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Introduction 
This state-of-the-art report "Recent Advances in 
Hazardous Materials Transpor ta ti on Research: An In
ternational Exchange" resulted from continuing ac
tivities undertaken by the Transportation Research 
Board's Committee on Transportation of Hazardous Ma
terials in response to a recommendation of the 1981 
National Strategic Conference on the Transportation 
of Hazardous Materials. The 1981 Conference identi
fied the need for more information on technological 
innovation as well as research and development on 
hazardous materials transportation and related is
sues. 

An initial planning grant from the Federal Emer
gency Management Agency and subsequent sponsorship 
by the u.s. Department of Transportation's Federal 
Highway Administration and the Research and Special 
Programs Administration resulted in a 3-day interna
tional conference for the exchange of ideas and in
formation about the state of the art in research and 
technology applications to improve safety in hazard
ous materials transportation. The conference, held 
in Lake Buena Vista, Florida, on November 10-13, 
1985, was attended by 200 people representing 13 na
tions and 30 states. The conference planning was 
carried out under the oversight of a steering com
mittee appointed by the National Research Council 
and chaired by Dennis L. Price. 

v 

An international call for papers resulted in the 
final selection of the 31 papers presented in this 
report. Papers were extensively peer-reviewed before 
acceptance for publication. These papers were pre
sented in nine conference sessions covering design 
and use of vehicles and packages; risk assessment; 
regional problems and solutions; research and analy
sis for planning and program development; strategic 
planning; information systems and computer-aided 
management; special hazard situations (tunnels, 
oceans, and pipelines) ; public concerns about haz
ardous materials transportation; and advances in 
hazardous waste transportation. 

Roundtable discussions based on two individual 
papers comprised two sessions. The first was basl!d 
on David J. Friend's paper "Public Concerns and Haz
ardous Materials Transportation Safety: Closing the 
Gap;" the second was based on John A. Granite's 
paper "Strategic Planning for Hazardous Materials 
Transportation Safety." 

The objective of the conference did not include 
the development of conference-wide conclusions or 
recommendations based on the technological presenta
tions. Insofar as conclusions or recommendations ap
pear or may be inferred, they are those of the indi
vidual speaker or conferee and are so attributed. 
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Design and Use of Vehicles 

and Packages 



Accidental Release from Radioactive 

Waste Packages 
W. Wurtinger, D. Gri.indler, H. Mielke, and L. Si.itterlin 

ABSTRACT 

In order to protect the environment against pollution by hazardous materials in 
the course of a shipping accident, such materials have to be conditioned in 
waste packages. For this purpose, the hazardous materials are either packed in
to a high-quality container or immobilized within a matrix. The calculation of 
the accidental release of hazardous materials is an essential factor in the 
assessment of transportation hazards. The release processes depend on the 
forces acting on the cargo and on the physical properties of the packages and 
of the product itself. The purpose of this paper is to demonstrate the influ
ence of the properties of the product on the release of hazardous materials. 
This aspect is discussed with respect to the accidental release from hazardous 
wastes that are immobilized (for example, cemented wastes) and from those 
wastes that are not immobilized. 

The transportation of radioactive wastes belongs to 
the category of the transportation of hazardous 
materials involving certain risks. Risk and safety 
analyses are carried out for the quantification, 
limitation, and minimization of these risks. 

An essential question to be answered within the 
scope of these safety analyses is that of the amount 
of pollutants that may be released to the environ
ment in an accident. During the transportation of 
radioactive waste packages, this is a function of 
the severity and kind of stresses occurring during 
an accident as well as of the packaging of the waste 
and the waste form itself. With respect to the haz
ard inherent in the waste inventory, which becomes 
acute when radioactive materials are released, the 
immobilization of the inventory in a solid matrix 
(waste form) and the packaging constitute the deci
sive barriers for the limitation of the hazard. The 
principle of this correlation is shown in Figure 1. 

The barrier effect of the waste form itself and 
of the solid matrix is discussed with a view to the 
limitation of the release of pollutants in the event 
of an accident. It is also demonstrated that the re
sults obtained can be applied to the transportation 
of other hazardous materials, provided that the 
solid matrices investigated are comparable with 
these materials. 

CLASSIFICATION OF RADIOACTIVE WASTES IN 
TRANSPORTATION 

In 1985 the International Atomic Energy Agency 
(IAEA) issued new regulations for the . transportation 
of radioactive wastes (1). Similar to the regula
tions already in force; the new regulations also 
provide for a classification of the radioactive 
materials in accordance with the kind and amount of 
their activity and their radiological properties 
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and, for an allocation to certain classes of trans
portation, with the barrier effects of their packag
ing. Figure 2 is a simplified representation of this 
classification. 

Radioactive materials with high levels of activ
ity and radiotoxicity are transported in Type B 
packages; those with medium levels of activity are 
transported in Type A packages. Industrial packages 
are used for the transportation of radioactive 
materials with low levels of activity and radiotox
ici ty, for example, those that are uniformly dis
tributed in a solid matrix [low-specific-activity 
(LSA) and SCO materials]. 

Depending on the different hazard potentials of 
the radioactive materials, the packages have to meet 
different requirements as far as their barrier ef
fects are concerned. In the case of Type B packages, 
the barrier function in tr a nsportation accidents is 
assumed by the packaging alone. This packaging has 
to be designed and manufactured in such a way that 
even the most serious accidents will not cause any 
unacceptable alteration of the barrier effect. Type 
B packages need not meet any specific requirements 
with respect to waste form and limitation of amount 
of activity. 

In Type A packages, the barrier function in the 
case of transportation accidents is assumed by the 
packaging and in part by the waste form. The amount 
of activity is limited. 

In industrial packages, materials transported are 
limited to those with low activity. The requirements 
for packaging and waste form pertain to handling and 
operation and not to accidents. Accordingly, no bar
rier function is allocated to either the packaging 
or the waste form. 

The overwhelming majority of radioactive wastes 
that result from waste management at nuclear power 
plants are in the category of low activity. As far 
as these wastes are concerned, the radioactive 
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FIGURE 1 Characterization of hazardous waste. 

materials are either immobilized in a solid matrix 
or attached as contaminations to solids. In the 
sense of the IAEA regulations, they have to be clas
sified as LSA or SCO materials. Accordingly, more 
than 90 percent of the wastes produced at nuclear 
power plants can be transported in industrial pack
ages (~). 

Although the transportation regulations provide 
that packaging and waste form have to fulfill only a 
moderate function with respect to the mitigation of 
release, the waste form has a considerable mitigat
ing effect in practice. As a result of its physical 
and chemical solid properties, it is capable of 
1 imi ting the release of pollutants when it is sub-

LO W 
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LOW 
(LIMITED ) 

HIGH 

INDU STRIAL 
PACKAGE 

TV PE A 

TYPE B 

( WAST~ FORM ) 

WASTE FORM 
PA CKA GI NG 

PA CKAGING 

FIGURE 2 Classification of radioactive waste packages according to IAEA regulations. 
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jected to a mechanical stress. This barrier effect 
has to be considered when the release of pollutants 
is determined by risk analyses. Thus, the following 
is a discussion of how this barrier effect can be 
quantified. 

QUANTIFICATION OF STRESSES ACTING ON WASTE 
FORM IN A TRANSPORTATION ACCIDENT 

The majority of the stresses that may occur during a 
transportation accident and lead to release of 
wastes from a waste package are mechanical or 
thermal or both. In practice, mechanical stresses 
have to be anticipated in all conceivable accident 
scenarios, for example, in a collision of vehicles 
in road transportation, in rear-end collisions, or 
in a derailment of a railroad car. Because of fuel 
fires, thermal stresses may occur in particular in 
accidents during road transportation. 

The following discussion is restricted to purely 
mechanical stresses, because comparable investiga
tions concerning thermal stresses have not yet been 
completed (.;!) • 

The mechanical stresses encountered in accident 
situations can be traced mainly to three fundamental 
types: 

1. The impact of a waste package on a flat ob
stacle, 

2. The impact of a waste package on a pointed 
obstacle, and 

3, The crushing of a waste package. 

Figure 3 is a schematic representation of these 
three types of stresses. 

The differentiation between stress types 1 and 2 
is impoctant if the packaging assumes an essential 
barciec function. In such a case, the dcopping of a 

IMPACT 

vl ~ 
CRUSH 
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waste package may result in its penetration by the 
pointed obstacle, whereas the packaging will with
stand the ficst type of stcess, although the height 
of fall is the same for both types. The differentia
tion between types 1 and 2 is no longec of any sig
nificance if the stresses are so gceat in relation 
to the packaging barrier that a dramatic failure of 
the packaging has to be anticipated in either case. 

