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ABSTRACT

HOFFMAN, F. 0., C. W. MILLER, D. L. SHAEFFER, C. T. GARTEN, JR., R. W.
SHOR, and J. T. ENSMINGER. 1977. A compilation of documented
computer codes applicable to environmental assessment of radio-
activity releases. ORNL/TM-5830. Oak Ridge National Laboratory,
Oak Ridge, Tennessee. pp. 84

The objective of this paper is to present a compilation of computer
codes for the assessment of accidental or routine releases of radio-
activity to the environment from nuclear power facilities. The capa-
bilities of 83 computer codes in the areas of environmental transport
and radiation dosimetry are summarized in tabular form. This prelim-
inary analysis clearly indicates that the initial efforts in assessment
methodology development have concentrated on atmospheric dispersion,
external dosimetry, and internal dosimetry via inhalation. The in-
corporation of terrestrial and aquatic food chain pathways has been a
more recent development and reflects the current requirements of en-
vironmental legislation and the needs of regulatory agencies. The
characteristics of the conceptual models employed by these codes are
reviewed. The appendixes include abstracts of the codes and indexes by
author, key words, publication description, and title.
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INTRODUCTION

At Oak Ridge National Laboratory (ORNL) a project is currently
underway to evaluate models which may be used for assessing accidental
and routine releases of radionuclides from the Liquid Metal Fast Breeder
Reactor (LMFBR). The objective of this project is to recommend the most
suitable methods for predicting. the environmental transport of radio-
nuclides and the subsequent doses to man. During the initial phase of
this research, computer codes have been identified which are directly
applicable to the assessment of radionuclides released to the environ-
ment from nuclear power facilities. These codes are compiled and reviewed
in this paper. '

Codes were identified through the use of Nuclear Science Abstracts
and the resources of the Ecological Sciences Information Center at ORNL.
Computer codes were particularly sought in the subject areas of aquatic
and atmospheric dispersion, deposition and resuspension, aquatic and
terrestrial food chain transport, and the calculation of doses resulting
from internal and external modes of exposure. Only those computer codes
referenced in the open literature were included in this study. In some
cases, the author was consulted directly because certain aspects of the.
code were not documented.

Previous compilations of computer codes have been made by Winton!-3
and Strenge et al.* Winton's compilations, however, are primarily con-
cerned with nuclear accident analysis codes. Only a small fraction of
the more than 200 codes included in his surveys deal with the environ-
mental transport and dosimetry of radionuclides. The review by Strenge
et al.* includes a detailed discussion of 23 environmental transport and
dosimetric computer codes, as well as a brief description of the program
and special notes on mathematical techniques, limitations, and program-
ming considerations. A discussion of near- and far-range atmospheric
pathway models also appears as an appendix to their report.

In the present study, 83 computer codes are identified which may be
implemented for assessment of radiological consequences of routine
and/or accidental discharges from nuclear power facilities. Information
about characteristics of these codes and the type of documentation
available at this time is represented in tabular form. This information
is intended to be a summary of the capabilities of these codes. More
detailed comments about each code have been incorporated into a compu-
terized data base which is available upon request through the Ecological
Sciences Information Center at ORNL. This data base includes an ab-
stract of the referenced document, a list of keywords, and, where neces-
sary, additional clarifying comments by the abstractor. Appendixes A-E
show the contents of the data base as of January 1977.



A DESCRIPTION OF THE TABLE

The codes compiled as a result of this study are listed in Table 1.
This table includes information about the specific areas of environ-
mental transport and dosimetry for which the codes were developed, as
well as information concerning their use for assessment of accidental or
routine releases. In this report, routine releases are considered to be
releases of a chronic nature resulting from normal plant operation.
Accidental releases are considered to be relatively short, intermittent
releases resulting from abnormal operating conditions and producing
higher than normal amounts of radioactivity. Although individual models
within each code may be potentially applicable to both types of re-
leases, the classification used in the table 1s based upon the capabi-
lities of the entire code in which these models appear. Table 1 also
reports the computer language ot the code, the computer for which it was
originally developed, and the degree of documentation available to the
authors at the time of this writing.

" The extent of documentation of the codes contained in this com-
pilation varies considerably. In order to portray this variation, three
broad categories of documentation have been arbitrarily defined. The
terms chosen to represent these categories are: (1) extensive documen-
tation, (2) partial documentation, and (3) sparse documentation. "Exten-
sive documentation" indicates that a description of the mathematical
models, a program listing of the computer code, and a description of the
input data needed to run the program are available. "Partial documenta-
tion" indicates that a description of the mathematical models is avail-
able, but that information on the input needed to run the code, and, or
the listing of the code is missing. '"Sparse documentation" indicates
that only a description of the objectives or the conceptual models of
the code is available. In some ca<es, sparse documentation refers only
to the availability of an abstract. The term "complete documentation"
has been purposefully avoided because even the most exlensively docu-
mented codes frequently require consultation with the originator of a
code before implementation can be realized. The table also shows those
codes that contain a documented sample problem.

Blank areas in the table occur if the column designation is not
applicable to the code of reference ur if the information could not be
obtained from the documentation at hand. ‘

A SUMMARY OF THE TABLE

) Figure 1 depicts the frequency of occurrence within the environ-
mental transport and dosimetric categories of the computer codes com-
piled. The figure indicates that the assessment of atmospheric disper-
sion, external dosimetry and internal dosimetry via inhalation have
predominated in the development of radiological assessment computer



Table 1. A listing of the computer codes and their characteristics
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R R R 91
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7040 1967:196910:11
ARCON 1a A P Tveten, 19742
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and Gloyna R Gloyna, 1968 3
ARRRG R R| R R|R R |B 1108 | E /| Sodatetar,
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ATM R R[R[R FIV|360/ | E Culkowski and
91 ¥ | Patterson, 197615
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COMRADEX A A A F E Willis et al. 1970%"
L3 v | Spechtetal, 1975%2
Otter and Conners, 197533
CURIE/DOSE A A A F P J Kenfield et al,
THUNDERHEAD 19652°
DACRIN A A 74 E Houston et al, 1974%°
R R v | Strenge, 197526
DIFOUT A A 3600 | E J Luna and
R R Church, 196927
DOSE B A A 6600 | S Ellison and
R R v | Dunham, 19672®
DPRWCR A FIV|11/ [P Ahlstrom and
R 45 Foote. 1976%°
DPRWGW A Fiviny | e Ahlstrom and
R 45 Foote, 19762°
Duguid and A FIv|360/ | E| Reeves and Duguid, 1975°°
Reeves R 91 Duguid and Reeves. 19763".
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Table 1. (continued)
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EXREM Al Alalal- | FIv|360/ | E Turrier et al, 196837
1,11, 11 ) R| R|R|R 91 : Turner, 19694
: M v .Trubey and Kaye, 19734
Killough and McKay, 1976%2
FETRA A FIV| 7600 | P Onishi et al, 1976%3
R .
FOOD R|R R|R R R | B |1108)P| | Bakeretal 1976**
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DOSET :
GDOS R : R S|, | Thykier-Nielsen, 19746
B Hedemann. 1974%7
Gogolak R R | 6600 | s Gogolak, 19738
GRONK R [R|R R R | R R |R |8 1108 | E | ¢ | Soldatetal, 19744
Heffter et al A |ala P Heffter et al, 1975%°
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Table 1. (continued)
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MESODIF A 171V | 360/ [ , Stzrt and
R 75 Y| Wendal, 197458
METEQ-1 A Al A P Veverka et al,
R | R|R 19755°
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R R|R *
MOi42 A A A I P | ¥ | Ectert. 1964%!
MUNDO A A Ala A (BN P Heller et al. 196752
Nowick: R |R|R R R _ P | 4| Nowicki, 197582
NUBE A Al A A A S Alenso, 1965%4
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Table L. (continued)

Environmer tal Transport ’ E:(t'emal In!femal Computerization
Dosimetry Dosimetry
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75
RISC A 7090 | s Anno et al, 196373
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RUBY FIV|370/ | E Boone et al, 197577
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158
Sato et al R 06N | 2206 | s Sato et al, 196878
SEP A FIV| 360/ | P Sagendorf. 197479
R 75
SERATRA A FIV| 7600 | P | , | Onishietal 19763
R
Shih and A F63| 1604 | P Shih and
Gloyna R N Gloyna. 19678°
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. Table 1. {continued)

A

Environmental Transport Eﬁ\f-em“' i ln",""”' Computerizatior
Ddsimetry Dosimetry
v:':, ¢ ° M -
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"VADOSCA R R R R|R{R|JR| R{R | R{R|R[R [R |F |635 |P B-amati et al, 197388
WEERIE A A ' A A FIv|370 | p Caarke. 197387
R R R R 165
Wong . AV A |F Ef, Wong, 196788
R [R
WRED A A 360/ | P Cooper. 1969%°
65
YIELL'S ) A |a E Chester, 1974%°

%Includes such faclo.rs as breathing rate. rate of food intake. occupancy rate, etc.
bg = BASIC. F = FORTRAN. L = LRLTRAN. SM = SYMBOLIC, N = NARC.

€Refers to the model numbers of the following compusers: CDC 1604. 3600, 6600, 7600, CYBER 74; GE 635; PDP-10, 11/45 UNIVAC 1108; IBM360.
360/91. $360/65. 360/65. 7040, 1401/7040, 1620, 7090. 370/155. 360,195, 370/145, 370/158; NEAC-2206.

9E = Extensive, P = Partial. S = Sparse.
€A = Accidental release, R = Routine release
fincludes intake via wunds.
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ENVIRONMENTAL

DOSIMETRY

- I : . ORNL—DWG 76-17132

ATMOSPHERIC
WET DEPOSITION

DRY DEPOSITION
RESUSPENSION
SURFACE WATER
GROUND WATER
SEDIMENTATION
IRRIGATION
TERRESTRIAL FOODS
AQUATIC FOODS
BEHAVIORAL FACTORS
AIR EXPOSURE
GROUND EXPOSURE
SHORELINE EXPOSURE
WATER EXPOSURE
INHALATION
INGESTION
ACCIDENTAL RELEASES
ROUTINE RELEASES

TRANSPORT
A

TOTAL NUMBER OF CODES = 83

EXT.
M\

INT.
A=

o 20 40 . 60 80 100
PERCENT TOTAL COMPUTER. CODES -

Fig.'l, The frequency of occufrence within the,énvironmenta]
transport and dosimetric categories of the computer codes.compiled.
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codes. This emphasis probably reflects the need for such codes in
safety evaluation work associated with Preliminary Safety Analysis
Reports (PSAR's) in which assessment of radiological consequences of
accidental releases is of primary importance.

The incorporation of other pathways of exposure into computer codes
for assessing radiological safety has been a fairly recent development
and reflects the need for satisfying the current requirements of environ-
mental legislation and the needs of regulatory agencies. Previously,
calculations of potential exposures resulting from food chain transport
and the subsequent ingestion of foods were performed for a few nuclides
(e.g., 1311, 905y, 137Cs). Computations by hand were usually satis-
factory for these cases. This situation changed with the inclusion of a
large number of nuclides in the source term and the need to estimate
doses resulting from multiple exposure pathways. Nevertheless, fewer
than 10% of the codes encountered have the capability of estimating
aquatic and terrestrial transport processes.

COMMENTS ON CODE CHARACTERISTICS

Table 1 shows that some codes are applicable to a variety of
problems whereas others are very specific in purpose and scope. However,
neither the table nor the figure provide any information on the concept-
-ual models used in each code. Although 83 codes have been identified,
it will be noted that many of these codes share a similar mathematical
approach for calculation of environmental transport and dosimetry of
radionuclide releases.

Atmospheric Transport

Nearly all of the codes dealing with atmospheric transport are
based on the Gaussian plume dispersion model. Most of the older codes
use the Gaussian model formulated by Sutton. The newer ones are based
on the formulation of Pasquill.® Some codes have modified these basic
models to account for ground deposition and depletion of the plume by
one or more processes and to account for the presence of an upper bound
on the atmospheric diffusion layer. However, most of these simple
Gaussian models assume straight-line, one-dimensional air flow and do
not consider effects of spatial and temporal meteorological variations.
A few codes use more complicated models for calculating dispersion on a
regional scale (10 to 100 miles) where these effects become important.
MESODIF, for example, employs a two-dimensional puff advection, Gaussian
dispersion model, and ADPIC is based on a three-dimensional particle-in-
cell trajectory model.
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Aquatic Transport

The few aquatic transport models which are surveyed are also of
~varying degrees of sophistication. For example, some codes such as
ARRRG, CARDOCC, HERMES, and VADOSCA calculate radionuclide concentration
in-water by assuming a simple algebraic relationship between effluent
discharge concentration, a mixing factor, and average turnover rate of
receiving water at, the point of interest. More sophisticated treatments
are represented by codes in which the models are based on the solution
to a transport equation. Solution of a one-dimensional transport equa-
tion for radionuclides introduced into aquatic systems is computed by
the code, TRNSPRT, and a code developed by "Armstrong and Gloyna." Two-
dimensional transport.equations are solved by the finite-element Galerkin
model used in FETRA and the finite-difference model used. in SERATRA,
These codes have been specifically developed for estimating aquatic
transport of radionuclides and sediments. ADPIC, DPRWGW, and DPRWCR are
in the three-dimensional category. The "particle-in-cell" approach
utilized in ADPIC was initially developed for atmospheric transport
problems, but the code can, with some Timitations, also be adapted to
surface water transport. The DPRW codes incorporate generalized trans-
port models using the "discrete-parcel-random-walk" approach.

Food-Chain Transport

The few codes developed for estimation of terrestrial and aquatic
food-chain transport all employ a systems approach in which empirically
derived transfer coefficients are applied to calculate radionuclide
concentrations along various pathways. Transport from water to aquatic
foods is generally calculated through use of a single empirical transfer
coefficient called a "bioaccumulation factor," whereas calculation of
transport from air to terrestrial foods employs a multiple series of
transfer coefficients to account for such phenomena as deposition,
vegetation retention, animal grazing habits, etc. Most of these codes
have been specifically intended for assessment of routine releases in
that the models assume steady-state or equilibrium conditions. The
models incorporated in AQUAMOD and TERMOD, however, are time-dependent
and can be used potentially for both accidental and routine releases.
Unlike other codes, AQUAMOD includes more detail in the description of
radionuclide transport in the acquatic ecosystem, but much of this
detail cannot be used because of insufficient empirical data. It is
also of interest to note that of. the nine codes which can be used to.
calculate food chain transport, four of the codes (FOOD, GRONK, ARRRG,
and CARDOCC) have been developed from the initial models incorporated in
HERMES.

External Dosimetry
Doses resulting from external modes of exposure are calculated by

approximately half of the codes included in this survey. The primary
mode of exlernal exposure considered by these codes i5 cxposure to
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contaminated air. Only about 10% of the codes listed in Table 1 are
concerned with the external dose received from ground, shoreline, or
water contamination. The calculation of air exposure is performed
assuming a spatial distribution of radionuclides determined by an
infinite or semi-infinite uniform cloud model or a finite Gaussian plume
model.5 The semi-infinite or infinite cloud model is assumed without
exception for the calculation of the exposure to beta radiation, but
nearly half of the codes employ the finite cloud model for calculation
of the exposure to gamma radiation. The finite cloud model is used
because the semi-infinite and infinite cloud models tend to underestimate
the dose received from gamma radiation at distances close to the point
of release from elevated sources. Regardless of the type of radiation
considered, the codes which calculate external dose from exposure to
contaminated water assume an infinite or semi-infinite medium having a
uniform distribution of radionuclides. Codes which calculate ground
and/or shoreline exposure usually represent ground and shoreline as
infinite planes of negligible thickness having a uniform distribution of
radionuclides.® Only VADOSCA assumes a finite thickness for shoreline
contamination.

Although whole-body dose is calculated by all of the codes which
consider external dosimetry, only a few codes such as EXREM III, GRONK
and SUBDOSA consider the effect of dose attenuation with depth of tissue
penetration by radiation. GRONK, however, is an example of a code which
employs dose-conversion factors to calculate external dose after concen-
trations of radionuclides in an environmental medium have been determined.
These factors, which consider the effective absorbed energy, the assumed
spatial distribution, and the tissue penetration of radiation emitted
from radionuclides, are calculated prior to input in the code.

Internal Dosimetry

Most of the models used for calculation of internal doses are those
recommended by the International Commission on Radiological Protection
(ICRP).7 Some codes provide only a listing of values for a single
parameter which converts intake rate of a radionuclide into dose. These
dose conversion factors must be calculated prior to input. Other codes
include the detailed parameters of the ICRP models, such as mass of the
organ and fractional uptake, retention and effective absorbed energy of
the radionuclides. INREM is the only code for which calculation of age-
dependent internal doses is stated as a specific objective. The inter-
nal dosimetry models of ICRP Publications 10 (Ref. 8) and 10A (Ref. 9)
have been incorporated by INDOS 1, 11, 1Il, and CEDRIC. The ICRP Task
Group Lung Modell0 represents the highest degree of sophistication for
calculating doses resulting from inhalation of radionuclides. The only
codes which have attempted to implement this model to date are AERIN and
DACRIN. Neither of these codes, however, considers the additional
contribution to total dose resulting from the complete production of
daughter nuclides in nuclide decay schemes, except insofar as this
contribution has been factored into effective absorbed energy parameters,
which are supplied as input.
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COMMENTS ON MODEL UNCERTAINTIES -

Among the models incorporated in the computer codes compiled in
this survey, the greatest uncertainty is usually associated with those
models developed to estimate environmental transport. This is the area
in which model validation efforts should concentrate. Much field work
still remains to be done to determine specific conditions under which
models estimating environmental transport of radionuclides are suitable
and to determine potential errors. associated with their use. A degree
~of uncertainty is also inherent with internal dosimetry models, because
of natural variation among individuals in a population. Model valida-
tion, in this case, is impractical because of the great difficulty
encountered in monitoring internal dose to humans. To be effective for
general radiological protection purposes, internal dose calculations
must be based upon parameters whose values are considered to be adequate-
1y representative of individual members of the general population.

COMMENTS CONCERNING COMPUTER CODE TRANSFERABILITY

Some researchers might decide from information given in Table 1
that a particular code has potential application to their needs. Con-
siderable difficulty may be involved in transferring a code from one
computer to another. Some codes are written in a language unique to one
computer system (e.g., BASIC, FORTRAN V, and LRLTRN) and may require a
major rewrite before transfer to another computer is possible. Higher
levels of FORTRAN (e.g., FORTRAN IV) also have some fundamental incom-
patibilities with Tower levels of FORTRAN (e.g., FORTRAN II). Conse-
quently, codes written in higher level FORTRAN will probably not compile
on a lower level compiler. Conversely, FORTRAN II has a few features
which are fundamentally incompatible with FORTRAN IV. Therefore, if a
compiler for the appropriate level of FORTRAN is unavailable, a code may
not be machine transferable unless a major rewrite is undertaken.

Additionally, problems might arise due to differences between
compilers of different vendors for.the same source language (e.g.
FORTRAN IV). In fact, incompatibilities sometimes exist between two
different compilers developed by one particular vendor (e.g., the F-10
and F-40 compilers for the PDP-10 computer). Problems can be expected
also with codes that contain macros (i.e., assembly language routines).
These codes are machine dependent. Macros can even cause incompatibili-
ties between like computers located at different installations. A
further problem is the fact that even a code identified as having "exten-
sive documentation”" may still have an incomplete data base and may be so
complex in structure and devoid of comments as to render any implemen-
tation and/or minor modifications difficult. In attempting to transfer
a code from one computer to another, other factors which must be consi-
dered are requirements for core size, physical storage of data, word
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size, cost, and execution time. Any one of these factors can render a
computer code impractical for implementation on a machine other than
that for which it was originally designed.

