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The MORAN 4. computer code has bean de~eloped and anaincained Iby
Sangria INariena3. Laboratories I(SNL) ter the U.S. Eepartmenr ef Znergy ~(D~GE).

This RERAN 4 User QuMe is ro ibe nsed in eonjnnc'tien with We RADTBAK 4
Technical Manuei I(Ãmihausez en@ Kenipe, in preparation Ifib]). Tha mama

9TRAN 4 xiii iba eased re descri'ba We 3erest release eS the comparer co6a.
The name ~~ TRAN will 1ba used 'to descry>e all releases ef r'ha mode..



ACKMOWL'EDGHENTS

The aurliors wou1d 1i1ke ~ acknowledge che ab1+ assistance eT Creative
Computer Services ef A1buquezque„ Mew Mexico, Xer their document
yrepararien services. The authors would also 1fke tto ihenk Taoistic
Korehwesr Eaboracory„ Argonnne Raricnal Labora'oory„ Yucca Mounrain Projecc
Off'ice„ and Eere3le-Columbus 1Laboracory Sor cheer reviews cX cue dr+fr
manuscript. Xtn addition, we would li'ke ro chenk Tim Wheeler <(6321), Mike
Vannoni I|6321)„Ro'bert Z. Xnma I(6329i), 8o'hn Taylor ~(9241>),„and a11 oX
Sandia iNacicnel Laboratories ter their valuable advice and consrruorive
criticism. Any deficiencies in this toser Guide are rhe sale responsitbi1i'ey
eX rhe authors.



TABLE QF CGNTiENTS

a e

FGRKWGRD

/A'CKNGVl"EDCMENTS

1.'0 INIKDD'OCTIiGN

2,Q IDEFTNITIQM QF TERMS

3.6 XINSTATZATI<GN AND BATA ENTRY .
3

1'.2

3.3
3.4.
3.5
3.i6
3 I/

KQ)TRAN 4 i~~~tail~atien and Vise en a Zainfnune Computer.
IData Fields and BHimiters
Cetting Scarred ..
Bui1ding a IData Set
ISGTGPES„ ILINK„ BDTSTKM, and PXCSX2 .
iGutput Format and Echo Check .........
IDefault 'Input IData

3.7i.3. IRADTRAM 4 IRadienucl~ide Xibirary Baka ............
3.7i.2 Befauit Bata Ser Incident-Free IDose

Ca1eulatien iby Mode .
3.7i.3 Befault IData Ter Accident iRis'k Caleulatien

iby Mode and Material~ Type

3 I
~ 3 3
..3-4

3 22
..3-24

3-24
..3-25

3 25

...3-28

4.iG GPTZQMS AND CGMSTRAI'INTS TG CGNSZBER VHEN PERFORMItiMG

AMAIYSES iOSING iRABTRAN /4 ..................A-1
4 1~ Ana1ysls Strat'egnes
/4.2 Importance ef 'the XABISG Array
/4.3 Shipment Qon'Zisuratiens .
/4A Characteristic Package Bimensien
/4.5 Input Strategy fEer Multiple-Package ShiIpments .........

..4-1.A-2.A-2

../4-5

4.5.1~
/4.5.2
4.5.3

/4.5A

The IEffecriwe BoseBake and the Transport Xndem.
Similar Packages .
Applieatien ef the IET'Sectile ShiPment
Bose Rate.
B1$$Rllar Packages»

...A-is
A-is

.A-7i
A-7

4 i6 Accounting e'er Crew Shie18ing .
4.7i Camma and IMeutron Cempz>ments eX Bose iRate
4 8 Mui'~tiplte-I'sotope Maioerial's

/4.8.1~ Assignment ef Physical-Chemical~ Cxeups ..
/4.8.2 IReducing the %umber eX Isetepes Ana1yzed
4i.8.3 Weighke@-Awerage MeWed ....

.A-8

..4-8
.4-9

/4.A-1Q.A-1Q



TABLE QP CGNTKNTS '(~Mnclu8e8)

Pa:ne

4.9 Use ef Aggregate Route Baca .
4.1Q 1Route-Speciiic Analysis With 1IÃK .
4.11 Qutput Qptiens
4.12 Snit-Ris'k Factors
4.13 Sensitivity Analysis

5.Q ZNDERSTANDllM CODE QUTPUTS

.4-11..A-12..A-1L4..A-15
..4-1~6

5-1

5.1 Cutput Fil~e
5.2 Qutpu't Fil~e
5.3 Quipu't Fil~e
5..4 Qutpu't File

~6.Q REFERENCES

2
3 .

5-22
....5-53

5-7>'6

. 5-1Q2

.~6-1

APPENDIX A SUBRMTIiHE ~GMSSARY
APPENDIX B VARI~~A33L7. QI~59SSARY AKD 'UARIA3~3LJS CROWED 18

CGMMGM 33MCKS
APFZNDIX C FRQBAB~I~'1I~TY AND CGNSEQI~JENCE jDATA

APPENDIX lD RABTRAN 4 ERROR MESSAGES

lDISTIGMTIQN



TABLES

Table ~Pa e

2-1 RAQTRAN 4 Transpoztatien Modes .................................2-2
3-1 Array Index Symbols and Values Ser Creating an Input Pile

in RADTRAN 4. h

CreatinE an Input Fi1e in RADTRAN 4.
DNGRML Array Befault tData„
Isopleth Areas snd Time-Integrated Conoentrations .....„„„

.3-5
3-'6
3-29

.3-32

4-I Shipment Configuratiens and Analysis method
4-2 isotopes That Are Included in the RADTRAN 4

IDefault 3)ata
4-3 D~ ispersiibili'ey Category De%'ault Values.

Aggregate E)ata for Populati~on-9ensity Zones.

h

.'4-3

.~4-11
A-12

5-1 RADTRAH 4 tNethodolegy Comparison. ~ ~ ~ 5 7>7/

.A-1 Subroutines in RADTRAM ~4. .A-1

8-1 Important Variables in RADTlVÃ 4..
33-2 Variables in Common Bl~~oclcs. .33-29



1 0 ZÃZRGDOCT1~GM

This User ~Guide is 'iUelume 3 in a series ef four volumes ef the
8ocumen'tatien ef the RABTRAW 4 computer code for transpmtatien ris'k
analysis. The ether three volmnes axe Volume 1„ the Executive Summary"„
Volcan'e 2„ the Tec'hnieal IIIianual"„and V!elnme 4„ the Fzegrmuner" s INianual
~(Reuhauser and Kanipe„ in preparatien I[a) „" Keuhauser and Xanipe„ in
preparatien Ifb]i„Kanippe and Keuhauser„ in preparatien). The theorerieal
and ealculatieual Ibasis fer the eperatiens perferme8 Iby RSTM 4 are
discussed in Volume 2. Throughout this iUser Cui8e the xea8er will be
referre8 te Volume 2 fer 8etaile8 8iscussiens ef !certain RA''~D'IMM features.
This IUser Guide supersedes the 8ocument "'KDTRA5 Ill"'y Kadsen at al.
~(1933>). This RAMRAN ~4 ioser CuMe specifies and describes the required
!data„~control inputs „ input sequences „user !opti!ons, program limitati!ons „
and e'ther activities necessary fex execu'!on ef the R~AM1V5 ~4 computer
code.

Sandia Natienal Xabmaterias ~(SM~L)! !develepe8 'the eriginal KVBTRAN e'o8e
in 197i7i in eonjiuncti!on with the pxeparatien ef MUREG-~G17iG,, "Tinal
IRnvirenmental Statement en the Tzansportatien ef Radieactive Ma'terial by
Air an8 Qt'her IHodes"'(KRC,„397i7i",, Tayler an8 iDaniel,, 197~7~>). Tihe

analy'tieal'apabiliti!esef the code were expande8 and refine8 in subsequen't versions
~(Ma8sen at al., 19$'6; 'Tayler an8 IDani!e1„1932)p. EAI3TRAS 4 is ns'e'8 t'D
!ev&natoe ra8ielegieal consequences ef incMent-free txanspoxba'tien„as well
as t'e x'a8iel'egieal ris'~ks fx'om vithi!cular ac!ci6ents eccurring <during
traTl'sp'or tarien

RA1)TBAK 4 contains a8vances in the ihandling of route-relate8 8a'ea au8
in the treatment ef mmltipl!e-isotope xnaterials. Xn boCh eases,, methods
use8 femmerly may stillibe used. Input data may continue 'eo be in
aggregate ferm, au8 the user also may continue te use EVBTlVÃ ~4 te genera'te
unit-ris'k factexs. Bowever, "'rou'te-specific"'nalysis also nnay Ibe
pexferme8. Tihat is,„a rou'te now may ibe subdivMe8 in'te segments with
independent,, user-assigne8 values fer p~opulatien!densi'ty and ether rou'te-
specifie parameters. Regardinp, eempl~ anaterials„RAMIE' contains
ieiprovements involving the ihandliug !of nnultiiple-isotope materials„an8 fer
the first time permits direct analysis ef aneiltiple-package s'hipments made
up ef diss:Bnilar ipaHmges. RAT~)TRAN 4 also contain's improvements !of el!d
fearuras. For example„RABTRM ~4 now calculates an8 Iprints tlute maximum
indivMual in-transit 8ose. An internal library ef isotope-xelate8
iparameter values has ibeen a88e8„which cent!ains 8ata en ever 59 ef the most
commonly transporte8 ra8ieisotepes. Tahe user,, ihowever, may continue to
indepen8ently 8efine isotopes. Also„ the acci!dene-severity category marrim
ihas been mvpande8 te Ipermit up to 2Q~ accMent-severity !ca'me@cries.

RA'DYNAM' contains idealize8 mathematical models ef'ransportatien
!envxronments"„ these,ll!08els ihave been fer+ulate8 te yiel!8 eonservati
e-s'timates ef integrate8 Ipopulatien 8ose in a way that can ibe supporee8 iby
availabla data„These mo8els neglect fearures ef the transporltatien
environment that !either 6e mot affect ehe eaiLemiLate8 risik values er toeduce
eonsexvatxsm (e.g., the "'8xvxder wMlbh" ef 8xvMe8ihxghways).



Wherever possiibIL<e„ IRADVRA'N <combines <calculatiemal simpli<city wi'eh
,general conservatism. For example„all xeutes iby all nnodes are nnodelad as
infinitely leng straight limes without degrade or <curves,. Z<n <additiem xe
ease ef ealculaxien fex the i<nteg< rated i<ncident-free eff-Zimk an8 em-link
doses fer a moving source„xihis model alLso yi<el<ds <comservaxive es'animates ef
these doses <that are applieabl<e xo aILl rouses iby aILl modes.. Similarly„all
hig<hway and rail links are 'created as ibeing erne lane !(er xrac<k) wide fex
the purpose ef <estimating distances eo eff-link popula<tien Ibut as Ibeing
lanes wide !(ene lane er cracik in each direction) fex ehe purpose ef
estimating em-link doses !(evertakixq, vehicles en Ihi<ghways are created
separa'tely). The first treatment is used eo achi<eve symmetry <'(and„ ihence,
mathemaxi<cal sinnplici'ey) around the lane in w'hi<eh the s'hipmem't is lecaxe8„
and is also slig<'h<tly <censervative„The second treatment <'(erne lan<a <each
<directiem) yieiL<ds the smaIL1<est perpen81<cuiax dis'eance xe '@he traffic
traveling, in the <opposite directien„wM<ch ag<ain is <conservative.. <Lihe

ILatt<er treatment also means thar all rail routes are nnodel<ed as havimg
<doubl<e xraciks„w'hich is another small increment <of <censexvatism fer r<ailL-
anode eal<cu3:axi<oms,.

Z<n EA<DTR«I A.„ the xequixe8 degree <of specifi<city nnay Ibe intreduce8
inx<o an analysis with <user-defime8 Iparameter values.. Sine<a 'the vase
nnajerity ef'RABTIVS parameters axe <user-definabIL<e„ t'e <user Ihas a Igraa<t
<deaIL ef fl<exiIbility in p<erfermiog amaILyses. A<na1Lysis stxateigi<es are
addressed im Chapeer !4..

The <c<ode is wrixeem im VA<X PGRTLV5 7i7< and is eperaxienaIL em IDEE VAX
<c<ompu'eers ax $5<L i<m /AILIbuquerque„Sew Remi<co.. The word size is 32 Ibixs.
iEaecutiem rima fex a single Iprebl<em is usually a f<ew .seconds„ ibut can cake
severaIL nni<mut~. IDa'ea eam ibe input in free fexnnat <only.. Tihere are a total
ef 7i<6 su'br<ouri<aes im MD<KRAK!4. T<he nnai<m routine is RADK54. Two fil<es
named ZZLE2.IDAT am8 KIZ<E4.MT are used fer input and eutpult„xesipectively.
I<ms'eracM<ons em <creating input files and saving amd remamixq, eu'tpu't fil<es
are givem im Chapter 3.. The resulxs ef intnnxmediaxe accident-ris'k
e<alcuILatiems <(pre'babilixy and <consequemce p<airs) are writtoem ioo IFHZ1'9.<DAT„
FHiE1<1.IDKT„am8 FZZE12.D<AT fer later Ipl<orring.

Chapter 2 defines five essential xaxms meed throughout this IguMe that
ihave specific meanings im 'cramspcr<'taxi<on xi& analysis.". yacikage„packaging„
nnateriall„s'hipmem'e„am8 anode. Chapter 3 Iprevi<des imsxrucxiems for
imstalla'mien an8 <dna <entry Xe create a iM)ZIRAÃ!4 i<mpux fil<e. Chapter !4
disc<usses <ussr ep'tiems am8 cemsxraimts xe <comsi<dex wham parf<orming amalyses
using RAiDT<1&5!4. Subreu<'time IRABVH'4„~he 1iibrary routi<nes„and all etcher
subroutines in R~ADTM~ !4 are lisxe8 and described im Appendix A.
!Append@ Z< is a Iglessary ef <cemmem-Iblecik variables. Apple'ndix C explains
&e Ipro'ba'bilixy-<cemssquemce dakota from iu'e<er4ne8iaee eal<culatiems writ<en 'ee
eutjput fil«es FZZiE16<..ID<AT„ IFZJCIE3.Z.IDAT„am8 FZZIE32.IDAT. Appendix iD <cemraims a
Zisx ef IRAD<TiRAK 4 error nnessages am8 suggest<ed <e<rxex <c<orrecxi<on s<trategies,.



'2.<G MPISXTIGH GP TERKS

Essen'axial 'terms use8 throughout 'this gui<de 't'hatt ihave sp'ecifi<c meanings
fer transporeatien ris'k ana1ysis are yactkage„ Ipactkaging„material,„
s'hitpmen't„an8 demode. These 'tenens are 8efine8 an8 expiaine8 below.

Paclcaee an8 3?actkaeina. pac'kans and Ipac'kagging are f<ormaIly 8efined in
Velmne 16 <of the Co8e ef Pe8eral iRegulatiens„TirI<e 7i1..~4 <(1'0 tCPR 7/1„4j)„
1Briefiy„a package <consisCs ef a Ipac@aging an8 its radieacttive <con'tencs.. A
Ipac'kagivg, <consist ef ene <or more receptac1<es an8 wrappers an8 their
<cenoen~ts, excluding, ra8ieaccive nnaeeria1s ibur including absor'bene nnatoerial,
spacing s'truceures „ thermal insulattien, ra8iaci<on s'hie18ing„<devices fer
e<ooling, and absorbing tmeHraniea1 s'hoc%„<ew'eerna1 fi't'tings„neutron
modera'ters „zronfissible <neutron a'bsor'hers, an8 e'ther suppltemen'tary
equiIpmenr.,

Maceriall. T~ihe ra8ieac'tive contents ef a p~ac''kage are <define8 as a
radi<eacrive <maeerial <(16 ~CFR 7<1.~4). For rhe Ipurjposes ef >R<ADTiRAK ~4

analyses,, a za8ieacrive nnatteria1 <consises <of <one er <more iseropes„<each in
a specifi<ed p'hysiea1-ehemiea1 ferm. Exampi<es ef ma'aerials are spent fue1,
Iew-IeveI waste., ra8iepharmaceuriea1s„ in8uscria1 ra8iegraphy sources„ an8
uranium ere.. Exampi<es <of is<oc<opes are ear'ben-1~4„eo'ba1't-<6'O„an8 uranium-
235.. ExampIes <of p'hysi<cal'-elhemi<ca1 ferms are nnonoIi'thi<c soIMs„<divi8e8
s<o1Li<ds <(powders)r„ iLi<qui<ds„an8 gases. M|DTiRA~H 0 p~ermi'ts 'che user 'to
<distinguisth ibetween a nna'teriai an8 i'es <consti'ence't iseeopes. The user
assitgns a separa~te name co <eacth matteria1..

8'hai'~en'„A s'hipmen't is 8efine8 as all 'the packages in a <conveyance
ibecause mnIre Cham ene pacblkage ef ra8ieac'tive ma'teria1 may ibe 'transported
<oge"ther in a singl<e conveyance <t'tracror Trail<er,, <commercia1 <delivery van,
zaiIear „barge „a'ec.j) .

inde.. Mode is 8e'termine8 Iby a eombinaCien ef 'the me8ium in w'hieh '<the

tttansportacien <even't ec<curs ((land„waker„er air>) a<m8 'the "tyipe ef
<c<onveyamc:e use8. iFor <examp1e„a 'terzescria1 er everland nno8e is rai1„a
watoeziborne mode is ibarge„an8 an air nno8e is <cemmercia1 air cargo y1ane.
The nn'o8es avaiIabl<e in RAMR«I <'4 are Iis'ee8 in 'Tab1e 'r2-1.

In <each ana1ysis Iperferme8 wiCh EM)VMS 4, ene er more mode
i<den'tifi<ers mmLs't ibe users. Eacth ef tthe 'ten 'manspor'eaten mo8es avai1a'ble
in RABTM<' is assigne8 a titumeri<ca1 i<denrifi<e1. showa in Tabl<e 2-1 The
<modes chat eperatte en Ihig<'hways are eombina'eien ~uck <'('trav'ter-'erai1er) „
<commerciaI 0Re3.ivery 'van„an8 Ipassen'gez'an Tahe <two air~ <modes cargo air
amd passe<ager air--are also create8 sepattaee1y. However„, generic
<desi<gnatti<ons are use8 wich eche'nodes" .rail„s'hiIp„an8 Ibarge. Fo'oenria1
epezattiena1 <differences within a <mo8e,(a..g. „ tthe <differences Ibe'tween
generaI zaiI freightt an8 <de8ieaeed za'ill) nnay Ibe a88ressed with user-
assiEne8 parameter values.



Table 2-1

RADTRAK 4 Transportation Kodes

Mode
Name

Rode
Number

Rode
Description

TRVCK
RAII,
NARC.".

SHlP

ICARGO .AIR
PASS AIR
P-VAN

CVAN-R
iCVAW-~CA't

2
3

5

7
gf

i9

'Comhination Truck
Rail*
33arge
<Ocean-going ship It>3„'000

gross cons)
Cargo air
Passenger air
Passenger van or small truck
Cargo van/~de).ivery truck

as secondary mode with truck
~Cargo van/delivery truck

as secondary mode with rail~
~Cargo van/~'el~xmery ttruck

as secondary mode with cargo
air

Qne ~or more railcars in a singl~e train.



3.<0 INSTALMTI'QN AND DATA IENTRY

This chapter provides instructiens fer installing RM)TRAN 4 en a
mai<nframe computer and creating M)TM 4 input files. These instructiens
apply enly te direct use ef RAD<TRAN 4 en a mainframe computer. Input fi1es
also may be <created by TRANSNET users with the RA'DTRAN input fil<e generator
<(Cashwell„ 1'989). Data entry in RABTRAN 4 is in free fermat and is
jkeyword-based. The 'keyword-ibased system allews nnost ef a data set Co ibe
input in any erder. Keywords and <data can appear anywhere i<n an 89-
character line.

The eptions available for <creating a <useful data set are r<elated Ce
the char<acteristi.cs <of the nnatezial Co be s'hipped, the way Che material< is
packaged, and the mode <of shipment. D<efaul'ts are availabl<e for some
parameters.. If the user <does not <en'ter values f<or p<arameters for whi!ch
default values are avail<.able, Chen defaulC values are automatically used.

3.l RAD<TRAN 4 I<nstallati<on and Use <on a INai<nframe <Comouter

Z<nstal'lation

D<sers may request an executaM«e versi<on of ROSTRA'N 4 fer installation
en a mai<nframe computer. R<AD<T«<N 4. is resi!dent <on a IDig<ital !Equipment
<Corjporati<on <(DEC) VAK <computer at SNLi„and the f<ollewing systems
requir<ements li.st is based <on Che config<uratien Chat supports RADTlA<'N at
SNL~.".

IDEC VAK 389'0 with VMS 5.4 '9perating,'System and at 1<easC
l<6 me;.gabyCes <of memory
IDEC VTlj09 terminal <(er any <other D<EC terminal<~)
Any compatibl<e jkeyboard
Any Iprinter <capabl<e <of teat Iprinting <(<e g. „D<EC ILIN03)

<9cher systems also will support R«D<TBA<'N„ ibut Che installatien Iprecedur<e aud
other f<eatures may <diff<er from those Igiven ihere. <Users with ether system
cemfig< uratiens are encouraged Co contact SSL fer assistance.

IO<n1<ass speciaiL arrangements ihave Ibeen nnade„ the user receives a copy
<of R<<D<~~~ 4 <on Cape in ID'!AX~/' E<AC~i'utility fermat ' Ihard copy
listing ef tlM <exa'ct <c<omIBand <us'Bd C<o back< up the fil<e is jprovi<ded This
listing will s'how Che fiiL<e name ef Che axecutabl«e fil<e <on Che Cape and the
la'bel zxame. To install R«D<TBM'n a jDEC VXX VMS V<ersien 5.6~ er Ihigher„ the
noser must< first l<oad che cape i(<or Ihave che System IManager lead che caper) em
a Cape <drive cennected to the <user's system. After legging en Ce Che
system, Che user er System Manager must retri<eve Che fil<e Iby typing Che
fellewiiag



ZZOUNT/FOREPGN cape drive name:(carriage return '[~ ]>
BACKUP/REWZND/I'CNGRE-LABEL
cape drive name".radcran file name,/)SNYE S'ET
<user"s disk".Jdir<eccory pach]radtran file name '.'[~ ]
IDZSHGUNT cape drive mama."I[~ ]

L'E: Zf c)he cape drive name is ZUA'G„che EVE)TRAÃ fil)e name is RT4.IEXE„
and We <user" s disk is IDUEG, chen che preceedimg imscrucciems would appear
as f<ol)1)<ows"

ZIIGUNT/IF'GREZ<GN NUA<0." I[ 4 ]!

iBA'CKUP/REWIND/Z<GNGRK LABEL KUA'0". RT4. IE3K/(SAVE SET
IDUEG'-'[direccery !pach]!RT4.<EXEl[ ~ ]!

IDZSNGUNT ZZUA<G" I[~ ]
voce 'that che [directory pach] is <user-dependent amd eanmoc ibe specified im
a'dvanca.. <Al)l) RA!DT))N fiZ<es will appeaz in c)he <diz'acc)ozy created iby che
usez ..

<After che file !has ibeen recri<eved, ch)e tape should ibe removed iby cihe
<user <or Syscem Kemager. The <user chem secs che defaul't <direccory co che
<directory char mow <concai<us ch)e RADTRAN <execuca'ble file.".

SET IDEF<A'ULT user" s disk" [[directory !pach] (~ ]!

Z<m che ex<ampl)<e given above„ch)e <command wouid appear as f<oll)<ows".

SIET !DEFAULT ID'U)B<G.'[diz eccory Ipach] [[ g ]!

Im <case <of an +!bore<ed izvscailaci<om,„repeac che iprocedur)e <ouciimed
a)bove.. Zf che <second accempc faiZs., chen <concacc pets'omnei ac SNL.

Creaci<us an Znnu t IF ii<e

After ims'tel<1)aci<on is <compZ<eced, the <mexc seep is c<o <create an impuc
data fii)e„which s!houi<d ibe an ordi<nary cexc fii<e im che <direcc<ory created
iby tlhe usez durfi.mg imscaliaci<om. <Any avaj.lab!le editor ((s g. IEDT'j) <may Ibe
<use)d c'o <creace suc~h a fiZ<e. Y<o Ibegim ereacimg a cexc fil)<e mamed lMYFZZ.K.!DAT

wic)h IEDT) eh<8 firsc <c<ommclmd is"

~i) Zg//<E)D)T) MYFI)ZIE IDA)T)( ~) j)

ZmCer subsBijaaaz Z1L<mes <of C<exC xB lMY!)ZZZ.IDAT) ac<c'ordxmg C'o Ch)e g4XL<danc'6

given <eZsewhere im c)his IU)ser (Guide The aexc sitep is c<o <c<opy your fil<e c<o

che RA<'DEB«l input f'ii<e mamet

<UGPY lMYFZZ E..IGAT IFI)ZIE2 IGATlf Q

Rtummi!ua RA!DTBAK Z<

Aft)er c<opyiag your input fil«e Ce ehe RAMP<AN mxpuC fi.1<e r4ame„you are
rea<dy c<o ram your impuc fiZ<e am RA9~ 4 usi<m)g '@he feZZ<owizq, command."



RUN RT4I ~ ]
The file s'h~ould take <only a few nnomancs c<o xun. Khan che run is <complece„
che <user will see cba words FQRTPAN STD<1', and c<han cha pr<ompc will appear
<on Chhe screen. The name <of Cba rnlain IRADTRAN ourpuC fil'e is FIILE!4.IDAT. 5o
inscxucci<ons are pr<ovided f<or ebcainizq, a Iprioted copy ef cha <oucipuc file
ibecause C<ha <commands vary greatly fr<am system Ce system. T<o x'eviaw Cha
<output ron cilia scream„ 41$e ch'B frollrow5.'Ag rc<omlnandl

ZDITjjjDT FIXE.IDAT( W ]
This filename applies <only c<o IRADTRAN j4 run <on a nnaimfxama compucer.

losers <of RA!DTRAN. Xl ron TRAWSNET see !this same file <under Cha mama
IRA<D<TRAN4.!DUT. Tha <uSer is adViSBd C<O reVi<BW Are <Ourpux <On-SCrean iXl CaSe
C<here are any err<Or nnBSsagBS. IErrer 33BSSagBS are dBS<Criibad ia <Appandinl ID.

Savimx !Ducouc Fil<BS

lf C'he usex wis'has Co same an 'output file» Chan iC s'boule iba copied
and renamed. 9'thexwise, che file coul<d ibe <ovexwriccen afcer subsaquanc
runs.. The <user s'hml<d be aware Chax addiri<onal <ouxipuC files ara ganaraxed
for each run whit'h are noc nornnai<ly di.splayed ibuc w'hich< c<ha user may wish
co save. They concain che Frobabilicy-<consequence rdaca Faixs used c<o

gennarace aceMBnc ris'k escimaces. Zhase a3aca also nnay ibe <used 't<o ga<marace
Cabular <Or grap'hi<C <diSplayS <Of prH>abiliCy-e<Onaequanca relaCi<Onaihip<S» aS
<dis<c<usse'd inl <AppanidjK C T«hase <outpuC files

FI<ILE6.IDAT » which«c<onCains all Che probability-e<onsequanca Ipairs
C'<haC ara sorred into Chrea separare <caregories in FllZ16<.D<AT„
FI<Z.KU.!DAT„ and HiLK12.IDAT» resPBc'tively„"
FI<ILIEI<IO<.IDAT, Whi<Ch <COnCaixlS Che SOXCed dOSe !(IParsen-rem'j) <Or laCemC
<cancer facalicy rc<onsequances wich smmnad pro'babilicies"„
FEIL!Ell.IDAT„w'high< eoncaixls cha sorced genacie effaces eonsezpxamcas
W3.Ch Sulnlned IpX'O'babxlXCX<BS n aTld
FIZIE12.!DAT„which< conCairas Cha s<orCBd <economic impacC <consequences
wwich summed probabiliries.

These files als<o nnusr iba copied a33d ramamed if tha <user wis'<has Co save
Chem.

3.2 ID<at<a Firelrds and ID<el3mirers

Tha <user nnasC rcreaxe aTld enter am ixlpur file iaC<o Ch~a RA!BWRAW Xl erode
<crpncai<ainlgr all regu<ireg <user <dafinnad Iparamac<ers Table 3 1 lxscs c+B array
9.led'~ sylnbols and va1L<uas <used in<< Tabl'e 3-2 Table 3-2 <charCS Cha iprocedure
f<ar <crearirag a <user imrpuC file i!a MBTRrri Xl and gives Cha des<cripCi<on and
Iparamarers ef eacih rye ef clara lt<o iba i!Spur.

RADT«'N 31BpuC f3..1'e 3.S a%i <AS'CXX C<B3lC fxle <c<onsxstnxlg rof Ikeywor'ds n

'Rumbars an'd aliphanumari<c labels <B33Cer<B8 as fiel<ds rof «eY1 <ciharacCers <or



less and separated by ene ex more <of We fellewing delimiters: a blank
space„ comma„ equal sign„ er x'ight and left parentheses. Fields can appear
anywhere im We 'SG-character lime„ but may not be split and <continued en
'the next line. Field values <(i e., keywords, numbers, er labels) must not
contain embedded blanks, commas„ equal signs, er parentheses because Wese
axe delimiter characters chat denote We end ef a field.

The first-level ikeywords„wM<ch axe listed im the first <column ef
Table 3-2, must ibe input ibefore each <category ef data. Fellewing the entxy
ef a first-level ikeyword and a space„second.-level ikeywoxds fellewed by
third-level ikeyworda are entered en We same lime er che fellewimg lime,
and chen are follewed iby che required data. These second and third-level
keywords are shown in the second and Wixd columns ef Table 3-2. A fixst-
level ikeyword is not allways f<ollewed iby a second- er third-level 'k< eyword„
As illustrated im the i)IMEN category in Table 3-2„ the data dixectly fellew
che first-level ikeyword, separated iby spaces er e'ther delimiters. The "'ex
separating two keywords in Table 3-2 indicates cha't the nsez anzac choose ene
ef t'e 3ceywords„ blxt mot both~ im a simgl'e analysis

Tihe feurth <col<umn im Ta'bl<e 3-2 gives che code mama ef che type ef data
to ibe entered, but it is mot entex'ed iby the user. This column and che
iDescripti<on <column also include array index values,, indicated iby letters in
parentheses„ chat refer to the Table 3-1'key. The i)escxiptien <colmnn
descriibes the data to ibe entered after eac<h ikeyword and, when appropriate.
che units ef che variables.

Integer data can be imput as fl<oacimg-p<oimt numbers with cxunoati<on.
F<leating;point variables can ibe entered as integers and converted
imtezmally co floating-point mumbexs. Entxy foxmats f'<ox'xponential<s <can
ibe eichex',99K+1< er 99.9. Field val«ues <(keyword, number„ex label!) anusc
moc <con'tain embedded iblanks „<commas, equal signs, ez parentheses ibecause
these ax:e delimiter <characters cha't denote che end ef a field.

A special delimicex character,, We asteris'<k !(+),, is entezed enly in
numeric-array f"aids to designate a repeat character. F< or example,, te
xepeat che number 19.1six times„ eater 6+1<0.1. i)lani+ eanno't appear im
the field The asterisk imust moc Ibe nsed im the data fex')M~~ W er RAM

ex'n

any alphanumex'ie-label field. A special fi<eld consistimg ef 'two

ampersands <(6K) followed iby a delimiter causes all subsequent infermatien
en chat 1<mme c'o <be ence're'd as a c!OIDIlle11c

3.3 Cetcimx Started

To begin ibuildimg a data sec, feuz first-level ikeywozds aze usually
entered iby che user: TITIZ„ FGRM,„ iDTHEN and FAM. TITLE„ FGRH„ and i)M~~ EN

are al<ways entexe8. iDefaml<t val<'Axes axe avail<%'ble fe<r che RAM flags,,
cheref<ore, this ikeyword i.s en1y enteze8 if che user does mot wish< te accept
the defaul<c val<mes. Each< ef these ikeywords is discussed ibelew.

TITLE. The first input 1<inc mrust ibe a title recexd. The lime must
begin with the l<eyword TITLE fellewed iby at least <one space. Thus,„ the



Table 3-1i

Array )ndex Symbols end Va'loca
for Crea5ng ari tent IFiIe |n HAGTRAN 4

Key to Array index Values

II = 1 to NlSO

0= 1 tolNGRGl3P

K= 1toa,where

1 = Mfal
2 = suburban
3=urban

"ii 'ito 25

IM= 0 toINSEV

iN = 1i to INAREAS

P= 1ItoS

(Q =N to 8, For INONl3N1Tiionly., where

1i = Ilung ((1i-year))
2 = marrow ((1i-year),
3=gonads
4 = Ilarge Iiower intestine
5= tlliycold
(6 = Ibone ((50-yew)
7= iung ((5'0-year)
i8 = AilaTifow ((50-yeaTi}

IR="il t06

8=1 toINRAO

U=1i to4

isotope index ((imaxirnutn =65)

Ik = isotope index in internal Iiibrary ((maxitnum =125)

j= iroute-segtnentindexi|rnaxirnum=49)

m = material index ((irnaxlraura = 32)

3-5



Table 3-2

Creating an Input File In BADTRAN 4

fat Level

TITLE

OIMEN

Name of
Ke+vord Array or

Variable To
2nd Level 3rd Level 8e Filled

UNIT

h/ONUNIT

NI80

NBEV

Description

80-character alphanumeilo lille

UNIT =- population dose oaloulatlon

NONUNIT =- health effects oaloulation

Number of isotopes (msMImum =- N),'no
default

Number of acoldent=severity categories
(maximum =- 20); no default

Number of physloal=chemloal groups
(medmum =-16); no default

Number of radial areas used for
nondlspersal aoofdent analysis
(maximum =-15);no default

Number of areas used ln dispersfon
aosident analysis (maximum =-80);
no default

Flag for placing dale on file
8,'efault=-1

1 =- yes; (any other integer) =- no



Table 3-2 (Contlnoed)

Cteating an Input Fiie in RADTRAN4

est Level

Keyilord

2nd Level

Name of
Array or

Yartable To
3rd Level Be Filled

IANA

IVOR

ISEN

Oescrlptlon

Analysis flag, default =- 8
< =- Inctdsni=free only
2 =- accidenit onily
8 =. both

Shielding option flag default =- 2
1 =- persons ln buIldlngs fully shielded
2 =- persons In buildings exposed at

reduced level
8 =- no shielding Is considered.

Flag for printing sensitivity analysis
and input tables; default =-8
< = incident-free and accident output

tables
2 =- incident=free and accident output

output tables, and ea~ly effects and
ground contamination tables

~ 8 =- ncldent=free and accident=output
tables, early effecls and ground
contamination tables, and
senslttvttv and cones/Uence tables

Dispersal Accident Flag; default =- 0
0 =- Pasqulll stabilify frequenclss of

preset dilution factors
(Any other Integer} =- ussr=supplied

time= fnteg raled concentration
Isopleihs and areas



Table 3-2 (Contiriued)

Ci'eating an input File iA RADTAAN 4

f~t Level

Keywofd

2nd Level

Name of
Afl'ay of

Varfabfe To
8rd Level Be Filled D8sf.'rfpt on

PACKAQE LABQAP
or LABPKQ

SHIPMENT LABISO
oriABMAT

POPDEN(i)

POPDEN(2)

POPOEN(3}

LABQAP(J}

PKGSZ1

LABISO(i)

RUfal population density (people/km>};
defaUlt = 8

Suburban population density (people/km>);
default =- 719

Urban population density (peopfe/km>);
default =- 8,861

Alphanumeric Idenitfffers for physical=
chemical gfoUps

First package=size threshold (m); If
PKQSIZ =- PKQSZ1, then package fs moved
by hand, default =- 0.6

Secofid package=sf'hfeshold (m); ff
PKQSZi ~ PKQSIZ~ PKGSZ2„then the
packagefs handled with a forkfft; if
PKQSIZ ~ PKQSZ2,- then the package ls
handled wfth heavy equipment;
default =-1.0

Alphanumerfo fsotope desfgnators



Table 3-2 (Continued)

Ci'eating an input File in AADTRAN 4

1st Loot

NOA MAL

Keyword

Rnd Lovel

NMGM

Name of
Away or

Vaifabfe To
3rd Level Be Filled

NM
DNOAML
(NM,L)

Descifotfon

Mode number (seo Tabte a.>)
Normal (fnctdent=free) transgoitatton

parameters fof rriode =- NM,'efaults fn
Chapter 8.0

VELA

VELA

VELU NMQDE

NM
DNOAML
{NM,t)
NM
DNOAML
(NM,a)
HM
DNOAML
(NM,8)
NM
DNOAML
{NM,4)
HM
DNOAML
(NM,5)
NM
DNOAML

NM
(NM,6)

DNOAML
(NM,V)

Fiactfon of tfavel tn fufal zone
for mode =- NM

Fracttofi of tfavel fii suburban zone
for mode =- NM

Ffactfon of travel ln urban zone
for mode =- NM

Vetocfiy fn furaf zone fof
mode =- NM (km/hi)

Vefocfty fn suburban zone
for mode =- NM (km/hi)

Velocity fn urban zone for
mode =- NM (km/hi)

Number of crew on a shtpment
by mode =- NM



Table 3=2 (Continued)

Ci'eating an Input File In RADTRAN 4

1st Level

Keywor«l

2nd Level

ADSTCW

MINST

TIMZA

FMINCL

NMoDB

NMOoB

NMOoE

NMODB

NMOoB

NMQDB

NMODB

NMODB

NM
DNOAML
(NM,II)

NM
DNOAML
(NM,O)
NM
DNOAML
(NM,10)
NM
DNOAML
(NM,t tj
NM
DNOAML
(NM,12)
NM
oNOAML
(NM,18)
NM
GNOAML
(NM,t4)
NM
oNOAML
(NM,)6)

NM
DNOAML
(NM,16)

Name of
Array or

Variable To
Bid LOVel Be Filfed Decortication

Average distance from radiation
source fo crew during shipmeiif
by mode =- NM (mj

Number Ofhandllnga per Shfpment
by mode =- NM

Stop flaic for slilpment by mode =- NM
(hr/km)

Minimum stop time psr trip for
shfpmetif by rriode =- NM (hi)

olsfanoe=lndepeiidenf stop tfme per trfp',
used only for rail mode (hr)

MfnlNum iiurriber of rail fnspectfoiis
or classifications; fail Node only

Number of persons exposed duding
slifpment by Node =- NM Is sfopped

Avefag8 8Ãposuio «lfstanco w46A
slopped during shipment by rnode =-

NM Is stopped (m)

8toi'age time per shlpmeiit by inode =-

NM (hr)



'fable 3=2 (Gontinued)

Ci'eating an input File in RAI3T'RAN 4

Keyvioid

1st Level 2nd Level

Name of
Array

oi'arfabfeTo
8rd Level He Filled Descifptioil

PDSTOA

ASTOA

FRSHA

FGTST

TC¹PA

TC¹PS

NMoDE

NMooE

NMoDE

NMODE

NMooE

NMoDE

NMooE

NM
ONQAML
(NM(17}
NM
oNOAML
(NM,18)

NM
DNoAML
(NM,10)

NM
DNOAML
(NNI,20)
NM
ONOAML

HM
ONoAML
(NM,22)
NM
DNoAML
(NM,23)
NM
DNOAftIfL
(NM24)

Numbei'f persons eiiposed during
sfoiage foi slifpiiient by rriode =- NM

Average exposure dfstance durfng
shipment by mode =- NM iehen
shipment is stored (m)

Number of persons per vehicle
shaifng the transport fink

foi'node=- NM

FiaCtfOn Of urban tiaVel dur1ng
rush hour by mode =- NM

Fracffon of uiban fravel oir cffy
sfreets by mode =- NM

Fraction of rural and subuiban travel
on freeways by mode =- NM

One=v/ay tfafffo count fn rural zones
for fravel by mode =- NM (vehfcfe/hrg

One=way traIo counf fn suburban
mnes for travef by mode =- NM
(vehicle/hi)



'fable 3-2 (Continued)

Ci'eat)ng aA inpUt File ln RADTRAN 4

Kagword

let f~VOI 2nd L6Vaf

AU

TAAN SF'AMMA
WEUTAON

Nania of
Arrag of

Variable To
8rd LeVef Bja Filled

NMQDE NM
DNoAML
(NM,25)

APD

FNO'ATT

COEF(t,P)
COEF(2,P)

065cripffori

Qna=wap traffio count lii urban zon65
for traVel bp mOd6 =- NM (Vahfcf65/fit)

AatlO of pedeafrian danaitp tO
fesfdantial population danslty fn
urban araas- dafault =- 8.-0

Building sliiafdfng factor fo( rural
zon55, dafaull =- $ .0

Building shia(ding faotor for 5uburban
xon55; default =- 0.81

Building slileldlng facf6r for urban
zones; dafault =- 0.0t8

Nuebar of flight attandant5 for
COniniarciaf pa556ngar=air mOd6;
default =- 4

P=-$ ,6
P" =- $ ,6



'fable 3-2 (Continued)

Ci'eating an liipuf Fife in RADTRAN 4

1st Level

Keys rd

2nd Level

MATENIAL APCVAL

ACCIOE¹ AAATMZ

3rd Level

NMOOE

NPOP
NMOOE

WSo
or NMAT

Name of
Array or

Variabfe To
Be Filled

NM
AAATMZ
(NM,K)

NP
NM
SEVFAC
(NM,M,¹)

ISO

APCVAL
(ISO,Q)

Deecript ton

Acckfenf rates for niode =- NM fn
three popufaffort densftfeep

naccfdente/km): dhfaufis frt
:hapfer 8,0

Nurriber of Popufatfoit Oenslly Zone
Number of Mode
Ffactfoit of accfdents for rriode =- NM

for poyufatfon tone =- NP, for each
seventy; defaufte in Chapter 8.-0

FaCfOrs that defermfae dose fO efghf
organa per unif of radfoactfvffy of
isotope =- f80 in LAHI80 fnliafed
(rem/Ci feofope iniialed/Ci released);
aif values fnftlaffted fo 0

INGVAL . NI80 ISO
or MME INI-:VAL

(ISO,Q)
Factors fhaf defermfne dose fo 8 organs

et'nit of radfoactfvffy of
sofope = ISO fn LABI86 ingested
(rem/Ci Ingested) alf values
inftfaifzed to 6



Table 3=2 (Coiitinoed)

CI eatltig an Input File ln AADTRAN 4

IBONAM (k)
CCDNT f},k

2,k
B,k
4,k

A
AcCDNT
ACCDNT
AcCDNT

ACCDNT (S,k)

AcCDNT (fl,k)

ACCDNT (I,k}

ACCDNT 8,k

Name of
Keywoid Array

or'arlatileTO
1St LeVet 2nd LeVel 3rd LeVel l36 i=tiled Description

Used to store Isotope specific data
ln Internal dali library; only used
for Isotopes not already defined

oi'o

redefine an isotope already preseiit

Name of isotope
Half=life of isotope (days)
Photon energy (MeV)
Cloudshlns-dose fiotor (rem=ms/Ci-sec}
Effeotlve dose equivalent for inrhaiation

(i'em/CI Inhaled)
Efteotlvs dose equivalent for Ingesllofi

(fem/GI lligested)
Food transfer far."tor (Cl ingested/Cl

liicorporated Ih food)
8OII transfer fictor (Cl I)iigested/CI

deposited on food)
Deposltlon velocity of aerosol (m/sec)
Nunierloal designator that assigns

an aouts pulmonary dose=response oUrve
to the Isotope
1 =- shod half=life ((865 days)
2 =- lonrg half=life', low LEf
3 =- long half=life, 'high LET



Table 8-2 (Continued)

Cl'eating an Input File tn BADTBAN 4

I st Level

Name of
Keyword Array or

Variable To
2nd Level 3rd Level

¹
Filled

AGCD¹(10,k)

ACCONT () j,k)

Dsscrlptloni

One=year inhalation dose to lung (rem/
Cl fnhaled)

One=year lnhalatlon dose to marrow (rem/
Cl inhaled)

AEASoi OISP
or NIM

FtESP DISP
or NIM

AAEAOA

RELEASE FIFAAC GAoUP
or NPTYPE

it FIP
AF-AAC
(IQAP,M)

IDSP
AEAsOL
(IDSP,M)

IDSP
RESP
(IDS,M}

AAEAOA(N}

Fraction of each physical=chemical gi'oup
released in accident of each
severity, all values Iniiiatlzed at 0

Fraction of isotope of each dlspetslon
category tliat Is released ln aerosol
form In an aecldenit of each

severity,'efaults

In Chapter 3.0

Erection of aerosollzed Isotope of
each dispersion category that ls
respirable ln an accident of each
ssverliy

Area (m>) of ascii Isodose area;
not required if IPSQSB =- 1'defaults
ln Chapter 8.0



Table 3-2 (Coiitinued)

Ci'eating aii Input File in RADTRAN 4

Keyword

1st Level 2nd Lovel

DFLEV

PSPAOB

OTHEA AADIST

CULVL

BAATE

Name of
Array or

Varlabte To
8td Level Be Filled

DFLEV (N)

PSPAOB(A)

NPoP NP
AADIsT
(8,NP)

CULVL

BAATE

Description

Time=integrated concetit ration of
radlonucllde ln aetosol ln each
fsodose area', not requited If
IPSQSB =-1, defaulls Iri Chapter 8.0

Probability of occurrence of each
of sf@ Pasqulff atmosphetlc stabillly
categories', or ly required if IPSQB =-1

Aadil that define tlie exposure annuli
used ln nondispersal accident model
In population one (NP) (In m)

Building dose factor'default value
In Chapter 8.0

Praclfon of tutal larid under
cultivation; default ln Chapter 8.0

Cleatiup ievef foffowfng afi accfdent
(uCI/m~); default ln Chapter 8.0

Breathing rate (trP/s); default In
Chaptet 8.0



T8bl8 3-2 (COAtinUed)

Cf'cating an lnPUt Pile >n RADTRAN 4

1st Level

Keyvlord

2nd Level

ITAAIN

¹meof
Array of

Variable To
Std Level Be Filled

ITAAIN

Oeacrtptlon

For tall mode
only,'f

general freight, ITAAIN =- 1
{exposure factor ls set to 0.16)
If dedicated rail, ITAAIN =- 2
(exposure factor is set to 0.01)

ECONOMIC ECONF

ONSCST(U)

EMACST(M)

Ecoriomlc factor to account for
liiflation; basic output is in 1980
dollars, default Is o.0.

Cost associated with transport link
restoration; four values correspond
to the following release fraction (AF)
rennes: AF =- o; 0 ~ AF ~.01;.01
~ AF «.0.1;AF~ 0.1. Oetaults ate
0.0,

Immediate response cost for one
accident of each severity, NSEV
values ate required. Defaults
are 0.0,



Table 3-2 (Continued)

Cf'eatirig an InPut File in RADTAAN 4

Name of
Ke/Nord Array of

Yarlabie To
tst Level 2nd Level 3rd Level Be Fll(ed Description

I I
ISOTOPN IRepeat enllre IBOTOPEB sequence (or each mode and material ln analysis.]

NM

TABBPY(NM}

PKGBHP(NM,m}

TIPKG(NM,m)

FAQAMA (m)

Ff-'INEUT (m)

LABMAT (m)

Transport mode to be analyzed
(negative value =- exclusfve use)

Number of shfpments

Number of packages per shipment
(must be identical packages}

Package dose fate at I rn (mfemlhr)

Practiori of effective dose rate
that '; gamma radfatlon

Practlon of effective dose rate
that ls neutron radiation (must equal
1=PAGAMMA)

Material label entered here (followed by
f.> })



Table M (Continued)

Ci'eating an Input File in BADTRAN 4

1st Level

Keyword

2nd Level

Name of
Array or

Variable To
3rd Level Be Filled Dseorlptlcn

IDISP (I)

LIHSAV (I) Name of Ilh Isotope; must be
equivalent to name ln LAHISO array;
NUsl be a riaN8 ln internal data
library or defined by user with DEFINE

CIPKQ (I) ISOtope=Specific CUf lee per
package for Isolope I

IPCQAP (I) Isotope=specific physical=chemical group
for Isotope I', rriUst be lderiilcai to a
group label entered fn IAQQI-'IP

isotope=specific dfspersabllty category
for isotope I (followed by I p])

Foi each Isol.ope fn material, repeat the sequence fLIHSAV (I>, CIPKQ (I), IPCQFIP (I), IDISP (I) (followed
by fw))

PKQSIZ fmatedal
name)

PKQSIZ (m) Characteristic package dimension for
material m (m); note that the actual
Naterlal name rnUst be Used, followed
by the package dimension

For each ma.'ariel In shipment, repeat the sequence fPKQSIZ name of mih material, PKQSIZ (m)];
NSdmum number Of rriatetlale =-12,

I. I. I I



Tible 3-2 (Coiitii|06d)

Ci'eating an Input Pile in FIIADTRAN 4

Keyword

1st Level 2nd Level

Naca of
Array or

Variable To
Srd Level Be Filled Description

OISTKM NMOD8 NM
DISTKM(NM) Distance for mode NM (km)

Use DISTKM as alternalfve to LINK for aggregated dafa'repeat sequence fNMOOE, NM, OISTKM(NM) j
for each m8de,

LINK LMOOE ()

LolST I
LSPED (J)

LPOPD (jj

NOEN I

Numerfcal riiode designator for
travel on Jih route segeent (link J)

Length of Jlh route segment (fink J)
(km)

Speed of vehicle on Jth route segment
(link j) (km/hr)

Population densify along jih route
segmenif (link j) (persons/km>)

One=way vehicle densify (trafffo
count) on Jlh roufe segment (link J)
(vehicles/hr)

Accident rate on Jlh route segment
(link Jj (accidents/ke)



Table 3-2 (Cot|eluded)

CJ'eating an Input Pile ln RADTBAN 4

Keyword

1st Level 2nd Level

Name of
Array or

Vartabte To
3rd Level Bs Filled

LZONE g)

Desortpiton

Zone type designator for Jih route
segment (link J)
B =- rural
8 =- suburban
0 = urban

Link type destanator for Jth route
segment (Items J)
1 =- freeway (for LMODE =- 1 7,8,9,10)
2 =- nonfreeway (for LM6DE =- $ ,7,8,9,10
8 =- all other (for LM6DE =- 2,8,4,5,8I

Ftepeat LlNK sequence fLINK, LMODE(J) through LUMPEN] for sash route=segment analyzed,
mSrtmUm ftufnber of segments =- 40

EOP



actual user-assisted titl'a IBlay not exceed 7>4 alphanumeric characters >in

length.

PQRM. Zjha sacend lima must start with tha ikeyvord PQRM fellewad by at
least ena space and eiWar jUNXT ex NQNUNXT (second-lewal keywords). As
indicated im Table 3-2„ tihis determines tha ferm ef tha output: eiWar
X3NXT fer populatien dose er NQNUNXT fer ihaalW effects.

jDXÃEN„Vith~ jQZMKN t>ha d&namsiens ef five ax'x'ays are specified. The
dimensions ara NXSQ„ NSZV„ NGRMP„ NRA9, and NAREAS. NXSQ is Wa total
mumbax ef isotopes in tihe arxay entexed undax'ha jkeyword jLASZSQ„ 'Xjha

anaximum NXSQ ~lua is 65. NSEV is tha number ef accMant-swrerity
categories that will iba used in tha analysis >(anaximum 20))„ NGRQUP is tha
mumbar ef physical-chemical isotope jgreups I(maxljmum: 15>). NRR is tha
numbar >of radial distances te ba used im nondisparsal'ccMant analysis
>(maximnxm 15)„ and NARjEA$ is Wa mumbar ef downwind dose and dapositien
areas to ba used lm dispersal accMant analysis >(maxDlum ~ 39)) ~ iQZHEN Rust
iba entered en tha third line and is fellewad by fima erdared„numaxic
fields specifying tha dimansiens ef tha arxays.

FARM. With FARM, tha msax sets tha fellewimg fee flags that control
cextaim parameter sacs:

1. ZRNK>C is tha flag fer placing >data in eutput files >PZLE6.jQAT„
PXiUE3!Q.jDAT„ PXiLEill.jQAT„ and FXLE12.jQAT fex probability-consequence
plots~ tha default is yas ~(ZKK'C ~ 1'))

2. ZANA is Wa flag with which tha msar selects imcMant-fxaa
anall ysis„ accidam't analysis, er both"„ tha dafaul't is iboth
>(ZANA 3) „"

3. ZUO~PT is tha urban ibuildimg flag fer selecting the ibuildimg
s'hielding epti>on„ tha default accounts fer shieldimg with a
ibuilding s'hieldimg factex (MQPT 2)>",

ZSiEN is tha flag fer <~choosing tha le~al ef eutput;, tha default is
tha fuill eu'tput >(ZSKN 3))," and

5. ZPS'QSE is tha flag fer selecting Pas«Xuill stability categories er
user-suppli>ed time-integrated concentration isopleths and areas,",
Wa default ls nsar suppl'ied data ~(ZPSQSE ~ 6'))

Zf catha user wishes te altar Wa default vs1za fer any parameter((s))
mibordimate te FARM, tha ikeywoxd FAX'kuld iba entered en tha feurth lima
ef tha data sett fellewad lby tha string ef ~mes. Zf tha user emits PAXQX,

than tha default settings fex all subordinate parama'tars are nsad.

3.4 Suildim'R a jQR>ta Sa'c

After TZTX)E,, PQRM., jQMM, and FARM have ibaan entered, any ether
ikaywords, with tha exception ef ZSQTO>PZS,, jQZSll>KH„PX'GSZZ„and KZM, may
f>ollew im amy exdar as lemg as th'a MerarcMlcal relatievLship b'atwaam tha
ikaywords is ebservad. Aftex a jkayword is entered, data arrays ef tha
prepar sime are entered ~(Table 3-2'r). ZSQYDPZS, %KM„jQZSXXH„and PZGSZR



are discussed in the following sectien. Por any analysis, values must be
entered by tbe user for the following types ef parameters:

paz'ametez's without default values„and

parameters with default values >&at must be changed for tbe problem
being aT4'elyzed

If values are not entered by the user f!oz any parametez for w'hich
default values are available, then tthe default values are used in t'e
analysis. Clearly„ altering the value !of a vaziable possessing a default
vallue ibas no effect cn We result ef a calculation if that parameter is not
used in t!he calculatiem. See the RABTBAN 4 Technical Manual for detailed
descripti!oms cf RADTRAN 4 calculatiens ~(Ãeuhauser and Xanipe„ im
preparation (b])!

Qoticnal Eoonomic parameters

Three parameter arzays aze inciluded under the first-IL!evei Eoeyword
EGGNGMIC. These parametez'zrays may be used to generate am estimate cf
W~,e imunediate cesrs associated with vaxi!ous sevexiti!es cf accMemts. The
second-level Lkeyword EC0NF <(from ~KC0 omic pact!or) calls fer a sic,le value
that may be used to adjust for inflation. %his and all ether ECBNGMI|C
pazametezs 'have default values of zero„amd use ef the RABTBAK 44 economic
model is epticmal„ If mo vaILues are entered iby the user, no cost estimates
wiIL1 be inc1uded in the eutput. The economic model itself is discussed im
the RAMRAN 4 Teothmical Manual <(Seuhauser amd Kamipe„ in prepaxatien tb]).
ECONF may be set tc IL.~G te zeproduce results cf earlier amaiLyses„ ibut it
may also be used to upwardly adjust tbese results te present-!day dollar
va Ilies

The second-ILevel Ikeyword $1SCST is used tc specify an axray ef four
material-specific values for en-scene costs <(6N-Scene 6oST). These are the
!costs ef decomtamimatien and restcratMn ef the area surrounding
Ihypoc~hetica3. accMemt sites. These values increase as the zelease fractien
~(amd %ence the 1!evel ef contaminatiem) increases. The fiz'st value is a
basic cost fer accidents in whicth there was mo z'elease txelease fzacti!om
t(RF) ~ 6]l „ it represents the miIllUmal cost !of determiY4'LImg that there was in
fa!ct mo xel!ease and !dispersal %he second value im the axz'ay is a cost
estimate for accMemt im which 6 < RF < 6!.6~1-„ the third value is a cost
estimate fez accMect im whicth E.6!IL < RF < 6!.16!„andthe fourth value is a
cost estimate fez accidents im whiM RF > 6!.16!.

The W~ird and fizral second-level Ikeyword undez'CGN01DE is EMRCST„
w'hicih calls for an array cf M values ~(where M the znmriber ef accMent
severity categories, MSEV) . These values zepxesent esximates ef emertgency
zespomse costs |(ENergemcy Response 6o~) „chat is, the cost ef law
emfercememt, fixe prevemtiem, ihealtoh service pezsommel, amd eqeipmemt that
wouM respond te am aocMemx ef eacjh severity These estimates are mo'de-

specific„ ibut tumliike tbe values entered under QNSCST,,they ihave little er
mo relati!onsbip to tbe xadicactive material! conte" i; ef the sMpmemt. Qme

stheuM alse Ibe aware t'hat ether umqeamxifiable costs sucth as t'hose Mat
might ibe associated with litigation„ government actiems„ 3ess cf business



income„ etc., cannot be accounted fer with a code such as RAMMED even
though they znight be significant.

3 5 1SQTQPES. ILIA. MSTKN. and PRGS1Z

The Ikeyword E97 ~'(emd ef filie) nnust appear after all data are entered
except fer the felILewimg instances."

values entered with XSQ'TQpES„

route-specific infermatien entered under ILIWK er nonreuee-specific
trip length entered under MSTKN, and

c'haracteristic pa&age dinnensien ~(PXGSIZ) fer each nnaterial.

ISGTG'PES is a first-erder Reyword that leads to arrays ef nnaterial-
level and isotope-level imfermatien fer the ipacRage~(sj) beizq, analyzed.
A'fter 'the lceyword E97, the user nnust enter the Ikeyword ILSQTQPES and all
required parameter valLues. Xf nnore than ene mode er material is analyzed„
then the entire sequence ~(i.e., ikeyword ISQTOpES fellewed by all required
iparameter values)i nnust ibe repeated fer each anode er material.

