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ABSTRACT

This RADTRAN 4 User Guide specifies and describes the required data
and control imputs, imput seguences, user options, program limitations, and
other activities mecessary for successful execution of the RADTRAN 4
computer code. The RADIRAN 4 computer code combimes wuser-determined
meteorological, demographic, tramsportation, packaging, and material
factors with health physics data to calculate the expected radiological
consequences and accident risk of tramsporting radicactive material.
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FOREWORD

The RADTRAN &4 computer code has been developed and maintained by
Sandiza National Laboratories (SNL) for the U.S. Dapartment of Energy (DOE).
This RADTRAN 4 User Guide is to be used in conjunction with the RADTRAN &4
Technical Manual (Nevhauser and Ranipe, im preparation [b]). The mame
RADTRAN 4 will be wused to describe the latest release of the computer code.
The name RADTRAN will be wused to describe all releases of the code.
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1.0 INTRODUCTION

This User Guide is Volume 3 im @ series of four volumes of the
documentation of the RADIRAN 4 computer code For transportation risk
analysis. The other three volumes are Volume 1, the Executive Summary;
Volume 2, the Technical Manual; and Volume &4, the Programmer’s Manual
(Neuhauser and Kanipe, in preparation [a]; Nevhauser and Kanipe, in
preparation [bj; Ranipe and Nevhauser, in preparation). The theoretical
and caleulational basis for the operations performed by RADTRAN 4 are
discussed in Volume 2. Throughout this User Guide the reader will be
referred to Volume 2 for detailed discussions of certain RADIRAN features.
This User Guide supersedes the document "RADTRAN III™ by Madsen et al.
(1983). This RADTRAN 4 User Guide specifies and describes the reguired
data, control imputs, imput sequences, user options, program limitations,
and other activities mecessary for execution of the RADTRAN 4 computer
code.

Sandia National Laboratories (SNL) developed the original RADTRAN code
in 1977 in conjunction with the preparation of NUREG-Q170, "Final
Environmental Statement on the Transpottation of Radioactive Material by
&A%r and Other Modes" (NRG, 1977; Taylor and Daniel, 1977). The @analytical
capabilities of the code were expanded and refined in subsequent versions
(Madsen et al., 1986; Taylor and Daniel, 1982). RADIRAN 4 is used to
evaluate radiological consequences of incident-Free transportation, as well
as the radiological risks from vehicular accidents oceurring during
transportation.

RADTRAN 4 contains advances in the handling of route-related data and
in the treatment of multiple-isotope materials. In both cases, methods
used formerly may still be used. Input data may continue to be in
agpregate form, and the user also may continue to use RADIRAN 4 to generate
unit-risk factors. However, "route-specific” analysis also may be
performed. That is, a route mow may be subdivided into segments with
independent, user-assigned values for population density and other route-
specific parameters. Regarding complex materials, RADTRAN 4 contains
Improvements involvimg the handling of multiple-isotope materials, and For
the first time permits direct analysis of multiple-package shipments made
up of dissimilar packages. RADTRAN 4 also contains improvements of old
features. For example, RADTRAN 4 mow calculates and primts the maximum
Individual im-transit dose. An imternal library of isotope-related
parameter values has been added, which contaims data on over 50 of tthe mosit
commonly transported radioisotopes. The user, however, may contimue to
Independently define isotopes. Also, the accident-severity category matrix
has been expanded to permit up to 20 accident-severity categories.

RADTRAN 4 contains idealized mathematical models of ‘transportation
environments; these models have been Fformulated to yield conservative .
estimates of imtegrated population dnse in a way that can be supported by
availzble data. These models meglect Features of the transportation
environment that either do mot affect the calculated risk values or reduce ]
conservatism (e.g., the "divider width" of divided highways) .
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Wheraver possible, RADTRAN combines calculational simplicity with
general conservatism. For example, all woutes by all modes are modeled as
Infinitely long straight limes without grade or curves. In addition to
ease of caleulation for the integrated imcident-free off-link and on~1ink
doses for a movimg source, this model also yields conservative estimates of
these doses that are applicable to all Toutes by all modes. Similarly, all
highway and rail links are treated as being one lane (or track) wide For
the purpose of estimating distances to off-limk population but as being two
lanes wide (one lane or track in each direction) for the purpose of
estimating on-link doses (overtaking vehicles on highways are treated
separately). The first treatment is wused to achieve symmetry {(and, hence,
mathematical simplicity) around the lane im which the shipment is located,
and is also slightly conservative. The second treatment (onme lane each
direction) yields the smallest perpendicular distance to the traffic
traveling im the opposite direction, which again is conservative. The
latter treatment also means that all rail routes are modeled ag having
double twacks, which is another small increment of conservatism For rail-
mode caleulations.

In RADTRAN &4, the required degree of specificity may be introduced
Into an analysis with user-defined parameter values. Simce the wvast
majjority of RADTRAN parameters arve user-definable, the user has a great
deal of flexibility in performing analyses. Analysis strategies are
addressed in Chapter 4. ’

The code is written in VAR FORTRAN 77 and is operational on DEC VAX
computers at SNL in Albuquerque, New Mexico. The word size is 32 bits.
Execution time for a single problem is usually a few seconds, but can take
several minutes. Data can be imput in free format only. There are a total
of 76 svbroutimes im RADTRAN 4. The main routine is RADING. Two Files
mamed FILE2.DAT and FILE4.DAT are used for input and output, respectively.
Instructions on creating Input files and saving and renaming output files
are given im Chapter 3. The results of intermediate accident-risk
calculations (probability and conseguence pairs) are written to FILELO.DAT,
FILELL.DAT, @nd FILE12.DAT for later plotting.

Chapter 2 defines five essential terms wused throughout this guide that
have specific meanings Im transportation risk analysis: package, packaging,
material, shipment, and mode. Chaptter 3 provides imstructions for
installation and data entry to create a RADIRAN 4 imput file. Chapter 4
discusses wser options and constraints to consider when performing analyses
using RADTRAN 4. Subroutime RADTN4, the library routimes, and all other
subroutines in RADTRAN 4 are listed and described im Appendix A.

Appendix B is a glossary of common-block variables. MAppendix € explains
the probability-consequence data From intermediate calculations written to
output files FILELO.DAT, FILELL.DAT, @and FILEL2.DAT. Appendix D contains a
list of RADTRAN 4 error messages and suggested error correction strategies.

1-2
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2.0 DPEFINITION OF TERMS

Essential terms used throughout this guide that have specific meanings
for transportation risk amalysis are package, packaging, material,
shipment, and mode. These terms are defimed and explained below.

Package and Packaging. Packages and packaging are formally defined in
Volume 10 of the Code of Federal Regulations, Title 71.4 (10 CFR 71.4) .
Briefly, @ package consists of a packaging and its radioactive contents. A
packaging consists of one or more receptacles and wrappers and their
contents, excluding radioactive materials but imcluding a@bsorbent material,
spacing structures, thermal insulation, radiation shielding, devices For
cooling and absorbing mechanical shock, extermal fittings, meutron
moderators, monfissible meutron @bsorbers, and other supplementary
equipment., S

Material. The radicactive contents of a package are defined as =
radioactive material (10 CFR 71.4). For the purposes of RADTRAN 4
analyses, a radioactive material consists of one or more isotopes, each im
a specified physical~chemical form. Examples of materials are spent Fuel,
low-level waste, radiopharmaceuticals, industrial radiography sources, and
uranium ore. Examples of isotopes are carbon-lé4, cobalt~60, and wranium-

| 235. Examples of physical-chemical forms are monolithic solids, divided

solids (powders), liquids, and gases. RADTRAN & permits the wuser to
distinguish between a material and its constituent isotopes. The user
assigns a separate name to each material.

Shipment. A shipment is defined as all ‘the packages in a conveyance
because mire than one package of radicactive material may be transported
together in a single conveyance (tractor trailer, commercial delivery wvan,
railear, barge, etc.).

Mode. Mode is determined by a combination of the medium in which the
transportation event ovcurs (land, water, or air) and the type of
conveyance used. For example, a terrestrial or overland mode is rail, a
waterborne mode is barge, @and an air mode is commercial air ©argo plane.
The modes available im RADTRAN 4 are listed im Table 2-1.

In each amalysis performed with RADTRAN 4, one or more mode
identifiers must be wused. Each of the ten transportation modes availzable
in RADTRAN 4 is assigned a mumerical identifier shown im Tsble 2-1. The
modes that operate on highways are combinmation truck (tractor-trailer),
commercial delivery wvan, and passenger van. The two air modes~~cargo air
and passenger air--are also treated separately. However, generic
designations are used with other modes: rail, ship, and barge. Potential
operational differences within a mode (e.g., the differences between
general rail freight and dedicated rail) may be addressed with user-
assigned parameter values. . ~

2-1
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Table 2-1

RADTRAN 4 Transportation Modes

Mode Mode - Mode
Name Number Description
TRUCK 1 Combination Truck
RATL 2 Rail®
BARGE 3 Barge
SHIP 4 Ocean-going ship (>3,000
Eross tons)
‘CARGO ATR 5 Cargo air
PASS ATIR 6 Passenger aix
P-VAN 7 Passenger van or small truck
CVAN-T 8 Cargo van/delivery truck
‘ as secondary mode with truck
CVAN-R 9. Cargo van/delivery truck
as secondary mode with rail
10 Cargo van/delivery truck

CVAN-CA

@s secondary mode with cargo
air

*0ne or more rallears in a single train.
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3.0 INSTALLATION AND DATA ENTRY

This chapter provides imstructions for installing RADTRAN 4 on a
mainframe computer and creating RADIRAN 4 input files. These instructions
apply only to direct use of RADTRAN 4 on a mainframe couputer. Input files
also may be created by TRANSNET users with the RADTRAN input file generator
{Cashwell, 1989). Data entry in RADTRAN 4 is in free format and is
keyword-based. The keyword-based system allows most of a data set to be
input in any order. Xeywords and data can appear anywhere im an B80-
character line.

The options availablie for creating a useful data set are related to
the characteristics of the material to be shipped, the way the material is
packaged, and the mode of shipment. Defaults are available for some
parameters. If the user does mot enter values for parameters for which
default values are available, then default values are automatically wused.

Imstallation

Users may request an executzble version of RADIRAN & for imstallation
on a mainframe computer. RADTRAN 4 is resident on a Digital Eguipment
Corporation (DEC) VAX computer at SNL, and the following systems
regquirements list is based on the configuration that supports RADTRAN at
SNL:

~ DEC VAX 3800 with VMS 5.4 Operating System and at least
16 megabytes of memory

~ DEC VI100 terminal (or any other DEC terminal)

- Any compatible keyboard

-~ A#Any printer capable of text Printing (e.g., DEC LNO3)

Other systems also will support RADTRAN, but the installation Protedure and
other features may differ from those given hera. Users with other system
configurations are encouraged to contact SNL for assistance.

Unless special arrangements have been made, the wser receives a copy
of RADTRAN 4 on tape im DEC VAX/VMS BACKUP wtility format. - A hard copy
listing of the exact command wsed to back up the file is provided. This
listing will show the file mame of the executzble File on the tape and the
label mame. To imstall RADTRAN on a DEC VAX VMS Version 5.0 or higher, the
user must first load the tape (or have the System Manager load the tape) on
a tape drive comnected to the user’s systemn. After logging on to the
system, the user or System Manager must retrieve the file by typing the
following:

31



MOUNT/FOREIGN tape_drive_name:<carriage return {« 1>
BACRUP /REWIND/IGNORE=LABEL ~
tape_drive_name:radtran_fi le_mname/SAVE_SET -
user’s_disk: ﬂrdirect'ory_pathﬂtaﬂtran_file_name Te]
DISMOUNT tape drive_name: [ ] :

EXAMPLE: If the tape drive mame is MUAO, the RADTRAN file mame is RT4.EXE,
and the user’s disk is DUBD, then the preceeding imstructions would appear
as follows: :

MOUNT/FOREIGN MUAD: [« ]

BACRUP/REWIND /IGNORE=LABEL MUAD:RT4 . EXE/SAVE_SET -

DUBO: [directory_path]RT4.EXE] ¢ ]

DISMOUNT MUAO: [ ]

Note that the [directory path] is wser-dependent and canmot be specified in
advance. All RADTRAN files will appear im the directory created by the
user.

After the file has been retrieved, the tape should be removed by the
user or Jystem Manager. The user then sets the default directory to the
directory that mow contains the RADTRAN executable file:

SET DEFAULT wuser's_disk:[ directory_path][ . ]

In the example given above, the command would appear as follows:

SET DETFAULT DUBRO: [directory path][ ]

In case of an @borted imstallation, repeat the procedure outlined
@bove. If the second attempt fails, then contact persomnel at SNL.

Creating _an Input File

After imstallation is completed, the mext step is to create an imput
data file, which should be an ordinary text file im the directory created
by the user during imstallation. #ny available editor (e.g., EDT) may be
used to create such a file. To begin creating a text file mamed MYFILE.DAT
with EDT, the first command is:

EDIT/EDT MYFILE.DAT] ¢ ]
Enter subseguent lines of text im MYFILE.DAT according to the guidance
given elsewhere in this User Guide. The mext step is to copy your file to
the RADIRAN inmput file mame:

COPY MYFILE.DAT FILE2.DAT] « 1
Runnimg RADTRAN 4

After copying your imput file to the RADIRAN imput file mame, you are
ready to run your imput file on RADTRAN 4 usimg the following command:

B
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RUN RT4] « ]

The file should take only a few moments to Tun. When the run is complete,
the wser will see the words FORTPAN ST0P, and then the prompt will appear
on the screen. The name of the main RADTRAN output file is FILE4.DAT. No
instructions are provided for obtaining @ primted copy of the output file
because the commands vary greatly from system to system. To review the
output on the screen, use the following command:

EDIT/EDT FILE4.DAT] <« ]

This filename applies only to RADIRAN 4 run on a mainframe computer.
Users of RADTRAN. 4 on TRANSNET see this same file under the mame ,
RADTRAN4G.QUT. The user is advised to review the output on-screen im case
there are any error messages. Error messages ave described in Appendix D.

Saving Output Fileg

If the wser wishes to save an output file, then it should be copied
and remamed. Otherwise, the file could be overwritten after subseguent
Tuns. The user should be aware that additional output files are generated
for each run which are mot mormally displayed but which the user may wish
To save. They contain the probability-consegquence data pairs used to
gemerate accident risk estimates. These data also may be used to gensrate
tabular or graphic displays of probability-conseguence relationships, as
discussed in Appendix C. These output files are:

FILEB.DAT, which contaims all the probability-conseguence pairs

that are sorted imto three separate categories im FILELQ.DAT,

FILELL.DAT, and FILE12.DAT, respectively;

- FILE10.DAT, which contains the sorted dose {person-rem) or latent
cancer fatality conseguences with summed Probzbilities;

~ FILELLl.DAT, which contains the sorted genetic effects conseguences
with summed probabilities; and

- FILEL12.DAT, which contains the sorted economic impact conseguences

with summed prebabilities.

These files also must be copied and renamed if the user wishes ito save
them.

3.2 Data Fields and Delimiters

The user must create and enter an imput file into the RADTRAN 4 code
containing all reguired user-defined parameters. Table 3-1 lists the array
index symbols and values uwsed im Table 3-2. Table 3-2 charts the Pprocedurs
for creatimg @ wser imput file in RADTRAN & and gives the description and
parameters of each type of data to be imput.

A RADTRAN imput file is anm ASCII text File consisting of keywords,
numbers, and alphanumeric lzbels entered as Fields of ten characters or
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less and separated by one or more of the following delimiters: a blank
Space, comma, equal sign, or right and left parentheses. Fields can appear
anyvwhere in the 80-character lime, but may not be split and contimued on
the nmext line. Field values (i.e., keywords, numbers, or labels) must mot
contain embedded blanks, commas, equal signs, or parentheses because these
are delimiter characters that denote the end of a field.

The first-level keywords, which are listed in the first colum of
Table 3-2, must be input before =ach category of data. Following the entry
of a First-level keyword and a space, second-level keywords followed by
third-level keywords are entered on the same line or the following line,
and then are followed by the required data. These second and ‘third-level
keywords are shown in the second and third columns of Table 3-2. A first-
level keyword is mot always followed by a second- or third-lavel keyword.
As illustrated in the DIMEN category in Table 3-2, the data directly follow
the first-level keyword, separated by spaces or other delimiters. The "or™
separating two keywords in Table 3-2 indicates that the user mxy choosz one
of the keywords, but mot both, im a single analysis.

The fourth column in Table 3-2 gives the code name of the type of data
to be entersd, but it is mot entersd by the wser. This column and the
Description column also include array index values, indicated by letters in
parentheses, that refer to the Table 3-1 key. The Description column
describes the data to be entersd after each keyword and, when appropriate,
the units of the warizbles.

Integer data can be imput as floating-point numbers with truncation.
Floating-point varizbles can be entersd as integers and converted
internally to floating-point numbers. Entry formats for exponentials can
be either 9.99E+l or 99.9. TField values (keyword, mumber, or label) must
mot contain embadded blanks, commas, egqual signs, or parentheses because
these are delimiter characters that denote the end of a field.

A special deliniter character, the asterisk (*), is entered only in
numeric-array fi=lds to designate a Tepeat character. For example, to
repeat the number 10.1 six times, enter G%10.1. Blanks cannot appear in
the field. The asterisk must mot be wsed in the data for DIMEN or PARH or
in any alphanumeric-label Field. A special field consisting of two
ampersands (&&) followed by a delimiter causes all subsegquent information
on that lime to be entered as a comment.

3.3 Getting Started

To begin building a data set, four First-level keywords are usually
entered by the user: TITLE, FORM, DIMEN and PARM. TITLE, FORM, and DIMEN
are always entered. Default values are availasble For the PARM fFlags;
therefore, this keyword is only entered if the user does mot wish to accept
the default valuwes. Each of these keywords is discussed below.

TITLE. The first imput lime must be a title record. The 1ine must
begin with the keyword TITLE followed by at least one space. Thus, the

3-4



Table 3-1

Array index Symbols and Values
for Creating an Input File in RADTRAN 4

Key to Array Index Values

I= 1toNISO
J= 110 NGROUP
K= 1103, where
1 =rural
2 =suburban
3=wrban
L= 1t025
M= 1toNSEV
N= 110 NAREAS
P= 1105
@=1to 8, For NONUNIT only, where
1 =lung (1-year)
- 2=marrow (1-year)
i 3= gonads
4 = large lower intestine
5 = thyroid
6=bone (50-year)
7 =lung (50-year)
8 = marrow (50-year)
R=1106
S=11oNRAD
U=1to4
i= isotope index (maximum = B5)
k= fisotope indexiin internal library {maximum = 125)
j= route-segmentindex (maximum = 40)

m = material index (maximum = 12)
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Table 3-2
Creating an Input File in RADTRAN 4

Keyword 'I\{rar?)? ggf
_istlevel _ 2nd Level _ 8rd Level V%g?g{ggo Desecription
TITLE 80-character alphanumeric title
FORM UNIT i UNIT = population dose calculation
MONUNIT NONUNIT = health sffects calculation
DIMEN " NISO Number of Isolopes (maximum = 65); no
default
NSEV Number of accident-severity categories

(maximum = 20); rio defaull

- NGROUP Number of physical-chiemical groups
(maximum = 15); no default

NRAD Number of radial areas used for
nondispersal accldent analysis
(maximum = 15); no default

NAREAS Mumber of areas used In dispsision
accident analysis (maximum = 30);
no default
PARM IRNKC l?l%g for placing data on fils 6:
efault = 1
1 = yes; (any other integer) = no
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Table 3-2 (Continued)

Creating an Input File in RADTRAN 4

Name of
Keyword Array or
= Varlable To
_1Istlevel  Znd Level  3rd Level Be Filled Deseription
IANA Analysis flag; default = 3

1 = Incldent-fres only
2 = accldent only
8 = both

= bof
IUORT Shielding optlon flag: default = 2
1= pérsons in bul'ldiﬁgg fully shielded
2= persons in bulldings exposed at
reduced level
8= no shielding Is considared.
ISEN Flag for printing sénsitivity analysls
and Input ables; defaull = 3
1= ;ﬁgl'déﬁf-'fféé and aceldent output
ables
2 = ineldent-free and accldent oulput
output {ables, and early effecls and
round contamination tables
2 8= Incldent-free and accldent-output
fables, eafl?/ effects and ground
contaminalion fables, and
B §én§lﬁvgy and consequence tables
IPSQSB Dispersal Accident Flag; default = 0
1= Pasquill stability frequencles of
preset dilution factors
(Any other integer) = user-supplied
time-Integrated concantration
isopleths and areas
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Table 3-2 (Continued)
Creating an Input File in RADTRAN 4

of LABMAT

K g f}{amé of
eaywore fray or
W véfiabylé To
_1stlevel  2ndLevel _ 3rd Level Be Filled Desgription
POPDEN POPDEN(1) ﬁlgg} ﬁolpulgﬁon density (people/km?2);
ault =
POPDEN(2) Suburban population density (people/km?2):
POPDENE) |  Urban popuration density (people/km2)
= iban population dens 66ple/km?);
defatl = 5,861 heop
PACKAGE | LABGRP LABGRP(J) Alphanumeric identiflers for physical-
or LABPKG chemical groups
PKGSZ1 PKGSZ1 Firg&packagg%fze threshold (m); if
PKGSIZ < PKGSZ1, then package is moved
by hand: default = 0.5
PKGSZ2 PKGSZ2 Second package-size threshold (m); if -
PKGSZ1 < PKGSIZ < PKGSZ2, then the
packags is handled with a forkiit: if
PKGSIZ s PKGSZ2, ther the package is
handled with heavy equipment;
default = 1.0
SHIPMENT | LABISO LABISO(lj Alphariumeric isotope designators
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Table 3-2 (Continued)
Creating an Input File in RADTRAN 4

Name of
Keyword Array 67
Variable To
_1stlevel  2nd Level  8rd Level Bs Fillsd Desciiption
NORMAL NMOBE NM Mode number (see Table 2.1)
DNORML | Normal (incident-free) transportation
(NM,L) parameters for mode = NM: defaults in
Chapter 3.0
of
FTZNR NMODE NM
DNORML | Fraetion of trave! in fural zone
(N, 1) for mode = NM
FTZNS NMODBE NM B
DNORML | Fraction of travel In suburban zonis
- _ (NM,2) for mode = NM
FTZNU NMODE NM B
DNORML | Fraction of travel in urban zons
_ o (NM,3) for mode = NM
VELR NMODE NM
DNORML | Velocity in rural zone for
B B (NM,4) mode = NM (km/hrj
VELS NMODE NM
. DNORML | Veloeity in suburban zone
- (NM,5) for mode = NM (kni/hr)
VELU NMODE NM
DNORML | Velocity in urban zorie for
B R (NM,6) mode = NM (km/hr)
CREWNO |NMODE NM
DNORML

Number of crew on a shipmient
by nmode = NM
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Table 3-2 (Continued)
Creating an Input File in RADTRAN 4

Nanie of

Keyword! Array of

Variabls To

_1stlevel  2nd Level  8rd Levsl Be Filled Description

ADSTCW NMODE | NM

DNORML Averags distanice from radiation

(NM,8) source fo crew during shipment

o by mode = NM (m)

HANDNG NMODE | NM )

DNORML Number of handlings psr shipment
______ | (NM,9) by mode = NM
STOPTIM NMODE | NM

DNORML Stop fime for shipment by mode = NM

B _ | (NM,10) (hir/km)

MINST NMODE | NM

DNOAML Minimum stop time per trip for
. | (NM,11) shipment by mode = NM (hir)
TIMZR NMODE | NM_ _

DNORML Distance-independent stop time per trip;
B | (NM,12) used only for rail mode (hr)
FMINCL NMODE | NM )

DNGRML. Minimum number of rall Inspections
o | (NM,18) or classifications; rail mode only
PDST NMODE | NM

DNORML Number of persons exposed during

N R (NM,14) shipment by mode = NM is stopped

RST NMODE | NM

DNORML Average exposure distance when

(NM,15) Sl@ﬁ'jjéd during shipment by mode =

o N NM is stopped (m)

DTSTOR NMODE | NM__ :

DNORML Storage time per shipment by mode =

(NM,16) NM (hr)




Keyword

2nd Level

Namie of
Array of
Variable To
Be Fillad

Deseription

TI-€

RSTOR

PPV

FTLEWY
TONTPR

TCNTPS

NM
DNOAML
(NM,17)
NM__
DNORML
(N, 18)

NM
DNORML
(NM,19)

N
DNORML
(N,20)
NM
DNORML
(NM,21)
NM.
DNORML
(NM,22)
NM
DNORML
(NM,25)
NM_
DNORML
(Ni,24)

Number of persens exposed during
storage for shipment by mode = Ni

Average exposure distance during
shipment by mode = NM when
shipment is stored (m)

Number of Eersoﬁg per vehicle
sharing the transport link for
mode = NM

Fraction of urbar travel durng
rush hiour by mode = NM

Fraction of urban iravel on city
sirests by modes = NM

Fraction of rural and suburban {ravel
on freeways by mode = NM

One-way traffic count in rural zones
for fravel by mode = NM (vehicie/hr)

One-way traffic count in subuiban
zones for travel by mode = NM
(vehicle/hir)




Table 3-2 (Continued)
Creating an Input File in RADTRAN 4

ZI-¢

Name of
Keyword Array or
Variable To
_Istlevel  2nd Level  3id Level Be Fiiled Description
TONTPU | NMODE | NM_ L
DNORML Ons-way traffic count in urban zones
‘ (NM,25) for travel by modes = NM (vehicles/hiry
APD RPD Ratlo of pedestrian density o
residential population density in
_ - _ urban areas; defaulf = 6.0
RR RR Building s:ﬁiéldiﬁg factor for rural
zones; default = 1.6 v
AS RS Building shielding factor for suburban
zones; default = 0.67
RU AU Building shielding factor for urban
Zones; default = 0.618
FNOATT FNOATT Number of flight attendanits for
commercial passenger-air mode;
defauit = 4
TRANSFER | GAMMA CQEE? P) P=15
NEUTRON COEF 2,P; P=15
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Table 3-2 (Continued)
Creating an Input File in RADTRAN 4

K d P}\Iamé of
(8yWorc \fray 6f
Variable To
_IstLevel _2nd Lsvel _ 8rd Level Bs Filled Dascription
ACCIDENT | ARATMZ NMODE NM
ARATMZ Accident rates for mode = NM in
(NM,K ihree population densitiss
accidents/kmy: defaults in
o o _ Chapter 3.0
SEVFRC NPOP NP Number of Population Density Zones
NMODE NM Number of Mode _
SEVFRC _ Fraction of accldents for mode = NM
(NM,M,NP) for populafion zone = NP, for sach
o _ o R severity; defaulls in Chapter 3.0
MATERIAL | RPCVAL NISO ISO -
or NMAT o _ )
RPCVAL Factors thai determinis dose t6 elght
(150,Q) organs per unit of r@df@gcﬂvﬂr of
isolope = ISO in LABISO inhalsd
(ré“féi isotope inhialed/Ci refeased);
o all values initialized t6 0
INGVAL . NISO 0 B
or NMAT INGVAL Factors that determine dose to 8 6rgans
(1S0,Q) per unit of radicactivity of

sotope = ISO in LABISO ingested
(rem/Ci Ingested); all values
initialized t6 0
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Table 3-2 (Continued)
Creating an Input File in RADTRAN 4

Name of
Keyword Array or
Varlable To
_IstLevel _ ondLevsl drdLevel | BeFillad Deseription B
DEFINE Used to6 store Isotope spacific data

in Internal data library; enly used
for Isotopes not already dafined 6r
1o redefine an Isclope already present

ISONAM (I? Name of iselope

ACCDNT (1,k Half-life of Isotope (days)

ACCDNT (2,k Photon enetgy (MeV) )
ACCDNT (3,k Cloudshine-dose factor (rem-m3/Cl-s6c)
ACCDNT (4,k Effective dose equivalent fof inhalation

o _ (rem/Cl Inhalsd)

ACCDNT (5,k) Effective dose equivalent for Ingestion

. _ (rem/Cl ingested) )

ACCDNT (6,k) Food transfer factor (Cl ingested/C

o incorporated i food -

ACCDNT (7.k) | Seil transler factor (Cl ingested/Cl
o deposiied on food)

ACCDNT (8,k Deposition veloclly of asrosol (m/sec)

ACCDNT (9 k Numerlcal designator that assigns

an aculs pulmonary dose-fesponss curve

to the Iselope

1 = short half-lifs (<365 days)

2 = long half-life; low LET

8 = long half-life; high LET
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Tabl

e 3-2 (Continued)

Narie of
Keyword Array of
- Variable To
_Istlevel _ 2nadLevel  3rd Level Be Filled Description
ACCDNT (10,k) Oﬁé;}/éﬁf Inhalation dose te lung (rem/
o , Cl inhalsd)
ACCDNT (11,k) Oﬁé?’éaf Inhalation dose 16 marrow (rem/
Clinhaled)
RELEASE | AFRAC GROUP _ | IGRP _
of NPTYPE | RFRAG Fraction of each physical-ctismical group
(IGRP,M) released in accldent of each
_ o severlty; all values infifalized at 0
AERSOL DISP IDSP. B : :
or NIM AERSOL Fraction of Isotops of each dispstsion
(IDSP,M) category that Is released In asrosof
form in an aceident of each sevaiity;
- _ . defaulls in Chapter 3.0
RESP DISpP IDSP
6r NiM RESP Fractlon of aeroselized isotepe of
(IDSP,M) each dispersion category that Is
fasplrable in an accident of each
sevarity
AREADA AREADA(N) Area (m?) of each Isodose area;
niot required If IPSQSB = 1: defaults
In Chapter 8.0
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Nanie of
Keyword Array of
Variable To
_1Istlevel _2nd Level  3id Level Bs Filled Deseilption
DFLEV DFLEV (N) Time-integrated concentration of
radionuclide in asrosol In each
Isodose area; not required if
IPSQSB = 1; defaults In Chapter 3.0
PSPROB PSPROB(R) Probability of oceurrence of sach
of six Pasquill atmospheric stabllity
categorles; only required if IPSQB = 1
OTHER RADIST NPOP NP
AADIST Radil that define the exposure annull
(8,NP) used in nondispersal accident model
in population zone (NP) (in m)
BDF BDF Building dose faétor: default valus
in Chapter 8.0
XFARM XFARM = Fraction of rural land under
: cullivation; default in Chapter 3.0
CULVL CULVL Cleanup ievel followirng an aceldent
(uCifm?); default in Chapter 3.0
BRATE BRATE

Breathing rate (r/s); default i
Chapter 3.0
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Table 3-2 (Continued)
Creating an Input File in RADTRAN 4

Name of
Keyword Array of .
= Variable Te
_1stlevel _ 2nd Level  Srd Level Be _Filled Deseription '
ITRAIN ITRAIN For rall mode only;
If general freight, [TRAIN = 1 A
(expasure factor Is set 16 0,16)
If dedicated rall, ITRAIN = 2
(exposure factor Is set 16 0.01)
ECONOMIC| ECONF ECONF Eeonomic factor to aceount for
inflation; basic output is in 1980
dollars; default Is 0.0,
ONSCST ONSCST(U) Cost assoclated with transport link
restoration; four values correspond
16 he following release fraction (RF)
ranges: RF =0; 0 < AF £.01; .01
3 g =20.1; AF > 0.1, Delaulls are
EMRCST EMRCST(M) Immediate response cost for 6ne

daccldent of aach severity, NSEV
valugs0 are required. Defaulls
are 0.0.

EOF
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Table 3-2 (Continued)
Creating an Input File in RADTRAN 4

Name of

Keyword Ariay of
Variabls T
_1istlevel  2nd Level  8rd Level Be Filled Description

ISOTOPES fﬁépé&t enﬂre‘ ISOTOPES s

NM

TABSPY(NM)
PKGSHP(NM,m)

TIPKG(NM,m)
FRGAMA (m)

FANEUT (m)

LABMAT (m)

equence for Géch|ﬁiﬁdé and material in analysis.]

Transpor mode 6 be analyzed
(negative value = exclusive use)

Number of shipmenils

Number of packages per shipmenit
(must be identical packages)

Package dose rate at 1 m (mrem/hir)

Fraction of effective dose rate
that s gamma radiation

Fraction of effective dose rate

ihat Is nautron radiation (must equal
1-:FRGAMMA)

M?tefi)al label entsred here (followad by

o
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Table 3-2 (Continued)

Creating an Input File in RADTRAN 4

Name of
Keyword Array or
Variable To
_IstlLevel _ 2nd Leval _ §rd Level Be Filled Desecription
LIBSAV (i) Name of ith Isetope; must be
equivalent to name in LABISO array;
must be a name in Internal data ~
_ library or defined by user with DEFINE
CIPKG (i Isctops-specific curles .per
package for isotope
IPCGRP (i) Isotope-speacifie physical-chemieal group
. for isetope I; must be identical 10 a
group label enterad in LABGRP
IDISP (ij Isotope-specific dispersablit catagory
forisotope | (followed by [«])
Eor[é%eh Isetope in material, repeat the sequence [LIBSAV (i), CIPKG (i), IPCGRP (i), IDISP (i) (fellowed
Y[
PKGSIZ [[material PKGSIZ (m) Characleristic package dimension for
name] material m (m); note that the actual
materlal name must be used, followsd
by the package dimension
For each materlal In shipmient, repeat the sequenice [PKGSIZ narie of mth material, PKGSIZ (m)};
maximum nulmbér of maté{lals =12, | l




@z-¢€

Table 3-2 (Continued)
Creating an Input File in RADTRAN 4

, Name of
Keyword Array of

_1st Level

Vatiable To
2nd Level _ 8rd Level Be Filled

Deseription

DISTKM NMODE
of

NM
DISTKM(NM)

Distance for mode NM (km)

Use DISTKM as allernative to LINK for aggregated data; repeat sequence [NMODE, NM, DISTKM(NM)]
for each mods.

LINK LMODE ()
LDIST (i

LSPED ()
LPOPD ()

LVDEN (j)

LARAT (j)

Numerical mods designator for
travel on jth reute segment (link j)

Lengih of jih route segmerit (fink )
(km)

Speed of vetilels on jih route segment
(ink ) (km/he)

Population densily along jth reute
segment (link j) (persons/km2)

One-way vehicle density (traffic
count) on jih route segment (link j)
(vehiclas/hr)

Accldent rate on th route segment
(link j) (accidents/km)
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Table 3-2 (Concluded)

Creating an Input File in RADTRAN 4

Namie of
Keyword Array or
Variable Toe
_1stl 2nd Level  8id Level Bs Fillsd Desecription
LZONE (j) Zone type designator for jth route
segment (link j)
A = rural
S = suburban
U = urban
LTYPE (j) Link type désiq‘ﬁalor for jth route
“segment (
= freeway ( for LMOBE ,8,9,10)
2= ﬁaﬁ{reéway of LMOD€ 1,7.8,9,10
3 = all other (for LMODE = 5,3 ,4,5,6 )
Repeat LINK sequence [LINK, LMODE(]) threugh LTYPE()] for each route- -segment analyzed:
maximum number of segments =
EOF
EOI




actual user-assigned title may mot exceed 74 alphanumeric characters in
length.

FORN. The second lime must start with the keyword FORM followed by at
least one space and either UNIT or NONUNIT (second-level keywords). A4s
indicated in Table 3-2, this determines the form of the output: either
UNIT for population dose or NONUNIT for health effects.

DIMEN. With DIMEN the dimensions of five arrays are specified. The
dimensions are NISD, NSEV, NGROUP, NRAD, and NAREAS. NISO is the total
number of isotopes in the array entered under the keyword LABISD. The
maximum NISO value is 65. NSEV is the number of accident-severity
categories that will be wused im the analysis (maximum = 20). NGROUP is the
nmumber of physical-chemical isotope groups (maximum = 15), NRAD is the
mumber of radial distances to be used in nondispersal accident analysis
{(maximum = 15), and NAREAS is the mumber of downwind dose and deposition
areas to be used im dispersal accident analysis (maximum = 30). DIMER must
be entered on the third line and is followed by five ordered, mumeric
fields specifying the dimensions of the arrays.

PARM. With PARM, the user sets the following five flags that control
certain parameter sets:

1. IRNRC is the flag for placing data in output files FILES.DAT,
FILEL0.DAT, FILELL1.DAT, and FILEL2.DAT for probability-consequence
Pplots; the default is yes (IRNKC = 1);

2. IANA is the flag with which the user selects incident-free
analysis, accident analysis, or both; the default is both
(TANA = 3);

3. TIUOPT is the urban building flag for selecting the building
shielding option; the default accounts For shielding with a
building shielding factor (IVOPT = 2);

4. ISEN is the flag for choosing the level of output; the default is
the full output (ISEN = 3); and

5. IPSQSB is the flag for selecting Pasquill stability categories or
user-supplied time-integrated concentration isopleths and areas;
the defavlt is user-supplied data (IPSQSB = 0).

If the wuser wishes to alter the default value For any parameter(s)
subordinate to PARM, the keyword PARM should be entered on the fourth line
of the data set followed by the string of values. If the user omits PARM,
then the default settings for all subordimate parameters are wused.

3.4 Buildinp a Data Set

After TITLE, FORM, DIMEN, and PARM have been entered, any other
keywords, with the exception of ISOTOPES, DISTRM, PRGSIZ, and LINK, may
follow in any order as long as the hierarchical relationship between the
keywords is observed. After a keyword is entered, data arrays of the
proper size are entered (Table 3-2). ISOTOPES, LINK, DISTRM, and PRGSIZ
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are discussed in the following section. For any analysis, values must be
entered by the user for the following types of parameters:

> parameters without default values, and

> patameters with default values that must be changed for the problem
being analyzed.

If values are mot entered by the user for any parameter for which
default values are @vailable, then the default values are used im the
analysis. Clearly, altering the value of a variable possessing a default
value has mo effect on the result of a calculation if that parameter is mot
used in the calculation. See the RADTRAN & Technical Manual for detailed
descriptions of RADTRAN 4 calculations (Nevhauser and Kanipe, im
preparation [b]).

Optional Fconomic Paramaters

Three pavameter arrays are included under the First-level keyword
ECONOMIC. These parameter arrays may be used to generate an estimate of
the immediate costs associated with various severities of accidents. The
second-level keyword ECONF (from ECONomic Factor) calls for a single value
that may be used to adjust for inflation. This and all other ECONOMIC
parameters have default values of zero, and use of the RADTRAN 4 economic
model is optional. If mo values are entersd by the user, no cost estimates
will be included in the output. The economic model itself is discussed in
the RADTRAN 4 Technical Manual (Neuhauser and Kanipe, in preparation [b]).
ECONF may be set to 1.0 to reproduce results of earlier analyses, but it
may also be used to upwardly adjust these results to present-day dollar
values.

The second-level keyword ONSCST is wused to specify an array of four
material-specific values for on-scene costs (ON-Scene CoST). These are the
costs of decontamination and restoration of the area surrounding
hypothetical accident sites. These values increase as the release Fraction
{and hence the level of contamination) imcreases. The first value is a
basic cost for accidents im which there was no release [release Ffraction
(RF) = 0]; it represents the minimal cost of determiming that there was im
fact mo release and dispersal. The second value in the array is a cost
estimate for accident im which 0 < RF < 0.01; the third value is a cost
estimate for accident in which 0.0l < RF % 0.10; and the fourth value is a
cost estimate for accidents im which RF > 0.10.

The third and final second-level keyword under ECONOMIC is EMRCST,
which calls for an array of M values (where M = the mumber of accident
severity categories, NSEV). These values represent estimates of emergency
response costs (EMergency Response CoST); that is, the cost of law
enforcement, fire prevention, health service personnel, and eguipment that
would respond to an accident of each severity. These estimates are mode-
specific, but unlike the values entersd under ONSCST,  they have little or
mo relationship to the radioactive material contissi of the shipment. ©One
should also be aware that other ungquantifizble costs such as those that
might be associated with litigation, govermment actions, loss of business
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income, ete., cannot be accounted for with a code such as RADTRAN even
though they might be significant.

3.5 ISOTOPES. LINR, DISTRM. and PRGSIZ

The keyword EOF (end of file) must appear after all data are entered
except for the following instances:

® values entered with ISOTOPES,

® Troute-specific information entersd under LINK or monroute-speacific
trip length entered under DISTRN, and

» characteristic package dimension (PRG3IZ) for each material.

ISOTOPES is a first-order keyword that leads to arrays of material-
level and isotope-level information for the package(s) being analyzed.
After the keyword EOF, the user must enter the keyword ISOTOPES and all
reguired parvameter values. If more than one mode or material is analyzed,
then the entire seguence (i.e., keyword ISOTOPES followed by all reguired
parameter values) must be repeated for each mode or material.

If a route-specific analysis is performed, then the First-order
keyword LINK is also entered after the keyword EOF, followed by the
appropriate segment-specific data for each route segment. If the analysis
is mot route-specific, then the full trip length must be entersd under the
keyword DISTRN for each mode used im the analysis.

For all analyses, the characteristic package dimension for each
material must be entered under PRGSIZ.

»

There are two restrictions on the order im which these four keywords
-are entered (with their associated subordinate keywords and parameter-value
arrays) after the first EOF. These restrictions are that (1) ISOTOPES must
be the first keyword entered, and (2) PRGSIZ canmot be enterad until after
all materials and isotopes have been identified. Entry of data under these
keywords is terminated with a second EOF. If the user wishes to evaluate a
second route im the same run with either LINK or DISTRM, then the second
set of parameters may be entered after the second EOF. Entry of these data
must be terminated with a third EOF. This procedure may be repeated
several times. The entire data set is always termimated with the keyword
EOI {(end of imput).

3.6 Qutput Format and Echo Check

The first part of the output for any RADTRAN 4 run is the echo check,
which repeats or "echoes” the inmput data set. The echo check Shows the
following:

* the user-defined values of parameters without deffault_s,, and

» the values of parameters with defaults which the analyst alterad.
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If no value appears in the echo check For a particular parameter, then a
default value was uwsed. The echo check, therefore, preserves directly or
indirectly all parameter values used im an inmput data set and, thus, is
useful for performing a quality-assurance Ffunction. The echo check portion
of the output may mot be suppressed by the user, and any RADTRAN & output
lacking the echo check pages should be considered incomplete and unsuitzble
for either publication or quality-assurance purposes.

3.7 Default Tmput Data
3.7.1 RADIRAN 4 Radionuclide Library Data

As shown in Appendix B, Common Block P contains data arrays for all
isotopes im the imternal data library. Each array contains eleven mumbers.
These correspond to the following:

1--half-life (days),
2-~photon ensrgy MeV/disintegration),
3~~cloudshine dose factor (rem-m3/Ci-sec),
4~~30-yr committed effective dose equivalent for
irhalation (rem/Ci imhaled), ,
5--50~yr committed effective dose equivalent for
ingestion (rem/Ci ingested),
6--food transfer Ffactor (Ci ingested/Ci deposited),
7--s0il transfer factor (Ci ingested/Ci deposited),
8- -deposition velocity of aerosol particles {(m/zec),
9-~lung type for early effects calculations, ,
10~~1-yr lung dose for Inhalation {xemy/Cti imhaled), and
11-~1~yr marrow dose for Inhalation {(rem/Ci irhaled).

Each parameter is defimed and discussed briefly below. The units of
each parameter are given and sources are cited. Special treatment of
particular isotopes are also identified.

Half-1ife. The term half-life is wused to describe the radioactive
decay of an isotope. The wnits are days. ALl values are taken from
Radionuclide Transformations, Enerpy and Intensi: of Emissions,
Publication 38 of the Imternational Commission on Radiclogical Protection
(ICRP) (ICRP, 1983).

Photton _Energy. The energy of the photons emitted by an isotope is
used to calculate the groundshime dose for that isotope. The units are
MeV/disintegration. All values are taken from ICRP 38 (1983). To simplify
the analysis, each decay, regardless of whether it is a single photon or a
cascade, is treated as a single photon decay with an energy equal to the
difference between the initial and ground states of the radionuclide. The
values given are taken from the column titled "yA)REE)" (i.e., the
average enetgy emitted per transformation) im Section 3 of Radionuelide .
Transformations [ and Intensity of Bmissions (ICRP, 1983). ,

Photons emitted by short-lived daughter products of certain isotopes
have been added to the mominal photon energy (if any) of the parent
isotope, but the half-life of the daughter is meglected. In other words,
the parent isotope is treated as though every transformation produced a
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photon equal in energy to that of the parent (if any) plus that of the
daughter. Because the isotopes for which this approach was used have
half-lives that are large in comparison with the half-lives of the daughter
nuclides, this gives a suitably realistic value for photon energy for the
analyses performed by RADIRAN 4, Inm several cases, the daughters ave gamma
emitters while the parent muclides are mot. Thus important sources of
gamma radiation are adequately accounted for in the groundshine dose
estimation.

Isotopes with short-lived daughters imcluded are the following:

~ molybdenum-99, which has a daughter, technetium-99m (87.6 percent
yield), with a half-life of 6 hr and a photon energy of 1.26E-01
MeV/transformation;

« ruthenium-103, which has a daughter, rhodium~103m (99.7 percent
yield), with a half-life of 56 min and a photon energy of "
1.75E-03 MeV/transformation;

*  ruthenium-106, which has a davughter, rhodium-106, (100 percent
yield), with a half-life of 29.9 sec and a photon energy of
2.01E-01 MeV/transformation;

» cesium-137, which has a rdaughtré:r,, barium~137m (94.6 percent yield),
with a half-life of 2.6 min and a photon energy of 5.96E-0L
MeV/transformation; and

v cerium-144, which has a daughter, praseodymium-144 (98.2 percent
yield), with a half-life of 17.3 min and a photon energy of
3.18E-02 MeV/transformation. The remainder of the yield is also a
short-lived isotope, praseodymium-144m, but its photon ewergy is
very low and is meglected here.

Cloud Dose Factor. The units of this parameter are rem-m3/Ci-sec.
This factor is the effective dose-rate factor for immersion in air
contaminated with the specified isotope, and it is wused to calculate
cloudshine dose. All values are takenm From DOE-0070 {1988a) and converted

from mrem-ms///pﬂi~yr to rem-m3/Ci-sec.

Committed Effective Dose Fquivalent for Irhalation. This parameter
describes imternal radiation exposure (50~yr dose commitment) resulting
from imhalation of respirable azrosol particles of each isotope. Units are
rem/Ci of vespirable aerosol inhaled. Most values are for 0.3 micron
activity mean aerodynamic diameter (AMAD) particle size. The values For
this parameter were taken From Dunnimg (1983) and calculated From egquations
in Section 1.2.2 of the Internal Dose Conversion Factors for Calculation of
Dose to the Public (DOE, 1988b; previously published in ICRP, 1981).

Values were also taken Ffrom fractions provided by DOE-0071 (1988b) For the
highest lung retention class for each isotope.

A population of aerosol particles of plutonium or other dense material
with a mean aerodynamic diameter of 0.3 micron has a particle~-size
distribution such that virtwally all the particles could lodge im the
pulmonary region of the lung (i.e., they could be less than 10 microns and
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greater than 0.1 micron im diemeter). This particle~-size assumption is
conservative for dense materials, and since uranium, plutonium, other
transuranics, and spent Ffuel particulates are all both relatively demse and
among the materials most Erequently analyzed for transportation risk, the
0.3-micron AMAD values were used as defaults. With DEFINE, the user may
redefine an isotope already in the library for a mew particle-size
distribution, if desired.

Particle size is mot a factor for those radionuclides that would be in
the gaseous state under accident conditions: tritium gas (H3GAS), carbon-14
dioxide gas (CL4GAS), and the noble gases. A 1.0-micron AMAD particle size
was used for these lo ~density liquids and solids: tritiated water (H3WIR)
and organic forms of carbon-14 {CL40RG) .
vivalent for Inmpestion. This parameter
describes internal radiation exposure (50-yr dose commitment) from
ingestion of foodstuffs contaminated with the isotope. Units are rem/CiL
ingested. All values are taken From the DOE (1988b) or Dumning (1983) and
converted from rem/uCi ingested to rem/Ci ingested. The ingestion pathway
is used only for dispersal accidents in rural areas because agricultural
land use is generally restricted to rural areas. The resulting imgestion
dose is a societal dose, however (Ostmeyer, 1986a).

[

Food Transfer Factor. This parameter describes the relationship
between the societal Ingestion dose and radionuclides incorporated imto
food grown or reared on contaminated land, The units are Ci incorporated
Into food ingested per Ci deposited per m2 of land under cultivation., Land
under cultivation includes all food-chain land uses (daivy pasture, forage
crops, cereal grains, leafy vegetable erops, @te.). In anticipation of the
development of an external data base that will contain a series of state-
or reglon-specific values for this transfer factor, all values are
presently defaulted to zero and the XFARM parameter (fraction of land
under cultivation) had been disabled for this caleulation. In the Interim,
users wishing to calculate imgestion doses may employ the DEFINE function
to redefine isotopes with monzero values for food transfer factors
(Ostmeyer, 1986a).

Soil Transfer Factor. This parameter describes the relationship
between the societal Ingestion dose and radionuclides deposited on food
grovn on contaminated land by dry- and wet~deposition mechanisms. The
units are €1 deposited on Food Ingested per total Ci deposited per m2 of
land under cultivation. In anticipation of the development of an external
data base that will contain a series of state- or reglon-specific values
for this transfer factor, all values are presently defaulted to zero and
the XFARM parameter (fraction of rural land under cultivation) has been:
disabled. In the imterim, users wishing to calculate ingestion doses may
employ the DEFINE function to redefine isotopes with monzero values For
s0il transfer Factors (Ostmeyer, 1936a).

