19, Column 1: Flag to provide report of exposure by pathway, OUTPTH. 

Line 20, Column 1: Flag to provide debugging output, DEBUG. For users 

interested in the intermediate workings of the code, selected informa- 

tion can be displayed on the screen during calculations. This 

information is cryptic, fast-scrolling, and slows the calculations. 

Interpretation requires use of the code listings provided in Volume 3 of 

this PNL-6584 series. 

Line 11, Column 2: Flag to activate finite plume external exposure pathway, 

FINITE. The potential routes through which people may be exposed to 

radionuclides or radiation are called "exposure pathways." The general 

pathways can be thought of as external exposure, inhalation, and inges- 

tion. The flags in Column 2 of lines 11 through 20 control the pathways 

for which results are calculated. The pathways are chosen depending on . 
the ways people can be exposed for a given circumstance. In this way, 

an appropriate collection of defined pathways can also be considered 

to be a definition of an "exposure scenario." Because the types of 

exposure must be conceptualized before the pathways can be fully 

defined, "scenarios" are usually defined before the parameters are 

selected for the "pathways." 

Note that either the flag on line II or.on line 12 can be true, but not 

i 
both simultaneously. Also, note that the flag on line 11 can be true 

only if joint frequency data is to be input (the flag on the last line 

of the atmospheric transport options, described below). 

Line 12, Column 2: Infinite plume external exposure flag, AIREXT. 

Line 13, Column 2: Soil exposure external exposure flag, GROUND. 

Line 14, Column 2: Aquatic recreation (swimming, boating, shoreline) 

exposure flag, RECRE. 

Line 15, Column 2: Inhalation exposure flag, INHAL. 
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'Line 16, Column 2: Drinking water ingestion exposure flag, DRINK. 

Line 17, Column 2: Aquatic foods ingestion exposure flag, AQFOOD. 

Line ia, Column 2: Terrestrial foods (crops ) ingestion exposure flag, 

TFOOD. 

Line 19, Column 2: Animal product (meat, milk, eggs) ingestion exposure 

flag, ANFOOD. 

Line 20, Column 2: Inadvertent soil ingestion model exposure flag, SLING. 

Line 21 to 23: Inventory editing .header. 

Line 24: Selection of radionuclide inventory activity units, IUNIT. GENII 

requires information on the source of radioactivity in order to con- 

tinue. You have the option of using either SI units or the various 

multiples of conventional units. Note that if you are entering source 

term information for more than one environmental medium, the units used 

must be consistent within a single case. 

Line 25: Selection of surface soil inventory units - the source may be 

entered in terms of area, volume, or mass, SOLUNT. 

Line 26: Reserved line for future development work. 

Lines 27 through 34: Inventory editing headers. “Release Terms" are sources 

to air or water or concentrations in buried wastes. "Basic Concentra- 

tions” may be calculated from the release terms, or if known may be 

entered and the transport steps omitted from the calculations. "Derived 

Concentrations," if known, may be entered and both the transport and 

environmental pathway calculations bypassed. 

Lines 35 to 35+N: Inventories of radionuclides may be entered here for 

release or basic concentrations. If derived concentrations are to be 

used, line 35 may be left blank. Units are as defined on lines 24 

and 25. Note that these are formatted reads; therefore the entries 

must be within 

Lines 36+N to 42+N: 

Lines 43+N to 43+M: 

may be entered 

the fields defined by the editing headers. 

Derived concentration editing header. 

Inventories of derived concentrations of 

here. If only release terms and/or basic 
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are to be used, line 43+N may be left blank. Again, these are formatted 

reads that must fall within the limits defined'by the editing headers. 

Lines 44+M to 45+M: Time editing header. The time step available for GENII 

simulations is integer-years. Within this constraint, scenarios may be 

constructed by defining the length of time a person is exposed (intake 

ends), the period for which the dose commitment is calculated (dose 

calculation ends), the length of time during which the individual(s) 

is/are exposed that the active radionuclide release continues, and the 

length of time before the beginning of the exposure that deposition via 

air or water occurred (for determining soil accumulation). Refer to 

Figure 3.1 for definition of the various time adjustments available. 

Line 46+M: Length of time over which the intake occurs (time from “Intake 

Begins" to “Intake Ends" in Figure 3.1), NTKENO, yr. If the AEDE ONLY 

option has been selected for the reports, only one year will be used. 

Line 47+M: Length of time over which dose calculation is integrated (time 

from "Intake Begins" to "Dose Calculation Ends" in Figure 3.1), DCEND, 

Yr* 
. 

Dose Period 

Intake Period 

I 

I I 

Release Period Residua'l Period 

I I I 

Optional Inventory Decay/Build-up 
And Biofic Transport Period 

I I 

. . . . . . -. 

Inventory Intake Release Intake Dose 
Release Begins, stops Ends Calculation 

Dis;Lsal 
Dose Ends 
Calculation 

Initiated Begins 

FIGURE 3.1. Time Line for Periods from Release of Radioactive 
Material Through Completion of Dose Calculations 
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.Line 4a+tk Length of time over which release occurs during exposure (time 

from "Intake Begins" to "Release Stops" in Figure 3.1), RELEND, yr. If 

the AEDE ONLY option has been selected for the reports, only one year 

will be used. 

Line 49+M: Length of time prior to time "Intake Begins" that .inventory 

atmospheric release was initiated (the early portion of the "Release 

Period" of Figure 3.1), BEFAIR, yr. 

Line 5O+M: Length of time prior to time "Intake Begins" that inventory 

surface water release and irrigation were initiated (the early portion 

of the "Release Period" of Figure 3.1), BEFIRR, yr. 

Lines 51+M to 53+M: Far-field scenario parameter editing header. 

Line 54+M: To calculate population doses, you will be asked to input con- 

sumption/exposure parameters for an average individual in the popula- 

tion. GENII will then use these average parameters times the number of 

people to calculate collective dose. The code can either figure a total 

population for you by summing from a grid that you must provide through 

input buffer POP.IN, or you can simply enter the total. This line 

defines whether the grid or the total will be used, POPOPT. 

Line 55+M: If only the total population is being used, enter it on this 

line, POPIN, persons. 

Line 56+M to 59+M: Near-field scenario editing header. If you have selected 

"Buried Waste or Deep Soil" as a source', radioactive decay of the source 

from the quantity initially disposed and release from waste packages to 

soil can be calculated by entering the appropriate decay time in the 

following lines. If "Buried Waste Transport" has been requested, the 

length of time that the biota have had contact with the waste (assumed 

to start at the time of loss of institutional control) can be entered. 

Line 6O+M: The length of time prior to the time "Intake Begins" that the 

inventory "Disposal" was initiated (refer to Figure 3.1), BEFORE, yr. 

Line 61+M: The length of time prior to the time that "Intake Begins" that 

Loss of Institutional Control (LOIC) occurred, allowing biotic transport 

to begin, LOIC, yr. 
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Line 62+M: A two-compartment model of plant roots is allowed: vegetation 

uptake is assumed to be proportional to the fraction of roots contacting 

1) the mixed surface soil layer and 2) the layer of contaminated buried 

soil. (These two layers can be separated by a third, clean 1,ayer.) 

These root fractions are used in the regular plant concentration model, 

the harvest removal model, and the plant portion of the biotic transport 

model. The upper soil fraction is entered on this line, RFl. 

Line 63+M: The deep soil root fraction is entered on this line, RF2. 

Line 64+M: For scenarios involving physical disruption that mixes deeply 

buried waste (in ci/m3) with surface soil (in Ci/m2), a "Manual Redis- 

tribution" factor is available, MANULR. (A handy factor to remember is 

that throughout GENII, 1 Ci/m3 = 0.15 Ci/m2.) 

Line 65+M: A simple geometric model of dose rate reduction for small surface 

areas is provided. Enter the area of the contaminated surface on this 

line in square meters, FRSIZ. 

Lines 66+M to 67+M: Transport editing header. 

Line 6B+M, Column 1: Blank field. ' 

Line 69+M, Column 1: A number of options are available to determine air 

concentrations from releases. These may be based on several levels of 

knowledge. The user may either input a chi/Q value or request that one 

be calculated. When a chi/q v.alue is input, no decay correction is made 

by GENII. The user should calculate a decay correction for each radio- 

nuclide (if transit time is known) and the input release term reduced .. 

accordingly. 

In the chronic individual calculation, three options of increasing com- 

plexity are available to determine the annual average atmospheric dis- 

persion values: 

l The simplest for GENII is to directly input a precalculated chi/Q, 

in sec/m3. XOQOPT = 1. 

l The next in complexity is when the user specifies the location of 

the individual, in terms of distance and direction from the source, 

and asks GENII to compute the chi/Q for that location. This 'option 
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requires that the user also have available one of two data sets: 

either a grid of precalculated chi/Q values or a set of joint fre- 

quency data for the source location. (See Section 2.3 for the 

format of these external data files.) If you choose to use the 

joint frequency data option, you must also enter data on the char- 

acteristics of the source, including whether or not release is 

elevated or ground level, and.whether or not plume rise is calcu- 

lated. XOQOPT = 3. 
- - 

Finally, if either a chi/Q grid or joint frequency file is avail- 

able, you may instead direct GENII to search and find (select) the 

location of the maximally exposed individual via the air pathway. 

These options require data as described above for the specific 

individual, plus they require a population grid so that GENII does 

not assume an individual location where nobody lives. XOQOPT = 2. 

In the chronic population calculation, three options of increasing com- 

plexity are available to determine the annual average atmospheric dis- 

persion values. 

The simplest for GENII is to directly input a precalcu 

tion-weighted chi/Q value, in person-sec/m3. XOQOPT = 

la- lated popu 

1. 

a grid of The next in complexity is where the user provides both 

precalculated chi/Q values and a matching grid of population, and 

allows GENII to cross-multiply the two to create a population- 

weighted chi/Q. XOQOPT = 0. 

The third option requires the user to supply a joint frequency 

distribution in place of the chi/Q grid, and to allow the code to 

create the chi/Q grid. (See Section 2.3 for the format of the 

chi/Q and joint frequency files.) If you choose to use the joint 

frequency input option, you must also enter data on the charac- 

teristics of the source, including whether or not release is 

elevated or ground level and whether or not plume rise is calcu- 

lated. XOQOPT = 0. 

Note that you cannot request the “FINITE PLUME" submersion model 

without using one of the joint frequency options. 
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To determine the time-integrated air concentration for the acute 

individual exposure, two options are available. 

The first is through input of a precalculated E/Q, in sec/m3. 

XOQOPT = 1. 

The second is to specify the distance and direction of the indiv- 

idual from the release point. Th'is option requires that the user 

provide either a grid of precalculated E/Q values or a set of joint 

frequency data for the source location. (See Section 2.3 for the 

format of these external files.) If you choose to use the joint 

frequency option, the code will calculate the E/Q which is not 

exceeded more than 5% of the time for the specified location (i.e., 

the 95th percentile E/Q). For this option you must enter data on 

the source characteristics (including whether or not it is an 

elevated or ground-level release, whether or not to use the plume 

rise model, or whether or not to use the building wake model). 

XOQOPT = 3. 

Note that you cannot request the “FINITE PLUME" submersion model 
. 

without using one of the joint frequency options. 

Two options are available for determining the population-weighted, time- 

integrated air concentration for acute population exposures. 

The simplest is through user input of,a precalculated population- 

weighted E/Q, in person-sec/m3. XOQOPT = 1. 

The second option is to specify the direction from the source for 

which the calculation is desired. This option requires that the 

user provide either a grid of precalculated E/Q values or a set of 

joint frequency data for the source location (see Section 2.3 for 

the format of these external files), and in addition a population 

grid file. If you choose the joint frequency option, the code will 

calculate the population-weighted E/Q which is not exceeded more 

than 5% of the time for the specified direction (i.e., the 95th 

percentile population-weighted E/Q). For this option you must 

enter data on the source characteristics (including whether or not 

it is an elevated or ground-level release, whether or not to use 
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the plume rise model, and whether or not to consider the building 

wake model). XOQOPT = 3. 

Note that you cannot request the “FINITE PLUME" submersion model 

without using one of the joint frequency options. 

Line 70+M to 71+M, Column 1: Blank Fields. 

Line 72+M, Column 1: Input chi/Q or population-weighted chi/Q, if used, goes 

on this line, XOQI, sec/m3 or person-sec/m3. 
- - 

Line 73+M, Column 1: Sector index for the location of the Maximum Indiv- 

idual, MIDIR. The sector indices are: 

Esw k;NW lo9::NE 
13-E 
14-ESE 

3-SW 7-NW ll-NE 15-SE 
4-wsw a-NNW 12-ENE 169SSE 

Line 74+M, Column 1: Distance of Maximum Individual from the release point, 

meters, MIDIST. 

Line 75+M, Column 1: Flag for use of joint frequency data, as defined by 

XOQOPT, JFIN. 

Line 6&M, Column 2: Identifier for type of atmospheric release, IRELES. 

The key is: 0 - Ground-level, open area 

1 - Elevated stack greater than.2.5 times the height of 

the nearest building 

2 - Elevated building vent 

3 - Building vent below roof level 

Line 69+M, Column 2: Flag for use of effective stack height (rather than 

calculate plume rise, STACK. 

Line 7O+M, Column 2: Stack height or effective stack height, SHITE, m. 

Line 71+M,, Column 2: Stack flow rate (for plume rise), SFLOW, m3/s. 

Line 72+M, Column 2: Stack radius (for plume rise), SRAD, m. 

Line 73+M, Column 2: Effluent temperature (for plume rise), 'ETEMP, degree C. 

Line 74+M, Column 2: Building cross-sectional area (for building wake 

model), BUILDX, m2. 
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Line 75+M, Column 2: Building height (for building ,wake model), BUILDH, m. 

Line 76+M to 77+M: Surface Water Transport editing header. Three options 

are available to determine the surface water concentrations from chronic 

releases - a simple dilution volume model and more complex models of 

river and lake dispersion. The dilution volume model requires only 

input of the annual average flow of the receiving water body (i.e., 

river) and allows adjustment by a multiplicative input mixing ratio. 

The river and lake models generate mixing ratios and, from them, water 

concentrations as functions of flow velocity, water depth, effluent 

discharge rate, longshore and offshore distance, and other parameters. 

Because of the nature of the acute model for surface water transport, 

only one model is available to determine time-integrated water concen- 

trations. Required input is the average flow of the receiving water 

body and a multiplicative mixing ratio (usually 1.0 unless otherwise 

known). The entire source is assumed to be carried off by the 

river/lake flow. 

Line 78+M: Indicator for which mixing ratio model to use. MIXFLG. Key is:. 

0 - Use input value on next line 

1 - Calculate using the river model 

2 - Calculate using the lake model 

Line 79+M: Input mixing ratio for MIXFLG = 0, MIXR. 

Line ao+M: Average river flow rate, SWFLOW. For MIXFLG = 0, the units are 

m3/s; for MIXFLG = 1 or 2, the units are m/s. 

Line am: Transit time to irrigation withdrawal location, 
i 

Line 82+M: Blank field. 

Line 83+M: Rate of effluent discharge to receiving lake or 

d/s. 

Line a4+M: Longshore (downstream) distance from re lease po 

location, SWLSX, m. 

SWTT, h. 

river, SWQB, 

int to withdrawal 

Line 85+M: Offshore distance from the release point to the 

SWOSY, m. 

inlet location, 
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Line 86+M: Average water depth of receiving lake or river, SWDPTH, m. 

Line 87+M: Average river width (for MIXFLG = 1 only), SWIDTH, m. 

Line aa+M: Depth of effluent discharge point (in lake model only), SWDZ, m. 

Lines 89+M to 9O+M: Waste Form Availability editing header. 

Line 91+M: Waste form or waste package half-life. "Buried Waste" acts as an 

additional soil compartment that feeds "Deep Soil" at a rate determined 

by the waste decomposition half-life. PACKHL, yr. 

Line 92+M: Waste thickness. For near-field scenarios involving either 

"Buried Waste" or "Deep Soil", an estimate of the thickness of the con- 

taminated zone is required for the harvest removal model. WASDEP, m. 

Line 93+M: Depth of soil overburden. The depth to the top of this zone is 

required by the animal portion of the model of soil the animals might 

move. OVRBRD, m. 

Lines 94+M to 95+M: Biotic Transport editing header. 

Line 96+M: Flag for activating biotic transport during the period before 

exposure (refer to Figure 3.1). BTPRE. 

Line 97+M: Flag for activating biotic transport during the intake period 

(refer to Figure 3.1). BTNTK. 

Line 9a+M: Index for the site conditions before the assumed exposure, 

BTDSET. Biotic transport may result in.radionuclides reaching surface 

soil from "Buried Waste" or "Deep Soil" both during'the period following 

waste disposal and loss of institutional control but before the initial 

time of human exposure via this scenario (the "Years since LOIC"). 

Biotic transport may also continue during the exposure period. Three 

possibilities are provided for the conditions existing at the site 

before the start of this scenario's exposure: arid non-agricultural 

uses, humid non-agricultural uses, or agricultural uses. The parameters 

that describe these conditions are simplifications of those used in 

McKenzie et al. (1982 and 1983). 

Line 99+M to 104+M: Exposure editing header. The "EXTERNAL 

eters help define the time during which the individuals 

EXPOSURE" param- 

or populations 
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are exposed to sources of direct radiation from contaminated air, soil, 

water, or sediments. GENII uses fairly simple exposure geometries - 

shielding corrections for buildings, etc. are not included. If desired, 

simple reductions for shielding may be incorporated by reducing the time 

assumed for exposure. 

For exposure to an acute air concentration, the fraction of time during 

plume passage that the person(s) is exposed is input. For exposures to 

soil and sediment following acute deposition, the exposure is modeled as 

chronic to a decaying source. Note that, if swimming and boating have 

been selected, certain assumptions have been "hard-wired" into the code 

for the acute case (100% exposure for maximum individual, 0% exposure 

for populations); so no inputs are requested. 

Line 105+M, Column 1: Length of external exposure per year to chronic 

atmospheric plumes, HRPLUM, h. 

Line 106+M, Column 1: Length of external exposure per year to soil contamin- 

ation, HRGRD, h. 

Line 107+M, Column 1: Length of time spent per year swimming in contaminated 

water, HRSWIM, h. 

Line 108+M, Column 1: Length of time spent by individuals per year boating, 

HRBOAT, h. 

Line 109+M, Column 1: Length of time spent by individuals exposed in shore- 

line activities, HRSHOR, h. 

Line 105+M, Column 2: Flag for activating irrigation of residential soils 

(to model external exposure to irrigated soil), RESIRR. 

Line 106+M, Column 2: Index for source of residential irrigation water, 

IRRSR, key is 1 - ground water, 2 - surface water. 

Line 108+M, Column 2: The application rate of residential irrigation water, 

RIRR, inches/year. 

Line 109+-M, Column 2: Application period of residential irrigation, IRTIMR, 

Months/year. 
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,Line llO+M: Index for type of shoreline at the exposure location, SHRTYP. 

Key is : 1 - River shore 

2 - Lake shore 

3 - Ocean beaches 

4 - Tidal,basin 

Line lll+M: Travel time of water from the release point to the recreational 

exposure point, RECTT, h. 

Line 112+M: For the acute air submersion model, the fraction of total plume 

travel time that the individual spends in the plume, FRCLOD. 

Line 113+M to 114+M: Inhalationediting header. GENII considers two sources 

Line 

Line 

Line 

Line 

for inhalation exposure: plumes from acute or chronic sources and 

resuspension from soil contamination. Exposure to plumes may be charac- 

terized by the time spent at a location within the plume, in hours/year 

for chronic exposure or fraction of plume passage time for acute 

releases, as defined in lines 103+m and llO+m above. Two models 

describing resuspension are available if desired. The Mass Loading 

model relates the local air concentration to the local soil concentra- 

tion by assuming that dust in the air has the same concentrations as the 

soil. The Anspaugh model (Anspaugh 1975) is a time-dependent function 

relating surface activity to air concentration. GENII uses a fraction 

of the upper soil compartment to represent the surface activity. 

115+M: Hours per year an individual spends exposed to contaminated air 

from either chronic plumes or from resuspension. HRINH, h. 

1164: Flag for activating resuspension models, IRES. Key is: 

0 - No resuspension 

1 - Use mass loading model 

2 - Use Anspaugh (1975) model 

117+M: If IRES = 1, the mass loading factor XMLF, g/m3. If IRES = 2, 

the depth of the top layer of soil that is available for resuspension 

AVALSL, cm. 

118+M to 119+M: Ingestion Population editing header. A common assump- 

tion in the older Hanford environmental codes was that food crops are 

produced and eaten where the people live. While not a bad assumption 
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for individuals, this can lead to inaccuracies when the people live on 

one side of a source and the crops are grown on the other, or when not 

enough food is grown to support the entire population. GENII allows 

several options, of increasing complexity, to deal with food production. 

The user may input a precalculated normalized food-production-weighted 

chi/Q value (option 0), analogous to a population-weighted chi/Q. 

You may select to use the same distribution as used for the population, 

essentially assuming that the field and people are co-located 

(option 1). 

If you know how much food is produced but not necessarily where, you may 

assume the crops are grown uniformly throughout the 800km grid 

(option 2). 

Finally, if you know the actual food production distribution, prepared 

as a file of values in kg/yr for each of the 10 x 16 grid points for 

each food type, this may be used with the chi/Q grid input or calculated 

for the population (option 3). 

Note that with options 2 and 3, the potential for doses to people out- 

side the region resulting from crop export may be considered, if 

desired. 

Note: Only the option assuming co-location of crops and population 

(option 1) is currently available for acute releases. Model development 

for the other options is as yet incomplete. 

Line 12O+M: Option selection for food production, FOQOPT. 

LINE 12l+M: If FOQOPT = 0, then the food-weighted chi/Q is entered on this 
,/ 

line, FOQ, kg-sec/m3. 

Line I22+M to 124+M: Editing information. 

Line 125+M: The number of people ingesting the aquatic food harvest, AQUPOP, 

persons, if different than the total population. If a zero is entered 

on this line, the total population is assumed to eat aquatic foods. If 

you know the total consumption values (for instance, 100,000 kg of vege- 

tables) and don't really care about how many people it feeds, put in a 

population of 1 and enter the other values later when required. 
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'Line 126+M: The number of people drinking water from the contaminated 

source, DWPOP, persons, if different than the total population. If a 

zero is entered on this line, the total population is assumed to.drink 

from the source. 

Line 127+M: An-option is available to consider the total production of foods 

in the assessment area. If not enough food is grown to support the 

population at the level of consumption indicated, a correction is made. 

Also, if more food is grown than-can be consumed, an effective popula- 

tion can be developed to consider export from the region. The flag for 

this,option is on this line, EXPORT. 

Line 128+M to 132+M: Aquatic Food/Drinking Water editing header. 

Line 133+M: Flag for consideration of freshwater or marine bioaccumulation 

factors for the aquatic food pathways, ISALT. 

Line 134+M to 138+M: Aquatic Food/Drinking water editing header. 

Line 139+M to 142+M, Columns 1 to 5: For each of the aquatic food types you 

select with the flag in the first column (AQF), several parameters must 

be entered. These include travel time of the radionuclides in the water 

to the point where the fish/etc. are caught (AQUTT), hi and the time 

between harvest and consumption (HLDUP2), day. These allow for proper 

accounting of decay for short-lived nuclides. Individual aquatic food 

consumption rates are also input here (USAG), kg/yr. In addition, if 

the export flag is on, the total production of aquatic food products may 

be entered (TPRODQ), kg/yr. Note that this is a formatted read, so the 

values entered must line up in the fields defined by the editing header. 

i Line 139+M to 142+M,‘CoJumn 6: Because GENII allows simultaneous considera- 

tion of several sources of contamination (surface water and ground 

water), you need to indicate which source is to be used for drinking on 

Line 139+M, DWSRC. The key for the sources is: 

0 - None 

1 - Ground water 

2 - Surface water 

3 - Derived concentration from lines 42+N to 42+M 
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You will also need to indicate on Line 14O+M whether the drinking water 

is treated through a water treatment facility (DWTRET). If so, reduc- 

tions in concentration for filtration/cleanup will be calculated. The 

travel time of the water through the distribution system is also input 

on Line 14l+M , HOLDDW, days, to allow calculation of decay of short- 

lived nuclides. Consumption of drinking water, (DWUSAG, L/yr), is input 

on Line 142+M. 

Line 143+M to 149+M: Terrestrial Food editing header. 

Line 150+M to 153+M: Input of terrestrial food parameters. For each of the 

terrestrial food types you select (flag TFD), several parameters must be 

entered. These help define the conditions under which the crops are 

grown, such as the length of the growing season (GRWP, days), the 

conditions of irrigation (source flag IRRST: irrigation rate RIRR, 

inches/year; irrigation period IRTIMT, months/year), and the yield of 

the crop (YELD, kg/m2) as well as the total production, if required 

(TPRODT, kg/year). Individual food holdup times between harvest and 

storage (HLDUP, days) and consumption rates (CONS, kg/year) are also 

input here. Note that this is a formatted read, all input parameters 

must conform to the fields defined by the editing headers. 

Note: Growing time is only used for the years after the release in 

acute cases. If you are only looking at dose commitment from the first 

year of exposure, whatever value you enter will be ignored. 

Line 154+M to 161+M: Animal Product editing header. 

Line 162+M to 165+M: For each of the animal products you may select (flag 

ANF), several parameters must be entered to define the conditions under 

which the products are produced. This includes not only the amount of 

each product consumed by humans (CONS2, kg/yr) and its hol.dup time 

(HLDUPA, days), but also the conditions for the foods that the animals 

themselves eat. The total production of each food type in the assess- 

ment area may be entered if required (TPRODA, kg/yr). The fraction of 

the drinking water that the animals consume (DWFACA) from contaminated 

sources is entered. Some animals are allowed two food sources (fresh 

forage and stored feed), so information on stored fraction (DIETFR), 
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growing period (GRWPA, days), irrigation sources (IRRSA), rates (RIRRA, 

inches/year), times (IRTIMA, months/year), yields (YELDA, kg/m2), and 

storage times (STORTM, days) must be provided for crops eaten by the 

animals. This information is entered on these lines for the stored 

feed. Note that these are formatted reads, and the information must fit 

in the fields defined by the editing headers. 

Line 166+M: Fresh Forage editing header. 

Line 167+M to 168+M: Some animals are allowed two food sources (fresh forage 

and stored feed), so information on diet fraction (DIETFR), growing 

period (GRWPA, days), irrigation sources (IRRSA), rates (RIRRA, 

inches/year), times (IRTIMA, months/year), yields (YELDA, kg/me), and 

storage times (STORTM, days) must be provided for the crops the animals 

eat. These are entered on these,Jines for the fresh forage eaten by 

beef and milk cattle. Note that these are formatted reads, and the 

information must fit in the fields defined by the editing headers. 

Line 169+M to 17O+M: File delineation header. 

3.3 EXTDF 

EXTDF is a streamlined and updated version of the radionuclide shielding 

,code ISOSHLD (Engle 1966). The input to the code is supplied through an 

ASCII text file designated EXTDF.IN. This section describes the format 

for the EXTDF input file. The input is subdivided into three portions, 

following the original ISOSHLD convention: a title, NAMELIST, and shield 

specification. 

3.3.1 Title 

The initial input line is a Case Title, which is read and copied 

verbatim on the output of the code. Use this line as a unique identifier for '. 

\ the calculation being performed. 

3.3.2 NAMELIST 

The second i,nput grouping is the NAMELIST input. NAMELIST is a useful 

FORTRAN specification allowing selective input of variables. NAMELIST vari- 

ables have default values (i.e., the program assigns a value to the variable 
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if the user does not specify a value in the input.) A princip'le advantage of 

the NAMELIST format is that values for which the defaults are acceptable, or 

which are not used in a particular calculation, need not be initialized. .AJl 

of the NAMELIST variables that EXTDF accepts as input are defined below, 

along with their default values. The NAMELIST variables are grouped into 

four categories: source distribution, geometry, shielding, and integration. 

In the NAMELIST the variable name is written out, followed by an equal 

sign and the numeric value assigned to that-variable. NAMELISTs begin and 

end with the character "1" and in EXTDF ark identified by the word “INPUT” 

immediately following the first "&". The last "&I' must be preceded by a 

blank space. All lines in a NAMELIST field must begin with a blank space. 

NAMELIST entries are separated by commas. Array va'lues may be input indepen- 

dently of the value of other array entries, as Jung as the variable name 

includes the array position. 

A NAMELIST parameter, IEXTU, has been added for specifying input/output 

units. A unit input of 1.0 is automatically defined for each radionuclide. 

The following values of IEXTU and their corresponding units are as follows: 

0 - rem/h per Ci/cm3 (ISOSHLD default) 

1 - mrem/h per Ci/m3 (MAXIl) 

2 - mrem/yr per fiCilcm3 (Kocher) 

3 - person Sv/yr per Bq/m3 (GENII air) 

4 - person Sv/yr per Bq/L (GENII on water surface) 

5 - mrem/yr per $Zi/cm2 (K&her) 

6 - person Sv/yr per Bq/m2 (GENII ground) 

7 - mrem/yr per pCi/m3 (IMPACTS-BRC ground) 

j Source Distribution 

EXTDF is intended for generating normalized tables of external dose rate 

factors for various geometries. Therefore, the sources are generally assumed .. 

to be unit sources. However, a common input multiplier, WIN, is available. 

This multiplier can be used to increase or decrease every input radionuclide 

inventory by a specific amount. The default value.is 1.0, a normalized input 

strength. The radioactive source need not be uniformly distributed within 

the source material. The variable SSVl can be used to create an exponential 

source strength distribution. Legal values are between -10 and +lO. If no 
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value is specified, the program uses zero; i.e., a uniform source distribu- 

tion. Details on the geometries that allow the,use of the SSVl parameter are 

given below. 

Shieldinq 

The variable NSHLD tells the program how many shields will be used in 

this problem. A maximum of five is permitted. The program automatically 

inserts a layer of air as the last shield before the detector (dose point) if 

the entire distance is not specified as-containing shields. 

The variable JBUF tells the program which material should be used in 

computing the build-up factor. If no value is entered, JBUF is automatically 

set to NSHLD. The common shielding convention is to assign JBUF to the 

outermost shield (i.e. that closest to the detector) that has at least one 

relaxation length of material for the energy groups giving the majority of 

the dose rate. A relaxation length is the inverse of the linear attenuation 

coefficient. If the 'outermost shield is not thick enough, then the thickest 

shield (in terms of relaxation'lengths) should be chosen for the build-up 

factor. 

Geometry 

The IGEOM variable sets the geometrical shape of the source and shields. 

Table 3.1 provides the available options. 

For each geometry, additional NAMELIST variables specify the dimensions 

of the source and the distance from the source to the detector. These vari- 

ables are X, the total distance from the back of the source to the detector; 

T, the thickness of each of the shield regions; SLTH, the length of the 

source; Y, the vertical distance from the end of the source to the detector; 

ANGl, the shield normal angle; and ANG2, the detector angle. All dimensions 

are in centimeters, all angles are in degrees. Not all of the variables 

are required for each geometry selection. Definition of these parameters 

for each geometry is illustrated in the geometry diagrams, Figures 3.2 

through 3.12.. These diagrams are taken directly from the original ISOSHLD 

documentation (Engle 1966; Simmonds 1967). 

3.28 



TABLE 3.1. IGEOM Values and Their Relationships to Sources and Shields 

IGEOM Value 

1 

2 

3 

4 

5 

5 

5 

6 

7 

8 

9 

10 

11 

12 

Source Confiquration Shield Confiquration 

Point Slab 

Line Slab 

Spherical Spherical 

Spherical Slab 

Truncated Cone Slab 

Infinite Plane - Slab 

Infinite Slab Slab 

Disc Slab 

Cylindrical (side) Cylindrical 

Cylindrical (side) Slab 

Cylindrical (side) Cylindrical and Slab 

Cylindrical (end) Slab 

Rectangular Slab 

Annular Cylinder Cylindrical and Slab 

Inteqration Variables 

The EXTDF solution technique includes a point kernel integration, in 

which the source is represented as a series of point sources in space and the 

contribution from each point is calculated and summed to a total dose rate. 

The number and orientation of the point sources are determined by the 

integration variables selected by the user. These are NTHETA, NPSI, and 

DELR. The variables NTHETA and NPSI determine how many intervals the source 

is divided into. The variable DELR is the thickness of the pieces, in 

centimeters. Not all of the geometries require specification of these param- 

eters. They are required only for geometries 7 through 12. 

The optimal choices for these variables depend on the distance from the 

source and the geometry. Typically, the best choices are values of NTHETA 

and NPSl that give vo'lumes that are not much larger than the distance from 

the face of the source. DELR should be no more than one relaxation length in 

the source material. When the detector is close to the source, DELR should 

be less than one-half of a relaxation length. 
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INPUT. VARIABLES 

. . 
, 

m-M--- 

Detector 

INPUT VARIABLES 

IGEOM = 2' 
X= Distance to detector 

Angle 1 = Shield normal angle 
Angle 2 = Detector angle 

SLTH = Source length 
TI, T2, T3 = Shield thicknesses 

FIGURE 3.3. Line Source - Slab Shields 
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INPUT VARIABLES 

Detector IGEOM = 3 
0 X = Distance from center to 

- - detector 
TI = Source radius 

T2, T3 = Shield radii 

Note: Constant source strength distribution only for spherical source 

FIGURE 3.4. Spherical Source and Shields 

X 

5 T2 T3 

Detector INPUT VARIABLES 
a 

f 

IGEOM = 4 
X = Distance from 

center 
to detector 

TI = Source radius 
T2, T3, etc. = shield thicknesses 

14 

Note: Constant source strength distribution only for spherical source. 
Shield region 2 surrounds the source. 

:; FIGURE 3.5. Spherical Source - Slab Shields 
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Angle 1 INPUT VARIABLES 

IGEOM = 5 
Angle 1 = Cone angle 

T(l) = Source thickness 
X = Distance to detector 

from opposite face 

Notes: If Angle 1 = 90.0° (infinite slab source), then the source 
is input in activity per unit volume. 

strength 

If T(1) = 0 and Angle 1 = 90.0' (infinite plane source), then the 
source is input in activity per unit area. 

FIGURE 3.6. Truncated Cone Source - Slab Shields 

Detector 
0 

P4 

X IT3 

\T2 

Tl 

INPUT VARIABLES 

IGEOM = 6 
SLTH - Disk radius 

X = Distance from center to 
detector 

Note: Source strength input is in activity per unit area. 

FIGURE 3.7. Disk Source - Detector on Centerline - Slab Shields 
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r=y 
SLTH X - Detector 

L, ‘-. 
Y 

#L - 

a. Cylindrical Source, Isometric View. 

Note: Y may not be greater than SLTH. 
(When a value of Y greater than 
SLTH is entered, the program 
arbitrarily sets Y = 0.) 

INPUT VARIABLE 

IGEOM = 
IGEOM = 
SLTH = 

X= 

Y= 

7 for cylindrical shields 
8 for slab shields 
Length of source 
Radial distance to 
detector from centerline 
of source 
Vertical distance from 
end of source to detector 

32 

T2 

Detector 
0 

b. Cylindrical Source, End View. 

Note: With slab shield, the second shield 
region surrounds the source. 

FIGURE 3.8. Cylindrical Source - Cylindrical and Slab Shields 
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Detector 

,4/i t 
INPUT VARIABLES 

IGEOM = 
SLTH = 

T1 = 
X= 

T2, T3, T4 = 

9 
Radius 
CyJ inder length 
Distance to detector 
from opposite end 
Shield thicknesses 

FIGURE 3.9. End Cylindrical Source - Detector on Centerline - Slab Shields 

TI T2 T3 

I-. - 
-- 
I 

I 
Y X 

INPUT VARIABLES 

IGEOM = 10 
X = Distance to detector 

from opposite fact of 
source 

Y= Height of source 
SLTH = Length of source 

TI = Thickness of source’ 
T2, T3 = Shield thicknesses 

FIGURE 3.10. Rectangular Source - Detector on Centerline - Slab Shields 
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T3 

a. Plan View 

SLlH 

- 

b. Isometric View 

T4 T5 -- 

X 
Detector 
4 

X 
- 

- 

‘-- I - --= f + * -I - 
4 
\ -- e/M 

INPUT VARIABLES 

SLTH = Length of source 
= Radial distance to X 
detector from centerline 
of source 

Y 

TI 
T2 

T3 

= Vertical distance from end 
of source to detector 

= Radius of source 
= Wall thickness of 
container 

= Distance from container 
outer wall to first slab 
shield 

Detector 

- 

- 

IGEOM = 11 

Note: Second shield, T(2), is cylindrical. The third shield, T(3), has 
slab face but surrounds the first and second shields. The remain- 
ing shields are slabs. (When a value of Y greater than SLTH 1s 
entered, the program arbitrarily sets y = 0.) 

FIGURE 3.11. Cylindrical Source - Cylindrical and Slab Shields 

3.35 



I 
SLTH 

L 

r, 

- 

- 

INPUT VARIABLES 

IGEOM = 12 
- TI = i;;;;urdius of the 

T2 = Annulus width (source) - 

Detector T3 = Container wall thickness 
SLTH = Length of source 

X= Radial distance to 

I Y detector from centerline 
of source 

Y = Vertical distance from 
end of source to 
detector 

T4, T5 = Shield thicknesses 

Notes: Y may not be greater than SLTH. (When a value of Y 
7 
reater than 

SLTH is‘entered, the program arbitrarily sets Y = 0. 

T3 is the thickness of the inner and outer walls of the container, 
which must be equal. 

FIGURE 3.12. Annular Cylindrical Source - Cylindrical and Slab Shields 

i 
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3.3;3 Shield Material Specification 

Following the NAMELIST comes the shield specification block. There may 

be up to five shields, and each shield may be composed of a single material 

or a mixture of an unlimited number of materials (up to all 20 ava,iJabJe 

materials). For alloys or homogeneous mixtures of materials, the density of 

each material as it is found in that shield, is used. Data is read in an 

unformatted format; each line specifies the density, in grams/cm3, of one 

material for each of the five shields. Each line must contain a continuation 

key, the material identification number, and the density of that material in 

each of the shields. The continuation key .is an integer, either zero if 

there are additional materials to be considered, or a one if this is the last 

material. The material identification number corresponds to the definitions 

given in Table 3.2. Note that because the read is free format, zero values 

must be entered. Thus, one key, one identification number, and five 

densities will always be on each 'line. 

3.4 INTDF 

The INTDF code produces radiation dose factors using the techniques of 

ICRP 30 (I979a, 1979b, 1980, I98la, 198Ib, 1982a, I982b). A single run will 

generate both ingestion and inhalation dose factors. The dose factors are 

prepared as both dose commitments, by organ for the uptake and integration 

periods desired, and as annual dose increments. Output from the calculation 

is summarized on the standard output fiJe INTDF.OUT, the dose commitments 

are stored in file CDE.OUT, and the dose increments are stored in file 

CDEINC.OUT. Manipulation of these output files allows the creation of the 

dose factor files used by the DITTY and DOSE routines. 

Input to INTDF is brief. The first line is reserved'for a title, which 

is reproduced on each page of output and in the data summary files. On the . 

following four lines the user indicates: 

l the number of years to consider 

l whether or not (True/False) the exposure is acute or chronic (i.e., 

whether the dose factors are being created for the DOSE or DITTY 

routine) 

3.37 



TABLE 3.2. Shield Material Specifications Available in EXTDF 

Identification 
Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

Material 

,Water 

Tissue 

Air 

Hydrogen 

Lithium 

Carbon 

Aluminum 

Titanium 

Iron 

Nickel 

Zirconium 

Tin 

Tungsten 

Lead 

Uranium 

Ordinary 
Concrete 

Magnetite 
Concrete 

Strontium 

Promethium 

Cerium 

Usual 
Specific 
Gravity 

1.0 

1.0 

0.00129 

0.00008 

- Oi532 

2.0 

2.702 

4.5 

7.8 

8.90 

6.44 

7.3 

19.3 

11.35 

18.75 

2.35 

Effective Effective 
Atomic Atomic 
Number Number 

4 6 

4 6 

7 14 

1 1 

3 7 

6 12 

13 27 

22 48 

26 56 

28 59 

40 91 

50 119 

74 184 

82 207 

92 238 

10 19 

3.76 12 24 

2.6 38 88 

61 145 

96 245 

l particle size in microns, to allow determination of Jung deposition 

from inhalation 

l whether or not (True/False) the specific effective energies should 

be printed in the output file (when set, additional output is 

printed to the screen during execution, which may be used in trac- 

ing the internal calculations). 

The remaining lines of the input section consist primarily of instruc- 

tions to the Livermore Solver for Ordinary Differential Equations (Stiff) 
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which is embedded in the code (Hindmarsh 1983). It is generally not 

necessary for the user to modify these parameters for the INTDF application. 

The values provided in the sample problems have been developed through 

numerous tests, and have been shown to both result in accurate resuTts and 

minimize computational time for all radionuclides in the GENII libraries. 

The LSODES parameters have been left in the input to facilitate research use 

of the INTDF module. The LSODES control parameters are: 

l the relative error tolerance parameter, RTOL, - 

0 the absolute error to’ierance parameter, ATOL. RTOL and ATOL are 

used in the LSODES numerical iteration scheme to control the number 

of iterations required and maintain accuracy of the integrated 

result. The solver controls the vector E = E(1) of estimated local 

errors in the integrated retention vector Y according to an 

inequa’lity of the form Root-Mean-Square Norm E(I)/EWT(I) C 1.0, 

where EWT ( I) = RTOL * ABS(Y(1)) + ATOL. Values of 10-6 for RTOL 

and 10-B for ATOL have been tested and found adequate. 

l the maximum absolute time step size the solver is ailowed to take, 

ASSA. Because annual dose increments are calculated, and the code 

operates on a time unit of days, this has been set to 365 days. 

* the initial time step size that the solver should use, HSTART. A 

value of 10-6 days has been found to accommodate all short trans- 

ients associated with the radionuclides of interest. 

l the maximum number of iterations the solver is allowed to take to 

reach convergence on any one call, NSC. This prevents the machine 

from getting into infinite loops if there is an error. A value of 

700 is recommended as adequate for the calculations of dose 

factors. 

A final input line relates to a developmental capability planned for 

INTDF. The capability is not completely developed to calculate radiation 

dose to the thyroid of a developing fetus as a result of maternal radionu- 

elide intake of iodine, and dose factors for fetal exposures are not included 

in the dose factor files routinely addressed by the DOSE or DITTY programs. 
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.The fetal dose calculation capability should not be used in other than 

research applications with this version. 

Following the input section, the user enters radionuclides to be con- 

sidered, up to a maximum of 100. NucJide names must match the spelling of 

those in RMDLIB. Be careful to enter a return after the last radionuclide, 

and do not include any blank lines in the file. 

3.5 DITTY 
c - 

i 

Use of the computer program DITTY requires proper assignment of several 

data files and careful preparation of an input record file. This section 

describes preparation of the input record file. This file has been designed 

to allow efficient use of the computer program with minimum effort by the 

user in preparing input records. Each execution of DITTY can have an 

unlimited number of cases. An execution file for DITTY contains the follow- 

ing classes of records: 

1. A master radionuclide control list defining any radionuclides con- 

sidered in this set. Radionuclides considered in any of the cases 

in the set are based on the interrelationship of several 

parameters: 

l time of release in relation to time period considered 

l type of release (acute or chronic) and whether that type 

of release is considered in a particular problem of a set 

l release pathway (airborne or waterborne) and whether that 

pathway is considered in a particular problem of the set 

l input options for release data; whether release data is 

read for this case or whether release data is in effect 

from a previous problem. 

2. A group of records for each problem in the set consisting of the 

following types of records: 

l title for this case (Note: the titie for the first case 

of a set is positioned before the master radionuclide 

list.) 

l a NAMELIST parameter set 

l air concentration factors, optional 
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l joint frequency data, optional 

\ l population distribution data (record types' 8 and 9), 

optional 

l activity airborne release data, optional 

l activity waterborne release data, optional. 

The order of the records is determined by control integers as indicated 

in the input record logic diagram of Figure 3.13. This diagram should be 

referred to when preparing input records-for DITTY. Each record type is dis- 

cussed in the foJ,lowing sections. 

3.5.1 Case Structure Parameters 

The first record for each run is a title for the first case as described 

in Table 3.3. 

At the beginning of each run, names of all radionuclides to be con- 

sidered are read. These names are used to select needed data from library 

fi'les. The number of names is read followed by the names of the radionu- 

elides. The data record formats are described in TabJe 3.4. The maximum 

number of radionuclides allowed is 100. This number includes any unsolicited 

daughters which will automatically be added to the master list by the pro- 

gram. Addition of daughters is determined by decay chain information in the 

radionuclide data 'library (see Section 2.3.1.). 

The spelling of the radionuclide name symbols must correspond to the 

spelling given in the master radionuclide data library, Section 2.3.1. 

3.5.2 NAMELIST INPUT Parameters ' 

The data records for the master radionucJide list are read at the begin- 

ning of each run. The remaining records are read for each case as determined 

by input parameters. Control parameters and selected model parameters are 

. read next in a NAMELIST INPUT record set. The first record of this set must 

begin with INPUT in columns 2-7, and the last record must end with END in any 

column except column 1. Each parameter is supplied by setting it equal to 

the desired value. For example, to set the parameter IPATH to 2, enter 

IPATH = 2 starting after column 8 on the first record. Array values are 

specified by including the array subscript. For example, to set position 2 
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ReadaNamdistlnput Set I 

Read Joint Frequency Data 

1 

+ 
Read Number 

of Radionudider 
ReadName 

Read Aii 
ReleaseData 

1 
4 

I Read Number 

FIGURE 3.13. DITTY Input Logic Diagram 
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TABLE 3.3. Case Title Format 

Variable Columns Format Description 

CASTTL(2) l-80 

TABLE 3.4. Master Radionuclide Name Format 

Parameter 

NIN 

Columns Format Description 

l-5 15 Numbk-of radionuclide names to be read, 
1 < NIN < 100 (1 < NIN < 25 for IBM-PC) 

E(i) 
A(i) 

20A4 Descriptive title for the current run to 
be printed on output report headings 

A2 
A6 

Element symbol for a radionuclide. 
Atomic weight symbol for the 
radionuclide 

of the array LORG to 6, enter LORG(2) = 6. Each entry must be separated by a 

comma. The NAMELIST INPUT parameters recognized by "DITTY" are described in 

Section 3.5.1 by the following categories: 

0 general control integers 

l time references 

l site grid description 

. atmospheric dispersion 

l . population description 

l waterborne pathways 

l terrestrial pathways (for airborne and waterborne releases) 

l graphical output selection options. 

A. General Control Integers 

i 
IAC To consider an acute release period at the beginning of the first 

700yr period, set IAC > 0. Default is IAC = 0. 

IAIR This parameter is set positive if airborne release activity data 
are to be read. Default is IAIR = 0. 

IPATH This parameter selects pathways to be considered as follows: 

IPATH 3 0; airborne and waterborne 
IPATH = 1; airborne only 
IPATH 2 2; waterborne only 
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IREDE 

IWAT 

LUA 

LUW 

ISALT 

No default value is specified for IPATH. 

' This parameter controls printing of detailed reports of dose by 
radionuclide and by pathway. If IREDE > 0, additional reports are 
printed. 

This parameter is set positive if waterborne release activity data 
are to be read. Default is IWAT = 0. 

This parameter selects the input logical file unit for reading of 
airborne release activity data as.folJows: 

LUA = 1; use input file - - 
LUA # 1; use data file buffer AIRREL.IN (see Section 2.2.11) 

Default is LUA = 1. 

This parameter selects the input logical file unit for reading of 
waterborne release activity data as foJJows: / 

LUW = 1; use input file 
LUW # 1; use data file buffer WATREL.IN (see Section 2.2.10) 

Default is LUW = 1. 

This parameter determines if fresh or saltwater factors are con- 
sidered in bioaccumulation factors as follows: 

ISALT = 0; freshwater 
ISALT = 1; saltwater 

Default is ISALT = 0 

B. Time Reference Parameters 

TZ The beginning of the ten-thousand-year dose period is given by this 
parameter in years A.D. Default is TZ = 2000. 

TZR The beginning of the release history data is given by this param- 
eter in years A.D. TZR is used for both airborne and waterborne 
release data. Default is TZR = 2000. For acute exposure case, TZR 
must.be equal to TZ. 

C. Site Grid Description Parameters 

DIST(lO) These values represent the distance from the release point to the 
midpoint'of. each distance interval, meters. Default values are not 
specified for DIST. 
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NDIST This integer gives the number of distance intervals to be 
considered, 1 < NDIST < 10. Default is NDIST = 0. * 

NSECT This integer gives the number of sectors to be considered in the 
calculation of population dispersion factors (PM) and in the 
atmospheric dispersion calculation. 1 s NSECT < 16. Default is 
NSECT- = 16. 

D. Atmospheric Dispersion Parameters 

IEOQ This integer is used to contra L reading and calcu 
atmospheric dispersion data as foJ lows: 

IEOQ < 0; use previous data 

Jation of 

I EOQ = 1; read normalized air concentrations from 
buffer CHIQ.IN (see Section 2.2.3) 

data file 

IEOQ = 2; read joint frequency data from data file buffer 
JOINTFRE.IN (see Section 2.2.2) and calculate 
normalized air concentration 

IEOQ = 3; use previous data to calculate normalized air 
concentration 

IEOQ 3; use previous data. 

Default is IEOQ = 0. 

HS This parameter gives the effective release height for airborne 
release. HS is used when normalized air concentrations are to be 
calculated (IEOQ = 2 or 3). Default is HS = 0. 

E. Population Description Parameters 

Population Parameters for Chronic Airborne Releases 

Population dispersion factors are required for each 70.yr increment of 
the 10,000 year integration period (143 increments). Six options are 
provided for generation of the population dispersion factors for chronic 
airborne releases. 

Method One. The first method allows the user to supply all values 
through input (IPOP = 1). 

Method Two. The second method (IPOP = 2) uses an initial popula- 
tion distribution to generate the population dispersion factor for 
the first time increment. Then the increase in total population is 
supplied as a function of time and the program increases the popul- 
ation dispersion factor in proportion to the population increase. 
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The user supplies the initial distribution in the file buffer 
POP.IN (see Section 2.2.4). 

Method Three. The third method (IPOP = 3) uses population dis- 
tributions at specified times read from file buffer POP.IN (see 
Section 2.2.4). Population dispersion values are calculated for 
each specified time. These values are interpolated to determine 
the population dispersion values for each 70.yr increment. 

Method Four. The fourth method (IPOP = 4) allows specification of 
population dispersion values at specified times. This data is 
interpolated to determine values for each 70.yr increment. - - 

Method Five. The fifth method (IPOP = 5) uses the previous popu- 
lation distribution data but new f/Q'data to generate the first 
time value for PM (air) or PL (water). 

The second, third, and fifth methods use atmospheric dispersion 
data (X/Q' values) as calculated in subroutine EOVRQ or supplied on 
input. 

Method Six. The sixth method (IPOP = 6) indicates that there is no 
chronic re7ease. Use of this method ensures that population is 
specified properly for a case with an acute release only. 

IPOP This control integer selects the method for determining population 
dispersion factors for airborne releases as follows: 

IPOP 5 0; use previous value. No additional population input 
required. 

IPOP = 1; supply al7 144 values for array PM in NAMELIST INPUT. 

IPOP = 2; read population data for the first time, T(l), and 
calculate PM. Then generate PM for other times from 
population (PMl) and time (T) data by ratio with 
initial total population. Supply NAMELIST INPUT 
parameters NTA, T, and PMl. 

IPOP = 3; read population data for each time from file buffer 
POP.IN and ca7cuJate PM for each time. 

IPOP = 4; supply population dispersion factors in array PM1 at 
times T, and interpolate this data to generate PM values 
for each 70.yr increment. Supply values for NAMELIST 
INPUT parameters NTA, T, and PMl. 

IPOP = 5; use previous popuiation distribution dgta but recalculate 
the first time value for PM using new X/Q'data. This 
method is similar to method 2 except no population data 
is read. No additional population input required. 
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IPOP = 6; There will be no chronic release during this case (IPA 
must be used). 

IPOP > 6;'not allowed. 

Default is IPOP = 4. 

NTA This integer gives the number of times for which airborne popula- 
tion history data are supplied in arrays PM1 and T. 1 < NTA < 20. 
Default is I. 

PM( 144) Population dispersion factor, person-sec/m3 for airborne releases 
for each 700yr period. 
f/Q� l 

This is an effective population-weighted 

PMl(20) This array gives population dispersion factor data for airborne 
re'leases corresponding to times in array,T. This data is used when 
IPATH 5 1 and IPA > 1 or when IPOP = 2, 4, or 5. When IPOP = 2, 
the data represents total poputation at each time. When IPOP = 4, 
the data represents population dispersion factors. When IPOP = 5, 
previous data are used (the form is not important). When IPA > 1, 
the data represents population dispersion factors unless IPOP = 2, 
in which case total population values are given. 'Default values 
are not specified for PMl. 

POPT(2) This array gives total population for airborne releases at each 
time given in array T. POPT is used for IPATH $ 1 and IPOP = 2 or 
5. Default is all POPT values set to zero. 

T(20) This array gives times at which population data is supplied for 
airborne releases. Times are in years A.D. T is used when IPATH 
< 1 and IPOP = 2, 4, or 5 or IPA > 1. 

Population Parameters for Acute Airborne Releases 

IPA This control integer indicates the method (see text for discussion 
of methods) for specifying the population dispersion factor for the 
acute release period for airborne releases. 

IPA 5 0; use previous values 
IPA = 1; use the value given for PMA 
IPA = 2; calculate the value for time TZ from calculated time 

history data; population data for chronic airborne release . 
must be entered if this option is selected. 

