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AN ASSESSMENT OF THE RISK OF TRANSPORTING 
PROPANE BY TRUCK AND TRAIN 

C. A. Geffen and A. L. Franklin 
Pacific Northwest Laboratory 

INTRODUCTION 

Rural areas that are not served by natural gas lines depend on the shipment 
of propane for use as a fuel. Most of the long distance transportation of 

' propane is by pipeline. However, local distribution and final delivery of 
propane usually requires shipment by tank truck or rail tank car. Environ- 
mental control systems are required to prevent release of propane during 
transport. Environmental control equipment for propane transportation 
systems includes containment barriers and relief valves designed to prevent 
significant releases of material 'during normal transport. Some protection 
from release during transportation accidents is also provided by rail tank 
car head shields and tank insulation. 

An important part of an effective environmental.contro1 engineering program 
for propane transportation systems is the quantification of the level of 
protection afforded by the control systems currently in use or those that 
might be developed in the future, Risk assessment techniques are a method of 
measuring the effectiveness of the environmental control systems by quantify- 
ing the safety of the transportation system. 

Risk assessment attempts to place the consequences of accidental release of 
hazardous materials into perspective by considering the probability that 
the release will occur. A commonly-used measure for the risk to society 
from operating a particular system is the product of the consequences of 
a release and its estimated frequency of nccurrence, summed over all 
possible releases from the system. If the release consequences are expressed -. 
in terms of fatalities, the system risk can be compared to the risks from 
other systems or to other risks in society such as accidents or natural 
disaskris. Additional perspective on the risk from a particular system can 
be gained by developing a risk spectrum. A risk spectrum is a plot of the - 
expected frequency of a given level of consequences (or greater) versus 
consequence level. It is a valuable tool for comparing the risk from dif- 
ferent systems or activities. Risk spectrum information is also needed for 
judgments about the acceptability of the risk from a particular system. 
Occasionally society may attach different values to high consequence events 
than to a series of lower consequence events that produce the same overall 
risk. In order for the risk from two systems to be considered equivalent, 
both the total risk numher and the risk spectrum must be similar. 



This paper presents an assessment of the risks of transporting propane by 
truck and train. The study, carried out as a part of Pacific Northwest 
Laboratory's (PNL) Transportation Safety Studies Project, was conducted 
for DOE'S Division of Environmental Control ~echnolo~~. The remainder of 
this paper reviews the risk assessment methodology that has been developed 
by PNL and presents the results of its application to propane transportation 
sys tems . 

TRANSPORTATION RISK ASSESSMENT METHODOLOGY 

The risk assessment methodology used in the Transportation Safety Studies 
Program evolved from a number of risk analysis models originally developed 
for use in the nuclear industry. Initially, risk assessment techniques 
suggested as a method of evaluating sites for nuclear power facilities. <yere 
Application of early methods was limited to analyses of fixed facilities. 
Fixed facilities have a well-defined population distribution and the popula- 
tion in the immediat-e vicinity of the plant (the exclusion area) is 
controlled by the facility operator. The population distribution in the 
vicinity of a transportation accident, however, is highly variable. 
Transportation accidents may occur in rural areas (with very low population 
densities) in suburban areas or in urban areas (with relatively high 
population densities). Since transportation accidents can occur at virtually 
any location along the shipping route, a variety of geographic and meterolog- 
ical conditions can al,so be encountered, The variability in the population 
distribution, geography and meteorology for transportation accidents adds a 
degree of complexity not found in risk assessments of fixed sites. 

Four basic steps are followed in the PNL transportation risk assessment 
methodology to develop the information required to perform the risk analysis. 
These four basic steps are: 

I 

. o  A detailed description of the transportation system, including 
projected industry characteristics, size and number of shipments, 
material characteristics, container types, transport modes, routes 
traveled, and weather and population zones. 

l The identification of possible material release sequences, using 
fault tree analysis. 

l The evaluation of the probabilities and consequences of releases, 
using container failure data and mathematical models for dispersion 
and health effects. 

.The calculation and assessment of risk, defined as the product of 
the probability of a.release of material to the environment and the 
consequences of that release. 



SYSTEM DESCRIPTION 

The r e s u l t s  of t he  r i s k  assessment of t r anspor t ing  propane by t ruck  and t r a i n  
a r e  r e l a t e d  t o  t he  year 1985 t o  allow a comparison wi th  o the r  r e p o r t s  i n  t h i s  
s e r i e s .  To apply t h e  r i s k  assessment methodology descr ibed above t o  t h e  propane 
t r anspor t a t ion  system, i t  was necessary t o  make some assumptions about t h e  
propane shipping indus t ry .  These assumptions included t h e  following: 

Shipping systems and b a s i c  d i s t r i b u t i o n  p a t t e r n s  a r e  t he  
same a s  i n  t he  mid-1970's. Most propane is  shipped i n  two 
o r  more s t ages ,  a s  shown i n  Figure 1, from r e f i n e r i e s  o r  
processing p l a n t s  t o  an in te rmedia te  te rmina l  and then onto 
t h e  consumer. 