Deposition Velocity of Aerosol Particles. This parameter describes
the settling of dispersed material as it moves dovnwind £rom the accident
site. It is wused to calculate depletion of the aerosol cloud and ground
contamination levels. The units are m/sec. Except for tritiated water
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{vapor), tritium gas, carbon-14 dioxide gas, and the noble gases, the
deposition velocity for aerosol particles of all other isotopes is set to
0.01 m/sec (1 em/sec). This is the median terminal velocity for 10-micron
spherical particles (actual diameter) of densities between one and 10 in
air at STP (see Figure 9-6 in Shleien and Terpilak, 1987).

Lung Type for Early Effects Calculations. There are three isotope

types for early effects calculations. These calculations determine which
dose-response relationship is selected. all isotopes with a half-life less
than 365 days are lung type 1. For longer-lived nuclides, a distinction is
made between those isotopes that emit only low linear energy transfer (LET)
radiation (e.g., gamma photons) and those that emit high LET radiation
(e.g., alpha particles). The former are lung type 2 isotopes and the
latter are lung type 3. Note that a lung type 3 isortope may produce low
LET radiation as well, but the high LET radiation is more biologically
damaging when they are in close contact with biological tissue (e.g., when
inhaled or ingested) and predominates when present. Lung-type designations
were made on the basis of the half-life and radiation type data taken from
ICRP 38 (1983).

One-Year ITung Dose for Inhalation. This parameter describes the 1-yr

committed dose to the lung from inhalation of respirable aerosol of the
given isotope. It is used to calculate early fatalities and early
morbidities. The units are rem/Ci inhaled. The values are taken from
Dunning (1983) for the highest lung retention class for which values were
given for each isotope.

One-Year Marrow Dose for Inphalation. This parameter describes the
1-yr committed dose to bone marrow from inhalation of respirable aerosol of
the given isotope. It is used to calculate early fatalities and early
morbidities. The units are rem/Ci inhaled. The values were taken from
Dunning (1983) for the highest lung retention class for which values were
given for each isotope.

3.7.2 Default Data for Incident-Free Dose Calculation by Mode

Twenty-five of the parameters used in the incident-free dose
calculation are listed under the Firsc-level keyword NORMAL. The values
enterad under NORMAL are entered into the DNORML array. Table 3-3 shows
the default data in the DNORML array by mode and second-level keyword. The
second-level keywords are defined in Table 3-2. '

There are two ways to enter data into the DNORML array under first-
level keyword NORMAL. The user can enter a second-level keyword (Table
3-3) followed by third-level keyword NMODE and the mode number then the
appropriate value. The third-level keyword NMODE, mode numbers, and values
can be repeated for all modes if desired. This method is useful if the
user wants only to change a few of the default parameters and keep the
other default data intact.
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Table 3-3

DNORML Array Default Data

Cargo Passenger Passenger Cargo
Reyword® Truck Rail Barge Ship Air Air Van Vans
FTZNR 0.90 ©0.%0 0.90 0.99 0.88 0.88 0.0 0.0
FIZNS 0.05 ©0.05 ©0.095 ©0.009 0.10 0.10 0.60 0.60
FTZNR 0.05 0.05 0.01 ©0.001 .02 0.02 0.40 0.40
VELR 88.49 64.37 16.09 24.16 691.90 691.90 88.49 88.49
VELS 40.25 40.25 8.06 8.06 691.90 £91.90 56.34 56.34
VELU 24.16 24.16 3.20 3.20 691.90 691.90 24.16 24.16
CREWNOD 2.00 5.00 2.00 10.00 3.00 3.00 1.00 1.00
ADSTCW 3.10 152,40 45.70 61.00 6.10 15.20 2.13 2.13
HANDNO 0.0 2.00 2,00 2.00 4.00 4.00 2.00 6.00
STOPTIM  0.011 ©0.033 ©0.01 ©0.01 0.0016 0.0008 0.0004 0.0004
MINST 0.0 10.00 10.00 10.00 1.00 1.00 0.15 0.15
TIMZR 0.0 60.00 0.0 0.0 0.0 0.0 0.0 0.0
FMINCL 0.0 2.00 0.0 0.0 0.0 0.0 0.0 0.0
PDST 50.0 100.00 35D.00 30.00 10.00 100D.0D 100.00 100.00
RST 20.0 20.00 50.00 30.00 50.00 50.00 10.00 10.00
DTSTOR 0.0 4.00 24.00 48.00 0.0 0.0 4.00 10.00
PDSTOR  100.0 100.00 100.00 100.00 100.00 100.00 100.00 100.00
RSTOR  100.0 100.00 100.00 100.00 100.00 100.00 100.00 100.00
PPV 2.0 3.00 o0.0 0.0 0.0 78.00 2.00 2.00
FRSHR 0.08 0.0 0.0 0.0 0.0 0.0 0.08 .08
FCTST 0.05 1.00 0.0 0.0 0.0 0.0 0.65 0.65
FTLFWY 0.85 0.0 0.0 0.0 0.0 0.0 0.25 0.25
TCNTPR 470.00 1.00 0.0 0.0 0.0 0.0 470.0 470.0
TCNTPS 780.00 5.00 0.0 0.0 0.0 0.0 780.0 780.0
TCNTPU 2800.00 5.00 0.0 0.0 0.0 0.0 2800.0 2800.9

“Keywords are defined in Table 3-2.
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The second method for entering data into the DNORML array is to enter
second-level keyword NMODE followed by the mode mumber and the twenty-five
values for the mode. These values must be entered in the order that they
@ppear In Table 3-3. With this method no third-level keywords are
reguired, but all twenty-five values must be entersd and all default data
for the mode chosen will be overvritten.

When the route-specific LINK option is chosen, the values for
velocity, vehicle density, fraction of travel in population density zones,
and fraction of rush-hour travel in the DNORML array are ignorsd. These
values are taken instead from the data input after the keyword LINK. To
account for rush-hour travel with the LINK option, the user must create
links that represent the distance traveled under rush-hour conditions in
urban and svburban links. In effect, urban and suburban route segments
must be subdivided to indicate what fraction of time they are traversed in
rush-hour conditions and what fraction of time they are traversed in
nonrush-hour conditions. This is also discussed in Section 4-10.

In addition to thes DNORML array, the following lists other flags and
variables with default values that may also be used im an incident-free
dose calculation.

1. Shielding Option Flag (TUOPT). The default is 2. For this flag,

persons im buildings are exposed at reduced rates and dose rates
are calculated with the following shielding factors (Fimley
et al., 1988):

* Rural Shielding Factor (RR)-~the default is 1.0 (i.e. , TI0
shielding), which represents a frame dwelling;

* Suburban Shielding Factor {RS)--the default is 0.87, which is
equivalent to a suburban residential structure of mMASOnTY
construction; and

+ Urban Shielding Factor (RU)-~the default is 0.018, which is
eguivalent to an urban commercial building constructed of
reinforced concrete or concrete block.

This system allows a great deal of flexibility. The user may select
1, 2, or 3 for the shielding option flag. Setting the option flag to 1
(full shielding) is equivalent to setting all shielding factors to ©
(everyone indoors receives mo exposure). Setting the option flag to 3 is
equivalent to setting all shielding factors to 1 {this means being indoors
is the same as being outdoors). Further, if the default (flag is 2) is
accepted, the user may still separately alter the values of the imdividual
shielding factor values (RR, RS, and RU).

2. Ratio of Pedestrisn Densi D). This parameter is the ratio of
pedestrian density to population density that is used to determine
number of unshielded persons exposed in urban areas when TUOPT is
not egual to 3. The default value is 6 (Fimley et al., 1988).
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: : ’ ). This parameter is used for
passenger alr modes only. The default value is 4 (NRC, 1977).

4. Packape 83 - ] d PRG5Z2). This parameter is
used to determine the handling method that will be used for a
package, which, in turn, is used in the caleulation of handler
dose. Defaults for PRGSZ1 and PRGSZ? are 0.5 m and 1.0 m,
Tespectively. Although it is unlikely that these values will nesed
to be altered, the user has the option do so.

5. IIRAIN Flag. This parameter is used only for rail mode to denote
vhether shipment is by general Eraight (ITRAIN = 1) or by
dedicated rail (ITRAIN = 2). The difference between the two
options is the exposure factor value (EF), which is used to
calculate the close-proximity rail workers dose. The EF is
defined as the sum of the time and distance ratios for all close-
pProximity rail workers, which is used in the line-source dose
caleculation, as described by Ostmeyer (198%b). For zeneral
freight, the default value for EF by 0.16 hr/m, and for dedicated
rail, 0.01 hr/m.

3.7.3 Default Data for Accident Risk Calculation by Mode and Material Type

Few of the parameters wused in the accident risk calculation have
default values. Neither of the two most important arrays have defaults:
accident-severity fractions and release fractions. The two subordinate
arrays spacified by dispersibility category (IDISP) do have defaults.
Defaults ar> also available for certain options in the dispersion model.

In the latter case, one of two alternative analytical models is selected
with the IPSQB flag. If IPSQB = 1, then six sets of tabular data (area and
time-integratad concentration) for Pasguill atmospheric stability
categories A through F are called up, and the user must assign
probabilities of orcurrence for each. The values in these tables are Fixed
and may mot be changed, but there are mo default values for the
probabilities of occurrence. If IPSQB = 2 (or any imteger other than 1,
then a table of user-definsble areas and time-integrated concentrations is
called up. Im this option, default valuves From mational averages are
supplied for the areas and time-integrated concentrations; both may be
altered by the user. Since only one set of dispersion values may be used in
this option, there is mo need to specify a probability of occurrence. The
default dispersion values are listed in Table 3-4.

The method of genmerating the tabular data For Pasquill armospheric
stability categories A through F and the set of mational-average time-

Technical Manual {(Nevhauser and Kamiper, in preparation [b]).

There are four additional accident risk parameters for which default
values are available:

1. Building Dose Factor {BDF). This factor describes the entrainment

of aerosol particles in building ventilation systems (i.e., the
fraction of particles of an external aerosol that remain in
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Table 3-4

Isopleth Areas ard Time-Integrated Concentrations

Time-
Integrated .
AREADA Concentration
(M_SD) (TICY*®
4 59DE+D2 3.420E-03
1.3530E+03 1.720E-03
3.940E+03 8.580E-04%
1.250E+04% 3.420E-04
3.040E+D4 1.720E-04
6.850E+04% 8.58DE-05
1.760E+05 3.420E-05
4 . 4508405 1.720E-05
8.590E+05 8.580E-05
2.550E+06 3.420E-05%
4 . 450E+06 1.720E-06
1.030E+07 8.3580E-07
2.160E+07 3.420E-07
5.520E+07 1.720E-07
1.770E+08 8.580E-08
4 .890E+08 5.420E-08
8.120E+038 4, 300E-08
1.350E+09 3.420E-038

*TIC units are (Ci~sec/M**3/Ci-released).

aerosol form after passing through a ventilation system) (Finley
et al., 1980). The BDF is used to modify imhalation doses to
persons in urban structures. The defzult value is 8.60E-03.

2. (Clean-Up Level (CULVL). This factor describes the reguired level
to which contaminated surfaces must be cleaned up (EPA, 1977).
The default value is szt to the proposed guideline of 0.2 /,uCi//:mrz.
Note that this value applies to the sum of deposited activity over
all isotopes of a multi-isotope material and that the default
cleanup value is mot widely accepted.

3. Breathing Rate {BRATE). This factor is used to caleculate volume

of air ivhaled (ICRP, 1975). The breathing rate of a standard
adult male (3.30E-04 m3/sec) has been used as the defaunlt value.
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4., Land Under Cultivation (XFARM). This factor is the Ffraction of

land in areas designated as rural that are devoted to food-chain
land uwses, including pasture, forage crops, cereal grains, leafy
vegetables, etc. (U.S. Bureau of the Census, 1988). The default
value iz 0.5.
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4.0 OPTIONS AND CONSTRAINTS TO CONSIDER WHEN
PERFORNING ANALYSES USING RADTRAN 4

RADTRAN 4 reguires a relatively large amount of input data. For this
reason and because obtaining appropriate values for certaim parameters can
be difficult, this User Guide provides RADIRAN 4 users with a concise
outlime of the data requiraments (Table 3-2) and defauvlt data provided to
minimize searching for information (Table 3-3)., In addition, some of the
analysis strategies developed at SNL are described below to assist the user
in selecting the best method for analyzing a particular problem and in
reducing the amount of data that must be entered. Aas a complement to this
discussion, representative data sets taken from studies performed at SNL
bhave been amnotated and reproduced im Chapter 5.0 of this report.

4.1 Analysis Stratepies

Commonly encountered shipment configurations are listed im Table 4-1.
Each shipment must contain at least one package.

Table 4-1

Shipment Configurations and Analysis Method

Number of Packages
per Conveyance &nalysis Method

1 Isotopes are listed individually;
Section 4.3,

=2 Contents of all packages are
identical; isotopes are listed
individually; Section 4.5.2.

>2 Contents of all packages are

mot identical; isotopes are
1isted individually; Section
4.5.4.,

In the calculation of imcident-Free risks, the dose rate in mrem/hr at
1 m from the package or from the wehicle (also called the effective dose
rate) is wsed to estimate the radiation Field strength around the package
or shipment. This, in turn, is used to calculate doses to Persons beside
the transport limk {off-1ink) and doses to Ppersons sharing the transport
link (on-Llimk).

If the shipment consists of a single package, then the package and
shipment dose rates are the same and mo adjustments are reguired. Im @
multiple-package shipment, the user may enter an individual package dose
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rate for each material and allow RADTRAN 4 automatically to sum the
individual package dose rates for the mumber of packages of each type per
shipment (PPS). Because of shielding of packages by one another, this will
often oversstimate the shipment dose rate and the user may wish to make an
adjustment. One way to avoid this problem is to treat the shipment as a
simgle effective package. Im this case, a single effective dose rate can
be measured or calculated and the mumber of packages per shipment is set to
unity (ses Section 4.5.1). Doses to handlers and warehouse personnel,
however, are always calculated on the patkage level. If calculation of
worker doses is desired and if a shipment-level analysis has been performed
to obtain other doses, then a separate package-level run is required to
obtain proper values for handler and warehouse worker doses,

Although accidents usually involve an entire shipment (i.e., a vehicle
and the package[s] it carries), accident risk calculations must consider
the effect of the forces in an accident on each package-material
combination, becausz each combination of package and material type may
respond differently. RADTRAN 4 accepts data concerning shipment, package,
material, and isotope. The user must bz aware of thess distinctions when
entering data. In Sections 4.2 through 4.8, Pparameter arrays of special
concern are described and additional information is given on the shipment
analysis strategies outlined azbove.

4.2 Importance of the IABISD Array

When analyzing a multiple-isotope material, vemember that the LABISO
("lzbel isotope™) array (see Table 3-2) must contain the names {1abels) of
every important constituent isotope in each material considersd in the
analysis. ILABISD is a second-order keyword under SHIPMENT (Table 3-2).
The maximum size of the LABISD array is 65. Data entry under the keyword
ISOTOPES is closely related to and dependent on the LABISO array.
Therefore, care should be tzken to ensure that the isotope labels are
spelled identically in both places. See Table 4-2 For the isotopes which
are imcluded in the RADTRAN 4 default data.

The shipment configuration selected by the user is detevmimed, in
part, by characteristics of the shipment itself and, in part, by the level
of detail desired.

After entering the keyword ISOTOPES, the user first enters an orderad
array of mumbers on the same line (termed the material line). The arrvay
specifies the following parameters listed in the regquirad order:

® mode mumber and the exclusive-use flag (sign of number),

® mumber of shipments,

® mumber of packages per shipment,

® effective dose rate (mrem/hr) (at 1 m from package or conveyance),
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Table 4-2

Isoropes That Are Included in the RADTIRAN &4
Defaultr Data
{(Arranged in Order of Increasing Atomic Weight)

Isotope Isotope

Label Description Label Description
H3WIR tritiated water NBIS niobium-95
H3GAS tritium gas M099 molybdenum-932
CL40RG carbon-14 in organic form TC99 technetivm-939
C14GAS carbon-14 dioxide gas RU103 ' ruthenium-103b
P32 phosphorus-32 RUL06 ruthenivm- 106
$§35 sulfur-35 b SB125 antimony-125
Cass calcium-435 TE125M tellurium-125M
CR51 chromium-51 TE127M tellurium-1278
MNS4 manganese-~-54 TEL27 tellurium-127
FE35 iron-55 TEL29M tellurium-129M
FE59 iron-59 TEL29 tellurium-129
©0538 cobalit-58 I125 iodine-~125
©060 cobalt-6D T12% iodine~129
ZN65 zinc-65 1131 iodine-131
GAG7 gallivm-67 XE133 xenon-133
KRB5 krypton-85 €5134 cesium-134
SR89 strontium-89 €5137 cesium-137¢
SRI0 strontium-90 ’ CE141 cerium-141®
Y91 yttrium-91 CE144 cerium-144E
ZRY5 zirconium-95 PRI44 cerium-1448
NBY4 nicbium-94 PMI4T promethium-147

8This imcludes the short half-life daughter technetium-99m.
bThis includes the short half-1ife daughter rhodivm-103m.
CThis includes the short half-1ife daughter rhodium-105.
dThis imcludes the short half-life daughter barivm-137m.
CThis imcludes the short half-life daughter praseodymivm-144.
fhis includes the short half-life daughter Ppraseodymivm-144.
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Table 4-2 (CToncluded)

Isotopes That Are Included in the RADTRAN &
Default Data

Isotope Isotope

Label Description Label Description
SM1351 samarium-151 ; PU239% plutonium-239
EU152 europium-152 PU240D plutonium-240
EULS4 europium-154% PU241 plutonium-241
EU155 europium-1535 PU242 plutonium-242
U233 uranium-233 AN241 americivm-241
U235 uranium-235 AM243 americium-243
V238 uranium-233 CM242 curium-242
NP237 meptunium-237 CM244 curium-244
PU236 plutonium-236 CF252 californium-252
PU233 plutonium-238

o fraction of dose rate rejptesentéd by gamma radiation,

* fraction of dose rate represented by meutron radiation, and

® material mame (followed by @ [ « ]).
Then a list of the isotopes in the material is entered, one isotope per
line (isotope limes). For each isotope on each lime, the user enters the
following parameters:

@ isotope mame,

' munber of curies (Ci),

® physical-chenical group label, and

® dispersibility category (followed by a « ).

Recall that the isotope mames im the LABISD array must be the same as those
used In ISOTOPES. This rule applies even to the simplest possible shipment
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configuration: a single Package containing a material consisting of a
single isotope. In this case, only one isotope lime appears below the
material line. There must be at least one isotope line for each material.
The only restriction on the material mame is that it may not exceed ten
letters im length, but isotope mames must be in standardized format to call
the proper values for half-life, photon energy, ete., from the internal
radionuclide data library. The standard names of all isotopes available in
the isotopes library are listed in Table 4-2.

If an analysis is being performed on a package containing isotopes mot
found in the internal library, then the user may use the DEFINE option to
add the mew isotopes to the internal data library. The DEFINE option may
also be used to define (1) isotope forms that differ significantly either
physically or chemically from the form described in the data lidbrary or
(2) composite isotopes that are actually weighted-averages of several
isotopes. The latter approach may allow simplified analyses, but is of
limited usefulness. The assignment of physical-chemical groups and
dispersibility categories is discussed in Section 4.8,

Multiple-package shipments in which the packages can be treated as if
they are identical may be treated as @ single effective package for
analytical purposes, as described in Section 4.5.

4.4 Characteristic Package Dimension

In every analysis the wuser must enter a value for characteristic
package dimension (PRGSIZ) in meters For each package type. For
example, for cylindrical packages, PRESIZ is usuwally length (see
Chapter 4.0 in the RADTRAN 4 Technical Manual [Neuvhauser and Ranipe, in
preparation [b]]). In RADTRAN 4 each package, regardless of shape, is
modeled as an isotropically radiating point source for most incident-free
dose calculations. The caleulation imcludes a package coefficient, R,,
which is a function of package dimension.*

For some exposure groups, a line-source model is wused (see Chapter 4
in the RADTRAN 4 Technical Manual [Wevhauser and Ranipe, in preparation

ILIEDR

“For analysis of a package with a characteristic dimension greater than 4 m
{e.g., @ spent fuel cask), the basic formula for caleulating K,
overestimates gamma dose rates and RADTRAN 4 automatically makes an
adjustment. For a package dimension greater than 4 m, the value for the
actual characteristic package dimension (PRGSIZ) is replaced with a value
for an effective package dimension (EFFSIZ), which is calculated by
RADTRAN 4 accordimg to the following eguation:

D ) A W

egg = 2° (L +0.5D

ol

wWhere

Dy = effective package dimension
Dper = actual dimension.



4.5.1 The Effective Dose Rate and the Transport Index

The effective dose rate is an important RADTRAN input parameter. It
is defined as the dose rate at 1 m in millirem/hr from either the surface
of the package (package dose rate) or from the vertical planes projected by
the outer lateral surfaces of the transportation vehicle {shipment dose
rate). Although the symbol for this parvameter is TIPRG {(the "transport
index of the package"), mot all packages have a transport Index (TI). The
TI is a regulatory quantity defined in regulations of the International
Atomic Energy Agency, the U.S. Department of Transportation, and the
Nuclear Regulatory Commission {NRC) (49 CFR 173 and 10 CFR 71). In 10 CFR
71, the TI is defined as the maximum radiation lavel in willirem/hr at 1 m
from the external surface of the package. For exclusive-use shipments
however, the regulations do not use the TI concept; instead, they regulate
the dose rate at 2 m from the vertical planes projectad by the outer
lateral surfaces of the railcar or vehicle. One must still enter a value
for dose rate at 1 m for these packages, however. Thus, in RADTRAN & the
values entered in the TIPKG array must be the dose rate at 1 m from either
the package or the shipment conveyance, depending on the analysis being
performed and regardless of the wording of the regulations governing that
package or shipment type.

4.5.2 Similar Packages

Multiple-package configurations in which all packages are identical
are analyzed in approximately the same manner as a single-package shipment
of the same material. &n example of this type of shipment is a truck
filled with drums of low-level waste. A shipment of this type often may
be treated as if all the drums were identica). and eack contained a
representative isotope inventory for the waste form. As noted above,
RADTRAN &4 uses package dose rate x PPS (packages per shipment) or analogous
products for gammas and neutrons separately to estimate the shipment source
strength for shipments of this type. Simce directly accounting for
shielding of packages by one another is mot possible with this method, the
incident-free dose may be overestimated for multiple-package shipments and
the user must account for this, as described in this section.

The package coefficient, K,, is calculated from the imput value for
the characteristic package dimension (PRGSIZ), which either is used
directly or is converted to an effective package dimension, EFFSIZ (see
Section 4.4). Since package dose rate x PPS and the calculated K, are
combined in several eguations and since both of these terms could result in
an overestimate of dose rate, the user must carefully examine each shipment
configuration for these sources of error and apply the measures described
below to compensate. However, the dose rate overestimate cannot be
infinitely large. RADTRAN 4 has an internal check that compares the
package dose rate X PPS to the regulatory limit of 50 mrem/hr (10 CFR 71).
The regulatory checks performed by RADTRAN 4 are discussed fully in the
RADTRAN 4 Technical Manual (Neuhauser and Ranipe, in preparation 1)



4.5.3 Application of the Effective Shipment Dose Rate

Even if the package dose rate x PPS does not exceed regulatory limits,
it may still be a significant overestimate of the radiation field around
the shipment. To avoid overestimation from the latter cause, the user can
measure or calculate an effective shipment dose rate (i.e., the maximum
exposure level at 1 m from any accessible surface of the transport
vehicle). For exclusive-use shipments, this may be obtained by
extrapolation from measurements performed to determine compliance with
regulations that restrict the dose rate to 10 mrem/hr or less at 2 m from
the conveyance. In this method, the entire shipment is treated as an
effective single package. Thus the value for PPS is set to 1 and the
package dose rate is replaced by @ shipment dose rate. The product then
becomes shipment dose rate x 1, and given that the shipment dose rate is
properly estimated, this produces a better estimate of incident-free doses.
This method is also useful when analyzing multiple-package shipments
consisting of dissimilar packages, as described below.

4.5.4 Dissimilar Packages

For shipments In which the packages are not identical, ISOTOPES must
be used sequentially to describe each package type. The user must enter
the keyword ISOTOPES and all associated data separately for each material,
continuing until all packages have been described. The maximum number of
distinct material and packaging combinations that may be analyzed
simultaneously is 12. For multiple-package shipments made up of
nonidentical packages, the package dose rate x PPS for each set of
identical packages is first calculated. Then incident-free doses are
caleulated separately for each of these products. The values for all
package types are summed and this sum is given In the output tables along
with the Individual values for each package type. The problem of
overestimation from self-shielding remains, however, and may be accounted
for in the same way as described above for shipments of similar packages.

Treating a shipment containing packages of widely different sizes and
contents as a single effective package is often the best method for
analyzing this shipment type. When using this approach, the analyst should
take care to perform the following:

* properly determine the radiation field around the vehicle (i.e.,
the effective shipment dose rate, and

* correctly describe the behavior of the shipment in accidents (if
necessary, in a separate RADTRAN 4 xun).

An example of a dissimilar-package shipment is a tractor-trailer
loaded with radiopharmaceuticals in which the dimensions and contents of
the various packages vary. An effective shipment dose rate can be either
measured directly or calculated by considering the geometry of the package
array and accounting for self-shielding (Finley et al., 1988). Since all
packages in the shipment are Type A, all packages can be expected to have
comparable failure behavior in the event of an accident so that the entire
shipment can be assigned release fractions that are characteristic of Type



A packages. Also, historical data for shipments of this type can be used
to estimate a package-failure fraction. Thus both conditions outlined
above are satisfied, and the user can proceed with the analysis. Note
again that if handler doses are desired, then the user must perform a
sepavate RADTRAN 4 analysis in which package dose rates and dimensions are
used.

Crew shielding is not specifically modeled in RADTRAN 4. However, if
the user must account for shielding, the source-to-craw distance may be
artificially increased to reduce the dose rate to that which would be
achieved with shielding in place. The value of the distance that will
yield the desired dose rate {i.e., the dose rate with shielding) must be
externally calculated by the user. The source-to-crew distance can be
defined by the user in the data input file in the DNORML array (Table 3-2).

4.7 Gamma and Neutron Components of Dose Rate

The default values for a neutron component of dose rate in RADTRAN 4
are for fission neutrons and are discussed in detail in the RADTRAN &
Technical Manual. To summarize briefly, they were obtained with meutron
cross-section data from the ENDF/B-V Magurno, 1983) cross-section data
library generated with the NJOY code (MacFarlane et al., 1982). The source
was assigned an energy spectrum obtained from Ozk Ridge National Laboratory
caleulations of the meutron flux at the surface of a lead-shielded ‘spent
fuel shipping cask. The nautron transport calculations were performed with
the ONEDANT c¢ode, which solves the one-dimensional, multigroup, Boltzmann
transport equation by the discrete ordinates method (0'Dell et al., 1982).
The ENDF library, NJOY, and ONEDANT are discussed and evaluated by Parks
et al. (1988).

To be compatible with the RADTRAN caleculational strategy, the meutron
rate as a function of distance is expressed im the following form

] { - K ‘,"ﬂx q G a4 2 € 3 w o "4 ?
DR(x) = K e (1 + X+ ax + agkx’ + &% )//X.Z .
where DR(x) is the dose rate as a function of x

X = distance in meters from the source

K = constant, and

p = linear absorption coefficient for the surrounding medium
(airx).

The linear absorption coefficient for air (pasy) was assigned a value
of 7.42E~03 m™1 (Madsen et al., 1986, P- 43). TFour unitless coefficients
(ay, ap, a3, and a,) are then derived for fitting the shape of the dose
rate-vs.~distance curve to the shape of the selected meutron transport
curve in air at 50 percent relative humidity. These values are:

2y = 2.02E~02
8y = 6.17E-05



a; = 3.17E-08
&y ™= O.@.

These values are available as defaults in RADTRAN 4. If another
Deutron transport curve is preferred, then the user may generate mew values
for the coefficients and enter them into the input data file as the last
four numbers in the COEF array under the second-level keyword NEUTRON and
the First-level keyword TRANSFER (Table 3-2). The first number in this
array is the linear @bsorption coefficient {u), which also may be redefined
by the user. A similar treatment is possible for gamma radiation (second-
level keyword GAMMA under TRANSFER), but the atmospheric effect (i.e.,
attenuation and buildup in air) is insignificant. Therefore, for pamma
radiation the default values of B> 21, a8y, 83, and a, are set to zero in
order to reduce the exponential term in the dose Trate equation to unity.
The eguation for gamma thus reduces to the form used for a gamma point
source in RADTRAN calculational strategy {(Madsen =t al., 1985, P. 13).
Namely, DR = K/x2,

Separation of dose rate into meutron and gamma components is useful
only for packages in which a significant fraction of the external dose rate
is attributable to meutrons. The default coefficient values for the
neutron component are acceptable for the most frequently encountered
shipments of this type (e.g-., aged spent fuel). For most other materials,
the user should treat the entire external radiation field as the result of
gamma radiation. However, the user a@always has the option of pexrforming
external transport calculations and curve-fitting to obtain mew
coefficients. Note that the coefficient values are not included in the
ISOTOPES array. To alter the default values the user must do so under the
keyword TRANSFER, as shown in Table 3-2. #ny analysis of a multiple-
package shipment containing dissimilar packages should not use a
packagé-?by—package gamma-neutron breakdown, and the shipment dose rate
should only be split into gamma and meutron components when the meutron
coefficients can be used to describe the shipment as a whole.

4.8.1 Assignment of Physical-Chemical Groups

Many radioactive materials consist of mixtures of isotopes. The
Physical and chemical properties of radioisotopes vary widely, and the
behavior of the isotopes in response to mechanical and thermal forces
potentially encountered during accidents depend strongly on these pro-
perties. The best way to account for these differences is to list all
important isotopes under the ISOTOPES keyword. Since isotope-specific data
may be taken directly from the inmternal isotope library, data entry is
simplified and imput errors are reduced. Complex materials containing up
to 65 isotopes can be modeled realistically with this method.

To account for differences in physical-chemical properties of the
constituent isotopes, the user First should determine what groups of
Physically and chemically distinct isotopes are represented. Examples of
these groups are moble gases, volatiles {(e.g., cesium), and transuranic
oxides (e.g., PUD2); each of which would exhibit distinmct release and
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aerosol-formation behavior in ar least some accident-severity categories,
Thus @n important feature of RADTRAN 4 is that each such group may be
treated separately. A maximm of 15 physically and chemically distinct
groups of isotopes may be used in a single analysis.

After each radioisotope is assigned to a group on the basis of
Physical and chemical properties, each group is independently assigned
appropriate values for the release fraction {RFRAC), aerosol fraction
(AERSOL), and respirable aerosol fraction {RESP) arrays for each accident-
severity category. The latter two are specified indirectly by the
dispersibility category assignment. In pravious RADTRAN documentation, the
texm Index of Material (IM) category was used as a synonym for
dispersibility category. This parameter has been renamed and is mow termed
IDISP. Default walues are available for typical physical-chemical material
forms (Table 4-3), but the user may also redefine all but the first of
these categories, if desired. The values in Table 4-3 wers adapted from
NUREG 0170 {NRC, 1977, Table &A-7) for use in RADIRAN 2 (Madsen et al.,
1983) and in RADTRAN 3 (Madsen et al., 1986). Note, however, that the
first IDISP category is used only for modeling loss-of-shielding accidents
in which no material is dispersed, and the user may not alter this
category.

For shipments carrying more than one package containing multiple
isotopes, the approach is similar to that outlimed above if the packages
are identical. The behavior of a multiple-package array in potential
accident conditions may be different from the behavior of a single package
of the same type; it must be evaluated on a shipment-specific basis., When
the packapes are mot identical, differences in their radioisotope contents
as well as their behavior in possible accident conditions must be evaluated
on a case-by-case basis.

4.8.2 Reducing the Number of Isotopes Analyzed

If the number of isotopes in a material is large, then isotopes that
contribute less than a predetermined percentage of the overall hazard
(e.g., 10, 1.0, or 0.1 percent) may be disregarded to simplify the
analysis. Some type of relative hazard index must be caleulated to use
this method. An example is discussed im the annotated output discussion in

Chapter 5.0.

4.8.3 Weighted-Average Method

A multiple-isotope shipment may be analyzed with the weighted-average
method, although this approach has very limited application. When the
health hazard associated with a material is clearly dominated by one
constituent isotope or when @ package contains a material made up of a few
very similar isotopes, then this method may be used to simplify an analysis
without loss of meaningfulness. The DEFINE option is wsed to simulate what
is, in effect, an artificial isotope to Tepresent a multiple-isotope
material. This is accomplished with imput parameters that are weighted
averages of values for all isotopes present. Dose rate is assigned under
ISOTOPES, and only one physical-chemical group is used per package. To
apply the DEFINE option with this method, artificial values for weighted-
average half-life, weighted-average photon energy, and so forth must be
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Table 4-3

Dispersibility Category Default Values

IDISP Aerosol Respirable
Category Description Fraction Fraction
1 Undispersed* [none] [none]
2 Immobile 1.0E-0% 0.05
3 Loose Chunks 1.0E-02 0.05
&4 Large Powder 5.0E-02 0.05
5 Small Powder** 1.0E-01 0.05
6 Spent Fuel
Particulates 1.0E+00 0.05
7 Volatile Solid 1,0E+00 1.00
8 Liquid 1.0E+00 1.00
9 Other 1.0E+00 1.00
10 Gas 1.0E+00 1.00
11 Flammable 1.0E400 1.00

“For loss-of-shielding analyses only.
**Also used for nmonvolatile liguids.

entered. No automatic call to the isotope data library is possible. This
method has bezen used to simplify analyses of complex-material shipments
(NRC, 1977).

The imput parameters for which weighted values are reguired with this
method are half-life, photon energy, cloudshine dose factor, S0-yx
effective dose eguivalent for inhalation, 50-yr effective dose eguivalent
for ingestion, food and soil transfer factors, particle deposition
velocity, a select table for calculation of acute irhalation effects, acute
inhalation effects of 1-yr lung dose, and acute inhalation effects of the
1-yr dose to bone marrow. These parameters are used only im accident risk
calculations. A weighted average for all of the parameters except half-
life should be calculated by using the activity of each of the isotopes as
the basis for weighting. The basis for half-life weighting should be the
number of moles or the number of atoms. Values for other parameters should
be given for the predominant isotope. Im addition, the value for curies
per package should be the true total activity of the shipment.

4.9 Use of Appr: repate Route Data

RADTRAN 4 allows agpregate data to be used for route-related
parameters. Aggregate data are definmed as the values that result from
treating all portions of a route which lie within some predefined range of
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values for a set of characteristics as a single aggregate segment. The
single aggregate segment is egual in length to the sum of all individual
segments that satisfy the conditions. analyses in which LINR is mot used
are restricted to three sets of agpgregated route data. Historically, these
have been defined in terms of a single characteristic--population
density--and classified as rural, suburban, and urban, but they are not
required to be. Input parameters such as traffic density and accident rate
are indexed to population density in mon-LINK runs. To perform this type
of analysis, the user enters the total distance (trip length) wunder the
keyword DISTKM and represents each of the three apgregated segments as a
fraction of travel in the appropriate population-density zone in the DNORML
array (FIZNR, FTZNS, FTZNU in Tables 3-2 and 3-3).

Data for many route-related parameters are often only available in
aggregate form. When cross-country routes are analyzed by the non-LINK
method, it is appropriate to use mational average data for the indexed
parameters. The actual values of population density im the three zones are
also in the POPDEN array and are user-definable. Table 4-4 shows the
population-density zones used for many SNL analyses.

These values along with associated mational average data are available
im RADTRAN 4 as POPDEN- and DNORML-array defaults for non-LINK analyses.
Even when LINK is wused, an aggregate run should be performed to provide a
baseline for comparison. These population-density zones clearly are mot
applicable to certain modes (in-flight air travel and maritime transport on
the high seas), and RADTRAN &4 does mot calculate off-limk population doses
for these types of transportation.

Table 4-4

Agpregate Data for Population-Density Zones

Mean Density Range
Rural 6 persons/km? 1 to 66 persons/km?
Suburban 719 persons/km? 67 to 1,670 persons/km?
Urban 3,861 persons/km? >1,670 persons/km?

4.10 Route-S;

LINK may also be used to enter aggregate data and must be used For
agprepate data with more than three population-density classes. In this
application, a link is created for each population-density zone and is
assigned a length egual to the aggregated value of distance traveled in
this zome. Various refinements are possible as well. For example, in
highway mode, one may account for rush-hour travel in a particular zone by
creating two links for this zone. One limk is assigned a length egual to
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the calculated amount of travel in rush-hour conditions in this zone, and
the other limk is assigned a length egual to the calculated amount of
travel in this zone in monrush-hour conditions. The sum of the two links
must be egual in length to the total distance traveled in this zone.

The LINK option enhances the usefulness of RADTRAN & for route-related
transportation risk applications. The LINK option allows the user to
independently analyze up to 40 Separate route segments (or data aggregates)
in a single computer run. For =ach segment, the user must assign values to
the following route-related parameters: ’

® mode (numerical designator),

* segment length (km),

* vehicle velocity (km/hr),

® population density (persons/km?),

® one-way traffic count (vehicles/hr for all lanes),

© accident rate (accidents/km),

®» character designation (rural, svburban, or urban), and

® 1imk type (1 = freevay, 2 = nonfreeway, or 3 = other modes).

There are no default values for these parameters in LINK. When LINK
1s used for route-specific analysis, the sum of the segment lengths should
egual the total route length. Because there can be mo imternal check to
ensure that this condition is satisfied, the user must perform this check.

One of the most significant features of LINK is that population-
density data for each segment are entersd independently. The user is mot
required to use arbitrary population-density zones. However, the user
still must indicate whether each segment is rural, suburban, or urban in
character so that proper values will be wsed for the building-shielding
factor and other parameters. This is performed with the character
designation pavameter in which the user enters R, S, or U to indicate
Tural, suburban, or wurban, respectively.

The parameters controlled by character designation imclude the
building-shielding factors RR, RS, and RU (see Table 3-2). The treatment
of segments is the same as im mon-LINK runs. In other words, if the
segment is designated R, then the ingestion pathway is Imcluded, but if a
segment is designated as S or U, then ingestion is mot calculated. In
addition, if the segment is designated U, then the expected values of long-
term dose are multiplied by 0.52 x the building dose factor (BDF). The
multiplier of 0.52 is taken Ffrom Finley et al., 1980. The BDF accounts for
the partial removal of particulates by building ventilation systems (Finley
et al., 1980). This parameter is user-definsgble, but has a default value
of 8.60E-03. Anmother term to account for pedestrians is also added for
urban areas. Im this term the dose value is multiplied by 0.1 x the ratio
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ratio of pedestrian density to residential population density. The
multiplier of 0.1 for urban areas represents the fraction of an urban area
(New York City) occupied by sidewalks (Finley et al., 138D). Application
of this factor to all urban areas im the U.S. is conservative. The default
value for this ratio of population densities (RPD) is 6.0. A similar
caleulation is performed to estimate early effects,

Link type is used to distinguish between various roadway types for
highway modes only (truck, commercial van, and passenger van). If the user
sets the link typs to 1, the segment is modeled as an Interstate Highway
{i.e., any limited-access, divided highway built to the same engineering
standards as Interstate Highways). If the link type is set to 2, then the
combination of zone designation and limk type determines how the rozdway is
modeled. If the link type is set to 2 and the zone is designated R or S,
then the roadway is modeled as a mon-Interstate highway (e.g., a U.S.
highway). If the link type is set to 2 and the segment is designated as U
in character, then the roadway in that segment is modeled as a city street.
For all other modes, the limk type is set to 3.

Segments defined with the LINR option may be used to represent actual
seguential route segments. However, they also may be wused to represent
agpregates of like segments in the same way that aggregate data are used
in mon-LINK applications of RADTRAN 4. LINK also can be wsed to analyze
the same route segment(s) in a variety of conditions such as daytime and
nighttime population densities, rush-hour and nonrush-hour traffic con-
ditions, current and projected population densities, etc. In short, the
LINK option is a powerful analytical tool limited only by the data
available to the user.

4.11 Output Options

Radiological risks may be summarized in terms of either expected
population dose in person-rem (FORM UNIT) or expected stochastic effects
(e.g., latent cancer fatalities and genetic effects) (FORM NONUNIT). Im
the latter case, organ doses are calculated and used to estimate health
effects by organ, which are summed and given in tabular form for each
isotope and exposure pathway. In the former case the comnitted effective
dose eguivalent is calculated for each isotope and exposure pathway and
then summed. Note that the user may multiply these dose estimates by a
conversion factor to estimate health effects. With either. option, early
radiological fatalities from accidents are calculated.

In RADTRAN 4 the population-dose output format is selected by using
the keyword UNIT on the FORM lime. For each isotope in a material,
effective dose eguivalents for imhalation (RPCVAL), cloudshinme {CLDOSF) ,
and ingestion (INGVAL) are given im the radionuclide library. -

Organ-specific dose factors are mot presently available from the
radiomuclide library. This omission is intentional since it is anticipated
that recent re-analysis of the Japanese atomic bomb survivors will result
in changes to the health effects model currently accepted by the DOE. The
current health effects model will be adjusted accordingly im the mext
version of RADTRAN. However, NONUNIT calculations may be performed with
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user-supplied organ-specific dose factors. The calculation of economic
impacts is mot affected, mor is the estimation of early mortalities. Early
morbidities are mot estimated when output is reguested in terms of
population dose.

4.12 Unit-Risk Factors

In some cases the analyst may wish to evaluate several alternatives
that differ only in route characteristics and/or numbers of shipments
traversing particular segments of a metwork of potential routes. Unit-risk
factors are often useful im analyses of this type (Wilmot et al., 1983;
Nevhauser et al., 1984; Cashwell et al., 1986). a radiological vnit-risk
factor is usually defined as the risk in some appropriate metric (e.g.,
person-rem, health effects) of transporting a given radioactive material
shipment for a unit distance of travel, wsually 1 km. Unit-risk factors
are only useful if route subclasses can be identified. A route subclass
can be defined as a route segment or group of route segments sharing a
distinct combimation of route parameters (population density, traffic
count, etc.). With non-LINK applications the route subclasses are rural,
suburban, and wrban; with LINK applications a maximum of 40 route
subclasses per run may be defimed by the user.

Separate unit-risk factors for each mode and shipment type must be
calculated for each route subclass with input data that are held constant
for all other parameters. The distance traveled and the number of
shipments (DISTRM and SPY parameters) are usuzally set to unity. The result
is a set of unit-risk factors that give risk per unit of travel for each
route subclass for (1) imcident-frees dose to transportation workers, (2)
incident-free dose to the public, and (3) accident risk. They may be used
for direct comparisons of the unit risks of transport for various shipment
types. It is more common, however, to calculate the risk per shipment by
multiplying each set of unit-risk factors by the total distance traveled in
the appropriate route subclass; these results can, in turn, be multiplied
by the expected number of shipments and sumed to give total risks.

This technique is best suited for the calculation of risks for a major
shipping campaign involving many identical shipments. The method also can
provide useful information about alternative shipping options. For
example, if a certain material may be shipped by one mode in two distinct
packagings with differing capacities, then the unit risks for the low-
capacity package are likely to be the smallest. However, bescause an
increased number of shipments are reguired to transport the same amount of
material to the same destination, the total risk associated with use of the
low-capacity package might exceed that for the high-capacity package.

Thus, the unit-risk Ffactor approach permits quantitative representation of
various facets of a problem with relative ease.

A mote of caution: To use the wmit-risk Factor approach properly, one
must separately handle certain exposures associated with stops, especially
during rail transport. Unit-risk factors for stops ordimarily are given im
the output as risk per time at stops, where stop time is a limear Function
of distance and is calculated from the user-definsble parameters of stop
time per distance traveled (hr/km) and distance traveled (km). Distance
traveled is usually set to 1 km im a unit-risk factor Tun. However, the

4-15



inspection stops that occur at the beginning and end of many forms of rail
Transport are distance-indepandent and cannot be expressed im terms of risk
PeT distance traveled. Thus, the user is urged to make every effort to
identify potential risk components of this type prior to amalysis. They
must be calculated in a separate computer run and must be handled on a per
trip basis rather than a per kilometer basis.

4.13 Sensitivity Analysis

A sensitivity analysis is performed for imput parameters affecting
incident-free risk each time RADTRAN 4 is run. With the exception of the
expression for meutron dose versus distance, all eguations used in the
calculation of imcident-free risk are linear. Therefore, the influence
of an individual input parameter can be determined by taking partial
derivatives of the ‘eguations containing that parameter. The partial
derivative method is fully describzd in the RADTRAN & Technical Mamal
(Nevhauser and Kanipe, in preparation [b]). For a mon-LINK run, the
analysis is for the entire route. For a LINK Tun, a separate analysis is
performed for each limk. In the latter case, for example, the relative
Influence of a parameter such as speed in various types of route segments
can be readily determimed. The annotated sample runs in Chapter 5 contain
examples of incident-free sensitivity analyses. If a mon-zero value is
used for the fraction of package dose rate represented by meutron radiation
(FRNEUT, sixth array value on material lime after keyword ISOTOPES),
then a monlinear eguation is imtroduced into the set of eguations for
incident-free risk. A sensitivity analysis is still performed, but the
calculational basis is 100% gamma radiation. That is, the package (or
shipment) dose rate is treated as if 100% of it were From gamma radiation
(i.e., FRGAMA = 1.0). This means that the sensitivity analysis results
will be incorrect. &n external method of assessing the effects of
parameter variation may be used imstead. A wide variety of complex
approaches based on Monte Carlo or Latin Hypercube methods may be wsed.
However, the simplest alternative is to generate sets of multiple runs im
which the parameters of interest are varied. Because many parameters have
only a small effect on risk, the first step should always be to generate
two runs in which all parameters of interest assume their lowest and
highest values, respectively. This procedure will usually establish the
maximum range of variation and provide a basis for assessing the influence
of individual parameters.
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5.0 UNDERSTANDING CODE OUTPUTS

In this chapter four complete output files are reproduced and
annotated to familiarize the user with RADTRAN 4 Echo Check and output file
format. These files also illustrate the various types of problems that can
be addressed with RADTRAN 4. The first three output files illustrate three
different analytical approaches to t ansportation of the same material
traveling by the same mode from the same origin poimt to the same
destination. They are the aggregate-~-data method, the route-specific {(LINR)
method, and a sample unit-risk factor calculation illustrating the unit-
risk-Ffactor method, respectively.

The example selected for the first three Echo Check and output files
represents a hypothetical truck shipment of a single package (cask) of a
multiple-isotope material (spent fuel) from the San Onofre commercial
nuclear power plant in California to the Yucca Nountain candidate
repository site in Nevada. Output File 1 is annotated in great detail (see
P- 5~22). Where subseguent files are the same as Qutput File 1, mo
additional annotations are imcluded (Qutput File 2 is discussed beginning
on p. 5-53). The results of the Ffirst three output files are compared in
the discussion of Dutput File 3 (p. 5-76). This comparison illustrates the
essential robustness of the RADTRAN methodology.

Qurput File 4 (discussion begins on p. 5-102) represents a multiple-
package shipment consisting of 12 distinct package types, each of which
contains a different isotope traveling from a fabrication point in the
New England area to a distribution point 1895 km away. The data are taken
from Fimley et al. (1988). Both shipment examples are used solely for the
purposes of illustration, and no attempt has been made to preserve a
realistic representation of any actual shipment.