Default is IPA = 1. 

PMA This parameter is the population dispersion factor for the acute 
airborne release period used when IAC > 0 and IPA = 1. Default 
value is PMA = 0. 
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Population Parameters for Chronic Waterborne Releases 

IPOPL 

NTL 

PL(144) 

PLl(20) 

TL(20) 

This control integer selects the method for determining populations 
for waterborne reJease as follows: 

IPOPL 5 0; 

IPOPL = 1; 

IPOPL = 2; 

IPOPL > 2; 

Default is 

use previous PL values. No additional population - 
input required. 

supply all 144 values for array PL in NAMELIST INPUT. 

supply total population value data in arrays PLl and TL 
and generate PL values by interpolation. Provide values 
for NAMELIST INPUT parameters NTL, TL, and PLl. 

not allowed. 

IPOPL = 2. 

This integer gives the number of times for which waterborne popula- 
tion history data are supplied in arrays PLl and TL. 1 < NTL 5 20. 
Default is 1. 

This array gives total population for waterborne pathways for the 
acute period, PL(1) and each 70.yr period (143). Default is all 
values set to zero. 

This array gives total population for waterborne pathways corres- 
ponding to times in array TL. This data is used when IPL > 1 or 
when IPOPL = 2. Default is a77 PLl values set to zero. 

This array gives time at which population data is supplied for 
waterborne releases. Times are in years A.D. TL is used when 
IPATH # 1 and either IPL > 1 or IPOPL = 2. Defauit values for TL 
are zero. 

IPL 

I 

PPL 

Population Parameters for Acute Waterborne Releases 

This control integer indicates the method for specifying population 
data for the acute release period for waterborne releases. 

IPL < 0; use previous values. No additional population required. 
IPL = 1; use the value given for PPL 
IPL > 1; calculate the value for time TZ.from given population 

time history data. Population data for chronic 
waterborne release must be entered if this option is 
set > 1. 

This parameter is the total population for the acute waterborne 
release period used when IAC > 0 and IPL = 1. Default value is PPL 
= 0. 
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F. 'Waterborne Pathway Parameters 

CFLO This parameter is used in calculating the dilution of liquid 
releases. It is the flow rate, in cubic feet per second (cfs), .of 
the water into which the radionuclides are released. A default 
value is not specified for CFLO. 

RECON This parameter is also used in calculating liquid dilution. It is 
used in particular cases where the inlet to a contamination facil- 
ity is downstream of the outlet where reconcentration may occur. 
Default is 1.0. 

RM This parameter is used in calculating liquid dilution where the 
receptor is near the release point. It relates the amount of the 
river flow actually mixed with the released radionuclides. 
0 5 RM 5 1. Default is 1.0. 

USAGE(7) This array contains input values of the consumption or exposure 
rates for the waterborne pathway parameters for individuals: 

1. fish consumption, kg/yr 
2. crustacea consumption, kg/yr 
3. mollusk consumption, kg/yr 
4. water plant consumption, kg/yr 
5. drinking water consumption, L/yr 
6. exposure to contaminated sediments, h/yr 
7. swimming in contaminated water, h/yr. 

G. Terrestrial Pathway Parameters 

CONSUM(7) This array contains values of consumption rates, kg/h, for the ter- 
restrial pathways for individuals: 

EXTIM This parameter relates the average time, h/yr, that an individual 
spends exposed to surface soils contaminated by either atmospheric . 
or irrigation deposition. 

GWRP(7) This growing period (time of foliage above ground) for the 7 crops 
enumerated under the variable CONSUM. For the animal products, 
GRWP is the time above ground for feed or forage. 

MOPYR This value is the months per year that irrigation is used on crops. 

1. leafy vegetables 
2. other vegetables 
3. eggs 
4. milk 
5. beef 
6. unused 
7. poultry. 
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.RIRR This parameter is the irri 
!i! 
ation rate of the crops under CONSUM. 

The units in DITTY are L/m /month. For the animal products, this 
is the irrigation rate of the animal forage crops. 

YELD(7) This array contains the crop or forage yield, kg/m2, for the 7 
pathways under CONSUM. 

H. Graphica Output Control Parameters 

Some QA input data and results from DITTY1 calculations are presented as 
graphical functions of the data versus time. Various parameters may be 
plotted as described below. - .- 

IGRPM 

IGRPL 

IGRTNU 

IGRNUC 

IGRDOS 

This parameter allows plotting of the 
versus time if initialized. Default i 

population weighted z/Q' (PM) 
s IGRPM = 0. 

total population affected by 
is IGRPL = 0. 

This parameter allows plotting of the 
aquatic pathways if nonzero. Default 

This parameter allows plotting of the _ . total radionuclide release 
rate, in curies per 700yr period versus time, if nonzero. Default 
is IGRTNU = 0. 

This parameter allows plotting of the release rates of individual 
radionuclides, curies per 70.yr period, versus time if nonzero. If 
IGRNUC is equal to zero, a numeric report of release activity is 
printed for each radionuclide. Default is IGRNUC = 0. 

This parameter allows plotting of the dose to each organ versus 
time in the output if nonzero: Default: IGRDOS = 0. 

3.5.3 Other Input Parameters 

The NAMELIST parameter IEOQ controls input of atmospheric dispersion k 

data. When IEOQ = 1, normalized air concentration data (E/Q) are read from 

file buffer CHIQ.IN (see Section 2.2.3). 

When IEOQ = 2, the normalized air concentration values are to be calcu- 

lated from annual average meteorological data of joint frequency of occur- 

rence of wind speed, atmospheric stability, and wind direction. This data is '- 

read from file buffer JOINTFRE.IN (see Section 2.2.2). 

When the population control integer IPOP is equal to 2, one set of popu- 

lation distribution data is read from file buffer POP.IN (see Section 2.2.4). 

Airborne release data may be included in the input stream (IAIR > and 

ILUA = 1). One set of records is read for each radionuclide. Reading is 
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terminated by p'lacing a zero vaiue for parameter NT of the last record of the 

set. These records are described in Table 3.5. 

When waterborne releases are to be included in the input stream (IWAT > 

0 and LUW = 1), the data are read as for the airborne release set using the 

format of TabJe 3.5. 

TABLE 3.5. Radionclide Release Data Format 

Parameter Columns Format 

NNAT l-5 15 

E 

A 

l-2 A2 

3-8 A6 

NT 

TA(i) 

C(i) 

9-10 

11-15 

l-10 

11-20 

2x 

15 

E10.2 

E10.2 

- _ Description 

Number of radionuclides for which 
activity release data are supplied 

Element symbol for the current radio- 
nucl ide 

Atomic weight symbol for the current 
radionucl ide 

Blank 

Number of times for which release rates 
will be supplied, NT < 300. When NT 5 
0, reading of activity release data is 
terminated. NT determines the number of 
data records to be read. 

Time at which the current release rate 
is defined. Years since start of 
release and based on parameter TZR. 

Release rate, Ci/yr, ,for the current 
radionuclide at time TA(i). 

i 
Calculations are performed after input of necessary data. If additional 

cases are to be considered, the same data formats are used based on new 

values given for the control parameters in the new NAMELIST set. Each 

succeeding case starts with input of a title record and a NAMELIST INPUT set. 
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4.0 SYSTEM REQUIREMENTS 

The GENII Software Package will run on an IBM-PC AT or equivalent com- 

puter configured with an 80287 math co-processor, 640 kilobytes random-access 

memory, a minimum of 5 megabytes on-line disk storage, and operating under 

IBM DOS 3.1 or newer version. 

Portions of the GENII Software Package have been tested on a number of 

IMB-PC/AT compatible machines. Versions of GENII have been established on 

microcomputers manufactured by GRID, NEC,-Hewlett-Packard, and IBM. The IBM 

machines have included the new PS/2 System.50 and System 80. No machine- 

based incompatabilities have been found. 

The GENII Software System is distributed on either 5.25.inch, 1.2 mega- 

byte disks, or on 3.5.inch, 720 kilobyte disks. An automatic install proced- 

ure has been included with the software. To install the GENII Software 

Package, do the following: 

1. Insert the GENII Distribution Disk # 1 in the A: floppy disk drive. 

2. Type A: and press Enter. 

3. Type: INSTALL n:, where n designates the hard disk you wish GENII to be 

installed on, and press Enter. 

4. Respond as requested by the install procedure. 

The installation procedure will create a subdirectory named GENII on the 

designated drive and then copy fries into that subdirectory. 

For the GENII Software Package to function properly, the following com- 

mands must be in the CONFIG.SYS file in the root directory of the disk drive 

which is used to boot the system: 

FILES=20 

BUFFERS=24 

DEVICE=ANSI.SYS 

Refer to ‘the IBM DOS reference manual (IBM 1985) for details on installing 

these commands. 
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5.0 QUALITY ASSURANCE RELATED TOPICS 

The GENII software package was developed in a framework for complying 

with the requirements of ANSI/ASME NQA-l-1983, Quality Assurance Program 

Requirements for Nuclear Power Plants, Supplement 3S-1, Supplementary 

Requirements for Design Control. NQA-1 specifies that for hardware design 

control, the following shall be addressed:' 

l design input 

l design process, including design ana7ysis 

l design verification 

l change control 

0 interface control 

l documentation and records. 

The QA procedures used during the development of the GENII software package 

are an interpretation of these hardware requirements for software. 

Design input is specified through research project p’lanning documents. 

This requirement was met through the preparation of the System Design 

Requirements presented as the Appendix to Volume 1 (Napier et al. 1988a). 

The design process consisted of developing and internally testing soft- 

ware, developing test cases, and documenting software in accordance with the 

design input. The GENII package has been extensively tested and verified by 

hand, using the hand calculation worksheets of Volume 3 (Napier et al. 

1988b), and benchmarked against similar Hanford environmental dosimetry pro- 

grams. A lOovolume set of test documentation is available for review from 

the authors upon request. The design process concluded with analysis of the 

final design by means of a Final Internal Development Review (FIDR). Two 
I 

external peer reviews were held, as described in Section 1.2 of Volume 1; 

these constitute the FIDR for the GENII package. 

Following the FIDR, the GENII code was placed under configuration man- 

agement. Through this management, all changes and versions have been con- 

tro’lled and documented. Change control has been instituted; only authorized 

and approved changes can be made to the working versions. A list of users is 

maintained, and revisions are distributed to this list when necessary. 
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AdditionaJ volumes of change documentation records are available. This 

three-volume set contains all necessary documentation of the code, models, :- 

and impiementation methods for GENII Version 1.359. Further revisions. will 

be documented, and revised documentation will be issued if necessary. 

In addition to the development requirements, NQA-1 addresses applica- 

tions of software. The controlled versions of the code may be obtained from 

the authors, with sufficient documentation to assure correctness of the pro- 

posed application. Users must maintain applications records Jogs for ail 

applications of the code outside of the-Hanford Environmental Dosimetry 

Upgrade Project. 

The GENII Software Package is made up of six programs written in FORTRAN 

and one written in compiled BASIC. The FORTRAN programs are compiled using 

the Lahey F77L compiler (Lahey Computer Systems 1986). The BASIC program is 

distributed in a version compiled with the Microsoft QuickBASIC 3.0 compiler 

(Microsoft 1987). The BASIC program uses modules and subroutines from the 

Komputerwerk FINALLY! and FINALLY! Modules libraries (Komputerwerk 1986a, 

1986b). The GENII System codes have been developed and tested using these 

products, and unanticipated problems may occur if other compilers are used. 
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APPENDIX A 

SAMPLE PROBLEM INPUT 'AND OUTPUT 

Example input files and the resultant code outputs are listed in this 

appendix. Seven sample problems are presented with all required external 

data files. These seven examples provide a glimpse of the range of capabil- 

ities of the GENII package. They are, h&ever, by no means exhaustive, and 

within the limitations of the printed page they can only be used as indi- 

cators of the types of calculations that may be performed using the GENII 

system. Each sample problem is briefly described, and the salient parts of 

the output are noted. These sample outputs may be used by persons installing 

the GENII package to compare it to calculated results to assure that the 

codes are functioning properly on particular hardware configurations. 

A.1 GENII SAMPLE PROBLEM 1 

The first sample problem represents a chronic release of a spectrum of 

radionuclides to the atmosphere through a stack with an effective height of 

89 meters. The release is assumed to last for a period of one year, expos- 

ures of the public surrounding the release point are assessed for the l-year 

release, and a 5D-year dose commitment is calculated. Because this is a 

population dose calculation, an external data file providing the population 

distribution is needed. The air submersion dose is to be calculated using 

the finite-plume model. Therefore, an external data file of the joint fre- 

quency of occurrence of wind speed, wind direction, and stability class is 

also required. People are exposed via air submersion, inhalation, direct 

exposure to deposited materials on the ground, and ingestion of food crops 

and animal products. 

The GENII input file created by APPRENTICE for this scenario is pre- 

sented as Exhibit A.1. The required population data file, to be copied into 

the POP.IN file buffer, is presented in Exhibit A.2. The required joint 

frequency data file, to be copied into the JOINTFRE.IN file buffer, is 

presented as Exhibit A.3. These are typical working data files similar to 

those used for dose calculations for Hanford annual environmental reports. 
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EXHIBIT A.l. GENII Input File - Sample Problem 1 

#########X############### Program GENII Input File ############# 8 Mar 88 #### 
Title: GENII Sample Problem 1 

\genii\sam\samplel.in Created on 08-05-1988 ‘at 15:lO 
OPTIONS========================= Default ===================================== 

T' 
Near-field scenario? (Far-field) NEAR-FIELD: narrowly-focused 
Population dose? (Individual) release, single site 

F Acute release? (Chronic) FAR-FIELD: wide-scale release, 
Average Individual data set used multiple sites 

Complete Complete 
TRANSPORT OPTIONS============ Section- EXPOSURE PATHWAY OPTIONS===== Se;tion 
T Air Transport 

: 
-T Finite plume, external 

F Surface Water Transport F Infinite plume, external 
F Biotic Transport (near-field) 3 T Ground, external 5 
F Waste Form Degradation (near) 4 F Recreation, external 

T Inhalation uptake 
REPORT OPTIONS======================= F Drinking water ingestion 
T Report AEDE only F Aquatic foods ingestion Pii 
F Report by radionuclide T Terrestrial foods ingestion 719 
F Report by exposure pathway T Animal product ingestion 7,lO 
F Debug report on screen F Inadvertent soil ingestion 

INVENTORY ###############X#################################################### 

i Surface soil source units (l- m2 2- m3 3- kg) 
Inventory input activity units: (1-pCi 2-uCi 3-mCi 4-Ci 5-Bq) 

Equilibrium question goes here 

w-m----- 

Use when 
----Release Terms------ 

transport selected 
-----w-B 

Release 
Radio- 
nuclide 
----MM-- 

; :4 
KR85 
SR90 
NB95 
RU103 
RU106 
SB125 
I 129 
I 131 
cs134 
cs137 
PM147 
PB212 
B1212 
U 234 

Surface Buried 
Air Water Waste 
Iv /yr /m3 
m-----w ------- m------ 
'7.OE+Ol 
l.OE+OO 
7.OE+O4 
2.OE-04 
l.OE-05 
2.OE-04 
2.OE-02 
l.OE-03 
5.OE-01 
2.OE-04 
.l.OE-05 
4.OE-05 
l.OE-03 
2.OE-01 
l.OE-01 
2.OE-06 

--~-------Basic Concentrations--------- 

near-field scenario, optionally 
_---------_---------------------------- 

Surface ,"XJ Ground Surface 
Air Soil Water Water 
/L /unit /m3 /L /L 
-w-w--m w-w--w- Mw-M--- -m----- ------- 
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EXHIBIT A.l. (contd) 

U 235 7.OE-08 
U 238 2.OE-06 
PU238 3.OE-05 
PU241 3.OE-03 
AM241 1 .OE-04 
PU239 4.OE-04 

-------- ----Derived Concentrations--i-- 
Use when measured values are known 
--m----w ------------------------------- 
Release Terres. Animal Drink Aquatic 
Radio- Plant Product Water Food 
nuclide /kg &I /L /kg 
-------- -w-m--- w----e- ------a -w--w-- 

TIME ######################################################################### 

1 Intake ends after (yr) 
:O Dose talc. ends after (yr) 

Release ends after (yr) 

ii 
No. of years of air deposition prior to the intake period 
No. of years of irrigation water deposition prior to the intake period 

FAR-FIELD SCENARIOS (IF POPULATION DOSE) ##################################### 

O1 
Definition option: l-Use population grid in file POP.IN 

2-Use total entered on this line 

NEAR-FIELD SCENARIOS ######################################################### 

ii 

,Prior to the beginning of the intake,period: (yr) 
When was the inventory disposed? (Packa e degradation starts) 
When was LOIC? (Biotic transport starts 4 

x 
Fraction of roots in upper soil (top 15 cm) 
Fraction of roots in deep soil 

0 Manual redistribution: deep soil/surface soil dilution factor 

TRANSPORT #B################################################################## 
====AIR TRANSPORT====E============~==O==P==~=============SECTION l===== 

O-Calculate PM 
0 Option: l-Use chi/Q or PM value Stack release (T/F) 

e-Select MI dist & dir s'9.0 Stack height (m) 
3-Specific MI dist & dir 0 Stack flow (m3/sec 

0 Chi/Q or PM value 
16 MI sector index (l=S) i 

Stack radius (m) 
Effluent temp. (C) 

5.3E+4 MI distance from release point (m) 
T Use joint frequency data, otherwise chi/Q grid 
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EXHIBIT A. 1. (contd) 

====SURFACE WATER TRANSPORT-------------------------- --------------------------SECTION ‘+=== 

Mixing ratio model: O-use value, l-river, 2-lake, 3-river flow 
Mixing ratio, dimensionless 
Average river flow rate for: MIXFLG=0,3 (m3/s), MIXFLG=1,2 (m/s), 
Transit time to irrigation withdrawal location (hr). 
If mixing ratio model > 0: 
Rate of effluent discharge to receiving water body (m3/s) 
Longshore distance from release point to usage location (m) 
Offshore distance to the water intake (m) 
Average water depth in surface water body (m) 
Average river width (m),MIXFLG=l only 
Depth of effluent discharge point to surface water (m), lake only 

====WASTE FORM AVAILABILITY=======t==================SECTION 3===== 
Waste form/package half life, (yr) 
Waste thickness, (m) 
Depth of soil overburden, m 

====BIOTIC TRANSPORT OF BURIED SOURCE ================SECTION 4===== 

Consider during inventory decay/build-up period (T/F)? 
Consider during intake period (T/F)? l-Arid non agricultural 
Pre-Intake site condition.............. 2-Humid non agricultural 

3-Agricultural 

EXPOSURE ##################################################################### 

8766.0 
2920.0 

ii 

ii 

ii 

8766.0 

i 

O1 

====EXTERNAL EXPOSURE -------------------------------- -------------------------------- SECTION 5===== 

Exposure time: ' Residential irrigation: 
Plume (hr) 

0' 
Consider: (T/F) 

Soil contamination (hr) Source: l-ground water 
Swimming (hr) 2-surface water 
Boating (hr) 
Shoreline activities (hr) i. 

Application rate (in/yr) 
Duration (mo/yr) 

Shoreline type: (l-river, 2-lake, 3-ocean, 4-tidal basin) 
Transit time for release to reach aquatic recreation (hr) 
Average fraction of time submersed in acute cloud (hr/person-hr). 

====INHALATION --------------------------------------- --------------------------------------- SECTION 6===== 

Hours of exposure to contamination per year 
O-No resus- l-Use Mass Loading e-Use Anspaugh model 

pension Mass loading factor (g/m3) Top soil available (cm) '. 

====INGESTION POPULATION----------------------------- -----------------------------SECTION 7===== 

Atmospheric production definition (select option): 
O-Use food-weighted chi/Q, (food-sec/m3), enter value on this line 
l-Use population-weighted chi/Q 
2-Use uniform production 
3-Use chi/Q and production grids (PRODUCTION will be overridden) 
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EXHIBIT A. 1. (contd) 

0" 
Population ingesting aquatic foods, 0 defaults to total (person) 
Population ingesting drinking water, 0 defaults to total (person) 

F Consider dose from food exported out of region (default=F) 

Note below: S* or Source: O-none, l-ground water, 2-supface water 
3-Derived concentration entered above 

==== AQUATIC FOODS / DRINKING WATER INGESTION=========SECTION 8==== 

F Salt water? (default is fresh) 

USE TRAN- PROD- -COi&tiMPTION- 
? FOOD SIT UCTION HOLDUP RATE 
T/F TYPE hr WY r da kg&r DRINKING WATER 

; ::"LuS 0.00 0.00 0 O:OE+OO OE+OO 0.00 0.00 0.0 0.0 0 T Source Treatment? (see T/F above) 

F CRUSTA 0.00 O.OE+OO 0.00 0.0 0 Holdup/transit(da) 
F PLANTS 0.00 O.OE+OO 0.00 0.0 0 Consumption (L/yr) 

====TERRESTRIAL FOOD INGESTION----------------------- -----------------------SECTION g===== 

USE GROW 
FOOD TIME 

?/F TYPE da 
--- -----w ----- 
T LEAF V 90.00 
T ROOT V 90.00 

; GRAIN FRUIT 90.00 90.00 

--IRRIGATION-- PROD- --CONSUMPTION-- 
S RATE TIME YIELD UCTION HOLDUP RATE 
* in/yr mo/yr kg/m2 kg/v da WYr 
0 -e-w- e-0-a -0-0- ------- -0-0-0 o-o--- 
0 0.0 0.0 1.5 O.OE+OO 14.0 ' 15.0 
0 0.0 0.0 14.0 140.0 
0 0.0 0.0 ;.z yEcE~ 64.0 
0 0.0 0.0 0:s O:OE+OD 

1:::: 
72.0 

====ANIMAL PRODUCTION CONSUMPTION-------------------- --------------------SECTION lo==== 

--HUMAN---- TOTAL DRINK 
USE CONSUMPTION PROD- WATER 

FOOD RATE HOLDUP UCTlON CONTAM 
:,F TYPE kg/y da kg/yr FRACT. 
--- ------ ------ --o-w -0-N-I -0-00-w 
T BEEF 70.0 34.0 0.00 0.00 
T POULTR 8.5 34.0 0.00 0.00 
T MILK 230.0 4.0 0.00 0.00 
T EGG 20.0 18.0 0.00 0.00 

BEEF 
MILK 

-------A----STORED FEE&-~--~---J;oi- 

DIET GROW -IRRIGATION-- 
FRAC- TIME S RATE TIME YIELD AGE - 
TION da * in/yr mo/yr kg/m3 da 
-0-m --a- - -w--- ----- w---- -0-0- 
0.25 90.0 0 0.0 0.00 0.80 180.0 
1.00 90.0 0 0.0 0.00 0.80 180.0 
0.25 45.0 0 0.0 0.00 2.00 100.0 
1.00 90.0 0 0.0 0.00 0.80 180.0 
-------------FRESH FORAGE------------ 

0.75 45.0 0 0.0 0.00 2.00 100.0 
0.75 30.0 0 0.0. 0.00 1.50 0.0 
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EXHIBIT A.2. Required GENII Population Data File - Sample Problem 1 

200 Area Population (Sooner, Rau, and Robinson, PNL-4010) 
Created 5-Nov-87, updated 190Feb.88 RAP 

8 1532 905 
0 1190 

3: 1840 

73 SE 
0" 246 555 

00 174 

ii 
2:; 
235 

00 283 340 

x 6757 1997 

1489 
5283 
19786 
5063 
949 6874 78635 
802 833 2833 
398 493 1454 
456 864 4521 
1124 772 1957 
656 5547 14822 

5930 2963 596 
773 2366 435 
1329 1659 588 
1374 230 652 

48661 50519 3474 
13161 2717 5218 

195 1799 
652 129 

2182 459 
15088 4573 

EXHIBIT A.3. Required GENII Joint Frequency Data File - Sample Problem 1 

200 AREA - 89 M - Pasquill A - F (1983 - 1987 Average) 
Created lo-Mar-88 RAP 

.8! 
1 89.0 

!65l47 7.15 9.8 12.7 15.6 19.0 
0.30 0.27'0.29 0:19 0.23 0.20 0.13 0.12 0.11 0.08 0.06 0.07 0.10 0.08 0.14 O.i3 
0.17 0.10 0.09 0.09 0.10 0.05 0.05 0.03 0.05 0.03 0.03 0.02 0.04 0.04 0.04 0.07 
0.16 0.12 0.10 0.06 0.08 0.06 0.07 0.03 0.02 0.01 0.01 0.03 0.04 0.03 0.06 0.09 
0.77 0.51 0.41 0.35 0.49 0.49 0.44 0.32 0.36 0.19 0.20 0.28 0.43 0.47 0.59 0.58 
0.29 0.14 0.12 0.12 0.21 0.21 0.31 0.25 0.31 0.19 0.22 0.25 0.46 0.39 0.39 0.25 
0.24 0.15 0.11 0.12 0.20 0.18 0.25 0.23 0.27 0.20 0.25 0.31 0.54 0.45 0.45 0.31 
0.94 0.48 0.37 0.40 0.58 0.48 0.41 0.35 0.35 0.22 0.31 0.24 0.29 0.29 0.59 0.77 
0.27 0.15 0.12 0.11 0.13 0.13 0.07 0.08 0.09 0.05 0.08 0.04 0.08 0.15 0.24 0.23 
0.22 0.09 0.07 0.07 0.11 0.07 0.10 0.05 0.07 0.04 0.05 0.03 0.04 0.09 0.19 0.22 
0.65 0.41 0.26 0.27 0.39 0.35 0.34 0.23 0.28 0.22 0.25 0.29 0.55 0.85 1.11 0.75 
0.26 0.09 0.08 0.09 0.23 0.28 0.22 0.25 0.32 0.20 0.28 0.47 0.76 0.82 0.61 0.37. 
0.22 0.08 0.08 0.07 0.12 0.20 0.24 0.22 0.35 0.34 0.40 0.67 1.14 0.88 0.70 0.37 
0.43 0.24 0.16 0.11 0.12 0.10 0.11 0.10 0.15 0.20 0.35 0.38 0.29 0.32 0.63 0.39 
0.08 0.06 0.04 0.03 0.04 0.02 0.04 0.04 0.02 0.06 0.06 0.08 0.07 0.11 0.17 0.09 
0.04 0.03 0.01 0.02 0.01 0.00 0.02 0.01 0.02 0.03 0.04 0.07 0.08 0.06 0.15 0.09 
0.23 0.12 0.05 0.06 0.09 0.12 0.17 0.14 0.18 0.15 0.25 0.32 0.62 1.09 1.06 0.37 
0.15 0.06 0.05 0.05 0.07 0.10 0.13 0.16 0.22 0.16 0.29 0.59 1.27 1.26 0.74 0.30 
0.09 0.05 0.04 0.03 0.07 0.07 0.21 0.18 0.28 0.27 0.38 0.83 1.31 1.21 0.86 0.31 
0.08 0.11 0.05 0.02 0.01 0.00 0.02 0.03 0.04 0.10 0.30 0.38 0.24 0.26 0.43 0.10 
0.03 0.02 0.01 0.00 0.00 0.00 0.01 0.01 0.02 0.04 0.04 0.10 0.05 0,07 0.10 0.03 
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EXHIBIT A.3. (contd) 

0.02 0.01 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.03 0.03 0.06 0.06 0.05 0.10 0.01 
0.11 0.11 0.04 0.02 0.02 0.03 0.08 0.09 0.10 0.17 0.25 0.37 0.62 0.97 0.77 0.16 
0.09 0.04 0.02 0.01 0.01 0.05 0.07 0.08 0.11 0.13 0.25 0.41 1.17 1.24 0.73 0.16 
0.04 0.01 0.02 0.01 0.03 0.05 0.10 0.16 0.12 0.10 0.20 0.51 0.88 0.92 0.61 0.12 
0.01 0.02 0.02 0.02 0.00 0.00 0.00 0.01 0.01 0.03 0.09 0.17 0.10~0.11 0.30 0.04 
0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.04 0.04 0.02 0.03 0.06 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.03 0.02 0.02 0.03 0.05 0.01 
0.02 0.03 0.01 0.01 0.00 0.00 0.02 0.03 0;08 0.14 0.20 0.20 0.36 0.74 0.47 0.03 
0.02 0.02 0.01 0.00 0.00 0.00 0.04 0.04 0.06 0.07 0.14 0.18 0.40 0.79 0.50 0.06 
0.01 0.00 0.01 0.00 0.00 0.01 0.05 0.05 0.02 0.02 0.04 0.12 0.20 0.31 0.16 0.04 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.OOD.OD 0.02 0.08 0.10 0.04 0.05 0.14 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.03 0.01 0.01 0.02 0.03 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,OD 0.00 0.01 0.00 0.01 0.02 0.03 0.00 
0.02 0.01 0.00 0.01 0.00 0.00 0.00 0.01 0.05 0.11 0.14 0.12 0.19 0.47 0.47 0.02 
0.03 0.02 0.01 0.01 0.00 0.00 0.00 0.01 0.05 0.05 0.09 0.12 0.18 0.37 0.31 0.03 
0.01 0.00 0.00 0.00 0.00 0.00 0.02 0.01 0.00 0.01 0.03 0.04 0.04 0.09 0.05 0.01 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.03 0.01 0.00 0.03 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.01 0.01 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 
0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.04 0.07 0.05 0.04 0.21 0.20 0.01 
0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.02 0.04 0.03 0.05 0.10 0.10 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.02 0.01 0.01 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.01 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.04 0.07 0.03 0.05 0.08 0.04 0.01 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.03 0.04 0.02 0.00 0.05 0.06 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 
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They provide the user with examples of the types and magnitude of data that 

might be required. 

The output of the GENII simulation based on the above input is presented 

as Exhibit A.4. This is a fairly typical GENII output; it consists of three 

separate portions, which can be identified by the page number in the upper 

right hand portion of the printed output. The portion identified by page 

numbers A.n is the Quality Assurance output portion. The input values and 

scenario description flags are repeated jn the output to allow checking of 

the calculation assumptions. The portion identified by page numbers B.n 

includes the 'results of the (optional) atmospheric dispersion calculations. 

In the case of Sample Problem 1,’ this is a one-page report providing the 

calculated population-weighted atmospheric dispersion factor. 

The portion identified with page numbers C.n includes the actual dose 

calculation results. For Sample Problem 1, this consists of three summary 

pages. The first, page C.l, illustrates the effective dose equivalent 

summary calculation, from which individual organ doses may be obtained. This 

page also provides a summary table of the dominant organ, dominant 

radionuclide, and dominant exposure pathway. The second page, C.2, 

illustrates the dose assembly matrix (defined in Figure 3.6 of Volume 1 in 

this GENII series) from which the annual dose, effective dose equivalent, 

cumulative dose, and maximum annual dose may be obtained in a single 

calculational run. In this example, because the exposure time was only one 

year, the contributions shown in this dose matrix for years two and three are 

set to zero. The third page, C.3, provides the dose contribution by 

radionuclide, as a function of ingestion, inhalation, and external' exposure. 

A.2 GENII SAMPLE PROBLEM 2 

The second sample problem represents the calculation of the dose to a 

maximally exposed individual from the chronic release of radionuclides into 

surface water. The individual is assumed to drink river water, to consume 

fish from the river, to make recreational use of the river, and to irrigate 

crops and animal feed with the water. External doses result from exposure to 

the water, to sediments, and to irrigated soil. No contribution to dose is 

considered from inhalation, that pathway is specifically turned off., 
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EXHIBIT A.4. GENII Output File Sample Problem 1 

GENII Dose Calculation Pro ram 
(Version 1.351 300Aug.88 3 

Case title: GENII Sample Problem 1 

Executed on: 09/27/88 at 16:59:06 Page A. 1 
---------------------------~-------------------~-o-~~--~--~------------------- 

This is a far-field (wide-scale Eel-ease, multiple site) scenario. 
Release is chronic 
Dose to exposed population of 3.409E+O5 

THE FOLLOWING TRANSPORT MODES ARE CONSIDERED 
Air 

THE FOLLOWING EXPOSURE PATHS ARE CONSIDERED: 
Finite plume, external 
Ground, external 
Inhalation uptake 
Terrestrial foods ingestion 
Animal product ingestion 

THE FOLLOWING TIMES ARE USED: 
Intake ends after (yr): 
Dose calculations ends after (yr): 5;:oo 
Release ends after (yr): 1.0 

====&===z FILE NAMES AND TITLES OF FILES/LIBRARIES UsED ======I================ 

\genii\sam\samplel.in 9-27-88 
GE;;iBDefault Parameter Values.(3-Aug.88 RAP) 8-12-88 

- Radionuclide Master Library (29-Aug.88 RAP) 8-29-88 
Food Transfer Factor Library - (RAP 29.Aug-88) (UPDATED LEACHING FA i-;;-;; 
External Dose Factors for GENII in person-Sv/yr per Bq/n (280Aug.88 
Internal Yearly Dose Increments (Sv/Bq) 29-Aug.88 RAP 8129188 

i 200 Area Population (Sommer, Rau, and Robinson, 1981, PNL-4010) 

200 AREA - 89 M - Pasquill A - F (1983 - 1987 Average) 

------- ----Release Terms------ 

Release Surface Buried 
Radio- Air Water Source 
nuclide Ci/yr Ci/yr Ci/m3 
-------- ------- ------- -0-0-0- 

L! :4 
7.OE+Ol O.OE+OO O.OE+OO 
l.OE+OO O.OE+OO O.OE+OO 
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EXHIBIT A.4. (contd) 

7.OE+O4 O.OE+OO O.OE+OO 
2.OE-04 O.OE+OO O.OE+OO 
l.OE-05 O.OE+OO O.OE+OO 
2.OE-04 O.OE+OO O.OE+OO 
2.OE-02 O.OE+OO O.OE+OO 
l.OE-03 O.OE+OO O.DE+OO 
5.OE-01 O.OE+OO O.DE+OO 
2.OE-84 O.OE+OO O.OE+QO 
l.OE-05 O.OE+OO O.OE+OO 
4.OE-05 O.OE+OO O.OE+OO 
l.OE-03 O.OE+OO O.OE+OO 
2.OE-01 O.OE+OO O.OE+OO 
l.OE-01 O.OE+OO O.OE+OO 
2.OE-06 O.OE+OO O.OE+QO 
7.OE-08 O.OE+OO O.OE+OO 
2.OE-06 O.OE+OO O.OE+OO 
3.OE-05 O.OE+OD O.OE+OO 
3.OE-03 O.OE+OO O.OE+OO 
l.OE-04 O.OE+OO O.OE+OO 
4.OE-04 O.OE+OO O.OE+OO . 

KR85 
SR90 
NB95 
RU103 
RU106 
SB125 
I 129 
I 131 
cs134 
cs137 
PM147 
PB212 
B1212 
U 234 
U 235 
U 238 
PU238 
PO241 
AM241 
PU239 

=======E== AIR TRANSPORT ======e===============~================================= 

Joint frequency data input. 
8.9E+Ol Effective stack height (m) 

=======r== EXTERNAL ‘EXPOSURE -------------------------------------------------- -------------------------------------------------- 

8.8E+O3 Hours of exposure to plume 
2.9E+O3 Hours of exposure to ground contamination 

===z====== INHALATION ____________________----------- - ____________-__--_------- ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,~~~~~~~~~~~~~~~-~ 

8.8E+O3 Hours of exposure to contamination per year 
Resuspension not considered 

=======z== INGESTION pOPU~TI(‘)N ======================‘===3======================= 

1 Atmospheric production definition: 1 - Use population-weighted chi/Q 

Food production in region assumed to equal consumption. 

I ========== TERRESTRIAL FOOD INGESTION -_----------~~---~-~-~~-~~~~~~~~~~~~~~~~ -_-------------------------------------- 

GROW --IRRIGATION-- 
FOOD TIME S RATE TIME YIELD 
TYPE d * in/yr mo/yr kg/m2 
-------- ----a 0 ----- -o--- -0-0- 
Leaf Veg 90.0 0 0.0 
0th. Veg 90.0 0 0.0 ii*: 2; 
Fruit 90.0 0 0.0 o.:o 
Cereals 90.0 0 0.0 0.0 2: 

PROD- --CbNSUMPTION-- 
UCTION HOLDUP RATE 
kg/yr d kg&r 
------- ------ a----- 

14.0 1.5E+Ol - 
14.0 1.4E+O2 
14.0 6.4E+Ol 

180.0 7.2E+Ol 
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EXHIBIT A.4. (contd) 

====t===== ANIMAL FOOD INGESTION =========~========o=============o============== 

---HUMAN---- TOTAL DRINK -------------STORED FEED-------------- 
CONSUMPTION PROD- WATER DIET GROW -IRRIGATION-- STOR- 

FOOD YIELD AGE 
TYPE 

RATE HOL;UP UCTION CONTAM FRAC- TIME S RATE TIME 
WYr kg/yr FRACT. TION d * in/yr mo/yr kg/m3 d 

-------- o----- ---o- ------ ------- ---- o-o- 0 -w-w- ----- -w--- ----- 

Meat 7.OE+Ol 34.0 0.00 0.3 90.00 0 0.0 0.0 0.80 180.0 
Poultry 8.5E+OD 34.0 0.00 1.0 90.00 0 0.0 0.0 0.80 180.0 
Cow Mil k 2.3E+O2 4.0 0.00 or3 45.00 0 0.0 0.0 2.00 100.0 
Eggs 2.OE+Ol 18.0 0.00 1.0 90.00 0 0.0 0.0 0.80 180.0 

Meat 
Cow Milk 

-------------FRESH FORAGE------------- 

0.75 45.0 0 0.0 
0.75 30.0 0 0.0 ;.; . y; . lo;.; . 

Input prepared by: Date: 

Input checked by: Date: 

Case title: GENII Sample Problem 1 

Executed on: 09/27/88 at 17:01:43 Page B. 1 
---------------------~~~~~~~~~~~~~~~~~~~~~~~~~~~~-~~~~~~~~~~~~-~~~~~~~~~~~~~~- 
1.6E-03 Population-weighted chi/Q 

Source area external dose modification factor: 1 .ooooo 
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EXHIBIT A.4. (contd) 

Release period: 
Uptake/exposure period: - - :*: 
Dose commitment period: 50:o 
Dose units: Person-rem 

Committed Weighted 
Dose Weighting Dose 

Organ Equivalent Factors Equivalent 
-------------- -o--o----- --------- I--------- 

Gonads 9.8E-02 2.5E-01 2.4E-02 
Breast 1 .OE-01 1.5E-01 1.5E-02 
R Marrow 2.1E-01 1.2E-01 2.6E-02 
Lung 4.OE-01 1.2E-01 4.9E-02 
Thyroid 2.OE+O2 3.OE-02 6.1E+OO 
Bone Sur 1.3E+OO '3.OE-02 3..8E-02 
Liver 1.9E-01 6.OE-02 1.2E-02 
LL Int. 1 .OE-01 6.OE-02 6.2E-03 
UL Int. 9.5E-02 6.OE-02 5.7E-03 ) 
S Int. 9.3E-02 6.OE-02 5.6E-03 
Stomach 5.9E-02 6.OE-02 3.5E-03 

---------------------~~~~~~~~~~~~~~~~~-~~-~~~~~~~ 
Internal Effective Dose Equivalent 6.3E+OO 
External Dose 3.3E-02 

Annual Effective Dose Equivalent 6.3E+OO 

Controlling Organ: 
Controlling Pathway: 
Controlling Radionuclide: 

Thyroid 
In!4 
I 129 

Inhalation EDE: 1.3E-01 
Ingestion EDE: 6.1E+OO 
------------------------------------------------- 
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EXHIBIT A.4. (contd) 

Release period: 
Uptake/exposure period: 
Dose commitment period: 
Dose units: 

::i 
50.0 

Person-rem 

Dose Commitment Year 
1 2 3 . . . 

Internal : 
Intake 
Year: i 

2 

1 

I O.oE+OO . . . 

O.OE+OO O.OhOO . . . 
+ + 

&+i;al 

Effective 

I 5.5E+OO + 6.OE-01 + 6.9E-02 + . . . = 6.3E+OO Dose 
Equivalent 

Internal 
Annual 
Dose 

External 
Annual 
Dose 

! Annual 
Dose 

II II II 
Cumulative 

5.5E+OO + 6.OE-01 + 6.9E-02 + . . . = 6.3E+OO Internal 
Dose 

+ + + + 

3.3E-02 O.OE+OO O.OE+OO . . . 3.3E-02 

II II II II 
Cumulative 

5.6E+OO + 6.OE-01 + 6.9E-02 + . . . = 6.3E+OO Dose, 

Maximum 
5.6E+OO Annual 

Dose Occurred 
In Year 1 
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EXHIBIT A.4. (contd) 

--------------------------------------oo-------------------------------------- 

GENII Dose Calculation Pro ram 
(Version 1.351 3D-Aug.88 s 

Case title: GENII Sample Problem 1 
Executed on: 09/27/88 at 17:07:11 Page C. 3 
--------------o------~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~---~~~~~~~~~~~~~~~~ 

Release period: 
Uptake/exposure period: PX 
Dose commitment oeriod: 50:o 
Dose units: ' 

Inhalation 
Effective 

Radio- Dose 
nuclide Equivalent 
-------- ---------- 

F :4 
KR 85 
SR 90 
Y 90 
NB 95 
RU 103 
PD 103 
RH 103M 
RU 106 
SB 125 
TE 125M 
I 129 
I 131 
XE 131M 
cs 134 
cs 137 
PM 147 
SM 147 
PB 212 
BI 212 
U 234 
U 235 
TH 231 
PA 231 
AC 227 
TH 227 
FR 223 
RA 223 
U 238 
TH 234 

2.5E-03 
8.4E-04 
O.OE+OO 
1.7E-05 
2.6E-08 
2.4E-08 
7.7E-07 
O.OE+OO 
3.5E-10 
4.OE-03 
5.3E-06 
l.lE-09 
3.3E-02 
2.6E-06 
O.OE+OO 
1.8E-07 
4.6E-07 
1.7E-05 
7.5E-17 
1.2E-02 
1.3E-03 
l.lE-04 
3.7E-06 
2.1E-12 
l.OE-14 
1.2E-19 
O.OE+OO 
O.OE+OO 
O.OE+OO 
1 .OE-04 
1.2E-10 

Ingestion 
Effective 

Dose 
Equivalent 
---------- 
1.3E-02 
5.lE-02 
O.OE+OO 
5.8E-05 
3.OE-06 
2.3E-08 
5.6E-07 
O.OE+OO 
8.8E-09 
7.8E-04 
4.3E-06 
1.6E-06 
6.1E+OO 
1.5E-04 
O.OE+OO 
4.3E-06 
1.3E-05 
1.9E-06 
4,OE-16 
3.1E-04 
7.6E-06 
7.3E-08 
2.6E-09 
1.3E-10 
3.9E-12 
1.5E-14 
2.8E-17 
1 .OE-19 
2.1E-16 
6.7E-08 
2.OE-08 

- - Person-rem 

External 
Dose 

-MO------- 
O.DE+OO 
D.OE+OO 
3.3E-02 
2.9E-10 
f.5E-08 
1.6E-08 
2.3E-07 
O.OE+OO 
l.OE-10 
4.4E-05 
5.3E-06 
4.8E-09 
7.6E-05 
3.1E-07 
2.1E-11 
1.8E-07 
3.OE-07 
9.4E-11 
O.OE+OO 
5.9E-06 
5.1E-05 
2.2E-12 
6.7E-11 
4.OE-12 
2.3E-16 
6.8E-21 
5.9E-18 
3.6E-20 
1.5E-17 
1.2E-12 
4.6E-10 
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Internal 
Effective 
Dose 

Equivalent 
---------- 

1.6E-02 
5.2E-02 
O.OE+OO 
7.6E-05 
3.OE-06 
4.7E-08 
1.3E-06 
O.OE+OO 
9.2E-09 
4.8E-03 
9.6E-06 
1.6E-06 
6.1E+OO 
1.5E-04 
O.OE+OO 
4.5E-06 
1.3E-05 
1.9E-05 
4.7E-16 
1.2E-02 
1.3E-03 
l. lE-04 
3.7E-06 
1.3E-10 
3.9E-12 
1.5E-14 
2.8E-17 
l.OE-19 
2.1E-16 
1 .OE-04 
2.OE-08 

Annual 
Effective 

Dose 
Equivalent 

1.6E-02 
5.2E-02 
3.3E-02 
7.6E-05 
3.1E-06 
6.3E-08 
1.6E-06 
O.OE+OO 
9.3E-09 
4.8E-03 
1.5E-05 
1.6E-06 
6.lE+OO 
1.5E-04 
2.1E-11 
4.7E-06 
1.3E-05 
1.9E-05 
4.7E-16 
1.2E-02 
1.3E-03 
l.lE-04 
3.7E-06 
1.3E-10 
3.9E-12 
i.5E-14 
3.4E-17 
1.4E-19 
2.3E-16 
l .OE-04 
2.OE-08 



EXHIBIT A.4. (contd) 

PA 234 9.3E-16 5.lE-12 7.OE-11 5.1E-12 7.5E-11 
PU 238 3.7E-03 1.2E-05 1.8E-11 3.7E-03 3.7E-03 
PU 241 6.4E-03 2.5E-05 1.4E-15 6.4E-03 6.4E-03 
AM 241 1.9E-02 4.4E-04 6.3E-09 1.9E-02 1.9E-02 
PU 239 5.1E-02 1.8E-04 2.7E-10 5.2E-02 5.2E-02 
---o---- ---o------ -o-------- -w-------o ---o-w---- -----o---- 
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All data required to perform this calculation is contained in the input 

file, no additional data files are needed. 

The input file to perform this calculation is provided as Exhibit A.5. 

The output resulting from the calculation is given in Exhibit A.6. 

The output of GENII Sample Problem 2 is similar in form to that of 

Sample Problem 1. Only two of the output portions are listed, those labeled 

with page numbers A.n and C.n. As with problem 1, those labeled with A.n 

page numbers are the quality assurance pages, repeating the input for record 

purposes. Those labeled C.n are the dose results. No pages of the sequence 

B.n were produced in this example, because no atmospheric dispersion 

calculations were requested. 

For brevity in this document, pages C.l and C.2 have been omitted. The 

formats of these pages are identical with those provided in Exhibit A.4 for 

Sample Problem 1; the pages provide the effective dose equivalent summary and 

the dose assembly matrix grid. 

The page labeled C.3 in Exhibit A.6 provides the doses for Sample 

Problem 2 listed by exposure pathway for the organs for which dose is 

calculated, for the internal exposures. The page labeled C.4 provides the 

external doses by exposure pathway. The'organ-related information has been 

included in the doses presented through the derivation of the dose factors, 

as described in Section 4 of Volume 1 of this GENII series, and so it is not 

reported. Internal doses to the organs are.reported by radionuclide on 

page C.5. A final page, C.6, has been omitted from this report. Its format 

is the same as that shown for page C.3 of Sample Problem 1, the total dose 

listed by radionuclide. 

A.3 GENII SAMPLE PROBLEM 3 

The third sample problem represents the prospective calculation of the 

impacts to the population in a selected downwind sector of an acute acci- 

dental release of radionuclides to air. Rather than having the code calcu- 

late the 95th percentile value of the air concentration, a value of the time- 

integrated atmospheric dispersion parameter, E/Q, is input to this sample. 

Because the E/Q is input, the infinite-plume submersion model must be used. 
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EXHIBIT A.5. GENII Input File- Sample Problem 2 

##################%###### Program GENII Input File ####f######f% 7 Mar 88 #### 
Title: GENII Sample Problem 2 
opTIONS\genii\sam\sample2.in Created on 08-05-1988 at 15141 

================0====9===== Default ==================I================== 

F 
Near-field scenario? (Far-field) NEAR-FIELD: narrowly-focused 
Population dose? (Individual) release, single site 

F Acute release? (Chronic) FAR-FIELD: wide-scale release, 
Maximum Individual data set used multiple sites 

Complete Complete 
TRANSPORT OPTIONS============ Section EXPOSURE PATHWAY OPTIONS===== Section 
F Air Transport F -Finite plume, external 
T Surface Water Transport : F Infinite plume, external 2 
F Biotic Transport (near-field) 3 .T Ground, external 
F Waste Form Degradation (near) 4 T Recreation, external z 

F Inhalation uptake 
REPORT OPTIONS=========P=========P==== T Drinking water ingestion ;,8 
T Report AEDE only T Aquatic foods ingestion 
T Report by radionuclide T Terrestrial foods ingestion 
T Report by exposure pathway T Animal product ingestion 
F Debug report on screen F Inadvertent soil ingestion 

INVENTORY ###8####%############~############################################## 

0" Surface soil source units (l- m2 2- m3 3- kg) 
Inventory input activity units: (1-pCi 2-&i 3-mCi 4-Ci 5-Bq) 

Equilibrium question goes here 

-------- -.--Release Terms------ 
.-Use when transport selected 
o------- --------------o----o--- 
Release Surface Buried 
Radio- Air Water Waste 
nuclide /yr /yr /m3 

H3 5.3E+O3 
I 129 9.OE-03 

w------w 
i 

Use when 
-------- 
Release 
Radio- 
nuclide 
-------- 

----Derived Concentrations----- 
measured values are known 

---------------------~~~~~~~~~~ 
Terres. Animal Drink Aquatic 
Plant Product Water Food 
/kg 
------- -o----- ------- !"! ---- 

/kg /L 

----------Basic Concentrations--------- 

near-field scenario, optionally 
------------oo-------~~~~~~~~~~~~~~~~~~ 

Surface ,"J:z Ground Surface 
Air Soil Water Water 
/L /unit /m3 /L /L 
---w--- w--w--- ------o ------- -0-0-0- 

. 
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EXHIBIT A.5. (contd) 

TIME #################R######################~############################# 

Intake ends after (yr) 
$0 Dose talc. ends after (yr) 

Release ends after (yr) 

ii 
No. of years of air deposition prior to the intake period 
No. of years of irrigation water deposition prior to the intake period 

FAR-FIELD SCENARIOS (IF POPULATION DOSE)’ #####X############################### 

00 
Definition option: l-Use population grid in file POP.IN 

2-Use total entered on this line 

NEAR-FIELD SCENARIOS #i##~############~###~################################## 

Prior to the beginning of the intake period: (yr) 

ii 
When was the inventory disposed? (Packa e degradation starts) 
When was LOX? (Biotic transport starts 3 

i 
Fraction of roots in upper soil (top 15 cm) 
Fraction of roots in deep soil 

0 Manual redistribution: deep soil/surface soil dilution factor 

TRANSPORT #############Wt~################################################### 
====AIR TRANS~RT------------------------------------SECTION l===== ------------------------------------ 

1 

ii 
0 
T 

, 

0 

Eo.0 
24.0 

j 

0.0 

8:: 
0.0 

: 

O-Calculate PM 
Option: l-Use chi/Q or PM value Stack release (T/F) 

2-Select MI dist & dir Stack height (m) 
3-Specifc MI dist & dir 

x 
Stack flow (m3/sec 

Chi/Q or PM value Stack radius (m) 
MI sector index (l=S) 0 Effluent temp. (C) 
MI distance from release point (m) 
Use joint frequency data, otherwise chi/Q grid 

====SURFACE WATER TRANSPORT==========================SECTIoN ‘+=== 

Mixing ratio model: O-use value, l-river, 2-lake, 3-river flow 
Mixing ratio, dimensionless 
Average river flow rate for: MIXFLG=0,3 (m3/s), MIXFLG=1,2 (m/s), 
Transit time to irrigation withdraw1 location (hr) 
If mixing ratio model > 0: 
Rate of effluent discharge to receiving water body (m3/s) 
Longshore distance from release point to usage location (m) 
Offshore distance to the water intake (m) 
Average water depth in surface water body (m) 
Average river width (m), MIXFLG=l only 
Depth of effluent discharge point to surface water (m), lake only 

====WASTE FOf#J AVAILABILITY-------------------------- --------------------------SECTION 3===== 

Waste form/package half life, (yr) 
Waste thickness, (m) 
Depth of soil overburden, m 
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EXHIBIT A.5. (contd) 

T 
0 

====BI()TIC TRANSPORT OF BURIED SOURCE===o============SECTION 4===== 
Consider during inventory decay/build-up period (T/F)? 
Consider during intake period (T/F)? l-Arid non agricultural 
Pre-Intake site condition.............. e-Humid non agricultural 

3-Agricultural 

EXPOSURE ###############X##################################################### 

i380.0 
100.0 
100.0 
500.0 
1 

ii 

====EXTERNAL EXPOSURE ~---~~---------o-----~~~~~~~~~-- -------------------------o------ SECTION 5===== 
Exposure time: Residential irri ation: 

Plume (hr) 
Soil contamination (hr) : 

Consider: T/F) 4 
Source: l-ground water 

Swimming (hr) 2-surface water 
Boating (hr) 40.0 
Shoreline activities (hr) 6 

Application rate (in/yr) 
Duration (mo/yr) 

Shoreline type: (l-river, 2-lake, 3-ocean, 4-tidal basin) 
Transit time for release to reach aquatic recreation (hr) 
Average fraction of time submersed in acute cloud (hr/person-hr) 

====INHALATION ===========================3=====0=’======== SECTION 6===== 

Hours of exposure to contamination per year 
O-No resus- l-Use Mass Loading e-Use Anspaugh model 

pension Mass loading factor (g/m3) Top soil available (cm) 

====INGESTION POPULATION----------------------------- -----------------------------SECTION 7===== 

Atmospheric production definition (select option): 
O-Use food-weighted chi/Q, (food-sec/m3), enter value on this line 
l-Use population-weighted chi/Q 
e-Use uniform production 
3-Use chi/Q and production grids (PRODUCTION will be overridden) 

Population ingesting aquatic foods, 0 defaults to total (person) 
Population ingesting drinking water, 0 defaults to total (person) 
Consider dose from food exported out of region (default=F) 

Note below: S* or Source: O-none, l-ground water, 2-surface water 
3-drinking water system 

==== AQUATIC FOODS / DRINKING WATER INGESTION=========SECTION 8==== 

Salt water? (default is fresh) 

USE TRAN- PROD- -CONSUMPTION- 
? FOOD SIT UCTION HOLDUP RATE 
T/F TYPE hr kg/p da kg&r 
-00 ------ -00-0 ------- ------ ---w- 
T FISH 0.00 1.5E+O4 1.00 40.0 
F MOLLUS 0.00 O.OE+OO 
F CRUSTA 0.00 O.OE+OO 
F PLANTS 0.00 O.OE+OO 

DRINKING WATER 
-o----------------------- 

F 
Source (see above) 
Treatment? T/F 

:30 
Holdup/transit(da) 
Consumption (L/yr) 
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EXHIBIT A.5. (contd) 

====TERRESTRIAL FOOD INGESTION----------------------- -----------------------SECTION g===== 

USE GROW 
? FOOD TIME 
T/F TYPE da 
--- -w---- ----- 

LEAF V 90.00 
; ROOT V 90.00 

FRUIT 90.00 
; GRAIN 90.00 

--IRRIGATION-- 
S RATE TIME YIELD 
* in/yr mo/yr kg/m2 
0 ----- ----- -0-0- 
2 35.0 6.0 
2 40.0 6.0 ::5 

2 35.0 6.0 2 0.0 0.0 0':: 
- - 

====ANIMAL PRODUCTION CONSUMPTION======== 

PROD- --CONSUMPTION-- 
UCTION HOLDUP RATE 
kg/v da kg&r 
---o--- ------ -0-0-0 

O.OE+OO 30.0 
O.OE+OO 2 220.0 
O.OE+OO 1805:: 330.0 
O.OE+OO 80.0 

============SECTION lo==== 

---HUMAN---- TOTAL 
USE CONSUMPTION PROD- 
? FOOD RATE HOLDUP UCTION 
T/F TYPE kglyr da WYr 
--- ------ ----o- -w--0 -0-0-0 
T BEEF 

POULTR 
; MILK 
T EGG 30.0 1.0 0.00 

BEEF 
MILK 

DRINK 
WATER 
CONTAM 
FRACT . 