The t o t a l  amount of propane shipped i n  1985 corresponds t o  t h e  
pro jec ted  U.S. requirements f o r  1985, sca led  up t o  account f o r  
second s t a g e  movements. 

*About two-thirds of t he  t o t a l  propane movements a r e  by tank 
t rucks ,  while  roughly th ree  percent  of t o t a l  movements a r e  by 
r a i l  tank ca r .  The remainder of t h e  propane shipments a r e  made 
p r imar i ly  by p i p e l i n e  

92.,39 
11 second s t a g e  d e l i v e r i e s  a r e  assumed 

t o  be made by t rucks .  

* A l l  tank t ruck  shipments a r e  assumed t o  b e  made i n  tank t rucks  o r  
t r a i l e r s  designed t o  meet Department of Transpor ta t ion  (DOT) 
s p e c i f i c a t i o n  MC-331. 

* A l l  r a i l  tank car  shipments a r e  assumed t o  be  made i n  an  in su la t ed  
r a i l  tank ca r  wi th  headshields ,  designed t o  meet t he  new DOT 
s p e c i f i c a t i o n  1125340W. 

The shipping system desc r ip t ion  developed from these  assumptions is  summarized 
i n  Table 1. 

.TABLE 1. Simplif ied Propane Shipping Systeni Model 

Propane Mater ia l  ' Number o f  
Tank Averaoe Transport Amount/ ' Shipped/Year Shipments/ Shipment 
Type Mode Container (m3) (mi 11 ion m3) Year Distance (km) Accident/ 

km 
MC - 331 
Tank Truck Truck 43.0 40 98q ,000 210 1 .55  x l o -6  
r lC  - 331 ' 

Bobtai 1 Truck 10.6 20 1 ,980.900 
130 1.55  x 

DOT - 112534015' 
R a i l  Tank Car Rai 1 127.2 



.FIGURE ---. 1 , . General Patterns of'  LPG Transport and D i s t r i b u t i o n  



RELEASE SEQUENCE IDENTIFICATION 

To determine the  p r o b a b i l i t y  of a conta iner  f a i l i n g  during normal t r a n s p o r t  
o r  during a t r anspor t a t ion  acc ident ,  poss ib l e  r e l e a s e  sequences must be  
pos tu la ted .  Propane r e l e a s e s  occur every year  from tank t rucks  o r  r a i l  
tank ca r s .  However, t h e  s t a t i s t i c a l  information a v a i l a b l e  from s t a t e  and 
f e d e r a l  agencies  does not  provide a s u f f i c i e n t  b a s i s  t o  i d e n t i f y  t h e  
mechanisms by which these  tanks f a i l .  Thus, poss ib le  r e l e a s e  sequences a r e  
i d e n t i f i e d  by a deduct ive reasoning process t h a t  works backward from a r e l e a s e  
through t h e  poss ib l e  chain of events  t h a t  could produce t h e  r e l ea se .  Faul t  
t r e e  a n a l y s i s  was used t o  perform these  reasoning processes .  Releases 
during normal t ra .nspnt t  and r e l e a s e s  caused by fo rces  produced i n  t ranspor ta -  
t i o n  acc idents  were considered i n  i d e n t i f y i n g  the  r e l e a s e  sequences. ~ e i e a s e s  
during loading o r  unloading opera t ions  were not  i nves t iga t ed  i n  t h i s  s tudy.  

RELEASE SEQUENCE EVALUATION 

I d e n t i f i e d  r e l e a s e  sequences were evaluated t o  determine the  p robab i l i t y  of 
occurrence and t h e  r e s u l t i n g  environmental consequences. To c a l c u l a t e  t he  
p robab i l i t y  of a tank t ruck  o r  r a i l  tank car  f a i l i n g  during normal t r a n s p o r t  
o r  during a t r anspor t a t ion  acc ident ,  i t  w a s  necessary t o  e s t ima te  tank f a i l u r e  
thresholds ,  and examine t h e  fo rces  generated i n  an accident  environment. 

Both t h e  t ruck  and t r a i n  acdident  environments were evaluated using,  in for -  
mation developed by Sandia Laborator ies .  ( 4 )  For t h i s  s tudy ,  t he  s t r e s s e s  
present  i n  t ruck-and t r a i n  acc idents  were divided i n t o  four  ca tegor ies :  
f i r e ,  impact, puncture and crush. Other s t r e s s e s ,  such a s  abras ion  and 
immersion were assumed t o  con t r ibu te  i n s i g n i f i c a n t l y  t o  t he  l i ke l ihood  of 
propane tank f a i l u r e s  and were not  included. Support d a t a  on propane 
r e l e a s e s  was obtained from the  Of f i ce  of Hazardous Mater ia l s  i n  t h e  Depart- 
ment of Transportat ion.  

