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INTRODUCTION 

The t ranspor ta t ion  o f  hazardous mater ia ls  has become a matter o f  increasing 
pub l i c  i n t e r e s t  and concern which has been voiced i n  requests f o r  improvements i n  
shipping systems and increased p ro tec t i on  from the hazards r e s u l t i n g  from such 
shipments. Included w i  t h i n  the term hazardous mater ia l  s  are basic categor ies o f  
mater ia ls  which e x h i b i t  anoxic, corrosive,  explosive, flammable, rad ioact ive o r  
t ox i c  e f f e c t s  o r  character ist ics.  The media has expanded i t s  coverage o f  acci-  
dents and inc idents  invo lv ing hazardous mater i  a1 s  and there has been an increase 
i n  the number o f  laws and regulat ions governing such shipments. These ru l es  have 
been promulgated because o f  the accidents and inc iden ts  which have occurred, and 
because o f  the increased numbers, volumes and types o f  mater ia ls  involved. These 
add i t iona l  r u l  es have resul ted i n  greater compl ex i  t i e s  o f  t ransport ing,  s tor ing,  
and disposing o f  hazardous materi  a1 s. Indust ry  has responded w i t h  modi f i ca t i ons  
t o  ( o r  acqui s i  t i o n  o f  new) equipment which has s ign i  f i c a n t l y  improved performance 
o f  some t ranspor t  systems i n  accidents. I n  addit ion, companies have been founded 
t o  clean up s p i l l s  o f  hazardous mater ia ls  and t o  r e t u r n  the routes and t ranspor t  
systems t o  operational status. 

One aspect o f  the awakened i n t e r e s t  i n  hazardous mater ia ls  t ranspor t  i s  re-  
f l ec ted  i n  the numbers o f  analyses descr ib ing the po ten t ia l  harm and r i s k s  i nvo l -  
ved. Many analyses and techniques have been developed t o  show the quan t i t a t i ve  
r i s k  t h a t  accrues from t ranspor t ing these materials. A number o f  these studies 
have been used to show t h a t  t ranspor ta t ion  i s  "safe" b u t  some o f  the  same studies 
have a lso been used t o  show how many problems and po ten t ia l  d isasters are wa i t ing  
t o  occur. This paradox i s  espec ia l ly  i n t e r e s t i n g  to those involved i n  rad ioac t i ve  
mater ia ls  t ransportat ion.  They weigh the ob jec t i ve  record o f  no deaths o r  i n -  
j u r i e s  from 30 years o f  t ranspor t ing rad ioac t i ve  mater ia ls  against t h a t  o f  any 
other  category o r  c lass o f  hazardous mater ia l  and then observe which i n -  
dustry "enjoys" the p r inc ipa l  a t t e n t i o n  o f  t he  pub1 i c ,  media, regul a tors  and 
lawmakers a t  a l l  l e v e l s  o f  government. The problem here i s  the pub l i c ' s  percep- 
t i o n  o f  the  r e l a t i v e  hazards posed by a  mater ia l  and t h e i r  perception o f  t he  
r e l a t i v e  bene f i t s  they receive from it. The understanding o f  t h i s  process i s  
p a r t  o f  the program a t  the Transportat ion Technology Center (TTC), and t h i s  paper 
deals w i t h  the  r e l a t i v e  hazards po r t i on  o f  the problem. 

The ob jec t i ve  o f  t h i s  paper i s t o  d i  scuss methods under study a t  TTC t o  develop 
a perspective on how technical measures o f  hazard and r i s k  r e l a t e  t o  perception 
of hazards, harm, and r i s k s  associated w i t h  t ranspor t ing  hazardous materi  a1 s. 