-0-0-0- 
1.00 
1.00 
1.00 
1.00 

-------------STORED FEED-------------- 

DIET GROW -IRRIGATION-- STOR- 
FRAC- TIME S RATE TIME YIELD AGE 
TION da * in/yr mo/yr kg/m3 da 
-w-- ---- 0 -w--- ----- ----- ----- 
0.25 90.0 2 0.0 0.00 0.80 180.0 
1.00 90.0 2 0.0 0.00 0.25 45.0 2 47.0 6.00 ;.;z y&l 

1.00 90.0 2 0.0 0.00 0:80 18D:0 
-------------FRESH FORAGE------------ 

0.75 45.0 2 47.0 6.00 2.00 100.0 
0.75 30.0 2 47.0 6.00 1.50 0.0 

#####################ft####################################################### 

A.20 



EXHIBIT A.6. ‘GENII Output File - Sample Problem 2 

This is a far-field (wide-scale release, multiple site) scenario. 
Release is chronic 

- 

Individual dose 

THE FOLLOWING TRANSPORT MODES ARE'CONSIDERED 
Surface Water 

THE FOLLOWING EXPOSURE PATHS ARE CONSIDERED: 
Ground, external 
Recreation, external 
Drinking water ingestion 
Aquatic foods ingestion 
Terrestrial foods ingestion 
Animal product ingestion 

THE FOLLOWING TIMES ARE USED: 
Intake ends after (yr): 1.0 
Dose calculations ends after (yr): 50.0 
Release ends after (yr): 1.0 

NAMES AND TITLES OF FILES/LIBRARIES USED ========t============== 

\genii\sam\sample2.in 8-05-88 
GE;EiBDefaulf Parameter Values.(3-Aug.88 RAP) 8-12-88 

- Radionuclide Master Library (29,Aug.88 RAP) 8-29-88 
Food Transfer Factor Library - (RAP 29.Aug-88) (UPDATED LEACHING FA i-f;-: 
Bioaccumulation Factor Library - (30,Aug-88) RAP 
External Dose Factors for GENII in person-Sv/yr per Bq/n (280Aug.88 8129188 

i 
Internal Yearly Dose Increments (Sv/Bq) 290Aug.88 RAP 8-29-88 

-------- ----Relea,se Terms------ 

Release Surface Buried 
Radio- Air Water Source 
nuclide Ci/yr Ci/yr Ci/m3 
w--w---- ------I --o---- -0-0-a- 
H3 O.OE+OO 5.3E+O3 O.OE+OO 
I 129 O.OE+OO 9.OE-03 O.OE+OO 
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EXHIBIT A.6. (contd) 

==-----=== SURFACE WATER TRANSPORT ============================================ 

0 Mixing ratio model: O-use value, l-river, 2-lake, 3-river flow 
2.4E+Ol Transit time to irrigation withdraw1 location (h) 
2.9E+O3 Average water flow rate for: MIXFLG=1,2 (m/s), MIXFLG=0,3 (m3ls) 
l.OE+OO Mixing ratio, dimensionless 

------WV- 
--------- 

4.4E+O3 

4.OE+O: 
6.OE+OO 
l.OE+O2 
l.OE+O2 
5.OE+O2 

8.OE+OA 

:= EXTERNAL EXPOSURE -------~-~---~---~---~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ---~----~~--~~---~---~~~~~~~~~~~~~~~~~~~~~~~-~~~~~ 
Hours of exposure to ground contamination 
Residential irrigation source l-ground water, 2-surface water 
Residential irrigation application rate (inlyr) 
Residential irrigation duration (mo/yr) 
Hours of exposure from swimming 
Hours of exposure from boating 
Hours of exposure from shoreline activities 
Shoreline type: l-river, 2-lake, 3-ocean, 4-tidal basin 
Surface water transit time to recreational site (h) 

========== DRINKING WATER SOURCE/IRRIGATI()N t=====~================‘============ 

7.3E+O2 Drinking water consumption rate (llyr) 
2 Drinking water source: l-ground, 2-surface, 3-system 

1.: 
Drinking water treatment: T/F 
Drinking water transit/holdup time (d) 

========== AQUATIC FOODS INGESTION --------------_---------------------------- --------------_---------------------------- 

TRAN- PROD- ----CONSUMPTION---- 
FOOD SIT UCTION HOLDUP RATE 
TYPE h kg&r d kglyr 
-----w-w ---w-w--- --------o -----o--w -0-0-00-0 
Fish O.OOE+OO 1.5OE+O4 l.OOE+OO 4.00E+Ol 

========== TERRESTRIAL FOOD INGESTION =t==========t=========================== 

i 

GROW 
FOOD TIME 
TYPE' d 
-0-0-w-- w-o-- 
Leaf Veg 90.0 ;:ii pg 99; l ⌧ 
Cereals 90:o 

--IRRIGATION-- 
S RATE TIME 
* inlyr molyr 
0 -w--w w--o- 

2 35*o 2 40.0 15-8 . 

2 35.0 2 0.0 E 

PROD- --CONSUMPTION-- 
YIELD UCTION HOLDUP RATE 
kg/m2 kglyr d kg/p 
-w--- -w--0-o -0--w- o-w--- 

1.5 O.OOE+OO 1.0 3.OE+Ol 
4.0 O.OOE+OO 5.0 2.2E+O2 
2.0 O.OOE+OO 5.0 3.3E+O2 
0.8 O.OOE+OO 180.0 8.OE+Ol '. 
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EXHIBIT A.6. (contd) 

---HUfiQJN---- TOTAL DRINK -------------STORED FEED----------:-- 
CONSUMPTION PROD- WATER DIET GROW -IRRIGATION-- STOR- 

FOOD RATE HOLDUP UCTION CONTAM FRAC- TIME S RATE TIME YIELD AGE 
TYPE kg/v d kglyr FRACT. TION d * inlyr molyr kg/m3 d 
-------- ------ -0-0- ------ -o---o- o-o- --w- 0 w---w o-o-- o---- -w--w 

Meat 8.OE+Ol 15.00.OE+OO 1.00 0.3 90.00 2 0.0 0.0 0.80 180.0 
Poultry 1.8E+Ol l.OO.OE+OD 1.00 1.0 90.00 2 0.0 0.0 0.80 180.0 
Cow Milk 2.7E+O2 1 .OO.OE+OO 1.00 0.3 45.00 2 47.0 6.0 2.00 100.0 
Eggs 3.OE+Ol l.OO.OE+OO 1.00 1.0 90.00 2 0.0 0.0 0.80 180.0 

----~--------FRESH FORAGE------------- 
Meat 0.75 45.0 2 47.0 6.0 2.00 100.0 
Cow Milk 0.75 30.0 2 47.0 6.0 1.50 0.0 

Input prepared by: Date: 

Input checked by: Date: 
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EXHIBIT A.6. (contd) 

Release period: 
Uptake/exposure period: 
Dose commitment period: 
Dose units: 

Ki 
5o:o 

Rem 

Pathway Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes 
-0-0-0-0------- ------- -o----- ------- ------- ---o--- ------- ------- ------- 
Leaf Veg 6.9E-08 4.OE-08 7.3E-08 7.3E-08 7.3E-08 3.4E-08 6.9E-08 6.9E-08 
0th. Veg 5.OE-07 2.9E-07 5.3E-07 5.3E-07 5.3E-07 2.4E-07 5.OE-07 5.OE-07 
Fruit l.lE-06 6.5E-07 1.2E-06 1.2E-06 1.2E-06 5.5E-07 l.lE-06 l.lE-06 
Cereals O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Meat 2.5E-07 1.5E-07 2.7E-07 2.7E-07 2.7E-07 1.2E-07 2.5E-07 2.5E-07 
Poultry 5.OE-08 2.9E-08 5.3E-08 5.3E-08 5.3E-08 2.4E-08 5.OE-08 5.OE-08 
Cow Milk 9.4E-07 5.4E-07 l.OE-06 l.DE-06 l.OE-06 4.6E-07 9.4E-07 9.4E-07 
Eggs 8.8E-08 5.1E-08 9.3E-08 9.3E-08 9.3E-08 4.3E-08 8.8E-08 8.8E-0' 
Swim Ing 7.5E-09 4.4E-09 8.OE-09 8.OE-09 8.OE-09 3.7E-09 7.5E-09 7.5E-0, 
Water 2.7E-06 1.6E-06 2.9E-06 2.9E-06 2.9E-06 1.3E-06 2.7E-06 2.7E-06 
.Fish 1.4E-07 8.4E-08 1.5E-07 1.5E-07 1.5E-07 7.1E-08 1.5E-07 1.4E-0.7 
--------------- ------- ------- ------- ------- ------- ------- ------- ------- 

Total 5.9E-06 3.4E-06 6.2E-06 6.2E-06 6.2E-06 2.9E-06 5.9E-06 5.9E-06 

Committed Dose Equivalent by .Exposure Pathway 
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Pathway 
----o---------- 
Leaf Veg 

pi; tveg 

Cereals 
Meat 
Poultry 
Cow Milk 
ms 
Swim Ing 
Water 
Fish 
-00------------ 
Total 

EXHIBIT A.6. (contd) 

Ovaries Muscle Thyroid Bladder 
------- -0-w--- ---o-o- --w---- 
6.9E-08 6.9E-08 3.8E-07 5.1E-11 
5.OE-07 5.OE-07 8.OE-07 5.1E-11 
l.lE-06 l.lE-06 1.4E-06 4.5E-11 
D.OE+OO O.OE+OO O.OE+OO O.OE+OO 
2.5E-07 2.5E-07 4.6E-07 3.4E-11 
5.OE-08 5.OE-08 5.OE-08 1.3E-14 
9.4E-07 9.4E-07 3.1E-06 3.6E-10 
8.8E-08 8.8E-08 l.lE-07 3.4E-12 
7.5E-09 7.5E-09 9.2E-09 2.7E-13 
2.7E-06 2.7E-06 3.2E-06 7.9E-11. 
1.4E-07 1.4E-07 1.8E-06 2.7,E-10 
-----w- ----w-- ------- --o---o 
5.9E-06 5.9E-06 l.lE-05 8.9E-10 
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EXHIBIT A.6. (contd) 

Case title: GENII Sample Problem 2 

Release period: 
Uptake/exposure period: 
Dose commitment period: 
Dose units: 

- - 1.0 

5::: 
Rem 

External Dose by Exposure Pathway 

Pathway 
--------------- o------ 
Sur Soil 1.4E-12 
Swim Ext 1.8E-13 
Boating 9.2E-14 
Shore 1.2E-12 
--------------- ------- 
Total 2.9E-12 
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EXHIBIT A.6. (contd) 

Case title: GENII Sample Problem 2 

Release period: 
Uptake/exposure period: 
Dose commitment period: 
Dose units: 

::; 
50.0 

Rem 

Committed Dose Equivalent by Radionuclide 

Radionuclide Lung Stomach 
-0-0-0-0----0-0 ------- -0-0-0- 
H 3 5.9E-06 3.4E-06 
I 129 3.4E-10 3.9E-10 
--------------- ------- ---I--- 
Total 5.9E-06 3.4E-06 

S Int. UL Int. LL Int. Bone Su R Marro Testes 

6.2E-06 6.2E-06 6.2E-06 2.9E-06 5.9E-06 5.9E-06 
3.1E-10 2.9E-10 3.1E-10 2.7E-09 1.4E-09 2.7E-10 
------- ------- ------- ------- ------- ------- 

6.2E-06 6.2E-06 6.2E-06 2.9E-06 5.9E-06 5.9E-06 

Radionuclide Ovaries Muscle Thyroid Bladder 
-----w---o----- ------- ---I--- ------- o---c-- 
H 3 5.9E-06 5.9E-06 5.9E-06 O.OE+OO 
I 129 2.9E-10 6.8E-10 5.4E-06 8.9E-10 
--------------- ------- ------- ------- -----w- 
Total 5.9E-06 5.9E-06 l.lE-05 8.9E-10 
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.Doses are calculated for exposure to radioactive materials deposited on the 

ground, on food crops, and on animal fodder. Because the code is working in 

a prospective mode, doses are calculated four times, that is assuming the 

release occurred in the winter, spring, summer, or autumn. 

Because the population-weighted E/Q is input, neither the population 

data file nor the atmospheric dispersion data files are necessary. All the 

needed data is available in the input file. The data input file is presented 

in Exhibit A.7. The resultant output file is presented as Exhibit A.8. - - 

The initial pages of output for Sample Problem 3 reflect the input. 

The page of atmospheric dispersion data, B.l, has been omitted from this 

document to save space, because it merely repeats the input E/Q value. The 

code produces extensive information about the exposures for each season. The 

format can be the same for each season as those shown for Sample Problems 1 

and 2. For simplicity, only the effective dose equivalent summary pages for 

the four seasons are shown here. These are identified as pages C.l, C.4, 

C.7, and C.10 in Exhibit A.8. A detailed review of these outputs shows that 

the inhalation and submersion doses are the same for each season, as 

expected. However, the ingestion doses are smallest if an accident were to 

occur in winter when the agricultural productivity is lowest. Ingestion 

doses peak in autumn because, for that season, accidents are assumed to occur 

-immediately before harvest. 

The output data file MEDIA.OUT prepared by this example is given as 

Exhibit A.9. This file shows the integrated air, soil, and water 

concentrations calculated for each radionuclide for each season. The 

MEDIA.OUT file is not routinely printed, and must be accessed by the user 

directly after each GENII simulation. 

A.4 GENII SAMPLE PROBLEM 4 

The fourth sample problem displays the near-field scenario capabilities 

of the GENII package. In this scenario, an intruder is assumed to contact 

contaminated soil buried 5 meters below the ground through a drilling intru- 

sion. The short exposure times and low manual redistribution factor are 

representative of someone inadvertently bringing a small amount of contami- 

nated material to the soil surface and being exposed for a short time. 
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EXHIBIT A.7. GENII Input File - Sample Problem 3 

######################### Program GENII Input File %############ 8 Mar 88 #### 
Title: GENII Sample Problem 3 
OPTIoNs\genii\sam\sample3.in Created on 08-05-1988 at 15:40 

====P=====o============~= Default “--“ff==l=ftlrP=f-‘-““““““--’ --w------___------ 

T' 
Near-field scenario? (Far-field) NEAR-FIELD: narrowly-focused 
Population dose? (Individual) release, single site 

T Acute release? (Chronic) FAR-FIELD: wide-scale release, 
Average Individual data set used multiple sites 

Complete Complete 
TRANSPORT opTIoNs~=========== Section EXPOSURE PATHWAY OPTIONS===== Section 
T Air Transport 1 F Finite plume, external 
F Surface Water Transport 2 T Infinite plume, external 5" 
F Biotic Transport (near-field) 3 T .Ground, external 5 
F Waste Form Degradation (near) 4 F Recreation, external 

T Inhalation uptake 65 
REPORT OPTIONS===I==I=========D==I===== F Drinking water ingestion 
T Report AEDE only F Aquatic foods ingestion 3,: 
F Report by radionuclide T Terrestrial foods ingestion 7:9 
F Report by exposure pathway T Animal product ingestion 7 JO 
F Debug report on screen F Inadvertent soil ingestion 

INVENTORY 5##################################~################################ 

0" 
Inventory input activity units: (1-pCi 2-uCi 3-&i 4.Ci 5-Bq) 

Surface soil source units (l- m2 2- m3 3. kg) 
Equilibrium question goes here 

o---w--- ----Release Terms------ 
- Use when transport selected 

------I- ----------------------- 
Release Surface Buried 
Radio- Air Water Waste 
nuclide /yr lyr /ti 
-0-0---a --o-w-- ---w--- -0---o- 
SM153 2.8E-4 
EU154 6.8E-6 
EU155 7.OE-6 
EU156 7.8E-4 

------~---Basic Concentrations--------- 
near-field scenario, optionally 

--------o------------~~~~~~~~~~~~~~~~~~ 

g;ye ,";;y Ground Surface 
Air Water Water 
IL /unit /m3 IL /L 
-0o--o- I------ --o--w- -o----- ------- 

CO60 1.2E-6 
CR51 2.9E-6 
FE59 2.5E-6 
FE55 3.OE-5 

-------- ----Derived Concentrations----- 
Use when measured values are known 
-0w--o-- ---------o---o------o~~~~~~~~~~ 
Release Terres. Animal Drink Aquatic 
Radio- Plant Product Water Food 
nuclide /kg /kg IL /kg 
-----o-- ------- ----o-- -0-0-0- -----II 
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EXHIBIT A.7. (contd) 

TIME ###################~##################################################### 

Intake ends after (yr) 
:O Dose talc. ends after (yr) 

8 
Release ends after (yr) 
No. of years of air deposition prior to the intake period 

0 -No. of years of irrigation water deposition prior to the intake period 

FAR-FIELD SCENARIOS (IF POPULATION DOSE) ##%#####R############################ 

2 Definition option: l-Use population grid in file POP.IN 
1 2-Use total entered on this line 

NEAR-FIELD SCENARIOS ####I#################################################### 

Prior to the beginning of the intake period: (yr) 
When was the inventory disposed? (Packa e degradation starts) 
When was LOIC? (Biotic transport starts 4 

ii 
Fraction pf roots in upper soil (top 15 cm) 
Fraction of roots in deep soil 

0 Manual redistribution: deep soil/surface soil dilution factor 

TRANSPORT #############%~##R################################################## 
====AIR TRANS~RT-------------o-o--------------------sECTION l===== ----------------------------o------- 

O-Calculate PM 
1 Option: l-Use chi/Q or PM value 

2-Select MI dist & dir 0' 
Stack release (T/F) 
Stack height (m) 

3-Specify MI dist & di,r Stack flow (m3lsec 
6.8E-3 Chi/Q or PM value 8 Stack radius (m) 
-0 MI sector index (l=S) 0 Effluent temp. (C) 
0 MI distance from release point (m) 
F Use joint frequency data, otherwise chi/Q grid 

====SURFjjCE WATER TRANSPORT-------------------------- --------------------------SECTION 2===== 

Mixing ratio model: O-use value, l-river, 2-lake, S-river flow 
Mixing ratio, dimensionless 
Average river flow rate for: MIXFLG=0,3 (m3/s), MIXFLG=1,2 (m/s), 
Transit time to irrigation withdraw1 location (hr) 
If mixing ratio model > 0: 
Rate of effluent discharge to receiving water body (m3/s) 
Longshore distance from release point to usage location (m) 
Offshore distance to the water intake (m) 
Average water depth in surface water body (m) 
Average river width (m), MIXFLG=l only 
Depth of effluent discharge point to surface water (m), lake only 

x 

====WASTE FORM AVAILABILITY-------------------------- --------------------------SECTION 3===== 

Waste form/package half life, (yr) 
Waste thickness, (m) 

0 Depth of soil overburden, m 
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EXHIBIT A.7. (contd) 

T 
0 

====BI()TIC TRANSPORT OF BURIED SOURCE=~=,==,==P,===,=SECTION 4===== 
Consider during inventory decay/build-up period (T/F)? 
Consider during intake period (T/F)? l-Arid non agricultural 
Pre-Intake site condition.............. 2-Humid non agricultural 

3-Agricultural 

EXPOSURE ########%####~%#X%B~####~#################~####~###~~################ 

0 
2920.0 

ii 

x 
0 
1.0 

2920.0 

ii 

O1 

ii 
F 

====EXTERNAL EXPOSURE=P==P==~~P=====P=P=O======P~==P=SECTION 5===== 
Exposure time: Residential irrigation: 

Plume (hr) T- 

I. 

Consider: (T/F) 
Soi. contamination (hr) 0 Source: l-ground water 
Swimming (hr) ,_ 2-surface water 
Boating (hr) 
Shoreline activities (hr) x 

Application rate (in/yr) 
Duration (molyr) 

Shoreline type: (l-river, P-lake, 3-ocean, 4-tidal basin) 
Transit time for release to reach aquatic recreation (hr) 
Average fraction of time submersed in acute cloud (hr/person-hr) 

====INHALATION -------------------~-~~~~~~~~~~~~~~~~~~ -------------~--~----~~~~~~~~~~~ -----SECTION 6t==== 

Hours of exposure to contamination per year 
O-No resus- l-Use Mass Loading 

Mass loading factor (g/m3) 
2-Use Anspaugh model 

pension Top soil available (cm) 

====INGESTION POPULATION ----------------------------- ----------------------------- SECTION 7-z=== 

Atmospheric production definition (select option): 
O-Use food-weighted chi/Q, (food-sec/m3), enter value on this line 
l-Use population-weighted chi/Q 
e-Use uniform production 
3-Use chi/Q and production grids (PRODUCTION will be overridden) 

Population ingesting aquatic foods, 0 defaults to total (person) 
Population ingesting drinking water, 0 defaults to total (person) 
Consider dose from food exported out of region (default=F) 

Note below: S* or Source: O-none, l-ground water, 2-surface water 
3-Derived concentration entered above 

==== AQUATIC FOODS / DRINKING WATER INGESTION=========SECTION 8==== 

Salt water? (default is fresh) 

USE TRAN- PROD- -CONSUMPTION- 
? FOOD SIT UCTION HOLDUP RATE 
T/F TYPE hr kg/yr da b&r DRINKING WATER 
w-- w---o- o--o- ---w--- -w---o ----- -----------------------o- 
F FISH 0.00 O.OE+OD 0.00 0.0 0 Source (see above) 
F MOLLUS 0.00 O.OE+OO 0.00 0.0 T Treatment? T/F 
F CRUSTA 0.00 O.OE+OO 0.00 0.0 0 Holdup/transit(da) 
F PLANTS 0.00 O.OE+OO 0.00 0.0 0 Consumption (Llyr) 
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EXHIBIT A.7. (contd) 

====TERRESTRIAL FOOD INGESTION----------------------- ,--,,,, ----w----o------ SECTION g-e-- 

USE GROW 

f/F TYPE FooD 2;$' 
--- ------ ----- 
T LEAF V 90.00 
T ROOT V 90.00 
T FRUIT 90.00 
T GRAIN 90.00 

--IRRIGATION-- 
S RATE TIME YIELD 
* inlyr molyr kg/m2 
0 ----- ----- ----- 
0 0.0 0.0 
0 0.0 .o.o ::i 

0 0.0 0.0 0 0.0 0':: _ 0.0 

PROD- 
UCTION 
kg/v 
------- 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

--CONSU'MPTION-- 
HOLDUP RATE 
da kg/v 
------ -0-0-0 
14.0 15.0 
14.0 140.0 
14.0 64.0 

180.0 72.0 

====ANIM/JL PRODUCTION CONSUMPTION-------------------- --------------------SECTION lo==== 

---HUMAN---- TOTAL 
USE CONSUMPTION PROD- 

i/F ;% 
RATE HOLDUP UCTION 
kg&r da kg/v 

--- ------ -o---- --o-- --o-w- 
T BEEF 70.0 34.0 0.00 
T POULTR 8.5 34.0 0.00 
T MILK 230.0 4.0 0.00 
T EGG 20.0 18.0 0.00 

BEEF 
MILK 

DRINK 
WATER 

EF . 

‘0.00 
0.00 
0.00 
0.00 

-------------STORED FEED---------;;oi- 

DIET GROW -IRRIGATION-- 
FRAC- TIME S RATE TIME YIELD AGE - 
TION da * inlyr molyr kg/m3 da 
-0-0 ---- 0 ----- ----- ----- ----- 
0.00 90.0 0 0.0 0.00 0.80 0.0 
0.00 90.0 0 0.0 0.00 0.80 0.0 
0.00 45.0 0 0.0 0.00 2.00 0.0 
0.00 90.0 0 0.0 0.00 0.80 0.0 

-------------FRESH FORAGE------------ 
0.00 45.0 0 0.0 0.00 2.00 100.0 
0.00 30.0 0 0.0 0.00 1.50 0.0 
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EXHIBIT A.8. GENII Output File - Sample Problem 3 

This is a far-field (wide-scale release, multiple site) scenario. 
Release is acute 
Dose to exposed population .of l.OOOE+OO 

THE FOLLOWING TRANSPORT MODES ARE CONSIDERED 
Air 

THE FOLLOWING EXPOSURE PATHS ARE CONSIDERED: 
Infinite plume, external 
Ground, external 
Inhalation uptake 
Terrestrial foods ingestion 
Animal product ingestion 

THE FOLLOWING TINES ARE USED: 
Intake ends after (yr): 
Dose calculations ends after (yr): 

==z======= FILE NAMES AND TITLES OF FILES/LIfj~RIES UsED =======I=============== 

\genii\sam\sample3.in 9-28-88 
GENII Default Parameter Values (30Aug.88 RAP) 8-12-88 
RMDLIB - Radionuclide Master Library (290Aug.88 RAP) 8-29-88 
Food Transfer Factor Library - (RAP 290Aug-88) (UPDATED LEACHING FA ;-;;-;; 
External Dose Factors for GENII in person-Sv/yr per Bq/n (280Aug.88 
Internal Yearly Dose Increments (Sv/Bq) 290Aug.88 RAP 8129188 

-------- ----Release Teyms----y- 

Release Surface Buried 
Radio- Air Water Source 
nuclide Cilyr Cilyr Cilm3 
-w-----w ---w--o w-w---- o--o--- 
SM153 2.8E-04 D.OE+OO O.OE+OO 
EU154 6.8E-06 O.OE+OO O.OE+OD 
EU155 7.OE-06 O.OE+OO O.OE+OO 
EU156 7.8E-04 O.OE+OO O.OE+OO 
CO60 1.2E-06 O.OE+OO O.OE+OO 
CR51 2.9E-06 O.OE+OO O.OE+OO 
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EXHIBIT A.8. (contd) 

FE59 2.5E-06 O.OE+OO O.OE+OO 
FE55 3.OE-05 O.OE+OO O.OE+OO 

========== AIR TRANSPORT ========o=========p=================================== 

6.8E-03 Input population-weighted E/Q value (slm3) 

====z===== EXTERNAL EXPOSURE ==============o====~============================== 
l.OE+OO Fraction of time spent in cloud 
2.9E+O3 Hours of exposure to,ground contamination 

========== INHALATION ========================================================= 

2.9E+O3 Hours of exposure to contamination per year 
Resuspension not considered 

========== INGESTION POPULATION =======================I======================== 
1 Atmospheric production definition: 1 - Use population-weighted chi/Q 

Food production in region assumed to equal consumption. 

========== TERRESTRIAL FOOD INGESTION =======================================I 

GROW 
FOOD TIME 
TYPE d 
-0-0-0-0 me--- 
Leaf Veg 90.0 

pi; tveg. 3x*; 

Cereals 9010 

--IRRIGATION-- 
S RATE TIME 
* inlyr molyr 
0 o---m -w--0 

0 0.0 0 0.0 X:! 
0 0.0 
0 0.0 i:: 

PROD- 
YIELD UCTION 
kg/m2 Wv 
---w- -0-00-0 

1.5 

2: 
0.8 

--CONSUMPTION-- 
HOLDUP RATE 
d kg&r 
------ ------ 

14.0 1.5E+Ol 
14.0 1.4E+O2 
14.0 6.4E+Ol 

180.0 7.2E+Ol 

--HUMAN---- TOTAL DRINK ------------STORED FEED-------------- 
CONSUMPTION PROD- WATER DIET GROW -IRRIGATION-- STOR- 

FOOD RATE HOLDUP UCTION CONTAM FRAC- TIME S RATE TIME YIELD AGE 
TYPE kg/v d kg/yr FRACT. TION d * inlyr molyr kg/m3 d 
-0-00--- -0--w- ----- -I---- --w--o- o-w- o-o- 0 -I--- ----- ----- o---e 

Meat 7.OE+Ol 34.0 0.00 90.00 0 0.0 0.0 0.80 0.0 
i Poultry 8.5E+OO 34.0 0.00 90.00 0 0.0 0.0 0.80 0.0 

Cow Milk 2.3E+O2 4.0 0.00 45.00 0 0.0 0.0 2.00 0.0 
Eggs 2.OE+Ol 18.0 0.00 90.00 0 0.0 0.0 0.80 0.0 - 

-------------FRESH FORAGE------------- 

Meat 45.00 0 0.0 0.0 2.00 0.0 
Cow Milk 30.00 0 0.0 0.0 1.50 0.0 
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EXHIBIT A.8. (contd) 

Input prepared by: Date: 

Input checked by: Date: 
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EXHIBIT A.8. (contd) 

Acute release 
Uptake/exposure periodi 
Dose commitment period: 5::: 
Dose units: Person-rem 

Committed Weighted 
Dose Weighting Dose 

Organ Equivalent Factors Equivalent 
-------------- ---------- w-------- ---------- 

Gonads 5.OE-06 1.2E-06 
Breast 3.7E-06 ZE-00: 5.5E-07 
R Marrow 1.5E-05 1:2E:Ol 1.8E-06 
Lung 1.4E-04 1.2E-01 1.7E-05 
Thyroid 2.1E-06 3.OE-02 6.4E-08 
Bone Sur 5.7E-05 3.OE-02 1.7E-06 
LL Int. 7.3E-05 .6.OE-02 4.4E-06 
Liver 5.2E-05 6.OE-02 3.1E-06 
UL Int. 2.9E-05 6.OE-02 1.7E-06 
Kidneys l . lE-05 6.OE-02 6.4E-07 
S Int. 9.7E-06 6.OE-02 5.8E-07 

-------------------------------o----------------- 
Internal Effective Dose Equivalent, 3.3E-05 
External Dose 5.8E-06 
-----------------------------------o----o-------- 
Annual Effective Dose Equivalent 3.9E-05 

-------------------------------o----------------- 

Controlling Organ: 
Controlling Pathway: zg 
Controlling Radionuclide: EU156 

Inhalation EDE: 3.3E-05 
Ingestion EDE: 7.3E-09 
----o-------------------------------------------- 
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EXHIBIT A.8. (contd) 

Acute release 
Uptake/exposure period: - 
Dose commitment period: 5::: 
Dose units: Person-rem 

Committed Weighted 
Dose ww;;g Dose 

Organ Equivalent Equivalent '. 
-------------- w--o------ -w------- ----w-w--- 

Gonads 8.3E-06 2.1E-06 
Breast 
R Marrow EX% 

:*KE 
1:2E:Ol 

6.4E-07 
1.9E-06 

Lung 1:4E:04 1.2E-01 1.7E-05 
Thyroid 2.4E-06 3.OE-02 7.2E-08 
Bone Sur 5.8E-05 3.OE-02 1.7E-06 ~ 
LL Int. 1.3E-04 f l XEI 7.7E-06 
Liver 5.4E-05 
UL Int. 5.OE-05 6:OE:02 

3.2E-06 
3.OE-06 

S Int. 1.6E-05 6.OE-02 9.5E-07 
Kidneys l.lE-05 6.OE-02 6.6E-07 

--------------------__________I_________-~~~~~~~~ 
Internal Effective Dose Equivalent 3.9E-05 
External Dose 5.8E-06 
-----------o-------I-~~~~~~~~~~~~~~~~~-~-~~~-~~~~ 
Annual Effective Dose Equivalent 4.5E-05 

---------------------~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Controlling Organ: Lung 
Controlling Pathway: Inh 
Controlling Radionuclide: EU156 

Inhalation EDE: 3.3E-05 
Ingestion EDE: 6.3E-06 
---------------------~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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EXHIBIT A.8. (contd) 

Acute release 
Uptake/exposure period:- 
Dose commitment period: 5t.i 
Dose units: PersonIrem 

Committed Weighted 
Dose Weighting Dose 

Organ Equivalent Factors Equivalent 
-------I------ -----w---- -w------- o----o---- 

Gonads l .OE-05 2.5E-01 2.5E-06 
Breast 4.8E-06 1.5E-01 7.1E-07 
R Marrow 1.7E-05 1.2E-01 2.OE-06 
Lung 1.4E-04 1.2E-01 l. 7E-05 
Thyroid 2.7E-06 3.OE-02 8.2E-08 
Bone Sur 6.1E-05 3.OE-02 1.8E-06 
LL Int. 1.5E-04 6.OE-02 9.2E-06 
UL Int. 5.9E-05 6.OE-02 
Liver 5.7E-05 ,6.OE-02 E:6" 
S Int. 1.9E-05 6.OE-02 l:lE:06 
Kidneys l . lE-05 6.OE-02 6.8E-07 

---------------------~~~~~~~~~~~~~~~~~~~~~~~~~~-- 
Internal Effective Dose Equivalent. 4.2E-05 
External Dose 5.8E-06 
---------------------~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Annual. Effective Dose Equivalent 4.8E-05 

-----------------------------------o------------- 

Controlling Organ: LL Int. 
Controlling Pathway: Inh 
Controlling Radionuclide: EU156 

Inhalation EDE: 3.3E-05 
Ingestion EDE: 9.5E-06 
-------------------------------o----------o------ 
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EXHIBIT A.8. (contd) 

--------------------o----------------------------------------------------------- 

GENII Dose Calculation Pro ram 
(Version 1.351 30-Aug.88 s 

Case title: Autumn: GENII Sample Problem 3 

Executed on: 09128188 at 14:42:32 Page C. 10 
_-----__----------_-____________________-------------------------------------- 

Acute release 
Uptake/exposure period: - - 
Dose commitment period:. 5E 
Dose units: Personlrem 

Committed Weighted 
Dose Weighting Dose 

Organ Equivalent Factors Equivalent 
M-----M--w---- M-----NW-- wM------- m--------- 

Gonads 3.OE-05 2.5E-01 7.6E-06 
Breast l.lE-05 1.5E-01 1.6E-06 
R Marrow 2.7E-05 1.2E-01 3.2E-06 
Lung 1.5E-04 1.2E-01 1.8E-05 
Thyroid 7.1E-06 3.OE-02 2.1E-07 
Bone Sur 8.3E-05 3.OE-02 2.5E-06 
LL Int. 4.OE-04 6.OE-02 2.4E-05 
UL Int. 1.5E-04 6.OE-02 9.3E-06 
Liver 8.4E-05 6.OE-02 5.OE-06 
S Int. 5.OE-05 6.OE-02 3.OE-06 
Stomach 2.3E-05 6.OE-02 1.4E-06 

___-___-_-__------_------------------------------ 
Internal Effective Dose Equivalent 7.6E-05 
External Dose 5.8E-06 
------------------------------------------------- 
Annual Effective Dose Equivalent 8.1E-05 

-----_-----------__------------------------------ 

Controlling Organ: LL Int. 
Controlling Pathway: Iv4 
Controlling Radionuclide: EU156 

Inhal ation EDE: 3.3E-05 
Ingestion EDE: 4.3E-05 
__-----_--_--_-__-_-------------~---------------- 
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EXHIBIT A.9. GENII MEDIA.OUT Putput File Sample Problem 3 

-------_-----_-__------------------------------------------------------------, 

GENII Dose Calculation Pro ram 
(Version 1.351 30-Aug-88 4 

Case title: GENII Sample Problem Three 

Executed on: 09/28/88 at 14:37:35 Page 2 
-----_-_-__-_---_------------------------------------------------------------- 

------Residential--~-;- 

Average 
Population- 

Time 
Integrated' 

Radio- Season Weighted Surface Surface 
nuclide or Year Air Soil Water 

Ci sec/m3 Ci/m2 Ci yr/L 
--M-ww-- w--m--- -------w--- w------w--- w-m-------- 
CR51 
CR51 
CR51 
CR51 
FE55 
FE55 
FE55 
FE55 
FE59 
FE59 
FE59 
FE59 
CO60 
CO60 
CO60 
CO60 
SM153 
SM153 
SM153 
SM153 
EU154 
EU154 
EU154 
EU154 
EU155 
EU155 
EU155 
EU155 
EU156 
EU156 
EU156 
EU156 

Winter 
Spring 
Sumner 
Autumn 
Winter 
Spring 
Summer 
Autumn 
Winter 
Spring 
Summer 
Autumn 
Winter 
Spring 
Summer 
Autumn 
Winter 
Spring 
Summer 
Autumn 
Winter 
Spring 
Summer 
Autumn 
Winter 
Spring 
Summer 
Autumn 
Winter 
Spring 
Summer 
Autumn 

2.OE-08 
2.OE-08 
2.OE-08 
2.OE-08 
2.OE-07 
2.OE-07 
2.OE-07 
2.OE-07 
1.7E-08 
1.7E-08 
1.7E-08 
1.7E-08 
8.2E-09 
8.2E-09 
8.2E-09 
8.2E-09 
1.9E-06 
1.9E-06 
1.9E-06 
1.9E-06 
4.6E-08 
4.6E-08 
4.6E-08 
4.6E-08 
4.8E-08 
4.8E-08 
4.8E-08 

EE 
5:3E:06 

EEi . - 

2.2E-12 
2.2E-12 
2.2E-12 
2.2E-12 
1.8E-10 
1.8E-10 
1.8E-10 
1.8E-10 
3.OE-12 
3.OE-12 
3.OE-12 
3.OE-12 
7.6E-12 
7.6E-12 
7.6E-12 
7.6E-12 
1.5E-11 
1.5E-11 
l.5E-11 
1.5E-11 
4.4E-11 
4.4E-11 
4.4E-11 
4.4E-11 
4.4E-11 
4.4E-11 
4.4E-11 
4.4E-11 
3.2E-10 
3.2E-10 
3.2E-10 
3.2E-10 
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Scenarios of this nature are frequently used in environmental impact 

statements involving waste disposal. 

The input for this scenario is contained in the GENII input file. The 

input is shown in Exhibit A.IO. The resulting output is presented in 

Exhibit A.11. 

The initial pages define the scenario.and repeat the input. No atmos- 

pheric dispersion calculations were performed, so no pages labeled B.n were 

produced. As for the other GENII samples-, an effective dose equivalent 

summary page and a dose assembly matrix page were printed but omitted from 

this output to conserve space. Dose by exposure pathway is presented on 

page C.3 and dose by radionuclide on page C.4. The format of these pages is 

similar to that of the outputs of the other sample problems. 

Note that for the scenario defined, no terrestrial food pathways or 

animal products were used. Therefore, no mention is made of these on the 

quality assurance pages. 

A.5 INTDF SAMPLE PROBLEM 

The INTDF code is used to prepare internal radiation dose factors for 

the other codes of the GENII package. Input‘is quite simple. The sample 

input file shown in Exhibit A.12 demonstrates the calculation of the 50-year 

dose commitments for the organs defined to be exposed from a single 

inhalation or ingestion intake of cobalt-60. Other radionuclides could be 

added to the calculation simply by appending them to the end of this file. 

The output file resulting from the input of Exhibit A.12 is presented in 

Exhibit A.13. The first page of this file defines the input conditions and 

e . 

ion 

i lists the metabolic data retrieved from the metabolic data library. If th 

DEBUG flag had been set TRUE in the input file, an additional set of pages 

displaying the specific effective energies (SEE) used in the dose calculat 

would have also been printed. The last page presents the total integrated 

retention (total number of disintegrations of cobalt-60 in each organ) and 

the calculated organ dose commitments. These numbers may be compared to 

those published by the ICRP in Publication 30 (ICRP 1979). 
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EXHIBIT A.lO. GENII ,Input File -Sample Problem 4 

#################I####### Program GENII Input File %##########% 22 Apr 88 #### 
Title: GENII Sample Problem 4 

\genii\sam\sample4.inN Created on 08-05-1988 ‘at’ 16:03 
OPTIONS========~=====~===E======== Default ---------___------------------------- ---------___------------------------- 
T Near-field scenario? (Far-field) NEAR-FIELD: narrowly-focused 

F 
Population dose? (Individual) release, single site 
Acute release? (Chronic) FAR-FIELD: wide-scale release, 
Maximum Individual data set used 

Complete' 
multiple sites 

Complete 
TRANSPORT OPTIONS============ Section EXPOSURE PATHWAY OPTIONS===== Section 
F Air Transport - -F Finite plume, external 
F Surface Water Transport : 
F Biotic Transport (near-field) -3,4 

T Infinite plume, external i 
T Ground, external 

F Waste Form Degradation (near) 3,4 F Recreation, external i 
T Inhalation uptake 6 

REPORT opTIoNs=~=====t=============== F Drinking water ingestion 
T Report AEOE only F Aquatic foods ingestion ?88 
F Report by radionuclide F Terrestrial foods ingestion 719 
T Report by exposure pathway F Animal product ingestion 7,lO 
F Debug report on screen F Inadvertent soil ingestion 

INVENTORY #####################It############################################### 

: 
Inventory input activity units: (1-pCi 2-uCi 3-mCi 4-Ci 5-Bq) 
Surface soil source units (l- m2 2- m3 3- kg) 
Equilibrium question goes here 

i 

-w----w- 

Use when 
m---w--- 
Release 
Radio- 
nucl i de 
M----M-m 
CO60 
N159 
N163 
SR90 
ZR93 
NB94 
MO93 
TC99 
EU152 
EU154 

----Release Terms------ 
transport selected 

_----_-___----_-------- 
Surface Buried 

Air Water Waste 
Iv lyr /M 
--w-m-- B----B- w-----m 

----------Basic Concentrations--------- 

near-field scenario, optionally 
----------_--_---I--___________________ 

Air 
Surface ?JJ;z Ground Surface 
Soil Water Water 

/L /unit /m3 /L /L 
------w ------- e-M---- Me----- ------- 

2.14E12 
. 9.29ElO 

1.21E13 
2.14E09 
7.86ElO 
4.29E09 
1.43E09 
2.14E08 
1.43ElO 
1.14ElO 
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EXHIBIT A.lO. (contd) 

-------- ----Derived Concentrations----- 
Use when measured values are known 
-------- ----------------I-I------------ 
Release Terres. Animal Drink Aquatic 
Radio- Plant Product Water Food 
nuclide /kg /kg IL /kg 
------mm ---o--- w-M---- --a---- ---m-m- 

TIME ######################################################################### - _ 

Intake ends after (yr) 
:O Dose talc. ends after (yr) 

8 
Release ends after (yr) 
No. of years of air deposition prior to the intake period 

0 No. of years of irrigation water deposition prior to the intake period 

FAR-FIELD SCENARIOS (IF POPULATION DOSE) ###################%ff################# 

0” 
Definition option: l-Use population grid in file POP.IN 

e-Use total entered on this line 

NEAR-FIELD SCENARIOS ##########%######P##############~##~#~################### 

Prior to the beginning of the intake period: (yr) 
100.0 When was the inventory disposed? (Packa e degradation starts) 
0 When was LOIC? (Biotic transport starts 3 
1.0 Fraction of roots in upper soil (top 15 cm) 

; 8E-3 
Fraction of roots in deep soil 

1600 .o 
Manual redistribution: deep soil/surface soil dilution factor 
Source area for external dose modification factor (m2) 

TRANSPORT %################################################################### 
====AIR TRANSPORT ------------------------------------ ------------------------------------ SECTION l===== 

1 

00 
0 

O-Calculate PM 
Option: l-Use chi/Q or PM value 

2-Select MI dist & dir 
3-Specify MI dist & dir 

Chi/Q or PM value 
MI sector index (l=S) 
MI distance from release point (m) 

Stack release (T/F) 
Stack height (m) 
Stack flow (m3/sec 
Stack radius (m) 
Effluent temp. (C) 

T Use joint frequency data, otherwise chi/Q grid 

8 

====SURFACE WATER TRANSPORT-------------------------- --------------------------SECTION 2===== 

Mixing ratio model: O-use value, l-river, 2-lake 
Mixing ratio, dimensionless 
Average river flow rate for: MIXFLG=O (mS/s), MIXFLG=1,2 (m/s), 
Transit time to irrigation withdraw1 location (hr) 
If mixing ratio model > 0: 

Rate of effluent discharge to receiving water body (m3/s) 
Longshore distance from release point to usage location (m) 
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EXHIBIT A.lO. (contd) 

Offshore distance to the water intake (m) 
Average water depth in surface water body (m) 
Average river width (m), MIXFLG=l only 
Depth of effluent discharge point to surface water (m), lake only 

0 
10.0 
5.0 

f 
0 

====WASTE FORM AVAILABILITY--------------------------SECTION 3===== -------------------------- 

Waste form/package half life, (yr) 
Waste thickness, (m) 
Depth of soil overburden, m' 

====BI()J-IC TRANSPORT OF BURIED SOURCE================SECTrON 4===== 
Consider during inventory decay/build-up period (T/F)? 
Consider during intake period (T/F)? I-Arid non agricultural 
Pre-Intake site condition..i........... 2-Humid non agricultural 

3-Agricultural 

EXPOSURE ##################################################################### 

t===O(TERNAL EXPOSUREI=====P=========================SECT~ON 5===== 
Exposure time: Residential irrigation: 
Plume (hr) Consider: (T/F) 
Soil contamination (hr) 0' Source: l-ground water 
Swimming (hr) 2-surface water 
Boating (hr) Application rate (inlyr) 
Shoreline activities (hr) ii Duration (mo/yr) 

Shoreline type: (l-river, 2=lake, 3=ocean, 4-tidal basin) 
Transit time for release to reach aquatic recreation (hr) 
Average fraction of time submersed in acute cloud (hrlperson-hr) 

1.0 
1 
.OOOl 

====INHALATION --------------------------------------- ----------_---------------------------- SECTION 6=====. 
Hours of exposure to contamination per year 
O-No resus- l-Use Mass Loading 
pension Mass loading factor (g/m3) 

P-Use Anspaugh model 
Top soil available (cm) 

8 

P==PINGESTION POPUU\TIONf=============t===,===t=========SECT~ON 7===== 
Atmospheric production definition (select option): 
O-Use food-weighted chi/Q, (food=sec/m3), enter value on this line 
l-Use population-weighted chi/Q 
2-Use uniform production 
3-Use chi/Q and production grids (PRODUCTION will be overridden) 

0 Population ingesting aquatic foods, 0 defaults to total (person) '. 
0 Population ingesting drinking water, 0 defaults to total (person) 
F Consider dose from food exported out of region (defau?t=F) 

Note below: S* or Source: O-none, l-ground water, 2-surface water 
3-Derived concentration entered above 

==== AQUATIC FOODS / DRINKING WATER INGESTION=========SECTION 8==== 

F Salt water? (default is fresh) 
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USE TRAN- 
? FOOD SIT 
T/F TYPE hr 
W-B w--w-- --a-- 

F Eus x%l 
F CRUSTA 0.00 
F PLANTS 0.00 

PROD- 
UCTION 
WYr 
------- 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

EXHIBIT A. 10. -(contd) 

-CONSUMPTION-' 
HOLDUP RATE 
da kg&r 
w--m-- --I-- 
0.00 
0.00 i:X 
0.00 
0.00 X:X 

DRINKING WATER 
------------------------- 
0 Source (see above) 

OT 
Treatment? T/F 
Holdup/transit(da) 

0 Consumption (Llyr) 

====TERRESTRIAL FOOD INGESTIONX==P=~========PP=-=========~ECTION g===== 
- _ 

USE GROW --IRRIGATION-- PROD- --CONSUMPTION-- 
FOOD TIME S RATE TIME 

?/F TYPE da 
YIELD UCTION HOLDUP RATE 

* inlyr mo/yr kglmi! kg/v da kglyr 
m-B ------ --w-- - ----- ----- w---m ------- ------ ------ 
F LEAF V 90.00 0 0.0 0.0 1.5 O.OE+OO 30.0 
F ROOT V 90.00 0 0.0 0.0 4.0 O.OE+OO 220.0 
F FRUIT 90.00 0 0.0 0.0 2.0 O.OE+OO 330.0 
F GRAIN 90.00 0 0.0 0.0 0.8 O.OE+OO 1805:: 80.0 

====ANIMAL PRODUCTION CONSUMPTION-------------------- --------------------SECTION l()==== 

--HU~N---- TOTAL DRINK 
USE CONSUMPTION PROD- WATER 

FOOD RATE HOLDUP UCTION CONTAM 
:,F TYPE kg/y- da kg/yr FRACT. 