Propane tank f a i l u r e  threshold es t imates  were obtained us ing  mathematical 
a n a l y s i s  and engineering es t imates .  Only thresholds  r e l a t i n g  t o  t h e  acc ident  
environment and posing a t h r e a t  t o  the propane tank (f ire,  impact, puncture 
and crush) were evaluated.  Conservative assumptions were requi red  i n  some 
ins tances  t o  c a r r y  out t h e  ana lys i s .  S e n s i t i v i t y  s t u d i e s  were performed t o  
determine the  e f f e c t  of these  e s t ima te s  on the  o v e r a l l  r i s k .  

The f i n a l  s t e p  i n  t h e  eva lua t ion  of r e l e a s e  sequences is  t h e  determinat ion 
of r e l e a s e  f r a c t i o n s .  For t he  purposes of t h i s  r i s k  a n a l y s i s ,  t he  l f s t s  of 
r e l e a s e  sequences were divided i n t o  s i x  ca t egor i e s  and r e l e a s e  c h a r a c t e r i s t i c s  
were assigned t o  each. The s i x  r e l e a s e  r a t e  ca t egor i e s  a r e  descr ibed i n  t h e  
foil-owing paragraphs: 

The f i r s t  r e l e a s e  category r ep re sen t s  a continuous slow leak  
from an equivalent  2.5-cm diameter opening. These r e l e a s e  
sequences do not  genera l ly  occur a s  a r e s u l t  of t r anspor t a t ion  
aec idents .  This  r e l e a s e  i s  pos tu la ted  t o  occur e i t h e r  as a 
r e s u l t  of a de fec t ive  weld o r  cor ros ion  i n  t h e  tank i t s e l f  o r  
from a r e l e a s e  through a de fec t ive  i n t e r n a l  va lve  t h a t  t r a v e l s  
on through de fec t ive  o r  missing e x t e r n a l  hardware. 



The second r e l e a s e  category r ep re sen t s  a continuous outflow 
from an opened o r  damaged valve.  These r e l e a s e  sequences 
occurred a s  a r e s u l t  of mechanical fo rces  (impact o r  puncture) .  
Accidents wi th  f i r e  present  a r e  not  included here .  The r a t e  
of r e l e a s e  of propane is  assumed t o ' b e  the  equivalent  of t h a t  
emanating from t h e  a r e a  of a 7.6-cm diameter opening. 

A t h i r d  ' re lease  cat,egory is  t h e  outflow of propane from ac t iva t ed  
s a f e t y  r e l i e f  valves i n  an  acc ident  where f i r e  is present .  This  
r e l e a s e  is modeled a s  a continuous leak. 

The fou r th  r e l e a s e  category is t h a t  of a small ,  continuous l eak  
of propane i n  an acc ident  s i t u a t i o n  wi th  a f i r e  present .  The 
propane i s  re leased ,  a s  i n  r e l e a s e  category i l 2 ,  from a 2.5-cm 
diameter opening. The e leva ted  temperature r e s u l t s  i n  a l a r g e r  
r e l e a s e  r a t e .  

A f i f t h  r e l e a s e  category i s  a r e l e a s e  of propane from a major 
mechanical f a i l u r e  (impact o r  puncture) of t he  propane tank. . 

These represent  major accident  sequences where a f i r e  i s  no t .  
i n i t i a l l y  p re sen t ,  although t h e  ~ e l e a s e d  propane may l a t e r  be  
i g n i t e d .  It i s  assumed t h a t  t h e  t o t a l  conten ts  t o  the  tank a r e  
re leased  almost immediately. 

*The l a s t  category of r e l e a s e  corresponds t o  an explosive rup tu re  
of t h e  tank, caused by an overpressur iza t ion  of t h e  tank . 

o r  a weakening of t he  tank wa l l s  by f i r e .  These r ep re sen t  major 
acc ident  sequences were a f i r e  (not  caused by t h e  propane cargo) 
is  t h e  cause of tank f a i l u r e .  It is assumed t h a t  t h e  t o t a l  
conten ts  of t h e  tank a r e  re leased  almost immediately. 

To express  t h e  r i s k  from propane r e l e a s e s  i n  a form s u i t a b l e  f o r  comparison 
t o  o the r  s o c i e t a l  r i s k s ,  conversion f a c t o r s  were developed t o  allow modifi- 
ca t ion  of t h e  consequence por t ion  of t h e  r i s k  number (in t h i s  case  t o  
f a t a l i t i e s ) .  Areas which were evaluated include:  h e a l t h  e f f e c t s ,  meteorol- 
ogy, demography and quan t i t y  s f  t h e  r e l e a s e  dispersed.  