Th is  paper i s  concerned w i t h  two rnajor aspects o f  the re1 a t i v e  hazards prob- 
1  em and i s  based on a study performed by Science Applications, Inc. The f i r s t  
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aspect  i s  t he  analyses of t h e  poss ib le  e f f e c t s  assoc ia ted  w i t h  exposure t o  hazar- 
dous m a t e r i a l s  as conta ined i n  the  f o l l o w i n g  two pa r t s :  (1) o u t l i n e s  o f  p o s s i b l e  
problems and cont rovers ies  t h a t  c o u l d  be encountered i n  the  eva lua t ion  and com- 
pa r i sons  o f  hazards and r i s k s  and ( 2 )  d e s c r i p t i o n  o f  t h e  var ious  measures o f  harm 
(hazards o r  dangers) and subsequent compari sons the reo f .  The second aspect  o f  
t h i s  paper leads i n t o  a  p resen ta t i on  o f  t h e  r e s u l t s  o f  a study which had the  
f o l 1  owing purposes: (1) t o  develop a n a l y t i c a l  techniques f o r  a  consi s t e n t  t rea tment  
o f  t he  phenomenology o f  the  consequences o f  a  re lease  o f  hazardous ma te r ia l s ,  ( 2 )  
t o  reduce t h e  number o f  va r i ab les  i n  t h e  consequence analyses by development o f  
t r a n s p o r t a t i o n  acc ident  scenarios which have t h e  same meteorological  cond i t i ons ,  
demography, t r a f f i c  and popu la t i on  d e n s i t i e s ,  geographical  fea tures  and o t h e r  appro- 
p r i a t e  cond i t i ons  and ( 3 )  t o  develop c o n s i s t e n t  methods f o r  p resent ing  t h e  r e s u l t s  
o f  s tud ies  and analyses t h a t  descr ibe  t h e  phenomenol ogy and compare hazards. The 
r e s u l t s  o f  the  study a re  in tended t o  p rov ide  a  b r i d g e  between a n a l y t i c a l  c e r t a i n t y  
and percept ion  o f  t he  hazards involved.  

ANTICIPATED PROBLEMS 

There a re  many poss ib le  p rob l  ems assoc ia ted  w i t h  per forming re1 a t i v e  compari - 
sons o f  hazards. The most impor tan t  problem i s  how t h e  r e s u l t s  o f  a  p a r t i c u l a r  com- 
p a r a t i v e  study w i l l  be rece ived by t h e  publ i c .  T y p i c a l l y  a  statement comparing 
hazards becomes an advocacy posi t i o n  whether exp l  i c i  t l y  s ta ted  o r  imp1 i c i  t l y  
i nd i ca ted .  For example, comparisons o f  n a t u r a l  d i s a s t e r s  t o  hazards o f  t ranspor -  
t a t i o n  may be in fo rmat ive ,  b u t  a r e  o f  l i t t l e  value, because there  i s  a  b e n e f i t  
assoc ia ted  w i t h  one and n o t  t he  o ther .  Development o f  econometric measures o f  

- A  - .. -. poss ib le   effect,^ a l so  may be i n fo rma t i ve ,  b u t  w i l l  c e r t a i n l y  c rea te  s i m i l a r  d i s -  -- - agreements because o f  d i  f f i c u l  t i e s  ' i n  s e t t i n g '  .p r ices  on i n j u r i e s  o r  f a t a l  i t i e s .  . . .  - 

Analyses o f  the  harmful e f f e c t s  assoc ia ted  w i t h  the  manufacture, processing, use 
o r  . t r a n s p o r t a t i o n  o f  one hazardous m a t e r i a l  a r e  o f t e n  s ta ted  t o  be super io r  
o r  sa fe r  than the  same a c t i v i t i e s  assoc ia ted  w i t h  another mater ia l .  As a  r e s u l t ,  
those advocat ing the maligned ma te r ia l  o r  a c t i v i t y  q u i c k l y  assemble t h e i r  resources 
and out1 i n e  d e f i c i e n c i e s  i n  t he  o r i g i n a l  ana lys i s .  I n  concluding t h i s  cyc le ,  
i t  can be s ta ted  t h a t  bo th  "s ides"  i n  t h i s  cont roversy  end up w i t h  reduced 
c r e d i b i l i t y  and the  publ i c  and the  d e c i s i o n  inakers have increased skept ic ism 
about  bo th  ma te r ia l s  and a c t i v i t i e s .  