F BEEF 80.0 0.00 
F POULTR 18.0 1f.X ;.;; 0.00 
F -MILK 270.0 1:0 .O:OO 0.00 
F EGG 30.0 1.0 0.00 0.00 

BEEF 
MILK 

-----------STORED FEED-------------- 

DIET GROW -IRRIGATION-- STOR- 
FRAC- TIME S RATE TIME YIELD AGE 
TION da * in/yr molyr kg/m3 da 
m-m- ---- - ----- --w-- --a-- ----- 
0.25.'90.0 0 0.0 0.00 0.80 180.0 
1.00 90.0 0 0.0 0.00 0.80 180.0 
0.25 45.0 0 0.0 0.00 2.00 100.0 
1.00 90.0 0 0.0 0.00 0.80 180.0 
------------FRESH FORAGE------------ 

0.75 45.0 0 0.0 0.00 2.00 100.0 
0.75 30.0 0 0.0 0.00 1.50 0.0 

i############################################################################ 
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EXHIBIT A.11. GENII Output File - Sample Problem 4 

This is a near field (narrowly-focused, single site) scenario. 
Release is chronic - - 
Individual dose 

THE FOLLOWING EXPOSURE PATHS ARE CONSIDERED: 
Infinite plume, external 
Ground, external 
Inhalation uptake 

THE FOLLOWING TIMES ARE USED: 
Intake ends after (yr): 
Dose calculations ends after (yr): 

=========z FILE NAMES AND TITLES OF FILES/LIBRARIES UsED ======================= 

\genii\sam\sample4.inN 8-05-88 
GEEliBDefaulf Parameter Values.(3-Aug-88 RAP) 8-12-88 

- Radtonucllde Master Library (29-Aug-88 RAP) 8-29-88 
External Dose Factors for GENII in person-Svlyr per Bq/n (28-Aug-88 8-29-86 
Internal Yearly Dose Incrgments (Sv/Bq) 29-Aug-88 RAP 8-29-88 

--------------------------------------------- -----------__--------------------- ---------------------------------------------- -----------_--------------------- 

1 Surface soil input unit: (l-m2, 2-m3, 3-kg) 

-------- ----------Basic Concentrations--------- 
Release pe ,";!g Ground Surface 
Radio- Air Water Water 
nuclide pCi/L pCi/m2 pCilm3 pCi/L pCi/L 
--m----- ------- ---w-m- ------- ------- ------- 
CO60 O.OE+OO O.OE+OO 2.1E+12 O.OE+OO O.OE+OO 
N159 O.OE+OO O.OE+OO 9.3E+lO O.OE+OO O.OE+OO 
N163 O.OE+OO O.OE+OO 1.2E+13 O.OE+OO O.OE+OO 
SR90 O.OE+OO O.OE+OO 2.1E+O9 O.OE+OO O.OE+OO 
ZR93 O.OE+OD O.OE+OO 7.9E+lO O.OE+OO O.OE+OO 
NB94 O.OE+OO O.OE+OO 4.3E+O9 O.OE+OO O.OE+OO 
MO93 O.OE+OO O.OE+OO 1.4E+O9 O.OE+OO O.OE+OO 
TC99 O.OE+OO O.OE+OO 2.1E+O8 O.OE+OO O.OE+OO 
EU152 O.OE+OO O.OE+OO 1.4E+lO O.OE+OO O.OE+OO 
EU154 O.OE+OO O.OE+OO l.lE+lO O.OE+OO O.OE+OO 
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EXHIBIT A. 11. (contd) 

z========= NEAR-FIELD PARAMETERS ---------------------------------------------- ---------------------------------------------- 

100.0 Inventory disposed n years prior to beginning of intake period 

l.OE+O: 
LOIC occurred n years prior to beginning of intake period 
Fraction of roots in upper soil (top 15 cm) 

O.OE+OO Fraction of roots in deep soil 
2.8E-03 Manual redistribution: deep soil/surface soil dilution factor 

1000.0 Source area for external dose modification factor (m2) 

========== WASTE FORM AVAILABILITY ========================P==I=tP========e=== 
O.OE+OO Waste form/package half life, yr 
1 .OE+Ol Thickness of buried waste, m - - 
5.OE+OO Depth of soil overburden, m 

==z======= EXTERNAL EXPOSURE -_------------------------------------------------ -------------------------------------------------- 
l.OE+OO Hours of exposure to plume 
4.OE+Ol Hours of exposure to ground contamination 

z========= INHALATION ----------------------------------------- ‘==L============- ---------------------------------------- 

l.OE+OO Hours of exposure to contamination per year 
1 Resuspension model: l-Mass Loading, 2-Anspaugh 

l.OE-04 Mass loading factor (g/m3) 

Input prepared by: Date: 

Input checked by: Date: 

--we--- -------------------------------------------------------------------------- 
------------------------------------------------------------------------ 

Source area external dose modification factor: 0.940000 
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EXHIBIT A. 11. (contd) 

Uptake/exposure period: 
Dose commitment period: 
Dose units: 

- - 5;:: 
Rem 

Committed Dose Equivalent by Exposure Pathway 

Pathway Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes 
--------------- ------- ------- ------- ------- ------- ------- ------- ------- 
Inhale l.lE-07 4.4E-09 4.3E-09 6.9E-09 1.5E-08 2.OE-07 2.2E-08 6.5E-09 
--------------- ------- e-----e ------- ------- ------I ------- ------- ------- 
Total l.lE-07 4.4E-09 4.3E-09 6.9E-09 1.5E-08 2.OE-07 2.2E-08 6.5E-09 

Pathway Ovaries Muscle Thyroid Kidneys Liver Spleen S Wall 
--------------- ------- ------- ------- ------- ------- ------- ------- 
Inhale 6.8E-09 6.9E-09 6.9E-09 3.7E-10 1.4E-10 7.4E-10 9.OE-13 
--------------- ------- ------- ------- ------- ------- ------- ------- 
Total 6.8E-09 6.9E-09 6.9E-09 3.7E-10 1.4E-10 7.4E-10 9.OE-13 

External Dose by Exposure Pathway 

Pathway 
--------------- ------- 
Plume O.OE+OO 
Sur Soil 1.9E-03 
Dep Soil 1.7E-07 
--------------- ------- 
Total 1.9E-03 
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EXHIBIT A.11. (contd) 

Uptake/exposure period: 
Dose commitment period: - - 5;:: 
Dose units: Rem 

Radio- 
nuclide 
-------- 
CO 60 
NI 59 
NI 63 
SR 90 
Y 90 
MO 93 
ZR 93 
NB 93M 
NB 94 
TC 99 
.EU 152 
EU 154 
-------- 

Inhalation 
Effective 

Dose 
Equivalent 
---------- 
9.2E-13 
8.9E-11 
1.4E-08 
4.5E-11 
1.9E-12 
7.4E-13 
7.8E-09 
2.9E-09 
2.OE-09 
l.OE-12 
2.lE-11 
1.4E-12 

---------- 

Ingestion Internal 
Effective Effective 

Dose External Dose 
Equivalent Dose Equivalent 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

---------- 

2.6E-06 
l.lE-06 
1 .OE-07 
5.8E-09 
3.2E-07 
1.4E-08 
9.3E-10 
3.7E-07 
1.8E-03 
4.lE-10 
2.8E-05 
1.4E-06 

---------- 

9.2E-13 
8.9E-11 
1.4E-08 
4.5E-11 
1.9E-12 
7.4E-13 
7.8E-09 
2.9E-09 
2.OE-09 
l.OE-12 
2.lE-11 
1.4E-12 

Annual 
Effective 

Dose 
Equivalent 
---------- 
2.6E-06 
l.lE-06 
l . lE-07 
5.8E-09 
3.2E-07 
1.4E-08 
8.7E-09 
3.7E-07 
1.8E-03 
4.lE-10 
'2.8E-05 
1.4E-06 
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EXHIBIT A.12. GENII Input File - Problem 5 

EiNII Sample Problem 5 (INTDF) 
'No. of years to consider 

T 'Acute? if false then chronic 
1.0 'Particle size, micron 

:.O-6 
'Print SEE's and Debug print statements? 
'Relative error tolerance (LSODES2) 

1.0-8 'Absolute error tolerance (LSODES2) 
365.0 'Absolute step size allowed (LSODES2) 
1.0-6 'Initial step size (LSODES2) 
700 'Number of steps to reach convergence allowed (LSODES2) 

:060 
10.0 'Fetal dose, age (da) 
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EXHIBIT A.13. GENII Output File - Sample Problem 5 

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

INTDF Dose Calculation Pro ram 
(Version 1.351 30-Aug-88 3 

Case title: GENII Sample Problem 5 (INTDF) 
Executed on: 09127188 at 17:12:04 Page 1 

1 CO60 V Y 1.92E+O3 3.6lE-04 0 O.OOE+OO 0 O.OOE+OO 

General Mode? 
Acute exposure 

Dose commitment period: 50.0000 

Particle size: 
Lung deposition fractions: 
Nasal-pharynx region: 
Pulmonary region: 
Traecheo-bronchial region: 

1 * 00000 

0.287834 
0.235379 
0.800000E-01 

Integration method: LSODES2 equation solver 
Relative error tolerance: O.lOOOOOE-05 
Absolute error tolerance: O.lOOOOOE-07 
Absolute step size allowed: 365 .OOO 
No. of steps to convergence allowed: 700 
Starting time step: 0. IO~OOOE-05 

Organ Compartment Organ 
Organ Index Target? Index Mass 

Lung 
: 

T 
Lymph 

r 
ii 

1 .OE+O3 
O.OE+OO 

Stomach 3 
S Int. 

f T 
f !l 

2.5E+O2 
4.OE+O2 

UL Int. 
LL Int. 6 

T 
I: 

2.5E+O2 
1.3E+O2 

Bone Sur 
ii 

24 O.OE+OO 
R Marrow T 1.5E+O3 
Bone Cor 9 F 2'1 4.OE+O3 
Bone Can 10 
Testes 

:: 
F Ii! 

1 .OE+O3 
3.5E+Ol 

Ovaries 
Muscle 

:i 
T 3: 

l.lE+Ol 
2.8E+O4 

Thyroid T 25 2.OE+Ol 
Liver 

:3 T IFi 
1.8E+O3 

Other O.OE+OO 
Transfer compartment rate: 1.39000 

ORGMLT ORGlNG 

l'.OE+OO 
1 .OE+OO 
1 .OE+OO 
1 .OE+OO 
l.OE+OO 
1 .OE+OO 
O.OE+OO 
O.OE+OO 
8.OE-01 
2.OE-01 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
1 .OE+OO 
O.OE+OO 

1.5E-02 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
2.2E-02 
O.OE+OO 
O.OE+OO 
5.2E-04 
1.6E-04 
4.2E-01 
3.OE-04 
O.OE+OO 
5.4E-01 

ORGINH 

O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 
2.3E-02 
O.OE+OO 
O.OE+OO 
5.3E-04 
1.7E-04 
4.2E-01 
3.OE-04 
O.OE+OO 
5.5E-01 
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EXHIBIT A.13. (contd) 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

INTDF Dose Calculation Pro ram 
(Version 1.351 30-Aug-88 s 

Case title: GENII Sample Problem Five (INTDF) 

No. of OTHER compartments (TCMULT): 3 0.958913 - _ 

TC, RT: 1 0.270000 0.115517 
TC, RT: 2 0.900000E-01 O.l15517E-01 
TC, RT: 3 0.900000E-01 0.866375E-03 

No. of bone compartments (TCMULT): 0 0.724638E-01 

No. of specified organs (TCMULT): 1 2.6lE-02 

No. of specified organ compartments: 3 

Organ Comp. Organ Sub TCORG RTORG 
Name Index Index Index (frac) (rate) 

Liver 1 
Liver 

9 
: 

1 0.30E-01 O.l2E+OO 
2 O.lOE-01 O.l2E-01 

Liver 1 3 O.lOE-01 0.87E-03 

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

Input prepared by: Date: 

Input checked by: Date: 

A.52 



EXHIBIT A;l3. (contd) 

---o------------r----~ -~-~~-~~~~~~~--~~-~~-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~- 

INTDF Dose Calculation Pro ram 
(Version 1.351 30-Aug.88 ? 

Case title: GENII Sample Problem 5 (INTDF) 

Executed on: 09/27/88 at 17:12:04 Page 3 
~~-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-~~~~~~~~~~~~~~~~~ 

Number of Nuclear Transformation Over 50 Years 
In Source Organs or Tissue per Unit Intake of Activity 

(Transformatioris/Bq) of CO60 
Inhalation Class Y 
Fl: 5.OE-02 

Oral 
CO60 

Lung O.OE+OO 
Stomach 3.6E+O3 
S Int. 1.4E+O4 
UL Int. 4.4E+O4 ' 
LL Int. 8.2E+O4 
Bone 2.3E+O2 
Other 3.6E+O5 
Liver 4.OE+O4 

Inhalation 

Lung 
Stomach 
S Int. 
UL Int. 
LL Int. 
Bone 
Other 
Liver 

CO60 
9.7E+O6 
1.9E+O3 
7.3E+O3 
2.4E+O4 
4.4E+O4 
2.5E+O2 
4.lE+O5 
4.5E+O4 

Committed Dose Equivalent Over 50 Years 
In Target Organs or Tissue per Unit Intake of Activity 

(Sv/Bq) of CO60 

Lung Stomach S Int. UL Int. LL Int. Bone Sur R Marrow 
Oral 8.7E-10 1.5E-09 3.5E-09 5.6E-09 l.lE-08 8.4E-10 1.3E-09 
Inhalation 3.3E-07 2.6E-08 6.7E-09 9.OE-09 7.6E-09 1.3E-08 1.6E-08 

. 

Testes Ovaries Muscle Thyroid Liver 
Oral 1.2E-09 3.lE-09 l.lE-09 8.3E-10 2.4E-09 
Inhalation 1.7E-09 4.6E-09 1.7E-08 1.5E-08 3.2E-08 
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EXHIBIT A.13. (contd) 

Oral Inhalation 
Number of steps taken by the LSODES solver: 347 339 
Number of F (DIFEQ2) evaulations: 453 469 
Number of Jacobian evaluations: 
Length of RWORK actually required: 96: 99; 
'Length of IWORK actually required: 
Number of non-zero elements in Jacobian matrix: ii ii: 
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A.6.EXTDF SAMPLE PROBLEM 

The EXTDF code is used to prepare data files of external dose rate 

factors for use by the other codes of the GENII package. The input is quite 

short. No radionuclides need to be specified because the code reads the 

radionuclide master data file RMDLIB and calculates factors for every nuclide 

in the list. The input to this sample problem is shown in Exhibit A.14. The 

geometry demonstrated in Exhibit A.14 is an infinite slab source one meter 

thick with a 15-cm overburden. The dose point of interest is one meter above 

the surface of the covering overburden. 

Output from the example calculation is given in Exhibit 15. The output 

defines the nature and composition of the various shield layers, provides 

information on the selected shield thicknesses and geometry, and provides 

limited information on the build-up factors used in the calculations. The 

column of radionuclides and associated dose rate factors is purposely 

formatted in this fashion to ease editing incorporation into the GENII system 

data files. This structure is compatible with the GENII file GRDF.DAT. The 

units displayed are selected using the IEXTU parameter illustrated in 

Exhibit A.14. Selection of this parameter must be appropriate to the 

geometry chosen. The user is referred to the input instructions. 

A.7 DITTY SAMPLE PROBLEM 

The DITTY sample problem represents the most common use of DITTY; the 

calculation of long-term population dose to a downstream population from a 

time-varying release to surface water. The input file for Sample Problem 7 

is presented as Exhibit A.16. The waterborne release is given in terms of 

curies/year released into the river. The input of the source to the river is 

selected in this example to be via an input file copied into the input buffer . 

WATREL.DAT. This file is presented as Exhibit A.17. The sample input file 

of Exhibit A.17 contains data for three radionuclides as a series of 

time/release quantity pairs. Because the parameter TZR is not set in the 

DITTY input file, the times in the WATREL file are assumed to be years since 

the start of the release in the year 2000 A.D. 
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EXHIBIT A.14. GENII Input File - Sample Problem 6 

Gi;EY;u;ample Problem 6 (EXTDF) 

JBUF = 1, 
IGEOM=5, 
IEXTU = 3, 
ANGl = 90.0, NSHLb=3, 
X = 215., 
iii:,; 100.0, 15.0, 100.0, 

0 16 1.8 0.0 0.0 0.0 0 16 00:X 2: 0 0 - 
1 3 .OOli9 

0.0 E 
0.0 0:o 
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EXHIBIT A.15. GENII Output File - Problem 6 

Shield compositi;n (gm/c;): 
3 4 - 5 

ORDCONC 1.8E=+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
ORDCONC O.OE+OO 1,8E+OO O.OE+OO O.OE+OO O.OE+OO 
AIR O.OE+OO O.OE+OO 1.3E-03 O.OE+OO O.OE+OO 

Shield thickness (cm): 
l.OE+O2 1.5E+Ol l.OE+O2 

5 

2.15OE+O2 cm 
0.0 degrees 

100 .OO cm 

Ii.0 

Geometry index: 
INFINITE SLAB source 
SLAB shield 
Distance to detector: 
Angle: 
Source thickness: 
Taylor build-up data for shield: 
with effective atomic number: 

---------------------------------^----------------------------=====-----==-----= ------------------------------- ----------__----------------- 

Input prepared by: Date: 

Input checked by: Date: 

-------------------------------------------------- ----------------_--------------- ---------------------------= ---------------------------------------- 
i 

Units are person-Sv/yr per Bq/m3 (GENII) 

H3 
BE10 
c 14 
N 13 
F 18 
NA22 
NA24 
S131 
P 32 

O.OOE+OO 
1.66E-15 
8.89E-19 
9.53E-11 
&23E-11 
2.77E-10 
l.O7E-09 
2.32E-13 
1.56E-13 
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P 33 
s 35 
CL36 
K 40 
AR39 
AR41 
CA41 
CA45 
SC46 
CR51 
MN54 
MN56 
FE55 
FE59 
co57 
CO58 
CO60 
N159 
N163 
N165 
CU64 
ZN65 
ZN69M 
ZN69 
GA72 
iS76 
SE75 
SE79 
BR82 
.BR83 
KR83M 
BR84 
KR85M 
KR85 
KR87 
RB87 
KR88 
RB88 

I KR89 
RB89 
SR89 
SR87M 
RB86 
SR85 
SR90 
Y 90 
SR91 
Y 9lM 
Y 91 
SR92 

2.12E-17 
1.3lE-18 
5.16E-15 
2.87E-11 
1.7lE-15 
1.90E-10 
O.OOE+OO 
2.40E-17 
2.83E-10 
2.43E-12 
9.20E-11 
3.27E-10 

!E+!x 
7:80E:l3 
l.O8E-10 
3.83E-10 
O.OOE+OO 
;.;%~-f; 

1:80E:ll 
9.85E-11 
4.53E-11 
1.45E-14 
5.28E-10 
5..68E-11 
l.l7E-11 
5.17E-19 
;.;g-;~ 

8:llE:26 
4.29E-10 
;.M~-;; 

1:72E:10 
3.08E-17 
4.44E-10 
1.57E-10 
3.89E-10 
4.04E-10 
l.l4E-13 
2.03E-11 
1.4lE-11 
4.74E-11 
1.28E-15 
3.83E-13 
8.95E-11 
5.96E-11 
6.76E-13 
2.55E-10 

EXHIBIT A.15. (contd) 
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EXHIBIT A.15. (contd) 

Y 92 
Y 93, 
MO93 
ZR93 
NB93M 
ZR95 
NB95M 
NB95 
ZR97 
NB97M 
NB97 
NB94 
MO99 
TC99M 
TC99 
TClOl 
RU103 
PD103 
RHl03M 
RUl05 
RH105 
RU106 
PD107 
PDl09 
AGllOM 
AGlll 
CD109 
CD1 13M 
CDllSM 
CD115 
INll5M 
IN111 
INll4M 
SNl13 
INll3M 
SNll7M 
SNll9M 
SNl2lM 
SNl21 
SN123 
I 125 
SN125 
SB125 
TEl25M 
SN126 
SBl26M 
SB126 
iBl22 
SB124 
SB127 

4.4lE-11 
1.62E-11 
0 .OOE+OO 
1.35E-24 
O.OOE+OO 
7.83E-11 
1.59E-12 
9.19E-11 
2.64E-11 
6.14E-11 
6.44E-11 
1.55E-10 
1.29E-11 
6.18E-13 
;.;;i-;; 

4:67E-11 
7.62E-15 
l.l3E-25 
7.20E-11 
6.03E-12 
2.36E-11 
O.OOE+OO 
8.98E-14 
3.54E-10 
1.78E-12 

6.56E-12 
;.;g-:; 

1:60E:ll 
6.14E-13 
6.42E-19 
O.OOE+OO 
O.OOE+OO 
l.O8E-12 
5.lOE-23 
5.06E-11 
4.23E-11 
1.96E-15 
;.;;;-;; 

2:7lE:lO 
4.97E-11 
3.09E-10 
6.43E-11 
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TEl27M 
TE127 
TEl23M 
TEl29M 
TE129 
I 129 
TE13 1M 
TEl31 
I 131 
XE13 1M 
TE132 
I 132 
TEl33M 
TE133 
I 133 
XEl33M 
XE133 
TE134 
I 134 
CSl34M 
cs134 
I 130 
I 135 
XEl35M 
XE135 
cs135 
XE137 
cs137 
XE138 
-CSl38 
cs139 
BA139 
BA140 
LA140 
CS136 
BAl41 
LA141 
CEl41 
BA142 
LA142 
CE143 
PR143 
CE144 
PRl44M 
PR144 
PR142 
ND147 
PM147 
SM147 
PMl48M 

7.22E-15 
5.lOE-13 
5.83E-13 
2.84E-12 
5.62E-12 
5.72E-19 
1.87E-10 
4.14E-11 
2.65E-11 
1.36E-14 
5.58E-12 
2.82E-10 
3.38E-10 
1.24E-10 
5.93E-11 
6.50E-13 
2.84E-14 
7.85E-11 
3.4lE-10 
8.95E-14 
1.77E-10 
2.07E-10 
2.70E-10 
3.87E-11 
7.86E-12 
4.52E-18 
2.64E-11 
5.33E-11 
2.30E-10 
4.65E-10 
6.25E-11 
1.43E-12 
1.59E-11 
3.64E-10 
2.70E-10 
9.76E-11 
lp~-:g 

1:20E:lO 
6.63E-10 
1.36E-11 
1.45E-14 
7.6lE-14 
1.70E-19 
6.99E-12 
l.O2E-11 
8.5lE-12 
2.83E-17 
O.OOE+OO 
2.24E-10 

EXHIBIT A.15. (contd) 

- 
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EXHIBIT A.15. (contd) 

PM148 
PM149 
PM151 
SMl51 
SM153 
EUl52M 
EUl52 
EUl54 

KZi 
GD153 
GD159 
TB160 
TBl61 
DY165 
H0166M 

HEOR::; 
ERl71 
TA182 
W 181 
W 185 
W 187 
RE187 
OS185 
OS191 
IR192 
HG203 
TH230 
RA226 
RN222 
PB210 
BI210 
PO210 
U 232 
TH232 
RA228 

i AC228 
TH228 
RA224 
PB212 
BI212 

tl fii 
U 235 
TH23 1 
PA231 
AC227 
TH227 
FR223 

9.44E-11 
5.0lE-13 
i.jlE-11 
1.25E-22 
3.35E-13 
4.07E-11 
: A;:-:; 

1:67Ei3 
2.55E-10 
2.lOE-13 
2.19E-12. 
1.4lE-10 
2.85E-15 
;.;;;-;g 

3:73Ei2 
l.l5E-16 
2.08E-11 
1.90E-10 
1.5lE-15 
4.86E-16 
4.30E-11 
O.OOE+OO 
6.43E-11 
1.83E-13 
6.68E-11 
4.89E-12 
4.90E-16 
fSg4; 

1:3lE:20 
3.15E-14 
9.75E-16 
5.06E-16 
2.92E-16 
9.00E-31 
1.40E-10 
1.77E-14 
3.05E-13 
3.68E-12 
;.;g-;; 

3:56Ei8 
8.96E-13 
1.82E-14 
1.68E-12 
6.8lE-16 
3.42E-12 
1.40E-12 

- 
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EXHIBIT A.16. (contd) 

RA223 
U 237 
NP237 
PA233 
U 233 
TH229 
RA22i 
AC225 
U 238 
TH234 
PA234 
PU236 
PU237 
AM242M 
AM242 
CM242 
PU242 
NP238 
PU238 
CM244 
PU244 
U 240 
PU240 
CM245 
PU241 
AM241 
CM246 
CM247 
CM243 
-PU243 
AM243 
NP239 
PU239 
CM248 
CF252 

1.66E-11 
pg-;g 

1:37E:ll 
1.26E-15 
4.33E-13 
8.50E-17 
2.27E-11 
3.llE-18 
p;-:g - 

2:64E-18 
2.33E-13 
l.l4E- 15 
f .%:A; 

8:15E:20 
8.65E-11 
8.7lE-20 
5.23E-20 
9.13E-23 
4.lOE-11 
9.66E-20 
3.35E-13 

E's 
8:9lE:23 
3.52E-11 
2.07E-12 
1.92E-13 
1.82E-14 
3.17E-12 
3.30E-16 
4.83E-20 
8.6lE-19 
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EXHIBIT A.16. 

GENI: Sample Problem 7: DITTY 

GENII Input File - Sample Problem 7 

Long-Term Surface Water Release 

CL36 
&INPUT IWAT=l, IPATH=2, LUW=2, IPOPL=2, 
CFLO=l20000., 
RM=l.O, 
PL1(1)=294830.,391538.,431210.,469891.,1273208.,4932964., 
TL(l)=l990., 2100.,2200.,2300.,2990.,11900., 
NTL=6, 

- - 

USAGE(l)=O.3,0.,0.,0.,438.,17.,17., 
CONSUM(l)=l5.,276.,20.,230.,40.,30.,8.5,, 
EXTIM=2920.,MOPYR=6, RIRR=l50., 
GRWP(l)=90.,90.,90.,30.,3*90., 
YELD(l)=l.5,4.,0.84,1.3,3*0.84, 
&END 
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EXHIBIT A.17. GENII Input File WATREL.DAT - Sample Problem 7 

DITTY Sample Surface Water Release Input 

I 14 
6.1872E+O27.2::9E-03 
6.6604E+O24.7932E-02 
7.1708E+O21.5038E-01 
7.72lOE+O22.5798E-01 
8.3143E+O23.1270E-01 
8.954lE+O23.3794E-01 
9.6439E+O23.4616E-01 
1.0388E+O33.449lE-01 
1.119OE+O33.4169E-01 
1.2054E+O33.3814E-01 
1.2987E+O33.3434E-01 
1.3992E+O33.3030E-01 
1.5077E+O33.2600E-01 
1.6245E+O33.2142E-01 
1.7506E+O33.1656E-01 
1.8865E+O33.114OE-01 
2.033lE+O33.0592E-01 
2.19llE+O33.0013E-01 
2.3615E+O32.940lE-01 
2.5452E+O32.8755E-01 
2.7433E+O32.8074E-01 
2.9569E+O32.7358E-01 
3.1872E+O32.6606E-01 
3.4355E+O32.5819E-01 
3.7033E+O32.4996E-01 
3.992lE+O32.4138E-01 
4.3034E+O32.3246E-01 
4.639lE+O32.2320E-01 
5.00llE+O32.1364E-01 
5.3914E+O32.0379E-01 
5.8122E+O31.9367E-01 
6.2660E+O31.8333E-01 
6.7553E+O31.7279E-01 
7.2829E+O31.62llE-01 
7.8518E+O31.5133E-01 
8.4652E+O31.405lE-01 
9.1266E+O31.2970E-01 
9.8398E+O31.1898E-01 
1.0609E+O41.084lE-01 
1.1438E+O49.8066E-02 
1.2332E+O48.8013E-02 
1.3296E+O47.8325E-02 
1.4336E+O46.9070E-02 
1.5456E+O46.0312E-02 
1.6665E+O45.2109E-02 
1.7968E+O44.4509E-02 
1.9373E+O43.7552E-02 
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EXHIBIT A. 17. (contd) 

2.0888E+O43.1263E-02 
2.2522E+O42.5657E-02 
2.4284E+O43.5549E-14 

;.?872E+O24.7;!9E-17 
6.4163E+O24.0034E-17 
6.654lE+O22.6880E-17 
6.90lOE+O21.4335E-17 
7.1572E+O26.1280E-18 
7.423lE+O22.1265E-18 
7.699lE+O26.0920E-19 

- 

7.9855E+O21.4723E-19 
8.2828E+O23.078lE-20 
8.5913E+O25.7119E-21 
8.9116E+O29.6142E-22 
9.2440E+O21.4889E-22 
9.5889E+O22.1358E-23 
9.9470E+O22.8412E-24 
1.0319E+O33.4999E-25 
1.0704E+O33.9820E-26 
1.1105E+O34.1724E-27 
1.1520E+O34.0137E-28 
1.195lE+O33.5332E-29 
1.2399E+O32.8366E-30 
1.2863E+O32.0698E-31 
1.3346E+O31.3676E-32 
1.3846E+O38.1527E-34 
1.4365E+O34.3675E-35 
1.4904E+O32.094lE-36 
1.5464E+O38.9489E-38 
CL36 
6.1872E+022.0::3E-04 
6.4163E+O26.3379E-04 
6.654lE+O21.6255E-03 
6.90lOE+023.4837E-03 
7.1572E+O26.3087E-03 
7.423lE+O29.7953E-03 

i 
7.699lE+O21.3290E-02 
7.9855E+O21.6134E-02 
8.2828E+O21.8013E-02 
8.5913E+O21.9020E-02 
8.9116E+O21.9457E-02 
9.2440E+O21.96lOE-02 
9.5889E+O21.9652E-02 
9.947OE+O21.966lE-02 
1.0319E+O31.966lE-02 
l.O704E+O3 1.9659E-02 
1.1105E+O31.9658E-02 
1.1520E+O31.9656E-02 
1.195lE+O31.9654E-02 
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EXHIBIT A.17. (contd) 

1.2399E+O31.9652E-02 
1.2863E+O31.9650E-02 
1.3346E+O31.9647E-02 
1.3846E+O31.9645E-02 
1.4365E+O31.9643E-02 
1.4904E+O31.9640E-02 
1.5464E+O31.9638E-02 
1.6044E+O31.9635E-02 
1.6647E+O31.9632E-02 
1.7273E+O31.9630E-02 
1.7922E+O31.9627E-02 

- - 

1.8596E+O31.9624E-02 
1.9295E+O31.9620E-02 
2.002lE+O31.9617E-02 
2.0774E+O31.9614E-02 
2.1556E+O31.96lOE-02 
2.2368E+O31.9606E-02 
2.32lOE+O31.9603E-02 
2.4084E+O31.9599E-02 
2.499lE+O31.9595E-02 
2.5933E+O31.9590E-02 
2.69lOE+O31.9586E-02 
2.7925E+O31.958lE-02 
2.8978E+O31.9577E-02 
3.0070E+O31.9572E-02 
*3.1204E+O31.9566E-02 
3.2382E+O31.956lE-02 
3.3603E+O31.9334E-02 
3.487lE+O39.1797E-03 
3.6187E+O33.2974E-04 
3.7553E+O37.5749E-07 
3.897lE+O31.8652E-10 
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EXHIBIT A.18. GENII Output File - Sample Problem 7 

Integrated population dose calculated for chronic liquid release 
Release from time 2000. A.D. onward for 10,000 years 
Case title: GENII Sample Problem 7: DITTY Long-Term Surface Water Release 
Executed on: 08125188 at 14:43:15.0 Page 1 

- . 
---- DATA LIBRARIES USED ~~~~~~~--~---~~--~~-~~~~~~~~~~~~~~~-~--~~~ (File)----- 

Master Radionuclide Data: 
RMDLIB - Radionuclide Master Library (4-Dee-87 RAP) 

(2) 

Food Concentration Ratios: (8) 
Food Transfer Factor Library - PNL xxxx (BAN I9-Aug-88) (UPDATED LEACHING FA 

Fresh Water Bioaccumulation Factors: 
Bioaccumulation Factor Library - PNL xxxx (5-Aug-88) 

(9) 

External Exposure D.F.'s: (10) 
External Dose Factors for GENII in person-Sv/yr per Bq/n (23-Mar-8rt3;yP) 

Inhalation/Ingestion D.F.‘s: 
DITTY Internal Dose Factors - 19-Aug-88 (RAP) 

Waterborne Release Data: (31) 
DITTY Sample Surface Water Release Input 

---- MASTER RADIONUCLIDE CONTROL LIST -------~------------~~~~~~~~~~~~~~~~~~~ 
H3 c 14 CL36 

---- TERRESTRIAL/AQUATIC PATHWAY DATA FOR AN AVERAGE INDIVIDUAL ------------- 

Pathway 

LEAFY VEG 
OTHER VEG 
EGGS 
MILK 
BEEF 
PORK 
POULTRY 

9.OE+Ol 
9.OE+Ol 
9.OE+Ol 

;Ei: 
9:OE+Ol 
9.OE+Ol 

Yield Consumption Pathway Usage 
WW (h&r) (kg or hr/yr) 

1.5E+OO 1.5E+Ol FISH 3.OE-01 
4.OE+OO 2.8E+O2 CRUSTACEA O.OE+OO 
8.4E-01 2.OE+Ol MOLLUSKS O.OE+OO 
1.3E+OO 2.3E+O2 'PLANTS O.OE+OO 
8.4E-01 4.OE+Ol DRINKING WATER 4.4E+02 
8.4E-01 3.OE+Ol SEDIMENT EXPOSU 1.7E+Ol 
8.4E-01 8.5E+OO SWIMMING TIME 1.7E+Ol . 

External Exposure Time: 2.92E+O3 hr/yr 

---- LIQUID RELEASE PARAMETERS ~~~~~~~~~~~-~~~~~-~~-~~~~~~~~~~~~~~~~~~~~~~~~ 

River Flow Rate, (ft3/sec) ; :.zEXi Months/Year Irrigated i 6.OE+OO 
Reconcentration Ratio Irrigation Rate 
Mixing Ratio : l:OE+OO (liters/m2/month) : 1.5E+O2 
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EXHIBIT A.18. (contd) 

Input Prepared By: Date: 

Input Checked By: Date: 

DITTY Dose Calculation Program 
(GENII Version_ l-.339 22-Aug-88) 

Integrated population dose calculated for chronic liquid release 
Release from time 2000. A.D. onward for 10,000 years 
Case title: GENII Sample Problem 7: DITTY Long-Term Surface Water Release 
Executed on: 08125188 at 14:43:15.0 Page 2 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

---- WATER RELEASE OF EACH RADIONCLIDE PER 70-YR PERIOD (Ci) ------------------ 

Radio- Period/ Period/ Period/ Period/ Period/ 
nucl ide Activity Activity Activity Activity Activity 
-------I ---------- -----a---- ------I--- ---------- ---------- 
H3 9 5.lE-16 10 1.9E-15 11 2.8E-16 12 1.4E-17 13 3.8E-19 

14 7.9E-21 15 1.6E-22 16 3.4E-24 17 6.8E-26 18 1.2E-27 
19 2.lE-29 

c 14 9 1.4E-01 10 4.OE+OO 11 1.3E+Ol 12 2.OE+Ol 13 2.3E+Ol 
14 2.46+01 15 2.4E+Ol 16 2.4E+Ol 17 2.4E+Ol 18 2.4E+Ol 
19 2.3E+Ol 20 2.3E+Ol 21 2.3E+Ol 22 2.3E+Ol 23 2.3E+Ol 
24 2.2E+Ol 25 2.2E+Ol 26 2.2E+Ol 27 2.2E+Ol 28 2.2E+Ol 
29 2.2E+Ol 30 2.lE+Ol 31 2.lE+Ol 32 2.lE+Ol 33 2.lE+Ol 
34 2.lE+Ol 35 2.OE+Ol 36 2.OE+Ol 37 2.OE+Ol 38 2.OE+Ol 
39 2.OE+Ol 40 2.OE+Ol 41 1.9E+Ol 42 1.9E+Ol 43 1.9E+Ol 
44 1.9E+Ol 45 1.9E+Ol 46 1.9E+Ol 47 1.8E+Ol 48 1.8E+Ol 
49 1.8E+Ol 50 1.8E+Ol 51 1.8E+Ol 52 1.8E+Ol 53 1.8E+Ol 
54 1.7E+Ol 55 1.7E+Ol 56 1.7E+Ol 57 1.7E+Ol 58 1.7E+Ol 
59 1.7E+Ol 60 1.7E+Ol 61 1.6E+Ol 62 1.6E+Ol 63 1.6E+Ol 
64 1.6E+Ol 65 1.6E+Ol 66 1.6E+Ol 67 1.6E+Ol 68 1.5E+Ol 
69 1.5E+Ol 70 1.5E+Ol 71 1.5E+Ol 72 1.5E+Ol 73 1.5E+Ol 
74 1.5E+Ol 75 1.5E+Ol 76 1.4E+Ol 77 1.4E+Ol 78 1.4E+Ol 
79 1.4E+Ol 80 1.4E+Ol 81 1.4E+Ol 82 1.4E+Ol 83 1.4E+Ol 
84 1.4E+Ol 85 1.3E+Ol 86 1.3E+Ol 87 1.3E+Ol 88 1.3E+Ol 
89 1.3E+Ol 90 1.3E+Ol 91 1.3E+Ol 92 1.3E+Ol 93 1.3E+Ol '. 
94 1.2E+Ol 95 1.2E+Ol 96 1.2E+Ol 97 1.2E+Ol 98 1.2E+Ol 
99 1.2E+Ol 100 1.2E+Ol 101 1.2E+Ol 102 1.2E+Ol 103 1.2E+Ol 

104 l.lE+Ol 105 l.lE+Ol 106 l.lE+Ol 107 l.lE+Ol 108 l.lE+Ol 
109 l.lE+Ol 110 l.lE+Ol 111 l.lE+Ol 112 l.lE+Ol 113 l.lE+Ol 
114 l.OE+Ol 115 l.OE+Ol 116 l.OE+Ol 117 l.OE+Ol 118 l.OE+Ol 
119 l.OE+Ol 120 l.OE+Ol 121 9.9E+OO 122 9.8E+OO 123 9.7E+OO 
124 9.6E+OO 125 9.5E+OO 126 9.5E+OO 127 9.4E+OO 128 9.3E+OO 
129 9.2E+OO 130 9.lE+OO 131 9.lE+OO 132 9.OE+OO 133 8.9E+OO 
134 8.8E+OO 135 8.8E+OO 136 8.7E+OO 137 8.6E+OO 138 8.6E+OO 
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EXHIBIT A.18. (contd) 

139 8.5E+OO 140 8.4E+OO 141 8.3E+OO 142 8.3E+OO 143 8.2E+OO 
CL36 9 3.5E-03 10 1.4E-01 11 6.2E-01 12 l.lE+OO 13 1.3E+OO 

14 1.4E+OO 15 1,4E+OO 16 1.4E+OO 17 1.4E+OO 18 1.4E+OO 
19 1.4E+OO 20 1.4E+OO’ 21 1.4E+OO 22 1.4E+OO 23 1.4E+OO 
24 1.4E+OO 25 1,4E+oO 26 1.4E+OO 27 1.4E+OO 28. 1.4E+OO 
29 1.4E+OO 30 1.4E+OO 31 1.4E+OO 32 1.4E+OO 33 1.4E+OO 
34 1.4E+OO 35 1.4E+OO 36 1.4E+OO 37 1.4E+OO 38 1.4E+OO 
39 1.4E+OO 40 1.4E+OO 41 l.'4E+OO 42 1.4E+OO 43 1.4E+OO 
44 1.4E+OO 45 1.4E+OO 46 1.4E+OO 47 1.4E+OO 48 1.4E+OO 
49 1.2E+OO 50 7.7E-01 51 _4.2E-01 52 l.OE-01 53 1.4E-02 
54 2.5E-03 55 3.lE-05 56 5.9E-06 

~--------------~----~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
DITTY Dose Calculation Program 
(GENII Version 1.339 22-Aug-88) 

Integrated population dose calculated for chronic liquid release 
Release from time 2000. A.D. onward for 10,000 years 
Case title: GENII Sample Problem 7: DITTY Long-Term Surface Water Release 
Executed on: 08125188 at 14:43:15.0 Page 3 
~~--~--~I~--~~-~~-~~-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~--~ 

Population for Chronic Waterborne Release at the following Times A.D.: 

Time Population 
------I---------- 

1990. 2.9E+O5 
2100. 3.9E+O5 
2200. 4.3E+O5 
2300. 4.7E+O5 
2990. 1.3E+O6 

11900. 4.9E+O6 
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‘EXHIBIT A.18. (contd) 

Integrated population dose calculated for chronic liquid release 
Release from time 2000. A.D. onward for 10,000 years 
Case title: GENII Sample Problem 7: DITTY Long-Term Surface Water Release 
Executed on: 08125188 at 14:43:15.g Page 4 
--~--~--------------~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - 

Population for Waterborne Release: 

PeriodlPL PeriodlPL PeriodlPL PeriodlPL 
----------- ----------- ----------- ----------- 
0 O.OE+OO 1 3.3E+O5 2 3.9E+O5 3 4.2E+O5 
6 5.7E+O5 7 6.5E+O5 8 7.3E+O5 9 8.lE+O5 
12 l.lE+O6 13 l.lE+O6 14 1.2E+O6 15 1.3E+O6 
18 1.4E+O6 19 1.4E+O6 20 1.4E+O6 21 1.5E+O6 
24 1.5E+O6 25 1.6E+O6 26 1.6E+O6 27 1.6E+O6 
30 1.7E+O6 31 1.7E+O6 32 1.8E+O6 33 1.8E+O6 
36 1.9E+O6 37 1.9E+O6 38 1.9E-f-06 39 2.OE+O6 
42 2.lE+O6 43 2.lE+O6 44 2.lE+O6 45 2.lE+O6 
48 2.2E+O6 49 2.3E+O6 50 2.3E+O6 51 2.3E+O6 
54 2.4E+O6 55 2.4E+O6 56 2.5E+O6 57 2.5E+O6 
60 2.6E+O6 61 2.6E+O6 62 2.6E+O6 63 2.7E+O6 
66 2.7E+O6 67 2.8E+O6 68 2.8E+O6 69 2.8E+O6 
72 2.9E+O6 73 3.OE+O6 74 3.OE+O6 '75 3.OE+O6 
78 3.lE+O6 79 3.1E+O6 80 3.2E+O6 81 3.2E+O6 
84 3.3E+O6 85 3.3E+O6 86 3.3E+O6 87 3.4E+O6 
90 3.45+06 91 3.5Ei-06 92 3.5E+O6 93 3.5E+O6 
96 3.6E+O6 97 3.6E+O6 98 3.7E+O6 99 3.7E+O6 
102 3.8E+O6 103 3.8E+o6 104 3.8E+O6 105 3.9E+O6 
108 4.OE+O6 109 4.OE+O6 110 4.OE+O6 111’ 4.OE+O6 
114 4.lE+O6 115 4.2E+O6 116 4.2E+O6 117 4.2E+O6 
120 4.3E+O6 121 4.3E+O6 122 4.4E+O6 123 4.4E+O6 
126 4.5E+O6 127 4.5E+O6 128 4.5E+O6 129 4.6E+O6 
132 4.6E+O6 133 4.7E+O6 134 4.7E+O6 135 4.7E+O6 
138 4.8E+O6 139 4.8E+O6 140 4.9E+O6 141 4.9E+O6 

PeriodlPL Period/PL 
----------- ----------- 
4 4.5E+O5 5 4.9E+D5 

10 8.9E+O5 11 9.8E+05 
16 1.3E+O6 17 1.3E+O6 
22 1.5E+O6 23 1.5E+O6 
28 1.7E+O6 29 1.7E+O6 
34 1.8E+O6 35 1.9E+O6 
40 2.OE+O6 41 2.OE+O6 
46 2.2E+06 47 2.2E+O6 
52 2.3E+O6 53 2.4E+06 
58 2.5E+O6 59 2.5E+O6 
64 2.7E+O6 65 2.7E+O6 
70 2.9E+O6 71 2.9E+O6 
76 3.OE+O6 77 3.lE+O6 
82 3.2E+U6 83 3.2E+O6 
88 3.4E+O6 89 3.4E+O6 
94 3.6E+O6 95 3.6E+O6 

100 3.7E+O6 101 3.8E+O6 
106 3.9E+O6 107 3.9E+O6 
112 4.lE+O6 113 4.lE+O6 
118 4.2E+O6 119 4.3E+O6 
124 4.4E+O6 125 4.4E+O6 
130 4.6E+O6 131 4.6E+O6 
136 4.8E+O6 137 4.8E+O6 
142 4.9E+O6 143 4.9E+06 
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EXHIBIT A. 18. (contd) 

Integrated population dose calculated for chronic liquid release. 
Release from time 2000. A.D. onward for 10,000 years 
Case title: GENII Sample Problem 7: DITTY Long-Term Surface Water Release 
Executed on: 08125188 at 14:43:15.0 Page 5 
~----~----~-I-------~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-~~~-~~~~~~~~~~~~~ 

Lifetime Effective Cumulative Dose-kquivalent as a Function of Time 

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

Period Year Dose 
m----w---- ---------- -------w-- 

until until 

;!i! 
2630. 
2700. 

:f 
:1 
i! 

3050. 
3120. 

:: 
3190. 
3260. 

20 3330. 
3400. 
3470. 

c shortened for presentation > 

138 11590. 
139 11660. 
140 11730. 
i4i 11800. 
142 11870. 
143 11940. 
144 12010. 

----I----- ---------- 

2.29E-02 
7.89E-01 
3.73E+OO 
8.89E+OO 
1.53E+Ol 
2.24E+Ol 
2.99E+Ol 
3.76E+Ol 
4.54E+Ol 
5.32E+Ol 
6.12E+Ol 
6.94E+Ol 
7.76E+Ol 

l.O2E+O3 
l.O3E+O3 
l.O4E+O3 
l.O5E+O3 
l.O5E+O3 
l.O6E+O3 
l.O7E+O3 

-w-------- 

Dose in units of person-rem; 
that is the cumulative population dose received, by 
over 10,000 years with an assumed 70-yr individual 

A.71 
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EXHIBIT A.18. (contd) 

Integrated population dose calculated for chronic liquid release 
Release from time 2000. A.D. onward for 10,000 years 
Case title: GENII Sample Problem 7: DITTY Long-Term Surface Water Release 
Executed on: 08125188 at 14:43:15.0 Page 9 
~~~-~~~~~~~~--I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Cumulative Population @se Equivalent by Radionuclide 

Effective 
Radio- Dose 
nuclide Equivalent 
--e--w-- ---------- 

i :4 
1.3E-18 
9.6E+O2 

CL 36 l.lE+O2 
-----a-- ---------- 

Annual 
Effective Percent 

External Dose Of Total 
Dose Equivalent Dose 

--------- ---------- ---------- 
9.9E-29 1.3E-18 
4.7E-02 9.6E+O2 9: 
3.2E-04 l.lE+O2 9 

Dose in units of person-rem; 
that is the cumulative population dose received by the local population 
with an assumed 70-yr individual lifetime. 
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. . EXHIBIT A.17. (contd) 

Integrated population dose calculated for chronic liquid release, 
Release from time 2000. A.D. onward for 10,000 years 
Case title: GENII Sample Problem 7: DITTY Long-Term Surface Water Release 
Executed on: 08125188 at 14:43:15.0 Page 10 
--------------------~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~----~~~~~~~~~~~~~~ 

Maximum Dose Increment Received By Population 
In Year 5430 (70-yr Time Period Number No: 49) 

Weighted 
Cumulative Cumulative 

Dose Weighting Dose 
Organ Equivalent Factors Equivalent 

------w------- w------w-- w----w--- -----I---- 
Gonads 1.2E+Ol 2.5E-01 2.9E+OO 
Breast 1.2E+Ol 1.5E-01 1.8E+OO 
R Marrow 1.2E+Ol 1.2E-01 1.4E+OO 
Lung 1.2E+Ol 1.2E-01 1.4E+OO 
Thyroid 1.2E+Ol 3.OE-02 3.5E-01 
Bone Sur 6.OE+OO 3.OE-02 1.8E-01 
S Int. 1.2E+Ol 6.OE-02 7.5E-01 
UL Int. 1.2E+Ol 6.OE-02 7.5E-01 
LL Int. 1.2E+Ol 6.OE-02 7.5E-01 
Stomach 8.lE+OO 6.OE-02 4.9E-01 

-------------I--~--~-~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Cumulative Effective Dose Equivalent l.lE+Ol 
External Dose 3.6E-04 
-~~~~~~_-~-~~-~-~~-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Lifetime Effective Cumulative 
Dose Equivalent l.lE+Ol 

!/ . 

Dose in units of person-rem; 
that is the cumulative population dose received by the local population 
with an assumed 70-yr individual lifetime. 
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EXHIBIT A.17. (contd) 

Integrated population dose calculated for chronic liquid release 
Release from time 2000. A.D. onward for 10,000 years 
Case title: GENII Sample Problem 7: DITTY Long-Term Surface Water Release 
Executed on: 08125188 at 14:43:15.0 Page 11 
~---------------~---~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Maximum Dose Increment Received By Individual (rem) 
In Year 5430 (70-yr Time Period Number No: 49) 

Effective 
Radio- Dose 
nuclide Equivalent 
---w--w- ------w--- 

ii :4 
O.OE+OO 
3.2E-06 

CL 36 1.6E-06 
-1---w-- --w------- 

Annual 
Effective 

External Dose 
Dose Equivalent 

------w-w ---------- 

!E+Yo" 
O.OE+OO 

4:7E:l2 
3.2E-06 
1.6E-06 

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

Percent 
Of Total 
Dose 

---------- 
0 

36: 
---------- 
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EXHIBIT A.18. (contd) 

Integrated population dose calculated for chronic liquid release 
Release from time 2000. A.D. onward for 10,000 years 
Case title: GENII Sample Problem 7: DITTY Long-Tens Surface Water Release 
Executed on: 08/25/88 at 14:43:15.0 Page 12 
~~~~~~~~~-~~-----~~--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-----------~-~~~~~~ 

- -- 

Population Internal Dose To Organ by Radionuclide 
In Year 5430 (70-yr Time Period Number No: 49) 

Radionuclide Lung Stomach S Int. UL ht. LL Int. Bone Su R Marro Testes 
------w-------- ------- -----II -w----w w-w---- -w---111 -----w- ------a ------- 

! :4 
O.OE+OO O.OE+OD O.DE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
7.9E+OO 4.5E+OO 8.5E+OO 8.5E+OO 8.5E+OO 4.lE+OO 7.9E+OO 7.9E+OO 

CL 36 * 3.7E+OO 3.6E+OO 4.OE+OO 4.OE+OO 4.OE+OO 1.9E+OO 3.7E+OO 3.7E+OO 

Total internal 1.2E+Ol 8.1E+OO 1.2E+Ol 1.2E+Ol 1.2E+Ol 6.OE+OO 1.2E+Ol 1.2EHll 

Radionuclide Ovaries Muscle Thyroid Kidneys Liver Spleen S Wall 
--------------- I------ ----m-- m----w- -w--w-- ---I--- ------- ------- 

; :4 

. O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
7.9E+OO 8.lE+OO 7.9E+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 

CL 36 3.7E+OO 3.7E+OO 3.9E+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
---m--------w-- m------ m--m--- -w----w -w----- -----I- ----w-w (I------ 
Total internal 1.2E+Ol 1.2E+OI 1.2E+Ol O.OE+OO O.OE+OO O.OE+OO O.OE+OO 

Population Air Submersion and External Iilcrementa? Dose by Radionuclide 
In Year 5430 (70-yr Time Period Number No: 49) 

Air 

Radionuclide 
Submer- Exier- 
sion 

--------------- ----a-- ---w--- 

i :4 
O.OE+OO O.OE+OO 
4.4E-10 3.5E-04 

CL 36 5.9E-12 l.OE-05 
I------------I- ----w-- ------- 
Total external 4.5E-10 3.6E-04 

Dose in units of person-rem; 
that is the cumulative population dose received by the local population 
with an assumed 70-yr individual lifetime. 
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EXHIBIT A.18. (contd) 

Integrated population dose calculated for chronic liquid release 
Release from time 2000. A.D. onward for 10,000 years 
Case title: GENII Sample Problem 7: DITTY Long-Term Surface Water Release 
Executed on: 08/25/88 at 14:43:15.0 Page 13 

- - 

Population Internal Dose-To Organ by Exposure Pathway 

In Year 5430 (70-yr Time Period Number No: 49) 

Pathway Lung Stomach S Int. UL Int. LL Int. Bone Su R Marro Testes 
w----------w--- a------ ------w ------- w-w---- -----I- ------- ------- ------- 
Inhalation 1.5E-04 8.7E-05 1.6E-04 1.6E-04 1.6E-04 7.9E-05 1.5E-04 1.5E-04 
Ingestion (Terr 6.4E+OO 5.lE+OO 6.8E+OO 6.8E+OO 6.8E+OO 3.3E+OO 6.3E+OO 6.4E+OO 
Ingestion (Aqua 4.8E+OO 2.8E+OO 5.2E+OO 5.2E+OO 5.2E+OO 2.5E+OO 4.8E+OO 4.8E+OO 
Drinking Water 3.9E-01 2.4E-01 4.2E-01 4.2E-01 4.2E-01 2.OE-01 3.9E-01 3.9E-01 
--------------- a------ ------w --w---- ------- ---w-w- ------- ------- ------- 
Total internal 1.2E+Ol 8.lE+OO 1.2E+Ol 1.2E+Ol 1.2E+Ol 6.OE+OO 1.2E+Ol 1.2E+Dl 

Pathway Ovaries Muscle Thyroid Kidneys Liver Spleen S Wall 
--------------- ------- I-I---- ----s-w w------ -----a- ------- ------- 
Inhalation l.!IE-04 1.5E-04 1.5E-04 O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Ingestion (Terr) 6.4E+OO 6.4E+OO 6.5E+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Ingestion (Aqua) 4.8E+OO 5.OE+OO 4.8E+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Drinking Water 3.9E-01 4.OE-01 3.9E-01 O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
--------------- w---w-- ------- ------w -w----- -a----- ------- ------- 
Tota? internal 1.2E+Ol 1.2E+Ol 1.2E+Ol O.OE+OO O.OE+OO O.OE+OO O.OE+OO 

Dose in units of person-rem; 
that is the cumulative population dose received by the local population 
with an assumed 70-yr individual lifetime. 
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As can be seen in Exhibit A.16, the river flow averages 120,000 cfs, and 

the release is assumed to be uniformly mixed in the river by the time it 

reaches the majority of the users of the water. The exposed population grows 

from 295,000 people in the year 1990 to about 4.9 million in ten thousand 

years. The population is assumed to drink the river water and to.eat a small 

amount of fish from the river. Crops are irrigated with the river water for 

6 months/year at a rate of 150 liters/m2/month. The consumption parameters 

used mirror those defaults for an average individual provided in APPRENTICE. 
- -- 

The output for this sample problem is presented as Exhibit A.18. The 

pages are numbered in the upper right-hand.corner. For this example, much of 

the interpretive graphic output has been turned off, to shorten the output. 

The first page is a quality assurance page, repeating and summarizing the 

input. The second page is a sumry of the WATREL.DAT input file, with the 

releases integrated over the 'IO-year time increments used in DITTY. Page 

three repeats the population input data (this can be a larger output if the 

atmospheric dispersion options are turned on). The fourth page provides the 

population interpolated linearly into each of the 143 70-year time intervals. 

Pages 5 through 8 provide the cumulative lifetime population doses as a 

function of time for each time interval, in person-rem. The output has been 

shortened for presentation in this document.' Page 9 presents the total 

cumulative population dose equivalent contributed by each radionuclide, in 

person-rem. The maximum incremental population dose, that is, the population 

dose received during the single 70-year time interval at which the population 

dose rate was the greatest, is given on page 10. The maximum dose increment 

received by an average individual in this population, during the period of 

maximum population dose accrual, by radionuclide, is given on page 11. The 
j / total population organ doses during the maximum dose rate period are given by 

radionuclide on page 12. Finally, the total population 

organ by pathway during the maximum dose rate period is 

internal dose by 

. presented on page 13. 

A.8 SAMPLE PROBLEM CALCULATION BATCH FILE 

The sample problems are provided as a part of the GENII system 

distribution package, on a separate disk. Upon the establishment of the 

GENII system on a new computer, it is wise to run the sample problems and 
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.compare the calculated output with the samples provided in this document to 

ensure that.the system is functioning correctly. This may be done in a i- 

single step using a batch file. The batch file used to prepare the sample 

problems in this appendix is provided on the sample problem disk. On- the 

disk it is called simply SAMPLE.BAT. It is shown here as Exhibit A.19. This 

batch file was established for the GENII system resident on hard disk labeled 

C:, in a \GENII\ subdirectory, with the sample input on a floppy disk in 

drive A:. The batch file may be modified as needed for other situations. 