Tf a route-specific analysis is iperfermed, them the first-erder
keyword I;DIK is also entered after the ikeyword E97, fellewed by the
appropriate seynent-specific data fer each route segment. B the analysis
is not route-specific, then the full trip 3emgth nnusc be en'tered under the
Reyword MSXKM fer each mode used in the amalysis.

For all analyses„ the characteristic pacikage dimemsien for eac'h
material nnust ibe entered under PZGSI~Z.

There are two restric'tiens en the erder in which these feur keywords
.are en'tered ~(with their associated sub''dima'te Ikeywords and iparameter-value
arraysj) after the first EQ7. These restric'tiens are that ~(1) ISQTM'ES nnust
be the first Ikeyword entered, amd (2i) PRGSXZ cannot be entered umtil after
all nnaterials amd isotopes bave beam identifie'd. 'Entry ef da'ea umder these
liceywords is terminated with a second EQ7. If the user wis'hes 'eo evaluate a
secomd route im the same ran with either 1;DIK er IDiSTKH,, then the second
set ef Iparameters nnay be entered after the secend E97. Entry ef'hese da'ta
must ibe eermium'ted with a third EQP. this procedure nnay ibe repeated
several Mmes. The en'tire data set is always terminated with 'the byword
EQI ~(end ef imput$ .
3.6 ,Cutout Format and Eciho Qhecik

The first part ef the eutput fer amy KVSTRB' rum is the ecihe cheW,
whic~h repeats er echoes" the imput data set. %he echo c'heck s'hews the
fellewimg

the user-defimed values ef parameters witheu't defaul'ts„ and

the values ef iparameters with defaults wMc'h the amalyst altered.



Zf no 'value appears in th'8 echo heck for a particular p!aramet'er„ tIhen a
default value was used. The echo cher„ therefere„ preserves directly er
indirectly all 1 parameter values used in am input data set an'd, thus, is
useful fex performing a qualiry-assurance fumctien. The ec'ho checIk portiem
ef the eutput nnay zest Ibe suppressed iby 'the usex„ amd any IRABTRAK 4 eutput
lac'king the ecIho checik pages shouM ibe cemsiderad incomplete and unsuita'hie
fer either publicatiem ex'uaILity-assurance purposes.

3,.7i IDefault ltnut 3)ata

3.7i.l RAMRAM 4 IRadiemucli~de ILiibrary IData

As shown in Apppend~ S„ Common 331eck p contains data arrays fer all
is'otepes in the internal data liibxary. Each array contains eleven numbers.
These correspond te the fellewing:

1--Ihalf-life ~(daysi) .„

2--photem energy (887//disineegratiemi) „
3--~cleudshine dose fac'ter ~(rem-mn//Ci-sec)i „
~4--50-yr committed effective ~dose equivalen't fer

inhala'tien (rem/~Ci inhaled)i„
5--50-yr ~committed effective ~dose equivalent fex

ingestien I(rem//iCi ingested),
6--feod transfer facter ~(Ci ingested/~Ci ideposited)r „
7i--soil transfer factor ((Ci ingested//Ci depositedj),
8--deposi'tiem velecity ef aerosol particles ~(eI/seer),
9--lung type fex early effects ealcula"tiens,,

1<9--1-yr lung ~dose fer inhalatiem I(rem/~Ci inhaled),, and
11'- 1'-yr llllsrrow dos'e fer inhalatien <(rem/~'Ca nnhal~ed)i .
Each~ parameter is defined and discussed bx'i'efly ibelew. Tihe units ef

each parameter are given and sources are ~cited. SpeciaiL treatment ef
jparticular isot'opes ax'e also identifi'ed

Half-life. Tahe tenn Ihalf-life is used te idescriibe the xadieactive
decay ef an isetepe. Tahe units are days. All values are 'taken from
IRadiemuclide Tramsfermatiems. lEeerxv and In'temsitv ef Emissiens,,
publieatien 38 ef the Xn'eexnatiemall Commissien en IRadielegical )pwca'tectiem
((I'CRP''j) <(I'CR~P „1983'j)

IPhotem Emery. Tahe energy ef 'the p'ho'toms emit'tediby an iso'tope is
used te calculate 'the grounds'hine dose fex 'chat isotope. The uni'ts are
MeV//disintegratien. All values are taken from 1CRP~ 38 ~(1983>). Te simplify
the analysis,, each ~decay, regardiless ef whether it is a single photon er a
cascade, is treated as a single p'hoton decay with an energy equal te 'th'

~difference ibetween t'e initial and gxeund states ef 'the radienuclide. The
values given are taken frem the eolumm titled y~(ip)HEI((i>)m

average energy emitted per transfermati~oni) in gectien 3 ef IRadiemucli~de
,Transfermatiems. Emery and I~ntemsitv ef Eimissiems ~(I~CRY, 1983'),

Photems emi'tted by sh'rt-lived daugh'ter products ef certain isotopes
Ihave beam added te 't'e nominal p'ho'tem energy ~(if amyl') ef the paten't
isotepe, beaut the ihalf-life ef the daughter is neglected. Xn ether words,
the parent isetepe is tree'ted as though every transfermatiem produced a



p'hetem equaiL im energy te that ef che iparent ~(if any) p1us chat ef che
daughter. because che isetepes fer which this approach was used ihave
ihalLf-1ivos that are 1arge im eemparisen with the ihalf-lives ef the daughter
muciides„ this gives a suitab1y realistic value fer ip'heten energy fer <~he

analyses perfermed by RADTRAK 4. Xm several eases„ che daughters are gemma
emitcers w'bile tbe iparemt muciides are mec. Thus important seurces ef
gamma radiatien are adequately acceunced fer im the grounds'hime dose
estimatien.

isotopes with s'hurt-iived daughters imclu'dad are the fe11ewimg:

nnelybdemum-99„ which has a daughter„ technetium-99m (87'.5 ipercemt
yie1d), with a haiLf-life ef 6 ihr and a p'heten energy ef 1.2Q-Q1
Me%//tramsfermatien"„

ruchenimn-M3„ which ihas a daughter„ rhodium-1Q3m ~(99.7i percent
yie1d) „wi'eh a iha1f-1ife ef''6 min and a ip'h'ot'on energy ef'.

7i5E-Q3 MeV//trams fermatien;

ruthemium-1Q6„w'hieh ihas a dms hcer, rhe'dium-M'6, ~(1QQ ipercemt
yield), with a ihaif-1ife ef 29.9 sec amzl a p'heten energy ef
2.Q1E-Q1 MeV//tramsfermatien"„

eesien-137' w'high Ihas a daughter„ barium-137nn ((94.~6 ipercemt yield)„
~ich a ihaif-1ife ef 2.~6 rmim and a ip'heten energy ~of 5.96E-Q1
MeV//cramsfermatien; amd

eerimn-14~4, w'high ihas a ~daughter, ipraseedymium-14~4 l(98.2 percent
yield) „with a ihalf-1ife ef 17'.3 mim amd a p'heten emergy ef
3.18E-Q2 MeV//transfermatien. The remaimder ef 6~re yield is aiso a
sihert-1ived isetepe, ipraseedymium-14'4m, ibut ics p'heten energy is
very 1ew and is megiected ihere.

C1eud iDese Facter. Tahe units ef this parameter are rem-m3//Ci-sec.
Tuchis fatter is the eff~ective dose-rate facter fer immersiem im air
eentamimate~d wit'~h tive specified isetepe„ and it is used te eaicuiate
eieudsihime dose. A11 vaiLues are ta'kern frem iDQE-QQ7Q ((1988a) and eenverced
fram anrem-m3//jpCi-yr to rem-m3//Ci-sec.

Cemmit ted Effective iDose Eauiva1ent fer Iimhaiacien. Tihis parameter
~des~cribes interma1 radiatien ~exposure i(5Q-yr dose eemmitment) resu1timg
frem imhaiatien ef respirab1e aerose1 partie1es ef each~ isetepe. %7nics are
rem//Ci ef resjpirab1e aerese1 imhaled. Most values are fer Q.3 micron
activity meam aerodynamic diameter <(AKB) ipartie1e size. The values fer
this parameter were taiken from iDunnimg f(1983) and ea1euiated from equatiens
im Sectien 1.2.2 ef the I~ntermail iDose Gomversien Facters fer Caleuia'tiem ef
iDose te che Public ~(M~E, 1988b; iprevieusly ipub1is'~had im XCRP„1981).
VaiLues were aiso calcem frem fractiens provided by X)QE-QQ7il ~(1988b) fer che
ihighest 1ung retemti~on c1ass fer eM'h isetop'e

A yepuiLati~on ef aerese1 ipartieles ef plutemimn er ether demse materia1
with a mean aerodynamic diameter ef Q.3 nnicren ihas a ipartiele-size
dis'triibutien sucih that virtually a11 cine ipartieles eeulld 1e'dge im che
ipuiLmenary regien ef the 1umg ~(i.e., chey eeuld be 1ess Cham 1Q mierens and



!greater chan Q.l nnicren iu diamecer). This parcicla-size assumpcien is
conservative fer dense <maCerials„ an8 sine'e uranium, piuConium„ eCher
Cxansuxani!cs„+n8 spenC fue3. particuiaC!es are ail! ibech rel'aCively dense am8
among che macerials nose frequently analyzed fer cransppercacien risik„che
0.3-micron AHAB vs.ues were used as defauiLCs. V'ich 3)EF1RE„Che ussr may
redefine an iseC<ope already in Che liibrary fex a <new p<arCicl!a-siz<e
distriibuCien, if desired.

Parcicl~e size is ut<c a faccer fer chose radienucl'ides 't'hac would ibe int'e gaseous scace under acci<denc <condiciens: cricium gas !(83GAS)i„carbon-1!'4
<dioxide gas !'(!Cl!4<GAS), and 'the noble gases., A 1.0-nnicren MA9 parxicl!<e size
was used fer 'these lew-density li<quids an8 seli<ds: cxiciaced wa'tex !(iH3VZR)<

and <organic ferms <of carbon-14 !(C14QRG!)

'Commicced Effeccive 3)ose Eauiv@1L<enc fer I<aaescien. This p!arameCer
describes incernai xadia'ti!on exposure <'(50-yr dose <cemmicmenC!) from
inges'ta<on <of feodstuffs centamiuated wiC'!h Che iseC<ope. UniCs are ram/<'Ci
ingesCed. Ail vaiues are Caiken from the iDQE !(1988'b!) <or i)unning <(1983!) an8
<c'onver'ted from rem/ip'ci izgesee8 co rem/!ci inges'te8. 'The insesci<on pachway
is used <only f!or <dispersal acci<dents in rural areas '!because agricuiCural
iand use is general!1!y rescricced ce rural! areas. T!he resulciug ingescien
dose is a soci!et<el dose„!however <(<Gs'tmeyer„1986a)<.

Food Txansf<ex'Fac'tor. This iparamecer descriibes c'he reiaciensMy
ibecween che soci<ecal ingescion <dose and radi<onucl!i<des incorperace8 ince
feod grew+ er reared <on contaminaCe8 land. 'The uni'ts are <Ci incorperaC+8
inC<o f!ood ingesced per !Ci deposi'ted p~er m2 <of 1!and under cul!Civari<on. X.and
under <cul!civaCien includes al!l~ feo8-<chain land uses !(<dairy ipascure, feral
crops, cereal grains, leafy vegeCaMe craps„<eCc.)!. I!n an'ticipaCi<on ef 't'e
devei<opmenC ef aa ++Cereal! <dace ibase t'h<aC wiiLT contai~ a series <of s'ta'te-
er re!gien-specific values fer t'his Cxamsf<ex'acCer,„al!1! values are
presencly <defauiced te zero and che XFAM yaramecer <(fraccien <of land
undex <culCivaCi<on)< ihadibeen <disa'bi~ed f<or this <cal!cul!<aeien. Tn 'the in'terinn,
us!ers wis'hing Ce caiculaC<e ingesCien <doses mray <empl!<oy 't'e X)EFIi1EE! fumcCiem
co redefine isec<opes wich nonz<er<o vaiues fer feed cramsf<ex fac'ters
!(6!stmeyer, 1986a)! .

Soi1 Transfer Faccer. This paramecar <describes che reiacienship
ibeCween Che soci'eCal! ingesCi<on dos'e an8 radi<onucl!ides <depasiCed en fee8
igrown em c<onCamiuaCed l!and iby <dry- am8 weC-depesi'tien m<echanisms. T!ha
uni'ts are Ci <deposiCed em f<ood ingested per 'te'tel!!Ci depesited iper nn2 ef
ian8 under cul!CivaCien. I<n anticipatien ef 'the develepmenC ef an <ezeernal!
<daca base c'hac will! <concain a sexi<ca ef scace- ex rapier-specific values
f<or C'his Cransf<ex faceox„al!i va1ues are p<resenCly defauiC<e8 'te zero an8
che ZFAR!H p~aramecer !(fraccien ef rural 1an8 under culcivacienj) ihas ibad
<disaM<ed. In Che inC<erim, users wis'hing Ce callcul!aC<e ingesCi<en doses may
<empley Cilhe iDEFI!1K functien C!o redefine iseCopes wiCh nenz<ere values fer
soiiL Cransf<er facrars !(QsCmeyer, 198'6a)! .

,BeeesiCi<on VelieciCv ef Aeros<ol X~'arCiclas. This parameCer descriibes
t'e s<eccling ef dispersed nnacerial as ic moves dewawin8 frem cha acci<denc
site. Xc is used ce <ca'1~<cuiaC<e depl<ecien ef Che aerasei c11eu8 an8 greun8
c<oneaminaCien iaveis. T!he uniCs are e//sec. ExcepC fex CriCiaC!ed waar



(vapor), tritium gas, carbon-14 dioxide gas, and the noble gases, the
deposition velocity for aero'so3. particles of all other isotopes is set to
Q.O1 m/sec (1 cm/sec). This is the median terminal velocity for 30-micron
spherical particles (actual diameter) of densities between one and 1Q in
air at STP (see Figure 9-6 in Shleien and Terpilak, 1987).

Luna Tvoe for Earlv 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 phorons) 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 isotope 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. I.ung-type designations
were made on the basis of the half-life and radiation type data taken from
ICRP 38 (1'983).

Qne-Year Luna 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 (1'983) for the highest lung retention class for which values were
given for each isotope.

Qne-Year Marrow Dose for Inhalation. This parameter describes the
1-yr committed dose to bone marrow from inhalation of respirable aerosol of
t'e given isotope. It is used to calculate early fatalities and early
morbidlties. The units are rem/Ci. inhaled. The values were taken from
Gunning (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 hy Mode

Twenty-five o the parameters used in the incident-free dose
calculation are listed under the first-level keyword NORMAL. The values
entered under NGRMAL 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 ikeyword ÃORMAL~ . The user ean enter a second-level ikeyword (Table
3-3) followed by third-level keyword NMGDE and the mode number then the
appropriate value. The third-level keyword NMODE, mode numbers, and values
can ibe repea'ted for all modes if desired. This method is useful if tbe
user wants only to change a few of the default parameters and keep the
other default data intact.



TaMe 3-3

DNORQ. Array Default Da'ta

Cargo Passenger Passenger Cargo
Keyword'ruck Rail Barge Ship Air Air Van Vans

FTZNR 0.90 6.90 0.90 Q.'99 6.8B 6.88
FTZNS 6.65 6.65 6.'09 6.~009 '0.16 6.16
FTZNR 6.65 0.65 0.61 0.601 0.02 6.62
VZ13t 88.49 64.37 16.69 24.16 691.9D 6'91.90

VZLS 4'0.25 40.25 8.'06 'B.'06 691.'90 691.'9D

VZLU 24.16 24.16 3.20 3.20 6'91.90 691.'90

6.6
6.6'0

6.46
88.49
56.34
24.16

Q.'0

6.60
6 40

88.49
56.34
24 1'6

CRZWNO 2.00 5.DO 2.60 1'0.'00 3.00 3.'00 1.60 1.IOD

STDPTIM 6.'Dll 0.633 G.'01 G.'01

NINST 6.6 10.60 10.60 10.60
TIMZR D.Q 60.'00 '0.6 G.Q

RfINCL D.i0 2.60 6.D IO. iO

6.6016 '0.6008

1.~00

0.6
6 6

6.6
6.0

PDST 50.6 160.60 50.00 50.60 16.'00 1600.GD

RST 20.6 20.00 5'0.'00 5'0.60 50.'00

DTSTOR 0.'0 4.69 24.60 O'B.'00 6.6
5Q.IOD

ADSTCV 3.1'0 152.40 45.70 61.'00 6.1Q 15.20
HANDNO 6.6 2.QD 2.60 2.'OD 4.60 4.60

2.13

'0.6004

6.15
6.6
6.'0

1'DD.QD

1~0.6D

4 60

2.13
6.69
0.6094
0.15
Q.IO

160.6D

16.60
16.60

PDSTOR 1'00.'0 160.60 160.'00 160.6D 16D.'00 160.60
RSTOR '160.6 i60.60 160.60 100.60 160.60 160.'DD 160.60 16D.GO

160.60 169.60

PPV 2.0 3.60 Q.'0 78.60 2.60
PRSHR Q.GB 6.6 '0.6 G.Q 6.6 6.6 6.68
PCTST 6.65 1.IOD 6.6 6.6 G.G

FTIZPY I0.85 '0.6 6 6 9 6 6.6
TCNTPR 479.60 1.6D 6.6
TCNTPS 780.6D 5.60
TCNTPU 28DD QO 5.60 6.6

G.G

6.6
G.'0

G.G

Q.D

6.6
6.6

470.6
780.6

2809.6

476.6
780 6

28QQ.Q

Keywords are defined in Table 3-2.



The secen8 metho8 for entering data into the DNORKL array is to enter
secen8-level Ikeyword ANOM fellewe8 by the mode number an8 the twenty-five
values fer che mode. These values must be entexe8 in che erder chat they
appear in Table 3-3. With this method no third-level keywords are
required, but all twenty-five valises must be entered an8 all default data
fer the mode chosen will be everwricten.

When che route-specific LIWK opcien is chosen, the values fer
velecity, vehicle density„ fraction ef travel in populatien density +ones,
an8 fractien ef rush-hour travel in the DNDRKL array are ignored. These
valises are taken inscea8 from the data input after che 1keyword LINK. Te
account fer rush-Ihour txavel with che LINK eption, che user must create
links that represent the distance traveled under xush-hour conditions in
urban an8 suburban links. ln effect, urban an8 suburban route segments
must be subdivided te in8icate whaR fraccien ef time they are cravexse8 in
rush-hour conditions an8 what fractien ef time they are traversed in
nonrush-hour cenditiens. This is also discussed in Sectien 4-1'0.

In ad8icien to che DNDREL array, che following lists ether flags an8
variables with default values that may also be used in an incident-free
dose cal'culatien

I. Shieidinz Gotien Flax (I~UO'PT). The default is 2. Fer this flag,
persons in buildings are exposed ac xeduced races an8 dose ra'tes
are calculated with the fellewing shielding factors (Finley
et al.. 19SS)„

Rural Shielding Factor (RR)--che default is 1.0 (i..e., no
shielding), which~ represents a frame dwelling„

Suburban Shielding Factor (RS)--the default i.s 6.87', which~ is
equivalent te a suburban residential structure ef'asenry
cons cructi.en"„an8

Urban Shielding Facter (RU)--the default is 6 Mg„which is
equivalent te an urban commercial ibuilding censtrucced ef
reinfexce8 concrete ex'encxece blec'k.

This system allows a great deal ef flexibility. The user may select
1, 2„ er 3 for the shielding eptien flag. Setting the eptien flag co I
(full shielding) is equivalent ce setting all shielding facters ce 6
(everyone indoors recedes no exposure). Setcixq; che epcien flag ce 3 is
equivalent co setting all shieldizg,factors te 1 (this means 1beimg indoors
is the same as being outdoors). Further, if tbe default (flag is 2) is
accepted, che user may still separately alter che values ef the individual
shielding faccex'alues (RR„ RS, and RU).

2. Ratie ef Pedestrian 9ensitv (RPD). This parameter is the ratio ef
pedestrian density te population density chat is used te detexmine
number ef unshielded persons exposed in urban areas when IUGPT is
not equal ce 3. The default value is 6 (Fiuiey et al.„ 1988).



3. %umber ef Flight Attendants f FNOATTi. This parameter is used fer
passenger air modes enly. The default value is 4 i'(KK„1977)„

Package Size Vhresholds i<PRGSZ1 and PRGSZ23. Thi.s parameter is
used co determine We handling 'method Wet will be used fer a
package, which, in curn, is used in We calculation ef 'handler
dose. Befaulcs fer PZGSZI and PXGSZ2 are 6.5 m and 1.6 m,
respectively. AIWough ic is unlikely Wac these values will need
Co be altexed, the user ihas Che eption do so.

5. ITRAIN Flag. This parameter is used only fer rai.l mode ce denote
wheWer shipment is Iby general freight ~(IYRAIÃ 1) er iby
dedicated rai.l ~(ITRLIÃ - '2). The difference between We two
epciens is the exposure factor value ((ZF), which is used ce
calculate the close-preximicy rail workers dose. The KF is
defined as We sum ef We time and distance raties fer all clese-
preximity rail workers, whi~ch is used in che line-source dose
oalculatien„ as described by Gstmeyer (198kb). Fex general
freight„ che default value for KF by 6.1~6 hrjm, and for dedicated
rail, 6.61 hr//m.

3.7.3 Befaulc Bate for Accident Rislr. Calculacien iby Mode and Macexial Type

Few ef the parameters used in We accident ris'k ealeulacien have
default values Seltzer ef Che cwo most important arrays have defaults"
accident-severicy fracciens and. release fx'actions. The cwo subordinate
axrays specified iby dispexsib~ilicy category (IiDISP) do have defaults„
Befaul'ts are also available fer certain eptiens in the dispex'sien model.
In 'tahe latter encase, ene <of two alternative analyCical models is selected
wiW the IPSE fl'ag. If IPSE ~ I„ chen six sets ef tabular dace (area and

e-integrated concentration) for Pasqmill atmospheric stability
categories A Wreugh F are called up„ and Che user must assign
pxo'babilicies ef occurrence fer each. %be values in chase cables ax'e fixed
and may noc be cihenged„ ibuc there are no default values fer We
probabilities ef eccurrence. lf IPSE 2 i(er any integer ether than 1)„
thhen a caMe ef user-defimible areas and time-integrated oencencratiens is
called up. In W~ is eptien, default values fxem national avexages are
supplied fer the areas and time-integrated concentrations„ -boch may be
altered iby che user. Since only erne sec iof dispersien values may be used in
this epcien,, chere is mo meed ce specify a probability ef eccurx'ence. She
default dispersion values are lis'bed in Table 3-4.

The method ef generating 'the tabular data fer Pasx(uill atmospheric
stability categories A Wreugh F and che sec ef national-average cime-
integrated cencencx'a'tions is described im We MMRA5 4„ Volume 2,
Teclhnieal Manual ((Ne'Q3ilauser aud KRYCRper~ im preparation if%]))

Vhexe are feur addicienal accident ris'k parameters fex'hich defaulC
values are available."

1. Suiidinn Bose Faccex ((33BFA. This factor describes We entraixnnent
ef aex'osol partial'es im 1blCl.ldlxlg 'vaxlcilacien systems (i N ~ We
ftaction of pax'tioles ef ann excexnnal aerosol'hat xematu tu

3-31'



TeMe 3-4

Tsoylerh Areas end Time-Inregrared Concentrations

ARENA
<M SG)!

Time-
Xnre/raMd

Concentration
<(TI!C'I

4.59GE+02
i.53GE+03
3.94QZ+Q3
1.25QZ+04
3.64QE+64
6.83'OE+Q4
1.7i'6QZ+Q3
4.j45QZ+03
8.5'9GZ+Q3
2.55'OE+'06
'4.j45QE+96
2..63QE+Q7
2.16QZ+'07j
5.52GZ+Q7j
1.7j7iQZ+GB
j4.8'9GE+'08
8.12QZ+GS
1.35QZ+Q9

3.j42QE-63
1.72QE-Q3
8.580E-Q4
3 j42QZ-Q4
1!.72QE-Q4
8.58QZ-Q5
3 j42GZ-65
1.7i2QZ-65
8.5SGZ-66
3A2QZ-66
1'/2QZ 6'6
8.58QZ-Q7j
3A:2GZ-Q7j
1.7j2GE-Q7
8.58GE-IGB
5 (42GE-QB
j4.3QQZ-QB
3.j42QE-QS

TTC !units ere ((Ci-sec//8~3//Ci-released)! .

aerosol cform after passing Chrollsh e vanti1ation system)j ((Vigil!ey
1980j) Tha B!M is used 'co modify'nhal'eci!on !doses 4'o

parsons inl turhan s'ecucrures. The daXaul!'t mQ.ua is 8.6QZ-Q3.

2. Cl!ean-Uo 1Leval ((CVLVI~.>. This Sector descrjlbes It'ha required 1!easel!

Ito which! contaminated surfaces mus'c iba c1eaned tup ((E!!PA, 1!97j7j;).
The dafeul!t vaja is sae Ito 'che proposed guMa1inla eZ Q.2 yQi//m2.
iNore that this walua eppl!ies Ito ehe sum oX deposited ecMwi.~ ever
&IL1! isotopes oi e 8M11ItfL-isoltopa ma'teriLel'xld chat aha daf'Rul!4
c3.eanup value ns nlott wMe1y accepted.

3. 33reachinu Rare ((B!RATE>i„ This SacItor Xs used co mal!cul!e'te vol!dna
eX air $xiha1ed ((ICBP„197I5j). The brea'tMnlg xa"te oX e sItandard
edulIt mal!e ((3.3QE-Q4 m3//secj) 1has 1baem tused as 'tha defeul!0 val!ue.



4. ian6 Un8er Culti~tien ((XFARM>. This fecter is the fraction of
1'an6 in areas CesiEnate'6 es rural that ere 6wTote8 t'0 focd-chain
3.and ames„ inclu8inE pasture, ferase creps, cereaIL @means„1eafy
megetables, etc. (U.S. bureau ef the Census„1983>). The defeuILt
ma1ue is ~0.5.



xl.Q OPTIONS AND CONSTRAjNTS TQ CONSliDER, WHEN

PERFORtHNG ANALYSES USI5G M'DTRAN xl

RA3TRAN Xl requires a relatively large amount ef input data Fer this
reason and because obtaining appropriate values fer certain parameters can
be difficult, this User Cuide provides EVQ)TRAN 4 users vith a cencise
outline ef the data requirements (TRM~e 3-2) and default data pxevMBd te
nninimize searching fer infeznnatien (Table 3-3). In additien„some ef the
analysis strategies dev81Qped at SNL are described belch te assist t58 user
in selecting the best xnethod fer analyzinXg a particular pxoblem and in
reducing the amount ef data that nnuSt ibe entered. As a complement te this
discussien, xepxesentative data sets taken fxem studies perfexmed at SNL
jhavB been annotated and reproduced in Chapter 5.U ef this report.

Xl.l Analvsis Strategies

Commonly encountered s'hipment configurations are listed in Table Xl-l.
Each s'hipment muse centain at least ene package.

'Ta'ble ~4-1

Shipment Conf iguratiens and Analysis iHBthod

jNumber ef Packages
per Conveyance Analysis Method

1'setepes are 1'isted indivMlxally
Sectien Xl.3.

CDTltents ef ajL1 pRcjkRgBs
identical-„ zsetepBs are listed
indivMually; Section Xl.5.2.

Contencs ef all packages are
1Llot iclentical~ isot'opes
listed indivMuajLly"„Sectien
Xl.5A.

Xtu thB ca1iculatxen ef incMBnt-free rxsksn the dose rate in tmrem~~ at
1 an fxom the pacjkagB er from thB veh'icle (also cRlled th|8 effective dose
x'atB) is used te estimate thB radxatien field str~engtliL arolxud th~8 pacjkage
er sjhipment. This, in turn,, is used te calculate doses te persons besi.@B
thB transport link (eff-link) and doses te persons sharinxg tthe transport
link (en-link).

Zf the shipment consists ef a single pacjkage„ '@hen thB package and
sihipment dose zates are the same and nxo adjxxstments are required ln a
xnultip3e package sRipmentq 458 zxser nnay enter aIil inxdivldual package dose



xate fer each anaterial and allew RABTRAZ 4 automatically te sum the
individua1 package dose rates fer the number ef packages ef each type per
shipment (PPS) Because ef shie1dimg ef packages iby ene another, this wi11
eften everestianate the shipman't dose rate and the mser anay wish te ana3ce an
adjustment. One way te avoid th~is preblem is te treat the shipman't as a
single effective package Xm 'Quis case~ a single effective dose rate can
be measured er ealcuiated and the number ef packages per shipment is set 'eo
unity (see Sectien 4.5.1). 3)oses te Xaandlexs and warehouse personnel„
ihowever„axe always calcuiated en the package Xeve1. Xf caicu1atien ef
worker doses is desired and if a shipment-Xevel analysis has been perfermed
to e'becalm eche« doses„ then a separate package-level r41n is xeglLLxed to
ebtain proper values fer ihandler and warehouse worker doses.

Although accidents usually involve an entire shipment g..e., a vehic1e
and the package(s] it carries), accident risk ca1culatiens anust consider
the effect ef the forces im an accident en each package-anateria1
eombinatien, ibecause each cembimatien ef package and ana'texial type may
respond differently. RABTRAN 4 accepts data concexnimg shipman't, paclcage,
anatexiaX, and isotope. The usex anust ibe aware ef these distimctiens when
entering data. Xm Sectiens 4.2 through 4.8, parameter arrays ef special
cemcern are descxiibed and additiena1 imfermatien is given en the shipment
aTlaiysis strategies eutlamed above

4.2 Ymoortance ef the XAB1SO Axxav

When analyzimg a anultiple-isotope anatexia1, remember that the XA33ISO

<( labe1 a.sotepe"') array <(see Table 3-2) anust contain the names I(labe1s) ef
every ianportamt constituent isetepe im each anaterial considered im the
analysis. XAM~SO~ is a second-erdex 1keyword under SHXPNEHT ((Table 3-2)
The anaacianum size ef the XLQ3ISQ ax«ay is 65. 3)ata en'try unde« the keyword
ISQZQPZS is elese1y «elated te and dependent en the MSXSQ array.
Whexefexe„, care should ibe taken te ensure that the isotope 1abe1s are
spe11ed identiea11y im iboth p]aces. See Tabie 4-2 fer the isotopes which
axe iaaclmded im xhe KRTRAB 4 defau1t data.

4.3 Shimment Gonfinuxatiens

The shipment eomfiguxatien selected iby the user is detexanimed, im
part„ iby cl~xaxacteristics ef the shipment itseif and, im par't,, by the leve1
ef deta11 desired

After entering; the keyword I~ SQTM'ZS„ the user first enters an erdered
array ef numbers en the same Xime ((texaned the anatexiai Xime). The array
specifies the fe11ewimg pa«arne'ters 1isted im the «equi«ed erder:

anode muml>ex and the eacc1msive-mse flag I(sign ef aaumbex),

mumhex ef shipments ~

mmribex ef packages pex sh~ipment,

effective dose rate (anrem//hx) ~(at 1 an from package er conveyance) „



Table 4-2

Zsotepes That Are Zncluded irl the KQ)TRAN 4
Default Data

(Arranged in Qrder ef Increasing Atomic Weight)

Zset'op8
label Descriptien

Zsotop8
ILabel Bescriytien

H3WTR

H3GAS

CiL40RG

Cl/4'GAS

CA'45

CR51

KN54

60~58

CO'6'Ot

2965

CA/67/

ZR85

SR~90~

ZR95

KB94

tritiated vater

tritium gas

carbon-1/4 in erganic germ I

carbon-14 dieaide

glosp'horus 32

sulfur-35

calcium-45

chremium-51

nnanganese-54

iren-55

iren-59

cebalt 58

cebalt-/66~

zinc-/65

gallium-67/

kxyy'eon-85

sMentium-89

strentium-99

3/ttriuln

91'irceniuln-95

n1ie'hium-94

KE95

8099

Ml/03

RU1'65

88125

TZ1258

T/E127N

TZ127/

TZ12933

X3.25

XE133

CS134

CS137/

CE~1/41

CKiL44

PR1/4/4

PKL/47/

Yliebium- 95

nnolybdenum-998

tec31Tletium 99

ruthenium-193>

rutbenium-166c

RTltizh'on+- 125

tell:Qrium-125M

telluriuln- 127//I

eel111rium- 127/

tellurium-129K

telluriuln-129

iediZ18 3.25

iediZle-129

iedme-131

+en@a 133

cesn.uln- 1'34

cesiMn 137/d

cerium-1/41e

ceriuln-3./4'4f

ceri oln-1/4/4S

yremetthimn-1/47/

aThis izxcludes
b~This in1cludes

This 3xlcJLnn'lf es
dais 3Ãlclnndes
eThis irlciLudes
fThis inTcludes

the s'hart
the slhert
the shert
the slhert
/tlhe sthert
the SIhert

a3augh'ter
dauglter
dau3hker
daUghter
dauglnter
dauglter

|half-3.ife
1hallf-3.ife
half-life
ihallf-life
lhalf-life
Ihallf-life

techTletium-99m.
x'hedimn-16|3m.
rhodium-16~6.
lbariwll-137/K
tpraseedynLuln-1@4.
praseedymium-144.



T+Me xl-2 (Concluded)

Isotopes That Are Inciuded in the KQ)TRAZ xl

IDefault IData

Zsot&P8
Label 3)ascription

Isotope
La'b81 Sescriptien

88151

Z03.54

KU155

tV233

to238

MP2 37>

PG'23'6

PV238

samarium-151

europien-l52

europium-154

europituBl- 1'55

uranium 233

uranian-235

'GreIlium-238

Cled'cllIlium-237/

p1uxeIlium-23'6

pl'utoIlium-238

PV249

PV241'U242

CM24~4

CP252

plutoniuln 239

plutonium 246

plutonimn-241

plutonium-2xl2

americium-241

americium-243

curium-242

~curium-24~4

californium-252

Xrsc'tien ef dose rate repzeseIlt88 iby gamma xediekien„

XracttieII ef dose xaxe represented by neutron radiekien, enli

o xnaeeriel name |(fell~eweli by a I O ll).

Them e iist ef 'the isotopes in bhe anaxerielt is en'tered„eI48 isoxepe per
1llA8 ~(iso'tepe ltiYles) PGr each iso'crepe n ea'ch''9xl8~ '&O'selL eIlx'ex's the
X&11'%)wiTl'g paremexers

isotepe mama,

numher ef euries t(Ci)„

physieelj-ehemieal~ group label~„ end

6ispexsjibiliXy eatemexy ~(fl~lmi%6 by e Q I).

Recal~l~ tthax the isetepe nameS in Xthe EAiBI~SQ exxey nnusX be ltt|I8 Same SS bulbose

losers in ISQTQpZS. Wadis xel~e applies ewen Xe lthe silnplestt possiMe stbipInemt



configuration". a single package centainimg a material consisting, ef a
single isetope. In this case, enly ene isotope line appeaxs belew the
<material lime. There must ibe at lease ene isotope lime fer each <material.
The enly restriction en the <material name is that it may mot exceed ten
lettexs im length, ibut isotepe names <must ibe im standardized fermat te call
the proper values fer ihalf-life, p'hoton energy, etc., from t'e internal
radienuclide data library. The standaxd names ef all isotepes available in
the isotopes library are listed in Tahi<e 4-2.

If an analysis is being perfermed en a package contaimimg isotepes not
feund in the internal library, then the user <may use the iDEFISE eptien te
add the new isotopes te the internal data liibrary. The iDEFI~KE eptien may
also ibe used te define <(1)< isotope fonna that <differ significantly either
p'hysically ex chemically from the ferm descr9ibed in the data library er
<(2) eomposiee isotopes that are actually weighted-averages ef several
isotepes. The latter approacb anay anew si<mpl'fied analyses, ibut is ef
limited usefulness. Tahe assigmmemt ef p'hysieal-<cihemical groups and
dispersiibiliry <categoxies is discussed in Sectien 4.8.

Multiple-package shipments in which the packages can be txeated as if
t'hey are identical <may be txeated as a single <eff<ective package fer
analytical

p<
urposes„ as described in Secti<on 4.5.

x<.4 <Characteristic Packame D< imemsien

Tn every analysis the usex must <en<tex a value fer characteristic
package dimension <(PZCSIZ) im meters fer eac'h package type. Por
example, ter cylindrical packages, PZGSIZ is usually length <(see
Chapter 4.<0 in t'e iRAT)TRAW 0 Technical IHanual <fKeuhauser and Xanipe„ in
pxeparatien l[b])). I~m iRA<DTRA% 0 <eacih package, regaxdl<ess ef shape, is
modeled as an isotropically radiating poimt source fer most incMent-free
dose <calcula<tiens. Yhe calcuiacien includes a packag<e coefficient, Z„
wlvlclll is a fumct<ion ef package dxlllemsieIl

iFer some expose'e groups„a line-source <model is used <(see Chapter 4
im the iR«io~ 4 T<ech<nieal Manual ifMeuhauser amd Kanipe, in prepaxation
ltbllll)-

Tor analysis <of a package with a ch<aracteristic dimemsi<on,greater tham 4 m

<(e.g.„a spent fuel cask!) „ the ibasic fera<ala fer calcuiLatimg K~
overestimates gamma <dose xates amd iR«D<TRAN 4 automatically anakes an
adg<mstmenc. Fex a package <di<memsien <greater tham 4 za„ the val<ue f<or the
ac'tual characteristic package 69nemsiem <(PZGSXZ) is x'eplaced with a value
fer am effective package di<memsiem <(<E<FF8I~Z!)„which is cal<culated by
RAMRAN' accor4Hmg te the fellwing <eqGatiem"

iD f - 2 ~ !(1+<0.5 iD ) - <0.553//!4

eff act

io~xx ~ <effective packa<ge <dIUBlensiem

9~ q actmaiL dimension.



4.5 Inout Strateuv fer Mul'tiele-Pacikaae Shiements

4,5.1 The Effective Bose Rate and the Transport Index

The effective <dose rate is an important RADTRAN input parameter. It
is defined as che dose rate at 1 m in millirem/hr fxom either the surface
of the package <'(package dose rate) or from 'the vertical planes projiected byt'e outer lateral surfaces ef the transportatien vehi<cle <(shipment dose
rate). Although 'the symbol fer this parameter is TIiPRG (<the transport
index ef the packag< e"), no't all packages have a 'transport index (TI). The
TI is a regulatory quantity define8 in regula'tiens ef Che InternaCi<onai
Atomic Energy Agency, the U.S. Bepartment ef Transpor'tation, and the
Nuclear Regulatory Commissien <(ÃRC) <(49 CFR 17<3 and 19 <GFR 7<1). In 16 <GFR

71, the TI is defined as the maximum x'adiatien level'n millirem/'hr at 1 m

from the external surface ef the package. For exclusive-use sMpments
however, the regulatiens do not use the TI concept; ins'Read, they regulate
the dose rate at 2 m from the vertiea1 planes proji<ected by the cuter
lateral surfaces ef the railear ex vehi<cle. Qne must still~ enter a value
fer dose rate at 1 m fex'hese packages„ ihowever. Thus„ in RADTRAN 0 the
values entered in the TIPRG array must be the dose xa'te at 1 m from eit'her
the package er the shipment conveyance„ <depending en t'e analysis being
performed and regardless ef Che wording ef the xegulatiens governing tha't
pack<age or shipment type.

4.5.2 Similar Packages

Multiple-package configura'tiens in which all packages are identical
are analyzed in approximately the same manner as a single-pacikage s'hipment
of the same material. An 'example ef this type ef sMpmen't is a truck
fill<ed with drums ef lew-l<evel waste. A sMpmen't of Chis "type <often may
be treated as if all t'e drums were identica~. and each contained a
representative isotope inven'tory fer 'the waste form. As noted above,
RADTRAN 4 uses package dose rate x RPS <(packages pex s'hipment) ox analegous
products fer gammas and neutrons separately to estimate Che shipment source
strength fer sMpments ef this Cype. Since <directly accounting fer
shieMing ef packages by ene another is not possible with this method, the
inci<dent-free dose may be everestimated fex multiple-packag<e shipments and
the user must account fer this, as described in this sectien.

The package <ceeffiii<e, R,„ is oal< oui~ ate8 from Che input va1ue fer
the characteristic ipackage dimensien <(PXGSiZ), which <either is used
directly er is converted Ce an <effec'Rive package dimension, KFFSIR i(see
Sectien 4.4). Since package dose rate x PPS and Che eal<eulated K, .are
combined in several equations an8 since both ef these terms could xesult in
an everestimate ef dose rate, the user mrust eare&xl~ly examine each shipment
c<onfiguxatien for these sources ef error an8 apply the measures described
b<eiew to compensate. However„ the dose rate everesCimate cannot ibe
infinitely large. RABTRAN 4 ihas an internal< check that compares Che
pacikage dose rate x PPS to Che regulatory 1imit ef 5'0 mram/hx '(1Q <CFR 7<i).
The regulatory checks performed iby i<DZRAS 4 axe discussed fu1<ly in Che
RADTRAN 4 Techni<cal <manual~ (Neuhausex an8 Kanipe, in pxepaxatien (bij).



4.5.3 Application of the 'Effective Shipment Bose Rate

Even if ehe pac'kagedose x'aee x PPS does noe exceed regulatory limits,
ie may still be a significant overestimate of the radiation field around
ehe shipment. To avoid overestimation from ehe latter cause, ehe user can
measure or calculate an effective shipment dose rate '(i.e., ehe maximum
exposure level at 1 m from any accessible surface of ehe eranspore
vehicle). For exclusive-use shipments, this may be obtained by
extrapolation from measurements performed to determine compliance with
regulations chat restrict the dose rate eo 10 mremjhr or less ae 2 m from
the conveyance. In this meehod, ehe eneire shipment is treated as an
effective single package. Thus the value for PPS is set to 1 and ehe
package dose rate is replaced by a shipment dose rate. The produce chen
becomes s'hipment dose rate x 1, and given that the shipment dose xate is
properly estimated, this produces a better estimate of incident-free doses.
This mer'hod is also useful when analyzing multiple-package shipments
consisting of dissimilar packages, as described below.

4.5A Dissimilar Pac'kages

For s'hipmenes in which e'he packages are noe identical, ISOTOPES must
be used sequentially eo describe each package type. The user must enter
the '.keyword ISOTOPES and all associaeed data separately for each materi~1,
continuing until all packages have 'been described. The maximum number of
distinct material and packaging combinations chat may be analyzed
simultaneously is 12. Por multiple-package shipments made up of
nonidentical packages, ehe pac'kage dose xaee x PPS for each set of
identical packages is first calculated. Then incident-free doses are
calculated separately for each of these products. The values for all
package types xe summed and this sum is given in the output tables along
with the individual values for ~each package type. The problem of
overestimaeion from self-shielding, remains, 'however, and may be accounted
for in ehe same way as described above for shipments of similar packages.

Treating a shipmen't containing packages of widely different sizes and
contents as a single ~effective package is ofeen ehe best method for
analyzing ehis s'hipmene type. When using this approach, ehe analyst should
'take care eo perform ehe following:

properly determine the radiation field around the vehicle '(i.e.,
ehe effective shipmene dose rate, and

correctly describe the behavior of the shipmene in accidents '(if
necessary„ in a separate RADTRAM 4 run).

An example of a dissimilar-pac'kage shipmene is a exaceor-trailer
loaded with radiopharmacaueicals in which ehe dimensions and contents of
ehe various packages vary. An effective shipment dose rate can be either
measured dixecely or calculated by considexing eha geometry of the package
array and accounting for self-shieMing (Finley ee al., 198'8),. Since all
packages in etc shipmene are Type A, all packages can be expected eo have
comparable fai1ure behavior iu ehe event of an accident so that the entire
shipmeme can bi e assianed release fxaceions chat are characteristic of Type



A packages. Also„historical data for shipments <of this type can be used
to escimatea package-failure fraction. Thus 'both condici<ons <outlined
above ar<e satisfied, and the usex can proceed vit'h che analysis. Mote
again that if handler doses are desired, chen che user muse perform a
separate RADTRAM 4 analysis in which package dose races and dimensi<ons are
used.

4.6 Accountinn for <Grew Shielding

'Crew shielding is noc specifically modeled in RABTRAM ~4. However, if
t'e user must. aoc<ount for shielding, che source-co-crew distance may 'be
artificially increased co reduce che dose x'ace co chat which would ibe
achieved with shielding in place. The value ef che ~istance chat vill
yield the desixed dose rate '(i.e., che dose race with shi<elding) mus't 'be
externally calculated by 'the usex. The source-co-<crew <distance can be
defined by the user in che data input fil<e in the BMGRML array ~(Table 3-2).

4.7 'Gamma and Neu'tron Comnonents <of Bose Ra'te

The default values for a neutron component of dose race in <RADTRAM ~4

are for fission neutrons and are discussed in <de'tail in che iRADTRAM <4

Technical Manual. To summarize briefiIy, they were <obtained with neutron
cross-section data from che EHDF/<8-V '(Ãagurno„ 1'983) cross-section data
library genexated with the MJ'OY code <(Mac'Farlane ec al., 1'982). The sour<c<e

was assigned an enexgy spectrum <obtained from ~Oak Ridge National Mboratory
calculations of the neutron flux at the surface <of a 1<cad-s'hielded spent
fuel shipping <cask. The neutron transport calculations vere performed with
the <ONEDANT code, whi<ch solves che one-dimensi<onal, mulcigroup, 13olczmann
txanspoxt equati<on by che discrete ordinaces method <(<0"Bel~l <ec al., iL'982).
The ENDF library, ÃJOY„and 'OMEDAMT are <discussed and <evan.uaced iby parks

al. (1988).

To be compatible wi'th the RADTRAN cal<cuiaciona'iL serac<egy„ the neutron
rate as a funcci<on of dis'tance is expressed in the f<ollewing form

DR'(x) ~ X 'e '(1 + alx + a. x + a x + aux )// '2,'Jlx (,, 2, 3, . 4
'x

where BR~(x) is the dose race as a funeci<on ef x
x distance in meters from che source
R constant, and
iIJ, linear a'bsorpci<on eoeffici<enc f<ox 'the surroundi<ng medium

<(air) .
The linear a'bsorp'ti<on cneffiei<etc fer air ~'(Ip~~~) was assigned a value

of 7.'42E-Q3 m x (<Nads<en <et al. „1'986, p. 43). Four unicl«ess coefficients
'(ax, a>, a@„and a<,) axe chen <derived fer ficci<ng the shape of che <dose
rate-vs.-distance curve t<o the shape <of che sel<ecc<ed neutron transp''t
curve in air ac 3'0 percent rela'tive ihumi<dity. These values are:

Z.OZE-~G2

az ~6.17i<E-05



an - 3.17E-'OS

These values are available as defaults in RADTRAN 4. If another
neutron transport curve is preferred, then the user may generate new values
fer the coefficients and enter them into the input data file as the last
four numbers in the COEF array under the second-level 1ceyword EEUTRGN and
the first-level keyword TRANSFER (Table 3-2). The first number in this
array is the linear absarptien coefficient ~(p), which also nnay ibe redefined
iby the user. A similar treatment is possiible for gamma zadiatien ((secand-
level l~ceyword ~GAMMA under TRANSFER), ibut the atmospheric effect !(i.e.,
attenuatien and buildup in air) is insignificant. Therefore, fer gamma
radiation the default values ef y, ai, .a2, an, and an are set to xero in
order to zeduce the exponential term in the dose rate equation to unity.
The equatien fer gamma thus zeduces to the fezm used for a gamma point
source in RADTItAN calculatienal strategy <(Madsen et al., 1986„ p. 13).
Xamely, D~ R - X/x>.

Separatien ef dose rate into neutron and gamma components is useful
only for packages in which a significant fractien of the external dose rate
is attributable te neutrons. The default coefficient values fer the
neutron component, are acceptable for the most frequently encountered
shipments ef this type i(e.g.„ aged spent fuel). Zer most ether nnaterials,
the user should treat the entire external radiatien field as the result of
gannna radiatien. However„ t'e user always has the eption ef performing
ex'ternal transport calculatiens and curve-fitting to ebtain new
coefficients. Kate t'hat the coefficient values are not included in the
ISOTOPES azx'ay. 'To alter the default values the user nnust do so under the
Ikeyword TRANSFER, as shown in Table 3-2. Any analysis ef a nnultiple-
pac'~kage shipment cantaining dissimilar pa6cages should not use a
pa&~.age-iby-pac1~:age gamma-neutron ibreakdown, and the shipment dose ra'te
should enly ibe split inta gamma and neutron components when the neutron
coefficients can ibe used to descrQ~ve the shipment as a whole.

'4.8 Multi>le-I~'sotoae Materials

4.8.l Assignment ef 1'hysical-Chemical 'Groups

Ãany radieactive nnaterials consist ef mixtures of isotopes. The
physical and chemical properties of zadieisatepes vary wMely, and the
bi'ehavi'ol ~of the isotopes fm response mo mechanical and thermal forces
potentially encountered during accMents depend strongly en these pre-

erti!es The ibest way to account fer these differences is t'o list all
important isatepes under the I~SQTOpZS '~keyword. Since isotope-specific data
may ibe taX~ en directly from the int!ernal isotope i%i>rary, data entry is
simplified and impmt errers are reduced. Complex nnaterials containing up
to I65 isatepes can ibe modeled realistically with this nnethad.

Te account fer differences in physical-chemica1 properties ef'he
constituent isatepes~ 'che user fizst should date what groups

pi hysicaily and chemically distinct isatepes are represented. Examples ef
these groups are noble gases,, volatiles (e.g.. cesium), and transuzanic
exMes (e.g.„ PVO2),;each ef which would a~it distinct release and



aerosol-formation behavier in at least some accident-severity categories.
Thus an important feature ef RADTBAN 4 is that each such group may be

eatea'. separately. A maximum ef 15 physically and chemically distinct
groups ef isotopes may be used in a single analysi.s.

After each zadieisocope is assigned te a group en the basis of
p'hysical and chemical properties, ieach group is independently assigned
appropriate values for the release fraction (16RA'C), aeresol fraction
<(AKRSOL), and respirable aerosol fraccien (1KSP) arrays fez each accMent-
severity category. The latter two are specified indirectly iby the
dispersibi ilicy category assignment. In previeus RADTRAN documentation, the
cezm Index ef Material (IM) category was used as a synonym fer
dispersibility category. This parameter has ibeen renamed and is now termed
IBISP. Default values are available for typical physical-chemical material
forms t'(Table 4-3), ibut che user may also redefine all ibut the first ef
these categories, if desired. The values in Table 4-3 wer adapted fram
INUlKG 617>0 ((ÃRC, 197i7i, Table A-ji) fer use iu RADTRAN 2 pfadsen ec al
1'983) and in RADTRAN 3 ~(Kadsen et al., 1986)„Mote, however, that the
first 1DISP category is used enly fer modeling loss-ef-shielding accidents
in which no material is dispersed, and 'the user may noc alter this
category

Por shipmencs carrying more than ene pac'kage containing multiple
isotopes, the approach is similar to chat outlined above if che packages
,are identical. The ibehavior ef a multiple-pac'kage array in potential
accident conditions may ibe different from 'the behavier ef a single package
of'he same type; ic must ibe evaluated en a shipmenc-specific Ibasis. Vhen
the packages are noc identical, differences in their radieisocepe contents
as well as t'heir behavior in possibi le accident conditions must Ibe evaluated
en,a ease-iby-case basis.

4.8.2 Reducing the Number ef isotopes Analyzed

If che number ef isotopes in a material is large, chen isotopes chat
contribute less t'hen a predetermined percentage ef the evera)l hazard
~(e.g., liO, 1.0, ez O.l percent) may be disregarded to simplify che
analysis. Some type of relative hazard index must be calculated to use
this method. An example is discussed in che annotated output discussien im
Chapter 5.6.

4.8.3 Vi eighced-Average Method

A multiple-isotope shipman't may ibe analyzed wich the weighted-average
method, although this approach ihas very limited applicacien. Vhen the
ihealth ihazard associated wi.th a material is clearly dominated Iby ene
constituent isocepe er when a paclmge contains a material nnade up ef a few
very similar isotopes, chen this macleod may be used te simplify an analysis
without loss ef meaningfulness. The IDEF2K epcien is used to simulate what
is, in effect, an artificial isocepe to represent a multiple-isotope
material. This is accomplis'hed wi'th imput parameters that are veighted
averages ef values fer all isotopes present. IDose rate is assiEned ~nder
1~'SGXO~PZS„and enly ene physical-chemical group is used per pae3mge. T~o

apply che IDZF32~K epcien with this method, artificial values fer weighted-
average half-life, weighted-average photon energy„and so forth must be

g lo



Table 4 -3

Qispersibility Category IDefault Values

lMSP
Category iDescription

Aerosol'raction
Respirable
Fraction

1
2
3

5

7<

8
9

16
ll

Undispersed"
immobile
Loose ChuIlks
large Powder
Small Powder "
Spent Fuel

Par tie ul'ates
Volatile SolM
iL1'qu1d
Gther
<Gas

Flammable

(none]
1.GE-66
1.6E-62
5.QE-Q2
1.6E-Q1

1.GE+90
1.QZ+00
1.6Z+QG
1.6E+QG
1.6Z+DG
1.6Z+90

(<nona]~

6.65
6.65
6.65
6.65

6.65
1.60
1.60
1.60
1.60
1.QG

For loss-of-s'hielding analyses only.
Also used for <nonvolatile liquMs.

entered. Ko automatic call to We isotope data liibrary is possible. Thi.s
method has ibean used to simplify analyses of complex-<material shipments
(KRC„ 197<ji).

The input parameters for which weighted val<ues are required with this
method are ihalf-life,, photon energy, cloudshine dose factor, 59-yr
effective dose equivalent for izlhalation, 59-yr effective dose equival<ant
for ingestion, food and soil 'transfer factors, particle deposition
velocity, a select ta'ble for calcal<ation of'cute ixihalation effects„ acllte
inhalation effects of 1-yr lung dose„ and acute ixihal<ation effects of We
1-yr dose to iboIle marrow. Yhese parameters are <used only in accMent risk
calculations. A weighted average for all of the parameters except ihalf-
life should be cal<cul<ated iby using the activity of each of the isotopes as
We basis for weighting. T<ha ibasi.s for hal<f-lif<e weightitag should he the
Ilumber of <moles or the number of atoms. Values for other pszamet<mrs should
ibe given for the predominant isotope. 1<n addition„ tha value for envies
per p<a&age should be the true total activity of the shipment.

4..9 1~use of Azurezate Route grata

4 allows aggregate data t<o ibe tused for route-related
p<arameters Aggregate data axe defixled as th'8 values that resul<t fr'om
treating all portions of a route which lie m.th<iII some ipredefiIled range of



values fer a set ef characteristics as a single aggregate segment. The
single aggregate segment i.s equal in length to the sum ef all iaadividual
segments that satisfy the cenditiens. Analyses in which X.~~ is not used
are restricted to three sets ef aggregated route data. 8isterically, these
have been defined in terms ef a single characteristic--populati.en
density--and classified as rural, suburban, and urban, but they are not
required eo be. Input parameters such as traffic density and accident rate
are indexed te population density in non-LIWK runs. Te perferm this 'type
ef analysis, the user enters the total distance (trip lengQQ ender the
iaeyword BISTRH and represents each ef the three aggregated segments as a
fractien ef travel in the appropriate populatien-density zone in the E)NORML

array (FZZNR, FZZMS, FTZW in Tables 3-2 and 3-3).

Bate fer many route-xelated parameters are eften enly available in
aggregate form. When cross-ceuntry xoutes are analyzed by the non-1LIÃK
method, it is appropriate to aase natienal average data fer the indexed
parameters. The actual values ef populatien density in the three zones are
also in the PQP3ZN array and are aaser-definable. TaMe 4-4 shows the
popula'tien-density zones aased fer many SNL analyses.

These valises aleng with associated estienal average data are availaMe
in MBTRAN 4 as PM'DEN- and SNORKEL-array defaults for non-LWK analyses.
Even when Z.INK is used, an aggregate run should ibe performed te provide a
baseline fer comparison. These population-density zones clearly are not
applicable te certain anodes ((Xn-flight air travel and maritime transport en
the high seas), and EA3TRAN aI does not calculate eff-lizik populatien doses
fex these types ef transportatien.

Tabl'e 4-~4

Aggregate 3)ata fer population-IDensity Zones

Mean iDensity

Rural 6 persons~~
Suburban 7I 19 persons//kmn
iUirban 3„86i persensj/kmn

l te 66 persons//Xmas
67'e l,67iQ persons//kmn
>l, 67>IO persons/~i

4 10 Reute-Soecific Aualvsis Vith ISNK

ZMK anay also be aased te enter aggregate data and must ibe used fer
aggresate data with anoxe than three popularien-density classes ln this
applicatien, a liaak is created fer each populatien-density zene and is
assigaed a length equal te the aggregated value eX distance traveled in
this zone. Various refinements axe possible as well. 7~ or example„ in
bighway mode,, cane may acceunt fer raash-aaour travel in a particular zone by
creating two liadas fer this zene. One link is assisned a length equal~ te



calculated amount ef travel in xus'h-hour conditions in Cbis zone, and
Che eChex link is assigned a length equal'e Che calculated amount ef
travel in this zone in nonrush-ihour conditions. The sum ef'he Cwo links
muse ibe equal in length Ca Che total dis~ce traveled in this zone.

The LMK eptien enhances Che usefulness ef KQ)TBAK 4 far route-related
transportation xis'k applicatiens. The iLDX eptien allows Che user Ce
independently analyze up Ce 4'0 separate xaute segments ~(er data aggregates)
in a single celRputex'4xn Far each segment~ Che %1ser must assign values Co
Che fellewilQg route-related parameters

e mode ((numerical designatex'),

segment lenECh ~(km},

vehicle velecity ~(iknif'hr),

populacien density (persons//km~),

ene-way traffic count ((ve'hicles//hr fer all lanes),

accMent rate (accMents///n)„

character designatien ~(xural, suburban, er urban')„, and

link type ~(1 - freeway, 2 nonfxeeway, er 3 ether modes).

There are no default va1ues far Chase paramecets in XTM~ . When l~
is used fer route-specific anaiLysis, Che sum ef the segment lengths should
equal Che total x'outa length. 8ecause Chere can ibe no internal checik Ce
ensure Chat this conditien is satisfied, Che user must perferm this checik.