THE DETERMINATION OF A SUITABLE CODE

From this initial survey of environmental transport and dosimetric
computer codes, no single code can be selected as the best possible for
a particular purpose. Even those codes employing models which represent
the most sophisticated approaches currently available may not be suit-
able because of limitations in transterability among computers, input
data, validation potential or operation costs. These considerations may
commend the use of a less sophisticated code whose results give an
acceptable degree of accuracy. The recommendation of a suitable code
will depend upon the objectives for which the code will be used and a
critical evaluation of its models, parameters, and implementation
requirements, as well as verification of the adequacy of its predicted
results. Such an evaluation is currently being undertaken by the
authors of this paper.
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APPENDIXES

A computerized data base containing information on papers describing
the codes included in this study is maintained by the Ecological Sciences
Information Center at ORNL. In Appendix A bibliographic information and
abstracts of the documents as of January 1977 in the data base are pre-
sented. In Appendix B through E, author, keyword, publication description,
and title indexes to the bibliographic material are presented.

To obtain additional information concerning the data base, or to
initiate a search, contact:

J. T. Ensminger

Oak Ridge National Laboratory
Ecological Sciences Information Center
P.0. Box X, Building 2029

O0ak Ridge, Tennessee 37830

Telephone: 615-483-8611, extension 3-6524,
or FTS 850-6524
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APPENDIX A

<1> '

Reeves, M., and J.D. Duquid, Water Novement
Through Saturated-Unsaturated Porous Nedia: A
Finite - Element Galerkin Model.

1975, Pebruary. OBRNL-4927; 236 p. (Cak Ridge
National Laboratory, Oak Ridge, TN 37830)

A two-disensional transient model for flow
through saturated-unsaturated porous nedia has
been developed. This model numerically solves
the gqoverning partial differential equationms,
vhich are highly nonlinear. The model code
uses quadrilateral finite elements for the
qeometrical assembly, bilinear Galerkin
interpolation for the spatial integration, and
Gaussian elimination for the solution of the
resulting matrix equations.” In addition to
the usual constant-flux and constani-head
boundary conditions, the code is capable of
applving pressure-dependent boundary
conditions at the ground surface. Thus,
infiltration into or seepage from this surface
may bhe simulated. Fach element may be )
assigned different material propecrties that
allow -the investigation of layered geologic
formations. The formulation of the governing
equations and the computer implesentation are
presented. The report is intended for use as
a complete user's manual and contains a
listing of the coamputer code (in FORTRAN)
along with both input:and output data for two
exanple rroblems. The results of a coaputer
simulaticn are compared with experimental data
obtained ty J.D. Hewlett and A.R. Hibbert from
an inclined soil slab at Coweeta Hydrologic
Laboratory in North Carolina. The computer
model qives qood results in this simulation.
The Galerkin finite-elepent method is found to
be superior to the finite-difference method
used bv previous investigators. A comparison
with a finite-difference model developed by
R.A. Preeze is made. By exploiting the
flexibility of the finite-e¢lement geometrical
discretization, the user may easily reduce
computer tumning time by a factor of two.

This code solves for the fluid velocity which
is to be used as input to another model which
treats material transport. The air-vater
systes is treated as a single phase (no air
pockets allowed). (auth) (DLS)

The code requires an extensive data base. The
qeometry and geology of the region under
investigation must be specified.

<2>

Alonso, A., "NUBE" - A Digital Code to Bvaluate
the Hazards of Different Types of Reactor
Accidents.

1965. CONP-650407; Part of Proceedings of the
International Symposium on Pission Product
Release and Transport Under Accident Conditions,
held at 0Oak Ridge, Tennessee, April 7, 1965, p.
1080-1090, 1249 p. (Junta de Bnergia Nuclear,
Madrid, sSpain)

An analytical method has been developed to
assess ahnormal reactor behavior and has been
coded for digital computation. The method
determines the tission product inventory as a
function of reactor power, fuel irradiation,
and cooling time. It analyzes the fission
product behavior within the containment
system, vhen released from the core as a
result of an accident. Pinally, the nmethod
.calculates the atwmosphere diffusion of the
escaping nuclides under a variety of
atmospheric conditions. Bxternal and
inhalation doses to individuals within the
radioactive plume may be assessed at different
distances downwind froam the reactor. The
method has been used to evaluate the hazards
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<1

caused by different types of reactor accidents
such as reactivity accidents, loss-of-coolant
accidents, reactor fires, and fuel handling
accidents. Different types of containment
systeas are considered in the analysis. The
systeas analyzed include negative pressure
containment, double containgment, and
high-pressure and pressure suppression
containment systems. The effect of engineered
safeguards such as building sprays, filters,
condensation pools, etc. can be taken into
account. EBach nuclide can be considered
individually, as the cleaning rates,
condensation ratios, deposition velocities,
etc, are nuclide dependent. The results are
given in terms of the amounts of the most
important nuclides retained within the
containment barriers or by the engineered
safeguards. The most relevant hkealth hazards
produced outside the containment system are
also given for the accidents analyzed. (auth)

An obscure statement is made to the effect
that certain parts of the code are
conventional and thecefore vwill not be fully
developed. It is not clear whether the effect
of ground contamination is included in the
calculation of dosage.

<3>

Cooper, R.E., EGAD - A Computer Program to
Conmnpute Dose Integrals from External Gamma
Emitters.

1972, September. DP-1304; 28 p. (Savannah River
Latoratory, Aiken, SC 29801

EGAD ic an Extcrnal Camma Doagc code programmed
in PORTRAR IV for the IBH 360/65 that is
intended to provide an estimate of whole body
dose resulting from radiocactive material
released to the environs. The material is
assumed to be bounded between the ground and
an inversion lid on the vertical axis and
bounded in the crosswind direction between
fictitious sector boundaries or some real
physical constraint such as aountains on both
sides of a valley. To model average exposure
over long time periods, the distribution of
material is assumed to be Gaussian about a
given release height in the vertical direction
with a homogeneous distribution in the
crosswind direction. The code provides output
in the form of dose integrals that are a
function of sigma sub z (the vertical
diepersioen paramcter); release height,
inversion 1id, and gamma energy. The
calculated integrals are indepenient of the
source, radiocactive decay, wind speed, and
sector width., It is therefore feasible to
cover a large variety of possibilities by
using a relatively small set of tabular values
as a function of sigma sub z and employing an
interpolation procedure. The code is expected
to be used primarily in the construction of
these tabular values to be used in a more
conprehensive program of cowmputing radiation
dose. The code is currently being used in
this manner as a part of the overall man-rem
evaluation program at Savannah River and
pernits gamma dose calculations to be
performed at a rate in excess of 20,000
individual cases per second on the IBM 360/65,
including the processing.time for the
meteorolugical data involved. (auth)

<4>
Soldat, J.K., Modeling of Environmental Pathways
and Radiation Doses from Nuclear Pacilities.

1971, October. BNWL-SA-3939; 33 p. (Battelle,
Pacific Northwest Laboratories, Richland, WA
99352)
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<4> CONT.
A computer model vas developed which
calculates total annual radiation doses and
S0-vear dose commitments to several categories
of persons at population centers and coabines
these calculated doses into integrated
(ran-rem) annual and 50-year doses for large
populaticns. The dose model was designed as
one portion of an overall coaputer program
developed to delineate the nuclear facilities
expected in the yvear 2000, the radionuclides
released to air and water, their diffusion,
dispersion, and reconcentration in the
environment, and the resulting radiation doses
to people. Equations for calculating dose
factors vere derived from those given by the
Intornational rnmmissiaon gn Radiglogiral
pProtection (ICRP). Effective decay energies
for various radionuclides were calculated from
the ICRP model, which assumes that all the
radionuclide is in the center of a spherical
organ with an appropriate effective radius.
vhere data vere lacking, metabolic¢ parameters
for the Standard Man were used for other ages
as vell. The @odel includes a sul-routine
which calculates radionuclide ¢onceneracions
in a vide variety of foods at time of harvest
from concentrations in air, irrigation water,
and soil. The latter concentrations are
output from previous portions of the overall
computer program. The tremehdous variety of
data required for proper dose assesspent is
rot alvays available in the literature. Such
data has been extrapolated from eavironaental
studies of fallout nuclides and from planned
laboratory and field studies of a limited
number of nuclides. (auth)

This paper has been updated by BNWL-1754
(1974) and modified in its implementation by
OSNRC Req. Guide 1.109 (1976). The approach
is that which was incorporated into the HERMES
code. The dose progran utilizes data X
genecated by or stored in other pcrtions of
HERMES, but could be operated independently if
such data were available directly.

5>

Killough, G.G., P.S. Rohwer, and W.D. Tutner,
INKER - A FORTRAN Cude Which Implemants ICRP 2
Models of Ynternal Radration wvuse tu nan.

1975, February. ORNL-5003; 140 p.
National Laboratory, Oak Ridge, TN

(0ak Ridge
37830)

INREM is a FORTRAN IV computer code to
estimate the cumulative dose equivalents to
body orqans of man folloving a continuous
intake, through inhalation or ingestion, of
one or more radionuclides. Dosismetry
paraaseters for the organs are dependent op the
aqe of the individual, and the intake rate is
a function of time and the individeal's age.
The method of estimation is based on
adaptations of models presented in Publication
2 of the Tnternational Coamission on
Radivlodical Protoction. Tha eqnatians for
the models are derived, and information about
the code and its use is provided. The first
version of INREM was described inm 1968 by
Turner, Kave, and Rohwer (1968). The code has
subsequently undergone a number of
modifications, with the result that the 1968
report is now obsolete. 1In viev of the
continuing usage of INREM, however, the
present report is intended’ to provide
up-to-date documentation. (auth) (POH)

Currently in the process of being updated to
include the effects of cross irradiation among
internal organs.
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<6>

Chester, R.G., Biological Dose and Radiological
Activity from Nuclear Reactor or Nuclear Weapon
Pission Products.

1974, Deceaber. ORNL-4996; 89 p.
National laboratory, Oak Ridge, TN

{0ak Ridge
37830)

This report describes the use of a computer
code, YIELDS, that performs rapid, accurate
calculation of dose and activity froa the
fission products in a nuclear reactor cote or
from a nuclear weapon. PFor example, if a
dispersal model is assumed, calculations can
be made of contaminated area, dose from
inhaled or ingested fission products to each
part of a biological system, or dose from
external fission products, [ion a disperned
reactor core, or nuclear weapon fallout.
Individual beta and gamma ray energies for
cach iLsotope are incinded, prrmitting Jetailed
calculation of bhiological dose or other
functions of thase energies vs time. The
calculation method facilitates the handling of
complicated radinlogical decay chains coupled
with multiocotion biclegical systems. The
option of sorting the output by isotopes or
chemical species is available. The nodel nay
be modified to account for routine releases.
The code is basically an internal dosimetry
calculation based on inhalation. 1Ingestion
apparently can be taken into account by
modifying the appropriate input parameters.
The radionuclide inventory can be specificed
as input. (auth) (POH)

This documentation of the YIELDS code is
confusing. The reader should utilize care in
revieving this wmanuscript. The tern
“Ingestion®” often appears to he misused. The
code assumes that an atmospheric dispersion
model is already available. The documentation
is rather opaque; consegquently the
implementation of this code would be difficult
without the assistance of the author.

<1

rurnetr, W.D., The CXRDY IXI Computor Code for
Estimating Extefnal LoOSes to Pupulaliuns fronm
Canstruction of a Sea ‘Level Canal vith Nuclear
Dxplagivoa.

{(Union Cacbide
37830)

1969, July 21. CTC-8; 91 »p.
Corporation, P.O, Box P, OQak Ridge, TN

EXREN II is a computer code to estimate the
dose equivalent rate and the total dose
equivalent from both beta and gaama radiation
resulting from submersion in contaminated
water, submersion in contaminated air, and
exposure to a contaminated sucface. There can
be more than orne environmental releasc, and
exposure can begin at any time after the first
release. EXREM II considers contrihntions
from environsental releases and from nuclide
chains. For a particular problem the user may
choose to calculate either the dose rates, or
the tutal duses, or both for any 6f the vhraen
modes of exposure. A separate solution array
is printed for each mode of exposures. {auth)

This code has been updated by EXREM IYI, EXREM
I1 has evolved from EXREM by considering
nuclide decay schemes.

<8>

Stallmann, P.¥., and P.B.K. Kam, ACRA - A
Computet Program for the Bstimation of Radiation
Doses Caused by a Hypothetical Reactor Accident.

1973, April. ORBRNL-TN-4082; 82 p. (Oak Ridge
National Laboratory, Oak Ridge, TN)



<8> CONT.
The radiocactive material released to the
atmosphere on accouat of a hypothetical
reactor accident is transported awvay by the
vind and is dispersed to a 3-dimensional
normal distribution. The fission product
activity is described througqhout the space
domain as a function of time. Presently the
code calculates two types of exposure from the
passing cloud of finite size: internal
exposure froms inhalation of the radionuclides
in the ailf, and external dose from gqamma
radiation. The cloud depletion terms by
vashout and dry deposition have not been
incorporated. However, this option can be
easily iaplemented. UOp to 100 receptor
locations and 20 time intervals can be handled
in one run. The program accepts information
for up to 300 isotopes. Conmputer time is
about 2 seconds per receptor and time
interval. This time has to be doubled if
inversion layvers are present. (auth)

Mathematical analysis based on ORNL-U086.
Density distribution of the disposed cloud is
assumed to be Gaussian. Only linear nuclear
decay sequences are handeled. This code has
been updated by ACRA II in vhich the effects
of plume derletion resulting from vet angd dry
deposition are considered.

<9

Killough, G.G., and P.S. ‘Rohwer,
INDOS-Conversaticnal Computer Codes to Implement
ICRP-10-10A Models for Estimation of Internal
Radiation Dcse to Man.

1974, Harch'. ORNL-4916; 93 p. {0ak Bidge
Nat ional Latoratory, Oak Ridge, TN)

The INDOS codes are special purpose
conversational programs written to function in
a time-sharing environment. They have been
isplemented on the ORNL PDP-10. These codes
use ICRP-10-10A models to estimate the
radiation dose to an organ of the body of
reference ran from accidental ot routine
releases. They compute dose and dose rate to
an organ as functions of time. INDOS 1
conputes dose rate and dose resulting froa
deposition of a specified quantity of a
radionuclide in the organ. The user nust
specify all parameters related to radionuclide
and organ, his choice of pathematical model
{exponential or pover function), and intake
information as these items are requested by
the code. The term ‘intake' in messages
output by INDOS 1 refers to quantity of
material deposited in the organ, not total
quantity introduced into the body. The output
of INDOS 1 is a tabulation of time (days),
dose rates (rems/day), and doses (rems.)

IRDOS 2 computes dose rate and dose resulting
froo deposition of a specified quantity of any
one of several radionuclides in the organ, and
the organ is the one which is regarded as
critical for the radionuclide selected. Once
the user desiqgnates his choice of
radionuclide, INDOS 2 securcs paramater values
associated vith the material and its critical
orqgan from a direct-access file stored in the
user's disk area. This stored data base is
one feature which distinguishes the
capabilities of INDOS 2 from those of INDOS 1.
A second distinction is the meaning of the
Lecwm 'lutake.t Por INDOS 2, this ternm refers
to the quantity of material inhaled or
ingested into the body (the user chooses the
route of intake). INDOS 2 converts the intake
into a rproportionate deposition in the
critical organ for the calculations. The
output of INDOS 2 is capable of an optional
typewritten graph of dose vs. tiase.
Computationally, INDOS 3 is identical to INDOS
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2, and these codes access the sanme
direct-access files. The codes differ only in
the form of output. INDOS 3 provides
punched-card output which can serve as input
to other codes such as graphical programs.
Explanatory comments are included only at
points where INDOS 3 differs substantially
frem INDOS 2. (FOH)

<10>

Sagendorf, J.P., A Program for Evaluating
Atmospheric Dispersion from a Nuclear Powver
Statian.

1974, May. NOAA TM BRL ARL-42; 12 p. (Natiomal
Oceanic and Atmospheric Administration, Air
Resources Laboratory, Idaho Palls, ID)

A conputer code (SEP for Site Evaluation
Program) is described. The program uses a
joint freguency distribution of winds aund
stabllity classes to evaluate the atmospheric
dispersion potential near a nuclear power
station. The code includes models for
short-term and long-term effluent releases. R
description of the input parametets is
included. The program is wvritten in Portran
IV and uses 250 K memory on an IBM 360/75
computer. Plume rise may be calculated using
formulas from Briggs, or it may be ignored.
(cun)

Oonly the ratio effluent concentration/source
strength is calculated, not concentrations or
doses. Building wake effects are jiancluded but
not cloud deposition and depletion.

<1

Martin, J.A., Jr., G.B. Nelson, and P.A. Cuny,
AIREN Proqraam Manual: A Conmputer Code for
Calculating Doses, Population Doses, and Ground
Depositions Due to Atmospheric Emissions of
Radionuclides.

1974, ®ay. RPA-520/1-74-004; 127 p. (U.S.
Envircnmental Protection Agency, Office of
Radiation Programs, Field Operations Division,
Washington, DC 20uU60)

A computer code useful for the calculation of
doses to the general population due to
atmospheric emissions of radionuclides is
presented and discussed. The code is written
in Portran IV, requires 188k storage, and runs
in about 20 seconds on an IBN 370 system. A
standard sector-averaged gaussian-diffusion
equation is solved repeatedly for each
radionuclide, wind sector, stability class and
downvwind distance. Radionuclide contributions
to doses of up to four critical organs are
susmed and printed by sector and downwind
distance, Population doses (person-rem) are
also calculated. The code accounts for the
following physical processes; cloud diffusion,
ground and inversion-lid reflections,
radionuclide decay by time of flight, first
daughter-product buildup, ground deposition of
particulates and halogens (independently),
cloud depletion, in-plant holdup and
decontamination factors, and sector-to-sector
contributions to external gamma dose. The
code is dose model independent in the sense
that dose conversion factors, provided as
input data, are used for calculations of dose
that are proportional to radionuclide
concentrations in the .cloud, and dose
conversion tables obtained frem a model that
considers the finite extent of the overhead
cloud, also reguired as input data, are used
for calculations of whole boly dose due to
external gamma emitters in the cloud. A set
of dose tables obtained using one finite cloud
model (BGAD) are provided in this manual. Up

/]
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<11> CONT.
to 20 radionuclides can be considered in a
single problem. The program has been written
to be used to evaluate routine releases, but
the authors state that it can be used, with
limitations, for accidental releases,
especially those of several hours duration.
Activity density on the ground is c¢alculated
and printed out, but no doses due to ground
deposition are calculated. (Auth) (C¥M)

<12>

Dunguid , J.D.,
through Porous Media:
Galerkin Model.

and M. Reeves, Material Transport
A Pinite - Element

197¢, Marcoh. ORWL=492R: 210 p.  (0ak Bidge
National Lakoratory, Oak Ridge, TN 37830)

A two-dimensional transient model for flow of
a dissolved constititént through porvus aedia
has been developed. Mechahisas for advective
transport, hydrodynamic dispersion, cheamical
adsorption, and radioactive decay are included
in the mathematical fuiamulation. .
Toplenentations o6r quadrilateral flunllLe
elements, bilinear spatial interpolation, and
Gaussian elimination are used in the numerical
formulation. The programming language PORTRAN
IV is used exclusively in the coemputer
iaplementation. A listing of the program is
included. This naterial-trapsport model is
completely conmpatible with the
moisture-transport model (Reeves and Duguid,
1975) for predicting advective Darcy
velocities for porous media which may be
partly unsaturated. 1In addition to a
description of the mathematical formulation,
the numerical treatment and the computer
implementation results of two cooputer
simulations are included in this document.