The intent of this section is to familiarize the user with the full
range of tables and lists available in the output. The user may also
reguest output im summary form (mot illustrated here). The summary
contains the same echo check and summary tzbles as those im the full length
output, but the tables of imput default values, importance analyses, and
most of the intermediate calculational results are onitted.
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RADTRAN 4.0.12 VERSTON DATE: NOVEMBER 13,1331

MODE DESCRIPTIONS

NUMBER NAME CHARACTERTZATTION
1 TRUCK LONG HAUL VERICLE
2 RAIL COMMERCIAL TRAIN
3 BARGE INIAND VESSEL
4 SHIP QPEN SEA VESSEL
] CARGD AIR CTARGD ATRCRAFT
6 PASS AIR PASSENGER ATRCRAFT
7 P~VAN PASSENGER VAN
8 CYAN~T COMMERCIAL, VAN
9 CVAN-R COUMMERCIAL VAN
10 cvan-ta COMMERCIAL VAN




RUN DATE: | 22-NOV-31 XT 10:32:3% ] PAGE

ECHO THECX

TITLE SAN ONOFRE IN SAN TLEMENTE TO YUCCA MOUNTAIN NEVADR  AGGREGATE
FORM  UNIT
DIMEN 15 6 3 10 1B
PARM 03230
PACRAGE LABGRP HIGH WOBLE VOL A QTHER VOL B
SHIPMENT
LABISD TO8D XRS5 SR30 RU108 TS134
T8137 TE144 E0134 PU238 U233 0240
U241 AM241 AM243 244
NORMAL  NMODE=1  7.36E~D1 1.76E-01 2.B0E-02 B.35E+01 4.03E+01 2.41E+01
2.00E+00 1.00E+01 O.00E+00 1.10E-02 0.D0E+0D O0.DOE+DO
0.00E+00 S5.00E+01 2.00E+01 0.D0E+0D 1.D0E+02 1.DDE+D2
2.00E+00 Q0.00E+00 O.D0E+0D 1.D0E+00 4.70E402 7.BOE+D2
2.8UE+03
ACCIDENT ARKTMZ NMODE=1 2.0BE-08 4.06E-07 2.34E-0%
SEVERC NPOP=1 NMODE=1 0.%03 0.394 3.E~3 3.E-% 5.E-~§ 7.E-%
NPOP=2 NMODE=1 9.602 0.3%4 4.E-3 4.E~-6 3.E-§ 2.E~%
NPOP=3 NMCDE=1 0.604 0.395 3.8E-4 3.BE~7 2.3E-7 1.3E~7
RELEASE RFRAC GROUP=1 2*0.0 4*1.2E-2
GROUP=2 3*0.0 0.01 0.1 0.11
GROUP=3 3*0.D 1.0E~B Z.0E-4 2.3E~4
GROUP=4 3*0.0 1.0E-3 S5.0E-3 3.0E-B
GROUP=5 3*0.0 1.0E~3 1.0E-6 4.2E-3
AERSOL DISP=2 2*) 4*1.0
DISP=3 3*D 3*1.0
DISP=4 3*D 3%1.0
DISP=5 3*D 3*1.0
RESP  DISP=2 2*0 4*.05
DIZP=3 3*0 3*1.0
DISP=4 3*0 0.05 2*1.0
DISP=5 3*0 3*.05
OTHER CTULVL=0.2
EOF
IS0TOPES -1 1.0 1.0 13.%68 1.0 0.0 SEFUEL
CO80 9.22E401 HIGH 2
KRBS %.10E+03 NOBLE 3
SR30 5.96E+04 OTHER 3
RU106 1.62E+04 VOL B 3
T5134 2.74E+02 VOL_ A 4
T5137 B.76E+04 VOL_A 4
CEL44 1.22E+04 QTHER 4
EUL54 7.00E403 OTHER 4
PU238 2.36E+03 QTHER 5
PU239 4.1DE+02 OTHER 5
PU240 4.%BE+02 QTHER S
PU241 1.26E405 OTHER S
AM241 1.29E403 OTHER S
AM243 1.99E401 OTHER 5
TM244 1.79E+03 OTHER S
DISTRM NMODE=1 610.0
PXGSIZ SFUEL 5.2
EQF

5.3




RUN DRTE: [ 22-NOV-31 AT 10:32:3% ) PAGE 3

SAN ONOFRE IN 33N CLEMENTE TO YUCCA MOUNTAIN NEVADA  AGGREGATIE

ZONE POPULATION DENSITY
(PERSONS PEIR 3Q X¥)

RURAL 8.
SUBURBRN 719.
TURBAN 3B51.

PATKAGE CHRARACTTRISTICS

TOR DIMENSTION ETTECTIVE R(D)
MATERIAL METERS) DIMENSION METERS 3Q.
SFUEL $.200E+0D 4. 0T7EHDD 1.113E+01

K{0) I5 TI TO DOSE RATE TONVERSION FACTOR

PACKAGE RANDLING THRESHOLDS (METERS)
PRGSZ1= 5.0D00E-D1
PRGSZ2= 1.D0DE+QD
PACXAGES .LE. PRGSZ1 3RE HAAND TARRIED
PACXAGES .GT. PXGSZ1 AND .LE. PRGSZ2 ARE FRANDLED BY SMALL BQUITMENT
PACKAGES .GT. PKGSZ2 ARE HANDLED BY HEAVY EQUIPMENT

MATERIAL CHARACTERISTICS

FRACTION FRATTION
MATERIAL OF GAMMA OF WEUTRON
STUEL 1.000E+00 0.0D0E+DD

3-4



RUN DATE: [ 22-NOV-31 AT 10:32:34 ) PAGE
SAN ONOFRE IN SAN CLEMENTE TO YUCCA MOUNTAIN NEVADA AGEREGATE

MODE CTHARACTERISTICS

¥ODE  DISTANCE EXCLUSIVE NUMBER OF MATERIALS TRANSPORT  PACRAGES/
TRAVELED Vst SHIPMENTS INDEX {TI)  SHIPMENT

TRUCX  6.10E+D2 IES 1.00E+0D
SFUEL 1.37E+01  1.00E+00

BUILDING SHIELDING OPTION= 2

(1=TOTAL SHIELDING, 2=PARTIAL SHIELDING, 3=NO SHIELDING)
RPD= £.000E+00

{RRTIO OF PEDESTRIAN DENSITY (PEDESTRIAN/XKM 3Q OF SIDEWALR)
TO POPULATION DENSITY {PECPLE/XM 3Q IN URBAN AREAS)

]R = 1.000E+00
(TRANSMISSION FACTOR FOR RURAL AREAS)

RS = §.700E-01
(TRANSMISSION FACTOR FOR SUBURBAN AREAS)

RU = 1.800E-D2
{TRANSMISSION FACTOR FOR URBAN ARERS)

55

4



DNORMIL, INPUT
NO TRUCK
1 FRACTION OF TRAVEL 7.360E~D1
IN RURAL POPULATION ZONE
2 TRACTION OF TRAVEL 1.780E-01
IN SUBURBAN POPULATION Z0NE
3 TRACTION OF TRAVEL 2.300E~02
IN URBAN POPULATION ZONE
4 VELOCITY IN RURAL POPULATION  3.360E+01
ZONE (XILOMETERS/HOUR)
S YVELOCITY IN SUBURBAN POP. ZONE 4.030E+01
{KILOMETERS/HOUR) g
$ VELOCITY IN URBAN POPULATION  2.41DE+01
ZONE {XILOMETERS/HOUR)
7 NUMBER OF CREWMEN 2.000E+0D
8 DISTANCE TROM 3DURCE TO CREW 1.000E+01
{METERS)
9 NUMBER OF HANDLINGS D.000E+00
10 ST0P TIME PER KM (HR/KM) 1.100E~02
11 MINIMUM STOP TIME PER TRIP 0.000E+0D
(HR)

12 2ERO STOP TIME PER TRIP (HR) 0.D0DE+0D

13 MINIMUM NUMBER OF RAIL CILASIIF 0.00DE+DD
ICATIONS/INSPECTIONS

14 PERSONS EXPOSED WHILE STOPPED 5.000E+01

15 AVERAGE EXPOSURE DISTANCE 2.000E+01
WHILE STOPPED (METERS)

1% STORAGE TIME PER SHIPMENT ©.DODEHD
(ER)

17 NUMBER OF EXPOSED PERSONS 1.D00E+D2
DURING STORAGE

18 AVERAGE EXPOSURE DISTANCE 1.D00E*02
WHILE IN STORAGE (METERS)

19 NUMBER OF PEOPLE PER VEHICLE 2.D00E+DD
DN LINK

20 FRACTION QOF URBAN TRAVEL D.000E+00
DURING RUSH HOUR TRAFFIC

21 FRACTION OF URBAN TRAVEL D.000E+0D
‘ON TITY STREETS

22 TFRACTION OF RURRL~SUBURBAN 1.000E+00
TRAVEL ON FREEWAYS

23 ™TRAFFIC COUNT PASSING A 4. 70DE+02
SPECIFIC POINT~RURAL ZONE

24 ¥TRAFFIC COUNT PASSING A 7.800E+02
SPECIFIC POINT-SUBURBAN ZONE X

25 *TRAFFIC CTOUNT PASSING A 2.300E+03
SPECIFIC POINT-URBAN ZONE

* (ONE WAY VEHICLES/HR)

5.6

LS

RUN DATE: { 22-NOV=-31 AT 10:52:3% )

SAN ONOFRE IN SAN CLEMENTE TO YUCCA MOUNTAIN NEVADA  AGGREGATE

PAGE

5



NUCLIDE

SFUEL
CO60
KRBS
SR30

RU106

CS134

£8137

CE144

EU1S4

PU238

PU239

PU240

U241

2M241

2AM243

TM224

NUCLIDE

SFUEL
TO6D
KRBS
SR30

RU106

C5134

Ts137

CE144

EUL54

PU238

PU233

PU240

PU241

aM241

AM243

244

CURIES
PER PXG

9.22E+01
6.10E+03
5.396E+04
1.62E+04
2.74E404
B.75E+04
1.22E+0%
7.00E+03
2.96E+03
4.10E+02
4.56BE+02
1.26E+05
1.29E+03
1.39+01
1.73E+03

HALT
LIFE

1.93E+03
3.92E+03
1.06E+D4
3.6BE+02
7.53E+02
1.10E+D4
2.84E+02
3.21E403
3.21E+03
B.79E+06
2.38E+06
5.26E+03
1.5BE+05
2.70E+06
6. 62E+03

RUN DATE: ] 22~NOV-31 AT 10:52:33 1
SAN ONOFRE IN SAN CLEMENTE TO YUCCA MOUNTAIN NEVADA  AGGREGATE

ISOTOPE RELATED DATA

RELEASE
GROUP

HIGH
NOBLE
OTHER
VOL_B
VOL_A
VOL A
OTHER
OTHER
OTEER
OTHER
OTHER
OTHER
OTHER
OTHER
OTHER

GAMMA
ENERGY

2.50E+00
2.21E-03
0.00E+00
2.01E-01
1.538+00
5.96E-01
5.235E-02
1.22E400
1.81E~-03
7.96E-04
1.73E-03
2.53E-06
3.24E-02
5.5%E-02
1.70E-03

RESUSP  1UNG

4.B3E+00
1.D0E+00
S5.41E+00
3.2BE+D0
4.07E+00
5.41E+00
2.33E+00
3.039E+00D
5.31E+00
S.37E+00
5.562+00
5.26E+00
5.53E+00
3.56E+00
5.32E+00

Wl W W W W W9 N R RSN RO R

TLOUD
FACTOR

4.12E-01
3.558~04
0.00E+0D
0.00E+0D
2.54E-01
0.00E400
2.88E-03
2.06E-01
1.40E-03
1.30E~05
1.37E-05
0.0DE+0D
3.01E-03
B.11E-03
1.33e-05

DISPERS.

uummmmmu:.h.s.h.buamww

TRANSFER

TROPS

0.00E+00
0.D0E+00
0.DDE+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

5-7

SOIL

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00D
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.02E+00
0.00E+00
0.00E+00
0.00E+00

PAGE

1R INHAL REM/CI
FACTOR TYPE CATEGORY ILUNG

MARROW

7.30E+05 3.B0E+04
0.00E+00 0.0DE+0D
4.50E+06 3.BDE+03
4.30E405 4.50E+03
4.10E+04 3.30E+D4

3.10E+04
3.50E+08
0.00E+0D
4.3DE+0B
4.20E+08
4.20E+08
3.50E+05
1.20E+0B
1.10E+08

2.60E+04
4.20E+03
0.D0E+DD
1.108+06
1.10E+06
1.10E+06
1.30E+03
1.70E+07
1.50E+07

1.20E+08 1.70E+07

DEPOS
SPEED

1.00E-02
0.00E+0D
1.00E-02
1.00E-02
1.00E-~02
1.00E-02
1.00E-02
1.00E-02
1.00E-02
1.00E-02
1.00E-02
1.00E~02
1.00E~02
1.00E~02
1.00E~02




SAN ONOFRE IN S2N CLIMENTE TO YUCCA MOUNTAIN NEVADA  AGGREGATE

NUCLIDE

SFUEL
CO80
KRBS
SR5D

RU106

Ts134

Ts137

CE144

EU153

PU238

PU235

PU240

PU241

AM241

AM243

TM244

RUN DATE: [ 22-NOV-31 AT 10:352:34 )

S0-¥R EFFECTIVE REM/CI

INHALE

2.8DE+D5
0.D0E+00
2.40E+06
B.00E+D3
4, 50E+0D4
3.20E+04
%.30E+05
3.10E+05
S.30E+08
5.70E+08
5.70E+08
3.90E+06
5.50E+0B
5.90E+DB
3.10E+08

ISOTOPE RELATED DATA

INGEST

2.50E+04
0.00E+D0
1.30E+05
2.10E+02
7.40E+04
5.00E+04
2.00E+D4
3_10E+D3
3.B0E+D6
4.30E+06
4.30E+06
B.BOE+D4
1.50E+06
4.350E4+06
2.30E+06

3-8
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RUN DATE: [ 22-NOV-31 AT 10:352:34 ] PAGE’
SAN ONOFRE IN SAN CLEMENTE TO YUCCA MOUNTAIN NEVADA  AGGREGATE

RELEASE RELATED DATA

ACCIDENT RATES (PER XM)

MODE RURAL SUBURBAN TURBAN
TRUCK  2.0BDE-DB  4.060E~07  2.340E-D§

RELEASE FRACTIONS
GROUP SEVER: 1 3EVER: 2 3EVER: 3 SEVER: 4 SEVER: 5 SEVER: 6

1 0.D0E+DD D.D0E+DD 1.20E~02 1.205-02 1.20E~02 1.20E-02
2 0.00E+00 D.D0E+D0 O0.00E+0D 1.D0E-02 1.DOE~DL 1.108-01
3 0.00E+00 D0.DDE+00 0.00E+00 1.DDE~DB 2.00E~D4 2.BOE-D%4
4 0.D0E+00 D.D0E+DD O0.0DE+00 1.00E-DB 5. D0E~0B 5.DDE-DB
3 0.00E+D0 ©.DOE+D0 0.0DE+D0 I.0DE-DB 1.00E-D§ 4.20E-D3
ACCIDENT SEVERITY FRACTIONS
FOR TROCK
ZONE SEVER: 1 SEVER: 2 SEVER: 3 SEVER: 4 SEVER: § SEVER: 6
1 6.03E~01 3.34E-D1 3.00E-03 3.00E-06 5 ~0DE~D6 7.DDE-DS
2 5.02E-01 3.34E~D1 4.00E-D3 4.00E-06 3.00E~06 2.00E-D%
3 6.04E~01 3.95E~D1 3.B0E-~04 3.B0E-07 2.30E-07 1.30E-D7

5-9
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RUN DATE: [ 22-NOV-31 AT 10:32:3% ]

SAN ONOFRE IN SAN TLEMENTE TO YUCCA MOUNTAIN NEVADA AGGREGATE

DISP CaT

H OO <4 G H s R et

fd gt

DISP CAT

4 gt
ESoouauewnm

AEROSOLIZED FRACTION OF RELEASED MATERIAL

SEVER: 1
0.00E+0D
0.00E+0D
0.D0E+DD
0.00E+00
0.00E+00
1.00E+DD
1.00E+DD
1.00E+0D
1.00E+00
1.00E+00
1.00E+00

SEVER: 2
0.00E+D0
0.00E+0D
0.0DE+DD
0.00E+00
0.008+00
1.00E+0D
1.00E+00
1.00E+DD
1.00E+00
1.00E+0D
1.00E+00

FRACTION OF

SEVER: 1
0.00E+0D
0.00E+00
0.00E+DD
0.00E+00
©0.0DE+DD
5.00E~02
1.0D0E+DD
1.0DE+00
1.00E+0D

1.00E420
1.00E400 '

SEVER: 2
0.0DE+DD
0.0DE+DD
0.00E+DD
0.0DE+DD
0.00E+DD
S.00E-D2
1.00E+0D
1.00E+00
1.00E+00
1.00E+00
1.00E+0D

SEVER: 3
0.DDE+0D
1.00E+00
0.00=+00
0.00E+00
D.0DE+00
1.Q0E+DD
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00

SEVER: 4
0.00E+00
1.00E+0D
1.00E+00
1.00E+0D
1.00E+00
1.D0E+DD
1.00E+00
1.D0E40D
1.00E+00
1.00E+00
1.00E+00

SEVER: 5
0.0DE+DD
1.0D0E#+0D
1.00E+DD
1.00E+DD
1.00E+00
1.00DE+0D
1.00E+D0
1.00E+D0
1.00E+0D
1.D0E+0D
1.0DE+D0

AEROSOLS BELOW 10 MITRONS AED

SEVER: 3
0.0DE+00D
5.00E~02
0.00E+00
0.00E+DD
0.0DE+DD
5.00E~02
1.00E+0D
1.00E+DD
1.00E+0D
1.00E+00
1.00E+00

5-10

SEVER: 4
0.00E+0D
5.00E-D2
1.00E+0D
S.00E-02
35.00E-02
S.00E-02
1.00E+00
1.00E+00
1.00E40D
1.00E+0D
1.00E400

SEVER: 3
0.00E+00
35.0DE-02
1.00E+00
1.Q0E400
5.00E-02
35.00E-02
1.00E+0D
1.0DE#0D
1.00E+00
1.00E+00
1.00E+00

SEVER: §
0.00E+00
1.00E+00
1.00E+D0
1.0DE+0D
1.00E+00
1.0Q0E+0D
1.00E+00
1.00E40D
1.00E+00
1.00E+0D
1.00E40D

SEVER: %
0.00E+00
S.00E-02
1.00E+00
1.00E+00
5.00E-D2
5.00E-02
1.00E+0D
1.00E+0D
1.00E+00
1.00E+DD
1.00E+00

PAGE



RUN DRTE: | 22-NOV-31 AT 10132334 ) DAGE

SAN ONOFRE IN SAN TLEMENTE TO YUCCA MOUNTAIN NEVADA  AGGREGATE

TOST RELATED DATA

EMERGENCY RESPONSE TOST

SEVER: 1 SEVER: 2 SEVER: 3 SEVER: 4 SEVER: 5 SEVER: §
0.00E+00 O0.Q0E+00 O.00E4DD ©.0D0E+00 O0.00E+00 ©.00E+DD

ON-SCENE COSTS
(RP=RELEASE FRACTION)

RE=), 0.<®F<=.01 +DI<RF<=0.1 <IKRFR=],
0. 0. 0. 0.

5-11
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DOSE (REM)
100000.000
B0000.000
70000.000
40000.000
30000.000
23000.000
20000.000
10000.000
8000.000
$000.000
4000.000
3000.000
2000.000
1000.000
800.00D
700,000
600.000
300.000
400.000
300.000
100.000
75.000
50.000
30.000
15.000
5.000
1.000
0.100
0.010
0.010

RUN DATE: { 22-NOV-31 AT 10:32:32 ]
SAEN ONOFRE IN SAN CLEMENTE TO TYUCCA MOUNTAIN NEVADA  AGGREGATE

HEALTH RELATED DATA

EARLY FATALITY PROBABILITIES

LUNG-1
1.000E+00
1.000E+00
1.000E+00
1.000E+00
1.D00E+00
1.000E+00
1.00DE+00
$.000E-21
1.9008-01
5.000E-02
3.000-02
0.000E+00
D.000E+00
0.000E+00
0.000E+0D
0.0D0E+DD
0.000z+00
0.000E+0D
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+DD
0.000E+0D
0.000E+00
0.0D0E+DD
0.DDDE4DD
0.000E+0D

LUNG-2
1.000E+00
8.500E-D1
8.000E~D1
7.000E-01
5.000E-D1
2.000E~D1
8.000E-02
0.D00E+DD
0.000E+0D
0.000E+00
0.D00E+DD
D.D00E+0D
0.000E+00
0.000E400
0. 0D0E+0D
D.D0DE+DD
0.D00E+DD
0.000E+DD
0.000E+0D
0.000E400D
0.000E+DD
0.000E+0D
0.000E+0D
0.000E+0D
0.00DE+0D
D.0DDE+0D
0.000E+0D
0.00DE+DD
D.0DDE+DD
0.000E+DD

5-12

LUNG-3
1.000E40D
3.000E~-D1
5.000E-01
0.000E+DD
0.000E+00
0.000E+00
0.D00E+0D
0.000E+00
0.D0DE+0D
0.000E+0D
0.000E+0D
0.000E+00
0.0DDE+0D
0.000E+0D
0.000E400
0.000E+0D
0.000E+00
0.000E400
0.000E+0D
0.000E+00
0.000E+0D
0.000E+0D
0.000E+00
0.00DE40D
0.0D0E+DD
0.0D0E+D
0.000E40D
0.000E+00
0.000E+0D
0.000E+00D

PAGE

MARROW
1.000E+0D
1.000E+0D
1.000E400D
1.000E400
1.000E+0D
1.000E+0D
1.000E+0D
1.000E+0D
1.000E+0D
1.000E+0D
1.000E+0D
1.000E+00
1.000E+00
1.000E+0D
9.960E-D1
3.000E-D1
4.000E~01
5.000E~D2
0.000E+DD
0.000E+0D
0.0DDE+0D
0.0DDE+DD
0.000E+DD
©.0DDE+DD
0.000E+0D
0.000E+0D
0.00DE+0D
0.0Q00E+00
0.000E+0D
0.0D0E+QD

1



RON DATE: [ 22-ROV-31 AT 10:352:3% ]
SAN ONOFRE IN SAN TLEMENTE TO YOCTA MOUNTAIN NEVADA  AGGREGATE

DISPERSAL ACCIDENT INPUT

AREADA DILUTION
M 3Q) FACTOR*
4.3530E+02 3.420E-03
1.330E+03 1.720E-03
3.340E+03 8.5BIE-D4
1.250E+03 3.420E-04
3.040E+04 1.720E-D4
5. BSDE+04 B8.SBOE~D3
1.760E+03 3.420E~05
4.450E+D3 1.720E-05
8.S90E+03 B.580E-08
2.530E+0% 3.420E-06
4.450E+06 1.720E~D%
1.030E+07 8.3B0E~D7
2.150E+D7 3.420E-07
$.520E+07 1.720E-07
1.770E+08 8.5B0E-08
4.830E+D8 5.420E-08
8.12DE+D8 4.300E-08
1.350E+03 3.420E-08

* DILUTION FACIOR UNITS 3RE (CI-SEC/M**3/CI-RELEASED)

NON-DISPERSAL ACCIDENT INPUT

RADIST (M)
3.050E+00  3.050E40D
6.200E400  6.100E+00
S.100E400 9.10DE+0D
1.220E401  1.220E+01
1.520E+01  1.520E401
3.050E+01  3.050E+01
6.100E+01  6.100E+01
9.140E+01  3.140E+01
1.5245402  1.324E+02
3.050E402  3.050E+02

BUILDING DOSE FATTIOR
FRACTION OF LAND UNDER CULTIVATION

CONTAMINATION CLEAN UP LEVEL (UTI/M**2)

BREATHING RATE (M**3/SEC)

35-13

3.050E+00
%.100E+00
3.100E+00
1.220E40L
1.3520E+01
3.050E+01
%.100E40L
9.140E401
1.324E+02
3.030E+02

= 8.600E~03
= 3.000E~01
= 2.000E-01
= 3.300E-04

PABE 12



RON DATE: [ 22-NOV-31 AT 10:32:34 ] PAGE 13
SAN ONOFRE IN SN CLEMENTE TO YUCCA MOUNTAIN NEVADA AGGREGATE

REGULATORY CHECKS

FOR THE SHIPMENT OF STUEL BY MODE 1
THE DDSE RATE AT 2 METERS COUID EXCEED 10 MR/HR
PPS*TI HAS BEEN RESET TO EQUAL 13.00

35-14



RON DATE: { 22-NOV-31 AT 10:352:34 ]

SAN ONOFRE IN SAN CLEMENTE TO YUCCR MOUNTAIN NEVADA ACGREGATE

w&sdmm.&wwwg
£

e

SEVER: 1
0.00E+00
0.0DE+0D
0.00E#+00
0.00E+00
0.0DE+0D
0.00E+00
0.00E+DD
0.00E+00
0.00E+0D
0.00E+00
0.00E+0D
D.0DE+0D
0.00E+DD
0.00E+DD
0.00E+00
0.00E+DD
0.00E+0D
0.00E+00

MODE

TRUCK

1-YEAR LUNG DOSE ~ INHAIATION PATHWAY

SEVER: 2
0.00E+00
D.00E+DD
0.00E+00

0.00E+00-

0.0DE+QD
0.00E+00
0.00E+DD
D.0DE+DD
©.00E+00
0.00E+0D
D.00E+DD
0.00E+0D
0.00E+0D
0.00E+0D
0.00E+DD
0.00E+DD
0.00E+00
0.00E+00

BDF = 1

SEVER: 3
4,33E-02
2.438E~02
1.208-02
4,.635E~03
2.23E-03
1.0%E~03
4. T4E-04
1.31x-04
B.3%E~D35
3.38E~D35
1.332-05
7.26E~0%
2.%8E~0%
1.27E~0%
S.78E-07
3.03E~D7
1.38E-07
1.232-07

1-YEAR MRRROW DOSE ~

SEVER:y 1
0.00E+00
0.00E+00
0.00E+00
0.0DE+D0
0.00E+0D
0.DDE+0D
0.0DE+0D
0.00E+00
0.0DE+0D
0.00E+0D
0.00E400
0.00E+00
0.00E+00
0.00E+0D
0.00E+0D
0.00E+0D
0.00E+00
0.00E+0D

SEVER: 2
0.00E+DD
0.00E+0D
0.00E+0D
0.00E+00D
0.0DE+0D
0.00E+00
0.00E+00D
0.00DE+00
0.00E+00
0.0DE+0D
0.0VE+00
0.00E+0D
0.00E+0D
0.00E+00
0.00E+DD
0.0DE+00
0.0DE+DD
0.00E+0D

BDF =1

SEVER: 3
2.37E-03
1.19E-03
S.79E-D4
2.24E-04
1.07E-04
5. 12E-05
1.34E-035
9.13E-0%
4,238E~0%
1.62E-06
7.36E-07
3.49E-07
1.2%E-07
6.0%E~03
2.78E~038
1.4%E-08
9.06E-09
5.92E~0%

5-15

(RED4)

SEVER: 4
3.07E-D2
2.53E~02
1.24E-02
4.73E-03
2.30E-03
1.03E-D3
4.15E-04
1.37E-04
9.152-05
3.432-05
1.37E~05
7.47E~0%
2.78E-0%
1.30E~D%
3.952-07
3.18E~D7
1.34E-D7
1.27E-07

TNHALATION

(REM)

SEVER: 4
2.41E-03
1.21E-03
S.87E-D4
2.27E-04
1.03E~04
3.19E-05
1.397E-0%
8.32E-0%
4.34E~0%
1.64E-0%
7. 4TE-07
3.54E-07
1.31E-07
6.18E-03
2.82E-08
1.51E-08
9.19E-03
%.01E~03

SEVER: 3
9.23E-71
4.55E-01
2.27E-01
8.7TTE-D2
4.20E-02
2.00E-D2
7.60E~D3
3.508-03
1.87E~03
5.33E-04
2.8BE~D4
1.37E-04
35.06E~05
2.38E-D5
1.03E~05
5.82E-0%
3.55E-08
2.32E-08%

PATHWAY

SEVER: 5
71.58E=Q1
3.81E~01
1.83E~01
7.15E-02
3.43E-02
1.63E-02
5.20E-D3
2.34E-03
1.37E~03
S5.16E~04
2.35E-04
1.12E~04
4,12E~05
1.94E~03
B.8BE~0%
4. 74E~0%
2.83E~0%
1.83E~0%

SEVER: &
1.44E+00
7.21E-01
3.31E~01
1.3%E~01
%.50E-D2
3.10E~D2
1.18E~02
5.57E~03
2.5%E~03
3.78E~D4
4.4%E-04
2.12E~04
7.82E~03
3.63E~05
1.58E~03
B8.93E-D8
5.4%E~08
3.5%E-0%

SEVER: 6
1.08E+00
3.32E-01
2.3%E-01
1.00E~01
4,80E-02
2.2%E-02
B.63E-D3
4.,11E~03
1.31E~03
7.22E-04
3.2%E~04
1.38E-04
3. TIE-D5
2.T2E-05
1.24E-05
6.64E~0%
4.05E~086
2.%5E-0%
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RUN DATE: { 22-ROV-31 AT 10332334 ]
SAN ONOFRE IN SAN CLEMENTE TO YUCCA MOUNTAIN NEVADA AGGREGATE

NODE

TRUCXK

GROUND SURFACE CONTAMINATION TABLE (MICRO CT/a**2)
BEFORE CLEANUP

SEVER: 1
0.00E+0D
0.00E+0D
0.00E400
0.00E+0D
0.00E+00
0.0DE+0D
0.00E+00
0.00E+DD
0.00E+00
0.00E+0D
0.0DE+DD
0.90E+00
0.00E+00
0.00DE+DD
?.00E+0D
D.00E+D0
0.00E+0D
0.00E+0D

SEVER: 2
0.00E+DD
0.00E+0D
0.00E+0D
D.D0E+0D
0.00E4+00
0.00E+D0
0.00E+0D
0.00E+DD
0.00E+00
0.00E+0D
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

SEVER: 3
3.78E4+01
1.90E401
9.23E400
3.37E+00
1.71E40D
8.18E~D1
3.10E-01
1.47E-01
6.822-02
2.58E~02
1.17E~02
3.57E~03
2.06E~03
9.71E-D4
4.44E-04
2.37E~D4
1.34E-04
3.35E-035

S5-16

SEVER: 4
3.80E401
1.92E+01
9.28E+00
3.35BE#DD
1.72E+00
8.19E-01
3.11E01
1.47E-01
5.84E~02
2.58E~02
1.18E~D2
5.53E-03
2.07E~03
9. 74E-DY
4.45E-D4
2.3BE~D4
1.45E-D4
3. 48E~05

SEVER: 3
B.235E+02
4.14E402
2.01E+02
7. T3E+0L
3.73E40L
1.78E401
€. 78E+0D
3.20E4+00
1.43E400
5. 62E-01
2.36E-01
1.22E-01
4.4%9E-D2

- 2.128-02

9.67E~03
5.178-03
3.1SE-03
2.0%8E-03

SEVER: 6
1.16E403
3.84E+02
2.84E402
1.10E402
$.26E401
2.31E401
9.352E4+00
4.50E+00

- 2.10E400

7.92E~01
3.51E-01
1.71E-01
$.33E-02
2.98E~02
1.3BE~02
7.28E-03
4.24E-03
2.30E-03

PAGE
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RUN DATE: [ 22-NOV-31 AT 10:352:34 3 PAGE 1%
SAN ONOFRE IN SAN TLEMENTE TO YUCTA MOUNTAIN NEVADA AGGREGATE

INCIDENT-TREE SUMMARY
EXXLXXRXT XXX XARREAAR
INCIDENT~FREE POPULATION EXPOSURE IN PERSON-REM
PASSENGR CREW  HANDLERS OFF LINK ON ILINK  STOPS STORAGE  TOTALS

LINK 1 0.D0E+00 2.72E-02 0.00E+DD 2.42E~03 $.36E~03 1.21E-U1 0.00E+00 1.37E~01
TOTALS: 0.00E+00 2.72E-~02 0.00E+0D 2.42E~D3 %.38E-03 1.21E-DL 0.00E+00 1.37E-01

MAXIMOM INDIVIDUAL IN~TRENSIT DOSE

LINK 1 3.83E-07 REM
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ROW DATE: | 22-NOV-31 AT 10:32:34 1 PAGE 17
SAN ONOFRE IN SAN CLEMENTE TO YUCCA MOUNTLIN NEVADA AGGREGATE

INCIDENT-FREE IMPORTANCT ANALYSIS SUMMARY TOR LINK 1

t***‘RYY‘*“***!‘k‘l‘**‘kR‘W?-’“***‘k**‘**’!‘l“l"k"k'l“**1‘*‘

INDEX DESTRIPTION OF PARAMETER IMPORTANCE

1 DISTANCE TRAVELED 1.575E~03

2 NUMBER OF SHIPMENTS 1.573E-03

3 PACRAGES PER SHIPMENT 1.375E-03

4 DOSE RATE (TRANSPORT INDEX) 1.573E-03

S K ZERD 1.3752-03

5 STOP TIME 1.2138-03

7 PERSONS EXPOSED WHILE STOPPED 1.213z-03

3 NUMBER OF TREW MEMBERS 2. 721E~04

3 FRACTION OF TRAVEL - RURAL 2.09BE~D4
10 FRACTION OF TRAVEL ~ SUBURBAN 1.1932-04
11 NUMBER OF PEZOPLE PER VEHICLE %.356E~05
12 TRAFFIC CTOUNT - RURAL 4.032E-03
13 FRACTION OF TRAVEL - URBAN 3.064E~05
14 SUBURBAN SHIELDING FACTOR (RS) 2.283E~D5
15 POPULATION DENSITY ~ SUBURBAN 2.283E-03
16 TRAFFIC TOUNT ~ SUBURBREN 1.473E-05
17 TRAFFIC COUNT - TURBAN 8.443E~08
18 2POPULATION DENSITY - RURAL 9.304E-07
13 RURAL SHIELDING FACTOR (RR) 9.904E~D7
20 POPULATTON DENSITY - URBRN 4.,035E~07
21 URBAN SHIELDING FACTOR (RO) 4.033E~07
22 STORAGE TIME PER SHIPMENT 0.Q00E+D0
23 HANDLER EXPOSURE DISTANCE Q.000E+DD
24 FRACITON OF RUSH HOUR TRAVEL 0.000E#DD
2% FRACTION QF TRAVEL ON CITY STREETS 0.000E+0D
26 WNUMBER QF FLIGHT ATTENDANTS 0.000E+00
27 PERSONS EXPOSED PER RANDLING 0.000E+DD
28 EXPOSURE TIME FOR FEANDLERS 0.000E+DD
29 WNUMBER OF HANDLINGS 0.000E#DD
30 STORAGE EXPOSURE DISTANCE 0.000E+DD
31 NUMBER OF PERSONS EXPOSED DURING STORAGE 0.D00EDD
32 RATIO OF PEDESTRIAN DENSITY (RED) =~1.347E~12
33 VELOTITY - URBAN ~2.17T8E~03
34 VELOUITY - SUBURBAN ~B.183E~05
35 FRACITON QF TRAVEL ON FREEWAYS ~2.922E~04
36 VELOCITY - RURAL ~3.198E~04
37 DISTANCE FROM SOURCE TO CREW ~5. L70E-D4
38 [EXPOSURE DISTANCE WHILE STOPPED ~2.430E~03

THE TMPORTANCE VALUE ESTIMATES THE PERSON~REM INFLUENCE
OF A ONE PERCENT UNCREASE IN THE DPRRAMETER
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SAN ONOFRE IN SAN CLEMENTE

CATEGORY

Oy U i (I RS 4

CATEGORY
1

S & W

CATEGORY

U RO

CATEGORY

it

Vs wi

8

RUN DATE: | 22-NOV-31 AT 10:32:33 )

TO YUCCA MOUNTAIN WEVADA  AGGREGATE

ACCIDENT SUMMARY

AXXXXXXE EXXRRRR

NUMBER OF EXPECTED ACCIDENTS —- MODE TRUCX
RURAL SUBURB URBAN
6.03E-06 2.62E-05 2. 41E-05
3.38E~06 1.72E-0% 1.58E-05
3.03E-08 1.73E-07 1.52E-08
3.03E-11 1.74E-10 1.32E~11
3.05E-11 1.31E-10 3.9%E-12
7.07E-12 8.728-11 5.20E-12

EARLY FATALITY CONSEQUENCES —- MODE TRUCX

RURAL SUBURB TURBAN

0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00

ECONOMIC CONSEQUENCES ~~ MODE TRUCK

RURAL SUBURB TURBAN

0.D0E+00 0.00E+00 0.00E+00
0.,00E+00 0.00E+00 0.00E+0D
0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00
0.00E+0D 0.00E400 0.00E+00

RADIOLOGICAL TONSEQUENCES ~- MODE TRUCK
S0 YEAR POPULATION DOSE IN PERSON REM

RURAL SUBURB URBAN

0.00E+00 0.00E+00 0.00E+00
0.00E+00 0.00E+00 0.00E+00D
2.33E+00 3.03E+02 9.84E+02
2.53E400 3.03E+02 9.85E402
2. 14E+01 3.28E+03 1.06E+04
3.638401 4,35E+03 1. 41E404

5-19
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SFUEL
TOE0
KR8S
SR30

RU106

C5134

Cs137

CE144

EU154

U238

PU239

Y0240

PyU241

AM241

AM243

TH244

TOTALS:

RUN DATE:  22-NOV-31 AT 10:32:34 }
SAN ONOFRE IN SAN TLEMENTE TO YUCCA MOUNTAIN NEVADA AGCREGATE

EXPECTED VALUES OF POPULATION RISK IN PERSON REM

GROUND

B, TTE-05
0.00E+0D
0.00E+0D
3.14E~-10
9.82E~08
B.13E-07
1.878-13
1.88E-11
2.39E-14
2.16E-15
5.35E-15
8.97E~1%
2.67E=13
7.35E-15
9.83E-135

$.86E~05

INHALED

3. 63E~DB
0.00E+DD
1.83e-12
4,84E~-11
1.28E-0%
2.83E-03
1.70E-12
4.81E~13
2.01E-11
3.00E-12
3.42E-12
1.60E~11
9.76E-12
1.518-13
7.11E-12

6.12E-08

RESUSPD  CLOUDSH *INGESTION TOTAL

2.18E-07 3.08E-03
0.00E+0D 5.335E-12
8.08E~12 0.DOE+D0
1.11E~10 0.00E+0D
3.93E-09  2.14E-11
1.26E-08 0.D0E+00
3.3%E-12 2.73E-17
1.97E-12 1.128-1%
9.07E-11 3.22B-20
1.37E-11 3.14E-21
1.36E-11 4.98E~21
6.81E~11 0.00E+00
4.244E-11  3.028-18
6.87E-13 1.25E-1%
3.07E~11 1.B5E-20

2.35E-07 5.11E~09

* NOTE THAT INGESTION RISK I3 A SOCIETAL RISK:

THE USER MAY WISH TO TREAT THIS VALUE SEPARATELY.

5~20

0.00E+0D
0.00E+0DD
0.00E+00
0.00E+00
0.00E+DD
0.0D0E+DD
0.00E+0D
0.00E+00
D.00E+0D
0.00E+00
0.00E+0D
0.00E+0D
0.90E4+00
0.D0E+00
0.00E+00

0.00E+00

§.8DE~05
5.958-12
3.32E-12
4.73E-10
1.03E-07
8.28E-07
5.28E-12
1.52E-11
1.11E-10
1.67E-11
1.30E-11
8. 41E-11
3.45E-11
8.45E-13
3.78E~11

5.83E~03

PAGE
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RUN DATE: [ 22-NOV-31 AT 10:52:34 ]
SAN ONOFRE IN SAN CLEMENTE TO YUCCA MOUNTAIN NEVADA  AGSREGATE

EXPECTED RISK VALUES — OTHER
LINK ECON EARLY

33 FATALITY

1 0.00E+0D0  D.DOE+DD

TOTAL D.00E+0D D.DDE+0D

EOI
END OF RUN

20



5.1 OQutput File 1 ({The page mumbers of the output pages are printed in
the upper right-hand corner of the printout.)

Page 1

Page 2

Page 1 is always a cover page. The page number and run date
are printed at the top of the page. The code name RADTRAN 4 is
printed in large letters im the middle of the page along with
the the last date when code revisions were made in small primt.
A table containing the numbers, names, and descriptions of all
transportation modes that can be analyzed with RADIRAN 4
appears at the bottom of the page.

The Echo Check is the imput echo, which always starts on page 2
of a RADTRAN 4 output and continues to additional pages if
needed. The echo check page of this output file is described
in some detail to illustrate data regquirements.

Echo Check Pape Features

1. The first lime of the input is a TITLE 1ine. The title is
SAN ONOFRE IN SAN CLEMENTE TO YUCCA MOUNTAIN NEVADA
AGGREGATE. The word aggregate indicates that this run will
use aggregate data for route characteristics. This title
will appear at the top of all subseguent pages of the
output.

2. The second line of the imput is a FORM line. FORM UNIT
Indicates that the output will be in doses rather than
health effects.

3. The third lime of the input is a DIMEN 1ine, In which
dimensions are assigned to five arrays as indicated:
namely, 15 isotopes, six accident-severity categories, five
physical-chemical groups, 10 radial areas, and 18 downwind
dispersal areas. The six-category accident-severity scheme
described by Wilmot et al. (1983) was used im this
analysis.,

4. On the fourth lime, the keyword PARM is wsed to set flags
as described in Section 3.3,

5. Recall that except for four parameter arrays (ISOTOPES,
LINK, DISTRM, and PRGSIZ), the order of input after the
first four limes is not important for data entry. The
keyword PACKAGE appears on the fifth lime inm this Input
data set, but it could have been entered by the user during
data entry im any order after lime five and before the
first EOF. The second-level keyword 1ABGRP, which is used
under the first-level keyword PACKAGE to assign labels to
the five physical-chemical groups of isotopes identified in
this analysis, illustrates the way in which second- and
third-level keywords are reguired to be subordinmate to
first-level keywords.

5-22



"

Under the keyword SHIPMENT, the important LABISO array in
which each isotope is labeled is entered. The 15 isotopes
used here represent those that contribute to 99% of the
dispersion health hazard of the spent fuel. The method of
determination was based on nmormalization of the ratios of
the amount of each isotope in spent Tuel (from =n ORIGEN
Tun) to the maximum permissible concentration im air (im
Ci). The wser may employ this or any other suitable method
of selecting isotopes.

Under the keyword NORMAL, for the truck mode (NMODE = 1)
the 25 truck-specific parameter values im the DNORML array
are entered. The entire array is shown here for clarity.
In practice, it is only mecessary to enter DNORML
parameters when the user does mot wish to accept the
available default values, and only the parameters that the
user wishes to redefine meed to be entered. The entire
array will appear im the Echo Check, however.

Two secrond-level keywords and associated data arrays are
under the first-level keyword ATCCIDENT:

~ ARATNZ: for the three population-density zones, truck
accident rate data are entered;

« SEVFRC: for the truck mode (NMODE = 1), six conditional
probabilities of occurrence for the six
accident-severity categories for each
population-density zone are entered. Note that
the sum of the values for each population-
density zone should be approximately egual to
1.0.

Under the first-level keyword RELEASE, three second-level
keywords are entered:

= RFRAC: for each of the five physical-chemical groups
identified by the wser, six release fraction
values are entered;

~ AERSOL: for each dispersibility category identified by
the user, six aerosol fraction values are
entered. (This means that defaults were mot
used and that IDISP categories 2,3,4, and 5 were
redefined for this analysis.)

= RESP: for each dispersibility category identified by
the user, six respivable aerosol fraction values
are entered. Again, default values were mot
used.

Under the keyword OTHER is listed the clean-up level
parameter value {CULVL).

5-23



11.

13.

14.

15.

16.

As shown im the echo, the user has entered an EOF after
completing this part of the data entry, and then has
procesded to enter values for three additional parameter
arrays.

The material lime immediately follows the first-level
keyword ISOTOPES. The material line consists of a string
of mumbers that specify shipment- and material-level
characteristics. In this example, the values are the
following:

-1 = exclusive-use truck,

1.0 = mnumber of shipments,

1.0 = number of packages per shipment,
13.68 = dose rate at 1 m from the shipment (mrew/hr),

1.0 = fraction of dose that is treated as Eamma
radiation,

0.0 = fraction of dose that is treated as meutron
radiation, and

SFUEL = material label.

Following the ISOTOPES material lime, 15 isotope lines are
enterad, one for each isotope in the analysis. On each
lime the user must enter one isotope label, the nmumber of
curies of that isotope im the package, the pPhysical-
chemical group to which that isotopes has been assigned, and
the dispersibility category to which that isotope has been
assigned.

Simce this is a nmon-LINK run, the total distance in
kilometers is entered under the keyword DISTRM. Note that
the fractions of travel im each of the three population-
density zones for this conveyance are entered elsevhere;
they are the first three parameter values im the DNORML
array.

The package size in meters is entersd after the keyword
PRESIZ. Im this case it is the length of a present-
generation spent fuel cask.

The final EOF appears im the echo check, but the terminal
EOI that is entersd when the data set is created by the
user is mot shown here. It is printed on the last page of
the output.
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Pages 3
through 12

Page 13

Pages 14
through 15

Page 16

Page 17

Pages 18
through 20

These pages contain tables of imput data. Unlike the Echo
Check, which does mot show defaults, these tables give the
values of all data used in the analysis including both default
and user-defined data. Further, the organization of these
tables is mot directly related to the organization of the input
data. Tables of imput values used in the incident-free
calculation are on pages 3 through 5, including the important
DNORML array (page S5). All data taken from the internal
isotope data library are shown (pages & through 7). Input data
on package behavior and physical-chemical isotope groups are
given (page 8). In addition, all values for aerosol fraction,
respirable fraction, and on-scene costs are shown (pages 9
through 10), regardless of whether all categories were used in
the analysis. Similarly, the early fatality probability table
used in RADTRAN &4 is printed (page 11), regardless of whether
any doses of these magnitudes were calculated in the analysis.
Data for calculation of dispersal and nondispersal accident
effects are given on page 12.

The regulatory check messages, if any, are printed on page 13.
The regulatory checks performed by RADTRAN &4 are fully
described in the RADTRAN 4 Technical Manual [Neuvhauser and
Kanipe in preparation [b]]. Im this example the check was for
whether the dose rate at 2 m from the conveyance exceeded 10
mrem/hr. Recall that the user must enter a value for the dose
rate at 1 m. The entered value of 13.68 mrem/hr at 1 m gave a
calculated dose rate at 2 m of more than 10 mrem/hr and the
dose rate at 1 m was reset to 13 mrem/hr to give an acceptable
value at 2 m. This check is performed for shipments designated
exclusive-use. .

Page 14 contains tables of 1l-yr lung and marrow doses from
inhalation calculated for the analysis, and caleulated
preclean-up ground contamination levels are shown in the table
on page 15 for each isodose avea used im the analysis.

Incident-Free Summary. On page 16 the doses for each mode and
exposure group are given for each material in eamch link or
mode. Im this case, there is only one material shipped by only
one mode, so there is only one lime im the summary. The
maximum individual in-transit dose is also given below the
summary.

Incident-Free Importance Analysis Summary. The importance
value, i.e., the effect im person-rem of a 1% change im the
value of the imput parameter, is listed for each parameter used
in the incident-free calculations. Note that the list is in
rank order.

Accident Risk Summary. Page 18 contains separate tables of
values for each conseguence type broken down by mode,
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population-density zone or link, and severity category. The
units of the first table on p. 18 are the mumber of accidents.
The units of the second table are the mumber of fatalities.

The units of the third table is dollars, and the units of the
last table are person-rem. All zero values appearing in any of
these tables may indicate that mo calculation was performed,
because the user is mot reguired to enter data for all
calculations (e.g., economic parameters may be omitted). The
results of the actual risk calculations are showa on page 19.
In this table, risk estimates are shown for each exposure
pathway and each isotopes in each material. The Iingestion risk,
which is a societal risk value (as discussed in the RADTRAN &
Technical Manual), is included in the total column, but is also
flagged to remind the user that the value is mot analogous to
the others and may be subtracted from the total for certain
analyses. On the last page of the output is a short table
shoving the estimated number of early fatalities. Because mo
data were entered for the economic parameters, the economic
risk table contains only zeros. Note that the EOIL input echo
is printed at the end of the output.