With cespect to a negligible barrier effect of 
the packaging, all three types of stresses are re
duced to one quantity, namely, the specific energy 
input into the waste form. This means that the 
mechanical stress occurring in an accident may be 
modeled by the specific energy input into the waste 
form in order to determine the l'elease of pollutants 
from immobilized low-activity wastes, that is, 
materials transported in industrial packages as 
shown in Figure 2. 

Figure 4 provides a survey of the possible range 
of the specific energy input in different accident 
scenarios. The figures given apply, for: example, to 
a 200-L hooped dcum containing cemented waste mate
rials and weighing 500 kg on the conservative as
sumption that the energy input into the waste pack
age during the various accident situations will 
occur without any loss. For example, in the case of 
a rear-end collision in which a 20-ton truck impacts 
the rear of the transportation vehicle at a speed of 
50 km/hr, the waste package is subjected to the 
maximum crush stress that may occur in such an acci
dent. Figure 4 shows that very high-energy inputs 
may occur, particularly in accident situations where 
crush stresses are caused by the mass of a multiple 
of the weight of the waste package. It should be 
noted that these calculated stresses do not take 
into account the shock absorption of the vehicles, 
and that real stresses in real accidents would be 
less than the calculated values. 

PUNCTURE 

v! ~ 

FIGURE 3 Mechanical stresses on waste packages in transportation 
accidents. 
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QUANTIFICATION OF RELEASABLE AMOUNTS OF 
POLLUTANTS 

The determination of the release of radioactivity is 
described in detail by using cemented waste prod
ucts as an example. Today cemented waste forms are 
the most common type of conditioned waste from the 
nucJ ear industry, The waste is stirred into cement 
paste with which it forms a firm homogeneous product 
after setting. 

Mechanical stresses lead to a destruction of the 
waste form if the impact energy exceeds certain 
threshold levels. The waste form is then comminuted 
into a system of particles whose size distribution 
typically includes the following ranges (Figure 5): 

1. Very fine particles that can be dispersed as 
airborne particles (up to about 100 µm); 

2. Fine particles that, as a result of the high 
rate of sedimentation, can only be dispersed for 
short distances, depending on their initial impulse 
(about 100 to 1000 µm) ; and 

3. Large particles remaining at the place where 
the stress is applied (particles > 1000 µm) • 

Airborne 
particles 

Fine 
particles 

Size -

Large 
particles 

FIGURE 5 Cumulative mass 
distribution. 

Only the first category of particles is concerned 
in the accidental release of pollutants. Thus, the 
size distribution of the particles as a function of 
the impact energy is the major information required 
for the quantification of the amounts of pollutants 
that can be released. From a physical point of view, 
this comminution process is an energy problem in 
which energy is needed for the generation of new 
boundary surfaces. Comminution experiments show that 

the newly generated surface is proportional to the 
impact energy over a large range (il· This physical 
regularity is the basis of the theoretical method 
for the determination of the size distribution of 
particles in the case of a mechanical impact. 

As will be illustrated later, particle spectra 
due to mechanical impacts can be sufficiently ap
proximated by log-normal distributions in the range 
relevant to release. In Figure 6, a typical log
normal distribution of a particle system is plotted 
on log-normal probability paper as size and area 

.99.98;.--------------.,-__,, 
% 

99,5 d04,13 

90 
80 

8i 60 
~ 40 
~ 20 

8:. 10 
5 

0,5 
0.1 

og •-ag 

0,02'---.L.~~~--"~-"----'-~--~-' 
10-2 10-1 101 µm 

Diameter-

FIGURE 6 Log-normal distributed size 
and area distribution. 

distributions. The following 
tities of this disi:ribution 
further derivations: 

characte~istic quan
are still needed for 

1. Count median diameter (dg): the central 
value; that is, 50 percent of the particles are 
below and 50 percent above this value; 

2. Diameter of average area or mean surface di
ameter (dal: the diameter at which the particle 
has the arithmetic mean of the surface; 

3. Diameter of average mass or mean weight di
ameter (dml : the diameter at which the particle 
has the arithmetic mean of the mass; and 

4. Mass median diameter (d~) (not plotted): 
the central value of mass distribution; that is, 50 
percent of the mass is below and 50 percent above 
this value. 

The geometric standard 
derived directly from the 
normal distributions: 

deviation og 
representation 

can be 
of log-
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(!) 

The following relationships exist between the quan
tities just listed: 

log da =log dg + log2 ag (2) 

log dm =log dg + 1.5 log2 ag (3) 

log d;,, =log dg + 3 log2 ag (4) 

If a collective of particles consists of n par
ticles, its total mass is 

rn = (n/6) irad~ = (n/6)rr a (exp (log dg + 1.5 log2 ag)] 3 (5) 

The total area is 

A= n rrdi = n rr (exp (log dg + log2 ag)] 2 (6) 

Thus, the mass-related area is 

A* =Afm=j6 [exp (log2 ag)] 2 x [exp (logdg)J 2 f /ja [exp (1.5log2 ag)] 3 

x [exp (log dg)J 3 f (7) 

Following the presentation of these general theo
retical bases, the approach for the determination of 
energy-dependent particle distributions will be de
scribed by using a practical example. Figure 7 shows 
a mass distribution determined experimentally !2l. 
For this real distribution, the log-normal distribu
tion was derived. In a log-normal probability repre
sentation, this is the regression line. Thus, Figure 
7 confirms the previous statement that such distri
butions can be approximated sufficiently well by 
log-normal distributions. 

From thi,s log-normal distribution, the mass mean 
diameter dm can be read directly as a 50 per
cent fractile. The geom~tric standar~ deviation 
ag r esults as t he r atio between dm and the 
15.B percent frac tile d 15 . 8, which can also be 
read directly . By us ing t he two quantitie s , it is 
possible to determine dg according to Equation 4 
and thus the spe c ific area A* accord ing to Equation 
7. Accordingly, A* equals 290 cm 2

• In relation to 
the specific impact energy of 10.3 J/gm, the energy
dependent surface increase is obtained. In this ex
ample, a value of 28 cm2 /J results. 

A great number of experiments were evaluated in 
this way (§_) • Over large energy ranges, the geo-
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metric standard deviation was found to be almost 
energy independent. It is now possible to convert a 
given distribution function determined at a certain 
impact energy to other impact energies: 

1. The new specific surface of the collective of 
particles is derived from the energy-dependent sur
face increase and the new impact energy. 

2. The geometric mean dg of the new dis t r ibu
tion function is obta ined by rearranging Equat ion 7 
and using the experimentally determined geometric 
standard deviation. 

For the cemented wastes discussed here, the values 
of the energy-dependent surface increase are between 
5 and 32 cm2 /J and those of the geometric standard 
deviation between 6 and 10 cm 2/J. 

If one is faced with the task of theoretically 
determining, in advance, percentages of activity re
leased from an unknown cement product at given de
sign loads, the following values will provide a dis
tribution function covering the dispersible-particle 
spectrum up to 100 µm: 

1. Energy-dependent surface increase, 40 cm 2 /Ji 
2. Geometric standard deviation, 7 cm 2 /J. 

If these parameters are used to calculate, for ex
ample, the particle distribution of a cemented-waste 
package following a 60-m drop, the result is that 
about 0. 2 percent by weight is smaller than 125 
µm. This value has been confirmed by scale experi
ments (lJ. 

If a homogeneous distribution of the activity in 
the waste form is assumed, the share of particles 
having a diameter < 100 µm corresponds to the 
share of activity released. This means that the im
mobilization of the waste constitutes a barrier re
taining more than 99 percent of the activity in the 
case of a 60-m drop. 

The mitigating effect on the release of activity 
of immobilizing the waste becomes particularly ob
vious if a comparison is made with the release be
havior of nonimmobilized material. The latter often 
has a significant share of dispersible particles, 
which is only revealed as a result of a mechanical 
impact. Figure 8 shows particle spectra of powdered 
resins and combustion residues C~r1l as examples of 
unfixed wastes containing a high dispersible share. 

It it is assumed, as in the case of the cement 

Real mass 
distribut ion 

d15,8 dm 
I 

100 µm 1000 

Diameter --

FIGURE 7 Derivation of characteristic parameters of a log-normal distribution from an 
experimentally determined mass distribution. 
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FIGURE 8 Cumulative mass distribution curves of various 
powdered wastes. 

products, that the share up to about 100 µm is re
leased, the quantities of pollutants that may be re
leased amount to up to 30 percent. This means that 
even highly dispersible systems possess a barrier 
effect preventing a 100 percent release. By a fixa
tion of the waste, the barrier effect of the waste 
form is improved to such an extent that the share 
that can be released is reduced by a factor of about 
100. 