The p o t e n t i a l  sequences of events fol lowing a r e l e a s e  a r e  depicted i n  
Figure 2. The major h e a l t h  e f f e c t s  of t h e  r e l e a s e  scenar ios  considered 
i n  t h i s  r epo r t  a r e  d i r e c t  flame exposure, explosion e f f e c t s  (.overpressure 
and fragmentat ion) ,  r a d i a n t  h e a t  f l u x  and secondary f i r e s .  Consequences t o  
t h e  pub l i c  a r e  measured i n  terms of expected f a t a l i t i e s .  The number of 
f a t a l i t i e s  f o r  each major h e a l t h  e f f e c t  is  est imated by determining a s i z e  
and shape f o r  each e f f e c t  and applying t h i s  information t o  a uniform popu- 
l a t i o n  dens i ty .  An exclusion zone on e i t h e r  s i d e  of t he  t r j n ~ p o r t a t i o n  
pathway i s  assumed t o  e x i s t  f o r  a l l  r e l e a s e s ,  s i n c e  t h e  genera l  pub l i c  does 
not r e s i d e  immediately ad jacent  t o  major t r anspor t a t ion  pathways. 
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FIGURE 2. Event Tree  

Meteoro log ica l  in fo rmat ion  was o b t a i n e d  by averag ing  a c t u a l  d a t a  from 26 
s i t e s  throughout t h e  country .  P o p u l a t i o n  d i s t r i b u t i o n  i n f o r m a t i o n  was 
o b t a i n e d  by d i v i d i n g  t h e  U.S. i n t o  t h e  n i n e  Census Bureau r e g i o n s .  The 
p o p u l a t i o n  d e n s i t i e s  were grouped i n t o  t h r e e  c l a s s e s  w i t h i n  each reg ion :  
urban,  "o ther  urban" and r u r a l  a r e a s .  Popula t ion  d a t a  was e x t r a p o l a t e d  t o  
1985. The d i s t a n c e  t r a v e l e d  by propane t a n k  t r u c k s  and r a i l  t a n k  c a r s  i n  
each r e g i o n  was then  es t imated .  

Atmospheric d i s p e r s i o n  and vapor izat i -on models ,were used t d  de te rmine  . t h e  
e x t e n t  of a propane vapor c loud from a r e l e a s e  p r i o r  t o  i g n i t i o n .  

Accepted d i s p e r s i o n  models were used t o  determine t h e  c loud a r e a s  of 
p o t e n t i a l l y  flammable c o n c e n t r a t i o n s .  No evacua t ion  was assumed i n  calcu-  
l a t i n g  f a t a l i t i e s ,  s i n c e  most r e l e a s e  sequences were completed w i t h i n  
abour 30 minutes ,  which is i n s u f f i c i e n t  t i m e  f o r  a fo rmal  evacua t ion  program. 



RISK EVALUATION OF PROPANE SHIPMENTS 

Because of t h e  complicated na tu re  of t h e  shipping system model, t h e  r i s k  
a n a l y s i s  was divided i n t o  t h r e e  p a r t s ,  each p a r t  corresponding t o  one of 
t h e  t h r ee  propane tank types.  The r i s k  involved wi th  shipping propane was 
determined sepa ra t e ly  f o r  t h e  b o b t a i l  t ruck ,  t h e  tank t ruck  and t h e  r a i l  
tank c a r ,  and i s  shown i n  Table 2 .  These r i s k s  were then summed t o  de t e r -  
mine t h e  o v e r a l l  t r a n s p o r t a t i o n  system r i s k .  

TABLE 2 .  Summary of Propane Shipping Risks 

S i y n i f  i c a n t  Events oer Year 
Shipping Transport  Accidents Release o f  Pronane Release o f  Propane Resul t inq  i n  
Container . tlode (events /year )  (events lyear )  (events /year )  ? 1  Death --- 

MC - 331 
Tank Truck Truck 320 40 9 1 .6  

MC - 331 
Bobtai 1 Truck 250 

DOT - 112J340W 
R a i l  Tank Car R a i l  

Risk spectrum curves f o r  t h e  t h r e e  propane tank types  a r e  shown i n  Figure 3,  
along wi th  t h e  r i s k  spectrum f o r  t h e  e n t i r e  shipping system f o r  t h e  r e f e r ence  
year.  These r i s k  curves po r t r ay  t o t a l  r i s k  t o  t h e  pub l i c  from a l l  r e l e a s e  
types. The shipment of propane i n  tank t rucks  c o n t r i b u t e s  t he  g r e a t e s t  
p o r t i o n  t o  t h e  t o t a l  system r i s k .  The con t r ibu t ion  of a p a r t i c u l a r  tank 
type  o r  mode t o  t h e  t o t a l  system r i s h ,  however, is dependent on t h e  number 
of shipments per  year  made i n  t h a t  tank. F igure  4 shows t h e  propane ship- 

. ment r i s k  spectrum i n  pe r spec t ive  wi th  o the r  r i s k s ,  inc lud ing  those  from 
previous r i s k  assessment s t u d i e s  i n  t h i s  s e r i e s .  (7) The t o t a l  pub l i c  r i s k  
from propane shipment acc iden t s  i s  compared t o  t h e  r i s k  from o t h e r  k inds  of 
acc iden t s  and n a t u r a l  d i s a s t e r s  i n  Table 3 .  