Qne ef Che mos't significanC features ef 1I~K is Chat populatien-
density dana fer each segment are en'texed independently. The user is noC
required Ce use arbitraxy populatien-density zones. however„ Che user
still must indicate whether each segment is rural, suburban, er urban in
character se Chat proper values will ibe used fer Che ibuilding-shielding
facter and ether parameters. Tihis is perfexmed with Che character
designatien parameter in which Che us'ex enters R~ S~ er U Co indicate
rural, subur'ban,, er urban, respectively.

The parameters centrolled iby character designatien include Che
b~uilding-sMelding, factors RR, RS, and RU ((see Table 3-2). The Creatment
ef segmenCs is Che sama as in non-1MK runs. Xn eWer words, if Che
segment is designated R, Chen Che ingestien pathway is included, ibuC if a
segment is designated as S er U,, Chen inEesmien is noC calculated. Xn
additien, if Che scient is desigaated U, Chen the expected values ef leng-
Cerm dose are nnultiplied iby U.52 z Che ibuildixg dose facter (EDF). The
multiplier ef U.52 is Caken fram Zinll ey et al.„ 1980. The SDF accounts fer
Che partial removal ef'articaiLates iby ibuilding ven'tilatien systems (Fixiley
et al., 1989). This parameter is user-@efimibie, ibu't has a defaulC value
ef 8.60Z-U3. Another term Ce account fer pedestrians is also added fer
urban areas. Xn this Cexm Che dose value is multiplied iby U.l x Che ratie
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racie ef pedescxian densicy ce xesidencial populacien demsicy. The
nnul<ciplier ef 6.3. fer urban areas represencs che fraccien ef am urban area
<(<New Yerk City) eccuPied iby sidewallks t'(Finley BC al.. 1930). APPiicatien
Qf chis fact'or c'0 all urban axeas in che U S is c'onservacive The dBfaulc
value fer chis racie ef populacien densities (RPD) is 6.0 A sinnilaz
cal<culacien is performed co estimate early effeccs

Z.ink Cype is used CQ disCinguish ibBCween varieus roadway Cypes fer
ihighway nnodes emly <(truck, commercial van, and passenger van). If Che user
secs che link ttype Qo 1» che segment is nnodeled as an Incerscace Zighway
'(i.e. » any lilniCed-access» divided ihighway btuilC Ce Che same engineering
sCRndards as ZntersCRCB Highways) lf Che link Cype is seC Co 2„Chen Che
combinRCien ef zone designRCien and link type dBCBrmines how tthe roadway is
nnodel«ed. I< f 't'e limlc type is sec ce 2 and che zone is designaced R er S,
Chen Che roadway is modeled as a non-In'texsCRCe highway <(e.g., a tU.S.
highway). I< f the li<mk type is sec ce 2 amd che segment. is designaced as U
in c'haraccer» chen che roadway in chac segment is modeled as a cicy screec.
per all''thex'nodes» che link cype is s'Bc ce 3

Segments def'ined with Che jLINK eptien nnay ibe <used Co repzesemC acttual
sequencial< route segmencs. However„chey also <may be used ce represent
aggregaces Qf like s'Bgmemcs <in che same way chac aggx'Bgace dRQR are <used
iT. mom-l.l<NK applicRCiens ef EASTRAÃ 4 XM~~ K also can ibe used Ce .analyze
Che same route seglnenC~(s) in a variety Qf conditiems such as dayCi<me aTld
nighctime populaciem demsicies„ rush-hour and nonrush-hour craffic con-
diCiems» curremC and px'Qj<ected populazien densiCies, BCc. In shorC» Che
ZMK epciem is @ powexful amalycieal cool li<miced enly by 'the daca
available ce the user.

ll'G'tout 0<B<Ciems

Radielegieal ris'ks nnay ibe summarized in terms ef eiChez expected
populaCiem dose in person-xem t(pMM TC<<) er <BxpecCBd s'toch<aszic effecCs
~(e.g. „ larenC cancer fazalities and gemexic effecCs) (FDRM KD<~«) . In
Che 1'aCC'Br case„Qx'gRTl doses ax'B callcula'O'B'8 aTld used <t<0 esCi<mRCB 1heal<Ch

effects iby ergam, which are summed and given in CRbular foxnn fex each
isocepe alld <Bxposl1re pachway 1<n ch'B fermer cas'B che comicced effecccive
dose equival<enc is eal<culaced fer each isocope and exposure pachway and
«hem summed. Note ChRC Che usex may nnultiply Chese dose esCilnRCBs bly a
cemversien facter Ce estinnRCB iheal<Ch effecCs. With either epCion» early
radielegical fatal<itties fx'om accidenCs are calculazed.

Z<n RA'MRAW 4 Che populRCiem-dose eutpu't fermRC is selec'ted iby using
Che 1keyword <t<<'T QTl Che FORM 1<in<B Per Baal isQCope Ixl a nnRCerial<»
effective dose BTtuival<emts fer inhalaCien <(RIVAL), cleudshixle (CLiBOSF)»
amd imgestien ~(INGVAI,) are given im She radieTmclide library.

0<rgan-specific dose faccex's are noc presemcly available from che
radielluclide library. Yhis emissi<on is intenCienal< since iC is amCicipRCBd
ChRC recent re-a<malysis ef Che Japanese atemic ibomb survivors will xesulC
in changes Ce Che llealCh effecCs nnodel curremfly accepted iby Che E)M. The
currenc ihealch effeccs nnodel wi.ll be adj<usced accozdingly in cue nexc
versien ef BA9TRAW. However„SMGHXT calcul<aCiems nnay ibe perfexnned wiCh



aaser-supplied organ-specific dose factors. The calculation ef ecenomic
impacts is not affected, noz is WB estianation ef early mortalities. Early
morbMities are mot estimated when eutput is requested in terms ef
populatien dose.

>4.12 Un5.t-Risk Factors

In some cases W~ 8 analyst anay wish to evaluate several alternatives
Wat diffez only in route characteristics and/>er numbers ef shipments
txaversimg particular segments ef a network ef potential routes. Unit-risk
facters are eftem useful in analyses ef this type g77ilmot et al., 1933„"
ÃBuhauser et al.„ 1984; >Cashwell et al., 1936). A radielegical aanit-risk
facter is usualiLy defined as WB risk in some appropriate metric (e.g.,
person-zem, iheaiLth effects) ef tzansportimg a given xadieactive anaterial
s'hipment fer a unit distance ef travel„ Losually 1 km. '6~nit-risk facters
arB cally tuseful if route s'ubclasses can be Memtified. A route sllhclass
can Ibe defialBd as a relate segment Qx'roup Qf route s8glnents sharing a
distinct cembimatien ef route parameters I(population density, traffic
ceunt, etc.). j|jtith mom-jLIW applications the xeute suhclasses are rural„
suburban, and aarhan; wit~h RINK applicatiens a maxianum ef >40 route
subclasses per zun may lbB defimediby t'e user.

Sepaxate aanit-risk facters for each anode and s'~hipment type must ibe
calculated fer each route subclass with input data that axe held constant
fer all other paxameters. The distance traveled and thB number ef
shipments >(jDISTZM and SPY parameters) axe aasually set te unity. The result
is a set ef'anit-zislk factezs W~at give xisk per unit ef travel fer each
route subclass fex'(1) incMBmt-free dose te transportation workezs, !(2)
imcMBZLt fr'88 dos'8 t'o WB jpllMicq amd >(3) accMBmt risk They imay 58 nse'd
fex direct comparisons ef the unit risks ef transport fer vazieus shipment

Bs. lt is moxe cemmon„ ihowever, te calcult Rte the zisk per shipment iby
multiplying each set ef'anit-risk facrers iby the tetal distance traveled im
the appx'Qpriate route smbcl'ass Wes'8 results can in turn„ jbe muitip3.ied
iby the expected number ef sh~ ipments and summed to give total risks.

This technique is ibest suited fez the calculation ef risks fer a majier
shippimg campaign imvolvimg anany identical shipments. The mBWod also can
pxovMB useful information about alternative shippimg eptiens. Por
example, if a cez'taim materiaiL may be shipped iby enB mode im two distinct
pacikagimgs with diffezimg capacities„ then the aanit risks fez the lew-
capacity package are likely te ibe 'ehe smallest. However, ibecause Rm

imcx'Bas'Bd number of shlplllexlts aze zB'Quired t'o transport the salne amount of
material te the same destimaltien, the tetal risk associated with aase ef WB
low-capacity pacjkage anight ealceed tlhat fer the high-capacity package.
Thus, the nuit-xisk facter approach pexmirs quantirative representation ef
various facets ef a preMem with zelative ease.

A mote ef cautiema Te use the amit-risk factor appreacih pxopezly„erne
must separately lhandle certKLm ealposaazes associated with steps, especially
'daring rail transport Unit-zislk factors foz steps ordinarily aze >given im
the eutput as zis'k pex time at steps„ where step cxme is a linear %unction
ef distance amd is calcaalated fztom l818 aasez defim@)3'e parameters ef stop
time per distance traveled L(hr//km) and distance trav83ed >(km). jDistance
traveled is aasmally set te 1 jkm im a aanit-risjk factor zaaaa. jaowever, thB



inspeccien steps Wac eccur at the beginning, and end ef many fexnns ef rail
transport are distance-independent and cannot be expressed in cerTns ef x'isk
per distance 1txaveled. Thus„ We user is urged te make every effert 1te
identify potential risk components ef this type prier te analysis. They
anust jbe calculated in a separate compueex'un and must be bandied en a per
trip jbasis raWBr than a per kilemetex'asis.

4.13 Sensitivitv Amalvsis

A sensitivity analysis ls performed fer iTlpu't jpax'amecBrs affecting
incident-free risk each time RAMRAM 4 is run. With We exceptien ef the
expressien fex neutron dose versus distance, all eTtuatiens tused in the
caiculatien ef incident-free risk are linear. Therefere, We influence
e1E an iYldividuRl input pRX'amecer CRIl be de'cermined 1by c~ partial
derivatives ef WB equations cencaimimg 1that parameter. The partial
derivative anechod i.s fully described in che RADTRAH 4 Technical Manual
<(iNeuhauser and Kanipe, in preparatien (b]). For a non-LINK run„WB
analysis is fer the encix'8 route. per a jtIR run,, a separate analysis is
perfermed fer each link. In WB latter case„ fer example, che relative
influence ef a parameter sucjh as speed im varieus types ef xeu'te segmemts
can be xeadily decexmimed. The annotated sample runs in Chapter 5 contain
examples ef incidBmt-free sensitivity analyses. Tf a moll-zero value is
used fer WB fraotien ef pRCjkage dose race represented by neutron xadiatien
t(PtjR%iUZ, sixW array value en anaterial line after keyword XSQ119PZS),
'Q'18Tl a moTllimBRr equatien is imtxeduced into che sec ef eguacieIls fe'r
ixlcidellt-freB x'isjk. A sensitivity RTLalysis is still perfermed, but Ch'8

calcuilatienal jbasis i.s 1~6~9% gamma radiaCien. That is„ the package (er
s'hipmemt) dose race is created as if 1~69% ef ic were from gamma xadia'tien
(i.e., FRCAÃA. l.t9) . This nneams Chat Che sensitivity analysi.s results
will bB incorrect. Am 'BxtBrmal method ef assessizlg che effects ef
parameter variatien @lay 58 Used instead A wide variety ef complex
appreacjhes based en Monte Carle er latin Hypercube Tnechods may 'be used.
However„ the simplest all cernacive is te generate secs ef multiple runs in
which Che parameters ef interest are varied. j9eoause many parameters jhave
enly a smajLl effect en risk a~he first step should a11ways be Ce generate
cwo runs in which alit parameters ef interest assume chair lewesjt and
highest values, xespectively. This procedure will usualtly establish Che
maxilnum range ef variatien and provide a jbasis fer assessinm Che influence
ef individual parameters.



5.Q HG)ZRSTAKDING CQ3E QUTPVZ8

Ia this chapter feur complete eutput files are repreduced aud
aaYYotated te familiarize the user with MMEÃ 4 Echo Check alnd eutput file
fernnat These files al'se illustrate thB qarieus EBS ef preMems xhtat cau
ib8 addressed ~ith IRA1)TRAS 4. The first th~ree eutput files i3.ILtustrate three
different aualytical appreacjh8s to transportatiem ef the same nnaterial

a~eliYYg jby th8 same anode from thB same erigiYL point to th8 same
dastiInatleu„~icy are the a/Ere@ate data Bjathod~ thi, 8 route speci fn c t(l

/gal)

tmBWod~ aud a sample tLlnjLt risk factor calc'411atiea illustxatigg
risk- factor nnathod„respactimely.

The example selected fer the first tjhreB Echo Check aud output files
represeuts R hypothetical xzuck s'hipmBNt ef a siUgjLe packae (cask)
multip18-isetep8 nnateziaiL ~(spaut fuel) fxem ehB Sau Qnofxe cemmercia3.
Ylucleaz po'PBr pled itn CRILifernia te th'8 Yucca MouIltaiYY caYldidate
z'Bpositexy .Site iYL KBmada. Qutput FijLe 1 is aunotated ijn great detail (s88
p. 5-22). Where subsequBYYt files aze the same as Qutput H.le 3.„mo
additieYLal aunotatieus are iYYcluded (Qutput FijLe 2 is discussed jbeginnaivg
eu p. 5-53). Tea results ef thB first three eutput files aze cempazed

in'jh8discussieu ef Qutput Tile 3 ~(p. 5-26). This cempaziseu illustrates the
esseY4tial rebustaass 'of the RABYiRAÃ IBthodo3egjj

Qutput IFile 4 ((discussieu jbegiias eu p. 5-1Q2) represents a nnultiple-
pac1kape s'hipmBYYt cemsistiYLg ef 12 distimct pac'kage types„ each» ef whic~h
ceataitns a differeat isotope tzameliYLg frem a fa~bricatiem poimt iYL the
58w IEuglaTld arBR t'0 a distzijbutieT1 poinnt 1'395 Ikm any Tea YlRta axe tRMYL
fzem FlmiLey et al. |(IL988). Eoth s~hipmBYYt examples arB used solely fer the
purposes ef illustratiem, aud ao attempt ihas ibeea anadB te preserve a
realistic xapxeseatatiem ef any actual sht ipmeut.

The UlteYYt ef this secti'oa is te famiiiariae th8 user VL& t'h8 full
rain+8 'of taMes aud lists awailabjLe i%1 the utput The User Unay al'se
request eutput in summary f~orm j(not ijLlustzated jhere). Tahe summary
comtaiYLS tjhe sama eciho chIBCik aud smmnary tais.es as t'hose im Che fu11 3.eYLgtih

output„ ibut the tables ef iYLput default wa11ues, iYnportajaoe amailyses„axnd
nnost iof t~h8 itntexnnedii.ate calculatiemal resullts are emitted.
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RADTRAN 4„ID.12 VERSION IDATE"„NOVEMBER 19~1991

MODE IDESCRIPTI'ONS

NVMBER

1
2
3

/S

/7

IB

H

SAME
TRVCK
RAIL
33ARGE

SHIP
CARGQ AZR
IPASS AiE
R-VAN
CVAN-T
CVAN-R
/CVAN-CA

CHARACTZR1ZATZON
IONG HAWL VEHICLE
COMMERCIAL TRAIN

QPZN SEA VESSEL
CARGO AIRCRA'PT
PASSENGER AIRCRA'PT
PASSENGER VAN

/COMMERCIAL VAN
/COMMERCIt/AL VAN
/OOMMERCIAA/ VAN



RUN DATE." j 22-NOV-91 AT 10."52".34]

2.41ZNGl
'0.'DOE+00
l.'DOE+02
'7.80E+02

TITLE SAN 'ONOFRE IN SAN 'CLEMENTE TO YUCCA MOUNTAIN NEVADA AGGREGATE
FORM UNIT
DIMEN 15 6 5 1'D 18
PARM '0 3 2 3 '0

PACKAGE LABGRP SIGH NOBL'E VOL A OTHER VOL B
SHIPMENT

LABISO 'CO60 KR85 SR90 RU1'06 'CS134
'CS137 'CE144 ZU154 PU238 PU239 PU
PU241 AM241 AM243 'CM244

NORMAL NMODE~1 7.96E-01 1.768-01 2.808-02 8.86E+Ql 4.03E+01
2.<'OQE+'00 I.'DOE+01 'D.QOE+0'0 1.1'OE-02 '0.'DOE+00
'D.'O'DE+00 5.'O'OZ+'Dl 2.'OQE+Ql 'Q.DOE+00 1.DOE+02
2.'00E+QQ D.GQZ+'00 Q.'DOE+DO 1.'QGE+QQ 4.'70Z+D2
2.80E+03

ACCIDENT ARATMB NMODE~1 2.'QBE-08 4.06Z-Q7 2.34Z-D6
SEVFRC ÃPOP 1 NMODZ 1 '0.603 0.394 3..Z-3 3.Z-B 5.Z-6 7.Z-6

NPOP=2 NMODE=1 '0.602 0.394 4.Z-3 4..Z-6 3.Z-'6 2.Z-B
NPOP~3 NMODE~I 0.604 0..395 3.8E-4 3.8E-7 2.5E-7 1.3E-7

RELEASE RFRAC 'GROUP~1 2~0.'0 4"1,2Z-2
iGROUP~2 3~0.'0 D.'01 '0..1 '0.11
'GROUP 3 3~0.'0 1.'OE-B .QE-4 2.8E-4
GROUP 4 3~0.'0 1.'OZ-B 5.QE-B 5.'OE-8
'GROUP 3 3~0.0 1.0Z-B 1.'QE-6 4.2Z-5

AERSOL DISP~2 2*0 4~1.'0
D1SP~3 3"0 3~1.0
DISP~4 3~0 3~1.0
DISP 5 3*0 3+1..0

RESP iDISP~2 2~'0 4".'05
iD1SP~3 3~0 3"1.0
DISP-4 3>0 Q.'05 2+1.iO
iDISP=3 3"'0 3".'03

QTHER 'CULVXi~0.2
ZOF
ISOTOPES -1 1.~0 l.iD 13.68 I.iQ tQ.'0 SFUEL
CO'6D 9.22E+'OI iHlGH 2
KR83 6.HZ+03 NOBLE 3
SR90 5.96E+04 QTHER 5
iRUAQ'6 1.'62Z+04 VOL S 3
'CS134 2.i/4Z+04 VOL A 4
QS137~ B.il'BE+64 VOL A 4
QE144 1.22Z+04 QTHER 4
ZU1'54 "r7.QQZ+'63 QTHER 4
PU238 2.96Z+93 QTHER 5
PU239 4.1'QZ+'02 QTHER 5
PU240 4.'68Z+62 QTHER 3
PU241 1.26E+03 QTHER 5

2'41 1.29E+03 QTHER 5
AM243 1.99E+Ql QTHER 5
'CM244 A."i79Z+03 QTHER 5
iDIS~u. 'MODZ~1 GH. iO

PKGS1E SFUEL 5.2
ZOF

5-3



RUN 3)ATE" 'J 22-NQW-91 AT 10:52:34 ]
SAN QNOFRE IN SAN 'CLMEÃK TO YUCCA MOUNTAIN NEVADA AGGREGATE

POPULATION MNSITY
!(PERSONS PZR SQ EM)

71'9.
3()61.

PACKAGE CHARA'CHRISTI'CS

FOR
MA--RIAL

SFUEL

3)INTENSION
TERSi)

S ..20DE+DD

EFFECTIVE
Z)IMENSIQN
4 ..%7FZ+DD

Z((Di)
METERS SQ.
1.115Z+61

3(i(0i) IS TI TO DOSE RATZ 'CONVERSIQN FACTOR

PACKA'GE 3(ANDLING T3U(ZSHOLDS !(METZR'Si)
PKGS'Zl~ S.iDDDE-01
PXGSZ2~ I.DDDE+DD
PAVEGES .LE. PZGSE1 ARE 3(AND CARRIED
PAVEGES .GT. PZGS21 3Ã) .LE. PZGSX2 38'E K)NDLED 3)Y SMALL EQUIPMENT
PACKAGES .~GT. PZGSZ2 ARE 3(ANDLED iBY 3(EAVZ ZQVIPMENT

MA'TZRIAL <CHARACTZRIST1CS

MATZRIAL
FRACTION
~OF ~GAMMA

A.!DQDE+DD

F3(ACTTQN
QF NEUTRON

S.DUDE+DU



RUN DATE: J 22-NOW-31 AT 10."32"34 ]

SAM ONOFRE IN SAN CLlMNTE TO YUCCA PIOUNTAIN NEVADA AGGREGATE

NODE CHARACTERISTICS

MODE DISTANCE EXCLUSION MDNBER 'OF PIA'TERIALS TRANSPORT PACEAGES/
THAI)ELED 'USE SHIPMENTS INDEX '(TI) SHIPMENT

TRUE( '6.l'DE+02 YES l.'DOE+00
SFUEL 1.37E+01 1.00E+00

BUILDING SHIELDING OPTION= 2
'(I~TOTAL SHIELDING, 2~PARTIAL SHIELDING, 3~NO SHIELDING)

RPD~ $.OQOE+Q'0

'(RATZO OF PEDESTRIAN DENSIZY '(PEDESTRIAN/EM SQ 'OF SIDENALX)
TO POPULATION DENSITY '(PEOPIE/RN SQ IN URBAN AREAS)

RR ~ l..'OOOE+00
'(TRANSMISSION FACTOR FOR RURAL). AREAS)

RS ~ B.:iOOE-01
'(TRANSMISSION FACTOR POR SUBURBAN AREAS)

RU ~ 1.800E-Q2
~'(TRANSMISSION FACTOR POR URBAN AREA'S')



RUH DATZ 'f 22-MOV-91 AT TD'S2'34 ]
SAN ONOFRE IN SAN CL~NTZ TO YUCCA MOUNTAIN NEVADA AGGRZGATZ

DNQRML

NO

1

3

5

'7

DISTANCE FROM SOURCE TG CR-H
'(METERS:)

NUMBER 'OF HAMDLINGS

STOP TIME:PZR KM '(HR/KM)1'0

MINIMUM STOP 'TIME PZR TRIP
'(HR')

ZERO STOP TIME PZR TRIP f(HRi)

MINIMUM NUMBER QF RAIL 'CLASSZF
ZCATIOMS i/INSPECTIONS
PERSONS EXPOSED WHILE STOPEED

15

15

1'7

18

19

20

21

22

23

25

AVERAGE EXPOSURE D|ISTANCZ
WHILE STOPPED i(METZRS'i)

STORA'GE TZME PZR SHIPMENT
'(HR)

NUMBER 'OF EXPOSED PERSONS
DURING STORAGE
AVERA'GE EXPOSURE DISTANCE
WHILZ IH STORA'GE '(METZRSi)
NUMBER QF:PZGPZZ PZR VEHICLE
QN LINK
FRACTION 'QF URBAN TBAVEI
iDURITNG RUSH:8QUR TRAFFIC
FBACTZQN 'QF URBAN TRAVEL
'OM CITY STBZETS
FRACTION QF RURAL-SUBURBAN
TRAVEL QM iFRZZWAYS

«TRAFFIC COUNT PASSIiiHG A
SPECIFIC PQINT-RURAL ZQME
«TBAFF1'C COUNT PASSING A
SPECIFIC PQIHT-SUBVRBAN EQNE
«TRZF1'C iCQVNT PASSING A
SPZCIFTC PQINT URBAN ZQME

«'(QME WAY VEH1CLZS/iHR)

FRA'CTZON QF TRAVZL
IN RURAL POPULATION ZONE

FRACTION 'OF TRAVEL
ZN SUBVRBAM 1'OPULATZQN ZONE
FRA'CTZOH 'QF TRAVEL
1M URBAM PQPULAT1ON XONE

VELOCITY ZN RVRAI POPULATION
ZONE '(KILQMETZRSi/HOUR)
VEL'OCITY IN SUBURBAH POP . EOMZ

'(KILQMETZRS/HOUR)
VELOCITY ZN URBAN POPULATION
ZONE (KILOMETERS/HOURi)
NUMBER 'OF CREWMEN

ZNPUT
TRVCK

"7.960Z-01

1.7'60E-'Ql

2.SOQZ-02

B.SSGZ+Ql

4.'D3'OZ+'Gl

2.4TDZ+Ql

2.'GDQZ+00

1 .'DQ'OZ+'Ol

Q.'DOGE+00

1.1'OQZ-92

'O.'DQQE+'OQ

'O.'DQQE+'OQ

'O.QQDZ+QG

5.DQQZ+'Ol

2.'DQ'OH+01

Q.QQGZ+'OQ

1.'DUDE+02

1.QQQE+02

2.tGUQZ+GQ

Q.QQQZ+M

Q.QQQZ+R

1.4QQZ+GQ

4.7iQQE+'02

7i.3QQZ+Q2

2.80QZ+93



RUN DATE: $ 22-NOV-91 AT 10:52:34 ]
SAN DNDFRE IN SAN CLKNZNTK TO YUCCA MOUNTAIN NEVADA

ISOTOPE RELATED DATA

CURIE S
PZR PEG

RELEASE RESUSP LUNG

GROUP FACTOR TYPE
DISPZRS.
CATE GDRY

1YR INHAL REH/Cl
IIJNG KBROW

SFUEL
CO60
ERB5
SR90

RU196
CS134
'CS13 l
'CE144
ZU154
P9238
PU239
PU24'0
PU241
AP/241
2QQ43
<CM244

9.22Z+Ql
6.1'QE+D3
5.96E+04
1,.62E+04
2.74K+04
S.76E+'04
1.22K+04
7.'DOE+03
2.96E+D3
4.10K+02
4.68K+02
1.26E+D3
1.29E+03
1.99E+91
1. /9E+03

HIGH
XOSLE
'OTHER

VOL 8
VDL A
VOL A
DTHER
'OTHER

OTHER
'OTHER

OTHE P.

OTHER
'OTHER
'OTHER
:OTHER

4.83E+OD
1.DOE+00
5.41E+QO
3.28E+00
4.'D7E+DO
5.41K+00
2.99K+00
5.09E+00
5.51K+00
5.57K+00
3.36="+00
5.26E+00
5.55K+00
5.56K+00
5.32K+OD

2
3
3
5
4
4

4
5
5
5
5
5

'7-90E+D5 3.80E+04
<O.DOE+00 'O.ODE+OO
4.5DE+OS 3.SQE+'03
4.30E+'06 4.5DZ+03
4.1'OK+04 3.90E+04
3.1M+94 2.'6DZ+04
3.6DE+96 4.20K+03
Q.DOE+Do '0.'DOE+00
4.50K+98 1.1'QZ+06
4.2QE+08 1.10K+96
4.20E+98 1.IQE+06
3.6DZ+'03 1.30K+03
1.20E+08 1."rloZ+9 /

I.IQE+98 1.60K+9~i
1.2DE+08 1.7iDZ+07

NUCLIDE HAIK
IIFE

GAMMA 'CLOUD TRANSFER
ZNERGY FACTOR 'CROPS SOIL

QZPDS
SPEED

SFUEL
CO60
<SR85
SR90

RU196
<CS134
CS137i
<CE144
KU154
PU238
PU239
PU249
PU241
AM241

243
CN244

1.93K+93
3.92K+93
1.96E+04
3.68E+'D2
7i.53K+'02
1.19K+04
2.84K+92
3.21K'3
3 21K+04
a.79K+De
2.39E+Q6
5.26E+93
1 58K+93
2.7<~OK+96
6.62K+93

2.50K+Do
2.21E-03
'D.QQE+'00
2.'01Z-'01
1.55K+'00
5.96E-Q1
5.25Z-Q2
1.22K+Do
1.81E-03
/.968-04
l.'il3E-03
2.54K-Q6
3.24E-92
5.59E-Q2
1.70E-93

4.12E-01
3.55E-Q4
'D.'DOE+90
'D.'DOE+00
2.54E-Q1
Q.ME+DO
2.8'BZ-93
2.9'6E-Dl
1.49Z-'05
1.39Z-95
1.3"ilK-95
Q.DOE+90
3.91Z-Q3
8.11E-Q3
Z.33K-05

'0.DOE+GO
Q.'DOE+90
Q.QQE+00
Q.QQZ+90
Q.QOZ+'00
'O.QQE+00
'D.<OQE+00
Q.QQE+'00
<O.QQZ+90
'D.QQE+90
<B.QQE+Oo
Q.QQE+'00
Q.QQE+90
Q.QQE+'00
Q.QQE+QQ

Q.DOE+90
<D.'ODZ+90
Q.<DOE+00
Q.QDE+QQ
Q.'OQE+Qo
Q.QQE+90
Q.9M+90
Q.QQZ+90
'O.QQE+90
'D.QQF+Qo
'O.QOE+'00
Q.QDZ+'00
Q.QOE+90
Q.QOE+90
Q.QQE+90

1.908-02
Q DOE+90
1.<DGE-92
A.QQZ-02
1.QGE-02
1.QDE-92
1.<DDE-Q2
1.<OM-'02
1.MZ-Q2
1.<QQE-92
A.QDE-92
Z.QDZ-92
1.Q'OZ-92
1.QQZ-92
1 QQE-92



RUN DATE: j 22-NOV-91 AT 10:52:34 ]
SAN ONOFRE IN SAN CLi24ZNTZ TO TUCCA FOUNTAIN NEVADA AGGREGATE

PAGE 7

ISOTOPE RELATED IlATA

NUCLIDE 50-YR EPPZCTIVZ REM/CI
INHALE INGEST

SFUEL
'CO60

KR85
SR90

RU106
CS134
CS137
'CE144
ZU154
PU238
PU239
PU240
PU241
2QQ41
194243
'QQ44

2.80E+05
Q.'DDE+DD
2.40E+06
'8.'DQE+Q5
4.6DE+04
3.20E+04
6.30E+03
3.1DE+05
5.30E+08
5.70E+'08
5.70E+08
9.90E+06
5.90E+08
3.90E+08
3.ltDE+08

2.60Z+04
iQ.DOE+00
1.30E+03
2.1'DE+04
7.40E+D4
5.'DQE+04
2.DOE+04
9.1'DE+03
3.80E+D6
4.30Z+D6
4.30E+06
8.60E+04
4.50E+D6
4.5DE+'06
2.30E+06



RUN DATE: j 22-NOV-Sl AT 1'D:52:34 ]
SAN ONOFRE IN SAN CLEMENTE TO YUCCA MOUNTAIN NEVADA AGGREGATE

ACCIDENT RATES '(PER EM)

MODE RURAL SUBURBAN URBAN

TRUCK 2.080Z-Q8 4.'0'6M-0 I 2.34QE-06

'GROUP

1
2
3
4
3

SEVER: 1
Q.DOE+DO
Q.DOE+00
'Q.DM+00
Q.DOE+QD
'0.'Q DE+0'0

SEVER." 2
'Q.QOZ+DD
0.'DOE+0'0
'Q.DDE+OO
<0.'DOE+00
Q.'DOE+00

RELEASE FRACTIONS

SEVER".3 SEVER."4
1.2QE-'D2 1.20E-D2
'Q.'DOE+00 1.'QQE-M
:0.DOZ+D'0 1.QQZ-Q8
0.GGE+QO 1.'QQE-'D8
'Q.Q OF+09 I.QDE-08

SEVER: 3
1.20E-Q2
1.HE Ql
2.tOQE-Q4
S.QQZ-08
1.99E-Q6

SEVZR."6
1.2QZ-02
1.1~DE-Ql
2.8DZ-Q4
5 'QOE 08
4.2QE-D3

ACCIDENT SEVERITI FRACTIONS
FOR TRUCK

SEVER." 1 SEVER: 2 SEVER". 3 SEVER". 4 SEVER". 5 SEVER". 6
6.03E-01 3.94Z-01 3.QQE-93 3.QQE 06 S.QOE-Q6 V.QOZ-0'6
6.92Z-01 3.94E-D1 4.QQE-Q3 4.0'9E-Q'6 3.tGQE-Q6 2.QQZ-QS
6.'04E-Ql 3.33E-Q1 3.'8OE-Q4 3.8QE O'I 2.5QZ Qi1 1.3'DE-Qrl



RON DATE: ( 22-HOV-91 AT I'0".52:34 ]
SAN QNDFRZ IH SAH CLKGÃK TO YUCCA 80UHTAIN NEVADA AGGREGATE

AEROSQLIZZD FRACTION 'DF RELEASED KLTERIAL

QISP CAT
1
2
3

5

2

9
1Q
11

SEVER: 1
'D.QGE+QG
~G.QOE+90
Q.DGE+QG
Q.QOE+90
Q.QOE+00
1.QOE+OD
1.QOE+QO
I.QOZ+00
1.'DOE+90
1.'GQE+OQ
I.DOE+DO

SF'" 2
'0.QGZ+09
8.80Z+DO
Q.QOZ+GG
Q.QQE+90
Q.ME+DO
1.QQE+DG
i.'DOE+00
I.QGE+00
I.QOZ+09
1.QOZ+QD
1.QGZ+00

SEVER: 3
Q.QDZ+00
1.'GOE+QD
Q.QQZ+GD
Q.QOE+QQ
'O.QGE+QD
1.'QDE+OQ
I.QOE+QQ
i.'QGE+'09
1.80E+00
1.QGE+OQ
1.QOZ+QQ

SEVER: 4 SEVER: 5 SEVER:
Q.QGE+'00 Q.QOE+DO Q.QGE+QD
1.QGE+DG I.QOE+QO I.QOE+QO
I.QGE+QO 1.QDE+QD 1.ME+00
1.QGE+'OQ 1.QDE+QQ Z.QOE+QD
1.QOZ+M 1.QOE+QO I.QGE+00
I.QGZ+QO 1 QDE+'00 i.QQE+OD
1.QOE+M 1.QOE+00 1.QOE+00
Z.QGE+QO 1.QDZ+OQ I.QDE+DD
1.QGZ+QG i.QOE+QO 1.QQE+QO
l.iDDE+00 1.ME+00 1.ME+DO
1.DOE+0'0 1.0DE+QG i.MZ+QD

FJQCTI'QN QE'EROSOLS BELLOW 1'0 MCRONS AZD

IDISP SCAT

1
2
3

5
8
2
8
9

iQ

SEVER."1
iG.''0 DE+00
8„809+M
Q.QDZ+00
'D.DOE+DO
8.898+'09
5.89Z-'02
1.QQZ+90
1.'GOZ+QO
I.IGQE+QQ
1.89Z+90
1.8GZ+90

SEVER" 2
Q.QQZ+'00
Q.QDE+DO
Q.QOE+00
8.89E+QQ
Q.QOZ+09
5.QGE-Q2
1.89Z+QQ
1.DOE+GO
i.8QE+M
1.QOZ+'GO
1.89Z+00

SEVER."3
iD.QOZ+QQ
5.QOE-'02
8.89E+QQ
Q.QOZ+QO
Q.QOZ+09
5.QOZ-Q2
i.QOE+90
1.80E+9D
1.QOZ+90
i.QQZ+90
1.QOZ+90

SEVER: 4
Q.ME+00
5.QDE-Q2
Z.QGE+00
5.QDE-Q2
5.QOZ-Q2
5.QQZ-Q2
i.QGE+90
1.QGE+QO
i.QQZ+QO
1.8GE+QO
1.8GZ+QG

SEVER." 5
Q.'DOE+M
5.QGE-Q2
1 QOE+M
i.QOE+QQ
5.QQE-02
5.QQZ-'02
i.QOE+QG
l.iOOE+00
1.QOZ+QQ
1.ME+00
i.QDE+0'0

SEVER."
Q.QQE+'GQ
5.QQE-Q2
1.QOE+M
1.QOE+00
5.QQE-02
5.QOZ-02
1.QQZ+QO
i.QQE+'00
i.QOZ+QQ
i.QOE+'00
1.QOZ+90



RUN DATE".l H-NOV-91 AT 10."52:34 ]

SAN ONOFRE IN SAN 'CIZYZSTZ TO TVCCA 80~ NET)A AGGREGATE

'ADAGE

1'0

EHERGENCY RESPONSE 'COST

SEVER: 1 SEVER: 2 SEVER= 3 SEVER." 4 SEVER." 5 SEVER."
'D.QDZ+QQ tD.DQE+DD '0.'DQE+QD tD.QQE+QQ 'Q.QQE+QD 'Q.DDE+QQ

'ON-SCENE 'COSTS
l(RF=RELEASE FRACTION'

RF 0. 0.<RF<~.'01 .'01<SF<~0.1
Q. Q. D.



RUN QATK". j 22-SOV-31 AT 1'0:52:34 ]
SAR ONOFRZ IN SAN ZIZNENTZ TO YOCCA KXÃLAIE XLVADA

EARING

ZATAI ITY PROBAEILITIZS

QOSE ((RZH)
1'GD000.800

89000.80D
'l0000.800
49000.HD
30000.800
25000.QGQ
20000.'000
1'DOGG.'000

8000.800
$000.800
4900.HO
30D0.800
2000.'090
1'000.800

800.iDDG
I/80 009
800 HO
590.890
499.8'0'0
300.80Q
180.800

'7i5.800
50.800
3'0.8'00
15.800
5.800
1.809
8.189
8.818
8.818

IWG-1
1.800K+DO
1.HM+00
1.QQDK+90
1.HGE+90
I.QGDE+00
1.QGGZ+00
1 .DOGE+90
$.000K-GI
I.QGGZ-GI
6.900K-02
3.900K-02
iG.GOOK+90
8.'GOOK+GO
Q.GOOK+00
Q.QGGZ+90
'D.QQQZ+00
Q.QOQZ 90
Q.HGZ+00
8.QQDZ'00
'D.QOOE+H
'0.'GQGZ+00
8.800K+00
'D. HOE+00
Q.HGZ "DO
Q.HGZ+90
8.800K+99
Q.'080Z+QQ
8 8'GOZ+99
8.800K+00
8.8GGE+90

IiUHG-2
1.00M+DO
8.500K-01
8.QOGE-91
i7.800K-01
5.'OGDE-Dl
2.'GGDE-'01
E.QGGE-92
'G.QDGZ+'00
G.DOGE+90
Q.'OGDE+'00
Q.'DGDE+'00
Q.'GQDZ+'DD

0.800K+90
iG.QGGE+QQ
'G. D0M+'00
Q.QOQE+90
Q.GOOK+90
Q.QGOE+DG
Q.'OQM+99
'O.HM+QG
8.80QE+90
Q.HQE+90
Q.HGZNDQ
Q.Q'DGE+QG
8.800K+90
8.800K+90
'0.800E+'00
8.800E+QD
8.80M+QG
8.809K+90

IQN6-3
I.QGOE+90
8.800K~03.
5.'DOGE-'Gl
'D.QDDE+90
'O.QOQE+90
'D.QDOE+99
'G.GOOK+90
'D.'00'OE+'00
Q.'ODQE+'00
Q.'DDDZ+00
'G.iOGOZ+00

Q.QDGZ+90
i0.800K+GO
Q.HGZ+00
'G.QGGE+'00

Q.QGM+90
'O.GOOK+00
8.800K+90
8.80QE+QG
8.800K+90
Q.QQQE+QG
Q.QQQE+90
8.800K+90
Q.QQM+90
8.800K+90
8.80M+H
Q.HQE+00
Q.HQE+'00
Q.HQE+90
'O.QOM+'00

KBRUW
1.QDDE+'DQ
1.800K+90
1.GOOK+DO
1.800K+99
1.800E+QO
1.800K+90
l.'DOGE+00
1.HQZ+00
1.800K+90
1.800K+90
I.HDE+90
l.'DOGE+90
I.HGE+90
1.QQOZ+'GQ
8.860K-01
9.800K-GI
4.800K-01
5.800K-M
Q.HQZ+09
8.800Z+OQ
Q.QGGE+00
8.800E+QQ
Q.QGM+90
8.800E+'00
Q.QGGE+90
8.80M+90
8.80M+'00
8.8'DQE+'0'0
8.800K+00
8.8HE+QQ

5-1'2



RUN GATE: $ 22-SDV-91 AT 1'0:52:34 ]
SAN DNOFRZ IS SAN CLEMENTE TO YUCCA 14OUNTAIS XVQDA AGGREGATE

QISPZRSAL ACCIQENT INPUT

ARKAQA

i()4 SQ')

4.590E+02
1.530K+03
3.94QZ+D3
1.25QZ+D4
3.646K+04
8.850E+04
1. i%DE+'05
4.450K+05
8.5'90K+05
2.550K+0K
4.45QE+08
1.'030K+07
2.180K+07
5.520K+0 i

1.77iGZ+08
4.890K+08
8.120K+08
1.3508+09

QILUTIDN
HLCWOR"

3.420E-'03
1.7~20K-03
8.580K-Q4
3.420K-04
1.'720E-04
'8.580K-05
3.420E-Q5
1.720K-Q5
8.5808-08
3.420K-H'.

l20E-08
8.580K-07
3.4208-07
1. l2DZ-'0 I
8.5808-08
5 420E-08
4.3QQZ-'08
3.42QE-08

* DILUT1DN PACER UNITS ARK '(Ci-SKC/4i)"~3//'CI~LKASEQ))

RURAL
3.65'DE+60
%.160K'.GQ

9.160K+00
1.22QZ+Qi
i.520K+'91
3.699K+01
%.160K''Gi
9.14QZ+Q3.
1.524K+92
3.656K+92

RAQIST ((M)

SUSURBAN
3.650E+9'0
%.16QZ+QQ
9.160K+'OQ
1.229K+81
1.520K+01
3.65QZ+91
%.160K+91
9.146K+M.
i.524K+62
3.'956K+92

iGRSAN

3.65'GE+QQ
$.160846'0
9.160K+00
1.220E+Di
1.520K+01
3 650K+01
%.16UE+Qi
9.140K+61
1.524K+92
3.656K+62

KUIIZIING iDQSK FACIDR ~ S.HDE-Q3
FBACTZQN CF LAND REER CKTZVXHQN 5.MQZ-QI
iCQN)DAMGfATIQ)N iCLKAN i9P LEVEL ((iUCI//iH~2i) ~ 2.6'DQZ&1
i8RKATtRISG RATE ((H"~3//SKCi) = 3.36QZ-'94



RUN UATE: i$ 22-NDV-91 AT 1Q:52:34 ]
SAN ONOFAE IN SAN CIZtKNTE TD YUCCA MOUNTAIN NEVADA AGBREQLTE

REGUIATDRY GKCKS

FOR THE SHIPMENT QF SFUEI EY MODE 1
THE 3DSE RATE AT 2 METERS COUGAR EXCEED 3.U MR~le
PPS"TI HAS SEEN RESET TD EQUAI 13 QO



RG)4 DATE: 'I 22-XOV-91 AT 18:52:34 ]
SA)4 GROS 1)4 SAX CLK)4Eh7K TO YUCCA K)DNTAZN NEVADA

1/4ODE

1-YEAR I/DNG DOSE - YSKQATTDR PAT8(4AY
RDF ~ 1 ((RK(4)

AREA 4
1
2
3

5
6
/7

8
9

18
11
12
13
1'4
15
1'6
1/7

1'8

SEVER: 1
'0.80K+00
0..8GE+QQ
'0.8QE+GQ
G.HE+DO
/O.QQE+QQ

/0.80E+QO
8.80K+06
Q.GGE+M
'0.8GZ+QQ
'0.80E+GG
G.GGZ+00
8,8GZ+QG
8.9GZ+GO
/G.HE+GO
8.8GZ+M
/0.'D DE+90
9.86K+60
8.86K+96

SKVZR: 2
8.80K+00
Q./GQE+QQ

8.8QZ+QO
'0.8MNGQ
Q.GQE+'00
8.80K+90
G.iOQZ+00
'0./QGE+QQ

'O.QQE+00
/O.0M+00
8.90K+00
8.8GZ+QG
8.80K+60
8.80E+QD
9.80K+80
8.80Z+QQ
8.9QE+00
8.HZ+00

SEVER: 3
4.93Z-'02
2.4'GK-M
1.20Z-02
4.65Z-Q3
2.23E 93l./06K-03
4.'04Z-'04
1.91K-G4
8.89E-05
3 36R 05
1 53K 65
7.26K~06
2.68K-G6
1.27Z 0'6
5» /IGZ-'07/

3.89ZW7/
1.89E 6"/7

1.23K-Q7

SEVER 4
5.87K-'M
2.55E-02
1.24K&2
4.79Z 03
2.3QZ-'03
1.'09K&3
4.15K&4
1 K~K~04
9.15K-05
3.45R-'0'5
1.57Z-05
'/7.4IZ 06
2.76R-06
1.3'GZ 06

958 0/I
3.18E-'6/l
1.94K&/I
1.27/Z&7/

SEVER 5
9.29E 01
4.$6E 61
2 27/E M1
8.7/7IE-82
4.2M-M
2.80K&2
'7.60Z 03
3.'6GE 03
1 67/K~03
6.33E 64
2.888-04
1 37Z 04
3.86K-05
2.3'GE-'05
1 '09K~03

82Z 06
3 55K Q6
2.32Z-'0$

SEVER: 6
1.44Z+QQ
7.21~1
3.5M 01
1.36K "Q)L
8.5QE-G2
3.18K&2
1.18E-'D2
5.57R 03
2.39Z 03
9.7/8Z-'D4
4.46R-Q4
2.12E-'04
"7.82K%5
3.69E 05
1.68E-'05
8.99E-Q6
5.498-06
3.59E-Q6

1-YEAR MARROW DDSK - Z48MATXDR KATRWAY

RDF = 1 i(RKM)

AREA 4)

2
3

5
8
/7

8

1'6
11
32

24
15
18
1/7

28

SEVER: 1
8.9GE+QG
/6.86K+M
8.96K+0'0
9.9GZ+OQ
9.8GZ+DG
8.8GE+Ã
9.HE+'DG
9.8GZ+GG
8.8QE+GQ
8.8QZ+H
0.8GE+H
9.iGOZ+M
8.8GE+80
8.8GZ+QG
i9.8'GZ+GG
8.8QZ+90
8.8'OK+M
9.8GZ+QG

SEVER." 2
8.8GE+QG
8.8GZ+QQ
9.8QZ+QQ
9.90E+M
8.80K+00
8.8QE+OG
8.9QE+QO
8.88K+96
9.8GZ+60
8.9GE+DG
9.HZ+0'0
8.8GE+OG
G.HZ+60
9.HZ+60
i9.8QE+BQ
9.8QE+'6'0
9.9GE+QG
8.8GZ+00

SEVER 3
2.37iZ~03
1.19K~63
5.7/9K&4
2.24KM4l.87K-'64
5.12K-Q5
1.94K&5
9.19''6
4.28K-Q'6
1.$2K&i6
7/.3'6E 6/I
3.49K&7/
1.29Z 6'/7

'6.89K&8
2.7/8K~68
1.49K&8
9 88K&9
5.92K 99

SEVER: 4
2.41K~03
3..21K-G3
5.87/R-Q4
2.27K-'64
1.89Z-'04
5.19Z-G3
3..97Z-'65
9.32K&8
4.34K&'6
3..i64K&8
/I 47/K Q7/

3.54E-'0'7/
1'1K 07/

/6.18K 08
2 82K~08
1.51K-QG
9-19~9
'6.81K&9

SEVER
I.58E-Q1

3.81E-Q1
1.85E&1
'/l.15K-Q2
3.43E-Q2
1.i63E-Q2
'6.20K&3
2-948 03
1.37/R&3
5.18E 04
2 35Z-Q4
1.32K&4
4.12Z-Q5
1.94Z-05
8 88E 0'6
4.7/4E-'0'6
2.89Z 08
1.89E-Q6

SEVER." 6
1.86E+QQ
5.32E-01
2.59E-Q1
1 80E-Q1
4.8QE-Q2
2.29K&2
8./68K&3
4.11E-'93
1.91K&3
'7/.22Z-Q4
3.29E-Q4
1.56E-Q4
3.7/7Z-'63
2."/72E-'05

1.24K&3
8.8'4E-'06
4 838&6
2.85K&'6



RVH AVIATE: IL 22-HQV-91 AT 1'0:5'2:34 ]i

$AH QHQFRE XS $AH CL~ TO '%JOCK MOUHZhZM NEVADA MGREEATZ

MODE TRVCE

GRQVHD $VRPACE ~CQHZAMKHATZQH TAKLK IQGCRO ICZ//14"~2)
SEPORE ICLKAHUP

AREA

5
8
I/

8
9

1'0

12
13

15
1'6
17>

1'8

$EVZR 1
Q.QGE+M
8.'OQE+QQ
S.QQE+I
C0.80K+06
Q.QQZ+QQ
Q.'OQE+'0'0

Q.QQE+QG
8.8QE+QQ
Q.~DOE+GO
Q.'GQE+'OG

'0.8QE+OQ
'O.QGE+'OQ

8.8QE+QQ
'O.QQZ+'00
Q.QGE+QQ
IO.ME+80
Q.IOGE+QG
Q.QQE+X

$EVZR: 2
8.86E+QQ
Q.QGE+OQ
8.8QE+80
Q.'GGE+'00
Q.'6'OE+GQ

Q.QGZ+M
Q.'GQE+'90
Q.ME+06
8.8GZ+QQ
Q.QQZ+OQ
IG.iOQZ+60
6.8GZ+GG
Q.86K+6'0
~6.8GZ+tYO
Q.'DOE+60
Q.ME+66
'O.QQE+60
0.80E+GG

$KVER: 3
3.7i 8K+01
1.9GE+Gl
9.23K+00
3.57K+80
1.21K+GO
8.1'6K-Q1
3.1QE&1
1.4 I/Z-'Gl
'6.82Z-'02
2.58K 02
1.17Z-62
5 57Z 63
2.'0'6E-'63
9.71K&4
4.44Z-G4
2.37Z-'64
1.44K&4
9.45Z-Q5

SEVER: 4
3.8'OE+Q1
1.91K+01
9.28K+QG
3.58Z+M
1.7i2E+00
'8.19E-Q1
3.11E 01
1.47Z-'0l
'6.84E-M
2.58E~G2
1.18Z-Q2
5.59E-'03
2.87$-63
9.'i74K-04
4.45K&4
2.38K&4
1.45E 04
9.48K~05

$KVZR: 5 $EVZR: 8
8.25K+62 1.18K+03
4.14Z+D2 5.84K+02
2.81IE+Q2 2.84K+H
7.'7IGE+'01 1.18K+62
3.7i3E+Q1 5.26K+01
1.'rl8E+Gi 2.51K+'0l
8.')78K+00 9.52K+06
3.2QE+QQ 4.5QE+M
1.49K+M 2.18K+00
5.82E&1 'i7.92K-G1
2.5'68~01 3.61K~61
1.22Z-Q1 1.21Z Q1
4.49E 2 '6.33E 02
2.12E 02 2.98E-'02
9.87K&3 1.388~02
5.17iZ-Q3 7.28E-03
3.15K~03 4.44E 03
2.86E 03 2.90E-'03



RUN QAT: J 22-NOV-91 AT 10:32:34 3

SAN ONOFRZ IN SAN CLQKHTZ TO YUCCA MOUNTAIN NEVADA AGGREGATE

:NCIDZNT=*RZE SURQRY
%%%'O'I%%'%%'% %%'4'%*'ll+

INCIQZNT-FREE POPQLATION EXPOSURE IN PERSON-RZH

I'ASSENGR CRZN RANQLERS GYP I 'INK 'ON LINK STDIS STORAGE TOTALS
LINK 1 'D.DDE+QD 2.7i2Z-Q2 Q.DDZ+'DD 2.42Z-Q3 $.3'GE&3 1.21Z-'01 Q.MZ+QQ 1.5~01
TOTALS: '0.'DDZ+0'0 2.72Z-Q2 'D.00K+0'0 2.42Z-Q3 %.ME-Q3 1.21Z-'01 Q.QQZ+QQ 1.5iZ-Ql

KZIMUN INDIVIDUAL IN-TRANSIT QOSE

LINK 1 5.'83Z-Q7i RZM

5-17'



RUH DATZ." j 22-HOV-91 AT 10."52"34 ]
SAN:DNOFRE IN SAN 'CLEMENTE TO YUCCA MOUNTAIN NEVADA AGGREGATE

PAGE 17

INCIDENT-ziE IMPDRTAN& ANALYSIS SUMMARY FOR LINK
t% '0'%%WW%'%%'0'k*% 0 k'0'0'%WC %*%0'0'%%'%'%W'0'0'k%*%'%%%%%%'0 0'k%%*'0'%4'0

INDEX DESCRIPT?OH DF PA~R IMPORTANCE

2
3

5

2
8
9

1'0

12
13
14
15
16
17
18
19
28
21
22
23
24

26
2 //

28
29
3Q
31
32
33
34
35
3t6
3 l7

38

DISTANCE TRAVELED
NUMBER QF SHIPMEIVS
PACEA'GES PZR SHIPMENT
ZIDSE RATE '~DRT ZHDZX)
K ZERO
STOP TIME
PERSONS ~aDSED WHILE STOPPED
NUMBER <OF,CREE 4U24BERS
FRACTION 'OF TRAVEL - RURAL
FRA'CTZON 'OF TRAVEL - SUBURBAN
NUMBER 'DF PZOPIZ PZR VEHICLE
TRAFFIC CDUHT - RURAL
FRACTION DF TRAVEL - iURBAN

SUBURBAN SHZZLDZHG FACTOR I(RSI)

PDPUULTZDN QEHSZTY - SUBURBAN
TRAFFZ'C COUNT - SUBURBAN
TRAFFIC COUHT - URBAN
PDP~TI'OH ZIENSZT RURAL
RURAL~ SHZZLDZNG FACTOR ((iRK)

PDPULATZDN DENS~ - 1MAN
IURBAN SH?ZIIDZNG FACTOR !(iRUi)

STORAGE TIME PZR SHZPMENT
KLNDLER EXPOSURE IDZSTANCZ

FRACZTDN iDF iRUSH KKR TlULVZL
ZRACTTDN IOF TRAVEL iDN ICZTY STREETS
NUMBER QIF ZIEGHT ATTZHDAHTS
PERSONS EXPOSED PZR IHANDLZNG

ZXPDSURE TZME PDR KmIERS
NUMBER QIF KLNBEINGS
STORAGE ZXPDSURE IBZSTA'HCZ

NUMBER QF PERSONS ZXPDSED IDURZNG STORAGE
RATZO iDF PZDESTRZAN IDEHSZTY ((RPDI)

ViQCZTY - URBAN

VZ~IDDCZTY - SUBURMLN

FRACTION QF TRAVZIL iDN FRZZWAYS
VZMCZTZ - IRURAI

IDZSTANCE iFROM SOURCE TD ICREN

EXPOSURE iDZSTKWCE WHZLE STOPPZD

1.573Z-03
1.575Z-03
1 575Z 03
1.5l5Z-03
1.5/3Z&3
1.215E-'03
1,215Z-03
2.72"~-04
2.096E-04
1.193Z-04
'6.336E-03
4.'032Z-05
3.Q64E-03
2.283Z&5
2.283Z 03
1.429E 05
8.449E~06
9.904E-Qil
9.9'04E-'0'l
4 Q35E~07~
4.Q35Z~07
Q.QQOZ+00
Q.QOQE+'0Q

Q.QQOE+00
Q.QQQZ+GQ
Q.QOOE"'.QQ

Q.QME+OQ
Q.QQQE+W
Q.QQQZ+00
Q.QQQZ4QQ
Q.QQQE+60

-1.347Z-12
-2.17i8E&3
-8.189Z&3
-2.922E 64
-3.19'8K&4
-3.1'7iQE 84
-2.43'OE 93

THE ZMPQRTANCZ VAZIUE ZSTZMATZS THE PERSON REM ZNFIIHZHCE

IDF A ONE IPZRCKNT ZIKSMSE ZN THE PAMLMETZR



RUN DA'i: J 22-NOU-91 AT 10:52."34 ]

SAN ONE RZ IN SAN CLEMENTE TO YUCCA MOUNTAIN NEVADA AGGREGATE

ACCIDENT SUMMARY
'0 4441t%'*

NUMBER OF EXPZC ZD ACCIDENTS —RODE TRUCK

RURAL
$.DSZ-08
3.8'8E-08
3.03E-O'8
3.03E"ll
5.05E-11
7.078-11

SUBURB
2.$2Z-G5
l. I2Z"05
1.74Z-07
1.74E"10
1,31Z-10
8.'72Z-ll

URBAN
2.41Z-05
1.58E-05
1.52Z-D8
1.52Z"11
9.98E-12
5.208-12

EARLY FATALITY CONSEQUENCES —RODE

CA'TZ GORY

1
2
3

5
'8

RURAL
O.DOE+00
O.DOE+00
O.DOE+00
0.DOE+00
D.DOE+00
'D.DOE+00

SUBURB
0.'DOE+00
'0. DOE+0'0
'O.DOE+00
'0.'GQE+OQ

Q.QDE+QQ
'D.GQE+QQ

URBAN
0.'OQEw00
'O.OOE+QO
'0.'DOE+00
'O.QQE+QG
'O.'DOE+GO

Q.QQE+00

ECONOMIC CONSEQUENCES —MODE TRUCK

'CXTZ GORY

1
2
3

5
8

RURAL
'O.'QQE+QQ

'D.QQE+QD
'0.'OQZ+QQ
'O.QQE+'OQ

'D.QQE+00
Q.'DOE+M

SUBURB
0.'0'OE+'00
Q.'GQE+QD
'0.Q DE+Q 0
'0.'OQE+'DQ
'0.QQE+'00
'0.'DUE+0'0

URBAN
'0.'DOE+'OQ

'O.QQE+QG

Q.QQE+QQ
Q.QQE+QQ
'D.DOE+0'0
'0.'ODE+'0Q

'CATEGORY

1
2
3

5

RtlDIOIQG1CAL 'CONSEQUENCES —RODE
5Q YEAR POE'ULATI'ON DUSE Zil BZRSON

RURAI SUBURB
Q.QQE+'DQ ~Q.QGZ+QQ

'O.QQE+'GQ e.ME+00
2.53Z+QQ 3.63Z+82
2.53E+OQ 3.93E+02
2.7i4Z+Ql 3.28E+'03
3.83E+91 4.35E+83

TRUCK

URBAN
'O.QQE+'00
Q.QQE+'00
9.84E+Q2
'9.85'E+'0:2

1 QSE+Q4
1.41Z+'04



RUN DAT» ) 22-NOV-91 AT 1'0 52 34 ]
SAN ONOFRE IN SAN CLENENTZ TO YUCCA NOUNTAIN NEVADA AMREGATZ

ZXPZCTZD VALUES GP PGPULM'IGN RISK IN MRSGN REM

GROUND INHALED RESUSPD CL'GUDSH +XNGESTIGN TOTAL

'C060
XR85
SR90

RU1'06
'CS134
'CS13 /

'CE144
ZU154
PU23'8
PU239
"U24Q
PU241
AN241
AN243
CN244

6.7 /E-05
'0.'DOE+DO
'D.QGE+'00
3.BE-1Q
9.'82E-0'8
8.13E-07
1.87iK-13
1.68E-11
2.99E-14
2.li6E-15
5.35E-15
8.9'7E-1'6
2.'67E-13
/.35E-15
9.83E-15

5.69E-08
Q.'DOE+00
1.83E-12
4.84E-11
1.2M-'09
2.85E-09
1./GE-12
4.81E-13
2.'01Z-ll
3.'0'OZ-12
3.42Z-12
1.'60Z"11
9."7'6E-12
1.51E-13
/.11E-12

2.1M-'0 I
Q.QM+QO
8.'08E-12
1.11Z-1Q
3.93Z-09
1.2'6E-'08
3.39E 12
1.9/E-12
9.'0 IZ-11
1.3"/Z-11
1..56E-11
'6.81Z-11
4,44Z-ll
'6.8 IE-13
3.'D /E-11

5.QM-'09
5.95E-12
iD.'DM+'0'0
Q.'OGE+'00
2.14E-11
Q.QM+QG
2.7~3E-lil
1.12Z-15
3.22E-20
4.14E-21
4.9'8E-21
Q.QOZ+00
3.'02Z-18
1.25Z-19
1.'85E-20

Q.QGE+'DO
Q.QOZ+'00
Q.QOE+QG
Q.QOE+'00
Q.QGE+QO
Q.QGE+QQ
Q.QOZ+QG
Q.'DOE+'00
Q.QO'E+'0'0
Q.'DM+'OQ
'D. Q'DE+0'0

'O.QM+60
Q.QM+'00
Q.QGZ+00
Q.QOE+QQ

6.8GE-'05
5.95E-12
9.92Z-12
4.7i3E-1Q
1.'03Z-Q'7t
8.28E-Q7i
5.28E-12
1.ME-11
1.11E-1Q
1„$7iZ-11
1.9M-11
8.41E-11
5.45E-ll
'8 45E 13
3.7M-11

TOTALS; 6.86E-05 6.12Z-08 2.33E-O / 5.11Z-Q9 Q.QM+QG t6.89E-Q5

* NOTE THAT 1N'GESTIGN RISK ES A SOCIETAL RESET
THE U~ SER i4JAY 'WISH TO TREA'T TAIS VALVE SEPARATELY.
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RUN QM: $ 22-NOV-91 AT 10:H."34 ]
SAN ONOFRE IN SAN CLEMENT TO YUCCA K)UNTAIN NEVA'DA AGGREGATE

EXPECT RISK VALUES —'OTEER

LINK ECON ZARLT
FATALITT

1 D.DOE+00 0.GGE+00

TOTAL 0.DDZ+QQ Q.'DDE+00

ZOI
ZND QE RUN

5-21



Qutouc File 1 ~(The page mumbers ef the eutput pages are printed i.n
the upper right-ihand corner ef che printout.)