SUMMARY 

In the transportation of radioactive wastes, the 
protection of the environment against such materials 
plays an important role. The determination of the 
extent of the hazard potential, particularly in 
accidents, is carried out by means of safety analy
ses. These analyses also indicate which measures may 
be taken to mitigate the risk. 

The calculation of the release of pollutants as a 
function of an energy impact was demonstrated by 
using as an example radioactive powders and ashes 
fixed in a cement matrix. It was demonstrated that 
in a serious accident the release of pollutants is 
reduced by a factor of about 100 for waste fixed in 
a cement matrix compared with waste unfixed in a 
packaging that is damaged in the course of the acci
dent. 

In this respect, the analyses presented may also 
serve to initiate the technical realization of the 
requirements to be met for the confinement of pollu
tants. However, some further analysis will have to 
be used to find out to what extent detailed require
ments for the quality of packaging may be replaced 
by fixation of the pollutants in a solid matrix. The 
discussion here centers on the possibility of quan
tifying the barrier effect during an accident of 
such fixation. 

The validity of the results presented is not 
limited to a release of radioactive materials. The 
method presented may be applied whenever pollutants 
are uniformly distributed and fixed in a solid ma
trix , or are themselves solids, and may be released 

as attachments to the resulting dust particles when 
the matrix is destroyed mechanically. 

Above all, metallurgical slags and dusts with 
heavy metals attached as well as catalysts, distil
lation products, and other wastes of chemical con
version and synthesis processes should be mentioned 
here. 
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Safety of Flawed Seamless Gas Cylinders 

R. Kieselbach 

ABSTRACT 

Welded and seamless gas bottles are probably among j:he most frequently used 
transportable pressure vessels. The risk involved in the use of these vessels 
includes their bursting and the explosion of gas leaking from them. To mitigate 
these risks, regulations both national and international were introduced con
cerning the design, materials, testing, and approval of gas bottles. Recently 
recommendations on nondestructive testing by ultrasonics were developed by sev
eral national and international authorities. To be able to use ultrasonic test
ing, it is necessary to define an acceptance level or a critical flaw size. 
This is only possible if the material properties, that is, strength and tough
ness, and the stresses are known and if there is a reliable method for assess
ment available. The results of burst and pulsation tests with artificially 
flawed seamless high-pressure gas bottles are presented and compared with the 
results of several risk-assessment methods that were originally developed for 
nuclear pressure vessels. 
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At present (1985) in Switzerland the number of gas 
cylinders that are subject to the regulations on 
testing and approval (1-3) is estimated at approxi
mately 3 million. Because of the elastic energy of 
the compressed gas stored in these containers, there 
exists a substantial risk if the container bursts, 
particularly if the material exhibits brittle behav
ior or if combustible gases are set free by leakage. 
The energy of the compressed gas that is stored, for 
example, in a typical container of 50 L with a fil
linq pressure of 200 bar is about 0.25 kw•hr and 
is equivalent to the explosive power of 0.2 kg of 
trinitrotoluene (TNT). Although leaking can be pre
vented by careful handling and inspection, the brit
tle fracture of containers with flaws may occur sud
denly and without warning. 

out because of flaws in their manufacture. The cyl
inders were made of a quenched and tempered steel 
(34CrMo4) and had approximately 50-L capacity, a 
cylindrical length of approximately 1600 mm, an 
outer diameter (Dal of approximately 220 mm, and a 
wall thickness (t) of 6 mm. 

In the regulations of most countries for gas,cyl
inders, initially and periodically afterwards, only 
visual inspection and a hydraulic pressure test are 
necessary, but in some countries ultrasonic testing 
as a modern means of nondestructive testing has been 
incorporated into the regulations C!l • 

Experience has also shown that it rarely happens 
that a gas cylinder leaks or bursts during periodic 
hydraulic testing, even if there are flaws of con
siderable depth in the wall of the container. This 
proves that ultrasonic testing should be performed 
with all gas cylinders for higher pressure (e.g., 
that for natural gases) because even small defects 
can be detectedi for example, a crack 0.01 mm wide 
and 0.2 mm deep is still easily found. 

In many testing regulations an admissible crack 
depth of 5 percent of the wall thickness is pre
scribed (Figure 1) without there being a theoretical 
or experimental foundation for this value. In this 
paper a criterion for critical flaw size is investi
gated. 

EXPERIMENTAL INVESTIGATIONS 

Test Material 

For the experimental studies a number of high-pres
sure gas cylinders were used that had been sorted 

The tests for strength and toughness were per
formed on specimens taken in both the axial and the 
circumferential directions. The fracture toughness 
was measured with CT-specimens with a ligament (W) 
of 20 mm and a thickness of 5.5 to 6 mm that were 
taken out of the wall of the cylinders. The value of 
KJic was determined according to ASTM E813-81 by 
using that value of the J-integral at which the 

outer cal. notch 

I 

(,.A 

calibration hotch for circumferential flaws 

a,.: 0,05t , a~ 1 mm 

b ~ 2a L<;;50 mm 

a a 
Inner cal. no t e 

section A-A 

~ 
section B-B 

FIGURE 1 Calibration piece for ultrasonic testing of gas 
cylinders. 
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first stable crack growth sets in. For comparison 
the Kic-value according to ASTM E399-81 was also 
determined and found to be invalid. 

Specifications of the Test Mat.er ials 

The measured values of the mechanical tests are 
shown in Table 1, in which the Kc-value according to 
a correlation of Maxey (5) is also shown for compar
ison. The percentage of ~ach component in the chem
ical analysis of the steel of the tested cylinders 
is as follows: carbon, 0.331 silicon, 0.251 manga
nese, 0.721 phosphorus, 0.0131 sulfur, 0.0051 chrom
ium, 1.141 molybdenum, 0.161 nickel, 0.351 and cop
per, 0.26 percent. 

TABLE 1 Mechanical Properties of Steel 34CrMo4 

Rp 0.2 (N/mm2 ) 

Rm(N/mm2
) 

AS(%) 
Z(%) 
Ak, ISO-V, RT (J) 
Ak, ISO-V. - 20° (J ) 
KJl c (N/ mm31' ) 
Kie ( N/ mm312 ) 
Kc (Mnxcy) (N/mm312 ) 

Orientation 

Longitudinal 

761 
1070 
11.2 
24 
13 
12 
4835 ± 263 
2649 ± 172 
5105 

Results of Burst and Pulsation Tests 

Practical Performance 

Transverse 

1010 
1070 
12 .8 
28 .5 
52 
49 
3480±196 
2551 ± 139 
10 209 

The burst and pulsation tests were performed mainly 
with a .servohydraulic transformer with a maximum 
water pressure of 600 bar. By using the servohy
draulic control, arbitrary pressure and time func
tions could be chosen. A part of the tests was not 
performed with water but with nitrogen as a pressur
izing agent. In these tests a membrane compressor 
with a final pressure of 1000 bar was used. In the 
tests with this compressor it was necessary to use a 
special test range with shelters. 

Burst Tests 

The burst tests were performed with the notched gas 
cylinders shown in Figures 2 and 3 with different 
proportions of gas or liquid content. The results 
are shown in Table 2. 

Pulsation Tests 

The aim of the pulsation tests, which were performed 
with water as pressurizing agent on cylinders 
notched according to Figure 2 and with the trans-
former mentioned earlier at a pressure of 20 to 200 

2c 

1---~- ~ 
FIGURE 2 Gas container with longitudinal 
notch. 
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FIGURE 3 Longitudinally notched gas cylinder that burst 
pneumatically at approximately 230 bar. 

bar, was the determination of the final crack depth 
at which failure occurs. In Tests 38-45 the fre
quency of pulsation was 1 cycle/min with a rise time 
of 5 sec and a holding time on pressure of 48 sec. 
In the other tests a frequency of 4 cycles/min with
out a holding time was used. The fracture was always 
accompanied by very slight deformation and large 
final depth of the fatigue crack (Figures 4 and 5). 
The results are shown in Table 3. 