Wil -
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RUN DATE: ] 22-NOV-31 AT 10232345 ] PAGE 1

RRRR AAA  DDDD TITTT RRRR A2 ¥ XN
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RRRR & a4 D D T RRRER A A ¥ ®N
RR AAARA D D T RR ARAAA N W
R R a ab D T R R a ayN wn
R R a A DoDD T R R3aA Ay W

e e b
P
=
i
TSN N SN N

RADTRAN 4.0.12 VERSIOR DATE: NOVEMBER 19,1931

MODE DESTRIPTIONS

NUMBER NAME CHARACTERIZATION
1 TROUCX IONG HAUL VEHICLE
2 RATL COMMERCIAL TRAIN
3 BARGE INLAND VESSEL
4 SHIP QPEN SEA VESSEL
3 CARGD AIR CARGD ATRCRAFT
(] PASS AIR PASSENGER ATRCRAFT
7 P-VAN PASSENGER VAN
8 CYAN-T COMMERCTAL VAN
9 CVAN-R COMMERCIZL VAN
10 CUARN-CA COMMERCIAL VAN
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RUN DATE: [ 22-ROV-31 AT 10:52:45 ] PAGE

ECHO THECX

TITLE SAN ONOFRE IN SAN CLIMENTE TO YUCCA MOUNTAIN NEVADA ROUTE-SPECIFIC
FORM  TUNIT
DIMEN 15 & 3 10 18
PARM D 3230
PACKAGE 1ABGRP HIGH NOBLE VOL_X QTHER VOL ?
SRIPMENT
IABISD CTD&D KRB3 SR90 RU1DE T3132
Cs137 TEla4 E0154 PU233 PUZ3II PU240
U241 AM221 AM243 244
NORMAL  NMODE=1 7.36E-D1 1.78E-D1 2.30E~D2 8.B6E+01 4.03E401 2.41E4D1
2.00E+00 1.D0E+01 OQ.00E+00 1.10E-02 0.00E+00 ©0.00E+DD
D.D0E+00 3.DDE4DI 2.00E+01 0.00E+0D 1.00E+02 1.DDE+D2
2.00E+00 0.00E+DD Q.00E+00 1.0DE+0D 4.70E402  7.BDE+D2
2.80E+D3
ACCIDENT ARATMZ NMODE=1 2.0BE-08 4.0%E~D7 2.33E-0§
SEVERC NPOP=1 NMCDE=1 0.503 0.3%4 3.E~3 3.3-§ 3.E-% 7.2-3
NPOP=2 NMCDE=1 9.%02 0.394 4.E~3 4.E~F 3.E~% 2.E~%
NPOP=3 NMODE=1 0.504 0.395 3.BE-2 3.BE-7 2.5E-7 1.3E-7
RELEASE RFRAC GROUP=1 2*0.D 4*1.2E~2
GROUP=2 3*0.D 0.021 0.1 D.11
GROUP=3 3*D.D 1.DE-B 2.0E~2 2.8E-%
GROUP=4 3*D.D 1.DE~3 5.9E~B S5.0E-3
GROUP=5 3*D.0 1.DE-B 1.DE-§ 4.2E-=5
AERSOL DISP=2 2*D 4*1.0
DISP=3 3*D 3*1.0
DISP=4 3*D 3*1.D
DISP=5 3*) 3*1.D
RES? DI3SP=2 2*] 4+.03
DISP=3 3*D 3*1.,D
DISP=4 3*D 0.0% 2*1.0
DISP=5 3*D 3*.03
QTHER CULVI=D.2
EOF
ISOTOPES -1 1.0 1.0 13.%8 1.0 0.0 SFUEL
CDED 9.22E+01 RIGH 2 )
KRBS 6.10E+03 NOBLE 3
SRY0 S5.9%5E404 OTHER 5
RU106 1.62E+04 VOL B 5
C5134 2.74E+04 VOL & 4
CS137 B.76E+DY VOL A 4
CE144 1.22E4+D4 OTHER 4
EUL154 7.00E+03 OTHER 4
PU238 2.96E+D3 OTHER S
PU239 4.10E+02 QTHER 3
PU240 4.6BE+02 OTHER 5
PU241 1.26E+DS OTHER 5
AM24] 1.29E+03 OTHER 5
AM243 1.93%E4+01 QTHER 5
QU244 1.79E+03 QIHER 5
PRGSIZ STUEL 5.2
LINK 1 335 88.6 6.00E+0D 4.70E+02 1.0BE~03 R 1
LINK 1 81 8B.6 7.19E+02 7.80E+02 2.11E~D7 S1
LINK 1 14 B88.6 3.86E+03 2.80E+03 ,1.22E-06 ¥ 1
LINK 1 157 B88.6 6.00E+QD 4.70E+02 4.458-08 R 1
LINK 1 22 B88.6 7.19E+02 7.80E+02 B.GBE~07 S 1
LINK 1 2 B88.6 3.86E+03 2.30E+03 5.01E-06 U 1
BOF
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RUN DATE: [ 22-NOV-31 AT 1D:32:43 1 PAGE
SAN ONOFRE IN SAN TLEMENTE TO YUCCA MOUNTAIN NEVADA ROUIE-3PECIFIC

PACKAGE CHARACTERISTICS

FOR DIMENSION EFFECTIVE X{(0)
MATERIAL (METERS) DIMENSION ¥ETERS 3Q.
SFUEL 3.2008400 4. 5TIE+DD 1.2I3E+01

R{0) I3 TI TO DOSE RATE CONVERSION FACTTOR

PACKAGE HANDLING TRRESHOLDS METERS)
PRESZ1= 35.000E-01
PXGSZ2= 1.000E+00
PACKAGES .1E. PKG3I1 ARE HAND CARRIZD
PACKAGES .GT. PXG521 AND .IE. PXGSZ2 ARE HANDLED 3Y SMALL EQUIPMENT
PACKAGES .GT. PXG522 ARE RANDILED BY HEAVY EQUIPMENT

MATERIAL CHARACTERISTICS

TRACTION FRACTION
MATERTAL OF GaMMA OF NEUTRON
o SFUEL 1.000E400 0. 000E+DD
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RUN DATE:  22-NOV-31 AT 10:32:45 ) PAGE

SAN ONOFRE IN SAN CLEMENTE TO YUCCA MOUNTAIN NEVADA ROUTE-SPECIFIC

MODE CTHARACIERISTICS

MODE EXCLUSIVE NUMBER OF MATERIALS TRANSPORT PACRAGES/
USE SHIPMENTS INDEX {II) SHIPMENT

TROCK IES 1.00E+00 .
SFUEL 1.378401  1.00E+0D

BUILDING SHIELDING OPTION= 2
{1=TOTAL SHIELDING, 2=PARTIAL SHIELDING, 3=NO SHIELDING)

ReD= §.000E+00
{RATIO OF PEDESTRIAN DENSITY {PEDESTRIAN/XKM 3Q OF SIDEWALK)

TO POPULATION DENSITY (PEOPLE/XM SQ IN TURBAN AREA3)

RR = 1.000E+00
(TRANSMISSION FACTOR FOR RURAL AREAS)

RS = 8.700E-01
(TRANSMISSION FACTOR FOR SUBURBAN ARERZS)

RO = 1.800E-02
{TRANSMISSION FACTOR FOR URBAN 3REAS)
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RUN DATE: [ 22-NOV-31 AT 103

$2:45 ]

PAGE S

SAN ONOFRE IN SAN TLEMENTE TO YUCCA MOUNTAIN NEVADA  ROUTE-SPECIFIC

MODE

DISTANCE (R4)
SPEED (XKM/HR)
POPULATION DENSITY
VEHICLE DENSITY
ACTIDENT RATE/RM
20NE

ROAD TYPE

PEQPLE IN CREW
CREW EXPOSURE DIST
PEOPLE AT STOPS
STOP EXPOSURE DIST
STOP TIME PER ¥M
MINIMUM STOP TIME
END POINT STOP TIME
PEOPLE AT STORAGE
STOR. EXPOSURE DIST
NOUMBER QF HANDLINGS

SEGMENT RELATED DATA

LINR 1
TRUCK
3.35E+02
8.88E+01
6.00E+00
4.7DEH2Z
1.038E~03
RURAL
FREEWRY

IINR 2
TRUCK
8.10E+01
8.85E+01
7.19E402
7.80E+02
2.118-07
SUBURBAN
FREEWAY

LINK 3
TRUCK
1.40E+01
8.86E+01
3.86E+03
2.80E+03
1.22E-0%
URBAN
FREEWAY

MODE RELATED DATA

LINK 1 II¥K 2
2.00E+DD
1.00E+01
5.00E+01
2.0Tz+01
1.108-02
0.Q0E+QD
0.00E+00
1.00E+02
1.00E402
0.0DE+0D

LINK 3

2.00E+00
1.00E+01
5.00E+01
2.00E+01
1.10E-02
0.00E+0D
0.00E+00
1.00E+02
1.00E402
0.00E4+0D

2.00E+00
1.00E+01
5.00E+0L
2.00E+01
1.10E-02
0.90E+00
0.00E+00
1.00E+02
1.00E+02
0.00E+0D

5-31

LINR 4
TRUCK
1.57E+D2
B.BFE+0L
©.00E+DD
4., T0E+02
4.45E-08
RURAL
FREEWRY

LINK 4

2.00E+00
1.00E40L
5.00E401
2.00E40L
1.108-02
0.00E+0D
0.00E+00
1.00E+02
1.00E+02
0.00E+00

WK 3
TRUCK
2.20E401
8.86E+01
7138402
7.80E+02
8.8BE-07
SUBURBAN
FREEWAY

LINK §

2.00E+00
1.00E+01
$.00E+01
2.00E4+01
1.10E-D2
0.0Q0E+00
0.00E+0D
1.00E+02
1.00E402
0.00E+00

LINK %
TRUCK
2.00E+00
8.86E+01
3.86E+03
2.80E4+03
$.01E-0%
URBAN
FREEWRY

LINK %

2.00E+0D
1.00E+#01
3.00E+01
2.00E+01
1.10E-02
0.00E+D0
0.00E+0D
1.00E402
1.00E+02
0.00E+00




RUN DATE: [ 22-NOV=-31 &T 10:52:45

PAGE

SAN ONOFRE IN SAN CLEMENTE TO YUCCA MOUNTAIN NEVADA ROUTE~SPECIFIC

NUCLIDE

SFTUEL
TO8D
ERBS
3R30

RUL0%

5134

C8137

CTE144

EU1S2

PU238

PU239

PU240

Py241

241

AM243

244

NUCLIDE

SFUEL
COED
KRBS
SRI0

RUL0B

C5134

Cs137

CE144

EU134

PU238

PU233

PU240

PU241

a4l

2243

- CM244

CURIES
FTER PXG

9.22E+01
£.10E+03
$5.96E+04
1.62E+04
2.74E+03
B.76E+04
1.22E+04
7.00E+03
2.36E+03
4.10E+D2
4,58E+02
1.26E405
1.29E+03
1.9%E+01
1.73E+03

LIFE

1.93e+03
3.92E403
1.0%E+04
3.63E+02
7.S3E+02
1.10E+04
2.84E+02
3. 21E+03
3.21E+D4
B8.79E+DE
2.33E406
$.26E+03
1.5BE+DS
2.T0E+0%
6.62E+03

ISOTOPE RELATED DATA

RELEASE
GROUP

HIGH
NOBLE
QTRER
VOL_B
VOL_a
VOL A
OTHER
OTRER
OTHER
OTHER
OTRER
OTHER
DTHER
OTRER
OTRER

GAMMA
ENERGY

RESUSP  LONG

FACTOR TYPE CATEGORY LUNG

4.83E+00
1.00E+00
S.41E+0D
3.28E+00
4.07E400
S5.41E+00
2.33E+00
5.09E+00
3.31E+00
5.37E+D0
3.36E+00
S.28E+00
S.ISE+0D
3.36E+0D
5.32E+00

DISPERS.

AU A U U s e s s (AU W R

TLOUD TRANSFER

FACTOR CROPS

2.50E+00 4.12E-01 OQ.00E400
2.21E-03 3.53E-02 0.00E+DO
0.00E+D0 0.00E40D 0.00E+00
2,01E-01 0.00E+00 O.00E+0D
1.55E+00 2.54E-01 O.00E+00
S.9%E-01 O.Q0E+00 0.00E+0D
5.25E-02 2.8BE-03 0.00E+00

1.22E400

2.06E-01 0.00E+0D

1,.81E~03 1.40E-05 0.00E+00
7.96E~04 1.30E~05 0.00E+00
1.73E~03 1.37E~05 Q.00E+00
2.54E-05 O0.00E+00 0.00E+00
3.24E~02 3.01E-03 O.QDE+0D
S.5%E~02 B.11E-03 0.Q0E+00
1.70E-03 1.33E-05 Q.0DE+0D

5~32

S0IL

0.00E+0D
0.00E+0D
0.00E+00
0.00E+0D
0.00E+0D
0.00E+00
0.00E+0D
0.00E+00
0.Q0E40D
0.00E+00
0.00E+00
0.00E+00
0.00E+0D
0.00E400
0.00E+00

IYR INHAL REM/CI
MARROW

7.90E+05 3.80E+D4
0.00E+0D 0.00E+0D
4.30E+06 3.30E403
4.30E+06 4.S0E+03
4.10E+04 3.90E+D4
3.10E4+04 2.60E+04
3.60E+06 4.20E+03
0.00E+00 0.00E+0D
4.30E+08 1.10E40%
4.20E408 1.10E+06
4.20E+08 1.10E40%
3.60E+05 1.30E4+03
1.20E+08 1.70E407
1.10E+08 1.60E+07
1.20E+08 1.70E407

DEPOS
SPEED

1.00E~02
0.00E+00
1.00E-02
1.00E~02
1.00E~02
1.00E~02
1.00E-02
1.00E~02
1.00E~02
1.00E~02
1.00E~02
1.00E~02
1.00E~02
1.00E-02
1.Q0E~02



RUN DATE: { 22-NOV-31 AT 10:52:43 )

PAGE

SAN ONOFRE IN SAN TLEMENTE TO YUCCA MOUNTAIN NEVADA ROUTE-SPECIFIC

NUCLIDE

SFUEL
TO6D
KRES
SR

RULQ%

C8134

T3137

TE144

EU154

PU238

PU23%

PU240

PU241

AM241

AM243

244

S0-YR EFFECTIVE REM/CI

INHALE

2.80E+D5
0.00E+0D
2. 40E+0%
B.00E+05
4,60E+04
3.20E+04
5.30E+D5
3.10E+05
5.30E+DB
5. 70E+0B
5.70E+08

~S0E+06
5.30E408
5.90E+08
3.10E+08

ISOTOPE RELATED DATA

INGEST

2.80E+04
0.DVE+DD
1.30E+05
2.10E+04
7.40E+D4
5. 00E+D4
2.00E+02
3.10E+03
3.80E+0%
4.,30E+06
4.30E+06
B.60E+D2
4.50E+0%
4.,30E+0%
2.30E406

5-33
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RUN DATE: [ 22-NOV-31 AT 10352345 ]

PAGE

SAN ONOFRE IN SAN CLEMENTE TO YOCCA MOUNTAIN NEVADA ROUTE~SPECIFIC

=}

ZORE

SEVER: 1
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

SEVER: 1
6.03E-01
6.02E~01
6.04E-01

SEVER: 2
0.00E+0D
0.00E+00
0.00E+0D
0.00E+00
0.00E+DD

RELEASE RELATED DATA

RELEASE FRACTIONS

SEVER: 3
1.20E-02
0.00E+00
0.00E+00
0.0DE+0D
0.00E+0D

SEVER: 4 SEVER: 3
1.20E~02 1.20E-~D2
1.00E-~02 1.00E~D1
1.00E-08 2.00E-04
1.00E~08 3.00E-03
1.00E~08 1.00E-D%

ACCIDENT SEVERITY FRACTIONS

SEVER: 2
3.%94E~01
3.94E-01
3.95E~-01

FOR

SEVER: 3
3.00E~03
4.00E~03
3.30E-04

5~34

TRUCK

SEVER: 4 SEVER: §
3.00e~06 5.00E~06
4.00E~06 3.00E~0%
3.80E-07 2.50E~07

SEVER: %
1.20E-02
1.10E-01
2.80E-D4
5.00E-08
4.20E-05

SEVER: %
7.00E-06
2.00E~D%
1.30E-07

N}

3






RUN DRTE: ([ 22-NDV-D1 AT 1D:52:45 )

PAGE

SAN ONOFRE IN SAN CLEMENTE TO YUCCA IMOUNTAIN INEVADA [ROUTE~SPECTIFIC

DISP CAT
1

gg(ﬁ&d&ilﬁ;&&i&i

IDISP CAT
1
2
3
4
5
®
Vi
]
9

0
11

AEROSOLIZED TRACTION ©F RELEASED IMATERIAL

SEVER: 1
@..00EHDD
@..0DEH0D
©..QDE#0D
®..00E#DD
©..00E+D0
1..0DEHDD
1..00E+0D
1..00E#+DD
1..00E+00
1..00E+0D
1..00E+00

SEVER: 2
0..0DE+0D
©..00EDD
(0..00E+0D
@©..0DE+DD
@©..00E+00
1..0DE+DD
1..0DE#D0
1..00E+0D
1..00E+0D
1.00E+00
1.00E+00

SEVER: 3 SEVER: 4
0. 00E4DD  ©..0DE+0D
1.00E400 1..00DE4+DD
0.QDE+00 1.QDE+0D
©.00E#+DD0 1. 00E+DD
©.00E+D0 1..0DEADD
1.00E#00 1.00E+D0D
1.00E#00 1..00E#DD
1. 00E#00 1..00E#DD
1.Q0E400 1.00E+D0
1.00E+00 1..0DE+DD
1.00E400 1.ODE#0D

SEVER: §
@..0DE+DD
1..00E+00
1.00E+0D
1..00E+DD
1..00E+D0
1..00E+0D
1..0DE#DD
1..00E40D
1..DDE#DD
1..Q0E+0D
1..00E+00

FRACTION ©F AERUSOLS BELOW 10 MICROUNS /KED

SEVER: 1 SEVER: 2 SEVER: 3 SEVER: 4

©..00E4DD
0..Q0E+00
©..0DE+0D
©..00E400
0..0DE+DD
5..00E-02
1..00E+QD
1..0DE+0D
1..Q0E400
1..0DE+DD
1..00E400

0..0DE0D
©..00E#00
0..00EHOD
0..00E+00
0..00E+DD
5..00E-02
1...00E+00
1..00E+DD
1.00E+0D
1..00E+D0
1..00E#DD

0.00E+00 ©.QDEHDD
5.00E-02 5.0DE-02
©0.0Q0E+00 1..00E+00
©.00E#00 5.0DE-02
0.00E400 35..00E~02
5.00E-02 5.0DE-02
1.00E#00 1.00E+0D
1.00E400 1..00E400
1.00E400 1..00E#00
1.00E#00 1.00E+0D
1.00E400 1..00EH0D

3-35

SEVER: &
©..00E#H00
5..00E-02
1..00E+DD
1..0DE#00
5..00E-02
5..00E-02
1....0DE#0D
1..00EHDD
1..00E+00
1..00E#0D
1..00E#H0D

SEVER: &
0..00E#DO
1.00E+DD
1..0DE#DD
1.00E40D
1.0DE400
1. 00E+DD
1./0DE+DD
1.0DE+DD
1..00E+0D
1.00E400
1.00E400

SEVER: &
©0..0DE+DD
5..0DE~02
1..00E+00
1..0DE4DD
35.00E~02
5..0DE~02
1..00E400
1..00E#OT
1..0DEHDD
1..00E#00
1..QDE#DD

3




RUN DRTE: [ 22-NOV-31 AT 10:52:45 ] PAGE
SEN ONDFRE IN SAN CLEMENTE TO YUUTA IMOUNTATN INEVADA ROUTE-SPECTFIC

COST RELETED DETA

EMERGENCY IRESPONSE QOST

SEVER: 1 SEVER: 2 SEVER: 3 SEVER: 4 SEVER: 5 SEVER: 6
©.00E+00 O0.0DE#QD 0.00E400 Q.ODE0D (0.0DEHDD ©.D0DE4DD

©N~SCENE QUSTS
((RP=REUEASE FRATTION)

RE=D., @Q..<RF<=.,01 O1<RF<=0..1 Q<RP<=,,
Q.. '

0. Q. Q.

5-3%



RUN DATE: [[ 22-<N0V-31 AT 10:352:45 ]

PAGE

SAN ONOFRE IN SAN CLEMENTE TO YUCCA IMOUNTAIN INEVADR  ROUTE-SPECTEIC

'DOSE (REM)
1000DD.00D
BU00D..00D
770000..00D
4D0DD.00D
30000..000
25000..000
20000..000
10000..00D
B000..000
%000..000
4000..00D
3D00..000
-/ 2000..000
- 1D0D..000
800..00D
7100..000
©00..000
500..000
4700..000
300..000
100..000
75..000
50.,000
30..000
15..000
5,000
1.000
©.100
©.010
0.010

HERLTH RELXTED DATRA

ERRLY FATRALITY PROBABILITIES

LUNG-1
1..0D0E+DD
1..QDDE+DD
1..0DDE+0D
1..0DDEHDD
1..0DDE+DD
1..0D0E#DD
1..0D0E+D0
%.000z-01
1..000E-01
®.000E-D2
3..000E-D2
©..DDDE+0D
D..0D0E+0D
©..00DEHDD
0..00DE+00
@..0DDE+DD
0..00DE+QD
©..QDDEHDD
0..00JEH0D
0..000E40D
©..0DDEHDD
©..0DDE+DY
©..0DDE#DD
0..00DEHOD
©..0DDE+DD
@..0DDE+DD
©..0DDEHDD
0..000E40D
©..0DVE#DD
0..000E40D

LUNG~2
1.00DE+0D
B8.50DE-D1
8.000E~01
7.Q00E-01
5.000E~01
2.000E-01
8.000E~02
0.Q00DEHDD
9..000E40D
0..Q0DEH0D
©..00DEHDD
0..000E#DD
0..000E4DD
0..000E#DD
©..00DE+DD
0..00DE+DD
Q..0D0E4DD
0..00DE+0D
©..00DEHDD
0..000E4D)
©..0DDEHOD
©..000E4DD
©..00DE#D
Q..00DEH0D
©..000E#DD
@..000E40D
©..0DDE#DD
0..00DE+DD
0..00DE40D
©..00DEHDD

5~37

TUNG~3
1..00DE#0D
8..000E~D1
5..00DE-DL
©..00DE#DD
@..QDDEH0D
0..00DE#0D
@..00DEADD
0..00DEHDD
Q..D0VE4DD
©..0DDE4+0D
@..0DDEHDD
0..00DEDD
Q..0DDE+0D
©..0DDE#DD
0..00DEHDD
©..00DE+0D
@..0D0EHDD
Q..00DE+0D
@..0DDEHDD
@..0DVEHDD
Q..0DDE+DD
@..00DEHDD
@..00DE+DD
Q..0DDE#DD
©..000EHDD
@..00DE#OD
Q..000E+DD
@..0DDEHDD
0..00DEHOD
@..00DE#DD

MERROW
1.000E+0D
1..00DE40D
1..000E+0D
1..000E40D
1..000E+0D
1..000E40D
1..000E40D
1..0DDE#DD
1..00DE#DD
1..0DDE#DD
1..00DE#DD
1..0D0E40D
1..00DE#DD
1..QDDE4DD
9.950E-01
3..000e-01
4..000E~DL
5..000E-02
©..0DDEHDD
Q..000E4DD
©..0DDEHDD
@..Q0DE#DD
@..0DDEHDD
@..QDDEHDD
0..00DEHDD
@..QDDEHDD
©..0DDEHDD
0..000E+DD
©..0D0EHDD
Q..Q0DE+0D



RON DATE: [ 22-=NOV-T1 AT 10:52:43 PAGE 12
SAN ONOFRE IN AN CLEMENTE TO YUUCA MOUNTRIN INEVADR  ROUTE-SPECIFIC

‘DISPERSAL ACCIDENT INPUT

:KREEDR DIVUTION
(M 30) FACTOR*
4..390E+02 3.420E~-03
1.530EHD3 1..720E~03
3..34DE4D3 B..5BDE~DY
1.250E+04 3.420E-D4
3..04DE+D4 1..7208~04
%..B5DE+DY B..5BDE-D5
1. 760E#D35 3. 420E-05
4..450EHD5 1..720E-D5
8..5D0EHDS B.35BDE-D%
2.5T0EHDB 3. 420E~0%
4. 450E+DB 1.7720E~0%
1.D30E+07 B..5BOE-D7
2. 250E+07 3. 420E-07
3. Z20E407 1. 720507
1.TT0E#DB B..5BOE~DB
4..890E+0B 5..420E-08
8.120E+DB 4..300E~08
1.350E403 3..420E-0B

* DILUTION FACTOR UNITS BRE (CI-SEC/M**3/TI-KELEASED)

NON-DTSPERSAL ACCYDENT INPUT

REDTIST((¥)
3.0SUE+0D  3.0F0EH0D  3.05DEHDD
®.100E40D  &.10DE40D  &.1ODE#OD
9.100E400  9.20DE40D  9.10DE+0D
1.220E401  1.220E#01  1.220E4QL
1.520E401  1.S20E#0L  1.520E+0L
3.050E401L  3.050T401  3.050E+0L
©.1008401  &.10DEHQL  &.1LODEHOL
9. 140E40L  D.I4UEHOL  9.140EHOL
1.524E402 1.324E#02  1..S2UEHD2
3.050E402 3.050E402  3.03DEHD2

BUTIUDING DUSE FACTOR = B.600E-03
FRACTION @F LAND UNDER QULTIVATION = 5. 000E-01
CONTAMINATION CUERN UF LEVEL ([UTT/M*42) = 2.000E~01
BREXDHING IRATE (M**3//SEC) = 3.300E-D4

35-38



RON DATE: {[ 22-NOV~31 AT 10:352:45 ) PAGE
SAN ONUFRE IN SAN CLEMENTE TO YUCCA MOUNTATN NEVADA  ROUTE~SPECIFIC

REGULETORY (HETKS

FOR THE SHIPMENT OF SHUEL BY MODE 1
THE DOUSE RATE AT 2 METERS GOULD EXCTED 10 MR/HR
PPS*TT NS BEEN RESET TOD EQUAL 13.00

FOR THE SHIPMENT QF SFUEL BY MODE 1
THE DOSE RATE AT 2 WMETERS COULD EXCEED 10 MR/HR
PPS*TY HAS BEEN RESET TO £QUAL 13.00

FOUR THE SHIPMENT QF SFUEL BY MODE 1
THE DOSE RATE AT 2 METERS TOULD EXCITD 19 MR/HR
PP5*TT HAS BEEN RESET TO EQUAL 13.00

FOR WHE SHIBMENT QF SHUEL BY MODE 1
THE DUSE RATE AT 2 METERS CHULUD EXCEED 10 IMR7HR
PPS*IT HAS BEEN RESET TG TQUAL  13.00

FOR TWHE SHIEMENT @F SPUEL BY IMODE 1L
THE IDUSE RAUE AT 2 IMETERS QOULD EXCEED 10 MR/HR
PRS*TI IHAS BEEN RESET T® EQUAL 13.00

FOR THE SHIEMENT ©F SFWEL IBY MODE 1L
UHE DUSE RRCE AT 2 METERS QOULD EXOEED 10 IMR/HR
PPS*IT HAS BEEN RESET TO EQUAL 13.00 -

333



RON DETE: || 22-F0V-31 AT 10:32:45 )

PAGE 14

SAN ONUERE IN SN CLEMENTE TD YUCTA 'MOUNTAIN 'NEVADR  ROUTE~SPECIFIC

ARER #

GELREBssuawswmnu

BENGLERE B vauawnn
s

SEVER: 1
0..00E4D0
0.00E+DD
0..Q0E+DD
0..00E400
Q..07e+0D
Q..00E4DD
D..00E+DD
0..00E+00
0.00E4DD
0.00E+0D
9. 00E#DD
D..00E+0D
0..00E4+00
D..QVE+00
©..00E+0D
.. QDEHDD
0..QUE+D0
0..00E+DD

‘MODE

TRUCK

1-YEAR LUNG DOSE ~ INHALATION DPRTHWAY

SEVER: 2
0..0DE+0D
.. 0DE+DD
Q..00E400
0..00E40D
0. OVE+DD
@..00E+D0
0..00E+DD
D0..D0E+DD
0. Q0E+DD
D..0DE+DD
0. D0E+0D
0..D0E+DD
0..0DE+DD
@..Q0E+DD
0. 0DE+DD
Q..00E+00
0..0TE+DD
©..00E+0D

BDF = 1

SEVER: 3
4..33E~02
2..4BE~D2
1.20E-02
4..65E-03
2.23E-03
1.06E~03
4. Q4E~D4
1.37E~04
B.8BYE-D5
3.362~05
1.33E~05
7.25E~06
2.6BE-D%
1.27E~0%
3., TBE~UT
3.09e-07
1.8BE~Q7
1.23E~07

1~YERR MERROW DOSE ~

JEVER: 1
©..00E#0D
©..0DE#DD
D..0DE#DD
©..0DE+0D
©..00E#DD
0..00E+00
D..0UE+DD
0..0DE+0D
Q..00E+0D
©..0DE+0D
©..00E#DD
@..0VE+DD
0..QUE+DD
D..0UE+DD
©..0DEAQD
D..00E#0D
0..0VEHDD
0..00E+00

SEVER: 2
©..0DE+0D
0..D0E+0D
©..0DE+0D
0.00E40Y
©.0DE+DD
Q..00EADD
@..00E#0D
0..Q0E+QD
0.00E+DD
0..00E+0D
0..00E+DD
©.QVE4DD
©.QUE+0D
0..00E4DY
©..QUEHDD
0..00E4DY
0..0DE+DD
©..00E#QD

BDF = 1

SEVER: 3
2. 3703
1.19E~03
3. T9E-DY
2. 24504
1..07E~D4
3. 1ZE~D5
1.94E-05
9. 19E~0%
4..28E0%
1..6ZE~0%
7.3%5E-07
3. 49E-07
1.29E~07
®..09E~DB
2. 7T8E~0B
1. 49E~03B
9..05E~03
5. 925~03

340

((REM)

SEVER: 4
5. 07E~D2
2558102
4. T9E~D3
2.30E~D3
1.035-03
4., 15E~D4
1. 97504
B 1TEDS
3.45E~D5
1.357E~05
T7.4TE-D8
2.7T16E~D%
1.30E-0%
3..95e~07
3.1BE-07
1.94E-07
1. 2Z7E~07

SEVER: 5
9.2%E-01
4..65E~01
2.27E-01
8. TTED2
4.20E-02
2.Q0E-D2
7. 60E~03
3.60E-03
1.67E-03
%.33E~04
2.BBE-DY4
1.375-04
3.0%E~05
2.38E-05
1.03E~05
3.82E-0%
3.55E-0%
2.32E-0%

TUNHRLATTON PRTHWRY

(REM)

SEVER: 4
2. 4VE-D3
1.2UE~D3
3.87E~04
2.21E-D4
1..03E-D4
5. 19E-05
1.97-05%
9.32E~0%
4..34E-0%
1.64E~0%
0. 47807
3.54E-D7
1.30E~07
%.. 1BE~038
2.828-03
1.3UE~03B
9. 190D
.. QUE~DD

SEVER: $
7.5BE~D1
3.81E-01
1.85E~01
7.15E-02
3. 43802
1.63E~02
%..20E~03
2.34E~03
1.378-03
3. 16E-D4
2.35E-04
1. 12E-04
4..128-03
1.94E-03
8.8BE-0%
4. T4E~0B
2.BYE-0%
1.83E~0%

SEVER: %
1.05EHDD
35.32E~01
2.33E-01
1.00E-Q1
4.80E-02
8.6BE~D03
4. 10E~03
1.3UE-03
7.225~04
3.23E-04
1.55E-04
3. TE~03
2. T2E~05
1.24E-0%
. GUE~D%
4.05E~0%
2.55E~0%



RON DATE: { 22-N0V~31 AT 10:52:4% )

PAGE

SEN DNUFRE IN SKN CLEMENTE TO YUCCTA MOUNTRIN 'NEVADR ROUTE~SPECTFIC

BEEEE e vauawmn]

SSERE

-MODE

TRUCK

GROUND SURFACE (CONTRMINATION TRBLE (MITRO (CII'//M**Q))
BEFORE CLEENUP

SEVER: 1
0..00E+V0
0. DVEHDD
©..QVEADD
0..00E#0D
0..00E+DD
0..00E#DD
Q..0UEHDD
0..00E#DD
0..00E400
0..D0EHDD
©..00E+DD
®..00E+DD
0..00E+00
0..QDEHDD
0..00E400
0..00E+00
0..0VE+DD
9..00E+0D

SEVER: 2
0..00E+0D
©..00E+0D
@0..0DE4DD
Q.. DVE4DD
0..00E+DD
0..Q0E4QD
0.00E400
0..00E+0D
©..0DE#DD
0..00E+00
0..00E+0D
Q..0DE+DD
0..Q0E+0D
@..0DEHDD
0..Q0E4DD

* 0.0TE#D

0..0DE+0D
©..00E+DD

SEVER: 3
3. 77BEHDL
1.90E401
3..23E400
3.5TEHDD
1. TUE0D
8. 1601
3.20e~00
147801
.. BZE~02
2.5BE2
1. 07E8~02
3.57E~D3
2.065~03
9. TLED4
4., 4TE~DY
2.37E~04
1. 44E~01
8. 45E~03

SJEVER: 4
3.B0EHDL
1., 32EH0L
3. 25E40D
3.5BEHDD
1. 7Z2E4DD
B.19e~01
3.10E-01
1. 47E-DL
5. BYE-D2
2.5BE-02
1.18E~02
35.59E~03
2.Q7E~03
B, THE~D4
4. 45E~D4
2.3BE~D4
1. 45E~04
9. 4BE~V5

341

$5.078-03
3.15E-03
2.0%6E-03

SEVER: &
1. 1GED3
5. BYEHD2
2.84E402
1. 10E402
3..25E40L
2.30EHQn
9.328400
4. SDEHDD
2. 100D
71.92E~01
3. 6UE-01
1. 70E~01
%.33E~02
2.98E-02
1..3%8~02
.2BE~03
4. 44E-03
2.90E~403

13



RON DRTE: { 22-NOV-91 AT 10:352:45 ) PAGE - 1%
SEN ONOFRE IN SAN CLEMENTE TO ‘YUCCA MOUNTAIN INEVADA  ROUTE-SPECIFIC

INCIDENT~FREE SUMMARY

FAAXXXEE XAKE SRR XTTR

INCIDENT-FREE POPULRTION EXPOSURE IN PERSON-REM

PASSENGR ~ CREW HENDLERS OFF LINK ON LINK 3ITOPS STORKGE TOTALS
LINK 1 0.Q0E+00 1.1%E-02 0.00E+0D &.B3E~03 2.7BE-03 6.57E-02 0.00EAD0 B.12ZE~D2
LINK 2 0.00E+DD 2.8TE-03 0.QUE“0D 1.72E~03 1.12E-03 1.%TE~02 0.00E00 2.18E-02
LINK 3 0.0DE#DD 4.8%5E~04 ©.00E+0D 3.3LE~D5 6.33E-04 2.79E~03 ©.00E+D0 4.00E~03
LINK 4 D.Q0E+DD 3.45E~03 0.0VE#DD 3.20E~D5 1.30E03 3.13E~02 0.0DE+0D 3.BLE-02
LINK 3 ©.00E+0D 7.53E-04 0.00E+DD 4.%BE~D4 3.03E-04 4.3BE-03 ©.0DE0D 5.925-03
LINK & 0.00E+00 %.94E~03 ©.00EV0 4..72E-D% 3.BYE-05 3.9BE~04 0.0VEHOD 3. TLE-D4

RURAL ©.00E#DD 1.70E-02 0.QUEDD 1.00E~04 4.03E-03 3.B0E~02 0.00E40D 1.19E-01
‘SUBURB D.00E+D0 3.57E~03 ©.QUE+00 2.19E~03 1.42E~03 2.05E-02 0.00E+00 2. 7T7E-02
WRBEN ©.DDE#0D 5.5TE~04 0.0UE+0D 3.78E-05 7.92E~04 3.19E~D3 0.0Q0E+D0 4. 57503

TOTALS: 0.00EDD 2.12E~D2 0.00EX0D 2.33E~03 6.30VE-03 1.22E-01 0.00E+DD 1.32E-01

IMEXTMUM DNDIVIDUAL TN-TRANSIT IDOSE

3.83E~07 REM
3.83E-Q7 KEM
5.83E-07 REM
3.83E~07 REM
5. 83E~Q7 REM
3.83E-Q7 KEM

IINK
LINK
LINK
LINK
ILTNK
LINK

KRG & R =



RUN DRTE: [ 22-N0V~31 AT 10:32:43 ) PAGE 17
SRN ‘ONOFRE IN SAN CLEZMENTE TO YUCCH MOUNTRIN NEVADA  ROUTE-SPECIFIC

INCIDENT~FREE IMPORTANCE ANALYSIS JUMMRRY FTOR LINK 1

R K R R A T A A AR T TR ER A EAR KRR XKW RRRRRN

INDEX DESCRTPIION OF TRRAMETER IMPORTRNCE
1 DISTRNCE TREVELED 8. 11BE~D4
2 NUMBER UF SHIPMENTS B.119E-D4
3 DPACKAGES PER SHIPMENT 8..119E~04
4 DUSE RATE (TRANSPURT INDEX) B.129E~04
3 K ZERO B..1IYE~D4
% JTOP TIME 6. 6572E~04
7 PERSONS EXPOSZD WHILE STOPPED 6. 6T2E~DY
8 TRACIION OF TRAVEL ~ RURAL 1. 447E-04
D NUMBER OF TRE% MEMBERS 1.1%2E~D4

10 NUMBER OF TECPLE PER VEHICLE 2..7B2E-0%
11 TREFFIC COUNT ~ RURAL 2.71BZE~05
12 RURAL SHIELDING TRCTOR ((RR) 6.B33E~07
13 POPULATION DENSITY - RURRL 6. B3IIE~07
14 ‘HANDLER EXPOSURE DISTRNCE 0..000E+DD
15 PERSUNS TXPOSZD PER HRNDLING 0..000E+00
1% SUBURBAN SHIZLDING FACIOR ((RS) 9..000E+0D
17 NUMBER OF HANDLINGS ..000E40D
18 EXPOSURE TIME TOR HRNDLERS D..000E40D
19 FRACIION OF TREVEL ON FREEWRYS 0..00DE+DD
20 FRACTION OF RUSH HOUR TRRVEL Q..000E+DD
21 INUMBER @F FLIGHT RTTENDANTS ©..00DE+DD
22 'UREFFIC COUNT ~ iURBRN ©..000E400
23 TRAFFIC COUNT ~ SUBURBRN 0..000E+00
24 RATIO OF PEDESTRIRN DENSITY ((RPD) Q..000E400
25 FRACTION OF TRRVEL ~ SUBURBRN 9..000E+DD
26 WRBEN SHIELDING FRCTOR ((RU) ©..000E+DD
27 FRACTION OF TRAVEL ON TITY STREETS 0..000EHD0
28 WEIQCITY ~ SUBURBRN Q..000E4DD
29 PUPULKTION DENSITY ~ (URBRN Q..000E4DD
30 FPRACTIUN OF TRAVEL — UKBRN ©..Q0DE+DD
31 POPULRTION DENSITY - SUBURBRN 0..000EXVD
32 WEIOTITY ~ URBAN Q..000E400
33 STURAGE TIME PER SHIPMENT Q.. QDDEHDD
34 STURKGE EXPUSURE DISTANCE @..QDVEHDD
35 INUMBER ©F PERSONS EXPUSED DURING STORRGE  0.00DE+0D
3% WELGCITY -~ KURBL ~1..7125E~04
37 [DISTRNCE FROM SUURCE TO CREW ~2.208E~D4
38 EXPUSURE DISIRNCE WHULE STOPPED ~1..334E~03

THE IMPORVANCE WRALUE ESTIMATES THE PERSUN~REM INFUUENCE
©F /A @NE PERCENT TNCREASE TN THE PARAEMETER

343



RUN DRTE: ([ 22-N00-51 AT 10:32:43 ) PAGE 18
SAN ONOFRE IN 3AN CLEMENTE TO YUCCR IMOUNTRYLN NEVADR  ROUTE-SPECLEIC

INCIDENT-FREE IMPURIRNCE RNALYSIS SUMMERY TOR LINK 2

R K R T I T T T T R I S O T W W e

INDEX DESCRIPTION OF PRRRMETER IMPUKTRNCE
1 IDTSTRNTE TRAVELED 2. 1T8E-D4
2 K ZERO 2. 17BE~D4
3 NUMBER OF SHIPMENTS 2.178E-04
4 PACKAGES PER SHIPMENT 2. 1TBE~DY
S IDUSE RRTE (TRRNSPOKT INDEX) 2.078E~D4
% PERSUNS EXPOSED ‘WHILE STOPPED 1.613E~04
7 STOP TIME 1.613E~04
B FRACTION OF TRAVEL ~ SUBURBRN 5. 64IE~03
3 INUMBER ©F TREW MEMBERS 2.B10E~03

10 PUPYLATION DENSITY ~ SUBURBRN 1.7723e-035
11 SUBURBRN SHIELDING FTRCITR ((RS) 1723805
12 TREFFIC CTOUNT ~ SUBURBRN 1. 116E-05
13 NUMBER ©F PEUPLE PER WEHICLE 1.206E~05
14 INUMBER ©F FLIGHT XTTENDENTS ©..0DUEHDD
15 NUMBER ©F #HRNDLINGS 0..Q0DEHDD
1% PRACTION ©OF RUSH HOUR TREVEL ©..000EHDD
1% TREPFIC GUUNT ~ URBRN Q.. QVVEHDY
18 [EXPOSURE TIME FOR HENDLERS ©..00VEXDD
19 HEBRSUNS EXPOSHD PER HRNDLING ©..000EHDD
20 TREFFIC CUUNT ~ KURNL @..000EHDD
21 FRACIION OF TRAVEL ON FREEWRYS 0..Q00EHDD
22 HANDLER EXPOSURE DISTRNCE 0..0DDEHDD
23 SITORAGE EXPUSURE IDTSTURNCE ©.0VUEHDD
24 INUMBER QF PERSONS EXPOSED DURTNG STURRGE  ©.0DUEHDD
25 FRACTTION @F TREVEL ~ WRBRN" @..00VE+DD
2% RETTO OF PEDESTRIREN DENSITY (RED) ©..QDUEHDD
27 WELOTITY ~ KURAL Q..0QDVEHDD
28 POPULATTON DENSITY ~ 'RURRL @..0VVEHDD
29 FRACTION @F TREVEL ~ RURAL @..0VVEQD
30 PUPULRTION DENSITY ~ WKBAN ®..QDVEHDY
31 WEIOTITY ~ WUKBRN 0..000E+DD
32 STURKGE TIME PER SHIEMENT ©.00THOD
33 (URBRN SHUEUDING FRATIOR (RU) 0..00VEHDD
34 RURNL SHIELDING FRCTOR ((RR) 0..Q0DEHDD
35 TRACTTION @F TREVEL QN CITY SUKEETS ©..000EHD0
3% WENOCITY — SUBURBRAN ~2..BIUE-05
37 DLSTRANCE FROM SUUKCE TO CHREW ~5..333E~05
38 EXPUSURE DISTRNCE 'WHILE STOPPED ~3.226E~01

THE IMPORUANCE ‘WALUE ESITMRATES THE PERSON-REM UNRUUENOE
©F A ONE PERCENT UNCREASE TN THE BPERRAMETER

34



RUN DRTE: { 22-NOV~-31 AT 10:52:45 PRGE 19
SAN ‘UNOFRE IN SAN TUTMENTE TD 'YUCTA MOUNTRIN NEVEADA ROUTE~SPECTEIC

INCIDENT~ERER IMPORTRNCE RNALISIS JUMMARY FOR LINK 3

‘l"k'k'*‘l“k%‘k‘k'k‘k**‘k*?"k”?*‘k*‘k**‘k****’l’."&'*‘k‘k!‘k*‘k‘k‘k‘x%‘k‘****

INDEX -DESCRIPIION OF PARAMETER TMPORTRNCE
1 PRACKRGES PER SHIVMENT 4. 000E-05
2 DOSE RETE {TRENSPORT INDEX) : #..0DVE~DS
3 K ZERD 4..000E-05
4 !NUMBER OF SHIPMENTS 4. D0DE~DS
5 DISTRANCE TRRVELED 4. 0DUE~DS
$ ZTOP TIME 2. 1BBE~DD
7 PERSONS EXPOSED WHILE STOPPED 2. TBBE~05
8 FRACITON OF TREVEL ~ URBAN 1.2103~05
9 NUMBER ‘OF PEUELE PER VENICLE ‘ 6.9268-D6

10 TREFFIC TOUNT ~ TURBRN 5. 926E=D6
11 'NUMBER OF TREW MEMBERS 4. 857E~D6
12 'URBRN SHIELDING ETRACTOR ((RU) 3..307e~07
13 POPULRTION DENSITY ~ URBRN 3.307e~07
14 EXPUSURE TIME TOR HRNDLERS D..000EXDD
15 MNUMBER OF HXMDLINGS : @..D00E+0D
16 PERSONS EXPOSED PER HANDLING 0..00DE+0D
17 HRNDLER EXPUSURE DISTRNCE D..00DE+DD
18 NUMBER OF TLTGHT RTTENDRNTS D..000E+0D
19 TRAFFIC TOUNT ~ JUBURBRN ©..000E#DD
20 FRACTION OF RUSH HOUR TREVEL 0..000E40D
21 TTRARFYC TOUNT ~ RURRL 0..000E4DD
22 TFRACTION OF TRAVEL ON FREEWRYS Q..000E4DD
23 ZSTORAGE EXPUSURE DISTRNCE @..00DE+DD
21 INUMBER ©F PERSONS £XPUSED UURING STORAGE  (0.00DEH0D
25 FRACITON OF TREVEL ~ SUBURBRN 0..000E+00
2% RNITO ©F PEDESTRIAN DENSITY (RED) 0..000E+0D
271 WEXOCITY ~ KURAML Q.,Q0DE+DD
28 POPULKTION DENSITY ~ KURAL 0..00VEHD
29 FRACTION OF TRAVFET, ~ RURRL D.,000E#DD
30 POPULAITON DENSITY ~ SUBURBRN ©..000EHDD
J1 WELOCITY ~ SUBURBRN D..D0UEHDD
32 SUBURBRN SHIEUDING FACTOR (RS) 0..000E4DD
33 SITORAGE MIME PER SHIDMENT ©..000EHDD
34 FRRCITON ©F TRAVEL ON CITY STREETS ©..DY0EHDD
3% XURRL SHIELDING ERCIOR (RR) ©.0DUERDD
3% WELOCITY ~ 'URBRN ~4..B57E~0%
37 IDTSTANCE FROM SUURCE TO CREW ~3..22BE-0%
38 EXPOSURE DISTRNCE WHILE STOPPED ~3..576E~035

THE IMPURTANCE VALUE ESTIMATES THE PERSON-REM INFUUENCE
@F A ONE PERCENT INCRERSE TN THE DRRAMETER

543



RUN DATE: {[ 22~H0V-31 AT 10:52:45 ) PAGE 20
SAN ONOFRE IN SRN CLEMENIE TO YUCTR MOUNTRIN :NEVADR  ROUTE-SPECIFIC

INCIDENT~FREE TMPOKTRNCE ANALYSIS JUMMARY FOR LINK 4

R s R e L R L R e b ey

INDEX DESCRIPTION OF PRERRMETER IMPORTANCE
1 DISTANCE TREVELED 3..805E~D4
2 DOSE RETE ((TRRNSPORT INDEX) 3.805E~04
3 NOMBER OF SHIUMENTS 3.805E~04
4 PRCKAGES PER SHIPMENT 3.805E~DY
3 K ZERO 3.805E~04
6 STOP TIME 3.7127E~04
7 PERSONS EXPOSED WHILE STOPDED 3.12mE-04
8 FRACTION OF TRAVEL ~ WURXL &.7T83E~05
3 MUMBER OF TREW MEMBERS 3. 4UTE-D5

10 NUMBER OF PEUPLE PER VEHICLE 1. 304E~0%
11 TRAFFIC COUNT ~ RURAL 1.304E-05
12 RURRL SHIELDING FXRCTOR ((RR) 3. 20207
13 POPULRTION DENSITY ~ RURKL 3.20ZE-07
14 HENDLER EXPOSURE DISTANCE 0.000EH0D
15 PERSUNS EXPUSED PER HBNDLING ©..000E0D
16 SUBURBAN SHITUDING FACTIOR {RS) 0.Q00EHDD
17 NUMBER ©F HRNDLINGS 0.00VEHD
18 EXPUSURE TIME FOR HRNDLERS ©..00VEHQD
19 FRACTTION OF TREVEL ©N FREEWRLS ©..00DEHQD
20 FRACTTON OF RUSH HOUR ‘TREVEL ©..000E#DD
21 'NUMBER @F FLIGHT RTTENDENTS @..00DEHDD
22 TREFFIC COUNT ~ URBRN 0.000EQD
23 'TREFFIC COUNT ~ SUBURBRN ©..000EH#DD
24 'RATTO OF PEDESTRIAN DENSITY ((RED) ©..Q0DERDD
2% FRACTTION ©F TRAVEL ~ SUBURBRN 0.0VVEHDD
2% URBRN SHTELDING FRCTOR (RU) 0.0DVEHDD
27 FRAECTION ©F TRRVEL ON CITY STREETS Q.Q00EHDD
28 WELOCITY ~ SUBURBEN @..QUOEHDD
29 'POPULATION DENSITY ~ URBRN 0.QDDEHDD
30 FRACTION OF TRAEVEL ~ WRBRN 0. 000EHDD
31 PUPULRTTON DENSITY ~ SUBURBRN ®.000EHDY
32 WEIOCITY - URBRN 0.000EDD
33 STORAGE TIME PER SHUPMENT @.000EDD
34 STORKGE EXPUSURE DISTURNCE 0..Q0VEQD
35 INUMBER OF PERSONS EXPOSED DURTNG STORNGE  Q.0DDEA0D
3% WVELOCITY ~ KURRL ~B..08%E-05
37 DISTANCE FXOM SOURCE TO CREW ~1.035E~04
38 EXPUSURE DISTRNCE WHILE STUPPED 5. 254E-0%

THE TMPORIANCE WALUE ESTIMATES THE PERSON-REM INFUUENCE
©F A ONE PERCENT INCKERSE IN WHE PRRAMETER

346



RON DRTE: [ Z2-MOV-31 AT 10:32:45 j

‘SAN CIITRE IN SAN ‘CLEMENTE TC YUCCA MOUNTAIN 'NEVADA

PAGE

ROUTE~SPECIFIC

INCIDENT-?REE IMPORTANCE ANALYSIS SUMMARY FOR LINK S

xxxxx

INDEX

4 et e e
siﬁt‘iﬁ"éaaauawa’swwu

15
1%
a7
18
19
20
21
22
23
24
25
26
21
28

DDESCRIPTION OF PARAMETER

DISTANCE TRAVELED

K ZERD

INUMBER OF SHIPMENTS

PACKAGES PER SHIBMENT

DOSE RRTE ((TRANSPORT INDEX)
PERSONS EXPOSED WHILE STOPPED
SI0P TIME

FRACTION OF TKIVEL ~ SUBURBAN
INUMBER ©F TREW 2.3MBERS
SUBURBRN SHIELDING TACTOR ((RS)
POPULATION DENSITY ~ SUBURBAN
NUMBER ©F PEOPLE PER VEHICLE
TRAFFIC COUNT - SUBURBRN
NUMBER ©F FLTGHT ATTENDRNTS
NUMBER (©F HENDLINGS