The r e s u l t s  of t h i s  s t udy  i n d i c a t e  t h a t  t h e  r i s k  t o  t h e  pub l i c  of shipping 
propane i s  h igher  than t h e  r i s k s  involved wi th  sh ipping  nuc lear  m a t e r i a l s ,  
bu t  is genera l ly  lower than t h e  r i s k  spectrum presented f o r  man-caused and 
n a t u r a l  d i s a s t e r  events .  

Fur ther  pe r spec t ive  on t h e  t o t a l  r i s k  t o  t h e  pub l i c  from t r anspo r t i ng  
propane may be  gained by examining some of t h e  b e n e f i t s  provided by t h i s  
energy ma te r i a l .  Propane and o the r  l i q u e f i e d  petroleum gases are a 
s i g n i f i c a n t  source of f u e l  i n  t h e  United S t a t e s ,  supplying about 3 percent  
of t o t a l  U.S. energy demand i n  1976. Propane may be d i r e c t l y  s u b s r i t u t e d  
f o r  n a t u r a l  gas ,  and i s  a clean-burning fuel.C8) 
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FIGURE 3 .  ; Risk Spec t ra  f o r  Propane 
Shipments i n  1985 



TABLE 3. Average To ta l  and Indiv idua l  Risk from 
Various Accidents  and Natural  D i sas t e r s  

To ta l  Risk Indiv idua l  
Event ( , F a t a l i t i e s l y e a r )  Risk (b) 

A l l  acc idents  103,030 (a)  1 i n  2,000 

Motor vehic le  
acc idents  46,700 ( a ) '  . 

A i r  crashes 1,552 (a) 1 i n  140,000 

Dam f a i l u r e s  35 (c) 1 i n  6,300,000 

Gasoline 28 (dl 1 i n  7,900,000 

Propane shipments 15 1 i n  15,000,000 

A i r  crashes 
(persons on ground) 

Meteori tes  1.0 X J . o - ~ ( ~ )  L i n  2 x 10" 
. .' 

(a )  Based on 1975 s t a t i s t i c s .  

(b) Based on t o t a l  U.S. populat ion (220,000,000). 

(c)  Average f o r  dam f a i l u r e s  1889-1972 ( r e f .  5 ) .  

(d) From Reference 6. 

( e )  Average f o r  years  1960-1973 (.ref.  5 ) .  

( f )  Based on populat ion a t  r i s k .  

(g) From Xeference 5. 

. Propane is  a l s o  a  s t a p l e  on farms, where i t  i s . u s e d  f o r  crop drying,  flame 
weeding, tobacco curing,  s tock  tank hea t ing ,  and f r o s t  p ro t ec t ion :  It a l so"  
powe=s t rucks ,  p u ~ p s ,  standby genera tors ,  and o ther  farm equipment. Commercial 
est 'ablishments,  such a s  h o t e l s ,  motels ,  and r e s t a u r a q t s ,  use  propane much l i k e  
the homeowner. Indus t ry  r e l i e s  on i t  f o r  so lder ing ,  hea t - t r ea t ing ,  anneal ing,  
volcanizing,  and many o ther  uses .  A s  an engine fuel . ,  i t s  minimal e 'mi s s ions  
allows propane t o  be  used indoors.  This  same f e a t u r e  makes i t  a  d e s i r a b l e  
f u e l  i n  congested a reas .  

The LPG indus t ry  se rves  about eh i r t een  m i l l i o n  customers, inc luding  homes, 
farms, i nd iv idua l s ,  bus inesses ,  and government groups. LP-gas ii e s s e n t i a l l y  
a  r u r a l  f u e l ,  and roughly 1-112 m i l l i o n  farms depend on the  f u e l  f o r  a  v a r i e t y  
of uses.  Indus t ry  market c a l c u l a t i o n s  show a proximately 60 m i l l i o n  people 
dependent on LP-gas f o r  one use o r  another .  (8 



MAJOR CONTRIBUTORS TO OVERALL RISK 

During the  ana lys i s  of t h e  th ree  propane tank types ,  t h e  r e l e a s e  sequences 
were grouped i n t o  s i x  ca t egor i e s ,  corresponding t o  t h e  s i x  r e l e a s e  r a t e s  
descr ibed e a r l i e r .  The hazards from t r anspor t ing  propane stem from t h e  
£ l a m a b l e  na tu re  of t h e  cargo and r e s u l t i n g  e f f e c t s .  I n  eva lua t ing  the  
conseauences of each r e l e a s e  category,  four  e f f e c t s  of t he  re leased  propane-... 
were addressed: explosion (over-pressure e f f e c t s ) ;  d i r e c t  flame exposure; 
r a d i a n t  hea t  e f f e c t s ,  inc luding  damage from secondary f i r e s ;  and m i s s i l e  
damage. 