An example o f  a  problem and r e s u l t i n g  cont roversy  c rea ted by comparisons o f  
t h e  r i s k s  o f  nucle r power w i t h  o the r  enerqy systems i s  described by a  study per-  
formed by Inhaber.' The concept o f  r i s k  t o  human h e a l t h  d i v i d e d  by the  n e t  energy 
produced by the  energy system cons ide r ing  t h e  t o t a l  energy cyc le  was used as t h e  
comparat ive resource i n  t h i s  study. The goa ls  o f  t h e  study were t o  (1) assess 
t h e  r i s k s  of nuclear  power, and ( 2 )  p lace  t h e  r e s u l t s  o f  the  study i n t o  perspec- 
t i v e .  The r e s u l t s  o f  t h i s  study showed t h a t  r i s k s  ( t o t a l  deaths per megawatt 
y e a r )  f o r  s o l a r  power (space heat ing,  thermal,  and phhotovol t a i c )  were e i g h t  t o  
f o r t y  t imes greater  than nuc lear  power when the  e n t i r e  energy c y c l e  was consid-  
e red  ( a c q u i s i t i o n  o f  raw mater ia ls ,  f a b r i c a t i o n  o f  b u i l  d ing  ma te r ia l  s, cons t ruc-  
t i o n  and opera t ion) .  However, t he  problems o f  s to rage and disposal o f  nuc lea r  
wastes were n o t  considered i n  t h i s  ana lys is .  Regardless o f  whether the  s to rage 
and d isposal  o f  nuclear  wastes pose an ac tua l  r i s k  t o  publ i c  heal th,  t h e  e x c l u s i o n  
o f  these a c t i v i t i e s  i n  t he  r i s k  assessment v i o l a t e d  one o f  the  ground r u l e s  o f  t h e  
study by n o t  cons ider ing  an e n t i r e  energy cyc le .  Th i s  exc lus ion  i s  s i g n i f i c a n t  
because these storage and disposal a c t i v i t i e s  have been the  focus o f  i n t e r e s t  
groups i n  c r i t i c i s m  o f  the plans, procedures, and p o l i c i e s  developed f o r  nuc lear  
wastes. An eva lua t i on  o f  t h i s  study i n d i c a t e s  t h a t  i t s  r e s u l t s  were i n f o r m a t i v e  
b u t  t h a t  t h e  r e l a t i v e  sa fe ty  o f  nuc lear  power t o  s o l a r  power o r  o ther  energy 
forms was n o t  "proven" conc lus i ve l y  and t h a t  t he  b e n e f i t s  o f  t h i s  ana lys i s  t o  t h e  
s a f e t y  o f  bo th  s o l a r  and nuc lear  power were quest ionable.  Inhaber 's  study i s  



t y p i c a l  o f  many t h a t  have been performed which r e s u l t  i n  adverse o r  construed 
advocacy p o s i t i o n s  f o r  a  system o r  m a t e r i a l .  It i s  s u f f i c i e n t  t o  s t a t e  t h a t  so 
many analyses have been performed t o  prove whatever p a r t i c u l a r  r e s u l t  was des i red  
t h a t  i t  has become d i f f i c u l t  t o  per form o b j e c t i v e  analyses and develop methods t o  
compare hazards. These analyses should be performed on ly  under c a r e f u l l y  c o n t r o l -  
1  ed cond i t ions ,  w i  t h  s ta ted  ob jec t i ves ,  and f o r  se l  ected audiences. 

MEASURES OF HAZARDS AND HARM 

A  v a r i e t y  o f  methods have evolved o r  been developed t o  est imate harm and 
hazards t o  people and the  environment. R isk  assessment a c t i v i t i e s  have r e s u l t e d  i n  
t h e  s t rongest  techn ica l  analyses o f  these hazards. With cont inued i n t e r e s t  i n  
p r o t e c t i n g  man and the  environment f rom p o s s i b l e  adverse e f f e c t s  o f  hazardous mate- 
r i a l s ,  t he  percept ion  o f  harm, hazards and r i s k s  has l e d  t o  many p o s i t i o n s  and 
r e g u l a t i o n s  which have 1  i t t l e  b a s i s  on t h e  techn ica l  fac ts .  I n  o rder  t o  p lace  
t h e  harm, hazards and r i s k s  i n  perspect ive ,  some methods have been developed 
which de f i ne  r i s k s  i n  terms o f  c a r t e s i a n  coord ina tes .  These range, i n  d e s c r i p t i v e  
terms, f rom invo lun ta ry  and c e r t a i n  f a t a l  consequences t o  vol  un tary  and c e r t a i n  
non - fa ta l  e f f e c t s .  Using such d e s c r i p t i  ns i t  i s  poss ib le  t o  p l o t  a c t i v i t i e s ,  
processes o r  i n d u s t r i e s  on these scales.9 Another d e f i n i t i o n  s e t  i n d i c a t e s  whether 
an a c t i v i t y  i s  acceptable by techn ica l  analyses and accepted by t h  pub1 i c  o r  i s  
unacceptable by techn ica l  analyses and n o t  accepted by the  public. '  The r e l a t i o n -  
s h i p  o f  these and o ther  imprecise measures o f  t h e  percept ion  o f  r i s k ,  hazards 
and harms t o  techn ica l  analyses i s  t h e  goal o f  t h e  study repo r ted  i n  t h i s  paper. , .  