FRACTION ©F RUSH #OUR TRAVEL
TRAFFTC COUNT - URBAN
EXPOSURE 'TIME FOR HANDLERS
PERSONS EXPOSED PER HANDLING
TRAFFIC COUNT —~ RURAL
FRACTION ©F TRAVEL ©N FREEWAYS
HANDLER EXPOSURE DISTANCE
STORAGE EXPOSURE DISTANCE

xxxxxx R A AT AT KA T LXK R AA TR RKKRR

IMPORTANCE

5.816E-05
5..915E~05
5..31%62-05
5.915E-05
5..816E~05
4.3B1E~D5
4..3B1E-D3
1.534E-05
71..533E-06
4..%57BE-D5
4. 57BE-05
3.032E-06
3.032e-D86
0..000E+0D
©0..000E+0D
0..000E+00
©..000E+0D
©..000E+00
@..000E#0D
©..000E400
©0..000E+0DD
@..000E+0D
0..000E#00

INUMBER ©F PERSONS EXPOSED DURING STORAGE  ©.0D0E#0D

FRACTION OF TRAVEL ~ WURBAN

RATIO @F PEDESTRIEN DENSITY ((RPD)
VELOCITY — RURAL

POPULATION DENSITY -~ RURAL
FRACTION ©F TRAVEL - RURAL
POPULATION DENSITY ~ URBAN
WELOCITY — WRBAN

‘STORAGE TIME PER SHIPMENT

WRBAN SHIELDING FACTOR ((RU)

IRURAL SHIELDING EACTOR ((RR)
FRACTION @F TRAVEL ON CITY STREETS
WELOCITY ~ SUBURBAN

IDLSTANCE FROM SOURCE TO CREW
EXPOSURE DISTANCE WHILE STOPTED

‘THE TMPORTANCE WALUE ESTIMATES THE PERSON-REM INFLUENCE
@F A ONE PERCENT INCPEASE IN 'THE .P“‘!"RAMEmER
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0..000E+00
@..000E40D
©..000E+00
0..000E#00
©..0DDE#DD
0..000E#0D
©..000E+0D
0..000E#0D
©..000E40D
0..000E+00
0..000E+0D
~il.%633E~0%
~1..450E-05
~B..T63E-05
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ROUN DATE: [ 22=NOV-31 AT 10:32:43 } PAGE 22
‘SRN ONOFRE IN SAN CLEMENTE TO YUCCR MOUNTAIN NEVADA ROUTE~SPECIFIC

INCIDENT-FREE IMPORTANCE ANALYSIS SUMMARY FOR LINK &

B e e s e e e s s s e L S s s sty

INDEX DESCRIPTION OF PRRAMETER IMPORTRNCE
1 [DISTENCE TRAVELED 5., T14E-0%
2 INUMBER ©OF SHIPMENTS 5. 714E~06
3 PRCKAGES PER SHIPMENT 5. 7714E-05
4 DOSE RATE (TRENSPORT INDEX) 5. 7T14E-D%
5 K ZERO 5. 704E-08
% PERSONS EXPOSED WHILE STOPPED 3..9B3E-05
7 STOP TIME 3..9B3E-06
8 TRACTION OF TREVEL — 'URBEN 1..730E-0%
2 TRAFFIC CTOUNT — 'URBAN 9..894E-07

10 NUMBER OF PEOPLE PER WEHICLE 9..894E-07
11 NUMBER ©F CREW MEMBERS ®..939E~07
12 POUPULATION DENSITY — 'URBAEN 4. 124E-D8
13 WORBAN SHIELDING FACTOR ((RU) 4., 7124E-08
14 ZEXPDSURE TIME FOR HANDLERS ©..00DE+0D
15 NUMBER @F HANDLINGS ©..0D0E#00
16 PERSONS EXPOSED PER HANDLING 0..000E400
17 HANDUER EXPOSURE DISTANCE 0..00DEHDD
18 INUMBER QF FLTIGHT ATTENDANTS 0..000E+00
15 TREFFIC COUNT — SUBURBAN 0..000E400
20 FRACTION OF RUSH IHOUR TREVEL @..00DE+0D
21 'TRAFFIC OUNT ~ RURAL @ ODOEHOD
22 FRACTION OF TRAVEL ©N FREEWAYS 0..00DEHOD
23 STORAGE EXPOSURE DISTANCE 0..00DE+0D
24 NUMBER ©F PPERSONS EXPOSED [DURING STORAGE  ©.00DEH#DD
25 ERACTION ©F TRAVEL —~ SUBURBAN ©..000EHOD
26 RATIO @F PEDESTRIAN DENSITY ((RED) 0..000E40D
27 WELOCITY - RURAL ©0..0D0E0D
28 POPULATION DENSITY — IRURAL ©..0DOE#0DD
29 TFRACTION OF TRAVEL — RURAL 0..00DE#OD
30 POPULATION DENSITY — SUBURBAN 0..000E#DY
31 WELOCITY — SUBURBAN ©..000E#0D
32 SUBURBAN SHIELDING FACTIOR ((RS) 0..Q0DEHOD
33 GSTORAGE TIME PER SHIPMENT ©0..000E#VD
34 FRACTION @F TRAVEL ON CITY STREETS @..000EADD
35 RURAL SHTELDING FACTOR ((RR) 0..0DOE4DD
3% WETLOCITY —~ WRBAN ~6.839E~07
37 [DISTANCE FROM SQURCE MO CREW ~1..318E-0%
38 EXPOSURE IDISTANCE WHILE STOPYED ~1..955E-06

'DHE TMPORTANCE WALUE ESTIMATES THE PERSON-REM INFLUENCE
@F A ONE PERCENT TNCREASE IN THE PIRAMETER
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SAN ONOFRE IN SAN CLEMENTE TO YUCCA MOUNTATIN INEVZEDA

CATEGORY

SR WR

CATEGORY

SRR WRNH

LINK 1

2. 1BE-0%
1.43E-0%
1.03E-0B
1..03E-11
1.81E-11
2.33E~11

LINK 1

@..00E#0D
0..00E+DD
0..00EHDD
0..0DE+0D
0..00E+0D
0..0DE#+DD

RUN DATE: [ 22-NOV-31 AT 10:52:45 b

ACCIDENT SUMMARY

KERTHEKE Axdkxn

WNUMBER OF EXPECTED ACCIDENTS

LINK 2 LINK 3 IINK 4 ILINK S
1.03E-05 1.03-05 4.21%~0% 1.155-05
6.738-05 6.75E-06 2.75E-06 7.52E-0%
6.B4E-0B 6.49E-09 2.10E-DB 7.FYE~0B
6.84E~11 6.49E-12 2.10E-21 7.G4E-11
S.I3E-11 4.278-12 3.43E-11 3.73E-11
3.42E-11 2.22E-12 4.89E-11 3.B2E-11

EARLY EATALITY CONSEQUENCES

LINK 2 LINK 3 ILINK 4 ILINK S
0.0DE+0D ©.ODE+DD ©.00E0D ©.00ERI0
0.D0E+DD O.0DE#0D ©.0QVE+00 ©.00E+0D
0.00E+00 O.0DE#DD Q.OVE+0D ©.QDEHDD
0.0DEX00 Q.ODE+DD O.0DE+DD ©.0QVE+DD
0.00E+00 Q.0DE4DD ©.00E+00 (©.0DEH0D
0.00E+0D Q.00E+0D 0.0UE#0D ©.0DEH0D

349

LINK &

5.05E-0%
3.96E-0%
3.81E-03
3.81E-22
2.50E-12
1.30E-12

LINK &

0..00E+0D
0..00E#00
0..0DE#00
0.00E#00
Q..0DE#DD
0..00E#00

PAGE

ROUTE~SPECTEIC
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RUN DRTE: [ 22-NOV-31 AT 10:32:43 )

PAGE

SAEN ONOFRE IN SAN CUEMENTE TO YUCCA 'MOUNTAIN NEVEADR ROUTE~SPECIFIC

CRTEGORY

KU WRE

CATEGORY
ik

SKUHEWN

ECONOMIT TONSEQUENCIS

LINK 1 ILINK 2 IINK 3 IINK 4 IINK 3
©.QDE+DD  Q.QDE40D (.0DE+0D O.0QDE+0D 0.DVEDD
0.00E400 ©.0DE+DD Q.QDE+00 0.00E+0D 0.0DE+DD
©.QDEH0D  Q.QUE#DD Q.00E+0D ©.0DE+0D O.0DEHDD
0.0DE+00 Q.0QUE40D Q.QUE+0D @.QVE+D0 0.0DEAQD
0.00E+0D Q.QUE+0D 0.0Q0E+0D 0.0DVE+0D 0.QDEH0D
©.00E+00 Q.QVE#0D Q.00E+0D ©.0DE+DD ©.0OVE0D

REDIDLOGICAL CONSEQUENCES
50 YERR PUPULATION DOSE IN TERSON REM

LINK 1 IINK 2 ITNK 3 ILINK 4 ILIINK 5
0.0DE+0D ©.Q0E+00 Q.ODE+0D 9.00E+0D 0.0VE+DD
©.00E+00 0.QVE+0D O.QUE+0D ©.0ODE4DD ©.0ODE0D
2.538400 3.03E+02 9.83E+02 2.33E¥00 3.03E+02
2.538#00 3.03E4#02 9.BSE#02 2.53E+00 3.03E+02
2. 74E401  3.2BEH03 1.06E+04 2.74E+D1 3.2BEH03
3.53E401 4.35E403 1.40E+04 3.G3E401  4.35EH03

5-50

LINK &

0.0DE+0D
0. MDE4DD
0.Q0VEHD
0..00E+0D
0.QDE#0D
@..00E+DD

LINK &

@©..0DEADD
Q..Q0E#DD
9. B3EHD2
9.B5EH02
1..05E#+DY
1., 40E+D4
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RON DATE: {[ 22-NOV-31 AT 10:52:45 ])

PNGE

‘SAN ONOFRE IN SAN CLEMENTE TO YUCCR MOUNTAIN NEVADA ‘ROUTE~SPECTFIC

LIRK
LINK
LINK
LINK
LINK
LINK

& U R

SUBURB
URBRN

TOTALS:

EXPECTED VATUES OF POPULATION RISK IN PERSON REM

GROUND

2.87E~08
2.10e~03
®.. 44E~D5
5.55E~08
2.34E~05
3. 7BE-D%

B..43E-0B
4., 49E-03
1.02E-03

5. 47503

INHALED

2.928-11
1.B7E-0B
5..6BE-03
3. 64E-11
2..08E-DB
3.33E-03

8.56E-11
3..97E-08
9.02E-03

4..88E-0B

RESUSPD

1.13z-10
71..20E~0B
2.1BE~0B
2.1BE-10
8.048-08
1.2BE-QB

3.30E-10
1.328-Q07
3. 4%E~0B

1.87E-07

CLOUDSH ~INGESTION TOTAL

2.10E-12
1.55E-03
4.80E-10
4..05e-12
1.74E-03
2.81z-10

6. 15E-12
3..30E~03
7., 8VE-1D

4.07E-03

* INOTE DHAT TNGESTION RISK IS A SOCIETAL RISK:

THE USER MAY WISH TO TREAT THIS VAUUE SEPARATELY..

0..00E+DD
0..00E+DD
0..00E4D0
0..00E4DD
Q..0DE#DD
Q..0DE+DD

0..00E+D0
Q..00E+0D
Q..0DE+0D

0..00E+0D

2.BIE~DB
2.11z-05
6. 47E~0%
3.5BE-DB
2.35E-035
3.7T3E-08

8. 47E-08
4..48E~05
1.03E-05

5. 48E-05
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RON DRTE: ([ 22-<NOV-31 AT 10:32:45 )
SAN ONOFRE IN SAN CLEMENTE TQ YUCCA IMOUNTATN INEVADR  ROUTE-SPECIFIC

EXPECTED RISK VALUES ~ QTHER

LINK  ECON
$3

Q..00E#0D
Q..00E+DD
@..0DE+0D
0..00E#0D
0..0DE40D
@..00E#DD

TOTAL  Q.00E+0D

&R A& W R

EDT
END ©F RUN

EARLY
FRTALITY
0..00E+DD
©..0DE+DD
0..QDE#DD
0..00E+DD
0.00E+DD
0..Q0E#0D

0..00E#DD

3-352



5.2 Qutput File 2

Pape 1

Pape 2

The cover page is the same as for Outpur File 1.

Note the Following important diffferences im the echo chedk
page:

1. The TITLE lime mow meads SAN ONOFRE IN SAN CLEMENTE TO
TOOCA MOUNTATUN INEVADA ROUIE~SPECIFIC. The word AGGREGATE,
which was wsed in Qutput Fille 1, has been weplaced by the
word ROUTE-SPECIFIC. The LINK option was wsed im this wun
tto descrilbe route <haracteristics.,

2. Thewe are mo changes im the imput data wsed to describe he
package, the material, and its constitwent izattopes.
However, ithe user should mote that certaim of the walues im
the mowmal array, such as fractions of ttravel, are mot wused
im @ LINK calculation.

3. 'The ARATDMZ array appears on the echo page, but since this
is @ LUNK run, ithe accident rate walues assigned For each
limk will override any wvalues that may have been entersd in
ARATMZ. ‘Thus this array could have been deleted. This
again illustrates unused imput data @ppearimg im the imput
echo.. Note that these walues do mot mppear im the
remaimder of the output.

4. fs im Ougput File 1, the package size im meters is entered
for whe material after the keyword PRGSIZ.

5. Simce this is @ LINK run, the total distance im kilometers
i's mot entered separately and the keyword DISTRM is mot
wsed im this analysis. LINK imput is wsed im pPlace of “whe
DISTRY keyword., For each link im the analysis, there is a
lime of imput data beginning with the keyword LINK. After
LINK on each lime, the following route-specific walues are
enttered:
~ mode munber (trudk = 1),

« Uimk length (km),

« wehicle speed (km/hr),

« limk population densitty (persons/km?),

~ one-way wehicle density on Llink (wehicles/hr),

« limk accident rate (@ccidents/km),

« zone type (R = rural, S = sdburban, U = whban), amd

- Limk type (1 -~ freeway, 2 = monfreeway, 3 = all other)
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Pages 3
throuwgh 15

Pape 16

Pages 17
through 22

Each walue listed zbove is separaved by a delimiter (im
this case, @ space). In this analysis a set of state-level
limks has been construcved ratiher than actusl sequential
route seEments to demonstrate the Flexibility of the LINK
option. The first three Liviks wepresent agyregate data for
travel within the State of California &long an Interstate
Highway route from the origin, San Onofre, o the stave”s
border with Wevada. The First Limk represents aggregate
rural travel im California for the woute betimg analyzed,
the second link is agpregate suburban travel, and the third
limk is aggregate wrban travel. The Last three Limks
represent similar appgregate data for travel over what part
of the totall route ihat lies within the State of Newada;
mamely, for whe part commencing at the states border wiitth
California and continuing to the fimal destimation, Yucca
Mountaimn.,

This is @ simple two-state example. If a route crossed
several states, each could be handled in the same way.,

Nowe that the mode mumber, wehicle speed, and link type ate
the same fior @ll limks because this wroute lies entirely on
Imverstate Highways. The Limk lengths are route~specific,
the @mocident wates are tdken Ffrom state data, and tthe
population-densities zones and wehicles speeds are egual to
the RADURAN 4 defaults, which are based on mational average
datta. This approach could be refimed, for examplle, by
subdividing wrban travel imto whe basic wrban configuration
shown and some expected munber of miles traveled im wriban
rush-howr traffic (decrease wehicle speed and imcreased
wvehicle densitty). However, the sample data set is imtended
o demonsitrate @ tedhnique rather than to achicve
verisimilituds.

The majority of these pages are similar to those in Qutput
File 1. MHowever, the DNORML array mo longer appears on page 5.
The array is weplaced by two tables contaiming segment- and
mode-relaved data. The Foomer gives the wser-defimed walues
for each Livk while the latter explicitly prints all remaiming
wvalues tzken from the DNORML array that are wsed im the
calculation and are mot overwritten by tthe LINK routime..

Imcident-Free Summary. On this page the doses For each mode
@nd exposure group im the incident-free caloulations are given
separately by Link and character (rural, subwiban, and wrban)..
Maximum individual in-transit dose For each link iz also
primted. Bevause mode @nd shipment PErameters are the same for
every link im this example, the maximum individual dose iz tthe
same for every Limk.

Imcident~-Free Imporitance Analvsis S Y. 4An Importance
amalysis is performed for eadh Link. The wesults of these
calculations are given on Whesa pages, with the parameters
listred separatelly and im rark order for each Limk.
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Pages 23

Chrough 26 Accident Rigk Summar ©n thesz pages the walues for each
consequence type are broken down by severity category and Limk
rather than severity category, mode, and population-density
zone as in Qutput File 1. The wesults of the wigk caleulations
@re giwven on page 26. Im this table, risk estimates are shown
for each exposure pathway and limk. This table differs from
that given in Qutput File 1 in that individual isotope
contributions are mot Shown separately. However, all Limks
deslignated as rural are summed, @nd the total is Shown at the
botitom of the table on the Lime labeled "RURAL,™ Similar sums
for suburban and wrban Livks are given. ©On the last page of
the output the table shows estimated early fatalities @nd
evononic risks for each limnk.
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KON DRETE: [ 22-<N0v=01 AT 10:32:3% PAGE 1

RRRR ARR  DDDD TITITT RRRR AR N N

R RA AD D T R R A A NN N
R R A A D D T R R A A NINN
RRRR A A D D T RKRRRR A A N MN
R R AMRRA D D T RR ARRAR N W
RR & A D D 7T RR A AN W
R R A A DDDD T ®R R A AN

4 4

4 4

A

4

4

RADTRAN 4.0.12 WVERSTON DRTE: INOVEMBER 19,1931

MODE DESTRIFITONS

INUMBER INAME CHARRCTERTZETION
1 TRUCK TORG HNUL VEHITLE
2 ‘RATL COMMERCIAL TRRTN
3 BARGE INLAND WESSEL
4 SHIP OPEN SEA WESSEL
3 CRRED ATR CRRGO ATRCRATT
B PASS ATR PASSENGER ATRURRET
i P~¥RN PASSENGER WRN
B CURN-T COMMERCUAL WRN
3 CUBRN~R CUMMERCTAL RN
10 CURN-TR TOMMERCIAL WRN
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RON DRTE: {[ 22=NOV-31 AT 10:32:3% || PAGE 2

ECHO THETX

TITLE SRN ONOFRE IN SN CLEMENTE TO ZUCCA MOUNTAIN NEVADR  ONIT-RISK

FORM  WUNIT

DIMEN 15 & 3 1D 1B

PRRM 03230

PACKRAGE LABGRP HIGH !NOBLE WOL_A @THER WOL_B

SHIPMENT

LABISD 08D KRBS 3RID RU10% C5134

Ts137 TEL44 BU1SH Y233 PT23% PU240
PUZ4L AM2AL AMZ43 CH244

'NORMRL ~ NMODE=1  1.QDE+DD OQ.QDE#00 M.D0E400 B.BEEHOL 4.03IEHO01 2. 4TEHOL
2.00E+00 1.QUE#DL Q.00UE#0D 1.10E-02 O.QDE+0D 0.0DE4DD
0.00E+QD 3.QDE0L 2.Q0E+0L O0.0DE40D 1.00E402 1.Q0EQ2
2.00E+00 @.QUE#0D Q.DOUEHOD 1.0UE#00 4.7OE#D2 7.B0EMD2
2.8BUEHD3

ACCIDENT ARETMZ INMODE=1 2.0BE-DB 4.0%E-07 2.34E-0%

NPOP=2 'NMODE=1 0.602 .39 4.E~3 4.E~6 3.5 2.E§
'WPOP=3 INMODE=L ©.%04 0.395 3.BE~Y 3.8E~7 2.5E~7 1357
RELEASE RFRAC GROUP=L 2%0.0 #*1.ZE~2
GROUP=2 3*0.0 0.01 0.1 0.11
GROUP=3 3*0.0 1.0E-8 2.0E-1 2.BE—i
GROUP=4 3*0.0 1.0E~3 5.0E-B 3.0E-3
GROUP=5 3*0.0 1.0E~B 1.UE~6 4.25-3
AERSOL DISP=2 2*) 441.0
DISP=3 340 3%1.0
DISP=t 3% 3I*1.0
DTSP=5 3%) 3#1.0
RESP  IDISP=2 2%0 4*.05
DISP=3 3%) 3%1.0
DISP= 3% 0.05 2%1.0
DISP=5 340 3%.05
@UHER QULVL=D.2
EOF
ISOICPES ~1 1.0 1.0 13.68 1.0 0.0 ShusL
QOBD  9.22EH0L IHIGH 2
KRS 6.10EH03 INOBLE 3
SRYD  5.96EHD4 QTHER 5
ROLOS 1.62EHD4 WOL B 5
T34 2. T4EHD% WOL A 4
TSUI7 B.7EEHDE WOL A 4
CEL4Y 1.22E40% QUHER 4
BULSH 7.QDEHU3 QUHER 4
PU23B 2.96E403 QUHER 5
BUZ3Y 4.10EH02 QUEER 5
PUZH0 4.6BEHD2 QUHER &
BU2HL 1.25E405 GTHER 3
A24L 1.29E403 OUHER 5
BH243 1. IDEHOL OUHER 3
244 1. TIEHD3 OTHER S
DUSUKH NMODE=L 1.0
PKGSTZ  SFUEL 5.2
EOF
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RON DETE: [ 22-§OV-T1 AT 10:52:3% )] PAGE

AN ONOFRE IN SEN CULEMENTE TO YUCCR MOUNTAIN NEVADA  'UNIT~RISK

‘ZONE POPULRTION DENSITY
(PERSUNS PER 30 KH)

IRURAL ®.
SUBURBRN 1.
WRBRN 388L.

PRCRAGE THRRRCTERTSIICS

TFOR DIMENSTON EFFECTIVE
IMRTERTAL ((METERS) DIMENSTON
SRUEL 5..200E40D 4. BTTEADD

K(0) TS TT TO DOSE RATE TONVERSION EACTOR

IPRUKAGE HRNDLING THRESHOLDS (METERS)
PKGSZT= 5.000E-01
IPXG522= 1..00DEHDD
IPRCKAGES .IE. IPKG5ZL ARE HEND CRRRTED

'PRCKRGES .GT.. PKCSZL AND .JILE. PKESZ2 AKE HANDUED BY SMALL
PRCKRGES .GT.. PRGSZ2 ERE HRNDUED BY HEAVY EQUIPMENT

IMETERTAYL, CHARRCPERTSTICS

IPRACTION FRACTTON
IMKTERTAT, ©F GrMMa (@F INEUTRON
SRUEL 1..000E#0D 0..000E400

IR(CD)
IMETERS $Q.
1.115e+01

EQUIPMENT

3



RUN DATE: [ 22-HOV-B1 AT 1D:32:386 ) PRAGE 4
‘SAN ONOFRE IN SAN TLEMENTE TO 'YUCCR MOUNTRIN MEVADA  UNIT-RISK

'MODE CTHRRRCTERISTICS

'MODE  DISTANCE EXCLUSIVE !NUMBER OF IMATERIRLS TRENSPORT PHACKAGES/
TREVELED 'g5E SHIPMENTS INDEX (TI)  SHIPMENT

TROCK  1.0DE¥0D  ¥ES 1..DDE+0D
SFUEL  1.37E¥D1  1.QDE+DD
BUTLDING SHIELDING (OPTION= 2
(1<TOTKL SHIELDING, 2=PRRTTAL SHIELDING, 3=NO SHIELDING)
RED= 6. DDOE+0D
{(RATIO OF PEDESTRIAN DENSITY (PEDESTRIAN/KM SQ OF SIDEWALK)
TO POPULATION DENSITY (PEOPLE/RM SQ IN ‘URBAN BREAS)

RR = 1.00DE+D0D
(TRRNSMISSION FRCTOR FOR RURAL AREAS)

RS = B.77T00E~DL
(TRANSMISSTON FACTOR FOR SUBURBAN RRERS)

KU = 1.800E~02
(TRANSMISSTON FACTOR FOR 'URBRN RREARS)
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N0
1

14
15
1%

RUN DATE: ([ 22~N00-31 AT 10:32:5% ))
SHN ONOFRE IN SRN TLEMENTE TO YUUCA MUUNTRIN INEVADA  WUNET-RISK

IDNORML INPUT
TRUCK
FRACTION ©F TREVEL 1.00DE+0D
IN RURAL POPULRTION ZUNE
FRACTION OF TRAVEL 0..000E+DD
IN SUBURBAN POPULETTON ZONE
FRACTION ©F TREVEL 0..000E40D

IN WRBAN POPULRTION ZONE
WELOCITY IN RURAL POPULATION B.850EHOL
ZONE (KILOMETERS/HOUR)

WENOCLTY TN SUBURBAEN 'POP. ZONE 4.030DEH0L
((KITOMETERS/HOUR)

WELOCITY TN URBAEN POPULRTION  2.4LOEHOL
ZONE (KILOMETERS/HOUR)

NUMBER QF CREWMEN 2.000E+00
DISTRENCE FROM SUURCE TO CREW  1.0D0E#QL
((METERS)

INUMBER ©F HRNDLINGS 0.000E+DD
STOP TIME PER KM ((HR/KM) 1.100e~02
IMINIMUM STOP ‘TIME PER TRILP 0.000EHQD
((HR)

ZERO STOP TIME PER TRIP (HR)  ©.0D0E#0D

IMINIMUM 'NUMBER @F RALL CLASSTF 0.000E400
TCATTONS/INSPECTIONS
PERSUNS EXPOSED WHIUE STOPPED 3.0Q00EH0L

/AVERAGE EXPUSURE DTSTANCE 2.000EH40L
WHILE STOPPED (MEDERS)

STORRGE TIME IPER SHIPMENT ©.0D0E#Q0
((HR)

INUMBER ©F EXPOSED PERSONS 1.0008+02
IDURENG STORAGE

EVERAGE [EXPUSURE IDTSTANCE 1..000EH#D2

WHILE TN STORRGE (METERS)
INUMBER ©F IPEOPLE PER WEHICLE  2.Q0DEX00

©N LLINK

FRNCITON ©F WRBRN TREVEL ©.00VEHDD
IDURING IRUSH HOUR TWRAFFIC

FRACTION ©F WRBAN TRAVEL 0.000E+0D

©N CITY STREETS
IFRACTION ©F RURRI~SUBURBEN 1..000EHDD
TREVEL ©N FREEWRYS

#IDRAFFTC QOUNT PASSING A 4. TODEHD2
SPHCIFIC POINT-RURNYL ZONE

#IREFFIC COUNT PASSTNG A 7.8D0EHD2
SPECIFIC POINT~SUBURBAN Z0ONE )
PRAFETC COUNT IPASSTNG A 2.800EHD3

SPECLFIC 'POINT-URBEN ZUNE

*({ONE WRY WEHTCLES/HR)

3~60
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RUN DATE: [ 22-NOV-31 AT 10:52:56 ] PAGE b
SAN ONOFRE IN SAN TLEMENTE TO YUCCX MOUNTAIN NEVADA UNIT-RISK

ISOTOPE RELATED DATA

NUCLIDE CURIES RELEKSE RESUSP  LUNG DISPERS. IYR INHAL REM/CI
PER PKG GROUP FACTOR 'TYPE CRTEGORY IUNG IMARROW
‘SFUEL
TO60 5.22E+01 HIGH 4./B3E+00 2 2 7.30E405 3.BOE+D4
KRB5 6.10E#03 NOBLE 1.00E+D0 2 3 0..00E+DD ‘0..(00E#DD
SRH0 5.26E+04 ©OTHER 5. 4TE+00 2 5 4.50E+06 3.80E+03
RULD6 1.62E+04 VOL B 3..2BE+00 2 5 4..30E#06 4.50E+03
€134 2.74E+04 VOL A 4., 07TE+00 2 4 4.10E+04 3.90E+04
©S137 'B.7T6E+0D4 VOL_A 5..41E+0D 2 4 3.10E404 2.60E+D4
CE144 1.22E+04 OTHER 2.9%E+00 i 4 3..60E406 4..20E+D3
EU154 77.00E403 ©OTHER 5./09E+00 2 4 ©.00E+00 0..00E+DD
PU23B  2.96E+03 @THER 5.505+00 3 35 4.50E408 1.10E+0%
PU239 4.10Ex02 ©THER 5.57E+00 3 3 4.20E408 1.10E+06
PUZ40 4.6BE402 OTHER 5.58E+0D 3 5 4.20E+08 1.10E40%
PU241 1.26E405 @©THER 5..26E+00 3 S 3.60E#05 1.30E+03
AM241  1.29E+03 ©THER 5. 55E+00 3 35 1.Z20E408 1.7DE#07
AM243  1.99E+01 ‘©THER 5..58E+00 3 5 1..T0E+08 1.60E+07
CM244 1. 79E+D3 QTHER 5.32E+00 3 35 1.20E#08 1.70E#07
INUCLIDE IHATF ‘GRMMA CLOUD ‘TRANSFER IDEPOS
LIFE [ENERGY FACTOR CROPS S0IL SPEED
SFUEL

Co60 1.93E+03 2.S50E+#00 4.12E~01 0.00E#00 0.00E#0D 1.00E~D2

KRB5 3.32E403 2.21E~03 3.55E~04 0.00E+00 ©.00E+00 (©.00E+0D

SR90  1.06E+#04 O.00E#00 (0.Q0E4DD ©.00E#00 ©.00E+#00 1.00E~02

RUI0S 3.6BE#02 2.0I1E~01 0.Q0E+#00 ©.00E#00 0.00E#00 1.00E~02

€5134 7.53E#02 1.55E400 2.54E-01 (0.0Q0E#00 O.0DE+#00 i1.00E=02
€537 1.00E+04 S5.96E-01 O.0Q0E+00 0.0Q0E#00 .00E#00 1.00E=02
CE144 2.84E#02 S5.25E-402 2.BBE-03 ©.00E#00 0.00E#00 1.005-02
BU1S4 3.20E#03 1.22E#00 2.06E-01 ©.00E#00 O.00E#00 1.00E~02
PU238 3.20E+04 1.BIE-03 1.40E-05 .00E#00 ©.O0E#00 1.00E~D2
PU239 B.79E#06 7.96E-04 1.30E-05 (.00E#00 ©.0DE#00 1.00E~D2
PU240 2.39E406 1.73E-03 1.37E-05 0.QUE#00 ©.00E#00 1.00E-~D2
PU241  5.26E403 2.54E-06 ©.00E+#00 O.00E#00 O.00E#00 1.00E~02
AM241  1.5BE#05 3.24E~02 3.01E-03 0.0DE#00 ©.00E#0D I.00E~02
AM243 2.70E#0% S.59E-02 @.1VE-03 0.00E400 O.00E+0D 1.00E~02
CM244  6.62E403 1.70E~<03 1.33E-05 O.ODE#0D 0.00E400 1.0DE-~02
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RUN DATE: {[ 22-NOV-91 AT 10:52:58 ) PAGE q
SAN DNOFRE IN SAN CTLEMENTE TO YUCCA MOUNTAIN NEVADA  IUNIT-RISK

ISOTOPE RELATED DARTA

NUCLIDE 50~YR EFFECTIVE REM/CI
INHALE INGEST

SFUEL

ToB0 2./BOE#05 2.60E+D4

KRB5 0..D0E+D0 (©..D0E+DD

5R9D 2.-40E+06 1.30E+05
RULD6 B.00E4D5 2.10E+04
5134 4..60E400  7..40E+04
‘€5137 3.20E4#04 35.00E+04
CEL44 6.30E#05 2.D0E+04
BULSY 3.10VE+05 O.T0E+02
PU238 5.30E+08 3.BOE+DB
PU239 5. 70E+08 4.30E+Db
PU240 5.70E408 4.30E+06
Py241 9.90E+06 8.B0E+D4
AM247 5. 90E+0B 4.50E+06
AM243 S5.90E+08 4.50E+06
CM244 3.10E#08 2.30E+06
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RUN DATE: ([ 22-NOV-31 AT 10:52:3% ] PRAGE B
SAN ONOFRE IN SBEN CUEMENTE TO YUCCR IMOUNTRIN INEVADA  UNIT-RISK

RELEASE RELATED DATA

XCCIDENT RATES ((PER KM)

MODE RURAL SUBURBAN {URBAN
TROCK 2.0BDE-DB  4.0B0E-07 2.340E-0%

RELEASE FRACTIONS

GROUP SEVER: 1 SEVER: 2 SEVER: 3 SEVER: 4 SEVER: 5 SEVER: 6
©.00E+00 0.0DE+00 1.20E-02 1.20E<02 1.20E-02 1.20E-02
©.0DE+DD O MOE+0D ©.00E+0D 1.00E-02 1.00E-~01 1.10E-01
©.00E+00 ©.0QJUE4D0 O.0DE+0D 1.D0E-DB 2.00DE-04 2.80E-04
©.0Q0E+00 (.0DE#00 ©.0UE+0D 1.00E~DB 3.00E-DB 35.00E-DB
©..00E+00 ©.0DE#0D ©.0DE+00 1.00E-08 1.00E-0% 4.20E~D3

s Wi

RACCIDENT SEVERITY FRACTIONS

FOR TRUCK
ZONE SEVER: 1 SEVER: 2 SEVER: 3 SEVER: 4 SEVER: 5 SEVER: 6
ni ®.03E-01 3.94E-PL 3.00E~03 3.00E-0% 5.00E~0%6 7.00E-Q6
2 6.028~01 3.94E~01 4.00E-03 4.00E-05 3.00E-05 2.00:-0%
3 %.04E<01 3.95E-01 3.80E-04 3.B0E-07 2.50E-07 I1.30E-Q7
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SRN ONOFRE IN SAN CLEMENTE TO YUCCA IMOUNTAIN NEVADA (UNIT~RISK

DISP TAT
1

SAdHFAEWR

3
0

DISP CAT

gw&uaw;&wwu

=

RUN DRTE: ([ 22-NOV-31 AT 10:52:55 ))

" AEROSOLIZED TRACTION OF RELEASED MATERTAL

SEVER: 1
D..00E+0D
©..00E+DD
0..00E+00
©..00E+DD
0..0DE+DD
1.0DE+00
1..(00E#0D
1..00E+D0
1..00E+0D
1..00E+0D
1..000E+0D

SEVER: 2
©..00E+D0
0..0DE#DD
@..0DE+DD
©..0DE+0D
0.00E+D0
1..00E4D0
1..0DE+0D
1..0DEHDD
1..00E+0D0
1..00E+DD
1..00E+00

SEVER: 3
©..0DE+0D
1..00E+00
0..00E+0D
Q..00E#0D
0..QDE+00
1..00E+0D
1..00E4DD
1..00E+00
1..00E+00
1..0DE+0D
1..00E+00

SEVER: 4
0..DDEHDD
1.00E+0D
1..00E+DD
1.00E+0D
1..00E+DD
1..00E+DD
1..00E+00
1..00E+D0
1.00E+00
1.0DE+D0
1..00E+0D

SEVER: 5
Q..00E4DD
1.00E+00
1.00E#00
1. 00E#0D
1.00E#0D
1.0DE+DD
1..00E400
1..00E+D0
1..00E#0D
1.00E+00
1.Q0E+00

FRACTION ©F AERUSOLS BELOW 10 MICRONS AED

SEVER: 1

SEVER: 2

SEVER: 3

©..00E+0D
0..00E4DD
0..00EX0D
0..Q0E+00
0..0DE40D
5..00E-02
1..00E400
1..00E+DD
1..00E#D0
1..00E4DD
1...00E#00

0..00E+00
0..00E+00
©..00E+QD
0..00E+DD
0..00EH0D
5..00E~02
1..00E+0D
1.00E#0D
1..0DE40D
1..00E+00
1.QDE#0D

©..00E#+D0
5..00E-02
Q..00E+00
0..0DE+00
0..0DE+0D
5..00E-02
1..00E400
1..00E#00
1..00E+00
1..00E40D
1..00E+0D

SEVER: 4
©..00E+0D
5.00E-02
1..00E+QD
35..00E~02
5..00E-D2
5..00E-02
1.00E+0D
1..0DE+00
1..00EDD
1..00E+00
1..00E#0D

564

SEVER: 5
0.0DE+D0
5.00E-02
1..00E4DD
1..00E40D
5..00E-02
3.00E-D2
1..00E+0D
1..00E4+00
1..0DE40D
1..00E+00
1..00E+00

SEVER: 6
@..Q0E+DD
1..Q0E#DD
1.00E#DD
1.00E+0D
1.0DE+0D
1..0DE+00
1..0DE+DD
1..Q0E+0D
1..00E+DD
1..Q0E#DD
1..00E+00

SEVER: &
@..00E400
35..00E-D2
1..00E40D
1..0DE+DD
5..00E~02
3..00E-02
1..00E400
1..00E+0D
1..00E+0D
1..00E+00
1..0DE4Q0

PAGE
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1

RUN DRTE: [ 22-NOV-31 AT 10:352:5% )
SAN ONOERE IN SEN CLEMENTE TO YUCCA MOUNTATN INEVADR . UNIT-RISK

@COST RELRTED DETA

[EMERGENCY RESPONSE COST

SEVER: 1 SEVER: 2 SEVER: 3 SEVER: 4 SEVER: 5 SEVER: &
©.0DE#DD  Q.0DE#0D Q.0VE#0D Q.QDE#0D ©.0DE#0D 0.0DE+0D

©N-SCENE COSTS
((RF=KELEASE FRACTION)

RF=]., 0..<RF<=.01 ~OL<RF<=0..1 LICREFG=].,
0. o. 0. Q.

5-65
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RON DETE:  22-N0V-31 AT 10:32:355 J]

PAGE

SAN DNOFRE IN SRAN CLEMENTE TO YUCCA MOUNTRATIN INEVADA  UNIT-RISK

DDSE((REM)
100000..000
80000..000
70000..000
40000..000
30000..000
25000..000
20000..000
10000..000
8000..900
%000..000
4000..20D
3000..000
2000..000
1000..000
800..000
700.000
§00..000
500..000
400..000
300.000
100..000
73..000
5D..000
30..000
15.000
5..000
1.000
0..100
0.010
0..010

HEALTH RELETED DETA

ERRLY TATALITY PROBABILITIES

LONG-1
1..D0DE#DD
1..0DDEHDD
1..0DDE+DD
1..0D0E#DD
1.Q00E+DD
1..000E+0D
1.000E+00
©.0D0E-01
1.000E-01
%..000E~02
3..000E-02
0..000E+DD
©..000E+DD
©..0DDE+DD
©..Q00E+0D
©..000E+D0
©..000E#0D
0..000E+DD
@..0DDE+DD
0..00DE#0D
0..000E+DD
©..000E+DD
0..000E#DD
0..00DE+DD
©.0DVEHVD
0..000E+0D
©..000E+QD
0..000E400
©..QD0E+DD
0..009E+0D

TONG—2
1. D0DE+DD
B.500E~D1
8..000E-D1
7.000E~01
3. 000E-D1
2.000E-01
8..000E-02
0..000E+00
0..D00E+DD
0..DOVE+DD
0..000E+00
0..00DE0VD
0..000E+00
©..000E+0D
..D0UE+0D
0..000E+00
0. 000E+0D
0..00VE+0D
0..Q00E+00
0..000E+0D
0..000E+0D
0..0DDE+DD
0..900E400
Q..000E+0D
0..000E+0D
0.00DE+DD
0..000E+DD
Q..0D0E+DD
0.QDTVE#DD
0..000E+00

3~65

JUNG-3
1.0D0E+DD
8.000E-01
5..000E-D1
Q.00DE4QD
0..0DDEHDD
@..00DEHDD
0..00DE#DD
D..0D0E+DD
0. DDOE#DD
0..000E+0D
D..0DDE+DD
Q..000E+DD
0..000E+0D
0..000E#0D
©..0DDEHDD
©..000E+DD
@..000E#DD
0..000E+DD
0..000E#DY
Q..QDDEHOD
©..000E+DD
0..000E#0D
Q..0DDEHDD
©..000E+0D
0..Q00E#DD
Q..0DDE#QD
0..000E#DD
©..00VE#QD
Q..00DE#DD
©..00DE+0D

MERROW
1...0DDE+DD
1..0DDE+DD
1..000E+DD
1..000E400
1.000E400
1.000E400
1..000E+0D
1..D00E#+0D
1..000E+0D
1..0DDE+DD
1.000E+DD
1..000E#DD
1.000E400
1.000E4+00
9..950E-01
9.000E-01
4..000E~01
5..000E~02
0..0DDE#DD
0..000E40D
0..000EHDD
Q..000E+DD
0..000EHDD
0..000E+0Y
0..000E40D
©..00DE+DD
0..000E400
0..000E+QD
Q..0Q00E+DD
@..Q00E+0D

1




KON DETE:; ([ 22-=N0V~31 AT 10:32:3% )
SEN ONOFRE IN SAN CLEMENTE TO TUCCR MOUNTAIN NEVADA UNIT-RISK

DISPERSAL ACCIDENT INPUT

ARERDA DILUTION

M 3B) FACTOR*
45305402 3..42DE-03
1.530E403 1. 772013
3.54DE403 8.ZBUED4
1..250E+04 3.420E~D4
3.04DE+DY 1.7720E~D4
®..850E+04 B..5B0E-05
1. 750E#DS 3..420E~035
4..-450E#05 1.720E-03
8..330E05 B8.5BUE-DE
2.5350E406 3.420E~0%
4., 450E+0% 1.7720E-0%
1.Q30E+Q7 B.TBUE-Q7
2. 16DE407 3. 420E~07
5.520E+07 1.77120E~07
1. 7T0E+0B 8.58DE~DB
4..B30E4)B 5. 420E-DB
8.120E408 4..300E~108

1..350E409 3.420E-D8
* DILUTTON FACTOR WNITS ARE (CI~SEC/M**3/CT-RELEASED)

INON~DISPERSAL XOCIDENT INPUT

REDIST (M)

[RURAL SUBURBAN  iURBRN

3.050EH00  3.050E4Q0D  3.050EHQD
®.100E400  6.1ODEHQD  &.1Q0EH0D
9.100E400  D.100E400  9.100E#DD
1.Z20E#Q1  1.Z20E#QL  1..220E40L
1.520E401  1.320E401  1.3520E+01L
3.050E401  3.Q50EH01  3.050EH0L
&.100E4QL  6.000E401  6.20DE+0L
9.040E4Q1L  D.UUDEHDL  9.140EHOL
1.5248%02  1.324F402  1.3524E402
3.050E#02  3.050E402  3.050E+02

IBUTUDING DUSE FACIOR = 8..6DVE~03
FRACTION @F LAND UNDER CULTIVATION = 5..00DE~D1L
CONDAMINATTON CLEEBN UP WEVEL ((UTIT/M**2) = 2..000E~01
IBRERUHING RATE ((M**3/SECT) = 3.30DE~04%

3~67
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KUN DRTE: [ 22=N0V-31 AT 10:32:5% ) PAGE 13
SAN ONUFRE TN SRN CTLEMENTE TO YUCTR MOUNTAIN NEVADR  UNTT-RISK

REGULRTORY THECKS

FOR THE SHIPMENT OF SFUEL BY MODE 1
THE DOSE :RATE AT 2 METERS GOULD EXTEED 10 MR7HR
PPS*TT HXS BEEN RESET TO EQUAL 13.00

5-68




RUN DRTE: [ 22-NOV-31 AT 10:32:55 ))

SAN ONOFRE IN SAN TLEMENTE TOD ZUCCA MOUNTAIN NEVADR

ARER %

I
L ESB 6 i N s b R

GELEH

1%
a
13

S & W R =

n

giﬁ&l

1
12

14
15

an
18

SEVER: 1
0..0DEDD
©..00E+DD
0..0DE+DD
©..0DE+DD
0..00E#DD
0..0DE+DD
9..00E+DD
0..00E+0D
..DVE+DD
0.20E+0D
0..0DE#DD
D..QUE+DD
0..DVEHDD
0. D0E+D0
0..DVE+DD
0..00EDD
0..00E#DD
0..00EH0D

1~YENR MRRROW DOUSE ~

SEVER: 1
Q..00E#0D
0. 00E+0D
0..00E#0D
0..0DE4DD
0..0DE+0D
©..0DEHDD
0..00E#0D
0..00E+0D
0..00E+0D
D..00E40D
0..00EHDD
©..00E#DD
0..0DE+DD
0..0DE40D
0..00E+)D
©..0DEHDD
0. 0VEHDD
©..00EHDD

MODE

TRUCK

1~¥ERR LUNG DOSE ~ INHALETION PATHWAY

SEVER: 2
0..00EHDD
Q..QUE+DD
0..00EHDD
0..00EXDD
©..QDEDD
0..0DE4DD
.. 0DE+DD
0..00E+0D
0..Q0EADD
Q.. DOEXDD
0..0DEHDD
D..0DE+DD
D..0DE4DD
0..00E4DD
0..00E+0D
0. PVEADD
®..00E4DD
0..0VEHQD

SEVER: 2
Q..00E4DD
©..Q0E+DD
©..00E+0D
0..00E400
©..00E+0D
0..00E+DD
0. OVEOD
©..Q0EH0D
0..0DE#QD
©..QDE+DD
©..00E+00
©..0DE+QD
@..0VE+0D
©..0DEHDD
@..00E#QD
0..00E+0D
Q.0DE+D
0..00E#QD

BDF = 1

SEVER: 3
4. 93E~D2
2. 4BE~D2
1.20E~02
4..65E~03
2.23E~D3
1.06E~03
4. 04E~04
1.20E~D4
BIE~D%
3BE~D%
S3IE-DD
26E~0%
JHBE~DB
2TE~DE
IBE=DT
0YE~D7
BBE~7
123807

WA NN e

BDF = 1

SEVER: 3
2.37E~03
AYE~03
. T9E~D4
2Z4E-04
QTE~D4
AZE-05
SUE-D3
J13E-0%
2BE~D%
B2E~D%
3BE-07
AZE~T7
Z9E~07
.0BE~0B
. TBE~DB
~HIE~DB
3..05E~02
$.9ZE-03

HNAHWAHRBHARNGE

3~6%

{(REM)

SEVER: 4
3.07E~02
2.55E~02
1.2¥E-~D2
4. 79E~03
2.30E-03
1.03E~03
4. 15E~D4

=t
&
oo

ATE-DS
ATE-DT
STE~DD
A7E~DE
2. 16E~D%
1.30E~0%
3.358-07
3.18E-Q7
1. DUE~Q7
12707

K3 b 18 1=

(REN)

SEVER: 4
2. 4VE~03
1.21E~03
3. 3TE-DY
2. 2TE~04
1.03E~D4
5. 19E~035
1.97E-05
3.32E~0%
4.34E~D%
1.54E~0%
0. HTE~D7T
3.54E-7
1. 30E-07
%. 1BE~DB
2.82E-08
1.31E~08
9.09E-03
6. QUE~D3

SEVER: 5
9..29E-01
4. %5E~01
2. 27801
B..TTE~D2
4., 20E-02
2.00E~02
7.%50E~03
3.%DE~03
1. BTE~D3
5. 33E~4
2.B3BE~Di
1.37E~D4
3..0%E~05
2.3BE~5
1..08E~D5
35.8Z2E~0%
3.535E-0%
2.32E-0%

INHRLETION PATHWAY

SEVER: 3
7.58E~01
3.8VE-01L
1.85E~01
7.15E02
3.438-02
1.63E~02
. 2003
2.94E03
1.37E~93
3. 16E~04
2.35E-D4
1.0Ze~04
4. 12E~0%
1.94E-05
B.8BE-0%
4. T4E~D%
2.8BIE~0%
1.83e~0%

UNIT-RIZK

JEVER: §
1. 44E400
7.20E~01
3.30E-01
1.36E~01
%.30E-02
3.10e-02
1.1BE~02
3.57E-03
2.53E-D3
3. 7TBE~D4Y
4. 4BE~D4
2.12E-04
782805
3.63E-03
1.6BE~D5
8..33E~0%
3. 43E~D%
3.53E~0%

SEVER: &
1..05E#00
5.32E~1
2.359E~01
1..00E~D1
4..80E~02
2.298~02
B..6BE~D3
4. 00E~03
1.9UE-03
. 22E~04
3.29E~04
1.55E~04
5. TTE~DS
2.712E8~03
1. 24E-0%
&.GYE-D%
4. 95E-0%
2.55E~0%

PAGE
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KUN DETE: ([ 22-NOV~31 AT 10:32:5% )

SEN QNOFRE IN SAN CLEMENIE TO ¥UCCA MOUNTRIN INEVEDA

ARER #

GELREBvasvaunawnm

16
17
118

'MODE TRUCK

ONIT-RISK

GROTND SURERCE CONTAMINATION TABLE ((MITRO CT/M**2)

SEVER: 1
0..00E#D
0..QUEHDD
0.00EHD
0..0DEHD
©..00EH0D
©..00E+0D
9..Q0E4DD
0..0BE#0D
0..QDEXDD
©.Q0E40D
Q.. 00E40D
D..00E+0D
0..QDE#DD
©..QDE+0D
0. Q0E+DD
©..QDE+DD
Q..QUEHDD
©..00E#0D

SEVER: 2
0..00E+0D
0..00E#0D
0..00E4QD
©..00EQD
0..00E+DD
0..00E#0D
Q..00E400
0..00E4DD
®..Q0EQD
®..0DE4DD
®..00E+0D
©..00E4+00
0.00E+0D
0..00E40D
©..Q0E40D
0..00E+0D
®..00E+QD
D..00EHDY