Paae 1'age 1 i.s always a covex page Ybe page number and xun dace
are printed at che top ef the page. The code name RADIAN 4. is
pri~ted in large letters in the midd'ie ef che page aleng with
the the last date when code revi.si.ons were made in smali primt.
A cable concaimimg the numbers, names, and descriptiens ef all
transporcatien modes chat can ibe analyzed wi.ch iRABTlVN 4
appears ac che ibotcom eX the page.

The Echo Check i.s the input echo, which always starts on page 2
<oi a RADIAN 4 eutput and continues co additienal pages if
needed. The echo c'heck page ef this eutput X'ile is described
in some detail to illustrate data requirements.

Echo Check Pave Features

The first line ef the input is a TITLE line. The title is
SAN GNDFlK I~N SAN CLEMENTZ TO YUCCA KGUNTAIN~ NEVADA

MGRZGATZ„The word aggregate indi.canes chat this xun will
use aggregate data Xoz route characteristics. This title
wil'1 appear ac che cop ef all subsequent pages ef che
output.

The second lime eX the imput is a FGRM line. FORM iUNIT

indicates that the eutpuc wil~l ibe in doses rachez chan
heal'th eXf~ects

The third line ef che input i.s a 3)IMEN 1ine„ in which
dimensiens are assigned ce five arrays as indi.cated:
namely, 15 isotopes, six accident-severity categories„ five
physical~-chemical groups,, ltG radial~ areas„ and 18 downwind
dispersal areas The st.-category accMent-severity scheme
describ~ ed iby Wilmot et al~. ~(1983) was tused im this
analysis.

Qn the fourth lime, the keyword EBM is used to set Gags
as described in Sectien 3.3.
Recall chat except Zex f'eur pa-ametex arrays (IiSQTOPZS,
LINK,„ tDISTKH,, and PXGSIZj),„ the order eX'nput after 'the
Xirsc Zouz lines is mot important fer data entry. The
ikeyword PACKAGE appears en the Sift% lime im chis input
data set„ ibut ic could jhave ibeen entered by che user during
data entry im any exder aTter line tive and.ibeXore the
iirst ZO|7. The second-levei ikeywozd ~ii GRP which is used
under the Xirst-leve1ikeyword PACKAGE ce assinn l~abelis to

e five plhysical~-chemical~ groups of isotopes Mantled in
this ana1ysis,, iltlmstrates the way in which second- and
chixd-1'evel'eywords are regQXZ'ed ce Ibe snbordinaCe co
Xirst-1~eve1 keywords.



6. Under cha byword SHIPEENT, Wa important 1ASISO array in
which each isecepa is iab81»ed is entered. Tha 15 isecopas
used ihare represent Wosa chat cencriibuce Ce 99% ef W~ 8
disparsien haalW hazard ef tha spent fu81. Tha maWod ef
decerrninatien was based en normallizatien ef Cha x'acies ef
Wa amount ef each isotope in spent fua1 i(from an ORIQEN
run) te W~ 8 Imzcaimum pexmissibi 18 cencencxacien in air ~(in
ICi). The user may empley this er any eWer suitable method
ef selecting isotopes

7. Under Cha Ikayword jNGRMKL» fer Cha Crucjk mode I(KMQDE -
1'ha25 true'k-specific parameter va1uas in Wta BNDRKL array

are entered Tha entire array is showxl Ihax'8 fer clarity.
Zn practica» ic i.s enly nacassary te enter IDNORML~

parameters wllan Wa user does not wish ce accept the
awaiiab18 dafauic ~a1uas, and eniy cha parameters Wac tha
user wis'|has te redefine meed te iba entered. Yha entire
ax'ray wi11 appear in Cha Echo Chacik„ however.

8. Two sacen&lemel IIeywords and associated data arrays are
under cha first-1ewa1 ikayword AUCIIDENZ:

ARATKZ".fer cha bhrea popu1atien-density zenas, true'k
accident rate data are entered",

l I
»

SZVFRC."fex Cha Crucik anode I(INMODE 1j), st cenditienal
prebabiiLities ef eccurranca fex'ha st
accident-severity categories fer each
populatien-density zene ara entered. jNota that
cha sum ef ch' qaluas fer eac'h jpopu1acien-
dansity zona sholll'd IbB apprexriRBCB1y e'c[ua1
1.9.

'I j

9. Under Cha first-3eva1 ikayvord RELEASE» C2maa secend-1eme3.
jk837words ax'8 entered."

iRPjRA'C: fer each ef the fima physiea1-chamica1 groups
identified iby tha user„six release fx'accien

luas are tancered»

AEiRSQL: fer each disparsibiiity category identified by
cha user» st aerese1 fractien ma1uas are
entered. (This anaans t'hac dafaulits ware noc
used and that XUI~SP categories 2„3,4„ and 5 ware
redefined fer this an81ysis.)

RE~SP" fer each disparsibility category idanitified iby
tha user, six respirabie aarose1 fractien values
are entered Again» default v@1iuas waire riot
used

1~6~. Under Cha ikayword GUSHIER is 1i.sted tha ciean-up 1eva1
parameter vallua (ICH~VL).



lli. As shown in tha echo„ tha tL«sar has emtexed an EOF after
cempletimg thi is pare ef tha data entry, and than has
prQceadad te enter'qa1%xas fQr thTBB additieIlR1 paramater
arrays.

li2. The materia1 liina immadiateliy feljLews tha first-1ewei
jkayword IiSO'llOPRS. Tha materiali line censists ef a string
ef numbers that specify shipmant- and imateriai-38~81
cilaractex'is'cics In this ~ampie» &~' '«Tal'uas are tha
feiiewing

-1»» Rxc1%1M.'VB-usa truc1«»

1.9 - mumbar ef s'hipmants»

1.6 numbax ef pae3cagas par'hipment,

13.68 - dose rate at 1 m from tha sjhipmant i(«nrem/hrjI,

1.6 fx'actien ef dose tha'c is treated as gamma
radiatieIl„

lD'.l0i - fractien ef dose that is treated as mautron
radiatien» auld

SlFUii L ~ mater j.R1 lab

jpeliiewimg thia IiSOiTOipgS imateriaii liima 1$ isotepa
entered„ena fex'ach isetopa in tha analysis. Qn each
1ima tha nsar Inust enter ena isotepa li Ribali„ tha mumbar ef
icuries ef that isotope im tha pacjkaga, tha physieall-
cjhamicali group to whicjh that isecepa jhas jbaam assigned, and
the «Hsparsibiliity category te whichi that isetopa bas bean
ass igmad

jL4 Since +his xs a non-2 jl.5K r41n» thla tQt~ d1Lstamce
jkiiematers is entered mI«dar tha jkeyvord jDISZKH. Note that
tiila fractiems Qf rrvrv81 im cecil ef tha tllrea p'opuiatieI1-
dansity zeI«as for this conveyance are entered elisewhara;
they are tha first three parameter ~i«IBS in tha jDNDRHL

15 Tha pacjkage size in lmaters is enter ad after th'8 Ikiayword
jPZ'GSIiZ. 'Iim this case it is lthe 1ength ef a pxesant-
gexl'BratKQI«sp'Bmt &xa1 caslk

16. ~ia fimali jEOiF appaarS im tha eojhe iCJhaojk» jbut tjha terltQZlR1
ZQI that is entered wham tha data sat is created jby tha
tL«sar is mot showzl lh'Bre Iit is printed em lcha 3.Rst page iof
th'8 Qutp'Gt



These pages contain tables ef input data. Un1ijke the Echo
Checik, which does not s'how defaults, Wese tables give ithe
values ef a11 data used in the analysis imciLudimg boW defauit
and user-defiLned data. further, the organization ef ithese
tables is not direct1y related te ithe erganizatien ef ithe input
data Tables ef input va1%xes used ial the iio'cMealt-free
ca1culatien are en pRges 3 Wreugh 5, 3xlc1%1dimg, tihe ianportan
MQREL array (page 5). Al'1 data taken from We internal
isotepe daita Iibrary are shown (pages 6 Wreugh y). Input data
en package behavier and physical-chemical isotope groups are
given (page 8). Im adLitien, all values for aerosol| fractien,
respirahie fractien„and en-scene costs are shown (pages 9
Wreugh 1'6) regardiess ef wheWer ail'ategories were used im
We analysis. Sianilarly„ the early fatR1ity pre'babijLity tabie
used in M3TRAK 4 is printed (page 11), regerdiess ef wheWer
any doses ef Wese anagmitudes were caicu1ated in We analysis„
jDRta fox'a1clllatlen ef disjpersall and aloIldisjpersal'ccMent
effects are given en page 12

The reguilatery checjk anessages, if'ny, ax'e printed en page 13.
The regulatery cbears perfexaned by IAOTRAW 4 are f«I11y
described in the MBTRAH 4 Tee'hnica1 jL«LRnuR1 (Neuhauser and
KRnipe in prepar«ation l[b]]. In Wis example the checki was fer
whether the dose rate at 2 m from the conveyance exceeded 19
anremfhr. Reca11 that the user anust enter a value fer We dose
rate at 1 an. The entered value ef 33.68 anrem/hr at 1 an gave a
caicuiated dose rate at 2 an ef anore than M anrem~~ amd the
dose rate at 1 m was reset te 13 anrem/Ihr te give an acceptable
va1ue at 2 an. This checjk is perfexmed fer shipments designated
exclusive-'4xse

Pages 14.
t~hrounh 15 Page 14 contains tabies ef 1-yr lung and anarrew doses from

ixiha1atien calcu1ated fer We analysis, aI«6 calcuiaited
preclean-np ground cenramimajtjlen levels are shown in the tabie
en page 15 fer each isedose area used in the analysis.

Pane 16 Incident-Free Summa~. Qn page 16 ithe doses fer each anode amd
exposure gxeup are given fer each~ anateria1 im each 1in> er
anode. Im this ease, there is en1y ene anateria1 SMpped iby only
ene anode„so ithere is enly erne Iime im the summary. The
an83UanUIB imdivMuR1 izil-traIlsit dos'8 is al'so giv8n Ibeiew th'8
Sullnliary

Pa'Ee 17/ Incident-Pree Ianoortaallce AnR1vsis Summarv. The ianportaIlce
va1ue„ 1.8., the effect im person-rem ef a 1% cihange ial We
val«ae ef We input parameter, is Iisted fer each parameter used
in the incMaait-free caiculatiens. Rote that the Iist is in
rani«, erder.

Pages 1'8
thireu8h 20 Accident Risl~«SummRXv. Page 18 cenitaims SePRrate tab1es

ef'nesfer each censegeence type brelaem down jby mode,
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populatiom-clemsi~ some Qr link, amd se&eri~ cacego~
%xllits Qf thB first taMB QTl p. 18 aTB cl1B number Qf accidB74ts
The umits Qf cbe second taMB are the number Qf fatalities
The emits Qf the Cjhird CaMe is dollars„and Cbe umits Qf Cl1B
last caMB aTB pBTsom-Tem All SBTQ vRHUBs appBRT3xlg in amp Qf
these cabl'Bs ma+ indicate WRc no calculaciom wR$ perfQTKB6~
because tile %xser is not rez[uiILBzl CQ cxLCBT fdRCR fQT all
calculaticms (e.g., ecomomic parameters may jbe Qmitted). The
xesulcs Qf WB actual Tish cd.culacioms are shown Qm page 19.
ZIA Qlis caMB ~ risk estimates are sjlhowA for eacl1 esposure
patjhvay and each isotope in eacjh anacerial. The iraq,esticm Tis'k„
wl1icjh is a societal Tisjk walue l(as discussed in WB RAMRAK 4
Tecjhnical Manual) „ is included in Cl1B total colmnn, but is also
flagged CQ remind che user Watt che malue is not analogous cQ
cl1B Qcl1Brs and nnay be subtracted from cbe total fQT certain
analyses. Om cl1B last page Qf cjlhe output is a slhort CRMB
S11oving tl1B est9nated number Qf early fatalities. Because no
data weTB entered fox ehe ecomomic parameters, tjlhe ecomomic
Tis'k cable comtains Qm)y zeros. Note chat che ZGX input echo
is prilmced ac the em'd Qf cjhe output



RUN DATE I 22-NOV-91 AT lQ".52 <5 ]i PAGE 1

RRRR AAA

R R R A
R R
RRRR A A
R R AAAAA

R R A
R R 3L A

iDDDD TZTTT RRRR
D D T R R
3 D T R R
D D T RRRR
D D T RR
D D T R R
DDDD T R R

AAA N Z
A A MN N

/A A ZMZ
R A W MN

KAAMA' Ã

A A
A A N N

4

Jl

4

1QDTRAN 4.iB.12 VERSION DATE". MOVKMBKR 13y1991

MODE Z ESCRIPTIQNS

MDMBER

1
2
3

5
/K

//

8
9
3./8

KQK
TR~
RAIL
33ARGK

SHIP
/CARGO A%a

PASS /AIR
P-VAN
/CVAN-T

V9$-R
/CVAN~M

CKGLACTERKZATZON
10NG KLUL VZSICiLK
/COMMERCIAL'HLTN

VESSEL
QPZN SKA VESSEL
CARGO 3LZRC1UL'FT

PASSENGER VAN

/COMMERCIAL VAN

/COMMERCIAL VAN

/OOMMERCI/AL VAN



RUN DATE 't 22-NOV-91 AT 1'0 52.45 ]

TITLE SAN QNOFRZ IN SAN CLEIZ TO YUCCA MOUNTAIN NEVADA ROUTE-SPECIFIC
FORM iUTTI

DIMEN 15 6 5 10 18
PARM 0323i0
PACKAGE LAHGRP HIGH NOBLE VOL A QTHKR VOL 8
SHIPMENT

LAHISO CO60 KR83 SB9D RU1'06 CS134
CS13 / CK144 ZU154 PU238 PU239 PU24'0
PU241 AM241 AM243 CM244

NORMAL NMODZ~I 7.96Z-01 1.7i 6E-01 2.89E-'02 8.86K+91 4.938+01 2.41K+91
2.iGQE+'00 1.'DQE+Ql Q.'OQZ+'00 Z.ZQZ-Q2 'O.'GOE+'DQ Q.QOE+QD
'O.QOE+QG 5.'OQE+Ql 2.QGZ+DZ 'D.QQE+09 1.QGZ+D2 1.QGZ+92
2.QQZ+DG G.ODZ+00 'O.DOE+99 1.00K+90 4.'70E+'D2 2.80K+92
2.80K+03

ACCIDENT ARATMZ NMODE~1 2.'OGE-08 4.06K-Q l 2.34Z-96
SZ'uYRC NPOP=1 NMOLK 1 'D.603 0.394 3„Z-3 3„Z-6 5,Z-6 '7i.Z-6

NPOP=2 NMOOZ~1 0.8D2 '0.394 4.Z-3 4.Z-6 3.Z-6 2.Z-6
NPOP~3 NMODE=l '0.604 '0.395 3.8E-4 3.8Z-V 2.5Z-7 1.3Z=/

RELEASE RFRAC iGROUP=1 2~0.'0 4~1.2Z-2
GROUP 2 3"0.'D 0.01 '0.1 Q.ll
iGROUP 3 3~0.'0 1.0E-K 2.QZ-4 2.8K-4
iGROUP=4 3~0.0 I.QE-S 5.QZ"8 5.QE-8
GROUP 5 3~9.0 1.0E-S 1.QZ-6 4.2E-5

AKRSOL DZSP~2 2~0 4~1.9
DZSP~3 3"'0 3~Z.Q
QISP~4 3*9 3~1.'0
QISP=3 3*'0 3~1.9

RESP DZSP~2 2~9 4~..93
iDZSPi 3 3~9 3~1 '0

DZSP~4 3+Q '0 Q3 2*1 Q

QISP~3 3~9 3*.93
QTHER CULVI~0.2
ZOF
ZSOTDPZS -1 1.8 Z.Q 13.68 1.Q 'O.Q SFUEL
QO60 9.22K+01 tHZGH 2
KR85 i6.1QZ+03 NOHLK 3
SR98 5.96K+94 QTHER 5
RVZQS 1.$2Z+Q4 VOI, iB 5
CSZ34 2."7i4K+84 VOL A 4
CSli37i 8,7i88+Q4 VOL A 4
CEZ44 1.22Z+84 QTHER 4
EU154 7i.QQE+83 QTHER 4
PU238 2.9'6K+93 QTHER 5
PU239 4.ZQE+M QTHER 5
PU248 4.88K+82 QTHER 5
PU24Z 1.28K+95 QTHER 5
AM24Z 1.29E+Q3 QTHER 5
AM243 1.99Z+Sl QTHER 5
CM244 Z.7i9Z+93 QTHER 5
PKGSZZ SFUEL 5.2
LZiiK Z 335 88.8 8.8QK+M 4. iQE+92 Z.QHEi 98 R Z
XZSK 1 8Z 88.$ 7i.Z9Z+M i/.8QZ+M 2.ZZIE&7i S 1
ZZNK 1 14 88.8 3.88K+Q3 2.89K+M,Z.22K&8 '6 Z
LINK Z Z57i 88.8 8.QQZ+Ã 4.7iQiK+82 4.45K&8 R Z
Z,INK 1 22 88.$ 7i.19K+82 7i.88K+M 8.88K-Q7r S Z
LZNK Z 2 88.8 3.88K+83 2.8QZ+M 5.QZZ&8 tU 1
ZOF



RUN DATE: $ 22-NOV-91 AT 10:S2:45 ]
SAN ONOFRZ IN SAN CLEMEVi,K TO YUCCA KENTAIN NEVADA ROUTE-SPECIF?C

PACKAGE CRARACTERISTICS

FOR
MLTERIAL

SFUEL

DIMENSION
'(DIETERS')

5.200E+00

ZFFECTIVE
DIMENSION
4.677Z+00

K'(0)
METERS SQ.
I.IISE+M

Kl(D) IS TI TO DOSE RATE CONVERSION FACTOR

PACKAGE RANDLING TSRESHOLDS 'gKTZRS')
PKGSEI= S.000E-01
PKGSE2~ 1.DUDE+00
PACKAGES .LE. PXGS 1 ARE HA('TD C.BURIED
PACKAGES .GT. PKGS21 M7D .LE. PKGSE2 ARE RANDLED SY SMALL EQUIPMENT
PA&AGES .GT. PKGS22 ARE PZiNDLED BY SEAVY ZQUIPPENT

TZRIAL
SFUEL

KKTERIAL 'CNARACTZRISTICS

FRACTION FRACTION
'OF GAMMA QF NEUTRON

1.DUDE+00 D.ODDE+Oa



RUN DATZ: f 22-NOV-91 AT 1Q:52:45 ]
SAN ONOFRE IN SAN 'CLEMENTE TO YUCCA MOUNTAIN NK(U(DA ROUTE-SPECIFIC

MODE CHARACTZRISTXCS

MODE ZKCLUSIVE NUMBER OF KlTERXALS TRANSPORT PA'CKAQES ~/

USE SHIPMENTS EK '(Tl) SHIPMENT

TRUCK YES 1.'0GE+Q G

SFUEL 1.37iZ+Ql 1.QGE+QQ

BUILDING SHIELDING 'OPTION~ 2
~(X~TOTAL SHIELDING) 2~PARTIAL SHIELDING, 3>NO SHXELDXNS)

RPD~ S.GGGZ+GG
l(RATIO 'OF PEDESTRIAN DENSITY '(PZDESTRIAN/KM SQ OF SIDEWALK)
TO POPULATION DENSITX ~(PEOPLE/KM SQ IN URBAN AREAS)

RR ~ X.GGOE+QG
i(TRANSMISSION FACTOR FOR RURAL AREAS)i

RS ~ 8.7GGZ-Gl
t(TRANSMISSION FACTOR FOR SUBURBAN AREAS)

RU X.SQGE-Q2
'TRANSMISSION FACTOR FOR URBAN AREAS)

5 30'



RUN DATE 't 22-NOV-Sl AT 1'0 52 45 i)

SAN ONOFRE IN SAN CLZMENIZ TO YUCCA MOUNTAIN NE()7Q)A ROUTE-SPECIFIC

MODE

DISS)NCE ((KM)

SPEED i(KM~/iHR)

POPULATI'ON DENSITY
VEHICLE iDENSITY
ACCTDENT RATZ~)'KM

ROAD TYPZ

LINK 1 I INK 2
TRVCK TRUCK

3.33Z+02 8.1QE+'Ol
8.86E+QI 8.86E+Ql
6.96Z+00 ').lSZ+'D2
4.7iQE+02 ~/.80Z+92
l,98E~08 2,11E-Q"i7
RURAL SUBURBAN
FREEWAY FREEWAY

LINK 3
TRVCK

1.4QE+Ol
8.86E+Ql
3.8$E+03
2.8QE+Q3
1.22Z-Q6
URBAN
FREEWAY

LINK 4 I1NK 5
TRUCK TRUCK

1,FilE+02 2,20E+'01
8.86E+01 8.8'6E+'01
8.QQZ+M 7.19E+02
4.7iGE+02 7~.80K+M
4.45E 08 8.88E 0'i7

RURAL SUBURBAN
FREEWAY FREEWAY

LINK 6
TRUCK

2.QQE+60
8.86E+Ql
3.8%Z+03
2.86E+03
5.91E-Q6
URBAN
FREEWAY

MODE REIATZD DATA

PZOPZ'E TN CREW

CREW EXPOSURE K>IST
2''EGPIZ AT SIQiPS
STOP EXPOSURE iBXST
STOP TIME iPZR KM

(MINTMUM STOP TIME
END TMNT STOP TIME
TZQPIZ AT STORAGE
STOR. EXPOSURE BEST
iNVMBER 0F )BANBL|XNGS

2.9'OZ+M
1 96Z+Qi
5.90Z+Ql
2.QBZ+9l
1.19Z-Q2
9.HE+96
9.96Z+'00
1.96E+'02
1.9QZ+02
9.HZ+96

2.QBZ+60
I.QQZ+H.
5.QQZ+Gl
2.HZ+'91
l.lQE 02
Q.HZ+6Q
9.HZW)Q
1.96E+62
1.90K+M
9.96Z+GQ

2.90Z+X
1.'GQE+Dl
5.96Z+Ql
2.QBE+Ql
l lQZ 62
Q.QQE+'9Q
Q.998+'0'6
1.90Z+Q2
1.90Z+'02
Q.QQE+00

2.90E+6Q
l.Q'OE+Gl
5.QQE+'Dl
2.QQE+M
1.1QE 02
9.HE+00
Q.Q'OZ+'0'0

l.QEE+62
1.908+92
Q.QEE+QQ

2.Q'DE+0'0

1.96E+Ql
5.9'DE+01
2.QQZ+Ql
1.19E&2
Q.Q'OE+'0'0

Q.QQZ+H
T.QQE+M
1 QQE+M
Q.QQE+R

2.90E+'96
1.9'DE+01
5.9'OZ+'Dl
2.9QE+Qll.19Z&2
9.QQZ+90
9.96Z+QQ
1.9QE+02
l.QQZ+'02
Q.Q'9Z+DQ



RUN DATZ: ij 22-HOV-91 AT 18:52:45 j
SAÃ QMOERE IS SAN CLEF7EHTZ TO YUCCA 140UNTAIN NEVADA ROUTE-SPECIFIC

ISOTOPE RELATZD iDATA

Ãt/CLIM CURIE8
PZR PEG

RELEA'SE
GROUP

RESUSP XiUHG

FACTOR TYPZ
DZSPZRS.
CATZGORY

1YR ZMHAL REZ//CZ
LUNG KMM

SFUZL
C06'0
KR85
SR90

RU186
'CS134
CS1'3'i7

CE144
KU154
PU238
PU239
PU24'0
PU241
A74241

243
C74244

9.22K+01
8.18K+03
5.9'6K+94l.i62E+04
2.24K+04
8. i/i6E+04
1.22Z+Q4
i/.QQ'E+'03

2.96E+Q3
4.1QE+D2
4. '68K+02
1.26K+'05
1.29E+83
1.99K+91
l.i/9E+63

HIGH
NOBLE
QTHER
VGL 8
VOL A
VOL A
'OTHER

OTHER
OTHER
OTHER
OTHER
OTHER
OTHER
iOTHER

QTHER

4.83K+00
l.iQQE+'00
5.41K+'OQ
3.28E+M
4 '07K+QQ
5.41'E+'0'6
2.99E+'00
5.89E+Ml
5.51K+'00
5.57K+QQ
5.5'6K+00
5,26E+QQ
5.55E+'GD
5.5'6K+00
5.32K+'GQ

"i7.90Z+N
8.80E+QO
4.5QZ486
4.3QE+Q'6
4.10K+04
3.18E+04
3.'60K+96
'0.'0'GE+QQ

4.58K+98
4.20K+08
4.20E+'08
3.$GE+63
1.29K+0'8
1.1'OE+'08
1.20E+08

3.80E+04
'O.DOE+M
3.8QE+Q3
4.58P+'D3
3.90K+04
2.80K+'04
4.2DZ+'03
i0.8QE+'OQ
1.1'DE+86
1.1'OK+9'6
1.1'DE+9'6
1.30K+03
l.'i70E+Q7i
1.80E+Q7i
1.7iOE+Q7i

iNGCLXDE HALF
LIFE

iGAI%9, CRUD TRANSFER
ENERGY FACTOR CRQPS SQXK

DiEPQS
SPZKD

SFUEL
C069
KR85
SR99

RU18'6
CS134
CSl'3"i7

CE144
KU1'5'4
PU238
PU239
PU248
PU241
AH241
324243
@5244

1.932+03
3.92K+'03
1 86K+84
3.68K+92
'7i.53K+82
1.18K+04
2.84K+M
3 21K+93
3.21K+64
'8.7/9K+86
2.39E+'06
5.26K+93
1.58E+95
2.7iOE+96
'6.62K+83

2.5QZ+QQ
2i21K 63
8.89K+69
2.81iE-'6l
1.55K:.'09
5.96E-Ql
5.25K-Q2
1.22K+GO
1.81Zi -03
"i7.96E-Q4
1.7i3K&3
2.54E-'6'6
3.24K&2
5.59E 62
1.7i<GE&3

4.12E-Q1
3.55E-Q4
8.8'6'E+'69
8.8QE+QQ
2.54K~61
8.8'0E+QQ
'2.8'GE-'63
2.88E-'Gl
1.48E 5
1.3'OZ-'65
1.37iK-'03
8.8QE+'0'0
3.81E&3
8.11K&3
1.33E-Q5

8.8QZ+QQ
Q.QQE+QQ
8.89E+QQ
8.8QE+'09
8.80K+09
8.80E+09
8.89Z489
8.80Z+QQ
8.89K+99
8.89Z+GQ
'9.89Z+QQ
8.89E+QQi
8.89K+'GQ
8.89K+99
8.89K+'69

8.86K+'OQ
8.8'DZ+QQ
8.80K+6'0
8.8QE+'6Q
'0.8'0Z+'O'6
8.89K+'00
8.8QENDQ
8.8QE+99
8.8QE489
'6.89K+'69
0.O'GE+6'0

8.89K+60
0.80K+'60
8.89E+QQ
8.89Z+QQ

1.8QE&2
8.80E+QQ
1.8QZ&2
1.8QZ&2
1.0QZ&2
1.86E-'62
1.00E&2
1.8QE&2
1.ME-82
1.80K~62
1.86E-Q2
1.09K&2
1.898-92
1.0'6E-'62
1.8QE-Q2



RUN AVIATE". 'f 22-RO7-91 AT TQ:52".45 ]

S2$ OSOFRE IS SAN CLEMENTE 'TO YUCCA 1IOUHTATH NEVADA ROUTZ-SPZCIFIC

ISOTOPE RELATED ZlATA

NUCLIDE 50-YR EFFECTIVE REM~/Cl

IÃSALZ INGEST

SFUEL
'CO60
XR85
SR90

RUl'0 6
CS134
CS13 /

CE144
EU154
PU238
PU239
PU24Q
PU241'41
%4243
'CN244

2.80E+05
Q.DQE+QG
2.4QE+0'6
'B.Q'DE+05
4.~60E+04
3.2GE+04
6.3QE+05
3.1QE+'03
5.30'8+0'8
5.. /DE+08
S./DE+08
9.90Z+'0'6
5.9GE+QB
5.90E+0'8
3.1~DE+08

2.6GE+04
'0.'DDE+00
1.30E+05
2.1QE+'04
7.4QEI'04
5.'O'DZ+D4
2.0'DE+04
9 1QE+Q3
3.80E+Q6
4.30E-."06
4.308-'06
8.'60E+04
4.5QE+0'6
4 ..50Z+Q'6
2.30E+'06



RDM jQATZ~ iJ 22 MOV 91 AT IiQ $2'4$ ]i PAGE 8

SAM 'OMOFRE XM SAM CLZHEMTZ TO YOCCA 140UMTAIÃ MEVADA ROUTE-SPZCIYIC

RELEASE RELATED DATA

RELEASE FRA'CTIOMS

SEVER: 1
Q.QQE+'0Q
iO. O'OE+'0'0

'O.QOZ+QQ
Q.DOE+00
'0.'0'OZ+DQ

SEVER: 2
Q.'OQE+'OQ

Q.QQE+'00
Q.DOE+00
Q.QQE+'0'0
'D.'DOE+DO

SEVER: 3
1.20E-'02
iO. QQE+'00
~O.Q'OZ+'00

Q.QQE+'00
Q.Q'0Z+'O'0

SEVER: 4
1.20Z-'02
1.'OQZ-Q2
1.QQE-Q8
1.QQZ-Q8l.MZ-08

SEVER
1.20Z-'02
1.QQE-'01
2.QQE 04
$ .QQE 08
1.QQZ 06

SEVER. '6

1.20E-'02
1.10Z-Qi
2.80E-'04
$ .QQE-'08
4.20E-Q5

ACCIDEMT SEVERI"Y FRACTIQMS
FOR TRDCK

SEVER: 1 SEVER 2 SEVER: 3 SEVER: 4 SEVER: $ SEVER: '6

'6.93Z&1 3.94Z-Q1 3.QQE 3 3.QQE-'0'6 $ .QQE-Q6 "il.QQE-Q6
'6.82Z-'01 3.94Z-Q1 4.Q'OZ-'03 i4 QQE-Q'6 3.QQZ-Q6 2.QQZ-Q6
8.84'E-'01 3.95Z-'01 3.80E-Q4 3.8QE-Qil 2-$ 'OE-'Oil 1.3'OE-Q'7i



I

e



/j(UN (DATE:: [[ 22~NOV-31 /AT ZD::52::4(5 ]]

(ONOF3(E ZN SAN (CLEMENTE 'TO YUCCA MOUNTAIN INEVATiA !ROUTE SPECIFTC

3EROSOLIZED S/RA'CTION (OF IREIIEASEQ (MATERIAL

IDTSP (CAT

1
3
'4

i6
/7

5
1/(0

SEVER: 3.
(0..(OQEHQQ

(Q..(ODE+'09
(O.JDUE+00
/Q.JQOEH(00

(O.JOQEHQQ

1..(OQEH(09
3,..(QQEH:09
3...(MEHQQ
il..(OQE+'09
1..(0'OE+'.09

3..(DOE+'00

SEVER::2
(0..(DOE+90
(0..(OOEH(00
(0.,(0QE+(09
(0..(OQE+DD
(0..(OQEHQQ

iL JQQEHOQ
R..(OQEHQ'0

1..(OQEHDQ
3...(DOE+99
R..(QOEH39
3..(Q'OE'+90

(O.A)QE/HQQ

A..(ODEHQQ

(0..(OQEH4I'0

(0..(OOEHQO
1..(OQE+'09
3...(OMH'.09
3 ..(OOEHQQ

1..(OQE+'.0:0
A.JDQEHQQ

1.3)0EH!09

SEVER: 4
(0 JQDEH(09
3...(ODEH/99
A..(0'OE+:09
il../QQEH/99

il .(OQEH(00
il..(OQEH(00
A.JQQEH/90

R..(0:OEHQQ

R.A)QEHQQ
R..(QQEH/9'0

R.JOOEH'00

SEVER: 5
(0..(OQEH(09
1~..(OQE+DD

3:.(OQEH/99
il. (0'OEH39

3...(OQEH(D9

3.NDEH!09
1 .(OQEH(00

3...(OQEH/99
3..JODE+99
3...'9'0EH/09

3..(OQEHQ 0

SEVER: (6

(0..(OQEH(00

3..(QQEHQO
R,(OQEH/90
R..(OQEH/99

A..(DUE+09
1'.(OOEH(00
R..(DUE+90
il.JDQEHM
iL310EH'0'0
1../QQEH3 0
R..(OQEH/OQ

SRACTION (OF 3!ZROSOL'3 SEL'OW iL'0 IMIORONS /A'ED

I91SP (OAT

2
3
'4

5
(6
//

(B

S
1(0
TL1

SEVER: R SEVER: 2 SEVER: 3 SEVER::4
(0..(QOE+QQ (0..(QOEH(0'0 /Q.JQQEH'09 (0..(OQEH(09
(O.JQ'OEH'99 (O,JDQEHQQ 5..(DOER 5..(DQE 92
(9.,(DQEH(09 H)..(DOE+09 (0..(OOEH/99 R..(DDEH(09
(0..(OOEHM (0 JQQEH4I'0 (0..(DOE+99 5.(OQE '.02
(Q..(0'DEHSO (0.(0'OEH/99 (O.JQQEW'0 5..(OQEM2
5..(OQEW2 5..(0'DE~92 5..(DOER 5..(DOE~92
3...(OQEH(09 Il..(0'OEH/90 R..(DUE+09 R.JQQEH(09
R..(OOE+QQ 3...(0'OEH/99 3...(OOEH(09 3...(OQEH(09
3...(OQEWQ 1..(0'DE+9'0 R..(OQEH4)Q 3...(DUE+09
il,.(OQEH(09 3...()'OEH(09 3...(OQEH/99 1/.JQ'DE+39
3...(QQEH%9 il..(DUE+99 iLJQQEH(OO 3...(OQEH(09

SEVER: 5,'SEVER: (6
(Q..(0'OEH(09 (O.JUDE+09
5..(DUE&2 5..(DOE~92
il..(00EH(09 L,.(0'DE+00
1..(OQEH(09 1/..(DUE+09
5..(OOE 92 5..(0M&2
5..(OQE 9'2 5..(DOE~02
il..(DOE+00 A..COSH(09
3..JQQEH/99 R,.(OQEH(09
R .(OUR+00 3...(OQEH(09
7L../QQEHi09 1..(DOE&9
3...(OQEH(09 3...(OQEH/99



!RUN )DATE: [[ 22-3TOVW1 ALT AtD::52::4$ ]]

iONOFNE ZN SA'N IOLZMENZE TO YUCCA M3UKVAEN )NEVADA )NOUtK EPECXFZC

COST RELATED GRATA

)EMERGENT )RESPONSE @OS)F

SEVER'~ SEVER; 2 ZEVER: 3 !SEVER: cg SEVER: g SEVER'6
(0..(DDE400 ID..(DDE+DD S.QUEUED ID..(DDE+DD (D.SDEHC)0 S..CSM)D

QN-SCENE COSTS
t@FmlKIEASE )ERA'CTZON!)

)SF~3.. ID..'<RF<=. 01 .,Sl<FZ<~0..3...3.<RF<1..
(0.. S..



MN (DATE:: [[ ~NOV 31 RT 19::$2: 4'3 g KSE

SAN X)NOFI(E ZN SAN 'CLEMENTE 'TO 'YUCCA (NOlRPlMS (NEVADA tNOQTE-3PECIFZC

!HEALTH IEIZZED (DATA

KARL"l FATALITY (PROBABXZZTXES

Z)OSE((IlEH)
1(00999..(099

i39909..(009
I70999.ASQ
AQQQQ..(999
399D'0. (099
25999..(999
29.DM..(099
19999..(DQD
9999..(099
(SDQQ.A)'00

N)QQ.A)M
3'0'0'0..(099
;i'M'O.A)'D'0

'909..(099

499,.(099
399..(099
1(09..(099

75..(099
SO,.(9'09
39..(099

1..(099
(0.1(09

I..(01(9

1(UN6-1
1.(QDQE+M
1..(OQQE+eQ
1..(099&%0

1.A)DOE+99
%..(DQM 91

0 .(OQQE+DQ
t9 ..'WOE+99

(0..(DQQE+99
(0..(DQQE+99
(0..(OQQE+%
(0 .(ODDEST 0
(O.IDDEN

(0..(OQQEAQ
(0..(IE+W
(0..(ODOM%

1 (DDQE+99
(8.599~1
(0 .(DODEC
i7 .(099~1
5.(OQQE 91.
'7.1lQM Ql
%..(09DE~92
1..609E+QQ
(D..iMQE+M
1..(ODQEWQ
(0.,(OQQE+99
(0..(ODQEWQ
(0..(OQQE+D0
(0 .(00'OE+09
(0..(OQQE+W
(O.AS'DE+39
(0..(ODDEST)9
(0..(DQDE+99
I..(099&HA
(0..(OQQE+W
(0..(OQQE+DQ
(0..(OQQE+M
C) ..(OQQEWQ
(0..(OQQEWQ
R) ..(DQQPHDQ

(0,.(DOQEWDQ

(0..(DQQE(((09
(0..(OQQEWQ
(0,.(SOKE((00
(0..(OQQEHSQ

(0..(DQQE(((09
(0. (DQQEHSQ

(0..(DQQE((.09
(0,.(OQQE(((00

(9..(OQQE+09

(0..(DQQE409

(0..(DODEC
$..(DQQE(((0:0

(KQQSW
1,AKOQE+09
1..(OQQEWQ
1..(OQQE+M
1..(OQQEHSQ
1..(OQQEH%9

1..(09'OE(((09

1..(DQQE+49
1.(DQQE+DQ

1..(OQQE+39
1.A)DOE+99
1..(OQQE'+99
1..(DQQE+39
1..(OQQEk99
3..380~1
3,.(099~1
~4. (090~1
5..(099~
(0..(MQEHSQ
(D..(DODEC'0
(O..SQDEH%9
(O.AMOEBA
(D..IQQEHSQ
(O.ASQE(((09
I..C)QQM)9
(0..(09'OEH%9

(0..(OQQEHR)



RUN Z)ATE:: i[ 22-I'HGV-31 AT 19::52::45i)

SA'H QHOFZE JH SA'H ICIZHENTE 'TO YUCCA MHJNTAZN !NEVADA ROUTE-SPECIFIC

UZSPERSAI ACCZUENT INPUT

A'REM)A

l(14 BQ)
4 .539E+52
1 .539E+93
3.'94 K+93
1 .239E+0'4
3..'DADE+94
% .830E+'04
1"~78M&5
4 .459E+98
0 .5'9M+95
2.,550EWS
.4..45M+98
1 .'93M+DU
2.18M+97i
5..W~DE+aU
1.T79E+98
4 .33M&8
%..129E+1)8
1 .359E+03

ZkIIJUTZON
TACTOR»

3..4)29E-93
1.929~3
%..5'89E"'0'4
3 A29E-94
1..I2DE-1)4
% .58M~93
3.A2DE "9'3
1'.,~729E 95
(8..589E-D'6
3. 429EW8
1 ."l29E "98
8..5'89E 99
3..429E-D l
1.729E 09
~B..589EMB
5.'429~8
4(..399~8
3.429~8

» IDIIIUTZGN ZACTGR IUNZTS ~ARE ((CI SEC/44»»."9!/ZZ-I(ED%BED))

'NON "Z)ZSPERSAI iXOCZDENT ZHPQT

(8"MM+M
3..MOE+M

3..(959EW2

8(ADEPT�((5!!

3..(D 9&8)9
I8..1(DDE'@9
3..1IDDEII(99

I8..1199EH48.
3..8:49&48.

3 .(039E'499
%,.M)DE&9
3 .8(DUE+99

KKIIDZNG IDGSE (PAL~
EBACTZGH (GP iLMD (UNDER (OUL'ZZVA1DIGN

(OGHTAMEHATZGH (CUEA'H IUP )DEVEL (gJCI//44» 2)
3RBAGHiLNS IRAIUE ((14»»3//SEC)

~ $..(809~3
5..(09~11.

~ 2..(99~1
~ 3.39QNN



H!UN BATE:;;[ >2 .NOV-31 iAT 1'D::52:;M ]J

ZA'N IONOPRE ZN ZAN ICLZHENGZ ZO 'YUCCA MOUNTAIN INElDQ)A K)UTE-ZPZCZKK

BIESULA'GORY iCiHECrCB

FOR 'THE ZHIPLKNT iOF SFUEL IHY MODE
'THE ICE MZE iA'T 2 METERS IUGULD ZXCEED 1D MR//iHR

IPPZ"TI !HAS SEEN H!EEET 'TO EQUA'L 33.!DD

TGR 'THE ShIRMENT T!F 'BFQEL IHY MOUE

THE IDGSE HIA'TE iAT 2 METERS ICGUDD ZXCEED 3!0!HR~/iHR
PPZ"TZ !HAS HIEEN iZESET TG AQUA'L 33.!DD

FiGR 'THE 'SHIPMENT iGF ZFDEL 9Y MODIE H

'THE !DOSE iZATE AT 2 METERS iCOUIID ZXCEED 1D Mi'//IHR

IPPZ~ !HAS SEEN HIESET 'TO
ZOUAVE 13.IDD

IFGR 'THE!SEGMENT K)F ZFUEL 'iHY MODE 1
'THE IUGBE iZAM BiZ 2 METERS ICGUIID ZXCEED Hl MR'/iHR

TPZi"TT !HAS IBSEN RESET 'TG ZQUAL 33,C)D

IFiGR 'THE ZHX'PMENT IGF MUEL HIY !NODE 1L

'THE IDGSE ltKTE!AT 2 METERS IOGUED EXCEED 3S ~ERR~/lHR

IPPS<TZ !HAS SEEN !RESET TG %QUAL 33..!09

!FAR 'THE ZHKEENT IGF SPUEL IHY MGDE
'THE IDGSE IRATE %T 2 METERS IUEJIJD !EXCEED ilID MR//iHR

IPPZ~ IHAB IBSEN IRESET 'TQ EQUK AB,.I!m



:RUN 8)ATE:: (! 22-'.NOV-31 AT 1'0::32::45)] PAGE 5:4

SA'N (ONOF'RE ZN SA'N CLENENL~ 'TO YUCCA '%)UNTATN(NEVADA MUTE-SPZCZFZC

'MODE

1-'YEA'R Z(UNG Z)OSE —ZNfOQiATZON PATHWAY
K)F .= 1 ((RE)4)

8)REA ))

3
:4

3
'6
I/

3
1'Q

11

14

7
Zlg

SEWVER: 1
%..ME+DO
(0..(DOE+M
iQ..iDQE+DQ
iQ ..'OQEHD
$..(DOE+K
Q./QQE+QO
'D.,ME+DO
(0 .QQE+DQ
'.0..'OQE+QQ

O..QQE+QQ
Q ..'QQE+QQ
'D ..SQE+DQ
'D..QQE+DQ
Q..ME+DO
(D..(ODE+QQ
'D ..XIQE+QQ
'Q ..X)QE+QQ
(0./OQE+'DQ

SEVER: 2
(0..(DQE+QQ

(O..ME+DO
Q..%M+DO
(O..ME+DO

(O..ME+DO
iQ./QQE+DO
'Q..'QQE+QQ

(D..ME+DO
iD./OQE+QD

(0.QQE+QD

iD..CSE+QD
(O..(ODE+DD

(0.3)QE+QQ
4.QQE+QQ

SEWER: 3
4.33E-Q2
2.88E-Q2
1.2QE-Q2'4.~3
2..23~3
l.,'06E Q3
4..Q4E~Q4
1.31F;QA
3,!83E 'D'5

3"3'6E Q3
1..33E Q5

.,2'-QH
2...88E-Q6
1.,3"i'6
5..iii8E '07i

3..03'
1..3~'l
1..23E"Qi7

3..Q"TZ Q2

1.2'~
'4.773~3
3.30~3
1..(03E Q3
.8.1'-QA
1 .37iiD'4

-Q5
3 45E Q3
1.3iiiE Q3
"7.4 /Z M6

2 . ili6E~Q61,.3~
3..3~i7
3,1%E .Qi71..3~7
1 .27i&4il

4..%8E Ql
2..27i~3.
(8..77i&42

i7"%0~3
3.,SE Q3
1..$7i.E Q3

2,.MEW'4
1 .37iZ~QA

S.i32~'S

SEVER: 5
1 .'4'4E+DQ

/ 28~1

1..18M)'2
3.37i~3
2.33E 03
3 .7i3~8

3.-'ZEAL l5%RROW (DOSE - ZNEQiKKHIN PATHWAY
K)F ~ iL ((REM)

iAREA '!)

3

3
(6

7i

'9

P(O

12
1t3
14

1%
i7

1(8

SEVER:: 3.
I..IDQEWD
(D..(OQE+QQ

D..MEHQ

SEWER: '2

(O.ME+QQ
(0..8)Q'E+'OQ

(0..(DQE'+lQ

SEWVER: 3
2..37&43

1..(0"i7&%'4
3..12E~D5
1..94E&5
3.13E"Q6

6

7/..33E Ã
3 .4$~7l
1"23E 08
T6..Q3E&8

Q3
3..'83E MD

3..(03~33..~3

SEWER: '4

2..4)8~3
1..ZI!K&3
3..(87&44
2..27i&48
3..(03E QA

3..89~3
il .37i~3
3 .32E+9'6
'4..34E QH

3..(8~:6
)7..4)7i&4(7
3..5'~7/
3...31~i7
(6..3.~3
2..(82~'8
L.KI/~89..~3
%.(0~3

SEWER: 3
i7.5'8~1

r/.~'2
3 4)3~'2
1,.(63M)'2
8!..r2'Q~
2..9'4MB
3...37i~3

L.$~3
(8..(8~$
~4;7i'CMl:6
2,.(83M%

SEVER: (8
1 .(08EHC)Q
3.32~1
2.$3E&1!.
3...(0~1l
'4.(8~'2
2"~2
(8.(68E~

11..3')3
i7 .22~'4
3.29~4
8 .3%~'4
3..Tii7~3
2.7i2~$1.2'~
(8..(6'4E"M
4!..(05EW'S
2..~0$



iRUH ID'ATE:: l[ '22-'.HOV-31 .=AT 1Q:;52::'43 j]

SXH ONOFRE 7N MH ZLEMNTE 'TO YUCCA .'MOUNTXXN '.NEVADA KNEE-3PZCTFZO

AGROUND ZURFA'CE (CONZ5fXHATZON TA'BLE ((5QCRO %Xi/%~Xi)
aEZORE (CLEANUP

SEVER:: 1
'Q.. JQE+W
(D,.DQEWQ

D..(QQE~QQ

SEVER:: 2
(D ..4)UE+QQ
(0..(DQE+DD
(0..(0QE+QD

(0..(00E+M
(0,.(DQE+QD

(0..(DUE+A

SEVER:: 3
3."1BE+K
1.ME+01
3 .33E+QQ
3..37~E+OQ
1 . iGE+QQ
S..liEE Ql
3..1(UE Dl
3...47iZ M.
6..82E-Q2
2"38E 92
1 .17:E-'02
5.57i:E 03
2..'9~3
'9.."E7. 04

2..3~75 D4
1..4))E~4
9..4)SE Q3

3..ME+51 (0..25E+Q2
QI4+i(4)2

3.,2$EWQ 2..(DDJEHiQ2
3..33K+'OQ "il .~BE(((03.
3 ..72E+QQ 3 .~GE(((00.
%..03B Ql 1.)7$E+01
3.)li1~1 (6..77i$E4(DQ

1 .4"~lZ-Qil 3 .2QE+H
%,.$4~2 1 .4)9E+QQ
2..M~2 5.%2~3.
1..0.~2 2..56W00.5.59~ D...22E&1
2,.(07iiR 'D3 '4. 4)9~'2
3..'i7'4Z Q4 2,.D,~
'4. (4~4 $ i$7jE
2. 3SE D4 5 Zi7&%3
D..'))SE 0'4 3.~~3
S.."4'8EW3 2..(06~3

I..ME<1
3..%1MQE
?I..')7t)~



RUH QATZ:: '.[ 22"'NGV-31 AT 1'0::3'2::45 i]

SA'N 'GNGFRE ZN SA'H ZL'ENSNARE TO '«UCCA M3UHGAIN 'NEVA'DA ARGUTE":SPECIFIC

INCIDENT-:FREE:SUMMARY
WW%W'tW%W k~%

k%'k~%'4'NCIDENT":FREE

PGPULATZGH EXPGSURE ZN iPERSGN-REM

ZASSENGR CREW !NA'NOLERS %PS LINK 47N INK STOPS STGRXGE 'ZGTALS

LINK 1 Z..iDQB+'00 1..1%~2Q.QQE+QQ i6..3~5 2..7i,BWQ3 !6..%7~.M)'2 iD..MEH~OQ i6..12E<D2
KINK 2!O..iQQE+QQ 2.,36~3 iO..iDQE+K 1..7~.2~3D...O~3 1..H!EQ'2 iD.,iOQB4iOQ 'r2.,6i6~2
ZONK 3 l0..'QQE+'OQ 4..6i~'4 tO..SQEHQ 3,.31~5 %..33E-Q4 2.. l9E&3 S..SUE+DO ~4..8)'OE-%3

LINK 4 'D.ME+OO 3.4~3 C).'QQE+QQ 3.2UE-'05 1.3QE Q3 3.33E-Q2 S.QQEHiOO 3,.M!E&2
LINK 3 iO.IQQE+QQ l.SSE 0'4 tQ.'QQ'E+QQ 4.'68'E-Q4 3.lDSE '04 4.3'SE-'D3 iO.iOQE+H 3.>2~3
LINK l6 'O..'QUE+QQ '6..34~3 tO..!OQE+OQ 'ii.,~)2~~6 9,."89K~03 3..98~'4 IO.QQE+'OQ 3..7E~O'4

AHURA'L iD..QQB'+DO 1..71iE 2 Kl..iODE+QQ 1..QQEW4 ''4..Q'9E~03 3..8QB"Q2 %..(DOE+A 1..&B-i',
SUBURB Q..(OQE+QO 3..zvE 03 lO..QQE+QQ 2..19E Q3 1~ A2~3 2..(O'~2 Q..(OQE~Q 2..7iiZ 02
tURBA'N iO..iOQE+QQ 3.~4 S,.~QQM)Q 3.i/'SE-Q3 il.92E&4 3.19EQ3 S..iOQEW'OQ '4.,37i.~3

1OTALS:: e..iOQE-.QQ Z..IZB-Q2 m,.eOE+QQ >..33E-m3 rS..30~ Q3 Z,.>2m< e..eQE+m Z..SZE-QI

iMAZXMUM ZNDIVZDUAL ZN-'ERA'NSZtP iUGSE

ZIHK 3. 3.83~'~l REM
ZZHK 2 3,.$3E+~l EADEM

IIHK 3 3..$3E"Q77 iiM
KINK '4 3,.$3ER"7 iREM

iLIHK 3 g„i63~r7 ii)
I XHK i6 3..83ER"il ~77M



:RUN Z)ATE:: .[ 2&NOV-31 AT 1'0::32::4'5 )]

SXH ''ONOFRE 1N 3A'N CLEMENTE TO '-'YUCCA 'MOUNTATH 'NEVADA )ROUTE-SPECIFIC

1NCZDENT-:FREE 1MPQR A'NCE ANALI'SZS SUMMA'RY YOR Z'INK
4 k4'fr'i%"k%%'kW%'O'J(0%%'k"t'SWAN%%%'0"P%'0'k'k%W'W'0'0'k%'k%'k%'k>lr%'0'0'k%'%%'%

INDEX 1)ESCRXPTZON QF >XR)(METER ZMP CRT)tNCE

3

I

:9
liD

11
1'2
13
14
1'5

1i
18
19
20
21
:22
23
3'4
:25
'2'6

j

Z9
30
31
32
33
3'4
35
Y6
3~I
3'8

H)ZSTA'NCE TR)(VELED
lNUMHER 'QF ''SHIPMENTS

:PACKAGFS:PER SHTPMENT
X)CISE l(XTE ((TRA'NSPQRT INDEX')
:H ZBRQ
STOP TIME
I'ERSONS ENPOSED IWHIIiE STOPPED
1'RACTZQN OF 'TRA'VEL - I(URAL
:NUMB'BR 'QF 'CREW 'MEI'4SBRS

lNUMBE'R QF IREOPLF I'ER VBHZCLE
'TRA'FZZC:COUNT —'.RURAL

:RURAI, SHIEL'DING ..XCTOR (gR~)
:PQPULXTION:D'ENSITZ -:RURAI
:HA'NDLER:EXPOSURE !DXSTANCE
PERSONS ENPQSilD:PBR!HA'NDLING
SUBURBAN SHADING TXCTOR ((RSi)
INUMBBR 'GF:HA'NULXNGS

:EXPOSURE TIME FOR:HM)'hERS
:FRXCTIGH !OF 'ZRXVEL 'ON PRBEWZB
)FRACTZGN X)F RUSH:HOUR 'TRAVEL
lNUMHBR (GF I'FLZGHT XTTBNDA'NTS
'8)RA'PFZC!COUNT - IURBA'N

3BIAI'ZZ'C !COUNT -:SUBURBAN
IIXTZG %)F Z'EDESTRIA'N Z)EHSXTT (gPD))
)BRAZTZON eF RAVEL - SUBURB)U)
(URSA'N SHXKLI)IHG FA'CTOR ((RUi)
TIRXCTZON (GF 1RA'VBL (OH CZTT 'SILRBETS
'VXI(GCXTT - SUBURBA'N

W3PULXTYGN Z)ENSZTZ - (URBAN

ZlRXCTZGH %IF TRKVEL - IURBA'H

ZX)PULATZON RENSZTZ - SUHURBA'H

VBIIOCX(iZ - tURBA'N

STORAGE )PZME PER SHIPMENT
STGRXGE 'EXPOSURE. IDZSTA'NCE

MMBBR (OF PERSONS IBNPGSBD IUURXNG STGRXSE
VBIIGCXI)Y - iRURAI
IDZSIVA'NCE )FROM SOURCE IPG CREW
EXPOSURE IDZSTXNCE IW)%DE STGPPBD

(8 .11'BE~04
3~4

(8 .143~4
(8 .i113~4%.1~4
'6..67i2E D4
'6.!672E-04
1.'44"7&D'4

1..8.'62K 04
2.782~3
:2..782E~D3
'6.$33~0
6.'833E 07

ID A)DD'E+'00

(0 .'DD'ORE
S..C)DOE+M
'0 .IDME'I%0
(0 .(DODEC
(0..(DODEC
(O..lDODE+DD

(0..(OMENED
(0..'DODEC'0
(O..X)ODE+'0'0

(0 .(D'0'OEW'00

e..MEmD
ID .(OMEN%0
(0.(ODOEk%0
(0 .(DMEl(M
ID .(DODEC!OD

IO.(DODEC)D
ID (00'DEl((OD

(0 .IDME440
!O..(ODDEl)!00
(0 .!MOB+90
(0..(DME+W

-P..'7&MV4
2 .ZD'8E-0 4

-3...33~3

'SHE 1MPGRXt)NCE 'ZQlXJE ESTER'TBS 'THE PERSGN IIZM ZNFIIUBNOE
(GF JA!GNE I'ZRQBNT INCREASE ZN 'THE %%$5IETBR



:RUH:DATE:: ([ M-'NOV-M. AT lrO:;52: 43 i] %%6E 38

3XH 'ONOFRE ZH 5XH CLEMENTE TO YUCCA IMOUNIVA'XH INEVADA W3U~ECXFTC

ZNCZDENT-:FREE IMPORTANCE ANAL'YES BUM59ET FOR LZNK
rr%"e'rr'fl rr'k'rr't'rr'rr'rr'rr'rr'IAr'0 re'rr'0'rr'rr'rr'rr'%rw rr%~'rr~ rr~'rr%~'rr~'A"rr'rr"rr rf*