Cne is a comparison Wwith a wvell-known
analytical treatnent (lLapidus and Asundson,
1952) and is intended as a partial validation.
The other simulation, a seepage-pond problen,
is a wore realistic demonstration of the
capabilities of the computer model. Conplete
listings of input and output are given in the
appendices so that this simulation may be used
for check-out purposes. This regort, thus, is
intended to be a comprehensive description of
the material-transport computer model.
Simplifying assusptions are made in the
treatment of the chenical reactions of
dissolved coanstitutents. Reacting species in
the s0il solution are independent of each
other. Llocal equilibrium is assumed for
reversible processes. Only onc kind of
ceversible reaction is permitted, a reaction
for which the rate of change is proportional
to the total quantity of the constitutent
presenting hoth the solid aud liquid phase.
{(Auth) (DTS)

<13>

FPletcher, J.P., and W.L. Dotson, HERMES - A
Digital Computer Code for Estimating Regional
Radiological Bffects from the Nuclear Power
Industry.

1971, December. HEDL-TME-T71-168; 759 p. (Hanford
Engineering Development Laboratory, Richland, WA)

The HERMES model is designed to calculate
radionuclide release and radiation dose
occurring within a study area in a given year.
While cumulative radionuclide release as such
is not considered, the accusulated buildup and
deposition of key radionuclides is
*hack~calculated" for a five-to-ten y=ar
reriod for use in dose calculations. The
initial development of the HERMES model was
based on a study of the region cosprising the
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Upper Mississippi and Lower Missouri River
hasins, excluding the Chicago metropolitan
area. To estimate the effects on dose in the
study area caused by air transport of
radionuclides from adjacent regions, an “air
envelupen some 200 miles in vwidth was included
around the study area. Considerations in the
study included thc opecration of 400,000 MW
generating capacity (nuclear and fossil ) at
185 separate sites, and reprocessing plants at
9 sites. The air transport code (ARTRAN)
utilizes monthly climatological data applied
to standard matheratical models for diffusion,
deposition, and transport. The wvater
transport code (WTRAN) calculates diffusion
fron emission points, concentrations in
sediments and surface water at each location
requested, and ground water transport. The
code (DOSE) considéfs exposure vo the whule
body and six specific organs in (1) direct
submersion in air or water (2) inhalation (3)
cxtcrnal oxposure froam eurfare contamination
(4) ingcotion of food and vater over nuaerous
food-chain pathways. Life hahits and dietary
differences are also considered in the code
(TL.BN) . (POH)

Extensive modification of the HERNES model has
occurred, and is being prepared for
publication. The current nodel does not
consider near-site conditions, however this
publication is the primary documentation for
many paraaeters that are used in later codes
vhich are designed to calculate near-site
doses. The HERMES model is large and complex
in order to provide comprehensive estimates of
population dose over regions of the size
indicated.

<14>

Trubey, D.K., and S.V. Kaye, The EXRBY IIIX
Copputcr Code for Estimating Prternal Radiation
Doses to Populations fcom Environmental Releases.

1973, December. ORNL-TH-4322; 82 p.
National Laboratory, Oak Ridge, TN

{Oak Ridge
37830)

EXREM III is a computer code to estimate the
dose equivalent rate and the total dose
eguivalent from beta, positron, electronm, and
gamma radiation resulting from submersion in
coantasinated vater, cubmersion in contaaminated
air, and expusure Lu a cuntasinated surfaase.
There can be mote than one environmental
release, and exposure can begin at any time
after the first release. BXREN III considers
contributions from environmental releases and
from nuclide decay chains. For a particular
problen the user may choose to calculate
either the dose rates, or the total doses, or
both for any of the three amodes of exposure.
A separate solntion array is printed for each
mode of exposure., EXREN III is a revised
versioh OfF EXRER I1 which was avallable
earlier. The principal revisions include
treatment of positron and éléztron radiations,
selection of nuclear data from a data bdase,
variable dimensioning of large data arrays,
and free field input. <The code is available
from the Radiation Shiclding Information
Center. (Auth)

<15>

Baker, D.A., G.R. Hoenes, and J.K. Soldat, Pood -
An Interactive Code to Calculate Internal
Radiation Doses from Contaminated Pood Products.

1976, Pebruary. BNWL-SA-5523; 5 p. (Battelle
Pacific Northwest Laboratories, Richlaand, WA
99352)

The couputer code Pood calculates internal
does due to ingestion. Fourteen types of



<15> CONT. .
produce, qrains and animal products are
considered. Veqetation is contaaminated by air
or irriqation water via direct deposition on
leaves or uptake froe soil through root
systems. Doses may be calculated for total
body plus six internal organs for 19

radionuclides. Food is coapatible for usage
alonq with ABRRG. The term "irrigation™ means
sprinkler irrigation. The translocation of

externally deposited radionuclides to the
edible parts of plants is assumed independent
of the radionuclide. M#ilk transfer factors
for ‘elements lacking in radionuclide data were
takeo to be ope-half those in report
UCRL-~50163. <The assumption is made that
plants ottain all their carbon frcm airborne
€02 and animals obtain all their carbon
through ingestion of plants. Because the
transfer of carbon from water to air or soil
is unknown, food conservatively assumes that
plants obtain all their carbon from the
irrigaticn vater. Thus carbon concentrations
in plants could he high by an order of
magnitude. (DIS)

<16>
watts, J.R., Modeling of Radiation Doses from
Chronic Aquaeous Releases.

1976, July. DP-MS-75-126; 13 p.
Laboratory, Aiken, SC 29801)

(Savannah River

A general model and corresponding computerv
code, called Cardocc, were developed to
calculate personnel dose estimates from
chronic releases via aqueous pathvays.
Cardocc uses the internal dose portion of the
ARRRG code, increases its generality and
scope, and simplifies the input requirements.
Potential internal dose pathvays are
consumption of water, fish, crustacean, and
mollusk. Dose prediction from consumption of
fish, crustacean, or mollusk is based on the
calculated radionvlcide content of the water
and applicable bioaccumulation factor.
70-vear dose commitments are calculated for
vhole body, bone, lower large intestine of the
gastrointesinal tract, and six internal
orqans. In addition, the code identifies the
larqest dose contributor and the dose
percentages for each organ-radionuclide
cosbination in the source term. The 1974
radionuclide release data from the Savannah
River Plant were used to evaluate the dose
models. The dose predicted froe the model was
conpared to the dose calculated froa
radiometric analysis of water and fish
samples. The whole body dose from water
consunpt ion was 0.4%5 acem calculated fronm
monitoring data and 0.61 mrem predicted from
the wodel. Tritium contributed 99% of this
dose. The wvhole body dose from tish
consumption was 0.20 mrem calculated from
monitoring data and 0.14 mrem from the nmodel.
Cesiua 134,137 vas the principal contributor
to the 70-year whole body dose froa fish
consumption. (auth) (DLS)

<17>

Gogolak, C.V., Comparison of Measured and
Calculated Radiation Exposure from a Boiling
Water Reactor Pluese.

1973, September. HASL-277; 25 p. (Health and
Safety Laboratory, United States Atcamic Energy
Commission, New York, NY 10014&)

Field measurements of exposure rates for noble
gases vetre compared with model predictions to
deteraine the sensitivity to approximations
for build-up of gamma radiation, plume rise
and cloud size. The model used was based on
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<15>

flay and Stuart (1970), i.e., a crossvind
averaged Gaussian plume. The vertical
dispersion coefficient is that due to Watson
and Gasmertsfelder. Holland's formula with
Moses' correction for stack diameter is used
to calculate plume rise. Growth and decay of
daughter radionuclides is considered.
Deposition and inhalation are not taken into
account. Por the buildup factor, Capo's
formula is used for gamma energies greater
than 0.5 mev, and Berger's formula is used for
gaoma energies less than 0.5 mev. Exposure
rate is averaged over 4 atmospheric stability
classes, 16 vind directions and 6 wind speed
ranges weighted by their frequency of
occurrence. Gaama ray measurements vere made
for tvo months near a boiling water reactor
vith ionization chambers and
thermoluninescence dosimeters. Measured and
calculated exposure rates agree within a
factor of 2. The nodel predictions were
compared with those obtained vith EGAD, the
Gamperstfelder wodel and calculations made as
part of the safety analysis for the plant.
The linear buildup factor approximation is a
sensitive function of meteorology and gamma
ray energy. Calculations of dose rates for
the different models differed by more than
100% at large distances froa the stack under
unstable conditions. Models treating

of f-sector exposures separately match the data
more accurately than those that do not. (DLS)

<18

Radiation Shielding Information Center, RISC
Computer Code Calculations, ACRA-II Kernal
Integration Code Estimation of Radiation Doses
Caused hy a Hypothetical Reactor Accident.

1974, July. €CC-213; 75 p.
Latoratory, Oak Ridge, TN}

(Oak Ridge National

The purpose of ACRA-II is to expand the
capability of ACRA-I to include the effects of
fallout, washout, ard ground contamination.
The built-in containment model of ACRA-I was
eliminated and the emission of nuclides to the
atmosphere is descrited by a step function of
time. This decision to separate the
containment model calculation from the
meteorological part of the calculations vas
prompted by the fact that the containment
models vary depending on the radionuclides,
the leakage pathways, and the filter
mechanisms involved. The program computes
external dose, internal dose, and ground
contaaination as a function of location and
points in time. The three dimensional normal
distribution is used for dispersion, and the
¢loud concentration accounts for washout by
rain, fallout, and radiocactive decay. Pallout
is described by Chanmberlain's model.

(auth) (DLS)

<13>

Moore, R.E., AIRDOS - A Computer Code for
Estimating Population and Individual Doses
Resulting from Atmospheric Releases of
Radionuclides from Nuclear Pacilities.

1975, January. ORNL-TM-4687; 80 p.
National Laboratory, Oak Bidge, TN

{0ak Ridge
37830)

AIRDOS, a Pourtran IV cumputer code, was
vritten to estimate population and individual
doses resulting from the continuous
sinultaneous atmospheric release of as many as
36 radionuclides from a nuclear facility.

This report presents details of the code and
cooplete instructions for its use. Pive
pathways to man are considered: (1)
inhalation of air containing radionuclide
gases or particulates, (2) immersion in
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<19> CONT.
cont aminated air, (3) exposure to surfaces
contasinated by radioactive fallout, (4)
inqestion of food produced on contaminated
qround surfaces, and (5) imaersion in
contasinated water, as by svimming. Dose and
dose commitments are estimated for each
pathway and the following eleven reference
ocgans: vwvhole body, GI tract, bone, thyroid,
lungs, muscle, kidneys, liver, spleen, testes,
and ovaries. The environmental nmodel in
AIRDOS consists of a 20 x 20 square grid wvith
the nuclear facility located at the center.
The size of each qrid is specified in the
input data. Human population, nusbers of heef
and dairy cattle, and identification as to
vhether an area is predoaminately used for
production of veqetahle crops or is a water
area are specified for each of the 400 grids.
Povulation doses are suamarized in output
tables in every possible manner-~by nuclides,
pathvays, and organs. The highest individual
dose received in the area and its location are
printed in the output. AIRDOS is partially
validated against data available in the
litcraturc. {auth) (DL5G)

<20

.Turner, W.D., S.V. Kave, and P.S. Rohwver, BXBEM
and INREM Computer Codes for Estimating Radiatijion
Doses to Populations fros Consatruction of a
Sea~Level Canal with Nuclear Bxplosive.

1968, September 16. K-1752; 193 p.
National Laboratory, OCak Bidgc, TN

{cak Riadge
37830)

EXREM is a computer code to estimate the dose
equivalent rate and the total dose equivalent
fcom both beta and gqamma radiation resulting
from subgersion in contaasinated water,
submersion in contaminated air, and exposure
to a contaminated surface. There can be more
than one environsental release, and exposure
can bagin at any timc after the first release.
INREX is a cooputer code to estimate the
cumulative dose equivalent to body organs
resulting from a continuous intake. The organ
parameters are dependent on the age of the
individual, and the intake is a function of
rost-detonation tine and the individual's agc.
Although the codes were specifically vritten
to estimate doses to populations from

&ohSttUs tionh ot a sea-level canal, they nmay be
uscful in other dose-estinmation studies
involving releases of radioactive materials to
the environment. (auth)

This is the first documentation of these codes
which have been revised and updated via EXREAM
II and EXREM III and INREM II

<21>

fngelmann, R.J., and W.E. Davis, Low~Level
Isentropic Trajectories and the NIDAS Computer
Progran for the Rontyomery Stream Punction.

1958, April. BNWL-441; 31 p. {Battelle, Pacific
Northvest Laboratories. Richland. #A)

The optinmum trajectory for releases of
materials at lov elevations in the atmosphere
is constructed vwith isentrcpic charts.
Isentropic analysis reveals vertical aotionms
of the material and predicts where the
material will appear in the air near the
qround. This paper presents an example of
such a trajcctory, provides a thorough error
analysis of isentropic data, and gives the
details of a digital analog simulation
computer proqram for obtaining isentropic
data. These trajectories can be calculated
using teletyped weather data, and

precipit ation scavenging say be included if
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desired. The solutions are found using the
Modified Integral Digital Analog Sinulator
(MIDAS) technique. (Auth} (CWNM)

This program calculates long distance
three-dinensional trajectories for particles
or gases in the air of any type, not just
radioactive ones. Radioactive decay
corrections are not included in the code.

2>
Bell, G.D., and J. Houghton,
Stack Releases.

Risk Evaluation for

1969. AHSB (S) R 173; 18 p. {United Kingdon
Atcmic Bnergy Authority, Risley, England)

A method of calculating the risk to the
population distribution around a reactor site
is presented for hoth ground level and
elevated releases. The teactor is assumed to
satisfy a control curve of the Parmer type for
accidental releases of radiocactivity, and the
dose-risk relationship is assunmed to be a
slaple pover lavw. Hesults ate presented in
vhich 10dlhé 15 imagined to be released, on a
nusber of typical sites. The resulting
frequency distributions of thyroid cancer have
been calculated and are given in the form of
frequency-casualty curves (f-N curves). The
prougras *STRAP II' used in these c¢alculations
is described.

The program depends on having input the number
of rem per curie air concentration for a given
radionnuclide and the number of casualties of a
given type per rem for that radionuclide.

(com)

2>

Cooper, R.E., WRED, A Siting Code to Estipate
Dose Probability Distribution from Measured
Meteoroluyy Data.

19€9. Health Physics, t6, 735-738. (Savannah
River lLaboratory, B. I. duPont de Nemours and Co.
Aiken, SC 29801)

WRED is a reactor siting code designed to
estinate probability distributions of whole
body qamna and thvreid dnses using measnred
neteorological parameters as input data.
Distribtuion analyses are pertoraed as a
function of dovnwind distance, activity
release height, and wind direction. This
statistical approach for gaamma dose estimates,
enploying thousands of sets of meteorology
data, is made economically feasibhle hy using
tvo-dioensional tables of space
distribucion-atetentuation integrals and
interpolation techniques. HNeasured
aetenralngical paramatars ara convorted to
atmospheric dispersion parapeters according to
techniques developed at Brookhaven National
Latoratory. Space distribution-attenuation
intogralc arc computed by techniques developed
at the Savannah River Laboratory. ®hen
utilizing the full capacity of the godc,
approximately 2000 sets of data {involving
16,000 each gamnma and thyroid dose
calculations from rav meteorological data) are
processed per minute on the IBM System 360/
65. Concurrently, meteorological statistics
are€e conpiled, and all data are sumparized for
output, Provision is made for including
conpiled statistics fros previous data
processing to update the distribution analyses
for each job. Code options allow ninimunm data
input (vind speed, direction, temperature) or
full input including neasured standard
deviations of the horizontal and vertical wied
directions. (Auth)
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This code includes the dosimetric calculations
coaputed by RADOS for gamma doses.

<24>

Clarke, R.H#., A Multi-Compartament Nodel for
Studying the Dose-Intake Relationship for
Radiocactive Isotopes.

1972, April. RD/B/N 2291; 38 p. (Central
Flectricity Generating Board, Berkeley Nuclear
Laboratories, Onited Kingdonm)

A model (CEDRIC) has been developed in which
the various orgqans of the body are represented
by single or multiple compartments, coupled to
provide a simplified metabolism. The method
of entry of radioactive material may be by
inhalation, ingestion, through contaminated
skin or a wound, using standard models for the
respiratory and gastrointestinal tracts. The
distribution of a parent nuclide and all its
daughter products throughout the conpartaments
is followved as a function of time by the
solution of the set of first order
differential equations vhich represent
transport vithin the body. Rither acute or
chronic exposures are treated and facilities
exist for varying metabolic paraseters with
time. Srpecial attention has been given to
dealing with pulti-exponential retention
functions, both for individual organs and for
the vhole body, and methods of treating pover
function retention data are given. Examples
of the use of the comparteent model under
these conditions have bheen included and the
results compared with published results given
by the International Commission cn -
Radiological Protection ICRP 10 (1968) and by
Voilleque (1971), wha has puhlished dqetails of
a simplified compartsent model which he
developed (Voilleque, 1970), The prograam,
vhich has been designated CEDRIC (Computer
Evaluation of Doses from Radioactive Isotopes
by Compartments) is written in Portran IV.
Typical running tiges vary fronm a fev seconds
to approaching 60 seconds for a complex case.
A copplete user's quide to the prograa has
been provided by Clarke and Beynon (1972) in
vhich running details are given including
input/output specifications. {Auth) (POH)

The compartment model CEDRIC is a PORTRAN IV
vhich improves upon the SAURON (1970) code
vhich vas based upton the metabolic retention
data and lunqg models adopted by ICRP II
(1959). These models have been developed as
part of the WEERIE progranm.

<25>

Cruz, P.D., "Bsdora" Coamputer Progras for an
Bstimate of the Radiation Dose in the Bvaluation
of Pisks for Nuclear Power Plants apd Radioactive
Pacilities.

1971, #arch. SS/01/71; ORNL-tr-2628: 4 p. {Junta
De Fnergia Nuclear, Spain)

The proqram ES.DO.RA. (BEStimacion de DOsis
RAdiologicas (estimate of radiation d4oses))
estipates the damage produced by the
continuous or instantaneous escape of fission
products into the atmosphere. It vas
progranmed.in PORTRAN IV for the IBM 7090
computer and is divided into 4 subroutines:
ESD V. Generates an inventory of fission
products according to the operating process
(sic., burnup?) of the fuel of the facility.
ESD 2. Determines the quantity of fission
products emitted to the atmosphere through the
stack or the containment building, taking into
account the technical safety measures
employed. ESD 3. Calculates the integrated

i
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<23>

doses of the radioactive cloud, as vell as the
grcund-level contamination due to fallout of
the fission products, vith consideration of
meteorological conditions. BSD 4. Estimates
the external beta and gamma doses by
sutmersion in the radioactive cloud as well as
the internal doses received by the various
organs of the human body by inhalation. This
report includes the mathematical models used,
the sinplifying assumptions adopted, the data
used, lists and flowsheets of the specific
subroutines, as well as the necessary
instructions for their use. The program was
developed to evaluate the risks resulting from
an explosive type of accident in a nuclear
facility, but in special cases it can be used
with pfoutine releases. (Auth) (CUN)

<26>

Bckert, R.J., A Fortran Program for the
Calculation of the Potential Hazards from an
Accidental Pission-Product Release - MOT42.