A few comments may be made about-this batch file. The "rem" notation is 

the DOS notation for a comment line. No commands are executed for the lines 

beginning with "rem". The "erase" command is standard APPRENTICE technique 

for assuring that correct data is used in all calculations. It clears the 

input file buffers of previously used information. Thus, if the user forgets 

to assign a file, the run will terminate rather than continue with the wrong 

input file. If no files are active with those names, a "FILE NOT FOUND" 

message will be displayed on the control monitor. This is an informative 

message, and should not be interpreted to mean that something is wrong. The 

"if errorlevel" commands are statements that prevent the code from performing 

unnecessary calculations should any on 

reason. Should you run the batch file 

beginning and the end of the file, but 

because a single module has failed for 

circumvented the error and continued w 

module of the system fail for any 

and get results for the samples at the 

not for one in the middle, it is 

some reason, and the batch file has ,' 

th the next set. 
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EXHIBIT A.19. GENII Execution Control File - All Sample Problems 

CLS 
rem GENII Sample Problem Execution Control File 
rem 5-Aug-88 RAP 
rem 
rem 
rem GENII 
rem Hanford Environmental Dosimetry Software System 
rem 
rem Pacific Northwest Laboratory 
rem Richland WA z _- 
rem 
rem Contact: Bruce Napier (509) 375-3896 
rem 
echo off 
erase c:\genii\genii.in 
erase c:\genii\pop.in 
erase c:\genii\jointfre.in 
erase c:\genii\chiq.in 
erase c:\genii\foodprod.in 
erase c:\genii\env.in 
erase c:\genii\genii.out 
erase c:\genii\env.out 
erase c:\genii\genii2.out 
erase c:\genii\dose.out 
echo on 
copy a:jf20089.ave c:\genii\jointfre.in . 
copy a:pop200.87 c:\genii\ op.in 
co y a:samplel.in c:\genii 
c:.genii\envin c 

c genii.in 

if errorlevel 
c:\genii\env 

1 got0 stop1 

if errorlevel 1 got0 stop1 
c:\genii\dose 
if errorlevel 1 got0 stop1 
rem 
copy c:\genii\genii.out+ c:\genii\genii2.out+ c:\genii\dose.out a:samplel.out 
rem 
:stopl 
rem 
echo off 
erase c:\genii\genii.in 
erase c:\genii\pop.in 
erase c:\genii\jointfre.in 
erase c:\genii\chiq.in 
erase c:\genii\foodprod.in 
erase c:\genii\env.in 
erase c:\genii\genii.out 
erase c:\genii\env.out 
erase c:\genii\genii2.out 
erase c:\genii\dose.out 
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EXHIBIT A.19. (contd) 

echo on 
co y a:samp?e2.in c:\genii\genii.in 
c: aenii\envin ! 
if‘Grrorieve1 1 got0 stop2 
c:\genii\env 
if errorlevel 1 got0 stop2 
c:\genii\dose 
.if errorlevel 1 got0 stop2 
rem 
copy c:\genii\genii.out+ c:\genii\genii2.out+ c:\genii\dose.out a:sample2.out - - 
rem - 
:stop2 
rem 
echo off 
erase c:\genii\genii.in 
erase c:\genii\pop.in 
erase c:\genii\jointfre.in 
erase c:\genii\chiq.in 
erase c:\genii\foodprod.in 
erase c:\genii\env.in 
erase c:\genii\genii.out 
erase c:\genii\env.out 
erase c:\genii\genii2,out 
erase c:\genii\dose.out 
echo on 
co y azsample3.in c:\genii\genii.in 
c: genii\envin P 
if errorlevel 
c:\genii\env 

1 got0 stop3 

if errorlevel 1 got0 stop3 
c:\genii\dose 
if errorlevel 1 got0 stop3 

rem 
copy c:\genii\genii.out+ c:\genii\geniiZ.out+ c:\genii\dose.out a:samp?e3.out 
rem 
:stop3 
rem 
echo off 
erase c:\genii\genii.in 
erase c:\genii\pop.in 
erase c:\genii\jointfre.in 
erase c:\genii\chiq.in 
erase c:\genii\foodprod.in 
erase c:\genii\env.in 
erase c:\genii\genii.out 
erase c:\genii\env.out 
erase c:\genii\genii2.out 
erase c:\genii\dose.out 
echo on 
copy a:sample4,in c:\genii\genii.in 
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EXHIBIT A. 19. icontd) 

c:\genii\envin 
if errorlevel 1 got0 stop4 
c:\genii\env 
if errorlevel 1 got0 stop4 
c:\genii\dose 
if errorlevel 1 got0 stop4 

rem 
copy c:\genii\genii.out+ c:\genii\genii2.dut+ c:\genii\dose.out a:samp?&.out 
rem 
:stop4 \-- .- 

- _ 
rem 
co y 
! 

a:samp?e5.in c:\genii\intdf.in 
c: genii\intdf 
copy c:\genii\intdf.out a:sample5.out 
rem 
co y a:sample6.in c:\genii\extdf.in 
c: genii\extdf c 
copy c:\genii\extdf.out a:sample6.out 
rem 
copy a:samp?e7.in c:\genii\ditty.in 
co y 
c: genii\ditt c 

a:watre?.dat c:\genii\wa$rel.dat 

copy c:\genii i ditty.out a:samp?e7,out 
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APPENDIX B 

SELF-GENERATED DIAGNOSTICS 

The GENII Software Package generates an alphabetical list of messages 

contained in Table B.1. The error type of'each message is identified. There 

are five error types: 1) warnings, 2) scenarios errors, 3) program errors, 

4) scenario/file errors, and 5) programfile errors. User response to these 

error types varies based on user interaction level. 

Level 0 users of GENII may encounter warning messages. These should be 

considered informational; no action is necessary. Because Level 0 users 

interact with APPRENTICE, no scenario errors or scenario/file errors should 

be encountered. APPRENTICE should have ensured that all scenario errors and 

most scenario/file errors were avoided. However, in the continua? process of 

upgrading APPRENTICE, errors may have been introduced. All scenario errors 

should be handled as program errors. Scenario/file errors indicate problems 

with the population, joint frequency,' Chi/Q, or food production files. The 

authors should be notified of all program and file errors; 

Level 1 users may encounter all five types of error messages. Warnings 

are informational only; no action is necessary. Scenario errors are fre- 

quently introduced when the user directly edits an input file. Scenario/file 

errors indicate a problem with the auxiliary input files. The authors should 

be notified of all program errors. If the user has not made any changes 

to the GENII data libraries, the authors should also be notified of any 

program/file errors. 

B.1 SCENARIO ERRORS 

Scenario errors reflect incompatibilities between option selections and 

input parameter values. Subroutine CHECK of program ENVIN attempts to 

identify scenario incompatibilities and stop execution of the program so that 

the user may make corrections before exposure and dose calculations are per- 

formed. When using the ENVIN/ENV/DOSE package, scenario errors are usually 

caused when edits are made to the input file. For example, an option flag is 
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,turned on, but changes are not made to the corresponding input parameters. 

Some options require complex input logic and consequently are more difficult 

than others to change at Level 1 usage. Notably, air transport options, 

near/far-field classification, and individual/population classification are 

more difficult to modify without error. If scenario errors are not corrected 

after the initial attempts, it is suggested that the user regenerate the 

scenario using APPRENTICE. It is probable that 1) the input file may have 

been corrupted or 2) the user needs APPRENTICES's guidance in constructing 

the particular scenario. 
- - 
- - 

B.2 PROGRAM ERRORS 

The authors have provided an error/upgrade form to assist the user in 

error notification and the authors in software configuration control. Use 

the form shown in Exhibit B.1 to notify the authors of program errors. It is 

most helpful if the input file (nnnnnnnn.IN), execution file (nnnnnnnn.BAT), 

and any auxiliary input files (e.g., population, joint frequency) are 

included on floppy disk. 

B.3 SCENARIO/FILE ERRORS 

If population, joint frequency, Chi/Q, or food production files have 

been prepared, the user should check the formats of any population, joint 

frequency, Chi/Q, and food production files used against the descriptions in 

Sections 2.2.2-2.2.5. Level 1 users should refer to Sections 2.2.1-2.2.12 

for assistance in determining the cause of scenario/file errors. 

i 8.4 PROGRAM/FILE ERRORS 
i 

Program/file errors usually indicate that the user, in attempting to 

expand the application of GENII for research purposes, has made incorrect 

changes to data files used by GENII. Check file format and usage as pre- 

sented in Section 2.3 to determine the source of the error. 
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TABLE B.1. Self-Generated Diagnostics 

Error Messaqe 

Cannot open file F77L.ERR, error # xxx 

ACTIN: Error - number of radionuclides: NNACT = xxxxxx 

ACTIN: Error - number of time periods. 
Radionuclide: xxxxxx, Times: yyyyyy 

ACTIN: Inventory for xxxxxx was outside 
lO,DOO-year time period. - -- 

ACTIN: NT for radionuclide xxxxxx is too large: yyyyyyy 

ACTIN: Radionuclide xxxxxx in release file not 
included in master list. 

ACTIN: Read error encountered. 
N: xxxxxx, T(N): yyyyyyy, C(N): zzzzzz 

ACUTEl: XOQOPT invalid in AIRCAL: xxx 

AIRLIN: No internal dose factors for xxxxxx. 

BCHAIN: Error in BCHAIN, positive argument xxxxxxxx. 

CASE2: 

CHAIN: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

NAMELIST read error encountered. 

Error in CHAIN, positive argument xxxxxxxx. 

Air transport cannot be- considered' 
with basic concentrations. 

Air transport option cannot be 2 or 3 for population. 

Animal food storage times not input to 
acute scenario, defaults used. 

Average wind speed cannot be zero, sector xxx. 

Basic concentration may not be input for path x 
when yyyyyyyy transport selected. 

Cannot calculate population dose for near 
field scenario. 

Cannot consider finite plume with input air 
concentration. 

Error Type 

program 

scenario 

scenario 

warning 

scenario 

scenario 

scenario/ 
file 

scenario 

warning 

program 

scenario 

program 

scenario 

scenario 

warning 

scenario 

scenario . 

scenario 

scenario 

8.3 



TABLE B.1. (contd) 

Error Messaqe 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

Cannot consider irrigation or air deposition 
during a non-agricultural scenario. 

Cannot drink or irrigate with salt water. 

Chi/Q value must be entered 
when air transport option = 1.. 

Deep soil is considered. - _- 
Waste depth cannot be zero. - 

Derived concentration may not be input for path x 
when transport or basic concentrations are input. 

Drinking water exposure flag.should be set. 

Drinking water is from water system; 
however, no derived cont. has been entered. 

Drinking water source flag incorrect. 

Finite and infinite cloud exposures cannot be 
considered in one scenario. 

Finite plume cannot be considered 
when chi/Q value entered. 

Invalid air transport option for individual. 

Invalid animal product no: xxx 
irrigation source index. 

Invalid atmospheric production definition for 
ingestion population. 

Invalid E/Q input option for acute release. 

Invalid population definition option: xxx 

Invalid residential irrigation source index. 

Invalid terrestrial food no: xxx 
irrigation source index. 

Loss of institutional control occurred before 
waste was stored. Invalid. 

Error Type 

scenario 

scenario 

scenario 

scenario 

scenario 

scenario 

scenario 

scenario 

scenario 

scenario 

scenario 

scenario 

scenario 

scenario 

scenario 

scenario 

scenario 

scenario 
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TABLE B.1. (contd) 

Error Message 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

f CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

Maximum individual distance and direction must be 
entered when air transport option = 3. 

MI distance: xxxxxx 
MI direction index (where 1 is S -> N): yyyy 

Maximum number of distances 
that can be considered is 10. 
Input value for NDIST is xxx. = _ 

Minimum distance cannot be less than yyy. 

No xxxxxxxx exposure paths have been selected: 
Please check input file. 

Not stack release, effluent temp. set to 0.0. 

Not stack release, stack flow radius set to 0.0. 

Not stack release, stack flow rate set to 0.0. 

Not stack release, stack height set to 0.0. 

Population grid must be used 
with air transport option = 0. 

Population grid must be used 
with air transport option = 2. 

Population-weighted chi/Q value must be entered 
when air transport option = 1. 

Production not specified for export. 

Stack radius cannot be zero. 

Surface water depth and flow rate cannot = 0.0 

Surface water flow rate cannot = 0.0. 

Surface water width, depth, or flow rate cannot = 0.0 

Waste degradation incompatible 
with far-field scenario. 

Waste thickness cannot be set to 0.0. 

When uniform production is assumed, 
consumption must be input. 
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Error Type 

scenario 

scenario 

scenario 

scenario 

warning 

warning 

warning 

warning 

scenario 

scenario 

scenario 

scenario 

scenario 

scenario 

scenario 

scendrio 

scenario 

scenario 

scenario 



TABLE B.1. (contd) 

Error Message 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

CHECK: 

DUMRED 

DUMRED: 

EOVRQ: 

-EOVRQ: 

EOVRQ: 

EXTDF: 

EXTDF: 

FILERR: 

FILERR: 

FILERR: 

When uniform production is assumed, 
total production must be input. 

xxxxxxxx exposure not selected: 
yyyyyyyy will not be considered. (warning only) 

xxxxxxxx transport has been selected: 
No inventory entered, please check input file. - - 

xxxxxxxx transport has not been- selected: 
Inventory has been entered, please check input file. 

Yield cannot be 0.0 for animal 'product no. x. 

Yield cannot be 0.0 for food pathway x. 

Zero hours of inhalation exposure will equal zero dose. 

Zero inhalation rate will equal zero. 

Error while reading past unused data set. 
LUN: xxx Line yyy of zzz 

End of file reading past unused data set. 
LUN: xxx Line yyy of zzz 

NUBAR is out if range. 

NMET is out of range. 

NDIST is out of range. 

The following shield specs data rejected... 

IGEOM xxx is out of range. 

Error code = 0 in FILERR 

Logical unit number = 0 in FILERR 

Error occurred while reading file \xxx\xxxxxxxx.xxx 
Assigned to LUN: yyy 
Message: ZZZZZZ~ZZZZZZ~ZZ 

Error Type 

scenario 

scenario 

scenario 

scenario 

scenario 

scenario 

scenario 

scenario 

yyyam/ 

pf;pgraml 

scenario 

scenario 

scenario 

scenario 

scenario 

program 

program 

scenario/ 
file or 
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. TABLE B.1. (contd) 

Error Message 

FILERR: 

FILERR: 

FILERR: 
. 

IDNUC: 

IDNUC: 

INTPOL: 

INTPOL: 

ISOSUB: 

ISOSUB: 

ISOSUB: 

ISOSUB: 

LS2: 

METLIB: 

METLIB: 

METLIB: 

NRGLIB: 

Error opening file named \xxx\xxxxxxxx.xxx 
Assigned to LUN: yyy 
Message: ZZZZZZZ~ZZZ~ZZZ~ 

File out of order or other 
indexing problem \xxx\xxxxxxxx.xxx 
Assigned to LUN: yyy 

- = Message: ZZZZZZZZZ~ZZZ~Z~ 

Premature end-of-file encountered 
in \ixx\xxxxxxxx.xxx 

. . 

Assigned to LUN: yyy 
Message: ZZZZZZZZZ~ZZZZZ~ 

There were xxxx unidentified radionuclides. 

Unidentified radionuclide in input xxxxxx. 

Error in direction in interpolation. 

MI distance outside range of chi/Q file. 

SLTH = 0. Execution terminated in subroutine CYL 

SLTH = 0. Execution terminated in subroutine DISC 

VOLUME=O, execution terminated in subroutine ENDCYL 

x=0. Execution terminated in subroutine DSCSRC 

Error return for LSODES2, ISTATE = xxx 
RWORK(l1 to 14) aaa bbb ccc ddd 
IWORK(l1 to 26) eee fff ggg hhh . . . 

Alkaline Earth organs expected. 

No data for xxx; skipped. 

Too many organs: xxx. 

Energy library out of order. 
RMDLIB: xxxxxx 
ENERGY: yyyyyy 

Error Type 

scenario/ 
file or 
gyaml 

scenario/ 
file or 
%f$'"" 

scenario 

scenario 

program 

scenario 

scenario 

scenario 

scenario 

scenario 

program 

program 

warning 
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TABLE B.1. (contd) 

Error Messaoe 

NUCTST: Too many radionuclides in this case (Max=IOO): xxxx 

OPNFIL: Invalid value for IMODE: xxx 

OPNFIL: Invalid value for LUN: xxx 

ORDIN: INTDF can only handle 8-member.chains. 

REDFIL: File titles do not match, LUK11 and I3. 
Assumed to be invalid case. 

REDSET: Internal dose factors not'found for xxxxxx. 

RLIBIN: Decay chain xxxx has improper order. 
Current member is yyyy 
After zzzzzz. 

RLIBIN: Improper number of radionuclides in library; xxxx. 

SIJLIB: Target organ index is 0 (IT,IORG(it): xxx yyy. 

SWCAL: DYXU = 0.0, invalid (divide by zero). 

SWCAL: DZXU = 0.0, invalid (divide by zero). 

SWCAL: The dilution calculation has failed. 
A value of lE-20 will be returned for the mixing ratio. 

_ WBEDE: Invalid master organ index . . . 

WBEDE4: Invalid master organ index . . . 

XQCAL: MI location selection error: 
Direction index: xxx 
Distance: yyy 

XQIN: Invalid INOPT in XQIN 

Error Type 

scenario 

program 

program 

program 

scenario 

warning 

igp 

program 

program 

program 

program 

warning 

program 

program 

scenario 

program 
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EXHIBIT B.1. Software Change Packet 

PNL SOFTWARE CHANGE PACKET Change Packet Number 

Software Package: 6ENII Hanford Environmental Dosimetry System 

Program (indicate): APPRENTICE ENVIN ENV DOSE INTDF EXTDF DITTY 

Document Title: Napier 8. A., R. A. Peloquin, D. L. Strenge, and 
J. V. Ramsdell. 1988. Hanford Environmental 
Dosimetry Upqrade Project. The Hanford Environ- 
mental Radiation Dosimetry Software System. 
Vol I, II, and III. PNL-6584, Pacific Northwest 
Laboratory, Richland, WA. 

CHANGE(S) AND/OR PROBLEM(S) REPORTED 

(To be completed by person requesting change) 

- PROBLEM DOCUMENTATION INCLUDED 

Input file that demonstrates problem 
Error message 

- Output file annotated to demonstrate problem 

! 

Submitted by: 
Change Requester Date 

Approved by: 
PNL GENII Designated Expert Date 

Send to: B. A. Napier 
Senior Research Scientist 
Environmental Health Physics K3-54 
Pacific Northwest Laboratory 
Richland, WA 99352 
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GENI - IIAMTMD l3’VIRONhfENZ’AL DOSIMEI-RY SOF’IWARE SYSlT% 
mcIlN0LoGY TRANSFER PACKAGE 

‘The Hanford Environmental Dosimetry Upgrade Project was underrakcn to incorpora:c the internal dmimctty models rccommendcd 
by the lntcmattonal Commission of Radtological Protection (ICfU’) and the Department of Energy (DOE) in updated versions of the 
environmental pathway analysis models used at Hanford. ‘lhc resulting second generation of Hanford environmental dosimctry 
computer codes is compiicd in the Hanford Dosimetry System (Generation II. or GEM). The purpose of this rouplcd system ol 
computer programs is to analyze the effects of environmental contamination raaulting from acute or chronic releases IO, or initial 
contamination of, air, water, or soil. 7his is accomplished by calculating radiation doses to individuals or populations. 

This version of the GENII Software System was prepared to accommodate the needs of the NPR-EIS tadiological consequences task. 
ll~c acute food pathjMy mo$t s have been modified in GEMI to better account for acute or accidental atmospheric contamination of 
food and fodder by H and C Documentation of these modifications is included in this transfer package. 

ca- 2 

The average air temperature, mixing layer thickness, and surface roughnev parameters may now be specified as input parameters for 
air exposure scenan’os. Also, the available probability levels to use foracute air exposurea have been changed. Acute atmospheric 
release tritium and carbon models have been added. ‘DIG usat may now spccitj’ the absolute humidity used in carbon and tritium 
calculations. The format of the summary report has been modified. 

Additional Air Exoosurc Tnout Parameters 

‘Ihe additional air exposure parameters may now be entered in the joint frequency file. The second line of the file, previously 
maewed for descriptive information, may optionally be used to specify these parameters ‘zb exercise this featurr, the second line 
should be formatted as follows: 

Field 1 -The first character of the rvzord must contain an ‘@‘sign if input is to pezformcd 0, this record. 

Field 2 -Average air tempctatura (degrees C). Program defauii: lS.0. (Free-formatted read.) 

Field 3 -Atmospheric mixing layer thickness (m). Program default: looO.O. (Fro+formatted mad.) 

Acid 4 Surfaca roughness length (m). Program default: 0.03. (Free-formatted rrad.) 
\. 

Chatwe in Available Probability Levels 

The amilable probability levels for USC with acute air exposures have been changed from l.O%, 5%. 10%. 2S%, and SO% to OS%, 
S%, lo%, 2S%, and SO%. The default selection is 5%. This parameter value may be changed in the DEFAULTIN file by changing 
the index of the specified probability for the parameter labeled PRCNTI, wheta: 

1 indicates 05% 
2 indicates 5% 
3 indicatea 10% 
4 indicates 2S% 
S indicates SO%- 

NATIONAL ENERGY 
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Absolute IIumiditv Default Parameter Value 

Tlx parameter default value input file .(DEfAULTIN) has been modified to alloar the user to specify the absolute humidity used in 
C&XXI and triGurn calculations. Heading and blank lines in the file (not pnrured by GENII) have been rearranged to allow the user 
to specify this parameter Me maintaining DEFAULTIN lilecompatibility with other versions of GEh’Il. The parameter is 
spccilied in units of kg/n! A hstmg of the modified wxsion of DEFAULTIN is included in this transfer package; refer to lines 6 
and 7 of the file for changes. 

Acute Atmospheric Release Tritium and Carbon Models 

ADDEh’DUM TO PNL&%, Volume 1. Section 4.7.9 
Am ATMOSPHERIC RELEASE TRITIUM AND CARBON MODELS 

The models for atmospheric rontamination of food and fodder by ‘fi and 14C d&bed in &don 4.7.9 apply only to chronic 
atmospheric source terms. Acute or accidental rrleascs of these radionuclider will not rc~ult in the same levels of contamination of 
wgctation, and the models were thus not appropriate for use with awtc releases without some modification. - _ 

Two modificationsIF re rquired. One modification describes the non-attainment of equilibrium between the atom ratios of tritium 
and hydrogen, or C and stable carbon, in the vegetation during the contamination incident. The second is a variant on the 
consumption integral delined in Section 4.7.6 and Equation.4.7.19. 

Studies on the dynamics of tritium uptake and desorption from vcpetation have been performed and dqumentcd (Fellows, Cataldo, 
Ligotke, and Napier 1989). For leafy vegetation, this work has shown that tritium cnten the fret water m the plant and reaches an 
atom ratio equilibrium, air moisture to plant moisture, vc’y quickly. For alfalfa and grape I~SVCS, this occurred in times of four to 
eight hours. This is tapid enough that an assumption of complete quilibtium being reached during the course of the accident is not 
overly conservative. 

Uptake of 14C into plants follows that of naturallyorrurring carbon. 
dependent fmtion of carbon in the plant sttwturc. 

It is slower than that of tritium - fol1ow-i~~ more the mh- 
It is reasonable to assume that any new growth would fu C/cation at ratios 

the same as in the air during the period. Howzvcr, only a small portion of the total plant mass would be fucd during the plume 
passage. Therefore. an approximation to the fractional quilibrium attain,cd is the percentage of plant growth that OCCUR during the 
contaminating incident. ?his is described as t/t% 
Section 4.7.4. 

where tcp is the duration of the growng pcnod for plant type p, as delined in 

The work by Fellows, et al., also showed that tritium is quickly released from the plant back to the atmosphere following ternoval of 
the contaminating air. Very little of the tritium is incorporated into the organic potions of the plant. Depending on whether it is 
day or night, the d&sorption half-time for tritium varies behvccn two and eight hour, This is fast enough that the decay term in the 
consumption integral of quation 4.7.19 may be replaced with a simplifying lh wherr X represents the rate constant derived from the 
dcsorption half-time of tritium from vegetation, which may conservatively be placed at eight bouts. 

desorption of 14C from wgetati% It swns rwsonable io expect that organically- 
Since the radiological half-liic of C is quite long compared to a single year, the 

Reference for Addendum 

Fellow, RJ, DA. Catzldo, M.W. Ligotke, and BA. Napier. 1989. Transfer of Atmosoheric Tritiatcd Water to Foliaee and Fruit of 
Croes, Pacific tiorthrest Laboatory, Richland, Washington (in pm). 

OPERATIONAL CHANGES 

. The format of the summary report file, DOSEQA.OVr; has been modified to report the inhalation EDE, ingestion EDE, external 
EDE, total EDE, and maximum organ dose. Previously the inhalation EDE, ingestion EDE, external EDI% internal EDE, and totai 
EDE 

CORRECI-IONS APPLIED SINCE DKI-RIBUI-ION VERSION I.351 

The linite plume external dose calculation to an individual was off by a factor of invctsc windspeed. This problem has been 
corrected. 

Joint frequency data was being improperly incorporated for acute atmospheric n1ca.w. Essentially, the information being processed 
was for a direction ISO degrees away from that selected. This rrsultcd in answets that applied to one diction being attributed to 
another. This problem has been comxted. 
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When modeling ground-level atmospheric releases with joint-frquency data from monitoring data located at heights greater than IS 
m, an ‘invalid argument value for LOG’ error OQVIL. Mat of this has been qm*ed, but them is still the possibility of an enor 
message. Should an ertor occur, investigate the appropriateness of the joint fqucn~y fik for the application at hand. 

. 

The wrong result was reported for the air submersion dac for the acute finite plume model when the user specified input units of Sv. 
This problem has been corrected. 

Inappropriate decay of daughter radionuclides was occurring in the acute residential soil compartment. This affected the external 
crtposure and inhalation from resuspended mated1 doses. This problem has been qrrqted. 

Decay of tadionuclides in the terrestrial food pathway for the holdup period for chronic exposures was not being performed. This has 
been corrected. 

‘Ibe code now functions properly when the user spqifies the maximum individual locarion and inputs a chi/Qfile for chronic 
aqwsurcs. Previously, a divide-by-zero error oaxmd. 

In surface water transport scenario, an ‘invalid numb& error could oa?iir fdr certain values of the mixing ratio parameter. ‘Ihis 
parameter was being read as an integer value instead of a REAL This problem has been corrected. 

Zero doses were mpottcd for terrestrial food and animal product ingestion pathways when a basic air conccntntion was input. This 
problem has been corrected. 

Accumulaton were not being ninitialii fotl 1) air submersion cumulative dose for chronic exposure finite-plume calculations when 
the release period was shorter than the dose period, and 2) acute exposure by season, radionuclide inhalation and ingestion EDBs 
(EDE by tadionuclide report only). These problems have been corrected. 

An indexing error for the termstrial food pathways within the acute, atmospheric, tritium release model has been corrected. ‘Ihe net 
effect of this error wus to underpredict ingestion dose for acute atmospheric releases of tritium by about 11%. 

A dimensioning error in the acute animal product contamination model has been eliminated. This seems to have had negligible 
impact on calculated results, but has now been made internally consistent. 

The internal dose factor generation has been made more consistent with ICRP Publication 30 and 48 recommendations. Revisions to 
the metabolic data are described in a separate report by R D. Rittmann. 

J-RANSFBR PACKAGE C0Nl’BNI-S 

The GENII Software Package is distributed on either SZ-ineh 1.2 megabyte disk, or on 3S-lnch 1.4 megabyte diik. An automatic 
install procedure has been included with the software. 

)4INlMUM SYSTEM REtXJTREMEhlS 

‘The GENII Software package will run on an IBM-AT or equivalent computer configured with an 80287 math wprocessor, 640 
kilobytes randomaaess memory, a minimum of 5 megabytes on-line disk storage, and operating under IBM DOS 3.1 or newer 
version. 

INSTALLATION OF SOFIWARB PACKAGE ON COMPUTER 

An automatic install procedure has been included with the software. GBNB is now distributed in a publicdomain compressed 
archii format. The install procedure will copy and then unpack the fdes from the distribution floppy disk. A copy of the public- 

1 j domain archiir program (ZGO Version 1.1 written by Rahul Dhesi, 1986) is included on the distribution floppies. 

Tb install the GENII Software Package, do the following: 

1) If you have not previously installed GBNB on your computer, create a subdiioy named GBNB by typing 

2) 

MD \GWn 

and press Enter. 

Insert the Gl?N?I Distribution Disk Pl in a highdensity floppy disk drive and type: 

D: 

and press Enter, whete n is the letter designation of the floppy disk drive 

3 
GENII 

Technology Transfer Package 
Version 1.485 

December 3. 1990 



and prus Enter, whcrc I d&ignites the hard disk you wish GENII. to be installed on and u dcsignatcs the floppy 
disk driw that you arc using. 

4) Respond as tc+tcstcd by the install ptocedurc. If you have a previouslydistributed wsion of GENII on your hard 
disk, the archive proccdutc will ask whether to ovcnwitc the older files. Respond with A for Au. 

If crtors occur during the installation pmccdurc, reboot the host computer and reinstall. 

For the GENII Sofrwarr Rckag to function properly, the following commands must be in the CONPIGSYS file in the root 
ditutory of the disk drive used to boot the system: 

FILES-a0 
BUFFERS-U 
DEVICE=AKSLSYS 

- - 
- _ 

Refer to the 1BM DOS rcfcrcncc manual (IBM 1985) for details on installing these commands. 

REFERENCES 

International Business Machincs (IBM) Corporation. 1985. Disk Oocmting &tern Vcnion 2.1 Reference. IBM Corporation, Boca 
Raton, Florida. 
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SOFTWARE PACKAGE COhTEhTs 

GENII Distribution Disk I 1: 

ZOO EXE 36856 l-31-87 3:Slp 
INSTALL BAT 512 6-27-90 2:06p 
INSTALL2 BAT 512 12-03-90 3:41p 
GENl-1 485 1022860 U-14-90 2325~ 

Archive genl-1.485: 
Length CF Size Now Date TilW 

---s---- --- -------- --------- -------- 
.- 

256 54% 117 9 Feb 88 ll:lS:S8 /vl.485/airrel.rn 

10624 61% 4190 2 Oec 88 17:11:04 /vl.48S/apprenti.dat 

189710 27% 138898 3 Dee 90 14:26:12 /vl.485/apprenti.exe 
45331 75% 11301 1 Dee 88 17:12:16 bl.485Iaprhelpl.dat 
51667 79% 11088 1 Dee 88 17:12:28 /v1.485/aprhelp2.dat 
6656 76% 1613 30 Aug 88 11:49:26 /vl.485/bioacl.dat 
3712 58% 1558 3 Apr 90 12:15:08 /vl.485/default.in 

444624 76% 104588 3 Dee 90 14:23:44 /vl.48S/ditty.exe 
476 24% 360 28 Sep 88 08:30:30 /vl.485/ditty.in 

245314 71% 70091 3 Oec 90 14:32:12 /v1.48S/dose.exe 
162992 58% 68825 3 Dee 90 09:37:26 lvl.485ldosinc.dat 

68 0% 68 3 Dee 90 10:03:44 /vl.485/dosinc.out 
2816 77% 647 11 Jun 88 lS:53:46 /vl.48S/dossum.dat 

100507 74% 26296 3 Dee 90 10:02:28 /v1.48S/dsfct3D.dat 
205440 66% 70144 3 Dee 90 12:40:48 fvl.48Sfenergy.dat 
286568 64% 103698 3 Dee 90 14:30:14 /v1.485/env.exe 
309575 61% 122274 3 Dee 90 14:27:48 /vl.48S/envin.exe 
299783 66% 101623 3 Dee 90 14:33:34 /v1.485/extdf.exe 

364 47% 204 5 Aug 88 16:16:20 /vl.48S/extdf.in 
1408 61% 553 30 Nov 88 11:47:26 /v1.485/filename.dat 
7168 70% 2119 29 Aug 98 12:27:06 /v1.485/ftrans.dat 

15488 74% 3967 14 Hay 90 08~43~32 /vl.48S/gamen.dat 
17408 63% 6431 8 May 90 12:38:06 /vl.48S/grdf.dat 

490104 70% 147686 3 Dee 90 14:33:02 /vl.48S/intdf.exe 
512 29% 362 5 Aug 88 17:03:38 /vl.48S/intdf.in 

10752 62% 4078 12 Jul 88 14:10:36 fvl.48Slisolib.dat 
22753 75% 5722 14 Dee 90 14~25~36 /vl.48S/metadata.dat 
16256 60% 6530 12 Mar 90 15:47:02 /vl.485/params.dat 
3328 64% 1206 14 May 90 10:28:56 /vl.48S/nndbyele.dat 

13440 69% 4153 29 Nov 90 16:24:14 /vl.485/mdlib.dat 
-------- --- -------s --------- -------- 
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GENII Distribution Disk f 2: 

CENZ-1 485 767922 12-03-90 3:l7p 

Archive gen2-1.485: 

Length CF Size HOW Date Time 
-------- --- ew------ --------m ----s--- 

12336 60% 4903 27 Sep 88 16:34:42 /vl.485/sam/samplel.in 
15814 68X 5098 3 Oec 90 14:56:56 samplc1.485 
10752 56% 4684 5 Aug 88 16:02:24 /vl.485/sam/sample2.in 
17930 89% 5577 3 Oec 90 14~57~24 sample2.485 
10880 57% 4675 28 Sep 88 14:36:36 /vl.485/sam/sample3.in 
33118 76% 7796 3 Oec 90 14:58:46 sample3.485 - 
11264 58% 4775 5 Aug 88 16:12:30 /vl.485/sam/sample4.in 
12999 68% 4097 3 Dee 90 14:59:34 sample4.485 
512 29% 362 5 Aug 88 17:03:38 /vl.4@5/sam/sample5.in’ 

6249 60X 2479 3 Dee 90 15:Ol:OO samfde5.485 
384 47% 204 5 Aug 88 16:16:20 /vl.485/samhample6.in 

6135 55% 2783 3 Dee 90 15:02:22 sample6.485 
476 24% 360 28 Sep 88 08:30:30 /vl.485/samlsample7.in 

29365 72% 8358 3 Dee 90 15:02:44 sample7.485 
2944 63X 1092 14 Hay 90 11:37:30 /vi.485/sam/sanple.bat 
4224 73% 1143 10 Mar 88 Oa:50:42 /v1.485/sadjf20089.ave 
1536 67% 505 19 Feb 88 13~45~26 jvl.485/sam/pop200.87 

22784 95% 1126 21 Sep 87 09:07:14 /vl.485/see.in 
381720 52% 183080 28 Aug 08 13:59:36 /vl.485/seel.dat 
640893 52X 307038 28 Aug 88 14~04~52 /vl.485/see2.&t 
408226 47% 214593 30 Nov 87 14~43~02 /v1.485/see3.dat 

2888 54% 1338 28 Sep 88 O8:40:30 /vl.485/watrel.in 
143 4% 137 3 Oec 90 15:17:54 /vl.485/wotk.buf 

-SW----- e-e ----m--e --------- ----s--s 
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HOOIFIED VERSION OF DEFAULT.IN 

GENII Default Parameter Values.(ZE:Mar-90 RAP) 

INVENTORY PARAHETERS------------- -_----_--------_-------------------- --------- 

0.037. 3.7E4. 3.?E?. 3.7EIO. 1.0 NVU Source Input conversion 
1.0. 0.15. 224.0 SW Soil source conversion 
ENVIRONMENTAL PARAMETERS __---------_----_-------------------------------------- 

0.008 

2 
0.001 
l.OE-9 
2.0.2.0.3.0.0.8.0.8.0.8.1.0.0.8.1.0.1.5 
0.25 
15.0 
224.0 
1.5E3 
True 
410.0 
14.0 
1.0. 0.1. 0.1. 0.1 
0.1. 0.1. 0.1. 0.1. 1.0. 1.0 
68.0, 0.12. 55.0, 0.12. 68.0, 55.0 
50.0, 0.3. 60., 0.3 
0.0, 0.8, 1.0. 0.8 
0.2. 0.3. 0.5. 1.0 
0.02 
25295.0 

0.4. 5.0. 4.0 
9.4lE-4. 2*7.48E-4 
1.0. 0.81. 0.19. 0.02. 0.008, 0.002. 
1.0. 0.9. 0.096. 0.006. 0.0005. 0.0005, 
1.0. 0.9. 0.096. 0.006. 0.0005. 0.0005 
270.0 
330.0 

10 
805.0. 2414.0. 4023.0. 5632.0, 7241.0. 
12068.0. 24135.0. 40255.0. 56315.0. 
72405.0 

ABSHUM Absolute humidity (kg/mJ) 
PRCNTI Air dispersion conserv. flag 
DPVRES Depositionvel./tesuspension 
LEAFRS Leaf resuspension factor 

BIOKAS 8IOM2 8ianass (kg/m2) 
OEPFRZ 
SURCH 
SLDN 
SSLDN 
HARVST 
SOLING 
UTIl4 
TRANS 
TRANSA 
CONSUU 
WATER 

FRACUT 
SHORUI 
I NGUAT 
TCYS 
YELDBT 
TOTEXC 
EXCAV 

IntercepMon frac./irrigate 
Depth of surface soil (cm) 
Surface soil density (kg/m2) 

Soil density (kg/m3) 
harvest removal considered? 
Soil ingested (mg/da) 
Weathering time (da) 
Translocation. plants 
Translocation. animal food 

Animal Consumption (kg/da) 
Animal drinking water (L/da) 
Acute fresh forage by season 
Shore width factors 
Swim water ingested (L/hr) 
HSO/sed. transfer (L/m2/yr) 
BIOT: Veg. prod. (kg/m2/yr) 
8101: Excavation (m2/ni3-yr) 
8101: Frac. soil brought to 
surface from within the 
waste by animal excavation 
Chronic breathing (c&sec) 
Acute breathing (cm3/sec) 
Number of distances 

RINH 
RINHA 
NDIST 

X JF/chi/Q/pop grid.dist. (m) 

0.1. 0.25. 6'0.18. 2'0.2 DRYFAC. ORYFAZ dry/wet ratio 
l4ETABOLIC PARAMETERS------------------ -----_---------------------------- ------ 

0.5. 50.0. 500.0 XOIV 
0.5. 0.5. 0.95. 0.05. 0.8. 0.0. 0.0. 0.2. 0.0. ADJ 

i 0.1. 0.9. 0.5. 0.5. 0.15. 0.4. 0.4. 0.05. 0.0. 
b.01. 0.99. 0.01. 0.99. 0.05. 0.4. 0.4. 0.135. 0.015 

DOSE pAR,#ETERS -----m-------- -m------- --------------------------------------- 

0.25. 0.15. 0.12. 0.12. 0.03. 0.03. 5*0.06 UT Ueighting factors 
2.0 5121: Semi-infinite/inf 
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PNL SOFTWARE CHANGE PACKET Change Packet Number 

Software Package: 

Program(s) (indicate): 

Project title: 

Project number: 

Design document: 

Document title: 

CHANGE(S) REQUESTED 
(To be 

I 

GENII: Hanford Environmental Dosimetry 

APPRENTICE ENVIN ENV DOSE 
INTDF EXTDF DITTY 

Hanford Dose Overview 

10878 

Appendix to Part 1 of document. 

p-l 
System 

8. A. Napier, R.-k. Peloquin, 0. 1. Strenge, and J. 
V. Ramsdell. 1988. Hanford Environmental Dosimetrv 
Upqrade Project. GENII - The Hanford Environmental 
Radiation Dosimetrv Software Svstem Part I: 
Conceptual ReDresentation, Part 2: Users Manual. 

PNL-6584. Paci,fic 
Northwest Laboratory. Richland, WA. 

AND/OR PROBLEM(S) REPORTED 
completed by person requesting change) 

I 
PROBLEM DOCUMENTATION INCLUDED 

; I 
Submitted by: 

Change Requester Date 

Approved by: 
PNL GENII Designated Expert Date 

Send to: 8. A. Napier 
Staff Scientist 
Health Physics Department, MS K3-54 
Pacific Northwest Laboratory 
Richland, WA 99352 
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RAwid Docc 1nuemJat lh8rkJ for GENII 
by PJUI D. Rittnunn, PhD CHP 

There havebeen minor changes to the INIDEEXE p'Dgnm which preparc~ the dc6e increment IJctoa for use by the GENII 
p-ma. In addition, the MEIXDA’DLDAT and RMDLIDDAT libnriec used by INIDF hrvc been mired. Therefore, with 
assistance from the PNL code custodirn. the debult dute increment libnry (DOSINCDAT)‘J~~ the intemJ1 dose hctor file for 
DTFIY (DSFCI3O.DAT) MIX computed using the revised rode end bta filu. In addition, dose increment libtaries were preprtud 
using the Jllwd soiubility choices in ICRP 30, and J special librsy with uOtst- choices was JIXJ mrdc. This report 
summarizes hoar the new libraries were computed Jnd provides J bJtch file to frcilitrte the selection of solubility library for G&fI 
calculJtions. 

The new doee frctors in most cases differ from the original libnty by ks thrn 20 percent. Plutonium ingestion dtxe.J all decmaw 
about J factor of 8, but hrvc never been thrt importanl compared to the inhalation dose. The two meet stmngiy affected nuclidcs 
were Tk-129m Jnd Fr-223. The EDE for lb-129m decreased by J factor of 20, while the EDE for Fr-223 increased by 67 percent. 
‘Ikuz changtt reflect J correction made in INTDF. 

The human metabolic data library wu moditied to improve Jgreement WitliICRP 30. A complete summary of all changes to the 
MED4DAT4.DAT library used by INTDP is given below. 

Fluorine - 

Sodium - 

Silicon - 

Potassium - 

Cobalt - Changed the Class D fl from 0.8 to 0.3 for use in the worst case dose increment run. 

Yttrium - Changed the retention halflives for all organs fran 8000 days to 99999 days to better 
approximate indefinite retention in these organs. 

Technetiwn - 

Indium - 

Antimony - 

Dysprosium - 

Tantalum - 

told - 

Thallium - 

Lead - 

Changed the transfer compartment removal rate constant from 34.6 to 49.9, 
corresponding to removal half-times of 29 minutes and 20 minutes respectively. The 
retention in the bone WJS changed from 100 days to 99999 days to better approximate 
indefinite retention. 

For "other" organs. the retention halflife was changed from 15 days to 10 days to 
agree with ICRP 30. 

Added fl values for Class D and Class Y 

Changed the transfer compartment removal rate constant from 20.0 to 99.9 to better 
approximate the "instantaneous translocation" mentioned in ICRP 30. 

Revised the transfer fractions and retention half-lives to match ICRP 30. 

Changed the retention halflives for all organs from 8000 days to 99999 days to 
better approximate indefinite retention in these organs. 

Changed the transfer compartment removal rate constant from 16.64 to 2.77, 
corresponding to removal half-times of 1 hour and 6 hours, respectively. 

Deleted the extra atomic number line. and corrected the spelling of the element name. 

Deleted the second (duplicate) data block. 

Changed the transfer compartment removal rate constant from 2.77 to 99.9 to better 

approximate the "instantaneous" transfer mentioned in ICRP 30. 

Changed the transfer ccmpartment removal rate constant fran 2.77 to 99.9 to better 
approximate the "instantaneous" transfer mentioned in ICRP 30. 

For "other" organs, the retention halflife was changed frua 12000 days to 10000 days 
to agree with ICRP 30. 
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Frdncium - 

Actinium - 

Neptunium - 

Plutonium - 

Americium - The ovaries were added to the 1 ist of organs. The retentron half1 i fe for both the 
testes and ovaries was set to 99999 days to approximate indefinite retention. 

Curium - The ovaries were added to the list 'of organs. The retention half1 ife for both the 
---: testes and ovaries was set to 99999 days to approximate Indefinite retention. 

Cdl i forni um- The ovaries were added to the list of organs. The retention hdlflife for both the 
testes and ovaries wds set to 99999 ddyS to dpproximate indefinite retention. 

General - Arranged the entries in atomic number order, leaving the Infant data unchanged at the 
end of the file. Added metabolic data for magnesium. d~uIIinunI. titanium. vanadium. 
and pIdtinum. For platinum. the adrenals were not included due to the 3 organ limit 

in INTDF. 

changes to lEThDATA.llhT. continumd 

Changed the IfldtdboliC model fras being d COPY of ceslus to being the simpler one fn 
ICRP 30. 

For the 'liver', the retention halflife was changed from 15000 days to 14600 days t0 

sgree with ICRP 30. The ovdrtes were added to the list of orgdns. The retention 

ha1 flife for both the testes dnd ovaries wds set to 99999 days to approximate 

indefinlte retention. ./ 

For the "liver", the retention halflife uds changed from I5000 days to 14600 days to 

agree with ICRP 30. The ovaries were ddded to the list of organs. The retention 
halflffe for both the testes and ovaries UdS Set t0 99999 ddys to dpprOxiMte 

indefinite retention. 

Changed the fl for Class Y from 0.0001 to 0.00001. The ovaries were added to the lrst 
of organs. The retention halfl1fe for both the testes and ovdrfes wds set to 99999 
days to approximate indefinite r&entfon. 

The original vunioa of MEIXDATADAT is listed ia PNL-6584, Voiume 3, beginning on page 5.725. All the fl values ia 
hED4DATADAT wem verikd by compsrison with ICRP 3 sad ICRP 4g. Ail of the rutcation function ddtd was vctiiied to be 
ia agreement with ICRP 39, with the exception of four alkaiiac earth eiemcats, Cr, Sr, Be, dad Rd. The Qta for these elements . 
produas an approximation to the model mended ia ICRP 39. It wss dssumcd to be correct. 

‘Ibe other minor exception to ICRP 30 is the omission of orgsas with essentially no effect ott the EDE for three elements. The 
saieaium model lesns out the psncruss, the niobium model ksves out the testes, dad the platinum model kdvcs out :hc adtoaais. 
Itt dIi three crdcs, the amounts which were to Icave the tmaskr compartment dad go to the missing organ wers redirected to the 
‘Otbcf orgaas 

The tadioauciide data library, RMDLIB.DA& WJIS aLso modified A complete summuy of all chdagcs to RMDLIB is given below. 

Sr-85 - Halflife changed from 65 days to 64.8 days. 

Sr-87m - Changed the decay chain so it is now a parent of Rb-07. 

In-111 - Hdlflife changed from 2.8 days to 2.63 days. 

Pd-109 - Bone distribution model changed from volume to surface per ICRP 30. 

Sn-121 - Bone model also changed frost volume to surface per ICRP 30. 

Cd-115s - Removed from the Cd-115 decay chain since it wds neither d parent or d daughter. 

Cs-134m - Changed the decay chain so it is now the parent of Cs-134. 
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Chnges to RMDLIB.DAT. continued 

U-233 : Removed from being a daughter of the Np-237 & Ps-233 chain. Ths original Np-237 chain was 
split into two chains. 

Pu-236 - Changed the &cay chain so it is now the parent of U-232. 
1 

Pu-237 - Changed the decay chain so it is now d parent of Np-237. 

Am-242111 - Decay chain modified to Include Np-238. 

The original version of Rh4DL.IB.DAT is 1is:cd in PNLa, Voluat~ 3, beginning on page 5.719. 

Additional dase inamcnt files were prepared lo offer added solubilify choices on the dose bctoz~. three of the new libraries we= 
prcparul using the most soluble (D), lea% soluble (y), or intcrmediite soiubility (w) choices as defined in ICRP 30. The fourth 
libray (MAX) has the wrst case soiubilities for all isotope& nK solubility choices for uch libny are liited in Attachment 1. 

7%~ MAX library MZ prepared using west case solubility assignments for qey nuclide with four exceptions. Ihe first is for 
isotopes of strontium. The woat case inhalation dw corn= from clam y, SrTiO 

d 
. Howewr, this compound is tare, and can be 

considered lo be not attainable during transport through environmental media. e other three exceptions were for Rh-103m, Sb. 
126m. and n-129, due 10 their short radioactive decay half-lives (leas than one hour). It was assumed that they would follow the 
chemical forms of their parent nuclides, Ru-lD3, Sn-l2.6, end ‘R-IzAn, reqctivefy. 

prIDP f.vikoa 1.4831 comoutatioM 

The runs were complicaled by the fact that II’JIDF allows only 100 auclides at a time. Therefore, the nuclidcx in IWDLIB.DAT 
were sorted by atomic number and atomic mass number, divided into thrre liits, and placed in three input files. The inert gases 
were deleted (except for Rn-2.22, although it was dmpped by INIDF anyway). The input lilex are included in Attachment 2 Note 
that incrementx for 70 yea’s uwe computed. just as in the prcviouS dose increment libralg. ZhIhir allows GENII to compute doses 
using dose commitment periods of up 10 70 years. The input files for the DrrrY internal dose factors are these input files with the 
Acute flag set to false. 

Due to another limitation of INIDF, decay chains with more thaa 8 memben may have coawrgence problems. Thus U-232 and 
Pu-235, which make Ihe TM32 chain into a 9 member chain were omitted fmm Ihe thii input file. Another input file was wed 
just for U-232 and Pu-236. Thii input file was used with a modified Rh4DLIB.DAT fdc which contains only the Pu-236 decay 
chain, with ‘I%-232, Ra-228, and AC-226 omitted. ?be revised -LIB information is shown below. This special radionuclide 
liizary was used in a separate run to compute the cobalt ingestion factoa for the wurst-case liilary, as waif as the information for 
Pa-236 ia au IibIarits 

co57 2.7X+2 1 0 0.0000 0 0.0000 27 NO 
CO58 7.08E+l 1 0 0.0000 0 0.0000 27 MD 
CO60 1.92E+3 I 0 0.0000 0 0.0000 27 T ND 

PU236 l.D4E+3 1 0 0.0000 0 0.0000 94 SW 
U 232 2.36E+4 2 1 1.0000 0 0.0000 92 VD 
TH228 6.98E+2 3 2 1.0000 0 0.0000 90 SW 
RAZZ4 3.62E+O 4 3 1.0000 0 0.0000 08 1 SW 2 RN220 1.000 PO216 1.000 
P8212 4.43E-1 5 4 1.0000 0 0.0000 62 SD 
61212 4.20E-2 6 5 1.0000 0 0.0000 63 ND 2 W212 .6407 TL208 .3593 

1 The INlDF progmm did not calculate dose increments for the awlides Be-7, N-13, RMD, Rb-9Dm. Sb-129, and Cs-139. No 
metabolic data is available for nitrogen, and no specific effective enew data is available for the others. If these nuclides arc used in 
a GENII NII, them will be a warning message to the user during execution that ao internal dose increment data was found. In 
addition, if the user selects a printout by n&de, all of the internal doses for these nuclidcs will be zero. 

After the INTDF rims, the computed results for U-232 and Pu-236 were inserted in the third group of output files. Then the three 
pieces of dose increment tables from the three input liles were combined using the DOS copy command. UNFORMdTEXE was 
run oa this combined increment file Lo pmduce the aew dase increment liirarics. 

For the wwst-case. Library (MAX), the= are seven elements having more than oat value for fl. These are Co, Sr, MO, Sb, Hg, 0, 
snd Pu. Since chemical changes may cccur during transport through the rood chain, it was necessary lo evaluate which of the allowed 
fl values would produce the grcatcst dose. The ingestion dose commitment facto= in Federal Guidance Report Number 11 were 
used to determine the worst case assumptions. later compazisons between the h4AX liiray and the others hax confirmed that-the 
choices were cormst. The results of the review are glvea belaw, along with bow the dcx~ increment tables for MAX were modified 
prior to running UNFORh4AT 
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~tt.JthCWartCrDCUC IllCB=l-(aAsshLpIc) 

Cobalt - For each nuclide, the largest doses cams from the fl of 0.3. which maY be found in 
envirotvnentd~ media. Thus. the ingestfon dose increments for the fI value of D.-j. were 
substituted for the increments based on an fl of 0.05. which is normally used with inhalation 

class Y. WETADATA.DAT contains the fl vdiue of 0.3 under CldSS D cobalt. 
. 

Strontium - There are two choices for strontium: SrTi03 and everything else. In the worst-case IibrdV, 

the normal CldSS D assignments were used. 

Molybdenum - The worst inhalation doses come from class Y canpounds. However. the worst ingestion dose 

depends on the nuclide. For Ho-93, the fl for class D gives larger doses, while for Mo-99. 

the fl associated with class Y gives larger doses. INTDF was run using CldSS Y. and the Cldtt 

0 tngestlon dose increments were substituted for Ho-93 using d word processor. 

Antimony - The WrSt-CdSe inhalation and ingestion doses are from Class U compounds. The only exception 
is Sb-126m. with d I9 minute halflife. It was assumed to folhw its parent. Sn-126; for which 

the worst case is dlS0 class U compounds-; - 
- _ 

Mercury - There are two distinct metabolic models for organic and inorganic compounds of mercury. The 
model for organic canpounds gives the greatest doses. dnd was used here. The model for 
inorganic compounds is present in HETADATA.LIB. but is not used because it is pldced after the 
organic data. 

Uranium - The worst CdSe inhalation doses cane from class Y compounds. The worst case ingestion doses 
(with two exceptions) case from compounds with fI corresponding to CldSS 0 or Y. Thus. in the 
MAX library. uranium wds run using class Y. and the class D ingestion dose increments were 
substituted using d word processor. The two exceptions are U-237 and U-240. For these two no 

substitution was made since the fl associated with class Y gives the worst dose. 

Plutonium - The worst case inhalation and ingestlon doses come from class W compounds. The only exception 
is for Pu-237 inhalation. However, for Pu-237 the difference between class Y and Class Y is 

small, so all plutonium isotopes were assumed to be CldSS v. 

Note fhst tic MAX librq is the only one with the above substiMoas of wo~~t-esse LngcsGoa dose fs~lors for the normal, ICRP 30 
VsIues. 