TABLE 2 Results of Burst Tests 

Test D ao 2c0 2c0 ' 

No. (mm) (mm) (mm) (mm) (mm) 

I 221.1 6.4 3.5 300 333 
2 221.9 6.3 2.5 300 333 
3 222.1 6.4 3.5 150 183 
4 222 6.2 3 150 180 
5 222 6.2 2.5 150 178 
6 221.6 6 2 150 175 

7 221 .8 6 2 .5 150 178 
8 221.8 6.1 2.6 150 178 
9 221.8 5.8 2.8 150 179 

10 223.1 6. 1 3 150 180 
II 222.7 6.2 3. 1 150 181 
12 222.5 6 3.3 150 182 
13 221 6 3.4 150 182 
15 221 6 2.3 150 177 
16 221 6.4 2.5 150 178 
17 221 6 2.8 150 179 
18 221 6.2 3 150 180 
19 221 6 3.3 150 182 
20 221 6. 1 3.5 150 183 
21 221 6 2 300 325 
22 221 5.9 3.5 300 333 

2ce 
(mm) 

1150 
1448 
896 
896 
850 

1484 

1220 
1468 
1280 
1086 
1280 
924 
968 

6266 
6255 
6835 
6205 
6565 
6550 
5615 
5445 

pBurst 
(bar) 

230.8 
299.5 
207.8 
216.1 
309.6 
364 .3 

297 .6 
343.7 
275.9 
265 .8 
271.7 
203 
198 
310.4 
317.7 
292.1 
312.9 
193.7 
227 .9 
374.6 
144.8 

Gas 
Content 
(%) 

~11 

100 
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FIGURE 4 Notched gas cylinder after breakthrough of the crack. 

FIGURE 5 Fracture surface of notched gas cylinder after pulsation 
with 200 bar (from top: notch, fatigue crack, final fracture). 

TABLE 3 Results of Pulsation Tests 

Test No. of ao ae 2c0 ' 2ce t pBurst 
No. Cycles (mm) (mm) (mm) (mm) (mm) (bar) 

23 S,439 2 s .4 so so S.80 200 
24 4,2S7 2 s .6 so so S.90 200 
2S 5,346 2 5.5 so 50 5.90 180.7 
26 7,065 2 5.5 50 so 6.00 200 
27 7,631 2 5.7 50 50 6.2 193 
28 1,281 2 5 .5 75 76.8 6.00 191.7 
29 1,513 2 S.3 75 7S 5,8 196 
30 5,674 2 5 .4 75 75 6.20 200 
31 1,730 2 5.2 75 75 5 .8 200 
32 4,470 2 5.1 75 75 6.00 200 
33 8,239 2 5 .6 12S 370 6.1 195.3 
34 1,120 2 5.2 125 430 5.9 193.3 
3S 1,854 2 S.2 125 S70 6.1 200 
36 716 2 4.9 125 470 5.8 200 
37 1,369 2 5.3 12S 360 5.9 200 
14 5,434 2 5.3 lSO 470 5.90 200 
38 21,137 1 5.8 50 68 200 
39 10,800 1 5.9 so 68 6.1 200 
40 8,950 I 5.9 50 68 6.1 200 
41 2,699 2 s .4 50 7S 6.0 200 
42 5,143 2 5.1 50 7S s .7 200 
43 3,307 2 5.6 50 75 6.1 200 
44 4,612 2 5.4 50 7S s .9 200 
45 1,275 2 5.6 50 75 6.2 200 

Note: Depth of notch 1 mm, 13,630 ± 6,570 cycles. Depth of notch 2 mm, 
3,820 ± 2,340 cycles. 

ASSESSMENT OF FRACTURE BEHAVIOR 

Stress in Cylinder Containin9 Axial Surface Flaw 

The circumferential stress at fracture may be es ti-
mated as 

ST,fracture = RM(t - a)/t (1) 

The approximation of Equation 1 gives the values 
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shown in Table 4. A more exact formula for the burst 
pressure was found by Folias (2_) : 

pBurst { 25/D• Sf [t/ (a - 1)]} /{ [t/ (a - 1) l /M} 

M = [l + 1.61• (2c2 /Dt)]l/2 

Here the flow stress is 

Sf= (Rp0.2 + Rm)/2.4 

TABLE 4 Burst Pressure of Containers with 
Surface Flaw and with Semielliptical Surface 
Crack 

Container with Container with Surface 
Surface Flaw Crack 

a p 2c :1 p 
(mm) (bar) (mm) (mm) (bar) 

1 486 50 1 465 
2 389 100 1 444 
3 292 50 2 421 
4 195 100 2 380 

so 3 364 
100 3 307 
so 4 286 

100 4 222 

( 2) 

(3) 

(4) 

and the factor 2.4 may also take values between 1.97 
and 2. 72 corresponding to the strength of the mate
rial used. 

The final pressures that were actually found in 
the experiments are shown in Figure 6 in relation to 
the ratio of crack depth to wall thickness and com
pared with these methods of assessment. 

The critical pressure for a cylinder with a semi
elliptical surface crack is given by Equation 2 
('fable 4). 

Assessment According to Kiefner/Battelle 

For the failure of pipelines, a semiempir ical for
mula was proposed by Kiefner that combines the geom
etry of the flaw and the material properties flow 
stress and toughness (~). This formula is supposed 

p bar 

500 

F 

\__ 0 
100 filling pressure 

z 

2 3 4 5 a mm 

FIGURE 6 Comparison of the pressure for failure 
due to plastic collapse with test results [ Z, Equation 
l; F, after Folias (6); 2c = 100 mm; circles= burst 
tests; squares = pulsation tests]. 
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to judge whether failure may occur under the given 
conditions and what kind of failure, ductile or 
brittle. 

(Kc/Sf) 2 = 8c/nln[sec(n/2"MP"St/Sf)) 

MP { [t/(a - l)J/MT}/[t/(a - l)J 

MT 1 + l.255•2c 2 /Dt - O.Ol3(2c 2 /Dt) 2 ]1/2 

(5) 

(6) 

(7) 

This formula actually describes a limiting curve 
(Figure 7) and the assessment of failure is given by 
the position of the point determined by the param
eters 

x 
y 

(Kc/Sf)'n/ (Be) 
St/Sf"MP 

200 bar 

0 , 5 

2c mm 

1.0 Sr [-] 

FIGURE 7 Comparison of test results with the 
assessment according to R6/EPRI (circles= burst 
tests). 

(8) 

If the parameter X is greater than 3, failure will 
be by plastic collapsei if X is less than 0.5, fail
ure will be by brittle fracture. 

The magnification of stresses because of the 
bulging cf the cylinder at the tip cf the crack is 
given by the Folias factor (MT) for the crack that 
has broken through and by MP for the surface crack. 
Equation 6 is slightly different from Equation 2 be
cause it was found that values calculated from the 
latter were too conservative. With K = 5105 N/mm3/2, 
one obtains the results of Table 5. Failure by plas
tic collapse may be excluded because the values of X 
are always less than o.s. 

The cr i t i cal crack-s i ze parameters are determi ned 
from Figure 8 and the values in Table 6 are derived. 
If an existing surface crack grows faster in the 

TABLE 5 Assessment_ According to Kiefner/Battelle (5) 

2c a p(limit) 
(mm) (mm) x Y(limit) (bar) Y(200 bar) Y(300 bar) 

so 1 0.489 O.S80 287 0.404 0.606 
100 I 0.24S 0.427 202 0.423 0.63S 
so 2 0.489 0.S80 262 0.442 0.663 

100 2 0.24S 0.427 17 s 0.490 0.73S 
so 3 0.489 O.S80 230 o.sos 0.7S8 

100 3 0.24S 0.427 142 0.601 0.902 
so 4 0.489 O.S80 184 0.631 0.947 

100 4 0.24S 0.427 104 0.822 1.232 
so 6 0.489 O.S80 204 O.S68 0.8Sl 

100 6 0.24S 0.427 94 0.913 1.37 
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radial direction of the cylinder than in the axial 
direction, it will break through and the pressure 
will be released because of the leak. In this case 
the cylinder cannot disintegrate by excessive axial 
crack growth. This sort of behavior is desirable and 
is judged by the leak-before-break criterion. If in 
consequence the critical pressure for a surface 
crack is lower than that for a through crack, leak
age will occur first. 

For the method of Kiefner/Battelle the limit is 
reached for those crack-size parameters for which 
the following holds: 

MT = MP (9) 

It this relation is evaluated, one obtains the dia
gram in Figure 9. Here the failure limits for 200 
and 300 bar are indicated and the leak-before-break 
line divides the field of crack-size parameters into 
those for leaks and those for breaks. 

From Figure 9 it can be determined that at a 
pressure of 200 bar and a crack length 2c of 54 mm, 
a leak will occur before a break for cracks deeper 
than 56 percent of the wall thickness and at 300 bar 
and a crack length of 33 mm it will occur at more 
than 51 percent relative crack depth. The points for 
the parameters of the experiments are all well above 
the limiting curve (see Figure 8) and far into the 
linear-elastic region, farther than would have been 
expected from the previous calculations. This fact 
indicates that the material has in reality shown a 
more brittle behavior than would have been expected 
by the test results of the mechanical properties. 