For both t ruck  and r a i l  t r a n s p o r t ,  i t  was found t h a t  t h e  r e l e a s e  sequences 
t h a t  involved d ispers ion  of t he  propane had the  g r e a t e s t  p o t e n t i a l  f o r  pro- 
ducing f a t a l i t i e s .  

These r e l e a s e  sequences pr imar i ly  inc lude  f a i l u r e  of t he  tank i t s e l f  by 
impact o r  puncture mechansims. The f a i l u r e  of t he  tank i n  an impact o r  
puncture acc ident  s i t u a t i o n  w a s  assumed t o  r e s u l t  i n  a r e l e a s e  o f , t h e  e n t i r e  
tank contents  t o  t h e  atmosphere, forming a l a r g e  vapor cloud. The flammable 
a r ea  of t h e  r e s u l t a n t  cloud was l a r g e  enough t o  a f f e c t  many of the  genera l  
publ ic ,  and t h i s  r e s u l t e d  i n  t he  most severe  consequences when i g n i t e d .  It 
was found t h a t  i n  an accident  where the  propane is immediately i g n i t e d ,  o r  
a f i r e  i s  involved i n  t he  acc ident ,  consequences were more l o c a l i z e d ,  and 
l e s s  l i k e l y  t o  r e s u l t  i n  f a t a l i t i e s  t o  t he  general  publ ic .  However, these  
explosion and immediate f i r e  sequences could r e s u l t  i n  f a t a l i t i e s  t o  the  
populat ion immediately surrounding the  ruptured tank t ruck .  This populat ion 
would include t ruck  d r i v e r s ,  emergency response teams (.most commonly f i r e -  
f i g h t e r s ) ,  and people i n  o ther  veh ic l e s  involved i n  t h e  acc ident .  

In  addi t ion  t o  f a t a l i t i e s  t o  t h e  general  pub l i c ,  about s i x  dea ths  per  year  
from propane t ruck  acc idents  may b e  expected i n  1985 t o  account f o r  d r i v e r s  
and o t h e r  people i n  t h e  immediate v i c i n i t y  of t he  acc ident .  Transport  of 
propane by r a i l  tank c a r  is expected t o  account f o r  about one o r  two deaths 
per  year  ( f i r e f i g h t e r s )  i n  add i t i on  t o  members of t he  genera l  publ ic .  

The a c t u a l  f a t a l i t y -caus ing  mechanisms experienced va r i ed  with populat ion 
d i s t r i b u t i o n s ,  l a r g e l y  because of sh i e ld ing  e f f e c t s .  In  urban a reas ,  d i r e c t  
flame contac t  and explosion e f f e c t s  caused the  major i ty  of dea ths .  Radiant 
h e a t  e f f e c t s  played a minor r o l e  i n  causing pub l i c  f a t a l i t i e s .  I n  "other  
urban" and r u r a l  a r eas ,  explosion e f f e c t s  and r ad ian t  h e a t  caused most of 
t he  f a t a l i t i e s .  Di rec t  flame contac t  was not  a major danger i n  t hese  a r eas .  

RISK SENSITIVITY STUDIES 

Before d iscuss ing  the  s e n s i t i v i t y  of t he  r i s k  eva lua t ion  t o  t h e  va lue  of 
c e r t a i n  system 'parameters, i t  is  important t o  poin t  ou t  a fundamental sens i -  
t i v i t y  of t he  r i s k  evaluat ion.  The ca l cu la t ed  r i s k  i s  a func t ion  of t he  



shipping assumptions. Use of d i f f e r e n t  shipping rou te s ,  d i f f e r e n t  con ta ine r s ,  
changes i n  t h e  predicted '  indus t ry  growth r a t e ,  e t c . ,  would r e s u l t  i n  a d i f f e r -  
en t  r i s k .  I n  genera l ,  reeva lua t ion  of t h e  r i s k  would be requi red  f o r  t hese  
changed condit ions.  