TND'EX IDESCR'SPOON ZJF ZAIIXMETER TMPORVXHCE

:2

:4

l7

':9

1'O

11
1'2
))3

1i6

1'9
ZO
:21
22
23

25
:2%
'2 '/

Z8
29
30
M.
52
33
3'4
35
3'6
3 i7

3'8

iDZBTXNCE TRXVEIiED
iK XERQ
'NUMBER rOF 'SHZPMENTS
TiA'CKAGES PIER SHIPMENT
IDQSE IRATE ((TRXHSPORT ZHDEXi)

PERSONS 'EXPOSED 'NHILE 3TOPP:ED
'STOP T1ME
YRACTZON 'OF TRA'VEL - SUHURBXH
(NUMB'ER OF 'CREH (MEMBERS

K'QPULATZOH Ir)EJJSlTT —'SUHURBXH
'SUHURBA'8 SHTEIiDZJJG TiACTGR ((RBr)
'ZRXFF1rC COUNT - SUHURBXH
INUMHER IOF TZOPIJE )PER 'VEHZCIiE

!NUMBER rQF iFLTGHT XTTEHDXNTS
'HUMHER (GF IHXNDLTNGS

!PRACTZOH IGF rI(USH IHGUR TRA'VEL

'ZRXFFrIC CGUHT —IURBXH

IEXPQSURE 'TZME 'FOR IHXNDIiBRS
rrrFERSQHS iEXPOSED IVER 'HXHDLIVNG

TMPZTC CQUNT - iRURAL

(FRXCTZQH ZIF 'ERA'VEL (QH !FREEWXYS
IHA'NDLER iEXPOSURE Z)ZSTXHCE
'STGRAGE !ENPOSURE IDZSIVXHCE

INUMHER IGF IPERSGNS !EXPGSED IUURiVNG MGRAGE
(ERACTTGH rQF IVRXVEL - IURBXH

'(A'TZGrQF IPI)IJESTRZXH IDENBZTT (pe))
'VEIIOCZTZ - I(URAL
TGPULATZQN IUENSZ(fZ - IRURAL

IERACTZ~QH IGF )VRXVEL - (RURAL

IPOiPULAT~iH ii)EHSZTT IURBXH
JVEMCZTZ - IURBXH

STGRA'GE TrIIME I!ER SHZPIIJENT
IURBAH SHEEIJD)VHG rFrACTDR (JRUI)

(RURAL SHXEIIDZHG IFrACTGR (trrI)
IFRACTTQH (GF 'TRAVEL <QH (CZTZ SIVREETB
VEIIQCZTY 'SU BUR BXH

IDJVSTA'HCE rI(RQM %3URCE 'IVQ rCREH

EHPGSURE IDXSIVA'NCE IHHZZJE 'STGl?%ID

2.1'7i8~4
4

r2..JJ.'r78EW'4

i2 .17?8~'4
r2.1r7:SE OA
T.r613E 0'4

1.'6ZSE '0'4

3.6649M)3
i2.%1(OE 03

5
3..")23~5
3..11(6E&3
1..1(l.i6~3
(D..rOOOErI(OO

(O.IOOUEH%0

IO.ZJOOEH)O
(0 .(DOOEl((00,
IO.IOOOEH(OO

(O.IOOOEl(rOO

(0.(OOOE'4((JO

IO.IO1'&0
(0 .ImEIIIOO
IO..IOOOEAO
(0..(DODEC)O
(0..(DOOEAO
(0..(OOOEII(OO

(0..(mE&O
IO..U)lJEHQO
IO .(OOOEHH)
(0.(DODEC(OO

(0.(DOOEH)O
IO..IO'R'7l((OO

(0.(OOOEl((DO

(0..(OOOBlrOO

(0 NOOEl(rIJO

—:2.(81(0~3
-3.33'9E 03
3 .F6~4

'(VHE TMPGRIVXNCE ViAIIUE IESTZrMAGES )VHE TERSQH~REM 8)HFIlUEHOE
IGF iA 'QHE (PERCENT ZHCRBA'SE )VN '(VHE R'AKSKTER

5-l4'4



:RUN:DATE:: .( 22-'NOV"Bl -AT 10::32':43 ,] 4'AGE 1:.9

3A'H 'QNOI'RE TN 3A'N CIi7MENTE O YUCCA 'MOUNTA1H 'NEVA'DA:RQUTE SPECTF1C

1NCIDENT-FREE TMPOR'ZA'NCE A'NAL'TSTS SUMMA'RY FOR L1NK 3
'O'O'O'0'k'R%"ii'7r%'A%"0'0'ter'O'ROW'fW%'AWE P'A'A'O'IV&%'WOW'll P'k%W%'k%W'll'0'kW%

I

:8

'.) '1

15
1/6

3'I
38

1)ESCR1PTZOht QF:PAihA'METER

:PACK%'GES VER SHIP)4ENT
TIQSE itA'TE i(TRA'NSPORT INDEX)
:K ZERO
'NUMBER (OF RHXPMENTS

ii)DISTANCE TRA'VELc D

iSTQP 'TIME
I'ERSONS FXPOSED 'WHXL'E 3TOPPED
FRACTION OF TRA't/EL - 'URB'A'H

'HUMBL'R ZIF -'PEOPLE, :'RER '/EHIC"E
TRAiFFIC 'COUHT - 'IJRBA'N

:NUMBER 'OF CREW 'I'4')HERS
'UR'BA'N SHXELi)ZiVG FACTOR ((RU)

:POPULATION:DENS1T» - 'URBAN

EXPOSURE 'TIME 'OR iHA'NDLF'RS

I'NUMBER iDF:IIA')1t)LINGS
:PERSONS:iEXPOSED:PER IHA'HOLING

iH)i(NDIiER:EXPOSURE 1)USTA'hK:E

(NUMBER(OF FL.GHT ATTENDA'HTS
'TRA'FFZC COUNT -:SUSURBA'N
TRACTZQH 'OF 'RUSH:HOUR 'TRAVEL

ZRAFFTC COUNT - WURAL

FRXCTZQN %IF 'ERA'VEL 'ON:PREEWA'YS

STmhAGE SNPOSURE TESTA'HCE

tNUMHER iOF PSRSQNS EXPOSED iUURTNG STORAGE
BRACT(FON TIF TRAVEL - 3USURBA'N

:RATiIO (OF M'DSSTR1A'N i)ENSTZY (NPDI)
'VEIIQCTTZ —:RURM
1iOPULATTON i)RHETT' 8(URA'L

!FRACTiTQH OF ZRA'VKI - !RURAL

MPULATTOH (DENSTTT 'SUHURBA'H

VEIIQCZTZ - SUBURBAN
SUHURBA'H SHXEIII)1NG FACTOR ((RSi)
STORAGE TIME 8(ER SHHMENT
VRXCTZQN m maAVEL (QN (CXTZ STREETS
1(URA'L 'SHXEI(1)BING FACTOR (g8!)
VEIKR2TZ 'URSA'H

IDTS!VA'HCE:PROM SOURCE TO (CREH

:EKIeSURE TITST)SCE 'NHTXi7. STOP)HED

1MPiORTA'NCE

'4.'0008~03
'4.(000E 03
4,0007 0'5

'4.000E '0'5

'4.'00UE 'D'5

:2."ilBBE-05
2. iBBE 05
1 .211~~03
'6 .32&i.'-06
'6.326i-08
'4 .B3"/:E-08
3.30iS-0 /

3..30"i:E-D'

'0 .!01)DE+'0'0
to .'1)00'8+00
'0 .il)00E+00
'O.i00DE+D'0
~0..000E+00
/O..(000E&0
(0.8)00E'+90
(0..!000E+90
'0 .(000E+00
(0.(000E+00
(0.(00'684'00
(0.(000E+M
(0 .(000E&0
(0..(000'"&0
!0.(000EHR
io (0008000
(0..(00'neo
(0..(000S+1)0
(0.(0'00E+00

(0.!000~v.'0.(000BWO

(0.(000K!I/00
'4..i837»:~06

-3.USE .'06

4"5'I'$~L

'THE 1MPQRTA'NCE 'VAIIUE ESTXMA'TES 'THE Z''ERSON 1EM ZHF>IIUENCE

(QF rA <ONE F'ERCENT ZHCRFiASE ZH THE 6"AM(METER



'4(UN DATE:: ([ .22-NOV-31:AT 1'0::32:43 i] iP)AGE ZO

SA'N 'QNOFRE ZN SAN 'CLEMENTE 'TQ 'YUCCA .'MCUNTATN .'NEVi MA !ROTE-SPECTF'IC

ZNCTDE)(T-FREE ZMPCR"7(NCE A'NAL'TSZS SUMMA%X FGR ILTHK

INDEX iI)ESCRZPTZCH 'OF Z'A'RAMETER ZMPQRTA'NCE

'-1

3

3
i$

7
'8

3

11
12
13
14
13
1'6
1")
A'8

)I9
:21)
r2'l
:22
'23
i2 "4

i26
l7

I2$

3'0

32
33
34
33
3'6
3 lj
3'8

(DISTANCE 'TRA'VEIiED

iDQSE 3A'TE ((TRA'NSPQRT INDEX~)

NUMBER 'GP SHHMENTS
Z'ACKA'GES HER SHTPMENT
:K 'ZERO

:STOP 'TUME

P ERSCNS:EXPOSED lHHIIiE STOPI"ED
'FRACTTQN 'CF 'ZRA'VEL RURAL
'I')UMBER 'M iCREH I.MEMBERS

'NUMBER QF:BSCPLE -'RER 'VEHICLE
'TRAFFIC CGUNT»:RURAL
:RURA'L SHTELi3TRG:D'CTGR ((RW)

:PGPULA'TEACH:O'ENBITZ -:RURAI,
!HlQlDLER EXPQBURE Z)ZSTARCE
:P:ERSCHS EXPOSED:PER IHAHDL" NG

SUBUKBA'H SHKIi1)T)IG iFA'CTCR (.KSi)

14UMBER C)F 'HA'HDL'iENGB

iEXPG'SURE TIME )FGR IHA'NDIIERB

YRACTZGH 'GF TRA'VEL iCH -'F'REENACTS

YRA'CTZOH 'CF:RUSH "HOUR 'GRAVEL

iNUMHER C)1'.'1'ZGHT AGENDA'NTS
'ERA'FZZC CGUHT - tURBA'H

TRAFFTC iCOUNT - SUSVRSAN
IRA'TZG ZIF iPEDESTRTA'H ID'ENSKY (/AD))
iFRAZTTGH Z)F 'TRAVEL SUHURBAN
iURBA'N SHTEL'D'ZHG IFACTGR i(RUi)

>7RAZTZGH ~GF TRA'VEL %3N ClTY STREETS
'VEIGCTTZ - SUBIJRBAH
IPGPULA'TZQH IUENSZTZ - iURBAH

"FRACTZGH ~GF TRA'VEL - (URBAN

)PULATICH )DENSITY - SUBURBS
)VEIk3CTTY - iURBA'H

STGRAGE )PNME 'PER SHiDPMINT
STGRA'GE IEXPQSURE IDZSTANCE

)NUMBER %)P FERSGHB EXPGSED IUUREHG STGRAGE
'VEHOCTTZ MRAI
i1EBTA'HCE !FROM SOURCE 'TG CREH
EXPGBURE IDTSTA'HCE (NEI/E STGPIPIID

3.(803E<"4
3..K)BEN'4

3.(803~'4
3 .(80SEW'4
3.1'2r/i~A
3 L2i7EW"4
S.%83'E 03
3 .''4'4 v&C5
8..304~'5
8...3'0'4WD'5
3..~2'0'2~"il
3 .20'2~i)7
(0..(000'E&0
t0..(000E&0
(0..(000E&0
(0..(01)1)Z'+DO
(0..(ODORS
(0..(000'Ei)(0'0

(0..(001)END
(0,.(00'OEW0
(0,.(0'D'OER'0
(0.(00'OMS
(O..N)OE))4N
4) ..(01NEKD
(0..(00'ORHOLD

(0..(000Ei)C)0
(0 NOOEi)(0'0
(0,.(0'0'OEKH)

(O..MI1)EK)0
(0.(00'DEi)CO
(0..(00'UEi)(0'0

(0..(01NEK)0
(0..(00'OR@)0
(0..(DODEC(0'0

.-3.(086''5
-8..(03$MY4
~6 .:25'4&4'4

'THE ItMPGRTWCE VAUUE IESESKEEB 'SHE IPERBGN:REM GHFiXUEHCE

<GF A iGHE EERCENT INCREASE ZN 'THE (PARA'METER

5-46



:RUN DATE': '[ -2-:NO<-31 .AT 10::52::'45 j PAGE 21

.'SKN:C .V HE IN SKN 'CLEMENT 'TO 'YVCCA .'MOVNTAIN .'NEVADA:ROUTE-SPECIFIC

INCIDENT-:FREE IMPORTANCE A'NALYSIS SUMMARY:FOR I,INK S
+***'0*'k**1"Pl**,'l'l*1t*'l***M'0't*1t'l ll l 'l**l*'l l*'t*******It**%

INDEX !DESCRIPTION QF:PARAMETER IMPORTANCE

:2
3
.'4

5
:6
l7

;.8

1!0
11
12
13
14
T5
1!6
1'i7

i

:20
:21
:2'2

23
2A
25
2'6
i2 i7

2B
29
30
31
32
:33
3'4
3'5
3'.6

I

3B

1)1STA'NCE RAVELED

iK ZERO
!NUMBER QF SHIPI4ENTS
PACKAGES TER SHTPMENT
I)OSE MTE ((TRKNSPORT INDEX)
PERSONS SXPOSED WHIL'E STOP™~D
.'STOP 'TIME
'PiRA'CTIGN 'OF 'ZRA TEL —SVBURBA'N

.'NUMBER:OF 'CREW s~MBERS
SUBURBA'N SHIEL'D1i'!G iEACTOR ((RSt)
!IPGPULATION !DENSITY —:SUBVRBA'N
lNVMBBR QF !REOPLE 1'FR .'CHICLE
'TRAFFIC (COUNT —SUBURBAN
lNVMBER '.OF FLIGHT;ATTENDKNTS
lNUMBER (OF:HKNDIINGS
I'HKCTIGN QF !RUSH iHOUR 'TRAVEL

%RA'FFIC (COUNT —!URBAN

SXPOSURE 'TIME I'.OR !HKNDLERS
PERSONS SXPOSED PER!HANDLING
'TRKFFTC COUNT —iRV1PJ
'!FRACTION iGF 'TRAVEL (ON !FREEWAlYS

!HKNDLER !EXPOSURE T)ISTA'NCE
!STGRAGE iEXPOSURE Ii)ISTKNCE
!NUMBER QF (PFRSONS iEXPGSED (DURING !STORAGE
!BRKCTION QF 'TRAVEL —lURB'A'N

(RATIG (GF !PEDESTRZIN !DENSITY ((iRPD!)

Vi.BLQCITY —!RURAL

!POPULATION (DENSITY —!RURAL

iFI(ACTIGN (OF TRAVEL —!RUltM
HiGPULKTIGN B)ENSITY ." tVRBKN
VBL'0CITY —(URBAN

!STORAGE TIME TER SHIPMENT
(URBAN SHTEI!DING SKCTGR ((RU!)
(RURAL SHTELDI~'NG TBiKCTOR ((iRR))

TI(A'CTIGN QF TRAVEL (GN (CITY STREETS
VBHG CITY —SUBVRBKN
IDTSTA'NOE iFROM 'SOVRCE 'TG CREW
EXPOSURE !DISTANCE !WHII!E STGPPSD

5..31'6E-95
S..STBE-QS
5..31i6 M5
5..31i6E-'05
5..316E-95
i4..3'B1E-95
'4..3'BTE '05
1..534E 9'5
i7..$33E-Q6
4..6iBE-96
4.."67BE-'06
3,.(032E"06
3..'Q32E-96
!0..(0'0'OE+'00

(O..(OQQE+09
!0..(OQOE'+!00

(0 ..Z)90K+90
(0..(0'DOE+99
(D..(0'DOE+D'D

(0,.(DODEC'0
(0..(OQOE«!09
(D.JQQQE+90
(0..(0D'OB+:0'0

(0..(09'DE+09
(0..!0'DUE+0'0
(D..(D 0'OEH(09

(0..(0'DQE-'«(00

(0..(D'O'DE+'0'0

(0..(DQ:DE+0:0
(0..(09DE+99
(0 ..(DQQE+09
(0..(OQQE!(90
(0..(DODEC(00
(0..(UQOE-:(K)'0

(0..(OQQE+M
-i7..(633E-96
-H..i''.OEW5
-B..«63E-3)'5

'THE ZMGRTA'NCE ViBKUE TBSTIMATES IPSE PSBSON-REM MPH)UENCE
(GF iA QNE PERCENT INGPSASE TN 'THE 83QRMETBR



!RVN I)ATE::,'[ 22-.'NOV-91 AT TO::32::45:) P)AGE 22

SA'N QNORRE ZN SA'N CLEMENTE 'TO YUCCA:MOUNTAIN .'NEVA'DA:ROUTE-.SPECIFIC

INCIDENT-FIJEE IMPORTA'NCE )A'NALZSIS SUMMARI !EOR ZTNK
t*'tt't**t t*')t***'t't't't't*'t'tt*t'tttt*4'fft)t)'t'tOtt*'tt*t't******'t*

INDEX il)ESCRZPTZON )QF IJAl(A'METER IMP.ORNA'WOE

1
2
3

3
'6

1'0

12
3

1'4
13
1$
3:)7
1'8

20
:21)

22
23
24
25
:2'6
27)

28
29
30

32
33
34
35
3$

I

3'8

JDISTA'NCE 'TRA'VELED

!NUMBER (OF SHIPMENTS
!PACKAGES TER;SHIPMENT
K)GEE 8(ATE ((TRA'NSPQRT INDEX)
iK ZERO
PERSONS EXPOSED 'WHZL'E STOPPED
:.STOP 'TIME
!BRA'CTZGN (OF 'TRAVEL —)URBAN

'TRAFFIC )COUNT —JVRBA') J

)NUKJER (OF PEOPIJE PER WEHTCLr.
!NUMBER )GF 'CREW MEMBERS
TGPULA'TZON T)ENSZTI —)URSA'N

!URBAN SHZEIiDING FA'CTOR ((RV))
SXPQSURE TIME B'QR JHA'NDLERS

lNVMBBR (OF JHA'NDLI)NGS

PERSONS !EXPOSED !PER JHA'NDLZNG

JHA'NDLER iEXPOSVRE !VISTA'NOE
!NUMBER (GF iFZTGHT )ATTENDA'NTS

'ZRAFFTC (COVNT —,'5UBVRBA'N

JFIJA'CTIGN (GF RUSH !HOUR 'TRAVEL
'TRAFFIC (COUNT —JRURA'L

iF)RACTIGN 'QF 'TRAVEL (GN !F)REEWATS
STGRA'GE EXPOSURE JDTSTA'NOE

iNVMBBR (GF !PERSONS )EXPOSED IDURI'NG !STGRAGE
)F)RACTIGN JGF 'TRAVEL —,'SVBURBAN
TJATZ)G (GF JPF)VESTRIA'N JDENSITI ((RBDJ)
WEL'0CTTI —

JRURIQ'GPIJLATIGN

JDENSZ)TZ —!RURAL
)FIJA'CTIGN <GF TRAVEL —)!RURAL

JPQPULATIGN IDENSTTI —SUBURB'A'N

WZUGC)ZTZ —SUBURBA'N

SUBURBAN !SH)ZEIJDI)NG T'A'CTGR (QSJ)
'STGRA'GE TZME PER SHGPI4ENT
JF)RACTZGN (GF TRAVEL (GN (CZTZ STREETS
!RURAL SH)IEIJDI)NG T'ACTOR ((RR)
WEIJG CITY —JURBA'N

JDTSTA'NCE JFI(GM SOURCE 'TO CREW
!EXPOSURE IDTSTA'NCE JWHZI!E STGPZSD

S.."il3.'4E<06
5..)71)4E 96
3..')714(E-96
S..;714(E-96
S..r714E-96
3..9BSE-96
3..9BBEW6

'739E 96
9 .)99JJE-QW

9..8)9JJE '0'7)

)6 .939E-GI7
:4..'r72)JE 9'8
)4..)7)24E-98
(0 .(DOVE+99
(0..(DQQEtKDO

(0 (QDQEWQ

JQ..(DUDE+9'0

(0 .(0'0'.DE+09

(0..(0'DUE+09
(0.(OQQEWQ
(0,.(0:OQBWQ
(0..(DDQEJKDQ

(O..CODE+99
(0..(DQQE+M
(0..(UDDER'0
(0..(DUDE+09
(0..(OQQE&9
(0..(DUDE+39
(9..909E+M
(0..(DQQE+W
(0..(DQQB'+90

(0..(DQQE4!(09

(0,.(DQQEHQ
(0,.(DQQEMQ
$..939EM)7

' .3gfBE 96
-')7..9$'6EW,G

'THE TJ.IPORTA'NCE WAIJVE JESTZ)')ATES 'THE JPBRSO)N-'REM 1))NF)I(UENCE

(GF R (GNE JPE)ROENT ZNORE)JSE I))N 7)JHE JP%(A'METER



RUN (DATE:: [[ 22-:NOU-31 .AT 1'9::32::85 i] (PAGE 23

3A'N QNOERE ZN MN!CIZJKNZE 'ZO YUCCA XOUNZAIN!NEVADA iROUT~-SPECIFIC

.A'CCIDEHT 3UHhLKRY

ÃlMBER (OF EXPECTED (ACCIDENTS

LINK 1 Z(IPNK 2
2..1%E-Q'6 K..$3E-95
R..43E-9$ (6..7r3E-Q$
R..(03K M8 S..r84E. 9'8
K.,(03E-iL'1

(6..(84E-11'..$

1E-Z1 3.,13E-11
2..33E-11 3..42E "11

LINK 3
1.(03E 95
(6..7r5E-Q6
%..4ZE-Q9
%..4'-12
4i ..Zr7Z-1'2
2.,22E-12

LINK:4
."ri..21i'-9'6
2..7r:5E QE
:2..1rQE-Q8
2..1%E-11
3..43E-11
4( ..33E-11

L1NK 3 LINK (6
1..15K 95 6..(0~6
')7,3'2E-963 ..9$EWE
')7, $4EW8 3..MrE~Q3
il.,(64E-11 3..EKE-12
3..r73E-11 2 .39E-12
3..r82E-11 L.39E-12

ZAREY iF3!ZALITZ rCONSEQUENCES

(CA'TEGORY

1
2
3

3 (0..(DOE+09
(0..(DUE+99

LINK 2

(D..(OQE+QQ

LINK 3

rD..(OQE+DQ

(0..(DOE+0.0
(0,.(DOE+M
(9..(DUE+09
(0..(DOE+K

LINK 4
(O..rQQE-@9
(9..(DOE+99
(O..ME+DO
(0..(OQEWQ
rQ ..(DOE+'.0:0

Q..(DUE+39

LI~NK 3
iD..(QM+Fi.0
(O.JQQE+99
(0..(OQEHQQ

(0„(OQEH QQ

rD..(OQE+QD

(0,.(OQEWQ

LEiVK (6
rQ..(OQE+'09

rD..(DOE+0:9
rQ..H)DE+90

Q..(DDE+DQ
(0..(OQE+DQ
rQ..iME+09



RUH KATE:: [[ 2~NOV-31 AT Il::52::45 tj P>GE 24

EA'H 'X)HOKE ZN 3A'H CDEBEHTE 'TD 'YUCCA M3UHTATN 'NEVADA ROUTE-SPECIE'ZC

ECONOMIC 'CDNSEQUENCES

CKTEGGRY

2
3

t6

I|INK
Q..K)DE+99
S..C)QE+.'09
Cl .H)DE+39
S..QQE+QQ
S.A)DE+99
%..9'OM)0

ZI''NK 2 ZZHK 3
$..(ÃEHQQ C)..C)DE+99
H).A)DE+90 C)..(ME+99
(O.SUE+99 tQ..ME+99
(O.,QDEWO (O..H)QE+M
S.A)DE+DO |D..SUE+99
S..SUE+09 Q..%DE+99

IZNK 4l IZNK 3 KINK
S..C)DE+99 Q..DOE+39 $..(OQE+99
tQ..(9M+99 iQ..CSE+QQ Q..'OQE+QQ
C)..SQE+QQ (O..SUE+89 iQ..ME+49
P..C)QE+90 S..SUE+DO 8..$'OMS
(O..iME+99 iD..iDQEWQ Q..M~D
S,.H)DE+39 (9..$9EWQ tQ..(OQEHSQ

KC)IQEOGICAL COIISr~UENCES
59 'ZEAR KJFULATION ZDSE IN RSON 6|EM

CATEGORY
l1
2
3
4
5

ITNK
8)..SUE+09
Q.JQQE+M
2 .53E+99
2..53E+99
2..'7i44E&1'

.i63E+91'.HOOEY
3,.E)3E+92
3,.$3E+92
3..2EEHlV3
~4,.33E+93

iLTNK 3

(9..9QE+DQ
3..$3E+32

1..(96E+94
L.432+94

Z INK 41

iD..DOE+99
C..CUE+90
2..~+99
2..53E+QD
2..'74K+91
3..i63E+',01

I'ZNK

9..$3E&2I .%%EH%4
3...MEW'4



rRUN Z)ATE:: i( 22-:NOIF-'9l .AT 1'9::32::Ir5 !] IPSE 25

.SAN @NOPE ZN SAN ~NTZ TO ZUCOA ZOUNTA-N .NEVADA rROUTE-3PEOIPZC

EXPECTED IrAIIUES QF POPULATION 9ZSK ZN PERSON MM

igROUND

ZTNK 1 2.8I'7i:E-QB
LTNK 2 2.TDE 95
KINK 3 I8..44E-Q$
ZZNK 4 3..33E-QB
IINK 3 2 .34E-D5
LINK t6 3..'i7<BE-QB

ZNfUIZZD

2..328-11
R..<37E-'98
3..tBBE-Q9
3,.%'48-11
2,.(09E-DB
3,.33E-Q9

HIESU~
1..13';1ID
7i..2DE-QB
2..1!EE-'QB
2..ME-TQ
B.,IOIE 08
11..28EWB

ZLOUDSH «T~r TION "ZOTrIL
2..2'DE-12 (O..ID&+39 2..89E DB
1.38E~99 ID..IDQE+QD 2..11~95
4I..BDE-1'O.C)DE+DO $..4I7ZMB
Ir..'DM-~~2 IO..'DDE+39 3..38E 9'8
1..i/4rED9 IO..IODE+99 2.33E-Q5
2..%17;1IO IO..IODE+QD 3..~79WDB

IRURAL 4r..'43E 98 I8..58E-~M 3..3DE-19 I8..13E-12 IO..ID')9 S.Ai7EWB
3UBURB 4..'44EW5 3..9i7E~DB 8...32E 08 3..398~99 %..IOQM)D 4I..488-95
IURBAN 1.I02~5 9..I02E-Q9 3..''4'SE 98 v., tBOZ-ltQ (O..IOQE+39 "'.I03~3

'TOTrIL'S:: 3.4I7Z 95 4..88E 9'8 1..8i7E Di7 4I..Sic-'09 IO..IODE+QD 3..4I9EW5

INGTE JIHAT ZNGESTZON iRZSK Z3 .'A .'SGCTET93,:RMK7
'THE 'USER MKY 'W&H TG TREAT 'TH~IS 'VIE SEPBMiTELZ..



KJR iDMX:: [( 22-i'HOV-31 3''0::52:A5 ]]

MN Z3ROPM >M MR ZLZMNZ TO AVOCA XOUNZAZR!REVAM !ROlFK-MZCZFZC

EXPECTED ~iK V3QiUES —ANOTHER

ZZRK ECON RAKED
ZrATALITZ

1 S..i09&49 i0..iDQE+99
i0..iDQE+M iQ..JQQE+W

3 i0..iQQE+99 S..iQQE+09
'4 i0,.iME+99 iQ..SQE+99

i0..iQQE+W i0..'DUE+39
(Q..iDQE+QQ i0..iDQE+39

2ND QF !RUN



5..2 tO<u'tvuz IFZiIL<e .'2

Iilha <cowtaz Ipse zs tea name a's Ifoz Quz,put IFILIL<e IL..

Pave 2 INome Cha ifoILIL<owiimtg i'untpoztanz <diLIEIE<az<emces Rn ttha <echo <eche'ctk
jp'ag'e::

'Ioha TIITZJE ILntna mow z<eads SA'N QrHO<ZIL<E IIIN S<AN ~~. ENIDE TO~

YO'GGA MOUNIL'AIIIN INEiVASA IR'O<V'IDE-SMCIDFIL<G.. 'Rlha <woz<d XGGREGA'IDE„
<w'hiL<ch wt<as <used ilmt Q<uwtpuz IFiUL<e IL„ lha's Ibaam z<epILaaad lby tcha
twoz<d IR'OVRIE-SPZCIDFIIC.. Tha E.ENK <oyzil<on twas <used firn tohzs z<un
tt.o <desctrrilba z<owtz<e clhazactt<eziiattilms..

2.. 'mhar~ ~e ma e'harp,es fbn tttha iimtpu'c <daw'a <used ttro <desczillba wihe
IP'actksge„ <tuba tmattrezilaIL„and iLZs <comsZILtcuan't Ii~oz<opes..
IHawewez„ tea <u'saz xhauIL<d tnoz<e ttlhatt <catrtaim <oiE zlha wtaIL<uea Rn
tea m'oztmaiL arly„muc'h <as ifxwcttiL<ons <oif tt<raweIL„axe mott <usa8
tIm <a ILtiINK <caIL<cu<ilatriL<on..

3.. 'Ioha <AR<A'IIMR axzay ~paazs mn tea <eclho lpga„ lbutt eiurrca tthiia
ils a ILIIINK z<un„'tSre <acciL<dem'c tratca wtaIL<uas assigned if<oz <eadh
Iliimik wiiILIL <owazzil<de mgr walL<ua's t&att nnay Ihmre Ibaam <enzaz<ed iun
SEMEME.. 'Iohus ttlhiis az<ray <cauIL<d Ihawe Ibaam <daIL<ezted.. 'Ehiia
agaiun iLRIL<utstt<r~'nes wwnused ilmtputt <datta ~aazRmtg gaum ttRre iimputt
<edha.. INoza ttlhatt ttRreaa wtaIL<uas <do mott appaaz 9m zRwa
z<enratImrdez miE toha <ouzputt..

~4.. <'Aa ilm Q<uZpuz IlL<a IL„ tahe lpactksge <siLza iun nnatoatrs ia <emmaz<ed
if<ez'rlha nnattaziiaIL ~f<Cer ttlh'e Ikaywoz<d IPZGSIIZ..

5.. SRmca tthiis 9.a <a ILDIK z<un„ tea tcottatl <diiaw;anca Rm IkIULwimatoaa.a
fi:s matt <enzaz<e8 tsapazmttaily and aha Ikeywoz<d MSIOKM i'am
mused tIm ttKiis amailysiis.. KZNK fimtputt i'used firn lpga'ca <oIE<tDha
MSIIIKIR Ikeywoz<d.. IFoz <each 3iimik imt ttRwa anailys'i1s„ ttktaz<e i'
IUima <elf nmtpaz <datt'a Ibegiumwmq, twiittih tea lkaywoz<d ILIDHK.. <AIEtoaz
ILIDNK <om <eaW ILiutre„ tdha IE<oiLILztwilmtg z<outoa-xR>acilifiL<c wtaIL<u<as mz<e
<e.ntoaz-ed::

nno8a mu<nlbaz ((ttz<Qclk 1L)),

ILzmk IL<em@ttih ((Iktn)) „

mahiL<ciL<e ~aa8 ((Iktn~/kz)) „

ILilmik RropuIL<attila'damrsiltty ((Ip~s//<kin~)) „

<orna-tway weM<clL<e <thamsiltty <en IUImik ((wtahil<ciL<es//<<z)) „

ILnmik ~acz<damtt zatoa ((atc<ciL<damtcs//<km)) „

moma ttyjpa ((IIL - z<wura1 „S- aW~ban„ io«wtztba+ „awrd

ILiimik ttyRia ((IL - ifz<eaway„2 - mromtfzmaway„3 . a1LIL <ot6haz))



Each wailtue ILILs'@ed abele zs sepazazted iby a <deILfftmfltcez ((Ton
'cfhfLs torse„a space)).. Iltn tchfle ~aILysfix a ee'c <of szatoe-3<emeIL
ILfitrfks %>as theet zoTrstcvuczted za",fhm ttfhan ectcuaIL sequenxiaIL
ztouce tee@men'cs ttro 8emonseraz «the fEILtexflfbiILfltcy to%'tfhe fLIEK
<opzflan.. Illhe fEflzstc ttfhztee "t:ixiks zepzesenx aggztega'ee tdatma Soz
zz~eIL twfittfhfUn tohe Stol tofE tCaILflfEozztii.a aILtong .an Iltnztetcw'tattre

tafltgrway ztouzre fEzem ~e tozfigiitn„San QnofEze„co ttfhe,sea'ee"ts
fbcztdez twflttih tNewada.. 'She fEZumz ILfltnk zteptnesen~ @~gtgtrega~
ztutmaIL tcraveiL fitn Cailflfttoztnia Soz ehe zouzre Ibefftrrg anailyeed„
~e second ILfltnk fix ~gvegatte etibuzban tnraueIL„,and ttfhe ttfhflztd

ILfltnlt: fix ~gtvegatoe urban emweIL.. 'tithe ILastt ttfhztee ILfimiks

xetpzteseTtc tsiUmiLILaz aggnegatte <datoa f6oz ttzaweIL gomez ttfha'e Ipazz
<ofE zihe zto'oaIL zou'oe Wiatc Ilies twflttfhfUn ttfhe Stoatoe efE IÃemada;;
tmameILy„ fE<oz ttfhe Ipazz tcommeacfUng ate Mie sttatt.e"ts Ibcztder twfltdh

CaILflffetnnfla amd cron~ufltrrg ttro ttkre fEfltmaIL tdestcfltnazztom„Yiuctcta
tN'0 'aIUn..

Page's 3
ttihzrmu~'tth IL5

llthzs fix ta tsfltrttpIL<e tcwo-tstmatoe teaatttpIL+.. IlfE a ztauzre ez'ossed
ts'fez-aIL rstoa'mes„<each ccouIL~d ibe ihmrdilte'd fltn ttihe tsame tway..
Notoe ttfhatc ttfhe tmmde tnutribez„wehfltcIL<e st'ee'd„and ILflzik zytpe atone

tohe same 5oz aiLIL ILfltnks Ibecanse ttfhfls ztou'Mi ILIL~es evtcflzeILy ton
Iltnzezstoa'me tsfltgrways.. 'She ILiizik ILa~ghhs ate zouzre-.specflfEi~c„
ttRe ~mcfltdentc zazres axe ttatken fEtvom tstcatoe <da'ma„wtmd tahe
tpopnILatcfL<on-tdensfltcflte's moTtes ntmd mehfle1Ltes xpeeds azte teqmk too
%he IR~AtnfDRAH ~4 <defEauiltts„whVidh azte lhasa'd an tmazilamaIL awezage
<datoa.. Iifhfl,'s appztoach ttrouM ibe ztetfUnmd„ fEtoz tewarttpILe„ iby
tstfbdflwfL<dfltng tnv1xan tctr~eIL fvnzto ttfhe ibasfltc embalm <oantEtltgurazfi<om

tshmwn hard .same te~pec~d tnmibez <ofE tmfLIL~s tctrawel+d fun urban
ztu~h-ihouT ~fEIEfltc ((tdecztease ~h3<cILte ~eel amd fftncztease8
meli8icIL~e <demsfltty)).. fHmwewez„khe sarttpILte tdatoa brett fix fitnztem6ed
too tdemomscxattre ta ttrecihniqme zattfhez ttfhan ttro achflq.~

tl;slUmtLILtltomde ..

15he tmafiexfltcy <efE ttthese fpafges ~ efUmflilax ttro averse ~ tO~uztpu't

IFiLILte IL.. Rowewex„zfhe IBWOIL'itftt. azzay tne ILto~gez appeazs ton Ipse 5..
ILthe avery fl,s ztepIlace8 Iby ttrwo CaMas <cem'~g ee3memtt- @md

tmode-zteila>ed idatoa.. 'Ehe fEtoztmez tgflwes ttfhe tusez-tdefEfitned walltues
fEtoz ceacfh ILfftnk twthfLILte ttfhe Xaltttrer te~ilfltcflzILy Ipzfltntts aILIL ztemaiftnfttng
'wail~ut'e's toalkBYl fEztom ttfhe ttlZj)KQj 05K'zay ttfhatc QUve tu'sed tUn gh'e
wafle'L'11L&lcflton &Ill ~ tmotc c)veztwiiitctoetm Iby 4he fLMR zoQzfUme

IPmee ILC6

P~es ILT/

tdhztBU'i& 7/e2

Iltncfl<demtc-IFz'ee Sntttmazw.. Qn ttKiLs Ip~ ttfhe tdeses fEtoz teach ttMrde

atmd ce~arsum fgztoqp fltn «fhe fitncfltdeak-fEztee toailtouilatcztoas mzte fgfl~m
KetpazatbeILy Iby IliUnk %md tohKt&zttrez ((~„KAI5QfxIban„OH'svban)j ..
ttlatcfitmum fltndflrmL@maIL fUn-terarrsitt tdese fez teach ILfhik fLs aE+o
fpzfltnzed.. Sec+use mrode and eMqpmmz ~eterne azte tahe +arne fEtoz

ILtUnlt fftn tdhfls tmttatttpILte„ ttfhe tmaxfftmam fbmcKwZi8utaiL tdose fis ~e
fEtoz <ewezy ILfUElk..

Iltmcfltde~tc-IFzee 3jmrte~e lAmaILwsjjs Sumtttatt~i.. /Azt imrtpezZ'amoe

~ailysfls tLs IpezfEtoztmed Soz <eacth ILtttnk.. Xhz ztexmiltts efE ttfhese
<caILtcuttattiltons mzte fgflwen ttrn tchese Ipages„ twflttfh ttfhe Ipamtmettrezs
ILzsttred setpazaeeILy armd atm zarfk tezaez fEtez teaW ILiimik..
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rDHABACTERIST(PCS
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(0..(MEH(QQ (0..(DOE+'09 (0..(OQE+QQ

5..(ME-92 5..(ODEM2 5..(ME~92
(0..(DOE+90 l..iQQEWQ A.JOQE+QQ
(0..(DOE+3'0 5..(OQEW2 R..(DOE+99
iQ..(0'DE+00 5..(OQEM2 5..(00~2
5..(DOE&2 5..(0'DE~92 5..(09~2
il..(DOE+00 3, .(OQEWQ 1..(DOE+M
X..(MEmQ n..(DOE+99 Z..(OQEiQQ
1,.(DOE+09 A.(DOE+99 1..(DQE+OQ
3 ..(DOE+M R..(DOE+99 1..(DOE+09
A..(QQEWQ 1 (MEH'09 R..(DOER(QQ

SEVER: (6

(0..(0'OE+D'0

3...(DOE+09
3...(DOE&9
5..(OQW02
5..(DOE&2
1 .(DOE+09
'1~..(ME+M
1..(OQE+QQ

Z..QOE+09



N Z)ATE:: [[ 22 .NOV-M. AT 3%::S2::5%I]

'SA'N SNOT ZN ZA'N ZL'EMENTE TO SCCA MOJJNTAZN ~A IQNIT-MSR

IPSE 3;D.

COST iRELATED IDATA

EMERGENCY RESPONSE ZOSZ

SEVER:: 1 'SEVER: 2 SEVER: 3 'SEVER:: '4 SEVER: 5 SEVER: IS

1 ID..IDQE+QQ ID..IDQE+DQ ID,.IDDEN %..$QE+DD ID.,IDQE+QQ ID..MEWQ

<ON-SCENE COSTS
((RF~REDEASE INACTION))

HJF~'D. (D..<RF<=.,$1 .H:<RF<M.Z,.1<RF<~1.
ID.. S., ID.. ID.,



3A'H QNDE BE ZH 3A'H CDEÃENTE 'TO YUCCA M30HTATH INES)AD (OHTT-:RZK(

:HEALTH MIiKTED ZfATA

Z)QSE (gEM)
E(00990..(000

(09000,.(000
')79000..'MQ

30000,.(000
25000..(000
29900..!DM
EOQQQ..(090
$900..999

4900 .'999
3900..(Ã9
2000..(000
E(000..iQQ0
$00..(GM
'AD'0 ..i999
K)0 .iQQQ

599..(DQQ
409..(000
390..(099
i(00..(090

"U..(090

39..(090
ZS..(099

S..iQM
1.,(DM
(0.3.(00
(0..(GA(0

(0..(GE(0

ZiUHG-1
1..iQQQE+M
1..(DQQE+90

1..(DDQEHSQ
1..(GUM+99
1..(OQQE+'.00

l..iDDQE+09
%.(OQGE-Ql
l..(GEE-91
%..(ODDE-02
3..(DDM.-92

(0,.(GQQE+90
(0,(DQQE&0

(0..(DUDE+M
iD,.QDDE+99
(0..(UDQEHQQ

iD,.(GQM+99
iG,.(ODQEWQ

(0,.(OGDEN

(0..(DUDE+M
(0..(DUDE+M
(0..(GQQE+99
(0,.(DUDE+80

(0..(OQQE+QQ

LQHQ
1,90UE+99
%..5QQEMl
(8,.(DQM-QE
'i7,.(OQDEMl
5,.900E-Q1
:2..(QGGE-91
(8..90DE-Q:2
iG..'9'GQE+'OD

'0 .'QGM: 90
iQ..QQQE+'00
(0..'0'DDE+90
5..'DME+90
'9,.'DMS+99
(0..(DUDE+30
i0..(OQM+'99
(D..iDQQE+09
i0..'DUDE+M
(D..(QQQE+VO

(0..(GQU&49
(0..(QQQE+QD

(0..(GUM+M
(0..(DUDE+90
(G..DQM+DQ
(Q..iDQQE+DQ

(G..COTE+M
(G..SQQEMQ
(0..(DUDE+GO
(0..(GUM+09
(0.,(OQUEMQ
(0..(DUDE+09

NG-3
1 .(DDQEH40
(E .(090~1
3..(DQUE 93.
(D..SQUE+90
(0..(OQQE+99
(0.(GQQM)9
(0..(OQUE+30
9 .(DDM+DQ
(D.,iMM+90
(G,.iQQ DE+09
~9..(UDGE+90
(0 .iGQUE+09
'Q..SQUEAK)0
(D.A)DUE+00
(0..(DGQE(I(00
(0..(DQQE+00
(0..(OQQEH40
$..(DME+90
(0..(DUDE+09
(0,.(UDGE+09
(O..K)QMS
(0,.(DUDE+DU

$,.(DUDE+39
(0..(GQQEWQ
(0,.(0'OQE(IiDQ

(0,.(GQQE-HSQ

(0..(GUM+39
(0,.(DQMHOQ
(O,.M)QE+DQ
(0,.(NQB+QQ

GAMA'HEQW

1 .(DOGE+90
1..(UDGE+99
E .(DDDE+QD
l..iMQ'E+M
1L .(DO&+M
R..(000E+90
1..(ODM+90
A..C)DOE+1}9
1..990E+90
3..(QDUE+99
1 .(DQQE+99
A.(DUDE+09

l .i1)DUE+DU

E..(DDQE+30
3..98MW1
9..(DQQEM3.
~I),.(GGQE-93.
5.(GQQE&2
I,.(DQQZ+VQ
(0..(DQDE+39
(0,.(GUM+M
(0,.(DUDE+39
(0..(DQGE+09
(0.3)DUE+99
(0..(GQQEWQ
(0..(GO&+90
(0..(DUDE+90
(0..(099~9
(D..C)QQZHQQ

$..(GQQEHCQ



KJH DATE:; (( 22-:HOV"31:AT 1!0'.:2::56!]

SA'H <GNOME IN SA'H CLEMENTE TO YUCCA lMOUNTAIH 'NEVADA 'UNIT-'RISK

)DISPERSAL .A~EHT INPUT

3EEADA
((M SQ')

4( .53QE+C2

l..iQBQE+07
2.1'6QE'7
5..92QE+Q J

A.."J70E+Q8

)DILUTION
FACTOR~

3..A2QE "Q3
1,.7.20E-'83
iB .5BQEMH
3 .4(2GE-QA
1..3~2QE-Q8
3..5'80EM3
3. JJ'2QE-Q3
1..72QE 7)3
%..3'BQE-Q6
3. JJ'2QE-Q6

1. f2QE-Q6
'8 "+'BQE Q'I
3..4)2QE-0'7
1..72QE-QU
8.58QE-QB
5 .4ZQE-QB
4.,3QQE-QB
3 ..4~QE-QB

iQIZJUTZOH FACTOR tUNTTS ARE ((EI-SM'/I4* "3//CI'='RELEASED))

)NON"QESPZRSAL:A'OCCIDENT INPUT

JRAQIST((M)
'SUBURBA'N

3,.(03QE+DQ
(6..iL(DQEH@Q

9,.X)QE'iQQ

3 (03QE&3.

3..(05Q~E

'UREA'H

3 iQSQEWQ
i6..1tDQEH4Q
S..A(0M+00

A .325&%3.
3.(USQEWA
(6..1iQQE-'Ji03,

'9..140EH41
A..524&%2
3..550&%'2

IJJU1~iQDHTG )DOSE Y3(CTOR
)FXAZTZOH (OF JLA'ND (UNDER 4JULTIVATZON
(UOH8)A'5JXNATZOH ZIiBA'N KJP UiZVZL ((iUCX//A~))
)81K')HTHG )RATE ((M~3//SECi)

=- (8.t80~3
= 5,.(DQQ~ll
= 2..(0Q~3.
~ 3.3QQ~'4



KJN DATE:: i[ 2~'NOU-31 4T 1'9::52::58i]

SA'N ~'ONOFRE ZN SA'N CL7ZKNTE 'TD YUCCA AOUNTATN !NEVADA iUNZT-RTSK

GUIiATORY CHECKS

FOR 'THE SHXPJKNT QF SFUEL ST '.MOD'E 1
'THE DOSE RATE XT 2 MTERS ZOUDI) EXCEED 1Q -'MR'/iHR

T'PS"TZ CHAS HlEEN RESET 'ZQ ~QUAI 13..ClD



HWN Z)ATE:: 'if 22-'.NGV-91 IAT 1'9::52::36j]

SA'H GHDFRE ZH SA'H 'CLEMENTE TD YUCCA '.HGUNBATN 'HEVADA UNZ~XTSK

ZGDE

1-YEAR ZIUHG ZIDSE - INHALE)ATTN:PATHHAY
SDF ~ " )f)REM}

)AREA 4}

1

3

5
'6

'I

9
19
11
'll

14

1'6
17
1!8

SEVER: 1
ID.i'ODEHQD

C)..ME+90
'9..'9M+09
)Q..ME+DO
'9 .)9M')09
Q..ME+90
)Q.ME+09
Q..lDM+D'0
'9 .'DOBE)DD

Q..9M+00
'0 .?DUE+DO

)D.,ME+QD
)D..QDEHD
)D..DOE+90
?D..)DOE+90
''O..C)QE+QD

C) ..IDDEN
Zl .WEWD

SEVER:: 2
10..8)OE4)09
IO..lDM+DD
?Q..ME'4)99
IO .?DOE+M
ID..MEwDD
lO..ME+90
)D..ME+90
ID..8M+DO
IO..ME+DO
4)..MEAD
IQ.KDDE+QD

)9..?DOE+X

)9,,'OM)l'90
lD..MERGED

l0..4)DEAD

SEVER:: 3
4.93E-D2
2 ..48E 92
3...ME~0'2
'4 .)65E-93
?2 23E~Q3
1.)96E-D3
'4 9'4E.-D'4

1 .9?IE"94
% .'B9E-93
3 .3'68-03
1.53E~93
)7.36E 96
2..6BE-Q6
1.:27K 9.6
5.,7«8E 0)l
3..I09E D)Z.S~ I
3.238-97)

SEVER:: 4
5 i97~2
2.55E-Q2
1..TEE"92
)4..7)9E-Q3
2 .39~3
1..'99E 3
)4 .15E-9'4
1.97E-QA
9.15S 05

Qg

1.3 IE 93
"I..4)IE-D6
2, 7«HE 96
1..3M-'0'6
5..93?; 97)

3.1SE Q)l
)1..94K."9I
3...:27:E 97

SEVER:: 5
9 .39~1
:4 .''6~1
2.2 IZ-Ql
?8..77)~2
:4 .30~2
2.M~2

7) .S)~3
3 .60E-D3
1.6'7E 93
%.33E 0'4

2..SBE 94
1 .3)7Z-9'4
5 i 96?~3
2.38E 03
1..f09~3
5.,$2~6
3.55~6
2.32~6

SEVER:: )6

A. 44E+0'0
7).21E M
3'51~1
3..35M)T
%..5DE 9'2
3..1)OE 92
1..1%E92
5.54)'E 93
2.5SE-93
3,.7«BE-Q4
4 .46E-94
2.8'2BR'4
I .lBBE-93

3.%9E 03
3

I8,99ED'6
5 89E-Q6
3..59E:0$

1 YEAR:HA«RGH )1)GSE —ZNfRLriTZGH !FATHWAY

SDF ~ 1 (fRE)4}

BA 0

2
3

5
t6

)7

9
3.)0

ll
82
83
14)
15
)1?6

l)7

SEVER:: 1
IQ..4M+99
)9..)DUE+00

)O..ME+00
IQ..IDDEN
D..ME+GO

IO..C)DEW
IO..IDDEN'0

SEVER:: 3
2.37«E 03
1..19~3
5.7«9~'4
)2„2'4~8
1A)7)E 94
5.le~3
3..9))E~93
9.19E 96
"4.28E 9'6
3...%2E 96
)7 .3'6~)l
3.'49E 9"Il

3..23~)7
?6.$9E 9'8
')2.7)4}~8
3..4$E 9'8
9.I06~?9
5.ME 09

ISFVER:::4
:2..432~93
1.21E&3
5.,5 )IE-'9'4

2,:27))~4
1,4)9EW'4
5..1~3
1,Ãi7&43
9 .32E~96
4.34K 6
1..SHE 9$
II., 47))0)7
3..54EW7)
3...3~7)
)6..1SEW8
2.82E 9'8
)1.,53.KWB
)9..89EW9
%..)98~9

SEVER:: 5
)7,.5'BB 91
3..IBB~
8...83E 9)l)7..~
3,.)43E-'02
?L..163~2
?6..29~3
2..94~
If..3)7)E-93
5..)L~"4
2..33B.)0'4
B...LZ&48
4)..12~3
B...S~
$..)88~%
4)..7)4)~$
2..)8~6
3...I89E 06

5,.3'2E~H.
~2,.5~

IB..?68E-Q3

7)..ZE~4
3..24~4
8...5'6EQ'4
5..~<> 3
.2..7))93
1)..2'4~3



MH iDATE:: [( 32-'.RGV-M, .AT 8.Q:;32::$8 i]

SA'R QHOFRE ZH SA'N 'CIZMEREE 'TQ 'YUCCA tbfCUHTAIN lNEVA'DA ~UNIT":RISK

im)DE

tGRQUHD SURF)ACE 'C|)HTMXHATICS TABLE i(HZCRQ ZX/)H*":2i)
SEFQRE ZDBWUP

rA'REA;))

2
3

3

7i

'.9

8.tO

Z2

8:4

B.t6
1L"il

SEVER:: R
Q..jOQMH)

'Q.,QQEHH)Q

C3..QQEHQO

SEVZRH 2 SEVER:: 3
(O.A)M&Q 3..')78EH43.
tO..(OQEHQQ 3...9QEH43,
(0 A)QEHH)Q 3..23EH4)Q
(O..OQEH(OQ 3..8~7EH4)O
S.A)MHCO 8,."iKEHQO
$..0)'E+QQ $..3%~8.
4) .50E&Q 3..1'QE-QA
(O.DOERS 8..A~7E-Q8,
C).NM&Q %..ERE~02
(0 .90EH)Q i2 .5'8E-'92
8).A)QER)Q 8...1v~2
C),.SM'ISQ S,.Silly-Q3
C).A)QEWQ 2..%6E~Q3
4).NGE+OQ S..M~4
Q.A)GE+OQ 4,.'4'4EW'4
(0 NOEH(OQ 2..3'7Z Q'4

C)..(OGEHtOQ 1)...44~4
0 .IREE)0 3,45&43

3..DE&1
A..MiE+Ql
S.2'GE&Q
3"SBM)Q
8...'7i.2MA)

3.3.1-%l
8...4 v&%1
%..aa~
2.38E M
8...8.3E&25.5~3
:2..$i7Z-Q3
9..l~~
4)"4 3'E QA
:2.38E~O4
1..4)~A
3 .4)RE&3

SEVERH S SEVER:: f8

%,,3M''2 3...8.t8E+N
c4. 8.4)EH4)

2..HiEHC2 2.%'4EHC12
't7.. ~SEE)8. il..llEH%2
3..iGEH%ll 3..2%EH)1L
8 ..'~78EH4T

2.58)EH'8..

r7%E+DQ S..S'2EHQQ
3..2MAQ 4) ..SQPHOQ
R..4)SMA) 2..85E+QQ
5..$2E~Q8. 7..M~1

3..t6M&3.
Q...i22E-M A.. i'd% Ql
4,.%9~2 %.3~2
2..3.2E<2 2.38~2
'9..%t(i~3 8..3'6~2
5..1l.i7&43 'r7.38~3
3,.85E"Q3 ~4.4V~3



1UJH ''DATE:: [t 22-.'HOV-S4 .AT 1'3::52:;56!J

SA'H QNOFRE ZN SA'H 'CDEMEHTE 'TQ YUCCA!MOUNTAIN!NEVADA !UNI -:RISK

Z'A'GE lt6

ZHCZDEHT-'FREE 'EVERY

ZNCZD'ENT-:FREE:PGPQLATZGH 7XPMURE ZH iP'ERSON-:Ref

%!ASSENGR !CREW !HANDLERS 8FF ZONK 'ON IINK 'STOPS 'STORA'GE 'TOTAL$

!LXHK 3. !0.MEUM 3.6~7~ 'D.!0'0E+0'0 2.1)'4'E~'9~I $ .30~6 3..93WO'4 '4.!00EW'OD 2,'4'2~'4

'ZOTM'6:: !0.!00E+M3 A7'~5 %..!01!2+002.!0'4E-'0 l Q..M~6 1..33~'4!0..'DOERZ..'4'2E-'0A

MXIMUM ZNDIVJDUA1 ZH-TRA'NEST MSE

Ii THK 1!. 5.835~0"il !REM



KJN IDATE: ![ 22-.'HDU"91 AT 10::32::3'6Ij

SXH Z)1CFRE ZH 'SA'N !CLEMENTE TG YUCCA 'ii(OUNTAL'H !HEVXDA :UNIT":RISK

PAGE li7

1NCZDENT-ZREE 1MPQRTXNCE A'HACHIS SJJMMART S'OR I;ZNK
4'k'k%"Ir%'4'5"k%"kW%"lt'R'P%'P&1t'0'k k%'W%"O'Ir'k'O'O'O'P,t>%"0'7r~'k'4'k%'k'k'fl'0 k%"0'k'0

ZHDEX .'DESCRiPTTOH 'QF 'PA'RXMETER TMPDRTA'NCE

3
l4

3

l7

'9

1(0

1'2
13
1'4
15
1%
1'r7

1'9
20
:21
:2'2

:23
)2'4

23
23
2U
28
29
30

32
33
3'4
33
3!6
3~7

3'8

:K ZERO
TIOSE I(ATE ((TRXHSPGRT 1NDEXt)
Z)ISTXNCE ERA'VEIIED

lNUMBER ZIF 'BKSPMENTS
PA'CKA'GES:PZR SHXPMEHT
PERSONS EXPOSED HHILE STOPPED
STOP 'TIME
'-FRACTTQH QP TRXVEL - -'RURAL

'NUMBER 'QF 'CHEN 'MEMBERS
'NUMBER 'QF:P:HOPIS PZR TIEHTCLE
'TRAFFIC 'COUJJT - 'RURAL

POPULATION T)ENSTTT -:RURXL
:RURAL SHTEL'DTI'JG FA'CTQR (('RR!)

iFRXCTTQH (QF "i'RXVEL - 'URBA'N

'-PERSONS -'EXPOSED PZR !HA'NDI'IHG

!EXPOSURE TTME FGR HA'NDIYRS

lNUMHER OF iHXNDLINGS

:HXNDLER:EXPOSURE IDESTXNCE
iFRKCTTGN 'OF KJSH !HOUR TRAVEL
INUMHER (GF:.FiLiHHT XTTENDXHTS
'ERA'FPTC !CGUHT - !URBXH
TRXFFTC 'COUNT - SUBURSXN
ZRACTTGH (GF TRXVEL - SUBURBXH
STGRME EXPGSURE ZIJISTA'NCE
JVEIIGCZH - 'SUHURBXN

S'RACTTQH %3Y TRAVEL lQN (CITY STREETS
SUHURBXN 'SHTEB)THG S'ACTOR ((iRSI)
I'QPULATTGN !DENSER - !URBA'H

IURBXH SfZEIiETNG iFkCH)R ((iRUi)

(VEIIGCTTZ IURBXH

'BTGRAGE TIME IPER ZFEPMENT
PGPULATZ~GH !DENSZEZ - SUHURi3XH
!NUMBER (GF PZRSGNS iEXPGSED iIJURING STGRAGE
BRTiI!G %)F iPZDESTREXN IDENBTTT (g<PD))
iEIIA'CTI!GN (GF JBRAVEL (GN IFREEWWIS
~7M)CTTT - CRURAL

IDTBGXNOE IPIRGM SGURCE YG (CPZN
IEXPGSURE IDESTAWOE lHH8LE STGPPZD

:2.'42'4~6
i2.'424'~6
2 .'4'2'4E-'06
3..''424E 06
2 .'42'4~ 6
1.Pl2~8
1..982E~O6
'4.3'20E OU

3 ..I(89E .00
!8..304E-'08
(8 .304E-'0'8
:2.(O'Q E"'.0'9

2.(DADE OS
'0.(DODEC) 0
'O.(OOOE&0
4 .'ODOEHO
l) .IOOOE&0
(0.(ODOR+0'0
(O.iOOUE&0
(0.(OBOE'+0'0
(0.(OO'OE'I!00

(0.(000~0
iD..!OOUz+M
(O.lOO'OEPW

(O.C)DE+90
(0.(ODOUR)D
!0 .(DODEC
(0..(DODEC
%..(OODE&'0
(0.(DODEC(00
(0.(DUDE+DO
i0.(OD'OE+00
(0 N0t)EWMI
4 .(6'82E-1"rl

-1..'II(62~)7
-3..1L38i~r7

~6.3SJ(i 'Ã
-3.$83~'6

TIHE TiMPORTXNCE VIUE IESTIJM'' KWEB IOHE IPZRSGH-:REM ZNFLUENCE
iGF 4 (GHE IPZRCENT ZNOREASE ZH 'JJIHE %8IIIA'METER



!RUH iDATE:: j[ 22-!'NOV-M. AT 1Q::32::38JJ

SA'N 'OHOERE ZN 3AH 'CLEMENTE 'TO 'ZECA iHGUNTAIN iHEVADA iUNIT-:RISK

!RAGE 3!8

!NUMBER IGF iEXPZCTED rACCID'ENTS - 'MOD'E

<CA'TEGGRY

1
:2
3

3

iRURAL
1..'23E"'0'8
i8..20~3
|6..2'CE-11

2'-1'
. '4'6E-13

3UHVR'8

iO,.iDQE+QQ

~Q.,'OQE+Q0

iD..iDQEKQ
iD..iDQ'EHQ

iD..IDQE+00
ID .'00E+QQ

'0 .iOQE+00
iD WOE+M
iD,iDQE+90
iD.ME+M
'0 .iDQEWQ
|0 .iOQ E+0Q

:EA'RLY FATALITY <CONSEQUENCES —'MODE

iCATEEGRT

3
'6

iRURAI

iD..iDQEK)Q
iO..rOQE+OQ

iO..ME+00
iD..iOQE+QQ
e.'.rOQE+OQ

i0 .<OQ'E+M

'SUBURB
iD..iOQ E+DQ

iD.,tO~QE+O~D

iD .'DOE+M
iD..iDQE+H

'~URBA'H

Zl .iDQEK)0
iD..MEW)Q
IQ .iDQEH
i0 .iDQEAQ
C) .MWOQ
'0 .iDQ'EHQQ

GICGHO51X~C IUONSEQUENCES —iNODE 'TRUCK

ICATEGGRY
il
'2

3

3

iRURAL
iD..ME+M
iD..iDQEWQ

MHURB
t'O..MEWQ
'0..<OQEAQ
iD..ME+00

iD.,iDQEAQ

iURB'AH

iO.iDQEH)Q
i0.iDQE&Q
iD..MEAN

imZGIKfGIiCAL CGHSEQUENCES —IN)DE 'TRUCK

3Q 'ZEArR iPGPULATTGN iDGSE ZH iPZRSGN iRE5I

<CATHGGRE

'2
3

3

SUBURB

'r2; r7'4E+Qll 3..:28'E%3
3..i63EHi01L

i0.iOQE~
S..i8eE&2
S.l83ERR?



iRUN iD'ATE:: it 22"'NGV-'.9H AT 1<0::32::3'6)]

'SA'N 'ONOERE ZN SAN CLEMENTE TQ YQC"A 14GUNTAEN lNEVADA <UNIT-:RISK

EXPECTED 'VAMES <GF iPOPULATZGN RISK ZN PERSON <REM

<GRGUND Z~NHALED XESUSHD 'CL'GUDSH «ZNGEBTZGN TGDZ
3FUEL

CO'60
iKR'8'5

SR9'0
iRVI<0'6

'CM.3'4
<CS13V
'CE1''4'4

iEU154
:P'U23'8

iP 023'.9
iP'U2:4'0

:PU2'4'1

8042 @.
:7042'43
<C!424'4

1..38'E-1<0
<0 .!DOE+'0'0

<O.ME+00
3..3~7E-13
<8..<08E-T3
<8.<69E-li2
1..:23E-1<8
1 .3:2E-1'8
'r2..ME-3.'9
.1.'43'E-20
3..3':9E-.2'0
<6.<oil.E-:23.
3..r73E-1~8
4..33E-.20
<6..33E-:20

1..33E-13
<0 NOE4<0'0

1 .28E-3."rl
3..31E-1<8
1.<06E-8.'4
2.368"1'4
T .3il'E-18
3.'~71<E-8.<8

1 .'48'-1<8
2.<03E-3:i7
2 .33'~ilP
1.12E-T%
<8.32E-177
1 .<05E-1
'4 .'.9'r7E-1'~7

3 .<08E-13
<0 .<DUES'0
3..<65E-177
1.:268-13
3..:23E-1'4
il .<04K-13

1..32E-ili/
<6 .34W'1<8
.'9..3'6E-1'i7
1 .'0'.9E-A<6

4 „'i7iEE-1<6

3..1'OE-T<'8
'4. <80E-18
i2.,$.'5E 1<6

1..1%A~14
'4 ..'4'6E-1"rl

4 .<UOM)0
<D.,ME4<DD
8..'~7t8E-W6
<0.,<0OE4<00
3...'-91'E-'2'2
"~l,~83E-2il
"2 .2SE":25
'2.'83E-26
3 .4'8E":26
!D..ME+00
'2 .11'E-23
~8 .~V6E-25
1 .:2:9E-'25

<O.ME+00
<0. ME+M

<0 .<0'O'E«<00

<0 .ME«<0'0

<0 <0'OE4<0'D

<0 .Z)DE«<0'0

<O..ME+M

3..$'8E-10
4 .c4e6E-li'7

66.33E-1"~l
3.38E-1$
<8 .3iUE-8,3
<8.<82E-1i2
"4 .<06E-1rl

1..3iUE-1<6
7t.~fSE 1~6

$ .$7t'E TC6

8..33E-il66
3 .<8'8'E-1~6

3 <80'E-1<6

3 ..'90E-18

TOTAL'8:: il.. 65E-1<0 1..%8E-13 6.'4'8'E-13 1,:2IE-1'4 <0 .ME'4<0'0 8...68E-ii<0

:* <NOTE THAT TNGE'S<ZIGN iRESK ZS iA 30CXEGAL RISK7
THE <USER MA'I 'NISH TG 'TREAT T<HXSVAIiUE SEPA'RATEL'Y,



RUN 3ATE:::[22-:NOV-91 AT 10::52::56']

SA'N ONOFRE IN SAN CLEMENTE TO YUCCA.'MOUNTAIN 2KVADA UNIT-RISK

EXPECTED MSK V3G UES —OTHER

IINK ECON ZA'RLY

SS ATALITY
1 'D..DOE+DO 'D..DOE+'00

TOTAL ~D.IDDE+00 '0..'0DE'+DD

ZOI
:END 'OF:RUN



Pape 1 'The <covez'age i.s the <same ws for!Output Pi).es 1!;and 2..