Amllcation of the New Dose Increment Llbmrks: 

Tb fdcilirate the use of the nea- dose increment IIbdes, a DOS bstefi tire was created 10 allow the user 10 selecl which library 10 use 
in a given NIL ‘Ike name of the batch We is CLASSBAT Instructions are provided with the file. Simply type “CLASS” at the DOS 
prompt, and the following information wiU appear on the sereeaz 

+++++tt++tttttttttt Instructions for CLASS.BAT ttttttttttttttttttt 

Purpose: Install alternate Dose Factor libraries for GENII. 

First Parameter: Identifies which library to use. 
D, W, Y - Lung Clearance Time (days, weeks, years) 

NAX = Worst Case Solubility Assignments 
PNL - PNL Solubility Assignments 
OLD - Original Dose Factor Library (8/29/88) 

Example: For a UNH release (Class D), type CLASS D 
before starting the GENII run. 

Note: Different solubility classes may give different doses 
for both inhalation and ingestion. 

++++t+++++++++++++++++++++++++++++++tt++t+tttttttttttttttttttt+ttttt 
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‘flte CLASS batch file only needs to be used when changing the library in use. Once the libtaty is changed, it remains in use until an 
alternate library is elected. The only thing this batch tile does is to copy the rquesmd hiny onto DOSINCDA?; DOSINCOUT 
and DSFCXlO.DAT The listing for the CIASSBAT file is given in Attachment 3. 

Do not wume that all the elements in a library have the same chemical form. For example, suppose a solution of nitrates is 
t&as& It happens that nitra:u of technetium are listed as class W in ICRP 30. with D and W being allowed forms. Homvcr. 
nitratu of Nthenium am class D, with allowed fotms of ruthenium being class D, W or Y. 

. 

ICRp Xl or Federal Guidance Report Number 11 should be consulted for information on the appropriate solubility assumptions‘to 
make for each chemical form. Where the chemical form is uncertain, use the more consetvativn choice. 

Installinr the New LiiraticS 

l%e new dose factor distribution disk comes with the following files: 

INSTALL.BAT 4043 11-28-90 2345p 
z00.m 36856 1-31-87 3:Slp 
zoo. ooc 39357 0-24-06 I:O3p - - 

CLASS.ZOO 481733 12-03-90 10:03a 
COE-7O.ZOO 126894 12-03-90 9:35a 
COEINC.ZOO 389680 12-03-90 9:35a 
ALL-OF.ZOO 71354 U-03-90 10:lla 

The fint is a batch file to copy the CIASS.200 Rle from the disttibution disk and unpack it. The original DOSINCDAT and 
DOSINCOUT files are renamed CIASSOLBIN and CLGS-OL’IXT vively. The original DI’ITY internal dose factor file 
DSFCIXDAT is renamed DITIY-OLDSF. 

The CUSS.200 file contains the following 61~s: 

cfass.bat -- batch file to substitute new dose factor files 

class-d.bin -- very soluble libraries 

class-d.txt 
ditty-d.dsf 

class-w.bin -- soluble libraries 

class-w.txt 
ditty-w.dsf 

class-y.bin -- insoluble libraries 

class-y.txt 
ditty-y.dsf 

class-pn.bin -- original PNL solubi 1 ity choices rerun 
class-pn.txt 

ditty-pn.dsf 

class-ma.bin -- worst case solubilities 

class-ma.txt 
ditty-ma.dsf 

A table of the lung model classifications used in each library is given in the fint attachment. 

The CDE-70.200 file contains the 79 year committed dose equivalent per unit intake for each ogan and each radionuclide. ‘Es 
archii contains 5 files, one for each library. Similarly, the CDEINC ftic contains the dadc inanments for acute r&as& 

‘Rte ALL-DE200 tile contains a compilation of dose factors for all libraries, and includes the Rffqtive Dose Equivalent (EDE). 

To install these libraries, type AzINSlXLL, or B:INSGU& depending on whether the disk is in drive At or B:. An instruction 
screen appears which will remind you of two things. The first is to change to the directory with the GEINII programs fmt. The 
second is to type the names of two drive letters. One is the letter of the drive with the distribution disks, the other is the letter of the - 
drive with the GEhlI programs. 
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D - Very Soluble Library 
.Y - Moderately Soluble Library 

'Y - Insoluble Library 
PNL = PNL Default Library 
MAX = Worst Case Solubility Library 

Nuclide D Y Y PNL UAX 

H3 
BE7 
BElD 
c 14 
N 13 
F 18 
HA22 
HA24 
x31 
P 32 
P 33 
s 35 
CL36 
AR39 
AR41 
K 40 
CA41 
CA45 
SC46 
CR51 
MN54 
MN56 
FE55 
FE59 
co57 
co58 
CO60 
HI59 
WI63 

HI65 
CU64 
ZN65 
ZN69 
ZN69M 
CA72 
AS76 
SE75 
SE79 

D D 0 
Y w Y 
Y w Y 
D D D 
0 D D 
D Y Y 
0 D D 
D D D 
D Y Y 
D V W 
D Y Ii 
D Y Y 
D U V 
D D D 
D D D 
D D 0 
Y u v 
Y w u 
Y Y Y 
0 u Y 
0 w u 
D U U 
D Y Y 
D W Y 
v Y Y 
Y Y Y 
Y u Y 
D V V 
D U Y 
D V W 
D U Y 
Y Y Y 
Y Y Y 
Y Y Y 
0 Y w 
Y Y u 
0 Y w 
D U Y 

Nuclide D U Y PNL MAX 

BR82 
BR83 
BR84 
KRa3w 
RR85 

- KR85Ii 
- 

RR87 
RR88 
Kit89 
KR90 
R886 
RB87 
RB88 
RB89 
R890Ii 
RB90 
SR85 
SR87R 
SR89 
SR90 
SR91 
SR92 
Y 90 
Y 91H 
Y 91 
Y 92 
Y 93 
ZR93 

ZR95 
ZR97 
NB93H 
.NB94 
NB95 
NB95H 
N897 
N897H 
no93 
HO99 

D V Y 
D V U 
D Y U 
D D D 
0 0 D 
D D D 
D D 0 
D D D 
D D D 
0 0 0 
D D D 
D D 0 
D D 0 
D D 0 
D D 0 
0 D D 
D 0 Y 
D D Y 
D D Y 
D 0 Y 
D D Y. 
D D Y 
v Ii Y 
v u Y 
Y v Y 
u u Y 
Y Y Y 
D Y Y 
D Y Y 
D Y Y 
u v Y 
Y Y Y 
u Y Y 
Y v Y 
Y Y Y 
Y u Y 

D D Y 
D D .Y 

D 
D 
D 
D 
0 
0 
D 
D 
D 
D 
D 
D 
0 
D 
D 
D 
D 
D 
D 
D 
D 
D 
Y 
Y 
Y 
Y 
Y 
v 
v 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

D 
D 

v 
Id 
D 
D 
0 
0 
0 
D 
D 
D 
D 
D 
D 
D 
D 
D 
D 
0 
D 
D 
D 
0 
Y 
Y 
Y 
Y 
Y 
0 
D 
Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y2 
Y 
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Attachment 1: Solubility Classes in Each Dose Incraant Library. contlnud 

Solubllity Classes. continued 

Nuclide D Y Y PNL MAX Huclide D bl Y PNL MAX . 

TC99 D Y V Y 

TC99H D Y W w 

TClOl D U W Y 

RUlO3 D Y Y Y 

RUIOS D U Y Y 

RU106 D Y Y Y 
RHIOJH D V Y Y 

RHlO5 D V Y Y 

PO103 D V Y Y 

PO107 D V Y Y 

PO109 D Y Y Y 

AGllOH D Y Y D 

At111 D Y Y D 
CO109 D W Y D 
CD113H 0 Y Y D 
CO115 D V Y 0 
COlISH D Y Y 0 
IN111 D Y Y D 
INllW D Y Y D 
IN114H D Y V 0 

IN115M D Y W 0 

SNl13 D W Y v 
SN117H 0 Y Y V 

SNllSH D Y Y u 

SNl21 D Y U Y 

SNlPlH D Y Y Id 
SN123 D U U w 

SN125 D V W w 
SN126 D Y V u 

58122 D Y U Ii 
56124 0 Y u bl 

58125 D U Y Y 

58126 D Y Y Y 

SB126H 0 . Y W w 

58127 0 Y Y v 

58129 D V W u 

TE123M D Y U u 

TEl25H 0 Y Y Y 
TE127M D Y Y Y 

TE127 D Y Y Y 
TEl29 D V U v 
TE129M D Y U v 
TE131H D Y W Y 

TEl31 D Y Y w 

TE132 D V V If 

TEl33 D V U u 
TE133M D Y Y Y 

TEl34 D W Y w 

v 
D 
D 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
D 
D 
Y 

0 
Y 
D 
D 
D 
u 
V 
u 
Id 
Y 
v 
w 
u 
Y 
If 
Y 
Y 
w 
Y 
u 

0 
Y 
w 
Y 
Y 
v 
u 
Y 

w 
u 
Y 
v 

I 125 D D D D 

I 129 D D D D 
I 130 D D D D 

I 131 0 D 0 0 
I 132 D D D D 
I 133 D D D D 
I 134 0 D D D 
I 135 0 D D D 
XE122 D D D D 

JE125 0 D D 0 
XE131N D 0 0 D 
XEl33 D D D 0. 
XE133H D D D D 
XEl35 D 0 D D 
XEl35H D D D D 
XE137 D D D 0 
XE138 D D D D 
cs134 D 0 D 0 
CSl34M D D D D 
cs135 D D D D 
CS136 D D D D 
cs137 D D D D 
CS138 D D D 3 
cs139 0 D D 0 
8A139 D D D D 
BA140 D D D D 
BA141 D D 0 D 
BA142 D D D D 
IA140 D V W D 
LA141 D Y V D 
LA142 0 v v D 

CE141 Id Ii Y Y 

CE143 Y Y Y Y 

CE144 Y v Y Y 
PR142. w w Y Y 

PR143 v Y Y Y 

PR144 u Y Y Y 
PRl44H Y Y Y Y 
ND147 Y Y Y Y 

PM147 v v Y Y 
PM148 u v Y Y 
PM148M V Y Y Y 
PM149 v U.Y Y 

PM151 Y Y Y Y 

SMl47 Y Y Y Y 

SHl51 m v Y Y 

SW53 u Y u Y 

D 
D 
0 
D 
D 
D 
D 
D 
D 

D 
D 
D 
D 
D 
D 
0 
D 
0 
D 
D 
D 
D 
D 
0 
D 
D 
D 
D 
Y 

0 
0 
Y 
Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 
Y 
Y 
Y 

Y 
Y 

u 
Y 
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Attactment 1: Soiubility CIarsa In Each Neu Dose IncrerPnt Library. continued 

blubi 11ty Classes. amttnued 

Nuclide D U Y PNL MAX 

ER169 

EU152 

ER171 

EU152H 

TA182 

EU154 

Y 181 

EU155 

V 185 

EUl56 

Y 187 

GDlS3 

REl87 

CD1 59 

OS185 

fB160 

OS191 

T8161 

IR192 

DY165 

HG2D3 

HO166 

PB210 

HOl66H 

P8212 
81210 
81212 
PO210 
RN222 
FR223 
RA223 
RA224 
RA225 
RA226 
RA228 
AC225 
AC227 
AC228 
TH227 
TH228 

vvu v u 
vwv u w 
VYY Y Y 
ODD D D 
DDD D D 
DDD 0 D 
OUY Ii v 
OVY D 0 
DYY D Y 
DWY Y Y 
ODD D D 
DDD D D 
DDD D D 
DWV W U 
DYV Y D 
DUU Y D 
DDD D D 
DDD D D 
VUY Y Y 
vilv v u 
WYU Y v 
YYV v Y 
uuu Id u 
DYY Y D 
DVY Y D 
DVY Y D 
YYY Y Y 
YVY Y v 

uwu Y u 
VYW u v 
YVY Y Y 
YVY Y v 
YUY v Y 
oh/Y D D 
DVV D Y 
VUY Y Y 
YVY u u 
uvv v v 
vvu Y v 
uvv u u 

- - 
- 

Nuciide 0 V Y PNL MAX 

TH229 Y v Y 
TH230 v Y Y 
TH231 v v Y 

TH232 Y u Y 

TH234 Ii Y Y 
PA231 v v Y 
PA233 Y Y Y 
PA234 Y Y Y 
U 232 D V Y 
U 233 D V Y 
U 234 D V Y 
U 235 D V Y 
U 236 0 Y Y 
U 237 D U Y 
U 238 D Y Y 
U 240 D U Y 
HP237 v v Ii 

HP238 v v Y 
HP239 v Y Y 

PU236 Y v Y 

PU237 Y n Y 

PU238 Y Y Y 
PU239 Y Y Y 
PU240 Y Y Y 
PU241 Y v Y 
PU242 u v Y 
PU243 v Y Y 
PU244 v u Y 
AH241 v u Ii 

AH242 v u v 
AM242M Y Y v 
AM243 Y Y u 
CU242 Y v Y 

CM243 Y Y Y 
CH244 Y Y v 
CM245 v u Y 
CM246 Y Y u 

CH247 Y Y Y 
CM248 Y Y w 
CF252 v u Y 

Y 
Y 
Y 
Y 
Y 

Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
w 
u 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
v 
v 
u 
v 
w 
Y 
w 
v 
u 
Y 
u 
Y 

u 
v 
Y 
Y 
Y 
Y 
Y 
Y 

Y2 
Y2 
Y2 
Y2 
Y2 
Y 

Y2 
Y 
v 
Y 
Y 
u 
Y 
Y 
Y 
v 
Y 
w 
w 
v 
v 
u 
Y 
u 
Y 
v 
Ii 
v 
Id 
v 
u 
u 

1 The MAX library uses fl=O3 for ail cobalt ingestion dose incrcmcnts. 

2 ?he MAX library uses the fl for class D rather than class Y for the ingestion dose incrrmcnts for MO-93, U-232, U-233, U-234, 
U-W, U-Z%, and U-238. 
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Attachaent 2: Input Files for INTOF 

First Group of Nuclides: 

70 'No. of years to constder 

T 'Acute? if faise then chronic 

1.0 'Particle size, micron 

F 'Print SEE's dnd Debug print Stdtet?tWItS? 

5.0-7 'Relative error tolerance (LSODES2) 

5.0-9 'Absolute error tolerance (LSODESP) 

365.0 'Absolute step size allowed (LSOOESZ) 

1.0-6 'Initial step size (LSODESZ) 

750 'Number of steps to reach convergence allowed (LSODESZ) 

F 10.0 'Fetal dose. age (da) 

H3 
BE7 SC46 ZN69M SR87M 

BE10 CR51 GA72 SR89 

c 14 MN54 AS76 SR90 

N 13 MN56 SE75 SR91 

F 18 FESS SE79 '. SR92 
HA22 FE59 8R82 Y 90 
HA24 co57 BR83 Y 91 
S131 CO58 8184 Y 91H 

P 32 CO60 R886 Y 92 

P 33 HI59 R887 Y 93 

s 35 HI63 R888 ZR93 

CL36 HI65 RB89 ZR95 

K 40 CU64 RB90 ZR97 

CA41 ZN65 R89OM N893H 

CA45 ZN69 SR85 NE94 

Second Group of Nuclides:, 

SN113 
SNll7H 
SN119U 
SN121 
SN12lH 
SN123 
SN125 

SN126 
58122 
58124 
58125 
SB126 
S8126H 
S8127 
58129 

TE123M 
TE125H 
TE127 
TE127H 
TE129 
TE129H 

TE131 
TElJlH 
TE132 
TE133 
TE133H 
TE134 
I 125 
I 129 
I 130 

I 131 
I 132 
I 133 
I 134 
I 135 
cs134 
CS134H 
cs135 
CS136 
cs137 
CSl38 
cs139 
BA139 
BA140 
BA141 

BA142 
LA140 
LA141 
IA142 
CEl41 
CEl43 
CE144 
PR142 
PR143 

PR144 
PRl44H 
ND147 
PM147 
PM148 
PM148H 

NB95 
N895H 
N897 
NB97M 
no93 
HO99 
TC99 
TC99M 
TClOl 
RUlO3 
RUlO5 
RU106 
RHlOJM 
RH105 
PD103 

PM49 
PM151 
SM147 
SH151 
SHl53 
EU152 
EU152M 

EUl54 
EU155 
EU156 
GD153 
GO159 
TBl60 
TB161 
DY165 

PD107 
PO109 
AGllOn 
AGlll 
CD109 
CO113H 
CD115 
CDllSH 
IN111 
lN113H 
IN114M 
INllSH 

HO166 
H0166H 
ER169 
ER171 
TAlB2 
V 181 
V 185 
Y 187 
RE187 
OS185 
OS191 
lR192 
HG203 
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Attactment 2: Input Files for INTDF. continued 

Third Group of Nuclldet: 

70 'No. of years to consider 

1 'Acute? if false then chronic 

1.0 'Particle stze. micron 
F 'Print SEE's and Debug print statements? 

5.0-7 'Relative error tolerance (LSODESZ) 

5.0-9 'Absolute error tolerance (LSOOESZ) 

365.0 'Absolute step site allowed (LSODESZ) 

1.0-6 'Initial step size (LSODESP) 
750 'Number of steps to reach convergence allowed (LSODESZ) 
F 10.0 'Fetal dose. age (da) 

P8210 
PB212 
BItlo PA231 : _- 

81212 PA233 

w210 PA234 

RN222 U 233 
FR223 U 234 
RA223 u 235 

RA224 U 236 

RA225 U 237 
RA226 U 238 

RA228 U 240 

AC225 NP237 

AC227 HP238 

AC228 NP239 

TH227 PU237 

TH228 PU238 

TH229 PU239 
TH230 PO240 

TN231 PU241 
TH232 
TH234 

18 

PU242 
PU243 
PU244 
An241 
AM242 
AM242M 
AM243 
CM242 
CU243 
CH244 
CM245 
CU246 
CM247 
CH248 
CF252 

GENII 
Technology Transfer Package 

Version 1.485 
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Note: The - character in the listing represents ESC (ASCII 27) for use in controlling screen mlots with the ANSLSYS device 
driver. : 

BECHO OFF . 
: Author: Paul Rfttmann 
: This is a self explaining 

instructions on how to 
batch file. Type "CLASS" for 
use this. 

IF ZlP%l=-ZIP GOT0 SHOW-HOW 
IF Xl-=HAX GOT0 COPY-IT 
IF Xl==max GOT0 COPY-IT 
IF Xl--PNL GOT0 COPY-IT 
IF Xl--pnl GOT0 COPY-IT 
IF Xl-=0 GOT0 COPY-IT 
IF %l==d GOT0 COPY-IT 
IF %1=-W GOT0 COPY-IT - - 
IF %1--w GOT0 COPY-IT 
IF %1=-Y GOT0 COPY-IT 
IF %1=-y GOT0 COPY-IT 
IF %I=-OLD GOT0 COPY-IT ~ 
IF %I==old GOT0 COPY-IT 
:SHOU-HOW 
ECHO '[I;37m 
ECHO F Instructions for CLASS.BAT p 
ECHO -[32m 
ECHO Purnose: '[3&n Install alternate Dose Factor libraries for GENII. _- .- 
ECHO '[32m ' - 
ECHO 
ECHO 

First Parameter: -[3fi Identifies which library to use. 
' Wm 0. V& _ 1;: = Lung Clearance Time (days, weeks, years) 

ECHO 
ECHO 

:B; = Worst Case Solubility Assignments 
PNL -[3&n = PNL Solubility Assignments 

ECHO -[33mm OLD -[3Gm = Original Dose Factor Library (8/29/88) 
ECHO -[32m 
ECHO Example: '[3&n For a UNH release (Class D). type -[33m CLASS D 
ECHO -[3&n before starting the GENII run. 
ECHO -132~1~ 
ECHO Note: '[3&s Different solubility classes may give dlfferent doses 
ECHO for both inhalation and ingestfon. 
ECHO -[37m 
ECHO - 
GOTD END 

:COPY-IT 
ECHO -[1:35m 
COPY CLASS-%l.BIN DOSINC.DAT 
COPY CLASS-%l.TXT DOSINC.OUT 
COPY DITTY-Xl.DSF DSFCTJO.DAT 
ECHO '[36m 
ECHO The following library will be used in the next GENII run: 
ECHO "[32m 
TYPE DOSINC.DUT 

:END 
ECHO 
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Verification Tests for the July 1993 Revision to the 
GENII Radionuclide and Dose Increment Libraries 

by Paul D. Rittmann, PhD CHP October 12, 1993 

One of the data files used by GENII (Napier 1988) was modified to Improve 
the treatment of decay chains. The principle reason for this was the 
discovery of errors when doing long decay,times for calculations of doses from 
contaminated soil which has been allowed to decay for hundreds of years. Air 
transport calculations for Safety Analysis Reports (and similar endeavors) are 
largely unaffected by these changes duetothe short decay times involved. To 
decrease execution times for air transport calculations, a second version of 
RMDLIB was created with shorter decay chains. 

This report summarizes the changes which were made, and the impact those 
changes will have on typical calculations. To be complete, every nuclide in 
the GENII library was tested. 

1 .O CHANGES TO RMDLIB.DAT 

The data file named RMDLIB.DAT was completely overhauled. A summary of 
the changes is given below. The old and new versions of RMDLIB.DAT are shown 
on the next page. The extra columns of data to the right of the inhalation 
class for the lung model are not shown because they did not change. 

(1) Changed the order of the parent nuclide indices for' Rb-87, Rb-90, Sr-90, 
Rh-103m, Te-129, and Ra-223. This was- done to compensate for a 
limitation in the decay chain subroutine of GENII. In the original 
order, daughter nuclides were sometimes skipped. For example, both 
Pd-103 and Ru-103 decay to Rh-103m. In the original file, the Rh-103m 
decay is not calculated for Pd-103, although it is for Ru-103. In the 
revised arrangement, both are calculated .correctly. 

(2) Corrected the halflife of Xe-122 (was 8.38E-2 days; is now 0.8375 days). 
Halflives which changed more than 1 percent are,listed below. 

Percent 
Nuclide Difference 

. . 

Ca-41 
Sn-117m -;*3” 
Pa-23 1 -12:o 
U -232 11.4 

U -233 U -234 ;-: 
Pu-243 7:6 

(3) Lengthened three decay chains to improve accuracy at long decay times: 
(a) Cf-252 & Cm-248 were added to the Cm-244 chain, (b) Cm-246 8 U-234 
were added to the Am-242m chain, and (c) the Cm-245 and U-237 chains were 
merged 
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(4) Rewrote all the halflives to restore significant digits to improve 
agreement between GENII and hand calculations. RMDLIB.DAT shows 
halflives in units of days. Halflives which have units of years were 
converted to days using the factor 365.25 days per year. 

(5) Restored the PNL default solubility class assumptions. This is not a 
relevant change since this parameter is only read by INTDF when it 
calculates internal dose factors. 

The changes to RMDLIB.DAT were automated using a computer program to read 
halflife values from the data file ENERGY.DAT and use them to replace the 
values in RMDLIB.DAT. ENERGY.DAT isniormally only used by the EXTDF program 
when generating external dose factors. The halflives in ENERGY.DAT are the 
same as those in Kocher, 1981. 

Old and New Versions of RNDLIB.DAT Side-by-Side 
(order changes are marked) 

Radionuclidc Master Libras (ll/lS/PO PDR) 
H3 
BE7 
BE10 
c 14 
I 13 
F 18 
NA22 
YA24 
B131 
P 32 
P33 
B 35 
CL36 

f;Rtx 
AR41 
CA41 
CA45 
SC46 
CR51 
MN54 
FE55 
MN56 

kz 
FE59 
MS9 

i% 

ii% 
2N65 
2N69M 
2N69 

EE 
AS76 
SE79 
81182 

EM 
BRW 
KR85M 

zig 

L% 
SR87w 
RB87 

Fzi 

4.49E+3 1 0 O.OitOO-0 id00 
5.33E+l 1 0 0.0000 0 0.0000 
5.84E*8 1 0 0.0000 0 0.0000 
2.09E+6 1 0 0.0000 0 0.0000 
6.92E-3 1 0 0.0000 0 0.0000 
7&E-2 1 0 0.0000 0 03000 
9SOE+2 1 0 0.0000 0 0.0000 
6.251-l 1 0 0.0000 0 0.0000 
l.OPE-1 1 0 0.0000 0 0.0000 
1.43E+l 1 0 0.0000 0 0.0000 
2.54E+l 1 0 O.WOO 0 0.0000 
8.74E+l 1 0 0.0000 0 0.0000 
l.lOE+8 1 0 0.0000 0 0.0000 
9.83E+4 1 0 0.0000 0 O.WOo 
4.67Ell 1 0 0.0000 0 0.0000 
7*6lE-2 1 0 0.0000 0 Q.0000 
3.67E+7 1 0 0.0000 0 0.0000 
1.63E+2 1 0 0.0000 0 o.Woo 
&38E+t 1 0 0.0000 0 0.0000 
2.nE+l 1 0 0.0000 0 0.0000 
3.13E+2 1 0 0.0000 0 0.0000 
9.868+2 1 0 0.6000 0 0.0000 
l.O7E-1 1 0 0.0000 0 O.WOO 
2.71E+t 1 
1.08~+1 

0 0.0000 0 0.0000 
1 0 0.0000 0 0.0000 

4.46E+l 1 0 0.0000 0 0.0000 
2.74E+7 1 0 0.0000 0 0.0000 
1.92E+3 1 0 0.0000 0 0.0000 
3.659+4 1 0 0.0000 0 o.Woo 
S.29E-1 1 0 0.0000 0 0.0000 
l.OSE-1 1 0 o.Woo 0 0.0000 
2.44E+t 1 0 0.0000 0 o.Qooo 
5.T3E-1 1 0 0.0000 0 Q.OWo 
3.86E-2 2 1 l.QOOO 0 0.0000 
5.87E-1 1 0 0.0000 0 0.0000 
1.2OE*2 1 0 o.OWo 0 Q.Woo 
l.lOE+O 1 0 0.0000 0 Q.Qooo 
2.3X+7 1 0 0.0000 0 0.0000 
l.lfE+O 1 0 o.Qooo 0 Q.WOO 
9.%E-2 1 0 0.0000 0 0.0000 
7.63E-2 2 1 l.WOO 0 0.0000 
Z.ZlE-2 1 0 0.0000 0 0.0000 
1.8X-l 1 0 0.0000 0 0.0000 

l- ND 
w 

t w 
6 

1: 

11 fi 

:z vo 
:3 z 
16 it 

Bo 
g NY 
27 NY 

i: 
ND 

271 : 
ND 

it NY 
28 ND 
30t VY 
30 BY 

3.91E+3 2 1 0.2110 0 0.0000 36 6.48E+l 1 0 0.0000 0 0.0000 38 1 : 
1.87E+l 1 0 0.0000 0 0.0000 37 VO 

5.30E-2 1 0 0.0000 0 0.0000 36 l.VE-1 2 0 0.0000 0 0.0000 38 1 : 
l.nEl3 3 1 1.0000 2 0.0030 37 VD 

l.l8E-1 1 0 0.0000 0 0.0000 36 1.248-2 2 1 1.0000 0 0.0000 37 Ii 

Radimuclide Master Library, LOnB times (23-July-93 PDR 
4485.27 1 0 0.0000 0 0.0000 1' ND H3 

BE7 
BE10 

ii if 
F 18 
NA22 
NA24 
SI31 
P 32 

2; 

5: 
AR41 

z; 

2: 
MN54 
FE55 
MN56 

Ez 
FE59 
WI59 

is 

i% 
2N65 
2N69w 
2N69 
CA72 

%i 

EE 
BR83 

iiF 
KR85H 

i% 

t 
w 
w 

6 ND 

07 
ND 

11 ti 

:: iFi 

53.44 1 0 0.0000 0 0.0000 
5.844E8 1 0 0.0000 0 0.0000 
2.09386 1 0 0.0000 0 0.0000 
6.924-3 1 0 0.0000 0 0.0000 
0.07621 1 0 0.0000 0 0.0000 
950.38 1 0 0.0000 0 0.0000 
0.625 1 0 0.0000 0 0.0000 
0.10924 1 0 0.0000 0 0.0000 
14.29 1 0 0.0000 0 0.0000 
E4 

l&E8 

1 1 0 0 0'0000 0 0000 

1 0 o:oooo 

0 0 o'woo 0 WOO 

0 o:oooo 
98252.3 1 0 0.0000 0 0.0000 
466.4E9 1 0 0.0000 0 0.0000 
.0.07612 1 0 0.0000 0 0.0000 
3.762E7 1 0 0.0000 0 0.0000 
162.7 1 0 0.0000 0 0.0000 
63.8 1 0 0.0000 0 O.WOO 
27.704 1 0 0.0000 0 0.0000 
312.7 1 0 0.0000 0 0.0000 
986.175 1 0 0.0000 0 O.WOO 
0.10744 1 0 0.0000 0 O.OWO 
270.9 1 0 0.0000 0 0.0000 
70.8 1 0 O.WOO 0 0.0000 
44.63 1 0 0.0000 0 0.0000 
2.TJ9E7 1 0 0.0000 0 O.WOO 
1925.23 1 0 o.oooo 0 0.0000 
36561.5 1 0 0.0000 0 O.OWO 
0.52921 1 0 0.0000 0 o.owo 
0.105 1 0 0.0000 0 o.woo 
244.4 1 0 o.woo 0 o.oooo 
0.57333 1 0 o.owo 0 0.0000 
m3861 2 1 l.WOO 0 Q.WW 
QS87S 1 0 0.0000 0 0.0000 
119.78 i 0 o.wo 0 0.~00 
l.Q%67 1 0 o.woo 0 0.0000 

28 Nu 

2.37417 1 0 0.0000 0 0.0000 
1.47083 1 0 0.0000 0 0.0000 
0.09958 1 0 0.0000 0 0.0000 
0.07625 2 1 1.0000 0 0.0000 
0.02208 1 0 0.0000 0 0.0000 
0.18667 1 0 0.0000 0 O.WOO 
3915.48 2 1'0.2110 0 0.0000 
64.84 1 0 Q.0000 0 0.0000 
w-66 1 0 o.woo 0 0.0000 
0.05299 1 0 0.0000 0 O.oWO 
0.11688 2 0 0.0000 0 0.0000 
1.73El3 3 2 0.0030 1 l.ODOO 
0.11833 1 0 0.0000 0 o.woo 
0.01236 2 1 1.0000 0 0.0000 

iCiiB7 
BR87M 
RB87 

ii: 
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XR89 
RB89 
SR89 
d90 
RBPOW 
RB90 

BR91 
Y 9lW 
Y 91 
BRA92 
Y 92 

il3E 
2R93 

z? 
2R95 
NB%W 

ii97 
NBP'IW 

no99 
tc99l4 

TZl 
RU103 
PO103 
RH103H 
RU105 
RHO5 
RUlO6 
PDlO7 
PO109 
CD109 
AGllOn 

::::1 
SW113 
lN113M 
CDlluI 
CDliSM 
CD115 
INllSU 
INl14M 
SNl17M 
SN119H 
SNl21cI 
91121 
SBl22 
XE122 
SN123 

! 
3 
SNl25 
SB125 
tEl25n 
XEl25 
2 125 
BNl26 
BBl26u 
SBl26 
SBl27 
tE127H 
tEl27 
SBl29 
tEl29M 
tEl29 

: z 

w 
I 131 
XEl3lU 

Z.ZOE-3 1 0 Q.QDOO 0 0.0000 
l.Q7E-2 2 1 l.WW 0 0.0000 
s&E+1 3 2 l.WOO 0 o.woo 
3.746-4 1 0 0.0000 0 0.0000 
2.99E-3 2 1 0.1190 0 0.0000 
1.82E-3 3 1 0.8810 2 0.0230 
l&E+4 4 2 0.9770 3 1.0000 
2.67E*O 5 4 1.0000 0 0.0000 
3.96E-1 1 0 0.0000 0 0.0000 
3.451-2 2 1 0.5740 0 Q.WW 
5.8SE+l 3 2 l.WW 1 0.4260 
l.l3E-1 1 0 QmQOOO 0 Q.QOOO 
l&E-1 2 1 1.QOOO 0 0.0000 
4.21E-1 1 0 0.0000 0 0.0000 
1.28E+6 2 0 0.0000 0 O.WW 
5.58E+a 3 1 1.0000 0 0.0000 
5.33E+3 4 3 l.QOOO 2 1.0000 
7.41E+6 1 0 0.0000 0 0.0000 
6.4OE*l 1 0 Q.WW 0 0.0000 40 
3.61E+O 2 1 0.0080 0 0.0000 41 it* 

3SlE+l 3 2 0.9450 1 0.9922 41 7&E-1 1 0 0.0000 0 0.0000 40 :i 
6.94E-4 2 1 0.9470 0 0.0000 41 SY 
S.OlE-2 3 2 1.0000 1 0.0530 41 SY 
2.75E+O 1 0 0.0000 0 0.0000 42 
2SlE-1 2 1 0.8860 0 0.0000 43 ifi 
7.77E+7 3 2 1.0000 1 0.1140 43 t NM 
9.866-3 1 0 0.0000 0 0.0000 43 NO 

3.94E+l 1 0 0.0000 0 0.0000 44 1.7OE+l 2 0 0.0000 0 0.0000 46 ii 

3.90E-2 3 1 0.9974 2 0.9997 45 1.8SE-1 1 0 0.0000 0 0.0000 44 ii 
1.47E+O 2 1 1.0000 0 0.0000 45 NY 
3.68E+2 1 0 0.0000 0 0.0000 44 t MY 
2.37E+9 1 0 0.0000 0 0.0000 46 
5.61E-1 1 0 0.0000 0 0.0000 46 
4.64E+2 1 0 0.0000 0 0.0000 48 
2.50E+2 1 0 0.0000 0 0.0000 47 
7.46E+O 1 0 0.0000 0 0.0000 47 
2.83E+O 1 0 0.0000 0 0.0000 
1.15E+2 1 0 0.0000 0 0.0000 
6.91E-2 2 1 1.0000 0 0.0000 
S.OOE+3 1 0 0.0000 0 0.0000 
4.46E+l 1 0 0.0000 0 0.0000 
2,23E+O 1 0 0.0000 0 0.0000 
l.B2E-1 2 1 1.0000 0 0.0000 
S.OOE+l 1 0 0.0000 0 0.0000 
l.lOE+l 1 0 0.0000 0 0.0000 
2.93E+2 1 0 0.0000 0 0.0000 
2.QlE+4 1 0 0.0000 0 0.0000 
l.l3E+O 2 1 0.776 0 0.0000 
2.7OE+O 1 0 0.0000 0 0.0000 
8.38E-2 1 0 0.0000 0 0.0000 
1.29E+2 1 0 0.0000 0 0.0000 
1.2OE+2 1 0 0.0000 0 0.0000 
6.02E*l 1 0 0.0000 0 0.0000 
9.64E*O 1 0 0.0000 0 0.0000 
l.OlE+3 2 1 1.0000 0 0.0000 
5.8OE+l 3 2 0.2310 0 0.0000 52 
?.OOE-1 1 0 0.0000 0 0.0000 54 
6.01E+l 2 1 1.0000 0 0.0000 S3 
3.65E+7 1 0 0.0000 0 0.0000 50 
1.32E-2 2 1 1.0000 0 Q.0000 51 
1.24E+l 3 2 0.1400 0 0.0000 51 
3.85E*O 1 0 0.0000 0 0.0000 51 
l.OPE+t 2 1 0.1690 0 0.0000 52 
3.90E-1 3 2 0.9820 1 0.8310 52 
1.83E-1 1 0 0.0000 0 0.0000 
3.36E+l 2 1 0.1660 0 0.0000 
4.831-2 3 1 0.8340 2 0.6290 
5.738*9 4 3 1.0000 2 0.3710 
5.15E-1 1 0 0.0000 0 0.0000 
1.25E+O 1 0 0.0000 0 0.0000 
1.74E-2 2 1 0.2220 0 0.0000 
&04E+O 3 2 1.0000 1 O-z180 
l.l8E+l 4 3 0.0109 0 0.0000 
3.26E+O 1 0 0.0000 0 0.0000 
9.58E-2 2 1 1.0000 0 0.0000 

51 

. 

Rti9 

ii: 
RBW 
RB90 
sR90 

iRz 
Y 9111 
Y 91 

FE 

iclz 

- iz 
1894 

ii& 
NB% 
2R97 
NB97M 
NB97 

K& 
tc99 
tc101 
PD103 
RU103 

:k% 
RH105 
RU106 

F% 
CD109 
AGllOl4 
At111 
IN111 
SW113 
INl13U 
cDl13H 
CDllSM 
CD115 
IN11514 
INll4M 
SHl7u. 

EE 
SW121 
58122 

z:zuz 

ST 

%E 
tEl2fH 
XE125 
1125 
SW126 
SB126m 
SBl26 
fBl27 
tEl27)r 

2:E 

EF 

: 1z 

xn 
I 131 
XEl31M 
tE132 
I 132 
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2.194-3 1 0 0.0000 0 OAOOO 0.01072 2 1 l.QOOO 0 O.WOO 36 E 37 
Sb.55 3 2 l.QOOO 0 Q.WOO 38 1 M) 

3.741-4 1 0 0.0000 0 0.0000 2.986-3 2 1 0.1190 0 O.QOOO 36 !i 37 
1.817-3 3 2 0.0230 1 Q.8810 37 
lQ446.1 4 3 1.0000 2 0.9TIo 3B t 1 iii 
2.67083 !I 4 1.0000 0 0.0000 39 1 SY 
0.39583 lQQ.QOOOQQ.QQQO 
0.05452 2 1 0.5740 0 Q.WOQ 

38 1; 
39 

Sm.51 3 2 l.WOO 1 0.4260 ct.11292 1 Q O.WOO 0 Q.QOOO 39 ii 38 1 
Q.147S 2 1 l.QQOO 0 Q.WW 39 SY 
0.42083 1 0 0.0000 0 Q.OOQO 39 SY 
1.278E6 2 0 QAQOO 0 O.QQOO 42 
f.566~8 3 1 l.QOOO 0 0.0000 40 ii 
5332.65 4 3 1.0000 2 1.0000 41 VY 
7.415E6 1 0 0.0000 0 0.0000 41 VY 

64.02 1 0 Q.QQOQ 0 Q.QOOO 3.60833 2 1 0.0078 0 0.0000 40 K 41 3S.06 3 2 0.9450 1 0.9922 41 ii . 

0.70417 1 0 0.0000 0 O.WOO 40 
6.944-4 2 1 0.9470 0 0.0000 41 SY 
0.05007 3 2 1.0000 1 0.0530 41 SY 
2.75083 1 0 0.0000 0 0.0000 42 
0.25083 2 1 0.8860 0 0.0000 43 u", 
?.78OE7 3 2 1.0000 1 0.1140 43 t NY 
9.861-3 1 0 Q.0000 0 &WOO 43 NM 

. 16.961 1 0 0.0000 0 0.0000 46 W 
39.35 2 0 0.0000 0 Q.QWO 44 NY 
0.03897 3 2 0.9974 1 0.9997 45 NY 
0.105 1 0 0.0000 0 0.0000 44 NY 
1.41333 2 1 1.0000 0 0.0000 45 
368.2 1 0 0.0000 0 0.0000 44 t i:. 
2.374E9 1 0 0.0000 0 0.0000 46 VY 
0.56054 1 0 0.0000 0 0.0000 46 SY 
464.0 1 0 0.0000 0 0.0000 48 ND 

2183 ;4&85 

1 0 0.0000 0 0.0000 47 ND 

1 1 0 0 0.0000 0.0000 0 0 0.0000 0.0000 47 49 M" 
115.1 1 0 0.0000 0 0.0000 50 
0.06908 2 1 1.0000 0 0.0000 49 ii 
5003.93 1 0 0.0000 0 0.0000 48 ND 
44.6 1 0 0.0000 0 0.0000 48 ND 
2.2275 1 0 0.0000 0 0.0000 48 ,ND 
0.18167 2 1 1.0000 0 0.0000 49 VO 
49.51 1 0 0.0000 0 0.0000 49 VB 
13.6 1 0 0.0000 0 0.0000 50 
293.0 1 0 0.0000 0 0.0000 50 z 
20088.8 1 0 0.0000 0 0.0000 50 VU 
1.128 2 1 Q.tT6 0 0.0000 50 su 
f&5 1 1 0 0 0 Q'QQOO 0000 0 0 Q'QOOO 0 0000 

129.2 1 0 0:OOOO 0 0:OOOO 

54 51 NO SY 

50 
119.7 1 0 0.0000 0 0.0000 52 2 

rii 
lill.74 

1 1 0 0 0.0000 0.0000 0 0 0.0000 0.0000 50 51 SU SU 
2 1 l.WOO 0 0.0000 51 

6i.14 i8tQ 

3 2 0.2310 0 0.0000 52 iii 

2 1 0 1 0.0000 1.0000 0 0 0.0000 O.QWQ 54 53 2 !i 
3.453E7 1 0 Q.0000 0 0.0000 50 w 
0.01319 2 1 1.0000 0 0.0000 51 w 
12.4 3 2 0.1400 0 0.0000 51 sv 
3.155 1 0 0.0000 0 0.0000 51 
109.0 2 1 0.1690 0 0.0000 52 :; 
Q.38%8 3 2 0.9017 1 o.a310 52 

&lf33 
Ok4833 

2 1 0 1 0.0000 0.1660 0 0 Q.WOO 0.0000 51 52 ii fu 
3 2 0.6290 1 0.8340 52 

5.?34%9 4 3 1.0000 2 0.3710 53 t 2 iI: 
0.515 1 Q.Q.QOQO 0 0.0000 53 2 ND 

ah4 z36 

1 0 0 0000 0 0 0000' 

3 2 2 1 0'2220 1:OOOO 0 1 Oh0 0'0000 

52 

53 52 t t 2 :: ND 
11.84 4 3 0.0109 0 0.0000 54 ND 

3.25833 1 0 0.0000 0 0.0000 0.09583 2 1 1.0000 0 0.0000 52 ii 53 2 
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tE133M 
tEl33 
1133 
REl33M 
xE133 
tE134 
1 134 

XE13B 
CBl38 
CB139 
BAl39 
Ml40 
LA140 
BA141 
LA141 
CE141 
BA142 
LA142 
PR142 
CE143 
PR143 
CEl44 
PRlW 
PR144 

E%T: 
SW147 
w14eu 
Ml48 
Pm149 
Pm151 
BM151 
EU152M 
EU152 
SW153 
lm53 
N154 
El!155 
EU156 
GD159 
tBl60 
tB161 
Or165 
H0166m 
HDl66 
ER169 
ER171 
U 181 
tAli2 
U 185 
OS185 

:E:Z 
OS191 
XRl92 
Ii6203 
CF252 

ALE 
Pu244 
U 240 
PU240 
U236 

3.BSE-2 1 0 O.WW 0 O.DDOO 
6.65E-3 2 1 0.1300 0 O.QOOO 
8.67E-1 3 2 l.QOOO 1 0.6700 
2.19E*O 4 3 Q.Q28B 0 Q.DDDO 
S.ZSE+O 5 4 1.0000 3 0.9712 
2.9DE-2 1 0 Q.OODO 0 Q.QDDD 
3.651-2 2 1 1.0000 0 0.0000 
t.tlE-1 1 0 O.OOOO 0 Q.QOOO 
7.53E+2 2 1 l.DDDO 0 O.QQDO 
2.751-l 1 0 O.WW 0 Q.QOQO 
l.Q7E-2 2 1 Q.1650 0 Q.WOO 
3&E-1 3 2 1.0000 1 0.8350 
a.4OE+8 4 3 1.0000 0 0.0000 
1.32E+l 1 0 0.0000 0 Q.WDO 
2.66E-3 1 0 Q.DDO0 0 Q.DOOO 
l.lOE+4 2 1 l.QODO 0 Q.QOOO 
9.8lE-3 1 0 Q.WW 0 QAOOO 
2.24E-2 2 1 l.QOOO 0 Q.QDOD 
6.53E-3 1 0 0.0000 0 0.0000 
5.77E-2 2 1 1.0000 0 O-DOD0 
1.28E+l 1 0 0.0000 0 O.QDOO 
l&E+0 2 1 1.0000 0 0.0000 
1.27E-2 1 0 0.0000 0 0.0000 
l&E-l 2 1 1.0000 0 0.0000 
3.258*1 3 2 1.0000 0 0.0000 
7.43E-3 1 0 0.0000 0 9.0000 
6&E-2 2 1 1.0000 0 0.0000 
7.97E-1 1 0 0.0000 0 0.0000 
1.38E*o 1 0 0.0000 0 o.DDoo 
1.36E+l 2 1 1.0000 0 0.0000 
2.84E+2 1 0 0.0000 0 0.0000 
5.00E-3 2 1 0.0143 0 0.0000 
l.ZOE-2 3 2 1.0000 1 0.9857 
l.lOE*l 1 0 0.0000 0 0.0000 
9.58E+2 2 1 1.0000 0 0.0000 
3.87E13 3 2 1.0000 0 0.0000 
i.l3E+l 1 0 0.0000 0 0.0000 
5.37E+o 2 1 0.0420 0 0.0000 
2.21E+O 1 0 0.0000 0 O.OWO 
l.l8E+O 1 0 0.0000 0 0.0000 
3.29E+4 2 1 1.0000 0 0.0000 
3.88E-1 1 0 0.0000 0 0.0000 
4.96E+3 1 0 0.0000 0 0.0000 
1.95E+O 1 0 0.0000 0 0.0000 
2.42E+2 1 0 0.0000 0 0.0000 
3.21E+3 1 0 0.0000 0 0.0000 
1.81E+3 1 0 0.0000 0 0.0000 
l.SZE+l 1 0 0.0000 0 0.0000 
7.73E-1 1 0 0.0000 0 0.0000 
7.23E+l 1 0 0.0000 0 0.0000 
6.9lE+O 1 0 
9.738-2 1 0 

0.0000 
O.OOii 

0 O.DOOO 
0 0.0000 

4.38E+S 1 0 0.0000 0 0.0000 
l.lZE+O 1 0 0.0000 0 0.0000 
9.40E+O 1 0 0.0000 0 0.0000 
3.13E-1 1 0 0.0000 0 0.0000 
t.ZlE*2 1 0 0.0000 0 0.4000 
l.l5E+2 1 0 0.0000 0 0.0000 
7.51E+l 1 0 0.0000 0 0.0000 
9.36E+l 1 0 0.0000 0 0.0000 
9.93E-1 1 0 0.0000 0 0.0000 
1.72E13 2 1 1.0000 0 0.0000 
1.54E*l 1 0 0.0000 0 O.QDOQ 
7.40E+l 1 0 0.0000 0 0.0000 
L&E+1 1 0 0.0000 0 0.0000 
9.63E+2 1 0 0.0000 0 0.0000 
1.24E+0 1 0 0.0000 0 0.0000 
6.61E+3 1 0 0.0000 0 0.0000 
3iOlElO 2 0 0.0000 0 0.0000 
5.BBE-1 3 2 0.9988 0 0.0000 
2.40E*6 4 3 1.0000 1 1.0000 
aS5E+9 1 0 0.0000 0 0.0000 

f6TlBo 
57t Bu 
56 1BD 

i8 t iY 
59 BY 

tEl33R 
tEl33 
1 133 
XE133H 
XE133 
tEl34 
x134 
csl34H 

PE 
xE135n 
xE135 
CBl35 
CB136 
xE137 
CB137 

ZE 
CB139 
Ml39 
BA140 
LA140 
BA141 
LA141 
CE141 
BA142 
LA142 
PR142 
CE143 
PR143 
CE144 
PRl44M 
PR144 
ND147 
PM147 
BMl47 
PMl48n 
PM148 
PM149 
Pm151 
SW151 
EUlSW 

i%:s 
60153 
EU154 
EU155 
ELI156 
BD159 
tBl60 
16161 
01165 
H0166W 
HO166 
ER169 
ERlPl 
U 181 
tAl82 

iB!E 

!EiXT 
OS191 
IRl92 
HG203 
CF252 
CM248 
Cm244 
PU244 
U 240 
PU240 
U236 

Q.Q3a471OQ.ODOOOD.ODOO 
8.646-3 2 1 0.1300 0 o.oooO 
~a$66732l.oDDO1Q.B7Do 

51245 
4 3 0.0288 0 O.DDDO 
5 4 l.ODOO 3 0.9712. 

0.02903 1 0 0.0000 0 O.OOOO 
0.03653 2 1 l.WW 0 O.QOOO 
0.12063 1 0 Q.QQOQ 0 O.QQQQ 
753.145 2 1 1.0000 0 D.ODOO 
0.27542 1 0 0.0000 0 D.DDOO 
0.01067 2 1 0.1650 0 O.DDDD 
0.37958 3 2 l.WW 1 0.8350 
a.40lEa 4 3 l.WOO 0 Q.WOO 
13.16 1 0 Q.WDD 0 0.0000 
2.660-3 1 0 0.0000 0 O.OQOO 
11019.6 2 1 1.0000 0 Q.QOOO 
9.813-3 1 0 0.0000 0 O.QOOO 
0.02236 2 1 1.0000 0 0.0000 
6.528-3 1 0 0.0000 0 0.0000 
0.05771 2 1 1.0000 0 0.0000 
12.789 1 0 0.0000 0 0.0000 
1.67583 2 1 1.0000 0 0.0000 
0.01269 1 0 0.0000 0 0.0000 
0.16417 2 1 1.0000 0 0.0000 
32.5 3 2 1.0000 0 0.0000 
7.431-3 1 0 0.0000 0 0.0000 
0.06625 2 1 1.0000 0 0.0000 
0.79708 1 0 0.0000 0 0.0000 
1.375 1 0 0.0000 0 O.WOO 
13.56 2 1 1.0000 0 0.0000 
284.3 1 0 0.0000 0 0.0000 
LWO-3 2 1 0.0143 0 0.0000 
0.012 3 2 0.9994 1 0.9857 

ii ” 
53 2 ND 
54 ND 
54 ND 

10.9ij i 0 0.0000 0 0.0000 60 
958.197 2 1 1.0000 0 0.0000 61 

yy' 
s-i7 

3 1 2 0 0.0000 1.0000 0 0 0.0000 0.0000 62 61 
2 1 0.0420 0 0.0000 61 

2.21167 1 0 0.0000 0 0.0000 61 
1.18333 1 0 0.0000 0 0.0000 61 
32872.5 2 1 1.0000 0 0.0000 62 
0.38833 1 0 0.0000 0 0.0000 63 
4%7.4 1 0 0.0000 0 0.0000 63 
1.94583 1 0 0.0000 0 0.0000 62 
241.6 1 0 Q.0000 0 0.0000 64 
3214.2 1 0 0.0000 0 0.0000 63 
1811.64 1 0 0.0000 0 0.0000 63 
15.19 1 0 0.0000 0 0.0000 63 

6.4 &y33 
1 0 0.0000 0 0.0000 64 
1 1 0 0 0.0000 0.0000 0 0 0.0000 0.0000 65 65 

0.09725 1 0 0.0000 0 0.0000 66 
430300. 1 0 0.0000 0 0.0000 67 
1.11667 1 0 0.0000 0 0.0000 67 
9.4 1 0 0.0000 0 0.0000 68 
0.31333 1 0 0.0000 0 0.0000 68 
120.% 1 0 0.0000 0 D.WW 74 
114.74 1 0 0.0000 0 D.WOO 73 

z 
Qi9292 

1 1 0 0 0.0000 0.0000 0 0 0.0000 0.0000 74 76 
1 0 0.0000 0 0.0000 74 

1.72E13 2 1 1.0000 0 0.0000 73 
t5.4 1 0 D.WOQ 0 0.0000 76 
74.02 1 0 0.0000 0 0.0000 77 

iii6895 
l&E8 

1 1 0 0 0 0.0000 0000 0 0 0 0'0000 0000 
2 1 019691 0 0:OOOD 

80 98 
% 

6614.68 3 0 0.0000 0 0.0000 96 
3Q.lIE9 4 2 0.9174 0 D.WDD 94 
0.5815 5 4 0.9988 0 0.0000 92 
2.388E6 6 5 1.0000 3 1.0000 94 
lS52E9 7 6 '1.0000 0 0.0000 92 
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PU236 
u 232 
tH232 
RA228 

:z 
M224 
PB212 
11212 

zin 
AU242 
#242 
PU242 
NP238 

EC 
tH234 

E 
tH230 
BA226 
RN222 
PB210 

%1X 
01245 
PU241 
AM241 
PU237 
u237 
NP237 
PA233 
u 233 
lH229 
BA225 
AC225 
01247 
CU243 
PU243 
AH243 
NP239 
Pm9 
u 235 
TH231 
PA231 

:iz:; 
FR223 

l.D4E+3 1 0 Q.ODOD 0 0.0000 
2.36E+4 2 1 l.ODOO 0 O.DOOO 
5.13812 3 0 0.0000 0 0.0000 
2.1DE+3 4 3 1.0000 0 D.WDO 
t.SSE-1 5 4 l.QODO 0 0.0000 
6.90E+2 6 5 l.DOQO 2 l.ODDD 
3.62~+0 7 6 l.Qooo 0 0.0000 
4.43E-1 I) 7 l.DDOD 0 0.0000 
L.ZDE-2 9 8 l.WW 0 O.DWD 
l.lJE+6lQ O.QDDO 0 O.DOOO 
5.55E+C 1 0 D.WOD 0 0.0000 
6&E-1 2 t 0.9952 0 0.0000 
l&E*2 3 2 QA270 0 0.0000 
1.3X*8 4 2 Q.lnO 0 O.DDDD 
Z.ltE*O 5 1 0.0048 0 0.0000 
3.20E+4 6 5 1.0000 3 1.0000 
1.63512 1 0 Q.DODO 0 OADDO 
2.4lE*l 2 1 1.0000 0 0.0000 
2.79E-1 3 2 0.0016 0 0.0000 
&29E+t 1 0 0.0000 0 0.0000 
2.81E+7 1 0 0.0000 0 0.0000 
S&E*5 2 1 1.0000 0 0.0000 
3.82E+O 3 2 1.0000 0 0.0000 
B.l2E+3 4 3 1.0000 0 0.0000 
S.OtE+O 5 4 l.DDW 0 Q.Qi)DO 
1.38E+2 6 5 1.0000 0 0.0000 
3.10E+6 1 0 0.0000 0 0.0000 
5.268+3 2 1 1.0000 0 0.0000 
1.58E+5 3 2 1.0000 0 0.0000 
4.53E+l 1 0 0.0000 0 0.0000 
6.75E+O 2 0 0.0000 0 0.0000 92 BY 
7.81E+8 3 2 1.0000 1 1.0000 93 SU 

t.fOE+t 4 3 1.0000 0 0.0000 91 5.58E+7 1 0 0.0000 0 0.0000 92 F 

2.68E+6 2 1 1.0000 0 0.0000 90 1.48E+l 3 2 1.0000 0 0.0000 88 1 ii 
l.OOE+l 4 3 1.0000 0 0.0000 89 
5.69E+9 t 0 0.0000 0 0.0000 96 ii 

l.OIE+C 2 0 0.0000 0 0.0000 96 l.PZE-1 3 1 1.0000 0 0.0000 94 ii 

2.6%+6 4 3 1.0000 2 0.0024 95 2.36E+O 5 4 1.0000 0 0.0000 93 ii 
8.81E*6 6 5 1.0000 2 0.9976 94 T SU 
2.57Ell 1 0 0.0000 0 0.0000 92 W 

l.o6E+O 2 1 1.0000 0 0.0000 90 1.36E+7 3 2 1.0000 0 0.0000 91 ii 

7.9SE+3 4 3 1.0000 0 0.0000 89 1.87E+l 5 4 0.9862 0 0.0000 90 E 
1:51i-2 6 4 O.Dlji 0 O.OOOi 87 
l.l4E+l 7 5 1.0000 6 1.0000 8B 1 i! 