1964, July. WAPD-TA-348; 22 p.
Power Laboratury, Pittsburgh, PA)

(Bettis Atomic

A PORTRAN program (MG142) has been written to
perform a detailed analysis of the space and
time-dependent radiation doses resulting from
a potential fission-product release incident
from a nuclear reactor. The program permits-
the calculation of the hazards from any
radioactive source of known concentration and
isotopic distribution. The nuclides which
fora the radioactive cloud are specified as
program input. Por each nuclide, an initial
concentration, release rate, radioactive dacay
constant, and average gamma and beta emission
energy must be supplied. 1In addition, the
exposure period, tho distanoc from thc gource
to the receptor point, and the appropriate
meteorological conditions must be specified.
Por each nuclide in the calculation, the
program computes the external ganma and beta
dose and the inhalation dose to several
critical organs. The tatal in each category
is obtained by a straightforward summation of
the individual nuclide doses. Atmospheric
dispersion is calculated using Sutton's
equation and the resulting air concentration
is corrected for decay before the dose is

calculated. The program allovs for a
time-dependent release rate to be used if
desired. (Auth) {(Cwa)

2P

Steyn, J.J., and Y.S. Kim, Osers manual for Code
EXGAM: A code to Calculate Gamma Photon Dose
from an Airhorne Radioactive Release.

1966, November. NUS-329: >25 p.
Corporation, 1730 M Street, N.W.,
20036)

(NUS
Washington, DC

A FORTRAN IV code - EXGAM - for use on a
CDC-3600 digital computer has been written to
predict the integcated photon dose at a
rcceptor exposed to an airborne release of
radioactivity. The code assumes the source
spatial distribution to be Gaussian. Input
options allow the user to choose source decay
mode, cloud thickness, cloud wind speed, cloud
stability class, cloud drift direction, air
attenuation and build-up coefficients and
source photon energies. The code user's
reguirements and FORTRAN listing are given,
along with a sample input and output. The
code has been optinized with respect to
coasputer execution time. (Auth)

This code vwas designed to be usedl as part of
the space nuclear propulsion program, not for
releases from nuclear power facilities.



<28>

<28>

Charak, I., Atmospheric Dispersion of Pission
Products Including the Effects of Building
filution and Radiocactive Decay.

1967, May. Nuclear Applications, 3, 283-286.
(Argonne National Laboratory, Argonne, IL 60439)

Sutton's diffusiton equation, which is
commonly used for the coaputation of
atmospheric dispersion of fission products, is
modified to account for the effect of dilution
of the fission products due to mixing of the
cont aminated air inside the reactcr building
with air prior to exhaust, The effect of
radioact ive decay is also considered. The
resulting inteqral equation is sclved for a
specific example using a Romberg integration
subroutine, and the application of the
equation to a3 vachout calculation ie
described. The solution is done by a Portran
proqram on a CDC-160A computer. {Auth) {cwn)

As vritten, this code is designed for
accidental rather than routine reactor
releases.

<29>

Lanes, S.J., A Procedure to Determine the
Relative Extent of Reactor Pission Product
Releases Under Various Meterological Conditions.

1964, July. HASL-148; TID-4500; 45 p. (ﬂealth
and Safety Laboratory, HNew York Operations
office, Hew York, NY)

Several versions of Sutton's equations
expressing the atmospheric concentrations,
doses, etc. due to a fission product release
have been programmed for solution by an 1IBM
1620 computer, as an aid in evaluating the
effects of postulated reactor accidents. In
addition, each of these equations has bheen
solved over a wide range of meteocorological
pacrameters, and the results graphed, providing
an illustration of the effects of changes in
one parameter or a combination of them on the
solutions. A procedure for the agplication of
these programs and gqraphs to the review and
evaluation of reactor safety probleas is
presented. The cnde handles hnth
ingtontanvous and gonsinuouo poind oceuveen.
Cloud depletion by both wet and dry processes
are included using Chamberlain's procedure.
The only dose calculated is the inhalation
dose to the thyroid. {Auth} {CwN)

This early report should be read with care as
there is some question on the use of the terms
rainout and dose, and on the derivation of the
thyroid dose equation.

<30>

Lange, R., ADPIC: A Three~-Dimemsional Computer
Code for the Study of Pollutant Dispersal and
Deposition Under Complex Conditions.

1973, October. UCRL=31462; TID~4500; 60 p.
(Lavrence Livermore laboratory, Livermore, CA)

Atmospheric Diffusion Particle-In-Cell (ADPIC)
is a three-dimensional, Cartesian,
particle~-diffusion code, capable of
calculating the time-dependent dispersion of
inert or radicactive air pollutants under many
conditions, including stratified shear flov,
calms, topography, and wet and dry deposition,
for individual or multiple instantaneous or
continuous sources and space- and
time-variable diffusion parameters. The code
solves the three-dimensional
diffusion-advection equation by the
pseudo-velocity technique for a given
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mass-consistent advection field. The method
is based on the particle-in-cell technique
vith the pollutant concentration represented
by Lagrangian particles in an Bulerian grid
mcshe  ADPIC has been verificd for a number of
selected advection-diffusion probleas for
which analytic solutions are available, and
has been found to give results to within plus
or minus 5% of the analytic solutions. ADPIC
can be used for both routine and accidental
atmospheric releases. The progras requires

‘' most of the core of a CDL 7600 to run. It may

be scaled to handle different size problenms,
20 m to 20 km horizomtal cell size. The
output gives cloud center or surface air
concentrations and cumulative surface
deposition. The ADPIC code should also he
applicable to vater dispersion studies.
(Auth) (CWM)

<IN

Autschmann, ¥., and D. Nagel, ISOLA TT - A
Portran IV Code for the Calculation of the
Long~Tera Alpha- and Gampa-Dose Distributions in
the Vicinitv of Nuclear Installations.

1976, December. KPK 2210; 14 p. (Gesellschaft
fuv Kernforschuny m.b.H., Katlsruhe, Germauy)

The computer code ISOLA is used to calculate
the annual radiation doses caused by alpha-
and beta-active off-gases in the environment
of the Karlsruhe Nuclear Reseatch Center. 1In
the revised version, ISOLA II, the double
Gaussian distribution wmodel is strictly
observed. As a consequence, the contribution
of activity from neighbour sectors is taken
into account. Up to 15 emitters may be coped
vith sioultaneously. The ewmission rates are
considered to be constant during the given
tise interval. Optionally, either the
isodoses chart of a specified area (for
instance a square 20 by 20 km) or a list of
doses calculated at up to 2000 locations (for
instance the living areas) in the environment
may be set up. Input and output are shown for
a specific case. (Auth)

<3

Rinfard, P.T., .I. Ratish, and Kam P.R.K.,
Eosincsion 2f Rudicsion DPomoo Poliovinq o Nonodor
Accident. !

1967. ORNL-4086; 29 p. (Oak Ridge National
Laboratory, Oak Ridge, TN 37830)

Pased upon the "Gaussian Plume" formula, a
model has been developed which permits
calculation of the downwind radiation doses to
be expected following a reactor accident.
Although the calculation presented here is
coicerned oaly vilh Lhe thycvid Jouse die Lo

iodines and the whole body dose due to iodines
and noble gases, it can easily be adapted to
handle other radioisotopes. the basic
assunptions include instantaneous release of a
given quantity of radioactive nmaterial into a
rwactor bulldinyg folluwed by vmiusiun at a
constant (volume) rate froa a point source.
Radioactive decay both within the building and
during passage downwind are accounted for as
are the growth and decay of daughter products
and the effects of physical separation such as
filtration. A Portran IV computer program
“PLUME™ has been written for the purpose of
solving the equations developed. The code
calculates dose due to inhalation and froa
submersion in the gamsa emitting cloud.

{Auth) (DLS)

<3
Houston, J.R., D.L. Strenge, and B.C. Watson,
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DACRIN - A Computer Program for Calculating Organ
Dose from Acute or Chronic Radionuclide
Inhalation.

1974, December. BHNWL-B-389; 0C-41
Pacific Northwest Laboratory, Richland, WA

{Battelle,
99352

The computer progqram, DACRIN, permits rapid
and consistent e¢stimates of the effective
radiation dose to the human respiratocry tract
and other orgams resulting from the inhalation
of radioactive aerosols. The progras is an
outqrowth of the development of a mathematical
nodel for the orqgan dose folloving the basic
precepts of the ICRP Task Group on Lung
Dynamics, and a a simple exponential model for
retention by an organ of interest.
Mathematical models describing atmospheric
dispersion have been included for the purpose
of evaluating doses resulting frcm either
accidental or chronic atmospheric releases of
radionuclides. The program will calculate the
effective radiation dose to any of 18 organs
and tissues from inhalation of any one or
coobination of radionuclides considered by the
ICRP. A paximum of 10 organs may be selected
for each case. Organ doses from inhalation
can be calculated by specifying either the
quantity of a radionuclide inhaled or the
quantity released to the atmosphere. 1In the
latter case, the duration of release, the
release height, vind speed, atmosrpheric
dispersion parameters and downvind distance at
vhich the dose is to be calculated must also
be specified. As many as 10 distances may be
specified for.each use. Output of the code
consists of the effective radiation dose to
the selected organs at selected time
intervals, for each radionuclide inhaled as
indicated by the input. {FOH)

This edition of DACRIN has been updated Lty a
supplementary document (BNWL-B-389 SOPP, 1975)
to include dose to the GI tract via
inhalation. Information pertaining to
Pasquill Stabiiity Categories are given for
distances out to 100,000 m, but the
atwospheric dispersion model does not include
the effects of vet or dry deposition on fplune
depletion. Sutton and Hanford ateospheric
dispersion information is also stored in the
data base.

<34>

Strenqe, D.L., DACRIN ~ A Computer Program for
Calculating Organ Dose from Acute or Chronic
Radionuclide Inhalation: #Modificatiom for
Gastrointestinal ¥ract Dose.

1975, February. BNWL-B-389 sUpP; 105 p.
(Battelle, Pacific Northwest Laboratories,
Richland, WA 99352)

The computer proqram DACRIN uses the lung
nodel proposed by the International Commission
on Radioloqical Protection (ICRP) Task Group
on Lung Dynamics to calculate the effective
dose to the respiratory tract and other organs
following either acute or chronic inhalation
of radionuclides. The program has now been
extended to calculate the dose tc the four
gastrointestinal tract compartaents; stowsach
{S). small intestine (SI), upper larqe
intestine (ULI) and lover large intestine
(LLI). The ICRP G.I. tract model is used to
describe movement of material within the G.I.
tract compartments with input to the G.I.
model described by the lung model of DACRIN.
(Auth) (FOH)

This is an expanded version of BNWL-B8-389
(1974) . It incorporates the ICRE II GI tract
dose assessment model.
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<3ID

Strenge, D.L., B.C. Watson, and J.R. Houston,
SUBDOSA - A Computer Program for Calculating
External Doses from Accidental Atmospheric
Releases of Radionuclides.

1975, June. BNWL-B-351; 169 p. (Battelle,
Pacific Northwest Laboratories, Richland, WA
991352)

A computer program, SUBDOSA, has been
developed for calculating external gamama and
beta doses to individuals from the accidental
release of radionuclides to the atmosphere.
Characteristics of SUBDOSA are: (1) Doses from
both gamma and beta radiation are calculated
as a function of depth in tissue, sunmed and
reported as skin, eye, gonadal and total body
dose. (2) Doses are calculated for releases
within each of several release time intervals.
Op to six time intervals can be alloved and
separate nuclide inventories and atmospheric
dispersion conditions are considered for each
time interval. (3) Radioactive decay is
considered during the release and/or transit
using a chain decay scheme with branching to
account for transitions to and from isomeric
states. (4) The dose from gamma radiation is
calculated using a numerical integration
technique to account for the finite size of
the plume. {S5) The program computes and lists
the normalized air concentrations at ground
level as a function of distance from the point
of release. The organs of refarence most
frequently considered in external dose
calculations are the skin, lens of the eye and
total body. Corresponding tissue depths for
these organs used in SUBDOSA are 0.007, 0.1
and 5 co respectively. The male gonads are
less often considered in dose calculations but
vhen such calculations are made vith SUBDOSA,
the tissue depth is 1 cm. (Auth) (POH)

SUBDOSA does not consider the dose resulting
frce radionuclides deposited in the body and
its organs via inhalation.

<36>
Otter, J.M., and P.A. Conners, Description of the
COERACEX-III Code.

1975, June. TI-0071-130-053; 22 p. (Atomics
International Division, Rockwell International,
Canoga Park, .CA 91304)

The CONRADEX-III (COntainment and HMeteorology
of environmental RADiation.EXposure) Code is
described briefly, input instructions are
given, and test cases and Portran coding ate
listed. Changes from the previous version
(COMRADEX-II) include variable weather
nodeling for external doses, a direct site
meteorology option, and an improved direct
dose formulation. The code was developed for
the calculation of radiological doses from
.hypothetical pover reactor accidents. It
persits the user to analyze as many as fourt
levels of containment with time varying
leakage and cleanup rates in each level.
FPiltration in each containment region may be
by isotopic class (noble.gas, solids, or
halogens). Shielding may be introduced
between the various containnment shells. The
environmental doses calculated include the
direct ganma dose from the containment
building, the internal doses for up to 12 body
organs (thyroid, bone, lung, etc.) due to
inhaling the airborne radioactivity, and the
external ganma and beta doses from the cloud.
Leakage and cleanup rates, and initial
inventory are input data. A direct numerical
technique, designed especially for
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quasi-linear differential equations, is used
to solve the time dependent isotope population
equations. Meterology models may be that of
Pasquill or site meteorology. Factors are
qgiven in this document for computing internal
doses with the ICRP-2 model. The cloud gamma
dose is obtained by integrating over an
anisotropic Gaussian cloud for Pasquill
meteoroloqy or from a semi-infinite cloud for
direct site meterology. The external beta
dose calculation assumes a semsi-iofinite
radioactive cloud. (Auth) (CWN)

<37>

Kenfield, G.P., W.R. Lahs, ¥.B. Sayer, R.A.
MacAdams, and N.A. Harris, Curie-Dose-Thunderhead
A Digital Computer Program for External and
Internal Radiation Dose Calculations.

1965, June. NAA-SR-8A84; 39 p. (Atonics
International, a Division of North American
Aviation, Inc.)

The CURIE-DOSE-THUNDERHEAD program is a
combination of three basic computer prograns
emploved in succession. The first, CURIE,
calculates the fission product buildup and
decay as a function of reactor operating tinme,
operatinq power, and decay tine. The second,
DOSE, uses the fission product inventory
obtained from CURIE to calculate the dose to
14 internal body organs due to inhalation of
fission rroducts released to the atmosphere.
The third, THUNDERHEAD, also uses fission
product activity data from CORIE to calculate
the external cloud gamma exposure from the
released fission products. Cloud diffusion is
calculated from Sutton's equation or the
Convair modification. In calculating the
internal dose it is assumed 62.5 percent of
the inhaled isotopes are ultimately swallowed
and pass through the entite G.I. tract. An
accidental release situation is considered.
(Auth) (Cwn)

<380

Soldat, J.K., N.H. Robinson, and D.A. Baker,
Models and Coaputer Codes for Bvaluating
Environmental Radiation Doses.

1974, February. BNWL-1754; 160 p. (Battelle,
Pacific Northwest lLaboratories, Richland, %A
99352)

Since HERMES is considered too complex and
unsuitable for the evaluation of the
radiological consequences of point-source
releases, a sinplified model for calculation
of radiation doses from radioactive effluents
was developed and programmed into a
conversational lanquaqc, providing the fast
turnaround time required. The newv'model is
divided into four independent parts, each
written as a separate progqran: {1) ARRRG:
calculates individual and population doses
from ligquid effluents (2) CRITR: calculates
intornal radiation doses to four common
classes of aquatic organisms and to organisms
which consume them (3) POOD: calculates doses
from consumption of food crops and animal
products produced on irrigated farms (4)
GRONK:  calculates doses from gaseous
effluents to individuals, and to the total
population within 50 miles. It includes an
option for building wake effects but does not
calculate plupe depletion. The model can be
used to calculate radiaticn doses to the total
body and selected organs of individuals and
populaticn groups, and to organisms other than
man. It includes all air and liquid exposure
pathvays thought to be significast and for
vhich a reasonable amount of supporting data
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is available. 1Internal doses to man are based
on a i-year radionuclide intake, assuming ho
prior accumulation in the body. The
radionuclide content of ingested food is
assuned to be at equilibrium with the
environment. This paper discusses the models
in detail and describes the prograoms ARRRG,
CRITR and GKONK; the program POOD is still
being developed and is not included in this
report. The question~and-ansver format of
these programs allovws then to be used by

- nonprograamers. Although the prograamas, which
are in the BASIC language, vere originally
intended specifically for nuclear reactors,
they are applicable to any nuclear facility
vhich releases radioactive effluents to air or
vater, (FOH)

This is the document upon vwhich many of the
models recommended by the US NRC in Reqg. Guide
1. 109 is based. The Duse cConversiun Pactors
are for the calculation of annual doses, not
dose commitments. The data base for much of
the material discussed has been taken directly
frem the original HERMES code.

<39

Luna, R.BE., and H.W. Church, DIFOOT, Model for
Conputation of Aerosol Transport and Diffusion in
the Atmosphere.

1969, January.
Laboratories,

SC-RR-68-555; 47 p.
Albuquerque, NX)

{Sandia

In conjunction with Roller Coaster, a Joint
United States-United Kingdonr project conducted
at the Nevada Test Site in 1963, a
computer-prograssed model for prediction of
the atmosphecic transport and diffusion of
aetosols wvas developed. The program was a
melding of a U.S. code describing
gravitational fallout of a log-normal site
distribution of particles in a vertically
varying vind field and a U.K. code describing
the dispersion of a particle cloud by
atoospheric turbulence. 1In the program, the
aokeoel 9leud ic appreoximated hy 2 soaries of
c¢ylindrical layets in the vertieal discetion
characterized by a4 sourve strenygth, lateral
diaseter ana thickness, and a daistriburion of
aerosol nmass with particle diameter, 1In turn,
@ach layaFr i8 CORTARANPEA Ry RAVATAI
superposed line source elements of equisize
particles to conform to the aerosol
mass-dianmeter distribution for the layer.

Bach elenent descends at its gravitational
fall rate and is transported by its mean
vector wind while expanding by the action of
turbulent diffusion. Deposition and/or
airborne dosage is calculated at ground level
on a specified circular grid of ranges and
azimuths vhose origin is at the initial
position of the cloud, Details of the
development of the unique line source
equations used in the model are giveu,
indicating the analytical method used to
account for linearly changing transport
dicertion aver the length of the source. In
addition, the expre3sions uscd to calcylate
turbulent spread, deposition, particle fall
rates and transport vectors are discussed in
terms of appropriate experiment and Gaussian
theory. Various input and output options are
described which permit great flexibility in
progranm use, either in prediction of the
dispersal from a given cloud or in the
determination of the input necessaty to
produée a given resilt. Détailed instruvetions
are given for preparing the input data for the
program. A sample problen is used to
illustrate the usefulness of the program in
modeling a fairly arbitrary selection of
inputs. Both the input preparation and output
interpretation for the sample problem are
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shovn in some detail. The program may be used
for both continuous and instantaneous
releases. (Auth) (CWN)

<40>

Tveten, U., Areas Affected by Ground Deposition
of Cs 137 and Description of the Computer Code
ARCON.