Assessment According to R6 or Bloom and Malik ( 7) 

Application of Limiting Curve 

In Great Britain the so-called two-parameter ap
proach was developed by the Central Electricity Gen
erating Board (CEGB). This approach uses a relation 
that has formally the same structure as that of the 
Battelle formula but is nondimensional with respect 
to the stress intensity and pressure: 

Kr Sr{8/n 2 ln[sec(n/2Sr)J}-0.5 
Kr Kl/Kic 
Sr p/pc 

pc {[Sf 4t/(Dl3) J [ (1 - a)/t] }/[ (1 + 2a)/D) 

(10) 

(11) 

According to the relations of linear-elastic frac
ture mechanics, Kl is given by (l,J!.l 

Kl = pD/(2t) (na/QF)l/2 (12) 

Q 1 + 4.593(a/2c)l.65 (13) 

F 0.97[Ml + M2(a/t) 2 + M3(a/t)'J•fc (14) 

Ml 1.13 - 0 .18a/2c (15) 

M2 -0.54 + 0445/(0.l + a/2c) (16) 

M3 0.5 - 1/(0.65 + a/c) + 14 (1 - a/cl'• (17) 

fc 1.152 - 0.05(a/t) 1/ 2 (18) 

Again the safe region is separated from the unsafe 
region by a limiting curve (see Figure 7). With this 
approach it can be seen that on one axis the point 
0/1 marks the complete brittle fracture and on the 
other axis the point 1/0 marks fracture by complete 
plastic collapse and that the real cases may be ex
pected to lie in between. 
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2c= 100 mm 
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FIGURE 8 Failure curve according to Kiefner/Battelle (S) with 
assessment fo r different crack depths (a) and lengths (2c) and for internal 
pressure of 300 bar (solid lines) and 200 bar (dashed lines) compared with 
test results (circles = burst tests; squares = pulsation tests). 

TABLE6 Critical Crack-Size 
Parameters According to Kiefner/ 
Battelle ( 5) 

2c ac p 
(mm) (mm) (bar) ac/t 

50 3.65 200 0.608 
50 0.7 5 300 0.125 

100 I.OS 200 0 .175 
100 300 

10 60 c mm 

FIGURE 9 Use of leak-before-break diagram derived from 
the results of Kiefner/Battelle (S). 

The R6-routine approach was further developed in 
the United States by the Electric Power Research In
stitute (EPRI) by allowing a certain amount of pre
critical crack growth. With this development a 
slight shift of the limiting curve toward higher 
values of the parameters is achieved. In Equations 
10 the stress intensity calculated according to the 
formulas of Newman-Raju is used. For the assessment 
one obtains the values in Table 7. It may be clearly 

TABLE 7 Assessment According to R6/EPRI 

Kr by Crack Length 
a p 
(mm) (bar) Sr 10 mm 25 mm SO mm 100 mm 

1 200 0.398 0.242 0.26 0.266 0.27 
2 200 0.502 0.317 0.391 0.432 0.466 
3 200 0.675 0.348 0.5 0.605 0.73 
4 200 1.022 0.351 0.580 0.765 1.045 
s 200 2.063 0.337 0.624 0.887 1.357 
1 300 0.596 0.363 0.389 0.399 0.405 
2 300 0.752 0.475 0.586 0.647 0.699 
3 300 1.013 0.522 0.749 0.907 1.095 
4 300 1.533 0.526 0.870 1.147 1.567 
s 300 3.095 0.506 0.936 1.331 2.036 

seen that the influence of the crack length on the 
critical crack depth is rather limited. 

In Figure 7 the values for 200 and 300 bar are 
plotted from which it is possible to determine the 
critical values at the limiting curve, shown in 
Table 8. The points experimentally found for the 
pulsation tests are so far away from the limiting 
curve that it was not possible to plot them on the 
same scale as that in Figure 7. 

TABLES Critical Values at the 
Limiting Curve According to 
R6/EPRI 

p 2c ac 
(bar) (mm) (mm) ac/t 

200 10 3.95 0.657 
200 25 3,9 0.65 
200 50 3.7 0.62 
200 100 3.3 0.5 5 
300 10 2.92 0.487 
300 25 2.7 0.45 
300 50 2.5 0.42 
300 100 2.3 0.38 
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FIGURE 10 Curves for J versus 6a for semielliptical surface crack (7). 

TABLE 9 }-Integral for Semielliptical Surface 
Crack (7) 

J (N/mm) by Crack Length 
a p 
(mm) (bar) lOmm 25 mm 50 mm lOOmm 

1 200 3 133 3 616 3 785 3 900 
2 200 5 376 8 179 9 984 11 617 
3 200 6 479 13 374 19 581 28 509 
4 200 6 591 17 997 31 308 58 420 
5 200 6 076 20 831 42 090 98 513 
1 300 7 049 8 095 8 517 8 775 
2 300 12 070 18 371 22 394 26 139 
3 300 14 577 30 012 44 010 64 145 
4 300 14 801 40 492 70 382 131 362 
5 300 13 697 46 869 94 774 221 763 

Elastic-Plastic Fracture Mechanics: Crack Resistance 
Curve 

If the crack resistance curve of the material used 
and the J-applied curve are known, it is possible to 
determine the critical crack size, the critical 
pressure, and the amount of stable crack growth from 
them. In NP-1931 of EPRI (~) , solutions for that 
purpose are given. 

In the tangent point of the curves J (mat) and 
J(app) the following holds: 

J(mat) = J(app) 
aJ/8a!mat = aJ/da!app (19) 

From the critical value of J(app) one gets the crit
ical load, hence the critical pressure and the crit
ical crack depth. J(app) for the semielliptical sur
face crack may be calculated by using the equations 
of EPRI NP-2431 (ll. The corresponding values are 
shown in Table 9. 

Figure 10 again gives the critical values in the 
tangent points of J(app) and J(mat), which are in
cluded in Table 10. Figure 11 shows a comparison of 
the test results with this assessment. 

DISCUSSION OF RESULTS OF BURST AND PULSATION TESTS 

If the pressures that were found experimentally are 
compared in relation to crack depth, it is obvious 
that the results of the pulsation tests form a sepa
rate group: in the pulsation tests a much deeper 

TABLE 10 Critical Values for Semielliptical Surface 
Crack (7) 

p ao 
(bar) (mm) 

200 3.6 
300 2.5 
300 3.25 

p bar 

500 

400 

test~ 3 00 
pre.ssuY'e 

111 ll n l!;__r-., 
pres.Sure 

100 

ac 
(mm) 

4.05 
2.8 
4.45 

2 

/',a 2c 
(mm) (mm) •c/t 

0.45 100 0.675 
0.3 100 0.467 
1.2 50 0.742 

D~ 

Z.F 

3 4 5 a mm 

FIGURE 11 Comparison of the different failure criteria 
with test results [B = Kiefner/Battelle (5), E = R6/EPRI, 
J = curve of J versus 68, ZF = superposition of curves Z 
and F of Figure 9 (circles = burst tests; squares = 
pulsation tests)] . 

TABLE 11 Summary of Critical Crack 
Size by Assessment and by Experiment 

ac (mm) by Pressure 

Method 200 Bar 300 Bar 

Plastic flow (Table 4) 3.8 2.8 
Semielliptical (Table 4) 4.5 3.2 
Kiefner (Table 6) I.OS 
R6/EPRI (Table 8) 3.3 2.3 
I-integral (Table 10) 3.6 2.5 
Experimental lower bound 3.25 2.25 
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FIGURE 12 Cycles to failure for containers with different initial crack lengths. 

crack was necessary for fracture than that in the 
burst tests. Considering the leak-before-break dia
gram (Figure 9) one sees that even very deep cracks 
do not lead to failure if they do not reach a cer
tain length. So it seems that at least in some of 
the pulsation tests the leak-before-break criterion 
was met. 

If the pressure is increased in a burst test, the 
flow stress is eventually reached in the remaining 
part of the wall under the crack (ligament) • On the 
other hand, the pulsation test is performed at a 
constant pressure amplitude well below the flow 
stress of the material, so that elastic behavior is 
observed until fracture occurs, but only in the im
mediate vicinity of the crack tip. This may also be 
seen by the fact that the crack does not propagate 
axially at fracture and that the container does not 
show any signs of significant plastic deformation in 
the region of the crack (see Figure 5). 

CONCLUSION: ESTABLISHMENT OF CRITERION FOR 
ELIMINATION OF FLAWED GAS CYLINDERS 
IN ULTRASONIC TESTING 

From the comparison of the results of the different 
methods of failure assessment it can be seen that an 
assessment of fracture of a container with a flaw 
that takes into account only the strength of the 
material is not sufficient, and only if the tough
ness is also incorporated into the assessment is a 
reliable assessment of fracture safety possible. 