PU236 
u232 
tH232 

%E 

:I:; 
BI212 

ii& 
AM242 
WC2 
.PU242 

Ezi 
: ~~ 

tH234 
PA234 
tH230 
'RA226 
RN222 

%X 
PO210 
01245 
PU241 
u237 
A?4241 

3:: 
PA233 
UW 
tH229 
RA225 
AC225 
01247 
01243 
PU243 
AC1243 
NP239 
PU239 
u 235 
tH231 
PA231 
AC227 
fH227 
FR223. 
RA223 
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1041.3310 0.0000 0 0.0000 94 
26298.0 2 1 1.ODO0 0 D.WDO 92 F 
5.13E12 3 0 0.0000 0 0.0000 90 
2100.19 4 3 1.QODD 0 Q.WDD 88 1 6 
0.2X%2 5 4 l.QDOQ 0 Q.QDOO 89 
698.79665 1.QQDO21.QQOO 90. :i 
3.62 7 6 1.0000 0 0.0000 68 
0.44346 8 7 1.0000 0 0.0000 82 

1 g 

0.04205 9 8 l.WW 0 Q.QQOO 83 
l.nW6 1 0 Q.QQOO 0 Q.QODO 96 ii 
55518.0 2 0 0.0000 0 D.WDO % 
0.6675 32Q.9952OQ.DQDO 95 iii 
163.2 430.8270 DQ.QDDO % Su 
l.mEB 5 3 Q.lTJO 1 0.9997 94 
2.117 6 2 0.0048 0 0.0000 93 ii 
32050.7 7 6 1.0000 4 1.0000 94 SY 
8.93QE7 8 7 l.QDOO 0 O.WOO 92 
l&E12 1 0 0.0000 0 0.0000 92 it 
24.1 2 1 1.0000 0 0.0000 90 
Q.ZT917 3 2 0.0016 0 Q.0000 91 t:: 
2.812E7 1 0 0.0000 0 0.0000 90 
584400. 2 1 1.0000 0 0.0000 88 t 1 : 
3.0235 3 2 1.0000 0 0.0000 86 f ND 
8130.47 4 3 1.0000 0 0.0000 82 T vD 
5.013 5 4 l.WOO 0 0.0000 83 T- nu 
138.378 6 5 1.0000 0 0.0000 84 1 NU 
3.10586 1 0 0.0000 0 0.0000 96 Su 
5239.6 2 1 1.0000 0 0.0000 94 SY 
6.75 3 2 2.45-5 0 0.0000 92 
157861. 4 2 1.0000 0 0.0000 95 t & 
4s.3 f 0 0.0000 0 0.0000 94 SY 
;+8;6E8 6 5 1.0000 4 1.0000 93 Su 

7 6 1.0000 0 0.0000 91 
5.il5E7 1 0 0.0000 0 0.0000 92 

SY 
W 

:;ylE6 2 1 1.0000 0 0.0000 90 

1010 
3 2 1.0000 0 0.0000 88 1 z 
4 3 1.0000 0 0.0000 89 

5.698E9 1 0 0.0000 0 0.0000 96 c 
lD4D9.6 2'0 0.0000 0 0.0000 96 
0.2065 3 1 1.0000 0 0.0000 94 t': 
2.696E6 4 3 1.0000 2 0.0024 95 
2.355 5 4 1.0000 0 0.0000 93 f :: 
8.814E6 6 5 1.0000 2 0.9976 94 1 SY 
257.lE9 1 0 0.0000 0 0.0000 92 W 
1.06333 2 1 1.0000 0 0.0000 90 
1.197Ef 3 2 1.0000 0 0.0000 91 it 
7952.59 4 3 1.0000 0 0.0000 89 
18.718 5 4 0.9862 0 0.0000 90 f : 
0.01514 6 4 0.0138 0 0.0000 87 
11.434 7 6 1.0000 5 1.0000 88 1 1:: 

The first column is the name of the nuclide. The second column is the 
halflife in days. The third column is the index of the decay chain, i.e., “1” 
is the first nuclide in the chain, “2” is the second nuclide, and so on. The 
fourth column is the index of the ancestor of this nuclide. The fifth column 
is the branching ratio for this transition. The 6th and 7th columns are the 
same as the 4th and 5th, in those cases where a nuclide may have two 
ancestors. As an example, PU239 is produced by 100% of the decays of NP239, 
and 99.76% of the decays of AM243. The 8th column is the atomic number of the 
nucl ide. The last two characters show the ICRP 30 bone model used for this 
nuclide, and the inhalation solubility class. These two columns are only used 
by the INTDF program when generating internal dose factors. 
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2.0 CHANGES TO THE INTERNAL DOSE INCREMENT LIBRARIES 

Since changes to RMDLIB.DAT could also change the internal dose increment 
values used by GENII, all of the internal dose factor libraries were rerun. 
The newer versions of the yearly dose increment libraries incorporate several 
changes from the December, 1990 libraries issued with GENII Version'1.485. 
The changes to the libraries are listed below. 

(1) Worst-case dose factors (MAX library) are truly the worst-case, being 
based solely on the 50 year Effective Dose Equivalent. The only 
exception is strontium. As in the 1990 libraries, the class D strontium 
is used rather than the rare cJassY. All nuclides which have changed 
from the 1990 MAX library are listed below. 

Rh-103m now D instead of Y 
In-114m now W instead of D 
Sb-125 fl is now 0.1 instead of 0.01 
Sb-126m now D instead of W 
Te-123m now D instead of W 
Te-129 now D instead of W 
Te-131 now D instead of W 
Te-133m now D instead of W 
Te-133 now D instead of W 
Te-134 now D instead of W 
Th-228 now Y instead of W 
Th-231 now W instead of Y 
Pu-237 fl is now lE-5 instead of lE-3 
Pu-243 now Y instead of W 
Cf-252 now Y instead of W 

(2) The only change to the insoluble library with worst case ingestion dose 
factors (Y2 library) was to make strontium class D rather than class Y. 

.(3) Tc and Re have stomach wall as a target organ. When computing EDE, the 
stomach wall dose is normally added to the stomach dose. However, GENII 
Version 1.485 incorrectly adds the stomach wall dose to the upper large 
intestine dose. All the dose increment libraries were modified to remove 
the stomach wall dose by adding it to the stomach dose. In this way, the 
error in GENII is avoided. 

(4) Several nuclides were treated separately to account for the limitations 
of the RMDLIB.DAT data structure and the, INTDF program. 

Cobalt isotopes - to obtain ingestion dose factors for fls0.3 
Th-234 - near end of chain in RMDLIB.DAT, added U-234 
Pa-233 - end of chain in RMDLIB.DAT, added U-233 (this increased 

the doses over the December 1990 libraries) 
Pa-234 - end of chain in RMDLIB.DAT, added U-234 
U-232 - avoid convergence problems from too many nuclides 
U-234 - end of chain in RMDLIB.DAT, added Th-230 
U-235 - avoid convergence problems from too many nuclides 
U-237 - end of chain in RMDLIB.DAT, added Np-237 & Pa-233 
Pu-236 - too many nuclides for INTDF to handle 
Pu-244 - avoid convergence problems from too many nuclides 
Cm-247 - avoid convergence problems from too many nuclides 
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The "convergence problem" noted above was only suspected from the screen 
output and the presence of negative doses for.progeny nuclides in the 
output file. The special treatment of these nuclides eliminated these 
problems, but actually had little effect (if any) on the committed dose 
equivalent computed by INTDF. The special radionuclide library used for 
these nuclides is shown below. 

Special RHDLIB.DAT Used by INTDF on Selected Nuclides 

Special Case Radionucl ide Library (7-May-93 PDR) 

co57 270.9 1 0 0.0000 0 0.0000 27 CO58 70.8 1 0 0.0000 0 0.0000 -27 1: 
CO60 1925..23 1 0 0.0000 0 0.0000 27 T NY 
PU244 30.17E9 1 0 0.0000 0 0.0900 94 
U 240 0.5875 2 1 0.9988 0 0.8600 92 f; 1 NP240M 1.000 
PU240 2.388E6 3 2 1.0000 0 0.0000 94 
PU236 1041.33 1 0 0.0000 0 0.0000 94 ss; 
U 232 26298.0 2 1 1.0000 0 0.9000 92 
TH228 698.796 3 2 1.0000 0 0.0000 90 Ii 
RA224 3.62 4 3 1 .OOOO 0 O.OWO 88 1 SW 2 RN220 1 .OOO PO216 
PB212 0.44346 5 4 1.0000 0 O.QUOO 82 
B1212 0.04205 6 5 1.0000 0 9.OQOO 83 ii 2 PO212 .6407 TL208 
TH234 24.1 1 0 0.0000 0 0.0900 90 SY 1 PA234M 0.998 
PA234 0.27917 2 1 0.0016 0 0.8900 91 
U 234 8.930E7 3 2 1.0000 0 0.0000 92 FE 

TH230 2.812E7 4 3 1.0000 0 0.0000 90 RA226 584400. 5 4 1.0000 0 0.0900 88 T 1 ;I: 

U 237 6.75 1 0 0.0000 0 0.0000 92 NP237 7.816E8 2 1 1.0000 0 0.0000 93 3; 
PA233 27.0 3 2 1 .oooo 0 O.ODOO 91 
U 233 5.815E7 4 3 1.0000 0 0.0800 92 ii 

TH229 2.681E6 5 4 1.0000 0 0.0000 90 CM247 5.698E9 1 0 0.0000 0 0.0000 96 2 
PU243 0.2065 2 1 1.0000 0 0.0000 94 SY 

AM243 2.696E6 3 2 1.0000 0 0.0000 95 NP239 2.355 4 3 1.0000 0 0.06100 93 sst: 
U 235 257.1E9 1 0 0.0000 0 O.OQOO 92 TH231 1.06333 2 1 1.0000 0 O.OQOO 90 ;; 

PA231 1.197E7 3 2 1.0000 0 0.0000 91 SY 
0 0 0.0000 0 O.OQOO 

1.000 

.3593 

(5) Some truncation errors in the dose increment files were corrected. 
INTDF does not transfer all of the yearly doses for an organ to the dose 
increment file if they are too small. When there appeared to be a 
truncation error, the missing dose was added to the dose for the last 
year. Additional detail and examples are provided below. 

Before INTDF writes out the yearly doses for each organ, it finds the 
maximum yearly dose in any of the organs. Dose increments which are less than 
0.1% of this maximum are not reported. Ingestion and inhalation are treated 
separately. Organs which-receive little dose often have a major share of the 
total dose eliminated by this algorithm. An example of this truncation is 
shown on the next page for Be-lo. 
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Committed Dose Sumnary for Be-lo, Class W, from INfDF 
(Thyroid dose, the last organ, ‘is not shown) 

BE10 Class: W Fl: 0.00500 07/23/93 15:52:10.1 
11 tun; 4 5 6 7 8 11 12 13 14 

Acute Sv/Bq 

Stomach S Int. UL Int. LL Int. Bone SurR MarrowTestes dvaries Muscl 
G 70 2.4E-11 3.2E-10 7.6E-10 4.3E-09 1.3E-08 2.lE-09 7.3E-10 2.4E-11 2.4E-11 2.4E- 
H 70 4.2E-08 7.4E-10 9.7E-10 2.8E-09 7.lE-09 5.2E-08 1.8E-08 5.9E-10 6.OE-10 5.9E- 

Ingestion Yearly Dose Increments for Be-IO, Class W, from INTDF 
(Yearly doses less than 3.3E-13 are left off by INTDF) 

(Organs names have-been added for clarity) 

1 BE10 Cl.ass: W Fl: 0.00500 07/23/93 15:52:10.1 Acute Sv/Bq 
11 1 3 4 5 6 7 8 11 12 13.14 
1 1 1 1 120 13 1 1 1 1 

G 4.6E-12 { Lung - 1 year is left after truncation } 
G 3.OE-10 ( Stomach - also only 1 year } 
G 7.4E-10 { Small Intestine } 
G 4.3E-09 { Upper Large Intestine } 
G 1.3E-08 { Lower large Intesttne } 
G 3.3E-10 2.8E-10 2.4E-10 2.OE-10 1.7E-10 1.4E-10 1.2E-10 l.OE-10 8.6E-11 
7.3E-11 6.lE-11 5.2E-11 4.4E-11 3.7E-11 3.1E-11 2.6E-11 2.2E-11 1.9E-11 
1.6E-11 1.3E-11 { Bone Surface - largest yearly dose is 3.3E-10 Sv } 

G l.lE-10 9.6E-11 8.1E-11 6.8E-11 5.8E-11 4.9E-11 4.lE-11 3.5E-11 2.9E-11 
2.5E-11 2.1E-11 1.8E-11 1.5E-11 { Red Harrow - 13 years of dose } 

G 4.6E-12 { Testes - truncated after 1 year } 
G 4.6E-12 { Ovaries - ditto } 
G 4.6E-12 { Muscle - ditto } 
G 4.8E-12 { Thyroid - ditto } 

Modified Ingestion Dose Increments for Be-lo, Class W 

! BE10 Class: W Fl: 0.00500 07/23/‘93 15:52: 10.1 Acute Sv/Bq 
11 1 3 4 5 6 7 8 11 12 13 14 
2 2 2 1 1 20 13 2 2 2 2 { number of years of data is increased } 

G 4.6E-12 1.94-11 
G 3.OE-10 2.00-11 { created 2nd year with missing dose } 
G 7.4E-10 2.00-11 
G 4.3E-09 
6 1.3E-08 
G 3.3E-10 2.8E-10 2.4E-10 2.OE-10 1.7E-10 1.4E-10 1.2E-10 l.OE-10 8.6E-11 
7.3E-11 6.1E-11 5.2E-11 4.4E-11 3.7E-11 3.1E-11 2.6E-11 2.2E-11 1.9E-11 
1.6E-11 1.3E-11 

G l.lE-10 9.6E-11 8.1E-11 6.8E-11 5.8E-11 4.9E-11 4.1E-11 3.5E-11 2.9E-11 
2.5E-11 2.1E-11 1.8E-11 9.90-11 { 13th year dose is increased } 

G 4.6E-12 1.94-11 
G 4.6E-12 1.94-11 
G 4.6E-12 1.94-11 
G 4.8E-12 2.02-11 
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The first table on page 8 shows a portion of the committed doses. The 
last column, containing the thyroid dose, was omitted so it would fit on the 

The committed dose summary is printed prior to truncation and gives the 
%kJ values computed by INTDF. 

The second table on page 8 shows the contents of the yearly dose 
increment file for Be-lo. The truncation process in INTDF has eliminated most 
of the dose to the first 3 and last 4 organs. 

The last table for Be-10 shows what is actually used in the revised dose 
increment files. The missing dose is stored in the second year for those 
organs with only one year of dose values, -Otherwise, the missing dose is 
added to the dose for the last year. Because the organs which are affected 
are minor contributors to the Effective Dose Equivalent (EDE), the correction 
has little effect on the final answer for EDE. However, the organ doses are 
now correct. In the modified dose increment files, all new doses are in the 
peculiar (but FORTRAN readable) scientific format with the "E" removed. 

As a second example, the original and revised library values for Tc-99 
are shown on pages 10 and 11, below. The stomach wall (second last organ) 
dose was added to the stomach dose (second organ) and deleted from the file. 

All changes to the yearly dose increment files, as well as their 
combination into the final libraries (0, W, Y, PNL, MAX, and Y2) were 
automated using a program written in Pascal for this purpose. The hundreds of 
minor changes to the files were thus performed without introducing errors by 
hand-copying the numbers. Verification testing of the program was 
accomplished by comparing a few key nuclides in each library. These were Be- 
10, Co-60, Sr-90, Tc-99, Re-187, and Pu-239.. Additional testing-is described 
in the next section. 

As a final note about the INTDF runs, the following nuclides were treated 
as inert gases by INTDF: Be-7, Rb-90m, Rb-90, Sb-129, and Cs-139. The INTDF 
had no specific effective energies for these five nuclides, therefore, no 
internal dose factors were computed. These nuclides will also be treated as 
inert gases by GENII, i.e., there will be no inhalation or ingestion dose 
computed for any of them. 

i 
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Acute Committed Dose Sumnary for Tc-99, Class W, from INTDF 

lc99 Clear: Y Fl: 0.80000 07/23/93 16:08:08.5 Acute sv/aq 
13 1 3 4 5 6 7 8 11 12 13 14 22 17 

Stomch S Int. UL Int LL Int. Bone SurR Marrowlester Ovaries k~~clc Thyroid S Vat1 Liver 
G 70 k%-11 3 4E-09 1 2E-10 4 W-1; 1 lE-09 7.4E-11 7.4E-11 6.3E-11 6.3E-11 6.3E-11 l&-O9 3.41-09 8.6511 
H 70 1:7E-06 2:3E-09 7:2E-11 2:2E-10 &E-IO 4.9E-11 4.9E-11 C.lE-11 C.lE-11 4.1E-11 l.lE-09 2.3E-09 S&-l1 

Chronic Cosunitted Dose Sutmnary for Tc-99, Class W, from INTDF 

tc99 Clwn: Y Fl: 0.8001 07/23/93 18:06:4i.4 ChronicSv per 70 yr/Sq 
13 1 3 4 5 6 -7 s-i1 :: 13 14 22 17 

Stomach S Int UL lnt LL int. Bone SurR MarrowTestes Ovaries Wuscle Thyroid S Wall Liver 
C 70 %-OS 2 4E-07 8 6E-b 2 9E-& 7 8E-08 5 ZE-=09 5 ZE-09 4 4E-09 4 4E-09 4 4E-09 l.lE-07 2 4E-07 6.OE-09 
II 70 1:2E-06 lk-07 S:OE-09 l:SE-08 4:OE-08 3:4E-09 3:4E-09 2:9E-09 2:9E-09 2:9E-09 T.SE-08 lk-07 3.9E-09 

Yearly Dose Increments for Tc-99, Class W, from INTDF 
Note: Year'ly ingestion/inhalation doses less than 3.4E-12/2.2E-12 are 

omitted by INTDF. Hence the CDE values given above do not always 
match the sum of the yearly increments. 

I TC99 Class: W Fl: 0.80000 07/23/93 16:08:08.5 Acute Sv/Bq 
13 1 3 4 5 6 7 8 11 12 13 14 22 17 { organ #22 is the stomach wall } 
1111111111111 

G 6.3E-11 
G 3.4E-09 { stomach dose } 
G 1.2E-10 
G 4.1E-10 
f ;.py 

G 7:4EIll 
G 6.3E-11 
G 6.3E-11 
G 6.3E-11 
G 1.6E-09 
5 "8.$-i; { stomach wall dose } 

2'111111111111 
H 1.6E-08 1.4E-10 
i f.%E-yi { stomach dose from inhaled Tc-99 } 

H 2:2EIlO 
H 5.8E-10 
H 4.9E-11 
H 4.9E-11 
H 4.1E-11 
H 4.1E-11 
H 4.1E-11 
H l.lE-09 
H 2.2E-09 { stomach wall dose ) 
H 5.6E-11 
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Acute Connnitted Dose Sumnary for Tc-99, Class W, Hodified by PDR 

Tc99 Clami: U Fl: 0.80000 07/U/93 16:08:08.5 Acute Sv/Bq 
12 1 3 4 5 6 7 8 11 12 13 14 17 

Stomach S Int UL Int LL tnt. Bone SurR Werroulestes Overies lluscle Thyroid Liver 
G 70 %ll 6 BE-09 1 ZE-i0 4 lE-li 1 lE-09 7 4E-11 7 4E-11 6 3E-11 6 3E-11 6 3E-11 l&E-09 S&-l1 
If 70 1:7E-08 4:66-09 7:2E-11 2:2E-10 Sk-10 4:9E-11 4:9E-11 4:1E-11 4:lE-11 4:lE-11 l.lE-09 5.6E-11 

Chronic Comnitted Dose Sumnary for k-99, Class W, Modified by PDR 

x99 Class: W Fl: 0.80000 07/23/93 l&06:43.4 ChronicSv per ID yr/Bq 
12 1 3 4 5 6 7 8 11 12 13 14 17 - .- 

Stanech S Int UL Int LL Int. Bone SurR Merroufesta Overiee Muscle Thyroid Liver 
G 70 :%9 4 8E-07 8 6E-69 2 9E-Oi 7 8E-OS 5 ZE-09 5 2E-09 4 4E-09 4 4E-09 4 4E-09 1 lE-07 6 OE-09 
II 70 l:ZE-06 3:2E-07 5:OE-09 l:SE-0.9 4:OE-08 3:4E-09 3:4E-09 tk-09 2:9E-W 2:9E-00 7:5E-OS 3:9E-09 

Modified Yearly Dose Increments for Tc-99, Class W 

! TC99 Class: W Fl: 0.80000 07123193 16:08:08.5 Acute SvlBa 
12 1 3 4 5 6 7 8 
1 1 1 1 1 1 1 1 

G 6.3E-11 
G 6.80-09 { stomach dose 
G 1.2E-10 
G &lE-10 
G l.lE-09 
G 7.4E-11 
G 7.4E-11 
G 6.3E-11 
G 6.3E-11 
G 6.3E-11 
G 1.6E-09 
G 8.6E-11 

11 ’ e . 12 13 14 17’ 

1 1 1 1 

is now twice as large; s Wall removed } 

22illlll 
H 1.6E-08 1.00-09 -_ 

1 I 1 1 

H 4.40-09 2.00-10 { first year doses were added, excess pl aced in 2nd year } 
H 7.2E-11 
H 2.2E-10 
H 5.8E-10 
H 4.9E-11 
H 4.9E-11 
H 4.1E-11 
H 4.1E-11 
H 4.1E-11 
H l.lE-09 
H 5.6E-11 
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3.0 HOW DO THESE CHANGES AFFECT GENII CALCULATIONS? :+ 

To establish the overall impact of these changes to RMDLIB.DAT and the 
dose increment files, four GENII input files were used for each solubility 
;l;;: of each nucllde in the library. The scenarios considered are summarized 

. 

(1) 

(2) 

(3) 

(4) 

Acute air transport to a location 100 meters north in the 200 Areas. 
This receptor receives only inhalation and submersion dose. 

Acute air transport to a location 16,000 meters east of a release in the 
200 Areas. This receptor receives-external dose from ground 
contamination and ingestion dose from food products as well as inhalation 
and submersion dose from the.plume. 

Contaminated soil which has been decaying for 100 years. The "Post- 
Excavation" Intruder Scenarios in performance assessment analyses use 
scenario assumptions of this nature. The person exposed receives 
external dose from ground contamination; inhalation dose from resuspended 
dust, and ingestion dose from vegetable products grown in a resident's 
garden. 

Contaminated soil which has been decayed for 1000 years. This is the 
same as (3) except for the preliminary decay time. 

Sample input files are attached for reference. The current version of 
GENII (1.485) was’used for these, along with wind data for ground level 
releases from the 200 Areas (1983-1987 Average). The tests using the new 
RMDLIB.DAT and new internal dose increment libraries also used the new 
FTRANS.DAT which adds Francium (assumed to be the same as cesium) and Osmium 
(uses values from NUREG-5512 (Kennedy 1992), and the same leaching factor as 
iridium). The new FTRANS.DAT is listed in the attachments. 

The resulting output using both versions of RMDLIB.DAT were compared 
using a program which would read the DOSEQA;OUT files and compare the results. 
Nuclides for which the dose differences were less than ten percent, or for 
which the actual doses were less than l.OE-20 rem are not shown. 

From the difference tables it can be seen that the number of significant 
changes is small. These changes are necessary to correct deficiencies in the 
previous version of the data files. The decay chain revisions principally 
affect only Test Cases 3 and 4, which have long decay times. 

Explanatory Notes for the Comparison Tables Below 

Note 1: Small changes in halflife change the resulting dose appreciably 
after several halflives. The rounding to two significant 
digits (both in INTDF and GENII) exaggerates this change. 

Note 2: Switching the 1st and 2nd parent indices caused GENII to 
include the daughter rather than ignore it. 

Note 3: Stomach Wall dose is now treated correctly. (Stomach doses are 
now roughly twice what they were before.) 
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Note 4: Halflife of this nuclide, or its first daughter, changed by 
more than 5 percent. Changes to U-232 affect both U-232 and 
Pu-236. Changes to Pa-231 affect both Pa-231 and Th-231.. 

Note 5: U-237 included under Pu-241, thereby increasing the Pu-241 
dose, but U-237 is no longer parent of Np-237 (except in a 
special RMDLIB used in the INTDF runs). 

Note 6: Fr and OS added to FTRANS.DAT, ingestion dose is now computed. 
External dose increases due to a smaller leaching factor. 

Note 7: Revised decay chain for Cfi252 includes Cm-248 and Cm-244. 
Note 8: U-234 now included in the decay chain of Pu-238. For long 

decay times, this also affects Np-238, Cm-242 and Am-242. 
Note 9: Np-237 now included in the-decay chains for Am-241 and Pu-237. 

Percent Differences for Case 1: Air Transport 100 meters 

Class D Inhale Extern Total Organ Note 

Rb-90 01 d=O Old=0 
Tc-99m 20.0 5 

Tc-99 81.8 Re-187 91.2 3” 

Class W Inhale Extern Total Organ Note 

Pu-241 83.9 
Pu-243 11.8 11.1 8.2 : 

Class Y Inhale Extern Total Organ Note 

Pu-241 83.9 
Pu-243 11.8 ll.l 8.0 : 

Percent Differences for Case 2: Air Transport 16000 meters (farmer) 
(Negative values mean the new RMDLIB.DAT doses are smaller) 

Class D Inhale Ingest Extern Total Organ Season Note 

Rb-90 
Rb-90 
Rb-90 
Rb-90 
Tc-99m 
Tc-99m 
Tc-99m 
Tc-99m 
Tc-99 
Tc-99 
Tc-99 
Tc-99 
Tc-101 
Tc-101 
Tc-101 
Tc-101 

EE 
Old:0 
Old-0 

E:X 

f:9' 

Old-0 Old=0 
Old=0 Old=0 
Old=0 

~::=~ Old-0 = 

?X 
::9’ 

Old=0 
Old=0 
Old-0 
Old-0 

::3 

88:: 

Old=0 Winter 2 
Old-0 Spring 
Old-0 Summer 
Old=0 Autumn 
22.6 Winter 3 
18.7 Spring 
18.7 Summer 
10.7 Autumn 
80.6 Winter 3 
77.8 Spring 
78.6 Summer 
79.1 Autumn 
14.3 Winter 3 
14.3 Spring 
14.3 Summer 
14.3 Autumn 
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Pd-103 
Pd-103 
Pd-103 
Pd-103 
Te-129m 
Te-129m 
Te-129m 
Te-129m 
Xe-122 
Xe-122 
Xe-122 
Xe-122 
Cs-134m 
Re-187 
Re-187 
Re-187 
Re-187 

2.6 

::; 

3:: 1.3 

3:: 

OS-185 01 d-0 
OS-185 Old=0 
OS-185 Old=0 
OS-185 Old=0 
OS-191 Old=0 
OS-191 Old-0 
OS-191 Old=0 
OS-191 Old=0 
Fr-223 1.8Et06 Old=0 
Fr-223 1.8Et06 Old-0 
Fr-223 1.8Et06 Old=0 
Fr-223 1.8Et06 Old=0 
U-237 -31.1 

10.0 
10.0 
10.0 
10.0 
122.2 
122.2 
122.2 
122.2 
373.7 
373.7 
373.7 
3_73,7 

2.lEt03 
2.lEt03 
2.lEt03 
2.1Et03 
225.8 
225.8 
225.8 
225.8 

4.2Et04 
4.2Et04 
4.2Et04 
4.2Et04 

3.7 

3.3 

3732.; 
373: 7 
373.7 
373.7 
10.0 

94.7 
85.2 
78.8 
80.0 

84.4 
2.3Et03 
3.OEt03 
1.7Et04 

2.5 
3.3Et03 
4.OEt03 
7.4Et03 
1.8Et06 
1.8Et06 
1.8Et06 
1.9Et06 

3.4Et03 
4.3Et03 
2.5Et04 

l.lEt04 
1.3Et04 
2.4Et04 
1.9Et06 
1.9Et06 
1.9Et06 
1.9Et06 

Winter 
Spring 
Summer 
Autumn 
Winter 
Spring 
Summer 
Autumn 
Winter 
Spring 
Summer 
Autumn 
Autumn 
Winter 
Spring 
Summer 
Autumn 
Winter 
Spring 
Summer 
Autumn 
Winter 
Spring 
Summer 
Autumn 
Winter 

SE: 
Autumn 
Winter 

2 

2 

4 

: 

6 

6 

Class W Inhale Ingest Extern Total Organ Season Note 

Tc-99 
Tc-99 
Tc-99 
Tc-99 
Tc-101 
Tc-101 
Tc-101 
Tc-101 
Pd-103 
Pd-103 
Pd-103 
Pd-103 
Sn-119m 
Te-129m 
Te-129m 
Te-129m 
Te-129m 
Re-187 
Re-187 
Re-187 
Re-187 
OS-185 

z-3 
3:7 

1:-i 
1o:o 
10.0 
10.0 

5.3 

2: 

E 

;:; 
s*x 

2.6 1o:o 
1.5 10.0 
1.2 10.0 

10.0 
2.1 

122.2 
1.3 122.2 

122.2 
122.2 

Old=0 2.1Et03 128.6 

1.7 

;:i 

5:: 

1:+ 
1:4 

5.0 

::: 

80.6 
75.0 
78.6 
79.1 
6.7 

ii-; 
6:7 

7.7 

15.,4 
78.8 
80.0 

Winter 3 
Spring 
Summer 
Autumn 
Winter 3 
Spring 
Summer 
Autumn 
Winter 2 
Spring 
Summer 
Autumn 
Winter 1 
Winter 2 
Spring 
Summer 
Autumn 
Winter 3 
Spring 
Summer 
Autumn 
Winter 6 
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OS-185 
OS-185 

2:K 
OS-191 
OS-191 
OS-191 
Th-23 1 
Th-23 1 
U-237 
Pu-236 
Pu-236 
Pu-236 
Pu-236 
Pu-241 
Pu-241 
Pu-241 
Pu-241 
Pu-243 
Pu-243 
Pu-243 
Pu-243 

t :3 
-4.3 
-4.3 
-4.3 
-4.3 

10.7 
10.7 
10.7 
10.7 

Old-0 
Old-0 
Old=0 
Old-0 

E=i 
Old:0 
13.3 

-3z 
-5:6 
-4.8 
-5.7 
-6.9 

10.2 

‘E 
7:1 

2.1Et03 
2.1Et03 
2.lEt03 
225.8 
225.8 
225.8 
225.8 

-11.2 
-11.2- 
-11.2 
-11.2 
61.5 
61.5 
61.5 
61-. 5 
7.7 
7.7 
7.7 
7.7 

2.2Et03 

f l XE 
l 4.3 

7.1 

-4.3 
- -6.3 

-5.7 
-5.3 

t:; 

t:: 

4.5E+03 
5.7EtO3 
3.4E+O4 

4.5Et03 
5.3EtO3 
9.9Et03 

:F* f . 

-4.9 
-6.1 
-5.5 

.._ 4.5' 
6.2 

Spring 
Summer 
Autumn 
Winter 
Spring 
Summer 
Autumn 
Winter 
Autumn 
Winter 
Winter 
Spring 
Summer 
Autumn 
Winter 
Spring 
Summer 
Autumn 
Winter 
Spring 
Summer 
Autumn 

6 

4 

5. 
4 

5 
'! ..2 

4 

Class Y Inhale Ingest Extern Total Organ Season Note 

Pd-103 
Pd-103 
Pd-103 
Pd-103 
OS-185 
OS-185 
OS-185 
OS-185 
OS-191 
OS-191 
OS-191 
OS-191 
Th-23 1 
U-237 
Pu-236 
Pu-236 
Pu-236 
Pu-236 
Pu-241 
Pu-241 
Pu-241 
Pu-241 
Pu-243 
Pu-243 
Pu-243 
Pu-243 

-2.4 
-2.4 
-2.4 
-2.4 

Old=0 

E'X 
Old:0 
Old=0 
Old=0 
Old=0 

":fi 
-32:0 

10.0 
10.0 
10.0 
10.0 

2.1Et03 
2.1Et03 
2.lEt03 
2.1Et03 
225.8 
225.8 
225.8 
225.8 

2.8 

10.2 
18.2 
7.7 

-11.2 
-11.2 
-11.2 
-11.2 
61.5 
61.5 
61.5 
61.5 
7.7 

5-3 
7:7 

87.1 
2.4EtO3 
3.1Et03 
.1.8Et04 

2.1Et03 
2.4Et03 
4.5Et03 

4.3 

-2.4 
-2.4 
-2.4 
-2.3 

Winter 
Spring 
Summer 
Autumn 
Winter 

1.9Et03 Spring 
?.4Et03 Summer 
1.5Et04 Autumn 

Winter 
3.6Et03 Spring 
4.3Et03 Summer 
8.OEtO3 Autumn 

Winter 
Winter 

-7.1 Winter 
-7.1 Spring 
-7.1 Summer 
-7.1 Autumn 

Winter 
Spring 
Summer 
Autumn 
Winter 

7.7 Spring 
6.7 Summer 
3.8 Autumn 

6 

6 
1 . 
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Percent Differences for Case 3: Intruder at 100 years 
(Negative values mean the new RMDLIB.DAT doses are smaller) 

Class D Inhale Ingest Extern Total Organ Note 

Fe-55 
Rb-90 
Sr-87m 
MO-99 
Tc-99m 
Tc-99 

KE’” 
WI187 
Re-187 
U-232 
U-235 
U-237 

14.3 
01 d=O 
01 d=O 

169.7 165.0 - -166.7 165.0 
1.1 2.6 

14.3 12.0 
10.8 7.9 

New=0 New=0 

01::; 
01 d=O 

15.0 
01 d=O 
01 d=O 

13.3 

New-0 

12.5 
4.0 

New=0 

12.2 
01 d=O 
01 d=O 
83.3 
76.5 
76.9 
168.7 
10.0 
81.8 
75.0 
17.4 
8.8 

New=0 

: 
2 

: 
3 
2 

Class W Inhale Ingest Extern Total Organ Note 

Fe-55 10.9 14.3 15.0 12.2 
Co-60 11.4 10.0 ii:; 8.3 16.7 : 
Tc-99m 76.5 
Tc-99 :*3’ 

169: 7 

76.9 i 

Te-129m 165.0 166.7 165.0 168.7 Re-187 75.0 3 

Th-231 14.3 1;*: 13.7 18.2 12.0 U-232 16.1 
New:0 

.13.3 12.5 13.0 t 
U-237 New=0 New-0 New=0 New=0 
Cf-252 2.4Et09 1.7Et09 1.8Et08 2.1Et09 2.OEt09 5 

Class Y Inhale Ingest Extern Total Organ Note 

Co-60 9.1 10.0 
01 !G! 01 !:Z 

16.7 
Sr-87m 01 d=O 01 d=O : 
MO-99 
Th-231 1:*: 

83.3 3 

U-232 14:3 1;*; 
13.7 13.0 
13.3 I;*: 11.8 t 

U-237 New=0 New:0 New=0 New:0 New=0 5 
U-240 10.0 
Cf-252 2.1Et09 1.7Et09 1.8Et08 1.9Et09 3.8Et09 : 

Percent Differences for Case 4: Intruder at 1000 years 
(Negative values mean the new RMDLIB.DAT doses are smaller) 

Class D Inhale Ingest Extern Total Organ Note 

Kr-90 1X 11.9 12.5 11.9 13.3 Rb-90m 
01 d:O 

15.2 15.4 15.2 17.1 i 
Rb-90 01 d=O 01 d=O 01 d-0 Old=0 ‘2 
Sr-87m 01 d=O 01 d=O 01 d=O Old=0 2 
Sr-90 11.1 8.3 10.9 8.3 
MO-99 7;:; : 
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76.5 
76.9 3 

10.2 10.2 
165.0 166.7 165.0 1689.s : 

2.6 1o:o 81.8 i 
75.0 

190.9 ‘gtyz 190.9 YZ s 

Neki New:0 NekX New:0 : 

Tc-99m 
Tc-99 
Cd-113m 
Te-129m 169.7 
I-135 1.1 
W-187 
Re-187 
U-232 
U-235 
U-237 

197.3 
10.0 

New-O 

Class W Inhale Ingest Extern Total Organ Note 

Tc-99m 
Tc-99 
Cd-l 13m 
Te-129m 
Re-187 
Th-231 
U-232 
U-235 
U-237 
Np-238 
Pu-236 
Pu-238 
Pu-241 
Am-241 
Am-242 
Cm-242 
Cm-248 
Cf-252 

::3 76.5 
76.9 

16i.y 
75:o 
16.7 

200.0 
11.5 

New=0 

16;:: 

2K 
28:6 

65:: 

3 
: 
3 

44 

: 

: 

5:9 

ii 
a 
7 
7 

10.2 
165.0 

10.2 
165.0 169.7 166.7 

13.3 
192.9 

Ne$ 
308.3 
160.9 
294.7 
3.7 

25::: 

'E 
Old:0 

14.3 
197.3 
10.5 

New=0 

17X 
212 

19x:; 

Neki 
69.2 
164.0 
70.0 
46.1 
53.8 
60.0 
70.0 

18.2 
190.9 

Neki 

16;*: 
1o:o 
17.9 
17.3 
10.5 
7.7 

’ 5.9 
2.1 

Old=0 Old-0 Old-0 Old=0 

Class Y Inhale Ingest Extern Total Organ Note 

Sr-87m 
Sr-90 
MO-99 
Cd-113m 
Th-23 1 
U-232 
U-235 
U-237 
Pu-236 
Pu-238 
Pu-241 
Cf-252 

Old=0 Old=0 Old=0 
11.8 10.9 11.1 

Old=0 

7::: 

139.: 
2oo:o 
10.9 

New-O 
169.2 

2:=: 
Old:0 

13.6 
4.9 

10.2 

2oi.69 
9:1 

New=0 
152.9 
426.7 
46.1 
01 d=O 

10.2 

iafi 

Nei$ 
159.3 
45.5 
17.9 

Old=0 

20.0 
192.9 

NekX 
165.6 
43.9 

13.3 
192.9 

Neki 
160.9 
294.7 

01% Old=0 
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There is still a significant weakness in the decay calculation GENII 
performs using the new RMDLIB.DAT. The GENII program is limited to 10 
nuclides in a chain, therefore, long decay chains were divided into those 
segments which are likely to be important in most analyses. Doses calculated 
for nuclides at the end of segment could be too small because a long-lived 
radioactive daughter is not included. A complete list of nuclides with this 
potential problem is shown below. 

List of Nuclides with Potential Dose Under-Estimation 
Due to Decay Chain Termination in RHDLIe.DAT 

End of Segment Missing Progeny 

Pa-233 
Pa-234 
Th-234 
U-234 
U-236 
U-237 
Pu-239 
Pu-242 

U-233 
U-234 
U-234 
Th-230 
Th-232 
Np-237 
U-235 
U-238 

A special version of RMDLIB.DAT was constructed to quantify the dose 
under-estimation for the four test cases used above. This special RMDLIB.DAT 
is shown on the next page. The percent.increases for each test case are 
summarized below. 

Case 1 -- no differences 
Case 2 -- U-237: 45% winter ingestion (D, W, and Y) 
Case 3 -- U-234: 60% external (total increases <5%, D, W, and Y) 
Case 4 -- U-234;nEf;;ent differences in the table below 

Ingest External Total Organ 

i 

Class D 100.0 89.5 5500 128.6 110.0 
Class W 37.5 89.5 5500 112.5 113.8 
Class Y 2.5 1000.0 5500 32.5 1.5 

For both intruder scenarios (Case 3 and Case 4), the new radionuclide 
library gives no dose for U-237, Th-234, Pa-233, or Pa-234, while the special 
library with the decay daughters of these nuclides did give non-zero doses. 

Air transport cases are immune from this problem due to the shorter decay 
times involved. Moreover, for intruder scenarios, the above nuclides will be 
present with other nuclides which give much higher doses. Thus the potential 
dose under-estimation problem disappears for most of the analytical work 
likely to be done. 
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Version of RHDLIB.DAT to Verify Chain Length Assumptions 

Radionuclide Data Library - Soecial Segments (290Am-93 PDR) 

. 

PU240 
U 236 

Et 
AC228 
TH228 
RA224 
PB212 
81212 
u 238 
TH234 
PA234 
U 234 
TH230 
RA226 
RN222 
PB210 
B1210 
PU241 
U 237 
AM241 
NP237 
PA233 
U 233 
TH229 
RA225 
AC2-25 
PU239 
U 235 
TH23 1 
PA231 
AC227 
TH227 
FR223 
RA223 

2.388E6 I 0 0:0000-O O.OOOO- 
8.552E9 2 1 1.0000 0 0.0000 
5.13E12 3 2 1.0000 0 0.0000 
2100.19 4 3 1.0000 0 0.0000 
0.25542 5 4 1.0000 0 0.0000 
698.796 6 5 1.0000 0 0.0000 
3.62 7 6 1.0000 0 0.0000 
0.44346 8 7 1.0000 0 0.0000 
0.04205 9 8 1.0000 0 0.0000 
1.63E12 1 0 0.0000 0 0.0000 
24.1 2 1 1.0000 0 0.0000 
0.27917 3 2 0.0016 0 G.0900 
8.930E7 4 3 1.0000 2 0.9984 
2.812E7 5 4 1.0000 0 0.0000 
584400. 6 5 1.0000 0 0.0000 
3.8235 7 6 1.0000 0 0.0000 
8130.47 8 7 1.0000 0 0.0000 
5.013 9 a 1.0000 0 0.0000 
5259.6 1 0 0.0000 0 0.0000 
6.75 2 1 2.45-5 0 0.0000 
157861. 3 1 1.0000 0 0.0000 
7.816E8 4 3 1.0000 2 1.0000 
27.0 5 4 1.0000 0 0.0000 
5.815E7 6 5 1.0000 0 0.0000 
2.681E6 7 6 1.0000 0 0.0000 
14.8 8 7 1.0000 0 0.0000 
10.0 9 8 1.0000 0 0.0000 
8.814E6 1 0 0.0000 0 0.0000 
257.1E9 2 1 1.0000 0 0.0000 
1.06333 3 2 1.0000 0 0.0000 
1.197E7 4 3 1.0000 0 0.0000 
7952.59 5 4 1.0000 0 0.0000 
18.718 6 5 0.9862 0 0.0000 
0.01514 7 5 0.0138 0 0.0000 
11.434 a 7 1.0000 6 1.0000 

0 0 0.0000 0 0.0000 

xt ‘SW - - 
zi 

;8" 1VW 

89 90 g 

88 1 SW 2 RN220 1.000 PO216 1.000 
_82- 
x:: io" 2 PO212 .6407 TL208 .3593 

90. !i!i 1 PA234M 0.998 

%: ;; 

i:T;-i! 
86 T ND 4 PO218 
82 T VD . 
83 T NW ~ 

iii! ;": ; 

95 T SW 

;: '. g! 

x; 2: 
88 1 SW 

SD 6 FR221 
i: T SW 
92 

Y:: 

m:.: 

;: 'SW 
89 

SF 
ii! ND 
88 1 SW 5‘ RN219 

.l.OOO PB214 1.000 B1214 

1.000 AT217 1.000 BI213 

1.000 PO215 1.000 PB211 

Note: The "+'I indicates the line was truncated to fit on this page. Other 
nuclides are normally present, but they are not used by GENII 
anyway. The truncated information is unchanged from previous 
versions of RMDLIB.DAT. 
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5.0 RNDLIB FOR AIR TRANSPORT CALCULATIONS 

Many of the long decay chains used in the above RMDLIB are unnecessary 
for calculations which involve decay times less than 100 years. All of the 
typical air transport calculations fall into this category. Shortening the 
decay chains has the advantage of shortening the run time of air transport 
calculations. Therefore, a second RMDLIB was created with shorter decay 
chains. The two versions of RMDLIB are placed side-by-side below to 
facilitate comparisons. Lines which are the same in both files are not shown. 

Long Decay Time and Short Decay Time Versions of RNDLIB.DAT 
(order.changes are marked) 

Radionuclide Master Library, Long limes Radionuclide Library - Times~lOO years 

KR85H 
KRa5 

KR87 
SR8M 
RB87 

SBl29 
TE129n 
lEl29 
I 129 

ND147 
Pul47 
SW47 

U 187 
RE187 

CF252 
04248 
CM244 
PU244 
U 240 
PU240 
U 236 

CM246 
M4UI 
An242 
CM242 
PU242 
WP238 
PU238 
U234 

Cm245 
PU241 
u237 
A11241 

Ez 
PA233 

u 235 

2z 
AC227 
TH227 
FR223 
RA223 

0.18667 1 0 0.0000 0 0.0000 36 
3915.48 2 1 0.2110 0 0.0000 36 ii 

0.05299 1 0 0.0000 0 0.0000 36 0.11688 2 0 0.0000 0 0.0000 38 1 :: 
1.13E13 3 2 0.0030 1 1.0000 37 M 

0.18333 1 0 0.0000 0 0.0000 51 
33.6 2 1 0.1660 D 0.0000 52 ii 

0.04833 3 2 0.6290 1 0.8340 52 5.i34E9 4 3 1.0000 2 0.3710 53 T 2 i: 

10.98 1 0 0.0000 0 0.0000 
958.197 2 1 1.0000 0 0.0000 
3.90E13 3 2 l.DDDD D o.DDDD 

0.99292 1 0 0.0000 0 0.0000 
1.72El3 2 1 1.0000 0 0.0000 

963.895 1 0 0.0000 0 0.0000 
1.238E8 2 1 0.9691 D 0.0000 
6614.68 3 0 0.0000 0 0.0000 
30.17E9 4 2 0.9174 0 0.0000 
0.5875 5 4 0.9988 0 0.0000 
2.388E6 6 5 1.0000 3 1.0000 
8.552E9 7 6 1.0000 0 0.0000 

f i 
SY 

62 z 

I 
I 
I, 
I 

1.735E6 1 0 0.0000 0 0.0000 96 SU 
55518.0 2 0 0.0000 D 0.0000 95 
0.6675 3 2 0.9952 0 0.0000 95 z 
163.2 4 3 0.8270 D 0.0000 96 m 
1.373E8 5 3 0.1730 1 0.9997 94 
2.117 6 2 0.0018 0 0.0000 93 ii 
32050.7 7 6 1.0000 4 l.DDDD 94 SY 
8.930E7 8 7 1.0000 D 0.0000 92 VY 

3.105E6 1 0 0.0000 0 0.0000 
5259.6 2 1 1.0000 D 0.0000 
6.75 3 2 2.45-5 0 0.0000 
157861. 4 2 1.0000 0 0.0000 
45.3 5 0 0.0000 0 0.0000 
7.816E8 6 5 1.0000 4 1.0000 
27.0 7 6 1.0000 0 0.0000 

257.1E9 1 0 0.0000 0 0.0000 
1.06333 2 1 1.0000 0 0.0000 
1.197E7 3 2 1.0000 0 0.0000 
7952.59 4 3 1.0000 0 0.0000 
18.718 5 4 0.9862 0 0.0000 
0.01514 6 4 0.0138 0 0.0000 
11.434 7 6 1.0000 5 1.0000 

KR85M 
KR85 

KR87 
RB87 
SR87M 

58129 
TE129H 
TEl29 
1 129 

!zs 
SW47 

u 187 
RE187 

CF252 
CM248 
m244 
PU244 
U 240 
W240 
U 236 

01246 

EF 
CM242 
NP238 
PU238 
PU242 
u 234 

iE 
u237 
Au241 
Put37 
NP237 
PA233 

z: 
PA231 
AC227 
18227 
FR223 
RA223 

0.18667 1 0 0.0000 0 0.0000 36 
3915.48 1 0 0.0000 0 0.0000 36 !i . . . 

0.05299 1 0 0.0000 0 0.0000 36 WD 
1.nE13 2 1 1.0000 0 D.DDDD 37 
0.11688 1 0 0.0000 D 0.0000 38 1 : -" 
. . _ 

*. 0.18333 1 0 0.0000 0 0.0000 51 su 

33.6 2 1 0.1660 0 0.0000 52 0.04833 3 2 0.6290 1 0.8340 52 2 
5.13CE9 1 0 0.0000 0 0.0000 53 T 2 ND 

lo.98 1 0 0.0000 0 0.0000 60 SY 
-958.197 2 1 1.0000 0 0.0000 61 SY 
3.9OE13 1 0 0.0000 D 0.0000 62 SU 

0.99292 1 0 0.0000 0 0.0000 74 SD 
1.72El3 1 0 0.0000 D 0.0000 75 WU 
‘ 

.963.895 1 0 0.0000 0 0.0000 98 SY 
u38Ea I 0 0.0000 D 0.0000 96 w 
'6614.68 1 0 0.0000 D 0.0000 96 SU 

!,>30.17E9 1 0 0.0000 0 0.0000 94 Su 
0.5875 2 1 0.9988 0 0.0000 92 SY 

2.388E6 3 2 1.0000 0 0.0000 94 ;8.55229 1 0 0.0000 0 0.0000 92 K 

‘l.IJ5E6 1 0 0.0000 0 0.0000 96 
55518.0 1 0 0.0000 D 0.0000 95 ::: 
,0.667s 2 1 0.9952 0 0.0000 95 Su 
163.2 3 2 0.8270 0 0.0000 96 
2.117 4 1 0.0048 D 0.0000 93 iii 

32050.7 5 4 1.0000 3 l.DDDD 94 1.37388 1 0 0.0000 0 0.0000 94 2 
8.93OE7 1 0 0.0000 0 D.DDOD 92 W 

3:105E6 1 0 0.0000 0 O.ODOO 96 
z255.6 

lh861. 

2 1 0 1 0.0000 2.45-5 0 0 0.0000 0.0000 94 92 ii 

3 1 1.0000 0 0.0000 95 T t: 

45.3 1 0 0.0000 0 0.0000 94 
;;8;6E8 . 3 2 2 1 1.0000 1.0000 0 0 0.0000 0.0000 93 91 

G 
SY 

257.lE9 1 0 O.DDDD 0 0.0000 92 M 
1.06333 2 1 l.ODOD D 0.0000 90 SY 
1.197E7 1 0 0.0000 D 0.0000 91 su 

7932.39 2 1 1.0000 0 0.0000 89 18.718 3 2 0.9862 0 0.0000 90 : 

0.01514 4 2 0.0138 0 0.0000 87 11.434 5 4 1.0000 3 1.0000 88 1 !:: 
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Host of the changes to shorten the decay chains were based on possible 
impacts to the Case 2 test results. All of the radionuclides in the RMDLIB 
were run as input to test Cases 1 and 2, and the computed values were compared 
with previous GENII results for the new RMDLIB. All of the Case 1 tests gave 
identical answers. Differences for the Case 2 test are shown below. Percent 
differences less than 5% and values less than l.OE-20 rem are not shown. 