Pane .'2 LNote xhe fol!iLow'ing inIporxant <8'ifferences fn the <Echo !Ohecl<:

page::

IL.. 'The 'ZZTZiE ILiine !now z,eads SAX (GNBZRE XN 'SAN (CIZMENT<E 'TB
'YUCCA IMBUNTATN LNEVADA IUNXT-IRTSK.. 'The words /AGGREGATE„
whf!ch was <used n!n!Gutput IFi1!e IL„<and IRGUTZ-.'SPZCIF!TC„which
was iused iin <Gutput IFi!le 2„ ihave ibeen xepILaced Iby ti'he word
IUNH'-IRI<'SK ito nindn!car<e tha't thn.'s zun wIL1<'l hie <used <to

generate <unit-ri:sk factors f<or transport <of .spent fue1! from
San IBnofre Xo Yucca LMountan!n

:2.. 'Thexe are <no <changes iin xhe input <dat<a used tio <describe the
package„xhe nna'ter''n:al!„<and i.its <consti<tuent n:soxopes.. 'The
D<NBRML;arxay Ihas ibeen <changed 'to indi.caxe xhat TOG pet<cent
<of !trave'li <anaILyzed nn xhn.s zun i*s xura1;; n...<e..„,'the fnr<st
viue iin 'ithe 'WGRML arxay ((fracti<on <of xura1 '<travel)) for
INMBDE: 3. n:s <set t<o IL..(O'„,and <the next Mio values„whf!ch
xepresent fractf!ons <of t<xavel! in .suburban,and iurban areas,,
xespecitnvelly„<are <se<tt tio (G.. Zf ci'hose 'three wa1»ues <do xot
<sum to '.l..IB„;an <erzor nnessage is prnnted;; xhe <callcul:atn.on
<cannot <contfnue <untiI1 tihe iuser ibad <corxecited xhe pz<oM<em

((see /Appendnx ID)) ..

3.. /As ix (Butput Pi1«e 3.„xhe package site in nne'ters i.s <entered
for reach <materia<i <af<ter <the Ikeyword PXGSIZ..

Pages 3
xh<nouzh li'5

/4...'Since <thn.s n.s <a <mon-i'!NK <unn.t<-rfs> xun„xhe xotali <dist<ance
nn IkG<omet<exs n.s <en'tered <afiter xhe Lkeyword IDTSTKM.. iFor
<unnx-rn.s'k z'uns„xhe z<oitH. <dn.s<xance Xs <usua1i'3y set tio IL..(B <so

xhat ti'he <output ri:sl<: val~<ues wi3<. <dixect1<y Ig'ive rn.sk
;associated w3tth IL ikm <of t<raval <on xhe .specnf'n!ed anode <and
'llxnk type„whn!ch i:s nn t<hn:s <case„ t<ruck 'transport <on xur+IL
1«n'texstat<!e IHi.<ghways ..

'The nnaji<orntty <of xhese pages;are .sn!miIlar xo ithose fin Qutput
ZH!e 3... Zn <the IDNBRML;array t<hat,appears <on page 5„ ithe
fxactn!on <of xravell values .are xen.t<exa'te'd..

Paae il!6 1!<ncn!Qemt-lj "ree !Summarv.. (Gn xhis page xhe fncf!dent-free <doses
f<or xuraI1 t<riuclk t<r<ave1~ in <each <exposure (group are Igiivien..

Pa:ge '17

Pa!ges IL(8

ithziou'z 1 /2'B

ILz<cn!dent-iFxee ~ioortance /Analvsn.s .'Summarv.. 'The 9nnport;ance
yal<ues;erie gingham f<or ILz<xexsxaxe xura1! ttranspor<t iby tiruck <onily.,

/A'c'ci!dem't IRn,s'k Smmmarv.. Qm page 1«8 Ithe values IgILven for
<expeict<ed <number<a <of nnccn!dents are xonzez<o <onily fur xura1<
xraveIL.. 'IIIhe eonseguemce xab1< as,are ibxoken <down Iby nnode„
.severn~i mat<epoxy„and popu1aMi "<on-<dansn.t<y zone...'Snnce <on1<y

riurM waIL<ues Ibad zronzez<o pxobahX1Rtnes <of <occurxance ((f..<e..„
<expecxed x<nmbexs <of ~ccMents <greater chan zan'o)) „ t<he mcttua1<



zi.sk <cd.culi<stri<ons will'be nonzero <only Sor zuraIL zislcs.. IIIhe
zesuilts iof t<he zi.sk <caicuiati<ons are Igiven <on page 1''9 fior each
exposure p<athwsy and isotope.. 'These valiiues represent the
<acciident zisks associated with <transport <of !spent Tuel'iby rzucl<:
;sling i ikm iof ruraIL ILntersta>te IHighwsy at tthe vehi<c'll<e .speed„
<etc, .iindi.csted in t'e IDNGRML .array.. /Gn t<he ILast p~age <of >the
<output„'the tablie .shows <esti«mated <early fataILiti<es for a
!siimiILar IL Ikm <of travel...

T<o <appILy the <unit-zi.sl<: f<actor <method„at 3!east two additi<onai
runs <mus<t hie Igenerated ((for !suhurban snd iur'ban ttrsweIi„
zespectiveILyj).. Any <number <of .such risk fac'tor <sets <can Lbe

>generated <depending <on the <suhdivision <of route <characCezistiics
<defined 'iby the iuser.. Sore tha<t /(IL)) for <unit<-<disltsnce factor<a
the iuser <must <muitiply;alii fact<ors in <each!seti Lb@ t<he iQQmher <of
lld3.ometers <of 'traveIL in t<he associ;ated route <subcILass„((2)) the
resuitizg products <must ibe .summed to give <a total„and ((3j)
neither <of tihese <manipuliat5!ons i.'s perf<oxmed Iby IRA'DTR'A'N /4..

The iuser ican <compare the resuit<s <obtsiined wi>th <a13. ttXz;ee
m>ethods.. liJsN'~g t<he valiiae <of 492 Ikm t<sl<:en fr<om (Gutput IFiIL<e 2
for tiotali z'uraIL <distance traveIL<ed„ ithe emit<-zisl<: Savors in
/Gutput IFilie 3 <combined wit<h 'the <di.stance Item Igive a vsi<ue fior
tiotali zurali inci<dent-free zisik <of li..ii<9K-(93. ((/492 li<m x 2../42IE-(04))
and;a vsTL<ue <of IB..IL7/<E-(O'B ficr t<otai rural acci<dent z5.sl<: ((/4'92 x
i..(6'6Z'-EGj).. 2../4!2<E-<'04 and 3..(6'6Z-IL/G are Sxom pages i/6 and 1<9 <of
/Gutpu't IFiTI!e 3„zespect<iveiLy.. To <obtain <es'tiima'ites <of zurai
zis1<s fr<om!Gulps IFil~e IL„ the SracIti<on <of t<rsvel in tthe zurai
IpopuTj'at<i<on-<density zone (((G..7/96j) ws's <muli'Mpii<ed i'he rotali
inci<dent-free zis>lk ((IL..57/E-Qij) <and >the ttotaTL acci<dent zi;sk
(((6..(89<E-(03)).. RecaTLIL that ti'he acci<dent zis'ks are z>ot <csIL<cul<ated
<on <exactTIy the <same Ibasi,'s.. however„as ch'e ac'companying t<aM<e
iiLIL<ust<rsres„aZL nnet<hods (give roughly <comparaM<e ze'suILtts f<or
hlo<th zii;sik ryi,pcs..

Tshl«e 5-IL

IR//>XRM /4 ice'thodoll<ogyi (Compare.s'on

(Gutput >pil«e 4 IRur'aIL IIjnci<dent-IFzee Risk 1Lurai /A'cci<dent IRis'k

1..25K-(GIL
IL..19IE-Q<1i

Qii

5../4BE<-'03
5../49Z-(0<5
3..3.7/>E-O'B

5-7/7/



:RUN 'DATEd [ ~-NOV-91 AT IQ;:51:;~Q ] PAGE

RRRR .AAA DDDD
:.R:R A:A I!

:A '3:D
RR A .A 3:D

8:R AAAAA 33:D
:R R .A .A D :D

:R:R .'A .A DODD

'TTTTT I!RRR .AAA

'T:R:.R .A
'l RRRR A
'T 3:R AAAAA
'T R:R .A iA

N Qf

'.NN !N

:N!N .'N

!'N QfN

'N !'N

2f .!N

'N '.if

.4

!I!fd4d

,4
'4

'DTRA'N '4..',0..1'2 WRSION ~3ATE:: !NOVEMBER 1'9„1'991

.'MOD'E DESCRIPTIONS

!NDMBER

2
3

5

71

9
3.'0

'NA'ME

'TRUCK

RAIL
!BA'R'GE

'SHIP
tCARGO iAIR
PASS iAIR
P-ifA'N
'CVKN-'I

!r'EAff-:R
(CVAN Mr

fCHARXCTERTZATION
IONG:HAlfL VEHICLE
!COMMERCIAL TRAPIPN

INLA'ND VESSEL
iOPA'N 'SEA VESSEL
!CARGO 3KRCRAPT
!PASSENGER!AIRCRAFT
:PiASSENGER WM
!COMMERCIA'L 'iVAN

!COMMERCIAL WA'N

!COMMERCIAL 'ffA'N



RUN DATE:; $ 22-:NOV-91 JAT TO:;51::50:]

ECHO 'CHECK

'TITL'E MJLTIPIZ 'TMZ:A PACKAGE S —IJEDICATED 'TRUCK, PACKED 3LRRAC
FORM 'UNIT

IJIMEN 1'2 '8 2 10 1'8
PA7JM iD 3 2 3 '0

:PACKAGE LAHGRP A 3
SHIPMENT LAHISO:HSWTR E14ORG 932 333 'CA45 CK31

''GA67:M099 Il'25 I131:XE133 TL'201
!NORMAL ZM~NR .'NMODE=1 ..6'4

FTSNS .'NMODE=1 ..34
ZTwciU '.NMODE=1 .02
:A'DSTCW .'NMODE~1 6.:6
:HA'NDNO .'NMODE=1:Q..Q

IJTSTOR .'lJMODE=1 0..'"

ECONOMIC
3CONF 1..0
'Ol'JSCST 25'0 ~ ADD .24!00 '"000
EJ4RCST .'20 400 50'0 600 "50'0 1'7DO 21iDQ 2300

RELEASE RFRAC GROUP=1 Q.'00 0,01 '0.1'0 0,3.'0 5~1..'0
'GROUP= 0..00 Q..'00 'Q..'01 'Q.ZO 4~1..0

Z)SF'TL'2D1 3..'044 9.32 -" " .39E-02 2.'6E+Q2:2..9E+0'2 !0..!0!D..i0 ..F01 I !0..!0!0..!0
ZOF
ISOTOPES -1 1 i '0.Q ".'.0 0.0!HSWTR

:HSWTR ..'.D'63 .A 9
ISOTOPES -1 1 3 0..0 1..1) 0..0 'ClLORG

rC1'JJGRG .'003 JA 9
ISOTOPES -1 1 !8 'D..!D 1..'D Q..'0 932

JP3'2 .,i098 A 9
ZSGTDPZS -1 1 2 !0.,!0 1..0 J..',0 33'3
$35 ..Zli0 JA 9

ISOTOPES -1 I 1:23..'4 "..'0 'D..'.0 'CrY45

BOA'45 ..!003 A 9
ISGTGPZS -1 1 '8 TJ.S 1.0 'Q.Q 'OR31
!OR33...1"73.3!. 9

ISGTOPZS -3 l~ 11 iQ.,i0 1,.'0 'Q.'0!GA'60
!GA67i ..!024 JA 9

ltSGTGPZS -1 1 30 !0..(0 1.':0 JD..'0 !M099
JM099 5..53:89

ISOTOPES -1 1 3$ !0.!0 T.'0 Q.Q %23
1123 ..!DQT:A 9

ISGTGPZS -1 1 29 %.!0 "..'0 Q..iQ Z13l
113IL ..!01"i7 A 9

ZSGTGPZS -1 I 14J!O..!0 1..Q !0..07ZEli33
ZEil33 ..339 8L

ZSGEGPZS -1 1 20 !D..iQ 1..!0'Q..'0 ZL'20iL

TL201 .QZS rA 9
PZGSZZ %SWOR ..H

!C14JGKG ..H,
93'2 ..!61
935

iCAJJ5 1'2..20
!OR31 „i61
!GAL)
T4G99
Il'25 ..H.
liL31L ..H.

KEX33
TL'201'.i61t

HKSJQKM 2lMGDE=H lii893..Q
ZUF



N QATZ:::j 2"-'.HOV-31 .AT 19::31::30,]

MIL IPLZ ~Z iA PACKAGES —QEDICATED TRUCK, PACKED ARRAY

:RURAL

SUBURBAN
'0RBKH

POPULATION QZNSITZ
i(PERSONS FZR SQ:W)

6..
-,,la

3861..

2'ACKAGE 'CHARA'CTERISTICS

FOR
:MATERIA

:H3WTR
'Cl~ORG

F32
:S35

iOA43
iCR51
GA67
!MO93
2125
I131

'XE'l33
'TL'291

QIMENSION
'(METERS)

6. "OOZ-91
6. "QOE-9"
6.190E-91
6..1'QOE-01
1.229Z+91
6. "Q!QP;01
'6..1'99E-Ql
6..1'OQE-91
6..1'0'OF;Ql
'6 .1'QQE-'01
i6,, liDOE-91
'6..19OE-Ql

- FFZCTTVZ
:DIMENSION
'6..1'QQZ-Ql
i6..199E-91
6..1'OOE-Ql
6..1'O'OZ "Ql
iB..14'9E+99
'6..1'DDE-'01
'6. 1DOE-91
6..1iQQE-QT
%,.1T)QE-QT
%..1'OQE-QR
'6..1QQE-QI
'6..199E-Q1

K(9))
'METERS SQ..
1 .793E~'09
1 .703E+90
3...703E+'.09
1 . i793E+'0'0

3 .375E+91
1.i793E+99
1 .)93E+99
3.. IQSE+99
1.'7i93E+09
R..')793E+QO
1 .'i703E+90
1..7iiOSE+QQ

X((:0)) TS TI 'TO !DOSE 3ATZ iCONVERSION FACTOR

IiXCKAGE !HKNDLFNG THRESHOLDS ((METERS))
PKGSEl= 3.T)QQE-Q1
FXGSE2= 1..(DQQE+QQ
PACKAGE'S .L'E.. H!KGSEA ARE !HEND !CEED
FXCKAGES ..(GT.. P!KGSZl iKHD ..IiE. PXGSZ2 3)RE !HKNDIlED H)Y SMALL ZQUTPMENT
PACKAGES ..'GT.. FKGSE2 ARE!HKNDI!ED !BY (HEAVY!EQUTPMEHT

TIATER~ILLi !OHARACTERIiSTTCS

Ti)KTERIAL
!HSWTR

(Cl@'ORG

I'3.2
333

(CA43
(CR51
(GAST

iMO33
~i94
I13R

XEIii3
'ZLZQA

Fl)ACTS~'ON

T)F (GAMMA

3...QDQZ+QQ
1..(OWE+09
H ..(OQQZ+QQ

1..(OQQZW
li..(OQQZ+QQ

1..QQQZWD
il.,(OQQE+W

FRACTION
QF )HEU(ORON

(0,.(OQQE+99
(0..(OQM+99
(0..(OQQE+99
(9..(OQQEWQ
(0..(OQQE&9
(0..(DODEC)Q
(0..(OQQE-')QQ

(0,.(OQQEWDQ

(0..(OMEK)Q
(0..(OQQBWQ
(0..((mQZ+QQ



RUN Z)ATE:: g Z-.'NOP-31 3L~ 10::31::39!]

)LTZPIZ 'TYPE iA PACKAGES - DEDICATED 'TRUCKi K!CKED ARRAY

HL'GE

RODE CHARACTERISTICS

RODE ZISTXNCE ZZCL'VSSE '.NUMBER QF 'MATERIALS TRXNSPORT PACKAGES/
TRAVELED 'USE ZHWWiVTS INDEX ((TIi) SHIPMENT

TRUCK 1.9QE+93 ''v~S I.'DOE+99
:HSWTR

Zl@QRG
2'32
333

CA43
ZR31
iGM7i

AO33
1123
I~&1

:KE133
TLAT

~9..(OQE+QQ

lO..QQE+QQ

Q..QQE+DQ
~Q..QQE+QQ

:2 .34E+QT
(0..QQE+QQ

!O.A)DE+99
'0..'DOE+M
iQ./OQE+QQ

'Q..DOE+90
'9 .QQE+QQ

Q..'DOE+90

1..'ME+99
3..(OQE+E)
'B /OQE+QQ

2..'QQE+QQ
1..(DOE+M
B A)QE+QQ
1..1QE+QT
3..(OQE+DT

3.,'60E+91
2..3QE+Ql
1„4QE+Ql
2 'QOE+Ql

iBUILDING:SHIEL'DING 83PTIDN= I
((1~TOTAL SHZELDINGv 2~P9ZTZAL SHIEL'DINGv 3~NO SHIEL'DING)

I(PD= % /DQQE+09
((RATIO QF IiZDESTRIA'N (DENSIT ((PEDESTRIA'N~/ZM 3|)T)F SIDEWHiK)
'TO I'OPULATZQN Z')ENSITZ ((PEDPL7'/KM 3() IN tURBXN 9ZEASi)

RR ~ 1..MOE+QQ
((TRXNSMTSSZQN 3'tiZTGR PGR )RURAL iiAREAS))

I(S ~ 3.)799E~QR
((TRXNSMXSSZGN ViXCTOR ZGR SUBURBXN AREA'Sl)

(RU ~ 1 EQQE QE
((TRA'NSMKSIQN ZXCTGR iFGR WRBXN AREAS)



:RUN DA'H::;( 22-'iNOV-31 .AT 1'0::Sl::SO]
MVL'TIPLE TYPE )A PACKAGES —DEDICATED TRUCKr PACKED ARRAY

'NO

1

3

'b

l7

:DISTA'NCE I'ROM SOURCE TC REW

((METERS)
(NUMB'ER 'QF !HA'NDLINGS

ID STOP 'TZME PER XM 1(:HR/:K(4)

Z4ZNZMUM STOP 'TIME:PER 'TRZ

((iHR~)

ZERO STOP TIME lPER TRIP ((HR~)

11

11

MINIMUM lNUMBER iDF RAIL 'CLASSIF
IQA'TIGNS/rIHSPSCTTONS
PERSONS:EXPOSED iWHILE STOPPED

I'5

ilr6

3:0

Z9

2Q

21

22

23

2'4

r2'5

AVERXGE SXPD'SURE tQISTA'NCE

iWHILE STOPPED ((ME(DER'Si)

STORAGE T~ME !PER SHIPMENT
((iHRi)

iNUMBER QF lEXPGSED PERSONS
(DURING STGRAGE
iAVBBXGE )EXPDSURE iDTSGA'NCE

(WHIZ)E IN STGRXGE ((METERS')
lNUMBER iGF PEGPI'iE T'ER VEHiCLE
%)N iLI|HK
H(XCTTGN iGF iVRBAN TRAVEL
)DURZ14NG K)SH iHGUR TRAFFIC
iFI(XCTTGH iGF 1VRBA'N TRA'VEL
%)N iCZTY STREETS
iERACTTGN Z)F )RURAL-.'SUBURBA'N
'ERAVEL iGN FI(FREEWAYS

«TRAFiFTC iCGVNT )PXSSGNG rA

SPECGFTC rPG1HT-:RURAL ZONE
«TRAFZTC ZGUNT )PASSGHG 3
SPEC(()FTC )PGIHT-SUBURBA'H ZGNE
«'0)RAFZTC CGUNT )PASSING A

SPECGFTC )PGTNT URBAN ZOHE
«((GNE 'WAY VZHTCLAS//iHR))

FRACTION QF TRAVEL
IH RURAL POPULATION ZONE
FRA'CTZON 'DF TRAVEL
IN:SVBURBAN I'OPUIATZON ZONE
FBA'CTION QF TRAVEL
IN URBA'H POPULATION ZONE
VELQCITY IN:RURAL POPULA'TZON

ZONE 1(KILOMETERS /|HOUR)
VELOCITY IN SUBVRBXN E'OP. ZONE

(gGLOMETERS /HOVR')

VELQCITY IN iURBA'H E'DPULATZQN
ZOHE ((KILOMETERS/HOUR)
(NUMBER QF 'CREWMEN

INPUT
TRUCK

'6.4DDE-Dl

S .4QOE-Ql

2.'DOOE D2

B .:8'49E+Ql

4 .Q25E+01

2 .416E+Ol

2.'DQDE+QO

'6.76DE+DQ

'0.'DDQE+QQ

1 .1'DQE-Q2

9.'ODQE+QQ

'0.(ODDEST'.00

(O..IDQQEWQ

5 ..(OQQE«rOl

2..(OQQE+'.Ol

rD .Z)QQE+QQ

1 .(OQQE+02

3...rDQQE+Q2

2..(OQQE+GQ

(B..(OQQE&2

S..(DQQE&2

(B,.SQQ~3.

r4 . r/iQQEll(02

"rl..(BQQE&2

2..8QQE+03



MN DATE:: '[ 22-'.NDV-91 AT 10::31::30;]

:HQL'TIPIE TYPE A PACKAGES - ZEDICAPED TRUCK, RACKED ARRAY

ISOTOPE RELA'TED GRATA

.'NUCLIDE CORTES
:PER 2:KG

:RH'EA'SE

GRDUP

'SOSP LWNG ZIISPZRS.. 1YR ZNHAI MM/CI
P3LCTDR TYPE 'CATEGORY ZiUFG MUEDR

'H3RTR
:HSFZR

'C14DRG
'C14DRG

932
:P32
333
333

CA'43
'CA45

CP31
'CR51
:GA67
GA 67
WO33
:M093
I125
1123
1131
1131

:XE133
:XE133
'TI'201
TQQI

6.3QE-Q2

3 .QQE-03

9.:4QE-Q2

2..1tDE-Ql

3..'.DOE-'03

I .71'E 01

2.4'OE-D2

3 .33E+M

1 .'DOE-03

1..UQE-Q2

3.39E Ql

1 .3'OE-'D'2

A 3 .3'6E&QQ 2

.A 1..17EtQQ 1 3

.A 1..ME+00 1 3

:A 2 .4QE+QQ 1 '3

A 1,.32E+QQ 1

1..'0'4'E+QQ 1 3

1..Q3E+QQ 1

:A 1,.<6'4EWQ 1

2.1QE403 2.10E&3

I..i60E&3 1..10E+Q4

iD.IQQE4i00 iD..iDQE+QQ

'Q.ME+M iD..ME+DO
C

'Q,.iD'OE+'D'0 iD..!DM+W

Xl.'QQE+9D iD.iD'OE+'O'D

2,, ~7QE~ 4 1 „igQE4 Q2

'6..%QE4i02 l..i60E+02

A I1..1QE+K 1 '9 4 iDQE+D3 2..3QEHQ'2

1..QQE+H 1 liQ

.A

1,.LOCAL)Q

1

i0..iDMHQQ iD..iDQEKQ

iD.iDQE44]Q iD..iDQPWOQ

.A 1./OQE<QD 2 3 '6.iQQE4t01 t6./OQM01



:.RUN QA~:: i[ 22-'NDV-M. AT 1Q::51:;50 ]l

.'t@3LTIPIZ TYPE 4 PACKAGES - Q~EDZCATED TRUCK, KICKED 808AY

,'NUCLIDE:HALF 'GA'MMA CL'OUD TRANSFER MPGE
IiTFZ ENERGY HLCTOR ~'CRQP3 3KL 'SPEED

!H3WTR

!H3WZR

Cl'4QRQ
'C140RG

132
232
'835
333

'CA45
'CA4'3

'CR31
'CR31
'GA67
SA67i

xoas
'8033
IL'25I~
1131
I138

'XE3,33
:NEJ33
~M201
TZ 201

4..51E+Q3 Q..QQE+QQ 'Q.SQE+QQ S.SUE+M lD.QQE&0 tQ.MEW

:2..',Q9E+96 Q..SQ'8+00 ~D.QQE+'O'0 lQ..lDQE+QQ iQ..SUE&0 3..A)0~2

1,.43&Q1 (0..<QQEqQQ iQ.,tOQE+QQ tQ.,@DE+M <D.,lDQEHC)Q 3...lDQ~'2

'B.,')74E+Ql Zl..'QQE+QQ Q .QQE+QQ 5 .ZlQE+W lD .'QOE+DQ 1 .l00~2

1..68EW'2 4..33E-O'8 2..598-11 Q..lDQE+00 iO..IDOL 1..8)0~2

.2..77~.E+91 3..26E-Q2 5.$12-Q3 S..lDQE+QQ tD..lDQM)Q I..SUED

3..26E+QQ 3...58E-Q1 2..3'4E D2 S..i&E'+'OQ 'O.,IDUN I..QQE"'92

2..'73E+QQ 2 . I'6E-Ql:2 .53'E 0'2 '0 ONE+00 O.A)DE+00 3, .COE "0'2

t6. QTE+QI '4.. QE-Q2 1 .7i7iE 03 'Q .QM+'00 '0 lQQE+QQ 1%0~2
i8. lDAE+QQ 3. '8QE"01 %.QSE 2 lD. tDQE+R 'Q. CIDER'L.HE-Q2

5.,25EH',OQ 4.,<SQE-Q'2 3,.3'8E-Q3 lO„tDQE+00 lD..SQEHSO lD..lDQEH40

3..<O'4'EWQ 9.32E 2 3..39E-Q2 lD.lDQEHSQ lO..lDQEKQ 1l.HIE 0'2



ZUH Z)ATE:: ~[ 22-.'NO%-M. AT "'Q::31::30j]

'MUL'TWZ'E TYPE A 9A'CKAGES - DEDICATED 'ZRUCfC, KL'CKED ARRM

Z3DTOPZ i%LAZED Z)ATA

tHVCLIDE 30-'ZR ZPEECTZVE REM'ICY

ZHHALE INGEST

!HHRTR
'!HHWTR

'C'l4QRG
<C'l 4DRG

232
832
333
$33

'CA43
ZA4'5
~'CR5il

'CH51
SA67
~GAHrl

.'809:9
IMO'93

H.25
Zl'25
2131
2131

'XEO.33
:ZG.33
TL201
TI'201

%..3QE&l i6..3OE+01

2..1tOE+Q3:2..'l''OE+Q3

:2..:2OE+04 i/..'i7 HE+03

'4..3.QE+Q3 %.~'QE~Q2

9 .30'E+Q3 3 .DOE+03

H .'5QE+M 1 .30'E+02

3..9QE+02 7..2QE+02

4..$DE443 4..40E+03

2.3'OE+Q4 3..3QE+QA

3.14~A 3..3QE+Q4

O.QQEAQ S..IDDEN

:2..%UEHr2:2..90EW2



HAUN 1)ATE:: i[ 22"MV-31 AT 10::31::Hli)

.'MULTIPLE TYPE:A:PHACKAGES - Il'EDICATED TRUCK, E'A'CKED 308A'Y

iPAEE

:RELEASE lIELA'TED:DATA

.ACCIDENT:BATES g'ER:I51)

NODE:RURA'L SUBURBAN 'URBA'N

'TRUCK 1.402E Q~/:2.881m~08 1.339E-Q5

|IEL'EA'SE FRA'CTTONS

AGGROUP SEVER:: 1 'SEVER:: 2 SEVE'R:: 3 SEVER 4 'SEVE'RI 3 SEVER:.'8 SEVER:: Q1 rO.'DOE+90 1..'0'OE 02 1 .SQE~QT 1 .'ODE Ql 1..MIE~QQ 3..'DQE~QQ 1.IDDEN)Q
:2 '0 .'0'DE+DO iQ..|DOE+DO 1..'DOE=0'2 1 .'0'OE.-Q1 l..'DQE+QQ T..~DOE&0 1 .tOQE+5)

GROUP

1
/2

SEVER:: <B

1 .'M'E+QQ

1 .HIE~'00

'ZONE

2/

3

IZONE

1

3

ACCTD'ENT SEVERITT FRA'CTIONS
IFOR 'TRUCK

SEVER:: 1 SEVER:: .2 :SEVER:: 3 'SEVER:: 4 :SEVER:: 3 SEVER:: '6 SEVER': "t
4..42E"43. 3.I02~~01 1."~li8E~OT '4.'03E~D2 1 .TIBE-02 I8. '4'7~E"03 3.70;E~04
4..3'3E-I01 2..!B5~1 2,.F1'E~l 5..I08g~02 '8..t84E~03 l.,ji4E+3 !$.,7i.2E~'5
3,.33E-'Ol 3..i82~1 i2.. i7B'E02 I8.38~F03 7t,.'4'2EO'4 3..'4'BE+4 3...13E+'5

'SEVER:: 'B

3..03~4
5 .'.93'
9.34~0



RUN DATE:::[ 22 'NGV M. AT 10::51::50j]

MJLTZPI'E TYP:E,A 'KWCKAGES - QEDTCATED TRUCK, IiA'CKED ARRM

AXROSOLIZED FRACTION 'DF REL'EASED MTERTAL

iDZSP 'CAT

3

3

l7

'8

!D'XSP iCAT

2
3

3

/7

3.ID

31

SEVER:: 1
~O..iQDE+DQ

3,0QE 0'2

1,'DDE 03.
1 .'OQEHH10

1...ME+'.0'0
1.MEWQ

1..'QQ'EHIDO

:SEVER:: 0
iQ..ME+DO
1 .ME+DO
1.'ODE 2
'<.ME 0'2

I..MEWl
1 .iQQ

EH'..lOOEH40

1 .iOQEHiOQ

I.ME+DO
1.ME+DO
T,MM)Q

VER:: .2:SEVER:: .'3

iD .MEHlQ iD .iDQE+QQ

1..@QEHQO l..iOQEHQQ

1 ..!QQ'E-Q2 1..ME Q'2

3.IDQE-'02 3.ME-D2
1.!0DE '0l l.i'-%1
1.'OQEH'OQ 1..IDDEHiDQ

1..MEH.QD l..lOOEHOl)

1 .lOQE+DQ l..'OQ'EHiDQ

l..iDQEHQO l..iOUEH0'0

1.'DOE+DO 1.'DOE+50
1.'QQ'EH DO 1.DD'E+00

'SEVER:: 4 'SEVER:: 3
ID.MEHiDQ iD.A)MHM
1.,ZIDEH'DQ 1.MEHIDQ
1 .<OQE~Q2 1 .IOQE "02
3.'0'OE-'0'2 3.ME~02
1 TIO~l 1..IDQE Ql
1.MERE 1.IDQE+'D0
1..DOER 1.MZHDO
1 .iD'DE+DO 3..ME HiDQ
T.MEH'DQ 1..ME+90
1 .iDQ'EHO A.IOQE+DQ
1.'OQE+QQ 1..MEHQQ

.'SEVER:; i'6 iSEVERH 'i7

Q.MEHM <O.IDDEHM

1 .MEHiOQ 3..IDDEN'0
1.ME&2 3...30~2
5,iX~2 3.I00~2
l..iQQE Ql ?L,.IDQE 01
1 IDQEHiDQ 1.IDOEHQO
1I ..MEHM 3...IDQE+00
l..iDQEHQ'0 1..IDOL)0
3. ROE+DO 1..IOQEHiDD

1..MB@Q l...!0'OE+QQ
1 .ME+00 1 .DQEH'QO



:RUN:DATE:: [ Z2-'NOV='9l AT 1'Q::31::50ij

MILTIPL'E TZPS .A PACKAGES -:DEDICATED TRUCK; 4'A'CKED ARRAY

':PAGE

YRA'CHION OF AEROSOI'S 'BEL'08 1'0!HXCRONS A'BD

IDISP CAT

'7

'-9

1!0

ZIISP 'CAT

:2

3
'6

7
iS

'.9

AD

1ll

SEVER:: 1
'0 .'OQE+QQ

3.ME-02
S..ME"Q2
3.M~2
3.iOQE 02
3"iQOE
l.iQQE+M
1..0'OE+Q'0

l.'OQE+QQ
1..'DQE+Q0
1 .QQE+QQ

:SEVER:: '8

~O..'OQE+DQ

3 .~QQ E-Q2
S.MB&2
3.iQQB"Q"2
3 .lOOE"Q2
3 .IDQE-'02
3...MBH4Q
1,.ME+OQ
<..IDDEN
Z..ME+M
1..

ID'DEISM

SEVER:: 2 SEVER:: 3
'0..'DOE~0 (Q..iQQE+00
S..IQQE-Q2 3..4QE-42
5.'QQB Q2 3.ME~02
3..iD'OE-'0'2 3..ID'OE-'02
3..IDQ~'2 S.MIE Q2
3..lOQE '0'2 S.ME-Q2
1..MEHQOI 1..ME+M
1.ME~'OQ 1.lOOE+QQ
1..QQERQ 1 IDQE<QQ

1 .IDDE+QQ -1 .'QDE+QQ

1.'QQE+OQ 1.'ODE+QQ

'SEVER:: II SEVER:: 3 SEVER:: i6 SEVER:: "7

iQ..ME%)Q ID..MEH)0 ID..MEili60 IO..IDDEN
3.ME<2 5.40~2 S.ME-'02 3.IDQE-Q2
S.IOQE-'02 S..ME-Q2 3..ME 2 3..MB Q2
S.IDDEN 3..ME-Q2 S.IODB"02 S.MB<2
5.MM)'2 3.IDDEN 3.IDQE M S.IDDEN
S.IOOE"'02 S.ME 02 3.ME"02 G.M~2
1.ME+M D..IDDEN Z.IDDEN 3.NOEAQ
I.MEWQ 1..MEIICQ 1.IDDEN)Q ~1..MEIIiDQ
1.'QQE+QQ 1.50E&0 1..iO'QE+'00 1.ME+M
1 .ME%'0 3...ME+M 1 .IDQE+0Q h .IDDEN
1.ME+00 1.IO'OE+'OQ 1.ME+M 3..iQQEiIIDQ



:RUN .JATE:: ',[:22-:NOV-91 .AT IO::51::50]
:MUL'TIPI'E TYPE 2 KlCKAGES —DEDICATED TRUCK,:PACKED ARRAY

PAGE 1'2

COST RELATED Z)ATA

.EMERGENCY RESPONSE 'COST

:SEVER:; 1 :SEVER'. 2 :SEVER;: 3 :SEVER:: 4 :SEVER:: 5 SEVER::;6 .'SEVER:: '7

:2..DOE+01 4..!DOE+02 5..'ODE+'02 S,DOE+'02 1..5'DE+03 1.70E+03 :2..1QE+03

.SEVER: 8
:2..'50E+03

'ON".SCENE COSTS
(RF=:RELEASE:".RECTION)

'«0. 0..<RF<«..'01 ..'01<RF<«'0..1
:250.. !24DO,.:24'00,.

.,1<RF<«1,,
50DO..

5-3'9



:RUN I)ATE;: '[:22-:NOU-91 .AT 1'0::51:<50 j
MULTIPLE 'TWE A PACKAGES —DEDICATED 'TRUCKS PACKED .ARRA1

:HEALTH RELATED DATA

ZA'RL'Y 'ZATALIT I'BOBABILITIES

30SE (tREM)
100000..!ODO

800DO..'.000
70DOO..OOD
40000.000
30000..<900
:25000..'QOO
:20000..':000
1'ODOO..'000

80DD..OOO
6000..000
'4000..'000
3000..!000
2000..<000
1000..:000

'800..900
700..':000
600..ioDO
59'0..<900
400..'000
:390..<000
1'Do..<0'00

/5..~900
5'0..'ODO

30..<000
1'5 ..<O'D'0

:5..<000
1..<000
(0..1'00
!0..(D1'0
(O..iol'0

1UNG-1
1.,90DE+00
1..!DOOE+OD
1..'OOOE+00
1.,'OOOE+00
1.,9DOE+00
1..000E+00
1..000E+OD
6..'0'0DE-01
1..000~-01
6..000E-02
S.,QOOE-92
0.,'00'DE+ 0 0

'D ..'D0DE+9'0
'0..'DODS+00
'0.,'QOOE+OD

:0..'.OODE+00
'0.,'0'D OE+ 0 0
'Q..ioo'DE+00
'0 ..'00'0E+'0'0

'.0..<ODDS+90
'0,.'DOOE+'Do
<0..'DDOE+'00
<D ..!0'DOE+DO

<0..!DOOE+00
<0,.':OOOE+90
(0..<DODS+00
<0..'9'DOE+00
'0..'.OOQE+00
<0..'DOOE+'00

<0..!ODDS+90

IONG-2
1..'OOOE+DQ
:8..500E-'01
'8..'QOOE-'01
7..'DQOE-91

5..900E-'01
:2..'DOOE-01
8..:0DOE-'D2

'D..ioooE+'00
<0..<OOOE+'00

0..'OOOE+90
'0 ..'0D OE+00
'0..'DDOE+'00
'9 ..'DO'DE+9 0
'0..'ODOE+00
0..''OOOE+00
'0..!D'0'OE+'0 D

'0 ..(00'DE+00
'0..'DOQE+00
'0..<OOOE+00
<0..!000E+90
<0..(OOOE+00
io ..!D'0'OE+'00
io..:DDOE+00
'0 ..(00'OE+'00
io..(OOOE+'DO

(D ..'D'0'OE+!0D

io ..<0'0OE+'0'0

!0..<OD'OE+OD

(0..'.OOOE+!Do
(0..(DODE+00

L'UNG-3

1..000E+00
!'8 ..<OQDE-'03.

5,.<000E-'01
'0..'ODQE+00
'0..<OOOE+00
'Q..'OOOE+00
<0..'.OOOE+!00

0..'OOOE+99
(0 9'DOE+00
'0..!DDOE+'00
iQ..QDOE+00
<0..<OODE+00
<Q..QDQE+'00
'0..'9DOE+00
'0..':OOOE+'00
<D ..''0 DOE+'00

'0 ..i'0'0DE+0 D

<0,.'.0'DOE+00

(0..'0DOE+0'0

(O..iooOE+!00
(0..<OOOE+00
<0..(OOOE+00
(0.(000E+'00
(0..<000E+00
!0..<D'DOE+09

<0..(OQOE+00
<9..<QOOE+00
<0 ..(0 DOE+'0'0

<0..<0DOE+'.0'0

(O,.<OOOE+OO

.'MARROW

1..(ODDE+OD
1..<DODE+00
1..QOOE+90
1..(DOGE+90
l..'OOOE+00
l..''OQDE+9'0
l..'900E+'00
1..900E+00
l..'ODOE+90
1..:OOOE+'00
l..'OOQE+00
1..'OOOE+'OQ

1..'OOOE+99
1..000E+00
'9..960E-91
9..!OOOE-91
4..<DOOB-01
'"..(OOOE-92
io..<ODOE+00
<0..'9DOE+90
<0..<OOQE+'00

'0..'OOOE+00
'0 ..900E+'00
<.0..'DDOE+90
!0..<DDDE+'9:0

!0..(00'OE+'00
<0..'(9 DOE+'00

(0..(DDDE+00
<0..(OOQE+!00
<0..(OQOE+.'00

5-9'0



:RUN D™~::'.[ 22-.'NOV-31 AT 19::91::50j
MULTIPLE TT Z .A PACEAGES —DEDICATED TRUL(r PACKED ARRAY

PAGE 14

DISPERSAL .ACCIDENT INPUT

rAREADA

(M .SQ)
.4..380E+02
1.530E+03
3..949E+03
1,.259Eq04
3,.0%DE+94
6..:850E+04
l..7'GOE+9'5

4..450EN05
'8..590E+'05
2..5%DE+06
-')..450E+96
" .OBOE+07
",.1GDE-i07
.=..:TOE+97

DE+9'8
4 ..'39DE+9 8
B..I"-DE+08
1.,350E 09

DILUTION
FACTOR"

3 ..'420E-'03
l..720E-93
8..580E-04
3..4'20E-94
1..'720E-0'4
'8.,5'8'OE-'05

3..4'20E-'95
1., l20E-05
8..5'BOE-96
3..420E-'06
l..i/20E-QG
9..380E-'07
3..r4'29E-D 7
1..'729E-9'7
'8..980E-QB
5..420E-QB
4 ..3'0'OE-O'8
3..420E-Q'8

* Z)ILUTZON:r ACTOR UNITS .ARE !(CI'-3EC/14~"3i/<Cl-:REL'EASEDi)

ZION-DISPERSAL ZiCCIDENT INPUT

'RURAL

3..(039E+90
6..1'OOZ:90
9. 1!DOE+0'0
1..229E'l
3...92'OS+01
3..959E+Ql
~'6..I'O'OZ+Ql

9..1%DE+01
1..324E+92
3..$5QE+92

RA'DIST�

((M)
ZUBURBA'N

3..!05'.DE+90
(6..1'.OQZ+QQ
9..1'0'DE+00
1.,229E+01
1..329Z+Ql
3..(DBQB+01
'6..9/DOE+91
9 .3.'4'.DE+01
1..52'AE+:02
3..(05QE+02

'tiBA'N

3,/OBOE+09
(6..1'DOE+09
9..1'DOE+09
3..22'0E+;01
1..52,DER%3.
3.lD5'OE+Orl
'6.199E+91
9.,14'OE+QT
1 .3'2'+:0'2
3..(0'59EK'2

(BUILDI~NG iDOSE 'TACTOR

H(ACTION (OF ~ KJNDER (CULTIVA'TGZION

lCONTA'MINA'TION (CLEAN !UP REVEL ((VCI//A*~2))
S)REATHI''NG I(ATE ((M~"3//9ECi)

= S.%DOER
= 3..(999E-QT

2..(OQQE-'03.
~ 3..399E~04



:RUN DATE::;[ 22-:NOV-91 AT 1'D::51::50.]

M7L'TIPLF. TYPE 4 PACKAGES —IJEDICKMD 'TRUCK, PACKED 3QEAY

PAGE 15

REGULATORY 'CHECKS

THE SHIPMENT 'OF :H3WTR BY !MODE 1 ZS DESIGNATED JKS ZXCIiUSIJJE 'USE
BUT ZS 1JOT:REQUIRED 'TO 3':SO IJESIGNATED BJY 3JEGULATIONS

'THE SHIPMENT 'OF 'CLJJORG:BY !MODE 1 ZS MSIGNKTED A'S EXCLUSIVE !USE
'BUT ZS '!NOT 3JEQUIRED 'TO BE SO DESIGNATED 3JY 3JEGULKTIONS

'THE SHIPMENT 'OF P32 BY!MODE 1 ZS 1)ESIGNATED A'S ZXCL'USIVE USE
:BUT ZS!,NOT REQUIRED 'TO 3JE:SO DESIGiVATED 3Y 3JEGULKTIONS

HE:-SHIPMENT 'OF 935 BY !MODE 1 IS:DESIGNATED .A'S EXCLUSIVE !USE
:BVT IS JJOT REQUIRED 'TO:BE:SO 'DESIGi'LATED BY 3fEGVLA'TIONS

:FOR THE:SHIPMENT 'OF 'CA4'5 BY <MOD'E

'THE IJOSE:RATE !KT:2 METERS 'COUIiD EXCEED 1'D .'MR'/HR

PPS~TI:HAS BEEN IfESET 'TO:EQUAL 11..9U

FOR 'THE SHIPMENT <OF 'CM5 BY RODE 1
'THE iDOSE iRKTE 1N 'THE CREW 'COMPARTMENT 'OOUIiD EXCEED 2 IMREM/iHR
'THE !DOSE iRKTE iHKS 3JEEN RESET:FROM 14..91'TO 2 FOR <CREW <CAIfOVLKTIONS

'THE!SHIPMENT <OF <CR51 BY ROUE 3. ZS !DESTGNA'TED iA'S iEXCIJUSIJJE USE
3JUT ZS !NOT iRBQUIRED 'TO iBE:SO iDES1GNATBD iBY BJBGULKTIONS

'THE SHIPMENT 'OF <GA'67 BY !MODE 1 ZS IDESTGNATED A'S ZXCIJUSTJTE !VSE
3JVT ZS RIOT 3JEQUIRED 'TO!BE;SG !DESIGNATED !BY BJBGULKTZONS

THE SHIPMENT 'OF JM099 BY <MODE A ZS !DES''GNA'TED 3f'S EXCIiUS1VE tUSE
iBUT ZS SOT 3<EQUIRED TO BJE 30 Z)ESI<GiVKTED BJY IREGVLKTI~ONS

'THE,'SH!VPMENT 'OF Il'25 BY !MOD'E 1 TS fDESTGNATEB AB !EXCL'USZJJE !VSE
!BUT TS STOT IfEQUIRED 'TO EE .'SO iDESIGNKTED IBY MGVLKTZ'QNS

'THE,'SHIPMENT <OF 113K BY <MODE R ZS iDESIGNA'TED !AS !EXCIJUSZJJE !USE
iBUT ZS !NOT BJEQUIRED 'TO~ iBE .'SO IVESl~'WKT<BD iBY !REGULATZO~NS

'THE SHIPMENT <OF 3ZJL33 9Y EODE il TS iDESTGNATED i'EXOIJUSZVE U<SE
BUT ZS !NGT BJEQU~~D 'TO <BE SO IDESIGifKTED !BY!REGULATIONS

'THE SHIPMENT <OF 'TL'2'JY !MOD'E 1 ZS1DESIGNKTED JKS JEXCIIUSIVE !VSE
BJVT ZS JNGT fREQUIRED 'ZO lBE K) IDESIt~GNAJJ!ED !BY JREGULATTONS



MN Z)ATE:: ';[ 22-.'NOV-91 EAT TD::31:::50j]

MLTZP1Z TYPE .A PACKAGES - QiZDTCATZD TRUCK, PACKED iARRAY

PA'GE 16

140DZ TRUCK

1-'YEAR liUNG QOSE —TN~ON PATHWAY

ZDF = 1 !gEH)

.AREA 0
1
2
3

6
7
:8

9
1'0
11
1'2
13
14
1'5
1'6
1'7
1'8

EA 4

2
3

9

l7

:8

9
1'0
11
1'2
13
14
1'5
1!6
Ti7
A'8

SEVER: 1
iD ..!DQE+QQ
9..!DOE+'00
!D..!ODE+'09
!D..iDQE+QQ
!0..iD'DE+ DQ

!D..iDQE+90
i0..'0'OE+QD
'9 ..'OQE+90
'0..!DQE+QQ
'0 ..'0'DE+90
'0..:DOE+'00
:Q .!0'OE+'O'D

!0..!QQE+'00
iQ..iOOE+QQ

'D..QQE+D0
'D ..!0'DE+09
iQ..!DOE+00
'O..iD'OE+QQ

'SEVER:: !8

9 .19E&QQ
.'2..618+09
1..2i7Z+QQ
'4 ..90E-'01
2'33Z 01
1..1'2E:01
A..25Z-92

'2 ..iDKE-'02
!9..36E-:03
3..34Z-93
l..i6il'E-93
i7..i65E-94
2.,f83EW4
1..33E-94
!6..!99E-93
3 .25E-'03
1''98E-'D3
l.3'OE-95

,'SEVER:::2
1..38E-Q3
!6..93E-94
3..3i7Z-Q4
1..3QE-94
i6..25E-Q3
2..98E-03
1..1'SZ-93
3.,33E-Q'6
2 . '49Z-'0 6
'.9..41~=9 i

4,.29E-Q i7

2,.i03E-Q 7
'7i ..92E-08
3..5'4Z-QB
1,.!62E-'08
iB..:65'E-99
3..28E-99
3..45Z-Q9

:SsiZR:: 3
i6 A4E-92
3..23E-Q2
1..372-92
i6 .'07i.E-93
:2.,'91:E-'.03
1..39E-'03
5..:22Z-'04
2,.49E-94
1..1'6E-Q4
4 ..3BE-'05
2..'OOE-93
9..48E-96
3..3QE-'.06
l..65Z;.06
i7..34E-:0i7
4..93E-Qi7
2,.4'-97i
1.,61=='07

SEVER 4
E-Ql

2..!61E-91
1..Zi7Z-91
4..9QE-Q2
:2..33E-'02
1..12E 02
4..25Z 93
2 ..i01Z-93
9..36EQA
3..34E-'DA
1 .61Z-Q4
7 ..65Z-'.03
2 ..i83E-93
1..33E 05
'6,.!09E-96
3..25Z-96
1.98E 06
1..3'OE-96

'SEVER:: 9
3..19E+!QQ
2..61Z+'DQ

1..:27Z+'OQ
4..90E .01
2..35E-91
1..12E 01
4l ..23E-'02
2..'91E '02
9..36E-93
3..38'E-93
1. !61K-93

7 ..65Z-Q '4

2..i83E-;04
1,.33E-Q4
!6.,i09E-Q3
3..25E-'03
1..98E U5
1.3QE-Q3

SEVER:: '6
9..19E+90
2..$1Z-+DQ

1 .2(7E+99
4 .90E-91
2.35E-Ql
1.,1'2E-91
'4,25Z-'02
2..!QAE-92
9..36E-93
3,34Z-Q3
1..!61Z-Q3
i7.,!6'5E-Q 4
2..83E-Q4
1.,3'SE-94
6,i09E-93
3..23Z-'03
2 .9'BE-Q3
1.3QE-Q3

SEVER:: il

5 .19E+!0'0
2..!BIZ+99
A .27Z+'09
'4..9QZ-'01
2.33Z-91
1'1''2E-'01
4..25E-'D2
:2..(01Z-Q2
9.,36E-Q3
3.94E 93
2 %1E 93
7i.,!65E 94
2 .!83E-'9'4
1 .33E-'.04
B.i09E-93
3 .23Z-93
1..98E&5
1 .3QE-'03



:RUN DATE.:;[ 22-'NOV-91 AT 10::51::50',t

MLTIFIE TZPZ A KACKAGES - I/EDICATED MUCK, PACKED MRS

l'AGE

I-YEAR 24ARROW QOSE - INRA'LATION BATHWKY
:BDF = 1 ((REMj

ZA 4/

2
3

3
6
./

:8
9

lrO

11
1'2
13
14
1'3
1'6
l7i
.1'8

mEA:4

2
3
4
3

i7

(8

9
1(P

1'2
13

l4

2'6
1l7

SEVZR:: 1
'0..'DOE+'OD
'Q ..'DOE+0'0
i0,.(DOE+00
(0..'WE+DO
rO..QQE+QQ
iQ..(Q'DE+00

iQ ..(QQE+Q0
iQ..(DOE+00
(0..rOOE+D'0

(0..(OQE+QD

0..(QQE+QO

(Q..XIQE+0'0
D..iQ'OE+QQ

(0 ..(O'0E+QQ

(Q..iQQE+QO
'Q..QDE+'.DQ
'0. QQE+QQ
(O..rO'OE+Q'0

'SEVER': (8

4..32E~Q2
2..1ilE M2

I..(03E"Q2
4 ..(O'BE-'.03

1.96~3
9 .3'2E-Q 4
3..34E 04
1.%BE~QA
il.."il9~3
2..94E~03
1..34Z 93
(6..3')7Z QG

2..35E 06
1'"B-'1'EQ6
3..(0'7iZ-'0"il

2"7ii.'E 07i

1..(65E~07i
B..(0'BE 97i

SEVER:: 2
9..32E-Q5
4 .'78E-Q3
2.32E-Q5
'8.99E-DG
4 .31E-'06
2..(03E-QG
'i7..8DE-D7i

3..69Z-Q7
1..i72E-'07
6..49E-QB
2.96E-QB
1 .41~=08
3 .2DE-D9
2..r4i5E-Q9
1 .12E-'09
5 .99E-"'.0
3..iGGE-10
2 . '4QE-10

SEVER:: 3
1..29Z-Q3
'6 A7iZ 04
3 .13E-04

I 22E 04
5,94E-Q3
2..i7BZ-05
1.4/GE-05
5 ..0'OE-'D 6
2..33E-06
:8.,79E-Q l
4 .'DIE-0 i/

1,.90E-Qi7
/.,i03E-08

3..31E-Q'8
1.3:2E 0'8

iB .1tQE-'09
4.937;09
3 .:24E-09

SEVER: 4
4 .3'2E~Q3
:2 .17:E-03
1 'QSE QB
4 .QBE-04
1 .9'GE-04
'9..32E-Q3
3,.34E-Q3
1..GBE-05
'7i,. i79E 06
2 .94E-'0'6
1..34E-Q6
'6 ..37E-Q7i
2..35E-:0/

1..11E-'07
5..(07E-QB
2.."il1E-QB
Z.,KZ QB
1.,(OBE~DB

SEVER". 3
4..32E-'02
2..1i7Z-'0'2
l..(05E-'02
:4,.(OBE 03
1..96E-'0'3
9..32E Q'4

3..54E~Q4
I..%BE-0'4
i/,.i79E Q5
:2..94E-'0'5
1..34Z-Q3
t'6..3~i,:~=QG

2 ..33'E-'D6
1..1'lX-06
5..(07iZ-Q'7i

2..7iB.Z 0'i7

1..$5E-Qi7
3,.(OBE-'.Oi/

SEVER:: 6 SEVER:: '7i

'4..32E-Q'2 4..32E~Q2
2.1/Z-0'2 2.17iZ-Q2
l..iOPr, '0'2 1..(03E-Q2
'4..(OBE-Q3 ~4..rQBE-%3
1..96F-Q3 1..96E-Q3
9.32E-'D4 9..32E-Q4
3.34E-QD 3.34K 04
3..i68E-D4 I,.tGBE 04
'7i. i79E-05 'i7.. i79E-05
:2..94E-Q3:2..94E-'03
1 .3'4E-03 1..34'E 05
i6.37Z-DG (6..37K QG
2..35E-D'6 2..3'5E 0'6
l..ITE-QG 8 ..1'1Z 0'6

5 .(07iZ Oi7 3 .(07K-Q7i

2"7i1% 07i 2,7iiZ
1..(BPr'i/ 1..I65E '0'7

1..(OBE-Q7i 1..(DBE-Q7i

5-9'4.