From the summary of Figure 11 it is to be seen 
that in the burst tests the critical crack depth at 
the test pressure was approximately 2.25 mm and at 
filling pressure approximately 3.25 mm. Table 11 
shows that the critical values given by the assess
ment according to R6/EPRI are the best approximation 
of the experimental results. 

If one postulates for the acceptance level that 
during the pressure test no failure must occur 
(which is important for periodic testing), the ad
missible crack depth with a factor of safety of 2.0 
is still approximately 1.1 mm, corresponding to ap
proximately 20 percent of the wall thickness. It 
would hence be possible to increase the admissible 
crack depth from 5 to 20 percent of the wall thick
ness and still have a safety factor of 2.7 for frac
ture at the filling pressure. 

If the admissible crack depth 
present value of 5 percent of the 
the safety factor at test pressure 
at filling pressure is 10.8. 

is left at the 
wall thickness, 
is 7.5 and that 

From the pulsation tests it can be seen that a 
fatigue crack emanating from a notch of 1-mm depth 
(i.e., 17 percent of wall thickness) needs at least 
7,000 cycles at filling pressure to break through; 

starting with a 2-mm notch depth 1,500 cycles were 
necessary for leakage (see Figure 12). 

When the interval of inspection is 10 years, 
these 1,500 cycles correspond to 150 cycles of fil
ling per year; hence the cylinder would have to be 
filled and emptied far more frequently than is to be 
expected with approximately 250 working days per 
year. If the admissible crack depth was set at 1.2 
mm, the number of cycles until leakage would be at 
least 5,600; maintaining the 5 percent limit would 
even yield more than 10,000 cycles to failure. 
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Test Machine for Measuring Heat Transfer 
J. C. Roy and J. Fradin 

ABSTRACT 

Transport packages for radioactive materials generally consist of a body con
taining the radiation shielding, collision protection and tightness systems, 
and inner containers that vary according to the content of the package. Safe 
transport regulations of the International Atomic Energy Agency require proof 
that no damage can occur to the package under the effect of thermal power. This 
proof is easily furnished for the package body. For the inner containers, the 
calculations are often complex and their inaccuracy leads to drastic reductions 
in the allowable thermal power in the package, making tests essential. In most 
cases, however, although inner containers are readily available, the package 
body, having already been used, is contaminated with radioactive products. A 
machine is described that simulates a large number of package bodies. The inner 
containers are placed in the machine with heating resistors to simulate the 
thermal power of the contents, and the desired temperatures are measured. 

The Regulation for the Safe Transport of Radioactive 
Materials published bv the International Atomic 
Energy Agency (IAEA) requires proof that no change 
in a package or its contents can occur that jeop
ardizes the safety of the package under the effect 
of thermal power of the contents (IAEA Regulations, 
paragraph 230, 1973 revised edition, amended, and 
paragraph 543, 1985 edition). It should be noted 
that the IAEA Regulations serve as a basis for most 
national transport regulations. 

The application- of the IAEA Regulations requires 
justification that each of the materials of the 
package and of its contents remain at a temperature 
below its normal use limit in the conditions speci
fied by the regulations and that no corrosion, ex
pansion, or other detrimental process occur. It is 
therefore necessary to determine the temperatures 
reached at each point in the package and possibly to 
perform a number of measurements of these tempera-
tures. 

The pe r formance of practical tests to confirm or 
clarify an approach by calculations is relatively 
easy and in any case classic for a prototype. In the 
most routine case, in which the behavior of new in
ner containers intended for use with package bodies 
already in service is to be investigated, the fol
lowing problems arise: 

1. Existing pacKage bodies are not always avail
able and in any case their immobilization is expen
sive; 

2. The available package bodies are contami
nated with radioactive products, their decontamina
tion is expensive, and special precautions must 
nevertheless be observed, often making tests vir
tually infeasible; and 

3. Justification by computation alone implies 
long, expensive calculations the results of which 
are not always easy to demonstrate or consideration 
of highly restrictive starting assumptions that 
heavily penalize the allowable thermal power in the 
package. 

The solution to the problem is to have equipment 
capable of simulating the internal cavity of the 
largest possible number of package bodies so as to 
replace them in the tests that are performed with 

real inner containers or containers close to the 
real ones. 

BRIEF PRESENTATION OF PACKAGES 

General 

Figures 1 and 2 are schematic diagrams of the Com
pagnie Generale des Matieres Nucleaires (COGEMA) 
packages with horizontal and vertical axes. The 
package body contains shielding against (a) y-ra
d iation and (b) neutron radiation, (c) fire protec
tion, (d) protective covers against impact, and (e) 
an inner cavity closed by (fl a lid that guarantees 
the containment of the contents. The inner container 
includes (g) a centering tool, (h) a canister con
taining (i) several boxes wedged by a material in 
the form of granules. A package body is frequently 
employed for specific tasks, for which inner con
tainers are designed as required. 

Determination of Temperature of Inner Cavity 

During the fabrication of the prototype of a given 
package body model, tests are conducted to confirm 

FIGURE 1 Horizontal package. 
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FIGURE 2 Vertical package. 

the calculations of the heat removal capacity of the 
package body. This makes it possible to determine 
accurately the temperature reached by the inner cav
ity in accordance with the thermal power released by 
the contents (from zero power to the maximum service 
limit of the package), if required, by taking ac
count of different distributions of the contents in 
the package. 

Heat Removal Directions 

The protective covers against impact consist of 
light insulating materials. During transport, the 
packages are carried on the beds of vehicles or wag
ons very often made of wood. This means that for 
both horizontal- and vertical-axis packages, heat 
removal occurs through the outer side wall of the 
package. This corresponds to a predominantly radial 
heat flux across the body of the package. 

This assumption, which has been confirmed in ac
tual conditions, has been adopted, and makes it pos
sible to consider a single direction for the heat 
flux. 

DESIGN SPECIFICATIONS OF THE EQUIPMENT 

The internal cavity consists of a tube with a nor
mally circular cross section, but possibly square or 
hexagonal. Its surface as well as the type of ma
terial employed (nearly always stainless steel) are 
variable. The machine must be able to accommodate 
cavity models of different cross sections without 
complicated manipulation. However, given the vir
tually radial direction of the heat flux, there is 
no need to represent the length of the cavities, and 
the definition of a representative minimum length is 
sufficient. 

For a given thermal power, because of prior 
knowledge based on a package body prototype (dis
cussed earlier), the temperature reached by the 
internal cavity is known. The machine must be able 
to obtain this temperature over a significant length 
of the simulated internal cavity with the inner 
containers and the material to be transported. 

The maximum temperature is set at 200°C. The 
maximum temperature difference in the tests is set 
at 10°C in the horizontal position. This difference 
is sufficiently small to meet the accuracy required 
in the measurements, which is ±10°C. The minimum 
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length of the test zone is about 1 m, to eliminate 
end effects. 

The two ends of the simulated cavity are insu
lated in order to approach the radial flux hypothe
sis as closely as possible. To take account of the 
existence of horizontal- and vertical-axis packages, 
the machine is mounted on a frame to allow tilting. 

To allow more thorough investigations, which re
quire the separation of the different heat-transfer 
modes, the machine must be equipped with a system 
designed to create a vacuum in the internal cavity. 

DESCRIPTION OF INSTALLATION 

Basic Principle 

The installation is designed for the simulation of 
the internal cavity of a package, represented by a 
tube with a given cross section and a length that is 
determined subsequently. The inner containers to be 
investigated, which contain a simulation of the 
radioactive content whose thermal power is repre
sented by electric heating resistors, are placed 
inside this tube. At thermal equilibrium, the tube 
is at a temperature T1 • This value must then be 
changed to temperature T2 , the temperature of the 
real internal cavity of the package body investi
gated with similar inner containers and contents. 
Two alternatives are available: 

1. Hot mockup: This technique consists of sur
rounding the tube with effective insulation that 
represents a thermal resistance greater than that of 
all known package bodies. The tube can be cooled or 
heated sufficiently to reach the desired temperature. 

2. Cold mockup: In this case, the heat resis
tance between the tube and the surrounding air must 
always be less than that of all known package 
bodies. It suffices to heat the tube to the desired 
temperature. 

The second alternative was adopted for simplified 
design considerations. 