For t h i s  r i s k  assessment,  the  a r e a  present ing  the  g r e a t e s t  unce r t a in ty  is  the  
consequence model. To t e s t  t he  e f f e c t s  of some of t h e  assumed parameters on 
the  r i s k  of shipping propane, s eve ra l  s e n s i t i v i t y  s t u d i e s  were c a r r i e d  out .  
Secondary f i r e s  were shown t o  b e  an i n s i g n i f i c a n t  source of f a t a l i t i e s .  Risk 

. values  d id  not  change s u b s t a n t i a l l y  when t h e  presence of secondary f i r e s  was 
t o t a l l y  de le ted  from t h e  model. There was a l s o  some doubt regarding t h e  
va lue  t o  be used f o r  t h e  TMT equiva len t  y i e l d  f o r  a propane vapor claud. 
A maximum value  of TNT equivalency, one, was employed i n  t h i s  s e n s i t i v i t y  
study t o  genera te  some confidence l i m i t s  f o r  t he  ana lys i s .  Because of t he  
magnitude of explosion consequences depends on t h e  TNT equivalency va lue  
assumed, r i s k  d id  inc rease  s u b s t a n t i a l l y  over t he  base  case,  which appl ied  
a y i e l d  of 10% t o  the  TNT equivalency. 

Another parameter i n  t h e  consequence model t h a t  was subjec ted  t o  a s e n s i t i v i t y  
t e s t  was the  f r a c t i o n  of f a t a l i t i e s  r e s u l t i n g  from exposure t o  d i r e c t  flame. 
I n  t h e  base case,  i t  was assumed t h a t  only 10 percent  of t he  populat ion ex: 
posed t o  d i r e c t  flamc would d i e .  The o t h e r s  would surv ive ,  being a b l e  t o  
s h i e l d  themselves from the  flames by h id ing  i n  bu i ld ings  o r  running away. 
To a s c e r t a i n  t h e  importance of t h i s  parameter t o  t he  f i n a l  r i s k  number, two 
s e n s i t i v i t y : s t u d i e s  were performed. The f i r s t  s e t  t h e  va lue  of t h i s  parameter 
a t  zero,  where none of those  exposed t o  t h e  a r e a  of d i r e c t  flame would d i e .  
Although r i s k  d id  decrease s l i g h t l y ,  the  change was not  s i g n i f i c a n t .  The 
second study s e t  t h i s  parameter a t  100 percent ;  t h a t ' i s ,  a l l  those wi th in  
the  flammable region would d i e .  I n  t h i s  case ,  t he  t o t a l  r i s k  number was 
increased by about t h i r t y  percent  over t h e  base  case. 

Another a r ea  present ing  uncer ta in ty  is  t h e  amount of package d e f e c t s  present  
f o r  any propane shipment. Leaks through va lues  and p ip ing  systems represented 
a l a r g e  source of propane r e l ease .  El iminat ing these  r e l e a s e s  ( tha t  i s ,  
assuming t h a t  no package de fec t s  e x i s t )  e l imina te s  a l l  r e l ea sed  of propane 
during normal t r anspor t a t ion .  This e s s e n t i a l l y  reduces t h e  r i s k  of t ranspor t -  
i n g  propane t o  r e l e a s e s  occuring during t r a n s p o r t a t i o n  acc iden t s  only. However; 
because normal r e l e a s e s  do not  have severe  consequences, adjustments t o  t h i s  
parameter d id  not  s u b s t a n t i a l l y , a f f e c t  t h e  t o t a l  system r i s k .  

It was assumed i n  t h i s  ana lys i s  t h a t  a l l  propane tanks when exposed t o  a f i r e  
f a i l  from metal overheat ing when t h e  tank is  ha l f  f u l l .  To t e s t  t he  e f f e c t s  
of t h i s  assumption on r i s k ,  a s e n s i t i v i t y  a n a l y s i s  was performed assuming the  
tanks f a i l e d  a t  314 f u l l  and 1 /4  f u l l .  The r e s u l t s  of t hese  s t u d i e s  showed 
t h e  t o t a l  r i s k  t o  be i n s e n s i t i v e  t o  t h i s  assumption, although the  r i s k  from 
t h a t  p a r t i c u l a r  r e l e a s e  sequence was a l t e r e d .  This  is pr imar i ly  because 
the  r e l e a s e  sequence involving f a i l u r e  of a tank by f i r e  was of a very low 
p robab i l i t y  and had loca l i zed  consequences. This r e l e a s e  sequence thus  d id  
not  con t r ibu te  s u b s t a n t i a l l y  t o  pub l i c  r i s k .  



Tota l  r i s k  va lues  proved t o  be  r e l a t i v e l y  i n s e n s i t i v e  t o  t h e  presence of 
head s h i e l d s  on r a i l  tank cars .  Although head s h i e l d s  d id  reduce the  
normal incidence of puncture accidents '  by about fou r ty  percent,:  they had 
l i t t l e  e f f e c t  on impact acc idents .  Since the  r e l e a s e  sequence involving a 
mechanical f a i l u r e  of t he  tank included both impact and puncture acc ident  
sequences' : the o v e r a l l  e f f e c t  of t h e  head sh fe lds  on r i s k  va lues  was f a i r l y  
small .  Risk was reduced only two percent  by t h e  add i t i on  of head s h i e l d s  
t o  r a i l  tank ca r s .  