:RUH DATE:: i[ 22-:HOV-'91 .AT 1'9::51::5911

1TJPLZ '~Z -A PACWGEB - Z)ZDICA~ TRUCK, PACKED 3tRRAT

PAGE 1'8

14ODZ TRUCK

GROUND SURFACE ''CONTA'MINATIOH TABLE t(MI'ORO Zl/24*~2i)
SEFORZ <CLZA'NUP

AREA 4

'8

3
19
11
1'2

13
14
1'5

MZA -4

1

4

l7

(9

.lIO

ili2

13
8,4
85

B.~l

3.%

SEVER:: 1
C) ..QQZ+99
~Q..QDE+90
S..C)QZ+QD
D..tD'DE+DO

S..C)DE+90
4I..QQE+QQ
%..4)QEWQ
iO..SUE+00
%..ME+9'0
!O..%DE+00
Q..CSE+DQ
(O..ME+00
ID..tDQE+09
4l..C)QE+'QQ

'O..OQE+DQ
Q..QUE+QQ
4..ME+DO
LQ.,4IQZ+QQ

SEVER:: S
5..39Z+03

3...'41E+03
5.,47iiE't%2
2..$2E4Q2

4 ..V SEW'.

~2..r28IE~
1..4~2

SEVER:: 2
1 .25Z+90
S"2$E Dl
3..'JJ4Z-Ql
l,lSE-M.
5.%4K 'D'2

3..%9E&2
1..9'2E-92
0 .83E-93
2..25Z 93
<8.4'9Z-04
3..:87Z-0'4
R..SAE-94
6..7~BE-05
3 .2DZ-95
1.4'6E 95
)7..8QE"'06
4 .i/i6E-'Q6

3.11E 9'6

SEVER;: 3
6..32Z+QT
3.,-4 IE+01
1 .'69K+'03.
6..53E+90
3 .13E+QQ
1A9E+QQ
5.'67>Z QT

2.6BE 9%
l.,:2~&-91
4. i1~=92
2..15Z M2

1 .'02E-'0'2
3.~/iT'E 03
1 . i7BE~93
8 .11K-94
4.33E 04
2..'64ZW4
1.73~8

SEVER:: 4 SEVER:: 5
5..SUE+92 5.lBQE+'03
'2..31Z+'02:2 .3ZE+63
1 .41Z+92 1 .:41'EH%3
5..47~rE+01 5..'4rlZ+92
2..%2E+01 2..62E+62
1.,25E+6'l 1..~2
47 .il5E+90 4 ."TSEH%1
2..:2'5E+00 2.,25Z+M
1..'D5Z+09 1..95PVOl
3..35Z-91 3..35'E+QQ
1 .BQE-91 1 .SQE+QQ
S .54F 92 8,54Z "Ql
3 16E~02 3 Kr6~1
B..A9E~02 1.'43E M.
S.SQE 03 %.$0~2

SEVER;: %

5 .i89EH1)3
31ZH'03

5 A7Z+92
2..$2E4%2
1.25E+02
47 .'r75E+M
2 .25X+03.
1.'55Z+01
3..35Z+00
1..80Z+R
l8..54Z&l
3..1t6E;Dl
1..4lM&1
S.SQZ '0'2

3..$3E 02
2 .Pl'E-9'2

SEVER:; V
3 .iBQE+03
2..32ZWQ3

5 Ai7Z44)'2

g.,i62E44l2
125Z44)2
4, ~GBHDT
:2 .25E+M
1..'05EH41
3..35E+99
1,80E+DQ
%..58Z-Ql
3..ME-QA
1.43Z Ql
'6..80~'2
3.r65E 92
2..:21K&92
1,.45ZW'2



RUN DA~~:: i[ 22-:NOV-91 .AT 1'0::31::3'0j]

MULTIPLE TIE IA ZXCEAGES —DEDICATED TRUCK, 'PACKED ARRAS

PAGE 1'9

INCIDENT-FREE SUMMARY

INCIDENT-FREE 9QPQLA'TIQN EXPOSURE ZN PERSON-1IEM

PA'SSENGR <CREW S3DIDLERS QFF I INK ~ON Z1NK 'STOPS STORAGE TOTAL'S
1TNK 1

IHSWTR

C14QRG
832
$35

'CAR'5

!CR51
'GR'60

1HO99
I125
T131

7ZE133
TL201

'0 .iQ'OEHQQ 9..9M+90
4..90EHQQ Q..IDDEN
iQ..QQE+00 IO .IDDEN
''0 .'QQEH'00 9..'QQEH'90
4..DOE+90 1..:26E '01
':0..QQE+'DQ IO..IOQEH'00

IO..DOE+90 '0..!OQE+90
tQ .'9QE"HQQ 'D .<OOE+00
4..:03E+0'0 'Q,.IQM+90
4..90E+90 '9..(OQE+QQ
l0..00EHXIQ 4 90EH90
'0 ..'QQEH'90 iQ .IO'DE+00

IO..IODE~QQ Q.IOQEHQQ 'O.,IDDEN %..IDDEN IO..IDQEHt00 IO..IOQEHQQ
4..DOE+90 IO..IOQEH'DQ IO.IDDEN C)..IDDEN S.IOQEHQQ IO..IOQE+00
'.D..''OQE+00 %.90EHQQ Q.IDOL+00 tD.!DOE+90 IO..IDDEN IO.IOQEH90
ID,.DOE+90 '0..!OQEHQQ Q..iOQZ+00 Q..IOQEHQQ IO..IDDEN IO..IOQE+00
'9.90EH'JJQ di...21K-02 1,32~1 IS.IOSE-01 IO.IDDEN 1„10EHQQ
IO..QQE~QQ Q..ME+M 9..90EHM 0..90EHQQ IO..IOQZ+00 Q..IOQE+M
0.,'DOE+90 'D,ME+00 'Q.,IDDEN)0 ID..IOQE+00 IO..IO'DE+00 9..IOQEHQQ
lO..'DOE+00 IO..IOQEHQQ 'Q..IDDEN 4..'WEHIOQ IO..IOQ~Q IO..IOM+00
ID..QQEHQQ ID.l90EH'90 '9..9QE+90 IO.IDDEN IO.IOQEHIQQ IO..lOQE+90
iQ..<QDEHQQ IO..XIUEHQQ Q.IDDEN I0.90EH90 IO.IOQEHQQ IO.IO'OE+00
IO...OQE+90 tD..~DOE+09 9.,9QE+M IO..IOM+M IO,.IOQMDQ IO..IOQEHQQ
(O..QMHIDQ >Q..DOE+00 |O..IDQE+DQ (0.50E+00 IO..tQQEHQQ IO.IOQEH'00

TOTAL'S:: I) .90E+00 1.2'GE-91 IO.'QQE'+QQ 4.21~2 1.32E 01 S.IOSE&1 IO.IODE+QQ il..1IDEHQQ

IMA'XIMUM INDIiVZiDUAL TN"TRANS1T ID'OSE

iL1NK 1 2..5'Q~'6 t1MM



:RUN I)ATE:: i( 22-'HG!/-91:AT 10::31::30ij

MJL'TIPI'E TYPE A PACKA'GES - DEDICATED TRUCK( RA'CKED A'RRAY

TNCIDENT-FREE IMPGRTA'NCE A'NALYSIS SUMMARY FQR LINK
(( (('((((*'(('(('(('g(('((4 (((('((4(((('(('((W*((W((((1c'k ((**'(vk't%"k ((4*40*P 4 '((((4*'k*t (l'((

INDEX (DESCRIPTION 'OF RA3XMETER IMPORTANCE

1
2
3

1iD

11
,(

T3
1'6

i(

1'8

2Q
21
:2'2

(25
(26
X~7

23
23
3Q
3T
3'2
33
34
33
3!6
3 I/

3B

QISTXNCE TPAVELED
!NUMBER (GF SHIPMENTS
RACKXGES RER 'SHIPMENT
IIQSE RATE ((TRXNSPQRT 1NDEJO)
!K:ZERG
:STOP 'TIME
PERSONS EXPOSED 'WHIKE STOPS!D
FRXCTIQN 'QF TRAVEL - SUBURBXN
'HUMBER 'QF PROPS Pi':ER VEHX'CLr.

!NUMBER!OF CHEW!MEMBERS
TRAFFIC 'COUNT - SUBURBAN
:FRXCTTGN 'QF TRAVEL - RURAL
'FRACTION 'QF RUSH !HOUR TRAVEL
:PGPULATTGH DENSITY —'SUHURBXN

SUBURBXH SHI-Ii1JI'NG FACTOR ((RS!)
TRAFEC(C (COUNT - !RURAL

FRACTIGN IGF TRAVEL - 'URBXN

TRAFPTC (QTJUNT - IURBXH

79XCTTGN (GF 'TRAVEL ~GN!CITY SmREETS
!RXTTG (GF (PEDESTRTA'N IMNSTTZ ((RPD))
nePIJLATZGN !DENSITY —IURBXN

RGPULXTIGN MNSITH - RURAL
(RJJRAL SHIELQGNG FACTOR (((())
IURBXN SHTEI!DING iFACTGR ((RUi)

IHAMJI/ER !EXPQSURF IDKSTANCE

INUMBER IGF REP'SGNS FZPGSED IDIJRING STGRME
!NUMBER (GF FLTiGHT iATTENDXHTS

(PMRSGHS F(XPGSED IPZR !HANDLING

JYEXPOSHRE TIME iFGR IHXHDIJERS

IDJJSTXHCE FROM SGURCE TO CREW
'STGRXGE IEKPGSURE IDIiSTXNOE

!NUMBER (GP !HA'NDI iENGS

STGRXGE TIME TZiR SHmPMEHT

VEIIG(CITY - IURBXN

VEIIGCTTZ - MBURBXN
VEIIGCTTZ - RURAL
FRACTHJN IGP 'TRAVEL (GN IF(REEWAYS

JEXPGSURE mZSTXHGE IWHTI!E 'STGPRED

1.1'03~2
1.T(03E-Q'2
'3 .77(9~3
9'7(7«QE 03
9.i7(7'OE '03
i8.ZI32E&3
3(..!03'2~3
1 .903~3
1.317:EQ3
1.:261E '03

1) .63QE-QA
IJJ .232E '04
''4 .1<6'6(~4
3 .93QE-Q'4
3..iP~OE 0'4

:2.713.~4
:2 .6!64'E"04
1 .327('~4
1..3r/(6E 04
('4 .117((E+5
2.(049~3
3.~42'4E 06
3 .i2'r7AIE "N
~2.487('E Q'6

(O.(OQQ~Q
(0 .(DQQE+QQ

(0.(ODDEST(DQ

IO .(ODDLY!I(OQ

!0.IDQQEW)Q

(0..(DQQE+00
(O..(DQQEK)Q

(O.(DQQE+OQ

(0 .(OQOEII(OQ

. "3..~2e~4
-3,,SB"i7(E&3
-:2.(OQ2M)3
-3.938~3
-1..(608~'2

'mHE TMPGRTAHCE 'JIAIJUE ESTGMATES THE !PERSGN REM TNFiIJUENGE

IGF JA IGNE IPF(RGEHT TNCREASE mN THE K'ARA'METER

5-'.97'



:RUN DATE:: I[ 32-'NOV-31 /A'T Z)431430;]

M/LTZPZZ TYPE A PACKAGES - Z)EDTCATED TRUCK, PACKED AMIA'Y

/ACCXDENT SUMSRY
W'kW*'0'0*k //'k%'~'//'k

lNUMBER IGF EXPECTED XCCTD'ENTS —'AGUE TRUCK

/OA'TE GORY

3
'4

3

7lVRAL
'i7 .I8'6E~D3
3..8:/4E 03
'2..39E '03
/S..I83~'6
Z.IDES
1..1$E 06
3.7/1/E Q8
1..32E 08

SUBURB
'i7,31E~Q'4
4.32E 0'4

3./82E Q4
I8..'7/II~3
il..13E-Q3
3..$1E~DS
1..1/SEW'7/

1 .0'2E~O'8

3 .3~4
2.32E 0'4

Z ./68~3
3../83E<6
~4.3QMP/
IS./8'5E D'8

IS.I83E QB
/6.DATE-M)

IEARL'Y !FA'TALI'CONSE'QUENCES —IMGDE TRUCK

iOA'TEGORY

1
2
3
'4
5/

/7

I8

IRURAL

IO.DOE+DO
ID..IQQEHIDQ

IO..IOQEHH70

(O..QQEH/QQ

ID..IDUEHIDQ

SUB'URB
ID.IDQEHIDQ

IO.<OQE&Q

rO..'IDDEN
IO.IO'OEH/OQ

IURBA'N

IO..IDQE+QO

IO .50EH'DQ
IO NOEH/00
ID .IOQEHIOQ

IO..QOEH/00

IO../DQEH/OQ

ID..IOQEH/OQ

IO.NOEH/OQ

IEUGNGMT/C IUGNSEQUENOES —MGDE

ICA'TEGGRY

il

3
i4

3

/7

IB

i/RURAL

3..'74EH/02
3...3."ij/EH/0 4
IS..'4QEH/03

3 .32EKS
1../02EHIDB
il..ID'2EH/08

il .IO'BEH/0'8

D...ID'2EHID'8

'SUBURB
>2 ~ 7//Q~'2
il .3'SEW'4
'9.Z~7&H03
IS.AIDE+0'8
3...3'4'EH/0'8

P..3'4K+58
1 .3'4EH/O'B

3..3'CHID'8

IURBAN

2 .7/~DEHQ2
'/7 .SiLEHIO'4

il .i29EHIO i7

1/..3'7/K+0'8

3...IS/7/EHIO

8..<6/7/EH/03

il../67//EH/03

il..I67//EH/03



:RUN:DATE:: '( 22-'NQV-Bl AT TD::H.::SO !)

MJLTWI;E TED A:PXCKAGE S - DEDICATED TRUCK, PA'CKED AREA'Y

PAGE 22

CATEGORY

:2
3

3
'6
l7

MMQLQGIQAL tCONSEQUENCES —RODE
30 YEA'R:PQP'ULATZQN ZQSE ZN %'ERSON

RURAI 'SUBURB
S..tDDE+00 '0.'MIEUX
~B..33E-03 9.99E-'03
:2..3'BE"'03 2 .:B'5E-'01
l..t66E-'02 T .3BEID0
1 .'63~1 1 .36Ew'Dl
1 .!63E-Bl 1.36E+'01
T..t63E-'01 1..'96E&l
1..63E-'01 1 .96EO'01

TRUCK

<0 .ODE+00

3..:2'7i,E-'01
t6 .4'4E+00



:RUN iQA'TE:: i[ 22='NOW-M. AT TQ::31::30!]

MULTZPL'E TYPE A:PACKAGES - QED1CATED 'TRUCK; Z'XCKED ARRA'Y

!HSWTR

:HSWTR
'Cl 40RG
Cl'4'ORG

:P32
232
'S3'5

335
'CA4'5

'CA45
ICR31
~CR51
~GA'60

IGA'6'M099

M099
Zl'2'5
Zil.'25

2131
2131

'rXE133
:XE133
'ZL'205.

ZL2M.

:EXPECTED VAL'UES 'DF POPULATION:RISK ZN PERSON REM

'GROUND ZNHAL'ED RESUSPD 'CLOUDSH «INGESTION 'TOTAL

Q..IDDEN'0 ''6.MF;QB 'Q.IQQE+00 'Q.IDQE+'00 <0.<DOE+00 ~6.MiE-QB

Zl .'O'DE+0'0 2.55E-QB 1.1'7E 07 4 /QQEH)Q i0 /lUDM)'0 1 .'4'2E~Q7

ID..tDQE+QQ r2..24E-03 3..i84~6 iQ..!DQE+QQ /O.IQQE+00 2.%BE~05

Q..IDQE+QQ 2.33E-QB:2..i03E'06 IQ./DOE%0 ID.IDQE+'00 '4.3i7E&6

1..'51'F;-13 3.35E-QB 3.41'E~OB 3.ilBE='ll ID.IOQE+'00 '.9.'2'6E"M

'.9..AQE-'.0'6 '8.3'2E '0'/ '2.i67E~O'7 '2.iBH-Q'8 iO.T/'DE+GO B..Cl'5E"0'5

3.,4'BE~Q7i:2.1'I'E-0'0 3.WE-'03 '2. 53E 0'8 Q.IDDE+'0'0 0.3'2E~Q'0

il..iBSE&4 3..~/iBE-Ql 1.28K&3 IB.'41'E-'D6 IQ.,IDQ'EH)Q 3../BQE<4

"/..1, /Ã)7 1.i12E 06 '7."2DE-07 2.'61E-10 <O.IDOE+OQ '2 3'6E<6

i8..I06E&6 '2 IQ'~7E 0'5:2 IDBE-06 12'2E-'00 !Q.tQQERQ 3 IO'9E '0'5

ID..IDQE'4/00 ID.IDDEN <O.IDQ'EKQ '2.11'E 00 ID.IDDEN '2.11'E"Di7

3 .'4'4''0 3..IDEE Q 0 3 .9~7iE 09:1."iTTE~OS tQ WOE&0 '4 .'ATE<'0

TOTAL'S:: '2..<0'4E"04 '4..'2'4E"D4 '2.3.'9E"03 %.81UE 06 ID..ID'OEHQ '6.F68<'4

iNGTE '.THA'T INGEST)N RESK ZS 4 30CZETAL IR1SK7
'THE iUSER IMA'Y IN~X'SH 'IBO 'TREAT YH~IS VMiUE 'SEP O''A't/DELI .



ARUN '-DATE:: ![ 22 le% '9l A'T 1'Q::31::SO jj

MlL'Tj'PL'E 'TZ'P'E 'A 2A'CKMES O'ED1'CA'T'ED TRUCKt " ACKED 'ARMY

ZXPECTED Rl'SK VALUES - cDTHER

ZONK ECDN !EA'RLY
'lS FATAL1TZ

.C.SOB&3 'O.'0'O'Eo'00

TGT3tL 4.SUE<3 cO.cOOE+0'0

lEG~I

;,END cOF .RUN



5 ..'4 <Ou>'teu't >Fll<e '4

>pa'aa 1

jPar e .'2

'The e'ove>r jpage fi's j6he 'same as fm <Ou'tpu't jFll><es ".~l., '2„and 3.
>No't<e <the foU<owle'g i.'mp'o>r'tan't <B'iff<ererrc'e's 'birr 'the <echo <ch'eck
page::

The TXtZJE 1>L>ire >reads jMOiLTtLjFIJE 'ZYPE!A PA<GK~A<GE'S - jDF>DtICATED
">TRU~'K„ iBA<GK>ED ~AWAY.. Th>l<s r'Ln'Bi<ca'tes 'tha't an <exclusr'Lve->us>a
i(<de'B>L<ca'ee'd)> >t>rucjk <shr'r>pmen't <cnn'tal>nr'r>n'g Type lA jpatkages
a>rranged .'ia <a <cd'tal>n jgeoma'try 8s tbei>g dna>ly2<e'B.. Thi's
<exarrrpl<e wa's 'taken f>rom a s'judy jperXovmed tby 'SNL for >the
U»..3. jDepar'rrmen>t <of T>ranspor'ta'ti<on j(Ei>nay <ejt alL..„1'93'8>).
The <a>rray jgeome't>ry ma's <usa'L>n jtha't <sjtudy ~ <cal<cutLa'te 'the
<s'hillman't-1<evel off<et'tr'Lve <Bose >rabat'e >us'ed im 'th'is <exarrrpl<e..
The jpaclca<ge <c'o<n'tan't's and >numbe>rs„>t1avel <dl<s'4'ance„and
f>roc'trLen's <of >taavejL we>re al<sn itaken <direr'tly from >the
isjtudy.,

<2 . jpor 't'h>r<s analyst:s 't'e MMEN values a~ 1'2 3:s'o'topes„<eVi~gh'taccus<dan't.-<sememic.'ty

<c>a>t<egorr'L<es „'two p>'hysi<cal.-8reml<cal jgroup's „
ljo radial area's„an'B 38 <do<vneiizrd <H,special<on area's.. The
3:so'tope miumber 1<s 'taken from jFknley <e't al .. j(3.'93'8)r . The
<e>i<ght-<c<a'eegory act>i<den't-<save>re>ty <scheme from iNt»R>EG-F817>'0 was
all<so >used >by jFJinl<ey <ejt al.. <(1'9'8<8)».. All <of jtha 3:s'o'tope's
were <s cpa>ra'te'B i>n'to 'two tp'hyaii<cal-<cbeml<cal jgroups:: Croup >A

an'd. <Gzo<up 33..

The jpAM f/L<a>gs a>re >unchagged..

l4 Two jpl1+s3 ical--<c'hem>Lc<al jgroup 1>abe1>s„ /A an'B j8„<are >used >r>n

>thurs analysis 'to <Bes3<gna'm:isr>'tope 'cypa's..

'>%he .iso'tope label<s are as'si~gneB as 'shown,.

C6 ..

/7..

The jDWORM>L <a>r>ray vall~es for whi<ch >user-<defi>ried >13...<e..„
~ondMaul>4)) mal>ues awe @~tee'ed are <s'hmm <aft r jth'e jkeyemd
NORMArL.. Xm <addljtl<on 'to q:ntaxfung valise's fo'r fracjtl<o<ns of
'exavel„:fo>r 'eh>l<s yr<obl<em jtha use>r >mu's>t <enter 'eh'e average
<Bjl<s'nance <of ioha <c>rew f>ram 'ehe source„'t'he ziumber <of
tha>n'de>ngs„<and 'aha <sjtoraEe <Bisjoamca..

rO>se>r-<BafJL>ne'B mal>mes fo>r >EQSN>F„>ONS'C'SjJ.'„<and jEMR'CST ihave b>'e'en
<en'tare'B >to iiiljL>u's't>ra>ta 'r>be >usa ef 'eh'e +min'omii<c >model.. Th'
valves me >oaken f>ro<m IMadaan <ejt al .. j(1'93'6>) ..

The >r'e1>ease f>ratjt>lens a>L-e <shown mfa>r lt'he tkeyword jR>FRA'G for
<eanh jgroup.. Those fm C<ro<up /A <(~G<rtiup 1)) >repxesen't >r'el><ease
f>rac't'iens f'ox a jgene>rl<c Type /A rpatkage j(lNR'C, 1'9t7i7'j) I; 'an'B
'chose Sm Croup 33 ((Cr<oup '2) e'ep~sen't >ratL<ease f>rac>teens i&m
a rszimew'ha't 1<ess <BiLepe>rs>lb>l<e >ma'emfial.. The 1~art'ta>r is
app13red <only Wo >rm>>Lybdenum-'9'9 ((>MOB'9)) jpaBrages b>eaausa 'ehe
Yisn'cope:i<s b>riun'B 'eo an i<on-<err.e'hange >res'>l>n..



'9.. ]because <one <of the isotopes,, 'TL'201,, i.s rot in the internal
isotope:data library., the i<)EFINE function is:used to <enter
the following in the <order imdicated:: meme,, haif-life„
photon energy., cl<oud-dose factor„effective <Bose <equival<ent
for inhalation,, effective dose equivalent for ingestion,,
food transfer factor,,:soil transfer factor„<deposition
vel'ocity„;acute pulxona~ dose-response <curve designator„
1-yr 'inhalation <dose to 1<'ung/Ci chal<ed,, and 1-yr
irihalat'ion dose to <mar<row/Ci i&el<ed..

I'0., After (the first iEOF,, 1'2 <disti<net «mater'i';arrays„<one for
each package type in the shipment,, have been entered <under
the 1:eyword TSDTDPES.. As woted previousiy„each p<ackage
<contains 'only <one i.sotope, .so there is <only <one i.sotope
line below t'e material 1<i<me ie;each .array, iSote that in
this exampl<e., the material <names;are the:same;as the
isotope frames.. That is <not required,; each <material«coul<d
'have b!een;given;a name <different from i(ts <cons<tituent
isotope.. ((!See the;analogous:secti.ons i<n (Output!Fil<es 1<

through 3..'<) The first <array indicates that there;are .seven
'Type A packages,, <each <contain'i'.'063 (Ci <of tri<tiated water
((H3MTR'<).. The .second, array ind'icates 'that there:are three
T~je A p(aclcages „each <conta5nirig ..(003 (Ci. <of <carbon-1<!4 i<n

<or!gani<c form (((Cl<!4'ORG>) „;and:so forth.. A .shipment-1«evei
<effee<tive <Bose rate is <<used <to <ca).cul«ate inci<dent-free
risks„:so for the:seize <of .simpiicity„'<the:s'ingiLe <cal<ci~-<45
ipackage (((CA45'i) is,assigned <the <entire <dose 'rate <cal«cul«a(ted
for the .shipment ((,'2'5..!4 m(rem/'hri).. !Ali <other ipackages .are
;assi<gned <dose rates <of rero,; i..<e..„<they are u<sed in 'the
<ace<ident risk '<but <not the inci<dent-free <dose <cal'<cul«a<tions
,as iztended.. emote <that <<there:are 3'0 p!ackages„<each
<contain'ing 5..5'3 (Ci <each <of molybdenum-'99„whi<ch is the <only
a;sotope i<n <the:shipment iw p('hy'si<cal<-chemicai,<group 313.. iNot<e

;aiLso for ipackages <of( xenon-i33 ((XE1<33)) ebe,<gaseous <state <of
<the ismtope is <ace'~~.i'< <ed r!<or in (t'e internal< <data .1<ib<rary„
wbere xenon-133 i.s,assi,gned a <deposi<ti<on v<el<ocitiy <of! (0..(0
mi/!:sec„:as .sbown <on ipage 7i <of( the <output..

11<..As i<n (Outpu't !7ii<e 1<„ t<he ipackage .size is <entered i<n (met<ers
for each ipackage «type, after +he 3ceyword P<.KGSI<'2„ iHoweyer„
.since the <shipment-1«evel«eff<ec<riv<e <dose za<te chas (been
<ass'igned t<o a:si.ngl<:e <cal'<ci~-<45 (((CA45')) p!ac<ka'ge„'<this
p!ackage is;el<so:assi<gned 'r%e '1<ength <d'imensi<on <of '<the:semi.—
trail<er in whi<ch <the .sMpment is 'Ibeing '<transported
((1<'2..2 m()).. !Al<'1«ot'her p<ac'kages were assigned <their <actual<

<average .size <of (0'..(61< m(.. 'these ipac<kage-.si:ze val«ues are
<<unimportant„however„'ibecause 'the t<erms <containing <t%e .size
p<arame<ters for r<hese packages al<so <conte'i<n the p(ac'kage-
:specifi<c <dose rat<es„whi<ch <were:set <to;zero.. Thus i<n (the
ixci<dent-free <Bose <cal«cul«ati<ons all< ibut '<the (O'A'45 'term,,
w<M<ch is;acti.ng;as,a ipl«acehol<der for the <en'tire:sMpment„
is reduced (to zero..



Pages 3
through I'8

12.. 3<ecause thi.s is <a mon-I~INK analysis., t'e totai d'istance in
'kilometers is entered <after the ikeyword iDISTKM,.

'These pages <contain <tabl<es <of input data,and <most are similar
to those in!Output F<ii<es 1 through 3,. INote <that,all~ Ipacl<ages
in the:s'hipment;and <<their <contents:are 1'isted in tabuiar form
<on page <4.. INote <el<so t<'he <extensive regu!Latory-<check <messages
(page 15!).. 3 <message ii.s Iprinted for each package <or!material
informing the 'user whether that ipaclcage t<ype is .or .is <not
required to h<e shipped b!y exclusive-use <carrier., 'This <chec<k is
<always !performed„;and the user is,always informed when a
p!ackage type is n<ot required iby regulation to ibe shipped in:an
<excl<usive-<use !shipmen't„<even though the <user !has <desi.gnawed the
.shipment as <excl<usive-<use.. Messages;associated wi<t'h !CA '45„
<which was;assigned <the <enti.re <dose rate <cal«cul<ated for the
!shipment ((25,.<4 <mrem/ihr,at 1<!m„<negiLecting:seif-<shi<ei<ding'<)„
i<ndicate Chat the <dose rate:shou~l<d be !reduced tio meet
!regul<atory .standards if 't'e ihy!pothetical<:shipment !model<ed Ihere
would 'actuaiLlly h<e p!erformed.. 'The cal«cd~:a<ti<on iproceeded <usingt'e <maxi<mum ipermit«ted <dose !rat<e..

IPage 1<'9 I<nci<dent-%iree,'Summarv.. !On t'his page the incident-free <doses
;are igiven. Al<though each p!ackage is iis<ted„'this is;a
.shiipment-.ievel< anal<ysis;and 'the <effecitive <dose ra!te <of t<he
<entire !shipment was;assigned ro !CA'45.. 'ZIhus '<the shipmen't values
;appear in 'the !CA'4'5 row and <zero val«ues .appear in alll«o',ther
Ziows ..

P<,ape '.20<

IP,ages 21<

through:2!4

I<nci!dent-!Free I<moortance Anaivsis,'Summarv.. 'The importance
vaIL<ues f<or <<the p!aramet<ers used in the incident.-free;anaiysis
;are ip<novided ihe!re..

<Acci<dent IRisk,'Summarv.. 'The probabii<it<i<es <of <expec'<ted;acciden'ts
<and <economic <consequences t<ahul<:ated <on page 21';are <shiipment.-
I<evel vai<ues.. 'The <consequences tabul«ated <on pages 21< through
22,are <el<so .shipment valves '<that represen!t summat<i<ons <over

al<l'<ac!kages„ibut <the r<i,sik val<ues;given <on page 23,are ibro'ken <down

iby ipackage and Iby isot<ope.. Zn t<his;anai<ysis„<each p!ac'<kage
<contains a <materiai <consisting <of <onl<y <one isotope„!so the
<dis<tinc<ti<on!b'e!tween <the !Levels is Riot,apparent.. 7he 1<.ast< page
<of t<he <output <shows <es!time!ted <cari@ fatal<iti<es;and <economi<c
ri.slcs for the:shipment..
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TI...'S.. <Bureau !of the Census„ IL'98'B.. <Gountv <and <Citv IData <<Bool'.. T9'8'8„
'Was'hington., <DC:: U ..'S.. <Government Frxnting <Office..

<Wilmot„Z., iL.. „.'M.. IN.. IMadsen„J',. <W.. <Cas'hwel<L„and ID.. 'S.. Soy„T9'8'3.. '"A
prelim<'inary!Analysis <of the <Gost and Risk <of TransportiLng INucIL!ear iWas<t!e t!o
IPotent'ial <Cand'idate <Gommercia<L Reposiitory .'Srites„'" 'SAND'83-<O'8'67<„Sandia
<gati!one's ILaboratori!es„<Albuquerque„ INM..



>APPENDIX A

'SUBRGUTDTE ~CISGS'SARY



APPZNDILK .A

SUBROUE'ILNE <CL<OSSARY

'll's'blL<e A-IL 1ists <a111 <sub''outlines ixi <the mode.. The 3!efx <co1<umn nxi
'Il'able <'A-IL <contai<ns 't'e subxou'ti<nes in <aILph'abexi<ca1 <ox<der;; xihe right <coiL<umn

<contains <cox'x esp ondnxig <deaf nni ti<ons ..

Tab1!e <A-IL

Subx<ou<'tines fixi IRADILIRAN <4

'Subrou'tnx<e ID'ixi'iX:ion

A<CC iCaIL<cuILaibes inond'n.spersaIL ((IL<AQC-IL'r) <or <dx'spersaIL <'(I<A'OC-.'2)

N'c<ci<deYlit's ..

iARRAY

IBANNER

MS'SIL

CENII'ER

Reads IN waILwms nin'to inhe iA %3<ca'tnxig-Ipoi<n't <array..

Pri<nts ibanner p<age Iheadwmg,.

<Gompuibes a <modiLX1<ed IBesseIL Tune'ti<on eiE <order +ex<a,.

<Cenioers <charac''ers i<n a <sttrixlg.,

~OOWTZT <Gonverts io'he TZSIL'ar3.abIL<e 9m't'o <a z'eaIL xiunlber M
appx<oprn<a't<e;; <o'bherwise„<se't's ithe resuIL'es ito ~4HWGRiD..

~aOSZ Gompu'te's xihe <ec<onomic nimpaci< tIby IpopuIL<a'ti<on-<densXity zone and
ac<ci<den't-zemeri~«ca'itegiory;; <ohe&cs iE<or iohe r<om'ate-<c<onxro13<ed

<shipman't..

iCIPiBVIIIE Gonaerts itihe TEST war9.aM<e ionx<o Xxidfw3~du<aIL e%a<racrers <and

IPIL<aces it'he x<esuILit ixiit<o ithe 8«t array.,

Cempu'Les 'the <e~ec'ted xiinmber <oIE <ear1y IfaitaILiikiles,and <ear1y
nnor'b3<dkit'x<es ..

IE'OQ<N iCaIL<cuIlaxas idh'e <economi<c Rmpacit's Ex<em <disjpaxsaIL-a'cen<den't
<c1<eanQp ..

ID<eit'ex<mnxies <early Salta11ity Ipx<o'babnIL9itiL<e's <us%~ «Iha 3<o'o'kup

itaMq ..

IFENDIL

QQ<IDQ<'ER

IP'erEoIDm's 33Bit'e~<iti<on nn's3ÃLE IB'Ks's'61 51'1Izcx<i<oxl <c'813's ..

IPrixi<ts Qallio< ~~r nnesaase mN ex<ops ~a Ipro~am..



'IL'a'bi+ <'A-1

Sub'utiLnes in IRA<OKtA'N <4 <'(<Gon'ti<nued')I

Subr<ou~e EIefILnirl<on

1ARRAY

INiEIL'<L'Z

IReads IN waIL<ues ~~'o 't'e IA in'te,.ger array..

Z<nleialILzes vaxiabl<e arrays Iby <setiizg aILIL wal<ues ro zero..

<Cal<culares 'the rcomcemraa't7i<om <of <ma'te<ri'i.al xm zadiL<oacrILwe
<esp'exsIL<on <cIL<ou~d mfrez c<'he <cloud Its Ibe'en <8'epl<ered Iby
BeposiM<om..

<NEIIIiPA'G IPzl<mts <a f<ozm f'eed <and p<rlx'es It'he <dare„Mme„p<a<ge <number„
ax>d riitl<e a<t ehe <top <of <each Ipxl<ntout IpaEe,.

INEXIl IReads input ILl<nes and 5m 't'e TEST marII<abIL<e„ve'au<ms <the
Ip'osi<tl<on <of Ch'e <meant. fIL<e1<d;; IprIUm't's <th'e IUnpur <euro <of <each
ILILne..

ABRI.IIINK <CaILIL<ed Iby 'the INORML eubwourX<ne Co compute <off- and <on-1IUnk
Ibncl<demt.-free Boses Iby li~k f<ov ttx'uck„mam„wmd mal anodes..
IPa'cRs<ge <expo'sure ra~i's are <checIke'8 agal<ns<t ze'guIL<att."ory
3IUmIL<ts.. <'AT«ewcl<usime-<use <c'heck 9z wWo <ma'de f<or Ch'e

.'sMIp ment...

%ORAL ICal!cuLa<tes xnci<den't-face <doses tto all Ipop<ml<alai<on <smbgznups
from all ttzamsjpmr'ta'ti<om <modes.. IPmckag'e mcposmwe xa<tes wee
<cIhecIked a'gaIUmsri wegul<a~iozy 19!miNs.. Am <emc1<usiiwe-<m's'e <o'hecIk

Xs aIL'so <mad'e fox ~e ehipmem<t..

IPiASQ~ <Ca1L1<e'8 ff IBa'squi111L .s<tab111Ity <ca'Iteg<orlas awe <u<se8;; 1<ma'8's It'he

+areas an'8 <c'oncet'tx"a'ti<oms Ium>o tahe /AREA%)A amd IDTiIJEiV axxays..

IPSE<OH RD

IPZ'GOES

IPRK'.SKP

IPZNOR<Di

IBR'O<U~IIIA

IBR<O~O~E<B

IPxxn<ts IL<mpm<t CablLq s amd marlabl<es..

IPzILats <c<om'sequence 'eabIL<es..

IPzfun't's ttabl<e fez i,saltope -~aIte8 BaCa..

IPx~rs Che KNO<RM~L <array f<or RnciBem'it-fjre'e xmpu~'t <dm'ta..

IPzfbmIt's 4he 9zrcM'en't-f<r'ee smmmary Itabl<e,.

IF'' Ithe ZKH'op~<on„ Ipzl<m<s ~e ~pec<ted mal<me <of IpopnILm<tILem

z2s% IL<m Ipers'om-rem;; f<ox INOMNKIL'„ Ipr<omcs <the <eapec<te'8 mmmbers
ef ILa'teaIt <cancer faItaiLKItlms and Igeme<t5.e <eff<ec<ts..



T<aM<e A-IL

Subx outxnes IL<n IR<A<D<ILIRA'N <4 (((0'oT<tIL<nuedI)

Sub'ucIL<ne IDeIfin'i~<oT<

IPROU10 IF<or The LN(IIN-ILENK <oPm<oT<„ IPx'IL<n'es <taM<e's <o(f .'sILx'e INSIE<V-iby-IN~PGP;;

S<oz ci'he II.MK„ Ipxii<n<ts <taMas <oX <six:e KSiE<V-Iby-5MK..

IPROUILID IPz'Iia'ts <tabIL<es <of INNN-Iby-INSEV„w'howe <tÃe INNN <dkmensIL<on i<s
<Be'temnimed Iby We ax<t<ay IbeILwg, IPxkm<t<ed,.

IPRREIDD

PRS'HGD

IPzIL<nts vaIL<u'e's <oIf vaxiab1L<as 1f<oz accfi<demt-z"eIL<a<o'e'd IL<np'ut <da<ta..

<CaTiIL<e'd eely If<or <t'e ILK'op'tiL<om; Ipxi<n't's wmIL<u~es eff vaziiaMws
If<or <eacIh ILi<nk <and <ea'oh mrode..

ITS'END

IP'SIIXDI

<QUiA<DIL

(Q19'AD'2

IPzkm<ts Emporia'tance wna9ysII,s mumma<ty,.

Re!tubs va1Lues <o(f PSIL((w'>) <equable <dmILva'tILve <o(f 1L<og (gamma (lm)I..

'IMzty-'sec'omd-<order <Gauss'.am <quaTrdra'tume..

IPez'Z<owms Ibnoegza'cIL<on So+ <the <on-IL9<nk <d'ose Xrov <t<taveIL Ibm ehe
.same <diixec<tILem..

RARILIN4 (Ca1ILs z'ou<tIL<ne's >o Ipx'Ibn<t <the i<npnC <da'ta Sow <awlt<emded <outTru't„
<caIL1is routines Co .sett <amB iwIL<tia1LII;z<e vaziiaM<es;; Zmciiidem'it-

fEzwe ~arrl <accIL<dem<t <oaIL<c&.a<tfiioms a~ summed;; q.aIL1Ls Ipxkn't
mout3xres %~os 9mrcIL<deTrt-ffxe'e rand ac<cM'enact <oaM<es..

IR<BDAY

IRD~IIINPR

IR<ea'ds i<n <BeIf<auIL<t <Baloa Ifxom rsepma't<e <Ba'oa IfiiIL<es..

IReads <da<t a ~zoqgh <the <use <oX Ikeyvmd IL<d'em'tILIf3<e<rs..

lS<CAN 'Scars I<re Ibnpmtt ILIbme,'; <deIt<emmimres <the 1L<otra<IL<on et'ohe mmvIt

If3<eIL<d i<tern;; and Ipll<aces i<t i<n<to It'he T<ESE vaxiiaM<e..

'S<CRILIPE

'SIENSgVi'CaILTi<ed
Iby Iohe IBAMKR .smbzomti<me 'to Ipz3m<t Idge le<t<te<rs..

IDe>5va<ti<me's <of council<dealt-If<tee <t<tEnsIP'oa<t IPa<rwme~s f~ox
eemsittiw3.<ty amaILysK,s Iby g>opmILaM<om eebgromp hard <mode..

'SIHNSU~M:: IR<epmesem>s <ohz wemma<tXnm <oZ <dezfiva'@ives <oaIL<cuILa'ted Sn
SIEII(SEW..



Twbli<e A-7L

Su~'bx<oura<n'es Ii<n IR<A<DILIRAN ~4 <{<0oncIL<nded))

Sub'uCim<e IDefling.t Ii<on

SEILIMAT

'SKILIMD~D

Se't's m<a'ee<riialL-s pecifEli<c mav3.ab7L<e's ..

'S'e'es mrode-'specffli<c waxii.aM<es..

lSEIIVAL 'S'e'es <dIIs'eance 't<rawelL<ed„paclka~ge <sfL<e„and size-depend'er«t
IpacRage <coeffIL<ciao..

'SHILEEB 'S'erat's z'u<r<alL„<sub'>an„and <uiH>an wkf<e7i<dIL<ng <dependIL<ng <on 'ehe
<us'ez'-<selL<ecr'e'd 7LUOipIL'shi<elL<d~'g <op<tfen..

'SHILIFPC

SHIUFIDL

TR<<7S

VIDWK

IRi<gh't-j<us<tffii<e's <c7ha<racite<r <sCzamI'g..

IL<ef<t-j<usciiffies <charac<tea <s<tr~g ..

IR<e<tuxns <ewpI'(Uteri) IB<'(x)) ..

II<7r3.'tee Ipwobabfiliii<ty <ar<d <copse'queue'e <da<ta 'eo ffIL<e ~6 fo7r
fmIpor'tance anal''sis <s<mnma~ <oz Ipli<o'titnng..

ZtERR Pron't's <e<rr<o<r m<essage an'd sItop's Ithe z'u<n..

/A-(4



iA|P>PZNDIX iB

VAM~AMZ ANGLO'SSA'RY lAND 'VAMiAS1ZS <GR'OUPED

IN ~GOD'NMO|N 3''OCKS



'AP1'END%X 3
VAM<ABL'E <GL<GS'SA'RY /AND %AM;ABIDES <GROUPED

ILN tOOMMON IBM'CKS

iB..1 V<ari aM<e <Gil<ossarv

TaMe 5I-l 15<srs 'the important variiab1L<e's in 'the KAtDTRAN '4 <code.. 'The
ifiws't col~umn in 'TaM<e tB-i <con'tains the vari<a'bl<e names in <alp'habeti<cal.
<order.. The 'sec<ond <col!umn tcon'tains 'the gyp'e <of number„:such a's an in'teger„
xeaIL., l<og5.call„<or <charac'ter.. 'The 1t'hied <coltumn <conratins 'the ~unitt <o'remeasure..

%Jni'tl'!ess i's,given if 't'e varii:abll<e aha's no ~un'oif imea'sure.. 'The
four'tth <c'otal <con'tains the <definiti<on and <descrip'tion <of 'Are vari<aM<e..
'Tabl<e ilk-'2,groups 1the variabil<es in <common M<ocks.. Var5<aM<es 'included in
Tabtl<e's iB»l arid iB-2 are ivor'tan't 'eo 'eh'core'ti<cal <appli<cati<oris.. Var5<a'oK<es
no't inctltuded <serve a's ihol<dews <oX int'evmedl<a'ee ima<thema'ei<cal valwxes <during
<cal<culatti<oris ..

limps't<an't Vari<abl<es in iRAtDTR'AN /4

%Jn5.~ts//

V'srIiaM<e Tvoe /Ai~lnfi.ttIl<e'ss'i)

ID'e's'crash:<orat

tI <OY1

/AtT<2'0'R<eaIL im2 Eepr<e'sea'ts 'the area involvZing
<Be'conramin'alti<on ifac'eor<s gabe'tween 1 <arid '2'0..

/A2'0~ T'4<0~ R'ea7J 1m'<cpm'caen'es Che area involvting
<decon'taminati<on ifac>or<s ibeCwe'en '<20~ and /4'0.,

/A'OOGE ,gene'ti<c
<efif<ects

JR'ebs'en't's 'Are (genre'ti<c <efif<e'c'it.s Iper
a'cci<denlt fEor <each acci<den't-<s everi'ty
<c'atte'gory and Ipopul.a'ti<on-<den'si<ty:zorre ..

/A'OC~IIGF )R<eal IL{CPs tR<epwe'semes ILakent <oaric'ez'f a't<atli't5.<e's ({iL{GPs)
IP'er mccfi.dent tby acci<d'errt.- severii<ty <ca'te<goxy
arrd ipop<utla'ti<om-<demsiky:z<one ..

/A<QCPiVR acti<den'ts IR<epresen'es l6he <expec't<ed nu'mber <o'

a'cti<dentts tby atti<derrt-<s ever titty c'a~tegmry
and ip'opul<a<i<on-<densiLCy:z<o<ne..

/A<0 CREAT acti<dam'ts// R@presemtts ecni<dem't ~'ees..
tkm

/ABSTCQ ilypresenns Chw average <disearrc<e ifjto<m nhe
3t"ad5.atti<om coerce too Che <mew..

/AER'S'0% /{nm8.Mass) Represen'es the Tixrat't'inn <of i<s'o'tope Cha't i<s
e'eIL<eas'ed Seem a pa6kag'e in aeroso1L cform..

/A'GT4'Ot JRepresenM 'Are area imvoILving
<dennmtt am~a'ti<om:fa'c'<tome Igr<eate3t 'Aran /4<0'..



'IL'ab!le IB-IL

ILimpox'tan't Var<I<a'btLe's .<ln <RA'D<ILIRAN '4 <(iGon'tilinued)

IUnii'ts/!

'Vairia'blue 'Tvoe I{<llni'tIL<e's's) IDe s cir'ie't'i<on

<A'M24ll IRe'alL IRepvesen'ts 'the <array <of Ipvop'ex't5!e's <of
ameiri<c'i<urn-'2'4IL ..

<AM 243 IReaIL IRepre'sew't's 'the avir<ay <o'f Ipvopeir't!L<es iolf

a meir'5!um-'2'4'3 ..

<AP IL IL'IL IRe'all im2 IRepwe'sen't's 'th'e <aire+ 'w$.'th <dec<on'tamiwattiL<on
f'acitoirs Ibe'tween 'O'..-'L and IL..

<A'RAZZ IRe'a5. <acct<den't's!/ IRepwe'sen'ts 'tlh'e <owez<aILIL <ac'ci<Ben't iratt<e f<oir

Ikm <eac'h imode iiin <ea'ch Pp!opuilL<a'tf<on-<densIi'ty:z<one..

<A'RIEA'DA IRe'aIL im2 IRepwesen'ts <dispeirsa11 a'c<ci<denit Il<sopIL<e'th

aire'a's ..

'A' ILZE

<AILIEIRM

IReaIL

IRe'aIl

im2

imr em/ihir

IRepiresen'ts 'the isilz<e <of <eac'h !ARE'A'D'A..

IR<epires'entt's tthe <dose via't<e imuiIL'tilIpIL5<e'd Iby tt'he

inimnbeir <o'f Ipac>age's Ipeir <st!pmen't
I(tIL " %PS;)t..

IB'DP IR<eaIL I(<uinILit!l<e's's) IRepresen't's 'ih'e IbufLIL<diin'g <d'ose Sac'choir <(IB'D'F) „
v'hi<oh Ii's a imeasutwe <of <ailir fiick!traItIL<on lby
Ih'e'a'itILing!/<cooILYiin'gl/+en'tiLIL<a~ti<on <sysIt<ems,.

IBR<A'TiE IRe'aIl im3!/min IRepir<esen'ts Itlhe Ibir<ea'thiing iraIt<e <of Ipeirsems
<expo'se'd tto <a'evos<oIL ir<eIL<e'as'es..

IBTERM IRe'aIL i'mgihir IR'epires'enacts Ithe 'iTir<anspoir't Kinder {(TIL)
imuILItf!pl.ii~e'd iby !paclka<ge Ipe<r s'hlllpmenIt an'd
'o'oItall inumbeir <of !sIhflpm'en'es I(tIL " PiPS "
'SPY) ..

'"<Common IB1~<oclk P con'taILins <Ba'ca airr<ays fair <aIlll t's'o'top'es fn 'eh'e fin'teirnaIL <da'ta

ILILIbir<any.. IEacih air< ay <c<onitaILins ILIL lpairame~teire.': IhaIif-Iltf<e I(<day') I(XIGRP„
ll'9'83);; Ip'ho'ton <energy !(IMeV//dpi'sILinttegraItILen) ((MRP„ IL'9'83);; clloudsIhfiine do'se
facitoir {(irem-im3//CIL--<s'ec) {(IDSE„ Il'93<8a);; 5'0-yir <c<ommi~tCed eMecItILve ~Bose
<equiILvaIL<en't choir ILinhaIL<a't'ai!on I(ir'em!/~CIL) {(IDnnn~g„ IL'9I83;; H~YG<'E„ IL'9'8'8'b);; 5'0~-y<r

<c<ommILIttte'd <eff<ecciLwe <dose <equiILwitL<enIt for iingesItlL<on ({irem!/CIL) I(ID@mug„ Il'933;;
IDM„ IL'9I83b);; food ttiransKeir facet.oir;; !sofjL 'eransf<eir facItoir;; <dep'osf<i<on
welL<o'cii'ty <of aeiro'soIL Ipm'4IL<c1L<e's {(<m!/sec);; IL<utng Itype f<oir <em'iy <eff<ee'es <caIL-

<C~uIL<attiL<OnS !(IL<GRP„ Il'9'83);; 1»yr 1Lmng <dOSe f<Oir furihaliatien {(item/!~CIL) I(IDunnimg„
IL'9'83);; 1L-yir imairirow <dose f<or fiinhaILaICi<on <(rem/!<CIL) {(IDu<nmII!ng„ IL'9l83) .

IB <2



'Ta'btle -'B-1

iI<mportan't 'Qariabl<es in lRA'DIPRAN !4 !(<Con'tiinued)

tonitts!/'Varuna'b

tl<e, Tvoa,<'(IUD't ti<e'ss)< <DescrIlw't5.on

!Cl!O'GA'S !ReaTl IRepre'sen'ts 'the array <of <proper'ties <of
<car'bow-1'4 <di<oxide,,ga's ..

!CII'4<GRG iR<epce'sents 'the array <o'E ptroper't'ies of
<car'bon-l!4 in <organic form..

!CA<45 R<ea'<1 R<epre's'en't's 't''e <array <of Iproperties o'f
<cal<cii<um-'4'5 ..

!C<AYZE<R Real. <m2 R<epre'sen't's ~the 'Tr'anspor't K<ndec !(H!)-tto-
<do'se r<aCe <confers'i<on .fac'tor..

!Gnz 1R<eail rem-im2//
<Ci-;sec

iR<epre's'en't's 'the <cil<ou<dshi<ne <dose %ac'tor..

C<Ei'4Il IR<ea9. lepra'sen't's <the array <of p<roper't'i<e's 'of
<ceril<u<m jl/4 fj..

!C'EW4<4 iReaii Re'pTesen'ta tt'he arr'ay <of |proper'thee's <of
<cert<urn-i!4'4 [[p<'h'ott.o'n energy knell<udes 'the
's'hor't ihaU.-jill f<e <daugh'ter yraseodym'ium=
7J/4<4ij,.

!CiFi2M Real JR<epwesen't's ~the arr'ay <of tpvoper'ti~e's <of
<cal<if<orni<um-i25<2 .

IR<eal ihr//<m 1R<eyres'en'ts 'tahe <expo'sure fa'c'bor for,<genera<1
fr<el'l @tt xatll<cjree ((..Tl~6!) ..

)R<ea% ihr//<m R<epv'e's'en'ts itha !exp'os use fac't'or .for
de'dna't<ed r<ailcree ((..<011)).

(gaddi'AQ R<eall !Ci-'sec//
~m>//!CS.

eel<eased

R<epwes en'ts adam'osp'her i<c <cTi:tl<ut ti<on fac't'ore
for eat'h annutl<ar:zon'e..

<Ct R~eail !c< IRapr<esen'es 'Die amonn'«of radiac'tiiv'ity p<er
ip'ac%age <of an ii<sott<ope..

~CnmG 1R<ea1 Ci R<epr'esanas 'eh'e ra'H<oac<imiitty ji'ewetl <E<or

<eac% i'seWope per ipacika'ge..

'~!Common M<odk P.



Table 33-1

Important Uariabl'es in ZADTRAN 4 ((Continued)

Variable

CLDGE

Tvo e

Real

'Units/
«(Unitless)

genetic
effects

!Descry«ion

Represents genetic !effects from cloudshine
for,each, accident-:severity category and
popul at'ion- dens i«y:zone ..

CL'DLCF .Real !LCFs Represents latent cancer fatal! ities ((LCFs',)
from iclioudshiine for each,acc'ident-.severity
category..

CLDOSF Zeal rem- m2/
(Ci-:sec

Represents the cl'oudshiine idose factor for
each isotope.,

'CM242 iReali Represents «he array!of p(roperities iof
curium-'.242..

iCM244 !Real! Represents the;array iof (proper!ties of
!curium-'.24'4..

iC05'8 Real! Represents the;array io'f !propert'ies !of
:cohali«-5'8..

i006'0 Real'epresents the;a!tray o'f ,proper«ies of
c oh alit-i6'0,.

(GGF.F Real! ((iunit 1! es s'i) Represents icoeff'ic'ients for,;gamma .and
neutron cali!culiiations ..

(GGNTUF Liogical ('((uni«l(ess'i) Represents 'the !byte f'1!iag..

iCR'51 Real! Represents the;array of p(roper«iies iof
(chromiuim-5i ..

(CREWN9 Real! persons iRepresents «he number iof !crew p(ersons iof,a
:shipment ..

(CSl!34 Rieali Represents the;array iof p(roperties (of
(cesium-1(3'4..

(CS1''37'eal! Riepresents the array (of !piroper(ties (of
cesium-1('3i7 [[p(ho«on (energy inc'landes 'the
.shorit h(al(f-1(if e idaughter h(artium-1('37»m]l ..

"Common 331oclc P~..



'T,able 33-1

Important Vi.ariables in RADTRAN 4 i(<Continued)

Variable Tvoe
Un'its/

((<Uni«less ) Descr'inti:on

'CULVI, iReal ,!pCi/m2 Represents «he clean-iup level..

4 Real person-rem Represents the <dose to 'handlers..

DiE CON Re'al'(uni«less,'i) Represents the rat'io of <deposited curies
to clean-up criterion <'(iCULVI.) for each
acc'ident-:severity category,, isodose;area,,
and i*sot<ope..

DEL'TIM Reali ihr Represents iexposure times <'(<before iclieanup')
iof <dispersed ma'terial ideposited on the
<'gl ound..

!DEPVEL Real< <m/s e c Represents ithe idepos'ition veloc".,"y for
:aerosol par icles..

3FIiEV Real'Ch —;sec</
nn3,/<Ci

rel<:eased

Represents «ime-.'integra«ed iconcentratiions
iof rad'ionucl<ides in <an annuli<ar;area
<normal<ized to the ini«iali rel'eased
inventory..

Di, IiHD Real< im Represents the average <exposure id'istance
from the rad'ia«'ion source to hlandliers..

D!TST I!'og'i<cali ((iuni'tliess'!) ,'Set tio TRUiE if the ikeyword D<I<,'STKM is used,';
<otherwise„:se<t tio ZA~L'SE..