BEFORE CLERNUP

SEVER: 3 SEVER: 4
3.7BEH0L  3.BDEHOL
1.90E4QL  1.9LE+QL
9.23E400 9.26E+DD
3.57E400  3.3BEHDD
1. 7UEHQD  1..7T2E4QD
8.16E~01 B.19E-01
3.10E~01  3.11E~01
L.47E-O1 1.47E-QL
6.82E~02 &.BUE~02
2.58E~02 2.3BE02
1702 1.18E-02
35,3703 5.53E-03
2.Q5E-03 2.07E-D3
S.TLE-D8  9.74E-04
1. 494E-04  4.45E~DY
2.3TE-0%  2.3BE~D4
L.44E-04 1.45E-D4
9.43E-05 3.4BE-03

3~70

SEVER: %
B..25E402
4. I4EHD2
2.QUER2
TOEHQY,
JT3EHQL
TBEHDL
TTEEHDD
20E+DD
HBERDD
.GZE~D1
S56E~01
22501
4., 49E-02
2.1Ze-02
9. 67E~D3
S.7E-D3
3. 1503
2. 06E~03

BNGAEWa W

SEVER: %
1. 16EHD3
5. B4EHD2
2.B3YEHD2
1. 10402
5. 25EH0L
2.30UE40L
9.52E400
4..350E+0D
2.10E+0D
7. 92E~01
3.6UE~0L
1. TUE~DL
..335~02
2.9BE-D2
1.3%E-02
7.28E-03
4. 94E-03
2.90E~03

PAGE
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KUN DATE: ([ 22-NOV-31 AT 10:32:3% ) PAGE 1%
SN ONOFRE IN SEN TLUEMENTE TO YUCTA MOUNTRIN INEVADR  UNTT-RISK

INCIDENT-FREE SUMMARY
TERKLLXX HRXRX AR ENRRR
TINCIDENT-FREE PUPULATION EXPOSURE IN PERSDN~REM
PASSENGR ~ CREW HRNDLERS ©FF LINK ON LINK STOPS  STORAGE TOTALS

LINK 1 Q.00E+0D 3.47E~05 0.0VED 2.04E~07 3.30E~0% 1.99E~04 ©.00E+00 2. 42E~04
TOTALE: ©.0VERDD 3.47E-05 0.00E40D 2.04E~07 3.30E~06 1.99E~04 0.DOE+DD 2. 42E~04

IMEXTHUM TNDIVIDURL TN-TRENSIT DOSE

LINK 1 3.B3E-07 REM
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RUN DETE: { 22-N0OV~31 AT 10:32:356 ) PAGE AW
SAN ONUFRE IN SAN CLEMENTE TO ZUCCA MUUNTRIN NEVEDR  WUNIT-RIZK

TINCIDENT~FREE IMPURTRNCE BNALYSIS SUMMARY FOR LINK 1

B bR b e b ek e s e st ]

INDEX DESCRIPTION OF PRREMETER IMPORTRNCE
1 X ZERD 2.424E~06
2 DOSE RATE (TRRNSPORT INDEX) 2.424E-0%
3 IDISTRNCE TRRVELED 2.424E~0%
4 NUMBER OF SHIPMENTS 2.424E~0%
5 DPACKRAGES PER SHIPMENT 2.4924E~0%
% PERSONS EXPUSED WHILE 3TOPPED 1.992E-0%
7 3T0P TIME 1.992E-0%
8 TFRACIYON OF TRRAVEL ~ RURAL 4. 320E~07
3 INUMBER OF CTREW MEMBERS 3. U6TE~0T

10 NUMBER OF PEOPLE PER WEHICLE 8.304E-08
11 TREFFIC COUNT ~ RURRL 8..304E~DB
12 POPULRTION DENSITY ~ RURML 2.040E-D3
13 RURAL SHIELDING FACTOR ((RR) 2.040E~D3
14 FRACTION OF VRRVEL ~ ‘URBBN 0..00VE#DD
15 PERSONS EXPOSED PER HANDLING ©..000E40D
1% EXPUSURE TIME FOR HANDLERS 0..000E*0D
17 ‘NUMBER OF HANDLINGS 0..000E*DD
18 HANDLER EXPUSURE DISTRNCE ©..00DEHDD
19 FRACTION ©F RKUSH HOUR TRRVEL 0..000E#DD
20 INUMBER ©F #LIGHT ATTENDANTS ©.Q00E#0D
21 TRAFFTC QOUNT - URBEN ©..000E+0D
22 TRAFFIC GOUNT - SUBURBRN 0.000E+DD
23 FRACITON OF TREVEL ~ SUBURBRAN 9.000VE+D0
2% STORKGE EXPOSURE DISIRNCE 0..000E+0D
25 WELOCITY ~ SUBURBRN N 0..000E+DD
2% TRACITON OF TRREVEL ©N CITY STREETS @.QDDE+DD
27 SUBURBRN SHIELDUNG FACTOR (RT) ©..000E+0D
28 PUPULXTION DENSITY ~ (URBAN 0..00DE#OD
29 URBAN SHIELDUNG FACIOR ((RU) @..0VDEHDD
30 WVEIOTITY — WRBBN 0..000E#0D
31 STORAGE TIME PER SHIPMENT ©..00DE#DD
32 PUPULATTON DENSITY ~ SUBURBRN Q..00DEHDD
33 INUMBER QF PERSONS EXPOSED DURING STORRGE  0.0D0EH0D
34 RATIO OF PEDESTRITAN DENSITY ((RED) ~4..%82E~17
35 FRACTION QF TRREVEL ON FREEWAYS ~1. 462E~07
36 WELOCITY ~ RURRL ~5. 150E~07
37 DTSTRANCE FROM SOURCE TO CREW ~6. SYUE~D7
38 EXPUSURE DISTRNCE WHILE STOPPED ~3.983E~0%

THE IMPORIANCE WALUE ESTIMATES THE PERSUN-REM LNELUENCE
@F A QNE PERCENT INCRERSE IN THE PRRAMETER
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RON DATE: { 22-N0V-31 AT 10:52:3% j)

‘SAN ONOFRE IN SAN CLEMENTE TO YOUCUA MOUNTAIN NEVADA UNIT-RISK

CATEGORY

CHTEGORY

CRTEGORY

A R

CATEGORY

NG E W

INUMBER ©F /EXPECTED ACCIDENTS ~- MODE

RURAL

1.25E-08
8.20E-03
®.24E-11
6. 24E~14
1.048~13
1.46E-13

ACCIDENT JUMMARY

HEXKKRKE AXKEKRKN

SUBURB

0..00E+00
0./D0E+0D
0..00E+0D
0.00E+00
0..00E+0D
0..00E+00

EARLY FXTRLITY CONSEQUENCES ~~ MODE

RURAL

0.00E#00
0.00E+0D
0..00E+00
0.00E+00
0.00E#+00
0..00E#0D

SUBURB

0..00E+00
0..DDE+0D
©..00E+0D
0.00E+00
0..00E40D
0..00E+00

BCONOMIC CONSEQUENCES ~- MODE

RURRI,

0..Q0E+DD
0.00E400
0..00E400
0..0VEH0D
0..00E#Q0
©..00E+0D

SUBURB

0.00EX0D
0.00E+0D
0.Q0E+DD
©..QUEHDD
©.0UE#DD
0..00E+0D

RADTOLOGICAL CONSEQUENCES ~- IMODE
S0 YERR PUPULKTTON DOSE TN PERSON REM

RURRIL,

0.00E+DD
©..00E4D0
2.53EHD0
2.53E400
2. T4EH01
3.63E40L

SUBURB

0..00E+DD
©..Q0EHDD
3. 03EH02
3.03E#02
3.2BE403
4., 35EHD3

5~73

TRUCK

URBAN

0..00E+00
0..00E+00
0..Q0E0D
0..00E+0D
D.00E+00
0..00E+0D

TRUCK

URBEN

9..00E40D
©..00E+00
0..00E+00
©.00E+00
0..00E+00
0..00E4DD

TRUCX

URBEN

0..00E+0D
®..00E+0D
0..00E+00
0..Q0E+00
0..00E+0D
©..Q0EH00

TRUCK

WRBRN

0..00E+00
0..Q0E40D
9..B4EH02
9.BTE4D2
1.0%E40%
L. 40E4DY

PAGE
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RUN DRTE: [ 22-NOU=-31 AT 10:32:35% )) PAGE 19
‘SEN ONDFRE IN SAN CLEMENTE TO YUCTR MOUNTATN INEVADR  UNTT-RISK

'EXPECTED VALUES QF POPULATION RISK IN PERSON REM
GROUND INHRLED RESUSPD TLOUDSH +INGESTION TOTAL
SEUEL

COE0 1.3BE-10 1.33E-13 S.0BE~I3 1.1BE-~14 O.00E+00 1.58E-10

KRBS ©.00E#00 0.0UE400 0.0DEH00 4.46E~17 O.00E#00 4.48E-L]

SR90 ©.0DE40D 1.2BE-17 S.65E~17 0.00E00 0.00E#00 .93E-17
RUIO6 3.57E-15 S.S5IE-1% 1.26E-1% Q.QDE#0D O.0DE#0D 3.38E-1%
5134 @.0BE-13 1.0BE~14 3.25E~i4 1.73E~16 0.00E40D B.SUE-13
€137 @.69E-12 2.36E~14 1.04E-13 Q0.Q0E#00 O0.0DEX00 ©.82E-12
CEla4 1.258~18 1.3UE-17 2.62E~17 1.9TE-22 O0.00EH00 4.06E-17
BULS4 1.AZE~1% 3. 70E-18 1.52E~17 7.83E~201 Q.00E#00 1L.3WE-16
PU238 2.00E~19 L.4UE-16 @.34E~1% 2.258-25 Q.00E40D 7. 7SE-16
U239 1.45E-20 2.0%9E~17 9.36E-17 2.89E-26 0.00E400 1.17E-16
PU240  3.59E~20 2.398~17 L.09E~16 3.4BE-26 O©.DDEHD0 1..33E-1E
Po24l ©.QUE~21 L1.12E-1%6 4.76E-16 0.00E4D0 0.00E#0D 5.8BE-1%
AM2A1 1.79E-18 6.82E-17 3.Q0E-16 2.011E~23 D.QUE00 3.B0E-1%
AM243  4.93E~20 1.05E~18 4.80E-1B B.76E-25 0.0DE0D S.90E-18
CH244 ®.59E-20 4.9WE-17 2.405E-1% 1.29E-25 O0.00E400 2.GYE-1%

TOTRLS: 1.65E~10 1.%BE~13 ®.48E~13 1.20E~14 O.Q0VEH0D L.66E-10

B

* INOTE THAT INGESTION RISK TS A SOCIETAEL RISK;
PHE WSER IMAY ‘WISH 'TO TRERT THIS WALUE SEPRRNTELY.
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RUN DATE: [ 22-=NOV-21 AT 10:32:5§ ] PAGE 20
SEN :ONOFRE IN SAN CLEMENTE TO YUCCA ‘MOUNTAIN NEVADA  TNIT=RISK

EXPECTED RISK VALUES — OTHER
LINK ECON ERRLY

35 FTATALITY

1 ©0.00E+D0  0.DDE+DO

TOTAL  ©.D0E+D0  0..00E+D0

EOI
‘END OF RUN
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5.3 ©Output File 3

Pape 1

Page 2

Pages 3
tthrough 15

Page 16

Rage 17

Pages 18
through 20

The cover page is the same as for ©utput Files 1 and 2.

Note the following important differences in the Echo Check
page:

1. 'The TITLE line mow weads SAN ONOFRE IN SAN (CLEMENTE 'TO
YUOCA MOUNTATN NEVADA WNIT-RISK. The words AGGREGATE,,
which was wused im Qutput File 1, =and RODTE-SPECIFIC, which
was wsed im Output File 2, have been replaced by the wond
UNIT-RISK ito #ndicate that this run will be wsed to
generate wnit-risk factors for transport of spent fuel From
San Onofre to Yucca Mountain.

2. 'Theve are mo changes im the imput data wsed o describe the
package, the material, and its constituent isotopes. 'The
DNORML array has been changed to imdicate that 100 percent
of travel analyzed im wthis wun is rural; i.e., the first
wvalue in the DNORML array (fraction of rural trawvel) Ffor
INMODE =~ 1 is set to 1.0, @and the next two wvalues, which
wepresent fractions of travel in suburban and wiban areas,
respectively, are set to ©. If these three walues do mot
sum to 1.0, an error message is printed; the calculation
cannot continue wntil ithe wser had corrected the Pproblem
(:see Appendix D).

3. /MAs in Qutput File 1, ithe package size in meters is entered
for each material after the keyword PKGSIZ.

4. ‘Simce this is @ mon-LINK unit-risk Tun, fthe ttotal distance
in kilometers is entered after the keyword DISTKM. For
wnit-risk runs, the totsl distance is usually set o 1.0 =0
that the output risk walues will directly give wisk
associated with 1 km of travel on the specified mode and
1imk type, which is in this case, truck transport on mural
Interstate Highways.

The majority of these pages are similar o those in Qutput
File 1. TIn the DNORML array thst appears on page 5, the
fraction of travel walues are reiterated.

Incident-Free Summary. On tthis page the incident-free doses
For rural truck travel im each exposure {group are given.

Incident-Free Tmportance Analysis Summary. ‘The importance
values are given for Interstate rural transport by truck only.

Accident Rigk Summary. ©On page 18 the walues given for
expecited munbers of accidents are monzero only for rural
travel. The conseguence tzbles are broken down by mode,
severity category, and population-density zone. Simce only
rural walues have monzero probabilities of occurrence (i.e. "
expected munbers of accidents greater than zero), the actual
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risk calculations will be monzero only for wrural risks. The
results of the risk calculations are given on page 19 for each
exposure jpathway and isotope. These walues represent ithe
accident risks associated with transport of spent fuel by truck
along 1 km of mural Interstate Highway at the wehicle speed,
etc., indicated im the DNORML array. ©On the Last page of the
output, the table shows estimated early fatalities for a
similar 1 km of travel.

To apply the wnit-risk factor method, at least two mdditional
runs musit be jgenerated (Ffor suburban and wrban ttravel,,
Tespectively). Any munber of such risk factor sets can be
igenerated depending on the subdivision of route characteristics
defined by the wser. Note ithat (1) for unit-distance Factors
the wser must multiply all Factors in each set by the mumber of
kilometers of travel im ithe associated woute subclass, (2) the
resulting products must be summed to give a total, @nd (3)
melither of these manipulations is performed by RADIRAN 4.,

The wser can compare ithe mesults obtained with all three
methods. Wsing tthe value of 492 km taken from Output File 2
for total mural distance traveled, the wnit-risk factors in
Output File 3 combimed with the distance term give a walue for
total rural incident-free risk of 1.19E-0L (492 km x 2. 42E-04%)
and @a wvalue of 8.17E-08 for total wural accident risk 92 %
1.66E-10).. 2.42E-04 and 1.66E-10 are from pages 16 and 19 of
Output File 3, wespectiwvely. To obtain estimates of mural
risks from Qutput File 1, the fraction of travel im the mural
population-density zone (0.796) was multiplied by the total
incident-firee rigk (1.57E-OL) and the total accident risk
(€.89E-05).. Recall ithat the accident ricks are mot calculated
©on exactly the same basis. However, as the accompanying itable
illustrates, @ll methods give woughly comparsable wesults For
botth risk types.

Table 5-1

RADIRAN 4 Methodology Gomparison

Output File # Rural Incident-Free Risk Rural Accident Risk

1 1.25E-0L 5. 48E-05
2 1.19E-01 5.49E-05
3 1.19E-01 8.17E-08
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PON DATE: [ Z2-NOV~31 AT 10:51:30 ]

RRRR AARAR  DDDD
D

R R A a D
R R A A D D
RRRR A A D D
R R ARRRR D D
R R A A D D
R R A A DDDD

TITIT RRRR AR N W
T R R A A NN
T R R A A NWNN
T RRRR A A N NN
T RR ARARA N N
T R R A AN N
T R R A AN W

4

E

4 4

44444

4
4
4

REDTRRN 4.0.12 VERSION DATE: NOVEMBER 19,3991

‘MODE DESCRIPTIONS

INUMBER NAME
1 ‘TRUCK
2 RATL
3 ‘BARGE
4 SHIP
5 TARGO ATR
® PASS ATR
7 P-VAN

B cvan-T
9 CVAN-R
CVRN~CA

iy
3

(CHARRCTERTZETION
IONG HAUL VEHICLE
COMMERCIAL TRATN
INLAND VESSEL
@PEN SER VESSEL
CRRGD ATRCREFT
PASSENGER ATRCRAFT
PASSENGER WAN
COMMERCTAYL VAN

3-78
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RUN DATE: [ 22<NOV-R1 AT 10:31:3D ) BAGE

ECHO THECX

TITLE MULTIPLE TYPE A PACKAGES ~ DEDICATED TRUCK, PATKED ARREY
FORM ‘ONIT
DIMEN 12 B8 2 1D 18
PARM D 323D
‘PACKAGE LABGRP A 3
SHIPMENT LABISO H3WIR TI40DRG P32 335 Ta4S TR51
GAGY  MCS®  II25  II31  XEI33  TL20
NORMAL FTZNR NMODE=1 .54
TTZNS NMODE=1 .34
TITNT NMODE=1 .02
ADSTCH ‘NMODE=1 5.7%
‘HANDNO NMODE=1 9.3
DTSTOR MMODE=1 0.2
ECONDOMIC
ICONF 1.0
OMSCST 250 2400 2400 3000
EMRCST 20 400 300 500 300 2700 2100 2500
RELEASE RFRAC GROUP=1 2.D0 .01 0.10 0.10 3+*1.0
GROUP=2 0.20 .20 0.01 0.20 4*1.0D
DEFINE TL201 3.944 9.3Z8~02 1.3%E-02 2.%E+02 2.95+02 0.0 0.0 .01 1 0.0 0.0
EOF
I50TOPES ~1 1 7 0.0 1.0 9.0 HIWIR
H3WTR 083 A 2
ISOTOPES ~1 1 3 0.0 1.0 0.0 TIYORG
CI40RG 003 A 3
TSOTOPES -1 1 8 0.0 1.0 3.0 232
P32 .05 A 3
ISOTOPES ~1 1 2 .9 1.2 0.0 333
$35 .20 A3
TSOTOPES —1 1 1 25.4 1.0 0.0 Ta4s
TA45 Q03 A B
ISOTOPES ~1 1 3 9.9 1.0 9.0 CR51
CRS1 171 A 9
I50TCPES ~1 1 11 0.0 1.9 0.0 GAs7
GAET 024 A S
ISOTOPES —1 1 30 ©.0 1.9 0.0 M0D3
MO99 5.53 B 9
IS0TEPES -1 1 35 0.0 1.0 0.0 I125
T125 001 A 9
ISOTOPES -1 1 2% ©.0 1.0 9.0 1131
131 017 A 9
IS0TOPES -1 1 14 ©.0 1.9 0.0 XEL33
XEL33 .359 A 10
IS0TEPES ~1 1 20 ©.0 1.0 0.3 TL201
TL201 OIS A D
PKGSTZ H3WIR .61

Cl40RG .61
P32 .61
835 .6l

Ta45 12.20
CTRE1L .61
G676l
MO39 .61
m3n .6
XEL33 .6l
TL202 .61
IDISTRM NMODE=1 1835.0

EOF
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RUN DATE: | 22-NOV-31 AT 1D:31:30 j

MULTIPLE TYPE A PACKAGES — DEDICATED TRUCK, PACKED ARRAY

20NE

‘RURAL
SUBURBEN
‘ORBAN

FOR
‘MRTERI®L
H3WTR
CLU0RG
P32
335
Ca4S
TR51
GABT
MO9D
I125
I3
‘KEL33
TL201

POPULATION DENSITY
i((PERSONS PER 3D KM)

B.
7138,

3B61.

PACKAGE THRRACTERISTICS

DIMENSION

(METERS)
.100E~D2
.1D0E~-D2
.100E-01
.1D0E-D2
220E+01
.200E-D1
«1Q0E-D1
6. 200E~01
$.100E~D1
. 1D0E-D1
5. 100E~D1
.. 100E~D1

SVG G o GG

TFFECTIVE
DIMENSION
5. 100E-01
6.100E~01
5.100E-01
$..200E~D1
8. T43E+0D
6. 100E~D1
6. 100E~-02
%..100E~01
%..100E-00
&..200E~010
%..100E~01
%.200E~01

R{0) IS TI TO DOSE RATE CTONVERSION FACTOR

PACKAGE HENDLING THRESHOLDS (METERS)

PKGSZ1= 5.000E-D1
PKE5Z2= 1..000E+DD

PACKAGES .LE. PXGS21 ARE HAND CARRIED

PACKRAGES .GT. PKGSZ1 AND .IE. PKGSZ2 ARE HANDLED BY SMALL EQUIPMENT

Ki(D)
‘METERS 3Q.
1. 703E+DD
1. 703E+00
-+ 103E40D
. TO3E4+D0
STSERDL
. TO3E+DD
-« T03E+DD
- TO3EHDD
. TO3E#0D
-« T03E+0D
« TO3EH0D
- TO3E4DD

B g g R e

PACKAGES .GT. PKG5Z2 ARE HANDUED BY HERVY EQUIPMENT

MATERTAL
HIWIR
C140RG
P32
338
Ca45
CRS1
Ga%7
MoR3
Ti31
KEL33
TL201

MRTERTAL CHRRACUERTSIICS

FRACTTON

@F Gryda
1..000E+00
1..000E400
1.000E+0D
1. D00E4DD
1.000E+0D
1..0D0E+DD
1.000E+00
1..000E+0D
1.Q00E+0D
1..0DDE+D0
1..0D0E+0D
1..000E+0D

FRACTION
@F INEUTRON
0..00DE+DD
0..000E40D
©..0DDE#DD
0..0DVE4DD
0..000E#QD
Q..00DE4DD
0..00DE#0D
Q..0DVEHDD
0..0D0EHDD
0..00DE+DD
0..000E40D
©..000EDD
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RON DRTE: [ 22-=NOV-D1 IT 10:31:3D j

MULTIPLE TYPE A PACKAGES ~ DEDICATED TRUCK, PATKED ARRAY

‘MODE THRRACTERISTICS

'MODE ~ DISTRNCE ZEXCLUSIVE NUMBER OF MHETERIALS TRENSPORT

TRAVELED gsz SHIPMENTS

TRUCK  1.D0E+03 ¥ES 1.D0E+0D

HIWTR
T140RG
232
335
Ta435
CR51
GrE7

(oL
1125
1131
XE133
TL201

‘BUTLDING SHIELDING OPTION= 2

(T=TOTRL SHIELDING, 2=PARTIAL SHITLDING, 3=NO SHIEZLDING)

RPD= %.0DDE+DD

INDEX (TT)

0..0DE+D0
0.0DE+DY
D0.09E+0D
0.D0E+0D
2.34E#01
©..DDE#00
0..0DE#0D
0..0DE+0D
0.00E+0D
0. D0E+DD
D..20E+00
0..D0E+DD

(RETIO OF PEDESTRIAN DENSITY (PEDESTRTAN/KM $Q OF SIDEWALK)

TO POPULATION DENSITY (PEUPLE/KM SQ IN 'URBEN AKERS)

RR = 1..000E+DD
(TRANSMISSTON FACTOR FOR KURAL NREAT)

RS = 8. 700E~D1
(TRENSMISSTON FACTOR FOR SUBURBEN BRERS)

RU = 1.8B00E-02
(TRENSMISSTON FACTOR FOR WURBAN ARERT)
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71.0DE4DD
3.00E400
B.0UEHDD
2.00E+D0
1.Q0E40D
8..00E+DD
1.108401
3.0DE+D1
3..60E401
2.90E+01
1. 4DE+D1
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RON DRTE: { 22-NDV-31 AT 10:31:3D )
MULTIPLE TYPE R PATKXAGES — DEDICRTED TRUCK, PACKED ARRRY

DNORML INPUT
NO ‘TRUCK
1 TRACTION OF TRRVEL 5. 40DE-D1
IN RURAL POPULATION ZONE
2 TRACTION OF TRAVEL 3.400E~01
IN SUBURBAN POPULATION ZONE
3 FRACTION OF TRAVEL 2.D00E-D2

IN URBEN POPULATION ZONE
4 VELOCITY IN RURAL POPULATION  B.BADE4D1
ZONE (RKILOMETERS/HOUR)
5 VELOCITY IN SUBURBAN DOP. ZONE 4.025E+01
(KILOMETERS/HOUR) .
'VELOCITY IN URBAN POPULATION  2.416E401
ZONE (KILOMETERS/HOUR)

ae

1 NUMBER OF TREWMEN 2. 000E400
B DISTANCE TRCM JOURCE TO TREW  5.760E+DD
((METERS)
S NUMBER OF HANDLINGS 0. 000E+DD
10 3TOP TIME PER KM ((HR/KM) 1.100E~02

11 MINIMUM STOP TIME PER TRI®  ©.DODE+0D
((HR)
12 ZERO STOP TIME PER TRIP (HR) 0.00DE+0D

13 MINIMUM INUMBER ©F RATIL TLASSIE ©.000E+0D
TITATIONS/INSPECTIONS
14 TPERSONS EXPOSED WHILE STOPPED S.00DE#DL

15 AVERRGE EXPOSURE DISTANCE 2. 000E+01
WHILE STOPPED ((METERS)

16 STORAGE TIME PER SHIPMENT 0.000E400
((HR)

17 INUMBER OF EXPUSED PERSONS 1.000E402
IDURTNG STORAGE

18 AVERNGE EXPOUSURE DISTRENCE 1.900E402

WHIUE IN STORAGE ((METERS)
19 INUMBER ©F PEOPLE PER WEYICLE 2.00DE#00

©N LTINK

20 TFRACTTON OF URBEN TRAVEL 8.000E-02
IDURING KUSH HOUR "TREFFIC

21l FRACTION OF WRBAN TREVEL 5..000E-02

@N CITY STREETS
22 FRACTTON @F RURNL~SUBURBAN 8..500e-00
TRRVEL @N TREEWAYS

23 *[IRAFFIC COUNT PASSING A 4..T0DEHD2
SPECIFIC POINT~RURAL ZONE

24 *TREFFIC COUNT PASSUNG A 1. 80DEHD2
SPECIFIC POINT~SUBURBRN ZUNE

25 *IRAFFIC GOUNT PRSSING A 2.BDDEHD3

SPECTEFIC POINT-URBRN ZUNE
*({ONE WRY VEHICLES/HR)
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RON DATE: [ 22-NOV~31 AT 1D0:31:50 }

PAGE

MULTIPLE TYPE A PAUKAGES ~ DEDICATED TRUCK, PACUKED ARRRLY

‘NUCLIDE

H3ATR
HIWTR
TL40RG
TL40RG
P32
P32
333
335
Tays
TR4S
CRE1
TRE1
Gagn
GART
MOBD
"MOYB
I125
1125
1131
13
XE133
KE133
TL201
TL201

TURIES

PER PKG
$.30E-D2
3.00E-03
3..40E-02
2.10E~D1
3..00E~D3
1.71E~01
2.40E~02
5.53E40D
1.00E-D3
1.70E~D2
3.5%9~01
1.50E~02

ISOTOPE RELATED DATA

RELEASE
GROUP

RESUSP

TACIOR TYPE

1.00E400
3. 56E4DD
1.17E400
1.3BE40D
2. 4DE4DD
1.32E40D
1.04E+DD
1.03E40D
1.64E+00
1. 1DE40D
1.0DE#DD
1. D4E40D

5~83

LUNG DISPERS. I1YR INHRL REM/CTI
TATEGORY  LUNG HRRROW

N T R BT RV Y

=

B 8 B 8 B W8 W W B @

pat
& 8

£.00E401 &.00EHDL
2.10E+D3 2.10E4D3
1.50E405 1..20E4D4
0.00E+0D 0..0DE+DD
0./00E+0D 0..DDE+DD
0.00E+00 (D..fODE‘H;)D
fD..'Q'OEH/O'D 0.00E+DD
2.770E+Q4 1. BUEHD2

5.B0EH02 1.G0EH02

4.00E4D3 2.30E#D2
©.QVE#0D ©.00E0D
©.00E+0D ©.QDE+0D

%



RUN DRTE: {[ 22~RO0-31 AT 10:351:3D ))

PAGE

‘MOLTTPLE TYPE A PACKAGES — DEDICATED TRUCK, DPACKED IRRRY

‘NUCLIDE

H3WTR
H3WIR
C140RG
CL40RG
P32
P32
5335
335
TAYS
Th45
TREL
CRSL
GREY
Gab7
MO93
MO9D
Tu25
T125
T131
1131
KEL33
XEL33
TL201
TL201

HALE
LIFE
4.5UEH03
2.03E+D5
1. 43E+01
B.THEHDL
1. 6IE4D2
2.7REHIL
3.25E400
2. T5E4D0
. QUEHDL
B..04EH0D
5., Z5EH00
3.04EHDD

GRNMMA
INERGY
0. Q0E+DD
0..00E+0D
0..00E+0D
0..00E+DD
4.35E~08
3.26E-02
1.58E~01
2.776E~01
4..20E~02
3.80e~-01
4. 60E~02
9.32E-02

CLUUD
FACTOR
0.00E+00
0.0DE+DD
©.0DE+DD
0.00E400
2.33e-11
5.02E~03
2.34E-02
2.538-02
1.7TTE=03
%..05E~02
$.58E-03
1.33E~02

5-84

TRENSFER

CROP3

0..00E+0D
0.QDE+DD
©.QDE+0D
0.00E+0D
0..00E4D0
0..00E+0D
0..00E+00
0..00E+0D
D..00E+0D
©.00EX0D
0..Q0E#DD
0.00E+0D

301

0.Q0E40D
0..Q0eH0Y
0.00E+00
0..00E400
0..00E+0D
Q..00E40D
D..00E+0D
0..Q0E#DD
0..00E#0D
9..00E+0D
Q..0DE#DD
0.0DE400

DEPOS

SPEED
0..0DE#DD
1.008~02
1.00e-02
1.00E~02
1.00E-02
1.00E~02
1.00E~02
1..00E~02
1.00E-02
1..00E-02
0..00E#QD
1.00E-02



RUN DETE: [ 22=NOV-31 AT 10:31:30 ) PAGE
‘MULTTPLE TYPE A PRCKRGES — DEDITATED TROTK, PRCKED RRRLY
TS0TOPE RELATED DETA

INOCLIDE  5D-YR EFFECTIVE REM/TI
INHRLE INGEST

H3WTR

HIWIR %.3DE+01  %.30E401
CLUORG
CLUORG 2.10E#03  2.10E403
P32

P32 2.20E+04  7.770E#D3
335

333 4. 10E+03  6.3DE#D2
Ca45

Tais 9.50E4D3  3.00E+D3
CR5L

TR 4.50E402 1.30E#D2
(0]

GABT 5.90E402 7.20E+02
M99

M09 4.50E403 4. 40EHD3
225

125 2.30E+#0% 3.30E+DY
Dt

I3l 310404  3.30E4D4
KEL33

XE133 ©.Q0E+00  0..00EX0D
TL201

TL201 2.60E402  2.30E402

3-85




RUN DETE: [ 22-=807-31 AT 10231230 j PAGE 3
MULTIPLE TYPE A PACKAGES ~ DEDICATED TRUCK, PACKED XRRLY

RELEASE RELETED DETR

ACCIDERT RRETES (PER KM)

IMODE RURAL SUBURBRN URBRN
TRUCK  1.402E-07  2.%BLE~06  1.5Y9E~D5

RELERSE FRACTIONS
GROUP SEVER: 1 SEVER: 2 SEVER: 3 3ZEVER: 4 SEVER: 3 SEVER: & SEVER: 7

1 0.00E+00 1.00E~02 1.D0E~01 1.00E~D1 1.D0E#DD I1.DDE#DD 1.0DE4DD

2 0.00E4+DD ©.DUEX0D 1.00E-D2 1.00E~01 1.Q0E40D 1.00E+DD 1.0VEHDD
GROUP SEVER: B

1 1.00E+DD

2 1.00E+DD

ACCIDENT SEVERITY FRACTIONS
FOR TRUCK

ZON SEVER: 1 SEVER: 2 SEVER: 3 SEVER: 4 SEVER: 5 SEVER: & SEVER: 7

1 4.62E~00 3.025-01 1.76E-01 4.03E~02 I1.1BE~D2 ®.47E~03 S. 7LE-04

2 4.35E-01 2.85E~01 2.2UE-01 3.068~02 %.B4E~03 1.74E~D3 &.72E-05

3 3.83E~01 3.82E~01 2.7BE~02 6.36E-03 T7.42E~04 1.46B-04 1.13E-03
ZONE SEVER: B

1 1.13E-D4

2 5..93E-08

3 9.94E-07

$~86



IDISP TAT

10
1

DESP CAT

=
gseaaaciaw.awmsd

RUN DRTE: [ 22-NOV-31 AT 10:31:30 )

MULTIPLE TYPE R PACKAGES ~ DEDICATED TRUCK, PACKED ARRRY

-KEROSOLIZED FRRCTION OF RELEASED MATERTAL

SEVER: 1
0..00EXDD
1. DDE#DD
1..00E~02
5..D0E~D2
1. D0E~01
1..00E4DD
‘1. D0E4DD
1.00E#0D
1.00E%00
1..D0E4DD
1. D0E400

SEVER: B
0.00E+00
1..00E#DD
1.00E~02
$.00E~02
1.00e~01
1..00E#0D
1.00E#0D
1..QDE#DD
1..00E+0D
1.QDE#0D
1.00EX0D

SEVER: 2
0..00E4DD
1..00E+0D
1..00E~02
35..00E~D2
1.00E-01
1.00E+D0
1.00E+D0
1. 00E+DD
1..00E+00
1.D0E4DD
1.00E+D0

SEVER: 3 SEVER: 4 SEVER: 5
0.Q0E+00 0.QUE¥DD Q.0DE+0D
1.00E400 1.0QDEHD0 1.QUE#OD
1.008~02 1.0Q0E~02 1.Q0E-D2
5.00E~02 S5.00E-02 3.00E~02
1.00E~01 1.Q0E-QL 1.QDE-DL
1.00E4#00 1.00E#00 1.QDE+0D
1.00E+00 1.00E40D 1.0DEHDD
1.00E+00 1.00E400 1.QDEWDD
1.00E#00 1.00E+00 1.00E+DD
1.00E+00 1.D0EYDD  1.QDE#DD
1.00E+00 1.DUE40D 1.QDE#DD

5-87

SEVER: &
0..00E+0D
1.Q0E4DD
1.00E-02
3.00E~02
1.00e-00
1.QDEHD
1.00E40D
1.00E+0D
1.00E+0D
1.00E400
1.00E+00

PAGE 10

SEVER: 7
0..0DE+DD
1.00E+DD
1.90E~02
5.Q0E~02
1..00E~01
1.00E400
1.00EX00
1.00E+0D
1.0DE4DY
1.00E40D
1.00E+00




RUN DETE: { 22-80V-31 AT 10:51:30 j PRGE 11
‘MULTIPLE TYPE A PACKNGES ~ DEDTICATED TRUCK, PACKED ARRAY

FRACTION OF AEROSOLS BELUW 10 MICRONS RED

DISP TAT SEVER 1 SEVER: 2 SEVER: 3 SEVER: 4 SEVER: 5 SEVER: & SEVER: 7

0.00E+00 0.00E+0D D.0YEXQV 0.Q0E+00 0.0VE40D 0.QVEHDD 0.00E0D
S.00E-02 5.00E-02 3.00E~02 3.008~02 S.00E-02 5.00E-02 3.00E-02
$.00E~02 S5.Q0E-02 3.00E~02 S.00E~02 3.00E~02 S5.0Q0E-02 S.00E~02
5.00e~02 $5.00E~02 3.00E~02 5.008~02 3.00E-02 35.Q0E-02 3.00E-D2
5.00E~02 5.Q0E~D2 35.00E~02 5.00E~02 S5.00E~02 5.Q0E-02 5.00E-02
5.00E~02 5.00E~02 3.0DE-02 3.00E-02 3.00E-02 5.00E-02 5.00E-02
1.00E400 I1.DOE+0D 1.DDE#QD 1.Q0E%QD IL.COE+0D I1.0DE4DD 1.0DE4DD
1.00E#00 1.QDE400 1.00E+0D 1.Q0E400 1.00DEA0D 1.00E0D 1.DDEMDD
1.00E#00 1.00E#00 1.0Q0E#0D 1.00E400 1.00E400 1.0DE#DD 1.0DDE#DD
1..00E400 1.Q0E+0D 1.00E40D 1.Q0E+DD 1.0DE#DD I1.0DEHQD 1.0DE+DD
1.00E¥00 1.00E+00 1.D0E+DD L.ODEXOD 1.0DE40D 1.00E4D0 1.00EHDD

P CXT SEVER: B
0. D0EHDD
5.00E~02
5.00E-02
5.00E~02
35.00E~02
3.00e~02
1..00E+DD
1.00E#0D
1.00E400
1..00E+DD
1.00E#0D

14 S {0 63 <F O UF o (i R #4

[y

et
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RUN DATE: [ 22-=NOV~91 AT 10:51:50 1] PAGE 12
MULTIPLE TYPE A PACKAGES — DEDICATED TRUCK, PACKED ARRRY

COST RELATED DATA

EMERGENCY RESPONSE COST

‘SEVER: 1 SEVER: 2 SEVER: 3 SEVER: 4 SEVER: 5 SEVER: 6 SEVER: 7
2.00E+01 4.00E+02 5.00E+02 6.00E+02 1.50E+03 21.70E#03 2.10E+03

SEVER: 8
2.50E+03
‘ON-5CENE ‘COSTS
{RF=RELEASE FRACTION)
RF=0., 0..<RF<=.101 ~DL<RF<=0..2 +1<RF<=1.,
250. 2400., 2400., 5000.
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RON DATE: [ 22-NOV-31 AT 10:31:30 )

PAGE

‘MULTIPLE TYPE A PACKAGES ~ DEDICATED TRUCK, PACKED ARRAY

DOSE(REM)
100000..000
80000..000
70000..000
40000.:000
30000..000
25000..000
20000..:000
10000..000
8000..000
6000..000
4000..000
3000.9000
2000./000
1000..000
B800..000
7700.000
600..000
$00..000
400.000
300..000
100..000
75..000
50..1000
30.000
15..000
5..000
1.0000
0..100
0..010
0..01D

HEALTH RELATED DRTA

ERRLY FATALITY PROBABILITIES

TUNG-1
.D00E+00
.{000E+00
.000E+DD
.DO0E+DD
J000E+00
.000E+00
.000E+DD
+000E-D1
.000E-01
-000E~02
000E-D2
D00E+D0
.D00E+D0
..000E+D0
0..000E+00
0.°000E+00
‘0...000E+00
D0./000E+00
0..000E+00
©..000E+00
0./000E#00
0..'000E+00
0..000E+00
0..000E+00
0..1000E+00
0..000E+00
©0..000E+00
0../000E+00
0..000E+00
0..000E+00

O S S UG dh

TONG~2
1../000E+D0
8.500E-01
B..000E~01
71.000E-01
5.000E-01
2.000E-01
B8.000E-02
0..000E+00
0..000E+00
:0..000E+00
0.."000E+00
0..000E+00
0..000E+00
0.000E+00
0./000E+00
©0..000E+00
'0..000E+00
0..000E+00
0..000E+00
©..000E+00
0..000E+00
0..000E+00
0..000E+00
0...000E+00
0..000E+00
©..000E#+00
0...000E+00
©0..000E+00
0..000E+00
0..000E+00

5-90

‘LUNG~3
1..000E400
8..000E-01
3.1000E~02
0..000E+00
0./000E+00
0..000E+00
0...000E+00
0./000E+00
0..000E+00
0.000E+00
0..000E+00
0../000E+00
©..000E+00
0..000E+00
0./000E+00
©..000E+00
0..[000E+0D
0..000E+0D
©./000E400
0..000E+00
0..000E+00
0..000E+00
©..000E+00
0..000E+00
0..000E+00
©0..000E+00
©..000E%00
0..000E+00
0..000E+00
0..000E+00

'MARROW
1..000E+00
1..000E#00
1..000E+D0
1.000E+D0
.000E+DD
L00D0E+D0
.D0DE+D0
1..000E+00
1..000E+D0
1..000E+00
1../000E+00
1.000E+00
1.000E+00
1..000E+00
9.960E-01
3..000E~01
4..000E-01
5.0000E-02
0../000E4+00
0.000E+D0
0..000E+00
0../D00E+00
0..000E+00
0..000E+00
0..000E+00
0..[000E+00
©..000E+00
©..000E400
0..000E400
0..000E+00

O
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RON DRTE: [ 22-NOV-31 AT 10:51:30 }
MULTIPLE TYPE A PACKAGES - DEDICATED TROCX, PACKED ARRAY

ISPERSAL ACCIDENT INPUT

AREADA
(M 5Q)
SR0E+G2
530E+03
.B4DE+03
250E+04
Q4DE+04
.B50E+04
. T60E+0D5
A50E+05

30 b O L

.D30E+07
S0E+D7
S20E+07
.770E+08
.320E+D8
.120E+0B
.350E+09

BB s b e

* DILUTION FACTOR UNITS ARE (CI-SEC/M**3/CI~RELEASED)

DILUTION
TACTOR*
3.420E-03
1.7720E-03
.5BOE-04
.420E-D4
. 720E~04
-5B0E~05
+420E-05
. 120E-05
.5BOE~D6
420E-06
.720E~06
.5BOE~D7
~A20E-07
«120E=07
.SBOE~08
420E-DB
4.,300E-98
3..420E-08

L0 1 L U L 6 1 6

NON-DISPERSAL ACCIDENT INPUT

RADIST(M)

RURRL SUBURBAN URBAN

3.050E+00 3.050E+00  3.050E#00
6.100E<00 6.100E400  6.200E+0D
9.200E+00 9.100E+00  9.10DE#0D
1.220E401  1.220E401  1.220E#01
1.520E+01  1.520E401  1.520E#01
3.050E+01  3.050E#01  3.050E#01
®.100E+01 &.1200E4+01  6.100E+01
0. 0408401  9.140E+01  9.I140E#0L
1.3248+02 1.524E#02  1.524E#02
3.050E402 3.0350E#02  3.050E#D2

BUILDING DOSE FACTOR
FRACTTON ©F LAND UNDER CULTIVATION
(CONTAMINATTION CLEAN WUP LEVEL ((UCI/M**2)
BREATHING RATE ((M**3/SEC)

5-91

8..600E-03
5..000E-01
2..000E~01
3..300E-04

=
==

PAGE
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RUN DATE: [ 22-NOV-31 AT 10:351:50 } PAGE

MULTIPLE TYPE A PACKAGES ~ DEDICATED TRUCK, PACKED ARRAY

REGULATORY THECKS

THE SHIPMENT OF H3WIR BY MODE 1 IS DESIGNATED AS EXCLUSIVE USE
BUT IS NOT REQUIRED TO BE S0 DESIGNATED BY REGULATIONS

‘THE SHIPMENT OF ‘C140RG BY MODE 1 IS DESIGNRTED AS EXCLUSIVE 'USE
‘BUT IS NOT REQUIRED TO BE 50 DESIGNATED BY REGULATIONS

‘THE SHIPMENT OF P32 3Y MODE 1 IS DESIGNATED XS EXCLUSIVE USE
‘BUT 1S NOT REQUIRED TO BE 50 DESIGNATED BY REGULATIONS

THE SHIPMENT OF 535 3Y MODE 1 IS DESIGNATED AS EXCLUSIVE USE
BUT IS :MOT REQUIRED TO BE 50 DESIGNATED :BY REGULATIONS

FOR THE SHIPMENT OF CA45 BY MODE 1
‘THE DOSE RATE AT 2 METERS TOULD EXCEED 10 MR/HR
PPS*TT HAS BEEN RESET TO EQUAL 11.%97

FOR THE SHIPMENT QF TAYS BY MODE 1
‘THE IDOSE RRTE IN THE CREW TOMPRARTMENT COULD EXCEED 2 IMREM/HR
THE DOSE RATE #HAS BEEN RESET FROM 14.31 TO 2 FOR CREW CALCULATIONS

‘THE ‘SHIPMENT OF ©CRS1 BY MODE 1 IS DESIGNATED AS EXCLUSIVE USE
BUT IS5 INOT REQUIRED TO BE SO DESTGNATED BY REGULATIONS

‘THE SHIPMENT ©F GR67 BY IMODE 1 IS5 DESIGNATED AS EXCLUSIVE USE
BUT IS INOT REQUIRED TO BE SO DESTGNATED BY REGULATIONS

THE SHIPMENT OF MO9S BY MODE 1 IS5 IDESTGNATED AS EXCUUSIVE USE
BUT IS NOT REQUIRED TO BE S0 DESIGNATED BY REGULETIONS

THE SHIPMENT ©OF T125 BY MODE 1 IS DESTGNATED AS EXCLUSIVE USE
BUT IS NOT REQUIRED TQ BE 50 DESTGNATED BY REGULATTIONS

‘THE SHIPMENT OF T131 BY MODE 1 IS DESIGNATED AS EXCUUSIVE USE
BUT IS NOT REQUIRED TO BE SO DESIGNATED BY REGULATTIONS

THE SHIPMENT QF KEL33 BY MODE 1 TS DESIGNATED AS EXCLUSIVE USE
BUT TS INOT REQUIRED TO BE S0 DESIGNATED BY REGULATIONS

THE SHIPMENT QF TL20L BY MODE 1 1S IDESIGNATED AS EXCUUSIVE USE
BUT TS NOT REQUIRED TO BE S0 DESIGNATED BY REGULATTONS

5-92
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RUN DATE: [ 22-NOV-31 AT 10:31:50 ) PAGE - 1%
MULTIZLE TYPE A PACKAGES — DEDICATED TRUCK, PACKED ARRRY

MODE TRUCK
1-YERR LUNG DOSE — INHALRATTON PATHWAY

BDF = 1 (REM)
AREA # SEVER: 1 SEVER: 2 B3EVER: 3 SEVER: 4 SEVER: 5 BEVER: & SEVER: 7

1 D.0DE+00 1.3BE-03 £.44E~02 3.19E-01 S5.19E400 S.I10UE+DD 3. 1SE+0D
2 0.00E+00 ®.93E-D4 3.23E-~02 2.61E~DL 2.BIE+D0 2.GIE+D] 2. 61E+0D
3 0.00E+00 3.378-04 1.57E-02 L.27E-01 1.27E+00 1.Z7E400 1.27E400
4 0.0CE+0D 1.30E-04 6.07E~D3 4.90E~02 4.90E-01 4.90E-DL 4.90E-01
3 0.DOE+00 ®.25E-05 2.91E-03 2.35E-02 2.33E-01 2.35-01 2.35e-01
B 0.00E+00 2.9BE~D3 1.39E~03 1.12E-02 1.12E-01 1.12B~01 1.12e~01
7 0.D0E4+00 1.13E-D5 S.27E~04 4.258~D3 4.25E-02 4.25E~02 4.258-02
B 0.0VE+00 5.35E-05 2.43E~04 2.01E~03 2.01E-02 2.01E~02 2.01E-02
3 0.00E+00 2.49E~0% 1.16E-D4 3.36E-D4 9.3BE-03 9.3BZ~03 9.36E-03
10 D.00E+D0 3B.41E~D7 4.3BE-05 3.54E~04 3I.54E~D3 3.54E-03 3.54E-03
11 0.D0E+00 4.20E~07 2.00E-05 1.51E~04 1.6IE-03 1.61E-03 1.61E~03
12 0.00E+00 2.03E~07 3B.4BE-06 7.852~05 7.B5E-04 7.65E-04 7.65E~04
13 0.00E+00 7.52E-DB 3.50E-06 2.B3E-05 2.8B3E~04 2.B3E-04 2.83E~04
14 0.00E+D0 3.54E~DB 1.65E~0F 1.33E~05 1.33E-04 1.33E~04 1.33E-04
15 0.00E+D0 1.62E-0B 7.54E-~07 %.09E-06 %.09E~D5 &.00E~D5 5.03E-D5
16 ‘0.00E+00 B.6ZE-09 4.03E-07 3.25E-0% 3.25E~05 3.25E-05 3.25E-D5
hyj 0.00E+00 35.2BE-09 2.4BE~07 1.9BE~0F 1.9BE-05 1.9BE~DS 1.3BE-~05
18 0.00E4+DD 3.45E-09 1.81T-07 1.30E~06 1.3DE-05 1.30E-05 1.30E-05
ARER # SEVER: B
1 5. 19400
2 2.861E+00
3 1.278+00
4 4..90E-01
3 2.35E~-01
B 1.12E-01
7 4..258-02
B 2.01E~02
9 3.36E-03
10 3.548-03
11 1.60LE-03
12 7.65E-04
13 2.83E-04
14 1.33E-04
15 ®.08E~D5
1% 3.25E-05
v} 1..98E-D05
18 1.30E-05

5-93



ARER #

B & oy U B Wi

RUN DXTE: [ 22-NOV-31 AT 10:31:30 J

MULTIPLE TYPE A PACKAGES — DEDICATED TRUCK, PACKED ARRAY

BEVER: 1
9..00E+00
0.00E+00
0..00E+D0
0..0DE+00
0..00E+00
0..00E+00
0..QDE+0D
0..00E+D0
0..0D0E+DD
0..00E+0D
D..00E+DD
©..00E+DD
0..00E+0D
0..00E+DD
0..00E+0D
0..00E+0D
0..00E+00
0..00E+00