1975. IAEBA-Su-188/35; Part of Proceedings of a
Symposium on Siting of Nuclear Pacilities held in
Vienna, Austria December 9-12, 1974, p. 497-515
(Institute for Atomenerqi, Kjeller, Norway)

The paper deals with the combined probability
analysis and parametric study of Cs 137
deposition after a postulated nuclear reactor
accident. The study is performed for a 3000
MU (th) reactor at a site typical of the Oslo
Fiord area. No etforts have been made to
deteraine definite accident sequences or
amounts of release. It is simply postulated
that an accident has taken place that will
iead to release of a large amount of
radiocactivity to the atmosphere durinqg a
relatively short time period: on the order of
one hour. The size of the area affected by a
certain release of radioactive cesium depends
upon the meteorological conditions during the
release tiwe period. Local weather data have
been used to determine the probability of a
certain wagnitude of the area. The results
are qgiven in the form of conditional,
cuaulative probabilities. Conditional because
they give the probability of a certain
magnitude of the consequence if the release
has taken place and the wind is bloving in the
direction for which the weather data are
valid. Cupulative because, e.qg., the 5%
probability means that the weather conditions
may qive these or worse consequences vwith a 5%
probability or, expressed differently, they
.Will give less severe consequences with a 95¢%
probability. Since the calculations do not
apply to a specific accident sequence, several
pertinent release characteristics cannot be
assiqned a definite value. The post important
are: amount of Cs 137 releases; initial heat
at release point; heat generated during plupme
transport due to-decay of radioactive
materials; and deposition velocity. THe last
item is only partially a release
characteristic. Besides depending upon
pacticle size and chemical conditions, the
deposition velocity depends upon
characteristics of the land area over which
deposition takes place. A parametric study is
performed by varying each of these
characteristics over a certain range vhile
keeping the others fixed at what it is
reasonable to assume are typical values under
extreme accident conditions. A computer code
ARCON has been developed for this analysis,
adaptable to 2 large ranqge of calculations
connected to atmospheric releases during
accident conditions as well as ncrmal
operation, e.q. calculation of reference
levels for milk consumption, health effects on
specified populations, and the area within.any
xind of concentration linmit or dose lisit
(except external gamma dose). The program nmay
be modified for lonqer release times, but not
easily. While Cs 137 is the only isotope
treated in this paper, other isotopes may bhe
treated in a similar manner. (ARuth) (CWN)

<41>

ilendrickson, H#.M., EXDOSE, A Computer Program for
Calculating the External tamaa Dose from Airborne
Pission Products.

1968, September. BNWL-811; 113+ p. {Battelle,
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Pacific Northwest laboratories, Richland, WA}

The EXDOSE program calculates the external
ganma radiation dose to the total hody from a
half-infinite cloud of fission products. It
is designed primarily for estimating accident
consequences. The code calculates a fission
product inventory according to specified input
parameters using an adaptation of the progranm
RIBD. Any fraction of these fission products
may then be released to the atmosphere at a
desired rate. The subsequent downwind
dispersion and resulting dose to individuals
is then calculated. The dispersion of the
plume is based on the bivariate normal mode
and Simpson and Puquay's eguation or Suttont's
eguation. Cloud depletion by ground
deposition is an available option. Correction
for radioactive decay and daughter product
growth is included. {Auth) (Cwy)

The Simpson-Puquay stability constants are
based on experiments done at Hanford and they
should be examined carefully for their
applicability to other areas.

<uD>

Bocne, J.S., B.L. Parks, and B.G. Kniazewycz,
RUBY, A Program for the Calculation of Activity
Releases and Potential Doses from a Pressurized
fater Reactor Plant.

1975, May. dot Given (Carolina Power and Light
Conmpany, Raleigh, NC)

The RUBY program is designed for the
calculation of radiation releases and doses
resulting from the operation of a large
pressurized water reactor. The approach used
in ROBY is similar to an analoq simulation of
a real system. FEach major component or volume
in the plant containing radioactive material
is represented by a subroutine which keeps
track of the production, transfer, decay, and
repoval of radicactivity in that volume.
During the course of the analysis, activity is
transferred from subroutine to subroutine in
the program as it would be transferred from
place to place in the plant. The necessary
rates.of production, transfer, cleanup,
leakage, and release are real in as input to
the program. Subhroutines are also included
which calculate the off-site radiation
exposures at various distances, for individual
nuclides and sums of nuclides. The program
contains a library of physical data for the
fifty-five nuclides of most interest in
licensing calculations, and other nuclides can
be added or substituted. These calculations
can be performed for any or all time periods
during the lifetime of the plant. Both
external and thyroid internal doses can be
calculated on an individual and a population
basis. Values for atmospheric dilution at
desired downwind distances and dose conversion
factors for the thyroid doses are input by the
user. (Auth) (CWN)

One nebulus feature of RUBY is its scrap-paper
ability. Complete printout of all available
information results in approximately 175 pages
of output per period. (sic)

<43 .

Culkowski, W.M., and NM.R. Patterson, A
Comprehensive Atmospheric Transport and Diffusion
Hodel.

1976, April. ORNL/NSP/EATC-17; 117 p. (Oak Ridge
National Laboratory, Oak Ridge, TN 37830)

A comprehensive version of the Atmospheric
Transport Model (ATM) is described that
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includes the effect of aerodynamsic roughness
on dispersion constants, clarifies the roles
of the terminal velocity and deposition
velocity, incorporates a tilting plume for
heavy particulates, and includes an episodic
calculation of exposure paxima. ' This nmodel
also limits the maxisus value of the
dispersion constants in order to retain the
emitted material in the planetary boundary
later. The structure of the program has been
modularized in order to clarify the flow of
calculation and allov more flexibility.
Values for atesospheric concentration as well
as both wetfall and dryfall deposition are
calculated. The model is applied to the
vicinity of three power plants, and
correlations betveen model predictions and
observed values are presented. The dispersion
calculation is based on the Gaussian plume
sodel, corrected by the atove considerations.
The model allows the use of point sources,
line sources, area sources, and windblown
resuspension sources. (Auth) (CHHM)

This proqram does not include corrections for
radioactive decay or daughter product
formation so care must be exercised if it is
to be used for atmospheric transport of
radionuclides. (CWM) :

<44>
MacDonald, H.P., Assessment of BEnvironmental
Hazacrds Following Nuclear Reactor Accidents.

1971. IAEA-SN-148/38; CONP-710705; Part of
Proceedings of the International Syoposium on
Rapid Methods for Measuring Radioactivity in the
®nvironment, held in Munich, Germany, July S5-9,
1971, p. 43-54 (Central Electricity Generating
8ocard, Berkeley Nuclear Laboratories, Berkeley,
Glos., United Kingdon)

Theoretical models have been developed
describing the build-up of fission products in
irradiated nuclear fuel and the behaviour of
these in a reactor and subsequently in
asncaphore undex definable ascident
conditions. Thesc models have been
incorporated into a computer progran EERIE
(Environmental Evaluation of Radiocactive
Isotopic Bffluents) which enables inhalation
doses to body orqans, cloud beta and gamma
doses, and the quantity of radioactivity
deposited on the ground in the area
surrounding the site of a release of activity
to be evaluated. The data obtained in this
study are critically examined in crder to
pcovide quidance on the best methods of
obtaining adequate monitoring results with
sufficient speed to institute effective
precautionary measures. The comprehensive
gature of the calculations, which enables the
complete history of the isotopic content of
the damaqcd fuel to be followed continuously
from the time of its release from the fuel
through its dispersal in the atmosphere, makes
it possible to identify those parameters which
are important in determining saopling and
monitoring techniques. 1In addition it makes
it possible to evaluate the usefulness of
different analytical methods at various stages
duriugq an incident. It is concluded that the
assessment of inhalation hazards from
measurements of isotopes deposited on the
qround is comnsidered difficult and unreliable,
vhile measurements of exposed persons would
impose too great a time delay. Finally in the
extreme of high or low levels of released
activity, where the pajor hazard results froe
external radiation and contamination of food
chains respectively, sinple exposure rate
measurements are considered adequate for the
initial determination of emergency control
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actions. (Auth) (FOH)

<45>

mills, M.T., R.C. Dahlmpan, and J.S. Olson, Ground
Level Air Concentrations of Dust Particles
Downvind from a Tailings Area During a Typical
Windstorm.

1974, September. ORNL-TN-4375; 61 p. {Oak Ridge
National Laboratory, Oak Ridge, TN 37830)

This paper describes an atmospheric transport
model for suspension by wvwind of toxic
pacticulates that have heen deposited upon the
ground surface. Dimensional arguments are
given relating suspension and saltation rates.
Sample calculations of ground level air
concentrations are carried out for a square
tailings area containing uranium mill dust. &
list of the computer code and sample output
frce this code are included. Ground level air
concentrations downvind from the source are
calculated vith a Gaussian pluce eguation
modified for plume depletion due to dry
deposition. (Auth) (CuYN)

<46>

Strenqe, D.L., M.N. Hendrickson, and E.C,
RACER - A Computer Program for Calculating
Potential Fxternal Dose from Airborne Pission
Products Pollowving Postulated Reactor Accidents.

Watson,

1971, June. BNWL-B-69; 67 p. (Battelle, Pacific
Hurthwest Laboratories, wxichland, wa 9934y

RACER, a computer code, permits rapid and
consistent estimates of vhole body dose
resulting fron exposure to a plume of airborne
radionuclides accidentally released from a
nuclear reactor. An attempt has been nade to
wake the progranm flexible enough so that new
models, as they are developed, can be
incorporated without extensive reprograming.
The mathenmatical models used in RACER include:
(1) Source inventory-choice of radionuclides,
decay schemes (photon energies), guantity
(inltidl activity)s (2) Aevosul behavioc
vithin containment spaces. (3) Leakage rates
frem containment barriers (multiple
containment effects). (4) Atmospheric
dispersion. (5) cloud size effect on external
dose estimates. (6) Build-up factors. (7)
9hole body dose from a cloud. Each of the
‘preceding stages is incorporated into the
model and program; however, there are several
possible starting places for the calculation
depending on the information one has
available. (FDH)

Cloud depletion calculations due to ground
deposition have not been inclvded hecause of
the large amount of conmputer space required.
However, a depletion factor as a function of
distance may be included through a punched
card input. A Gaussian plume atmospheric
dispersion model is used because it is the
most widely accepted method of dispersion
assessment.

<87>

Booth, R.S., and Rohwer, P.S., Methodology for
Prediction of Dose to Man from Enviconmental
Release of kadioactivity.

1975. Presented at the Pourth National Symposium
on Radiveculuyy held at Oregon State University,
Corvallis, Oregon NMay 12-14, 1975, 25 p.,
unpublished (0ak Ridge National Laboratory, Oak
Ridge, TN 37830)

A systens analysis approach has been taken in
the developnment of a computer code called
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AQUAMOD in order to simulate radionuclide
movement through aquatic food chain pathways.
The pafor objective of this model is to
estimate the time-dependent intake by man of
radionuclides released into an aquatic
ecosystenm. A secondary otjective is to
estimate the environmental buildup of
long-lived radionuclides if released over
extended time periods. These objectives are
achieved within the extent and accuracy of
existing data. However, the model is
structured so that in the event of data
limitations the predicted radionaclide intakes
by man are more likely to be overestipated
than underestinmated. Transfer coefficients of
AQUANMOD are expressed in terms of basic
environmental and ecological data so that the
model can te realistically applied to a
variety of aquatic systeas. The data required
to isplement the model for a particular systes
are limited to that which is easily measurable
and/or often available, and the pore important
model parameters are identified. (DLS)

AQUANOD exists as a code but the working
condition of that code is unknown. Also,
there is no documentation on the code itself.

<u8>
Cooper, R.E., RADOS, A Code to Estimate Gamma
Dose from a Cloud of Radioactive Gases..

1967, June. DP-1098; 23 p. (Savannah River
Laboratory, Aiken, SC 2980 1)

RADOS is a computer code that rerresents the
finite spatial distribution of airborne source
material as an infinite number of line
sources. The code provides a means of rapidly
calculating vhole body gamma dose from a
finite cloud of radioactive material. The
sioplifying assumptions used to minimize
conputation time are: (1) The material
release is instantaneous and results in a
radioactive cloud of unit thickness in the X
or dovnwind direction. (2) There is no change
in the size and shape of the cloud during
passaqge over the effective range of the
receptor. (3) The gamma buildup factors can
be expressed analytically with sufficient
accuracy. These assumptions limit the
applicability of RADOS as follows: the
naterial release should occur over a
relatively short time; the receptor distance
should be more than 600 meters downwind from
the release point; and the gamma energies
should be in the specified range. A 4 qgroup,
12 isotope, 1 receptor-~point problem requries
approximately 1.75 seconds on the IBN
Systen/360-65. This is approximately 8
percent of the running time for the moce
detailed CLOUD code. Dispersion is esentially
based on the Gaussian assumption. It is used
for accidental releases from reactors.

(Auth) (CVM)

<44>

#illis, C.A., G.A. Spangler, and W.A. Rhoades, A
New Technique for Reactor Siting Dose
Calculations.

1970. itealth Physics, 19, 47-5¢ (HNcDonnell
Douglas Astronautics Coampany, Santa Monica, CA)

The COMRADEX code was developed to calculate
radiation doses from accidents postulated for
advanced reactors with sophisticated
enqineered safequards. The use of a direct
nunerical technique, designed especially for
quasilinear differential equations, to solve
the leakage and decay chains, perasits the
inclusion of several special features. These

43

<47T>

include the capability for considering up to
four levels of containment, each with an
independent time-varying leak rate. Provision
is also included for filtration, particle
coagulation and fallout, and special cleanup
systems. Shielding may be introduced between
the various containment shells. A full
fission product inventory (plus special
isctopes) is used with input release
fractions. The meteorology model is that of
Pasquill and Gifford. Internal doses are
determined with the International Commission
on Radiological Protection (ICRP) model. The
cloud gamma dose is obtained by integrating
over the anisotropic Gaussian cloud; this
calculation is simplified by assuming a single
air attenuation kernel for all gammas. (Auth)

<50>

Strenge, D.L., and E.C. Watson, A Computer
Program for Calculating Annual Average External
Doses Prom Chronic Atmospheric Releases of
Radionuclides.

1973, June. BHWL-B-264; 132 p. (Battelle,
Pacific Northwest Laboratories, Richland, WA
99 352)

In KRONIC the atmospheric dispersion effects
are estimated using data on joint frequency of
occurrence of wind speed, wind direction and
stability for a particular site. Each sector
is considered to be a plume for which the
center line ground level dose is calculated
for specified downwind distances. The result
of the calculation is a table of annual dose
rates as a function of direction and distance
frecm the release point. Both photons and beta
particles can give significant contributions
to the external total body dose. The beta
dose contribution is easily calculated using a
semi-infinite cloud model. This nmoudel pay he
used because the range of heta particles in
ait is short compared to the dimensions of
plumes considered. The gamma dose calculation
is more complicated because of the relatively
long range of photons in air. To properly
deteraine the gamma contribution it is
necessary to perform a space integration over
the plume volume. The integration technique
used in the reactor accident analysis computer
progran RACER 1s employed in KRONIC except
that here the plume width is determined by
sector boundaries rather than by a Gaussian
concentration gradient. The gamma dose is
calculated as a tissue dose at the body
surface, at 1 cm depth and at 5 cm depth. The
beta dose and gampa doses are reported
separately, hovever, the beta dose and gamma
surface dose may be added and reported as skin
dose if desired. (POH)

Mathematical models and a computer program are
described for calculation of annual average
beta and gamma doses resulting from chronic
release of radionuclides to the atmosphere.

<5 1> .
Reeves, M., P.G. Powvwler, and K.E. Covser, A
Computer Code for Rnalyzing Routine Atmospheric
Releases of Short-Lived Radioactive Nuclides.

1972, Gctober. ORNL-TH-3613; 20 p.
National Laboratory, Oak Ridge, TN

{0ak Ridge
37830)

A computer code is presented which calculates
average annual ground level air
concentrations, Jdeposition rates, and ground
concentrations for a decaying chain of
radioactive nuclides. Menbers of this chain
are assumed to have been enmitted from a stack
under routine nonaccidental operating
conditions. Averages are performed relative
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to atmospheric stabilities, wind speeds, and
wind directions. (Aath)

<52>

Daniels, D.G., J.C. Sonnichsen, and R.T. Jaske,
The Estuarine Version of the COLHBAT Digital
Siaulation Model.

1970, June. BNWL-1342; 40 p. (Battelle, Pacific
Northwest Laboratories, Richland, WA 99352)

COLHEBAT is an aquatic dispersion model which
in this case was modified to simulate spatial
and teaporal variations of temperature,
chemical, and radionuclide concentration above
the salt intrusion in coastal plain estuaries
where the river flow is dominant. This report
explains the modifications and describes a
case study on the Coluambia River estuary. (CTG)

<53> -

Blaine, B.A., and E.L. Bramblett, AISITE II, A
Digital Comruter Program for Investigation of
Heéactor Sitinqg. .

1964. NAA-SR-9982; 94 p.
Canoga Park, CA) i

(Atomics International,

AISITE IX automatically varies any one of 46
parapeters such as reactor pover, building
leak rate, iodine cleanup rate, halogen filter
efficiency, etc. The siting criteria of
10CFR100 are used in AISITE II with
conputation of the exclusion area, low
populaticn boundary 2one, and
low-population-center distances as functions
of any parameter. In addition, dose versus
distance curves are obtained for inhalation,
direct building, and direct cloud doses. The
printed edit consists of the dose versus
distance data, fractional contritution by
isotope gqroup to the inhalation dose, and
critical distances for both a 2 hr and a 30
day release. Graphical displays can be
obtained for critical distances as a function
nf the variable paramotor and dooe versus
distance for any organ or the critical organ,
for each value of the paraneter. Three
isotope release podels with up to four levels
of containment are provided. (Auth) (CTG)

<564>

Bonzon, L.L., and J.B. Rivard, Computational
Method for Calculation of Radiological Dose

Resulting from Hvpothetical Pission Product

Release.

1970, July. SC-RR-70-338; 148 p. (Reactor
Studies Division 5222, Sandia Laboratories,
Alhuauerane. NN)

An isproved method for the calculation of
radioloqical doses resulting from the release
of fiscion products is presented, including
the derivation of, and the limitations on, the
inhalation dose equaticon. Tha mothod is
applied in the linked computer codes PISSP and
CLOUD to the calculation of external and
internal doses resulting from the hypothetical
release and dispersal of 326 fission product
nuclides and metastable states. The
sensitivity of the results to parameter
variation is reported, including a study of
the influence of unlisted MPC values upon the
inhalatioun duses. (Auth)

<59> .

Travis, J.R., A Bodel for Predicting the
Redistribution of Particulated Contaminants from
Soil Surfaces.

1975, August. LA-6035-%5; 63 p. (Los Alamos
Scientific Laboratory, Los Alamos, NM 875u45)

A computerized model was developed to describe
the redistribution of wind eroding
soil-contaminant mixtures. Potentially aobile
particulate contaminants can, in the first
approximation, be assumed to be
indistinguishable from the wind eroding soil
in which they are distributed. A grid network
characterizes important soil and surface
conditions, and mass conserving control
volumes are constructed on each cell.