The e f f e c t  of i n s u l a t i o n  on the  prapane tanks was more no t i ceab le .  A 
tank t ruck  wi th  i n s u l a t i o n  and a r a i l  tank c a r  without  i n s u l a t i o n  were 
analyzed i n  s e n s i t i v i t y  s tud ie s .  The add i t i on  of i n s u l a t i o n  t o  t he  tank 
t ruck decreased the  r i s e  of t he  r e l e a s e  sequence of tank f a i l u r e  by f i r e  
by almost seventy percent .  However, t h e r e  was no change i n  t h e  o the r  
r e l e a s e  sequences. S imi la r ly ,  t h e  a n a l y s i s  of an uninsulated r a i l  tank 
c a r  r e su l t ed  i n  an increased tank f i r e  f a i l u r e  r i s k  of over f i f t e e n  t imes 
t h e  base  case. Again, however, t h e  r i s k  from o the r  r e l e a s e  sequences .  
was not changed. The l a c k  of i n s u l a t i o n  increased the  t o t a l  r i s k  of ship- 
ping propane by r a i l  by only s i x  percent .  This  is  explained by the  f a c t  
t h a t  i n i t i a l  f a i l u r e  of t h e  tank by f i r e  accounts f o r  l e s s  t h a n . l % .  of t h e  
system r i s k  i n  r a i l  t r anspor t .  Almost 80% of t he  r i s k  stems from f a i l u r e  
of t h e  tank by impact on puncture.  

Several  s t a t e s  a r e  at tempting t o  i n s t i t u t e  r egu la t ions  t h a t  outlaw t h e  . 

t r anspor t  of hazardous ma te r i a l s  w i t h i n  a heavi ly  populated region.  To 
gain an understanding of how such a r egu la t ion  might impact t h e  r i s k  of 
shipping propane, a s e n s i t i v i t y  s tudy  on t h e  amount of t r a v e l  w i th in  an 
urban region was performed. Since i t  is be l ieved  u n r e a l i s t i c  t o  t o t a l l y  
outlaw hazardous ma te r i a l  shipments through c i t i e s ,  an approximate f i g u r e  
of 20% of t he  base  case  t r a v e l  through urban a reas  was assumed. This  
assumption r e s u l t e d  i n  a s u b s t a n t i a l  pub l i c  r i s k .  reduct ion.  Consequences 
of dispersed r e l e a s e s  were d r a s t i c a l l y  reduced, pr imar i ly  because of t h e  
decrease irk a v a i l a b l e  populat ion f o r  experience of t he  e f f e c t s  of r e l ea sed  
propane. The r e s u l t s  of t h i s  a n a l y s i s  and o ther  s e n s i t i v i t y  s t u d i e s  a r e  
shown i n  Table 4. 



TABLE 4. To ta l  Pub l i c  Risk S e n s i t i v i t y  Cases f o r  Propane Shipments 

Estimated Annual Frequency o f  
Occurrence o f  One o r  More F a t a l i  t i e s  To ta l  Pub1 i c  Risk Level  

Desc r i p t i on  o f  S e n s i t i v i t y  Case R2 la t i ve  t o  Base Case Re la t i ve  t o  Base Case 

Base Case - To ta l  System 1 ..OO (2.35) 1.00 (15.04) 

Base Case - Bob ta i l  1.00 (0.62) 1.00 (2.92) 

Base Case - Tank Truck 1.00 (1.59) 1 .OO (11 -43)  

Base Case - R a i l  Tank Car 1 -00  (0.14) 1.00 (0.69) 
................................................................................................ 
No Secondary F i r e s  1 .OO 1.00 

TNT Y i e l d  - 1.0 ( a )  2.81 4.81 

D i r e c t  Flame - % k i l l  - 0.0 ( b )  0.93 9.97 

D i r e c t  Flame - % k i l l  - 1.0 ( b )  1.36 1.28 

No Package Defects ( b )  0.97 0.99 

Ten Tinies Package Defects ( b )  1.04 1.09 

Tank F a i l s  a t  314 F u l l  1 .OO 1 .OO 

No Head Shields ( c )  1.02 1 .r32 

I nsu la ted  Tank Trucks (b) ' 0.99 0.99 

Uninsu lz ted R a i l  Cars ( c )  1.07 1.06 

0.83 0.59 20% Trave l  i n  Urban Regions 

(a )  Based on b o b t a i l  base case alone. 

( b )  Based on tank t r uck  base case alone. 

( c )  Based on r a i l  tank c a r  base case a'lone. 
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