D<I'STKM Real< )km Represents 'the distance «ra<veli<ed p!er tritp
f<or <each nnodeli..

X)LIiiM Real< nn'epresents the nnaxiimum al<1«owabl«e !sn.'ze iof
,an hsopl«e!th;; iused nn 'the iMDT,suhrou«anne
((i2E<+!',09!)..

D<NHGE Real< (genet<h c
'ie'ffiecit's

iRepresants (gene«i<c <eff<ec«s from hnha9a«i<on
<exposure iby iaccn.dent-:severi«y <category,and
p!

opul<at<h<on-<densxity zone ..

D<NHQCF Rieali E(CFs Repre:sent<a '.1<at<en« <c,ancar fa'tali'«h<es ((I<(C<Fsj)

i'.rom inhal<a«i!on iexposure iby,acct!den«-
.severs'<ty category..



'Tablie 33-i

Important Variables in RADTltAN 4 <(<Continued)

V<ar i<able

IDNORMLi

Tvoe

Real<

li3nits/!
i'(iUni.ties s )

<'(vari<ous
units,')i

D<es crinti<on

Represents 'the array ihol<dirIg ',2'5 variables
Ipertaiining to the inci<dent-free dose
<caIl<cul atii<on..

IDOSDST Real< rem Represents <the:dose-vs..-id%stance
reiati<onshiIp for nondispersali acci<dents..

li)GSK2 Real'! erson-z'em IRepresents ith'e <crew idose h!y popu1'ati<on-
<densit<y:zone f<or .sensitivity <analysn.s..

9GSE5 ReaIl
p!

er.s on-rem Represents the 'off-iin> <dose hly <empt~.<oyed

variahli<es for t''e importance .analysis
!summary..

BOSE<6 Real< piers on-rem IRepresents tihe <on-linlc <dose h!y <empli<oyed
variahi<e f<or the innportance analysis
.'summary

I')O'S!EN <Real'pers on-rem Represents the <do'se ito 3<G <expo'sad,groups
for 'the fnci<dent-free <dose <cai<culiiati<on..

l<)GSMAX IReali rem Represents the maximum inci<dent-free
indivii<dual«dose for <each I<inlet..

IDPXG Real< nn Represents <the p!aclcage <d'iimension..

!I)'STRVL< Real< ks IRepresents tihe <distance itravel«ed per
!shipment< ..

IDTHD Reai Ihr Representi.s the, average <exposure tiiime f<or
IhandiLers..

IDZGT Real< Iper!son-rem
<or EC<Fs

Represen'ts "ithe %~NET <op<ti<on„<a 5'0'-yr
pI.opu1at<i<on <dose <commitment',; f<or the
INO<NUNXT <opus'!on„ li:atent icancer fata<iiti<es
((Ii(CF<:sI) ..

IDLEST Real'hr//l<n Re<presents the:st<op t<inne p!er <unit«Kisrance
tiravei<ed,.

!DT»ST»GR Reai Ihr Represents <the <sti<orage tinne p!er shipment..



Tabl~e 3-1

Important VariaMes in EXTRA'N 4 ((<Continued)

Vari abi e 'Tvr>e
'Units/

<(~Uniti<es s ) IDescri<ot5!on

IReal <(unitless,') IRepresents the <storage for isotopes
<defined wi<th the 5)ZFINE 3~ceyword..

Real im Eepresents the <source-to-receptor <distance
<'(x') used in 'the nnax5.mum indivi<dua1 dose
<calcul~ation;; <equal to 3E m..

ZARLYD Eeai rem Represents the <early <effects <cal<cul'a<cion
<of the 5nhaiati<on <dose t<o f5ve !specifi<c
<organs hy accident-.severity ca'tegory..

LYiL IReai rem Eepresents 'the eariy-<category fataliti<es
<cal~cul'ski<on <of the inha51!ati<on <dose iby IL<ung

type for <each acc5.dent-<severi<ry <category..

IECNMP7 R'eal'U..S..
<dollars

Eepresents the <economic impact 5<or <each
<acci<dent-<sever ity <category and Ipopulat5.on-
densit<y xone..

IECNPYiR IReai U<...IS..

<dol<1<ars
IRepresents the <expected economic impac't
f<or <each accn!dent-<sever5+«category and
<popu1'at5<on-<density xone..

IE GO~IF Eeai ((<unirtl ess j) Eepresants <econom5!c factor to <account f<or
.5.nf.l<ati<on...

!EPPES

7~„'2 IReaII nn IRepresents Ithe <effective piac~kage .size to
<compute 'the package <coeffi!ci<ent if the
<acItual< IpacIkage:size n.s Igrea'ter 'than <or
<equai 'ro 4 <m..

EF!PYR Eeal< ((<unirl«ess)) IR'epresents t<he t<otai <expec't'ed <ear1y
faraiities for <each accident-<severit<y
<ca'tegory <and IpopuIIari<on- densi'ty:zone..

~PZiR IReai ((nxmit<IL<ess)) IRepresents <the ltociai <expected <early<
nnorbi<diIti<es f<or reach ac<ci<dent-.'severity
<ca't<egory <and popul~:ati<on-<densitty xone..

IEbfR'C ST~ IReali iU~,. S,.
<doll~:ar:s

IR<epres'ent's <the <emer(gency <ci<ean-<up <cost..

IEKTR'SH IReai< rem Eepr<esant<s thresho3.ids f<or <ear1y
nnorbMities fer five <orIgan types..



'K',abIL<e 33-1

Important 'VariablLes in EAVTRA'N 4 <(<Continued<)

Variable 'Tvoe
<Units/

'(V< nitless) 3es crlz>tlL<on

Eeal <'(<unitless <) IRepresents <the t<ol'<erance ILevel used in the
)T <subroutine <(..<GGl)) ..

Eepresents the, array of'<roperti'es <of

<euro pILnnm-15:2,

ZU1'54 Eeal Represents the a<rray <of propeztlres <of
<europinzn-15'4..

KU155 IReal Eepresents <t'e array <of Ipz<opez'tires
rof'europium-155..

IEVAL1 IReal U<...'S..

<dollars
IRepresents <ec'onoml<c roptl<on 1 <(<see the
IRABWRAX!4 Technl<cal IManual [[LNeuhaus.er and
Kanlp<e„n!n lpreparation ([b<]l I[>) ..

IEVA1:2 EeaIL IU,.'lS ..
<dollar:s

IRepresem'ts <the <econom1<c <optl<on 2 ({<see the
RADTRAN !4 Technl<cal IManual [[INeuhausem amd

KamiIpe„ in pr'eparatIL<Om [[IbI[]))..

IEV<.AI;3 U<'..'S..

rdolILaz:s
IRepre's'en't's th'e <e'c'onomi<c roptn!on 3 ((.see 'the
EA<DTR'A'N !4 'Techni<cal [Manual [[INeuhauser amd

Xanipe„ in p<reparatl<on [[ibI[I[')) ..

IEX<PZG Eeal Ipers ons Eepre'sen't's 't'e <exec<ted number rof Lpersons
nn reach annular <ax'ea..

IEX~PI<CF EeaiL ILICiFs Represents expect<ed 1<at«emt <cancer
fatailiti<e's ((EOFs,')< lby rh<e nnnpact« 'to f3ve
.spe'cxf 1<c <or<gams ..

PCZST Real <(<unitl<ess)) Represent's 'the fraction <of <urban 'travel <on

rci.'ty <st<ree'ts..

ReaIL <(<unit<1<'6's's)) Eepresemts t<he f<ood transfer factor:f<or
Kngestl<em pathway if<oz'each:2.s.otope ..

IF<K'55 Re@re:Sent'S <<the .array <ef prcperiitn!eS rOf

n.a<urn-55 ..

'Ciommom E1<oclk IP..



5<mportant Variable's l<n IRADTRAN '4 ((<Gontinued)<

Var'iable Tvne 5JniLtts/'(lUni'ties s'!'I !I)es'cr5!ori'on

>7Z5'9 IRepresents rhe arxay <of p!roperti<es <of
iron-5'9..

IFG Eeal ((<unirl«e.s s j) IRepresents tthe fractiL<on <of (gamma radial<on
from !material..

5IKMPS EeaiL Ikm IRepresents Cthe ax'x'ay <of <disX<anc'es CraveIL<ed
p<er <shipmenr f<or <each xsorope.,

IFJKNCL IReal ((!unl!tIL<es s'!) Eepresem'ts cthe nnxnIL<mum!number <of xail
fnspec'ti<ons and <cll:a's'slfl!ca'tl<on's ((xaril anode
<only j) ..

EMU IReaIL !m l lRe~presencs the l5!near artenuaX<f<on
<coeffi<cn!enr <of l-IMeV< gamma radiat<x<on 5n't'e <alx"„'u'sed 5n nnaMnnum indiivl<dual <do'se..

IReal ((<unit<i!es s j) IRepresents Iohe frail<on <of <neu<tron
x ad5arIL<on fr om nnareri a!L..

ILINO'A'TT IReaIL Ipex.s.ons Eepx<esents Ithe <number <of fIL5gh't ati'tendanrs
<on <commercIial Ipassenger fILi!gh'ts..

!TKCZON Real ((<unix<1«es s)) Eepresen'cs <I<the fractx<on <of t<ravel Xn 'each
pi.opul<at<i<on-<density xone ..

IIIRGAMA Eeal ((<u<nl!tl<es sj) Eeprwsen<ts <the frac'ti<on <of <dose rare
,aC«rbbu'ted Lto Igamma r<adiaiti<on f'<or <each
nnar<erial ..

HKKU~T Real ((<u<miir<l!<ess)) IR<epr<esentts Ithe fr<ac!tl<on <of <dos'e rare
a<<trrjJbuted ><o nnen'aron radx<acf<on f<ox'eac!h
nna!ter5<al ..

IIIRSHR Eeal ((unILcl<es'.s j) E<epresen'ts Che free't5<on <of <urhan t<ravel
<dur5!ng xus'h-Ihour Itrafff<c..

IFT!LllÃY ((%1nh.r<l!<e'ss j) Eepresen1t's Ithe free!tl<on <of x'ux<al and
.subuxh<an Itxave3. <on fre'essays..

Eeal ((<um5.r<X<ess )) Eever'esents 'the frac<ti<on <of Itx-awel 3n r~al
r<ones..

'Oommon iM<ock P..



Tabl<e JE-IL

important Variabl<es in !RA<DNA'N 4 ((<Gontil<nued)~

Variable

IFJL;ZNS

'Tvoe

R'eal

Znlts,/
((<IJnitl<es s'i)

<(<Qnl<tl'e's's))

JDe's'cri<oti<OTl

Represents the f<raction <of travel i<m

<suburban zones,.

IF<TZNU Real ((<uniJtIL<esa j) R<epresents to'he f<raction <of travel X<n <urban
<a<ones ..

(GA'67< Re'al Repres'ents 'the 'array <of p<roperti<as <of
JgaH.i <urn-(67< ..

Real <'(<uni tl<es s)) R<epres'en'ts toke JEuILer".s <constant that is
<equal 't'o <8..57<7<235'6'6'4'9;; <us'ed in 't'e 33essel
fungi'<on <cal<cuIL'ation 'in the JB'ES'SK.

<sub<nou~M<me ..

(GE~PYR ReaIL Jgemet!L<c
<efSec<t's

Represents <expect<ed Jgenet!L<c <eHect's S<or
<eanh,ac'el<dent-,severILJty <cat<egory <amd

Jpopuiatf<on-<density;zone..

(GND'S'GE Real

(garnet<i<c

<efSecJts
Repre'sents <gemeltf<c <eff<ects !pe<a m<ILILli<on

!person-rem from,groumdsthi<me ..

CGRD''GK JReal !gene Jtl<c

<effects
Represents Jgen'etl<c <efSects f<tom
<gronndshina f<or <eac'h acct<dent-.saverit<y
<ca'tegory and p<.opulat<f<on-<density:zone..

(GRI~)l(C<F Real ILJCRs !Represents 3<attent <cance<r Sa't<aTiitlas ((EC<Fs'j)

ftrom,gr oundshine f'r <each accf<den't-
s'everiiJty <cat<a<gory an'd JpopuILaJtIL<on-<demsi.Jty

<z<ome..

83'GA'S Repr<esemts the ar<ray <of Jpropertfes <of
~toom gas..

JH3WT<R Repr<esantts Jtha array <of !proper'tiws <of
ttrftfa!ted wa'ear..

JH'AND(NO< Reail ((<nnf tl<ess) R<eprea'ents 't'ha n<umber <of Ihan@iLfngs <of a
Jpac'kage <daring shipmemt..

JHiLl!F<E JReal <days Re@re'san'its !the hlf-1ff<e f<o<r jradl<oac!<tive
<decay <of an iaokope..

'Common JE1<oc!k IP..



'TaM<e IS-IL

important Variabiles Ilm EA<DILIRAN 4 ((<Gontinued'!)

IL7nitsg
Vari!a'b 1! e 'Tvne ((Unit7L<es s') IDe.s cmiimti!on

IRe'a1 Eeptesent:s 't'e 'array !of Iproperti<es <of
1<o'dime-1'25,

1iL:2'9 Eea1 IRepresents 'the <arm<ay <of IpmopertIL<es <of
ii!odxme-IL.'2'9..

Eea1 IRepresents mhe 'array <of Ipzoperti<es <of
1<odilne-IL31L ..

I!A'OC ILmte;ger ((~un'i:tiLessj) IRepresen'ts 'th'e flag f<or <d'xspersa1-ectype
accf<dents ((1 mo;; .'2: yesj) ..

llmt. e;gee'(<un'itIL<e'sa!) Eepmesent's tk'e imci<dent-fme'e <or acci!dent
anaflysi.s f1<a,g..

IL<GARB <Ghamactez'(<unx'tILes'sj) IHolL!ds IL<a'st input 11me..

IL<GARD~ 1 <Character ((<unit<1<essj) IHolL!ds xmdivi<dua1 <char'ac'tee;s %mom 'th'e 'X<EST

and Z(GAE1~) variabIL<es f~or <compar5,son wit'h
<expected <cIhar<a'ct!ers..

II(COUN'' ILmteger ((wxnit1essj) Eepresents 'ohe t!o'taK mumber <of ilso'topes isn
an analysis..

ILIDIL'SP ILmteg<ez ((<unf tl!ass!) Repr<esen'ts <dispersiibx.ility <cat<egory for
<ea'ch i,'s'ott op'e ..

i[ID'SIP Imte<g ez ((<unilt<iL<ess j) Represents tt'he <di<spax'sIL<on <oa't'egory <of am

i.sot<op

e�
..

1IEX<c<IIV~ Ilm't<egez ((<unit!IL!e'ssj) 'Swgt!ches <desi<igna'timg <excILxxsive-use <oz

monex!clnxsive-<use f<or <eacih <mod'e ({Il: yes)) ..

IL(CRP 1{m'te!ger ((<unit1<e's s j) Eepresen<ts The ipoimter Co 'the <cxxr<tenIt

physical!-+ah'emina1 I~'oup..

ZIK<WIL (G!ha@~et!er ({<u!niltlL<essj) IRep<r<esen't's Itihe fix'a't-IL<evel Ik!eywozds..

ZIK<V2 (Ghana'ct'ex'(<u<nxItIL<e's's)) Repas'catt@ che se'con'd-1<eve1 Ikeywords xxnd'ez

IPA<CKA'GE..

(Chaz~ckez ((«xni(t1<essj) Eapr<esen'es !t'e <second-1!ave7i Ikeywords xxnder
SHIUPM~EWE,.

'Common IB1<ocIk IP..



Ta'b1~e IB-1

IL<mporrant V<ariia'biles in IRAiDILIRAN 4 (((Continued<)

'Uar Iia'b1<e 'Tvoe
li1nf ns,/<

((<Unir!L<ess I) !Des crinzi<on

ILIK|II4 <Charm'c4er ((<uniiitIL<ebs) IR<epre'sents 't'e <second-IL<eveIL Ikeywoz<ds innder
INORNAiL...

~Characr<er ((<unir1~ess)) IRepr<esen'ts ithe second- IL<evel !keywords iundez
<A<OC!LIDENT..

ILiK|IIB (Charac'ter i'(<unfr<IL<ess!) IRepr<esenrs ithe .second-il<eveIL Ikeyeoxds iunder
IMA'!L'<ERE<Ail.,

(Character ((nnzrIL<ess) IRepresents 'the:second-Il<eveiL liceyvords iundez
~11'!EASE~

Ii!K|I(8 (Gharacrer ((<uniitIL<es's',i) IR<epresen't<s it'he 'second-l~eveIL !keywords <under
(GILIHER..

IL!NCPRIE IReaIL !pars'on-rem IR<epr<esen't's incubi<den't-free <d'os'es f<or <each
imareriiaIL fn <eac'h Tliinlc..

ILYING GE iRea.IL !gener.ri.<c
<effec't's

IR<epr<esents !gene'tf<c <effect's from zingesrf<on
f<or <each ac'cIL<den't-isewerfry <car<e,gory
ruraTl:z<one's ..

!LING 1'lCF IR<eaIL IL(CPs IR<epresents IL<ar<enr cancer faraILIL'tii<es ((1<(CFa)
fz'om fnge's'tf<on f<or <ea'ch a'ccrc!den't-.severf ity
<car<e;gory in ruraIL:z<ones ..

ILiNGVAIL IR<eail z em(/CIL IR'epre'senrs Ice briber <of r<ems !per <ciur.i<e
iLnge's'ate'd fer <ea'c!h i's'o'cope..

ILIPGGR'~P :!Lm'te!ger ((iuni'<t1i<eas) IR'epre'senit's 'th'e 3n'dex <of physi<caIL-+hemi<caIL
!group f<or <each isoitope..

:ILP<OIIINIL'Lnib<e,ger ((<unir<<.e's's) IRapr<es enacts che Ip'ofn't<er 'co <curren't 9npn't
clllaT'a'CIter

1LiPRA'I<I Enate!ger ((<uni'tIL<ess) IR<epr<esen"t's Ithe fn'dew f<or 'the IPRMND'S array
((i21i) ..

.~I<PS Q~'SiB :ILnk<e,g<er ((nni.M<ess) IRepr<es ends 'eh'e fIL<a<g f<or ipa'squiILIL <caite!gox~
eaItmen't <of <Nape.rs3~on ((1:-yes) ..

1i<RNK(C ILnre!ger ((iunfitIL<eiss) IR<epresanrs Zhe fILa!g f<or Ipl«acir(g <daita in
fILIL<e (6 ((IL:- yes) ..



'TaM<e IB-IL

Xmpor'tan't Varilab1L<e<s iin IRAI')'TIRA'8!4 {(Gon'tilin<ued)

'Var faM<e 'lcm>e
Vnfr!s//

'~it~JnittIL<e's's i) IDe's'cri<o~tIL'on

Il'SEH Z'in'teger ((<unirILes's!) R<epresen'es che flL<ag <desfi<gnarIL>g fuILIi
Iprfntou't and i,rior'tanc<e anallyafi.s
<call<cull ari<ons ..

IL'SG Kin'teiger ((<unf rIL<es's) Indexes Xih'e n<u~mb'er <of ILso'topes ias
<derezmined lby 'the 'IL<nput <order..

Z'SGNA'M ~Chara'c'ter ((<unfrIL<e's's!) IRepresenits 'the array ioif is'o'tope <name<a fn
<the fn'ternal. ).iibrary Ipll<u~s ithe inamea
<defilne'd ivlltth <the IDEtFILNE lii<eyN7or<d ({IL'<25

<name's) ..

Il'S GSA'U ILnxe ger i(iunilrll<e's's) R<epresen'ts ilsoitop'e indil<ce's If<or <each
ILso'tope ILri <each imateriall..

TWRAD1 IL<nr:cger I(<unilrtL<e'ss) IR'epres'en''s 'the fll<ag tio 's'elL<e'cr rani.1L<crem

<exposure facjtor..

ILiUGPT Ii<n't<eger !(<uni'tlL<ess',)i Representts 'th'e f IL<ag <desi'gna'tf ng a <de'sire'd
!shIL<e IL<dfng <me<deil ..

IKiBYT<E .IL<nreger !(iun'irIL'es s') Represents <the imaxivmum IL<ength <of ian finpu't
void <or inumber ((IL!G <clharac'ters) ..

:I?int<e<ger l'{<unilltIL<as's) IR'epre's'en't's Ip'oilnr<ers ro Ipr.<L<nr tth'e
iimportanc'e anallysis .summary fin rank <order
((3'8 g>.o5.n'ters!) ..

IK<L{G'GK <Qharacr<er ((unit IL<es's!) IRcpresents tthe <eurzenr rilime rerriL<ewe'd from
'sys'em <caiLIL..

IKR'8'5~2 Rieall Repres'enits tthe <are'ay <oif pirop'ertf<es <of
lkr~jt~'on '85 ..

IL<'AtB<D 0~3 <Ghar~cr<er i'(<unil'tl!ess) IRepr<esenrs IL<abei<s f<or MGRNK, <enitrf<es..

IL{iLEE|F !Chara'cter {(<unfrIL<es's) IRepresen't's Ilab'eIl<s f<or <earlier-fiataliry 9inpu't
rabies..

ILA<tBCRPi !Charac't<er {{iunilttlL<e's's) R<epresen'ts IL<abeIL<s f<or <user-<desi<gna'@ed
Ip'hysi<oaIL-<ohemicaIL !groups <of iso'ropes..

'Common IBilncik IP..



'IL'a'bIL<e IB-1

II!mp'or't'amt Vaxji<a'bILes Ii<m RA'DlIRA'N '4 r(!Gontinu'ed!)

'V<awii<aM<e Tvoe
Iomii'ts//

r%nf!tTL<es s1 IDe s cr.ii!o'tf!on

IL<AIBIL'S'O~ rQh'aT<act<e!r 'n)!tIL'e's's)) R<epve'semt's 1<ab'el's X<o!r ji'so'copes..

IltABNAT !Ghana cterr r(iunIL!tll'e's's)) R<epz<esen!t's labels tm'use!r-se1<ec't<ed
!mat<ezfi<el <names..

IL!A~BNO~D rGharac'terr r(~un'i'eTL<ess) R<epxesen!t's Tla'bels f<orr !&re 1C~

It!ran's poTr ta'tii<om !mode's ..

ILA< IB'0!R'G

ILK!BPOP !Charac't<ex !'(!umIL!tIL<ess!) R<epwes'emts IL'a'b'el<s <of'p'op'uIL<a'tf<on-<d'ensl!ty
:z<ome's r(rural „!su~'buxban„!ur'ban)! ..

rQhatcac!t<e!r r(!uni!t9!es's)) R<ep<r<e'semts l<aTbeTLs f'<orr <eji<ght <ox~g<an 'types..

IL!ARAK'R<eal a'c'cjL<d'Bn!tl/

Ikm

R<eIpz'esemts !the accf<den't !r<a!t<e Z<ov <eacIh
Tljink..

ILMR'St11 !Char<ac!t<ez r(!u'mTi tl<es'si) R<epwesemts la!beIL!s f<o!r <do'se !th!r'e's'hoTl<d's..

IL{CF!!P~% WCFs R<eIp!r<ese<mt's <expect<e'd l.a!t<en~t <cancer
{Ba'oui!tf<es r(EC~F!s)) f<oir <emcIh ac<el<demt.-
<sewe>ji!ty <ca<egos amd IpopuTLa!tji<on-<demsji'ty
:z<ome..

IjJDFS<GR rQhavac!t<ejr {(>unji't1<ess)) IDesc3rjiibes vaxl<aTbIL<as fox <semsji'itivjiIty
<ou!tpu!t,.

ILIDIL,'SIL'<eel Ikm IR'epwesen!ts tahe <dE:s't<an'ce Itrawel+d X<oTr <eacIh
lrj:<nk ..

Iin't<e<gez r(!un'.!tTL<ess)) Repas.san'ts 'ehm 3n't<emraTL jj!md'ew <of'ea'cIh
jiso'cope 1!n 'the <da'ta ILilbzaxy..

ILTLES<AV Xmt<e!gew ((!umf!tl<ess)) R<epre's'en't's !the <a!r<ray jizrdex .'f<o!r ji!n'tern'al
amd IDF~FILNE Ikey!!<ad <da'ta f<orr all jisoItopes
in an anal'!sic..

Kl'SIDIIH Zimte<gerr r(tumILItIL<e'ss) R<ep!zesen'ts 'Are lndew f'<ox <expecIted Trji!sTk
maTltutes r(Tli2) ..

ILINGI)'E IL!n't<eg!'e!r r(>unIL!tTLq'ss) R+Ip~semts Itbe mro'de f<orr <eacIh lji!nk..

EÃGILIAIB $Mlt<e!g<e!r r(>~i, ij!tlj<es8)) R<eprese<n!ts 'ehe Itabl<e <oX a'cue IpuTIIDiomaxy

response <cu~
IjjMKY!P XTrteIgez'(!u~nIL!tl<e'sej) RepTesem~ts '~e <c&T<remt i!un'g Ityjp'e..

IB-1!4



Ta'bl<e 33-1

.ILimpor«an«Uar!iabl<es in IRADTRA'8!4 ((<Gom'tin<ue'd)i

Uariiabl<e 'Tvoe
1~)mi'ts!/

((Uni«IL<es s "r) IDe'sexi««i<om

ILPOiPD

L>'SPiED

IR'eaIL

!Real

pieopl<e//
Ikm2

!km/ihr

!Repre'senits «he !pop'usa'ti<om <derrsi'ty f<or <eac!h
ILink..

IR'epee's'em'ts «he 'sp'e'ed <of <s'hiipmen't f<or <each
ILink..

IL:TY<P'E lnitegew ((iunTi'tIL<ess) IRep«e's'enits 't'e iroa'd 'tyipe f<or <e'a'c'h

.ILiimk ((l free'unsay;; ~2: nomf«eeway;; 3 no't
appli<c<abIL<e) ..

!LED'EN !Re<el wehi<cIL<es//ihir !R'ep«esem't's Che wehi<cl<e <densiity f<oir <each
link;; imeasure'd iim <one-'+ay it«afifi<c !pa's'sing
a IpoIln't !per !hour..

EROSE ILn'te!gee ((iumi«1<es's) iR'epir<e'sem~t's ithe Ipop'ula'ti<om iz<ome for <each
link ((l - irur<al;; .'2 'subur'bam;; amd .'3

'uiTbcLm) .

In«<e,'geir ((iumi'itIl<e'ss) IR<epxe'seniors «he index number <of imait<eiri<al as
<de«eitimined Iby 't'e inpu~'t <order..

!!I!AIL'S'AiU Zn!t<e!geir ((<uimi'tIL<ess'!) IR<ejpr<e's em't's ima«eire.<aIL imdIL<c'es f<oir <e'a'ch

ima«eiriial in <ea'c!h im'o'de..

I~<< ~ 'S ~Inst<e!geir ((iu~mTi!tl<ess) IR'e!pve'sem«<s «he imam<I!mum n<umber <of ave'a's in
(A'RIE'ADA <cal<ciu~li<a'itiem ({3'0~ ar<eas) ..

INAXD'SP :ILn«eiger ((immi'itl<e'ss) IR+piwesem't's «he im'axiom nuimber <o'

dispiezsi<om em«egos<es ((3l ~dis!parsi<om
<c<a«e!goiri<e's) ..

RAXCRP Zn«e~i ({iu'mi'tl<ess) IR<epi&esem«s Iobe im'awi<mnm nmmbeir <of Iph+si<c<al-
<c!hemi<cal g<«o'@ps ((X5 Igroulps) ..

RAXILS'O~ Xn«e!ger ({iuimi'tl<e'ss) IR'epres'em'es '&re imaw5num number <o'f i'so«opes
(((65 !)<so«opes) ..

III!<<AT X'n«e,geir ((iumii!tl<esis) IR<eyire'sam'«s 'Are imaximnm

incumber

<of ima«'er3.mIL<s

((le <ma!t<eri<al<s) ..

! tQMOl) Zn«e(geir ((iuni«IL<es.s) !R<epir<es'e'mits We imam'!mam nmmber <of
Itiranspoit«a!ti<om immodest ({l(0i imo'des) ..

MAX'Z. limtteger ((iumi!tIL<ess) IR<epwesem't's «he imari!mern nmmbmr <of <smitci<es
in 'Are IDMO(MIL, wirray ((i'em'tirims,') ..



TarbjL<e IB-jl

,!L!myoid'tran't Variia'bl<e's ini IRK!D~'ERA% ~4 ((Con'tirn<u'e'd'i)

'Uairri'aM<e Tvoe
j0nirts//

r'(Ionirtjl<e's's".~) IDes cirjiio'ti<on

IMAM'nt<e,gee r'(wxnjI'tl<ess!) IRepiresen'ta We imawirmmn numbeir <o'f !radii<ail
<d!L's't<ancos r(3.5 <di'srtancos) ..

iNAXSEU jina'e,geir ((rutnn.el<eaaj) IR<ejpiresenrts !&re imari!mmn iniu'mbeir <of acti<den't=
rs eweirirty <c a'te<goiri<e's r(i2'0~ w'c<ci<den't-s eweirjLrty
<cait<eigoiri<e's!) ..

IN'Y!P Tinct'e,gerr <'(run5?tl<e'ss!) IR<epwesenits !the rmaxirmum !numb'err <of majlnnes
<enrt<ered 3:n IPKGODN r'(jib majlru~e's)! .

IN GOO'iin'te<geir r(rutnjirtl<e'ssi) IR<epire's'emits rth'e rtortajl rn<u~mbeir <of rma't<eirjialrs
inn an analysi's..

INN'5'4 IRe:al IR<epiresenrts !the air!r<ay <of jpwop'err'ti<es <of
!man'gan'os e--'5'4..

IN''9'-9 Real IR<ejpir<e's'enrts She avrr<ay <of priropeir't'ii<e's <of
imojly'bden<u~m-'.9'.9 [[jphorton <energy inc1Lrudes rthe
<da~ingh'teir 't'echn'e'tirinm-<99m]J ..

INGM

IN''DS<ArU

IIm't<egeir r('unirtjl<es's!) IRepva'sa<mrts It'he <c'utxrr<en't im'ode in<u~mbex..

Tinct<erger r(wxnirtjl<e'ss)I IR<epiresen'ts im'ode's rins'ed in analyst's..

INT<Aji. :jim'tergejr r(nnniitl<es.sr) IR<epir<esen'es 'ehe inmnbeir <of irt<eira'ti<on's
a%cured !to Find robe 'eojl<eir<anc'e l<ewejl in rt'h'e

MDT 'sut'biroinrtjlrn'e rt jLS'0~ irteirarti<o'ns!) ..

Trnrte3eir r(rurnirtjl<es'si) IR<epir<e'san't s '~'e ininmbeY <of IP<a's<qinijll <n.'s<opl<erich
aireas fry a <disjp'&wsajl ac<ci<den't r'(le
i's'opjl<e!th me.as!),.

5A'REA'S :rIint erg'ex r'(runirtjl<ess)) IR<ejpms'en'e's 'ehe imumbeir <of anninjlair is<od'o'se
areas used irn 'Ace analysis <of <dtsjpersal
<ac<ci<den'e's ..

5AVr!IILIIT Xinrt<erg err !'(rutnirtjl<e'srs?) IR<epwesen@s !the nninmber <of i<s'opjl<erth air eas
ruts'ed rto Kind rQErIiU/AK:Pair <each ii:s'ortope..

IÃrB!94 IR'eal IR'epvesn'n'ts 'the air<r<ay <of jpeopeirti<os <of
inn.nnb!ir0m-'94,.

'0ommon IBl<ock IP..



'Z'abtle lB-Il

I!mpo!t't<an!t V<arr)<a~bi'es in tRKDrlDRAH '4 !'(<Gontinuedi)

tUni'tsrl
V<ariiaM<e Tvoe <'(Un'i!til<e'ss)i tDe's cn.<ln't i<on

HB9$ ~R<ea1 IRepre'sen'ts 'the array <of tproper't'i~os <of
ni<o'bi~urn-'.95 ..

jln't<egev ~(~u'm'i.<t!i<e'ss)) IR<epr<e'sen't's 't'e number 'of Pa'squitiii
<st'abrlji1i!ty <c<a!'eegori<'s !(six <ca'te'gor<I.'es)

RC'S -!In't<e,,ger <'(~umi!tti<e's'si) kepve'sen't's 't'e !maxii!mu'm <l<eng'th <of an inpu't
:tisane <'(l8'0 <charac!ters!) ..

ÃMAtB Xn!t<e,<ger ((~u~mlt!ti<essi) jR<epre's'enact's 't''e numb'er <of parame'ters fn
!Incan<den't-free 'transpor'ta'tfon!model! !'(2'5

tp'arameters) ..

BD0>'StE .Intte<gex !(!utmi!t)i<os s)r )R<e!pre's'en'ts !t''e nu'mb'ex <of inci<den't-- free
<d'ose <c<a't<egori<e's <'(1<8 <dos'e <c<a't<e'gori<e<s)r ..

MD'O~'StP)i 3ln't<e!ger {{~ural!!tX<essr) IR<epr<e's'en't's 'th'e 't'o't<ajl <col~umns !f<or fnci<den't--
fnee <dose <c<a!t'etgori<e's <'(H. <co~l~umns)i ..

5D''ERQ .Kn!t<etgeY {{!umph!tTl<es'sr) tR<epr<e's'en't's 'the numb'er <of wari<abti<e's pr'in'te'd
in 'the iimpor't<ance. analysi's 'summary t'(.'3'8

mavi<aM~esr) ..

Xn'te,ger !'(!hami!t)l<e's'sr) jRep!r<e's'en'ts 'eh'e numb'er <of <c'o'limn's .in 't'e
lPR'0~'B'E~F arrtay <'(fo'm <col!u~mnsr) ..

NGR'OV~!P In~t<e!ge!t !(!utmi!tl<es's) tR<epwesen't's 'the n<umbe!r <o'f p'hysf<c'al-<chemii<oal!

,'group's .

Kt'S !In!te<ger l(!umi'tl<essr) )R<ep!t<e's'en!ts '~the 'eo'tal numb'er <of ii's'or'ope's

fer <e'adh !m'a!t ezii<a1 ..

M'S<OT!P Xn'ne!ger ((hami!tlfe's's)) 1R<ep!tesen'ts '@he nu'mba <of <defrine'd ii'so'topes
((~6<0| tptltuis ~h'e numbers <define'd 'e.i'th 't''
MFWE keyeowd !to a!maw'i!mum <of 1i:2'5

i'o'cope's'r) .

5K~Qr2

8K'K~Q4

Xn!tergal <'(nni't)i<es<s)j R'ejpr<es'en'es !t'e n<u~mb'e!r <of !keyuroxd's in ~I~KQ3..

Kn!t<e<gez !'{!urn%!tl<e's'sr) ~R<epr<e'san!t's !the n<umb'er <of keywords fn .KX~Q<2..

jim!t<e<gex ({>utni!ttl<essr) 1R<epres<enrs !t'hz nu'mber <of tkeyeords 'in ~I!MN3..

Xn'ee<ge!r {(wnii:tti<essr) Repr<es'en'ts !the numb'er <o'f l!!ey!!<ords 'in )I!MQ4.,

!(rommon jB1!~octk JP..
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Table B-1

Important Variables in RADTRAN 4 (Continued)

Variable TYDe
Units/

QUnitless) Descriotion

NKW5 Integer (unitless) Represents the number of keywords in IKW5.

NKW6

NKW7

NKW8

Integer (unitless) Represents the number of keywords in IKW6.

Integer (unitless) Represents the number of keywords in IKW7.

Integer (unitless) Represents the number of keywords in IKW8.

NLEG Integer (unitless) Represents the number of modes or number
of links.

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 population-
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 distances
for nondispersal accidents.

Common Block P.



Table B-1

Important Variables in RADTRAN 4 (Continued)

Variable Tvoe
Units/

'(Unitless) Descrintion

NREMLV Integer (unitless) Represents the number of dose levels used
in the look-up table for early fatalities
(30 dose levels).

NRFLAG Logical (unitless) Set to true when a delimiter is
encountered.

NSEV Integer (unitless) Represents the number of accident-severity
categories.

NTHRS Integer (unitless) Represents the number of early morbidity
thresholds (five thresholds).

Character (unitless) Holds numerical characteristics 0 through
9 for comparison with ICARDI.

ONSCST Real U.S.
dollars

Represents on-scene clean-up costs for
each accident-severity category and
dispersibility category.

P32 Real Represents the array of properties of
phosphorus-32.

PCKG Logical (unitless) Set to TRUE if the PKGSIZ keyword is used;
otherwise, set to FALSE.

PDST Real persons Represents the number of persons exposed
during storage.

PDSTOR Real persons Represents the number of persons exposed
during storage.

PDTOT Real person-rem
or LCFs

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.

PECMPT Real U.S.
dollars

Represents the economic impact over all
accident-severity categories for each
population-density zone.

Common Block P.
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Table B-1

Important Variables in RADTRAN 4 (Continued)

Variable Tvoe
Units/

(Unitless) Descriotion

PHTE Real MeV/disin-
tegration

Represents the photon energy of an
isotope.

PHTENG Real MeV/disin-
tegration

Represents the photon energy value for
each isotope.

PKGCDM Real Represents the characteristic dimension of
a given type of package.

PKGCOE Real m2 Represents the conversion factor for
point-source dose rate from dose rate at
1 m for each material.

PKGSHP Real (unitless) Represents the number of packages per
shipment for each mode and material.

PKGSIZ Real m Represents the characteristic package
dimension for each material.

PKGSZ1 Real m Represents the threshold dimension for
packages handled by forklifts.

PKGSZ2 Real m Represents the threshold dimension for
packages handled by cranes.

PM147 Real Represents the array of properties of
promethium-147.

POPDEN Real person/
km2

Represents population densities of zones.

POPDR Real person/
km2

Represents the rural population density.

POPDS Real person/
km2

Represents the suburban population
density.

POPDU Real person/
km2

Represents the urban population density.

POPDUP Real POPDU ~

0.1 ~ RPD
Represents the pedestrian population
density.

Common Block P.
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Table B-1

Important Variables in RADTRAN 4 (Continued)

Units/
Variable Tvoe (Unitless) Descriotion

ppH Real persons Represents the number of exposed persons
per handling.

PPS Real (unitless) Represents the number of packages of a
material per shipment.

PPV Real persons Represents the number of persons per
vehicle sharing the transport link.

PRMNDS Real (unitless) Represents the partial derivative of
normal dose concerning DNORML parameters.

PROBEF Real (unitless) Represents the array of the probability of
early fatality from an exposure to marrow
or lung.

PSAREA Real m Represents areas used in Pasquill
dispersion calculation.

PSPROB Real (unitless) Represents the probability of occurrence
of each of six Pasquill stability
categories.

PSQLCT Real Ci-sec/
m3-Ci
released

Represents integrated air-concentration
values for'asquill stability categories.

PSUMEF Real (unitless) Represents the sum of early fatalities for
each accident-severity category and
population-density zone.

PSUMEM Real (unitless) Represents the sum of early morbidities
for each accident-severity category and
population-density zone.

PU236 Real Represents the array of properties of
plutonium-236.

PU238 Real Represents the array of properties of
plutonium-238.

PU239 Real Represents the array of properties of
plutonium-239.

/~'Common Block P.



Table B-1

Important Variables in RADTRAN 4 (Continued)

Units/
Variable Tvoe (Unitless) Descriotion

PU240 Real Represents the array of properties of
plutonium-240.

PU241 Real Represents the array of properties of
plutonium-241.

PU242 Real Represents the array of properties of
plutonium-242.

Q6 Real 0.5 rem-
m2/hr-
Ci-MeV

Represents the constant used in dose-rate
formula.

RADIST Real Represents radial distances defining
exposure annuli for the nondispersal
accident model.

Real (unitless) Represents the resuspension dose factor.

RDFGE Real (unitless) Represents genetic effects from
resuspension exposure.

RDFLCF Real (unitless) Represents latent cancer fatalities from
resuspension exposure.

REMLEV Real rem Represents dose levels for the look-up
table for early fatalities.

RESP Real (unitless) Represents respirable fractions of an
isotope in aerosol form.

RFRAC Real (unitless) Represents the package release fraction
for each physical-chemical group and
accident-severity category.

RPCVAL Real rem/Ci Represents the conversion factors for each
isotope for eight organ types.

RPD Real (unitless) Represents the ratio of pedestrian density
to overall population density.

Real (unitless) Represents the shielding effectiveness
factor for rural areas.

*Common Block P.
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Table B-1

Important Variables in RADTRAN 4 (Continued)

Units/
Vari tl ~ra ~titlsssl Descrintion

RS Real (unitless) Represents the shielding effectiveness
factor for suburban areas.

RSPEC Logical (unitless) Represents true if LINKS if used;
otherwise false.

RSPHLF Real days Represents the resuspension half-time
(time for half of the material to re-
deposit [365 days]).

RST Real Represents the average exposure distance
during shipment stops.

RSTOR Real m Represents the average exposure distance
while shipment is stored.

RU Real (unitless) Represents the shielding effectiveness
factor for urban areas.

RU103 Real * Represents the array of properties of
ruthenium-103 (photon energy includes the
short half-life daughter rhodium-103m).

RU106 Real Represents the array of properties of
ruthenium-106 (photon energy includes the
short half-life daughter rhodium-106).

RVELR Real sec/m Represents the reciprocal of rural
velocity.

RVELS Real sec/m Represents the reciprocal of suburban
velocity.

RVELU Real sec/m Represents the reciprocal of'rban
velocity.

S35 Real Represents the array of properties of
sulfur-35.

SB125 Real Represents the array of properties of
antimony-125.

SENPRM Real (unitless) Represents derivatives (38) for importance
analysis summary for each link.

*Common Block P.
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Table B-1

Important Variables in RADTRAN 4 (Continued)

Variable Tvoe
Units/

(Unitless) Descrintion

SEVFRC Real (unitless) Represents the fraction of accidents that
are of a particular accident-severity
category.

SLTRAN Real (unitless) Represents the soil transfer factor for
ingestion pathway for each isotope.

SM151 Real Represents the array of properties of
samarium-151.

SPY Real (unitless) Represents the number of shipments by a
mode.

SR89 Real Represents the array of properties of
strontium-89.

SR90 Real Represents the array of properties of
strontium-90.

STERM Real mrem-m2/
hr

Represents the product of BTERM and TI
(Transport Index) -to-dose-rate factor (TI
~ PPS ~ SPY ~ CAYZER).

STPMIN Real hr Represents the minimum stop time per
shipment.

SUMEF Real fatalities Represents total early fatalities by the
impact to all organs for each accident-
severity category and population-density
zone.

SUMEM Real morbidities Represents total early morbidities by the
impact to all organs for each accident-
severity category and population-density
zone.

TABHLF Real days Represents the half-life for radioactive
decay of each isotope.

TABRDF Real (unitless) Represents resuspension dose factors for
each isotope.

TABSPY Real (unitless) Represents the number of shipments for
each mode.

Common Block P.
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Table B-1

Important Variables in RADTRAN 4 (Continued)

Variable Tvoe
Units/

(Unitlessl Descriotion

TBAR Real days Represents the time required for
radioactive decay to reduce the
contamination level to the criterion
level.

TBDIHD Real m Represents exposure distances from
intermediate and large packages to
handlers.

TBDTHD Real hr Represents exposure times from
intermediate and large packages to
handlers.

TBPPH Real persons Represents the number of persons exposed
per handling of intermediate and large
packages.

TC99 Real Represents the array of properties of
technetium-99.

TCLEVL Real Ci/m2 Represents the total contamination level
over all isotopes for each accident-
severity category.

TCNTPR Real vehicles/
hr

Represents the one-way traffic count in
rural zones.

TCNTPS Real vehicles/
hr

Represents the one-way traffic count in
suburban zones.

TCNTPU Real vehicles/
hr

Represents the one-way traffic count in
urban zones.

TDCONF Real (unitless) Represents the total decontamination
factor of all isotopes for each accident-
severity category.

TDSDST Real rem Represents the total dose vs distance for
each value of RADIST.

TE125M Re~1 Represents the array of properties of
tellurium-125M.

*Common Block P.
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Table B-1

Important Variables in RADTRAN 4 (Continued)

Units/
Variable Tvoe (Unitless) Descrintion

TE127 Real Represents the array of properties of
tellurium-127.

TE127M Real * Represents the array of properties of
tellurium-127M.

TE129 Real * Represents the array of properties of
tellurium-129.

TE129M Real Represents the array of properties of
telluriuin-129M.

TEST Character (unitless) Holds the last input word.

Real mrem/hr Represents the dose rate; equals dose in
mrem/hr at 1 m.

TIMZR Real hr Represents the zero stop time per trip
(rail mode only).

TIPKG Real mrem/hr Represents the dose rate at 1 m for each
package of a given material by each mode.

TITLE Character (unitless) Title of the data set entered by the user.

TOL Real (unitless) Represents the tolerance level for
comparing equivalence of numbers (1E-5).

TS1 Real day Represents the lesser of 50 yr or the time
required to reduce the contamination level
to the criterion level.

TS2 Real day Represents the lesser of 10 days or the
time required to reduce the contamination
level to the criterion level.

TS3 Real day Represents the lesser of adjusted clean-up
the time or the time required to reduce
the contamination level.

TS4 Real day Represents the time required to raze and
rebuild a large area.

*Common Block P.
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Table B-1

Important Variables in RADTRAN 4 (Continued)

Variable

TSUMRS

Units/
Tvoe (Unitless)

Real (see VSUMRS)

Descriotion

Represents intermediate sums of the
accident output.

TWOPI Real (unitless) Represents 6.2831853071796.

U233 Real Represents the array o+ 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,
morbidities,
and U.S.
dollars

Represents shipment-specific values for
early fatalities, early morbidities, and
economic costs.

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.

sec/m Represents the rural velocity.

VELS

VELU

Real sec/m Represents the suburban velocity".

Real sec/m Represents the urban velocity.

VSUMRS Real person-rem
or LCFs
and genetic
effects

Represents for the non-LINK option, the
array of accident output for each isotope;
for the LINK option, the array of accident
output for each link.

Common Block P.
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Table B-1

Important Variables in RADTRAN 4 (Concluded)

Variable Tvoe

VV Real

Units/
(Unitless)

km/hr

Descriotion

Represents the velocity used in maximum
individual dose calculation (24 km/hr).

WBLCF Real LCF/person-
rem

Represents latent cancer fatalities (LCFs)
per million person-rem effective dose.

WORDS Character (unitless) Represents characters used as delimiters
for the RADTRAN input.

WS Real 3 m Represents the sidewalk 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 Represents the array of properties of
yttrium-91.

'ZN65 Real Represents the array iaaf properties of
zinc-65.

ZR95 Real
'/

Represents the array of properties of
zirconium-95.

*Common Block P.
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Table B-2

Variables in Common Blocks

COMMON BLOCK - ACD

Values used to compute accident dose

ACCGE

ACCLCF
ACCPYR

ACCRAT

AERSOL
ARATMZ

AREADA

ASIZE
BDF
CIPKG
CULVL

DELTIM
DFLEV
DNHGE

DNHLCF

DOSDST
ECNMPT

ECONF

EFPYR
EMPYR

EMRCST

EXPEO
FRCZON

GEPYR

GNDSGE
IACC
IDISP
IPCGRP
LCFPYR
LNGTAB

NAREAS
NTHRS

ONSCST
PHTENG
RADIST
RDFGE
RDFLCF
RESP
RFRAC
RPCVAL
SEVFRC
SUMEF
SUMEM

TABHLF
TABRDF
WBLCF
XFARM

COMMON BLOCK - ACD2

Additional values used to compute
accident dose and economic impact

AGT40
AP1T1
A1T20
A20T40
BRATE
CHIVAL
CLDGE

CLDLCF
CLDOSF
DECON

DTOT

EARLYD

EARLYL
ECNPYR

EMTRSH

INGGE
INGVAL

IPSQSB
IRNKC
NAVINT

NPOP1
PDTOT
PECMPT
PSAREA
PSPROB
PSQLCTPSUMEF
PSUMEM

SLTRAN
TBAR
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

EVAL1
EVAL2
EVAL3
EXPLCF
FDTRAN

GRDGE

GRDLCF
INGLCF

TDCONF
TDSDST
Tsl
TS2
TS3
TS4
URSKF
VELDEP

COMMON BLOCK - CARD
Variable used when reading the input deck

CONTUF

IPOINT
KBYTE

NCS

NRFLAG

COMMON BLOCK - CCARD
Character variables used when reading the input deck

ICARD

ICARDI
NVY

TEST

COMMON BLOCK - CMDT
Variables used in subroutine MDT,
which calculates concentration of
material in cloud after depletion

DLIM
EPS

MTAL

COMMON BLOCK - CON

Mathematical constants

DZ

FMU

GAM

NDREV

NC

PI

Q6
TOL
TWOPI
VV

WS
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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

KLOCK
TITLE

COMMON BLOCK - IKW
Character strings containing input keywords

IKW1
IKW2
IKW3
IKW4

IKW5
IKW6
IKW7
IKW8

LABDOS
LABEF
LABGRP

LABISO
LABMAT

COMMON BLOCK - LABELS
Arrays used to store character
strings that are read in or
used to label output tables

LABMOD

LABORG

LABPOPLBTRSH
LDESCR
WORDS

LARAT

LDIST
LMODE

LPOPD
LSPED

COMMON BLOCK - LVAR

Link variables, used only
when LINKS option is used

LTYPE
LVDEN

LZONE

NLNK

RSPEC

COMMON BLOCK - MAIN

Main common block containing many of
the most commonly used parameters

DIST
DISTKM
FKMPS

IANA

NGROUP

NIS
NMAT

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
IEXCLU
IPRAM
ISEN
ISO
IUOPT
LIB
LIBSAV
LISTLH
MAT

MATSAV

MCOUNT

MODE

NORG

NPKG

NPOP

NRAD

NSEV.
PCKG

PKGSHP
POPDEN

RPD
RR
RS
RU

TABSPY

MAXARS

MAXDSP

MAXGRP

MAXISO
MAXMAT

MAXMOD

COMMON BLOCK - MAXSZ

Maximum permitted array sizes

MAXNLD

MAXRAD

MAXSEV

MAXTYP

NPRAM

RSPHLF

NKW1

NKW2

NKW3

NKW4

COMMON BLOCK - NIKW

Integer variables containing
the lengths of the IKW arrays

NKW5

NKW6

NKW7.

NKW8

COMMON BLOCK - NORML

Values used to compute incident-free doses

CH1
CH2

COEF
DNORML

KI
MODSAV

NDLAB

NDOSE
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Table B-2

Variables in Common Blocks (Continued)

COMMON BLOCK - HORML (Concluded)
Values used to compute incident-free doses

DOSEN

DOSMAX

DPKG

EFFSIZ
FNOATT

FRGAMA

FRNEUT
INCFRE
ITRAIN

NDOSP1
NLEG

PKGCDM

PKGCOE

PKGSZ2
PKGSIZ
PKGSZ1
SENPRM

TIPKG

COMMON BLOCK - NSEN

Variables used in incident-free dose
calculations and sensitivity analysis

ATERM

BTERM
D4
PRMNDS

RVELR
RVELS
RVELU

STERM

COMMON BLOCK - 0
Character array of isotope names

ISONAM

AM241
AM243
C14GAS
C140RG
CA45
CE141
CF252
CM242
CM244
C058
C060
CR51
CS134
CS137

COMMON BLOCK - P
Arrays of isotope properties

NISOTP
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

I125
I129
I131
KR85
MN54
M099
NB94
NB95

COMMON BLOCK - P (Concluded)
Arrays of isotope properties

SB125
SM151
SR89
SR90
TC99
TE125M
TE127
TE127M
TE129
TE129M
U233
U235
U238
XE133
Y91
ZN65
ZR95

NE

NREMLV

COMMON BLOCK - PROB
Values used to determine the
probabilities of early fatality

PROBEF
REMLEV

COMMON BLOCK - SENDOS
Dose values used for sensitivity analysis

DOSE2
DOSE5

DOSE6

COMMON BLOCK - SET
Variables with values that are

set in subroutine SETVAL

ADSTCQ
CAYZER
CDF
CI
CREWNO

PDST
PDSTOR
PHTE
POPDR
POPDS
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Table B-2

Variables in Common Blocks (Concluded)

COMMON BLOCK - SET (Concluded)
Variables with values that are

set in subroutine SETVAL

DEPVEL
DSTRVL
DTHD

DTST
DTSTOR
FCTST
FG

FMINCL
FN

FRSHR
FTLFWY
FTNZR
FTNZS
FTNZU

HANDNO

HLIFE
IDSP
IGRP
LNGTYP

POPDU

POPDUP

PPH
PPS
PPV
RDF
RST
RSTOR
SPY
STPMIN
TCNTPR
TCNTPS
TCNTPU
TI
TIMZR
VELM

VELR
VELS
VELU

TSUMRS

VALINK

COMMON BLOCK - TALLY
Summations used in analysis

VSUMRS

COMMON BLOCK - TBD
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.



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 COMPLETE, 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),* ACCLCF(20,3),ACCGE(20,3),SEVFRC(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),ONSCST(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),* A1T20(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),EVAL1(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),ISOSAV(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,ISO,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

C-2



COMMON/LABELS/LABSEN(38),LDESCR(38),LABISO(65),
* LABDOS(25,2),LABORG(8),LABPOP(3),LABMOD(10),LABEF(4),
* WORDS(6),LBTRSH(5),LABGRP(15),LABMAT(12)

CHARACTER LABSEN*10,LDESCR+40,LABISO*10,LABDOS*30,
* LABORG*lO,LABPOP*10,LABMOD*10,LABEF*10,WORDS*1,
* 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 INFORM'ATION

LEGO LEG
IPASQO 0
WRITE (6,'('' LEG'')')
WRITE (6,10) LEG, LABMOD(MODE), MODE

WRITE (6 i ( ACCIDENT 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 1,NPOP),J 1,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(ISO)),
LABMAT(MAT)

WRITE (6,'('' LCF (NON-UNIT) OR PERSON-REM

(UNIT) CONSEQUENCE DATA'')')
WRITE (6,60) ((ACCLCF(J,K),K 1,NPOP),J 1,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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C..
ELSE

.....END OF A RUN

WRITE (6, '(''
LEGO 0
IPASQO - 0

ENDIF
RETURN

EOF< I ) ~ )

10 FORMAT

20 FORMAT

60 FORMAT

70 FORMAT

80 FORMAT

END

(1X,I5,1X,A10,1X,I5)
(1X,I5,1PE10.2)
(8(1PE10.2))
(1X,A10,1X,A10,1X,A10)
(1X,2I5, 2(1PE10.2))

where

ACCRAT

ACCPYR
ACCLCF

ACCGE

CI
COST

EOF

HLIFE
IDISP
IPASQO
IPASQ

IPCGRP
ISO
LABGRP

LABISO
LABMAT

LABMOD

LEGO

LEG
LIB
MAT

MODE

NPOP

NSEV
PPS
PSPROB

- accident rate
expected number of accidents
number of latent cancer fatalities if NONUNIT;
dose in person-rem if UNIT- number of genetic effects (NONUNIT only)- number of curies of isotope
LOGICAL true if economic impact printed; false
otherwise- "end of file" used to denote end of data input for a
discrete subset of data- half-life of isotope- dispersability category
previous Pasquill cloud number; initialized to zero- Pasquill cloud number (1 to 6); should be 1 if Pasquill
not used in analysis
physical-chemical group number
isotope number according to input order
physical-chemical group label
isotope label
material label- mode label- previous link number; initialized to zero- link number
isotope number in internal data library- material number- mode number- population-density zone- accident-severity category- number of packages per shipment- 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
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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. FILE11.DAT contains genetic
consequences and associated probabilities. FILE12.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 FILE11.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
FILE10.DAT, FILE11,DAT, and FILE12.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 RADTRAN 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 ll. If, 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 message 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.

ARRAY INDEX ERROR, MODE ENTERED IS n. MODES MUST BE BETWEEN l 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 l or 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, 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.

CONVERGENCE 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 ~dis ersability 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, FILE11.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 [xl x2 x3 x4 x5 x6]

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

n - mode number
x rural fraction of travel
y - suburban fraction of travel
z urban fraction of travel.

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 CANNOT 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 QUAD1 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 CHANGED.
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 number of package ~t e; the keyword GROUP stands for physical-
chemical @roun.

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).

D-5



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 VAS 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 message 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
PACKAGE 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. IUOPT ~ i
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.
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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'as 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 a 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 MATERIALS, 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 m4

NAREAS n5 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.

D-8



DISTRIBUTION

U.S. Department of Energy
Office of Scientific & Technical Information (175)
Oak Ridge, TN 37830
Attn: DOE/OSTI-4500-R74 UC-820

U.S. Department of Energy (2)
1000 Independence SW

Washington, DC 20585
Attn: J. Williams, RW-321

W. Lake, RW-323

U.S. Department of Energy (3)
Washington, DC 20545
Attn: L. Harmon, EM-53

F. Falci, EM-50.1
C. Miller, EM-50.1

':U.S. Department of Energy
Office of Security Regulations
Washington, DC 20545
Attn: J. Read, EH-321

U.S. Department of Energy (2)
Albuquerque Operations Office
Albuquerque Headquarters
P.O. Box 5400
Albuquerque, NM 87115
Attn: D. Bandy

K. Golliher

U.S. Department of Energy (2)
Idaho Operations Office
550 Second Street
Idaho Falls, ID 83401
Attn: M. Fisher

K. Svinicki

U.S. Department of Energy
Chicago Operations Office
9800 S. Cass Avenue, Bldg. 350
Argonne, IL 60439
Attn: J. Roberts

DIST-1



6000
6300
6320

6320
6321
6321
6321
6322
6323
8523-2
3141
3145
3151

D. L. Hartley
T. 0. Hunter
R. E. Luna, Acting
Attn: TTC Master File
TTC Library (200)
M. G. Vannoni, Acting
K. S. Neuhauser (10)
F. L. Kanipe (10)
G. F. Hohnstreiter
T. L. Sanders
Central Technical Files
S. A. Landenberger (5)
Document Processing for DOE/OSTI (8)
G. C. Claycomb (3)

DIST-2 *U.S. GOVERNMENT PRINTING OFFICE: 1992-673.122J60111



II

I

I

''a a I aa

('

I
!

l3