Material is transported through the vertical
and top surfaces of a control volume by a
modified Bagnold-Chepil horizoantal flux
forasulation and modified Gillette vertical
flux formulation, respectively. The vertical
emissions, considered as puffs from area
sources. create at reginlar time intervals a
contaminant cloud which is proportional to the
suspendable qround concentration. These puffs
diffuse downwind under time-dependent wind
velocity and atmospheric stability conditions,
maintaining during the time interval a
three-dimensional Gaussian distribution of
concentration with cloud volume., Material
frow each puff is deposited in downwind cells,
leading to the possihility of many different
flights from these nev soureces. The
usefulness of this predictive tool is
demonstrated by calculations involving
nixtures of particulate Pu 233 Pu 02 in highly
erodible soils under dust storm conditions.
Time-dependent surface concentration angd
breathing zone exposure isopleths, evolving
from a small contaminated area, show the
potential hazard fropm wind eroding toxic
materials. Radioactive decay is not
considered. The model essentially assumes a
one time external deposition. (Auth) (Cun)

<56>

Fllison, T.%W., and A.B. Dunham, A CDC 6600
Program for Calculation of Inhalation and
Pxternal Dose for Establishing Reactor Siting
Distance Requireaments.

1967, January. KAPL-#-65; 24 p. (General
Blecteic Ccompany, Knolls Atomic Power Laboratory,
Schenectady. NY)

The Dose B Program has been written to
facilitate the calculation of distance factors
for nuclear reactor sites as described in the
vell known USAEC Document "Calculation of
Distance Pactors for Pover and Test Reactor
Sites", TID-14844. The calculations are
esseutially as described in this docunent
excopt that tho dose code allovs for arbitcary
operating pover histories and variable
containment leak rates. The progranm
oaloulates the thyroid and diiccl gawna douses
received by an individual standing at a
distance D from the paint of fission product
release for a time TAU subsequent to the tinme
of release and based upon a given reactor
aperating history. (Auth)

This document does not contain a complete
description of the conceptual model on which
DOSE B is based.

<57>

fouston, J.R., and K.R. Heid, PUDEQ: A Computer
Code for Calculating Dose Equivalent fronm
Internal Deposition of Plutonium at Hanford.'

1975, oOctober. BNWL-B-450; 40 p. (Battelle
Pacific Northwest Lahoratories, Richland, WA
991352)
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Presented here are the procedures and
mathematical sodels used in developing POUDEQ,
a conputer program for computing the dose
equivalent to body organs from intake of
plutonium. The proqras was designed
specifically to use the data recorded on the
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<59>

Booth, R.S., and S.V. Kaye, A Preliminary Systens
Analysis Model of Radioactivity Transfer to MNan
from Deposition in a Terrestrial EBnvironment.

1971, October. ORNL-THM-3135; 21 p. (Oak Ridge
National Laboratory, Oak Ridge, TN 37830}

Hanford Internal Exposure {HIB) System (1)
magnetic tape as input. 1Insofar as vas
possible., the recommendations of the Advisory
Comnittee on Dose from Plutoniuo and other
Transuranics vas followed. (2) Sonme
deviations were made where errors, oaissiomns,
or incounsistencies were found, after
consultation with members of the Conmittee.
In the current version of the program only
plutonium and its immediate important
daughters are considered. The program could,
however, be expanded to include other
transuranic nuclides. At present, only a few
depositicns of transuranic nuclides other than
plutonius are recorded out of about 450
individuals involved in a total of over 700
olutonium intakes. (Auth)

58>

gooth, R.S., S.V. Kaye, and P.S. Rohwer, A
Systems Analysis Hethodology for Predicting Dose
to Man from a Radicactively Contaminated
Terrestrial Environment.

1971, May. CONP-710501; ORNL 546; Part of Nelson,
D.J. (Ed.) Proceedings of the Thicrd National
Symposiue on Radioecology held in Oak Ridge,
Tennessee, May 10-12, 1972, p. 877-89) (0ak
Ridge National Lahoratory, Oak Ridge, TN 37830)

A mathematical model was constructed
sisulating selected terrestrial pathways by
vhich fallout radioactivity can be transferred
ultimately to man. This model is intended for
preliminary predictions of radionuclide
intakes by man through consuaption of nmilk,
beef, and plant parts contaminated directly by
fallout as vell as by uptake from the soil.
The intake rates and total intakes of 25
radionuclides wvere predicted for a “standargd"®
man based on a hypothetical fallout of %

uCi/m (B+2) Of each radionuclide. 1In the ficst
few days after deposition, milk and directly
contaminated plant parts provided the greatest
intake of radioactivity froe this mixture of
radionuclides. After about 30 days, the
intake rate via heef was 2.5 times pmore
important than that from directly contaminated
parts. Finally by 500 days, the intake rate
from plant parts contaminated by uptake fronm
the soil vas the most important soucce of
radioactivity to man in the contaminated area.
This generalized dynamic nodel is

sufficiently versatile that it can be applied
to many terrestrial environments and to all
radionuclides. This first version of the
model is to undergo future refinements. (Auth)

This is one of two slightly different reports

A systems analysis methodology has been
developed to predict intakes by san, estimate
dose copmitments, and identify vcritical"
exposure pathvays resulting from radioactivity
releases to a terrestrial envirooment. A
mathematical model was constructed simulating
selected terrestrial pathways by wvhich fallout
radioactivity can be transferred ultinmately to
man. This model is intended for preliminary
predictions of radionuclide intakes by man
through consumption of milk, heef, 'and plant
varts contaminated directly by fallout as well
as by uptake from the soil. Differential
equations were written describing the
radionuclide transfers, and the parameters
required to implement these equations were
derived. In verification tests, pmodel
predictions of Cs 137 concentrations in
environmental compartments agreed vithin a
factor-of 2 with experimental data. More
extensive verification studies involving other
radionuclides are needed. The intake rates
and total intakes of seven sample
radionuclides vere predicted for a "reference"
man based on a hypothetical fallout of 1p
Ci/cm(B+2) of each radionuclide. These
predicted intakes wvere used as input to an
internal dosimetry model which calculated dose
comnmitments for each radionuclide and pathvay.
The tesults of these calculations are
discussed in relation to individual
radionuclide contributions to dose coamitaent.
This qeneralized food-chain model is
sufrficicnely vorsatlle that Lt can Lbw applied
to many terrestrial envircnements and to all
radionuclides. The first version of the nodel
is expected to undergo future refinements.

The predicted intakes are calculated with a
coamputer code called TERMOD. The internal
dosimetry calculation is performed with the
INRENK coamputer code. (ARuth) (DLS)

This is the first of two slightly different
reports describing TERNOD.

describing TERMOD. This report presents some
results not contained in the earlier report.

<6 0>

Heller, F., W. Schikarski, and A. Wickenhauser,
NUNDO - A Digital Code for Computing Accident
Dose Rates in Reactor Environs.

1967, September. KFK-653; BUR 36R4d4; EORPNP-U461;
33 p. (Institut fur Angewandte Reaktorphysik,
Karlsruhe, Germany) .

The MUNDO computer code calculates the dose
equivalent received at the point P and time T
in rem as a function of meteorological and
internal physical and engineering properties
of the reactor. The code considers fuel
release factors, decontamination factors,
filter factors, leak functions,
multi-containment, ground release, stack
reledse, weather conditions, external
irradiation, internal irradiation, and direct
irradiation from the reactor building.
Approximately 80 nuclides can be included in
the calculation. Atmospheric dispersion
includes Sutton's diffusion parameters, and
plume depletion via deposition and decay are
accounted for. Exposures are calculated for
inhalation, external exposure to the plume,
and external exposure to the ground.
Ingestion and wet deposition are not
considered. (FOH)

<61>

Bramati, L., T. Marzullo, I. Rosa, and G. Zara,
VADOSCA: A Simple Code for the Bvaluation of
Population Bxposutre Due to Radioactave
Discharges.

1973, Sept.. CONF-7309007-P2; Part of Proceedings
of the Third Internmational Congress of
International Radiation Protection Association
held in Washington, DC, September 9-14, 1973, p.
1072-1077 (Italian National Electric Energy
Agency (ENEL))
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<61> CONT.
The code consists of twvwo parts, one for 1liquid
discharges (VADOSCA-LI) and one for gaseous
discharqes (VADOSCA-GAS). It incorporates the
transfer parameters of twenty-four
radioisotopes in the case of liquid
discharges, and of twenty radioisotopes in the
case of gaseous discharges. It allows the
evaluation of the concentrations of the
various isotopes in all the compartments of
the critical paths outlined in the
International Coamission on Radiological
Protection (ICEP) Publication No. 7, and the
evaluation of the annual doses for five
critical organs (wvhole body, G.1. tract,
thyroid, bones, lung) for the various critical
groups of population on the basis of
environmental parameters such as the time of
residence in a certain area, diet, type of
activity, hydrological regimen, irrigation
methods, and meteorological conditionc.
Alt hough extremely simple, the ccde allowus
fapid pettoimance of all the evaluations
required to define the amount of radioactivity
that can ke released and the asscciated
expogures. In it3 present form, the code
VADOSCA~LI couvers twenty=four
radionuclidesincluding some fission products,
some activation products, plus an alpha
epmitter. VADOSCA -LT calculates the doses to
four special groups, namely, fishermen, other
workmen, local population, farmers. A
separate calcualtion is made for the doses
originated by drinking wvater. The doses are
evaluated for five critical organs and they
ace expressed in mrem/yvear if the discharges
are expressed in Ci/yr. 1In VASDOSCA-GAS,
tventy nuclides are considered , including
eiqht noble qases (fission and activation
products, various isotopes as particluates,
and H3, N13, C14 in the form of vapor.
Atmospheric diffusion is evaluated with
Pasquill's theory adapted to the
meteorological data available. In its present
form VADOSCA-GAS does not take into account:
particular effects such as the cloud depletion
due to deposition, down draft and building
effect; the particulate deposition rate is
assumed constant at 3 x 1Q(E-2) ass. (FPOH)

This roport ic a desaription of the
capabilities and applicability of VADOSCA. No
reference is qiven for coaplete documentation
of the ¢ode. The code VADOSCA LI is written
in PORTRAN; it needs 20 K memories and it
takes approximately 15 seconds in a GE 635
computer. VADOSCA-GAS is written in PORTRAN
and needs 60 K memories and takes about 60
seconds in a GEB 635 computer.

<62>
Coates, R.L., and N.R. Horton, RSAC —-- A
Radiological Safety Analysis Computer Progran.

1966, May. IDO-17151; TID-4500; 208 p. (Phillips
Petroleum Company, Atomic¢ Energy Division, Idaho
Operations Office)

RSAC is desiqned to compute the potential
radiological doscs resulting from either a
continuous or instantaneous release of
radiocactive fission products to the
atmosphere. The program has been developed as
part of LOFT and the general nuclear safety
prograpns to provide a generalized computer
progran for a complete parametric
investigqation of thc radiological hazards.
The docos conoidered arc cloud ganmma,
deposition gamma, ingestion, and inhalation.
They are tased upon the release of up to 200
isotopes, the relative abundance of each
isotope being dependent upon the operating
history of the puclear reactor under
consideration. Included are the mathematical

models, conversion factors, assumptions, flow
charts, program listings, and other data
considered pertinent to the overall
development of this program. The progranm is
written in SYNBOLIC LANGUAGE (MAP) for the IRM
7040 computer and is divided into the
folloving five major ctegories: (1) Curie --
The fission product inventory generated for a
given set of operating conditions (2) Cloud
Gamma Dose -- The external ganmma dose received
as a consequence of exposure to airborne

. radiocoactive materials (3) Deposition Gamama
Dose ~- The external gamma dose received as a
consequence of exposure to deposited fission
prcducts (4) Inhalation NDose -- The internal
dose to eight critical organs received as a
consequence of inhaling airborne radioactive
materials (5) Ingestion Dose -- The internal
dose to the thyroid received as a consequence
of ingesting iodine contaminated milk. This
dose ina calculated using the iinhalatiun duse
conversion factor and gultislving this factar
times a cocrection factor to account for
bicaccumulation and milk consumption. {POH)}

A FORTRAN version of this code has been
published in IDO-17261 (1968, June). Sutton's
equation is used for atmospheric dispersion.
Although the description of the code refers to
the prediction of ingestion doses, these
exposures are only calculated via a single
adjustment factor vonverting the inhalation
dose factor to an ingestion dose factor. The
ingestion pathway is only determined for
exposure to the thyroid.

<63>

Richardson, L.C., User's Manual for the Portran
Version of RSAC A Radiological Safety Analysis
Coasputer Progran.

1968, Juane. IDO~17261; TID-4500; 136 p.
(Phillips Petroleum Company, Atomic Energy
Divisiou, Idaho Operations Office)

This report constitutes a user's manual for
the FORTRAN version of the RSAC computer code.
The mathematical mndel and equatinng are
dosctiked in IDO 171581, REAC -- A Radielogical
Jaefty Analysis Computer Pruyram, by R.L.
Coates and N.R. Norton, dated May 1966. The
progras computes wbe petential radielaginal
doses resulting from either a continuous or
instantaneous release of radioactive fission
products to the ataosphere. The doses
considered are cloud gamma, deposition gamna,
ingestion, and inhalation. They are based upon
the release of up to 450 isotopes, the
relative abundance of cach isotope being
dependent upon the operating history of the
nuclear reactor under consideration. The
program is divided into the following five
major categories. {1) Curie -~ The fission
product inventory generated for a given set of
reactor operating conditions (2) Cloud Ganmnma
Dose ~- The external gamma dose received as a
rongaquence of expesure to aichorne
radioactive materials (3) Deposition Gamma
Dose -~ The external namma dose received as a
consequence of exposure to deposited fission
products (4) Lnhhalatioh Dose -- The internal
dose to one of nine critical organs received
as a consequence of inhaling airborne
radioactive materials, and (5) Ingestion Dose
-- The internal dose to one of nine critical
organs received as a consequence of ingesting
radioactive materials. This report
Lvunstitlutes a user's guide for a laver varsion
of the code written for the nost part in
POBTRAN IV for the IBM T04L. With the
exception of input options, input and output
format changes, the addition of an option for
calculation of the horizontal and vertical
diffusion coefficients using Pasquill's
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- paraneters, and the inclusion of building
turbulence effects, this version is the same
as the origqinal (machine language) version.
The mathematical models and calculations are
the same as described in IDO-17151 and are not
described in this report. (Auth) {POH)

A user~-supplied multipler is needed in order
to convert the inhalation dose to an ingestion
dose.

<64>

nackay, T.F., and R.F. Ely, Jr., Computation of
Radiological Consequences Using INHEC Computer
Progran.

1974, Pebruary. GAI-TR-101P; 210 p. (Gilbert
Associates Incorporated, 525 Lancaster Avenue,
Reading, PA 19603)

INHEC is a computer code specifically prepared
for parametric investigation of radiological
consequences involved in the accidental
release of radioactivity from a nuclear power
plant. The computer code is designed to
calculate off-site doses from time-varying
releases of radioactivity to the environment
vith an option to calculate the tesulting
activity buildup in a secondary volume (e.qg.,
a nuclear power plast control room). The code
has wide applicability simce it can be used in
the analysis of both single and double
containment systems vith varying purge and/or
leak rates from either containment. also, the
code has the flexibility of computing either
instantaneous or time-varying activity
releases to the innermost level of containment
and activity reduction from internal cleanup
systems such as containment sprays and
filtecring units. The meteorology contained in
Requlatory Guides 1.3 and 1.4 is available as
an internal data table; however, other
neteoroloqy may be used as desired. The
printed computer output includes the off-site
inhalaticn doses, the off-site cloud center
and ground level gamma doses, the off ~-site
cloud center and surface body beta doses, and
activity inventories in the containment (s) and
on filters. The printed computer output
resulting from the secondary voluee option
includes inhalation and surface body beta
doses, inteqrated activity exposure inside the
secondary volume, and activity inventories in
the secondary volume and on related filters.
Also, a qgamma source sort of each activity
inventory is provided to facilitate shielding
calculations. All activities apd doses are
calculated as a function of time and, where
applicable, as a function of distance.

<65>

Plato, P.A., D.F. Henker, and N. Dauer, Computer
Model for the Prediction of the Dispersion of
Aicborne Radioactive Pollutants.

1967. Health Physics 13, 1105-1115 (University
of miami, School of Medicine, Miami, PL)

Presented are two coaputer programs written
for an IBX 1401/7040 digital computer in a
FORTRAN IV computer language. The prograss
are called RADS and ARADS, acronyms for
Radinlngical Atmospheric Dispersion Study and
Alternate RADS, respectively. Both programs
are desiqgned to investigate the use of various
equations formulated to predict the dispersion
of radioactive effluents deposited into the
atnosphere from a smoke-stack. The release of
the effluents may be of either an
instantaneous or continuous nature.
Predictions of atmospheric concentrations are
made for approximately 600 points throughout
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an observation area surrounding the smoke
source, allowing contour lines of equal
concentrations to be dravn. The RADS progran
vas designed for one particular effluent
release. The program predicts the path of the
smoke from the source to one of the boundaries
of the observation area. Predictions are then
made concerning the dispersion of the smoke.
The ARADS program uses average geteorlogical
conditions to predict the air concentrations
resulting from long-term releases of a
smokestack effluent. The output data for both
prograass contain a scaled nmap of the
observation area showing the location of the
predicted concentrations in order to simplify
the draving of the contour lines. 9hile the
authenticity of the prediction equations is
not certain, a definite relationship between
relative air concentrations with respect to
the location of the source was established.
The programs permit fast, accurate, and
voluninous solutions to the complex eguations,
and provide a tool with which to examine the
prediction equations themselves. (Auth)

<66> )

Plato, P.A., D.P. Menker, and M. Dauer, Sone
Exanples and Limitations of the RADS and ARADS
computer Programs.

19€9. Health Physics, 16, 383-391
miami School of Medicine, Niami, PL

(University of
33152)

Computer programs dealing with the prediction
of the dispersion of airborne radioactive
pollutants have already been written.
Continued use of these programs has shown the
flexibility of these programs, as well as some
of their weaknesses. Presented in this paper
are examples of both conditions.” The RADS
program predicts the path of smoke from the
source to one of the boundries of the
observation area. The ARADS program uses
average meteorological conditions to predict
the air concentrations resulting from long
term releases of a smokestack effluent. Both
RADS and ARADS prograes have proven to be
extremely flexible in their handling of
various sizes of observation areas. To
further improve the flexibility of RADS,
additional work is needed to allowv it to
differentiate between turning anl converging
conditions and to handle the condition of wvind
calms. (Auth) (JTE)

<6
Wong, P., A Fortran Program to Datermine Absorbed
Oorgan Dose Due to Ynhalation of Radionuclides.

1967, January. USNRDL-TR-67-7; 106 p. (U.S.
Naval Radiological Defense Laboratory, San
Prancisco, CA 98135)

A PORTRAN coamputer program has been developed
to deternine the maxiaum internal dose
ceceived by a given body organ as a result of
inhalation of specific radionuclides. The
program, based upon equations reported in the
literature, determines the effective energy
atsorbed by the body organ per disintegration
of the radionuclide, and computes the absorbed
organ dose for various periods of intake for
single or continuous release and for

various periods of internal exposure. 'The
organ dose includes effects from all
descendants of the nuclide originally
considered to have entered the body organ.
Tabulated results for 133 radionuclides and
their contributions to the dose to seven body
organs and the whole body are presented.
Input to the FPORTBAN computer program aay be
nodified to yield results for other
radionuclides or body organs. The computer
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program ®may also be used to determine (by
summing) the total absorbed organ dose for a
mixture of fission products if the
concentration in air of each major contributor
at initial intake time is known. {Auth)

<68>

Clarke, R.H., The WBERIE Program for Assessing
the Radiological Consequences of Airtorne
Effluents from Nuclear Installations..