Comparison of Dose Results: New RHDLIB versus Smaller RHDLIB 
(How much the dose would increase using the Long Decay Time library) 

Percent Increase for Case 2: Air Transport 16000 meters (farmer) 

Class D Inhale Ingest - .- Extern Total Organ Season 

.Te-129 900.0 
Te-129 5.8Et03 
Te-129 1.5Et04 
Te-129 1.3Et05 

Winter 
Spring 
Summer 
Autumn 

Class W Inhale Ingest Extern Total Organ Season 

Te-129 
Te-129 
Te-129 
Te-129 
Th-23 1 
Th-23 1 
Th-23 1 
Th-23 1 

900.0 
5.8Et03 
1.5EtO4 
1.3Et05 

4.3 996.8 4.3 

4:3 t l i 184:2 336.: 1::: 

Winter 
Spring 
Summer 
Autumn 

13.4 Winter 
Spring 

9.1 Summer 
81.8 Autumn 

Class Y Inhale Ingest Extern Total Organ Season 

Th-23 1 996.8 4.3 Winter 
Th-23 1 Spring 
Th-23 1 3:*: 
Th-23 1 184:2 It:8 

Summer 
Autumn 

The increase in the ingestion doses from Te-129 are due to ingrowth of 
i I-129. Note that the dramatic increase in ingestion pathway dose does not 

change the total EDE computed by GENII. The increase for,Th-231 is due to the 
ingrowth of Pa-231. Normally, Th-231 with its 1.06 day halflife would not be 
found apart from its parent nuclide, U-235. Doses from U-235 are much larger 
than those from Th-231, so the small increase in Th-231 doses are not likely 
to be important. 
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Case 1: Air Transport 100 meters for Acute Release -- GENII Input Fi 1 e 

Y Progrm GENII Input File HgWH##H 8 Jul 88 ##A 
title: 100 In - Acute 

\RXDUIRi.IN Crutad on o&10-1992 at 07:30 
~T*O)(slrr-mu- Default ==- 111111111 

: 
Near-field acenario?- NEAR-FIELD: narrwly.foouaad 
Population dose? Palaaae, single site 

T Atute release? FAR-FIELD: MWe-stale raleaac, 
Waximm Individual dntr eat usad ultipla rites 

cotrp1ete 
TRANSPORT OPTIONS========= g%"k: EXPOSURE PATNUAY OPTIONS===== Segtion 

Finite plum, axtemal 
Infinite elm. axtamal 5 

1 Air Transport 
F Surface Water Transport : : 
F Biotic Transport <near-field) 34 F 
F Yaste Form Degradation (near) 3,4 F 

Gromd, ekernd 
%ereation, external 
Inhalatian ipteke 
Drinkingwater ingeation :+ 
Aquatic foods fngutfon ?:a 
Terrestrial fooda ingestion t,9 
Animal product fngutitn ?,lO 
Inadvertent roil ingeation 

1 
REPORT ~tI~Sotrtrmrr=rru F 
1 Report AEDE only 
F Report by radionuclide : 
F Report by exposure pathway 
F Debug report on 8creen : 

INVENTORY dldldldWdMWdl"""U 

d 
Inventory input activity units: (l-pCi 2-uCi 3-mCi a-Ci 5-Bq) 
Surface soil source mita (l- ti t- A3 3- kg) 
Equilibriun question goes here 

--.-.---l----Re(ease leras------j----------BIPit C~mtratf~---------j 
Use uheni transport selected , hear-field scenario, optionally 

I as...--- .-'.-"--'--'.-.--.--.-,.-...--.--------------.-----------....., 
Release I 

I 

Surface Buried I 
Radio- Air 

Surface ;;z 
Soil 

Crowd Surfacej 
Uater Uater 

nuclide ,/yr /unit /m3 /L /L 
----.---,---w--- we--.-- -M-s-SW ~~~~~~~ ~~~.~~. .s.sv.s i 
N3 l.oE+OO 

---..---J---.Dariv~ C&entratim*-----/ 
Use when1 wasurad values art known 
~~~~.-~~ --_------___-__.__._.-.-------- 
Release ilerres. Animal Drink 
Radio- Plant 
nucl ide I/kg 

Product Water 
/kg /L 

:O 
Intake ends after (yr) 
Dose talc. ends after (yr) 

- 

8 
Release ends after Cyr) 

_ 

No. of years of air deposition prior to the intake period 
0 No. of years of irrigation water deposition prior to the intake period 

FAR-FIELD SCENARIOS (IF POPULATION DOSE) 1 

ii 
Definition option: l-use population grid in file POP-IN 

2-use total entered OR this line 

NEAR-FIELD SCENARIOS * 

Prior to the beginning of the intake period: (Yr) 
Yhen uas the inventory disposed? (Package degradation starts) 
Uhen uas LOIC? (Biotic transport starts) 

Fraction of roots in upper soil (top 15 cm) 
Fraction of roots in deep soil 
Panual redistribution: daep soil/aurfacc soil dilution factor 
Source area for external dose modification factor (d) 
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3 

1.0 
9 
100.0 
1 

8 

8 

x 
0 

00 
0 

8 
0 

5 
0 

_-.--~~.~ 
Option: l*Usa chi/P or PM value ‘F 

2-Select XI diat L dir l0 
stuk ral;bse (T/F) 

3-Specify HI diet & dir 
Chi/a I 

Stack height (ml 
0 Stack flow CRJ/sec) 

Stack radius Cm) 
This space for cannent. 1x 

Use JF data I 

Efflumt tcap. (C) 
0 Building x-section (m2) 
0 Buildfng height Cm) 

====SURFACB UATER lRANSPORT===================-== =SECTION 2===== 
Hfxing ratio x&d: O-use value, ?-river, t-lake 
Uixina ratio. dimensionleaa 
Averaie river flow rata for: WIXFLCaO 0x3/8), pIXFLG=1,2 (m/S), 
lranait tfma to irrigation uithdraul location (hr) 
If dxina mtfo node1 * 0:- - 

Rata oi affluent discharge to receiving uater body W/s) 
longshore distance fran release point to usage location (m) 
Offshore distance to the water intake (ml 
Average water depth in surface water body Cm) 
Average river width (ml, MIXFLW only 
Depth of effluent discharge point to surface water (ml, lake only 

====UASTE FORM AVAILABILITY======== 1=rr~mtrrrrurrr8rSEC~ION 3ttrzr 
Waste form/package half life, Cyr) 
Yaate thickness, fm) 
Depth of soil overburden, m 

====BIOlIC TRANSPORT OF BURIED SOURCE====rni=rrrrr==SECTIOW 4=x==+ 
Consider during inventory decay/buildup period (T/F)? 
Consider durfna intake Period (T/F)? 
Pre-Intake aft& condition 

f l-Arid non agricultural 
. . . . . . . . . . . . . . i 2-Nunid non agricultural 

1 , 3-Agricultural 

EXPOSURE = 

TRANSPORT k 
-AIR TRANSPORT=========== SECTION I===== 

0-CaLculata PM 10 Relaaaa ty# (O-3) 

bBB.B 

a0 

00 
0 
1.0 

8766.0 

: 

O1 

8 
F 

murE)(TERNAL EXPOSURE==~rrr=t=trrourrurrurtrurrr =SECTION S===== 
Exrpost;ty: I Residential irrigation: 

’ 1 
Soil contamination (hr) 
Swimning (hr) 

10 

Consider: (T/F) 
Source: l-ground water 

2-surface water 
Boatino (hrl !o 
!&ret& &tivitics (hr) f 0 

~Awlftation rate (in/w) 
0L;ation (mo/yr) 

Shoreline tvoe: (l-river. 2-lake. 3-ocean. l-tidal basin) 
Transit tin;‘for-release-to reach aquatit~racraation (hr) 
Average fraction of tims srtmraad in acute cloud (hr/peraon hr) 

rnzINHAUTIw=l+tsrrorn~ rr~~~~+rr+rr~m~rrrSECTI~ &=etr 
Hours of l xPo*ure to contamination per year 
O-No resus- l-Use Wasa Loading t-Use Anspaugh model 

pension Fleas loading factor (g/sE) Top soil available (cm) 

=-==INGESTIOR POPULATION============- rru-us+SECfIO)( 7wrmr 
Atmospheric production definition (select option): 

O-Use food-weiohted chi/O, (food-see/d). enter value on this line 
l-Use oooulati&ueiahtedehhf/Q 
2-Use L;iform production 
J-Use chi/Q and production grids fPROIXJCfION will be overridden) 

Pooutation inaeatina aauatic foods. 0 defaults to total (person) 
Po&ation ingesting drinking watti, 0 defaults to total iparson) 
Consider dose frcm food exported out of region Cdefautt=F) 
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F 

Note 

Is- 

Salt 

USE 

belou: 9 or Source: O-none, l-ground water, Z-surface Mater 
3-Derived concentration entered above 

AQUATIC FoaDS / DRINKING UATER INGESTIO)(=~==~==SEClI~ &=== 

water? (default is fresh) 

TRAN- 
SIT 

:,F :% hr 
w.w e.-mw- e-.-v 
F FISH 0.00 
F MOLLUS 0.00 

CRUSTA 0 00 
: PLANTS 0:oo 

PRW- 
UCTION 
Wyr 
..w.w-- 
O.OE+OO 
O.OE+OO 
O.OE+OO 
O.OE+OO 

-CoNSLMPlION- 
HOLDUP RATE 
da Wyr 
m...m. w-w-e 
0.00 0.0 
0.00 0.00 ,8.X 

0.00 010 

DRINKING WATER 
.-_-_..---_--...-.------- 
0 Source (see above) 

x 
Treatment? T/F 
Roldup/transitCda) 

0 Consumption <L/yrl 

l -==lERRESlRIAL FOW INGESTION rrt_rr~urrrrrrurrrr=xSECTJ~ %rr8= 

USE --IRRIGATION-- 
1 FOOD :: SRATE 

PROD- --CONSUuPTIoN-- 
TIME YIELD UCTION HOLOUP RATE 

T/F TYPE da * in/yr Wyr kIilm2 Wyr de kg/v 
.BW -.-s-m m.wsm M w-s-- -.-SW wws.- ~~~~~~~ ww.s.s . ..-.- 
f LEAF V 90.00 0 0.0 0.0 1.5 O.OE+OO 1.0 30.0 
T ROOT V 90.00 0 0.0 0.0 1.0 O.OE+OO 220.0 

f FRUIT 90.00 0 0.0 0.0 2.0 O.OE+OO 28 T GRAIN 90.00 O 0-O 0.0 0.8 O.OE+OO 1ao:o 3E . 

8n=oANJCIAL PR~lJCTJON ~NSOF1PTIONr~rrtrrtrrrrrr+rrrlnrrSECT;ON lO=rtr 

---HUMAN---- TOTAL 
USE CONSUMPTION PROO- 
? FOOD RATE HOLDUP UCTION 
T/F TYPE kR/yr da Wyr 
w-e -e---I ~~~~~~ w--w- S.-s-. 

: 
BEEF 80.0 15.0 0.00 
PUJLTR 18.0 1.0 0.00 

T MILK 270.0 1.0 0.00 
T EGG 30.0 1.0 0.00 

BEEF 
UILK 

DRINK 
UATER 
CONTAU 
FRACT. 
-SW-I-B 

0.00 
0.00 
0.00 
0.00 

--.----------STORED FEED-- 
DIET GROU -IRRIGATION-- 
FRAC- TIME S RATE TIME 
TION da l in/w mo/yr 
SW._ .-.e I -s-m- .-s-B 

0.25 90.0 0 0.0 0.00 
1.00 90.0 0 0.0 0.00 
0.25 65.0 0 0.0 0.00 
1.00 90.0 0 0.0 0.00 
----------.-.FRES" FORAGE 

0.75 45.0 0 0.0 0.00 
0.75 30.0 0 0.0 0.00 
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Case 2: Air Transport 16000 meters for Acute Release - GENII Input File 

I Progrm GENII Input File ##8WMHW 8 Jut a8 #mu 
Title: 16 km - Acute 

\RBD\AIRZ.IN Created on DB-10-1992 at 07:30 
~~JONSDII%I%IPII%%%%%%%%~%%~ Dafault %%I%%%%%%~%%%%%%=%===~~==~~=~=~~==% 

: 
Rear-field scenario? (Far-field) NEAR-FIELD: narrowly-focused 
Population dose? release, single site 

T Acute release? 
<Ind;;d~;' 

FAR-FIELD: wi&-scale release, 
MaxiaM Indivi&al dats set used ultfple sites 

Car@ l te Carplete 
TRANSPORT OPTIONS===--======= Se&on EXPOSLIRE PATHWAY OPTIONS===== Section 
T Air Transport F Finite pluse, external 
F Surface Water Transport : 1 Infinite pluna, external s 
F Biotic Transport (near-field) 3,O 1 Grow& external 
F Uaste Form Degradation meor) 3,1- Fe Recreation, external s 

T Inhalation uptake 
REPORT OPTIONS===============- F Drinking uater ingestion :*t 
1 Report AEDE only F Aquatic foods ingestion 7:s 
F Report by radionuclide f Terrestrial foods ingestion 7,9 
F Report by exposure pathuay 1 Animal product ingestion 7,lO 
F Debug report on screen 1 Inadvertent soil ingestion 

4 Inventory input activity mits: (l-pCi 2-uCi 3-mCi 44 5-Bq) 
0 Surface soil source units Cl- m2 2- m3 3- kg) 

Equilibrius question goes here 

--.--~--Release Terms.----, i----------Basjc Concentrations--------- 
Use uhen' f transport selected 
w...---- 

i near-field scenario, optionally 
-*--.-..---------------,--1-----1---.----------------.-----------. 

Release I Surface Buried I Surface Deep Ground Surface 
Radio- IAir Yater Uaste iAir Soil Soil Water Voter 
nuclide /yr 

i 
/yr /n3 , '/nJ /Mit /nJ /L /L 

-.------,------- -.--w-w -M-----(-.----w I.--B-- -.es*sw s-s-s-1 -w---e. 

N3 l.OE+OO 

Use when] 
--------l----Deriv~ Co~~ratjons---w-j 

i 

lpasured vslues ere know 
~~~~-~.- _-____..___-_-..-__-----------. 

. Release ,ferres. Animal Drink i 

Radio- 'Plant 
nuclide i/kg 

Product Uater 
Aquatic] 
Food 

/kg /L /kg 
----s---)-I----. w-s-w-. ----s-w -s--s-. i 

TIME ##########Iy####dr#p 

Intake ends after (yr) 
:O Dose talc. ends after lyr) 

8 
Release ends after (yr) 
No. of years of air deposition prior to the intake period 

0 No. of years of irrigation uater deposition prior to the intake period 

FAR-FIELD SCENARIOS (IF PWLR.ATIW DOSE) > 

x 
Definition option: I-Use population grid in file POP.IN 

Z-Use total entered on this line 

NEAR-FIELD SCENARIOS I 

Prior to the begiming of the intake period: Cyr) 

ii 
Uhen uas the inventory disposed? (Package degradation starts) 
Uhen was LOIC? (Biotic transport starts) 

x 
Fraction of roots in qzper soil (top 15 as) 
Fraction of roots in deep soil 

x 
Uanual redistribution: deep soil/surface soil dilution factor 
Source area for exterml dose modification factor (ra2) 
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TRANSPORT 4 
t%uAJR T~SP~Turr-n%w%%%s%%8u%%- ====SECTION l===== 

3 

ii" 
16000.0 
T 

O-Calculate PM '0 
Option: l-use chi/g or PM value 

i 

Release type (O-3) 

; 
Stack release (t/F) 

Z-Select MI dist L dir Stuk height (m) 
J-Specify HZ dist 6 dir Stuk flow Cd/set) 

Chi/g 4 St& radius (II) 
This space for cammnt. 

I x 
Effluent tamp. CC) 

Use JF data lo 
Wldfng x-oaction lm2) 
krilding height Cm) 

%rrrSlJRFAa MTER TRANSWRl==rrnotare+rtrrrr -SECTIOW 2=x=== 
Wixing ratio model: O-use value, l-river, Z-lake 
nixing ratio, dimensionless 
Average river flou rate for: UIIlFLg=O W/s), HIXFLG=l,Z (m/s), 
Transit time to frrigatfon ufthdrawl location (hr) 
If mixing ratio model x 0: 
Rate of effluent discharge to receiving water body (ti/s) 
Longshore distance fras release point to usage location (m) 
Offshore distance to the uater intake Cm) . 
Average water depth in surface water body <a) 
Average river uidth (m), WIXFLG=l only 
Depth of effluent discharge point to surface water (m), lake only 

====h'ASTE FORH AVAILAgILI7Y rrrrrrr;%trrnr~r~r~~SECTJON jr==== 
Uaste form/package half lffe, lyr) 
Waste thickness, (m) 
Depth of soil overburden, m 

====gIOTIC TRANSPORT OF BURIED SWRCE=====w ~&TJf)N &%rorr 
Consider &ring inventory decay/buildup period CT/F)? 
Consider during intake period (T/F)? i l-Arid non agricultural 
Pre-Intake site condition.............. 2-Husid non agricultural 

1 3-Agricultural 

EXPOSURE ti 

bSO.0 
0 

00 

8 
1.0 

8766.0 

8 

0' 

I 
F 

nrtrE)(TERNAL EXpOStlREtt-=---r==r=~%~===~ -%a%rSECTJO)( 5===== 
Exposure time: 

Pluns (hr) i 
Residential irrigation: 

Consfder: (t/F) 
Soil contamination (hr> IX 

I 

Source: 1-grouid water 
Swimsing (hr) :-Z-surface water 
Boating lhr) 
Shoreline activities <hrI ix 

Application rate (in/yr) 
Duration <mo/yr) 

Shoreline type: (l-river, Z-lake, 3'ocean, 4-tidal basin) 
Transit time for release to reach aquatic recreation (hr) 
Average fraction of time subnrsed in acute cloud (hr/person hr) 

r=t=JNHALATJ~r~r~+rrrrr~~sr~r=~=%~%%% -SECTION 6===== 
Kurzf;posure to contamination per year 
s - l-Use lass Loading Z-Use Anspaugh model 
pension Mass loading factor (g/m3) lop soil available lcm) 

==r=JNGESTJON ~LATJONra==mrzrm%ro -=SECTION I===== 
Atmospheric production definition (select option): 

O-Use food-wighted chi/g, (food-sec/aJ), anter value on this line 
l-Use population-ueighted chi/g 
Z-Use uniform production 
3-Use &i/g and production grids (PROOUCTIQW ufll be overridden) 

Population ingesting aquatic foods, 0 defaults to total (person) 
Population ingesting drinking uater, 0 dafaults to total (person) 
Consider dose from food exported out of region <default=F) 
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F 

Note below S* or Source: O-none, 1-groud uater, 2.sUrfaCe water 
3-Derived concmtration mtered above 

w=== AQUATIC FOWS / DRINKING UATER 1WGEST1ON- ===SECTION 8=x== 

Salt water? (default is fresh) 

USE TRAN- PRDD- -CONSlMPTION- 
1 FCC0 SIT UCTION HOLDUP RATE 
T/F TYPE hr kR/yr da kg/v DRINKING UATER 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
F FISH 0.W O.OE+OO 0.00 0.0 0 Source (see above) 
F MDLLUS 0.00 O.OE+OO 0.00 0.0 t Treatment? T/F 
F CRUSTA 0.00 O.OE+OD 0.00 0.0 0 HoldqMransit(da) 
F PLANTS 0.00 O.OE+OO 0.00 0.0 0 Consumption (L/yr) 

====TERRESTRIAL FOW INGESTiti~=-= um~u==SEtT10N 9=-r== 

USE GRQV --IRRIGATION-- PRCO- --CONSlJMPTION-- 
7 FOOO TIME S RATE YIHE YlELO UCTIOU HOLDUP RATE 
T/F TYPE da l in/yr mo/yr kg/m2 to/v de kg/v 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .w..... . . . . . . . . . . . . 
T LEAF V 90.00 0 0.0 0.0 1.5 o.oE*oo 
T ROOT V 90.00 0 0.0 0.0 4.0 O.OE+OO ::X 

30.0 
220.0 

T FRUIT 90.00 0 0.0 0.0 2.0' O.OE+OO 330.0 
T GRAIN 90.00 0 0.0 0.0 0.8 O.OE+OO 18::: 80.0 

====ANIHAL PRWl&TION CONSLfMPfION -%-rtrrur%%uSECTJ~ ‘On%%% 

---HUMAN---- TOTAL DRINK . . . . . . . . . . ...&& FEED.............. 
USE CONSUMPTION PRW- UATER DIET GROW -IRRIGATION-- STOR - 
7 FOOO RATE HOLDUP UCTION CONTAH FRAC- TIME S RATE TIME YIELD AGE 
T/F TYPE kB/yr da kg/yr FRACT. TION da l in/yr mo/yr kg/m3 de 
I.. I..... . . . . . . . . . . . . . . . . . I...... . . . . . . . . . . . . . . . . ..I . . . . . .I... 

: 
BEEF 80.0 15.0 0.00 0.00 0.25 90.0 0 0.0 0.W 0.00 0.0 
POULTR 18.0 1.0 0.00 0.00 1.00 90.0 0 0.0 0.00 0.80 0.0 

: 
MILK 270.0 1.0 0.00 
EGG 30.0 1.0 0.00 

0.00 0.25 45.0 0 0.Q 0.00 ;A; 8.; 
0.00 l.QD 90.0 0 0.0 0.00 

. . . . . . . . . . . ..FRES.. F~,,GE...:......:. 
BEEF 0.75 45.0 0 0.0 0.00 2.00 1OQ.O 
MILK 0.75 30.0 0 0.0 0.w I.50 0.0 

####I- 

. 



WHC-SD, -WM-TI-596, Rev 0 Page 29 

Case 3: Intruder Scenario after 100 years u GENII Input File 

Y Progrmn GENII Input File ####M#M 8 Jul 88 #A# 
Title: Post-Excavation Scenario -- 100 years 

\EXCAVAtE.IN Created on 07-14-1992 at 16:25 
~fJ~S8r%rrrrrru-r === Default 11181% 
T Near-field acanario? (Far-field) NEAR-FIELD: mrrouly-focused 
F Population &se? rolease, sfngle site 
F Acute release? 

cI~;di~~;' 
FAR-FIELD: wfde-scab release, 

paxisun Individual data set used ultfple sites 
Cosplete 

TRANSPORT OPTIONS============ Section 
F Air Transport 
F Surface Uater transport : 
F Biotic Transport <near-field) 3,4 
F Uaste Form Degradation (near) 3,4 

REPORT ~TJONSIIII~IIL~%~~~%%II~%II~% 
T Report AEDE only 
F Report by radionuclide 
T Report by exposure pathway * 
F Debug report on screen 

Complete 
EXPOSURE PATMUY OPTIONS===== Section 
F Ffnitc pltxsa, axternal 
F Infinite pluse, axtemel : 
T Growi, external 5 
F Recreation, external 

‘I Inhalatfm uptake ;,6 
F Drinking Uster ingastion 
F Aquatic foods ingestion ?S 
T Terrestrisl foods ingestion 7:9 
F Animl produst ingestion 7,lO 
F Inadvertent soil fngestion 

INVENTORY E 
:. 

i Surface soil source vlits (l- sQ t- 10 3- kg) 
Inventory input activity mits: (l-pCf 2-uCi 3-sCf 4-Ci 5-Bql 

" 
Equilibriun question goes here ',' - 

/unit /nJ /L 

#I59 l.OE+OO 
' 

. . . . . ..-I...-Derfv& 
Use when' 

Cmentratjonpw---j 
measured values are known 

. . . . . . . . 
I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

&;&;fe I;;;;s. Animl Drink TIC, 

nuclide I/kg 
Product Uater 

,' '. ,_ 

I 
/kg /L /kg 

. . . . . . ..‘....... . . . . . . . . . . . . . . . . . . . . . 

TIME ##"""""""""""""""""""""' 

:O Dose colt. ends after (yr) 
Intake ends after (yr) 

ii 
Release ends after (yr) 
No. of years of air deposition prior to the intake period 

0 No. of years of irrigation water deposition prior to the intake period 

FAR-FIELD SCENARIOS (IF PWIJLATION DOSE) """" 

x 
Definition option: l-use populatfon grid in file POP.11 

Z-Use total mtered on this line 

NEAR-FIELD SCENARIOS # 

Prior to the be9iminR of the intake period: (yr) 
100 Uhm was the invmtory disposed? (Psckage degradation starts) 
0 Uhm was LOIC7 (Biotic transport starts) 
1.0 Fraction of roots in upper soil (top 15 an) 

8 030 
Fraction of roots in deep soil 

li50 
nanual radistributfon: deep soil/surface soil dilution factor 
Source area for external dose modification factor Cfn21 
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TRANSPORT 6 
====AIR TRANSPORT=- ==uuu==~n=SECTIW I===== 

O-Calculate PU _ _-.__--~~ !O 
1 Option: l-Use chi/D or PM value Ii 

Release tYen (O-3) 
Stack rel~se (T/F) 

P-Select n1 dist 6 dir 10 Stack height (m) 
S-Specify MI dirt & dir Stuk fl& <nJ/sec) 

x 
Chi/g or PM value Stack radius (rn) 
#XI sector Index (l=S) Effluant tw. (C) 

0 MI distance from relesse point Eufldfng x-section Cm21 
T Use jf data, (T/F) else M/a Building height (m) 

rrr%QJRFACE VAlER ~~NSP~~%rmrrr~ar%u%m~~ SECTION Z===== 
nixing ratio model: O-use valw, i-river, Z-lake 
Wixiw ratio. dimensionless 

8 
Averaie rive; jlow rate for: MIXFLG~O @/s), WIXFLG=l,Z (RI/s), 
Transit time to irrinatioKwithdraw1 location (hr) 
If mixing ratio model s 0: 

8 
Rate of effluent discharge to receiving uater body (IWO) 
Longshore distance from release point to usage location (m) 

: 
Offshore distmce.to the water intake (m) 
Average Mater depth in surface Mater body <a) 

⌧ l i 

Average river width (m), MIXFLG=l only 
Depth of efflumt discharge point to surface water Cm), lake only 

====UASTE FORM AVAILABILITY %%~%P%~~~%%~%~~L~oB~%~~%%SEC~IQN jr==== 
Uaste form/package half life, (yr) 
Uaste thickness, (m) 
Depth of soil overburden, m 

====BIOTIC TRANSPORT OF BURIED SOURCE================SECfION 4=~=== 
T Consider during inventory decay/buildup period (T/F)? 
T Consider during intake period (T/F)? : l-Arid non agricultural 
0 Pre-Intake sitc conditibn . . . . . . . . . . . . ..f Z-H&d non agricultural 

t 3-Agricuiturai 

EXPOSURE U"""""""""'""".UY"""""UU 

i260.0 

x 

x 

x 

rt=rE)(tERNAL EXPOSURE---=rrr===rr======~=%=~%==~%%%%SEC~JON 5=-z== 
Exposure time: I Residential irrigation: 
Plune (hr) 'T 
Soil contamination (hr) 10 

Consider: (T/F) 
I Source: l-ground uater 

Swimnino Chr) Z-surface water 

4680.0 

~.OOOl 

x 

x 
F 

Boating-(hr)- ' 0 Application rate (in&r) 
Shoreline activities (hr) io Duration (mo/yr) 

Shoreline type: (l-river, Z-lake, 3-ocean, 4-tidal basin) 
Transit time for release to reach aquatic recreation (hr) 
Average fraction of time sulxnersed in acute cloud (hr/person hr) 

trrnJNHALA~:Wermtrrrartr-- --DII=~~~~%Dx~~~%~DIx%~B%~SEC~JQN 6r~~== 
Hours of exposure to contamination per year 
O-No resus- l-Use #lass Loading Z-Use Anspaugh model 
pension nass loading factor (g/m31 Top soil available (cm) 

====INGESTXW POPlJLArIW====--- --nswxscsurrunrurSEC~Zf)N 7==rtr 
Atmospheric production definition (select option): 

O-Use food-ueighted &/a, (food-set/d), mter value on this line 
l-Use population-weighted chi/a 
Z-Use miform production 
~-USC chi/a and production grids (PRODUCTIW will be overriddm) 

Population ingesting aquatic foods, 0 defaults to total <person) 
Population ingesting drinking water, 0 defaults to total (person) 
Consider &se from food exported out of region (default=F) 
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Note below: S* or Source: O-none, I-gromd neter, 2-surface weter 
3-Derivsd concentrotien entered above 

u== ADUATIC FOOOS / DRINKING UATER INGESTIDW-====SECTIDN b=== 

Sslt wtar? (default is fresh) 

USE TRAN- 
1 FODD SIT 
t/F TYPE hr 
..w .-.mvm ..m.s 
F FISH 0.00 
F HOLLUS 0.00 
F CRUSTA 0.00 
F PLARTS 0.00 

PRti- 
UCTIDR 
Wyr 
.w....w 

:-:;:xx 
O:OE+OO. 
O.OE+OO 

-CONSLMPTIDR- 
HOLWP RATE 
dn kg/v 
. . . . . . .w... 

0.00 0.0 
0.00 
0.00 

;-; 

0.00 010 

DRINKING UATER 
..-_...--_._--_--..---... 

s 
Source <see above) 
Treatment? T/F 

8 
Noldup/transitCds) 
Consuiption Wyr) 

====TERRESTRIAL FDW INGESTIDR==_r==r====== ===========BECTIDN 9===== 

USE 7 FDW :: 
T/F TYPE ds 
. . . ..w..m .m... 
T LEAF V 90.00 
T ROOT V 90.00 
r' GRAIN FRUIT 90 9O:OO 00 

--IRRIGATION-- 
S RATE TIME 
l in/yr rm/yr 
s . . . . . . . . . . 
0 0.0 0.0 
0 0.0 0.0 
0 0.0 0.0 
0 0.D 0.0 

PRCO- 
YIELD UCTIDN 
.f?!U b/w 

..wwe.. 
1.5 D.OE+OQ 
4.0 O.QE+w 
2.0 Q.QE+OO 
0.8 O.QE*OO 

--CONSWPTIOR-- 
HOLDUP RATE 
da kg/v 
.mmw.w ..-... 

2X 3E 

18Z 
16:O 
la.0 

====ANIML PRDDUCTIDN CDNSUHPTIDN================-SECT@ lo==== 

USE 
1 FOOD 
T/F TYPE 
. . . . . . . . . 
F BEEF 
F PDULTR 
F MILK 
F EGG 

BEEF 
WILK 

---HUMAN---- TOTAL DRINK . . . . . . . ..-.-.ST~~ FEE... 
CONSUMPTION PROD- IJATER DIET CRW -IRRIGATION-- 
RATE HOLDUP UCTION CDNTAM FRAC- TIME S RATE TIRE 
k9/yr ds kg/yr FRACT. TION ds l in/yr Wyr 
.-.... .w-.. .-see. . . . . . . . .s.. . ..s . .-..e .-em. 

0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 
0.0 0.0 Q.00 0.00 0.00 0.0 0 0.0 0.00 

0.00 0.00 0.0 0 0.0 0.00 
0.00 0.00 0.0 0 0.0 0.00 

.-.:....-.-.-FRESH FORAGE. 
0.00 0.0 0 0.0 0.00 
0.00 0-D 0 0.0 0.00 

.s.......... 
STOR- 

YIELD AGE 
kg/a8 da 
. . . . . . . . . . 

0.00 0.0 
0.00 0.0 

x! x-x . . 

0.00 0.0 
0.00 0.0 
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Case 4: Intruder Scenario after 1000 years -- GENII Input File 

y Program GENII Input File gM#W#MW a Jul 88 #### 
Title: Post-Excavation Scenario -- 1000 years 

\EXCAVATE.IN Crested on 07-14-1992 at 16:25 
OPTIONS========= Defrult xxxxxxxxxx~x~xxxx**xx 

T Near-field scenario? NEAR-FIELD: narrowly-focused 
F Population dose? 

(Far-field) 

"ggy$$ 
release, sin&e site 

F Acute release? FAR-FIELD: wide-scale reteast, 
Haximun Individurl data set usad ultiple sites 

Ccoplete' Complete 
TRANSPORT OPTIONS============ Section EXPOSURE PATNUAY OPTIONS===== Section 
F Air Transport 
F Surface Water Transport :- 

F Biotic Transport (near-field) 3,4 
F Uaste Foru Degradation (near) 3,4 

REPORT 0Pf~ON~~r+orrrtrrrr~x~x 
T Report AEDE only 
F Report by radionuclide 
T Report by exposure pathway 
F Debug report on screen 

-: 
T 

: 

.: 
T 

: 

Finite plune, external 
Infinite plune, external 
Grow& external 
Recreation, external : 
Inhalation uptake 
Drinking water ingestim 5*: 
Aquatic foods ingestion 7:a 
Terrestrial foads ingestion 7,9 
Animal product ingestion 7,lO 
Inadvertent soil ingestion 

INVENTORY m 

4 Inventory input activity wits: (l-pCi 2-uCi 3-mCi 4-Ci S-Bq) 
2 Surface soil source units (l- IQ 2- d 3- kg) 

Equilibriun question goes here 

.s . . . . . . 

Use uher 
..s . . . . . 
Release 
Radio- 
nuclide 
s . . . . . . . 
1159 

. . . . . . . . 
Use uhen 
. . . . . . . . 
Release 
Radio- 
nuclide 
. . . . . . . . 

----Release Terms------ 
transport selected 

. . . . . . . . . . . ..-.a...-.-. 

Surface Buried 
Air Water Uaste 
Iv /yr /aJ 
..w..-. .sss... .---... 

----------Basic C~entratf~s...-----.j 

near-field scenario, optionally 
. . . ..s.....-.....s..................... 

Air 
m /uIit /In3 /L /L 
. . . . . . . . . . . . . . . . . . . . . 

l.OE+OO 

I 
'----Derived Concentrations-----/ 
'I llcasured values are knom 
I...........,.....-...~......... 
fferres. AnimmL Drink i 

'Plant Product Water 
Aquatic! 

I ,/kg /ka /L 
Food , 
/kg 

;....... ..I.... . . . . . . . I . . . . . ..( 

TIME i 

1 Intake ends after (yr) 
SO Dose talc. ends after (yr) 

x 
Release ends after (yr) 
No. of years of air deposition prior to the intake period 

0 No. of years of irrigation water deposition prior to the intake period 

FAR-FIELD SCENARIOS (IF POPULATIUI DOSE) 1 

0 Definition option: l-Use population grid in file POP.IN 
0 2-Use totat entered on this line 

NEAR-FIELD SCENARIOS b 

1QQQ 
0 
1.0 

8 030 
liS0 

Prior to the begiming of the intake period: Wrl 
Mien uas the inventory disposedT (Package degradstion starts) 
Uhen WI LOICY (Biotic transport starts) 

Fraction of roots in rppcr soil (top 1s 0~) 
Fraction of roots in dsep soil 
Ranual redistribution: deep soil/surface soil dilution factor 
Source area for external dose modification factor (ai21 
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TRANSPORT ? 
====AIR TRANSWRT rrr-w~~ECT ION 1 xxxxx 

O-Calculate PU ‘0 Releue type (O-3) 
1 Option: l-Use M/O or PM value Stack rebase (T/F) 

2-Select MI dist P dir i Stack height (ID) 
Mpecify WI dirt L dir 

: 
Chi/O or PM vab 00 

Stack flow 0Wsec) 
Stack radius (RI) 

WI sector index (l=S) 0 EffLwnt tep. (Cl 
0 
T 

HI distance from release point OM1O Building x-section (6 
Use jf data, CT/F) else chi/O grid,0 Building height Cm) 

=-=-SURFACE WATER TRANSPORT=======r=======-- 'SECTIOR 2===== 

x 
nixing ratio m&l: O-use-value, l-river, 2-Lake 
Uixing ratio, dimensionless 

8 
Average river flow rate for: MIXFLG-0 (ti/r), IIIXFLfi=1,2 (In/s), 
Transit tfme to irrigation withdraul location Chr) 
If mixing ratio model > 0: 

x 
Rate of efflumt discharge to receiving water body (IWs) 
Longshore distance fraa release point to usage Location (m) 

.8 
Offshore dfstancc to the water intake 00 
Average uater depth in'surface uater body <DI) 

x 
Average river width Cm), MIXFLG-1 only 
Depth of effluent discharge point to surface water (m), lake only 

====UASTE FORM AVAILABILITY rrrrrnrrxrrtrr-rr~xm~~~~~ON 3x=-=x 

Ll 
Waste form/package half life, (yr) 
Waste thickness, (la) 

? 

5.0 Depth of soil overburden, II 

====BI0lIC TRANSPORT OF BURIED SWRCE====~===========SECTION 4===== 

5 
Consider &ring inventory decay/buiLdup period (T/F)? 
Consider during Intake period (T/F)? I l-Arid non agricultural 

0 Pre-Intake site condition..............' 2-Hunid non agricultural 
f 3-Agricultural 

EXPOSURE fl 

4680.0 

ILo1 

I 

x 
F 

rrrrE)(TERNAL EXPOSUREX=XXXPXXXXXX-- --srrrxrrrxxxxxxrux~ECTIO)( ~XPXXX 
Exposure time: I Residmtial irrigation: 

PLune (hr) 'T 
Soil contamination Chr) 
Swimning Chr) 

10 
Consider: (l/F) 
Source: l-growxi water 

Boating Chr) '0 
t-surface water 

Shoreline activities (hr) io 
Application rate (in/yrl 
Duration (mo/yr) 

Shoreline type: (l-river, 2-Lake, 3-ocean, 4.ticbl bSSin) 
Transit tims for release to reach aquatic recreation (hr) 
Average fraction of time submersed in acute cloud (hr/person hr) 

xxxx~)I~~L~~~ONxxxxx~x~xxxx~~~~~ ----nrrroru~+rrtmtxx~~~~~~~ 6x11x1 
Hours of exposure to contamination per year 
O-No rcsus- l-use Mass Loading t-Use Anspsugh model 

pension Uass Loading factor (g/d) Top soit available (cm) 

xx=r~NGESTION ~PU~~~ONrssxxxx~~rx~x~xx~xxxxxxx~~~~~~~ 7xxxxr 
Atmospheric production definition (select option): 

O-Use food-weighted chi/O, (food-sec/aJ), anter value on this tine 
l-Use population-weighted chi/O 
t-Use uniform production 
3-Use chi/O and production grids (PRWUCTI~ will be overridden) 

Population ingestib aquatic ioods, 0 defaults to total (person) 
Population ingesting drinking water, 0 defaults to total (person) 
Consider dose from food exported out of region (default=Fl 
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F 

Note below: S= or Source: O-none, I-gromd mater, 2-surface water 
3-Derivsd concentration entered above 

-= AGUATIC FOODS / DRINKING UATER INGESTION=========SECTIDR 8=x== 

SaLt uater? (default is fresh) 

USE 
7 FOCD 
T/F TYPE 
. . . . . . . . . 

: 
BEEF 
PUJLTR 

F MILK 
F EGG 

BEEF 
MILK 

USE TRAN- PRrn- 
7 FDDD SIT UCTIDN 
T/F TYPE hr b/w 
.m- --.... a.... .ss..w- 
F FISH O.DO O.OE+OO 
F HOLLUS 0.00 O.OE+OO 
F CRUSTA 0.00 O.OE+OO 
F PLANTS 0.00 O.OE+OO 

-CDNSUHPTIDN- i 

!Y RATE ' 
. ..-.w 

ka/yr , DRINKING UATER 
. . ..w . ..e.w...s...-a.......... 

0.00 0.0 1 0 Source (see above) 
0.00 Treatment? T/F 
0.00 X-8 x 
o,oo I 010 , 0 ) 

Holdup/transit(Q) 
Consumption (L/w) 

====TERRESTRIAL FDOD INGEST&M uu-r-xxxxxSECT 1 w 9xrrrr 

USE 
? FOOD :: 
T/F TYPE da 
. . . . . ..s. . . . . . 
T LEAF V 90.00 
T ROOT V 90.00 

FRUIT 90 00 
T' GRAIN 90100 

--IRRIGATION-- 
S RATE TIME 
l in/yr ao/yr 
. ..s.. ..-.. 

0 0.0 0.0 
0 0.0 0.0 
0 0.0 0.0 
0 0.0 0.0 

. --coWSWPTIDN-- 
YIELD EON HOLDUP RATE 
kg/m2 b/w da ha/v 
. ..ss ..ww.aw . . . . . . .s..-. 

1.5 O.OE+OO 
3z*x 

2.0 O.OE+OO 16:0 
0.8 O.OE+OO ia?oD 18.0 

====ANIMAL PRODUCTION CONSUMPfION=--- --xx~xxxx~,xxx~x~EC~~~~ 1Qxnrx 

--;HUMAN---- TOTAL 
CONSUMPTION PROD- 
RATE HOLDUP UCTION 
ka/yr da Wv 
. . . . . . . . . . . . ..e.. 

0.0 0.0 0.00 
0.0 0.0 0.00 
0.0 0.0 0.00 
0.0 0.0 0.00 

; 

DRINK 
WATER 
CONTAM 
FRACT. 

. . . . . . . 
0.00 
0.00 
0.00 
0.00 

. . . . . . ..-...-STma &ED.............. 

DIET GRDU -IRRIGATION-- 
FRAC- TIME 5 RATE TINE :YIELD ii!" 

. 

TION da l in/yr mo/yr kg/m3 da 
I... . . . . - . . . . . .ww.. . . . . . I.... 

0.00 0.0 0 0.0 0.00 0.00 0.0 
0.00 0.0 0 0.0 0.00 0.00 0.0 
0.00 0.0 0 0.0 0.00 0.00 0.0 
0.00 0.0 0 0.0 0.00 0.00 0.0 
. . . . . . . . ..--FRESH F~AGE............ 

0.00 0.0 0 0.0 0.00 0.00 0.0 
0.00 0.0 0 0.0 0.00 0.00 0.0 
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New FTRANS.DAT, with Francium and Oslnium Values: 

PNL Food Transfer Futor Library (by 2, uith Fr&s 7/19/93 POR) 
Ele- Dep Vel Leafy Root Fruit Grain Beef Poulty Milk ES9 Leaching 

-t lllBec 8 x7 
.- w. $g/ka Fgika $A s/kg pator 2 

:E %:iE-3 8:OE-3 $;E-3 %:!E.3 i:;E-3 8:OEJ S:OE-1 2:OE.6 2:OE-2 .1:9E-4 
1 

i l:OE-3 :: l l . itiE 4 !-k-4 !-YE 2 x-k 4 :*t 
d 

F l.OE-2 2:OE-2 CL-2 ;::E-2 ;::E-2 2:OE:t 9:9E-4 7:OE:3 9&C 018 

ii 
t.OE-3 10.0 li.0 

T 
10.0 10.0 &DE-2 1.OE-2 2.OE-2 Z.OE-1 0.5 

l.OE-3 9.9E-4 9.9E-4 9.9E-4 9.9E-4 1.8E-2 9.9E-4 9.9E-4 1.6 1.9E-4 :: 
SI ;A;-; ;.;E-1 f.;E-1 f.;E-1 &SE-1 i.OE-S 9.9E-4 Z.OE-S 9.9E-4 ;$E-3 14 
P.-. . . S.OE-2 1.9E-1 1.5E-2 10.0 

. 
:L :-8:-z SiPo 

::o" - 2 OE-1 9 9E-4 1 SE-2 9 9E-4 &E-2 :: 

AR 010 
S:OE-2 3:OE-2 2:OE-2 9:9E-4 0:B 

1 DE-3 !.: 
k l-DE-3 2-0 

to0 y&.2 ;.&.4 k&.3 ;*&.4 ;-; 
:3 

.l 6E-3 4.4E-2 a-DE-3 4'4E-1 1.9E-4 ;; 
SC l:OE-3 l:OE-2 :::E-2 ::$2 ::!E-2 6'OE-3 4.OE-3 2.59-6 9'9E-4 2'7E-4 21 

ii 
l.OE-3 L.OE-2 4.OE-2 C.OE-2 4.DE-3 9:OE-3 9:9E-4 l:OE-S 9:9E-4 4:n-3 24 
l.OE-3 7.OE-1 7.OE-1 f.OE-1 Z-DE-1 5.OE-4 S.OE-2 3.OE-4 6.SE-2 l.lE-2 25 
1 DE-3 Z.OE-2 2 DE-2 Z.OE-2 S-DE-3 2 08-2 15 

:: l:OE-3 l.OE-1 l:OE-1 l.OE-1 4.OE-3 t:OE-2 5:0&l :..:E:: ;*:E-1 :.E:: ;; 

ifi 
l.OE-3 l.OE-1 l-DE-1 l.OE-1 S-DE-2 2.OE-3 l.OE-3 l:OE-3 l:OE-1 4:6E-3 28 

ii 

l.OE-3 S.OE-1 tr-1 5.OE-1 5.OE-2 9.OE-3 S.lE-1 2.OE-3 4.9E-1 ;.;;-t ;90 
l.OE-3 2.0 
l.OE-3 l.OE-2 l:OE-2 :-:E-2 :.:E-3 :*:::: 96::E-4 ::!% 92::E-4 &4 31 

AS l.OE-3 l.OE-2 l.OE-2 l:OE-2 l:OE-2 l:SE-3 ;.;E-1 ;.;E-; ;.f-4 ;.g-f g 
SE l.OE-3 S.OE-1 S.OE-1 S.OE-1 5.OE-2 1.0 . 

BR l.OE-2 7.6E-1 c$E-1 ;f-l ;;E-1 2.DE-2 C:OE-3 2:OE-2 1:6 0:11- 
KR 0.0 0.0 0.0 0.0 0.0 :z 
RB l.OE-3 3.OE-1 3:OE-1 3:OE-1 3:OE-1 l.OE-2 2.0 l.OE-2 !*: :*:E-3 37 
SR l.OE-3 2.0 2 DE-l 0 DE-4 3 SE-2 13E-3 3'OE-1 2-Z-3 38 

IR 
l.OE-3 l.OE-2 :.:E-2 :.:E-2 l-DE-3 l-DE-3 l-DE-2 5'DE-6 2'OE-3 5'OE-4 39 
l.OE-3 4.OE-2 4:OE-2 4:OE-2 C:OE-2 l:ZE-6 6349-S 5:5E-7 l:PE-4 5:3E-4 40 

NB l.OE-3 4.OE-2 4.OE-2 4.OE-2 &OE-3 2.6E-7 3.lE-4 4.lE-7 1.3E-3 2.7E-3 41 
MO l.OE-3 1.0 1.0 l.OE-1 1.2E-3 l.OE-l 1.76-3 f.BE-1 0.8 42 

Ii 
l.OE-3 40.0 40.0 2i00 40.0 9.9E-4 3.OE-2 3.OE-4 3.0 
l.OE-3 Z.OE-1 Z.OE-1 Z.iE-1 Z.DE-1 2.OE-3 7.OE-3 6.OE-7 6.OE-3 F-f-4 s 

ED" 
l.OE-3 SO.0 SO.0 50.0 l.OE-3 3 DE-4 5.DE-3 t.OE-3 4.49-3 45 
l.OE-3 3.OE-1 3.OE-1 3.OE-1 ;::E-2 l.OE-3 3:OE-4 S.OE-3 4.OE-3 4:6E-3 46 

AC 
CD 

l.OE-3 6.OE-1 ;.;E-1 b.OE-1 6.OE-2 2.OE-3 9.9E-4 2.51-2 9.9E-4 0.27 
l.OE-3 2.0 6.OE-1 L.OE-4 8.4E-1 l.2E-4 l.OE-1 6 3E-4 :: 

IN l.OE-3 l.OE-2 l:OE-2 :.:E-2 1 DE-3 4 DE-3 9 9E-4 2 DE-4 9 9E-4 l-BE-4 49 
SN l.OE-3 l.OE-l l.OE-1 l:OE-1 l:OE-2 l:OE-2. 9:9E-4 l:OE-3 9:9E-4 2:7E-3 50 

ii! 
l.OE-3 S.OE-2 5.OE-2 5.OE-2 S.OE-2 l.OE-3 6.OE-3 7.5E-4 7.OE-2 C.ZE-2 51 
l.OE-3 5.0 5.OE-1 I.OE-3 &SE-2 4.5E-4 5.2 0.8 52 

I l.OE-2 4.OE-l ?:E-1 i:!E-1 f;.;E-1 f.;E-3 ;.r-2 ;.;E-2 2.8 
XE 0.0 0.0 010 x-x :t 

iii 
l.OE-3 2.0E-2 2.OE-2 2:DE-2 l:DE-2 3:OE-2 414 7:OE-3 :.iE-1 l.lE-3 55 
l.OE-3 4.OE-2 4.OE-2 b.OE-2 4.DE-3 S.OE-4 B.lE-4 4.8E-4 1:s 9:SE-S 56 

LA l.OE-3 l.OE-2 l.OE-2 l.OE-2 3.OE-4 5.OE-3 l.OE-1 2.58-6 9.OE-3 4.1E-4 57 
CE l.OE-3 4.OE-2 C.OE-2 C.OE-2 4.OE-3 2.OE-3 l.OE-2 4.OE-5 S.OE-3 S.OE-4 58 
PR l.OE-3 l.OE-2 l.OE-2 l.OE-2 l-DE-3 S.OE-3 3.OE-2 2.5E-6 S.OE-3 S.OE-4 59 

iFi 
l.OE-3 l.OE-2 l.DE-2 l.OE-2 l.OE-3 S.OE-3 C.OE-3 2.OE-5 2.OE-4 C.lE-4 60 
l.OE-3 l.OE-2 l.OE-2 l.OE-2 l.OE-3 S.OE-3 2.OE-3 2.51-6 Z.OE-2 S.OE-4 61 

SM l.OE-3 l.OE-2 l-DE-2 l.OE-2 2.OE-3 5.OE-3 4.OE-3 2.OE-S 7.OE-3 4.lE-4 62 
EU l.OE-3 l.OE-2 l.OE-2 l.OE-2 2.OE-3 6.OE-3 4.OE-3 2.OE-S 7.OE-3 S.OE-4 63 
OD l.OE-3 S.OE-2 5.OE-2 5.OE-2 5.OE-3 2.OE-3 9.98-4 6.OE-S 9.9E-4 Z.lE-4 64 

;: 
l.OE-3 2.6E-3 2.6E-3 2.6.E.3 2.6E-3 5.OE-3 i.OE-3 2.5E-6 f&E-3 4.1E-4 65 
l.OE-3 9.9E-4 9.9E-4 9.9E-4 9.9E-4 5.38-3 9.9E-4 5.OE-6 9.9E-4 4.1E-4 66 

HO l.OE-3 l.OE-2 Z.OE-2 l.OE-2 2.7E-3 5.OE-3 C.OE-3 2.51-6 7.OE-3 C.lE-4 67 
ER l.OE-3 l.OE-2 l.OE-2 l.OE-2 l-DE-2 C.OE-3 9.9E-4 2%.5 9.9E-4 4.1E-4 6B 
HF l.OE-3 l.OE-2 l.OE-2 l.OE-2 t.OE-3 4.OE-4 9.9E-4 2.OE-5 9.9E-4 l&E-4 72 
TA 

:E 

l.OE-3 9.9E-4 59.;'.4 39.r.4 9.9E-4 9.9E-4 9.9E-4 3.OE-6 9.9E-4 4.lE-4 73 
l.OE-3 3-D 3.OE-1 3.7E-2 9.9E-4 3.M.4 9.9E-4 1.8E-3 74 
l.OE-3 9.9E-4 9:9E-4 9:9E-4 9.9E-4 9.9E-4 9.9E-4 l.OE-3 9.9E-4 3.3E-2 75 

OS l.OE-3 0.015 0.0035 0.0035 0.0035 0.4 
IR l.OE-3 l.OE-1 l-DE-1 l.OE-1 4.OE-3 2.OE-3 8:&-4 02::'6 8:;;.4 1:::: $ 
AU 

$F 

l.OE-3 4.OE-l :.XE-1 ';.;E-1 4.OE-2 S.OE-3 9.9E-4 l.OE-5 9.9E-4 l.lE-2 79 
l.OE-3 1.0 l.OE-1 l.OE-1 l.lE-2 4.OE-4 9.91-4 4&-4 80 
l.OE-3 9.9E-4 9:9E-4 9:9E-4 9.9E-4 9.9E-4 9.9E-4 2.OE-3 9.9E-4 0.5 ai 
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. Ele- Dep Vet Leafy 
lllcnt mfsec Veg 

if 
l.OE-3 l-DE-1 
l.OE-3 6.OE-1 

K 
l.OE-3 l.OE-2 
l.OE-3 4.OE-3 

PA l.OE-3 S.OE-2 
U l.OE-3 4.OE-3 

. 
K ;-;;.: :=;E.4 

An l:OE-3 2:OE-3 

ca 
l.OE-3 2.OE-3 
l.OE-3 t.SE-3 

New FTRANS.DAT, Continued: 

Root Fruit Grain 
vu -- s. 
i.k-1 l.OE-1 
6.OE-1 6.OE-1 
l.OE-2 l.OE-2 

::k-2 !.:E-2 
l.OE-1 l:OE-1 
l-DE-2 3.OE-3 
i-DE-3 C.OE-3 
f.OE-2 5.OE-2 
L.OE-3 4.OE-3 

:::E-4 ::!E-4 
2.OE-3 2.OE-3 
2.OE-3 2.OE-3 
2.SE-3 2.SE-3 

l.OE-2 
b.OE-1 
l.OE-3 
0.0 
l.OE-2 
l.OEb2 
3.OE-4 
4.OE-4 
+;OEi2 

g-g; . 

2:5E-3 

Beef 
W/b 
C.OE-4 
1.7E-2 

4.OE-3 
C.OE-3 

Z.OE-4 
4.OE-3 
4.OE-3 

Hi Lk 
&Y/L 
3.OE-5 
5.OE-4 
I.tE-4 
0.0 
7.DE-3 

l.OE-5 
l.OE-7 

E-J . 
7:5E-7 

ES9 
W/ka 
9.9E-4 
9.9E-4 

kOE-3 
2.OE-3 

f-E: 
2:OE:3 
&DE-3 

E-3 . 
2:OE-3 

Leaching 
Factor - 2 

4-z ii . - 

F’ 84 
l:lE-3 : 
5.91-4 BB 
1.3E-3 09 

:-I:-: E . 

1:3E-3 95 
1.3E-4 96 
C.lE-4 98 