The problem i s  extremely compl icated because o f  t h e  many e f f e c t s  t h a t  must be 
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genet ic  e f f e c t s ,  monetary losses  f o r  cleanup and reconst ruc t ion ,  contaminat ion, 
f a c i l i t y  den ia l ,  evacuation, p rope r t y  damage, species e x t i n c t i o n ,  l o s s  o f  recrea- 
t i o n ,  reduced aes the t i c  e f f e c t s ,  s o c i a l  impacts i n  terms o f  d i s r u p t i o n  o f  soc ia l  
processes and reduc t i on  i n  t he  qua1 i ty o f  1  i f e ) .  Development o f  comparat ive c r i -  
t e r i a  which places appropr ia te  we igh t ing  f a c t o r s  on each o f  these e f f e c t s  has 
n o t  been u n i v e r s a l l y  successful  , b u t  i s  f r e q u e n t l y  .achieved i n  small groups by 
dec i  s i o n  analyses. 

Indexes o f  harm do prov ide  f o r  comparat ive ana lys i s  and dec i s ion  procedures. 
These indexes can be devel oped w i t h  d i  f f e r e n t  c r i t e r i a  (sca l  es)  desc r i  b i  ng and 
l i n k i n g  any of the seventeen cons ide ra t i ons  noted above o r  o the r  app rop r ia te  . 

e f f e c t s .  An example o f  us ing  such index o f  harm and subsequent comparison i s  
o u t l  i n e d  l a t e r  i n  t h i s  paper. Un.t i l  some acceptance o f  some q u a n t i t a t i v e  methods 
emerges, t he  methodology conta ined i n  t h i s  paper may be used t o  p rov ide  i n s i g h t  
( f r o m  a  t e c h n o l o g i s t ' s  p o i n t  o f  v iew) i n t o  t h i s  problem o f  r e l a t i v e  hazards and 
compari sons o f  harm i n  t r a n s p o r t i n g  hazardous mater i  a1 s. 

CONSEQUENCE ANALYSES 

The consequences c a l c u l a t e d  i n  t h i s  paper a r e  f o r  the  e f f e c t s  c rea ted by a  
s p i l l  of hazardous mater ia ls .  The emphasis i s  on f a t a l i t i e s  only ,  b u t  t he  meth- 
odology developed i s  app l i cab le  t o  and can account f o r  var ious  o the r  measures o f  
hazard ( i .e., i n j u r i e s ,  p roper ty  damage and s o c i a l  e f f e c t s )  p rev ious l y  o u t l  i ned. 
The e f fec ts  o f  a  re lease o f  hazardous m a t e r i a l s  and the  consequences assoc ia ted  
w i t h  t h e  spill are summarized i n  a  f l o w  c h a r t  shown i n  F igu re  1. 

A general r e l a t i o n s h i p  was developed f rom t h e  var ious  equat ions desc r ib ing  t h e  
p o s s i b l e  e f f e c t s  o f  var ious  hazardous m a t e r i a l  on human h e a l t h  as fo l lows:  ( a l l  
ca tego r ies  o f  ma te r i a l s  p rev ious l y  i n d i c a t e d  a re  described by t h i s  equat ion  w i t h  
t h e  except ion  o f  cor ros ives) .  
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F igure  1. Flow Char t  o f  Poss ib le  E f f e c t s  Resu l t ing  
f rom a  S p i l l  o f  Hazardous Materi 'a l  s  

where 

C = Consequence ( f a t a l  i t i e s ,  i n j u r i e s ,  p rope r t y  damage, e tc .  ) 
A  = F r a c t i o n  o f  populat ion,  p roper ty ,  etc., w i t h i n  an area a f f e c t e d  by  

t h e  re leased m a t e r i a l  (0.0 < A  < 1.0, 1.0 - A  i s  f r a c t i o n  p r o t e c t e d  
by na tura l  o r  man-made fea tures)  

B  = Popu la t ion  dens i ty ,  p r o p e r t y  value, o r  o the r  appropr ia te  measure o f  
people o r  geography 