1973. Health Physics, 25, 267-280 (Central
Electricity Generating Board, Berkeley Nuclear
Laboratories, Berkeley, Gloucestershire, England)

A masthomatiocal sedol hac hoon dovicoed for
quidance in the safety and siting aspects of
nuclear installations under operational or
accident conditions. The model begins with
the full fission product inventory applicable
to the fuel at the time of interest generated
for any reactor type and irradiation history.
The amount of fuel involved in the incident
may vary as a function ot time, and either a
time decayvying or constant fission product
inventory may be used to specify the release.
The activity leaks from the circuit vith
allovances for time~dependent plateout,
resuspension and filtration of each elemental
species. By preserving the full nuclide decay
schemes, nuclides leaking into the atmosphere
depend not only upon their own release
behaviour but also on that of their
precursors. The effluent in the ataospheric
is dispersed from an effective stack height
and allovance is made for building
entrainment. Standard meteorological
dispersion models are used and the effects of
radioactive buildup and decay, ground and
inversion reflections and ground deposition
are taken into account. WEERIE then evaluates
the inhalation and the cloud beta doses, vwhile
inteqration over the volume of the plume leads
to estimates of the cloud gamma exposure.
WEERIE is written in PORTRAN IV (H) and
executes on the IBM 370/165 computer requiring
250 kbytes of fast core storage. Exaecution
times vary vith the degree of precision
reyuested in ehe vloud gamea cvucine, but
typically doses and exposures may be evaluated
at the rate of 200 observation points per
minute. (Ruth)

A Time-dependent code for atmospheric
dispersion and dosimetry used extensively in
the United Kingdom for environmental
assessaent is presented.

<89>
Voilleque, P.G., ABRIN, A Code for Acute Aerosol
Inhalation Exposure Calculations.

1970. Health Physics, 19, 427-432 (Health
Services Latoratory, U.S. Atonmic Energy
Commiocion, Idaho Fallc, ID}

ARRIN ie a FORTRAN IV program writton to
simplify the application of equations for
coaputing the organ and tissue burdens and
doses resulting from an acute inhalation
exposure to a radioactive aerosol. The amodels
vhich fornm the basis for the calculations are
(1) the deposition and clearance models of the
Internat ional Coamission on Radiological
Protection (ICRP) Task Group on Lung Dynaaics,
(2) the gastrointestinal (GY) tract model of
Eve (1966) and (3) a single exponential model
for the "critical® organs and tissues. The
fundamental data for the respiratory and GI
tract models are vritten into the prograan.

The user can select suitable dosimetric
paraneters for the respiratory and GI tract
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tissues, choose the appropriate metabolic and
dosimetric quantities to be used in
calculations for the "“critical® organs and
tissues, and specify the nuuber of
conputations to be made and the time interval
betveen them. The output consists of a
coaplete listing of the assumed parameters as
vell as the organ and tissue burdens and doses
as functions of time post exposure. (Auth)

<310>
Specht, BE., C. Kartin, J. Otter, and R. Hart,
Description of the CONRADEX-II Code.

1975, Pebruary. TI-001-130-0t8; 113 p. (Atomics
International Division, Rockwell International,
canoga DPack, CA)

The COMRADEX-II (COntainment and Meteorology
of environmental RADiation EXposure) code wvas
developed for the calculation of radiological
doses from hypothetical power reactor
accidents. It permits the user to analyze as
many as four levels of containment with tipe
varying leakage and fallout rates in each ’
level. Piltration in each containment region
may be by isotopic class (noble gas, solids,
or halogens). Shielding may be introduced
betvween the various containment shells. The
environmental doses calculated include the
direct ganna dose from the containment
building, the internal doses to as many as 12
body organs (including the thyroid, bone,
lung, etc.) due to inhaling the airborne
radioactivity, and the external gamma and beta
doses from the cloud. Leakage and fallout
rates, and initial inventory must be given as
input data. A direct numerical technique,
designed especially for quasi-linear
differential equations, is used to solve the
leakage (as well as containment region
fallout) and decay chains. The meteorology
model is that of Pasquill. Pactors are given
in this document for computing internal doses
vith the ICRP-2 or the TGLD "Newv Lung” models.
The cloud gamma dose is obtained by
integrating over an anisotropic Gaussian
cloud. The external beta dose calculation
assunes a seni -infinite radioactive cloud.
iy code represenes a moulificaciovn vr the
earlier COMBADEX code. (Auth) (CWN)

<t

Oonishi, Y., P.A. Johanson, R.G. Baca, and E.L.
Hilty, Studies of Columbia River Water Quality,
Development of Hathematical Models for Sediment
and Radiovnuclide Transport Analysis.

1976, January. RNWL-B-4S52; 42 p. (Battelle,
pPacitic NOrthvest Laboratories, P.U. Box Y9y,
Richland, WA 99352)

The program undertaken by PHL to study the
vater quality of the Columbia River consists
of tvo separate segments: (a) Sediment and
Radionuglide Tranoport Program, and (b)
Columbia River Temperature Analysis. Por the
Sodinmont and Radionuclido Trancport PMxoqzam,
quasi-two dimensional (longitudinal and
vertical directions) mathematical simulation
models have been developed for determining
radionuclide inventories, their variations
with time, and movements of sediments and
individual radionuclides in the freshwvater
region of the Columbia River belowv Priest
Rapids Dam. These codes are presently being
applied to the river reach between Priest
Rapids and McNary Dams for the initial
sensitivity analysis. In addition, true
two-dinensional (longitudinal and lateral
directions) nodels have been formulated and
are presently being prograased to provide more
detailed information on sediment and
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radionuclide behavior in the river. Por the
Teaperature Analysis Program, river wvater
tepperature data supplied by the U.S.
Geological Survey for six ERDA-sponsored
temperature recording stations have been
analvzed and cataloged on storage .devices
associated with BRDA's CDC 6600 located at
Richland, ¥ashington. These models may be
used to study the transport of radionuclides
routinely or accidentally released froam a
nuclear reactor. (auth) (DLS)

Contains a description of two different 2-D
transport models, the names of vhich were
obtained via private communication with Y.
Onishi. PETRA is the 2-D (lateral and
longitudinal) finite element transport amodel
used for estuaries, coastal areas and vide
lakes. It is written in PORTRAR IV for a
Cyber 7600 computer. SERATRA is the 2-D
(vertical and longitiudinal) sediment and
radionuclide transport model used for narrow
estuaries, rivers, and deep lakes. It uses
finite differencing and is written in PORTRAN
IV for the PDP 11/4S.

<12>

Start, G.B., and L.L. Wendall, Regional Effluent
Dispersion Calculations Considering Spatial and
Temporal Meteorological Variations.

1974, May. ERL ARL-44; 63 p. (Air Resources
Laboratories, Natiomal Oceanic- and Atmospheric
Administration, Idaho Palls, ID)

An obfective reqgional trajectory analysis
schere has been combined with a Gaussian
diffusion model to yield a technique called
MESODIP (mesoscale diffusion). The trajectory
analysis scheme utilized wind data from a
netvork of tower-mounted wind sensors to
consider the effects of spatial variabilities
of horizontal wind flov near the surface,
incorporated time changes in rates of
diffusion, and used an upper level 1lid to
vertical mixinq. The MESODIF calculations of
total integrated concentrations were coampared
with corresponding conventional calculations,
using wind-rose foint frequency statistics
(single vind station). Conparisons were made
within a regqion about 100 by 130 km, and for
time spans from 6 hr to 1 yr. The diagnostic
coamparisons of regional dispersion effects
from each technique showed significant
differences over the range of scales
considered. Bffluent recirculatiosns and
stagnations, related to local wind
variabiliries about terrain teatores, vere
believed to produce localized zones of
enhanced exposure to airborne effluents.
These zones vere not resolved by the
conventioral vind-rose model. Por short or
accidental type of emissicns, the greatest
shortcoming of the single wind-station
dispersion aodel was its failure to identify,
vhen applied wvithin a region of spatially
variable winds, the subregion vhich would be
affected. At distances beyond about 25 to S0
ka, the wvind-rose nodel calculaticns vere
significantly biased to overestipation of
annual total integrated concentrations by
about an order of magnitude. The inability of
the wind rose model to accomnodate time
changes in stability category during effluent
transport to the more distant receptors vas
the single most influential factor of this
bias. Current usage of the wvind rose
technigue for regional disperison
calculations, especially at the longer
distances, incorporates some systemic bias in
the evaluations. These shortconmings are points
of concern and should be reconciled with
vhatever impact assessment schemes are to be
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utilized within the mesoscale or regional
dooain. {Auath)

<1

Pletcher, J.P., W.L. Dotson, D.E. Peterson, and
R.P. Betson, Modelling the Regional Transport of
Radionuclides in a Major United States River
Basin.

1973. CONP-730503-5; IAEA-SH-172/40; Part of
Proceedings of a Symposium on Bnvironmental
Behavior of Radionuclides Released in the Ruclear
Industry, held in Aix-En-Provence, Prance, May
14-18, 1973, p. 449-465 (Hanford Bngineering
Developaent Laboratory, Richland, %A; Tennessee
Valley Authority, Knoxville, TN}

A coaprehensive study of the radiological
inplications of large-scale use of nuclear
pover generation, addressed to the
Tennessee-Cunberland River Basins in the year
2000, is being undertaken. In the course of
this study computer modelling techniques have
been developed to evaluate the movement of
radionuclides, by water and air transport,
from points of release at 'a large numher of
plant sites and to calculate patterns of
radionuclide concentration throughout the
region of study. Air transport calculations
utilize a modification of the bivariate normal
equation, with the vertical parameter sigma(z)
characterized as a function of distance fronm
the source, stability and mixing layer depth.
Local variations im air flow caused by major
terrain features are nmodelled. hepletion of
the airborne radionuclides by wvet and dry
precipitation processes is accounted for and
the concentrations of deposited radionuclides
are calculated. The model suas contributions
from all sources to provide resultant pattecns
of concentration of airborne and deposited
radionuclides, including contributions from
radionuclides in solution and absorbed on
sediments. EBffects of flow stratification
and sediment trapping in reservoirs are
considered. The solution of air-deposited
radionuclides and their suhsequent transport
in ground and surface vaters are modelled.
Calculational routines are proviled for
sisulating radionuclide transport in each
streaa in the basin and for calculating the
resultant concentrations in solution and
associated with suspended and deposited
sediments. Together, the air and wvaterc
transport models are designed to calculate
regional patterns of radionuclide
concentrations in the environment that result
from the operation of nuclear facilities in a
réegion. Thesé concenttation patterns can then
he applied to the evaluation of radiological
dose to man. (Auth)

<7W>

Cowser, K.BE., R.S. Booth, B.R. Pish, W.S. Snyder,
J.P. Witherspooon, G.R. Siegel, and W.H. Wilkie,
Methods of Bstimating Dose to Man from Regional
Grovwth of Nuclear Powver.

1973. CONP-730503-~5; IAEBA-SH-172/41; Part of
Proceedings of a Symposiuam on Environmental
Behavior of Radionuclides Released in the Nuclear
Industry, held in Aix-En-Provence, Prance, fNay
14-18, 1973, p. 467-u482 (Oak Ridge National
Laloratory, Osk Ridge, TN; Tennessee Valley
Authority, Muscle Shoals, AL; Tennessee Valley
Authority, Chattanooga, TN)

In co-operation with the United States Atoaic
Energy Commission (USAEL), the Oak Ridge
¥ational Laboratory (ORNL), the Tennessee
Valley Authority (TVA), the Atmospheric
Turbulence and Diffusion Laboratory-National
Oceanographic and Atmospheric Administration



<74>
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(ATDL-NORAA), and the Hanford Engineering
Development Laboratory (HEDL) have undertaken
a joint study of the potential radiological
impact of an expanding nuclear power economy
on the Tennessee Valley Region (TVR). The TVR
study involves an appraisal of the generation,
manaqenoent, and control of radioactive
effluents from nuclear facilities in the
reqion- to the year 2000. Consideration is
qiven to nuclear pover requirements to the
year 2000 and sites for nuclear facilities, to
radioouclides that may be released and their
transport in air and wvater and concentration
in terrestrial and aquatic systems, and to the
estimation and interpretation of the potential
dose to man. This is the second region study
initiatod by tho USARC in the continental
United States of America, the first
considering the region defined as the Upper
Mississippi River Basin (UMRD). A computer
model known as HERNES (Hanford Bngineering
Regional Model for Environmental Studies) vas
developed by HEDL and applied in the UMRB
study. The model permits estimates, on a
reqional basis, of the potential radiation
dose that may be received by individuals and
population groups as a result of radioactive
materials estimated to be released frona
reactors and fuel reprocessing plants.
Modifications in HER®BS are discussed within
the context of the uniqueness of the TVR and
additions or improvesments based on the initial
application of HERMES. The paper, one of
three companion reports, imncludes information
on the data requirements and the coaponents of
HERNES ccncerned with the estimation of dose
to man fros internal and external modes of
exposure. (Auth)

<75>

Soldat, J.K., D.A. Baker, and J.P. Corley,
Applications of a General Conputational Hodel for
Composite Bnvironmental Radiation Doses.

1973. IAEA/SH-172/82; BNWL-4511; CONF-730503-5;
Part of Proceedings of a Symposiua on
Environmental Behavior of Radionuclides Released
in the Nuclear Irdustry, held at Aix-en Provence,
rrance, may 14=18, 1973, 19 p. {Battelle,
Pacific Northwest Laboratories, Richland, #A)

A mathematical model for calculation on a
large general-purpose digital c¢omputer of
regional radiation doses resulting fron
larqe-scale use of nuclear energy wvas
previously developed and reported. This
general model has nov been sub-divided to
pernit rapid calculations for the several
exposure pathwvay groupings in an interactive
mode using the BASIC computer language. The
sub-proqgrams are completely flexible as to the
nuclides, body organs, and pathways from which
radiation doses are to be calculated. They
include at the present time: approximately 150
radionuclides, including transuranics; doses
to vhole body, skin, bone, lungs, thyroid, and
gastrointestinal tract; sub-prograas for cloud
submersion, inhalation of nuclides other than
radioiodines (resuspension of deposited
nuclides is not included), ingestion of water
and aquatic foodstuffs along with external
dose from vater and sediments, ingestion of
irriqated crops, thyroid dose from inhalation
and ingestion of irrigated crops, thyroid dose
froa inhalation, and ingestion and dose to
aquatic biota can also be calculated. Dose
factors in the programs for the various
pedia-nuclide-organ combinations have been
calculated using ICRP methods. Por
radionuclides with long effective half-lives,
the sub-programs calculate either total dose
coanitment for a single year's intake or the
dose-rate at the end of a specified period of
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years at constant annual intake. Transfer
factors betveen trophic levels have been taken
in most part from summaries published by
others, and are updated as newer data becoaes
available. The najor application to date of
the compartoented model has been the
calculation for the U.S5. Atomic Energy
Coamission of environamental impact statements.
Use is also being nmade of the same model for
evaluation of potential radiological impacts
associated with the ultimate fate of
radioactive wastes for various long-teran
disposal concepts. (Auth)

<76>
Dotson, W.L., A Regional Air Transport Model for
Radinlaogical Nosa Stndiasg,

1973. CONF-T730401-2; HEDL-SA-514; Part of Realisnm
in BEnvironmental Control, Proceedings of the
Nineteenth Annual Technical Meeting and Egquipnment
Exposition of the Institute of Bnvironmental
Sciences, held at Anaheim, CA, April 2-5, 1973
(Hanford Engineering Development Laboratory,
Richland, wA)

A computer code, HERMES, wvas developed for
calcultions fron which a reasonable estimate
may be derived of the potential radiation dose
and dose comaitoent to individuals and
population groups residing in regions wvhere
nuclear powver reactors, and ancillary
activities such as fuel reprocessing plants
and vaste storage facilities, are located in
the year 2000. The radionuclide air transport
nodule, ARTRAN, of the code is described. The
three types of data used include: source to
receptor travel distance; effluent soucce rate
and constituent characteristics; and
meteorological variables including wind speed
and direction, atmospheric stability, mixing
depth, and precipitation characteristics. (CH)

<1D

Hedemann, J.P., Comparison of Mathenatical Hodels
for Calculation of External Gamma Doses
originating from Releases of Radioactivity to the
Atmosphere. .

1974, July. RISO-M-1726; %76 p. (Danish Atomic
Brergy Compission, Riscoe Research Bstablishament)

A brief description is given of different
mathematical models for estimating external
gamma doses from a continuous plume of
radioactive gases (iodines and noble gases)
released to the atnmosphere from a nuclear
plant, and the uncertainties of such estimates
are discussed. Ganma doses from unit releases
of fourteen noble gases and iodines were
calculated from these models and compared vith
the doses calculated from the computer program
GDOS, which is an implementation of a gaamma
dose model developed at Riso. Good agreement
was found betveen GDOS and seven other models,
one of which was experimentally verified
within a dovnwind distance of a few
kilometres. PEstipated gamma doses from unit
releases of fourteen noble gases and iodines
for tvo weather categories {(Pasquil types D
and P), and vith three different release
heights (0.24 and 100 neters) calculated with
four of the models (including GDOS), are given
tabularly and graphically for values of
downvind distances from 0.1 to 5.0 kilometres.
(Auth)

<78>

Niehaus, P., Long-Tern Aspects of the
Environmental Burden from Energy Production: C02
and H3.



<78> CONT.
1975, Pebruary. Ph. D. Thesis; 167 p.
(Technische Hochschule, Aachen, West Gernany)

Carbon dioxide and tritium emissions fron
fossil or nuclear pover plants were studied.
. The analysis for possible effects of
alternative strategies to meet future energy
demand on the temperature of the atmosphere
depends on the sathematical model of the
global cacbon dioxide cycle vhiclh uses
nonlinear differential equations. As there
have to be substitutions of fossil pover

plants by nuclear facilities another nmodel was

construc ted to sinmulate the water cycle of the
northern and southern hemispheres by vhich it
is possitle to compute the effects of tritiunm
enissions in the future. (Auth)

Extensive biblioqraphy contains 149 references

<79>

Artemova, N.E., Methods for the Calculation and
Prediction of Contamination of Close-to-Ground
Aicr Layers by Stack Emission of Nuclear Power
Plants. :

1974, may. Archiv fuer Energiewirtschaft, 28(10),
503-512 (Not given) | -

Two fast methods are described which are
suitable for the practical calculation of air
pollution, the Setton-Pasquill method
introduced by the British Atomic Energy
Coamission and a Russian model to calculate
the air pollution due to industry. The
advantages and disadvantages of both methods
are comparatively explained with experimental
data. (GE}

<80>

Ahlstroam, S.%., and H.P. Poote, Transport
#odeling in the Environment Using the
Discrete-Parcel-Random-Walk Approach.

1976, Rpril. Part of Proceedings of the
Environmental Protection Agency Conference on
Modeling, Cincinnati, OH, April 1976, S p.
(Battelle, Pacific Northwest Laboratories,
Richland, wWA)

when formulating a mathematical model for
simulating transport processes in the
environment, the system of interest can be
viewed as a continuum of matter and energy or
as a larqge set of small discrete parcels of
nass aud energv. The latter aprroach is used
in the formualtion of the
Discrete-Parcel-Randor-¥alk (DPRW) Transport
Model. Bach parcel has associated with it a
set of spatial coordinates as vell as a set of
discrete quantities of mass and energy. A
parcel's movement is assumed to be indepeindent
of any other parcel in the systea. A
Lagrangian scheme is used for computing the
parcel advection and a Markov random walk
concept is used for simulating the parcel
diffusion and dispersion. The DPEW technique
is not subiect to numerical dispersion and it
can be applied to three-dimensional cases wvith
only a linear increase in computation time. A
vide variety of complex source/sink terms can
be included in the model with relative ease.
Examples of the model®s application in the
areas of o0il spill drift forecasting, coastal
pover plant efflueot analysis, and solute
transport in qroundwater systems are
presented. (Auth)

Conaunication with one of the authors revealed
that there are actually two distinct codes,
i.e., one for ground vater transport (DPRNGW)
and one for surface water transport (DPRWCR).
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<78>

The last tvo letters stand for "coastal
reactors,™ the original application of the
code. These codes are written in PORTRAN IV
for a PDP11/45 coaputer. Core reguirements
are 62K bytes. The codes are overlayed.
Data requirements are 20 million words. Data
are segmented and stored on disk.