»eating of Simulated Cavity 

Because the cavity must be capable of accommodating 
variable cross sections, it can only be heated by 
immersion in a fluid. Air is employed for that pur
pose in view of the required tube temperature 
( 200°C) and for its ease of handling. Hence the 
simulated cavity is placed in an air duct the tem
perature of which is regulated in accordance with 
the temperature to be reached in the simulated cav
ity. Heat is supplied by a heating battery. Dampers 
for hot-air discharge and cold-air intake allow the 
passive form closed-loop circulation to rectilinear 
open-loop circulation as well as flow-rate adjust
ment between these two extremes. The axis of the 
simulated cavity is placed parallel to the direction 
of air flow. 

Theoretical Curves 

The simulated cavity is subjected to external forced 
convection in a lengthwise direction at a constant 
flow rate. Figure 3 gives the theoretical curves. 

The equation applied is 

(1) 



18 

dx 

0 x 

test cell 

simulated cavity 

FIGURE 3 Theoretical diagram of simulated cavity. 

where 

heat flux removed over an elementary length 
of the simulated cavity (dx) , 

dS surf ace area element corresponding to an ele
mentary length of the simulated cavity (dx), 
heat transfer coefficient, 
wall temperature of the simulated cavity, 
and 
air temperature. 

The surface area element dS depends only on the 
perimeter P of the cross section of the simulated 
cavity and on dx: 

ds = Pdx (2) 

The heat transfer coefficient is expressed here by 

h = [Nu(x) x A)/x (3) 

where Nu(x) is the Nusselt number on the abscissa x, 
identified along the axis of the simulated cavity, 
and 1' is the thermal conductivity of air at tem
perature TA. 

The equation defining the system can thus be 
written as follows: 

d<I> = { [Nu(x) x A)/x} (Tp - TA) Pdx (4) 

which becomes 

[Nu (x) /x] Pl. (Tp - TA) - (d<!>/dx) = 0 (5) 

The resolution of this equation helps to plot the 
theoretical curves shown in Figures 4 and 5, which 
show a slight variation in temperature after the ab
scissa x = 0.5 m. On the basis of these curves, the 
length of the simulated cavi ty was set at 1,5 m to 
employ a temperature range lying between the O. 5-
and 1.5-m abscissas in performance of the tests. 

Test Performance 

General Description 

Figure 6 gives an overall view of the test loop in 
which the following elements are shown: (a) fan, (b) 
heating battery, (c) test cell, (d) hot-air outlet 
damper, and (e) cold-air inlet damper. 

Test Cell 

Figure 7 is a diagram of the test cell. The prin
ciple adopted is the easy replacement of one simu
lated cavity by another. Hence the test cell is 

TRB State-of-the-Art Report 3 

•c 

130 

no 

110 

100 I 
:; 
60 

. / 

50 . / 

680 W/M _.- .--- ·- ·- ·-- ·- · .- · 

meters 
0, 5 

FIGURE 4 Temperatures on simulated cavity: 
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closed by (a) a lid placed on the top, to which (b) 
the simulated cavity is attached. The electric power 
supply cables for the heating resistors and the 
thermocouple wires pass through (c) the rear support. 

The assembly consisting of the simulated cavity, 
its rear support, and (d) the junction box is 
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vertical position. 
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FIGURE 6 Test loop. 

FIGURE 7 Test cell. 

sealed. Thus the junction box contains (e and f) 
sealed passages for cables and wires and (g) a fit
ting to create a vacuum. 

The front (in the direction of air flow) of (h) 
the simulated cavity is tapered. It is filled with 
an insulating material similar to that in (i) the 
rear part to approach the hypothesis of purely 
radial flux as closely as possible. During the 
tests, the support is also filled with insulating 
material. 

Support Frame 

Figure 8 gives the assembly diagrams of the test 
loop. The components of the test loop are mounted on 
(a) a frame tilting about (b) a pin fixed to (c) a 
support. The frame can be fixed in only two posi
tions, horizontal and vertical. 

Detailed Characteristics 

Detailed characteristics of the test apparatus are 
as follows: 

1. Heating battery, 6 kW; 
2. Effective cross section of test cell, 0. 33 x 

0.33 m2
; 

3. Air flow rate, 2 m'/sec; 
4. Insulation, 5-cm rock wool; 

FIGURE 8 Test machine. 
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5. Total weight of assembly, 2500 kg; and 
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6. Overall dimensions: vertical position-
height, 4.15 m; length, 2.5 m; width 2.4 m; hori
zontal position--height, 3.4 m; length, 4.4 m; 
width, 2.4 m. 

QUALIFICATION TRIALS 

Qualification trials have been performed so far with 
a simulated cavity that has an inside diameter of 
202.7 mm. Figures 4 and 5 show the results obtained 
next to the theoretical curves. 

The tapered form of the simulated cavity head 
creates disturbances in air flow between the wall of 
the test cell and the simulated cavity, favoring 
heat exchanges in the second half of the lenqth of 
the simulated cavity and achieving an improvement in 
temperature uniformity and constancy. Thus in the 
horizontal position, the zone in which the tempera
ture of the simulated cavity remains constant to 
within 10°C is more than 1 m long in all cases. 

The zone is shorter in the vertical position. It 
should be noted that in this case, on real packages, 
the temperature of the internal cavity is not con
stant, but is higher at the top, reflecting what 
happens in the simulated cavity of the test machine. 
Similarly, in the horizontal position, the radial 
temperature distribution is not constant. The upper 
generating line is at a higher temperature, also re
flecting the real temperature distribution. 

CONCLUSIONS 

The machine described here will initially serve to 
increase the allowable thermal power in a number of 
packages. To do this, it suffices to build models of 
the internal cavities of these packages, which must 
display a number of common characteristics: 

• Fastening to a lid adaptable to the test cell, 
• Ends of the same form as those of the simu

lated cavity described here, and 
• Thermocouples positioned at 1.1 and 1.2 m 

from the tip of the simulated cavity, one to serve 
as a reference for temperature control and another 
for a measurement permanently recorded for monitor
ing. 
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Other uses are also possible: ACKNOWLEDGMENTS 
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Stowing of Packages Containing Radioactive 

Materials on Conveyances 
J. Draulans, G. Chevalier, P. Gilles, J.C. Jolys, I. Lafontaine, and M. Pouard 

ABSTRACT 

In a joint project funded by the Commission of the European Communities, the 
French Commissariat a l 'Energie Atomique (CEA) and the Belgian company Trans
nubel have conducted research on the stowage of containers for radioactive 
materials on trucks. A search was made for data on normal and accidental 
transport conditions that resulted in the selection of 2 reference-type acci
dents: (a) a front-end collision with a rigid barrier at a speed of 50 km/hr, 
and (b) a side-on collision with an impacting vehicle at a speed of 25-35 km/hr 
against a truck loaded with a container. In addition, a mathematical model has 
been developed by means of the CEA Trico code to compute a frontal impact in 
which the 1.3-t container is stowed by means of 4 tie-down members, each for a 
nominal load of 2 t. The obtained results indicate that the stowage was insuf
ficient and the attachment points too weak to hold the container on the plat
form. Real tests have been performed to verify these results and to look for a 
possible solution. Tie-down members and chocks have been defined on the basis 
of static and dynamic tests for use in 8 crash tests ( 5 front-end and 3 
side-on). Different containers (low and high center of gravity) and different 
methods of stowage have been tried. On the basis of the obtained information, 
an attempt is made in this paper to prepare and propose a code of good practice 
for stowing packages on a truck platform by means of tie-down members and 
chocks. 

Most of the available information on the transporta
tion of packages that contain radioactive materials 
relates to the package itself. Some information can 
be found on the stowing of such packages, for ex
ample on trucksi however, only normal transportation 
conditions are considered. Almost no information was 
available on the stowing of such packages although 
accidental conditions are considered. 

To obtain more data on the behavior of package 
tie-downs in normal and accidental conditions for 
the redaction of directives on the stowing of pack
ages on ground transportation involves considerable 
study--and test tasks are financed by the Commission 

of the European Communities (CEC) • This study was 
performed jointly by the Commissariat a l'Energie 
Atomique (CEA) in France and Transnubel in Belgium 
under contract to the CEC. 

THE STUDY 

During the first part of the study, standards and 
directives were collected in Belgium, France, the 
United Kingdom, Italy, the Netherlands, the Federal 
Republic of Germany, Sweden, and the United States. 
In addition, advisory prescriptions and information 
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TABLE 1 Information Concerning the Prescribed Decelerations to he Considered for Transport of Goods
Road and Railway {1-9) 

Country or Organization 

Road transport 
Technical prescriptions 
Accelerations attachment points 

Longitudinally 

Laterally 

Vertically 

Railway transport 
Acceleration during normal transport 
Attachment points 

Longitudinally 

Laterally 

Vertically 

~Vropos.a l for radioactive materials transport. 
At13chrnon c points. 

c.fle~downJ. 