SEVER: 8
4.,32E-02
2. LTE-D2
1..05E~02
4..08E-D3
1..9%5E-03
9..32E~-D4
3.54E-04
1..68E-D4
7. T9E~D5
2.94E-035
1.34E~D5
®..37E~DB
2.35E~0%
1.10E-0%
5. Q7E-07
2. TUE=07
1. 65E~07
1.08E-07

1-YERR MARROW DCSE ~ INHALATION PRTHWAY

SEVER: 2
D.352E-05
4. 77BE~D5
2.32E-D5
B..99E-D6
4..31E-0%
2.05E-D6
7..80E-D7
3.89E~07
112807
5. 43E~DB
2.96E~08
1.41E-08
35.20E~DD
2.45E~D3
1.12E-03
5.93E~10
3.65E-10
2.4DE-10

BDF =1 (REM)

SEZVER: 3 SEVER: 4
1.2%E~03 4.32E-D3
b.47E-D4  2.17E~D3
3.15E~04 1.05E-03
1.22E-04 4.0BE~-DY4
5.84E~05 1.36E-D4
2.78E~05 9.32E~D5
1.08E~05 3.34E-05
5.00E-06 1.6BE-D5
2.33E~06 7.7W9E~D%
B.79E~07 2.34E~0%
4.07E-07  1.34E-D%
1.90E-07 %.37E-Q7
7.03E-08 2.35E~07
3.31E~08 1.1TE~D7
1.52E~08 35.07E-08
8.10E~09 2.71E~D8
4.95E~09 1.855E-DB
3.24E-09 1.0BE-D8

5-94%

SEVER: 3
4.32E-02
2.178-02
1.05E~02
4.QBE~03
1.98E~03
3.32E-04
3.54E~D4
1.58E~D4
7., 78E~05
2.94E~05
1.34E-05
6.37E~0%
2.35E~0%
1.1TE-06
5.07E-07
2. TUE-07
1.65E-07
1.08E-Q7

SEVER: %
4.32E~02
2.17E-02
1.058-02
4.0BE~D3
1.96E~03
3.32E~04
3.54E-04
1.6BE~DY
7. 779E-05
2.34E~05
1.34E~05
©.37E~0%
2.35E~0%
1.11E-0%
$5.07E~07
2. TLUE=D7
1.65E-07
1.0BE-Q7

PAGE 17

3EVER: 7
4..32E~02
2.17E-02
1.058~02
4.08BE~D3
1.96E-03
9.32E~D4
3.54E~04
1.6BE~D4
7. 19E~05
2.94E~05
1.34E-05
®.37E-06
2.35E~0%
1.10E-0%
35.Q7E~07
2. TUE-07
1.65E~07
1.0BE~Q7



RUR DETE: ([ Z2-R0V-31 BT 10:31:30 ] PAGE 1B
MULTIPLE TYPE A PACXAGES ~ DEDICRTED TRUCK, PACKED RRRRY

"MODE TROCK

GROUND SURFACE TONTAMINATION TRBLE (MICRD CTI/M**2)
BEFORE CLEZANUP

AREA # SEVER: 1 3EVER: 2 3SEVER: 3 SEVER: 4 SEVER: 5 SEVER: & SEVER: 7
1 ©0.00E4+D0 1.2SE40D0 6.32E401 5.B0E402 3.B0E+03 S.BOE#D3  5.B0EHD3
2 D.0DE+00 %.26E-01 3.47E401 2.91EH02 2.3UE+03 2.9UE#03  2.91E4D3
3 ©0.QDE+D0 3.04E~D1 1.69E+01 1.41E402 I1.41E+03 1.4IE#Q3 I1.4UE#D3
4 0.00E4+00 1.1BE-D1 B.33E+D0 S5.47EH01 J.47E+02 S.47EHD2  S.4TEHDR
5 0.00E4DD 3.%4E~02 3.13E400 2.62E+01 2.32E402 2.52E402 2.62E#02
% 9.00EX00 2.%3E~02 1.4DE4DD 1.25E401 1.25E402 1.25E#02 1.25E+02
7 ©.0DE+00 1.02E~D2 S.67E-01 4.7SE+D0 4.7SEHO0L 4.TSEHOL 4. TSE#DL
8 ©0.0DE+00 4.B3E~03 2.5BE~D1 2.25E+00 2.25E+01 2.25E01 2.258+01
9 0.0DE+0) 2.2TE~03 1.23E-01 1.05E400 1.05E401 1.05E+01 1.05E+01

BN e U)  e HR E  G a

10 0.0DE4D0 @B.4%E-QY 4. W1E~D2 3.TEE-D1 3.I5E400 3.95E400 3.95E4DD
11 0.00E4+D0 3.87E~04 2.1%TE-02 1.B0E~D1 1.BUE+D0 1.B0E#0D 1.BUE#DD
12 ©.00E+D) 1.B4E-D4 1.02E-D2 B.3S4E-02 B.SUE-VL B.J4E-D1 B.54E-01
13 ©.0DE#00 %.7BE~D5 3.77E~D3 3.16E-D2 3.16E-D1 3.16E~01 3.1G6E-DL
14 0.00E+D) 3.20E~05 1.78E-03 IL.43E~02 1.49E~01 I1.49E~Q1 1.49E-D1
15 9.00E400 1.4%E~05 B.11E-D4 ®.B0E-D3 &.8VE-02 &.80E~02 $.BUE-D2
1% 0.00E#QD 7.80E-D% 4.33E~0% 3.63E~03 3.43E-02 3.63E~02 3.%3E-02
17 0.00E+D0  4.76E~05 2.54E~04 2.21E-D3 2.21E-02 2.21E-02 2.21E-02
18 0.00E400 3.1UE~QF 1.73E-D4 L.45E-03 1.45E-02 L.45E-02 1.45E-~D2
BRER # SEVER: B

1 35..80E#03

2 2.9UEHD3

3 1. 4UEH03

4 3. 4TEHD2

3 2.62E402

i 1.25E+02

w 4. TSEHL

8 2.25EH0L

9 1.05E401

10 3..95E40D

1L 1.80E40D

12 B8.5HE~01

13 3.16E-01

14 1.49E~Q1

135 ®.80E~02

1% 3.63E-02

iy 2.2VE~02

13 1.45E-02
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RUN DETE: { 22=NOV-D1 AT 10:31:30 ] PAGE 13
‘MULTIPLE TYPE A PATKAGES — DEDICATED TRUCK, PACKED ARREY

INCIDENT~T'REE SUMMRRY

HAXLXKKAXE AKX TXTRRRK

INCIDENT-FREE POPULRTION EXPOSURE IN PERSON~REM

PASSENGR (CREW ANDLERS OFF LINK ON LINK STOPS STORRGE TOTRLS

LINK 1
H3WIR 0.Q0E+0D Q.UUE+0D ©.00E00 0.00E+DD 0.00E+0D 0.00EHDD 0.00EHDD 0.0DEDD
C140RG 0..00E40) D..QDE+0D Q.00E+DD ©.QVE+DD 0..00E+0D ©.0DEHDD ©.0QDEHDD 0.00EDD
P32 0.00E+DD ©.00E+DD 0.00E+00 0.00VE+DD D.QUE+DD ©.00E+DD ©.00E0D 0.0VEDD
3335 0.00E+00 0. 00E+00 0.00E+D0 0.00E+DD 0..00E+0D ©.0VE#DD 0.00E+0D 0.0VE+DD
€a45 0.D0E+D0 1.26E~01 Q.00E+D 4.21E~02 1.32E~01 B.03E~0L 0.00E+00 1.10E+0D
CR51 0.00E+00 9.00E+00 ©.00E00 0.00E+DD V.00E+0D 0.00E4DD 0.00E+00 0.0VE+DD
Ga67 0.00E+00 0.00E+0D 0.00E+D0 0.00E+DD 0.00E+0D ©.00E40D ©.Q0E+0D 0.00E+0D
0D 0.00E+00 ©..00E+00 ©.00E+0D ©.0VE+D0 D.QVE40D ©.0DE40D 0.0DEX0D ©.0OVEOD
I125 0.92E400 0.0DE0D 0.00E+00 ©.0OVE+DD B.00EHD D.0OVEH0D 0.0DEH0D ©.DDE+DD
131 0.INE0D D.0VE+DD D.00E+D) 0.00E+00 0.0VE#D0 0.00E40D 0.0DEH0D ©.0DEHDD
XEL33 0.00E+0D 0.0DE400 ©.QVE+00 ©.00E+DD D.00E+00 ©.0DE+DD ©.0Q0E#0D 0..0VE+DD
TL20L ©.90E400 D.0OVE+D0 ©.0QVE+0D ©.00E+00 0.0VE+0D 0.0VEHD 0.00ED0 0.0OVEHDD

TOTRALS: ©.0VE+DD 1.26E~01 Q.0DE+00 4.2UE-02 1.32E~01 8.03E-01 0.00E#DD 1.10E+0D

MAXIMUM INDIVIDUAL IN~TRENSIT IDOSE

LINK 1 2.50E~0% REM
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ROUN DATE: {[ 22~NOV-31 AT 10:31:30 ] PAGE 20
‘MULTIPLE TYPE A PACKAGES — DEDICATED TRUCK, DACKED ARRAY

INCIDENT~FREE IMPURTANCE BNALYSIS SUMMARY ¥OR LINK 1

AEETEKE XL LKL LL TR ATXXAARR b g e e e L L]

INDEX DESCRTPIION OF PRARAMETER IMPORTANCE
1 DISTANCE TREVELED 1.203E-02
2 NUMBER ©F SHIPMENTS 1.103E~02
3 PACKAGES PER SHIPMENT 9. 77MVE~03
4 DOSE RETE ((TRENSPORT INDEX) 9. 7TT0E~03
3 KX ZERO 3. 7TIVE~03
% 3ITOP TIME B8.032E~03
7 PERSONS EXPOSED ‘WHILE STOPPED 8..032E-03
8 FRACTTON OF TRAVEL ~ SUBURBRN 1.903E~03
3 NUMBER QF PEOPLE PER VEHICLE 1.3178-73

10 NUMBER OF TREW MEMBERS 1.251E-03
11 TRAFFIC TOUNT ~ SUBURBEN 8.630E~04
12 FRECTION OF TRAVEL ~ RORRL 8.292E-04
13 FRACTTON OF RUSH HOUR TRAVEL 4. 165E-04
14 POPULATION DENSITY ~ SUBURBRN 3.950E~04
15 SUBURBEN SHITIDING ERCTOR (RS) 3. T20E-04
1% TRAFFIC COUNT ~ RURRL 2. TLVE-DY
17 FRACTION OF TRAVEL ~ 'URBEN 2.654E~04
18 TRAFFIC COUNT -~ WRBRAN 1.827E-04
19 FRACTION OF TREVEL ON CITY STREETS 1.376E~D4
20 'RETIO ©F PEDESTRIAN DENSITY ((RPD) 4. 107E~05
21 POPULATION DENSITY ~ (URBRN 2.049E-05
22 POPULATION DENSITY ~ RURML 5. 424808
23 RURRL SHIELDING FATIOR ([RR) 5. 27TVE-DE
24 WRBAN SHIELDING FACTOR ((RD) 2. 48TE~D8
25 HENDUER EXPOSURE DISTANCE 0..0D0E+DD
26 NUMBER ©F PERSUNS EXPUSED DURING STORAGE  ©.00DE0D
27 NUMBER OF FLUGHT ATTENDANTS 0..000E+DD
28 PERSONS EXPOSED PER HENDLING ©..000E+DD
29 EXPOSURE TIME FOR IHENDUERS 0. 0DOEHD
30 DDISTANCE FROM SOURCE TO CREW ©.0DDE+Q0
31 STORAGE EXPOSURE DISTANCE 0..000E+DD
32 INUMBER ©F HRNDLINGS ©..00DEHDD
33 STORAGE TIME PER SHIPMENT 0..000E+0D
34 WELOCTITY —~ WRBEN 3. 265E~04
35 WELOCITY ~ SUBURBEN ~1.9B7E-03
36 WELOCITY ~ RURAL ~2.002E~03
37 FRACTION OF TRAVEL @N FREEWAYS . ~3.958E-03
38 EXPOSURE DISTANCE WHILE STOPPED ~1..60%E-02

THE IMPORTANCE WALUE ESTIMATES THE PERSON-REM TNFUUENCE
@F A ONE PERCENT INCREASE IN THE PARNMETER
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CATHGORY

S AdKRU B WRE

CATEGORY

B ARG R W

CRTEGORY
1
2
3
4
5
®
Vi
]

RON DRTE: [ 22-NOV-31 AT 10:31:350 |
MULTIPLE TYPE A PACKRGES ~ DEDICETED TRUCK, PACKED ARRRY

ACCIDENT SUMMRRY

EHEXKXXL ARXKRKR

NUMBER ©F EXPECTED RCCIDENTS ~=- MODE TRUCK
RURAL ‘SUBURB WRBRN
71..86E-03 7. 5VE~04 3.53E-04
5. 14E-05 4.92E-04 2.32E-04
2.93E-05 3.82E~04 1.68E~05
®..85E~0% 8. T4E-D5 3.85E-D8
2.01E-0% 1. 15E~05 4.50E-07
1.20E-0% 3.00E~0% 8.85E-0B
3. T1E-DB 1.16E-07 ®..85E~0Y
1.92E-08 1.02E-03 %.02E-10
EARLY FRTRLITY CONSEQUENCES ~- IMODE TROCK
RURAL SUBURB URBAN
©.00E+0D ©..00E+0D 0.0DEHDD
D.00EH0D 0..00E400 ©..QUEHDD
0..00E+0D ©..00E+0D 0.00E+DD
0..D0E+0D 0..00E+00 Q..00E+QY
0.00E+00 0. Q0E+0D 0..00EH0D
©..00E#0D 0..00E+00 ©.QVEHDD
0.Q0EHDD ©.QDE+QD ©.QDE#0D
0..QDE#DD 0.0VE+DD ©..0DE#DD
IBCOUNOMIC CONSEQUENCES ~= IMODE WRUCK

RURAL ‘SUBURB URBAN

2. TOEH02 2. TOE#D2 2. TOEHD2
1. A7EHOY 1.35E404 7.5UE404
6. 4OEHDS 9..27E405 1. 29EHQ7
3.32E40% ©.10E4+0% 1.37E408
1.02E+08 1.34EH0B 1..67EHDY
1.02E+0B 1.34E403 1.67E4QY
1.02E403 1.34E+0B 1.67EHOD
1.02E403 1.34E403 L.G7EHDY
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CATEGORY

HULTIPLE TYPE A PACKAGES ~ DEDICATED TRUCK, PACKED ARRRY

RADIOLOGICAL CONSEQUENCES ~- 'MODE

RUN DRATE: { 22~NOV~31 AT 10:31:30 ]

TRUCK

50 YERR POPULATION DOSE IN PERSON REM

RURRL

0.00E4DD
®..335~05
2.38E~03
1.66E~D2
1.63E-01
1.83E~01
1.63e~01
1.%83E~01

‘SUBURB

0..0DE+0D
9.93E-03
2.83E-D1
1.3BE+00
1.36E40L
1.36E401
1.98E4+01
1. 988401

399

URBAN

©0.00E+00
3.24E-02
3. 27E~DL
%. 44E40D
©.35E+01
6. 35E+01
&..35E+01
®.35E+01

PAGE

2



H3WTR
HIWTR
TL4ORG
CI40RG
P32
P32
&35
533
CAYS
TreS
CR51
CRS51
GaB7
(Y
MO99

M093.

T125
Ii25
Ti31
T30
XEL33
KEL33
TL201
TL201

TOTALS:

ROUN DRTE: { 22-NOV-31 AT 10:31:30 J

MULTIPLE TYPE A PACKAGES ~ DEDICATED TRUCK, DATKED ARRAY

‘EXPECTED VRLUES OF POPULATION RISK IN PERSON REM

'GROUND

0..00E+DD
0..00E¥0D
0.00E+00
0..00EH0D
1.518~13
3..-40E-0%
3. 48E-Q7
1.85E~04
T.ATESOT
8.05E~0%
0.00E+00
3. 44E~Q7
2..04E~04

INHELED

. 31E~08
2.55E~08
2.24E-05
2.33E-0%
3.B5E-0B
8.32E~07
2.11E~07
3. T6E~04
1.212E-0%
2.07E~035
0..00E#DD
1.05e-07
4. 24804

RESUSED

0..00EX0
1.17E~07
3.BYE-DE
2.05E~06
5. 41E-08
2. 61E~07
8. -4BE~09
1.28E-05
7.208=07
2.03E~06
(R0
3.97E~09
2. 19805

TLOUDSH *INGESTION TOTAL

0..00E+00
0..00E+00
©.00E+00
©0..00E+0D
3.18E~19
2.BLE-0B
2.53E~08
. 41E~D%
2.81E-10
1.22e-07
2. 10E-07
1. TYE~08
©.8UE-D®

* INOTE 'THAT TNGESTTON RISK IS A SOCTETAL RISK: .

WHE USER IMRY WISH T0 TREAT ‘THIS WALUE SEPANRETELY..

5~100

©..00E+0D
0..00E+00
Q..00E#DD
0..00E+00
Q..00E#DD
0.00E#00
0.00E+0D
©..00E+00
0..00E+00
0.00E#0D
0.00e+00
0.00E+0D
©.00E#0D

®..91E~08
1.42E-07
2.625-05
4..37E~0%
3.25E-038
1.05E~05
1.92E-07
$..80E~04
2.56E-0%
3.09E-05
2.1UE-07
4. 1E-07
.. 56E~04

PAGE

23




ROV DRTE: [ 22-N0V~JL AT 102312350 ) PRGE 24
MULTTPLE TYPE A PACKAGES ~ DEDTCATED TRUCK, DRCKED ARREY

EXPECTED RISK WALUES ~ QTHER

LINK ECON EERLY
35 FATALITY

1 4.90E403 000400
TOTAL  4.90E403  Q.00EHOD

icfol
END ©F RUN
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5.4 Qutput File 4

Page 1

7

Page 2

The cover page is the same as Ffor Output Files 1, 2, and 3.

Notte tthe folllowing important differences im the etho <heck
page:

1.

The TITUE Lime wreads MULTIPLE TYPE A PACRAGES ~ DEDICATED
"TRUCK,, PACKED ARRAY. This imdicates that an exclusive-use
(@edicated) truck shippment containing Type A packages
arrvanged im a certain geometry is being analyzed. This
example was tdken from a study performed by SNL For the
U.3. Department of Transportation (Finley et al., 1988).
The array geometrty was wsed im that study to caleulate the
shitpment-level effective dose wate used im this example.
The package contents and mumbers, travel distance, and
Practions of travel were also taken directly From the
situdy..

For this analysis the DIMEN values are 12 isotopes, elight
accident-severity categories, two physical-chemical groups,
10 radial areas, and 18 downwind dispersion aveas. The
isotope mumber is tdken from Fimley et al. (1988). The
eight~category accident~severity scheme From NUREG-OL70 was
allso wsed by Finley et al. (1988). All of the isotopes
were ‘separated fimto two physical~chemical groups: Group A
and Group B.

The PARM flags are wunchanged.

Two physical-chenical group labels, A and B, are used in
this analysis to designate isotope types.

The isotope ldbels ate assigned as shown.

The DNORML array wvalues Ffor which wser-defimed (i.e.,
mnondefault) values are entered are shown after ©Ghe keyword
NORMAL. 1Im addition to entering values for fractions of
travel, for this problem tthe wser must enter he average
distante of tthe orew from Ghe wsource, the mumber of
handlings, and the storage distance.

2
Wser~defimed walues For BOONF, ONSCST, and EMRCST have been
entered to illustrate the use of the economic model. The
values are tadken from Madsen et al. (1986).

The release fractions are shown after the keyword RFRAC For
©ach group. Those for Group A (Group 1) represent welease
fractions for a generie Type A padkage (NRC, 1977); and
those for Group B (Group 2) wepresent release fractions For
a somewhat less dispersible material. The latter is
applied only to molybdenum-99 (MOYY) packages because the
isotope is bound to @m fon-exchange wesin.
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I10.

Because one of the isotopes, TL201, is mot in the internal
isotope data library, the DEFINE function is wsed to enter
the following in the order indicated: mame, half-1ife,
photon energy, cloud-dose factor, effective dose equivalent
for inhalation, effective dose equivalent for ingestion,
food transfer factor, soil transfer factor, deposition
velocity, acute pulmonary dose-response «curve designator,
1-yr imhalation dose to lung/Ci inhaled, and 1-yx
inhalation dose to marrow/Ci inhaled.

After the first EOF, 12 distinct material arrays, one for
each package type in the shipment, have been entered wunder
the keyword TSOTOPES. As moted previously, each package
contains only one isotope, so there is only one isotope
line below the material 1ine im each array. Note that in
this example, the material mames are the same as ithe
isotope mames. That is mot required; each material could
have been given a mame different from its constituent
isotope. (See the analogous wsections in Output Files 1
through 3.) The first array indicates that there are seven
Type A packages, each containing .063 Ci of tritiated water
(H3WIR).. 'The second array indicates ithat there are three
Iype A packages, each containing .003 €i of carbon-14 in
organic form (CL4ORG), @and so Fforth. A shipment-level
effective dose rate is wused to calculate incident-free
risks, so for the sake of simplicity, the single calcium-45
package (CA45) is assigned the entire dose rate calculated
for the shipment (25.4 mrem/hr). All other packages are
assigned dose rates of zero:; i.e. » they are used in the
accident risk but mot the incident-free dose caleculations
as intended. Note ithat ithere are 30 packages, each
containing 5.53 €i each of molybdenum-99, which is the only
Isotope in the shipment im physical-chemical group B. Note
also for packages of xenon-133 (XE133) the [gaseous isitate of
the isotope is accounted for in the internal data Library,
where xenon-133 is assigned a deposition wvelocity of ©.0
m/ssec, as shown on page 7 of the output.,

As im Qutput File 1, ithe package size is entered inm meters
for each package type after the keyword PRGSIZ. However,
simece ithe shipment-level effective dose rate has been
assigned to a single calcium-45 (CA45) package, this
package is also assigned the length dimension of the semi-
trailer in which the shipment is being transported

(12.2 m).. ALl other packages were assigned their actual
average size of 0.61 m. These package-size walues are
unimportant, however, because the terms containing the size
parameters for these packages also contain the package-
specific dose rates, which were set to zero. Thus in the
incident-free dose calculations all but the CA4S iterm,
which is acting as a placeholder for the entire shipment,
is weduced ito zero.
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12. Because this is a mon-LINK analysis, the total distance in
kilometers is entered after the keyword DISTKM.
Pages 3
through 18 These pages contain tables of input data and most are similar

to those im Qutput Files 1 through 3. Note that all packages
in the shipment and their contents are listed in tabular Form
©on page 4. [Note also the extensive regulatory-check messages
(page 15). A message is printed for each package or material
informing the wser whether that package type is or is mot
Tequired to be shipped by exclusive-use carrier. This check is
always performed, and the user is always informed when a
package type is mot wequired by regulation to be shipped in an
exclusive-use shipment, even though the wser has designated the
shipment as exclusive-use. Messages associated with CA 45,
which was assigned the entire dose Tate calculated for the
shipment (25.4 mrem/hr at 1 m, mneglecting self-shielding),
indicate that the dose rate sShould be reduced ito meet
regulatory standards if the hypothetical shipment modeled here
would actually be performed. The calculation Pproceeded wusing
the maximum permitted dose rate.

Page 19 Incident-Free Summary. On this page the imcident-free doses
are jgiven. Although each package is listed, this is a
shipment-level analysis and the effective dose rate of the
entire shipment was assigned to CA4S. Thus the shipment walues
appear im the CA45 wow and zero values appear in all other
TOWS.,

Page 20 Incident-Free Tmportance Analysis Summary. The importance

values for the parameters wsed im the #imcident-free analysis
are provided here.

Pages 21

through 24 Accident Risk Summary. The probabilities of expected accidents
and economic consequences tabulated on page 21 are shipment-
level wvalues. The consequences tabulated on pages 21 through
22 are also shipment wvalues that wepresent summations over all
packages, but the risk walues given on Page 23 are broken down
by package and by isotope. Im this analysis, each package
contains a material consisting of only one isotope, =0 the
distinction between the levels is mot apparent. The Llast page
©of the output shows estimated early fatalities and economic
risks for the shipment.
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APPENDIX A
SUBROUTINE GLOSSARY

Table A-1 lists all subroutines im the code. The left column in
Table A~1 contaims the subroutimes im alphabetical order; the right column
contains corresponding definitions.

Table A~1

Subroutimes im RADITRAN 4

Subroutime Defimition

ACC Callculates mondispersall (TADC=1) or dispersal (TATC=2)
accidents.,

ARRAY Reads N walues imto the A floatimg-point array.

BANNER Primts banner page heading.

BESSL Computes a modified Bessel function of order zero.

CENTER Genters characters in a string.

QONVRT Converts the TEST waridble imto a weal mumber if
appropriate; otherwise, sets the results to 4HWORD.

©osT Gomputes the economic impact by population-density zone and
accident-severity categoty; chedks for the woute-controlled
shipment..

CPBYTE Gonverts the TEST varidble imto imdividwal characters and
places the result imto the JVY array.

EARLY Computes the expected munber of early fatalities and early
morbidities. :

BOON Callculates the economic impacts From dispersal-accident
cleanup..

EFFIT Detrermimes early Fatality probdbilities wsimg the loodkup
table.

FINDIL Performs imtegration wusimg Bessel Function calls.

GUTOER Primts GOT0 error message and sitops the Progtam.




Table A~1

Subroutines in RADIRAN 4 (Continued)

Subroutime Defimition

TARRAY Reads N values imto the TA integer array.

INITLZ Imitializes warizble arrays by setting all values to zero.

MDT Calculates the concentration of material im radicactive
dispersion cloud after the cloud has been depleted by
deposition.

NEWPAG Primts @ form feed and prints the date, time, page mumber,
and title at the top of each primtout page.

INEXT Reads imput limes and im tthe TEST wariable, meturns the
position of the mext field; primts the imput echo of each
limne.

INORLINK Callled by the NORML subroutime to compute off~ and on-Limk
Incident~free doses by link for truck, van, @nd wail modes.
Package exposure rates are chedked agaimst regulatory
Limits. HAm exclusive-use chedk is also made For the
shipment..

INORML Calculates incident-free doses to all population subgroups
from all transportation modes. Package exposure raves are
chetked against regulatory Limits. MAn exclusive-use chedk
is also made for the shipment.

PASQ Called if Pasquill stability categories are wsed; loads the
areas and concentrations imto the AREADA @nd DFLEV arrays.

PRCHRD Primts imput tables and waridbles.

PROONS Primts conseguence tables.

PRISTP? Primts table for isotope-related data.

PRNORD Prints the DNORML array for imcident-free imput data.

PROUTA Primts the imcident-free summary table.

PROUTB For the UNIT option, primts the expected value of population

rigk in person-rem; for NONUNIT, primts the expected mumbers
of latent cancer fatalities znd genetic effects.

£“~2




Table A~

Subroutimes im RADIRAN 4 (Continued)

Subroutime Definition

PROUTC For the NON-LINK option, primts tdbles of size INSEV-by~NPOP;;
for the LINK, primts tables of size INSEV~by~INLNK..

PROUTD Primts tdbles of NNN~by-NSEV, where the NNN dimension is
detternined by the array being printed.

PRRELD Primts values of variables for accident~welated imput data.

PRSEGD €Callled only for the LINK option; primts values of warizbles
for each link and each mode.

PRSEND Primts importance analysis summary.

PSTXIN Returns walues of PSI(x) eguals derivative of log gamma (X)) .

QBADL Thirty~second-order Gaussian quandrature..

QUAD2 Performs imtegration for the on-link dose for travel im the
same direcition.

RADING ©alls routimes to primt the imput data For extended output,,
calls routines to set and initialize warizdbles » imcident~
free @nd accident calculations are summed;; calls primt
routimes for imcident-free and accident tables.

RDDAT Reads im default data from separate data Files.

RDUNEFR Reads data through the wse of keyword identifiers.

SCAN Scans the imput lime; determimes the location of the mext
field item; and places it imto the TEST waridble.

SCRIPT Gallled by the BANNER subroutime to print large letters.

SENSTV Derivatives of imcident-free tramsport parameters For
sensitivity amalysis by population subgroup and mode..

SENSUM: Represents the summation of derivatives calculated im
SENSTYV.,

SETTIS0 Setts isotope-specific varidbles.
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Table A1

Subroutimes im RADIRAN 4 (Goncluded)

Subroutine Defimition

SETMAT Setts material-specific wvarizables.

SETHMOD Setts mode~specific variables.

SETVAL Setts distance traveled, package size, and size-dependent
package coefficient.

SHIELD Setts wural, suburban, and wrban shielding dependimg on tthe
wser-selected TUOPT shielding option.

SHIFTC Right~justifies character string.

SHUFTL Left-justifies character strimg.

TRANS Retturns exp(0r)«~B(r).

WIRNK Writes probability and consequence data to Ffile 6 For
importtance analysis summary or plotting.

KERR Primts error message and sttops the wun.
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APPENDIX B
VARTABLE GLOSSARY AND VARTABLES GROUPED
IN ©OMMON BLOCKS

B.1 Variable Glossary

Table B~1 lists ithe important varizbles in the RADIRAN 4 wcode. The
first column in Table B-1 contaims the variable mames im alphabetical
order. The second column contains the type of mumber, ssuch as an integer,
real, logical, or character. The third column contains the wnit of
measure. Unitless is given if the variable has mo wunit of measure. The
Ffourth collumn contaims tthe defimition and description of the varisble.
Table B-2 groups the variables im common blocks. Variables included im
Tables B-I and B~2 arve important to theoretical applications. Variables
mot imcluded serve as holders of intermediate mathematical wvalues during
calculations.

Table B~1

Important Varidbles im RADTRAN 4

Uniitsy/

Variable Type (Unitless) Description

ALT20 Real m2 Represents ithe area imvolving
decontamination factors between 1 and 20.

A20T40 Real m2 Represents the area involving
decontanimation Factors between 20 and 40.,

ACGGE Real genetic Represents the genetic effects per

effects accident for each accident-severity
category and population-density zone.

ACCLEF Real LCFs Represents latent cancer Fatalities (LCFs)
per accident by accident-severity category
and population-density zone.

AOCPYR Reall accidents Represents the expected mumber of
accidents by accident~severity category
and population-density zone.

AOCRAT Reall accidents/ Represents accident rates.

Tkm

ADSTEW Reall m Represents the average distance From the
radiation source to the crew.

/ABRSOL Reall (unitless) Represents the Fraction of isotope tthat is
released from @ package im aerosol Form.

AGT4HO Reall 2 Represents the area imvolving

decontamimation factors greater than 40.

B~1




Table B~1

Imporitant Variables im RADIRAN 4 (Continued)

Variable

AM241

AM243

APLTL

ARATMZ

AREADA

ASTZE

ATERM

BDF

IBRATE

IBTERM

Uniits/
Type (Unitless) Description

Reall * Represents ithe array of properties of
americium-241.,

Real * Represents the array of properties wof
americium~243.

Reall m2 Represents the area with decontamination
facttors between 0.1 and 1.

Real accidents/ Represents the overall accident mate for

km ©ach mode im each population-density zone.

Real m2 Represents dispersall accident isopleth
areas.

Real m2 Represents ithe size of each AREADA.

Reall mrem/ht Represents the dose rate multiplied by the
miumber of packages per shipment
(TI ~ PPS).

Reall (unitless) Represents tthe buildimg dose Factor (BDF),
which is @ measure of afir filtration by
heating/coollimg/ventilation systems.

Reall m3/miim Represents the breathimg rate of persons
exposed ito aerosol releases.

Reall mrem/ht Represents the Transport Imdex (TI)

mulitiplied by padkage per shipment and
tottall mumber of shipments (TI « PPS -
'SPY) ..

*Common Block P contaims data arrays for all isotopes im the imternal data
Each array contaims Ll parameters: half-Llife (A=ys) (AICRP,
1983);; photton enetgy (MeV/disimtegration) (ICRP, 1983); cloudshime dose
factor ((m’emwm%’cii--rsec)) (DOE, 1988a); 50-yr committed effective dose
equivalent for imhalation (rem/Ci) (Dunmnimg, 1983; DOE, 1988b);; S0y
committed effective dose equivalent for imgestion (rem/Cti) (Dunnimg, 1983;
DOE, 1988b); food transfer factor; soil transfer Facttor; deposition
velocity of aerosol particles (m/sec); lung type For early effects cal~
cullations (TCRP, 1983); Lyt lung dose fFor imhalation (rem/Ci) (Dunnimg,
1983); L~yr marrow dose for imhalation (rem/Ci) (Dunnimg, 1983).

library.
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Table B~1

Important Variables in RADIRAN 4 (Continued)

Units/

Varizble _Type (Unitless) Deseriiption

Cl4Gas Reall * Represents the array of properties of
carbon-14 dioxide gas.

CL4ORG Real * Represents ithe array of properties of
carbon~14 in organic form.

(07:VK) Real * Represents ithe array of properties of
calecium~45.

CRYZER Reall m2 Represents tthe Transport Index (TI)~to~
dose rate conversion factor.

CDF Reall rem-m2) Represents the cloudshime dose factor.

Ci~sec

CEL41 Reall * Represents the array of properties of
cerium-141.,

CEL4 Real * Represents the array of properties ©of
cerium-144 [jphoton energy includes the
short half-life daughter praseodymium-
144 .,

CF252 Reall * Represents the array of properities of
californium-252.

©HL Reall The/m Represents the exposure factor for generall
Erefight railorew (.16).

©H2 Reall We/m Represents the exposure factor For
dedicated railerew (.0L).

CHITVATL Reall Ci~secy Represents atmospheric dilution Factors

m3/ei for each ammular zone.
released

cx Reall (031 Represents the amount of radivactivity per
package of an isotope.

CIPRG Real (631 Represents the radicactivity level for

each isotope per padkage.

*Gommon Blodk P.




Table B-1

Important Variables in RADTRAN 4 «(Continued)

Variable

CLDGE
CLDLCF

CLDOSF
‘CM242
CM244
G058
€060
‘(COEF
CONTUF
CR351 ‘
CREWNO

€s134

©5137

_Type _

Real
Real

Real
‘;’Real
4 Real
Real
Real
Real

Logical

Real
Real
Real

Real

*Common Block P.

Units/

(Unitless)

genetic
effects

LCFs

rem-m2/
Ci-sec

¥r

(unitless)

(unitless)

W

persons

Description

Represents genetic effects Ffrom cloudshine
for each accident-severity category and
population-density :zone.

Represents latent cancer fatalities (LCFs)
from cloudshine for each accident-severity
category.

Represents the cloudshine dose factor for
each isotope.

Represents the array of properties of
curium-242.,

Represents the array of properties of
curium-244.,

Represents the array of properties of
cobalit-58.

Represents the array of properties of
cobalt-60.

Represents coefficients for gamma and
meutron calculations.

Represents the byte flag.

Represents the array of properties of
chromitum-51..

Represents the nmunber of crew persons of a
:shipment.

Represents the array of properties of
cesium-134.,

Represents ithe array of properties of
cesium-137 [photon energy imcludes ithe
short half-1ife daughter barium-137m].
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Table B-1

Important Variables in RADTRAN 4 (Continued)

Units/
Type (Unitless)
Real  uCijm2
Real person-rem
Real (unitless)
Real hr
Real m/sec
Real Ci-secy
m3/Ci
released
Real m
Logical (unitless)
Real km
Real m2
Real genetic
effects
Real LCFs

Description

Represents the clean-up level.
Represents the dose to handlers.

Represents the ratio of deposited curies
to clean-up criterion (CULVL) for each
accident-severity category, isodose area,
and isotope.

Represents exposure times (before cleanup)
of dispersed material deposited on ithe
ground.

Represents the deposition velocsty for
aerosol particles., EREUNCEE

Represents time-inteprated concentrations
of radionuclides in an annular area
mormalized to the #imitial released
inventory.

Represents the average exposure distance
from the radiation source to handlers.

Set to TRUE if the keyword DISTKM is wused;
otherwise, et to FALSE.

Represents ithe distance traveled per trip
for each model.

Represents the maximum allowable size of
an isopleith; wsed in the MDT subroutine
(2E+09) ..

Represents genetic effects from irhalation
exposure by accident-severity category and
population-density zone.

Represents latent cancer fatalities (LCFs)
from inhalation exposure by accident-
severity category.

=
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Table B-1

Important Variables in RADTRAN 4 (Continued)

Variable

IDNORML

DOSDST

DOSE2

DOSES

DOSES

DOSEN

DOSMAX

DPKG

IDSTRVL

IDIHD

DTOT

DTST

DTSTOR

Type

Real

Real

Real

Real

Real

Reall

Real

Real

Real

Real

Real

Real

Real

Units/

(wvarious
wniits)

rem

person-rem

person-rem

person-rem

person-rem

rem

hr

person-mem
or LCFs

hr/km

hr

Description

Represents ithe array holdimg 25 wvariables
pertaiming to the incident-free dose
calculation.

Represents the dose-vs.-distance
relationship for nondispersal accidents.

Represents the crew dose by population-
density zone for sensitivity analysis.

Represents the off-link dose by employed
variables for the importance analysis
summary.

Represents the on-link dose by employed
varidble for the importance analysis
Summary.

Represents the dose to 10 exposed groups
for the incident-free dose calculation.

Represents ithe maximum imcident-free
individual dose for each limk.

Represents the package dimension.

Represents the distance traveled per
shipment.

Represents the average exposure time For
handlers..

Represents the UNIT option, a S0-yr
population dose commitment; fFor the
NONUNIT option, latent cancer Ffatalities
(LCFs) .

Represents the :stop time per wnit distance
traveled.

Represents the storage time per shipment.
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Table B-1

Important Variables in RADTRAN 4 (Continued)

Units/
Variable Tvype (Unitless)
DUMMY Real (unitless)
DZ Real m
EARLYD Real Tem
EARLYL Real rem
[ECNMPT Real U.5.
dollars
ECNPYR Real U.S..
dollars
EUONF Real (unitless)
EFFSTZ Real m
EFPYR Real (unitless)
EMPYR Real (uniitless)
EMRCST Real T.5.
dolllars
EMTRSH Real rem

Description

Represents the storage for isotopes
defined with ithe DEFINE keyword.

Represents the source-to-receptor distance
(x) wused in itthe maximum individual dose
calculation; equal to 30 m.

Represents the early effects calculation
©of the inmhalation dose to five specific
organs by accident-severiity category.

Represents the early-category fatalities
calculation of the irhalation dose by lung
type for each accident-severity category.

Represents ithe economic impact for each
accident-severity category and population-
density =zone.

Represents the expected economic impact
for each accident-severity category and
population-density zone.

Represents economic Factor ito account Ffor
inflation. -

Represents the effective package size ito
compute the package coefficient if the
actual package size is greater than or
equal to 4 m.

Represents the total expected early
fatalities for each accident-severity
category and population-density zone.

Represents ithe total expected early
morbidities for each accident-severity
category and population-density zone.
Represents the emergency clean-up cost.

Represents thresholds for early
morbidities for five organ types.




Table B-1

Important Variables im RADIRAN 4 {Continued)

Variable

EPS

EULS2

EUL54%

EUL55

EVALL

EVATL2

EVAL3

EXPEQ

EXPLCF

RCTST

FES5

—Type

Real

Real

Real

Real

Real

Real

Real

Real

Real

Real

Real

Real

*Common Block P.

Unitsy

(Unitless)

(unitless)

U.S.
dolllars

U.s.
dolllars

0.S.-
dolllars

persons

LCFs

(unitiless)

(unitless)

Description

Represents the tolerance level wused in the
MDT subroutine (.001).

Represents the array of properties of
europium-152.

Represents the array of properties of
europium-15%.

Represents ithe array of properties of
europium-155.

Represents economic option 1 (see the
RADTRAN 4 Technical Manual [Nevhauser and
Ranipe, in preparation [b]]).

Represents the economic option 2 (see the
RADTRAN 4 Technical Manual [[Neuhauser and
Kanipe, in preparation [b]]).

Represents the economic option 3 (see ithe
RADIRAN 4 Technical Manual [Neuvhauser and
Kanipe, im preparation [b]]).

Represents the expected munber of jpersons
im each annular area.

Represents expected latent cancer
Fatalities (LCFs) by the impact to fFive
specific organs.

Represents the fraction of urbzn travel on
city streests.

Represents the food transfer factor For
ingestion pathway for each isotope.

Represents the array of properties of
iron-55.




Table B-1

Important Variables im RADTRAN 4 (Continued)

Variable

FES9

FG

FRMPS

FMINCGL

FMU

N

FNOATT

FRCZON

FRGAMA

FRNEUT

FRSHR

FTLFWY

FIZNR

Type

Real

Real

Real

Real

Real

Real

Real

Real

Real

Reall

Reall

Real

*Gommon Blodk P.

Unitsy/
(Unitless)

(uniitless)

Tkem

(unitless)

m” 1

(unitless)

persons

(unitiless)

(unitless)

(unitless)

(unitless)

(unitless)

(unitless)

Description

Represents the array of properties of
iron~59.

Represents the fraction of gamma radiation
from material.

Represents ithe array of distances traveled
per shipment for each isotope.

Represents ithe mimimun mumber of wail
imspections and classifications (wrail mode
only).

Represents the linear attenuation
coefficient of 1-MeV gamma radiation im
the air; wused im maximum imdividual dose.

Represents the fraction of meutron
radiation from material.

Represents the mumber of flight attendants
on commercial passenger flights.

Represents the fraction of travel im each
population-densiity zone.

Represents the fraction of dose rate
attributed to gamma radiation for each
matterial.

Represents the fraction of dose rate
attributed to meutron radiation for eadh
material.

Represents the fraction of wrban travel
durimg rush-hour traffic.

Represents the fraction of rural and
suburban travel on freeways.

Represents the fraction of travel im werral
Zones..
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Table B-1

Important Variables im RADIRAN 4 (Contimued)

Nariable

FTZNS

GAG7

GAN

GEPYR

GNDSGE

GRDGE

GRDLCF

H3GAS

H3WIR

HANDNO

HLIFE

Type
Real

Real

Real

Real

Reall

Real

Real

Reall

Reall

Real

Real

Real

*Common Block P.

Uniitsy
(Unitless)

(unitless)

(unitless)

(unicless)
geneitic
effects
genetic
effects
genetic

effects

LCFs

(unitless)

days

Description

Represents the fraction of travel imn
suburban =zones.

Represents the fraction of travel im wrban
zones..

Represents ithe array of properties of
gallium-67.

Represents the Euler’s constant that is
equal to ©.5772156649; wused im the Bessel
funcition caleculation in the BESSL
subroutime.,

Represents expected genetic effects For
each accident-severity category and
population-density zone.

Represents genetic effects per million
person-rem from groundshime.

Represents genetic effects from
groundshine for each accident-severity
cattegory and population-density :zone.

Represents latent cancer fatalities (LCFs)
from groundshime for each accident~
severity category and population-density
zone..

Represents the array of properties of

Represents the array of properties of
tritiated water.

Represents the muiber of handlings of a
package during shipment.

Represents the half-life Ffor radiocactive
decay of an isotope.
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Table B-1

Dmporitant Variables im RADTRAN 4 (Continued)

Variable

I125

T129

1131

TACC

TANA

TCARD

TICARDT

TCOUNT

IDITSP

TDse

TEXCLY

TIGRP

TRWL

TRW2

TRW3

Type
Real

Real

Real

Integer

Integer

Charvacter

Character

Imteger

Integer

Integer

Integer

Imteger

Character

Characitter

Charactter

*Common Blodk P.

Unitsy/

(Uniiitless)

k3

(unitless)

(unitless)

(unitless)

(unitless)

(unitless)

(unitless)

(unitless)

(unitless)

(unitless)

(unitless)

(unitless)

(unitless)

Description

Represents the array of properties of
iodime~125.

Represents ithe array of properties of
fodime-129.

Represents the array of properties of
fodime~131.

Represents the flag for dispersal~-type
accidents (1 = mo; 2 = yes).

Represents ithe incident-free or accident
analysis flag.

Holds Last imput lime.
Holds imdividual characters from the TEST
and ICARD wvarizbles for comparison w;‘t’h

expecited characters.

Represents the total muber of isotopes im
an analysis.

Represents dispersibility category for
each isotope.

Represents the dispersion category of @an
isotope.

Switches designating exclusive-use or
monexclusive-use for each mode (I = yes).

Represents the pointer to the curvent
physical-~chemical group.

Represents the first-level keywords.

Represents the second-level keywords under
PACKAGE..

Represents the second-level keywords wnder
SHIUPMERT..
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Important Variables im RADIRAN 4

Table B-1

(CGontinued)

Variable

TRW4

TKRWS

TRW6

TRW7

TRW8

INCFRE

INGGE

INGLCF

"INGVAL

IPUGRP

TPOINT

TPRAM

TPSQSE

TRNRC

Type

Character

Character

Character

Character

Characiter

Real

Real

Real

Real

Integer

Imteger

Integer

Imteger

Imteger

Unitsy
(Unitless)
(unitless)
(unitless)
(uniitless)
(unitless)
(unitless)

person-rem

genetic
effects

LCFs

rem/Ci

(uniitless)
(unitless)
((1unit]lrefs‘s'))
(unitless)

(unitless)

Description

Represents the isecond-level keywords wnder

INORMAL.,
tthe wunder

Represents second-level keywords

AOCTDENT.
the wnder

Represents second-~level keywords

IMATERTAL.,
the wunder

Represents second-level keywords

RELEASE.,
tthe under

Represents second~level keywords

@THER..

Represents imcident~free doses for each
material im each link.

Represents genetic effects from ingestion
for each accident-severity category im
rural zones.

Represents latent cancer fatalities (LCFs)
from imgestion for each accident-severity
category im wural zones.

Represents the mumber of rems per curie
ingested for each isotope.

Represents the imdex of physical-chemical
group for each isotope.

Represents tthe pointer to cutrent imput
character. ‘

Represents the imdex for the PRMNDS array
(21)..

Represents the flag for Pasquill category
treatment of dispersion (1 = yes).

Represents the flag for placing data in
file 6 (1 =~ yes).
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Table B~1

Important Variables inm RADIRAN 4 (CGontimued)

Variable
ISEN
50

L'SONAM

TSOSAV
TTRATN
TUoPT
KBYTE

KL

KLOCKR
KR852
HJAMD’@S
LABEF

LABGRP

Type

Imteger

Imteger

Character

Integer

Imteger

Integer

Integer

Integer

Character

Real

Character

Character

Character

*Common Block P..

Unitsy/
{Uniitless)

(unitless)

(uniitless)

Qunitless)

(unitless)

(unitless)

(unitless)

Qunitless)

(unitless)

(unitiless)

(uniitless)

(unitless)

(unitless)

Description

Represents the flag designatimg full
printout and importance analysis
callculations.

Indexes the mumber of isotopes as
dettermimed by ithe imput owrdet.

Represents the array of isotope mames im
the imtermal Llibrary plus the mames
defined witth the DEFINE keyword (125
mnames) ..

Represents lisotope imdices for each
isotope im «each material.

Represents the flag to select railcrew
exposure factor.

Represents the flag designating a desired
shielding model.

Represents tthe maximum length of an imput
word or mumber (10 <characters).

Represents poimters to primt the
importance analysis summary im rank order
(38 pointers).

Represents the current time retrieved from
system call.

Represents the array of properties of
krypton~-85..

Represents labels for DNORML entries.
Represents llabels for early-fatality imput
tdbles.

Represents labels for wuser-designated
physical~chemical groups of isotopes.
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Table B~1

Tmportant Variables im RADIRAN 4 (Contimued)

Variable

LABILSO

TLABMAT
TLABMOD

LABORG

ILABPGP
TARAT

ILBTRSH

IL{CTFPYR

ILDESGR
LDIST
ILTB

TLIBSAV

LISTIH

LIMODE

ILINGTAB

ILINGTYP

Type
Character

Gharacter

Characiter

Gharaciter

Characiter

Real

Characiter

Real

Characitter

Real

Integer

Integer

Imteger

Integer

Imteger

Imteger

Unittsy
(Unitless)

Tanitiless)

(unitless)

(unitiless)

(unitless)
(unitless)
acclidenty/
km
(unitless)

LCRs

(unitless)

Tkm

(unitless)

(unitiless)

(unitless)

(unitless)

(unitless)

(unitiless)

Description

Represents lLabels for isotopes.

Represents labels for wser-selected
material mames.

Represents labels for the 10
transportation modes.

Represents labels for eight otgan types.

Represents labels of population-densiity
zones (rural, suburban, wurban).

Represents the accident rate for each
Limk..

Represents labels for dose thresholds.
Represents expecited latent cancer
Fatalities (LCFs) for eadh accident-
severity category and population-density

zone.

Describes wvaridbles for sensitivity
output.

Represents the distance traveled for each
Limk.

Represents ftthe imternal imdex of each
isottope im the data library.

Represents the array index for imtermal
and DEFINE keyword data for all isotopes
im an analysis.

Represents the imdex for expected risk
values (12).

Represents the mode for each Limk.

Represents the table of acute pulmonary
response CUrves.