F  = Constant ( thresh01 d  f a c t o r  f o r  f a t a l i t i e s ,  i n j u r i e s ,  damage, e tc . )  
m = Mass o f  hazardous ma te r ia l  re leased  
f = Fac tor  depending on category o f  hazardous ma te r ia l  
d  = Distance from re lease p o i n t  
a  = Re la t ionsh ip  f o r  d i l u t i o n  

Equation ( 1 )  i s  a p p l i c a b l e  f o r  immediate e f f e c t s  caused by exposure t o  a  
f i r e b a l l  , b l a s t  overpressure and t o x i c  ma te r i  a1 s  where t h e  c l  oud produced by  
instantaneous re lease i s  b a s i c a l l y  sphe r i ca l  i n  form. With the  popu la t i on  d e n s i t y  
( B )  and an est imate o f  t he  people sh ie lded  from the  e f f e c t s  (A) known f o r  an 
a f fec ted  area, t he  consequences resu l  t i n g  from an instantaneous re lease o f  mate- 
r i  a1 s  can be ca l  c u l  ated. (For exampl e, f o r  f l  ammabl e  m a t e r i a l  s, t he  consequence 
C i s  equal t o  the heat  l oad ing  q ( ~ t u / f t 2 )  t o  cause f a t a l i t i e s  w i t h i n  d i s tance  x  
from a  source, K i s  equal t o  7785, m i s  equal t o  t h e  weight  o f  the ma te r ia l  i n  
k i  1 ograms and f i s equal t o  5/6. Thi  s  product,  mu1 t i p 1  i e d  by the  popul a t i o n  
dens i t y  o f  the  a f f e c t e d  area and the  f r a c t i o n  o f  t he  popu la t ion  af fected by t h e  
r e 1  eased mater ia l ,  es tab l  i shed a n a l y t i c a l  est imates o f  t he  consequences. ) 
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As the  re leased m a t e r i a l s  beg in  t o  be a f f e c t e d  by the meteoro log ica l  condi -  
t i o n s  and t e r r a i n ,  Equat ion (1) r e q u i r e s  r e d e f i n i t i o n  o f  and a d d i t i o n a l  terms t o  
descr ibe  these more compl icated cond i t i ons .  Among the  f a c t o r s  which w i l l  h e l p  
d e f i n e  these cond i t i ons  t h a t  must be considered are  the  f o l l o w i n g :  (1) d i spe rs ion  
of ma te r i a l s  which are  u s u a l l y  i n  vapo r -a i r  o r  p a r t i c u l a t e  c loud  forms and i n c l  ud- 
i n g  the e f f e c t  o f  buoyancy, ( 2 )  m i  t i g a t i n g  o r  enhancement e f f e c t s  o f f e r e d  by 
n a t u r a l  o r  man-made fea tu res  which a i d  d i l u t i o n  o r  concent ra t ion  o f  t h e  m a t e r i a l s ,  
( 3 )  t h e  nature o f  t he  re lease  ( ins tan taneous o r  cont inuous) and ( 4 )  t h e  type o f  
e f f e c t s  created by the  re leased  m a t e r i a l  s  (immediate, l a t e n t ,  genet ic ,  e t c .  ) 

R e s t r i c t i n g  the d i scuss ion  t o  h e a l t h  e f f e c t s  ( w i t h  the cont inued imp1 i e d  
a p p l i c a t i o n  t o  o ther  e f f e c t s ) ,  t he  major c o n t r i b u t i o n  t o  these e f f e c t s  i s  t h e  
d i s p e r s i o n  over a  wide area o f  v a p o r - a i r - p a r t i c u l a t e  c loud o f  s u f f i c i e n t  concen- 
t r a t i o n s  t o  cause hazards t o  the  p u b l i c .  Th is  d ispers ion  and d i l u t i o n  depends 
upon the meteorol og i ca l  c o n d i t i o n s  and whether t he  ma te r ia l  i s  ins tan taneous ly  
o r  cont inuous ly  re1 eased. The r e 1  a t i o n s h i  p  desc r ib ing  consequences as a  f u n c t i o n  
o f  t he  ma te r ia l s  re1 eased i s  shown i n  F i g u r e  2. Re la t ionsh ips  between the  conse- 
quences and t ime are shown i n  F i g u r e  3. 

F i g u r e  2. Re1 a t i onsh ip  between 
consequences of re lease  
o f  .hazardous m a t e r i a l  
and mass and. d u r a t i o n  

- . . . . -- - . - 
.-.-- . -. - o f  ma te r i a l  s  released. .. 