<A

Shih, C.S5., and E.P. Gloyna, Radiocactivity
Transport in Water - Mathematical Model for the
Transgort of Radionuclides.

1967, June. EHE-04-6702; CRWR-18; 179 p. (Center
for Research in Water Resources, University of
Texas at Austin, Austis, TX 78712)

The purpose of this study was to develop a
mathematical model which describes the
trapsport of radionuclides infected
instantaneously in a stream. Particular
enphasis was directed to the influence of
sediments on transport. 1Instantaneous release
of dye and continuous release of Sr85,
respectively, vere used to measure the
dispersion and mass transfer coefficients.
Aquaria and model river experiments were
undertaken to determine various parameters
vhich define the mechanism of sorption and
desorption of radionuclides by sediments.
Instantaneous injection of SrB5 into the model
river provided data for establishing the .
relationship between the analytical solution
and a proposed mathematical model. Portran
prograns were designed for the analyses of
ganma spectra, dispersion coefficients, and
transport equations. Some of the important
factors affecting the transport of Sc85 in the
model river were studied. The mass transfer
cocefficiont wae found to increase with
increased velocity. High uptake of Sr8S5 by
sediments may be provided by increased
temperature and the presence of an organic
pollutant. An expotential relationship vas
established between the Sherwood's number and
the Reynold's number for the model river.
(Auth)

This code may be applied to accidental or
routine releases. It was written in PORTRAN
63 for a CDC 1604 computer.

<82>

Binford, P.T., T.P. Hamrick, and B. H. Cope, Sonme
Techniques for Estimating the Results of the
Emission of Radioactive Bffluent from ORNL
Stacks.

1970, October. ORNL-TN-3187; 171 p. (0Oak Ridge

National Laboratory, Oak Ridge, TN 37830)
The basic purpose of this report is to
delineate a procedure for determining (a) the
maximum possible release rates for each of the
five stacks at ORNL under normal operating
conditions, and (b) the consequences of the
inadvertent release of a relatively large
‘quantity of radioactive material from one of
the stacks. For routine releases a Gaussian
dispersion model is used with the joint wind
rise stability category climatology for ORNL
to calculate the annual average stack dilution
factor for each stack and for each of 16 wvind
directions. This is done by the compouter
program STAREL. The information is combined
with the stack release rates to insure that
the annual average ground-level concentration
due to all stacks at the controlled area
boundry does not exceed the maximunm
permissable concentration. Holland's fornmula
for plume rise is used to correct the stack
height for the initial velocity of the stack
effluent and corrections are applied for the



<82>

<82> CONT.
presence of an inversion. Por accidental
releases the release is of a short duration
and the meteorological conditions are assuaed
to be known and to remain constant throughout
the release. The program RELISH uses the
Gaussian dispersion model to calculate (a) the
ground~level stack-dilution factors along the
plume centerline, and (b) the coordinates of
the isopleths of constant, given
stack-dilution factors. Calculatiomns are
conpared with measurements at 9 sampling
points around ORNL. (CWN)

<83>

Wenzel, D.R., A Computer Code to Calculate Doses
Resulting from Releases of Radionuclidees to the
Atmosphere.

1974, July. Part of Proceedings of the 19th Annual
Meeting of the Health Physics Society, held in Houston,
Texas, July 7-11, 1974

The Radiological Safety Analysis Computer Code
({RSAC) is used to calculate the radiological
consequences ot the release of radionuclides
to the atmosphere. A revised version of the
code, RSAC-2, can be used to calculate (1)
fission product inventory source teras, (2)
lung doses using either the cleatrance model
developed by the ICRP Task Group on Lung
Dvnammics or the ICRP Coomeittee II model, (J)
qastrointestinal tract doses using either the
model developed by Dolphin and Eve or the ICRP
Committee I1 model, (4) doses to various
internal orqans using recommendations of the
ICRP Committee IX¥, (5) ground deposition-ganma
doses, and (6) cloud-gamma doses using either
a "finite" cloud or the “semi-infinite" cloud
model. RSAC-2 is a versatile code written in
PORTRAN IV for the IBN 360/75 computer.
Significant features and typical results of
the code are presented. (Auth)

<8u>

Sato, K., Y. Ito, I. Iyori, and A. Yamaii, A
Proqram for Cooputing External Dose Rate froam a
Radioactive Cloud and Numerical Examples for
Nuclear Ships.

1968, March. Senpaku Gifutsu Kenkyufo, S5(2),
55-63 (Not given)

A program for calculating the external dose
rate from a radioactive cloud was written in
06 NARRC lanquaqe {(analogous to FORTRAN). The
basic equation used for the atmospheric
dispersion is equivalent to the so-called
qeneralized Gaussian plume formula with the
stack and the inversion lid nmodifications.
The numerical integration wvas performed using
the Legendre-Gauss quadrature. technique
togqether with the polar coordinate systen
developed by D.S. Duncan. The time required
for the integration was found around forty
minutes on the NBAC-2206 computer. The
typical results from the program are shown in
qraphical from putting emphasis on the safety
of the persons in the vicinity of a nuclear
ship. To help the discussion, the results
from the usual nethod of evaluation based on
the assumption of infinitely spread cloud are
also presented. Thus, the qreat safety
factors involved in the conventional analysis
are easily estimated as functions of downwind
distance. Por example, the actual finite
cloud dose for the meteorological category P
is lover than that computed for the infinite
cloud by a factor of approximately 70 at 100m
dovnwind distance, and by a factor of
approximately 2 even as far from the stack as
10 ko. Another important result of the
calculation is the remarkable discrepancy
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between the isodose and the isoconcentration
lines at distances close to the stack. It
must be remeabered, hovever, that the basic
equation for the region was made by
extrapolating the available data. Por this
reason, the results may be considered as a
measure for estimating the safety factors
involved in the\conventional analysis. (Auth)

<85>
Nowicki, K., Rstimation of Population Doses from
a Nuclear Power Plant During Normal Operation.

1975, July. RISO-x-1808; 102 p. (Danish Atonmic
Energy Conmission, Risoe Research Bstablishment)

A model is presented for estimation of the
potential air submersion and inhalation
radiation doses to people located within a
distance of 1000 km from a nuclear pover plant
during normal overation. The nolel was nsed
to calculate these doses for people living 200
to 1000 km from a hypothetical nuclear pover
facility sited near the geographical center of
Denmatrk. Two sources of radioactivity
conslidered include the unit release of 15
isotopes of noble gases and iodines and liguid
effluent releases from tvo types of 1000 HWe
Light Water Power Reactors (PWR and BWR).
Parameter variations vwere made and analyzed ia
order to obtain a better understanding of the
mechanisas of the model. Atmospheric
dispersion was calculated using a Gaussian
plume model corrected for dry deposition, wvet
deposition, and radioactive decay. (Auth) (CWR)

This docunent is based to a large extent on a
number of USAEC Reports and nodels, such as
HERMES.

<86>

voelz, R., Prediction Methods of Concentration
Pields of Radioisotopes and Radiation Doses in
the Environment of Nuclear Power Plants with
Extraordinary Bamaission.

1973, April. ATS~TOLL-1073; 93 p. (Technische
University of Hannover, Geroany)

The radiation risks from radioisotopes from
nuclear power plant smoke stacks and leaks are
estimated. Currently used nethods and
formulas are listed and discussed. The
formulas are evaluated in form of diagrams
concerning the direct radiation out of the
reactor; the outer beta and gamma radiation
frem the exhaust air plume, the exposure due
to the  inhalation of contaminated dic, and the
radiation from radioactive deposits. (GE)

<87>

Hladky, E., I. Kubik, and J. Moraveck, General
Model for Evaluating Transport of Radioactive
Products Released to Environaent and its
Consequences.

Not given, INIS-NP-887: p. 204-209 (Vyskumny
Ustav Energeticky, Jaslouske Bohunice,
Czechoslovakia)

A mathematical model is described for the
evaluation of the transport and behavior of
radioactive products released into the
environment during the operation of nuclear
powver plants. It is based on the behavior of
the products on the main protective barriers
of nuclear pover plants. A block diagram is
presented of the model and the respective main
programs are characterized. (INIS)



<88>

" Amno, G.H., P.J. DeBois; T.P. @ilcox, and J.K.

Witthaus, RISC: Radiological Inhalation Safety
Code for IBM 7090.

1963, June. Transactions of the American Nuclear
Society, €, 106-107 (Aeroijet)

Radiological Inhalation Safety Code (RISC) is
a diqital machine program used to compute
internal exposures (according to the aethods
of Morgqan and Pord) to seven body organs or
tissues (thyroid, bone, muscle, lungs,
gastro-intestinal tract, soft body tissues,
and testes), incurred over the first year
folloving short-duration inhalation. Doses to
these body organs are based on computations of
up to 50 radionuclide sources. These
computations include both radioactive and
atmospheric source, strength determination,
and the dose contributions from any of the 50
radionuclides to any or all of the
above-mentioned body organs. RISC may be used
to estimate the environmental consequences
from reactor operations and accidental power
excursions at statiomary powver plants, vehicle
launch or test facilities, and from in-flight
vehicles. The basic diffusion theory of 0.G.
Sutton is utilized in developing specific
atmospheric diffusion models with the
appropriate initial-volume-source corrections.
The initial cloud size and height of rise are
input parameters, along with isotope-release
fractions, and dovnvind-dose points. The
effects of a capping temperature inversion are
determined in the program from a subroutine
applicable for low-altitude releases. Also,
the reduction of the cloud source naterial due
to washout and drv fallout may be taken into
account by exercising a seperate option. The
radionuclide source terme for each of 20
specified positions downwind are also computed
in a subroutine which considers specific
fission and decay times. This part of the
proqram also permits dose normalization so
that the output is in terms of Rem/Nw-sec or
Rem/Nw. (CHN)

<89>

Lee, E., R.J. Mack, and D.B. Sedgley, GADOSE and
DOSET ~ Proqrams to Calculate Environmsental
Consequences of Radioactivity Release.

1966, April. GA-6511; 62 p. {General Atomic, San
Dieqo, CA 92112

GADOSE-is a PORTRAN program which calculates
the radiocactivity in various reactor plant
locations and the doses to the public
resulting from instantaneous accidental
release of activity into any of the plant
spaces. The calculations can be performed for
any combination of isotopes and include
consideration of decay, buildup, filtration,

<88>

Services, Inc., Washington, DC)

The NOURSR-1 Code evaluates the radiation
hazards resulting from the rapid release of
fission products from a nucler rocket engine.
NORSE-1 is programmed in PORTRAN 3600 for use
on a CONTROL DATA 3600. NUBSE-1 requires 64K
memory. Six tapes are used in addition to
these required by the SCOPE Monitor System, A
likrary tape containing nuclear and
atmospheric diffusion data is necessary for
the operation of the code. The library tape
generation routine and the library data are
described in Appendix B. The program
determines several different 3oses at
positions down-and cross-wind from the point
of the excursion. This program considers only
a release occurring in the lover atmosphere
(on or near the ground). The code has several
options which permit selection of the kinds of
doses to be calculated. The models and
parameters employed are believed to represent
the best information available at the time of
preparation. It is anticipated that the
models and parameters may change as the
nuclear rocket prograa matures and the NURSE-1
code is designed for ready replacement of
nodels or parameters as better information
becomes available. (Auth) (Cwn)

#hile this old code was written for the
nuclear rocket program, it could be nsed for
any type of near-ground accidental release.
(com .

<9 1>
Kim, Y.S., NOS "ffective Energy Program.

1963, October. NUS-156; 14 p. (Nuclear Otility
Servirces, Inc., Washingtan, DC)

The NUS.Program for Effective Energy is an
IBM~-7090 Computer program written for the
purpose of obtaining the effective energies
absorbed by internal body organs due to
disintegration of radioactive fission products
inhaled and ingested by a human being. The

.internal body organs considered in the program

are thyroid, bone, gastrointestinal (G.Il.)
tract, and lung. The results are presented in
units of Mev per disintegration of the parent
nuclide in a given chain. The progranm
considers a fission product decay chain,
exanines whether the chain elements have
affinity with a particular body organ, and
computes effective energies. The average beta
and total gamma energies, the radioactive
decay constant, and the biological decay
constants for each elements of a giveh chain
must be provided as the input to the program.
{Auth)

<9ID>

atmospheric dilution, fallout, and rainout.
The companion program DOSET is also available
to include the effects of a time dependent
accidental fission product release into the
various plant spaces. A typical calculation
of the activities and doses at five times and
five distances from the plant with 134
isotopes requires approximately 4 centihours
of IBM 7044 machine time for the basic GADOSE
praqram. The program vas vritten specifically
for the High-Temperature Gas-cooled Reactor
(HTGR) type of plant. (Auth) ’

Heffter, J.L., A.D. Taylor, and G.J. Perber, A
Regional~Continental Scale transport, Diffusion,
and Deposition Model.

1975, June. ERL ARL-50; 28 p. (Air PResoucces
Laboratories, Silver Spring, #D)

The Air Resources Laboratories has developed a
conputerized post-facto trajectory model
intended primarily for calculating the
transport, diffusion, and deposition of
effluents on regional and continental scales.
A month, season, or year of trajectories at
6-~hourly time intervals may be calculated

<90>

Couchman, M.L., A.W. DeAgazio, and Y.S. Kiam,
NURSE-1, A Nuclear Bocket Safety Evaluation Code
for the Control Data 3600.

1964, December. NUS-180; 282 p. (Nuclear Utility

forward or backward in time from any origin in
the Northern Hemisphere for durations up to 10
days. Trajectory computations use winds at
any altitude above sea level or winds averaged
through any desired layer above average
terrain. Computer output includes a listing
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of individual trajectory and points after
selected durations, plotted trajectories for
any desired map scale on either Nercator or
Polar Stereogqraphic projections, and plotted
maps showing percent frequency of trajectory
traverses over qrid squares. A Gaussian plume
rodel is combined with the trajectory model to
calculate long-term (monthly, seasonal,
annual) mean ground-level air concentrations
and Qeposition asounts. Both wet and dry
deposition are incorporated in the model.
Anot her sodel calculates short-tera (once or
twice a day) mean qround-level air
concentrations for selected sampling stations.
Coaputer output includes plotted maps shoving
long~term concentrations and deposition
amounts, and tables of short-Letwm
concentrations whece the contributions fronm
individval plumes are identified. (Auth)

<93>
potson, W.L., and J.F. Fletcher, Mathematical
Aspects of the Year 2000 Radiological Study.

1275, April. CONF-750413 {vol. 2); Fart of
Proceedings of the Conference on Cosputational
Methods in Nuclear Bngineering, held at
Charleston, SC, April 15-17, 1975, p. 77-92
(Hanford Enqineering Development Latoratory,
Westinghouse Hanford Company, Richland, WA)

The Year 2000 Radiological Study, a series of
regional evaluations of radiological dose from
nuclear facility operation, is based on a
series of complex, interlinked computer codes
desiqnated as the HERMES nmodel. These codes
are used to model the release, environmental
transport, biological uptake, and resulting
radiological) dose to regional populations
vhich result from operation of large nusbers
of nuclear facilities within a region.
Characteristics of these conputer codes, and
their aprlication to specific regional
studies, are described. (auth)

<94>

Avastronqg, N.E., and E.P. Gloyna, Radiocactivity
Transport in Water. WNumerical Solutions of
Radionuclide Transport Equations and Role of
Plants in SK-A%S Transnart .

1968, January. BHE-12-6703E; CRWR-23; ORO- t4; 139
p. (Center for Research in Water Resocurces,
University of Texas at Austin, Austin, TX 78712)

The role of plants in Sr8S5 transport in
aquaria and a nmodel river was examined, and a
numerical solution to the dispersion equation
vith convection was derived and extended to
include plant sorption. Using the macrophyte,
VALLISNERYA AMERICANS Michanx, it was found
that almost instantaneous equilikrium was
reached with Sr85 in solution through
adsorption follaved by a slover and more
conplete uptahe by absorption. &
characteristic pattern of uptake and release
vas observed after instantaneous releases into
aquaria and at stations downstreanm froa the
point of release in a model river. OUnder
continuous release, uptake tended toward an
equilibrium level vhich was a function of the
amount of attached algae present. It wvas
concluded for conditions used in this study
that plants played a negligible role in Sr85
transport. The uptake of Sr85 by plants after
instantaneous release could be modeted usieng a

sorption-desorption equation. 1Instantaneous
dye and Sr85 releases were made in the model
river to deternmine the dispersion coefficient
and tracer cloud velocity with the tvwo station
aethod using only a selected portion of the
concentration-time curves. The cut-off point
for this portion vas the point where one-tenth
the peak value vas observed. Solutions of the
nuaserical model using constants calculated in
this manner gave better fit to the obhserved
data than methods previously used. Constant
release data could also be predicted with this
model using revised initial conditions. A
numerical solution to the equations relating
dispersion to plant uptake was also derived
but not exteusively tested., It vas concluded
that numerical solutions hold more promise in
this area than analytical solutions because of
their versatility and ease of computation.
{Auth)

This cnda may ha applied ta acridnntal oc
routine releases. It vas written in FORTRAN
63 for a CDC 1604 computer

<95>

Veverka, 0., V. Valenta, and K. Vlachovsky,
HETEO-1 A Prograame foc Calculations of
Atnostheric Dispersion of Activities from Nuclear
Power Reactors.

1975. ZJE-166; 30 p.
Czechoslovakia)

(Skoda Works, Plzen,

This paper gives a description of the
prograsmes METEO-H (reactor-crash outflovs)
and METEO-N ({operational outflow statistics).
A conplete list of the used fomulae for both
cases based on the Pasquill-formulation of the
problem is given. The following phenomena are
enclosed: 1. Keactor-crash outflow. 2.
Operational outflow statistics 3. Normal
temperature gradient (decrease with height),
inversion (increase with height) 4. Lofting
5. Pumigation. 6. High stack (h is greater
than or equal to 2.5h sub b), h = stack
height, h sub b = building height. 7. Short
stack (h sub b is less than h is less than
2.3h sub b). 8. Leakage from the reactor
building. 9. Tvo teras of decay chains for
rare gases, one term for ather isotopes (due
to practical pesaibilities, but we aivce able to
include gqeneral decay chains 10. Fall out
and washk out deposition processes. 11.
Statistical fluctuations of the wind direction
for the case of reactor-crash outflow. Por
cases 6, 7, 8 a uniform systen of formulae is
used in contradiction to the American and
German system. A short description of that
method is given in this paper. The wind
direction and the mean wind speed are assuaed
to be constant. Supposing an effective
containment system the plume rise dueciuy the
atnospheric transport due to the
radiation-induced heat is not included. The
generalization of the programmes including
this eéffect will be piblished later. The
output of the progranmes are the surface
cancentrations and the total deposition
intensities. The prograames METRO-H and
METBO-N are linked to a system of programmes
solving the transport of activities on a
nuclear pover establishment. The link of the
NETBO-programnes are the programmes DOSIS and
INTERCORP (to be published). (Auth) (JITR)
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