Represents the current lung type.
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Tdble B~1

Important Varjables in RADTRAN 4 (Contimued)

Variable

LPOPD

LSPED

ILVDEN

LZONE

IMAT

IMATSAY

IMAXARS

IMARDSP

IMAXKGRP

IMAXT'SO

IMAKMAT

IMARMOD

IMAXNDL

Type
Real

Real

Imteger

Real

Imteger

Imteger
B

Imteger

Intteger

Imteger

Imiteger

Imteger

Imteger

Integer

Integer

Units)/

(Unitless)

people/
km?
Tkm/ht

(unitless)
vehicles/hr
(unitless)

(unitless)
(umiitless)
(uniitless)

(unitiess)

(unitless)
(unitless)
(unitless)
(unitless)

(unitless)

Deseription

Represents the population density for each
Limk.

Represents the speed of shipment for each
Limk.,

Represents the woad type for each
Link (1L = freeway; 2 = monfreeway; 3 = mot
applicable) .

Represents ithe wvehicle density Ffor each
Link; measured im one-way traffic passing
‘a jpoint per hour.

Represents the population zone for each
limk (1 = rural; 2 = suburban; and 3 =
wrban).,

Represents the imdex mumber of material as
dettermimed by ‘the input order.

Represents material imdices for each
matterial im each mode.

Represents the maximum numnber of areas im
AREADA calleulation (30 areas).

Represents the maximum munber of
dispersion eategories (11 dispersion
categories).

Represents the maximum nunber of physical~
chemical groups (L5 groups).

Represents the maximum murber of isotopes
(63 isotopes).

Represents the maximum nurber of materials
(12 materials).

Represents the maximum nmumber of
transportation modes (10 modes).

Represents the maximum murber of entries
im the DNORML array (25 entries).

B~1%



Table B~1

Imporitant Variables im RADIRAN 4 (Contimued)

Variable

MAXRAD

MAXSEV

MAXTYP

MOQUNT

IMN54

MG99

MODE

MODSAV

IMTAL

INAREAS

INAVIINT

INB9%4

Integer

Imteger

Imteger

Imtteger

Real

Reall

Integer

Imteger

Imteger

Imteger

Imteger

Imteger

JReall

*Gommon Block P.

Unitsy/

(unitless)

{(unitless)

(unitless)

(uniitless)

%

(unitless)
(unitless)
(uniitless)
(unitless)

(unitless)

(unitless)

Description

Represents the maximum number of radial
disttances (15 distances).

Represents the maximun mumber of accident~
severity categories (20 accident~severity
categories).

Represents tthe maximum mumber of values
entered fin PREEDM (15 -values).

Represents the total mumber of materials
im an analysis.

Represents the array of properties of
manganese~54.,

Represents the array of properties of
molLybdenum-99 [iphoton ewmergy imcludes the
davghter tecdhnetivum~99m].

Represents the current mode mumber.
Represents modes wsed im analysis.
Represents the mumber of iterations

alllowed tto Fimd the tollerance level in the
IMDT subroutime (100 iterations).

- Represents the mumber of Pasquill isopleth

areas for a digpersal accident (18
isopleith areas).

Represents the mumber of annular isodose
areas used im the analysis of dispersal
accidents..

Represents the mumber of isopleth areas
wsed to £imd CHIVAL for each isotope.

Represents the array of properties of
niobium~9%..
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Table B-1

Important Variables im RADIRAN & (Continued)

Varidble Type
NB95 Reall

NG Integer
INCS Imteger
INDLAB Imteger
INDOSE Imteger
INDOSPL Imteger
INDERV Imteger
INE Imteger
NGROUP Imteger
INLS TImteger
INLSOTP Imteger
INRWIL Imteger
INRW2 Imiteger
INKW3 Imteger
NRW4 TImiteger

MGommoi Blodk P.

Unittsy
(Unfitless)
*
Cunitless)

(uniithess)

(unitless)

(unitless)

(unitless)

(unitless)

(unitless)

(unitless)

(unitless)

(unitless)

(unitless)
(uniitless)
(umittless)

(uniitless)

Desceription

Represents the array of properties of
miobium-95.,

Represents the mumber of Pasquill
stability categories (six categories)

Represents the maximum length of an imput
lime (80 characiters).

Represents ithe mumber of parameters in
imcident~free transportation model (25
parameters) .

Represents the mumber of imcident-free
dose categories (10 dose categories).

Represents the total columns for imeident-
free dose categories (11 columns) .,
Represents tthe mumber of varizbles primted
im the importance: analysis ‘summary (38
varidbles).

Represents the mumber of colums in the
PROBEF array (four columns).

Represents the mumber of physical~chemical
groups.

Represents the total mumber of isotopes
for each material.

Represents the mumber of defimed isotopes
(0 plus the mumber defimed with ithe
DEFINE keyword tto a magimum of 125
isotopes).

Represents the mumber of keywords in TKWL.
Represents the mumber of keywords im IKW2.
Represents the mumber of keywords im IKW3.

Represents the mumber of keywords in TKW4.
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Table B-1

Important Variables in RADTRAN 4 (Continued)
Units/

Variable Type (Unitless) Description

NKW5 Integer (unitless) Represents the number of keywords in IKWS,

NKWé6 Integer (unitless) Represents the number of keywords in IKW6.

NKW7 Integer (unitless) Represents the number of keywords in IKW7.

NKW8 Integer (unitless) Represents the number of keywords in IKWS.

NLEG Integer (unitless) Represents the number of modes or number
of links.

NLNK Integer (unitless) Represents the number of links.

NMAT Integer (unitless) Represents the total number of materials
in each mode,

NMODE Integer (unitless) Represents the number of modes used in the
analysis.

NORG Integer (unitless) Represents the total number of organ types
(eight organic types).

NP237 Real * Represents the array of properties of
neptunium-237.

NPKG Integer (unitless) Represents the total number of packages.

NPOP Integer (unitless) Represents the number of poﬁulation-
density zones (3).

NPOP1 Integer (unitless) Represents the number of population-
density zones plus one pedestrian zone
(4).

NPRAM Integer (unitless) Represents the number of variables used in
the importance analysis summary (38
variables).

NPRP Integer - (unitless) Represents the number of properties for
library isotopes (11 properties).

NRAD Integer (unitless) Represents the number of radial dlstances

*Common Block P.

for nondispersal accidents.
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Table B-1

Important Variables in RADTRAN 4 (Continued)

Variable Type
NREMLV  Integer
NRFLAG Logical
NSEV Integer
NTHRS Integer
NVY Character
ONSCST Real
P32 Real
PCKG Logical
PDST Real
PDSTOR = Real
PDTOT Real
PECMPT Real

*Gommon Block P.

Units/

"(Unitless)

(unitless)

(unitless)

(unitless)

(unitless)

(unitless)

U.s.
dollars

(unitless)

persons

persons

person-rem

or LCFs

U.S.
dollars

Description

Represents the number of dose levels used
in the look-up table for early fatalities
(30 dose levels).

Set to true when a delimiter is
encountered.

Represents the number of accident-severity
categories.

Represents the number of early morbidity
thresholds (five thresholds).

Holds numerical characteristics 0 through
9 for comparison with ICARDI.

Represents on-scene clean-up costs for
each accident-severity category and
dispersibility category.

Represents the array of properties of
phosphorus-32.

Set to TRUE if the PKGSIZ keyword is used;
otherwise, set to FALSE.

Represents the number of persons exposed
during storage.

Represents the number of persons exposed
during storage.

Represents for the UNIT option, total
50-yr population dose commitment; for the
NONUNIT option, latent cancer fatalities
(LCFs) by accident-severity category and
population-density zone.

Represents the economic impact over all
accident-severity categories for each
population-density zone.
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Table B-1

Important Variables in RADTRAN 4 (Continued)

Variable _ Type
PHTE Real
PHTENG Real
PKGCDM Real
PKGCOE Real
PKGSHP Real
PKGSIZ Real
PKGSZ1 Real
PKGS22 Real
PM147 Real
POPDEN Real
POPDR Real
POPDS Real
PQPDU Real
POPDUP Real

*Common Block P.

Units/

(Unitless)

MeV/disin-
tegration

MeV/disin-
tegration

m

2

(unitless)

person/
km2

person/
km?2

person/
km2

person/
km2

POPDU -
0.1 « RPD

Description

Represents the photon energy of an
isotope.

Represents the photon energy value for
each isotope.

Represents the characteristic dimension of
a given type of package.

Represents the conversion factor for
point-source dose rate from dose rate at
1 m for each material.

Represents the number of packages per
shipment for each mode and material.

Represents the characteristic package
dimension for each material.

Represents the threshold dimension for
packages handled by forklifts.

Represcents the threshold dimension for
packages handled by cranes.

Represents the array of properties of
promethium-147.

Represents population densities of zones.
Represents the rural population density.
Represents the suburban population
density.

Represents the urban population demsity.

Represents the pedestrian population
density.

it b
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Table B-1

Important Variables in RADTRAN 4 (Continued)

Variable Type

PPH Real
PPS Real
PPV Real
PRMNDS Real
PROBEF Real
PSAREA Real
PSPROB Real

PSQLCT Real

PSUMEF Real

PSUMEM Real

PU236 Real

PU238 Real

PU239 Real
A/

4
*Commdﬁ‘Block P.

Units/
(Unitless)
persons
(unitless)
persons

(unitless)

(unitless)

(unitless)

Ci-sec/
m3-Ci
released

(unitless)

(unitless)

Description

Represents the number of exposed persons
per handling.

Represents the number of packages of a
material per shipment.

Represents the number of persons per
vehicle sharing the transport link.

Represents the partial derivative of
normal dose concerning DNORML parameters.

Represents the array of the probability of
early fatality from an exposure to marrow

or lung.

Represents areas used in Pasquill
dispersion calculation,

Repre%ents the probability of occurrence
of each of six Pasquill stability
categories..

Represents integrated air-concentration
values for Pasquill stability categories.

Represents the sum of early fatalities for

each accident-severity category and
population-density zone.

Represents the sum of early morbidities
for each accident-severity category and
population-density zone.

Represents the array of properties of
plutonium-236.

Represents the array of properties of
plutonium-238. ‘

Represents the array of properties of
plutonium-239,
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Table B-1

Important Variables in RADTRAN & (Continued)

Variable Type

PU240
PU241
PU242

Q6
RADIST

RDF
RDFGE

RDFLCF
REMLEV

RESP

RFRAC

RPCVAL

RPD

Real
Real
Real

Real
Real
Real
Real
Real
Real |
Real

Real

Real
Real

Real

*Common Block P.

Units/

(Unitless)

*

0.5 rem-

m2/hr-
Ci-MeV

(unitless)

(unitless)
(unitless)
rem

(unitless)

(unitless)

rem/Ci

o

(unitless)

(unitless)

Description

Represents the array of properties of
Plutonium-240.

Represents the array of properties of
plutonium-241,

Represents the array of properties of
plutonium-242.

Represents the constant used in dose-rate
formula.

Represents radial distances defining
exposure annuli for the nondispersal
accident model.

Represents the resuspension dose factor.

Represents genetic effects from
resuspension exposure.

Represents latent cancer fatalities from
resuspension exposure.

Represents dose levels for the look-up
table for early fatalities.

Represents respirable fractions of an
isotope in aerosol form.

o
Represents the package release fraction
for each physical-chemical group and
accident-severity category.

Represents the conversion factors for each
isotope for eight organ types.

Represents the ratio of pedestrian density
to overall population density. 5

Represents the shielding effectiveness

- factor for rural areas.
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Table B-1

Important Variables in RADTRAN 4 (Continued)

Variable _ Type
RS Real
RSPEC Logical
RSPHLF Real
RST Real
RSTOR Real
RU Real
RU103 Real
RU106 Real
RVELR Real
RVELS Real
RVELU Real
835 Real
SB125 Real
SENPRM xReal

*Common Block P.

Units/
(Unitless)
(unitless)

(unitless)

days

(unitless)

sec/m

sec/m

sec/m

(unitless)

Description

Represents the shielding effectiveness
factor for suburban areas.

Represents true if LINKS if used;
otherwise false.

Represents the resuspension half-time
(time for half of the material to re-
deposit [365 days]).

Represents the average exposure distance
during shipment stops.

Represents the average exposure distance
while shipment is stored.

Represents the shielding effectiveness
factor for urban areas.

Represents the array of properties of
ruthenium-103 (photon energy includes the
short half-life daughter rhodium-103m).

Represents the array of properties of
ruthenium-106 (photon energy includes the
short half-life daughter rhodium-106).

Represents the reciprocal of rural
velocity.

Represents the reciprocal of suburban
velocity.
Represents the reciprocal of urban
velocity.
Represents the array of properties of
sulfur-35,

Represents the array of properties of
antimony-125.

Represents derivatives (38) for 1mportance
analysis summary for each link.




Table B-1

Important Variables in RADTRAN 4 (Continued)

Units/

Variable Type (Unitless)

SEVFRC

SLTRAN

SM151

SPY

SR89

SR90

STERM

STPMIN

SUMEF

SUMEM

TABHLF

TABRDF

TABSPY

Real

Real

Real

Real

Real

Real

Real

Real

Real

Real

Real

Real

Real

(unitless)

(unitless)

(unitless)

mrem-mz/
hr

hr

fatalities

morbidities

days
(unitless)

(unitless)

*Common Block P.

Description

Represents the fraction of accidents that
are of a particular accident-severity
category.

Represents the soil transfer factor for
ingestion pathway for each isotope.

Represents the array of properties of
samarium-151,

Represents the number of shipments by a
mode.

Represents the array of properties of
strontium-89,

Represents the array of properties of
strontium-90.

Represents the product of BTERM and TI
(Transport Index)-to-dose-rate factor (TI
*» PPS » SPY « CAYZER).

Represents the minimum stop time per
shipment.

Represents total early fatalities by the
impact to all organs for each accident-
severity category and population-density
zone,

Represents total early morbidities by the
impact to all organs for each accident-
severity category and population-density
Zone.

Represents the half-life for radioactive
decay of each isotope.

Represents resuspension dose factors for
each isotope.

Represents the number of shipments for
each mode.
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Table B-1

Important Variables in RADTRAN & (Continued)

Variable Type

TBAR Real

TBDIHD Real

TBDTHD Real
TBPPH Real
TC99 Real
TCLEVL Real
TCNTPR Real
TCNTPS Real
TCNTPU Real
TDCONF Real

TDSDST Real

TE125M Real

*Common Block P.

Units/

(Unitless)
days

hr

persons

EN

Ci/m2

vehicles/

hr

vehicles/
hr

vehicles/
hr

(unitless)

rem

Description

Represents the time required for
radioactive decay to reduce the
contamination level to the criterion
level.

Represents exposure distances from
intermediate and large packages to
handlers.

Represents exposure times from
intermediate and large packages to
handlers.

Represents the number of persons exposed
per handling of intermediate and large
packages.

Represents the array of properties of
technetium-99,

Represents the total contamination level
over all isotopes for each accident-
severity category.

Represents the one-way traffic count in
rural zones.

Represents the one-way traffic count in
suburban zones.

Represents the one-way traffic count in
urban zones.

Represents the total decontamination
factor of all isotopes for each accident-
severity category.

Represents the total dose vs distance for
each value of RADIST.

Represents the array of properties of
tellurium-125M,
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Table B-1

Important Variables in RADTRAN 4 (Continued)

Variable Type

TE127
TE127M
TE129
TE129M

TEST

TI
TIMZR
TIPKG

TITLE

TOL

TS1

TS2

TS3

TS4

Real

Real

Real

Real

Character

Real

Real

Real

Character

Real

Real

Real

Real

Real

*Common Block P.

Units/

(Unitless)

*

(unitless)

mrem/hr

hr

mrem/hr

(unit1e555

(unitless)

day

day

day

Description

Represents the array of properties of
tellurium-127,
Represents the array -of properties of
tellurium-127M,
Represents the array of properties of
tellurium-129.
Represen§§,tﬂé array of properties of
tellurium-129M.

Holds the last input word.

Represents the dose rate; equals dose in
mrem/hr at 1 m.
Represents the zero stop time per trip

(rail mode only).
Represents the dose rate at 1 m for each
package of a given material by each mode.

Title of the data set entered by the user.

Represents the tolerance level for
comparing equivalence of numbers (1lE-5).

Represents the lesser of 50 yr or the time
required to reduce the contamination level
to the criterion level.

Represents the lesser of 10 days or the
time required to reduce the contamination
level to the criterion level.

Represents the lesser of adjusted clean-up
the time or the time required to reduce
the contamination level.

Represents the time required to raze and
rebuild a large area.
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Table B-1

Important Variables in RADTRAN 4 (Continued)

Units/

Variable Type (Unitless) Description

TSUMRS Real (see VSUMRS) Represents intermediate sums of the

accident output,

TWOPI Real (unitless) Represents 6.2831853071796.

U233 Real * Represents the array of properties of

uranium-233, .

U235 Real * Represents the array of properties of

uranium-235,

U238 Real * Represents the array of properties of

uranium-238.

URSKF Logical (unitless) Set to TRUE for effective dose output; set

to FALSE for individual organ doses,

VALINK Real fatalities, Represenﬁé shipment-specific values for
morbidities, early fatalities, early morbidities, and
and U.S. economic costs,
dollars

VELDEP Real m/sec Represents the deposition velocity of

particles in aerosol form for each
isotope.

VELM Real m/sec Represents the reciprocal of the average

velocity for a mode.

VELR sec/m Represents the rural velocity.

VELS Real sec/m‘ Represents the suburban velocity."

VELU Real sec/m Represents the urban velocity.

VSUMRS Real person-rem Represents for the noﬁ-LINK option, the
or LCFs array of accident output for each isotope;
and genetic for the LINK option, the array of accident
effects output for each link.

*Common Block P.




N Table B-1
e

Important Variables in RADTRAN 4 (Concluded)

Units/ .
Variable Type (Unitless) Description
Vv Real km/hr Represents the velocity used in maximum
" individual dose calculation (24 km/hr),
WBLCF Mﬁeal LCF/person- Represents latent cancer fatalities (LCFs)
‘ " rem per million person-rem effective dose,
WORDS Character (uhiﬁless) Represents characters used as delimiters
for the RADTRAN input,
ws Réal 3m Represents the sidewaik width used in
early effects calculation; equal to 3 m.
XE133 Real * Represents the array of properties of
* xenon-133,
XFARM Real (unitless) Represents the fraction of rural land
under cultivation,
Y91 Real * Represénts the array of properties of
yttrium-91, '
"ZN65 Real * Represents the array\}f properties of
: zinc-65. k
ZR95 Real * Represents the array of/properties of

zirconium-95.

*Common Block P.

N
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Table B-2

Variables in Common Blocks

COMMON BLOCK - ACD
Values used to compute accident dose

ACCGE GNDSGE

ACCLCF IACC
ACCPYR IDISP
ACCRAT IPCGRP
AERSOL LCFPYR
ARATMZ LNGTAB
AREADA NAREAS
ASIZE NTHRS
BDF ONSCST
CIPKG PHTENG
CULVL RADIST
DELTIM RDFGE
DFLEV RDFLCF
DNHGE RESP
DNHLCF RFRAC
DOSDST- RPCVAL
ECNMPT SEVFRC
ECONF SUMEF
EFPYR SUMEM
EMPYR TABHLF
EMRCST TABRDF
EXPEO WBLCF
FRCZON XFARM
GEPYR

COMMON BLOCK - ACD2
Additional values used to compute
accident dose and economic impact

AGT40 INGGE
AP1T1 INGVAL
AlT20 IPSQSB
A20T40 IRNKC
BRATE NAVINT
CHIVAL- NPOP1
CLDGE PDTOT
CLDLCF ﬁ PECMPT
CLDOSF i PSAREA
DECON PSPROB
DTOT PSQLCTPSUMEF
EARLYD PSUMEM
EARLYL SLTRAN
ECNPYR ' TBAR
EMTRSH TCLEVL
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Table B-2

Variables in Common Blocks (Continued)

COMMON BLOCK - ACD2 (Concluded)
Additional values used to compute
accident dose and economic impact

EVALL TDCONF
EVAL2 TDSDST
EVAL3 TSl
EXPLCF TS2
FDTRAN TS3
GRDGE o TS4
GRDLCF URSKF
INGLCF VELDEP

COMMON BLOCK - CARD
Variable used when reading the input deck

CONTUF ' NCS
IPOINT NRFLAG
KBYTE

COMMON BLOCK - CCARD
Character variables used when reading the input deck

ICARD NVY
ICARDI TEST

COMMON BLOCK - CMDT
Variables used in subroutine MDT,
which calculates concentration of
material in cloud after depletion

DLIM “MTAL
EPS

COMMON BLOCK - CON
Mathematical constants

DZ Q6
FMU TOL
GAM TWOPI
NDREV w

NG ' WS

PI '
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Table B-2

Variables in Common Blocks (Continued)

COMMON BLOCK - HEADER
Character arrays printed at the top of each page of output

CDATE TITLE
KLOCK

COMMON BLOCK - IKW
Character strings containing input keywords

IKW1 IKWS
IKW2 IKW6
IKW3 IRW7
IRW4 IKWS8

COMMON BLOCK - LABELS
Arrays used to store character
strings that are read in or
used to label output tables

LABDOS LABMOD
LABEF LABORG
LABGRP LABPOPLBTRSH
LABISO LDESCR
LABMAT WORDS

COMMON BLOCK - LVAR
Link variables, used only
when LINKS option is used

LARAT LTYPE
LDIST LVDEN
LMODE LZONE
LPOPD . NLNK
LSPED : RSPEC

COMMON BLOCK - MAIN
Main common block containing many of
the most commonly used parameters

DIST NGROUP

DISTKM NIS
FKMPS NMAT
IANA .. NMODE
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Table B-2

Variables in Common Blocks (Continued)

COMMON BLOCK - MAIN (Concluded)
Main common block containing many of
the most commonly used parameters

ICOUNT NORG
IEXCLU NPKG
IPRAM NPOP
ISEN NRAD
IS0 NSEV.
IUOPT PCKG
LIB PKGSHP
LIBSAV POPDEN
LISTLH RPD
MAT RR
MATSAV RS
MCOUNT RU
MODE TABSPY

COMMON BLOCK - MAXSZ
Maximum permitted array sizes

MAXARS MAXNLD
MAXDSP MAXRAD
MAXGRP MAXSEV
MAXISO MAXTYP
MAXMAT NPRAM

MAXMOD RSPHLF

COMMON BLOCK - NIKW
Integer variables containing
the lengths of the IKW arrays

NKW1 NKW5
NKW2 NKW6
NKW3 NKW7.
NKW4 NKW8

COMMON BLOCK - NORML
Values used to compute incident-free doses

CH1 KI

CH2 MODSAV
COEF NDLAB
DNORML - NDOSE

B-32

[




Table B-2

Variables in Common Blocks (Continued)

COMMON BLOCK - NORML. (Concluded)

Values used to compute incident-free doses

DOSEN
DOSMAX
DPKG
EFFS1Z
FNOATT
FRGAMA
FRNEUT
INCFRE
ITRAIN

COMMON BLOCK - NSEN

NDOSP1
NLEG
PKGCDM
PKGCOE
PKGSZ2
PKGSIZ
PKGSZ1
SENPRM
TIPKG

Variables used in incident-free dose
calculations and sensitivity analysis

ATERM
BTERM
D4
PRMNDS

COMMON BLOCK - O

Character array of isotope names

ISONAM

AM241
AM243
Cl4GAS
Cl40RG
CA45
CEl4l
CF252
CM242
CM244
C058
€060
CR51
CS134
Cs137

COMMON BLOCK - P
Arrays of isotope properties

RVELR
RVELS
RVELU
STERM

NISOT?
NP237
NPRP
P32
PM147
PU236
PU238
PU239
PU240
PU241
PU242
RU103
RU106
S35
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Table B-2

Variables in Common Blocks (Continued)

DUMMY
EU152
EU154
EU155
FE55
FE59
GA67
H3GAS
H3WTR
1125
I129
I131
KR85
MN54
M099
NB94
NB95

NE
NREMLV

COMMON BLOCK - P (Concluded)
Arrays of isotope properties

SB125
SM151
SR89
SR90
TCS9
TE125M
TE127
TE127M
TE129
TE129M
U233
U235
U238
XE133
Y91
ZN65
ZR95

COMMON BLOCK - PROB
Values used to Jetermine the

probabilities of early fatality

PROBEF
REMLEV

COMMON BLOCK - SENDOS

Dose values used for sensitivity analysis

DOSE2
DOSES

ADSTCW
CAYZER
CDF

CI
CREWNO

DOSE6
COMMON BLOCK - SET
Variables with value$ that are
set in subroutine SETVAL
PDST
PDSTOR
PHTE
POPDR
POPDS
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Table B-2

Variables in Common Blocks (Concluded)

DEPVEL
DSTRVL
DTHD
DTST
DTSTOR
FCTST
FG
FMINCL
FN
FRSHR
FILFWY
FINZR
FINZS
FTINZU
HANDNO
HLIFE
IDSP
IGRP
LNGTYP

TSUMRS

. VALINK

COMMON BLOCK - SET (Concluded)
Variables with values that are
set in subroutine SETVAL

COMMON BLOCK - TALLY
Summations used in analysis

COMMON BLOCK - TBD

POPDU
POPDUP
PPH
PPS
PPV
RDF
RST
RSTOR
SPY
STPMIN
TCNTPR
TCNTPS
TCNTPU
TI
TIMZR
VELM
VELR
VELS
VELU

VSUMRS

Values used to calculate handler dose

TBDIHD
TBDTHD

TBPPH

=]
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APPENDIX C
PROBABILITY AND CONSEQUENCE DATA

Probability and consequence data are written to output file FILE6.DAT
by subroutine WTRNK when IRNKC = 1. These data are used for probability-
consequence plotting and accident sensitivity analyses. FILE6.DAT is
intended to preserve the numerous intermediate probability and consequence
calculations that are performed in RADTRAN 4 prior to the generation of the
final products and summations which are the actual risk values.

FILE6.DAT is intended to provide the user with the direct results of
the intermediate calculations performed in RADTRAN 4. An additional
feature is implemented by the subroutine PAIRS, which reads consequence and
probability data from FILE6.DAT using keywords within the file to locate
the data. The probabilities are link and mode specific, and the
consequence types (population dose [or latent cancer fatalities and genetic
consequences] and economic consequences) are dispersion-cloud-specific.
This means that for each link and mode analyzed, up to six separate
dispersion clouds and associated sets of consequence values may be computed
for each consequence type. Corresponding probability arrays also are
constructed. Each probability value is multiplied by the appropriate
Pasquill probability, if Pasquill dispersion clouds are used. If Pasquill
dispersion clouds are not used, then a single set of dispersion data is
used, and all values in the probability arrays are multiplied by 1.0,

For each mode and link in a given analysis, the accident rates by
population-density zone and accident-severity category are written to the
file. The total number of expected accidents for all shipments is written
for each mode and link. A record is written for each isotope that is in
each material for each mode and link in the analysis containing estimates
of either dose or latent cancer fatalities and genetic effects. Note that
the expected numbers of accidents in each population-density zone and
accident-severity category are contained in a matrix at the mode and link
level, whereas dose and health-effects estimates are calculated at the
isotope-level and are given for each population density (if non-LINK),
accident severity, and Pasquill category (if IPSQSB = 1) for each mode and
link.

Because no mathematical manipulations are performed on the data written
to FILE6.DAT, the total number of expected accidents and the total dose or
number of latent cancer fatalities, etc., are not directly available from
the file. These summations must be performed externally if the user wishes
to obtain these values,

As a result of the internal architecture of RADTRAN 4, three sets of
numbers are written to FILE6.DAT for each link when LINK is used, but since
each link can have only one assigned character (rural, suburban, or urban),
two of the three sets of numbers will have all zero values.

The order in which the values are written in the record is shown in the
subroutine below.
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SUBROUTINE WTRNK (LEG,IPASQ,COST,EOF)

THIS ROUTINE WRITES CONSEQUENCE DATA TO FILE6 FOR USE IN

PLOTTING.

LEG = LINK NUMBER IF ROUTE-SPECIFIC OR ITH MODE IF NOT
ROUTE-SPECIFIC

IPASQ = PASQUILL CLOUD (1 TO 6) -- SHOULD BE 1 IF PASQUILL
NOT USED

COST = SET TRUE IF PRINTING ECONOMIC EMPACT DATA, FALSE
OTHERWISE

EOF = SET TRUE IF A RUN IS GOMPLETE, OTHERWISE FALSE

COMMON/ACD/RADIST(15,3),DOSDST(15,20,3),CIPKG(65) ,DELTIM(3),
EXPEO(29,4) ,RFRAC(15,20) ,SUMEF(20,3) , SUMEM(20, 3) ,ASIZE(30),
AGCLCF(20,3) ,ACCGE(20,3),SEVFRG(10,20,3) , FRCZON(3),
ARAMTZ(10,3),ACCRAT(20,3) ,ACCPYR(20,3) ,EFPYR(20, 3),
EMPYR(20,3),LCFPYR(20, 3) ,GEPYR(20, 3) , ECNMPT(20, 3) ,
PHTENG(65) , IDISP(65) ,EMRCST(20) ,0NSCST(12,4) ,CULVL, BDF,
XFARM, WBLCF, GNDSGE, IACC, NTHRS , NAREAS , DFLEV(30) , AREADA (30) ,
IPCGRP(65) , TABRDF(65) , TABHLF(65) ,RESP(11,20) ,AERSOL(11, 20),
LNGTAB(65), RPCVAL(65,8), DNHLCF(20,3), DNHGE(20,3),
RDFLCF(20,3), RDFGE(20,3)

REAL LCFPYR

COMMON/ACD2/GRDLCF (20, 3) ,GRDGE(20,3) ,AP1T1(20),
AlT20(20),A20T40(20) ,AGT40(20),

ECNPYR(20,3) ,EMTRSH(5) ,EXPLCF(5),CHIVAL(30,65),

BRATE, VELDEP(65) , IRNKC,NPOP1, IPSQSB, PSAREA(18) , PSQLCT(18,6),
PSPROB(6) ,CLDLCF(20,3),CLDGE(20,3),CLDOSF(65),
TS1(4),TS2(4),TS3(3),TS4,TBAR(4),EVALL(3),EVAL2(3),EVAL3(3),
FDTRAN(65) ,SLTRAN(65) , INGVAL(65,8),
EARLYL(30,20,3),EARLYD(30,20,5),TDSDST(15,20,3),
TDCONF(30,20),TCLEVL(30,20) ,DECON(30,20,65) ,NAVINT(65),
DTOT(20,3),PDTOT(20,3),PSUMEF(20,3),PSUMEM(20,3),
INGLCF(20),INGGE(20),PECMPT(20,3) ,URSKF

REAL INGVAL, INGLCF, INGGE

LOGICAL URSKF

COMMON/MAIN/TABSPY(10) ,FKMPS(65,10),IS0SAV(12,65),
MATSAV(10,12),PKGSHP(10,12),NMAT(10),NIS(12),NSEV,NPOP,
DISTKM(10),MODE, NORG, IUOPT,NRAD, IANA, IPRAM, ISEN,
IEXCLU(10),MAT,1S0,LIB,NMODE,MCOUNT,RPD,RR,RS,RU,
LISTLH, POPDEN(4) ,NGROUP, ICOUNT, LIBSAV(65),DIST, PCKG
LOGICAL DIST,PCKG

COMMON/SET/VELR, VELS, VELU, VELM, TCNTPR, TCNTPS , TCNTPU,
FTZNR,FTZNS,FTZNU, FRSHR, FCTST, POPDR, POPDS, POPDU, PPV,
FTLFWY,DSTRVL, CAYZER, TI, PPS, SPY,ADSTCW, CREWNO , HANDNO,
DTSTOR, PDSTOR,RSTOR,,DIHD,DTHD, PPH,DTST, PDST,RST, CI, PHTE,
LNGTYP,RDF,HLIFE, POPDUP, STPMIN, CDF, DEPVEL, TIMZR , FMINCL,
IGRP,IDSP,FG,FN



. COMMON/LABELS/LABSEN(38),LDESCR(38),LABISO(65),
* LABDOS(25,2),LABORG(B),LABPOP(S),LABMOD(IO),LABEF(A),
* WORDS(G),LBTRSH(S),LABGRP(lS),LABMAT(lZ)

CHARACTER LABSEN*lO,LDESCR*hO,LABISO*lO,LABDOS*BO,
* LABORG*lO,LABPOP*lO,LABMOD*lO,LABEF*lO,WORDS*l,
* LBTRSH*10,LABGRP*10, LABMAT*10

LOGICAL COST, EOF
INTEGER LEGO, IPASQO

SAVE LEGO, IPASQO

DATA LEGO / 0 /, IPASQO / 0 /

IF (.NOT.EOF) THEN
IF (LEGO .EQ. 0) WRITE (6,'(I5)') NSEV

IF (LEG.NE.LEGO) THEN
...... MODE AND/OR LINK DEPENDENT INFORMATION
LEGO = LEG
IPASQO = 0
WRITE (6,'('"’ LEG'")")
WRITE (6,10) LEG, LABMOD(MODE), MODE
WRITE (6,'(’’' AGCIDENT RATE'')’)
WRITE (6,60) ((ACCRAT(J,K) ,K=1,NPOP) ,J=1,NSEV)
‘ WRITE (6,
* ‘('' EXPECTED NUMBER OF ACCIDENTS (PROBABILITY)'’)’)
WRITE (6,60) ((ACCPYR(J,K),K—l,NPOP),J-l,NSEV)
ENDIF

IF (IPASQ.NE.IPASQO) THEN
...... PASQUILL PROBABILTIY
IPASQO = IPASQ
WRITE (6,'(’'' PASQUILL CATEGORY AND PROBABILITY'')’)
WRITE (6,20) IPASQ, PSPROB(IPASQ)
ENDIF

IF (.NOT.COST) THEN
...... ISOTOPE DEPENDENT INFORMATION
WRITE (6,' ("’ ISOTOPE’ ') ')
WRITE (6,80) ISO, IDISP(ISO), CI*PPS, HLIFE
WRITE (6,70) LABISO(LIB), LABGRP(IPCGRP(IS0)),
LABMAT (MAT)
WRITE (6,'("’ LCF (NON-UNIT) OR PERSON-REM ',
"' (UNIT) CONSEQUENCE DATA'')')
WRITE (6,60) ((ACCLCF(J,K),KPI,NPOP),J-I,NSEV)

WRITE (6,' ("’ GE CONSEQUENCE DATA'’)’)
WRITE (6,60) ((ACCGE(J,K),K=1,NPOP) ,J=1 ,NSEV)
ELSE :

WRITE (6,'(’' ECONOMIC IMPACT DATA’')’)
WRITE (6,60) ((ECNMPT(J,K) ,K=1,NPOP) ,J=1,NSEV)
ENDIF - :
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ELSE
Covinnn. END OF A RUN
WRITE (6, '('’ EOF'’)")
LEGO = 0
IPASQO = 0
ENDIF
RETURN

10 FORMAT (1X,I5,1X,Al0,1X,1I5)

20 FORMAT (1X,I5,1PE10.2)

60 FORMAT (8(1PE10.2))

70 FORMAT (1X,A10,1X,A10,1X,A10)

80 FORMAT (1X,2I5, 2(1PE10.2))
END

where

ACCRAT = accident rate

ACCPYR = expected number of accidents -

ACCLCF = number of latent cancer fatalities if NONUNIT;
dose in person-rem if UNIT

ACCGE = number of genetic effects (NONUNIT only)

CI = number of curies of isotope

COST = LOGICAL true if economic impact printed; false
otherwise

EOF = "end of file" used to denote end of data input for a

discrete subset of data

HLIFE = half-life of isotope

IDISP = dispersability category

IPASQ0 = previous Pasquill cloud number; initialized to zero

IPASQ = Pasquill cloud number (1 to 6); should be 1 if Pasquill
not used in analysis

IPCGRP = physical-chemical group number

IS0 = isotope number according to input order

LABGRP = physical-chemical group label

LABISO = isotope label

LABMAT = material label

LABMOD = mode label PN

LEGO = previous link number; initialized to zero -

LEG = link number

LIB = isotope number in internal data library

MAT = material number

7

MODE mode number

NPOP population-density zone

NSEV accident-severity category

PPS = number of packages per shipment

PSPROB = frequency of Pasquill stability category.

For each consequence type, the consequences are sorted and printed in_
decreasing order (highest first) and the corresponding probability array is

.C-4




re-ordered accordingly. When the consequences are printed, zero-
probability consequences are omitted. The probabilities associated with
each non-zero consequence are summed and printed at the same time that the
consequences are printed. The resulting ordered pairs can be used for
producing consequences-vs-probability plots in which the probability
associated with each consequence represents the probability of the
corresponding consequence being equal to or greater than the given value.

FILE10.DAT contains either doses (person-rem) or latent cancer
fatalities and associated probabilities. FILE1l.DAT contains genetic
consequences and associated probabilities. FILEL12.DAT contains economic
consequences and probabilities. If the original output was requested in
terms of dose rather than health effects, then doses will be written in
FILE10.DAT as indicated, but all consequence values in FILE11l.DAT will be
zero and should be neglected. If FILE6.DAT contains more than one data set
(indicated by the key word EOF after each data set), then each data set in
FILE1O.DAT, FILEll,.DAT, and FILE1?2.DAT will be separated by the word EOF.
If there is only one data set, then no EOF is printed and all values in
these files will be numeric. ’
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APPENDIX D
RADTRAN 4 ERROR MESSAGES

The following is a listing of error messages for RADIRAN 4, This
listing does not include device error messages that the user may receive
from the system on which RADTRAN 4 is installed. Device error messages are
system-specific, and RADTRAN may be installed on a variety of systems.

Many of the RADTRAN 4 error messages are self-explanatory, but explanations
are provided below to assist the user. Error messages appear in the main
output file. In general, the remainder of the output file will not be
printed because calculation was terminated. With a few exceptions, which
are noted below, recovery from RADTRAN errors consists of correcting
value(s) in the input file,.

The first 7 error messages listed are are Array Index Errors. Array
Index Errors are usually typographical errors in which an improper index
value is assigned to a parameter. Index values are always integers. To
illustrate, consider the Index Array Error for IDSP, which addresses the
dispersability category index of physical-chemical groups. There are 11
possible dispersability categories--i.e., IDSP may equal any integer from
1 to 11. 1If, when building an input file, the user mistakenly enters a
dispersability category value of 13 for a physical-chemical group, then the
input file will not run and the Array Index Error message will appear in
the truncated output. Note that the error-detection logic detects
illegitimate index values but is incapable of detecting whether the
assignment of a legitimate dispersability category is scientifically
correct. This is the task of the user.

ERROR MESSAGE LISTING IN ALPHABETICAL ORDER
ARRAY INDEX ERROR, IDSP = n MAXDSP = m
where

n = value entered as a dispersability category
m = maximum value for a dispersability category.

This error message indicates that the user has incorrectly entered a
value for the IDSP index of a parameter that is greater than the maximum

allowed value. The user must edit the input file to change the
parameter index to an acceptable value.

ARRAY INDEX ERROR, IGRP = n NGROUP = m

where

n = value entered as a physical-chemical group designator
m = number of physical-chemical groups designated.

This error meésage indicates that the user has incorrectly entered a
value for the IGRP index of a parameter that is greater than the value
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entered under keyword DIMEN. The user must edit the input file to
change the parameter to an acceptable value.

ARRAY INDEX ERROR, ISO = n NISO =m
where

n = value entered as an isotope designator
m = maximum value for an isotope designator.

This error message indicates that the user has incorrectly entered a
value for the ISO index of a parameter that is greater than the value
entered under keyword DIMEN. The user must edit the input file to
change the parameter to an acceptable value. I

ARRAY INDEX ERROR, MODE ENTERED IS n. MODES MUST BE BETWEEN 1 AND m
where

n = mode number entered (must be an integer)
m = maximum number of modes.

This error message indicates that the user has incorrectly entered a
value for MODE n that is less than 1 or is preater than the maximum
allowed value. The user must edit the input file to change the
parameter to an acceptable value.

ARRAY INDEX ERROR, NO = n NORG = M
where

n = value entered as an organ designator
m = maximum value for an organ designator.

This error message indicates that the user has incorrectly entered a
value for the NO index of a parameter that is greater than the maximum
allowed value. The user must edit the input file to change the
parameter to an acceptable value.

ARRAY INDEX ERROR, NP = n NPOP = m
where

n = value entered as a population density designator
m = maximum value for a population density designator.

This error message indicates that the user has incorrectly entered a
value for the NP index of a parameter that is greater than the maximum
allowed value. The user must edit the input file to change the
parameter to an acceptable value.
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ARRAY INDEX ERROR, NS = n NSEV = n
where

n = value entered as a severity category designator
m = number of severity categories designated.

This error message indicates that the user has incorrectly entered a
value for the NS index of a parameter that is greater than the maximum
allowed value. The user must edit the input file to change the
parameter to an acceptable value.

CONVERGENGE FAILED IN SUBROUTINE BESSL

The user should never receive this message during authorized use of

RADTRAN because the input parameters for the BESSL routine are not user-

definable. If this message should appear, contact the code developer,
SNL.

DISP OR NIM ARE NOT APPROPRIATE KEYWORDS WITH RFRAC

This error message indicates that the user has tried to use DISP (or

NIM) as a keyword subordinate to RFRAC; GROUP is the appropriate keyword

under RFRAC. The keyword NIM is an acronym for the number of the index
of the material; in RADTRAN 4, the user also has available the newer

keyword, DISP, which is synonymous with NIM and is derived from the more

self-explanatory term dispersability category. DISP (or NIM) is used to
identify a set of AERSOL and RESP values. '

ERROR IN FILE6

If an error is encountered reading FILE6.DAT, then this error message is

printed in FILE10.DAT, FILE11l.DAT, and FILE12.DAT.
ERROR IN PROBABILITIES FOR PASQUILL CATEGORIES x SUM = y
where
x = set of six values representing the frequencies of occurrence of
the six Pasquill stability categories [x] X2 X3 x4 X5 Xg]
y = sum of the Pasquill probabilities. ’
This error message indicates that the sum of the probabilities of

occurrence of the six Pasquill atmospheric stability categories is not -
equal to one. The sum of the probabilities of these categories must be

adjusted to equal 1.0 before the code can run.
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ERROR ON DATA INPUT --
SUM OF FRACTIONAL TRAVEL VALUES FOR MODE n IS NOT EQUAL TO 1.0
RURAL = x SUBURBAN = y URBAN = z

where

= mode number

= rural fraction of travel

= suburban fraction of travel
= urban fraction of travel.

N X3

This error message can only appear when RADTRAN is used in non-LINKS
applications. The message indicates that the sum of the fractions of
travel in rural, suburban, and urban population-density zones entered by
the user do not sum to 1.0. The values must be adjusted by the user so
that x + y + z = 1.0 before the code will run.

ERROR - POPULATION DENSITY GANNOT BE ZERO.

For non-LINKS runs, the user must enter a new, non-zero value for
population density under keyword POPDEN. Note that this does not apply
to LINKS, in which the user can assign zero population density to
individual route segments.

ERROR TOLERANCE NOT MET IN QUAD1

This message only appears if the limits of integration exceed the
abilities of the QUADL subroutine. Since the user does not control
these values, this message should not appear during authorized use. If
it should appear, contact the code developer (Sandia National
Laboratories).

EXPECTED A NUMERIC VALUE, FOUND: s
where
s = character string read in from input.

This message appears if the user enters a character string instead of a
numeric value where the latter is required.

FINDI FAILED ON BSKIN CALL
This message indicates that the user has input a value for u (linear
absorption coefficient), which is used in the gamma and neutron dose

calculations, of less than zero. The coefficient must have a positive
value.
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FRACTIONS OF GAMMA AND NEUTRON FOR MATERIALS CANNOT BE GHANGED.
MATERIAL s HAS FRACTION OF GAMMA = n AND FRACTION OF NEUTRON = m

where

s = material name
n = gamma fraction
m = neutron fraction.

Once the fractions of the package dose rate at 1 meter from the package
that are represented by gamma and neutron radiations, respectively, are
defined for a package, these fractions must be used consistently
throughout the input file. If they are not, then this error message is
displayed and the user must check the input file for consistency.

FRACTIONS OF GAMMA AND NEUTRON MUST SUM TO 1.0
FOR MATERIAL s THE FRACTION OF GAMMA IS n AND THE FRACTION OF NEUTRON IS m

where

s = material
n = gamma fraction
m = neutron fraction.

The sum of the fractions of the package dose rate at 1 meter from the
package that are gamma and neutron radiations, respectively, must be
1.0. The user must adjust the values so that n + m = 1.0 before the
code will run.

GOTO ERROR AT s
where
s = name of subroutine which had an error in a GOTO statement.

This message should not appear during authorized use of RADTRAN. It
indicates a programming error with a computed GOTO statement. Should
this message appear, contact the code developer (Sandia National
Laboratories).

GROUP OR NPTYPE ARE NOT APPROPRIATE KEYWORDS WITH AERSOL OR RESP

DISP is the appropriate keyword for AERSOL and RESP. GROUP (or NPTYPE)
is used as a subordinate keyword for RFRAC. The keyword NPTYPE stands’
for pumber of package type; the keyword GROUP stands for physical-
chemical group.

INVALID IACC VALUE IN EARLY

The IACC value is a flag used to indicate that a material contains
dispersable (IACC = 2) or nondispersable (IACC = 1) isotopes. The user
should never receive this message during authorized use of RADTRAN
because IACC is only set to 1 or 2. If this message should appear,
contact the code developer (Sandia National Laboratories).
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~ ISOTOPE NAMED s NOT IN DATA SET
where
s = isotope listed under keyword ISOTOPES (not in internal data).

Isotope s has not been defined. The user must define it using the
DEFINE keyword.

ISOTOPE s WAS ASSIGNED A DISTANCE FOR MODE n’THAT IS DIFFERENT
FROM DISTANCES ASSIGNED TO OTHER ISOTOPES IN THAT MODE

where

s = isotope name
n = mode number.

This messagé appears if the keyword FKMPS is used incorrectly. All

isotopes transported on the same vehicle by the same mode must go the
same distance.

ISOTOPE s WAS ASSIGNED A PHYSICAL/CHEMICAL GROUP TYPE WITH A
PACRAGE SIZE THAT IS DIFFERENT FROM OTHER ISOTOPES IN MATERIAL t

where

s = isotope name
t = material name.

This message appears if the keyword PKGCDM is used incorrectly. All
isotopes in the same material are in the same package; therefore,
different isotopes within the package cannot be associated with
different package dimensions.

ISOTOPE s NOT LISTED

where

s = isotope listed under keyword ISOTOPES (not listed under LABISO).

This message appears if an isotope name used under keyword ISOTOPES was
not entered under keyword LABISO.

IUOPT SHOULD BE 1, 2, OR 3. TUOPT = 4
where
i = number entered by user as IUOPT.

This message means that, after the keyword PARM,: the user has entered a
value for IUOPT that is not 1, 2, or-3. o
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MATERIAL s HAS ALREADY BEEN ASSIGNED TO MODE n
where

s = material name
n = mode number.

This message means that the user has tried to assign a material to mode
n twice.

s IS NOT LISTED ABOVE
where
s = physical-chemical group name (not listed under LABGRP).

This message means that the user has attempted to used a physical-
chemical group name not listed under the keyword LABGRP.

THE RECIPROCAL VELOCITY IS ZERO IN SETMOD

This message appears if all velocities are zero or if all fractions of
travel are zero.

THE EXCLUSIVE USE DESIGNATOR FOR MODE n HAS ALREADY BEEN SET,
CANNOT CHANGE IT.

where
n = mode number.
This message indicates that the user has made multiple entries of the
keyword ISOTOPES with the same mode number but different exclusive-use
designators. The use designation of a mode cannot change within a
single run of RADTRAN.
THE NUMBER OF SHIPMENTS HAS ALREADY BEEN SET TO x FOR MODE n

where

X = number of shipments
n = mode number.

This message indicates that the user has made multiple entries of the
keyword ISOTOPES with the same mode but different numbers of shipments,
The number of shipments per mode of a material cannot change within a
single run of RADTRAN.

TOO MANY MATERIALS, MAX IS n

where

n = maximum number of materials allowed.
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This message indicates that a new material name was entered that
increased the number of materials to more than the maximum allowed. The
user must delete at least one material.

UNKNOWN IDENTIFIER DETECTED ON INPUT s
where
s = character string read in from input.
The message appears when a character string that is not ; keyword has
been used in a keyword location. This message can result from either a

spelling error or improper location of the character string.

WHEN USING LINKS; EITHER USE ONLY ONE "ISOTOPES" LINE WHICH WILL DEFINE ALL
MODES, OR WRITE AN "ISOTOPES" LINE FOR EACH MODE USED.

This message appears when a LINKS line was entered indicating a mode not
defined with ISOTOPES. Note that a single ISOTOPES line may be used for
multiple modes to permit earlier input files to run.

TOO MANY ISOTOPES IN THE ﬁATERIALS, MAXIMUM ALLOWED IS 65

This message appears when the user has included more than 65 isotopes in
a material description. All materials must be modeled as consisting of
no more than 65 significant isotopes.

YOU ARE ATTEMPTING TO DIMENSION AN ARRAY LARGER THAN THE AVAILABLE STORAGE

IDENTIFIER VALUE MAXIMUM
NISO nl ml
NSEV n2 m2
NGROUP n3 m3
NRAD n4 mé
NAREAS ns m5

This message indicates that the user has entered at least one value
after the keyword DIMEN that exceeds the maximum allowable value. To
assist the user to correct the error, the values entered by the user and
the maximum allowable values are shown in the error message.
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