F i g u r e  3. Possible r e l a t i o n s h i p s  
between t ime f o r  
hea l th  e f f e c t s  t o  
occur and consequences. 

Conse- 
quences 

Conse- 
quences 

1 Immediate 
( l i m  t+O)  

2  Continuous 

.. , , 

I~nmedi a t e  
* e ; ~ E f f e e t s  , 

To account f o r  the  v a r i o u s  f a c t o r s  and r e l a t i o n s h i p s  f o r  d i s p e r s i o n  and 
d i l u t i o n ,  Equation ( 1 )  r e q u i r e s  m o d i f i c a t i o n  and r e d e f i n i t i o n  as f o l l  ows t o  
desc r ibe  continuous re1 eases: 

c = A B K Q ~ (  tin 
where 

C = Consequences o f  re lease  o f  hazardous m a t e r i a l s  
A,B = Previously  de f i ned  
Q = Volume o f  m a t e r i a l  re1  eased 
t =T ime  
m,n = Exponents desc r ib ing  meteorol og i ca l  cond i t i ons  and m a t e r i a l  re1 eased 
K = f (mater ia l  s p i l l e d  and area i nvo l ved )  w i t h  the  Area under t h e  curve  

i n  F igu re  2 = - K  ( Q / t )  because a t  a  g iven time, Area, Q, n  a r e  known 
as shown i n  F i g u r e  2 and K i s  the  i n t e r c e p t  which can be ca l cu la ted .  



SIMULATED ACCIDENT CONDITIONS 

Two accident  scenar ios (u rban and r u r a l )  were pos tu la ted  t o  develop quant i -  
t a t i v e  comparisons o f  h e a l t h  e f fec ts  produced by re leases o f  var ious  hazardous 
mater ia ls .  I n  add i t i on ,  t h e  two cases would prov ide  a  un i fo rm s e t  o f  c o n d i t i o n s  
t o  evaluate the methodology and e l i m i n a t e  as much s u b j e c t i v i t y  i n  t h e  analyses 
as possib le.  The scenar ios o f f e r  t h e  a v a i l a b l e  pathways ( d i r e c t  exposure, a i r -  
borne, aquat ic and food c h a i n )  f o r  poss ib le  h e a l t h  e f f e c t s  t o  occur. The r u r a l  
l o c a t i o n  consis ted o f  a  freeway overcross ing  a  s t a t e  highway ad jacent  t o  a  r i v e r  
as shown i n  F igure  4. A1 so i n  t he  immediate area were a  gas01 i n e  s t a t i o n  and 
a  food market. The t r a f f i c  d e n s i t i e s  were 20 and 100 veh ic les  per  hour on 
t h e  s t a t e  highway and freeway, respec t i ve l y .  The p r e v a i l i n g  wind o f  2  m/sec was 
d i r e c t e d  toward a  town 3  km away which had a  popu la t ion  dens i t y  o f  2400 people/km2. 
The urban scenario was a l s o  a  freeway overcrossing a  c i t y  s t r e e t  ( F i g u r e  5). 
The t r a f f i c  dens i ty  was 8000 v e h i c l e s  per  hour on the freeway and 1000 p e r  hour 
on the  c i t y  s t ree t .  The p  p u l a t i o n  d e n s i t i e s  ranged from 35,000 people/km2 near 9 t he  source t o  20 peopl e/km a t  80 km w i t h  an approximate geometric decay between. 
A  wind speed o f  2  m/sec ex i s ted .  T a l l  b u i l d i n g s  and o ther  f ea tu res  (e.g., pedes- 
t r i a n s )  were i n c l  uded. 

F i g u r e  4. Rural acc ident  1  ocat ion. 

F i g u r e  5. Urban acc ident  l o c a t i o n .  



,I . 
RELATIVE CONSEQUENCES 

D e a t i l  ed ca l  cu l  a t i o n s  were made o f  heal t h  e f f e c t s  produced from re1 eases i n  
these two s i t u a t i o n s  us ing  s p e c i a l i z e d  and d e t a i l e d  techniques. Equations ( 1 )  
and ( 2 )  were used as model s  t o  re1 a t e  the  resu l  t s  o f  the  more d e t a i  1  ed c a l  cu l  a- 
t i o n s  t o  the  de te rm ina t i on  of t h e  consequences o f  s p i l l s  o f  the  f o l l o w i n g  mate- 
r i a l s :  anoxic ( c h l o r i n e ,  which i s  a l so  t o x i c ) ,  h igh  explos ives,  flammable (LNG 
and LPG), r a d i o a c t i v e  ( s p e n t  f u e l )  and t o x i c  (pa ra th ion  and toxaphene). These 
i n d i v i d u a l  m a t e r i a l s  were se lec ted  as rep resen ta t i ve  o f  t h e i r  p a r t i c u l a r  category 
and because basic  c h a r a c t e r i s t i c s  and data desc r ib ing  the  ma te r ia l  s  were ava i l ab le .  

Analyses and subsequent comparisons o f  t he  r e s u l t s  were accomplished through 
a  v a r i e t y  o f  methods. One o f  t h e  approaches i s  o u t l i n e d  i n  the  f o l l o w i n g  schematic 
as shown i n  F igure  6. Here, t h e  o b j e c t  i s  t o  develop a  r e l a t i o n s h i p  between the  
measures o f  harm f o r  m a t e r i a l s  A and B when shipments are  subjected t o  s i m i l a r  
acc ident  environments i n  s i m i l a r  se t t i ngs .  The c e n t r a l  p l o t  o f  F i g u r e  6 con- 
t a i n s  measures of harm f o r  m a t e r i a l  s  A  and B  and the  o the r  diagrams i n d i c a t e  the  
conceptual f l ow  of t h e  c a l c u l a t i o n .  Beginning i n  t he  lower l e f t  w i t h  m a t e r i a l  
A, acc ident  s e v e r i t i e s  ( c a t e g o r i e s  I through V I I I  from NUREG-0170) a r e  r e l a t e d  
t o  package response as i nd i ca ted .  The re lease o f  ma te r i a l  s  ( i f  i t  occurs)  i s  
re1 ated t o  the consequences as c a l c u l  ated us ing  the  appropr ia te  form o f  Equations 
(1 )  and (2) and e i t h e r  o f  t h e  two scenarios described. These consequences ( i n  
t h i s  case hea l th  e f f e c t s  o n l y )  form the measure o f  harm. The numbers on the 
scales merely i n d i c a t e  i n c r e a s i n g  values. Beginning i n  t he  upper r i g h t  w i t h  mate- 
r i a l  B y  a  s i m i l a r  a n a l y t i c a l  procedure i s  out1 i n e d  i n  F igu re  6. Wi th  s u f f i c i e n t  $, 

-. . . a ... ' c a l c u l a t i o n s  f o r  a n a l y s i s  .of t he  e f f e c t s  o f  var ious  acc ident  s e v e r i t i e s ,  a  curve  .. . .- . &-* - . . 

:G~;~>~g~~&.comparing - +-,-*?+x+=47:e=< . . the-  measures ,.of. 'harm. of!-two ma te r ia l  s. i s  descr ibed as: a  " f i g u r e  o f  . . - - . - - -  : , J  
.. . *, he ri -fll .>. . $.S i"-y:- :';=- '.* . I 

=. ,. . .. Analysis "of t h i  s:$'ffighre'iof 'meri't" ot. 'can' i nd i t a tg ' - ( t h rough '  'aeviati'bn. ...;.':.ie. . z. L :, .. 
from a  diagonal 1  i n e )  s i g n i f i c a n t  d i f f e r e n c e s  . i n  the  regul a to ry  c l  imate o r  r i s k  
percept ions o f  t h e  two m a t e r i a l s .  , 
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comparing consequences 
o f  m a t e r i a l s  A  and B  

F igure  6. Schematic f o r  Comparisons o f  Hazards from Two M a t e r i a l s  



CONCLUSIONS 

Understanding the  d i  f fe rences i n  pe rcep t i on  o f  hazards resu l  ti ng from t rans -  
p o r t  o f  var ious  hazardous m a t e r i a l s  i s  f r a u g h t  w i t h  d i f f i c u l t i e s  i n  i s o l a t i n g  t h e  
qua1 i t a t i v e  and q u a n t i t a t i v e  fea tu res  o f  t h e  problem. By re1  a t i  ng the  quan t i  t a -  
t i v e  impacts o f  ma te r i a l  hazards under i d e n t i c a l  cond i t ions ,  i t  i s  hoped t h a t  t h e  
perceived d i  f ferences i n  ma te r i  a1 hazards can be del  ineated and eval uated. 
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