United 
Kingdom Italy 

2g° 
!Ogb 

!Oge 

Jg" 
!Ogb 

SgC 

Jg" 
3gb 

2gC 

2g• 
!Ogb 

lg• 
!Ogb 

Jg" 
3gb 

have been received from national or international 
organizations, as well as from companies that spe
cialize in road and railway traffic. The collected 
data are given in Table 1 (1-9), The most current 
standards on the strength of the stowing for road 
transportation are in the three directions (longi
tudinal, lateral, and vertical) 2~, l~, and l!J., re
spectively, while the maximum values are 10.9,, 5.9,, 
and 2!J., respectively. For railway transportation, 
the standards in many European countries range from 
0. 3!J. to 4!J.. 

The information given in Table 2 is based on in
quiries with truck and wagon manufacturers concern
ing generated deceleration forces that are involved 
during transport vehicle and train accidents (11-
15). Only a limited amount of information has been 
found on this subject. 

TABLE 2 Summary of Truck Accident 
Information (11-15) 

Information Category 

Speed at point of impact 
SO km/hr 
S0-80 km/hr 
80-100 km/hr 

Type of impact 
Front-end 
Side-on 
Rear-end 

Type of accident 
Collision-moving obstacle 
Collision-rigid obstacle 
Overturning 
Fire 

Total 
Distribution(%) 

61 
53 
28 

50 
41 
9 

41 
IS 
36.6 
4 

Note: Decelerations during impacts were I up to lOOg. 

In the second part of the study, the following 
tasks have been performed: 

1. Collection of information concerning: (a) 
interactions between the type of vehicles and the 
packages, and the deceleration forces at the level 

ISO 
United (Specific UIC Member 

Germany Sweden States for UF6) Countries 

Advises Yes Yes Yes 

2g lg/0.Sg 2g for 
tanks backwards Several tie-downs 

lg 0.Sg lg 

2g lg re-
strain ts 

4g 2g for 4g 
tie-downs 

0.4g Jg 0.4g 

0.3g lg re- 0.3g + 
strain ts others 

of the package; and (b) the frequency and nature of 
the accidents. 

2. The selection of some reference accidents. 
3. The selection of the type of package and tie

downs to be used during the tests and for the deter
mination by modeling of the absorbed energy. 

4. The definition of tests to be performed to 
verify the obtained theoretical data. 

5. The definition of the instrumentation to be 
used in the tests. 

(These data were obtained by using a theoretical ap
proach to container behavior in accident condi
tions.) The following information has been found or 
defined: 

ANALYSIS OF RESULTS 

With regard to the definition and analysis of refer
ence accident conditions, the behavior of a truck 
during an accident has a direct influence on the 
deceleration of the package. This behavior depends 
partially on the way the truck is constructed, such 
as (a) frame versus self-supporting cask; or (b) 
truck (2 or 3 axles) versus trailer, truck versus 
truck + trailer. 

Most of the small trucks in Europe (up to 3. 5 t 
maximum allowed load) are built differently than are 
heavy load trucks. They have no main frame, as heavy 
load vehicles do, but are built as a self-supporting 
cask. Such casks have a relatively high deformation 
capacity for protection in case of a front-end im
pact. The generated deceleration will be lower at 
the level of the loaded package compared with the 
deceleration generated in a similar accident of a 
heavy load vehicle, Which has a rigid frame. From 
the types of trucks considered (a truck with either 
2 or 3 axles, a trailer-truck with 3, 4, or 5 axles, 
and a truck-trailer combination) , it has been as
sumed that all other parameters equivalent to a 
truck with a frame construction would generate the 
worst decelerations at the package level in case of 
an accident. 

Information on generated decelerations during 
crash tests has been determined from American and 
Japanese tests (,ll,.!ll. Deceleration values between 
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25 and 94 ~ have been measured at the package level 
during these tests; however, in all the tests, the 
packages were free-standing on the truck platform 
without tie-downs. Tests with heavy shielded casks 
fixed on the load platform have not been considered. 

The frequency of truck accidents has been defined 
on the basis of Belgian and French studies (10 ,1'1, 
18). From the Belgian, French, and German statTBtics 
(11,19), an average heavy accident rate per km has 
been defined for Europe. The values are given in 
Table 3. It can be noted from Table 2, however, that 
(a) most of the accidents occur at an impact speed 
of 50 km/hr, which corresponds to a truck speed be
fore the impact of up to 80 km/hr; (b) up to 50 per
cent of the accidents result in a front-end colli
sion; and (c) up to 50 percent of the accidents 
involve a collision with a rigid or a mobile ob
stacle. 

TABLE 3 Heavy Accident Rate in Some European 
Countries and European Average Rate of Serious 
Accidents {14,18,19) 

Country 

Belgium 
France 
Germany 
European average 

Type of Truck 

Light 
Truck 

8.2x10· 1 

7.6 x 10"7 

7.9xl0"7 

Heavy Goods 
Vehicle 

J 4 X 1 o·B 

4.1 x 10· 8 

3.8xl0- 8 

Two t ypes of accidents have been included in this 
study: (a) a front-end collision with a rigid obsta
cle of a heavy goods vehicle built on a profile 
frame at an impact speed of 50 km/hr; and (h) a 
side-impact collision with a heavy goods vehicle 
built on a profile frame at an impact speed of 25 
km/hr when the package is hit directly and 35 km/hr 
when the truck frame is hit itself. 

SELECTION OF PACKAGE TYPE AND TIE-DOWNS 

Most of the available information on crash tests 
with heavy goods vehicles concerns trucks loaded 
with either (a) a large number of freestanding con
tainers or (b) a shielded cask that weighs several 
tens of tons (such a cask is secured on the truck by 
special means). In both cases, standard tie-down 
equipment is inappropriate. To obtain maximum infor
mation for the task to be performed, a container 

Shoc k Absorber 

Fr1C1Jon . 0,25 M9 
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with an average weight of 1.3 tons has been selected 
(see Figure 1) • 

Each tie-down should be able to support a weight 
of 1300 kg and should be composed of a hook, 
shackle, chain part, and chain tightener. The tie
downs will, with a pretension lower than 1300 kg, 
secure the package on the platform as shown in Fig
ure 1. The hook-shackle and chain tightener must be 
stronger than the chain part to ensure that this 
latter part will be the one that absorbs the impact 
(energy) • Tensile tests have been performed to de
fine what the characteristics of such a tie-down 
system (15 chain links with a soft steel link wire 
diameter of 14 mm, and a link length of 69. B mm) 
should be, The tests were performed in 3 steps. 

In the 2 static tests performed at 40,000 N, an 
elastic elongation of 0.56 percent has been found as 
well as a negligible plastic elongation.- A dynamic 
effort, applied during 0.2 sec at about 50,000 N re
sulted in a permanent plastic elongation of 3.2 per
cent. A static test performed up to the breaking 
point resulted in an elastic behavior of up to 
100,000 N and a plastic test between 100,000 N and 
125, 000 N (breaking point) . A supplementary elonga
tion of 6.37 percent has been measured. The results 
are shown in Figure 2. 

COMPUTING ACCIDENT CONDITIONS 

A finite element model has been desi9ned for the 
container and its tie-downs on a truck platform for 
the determination through modeling of the absorbed 
energy. A theoretical crash of this unit at an im
pact speed of 50 km/hr that results in a shock of 
50-m/sec duration has been considered by using the 
Tr ico code. The truck deceleration curve and the 
speed evolution curve at the level of the attachment 
points are shown in Figure 3. The tie-down is repre
sented in the program as a line of 10 finite ele
ments with 2 knots. Each link has a straight part 
and its tensile resistance Lo benlling or twisting is 
not considered. The pretension is also neglected. 

The model characteristics consist of the Young 
module, the Poisson coefficient, and the elastic 
limit, which are fed into the program for soft 
steel, lead, and for a material equivalent to the 
tested tie-downs. The considered load consists of: 
(a) the inertial forces caused by the impact, (b) 
the gravity effect, and (c) the fr i ct i on forces of 
the packages, which feed on the truck platform. 
(These 3 loads depend on the masses of the package 
parts and the accelerations.) 

The performed calculation is a plastic one with 
dynamic piloting of the displacements at the level 
of the "tie-down-truck platform" joining. A deceler
ation of 40 ~ and a friction of the package feet on 

Lift in Drvi<t 

A¥is Hti hi , o 11 

Tie Down L• l,,J 

Dimensions jn m 

FIGURE 1 Fixing of IL 37 (1.3-t weight) on truck platform. 
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FIGURE 2 Static and dynamic test results of a tie-down 
system. 

the truck platform of O. 25 mg have been introduced 
in the program. The following results have been ob
tained: 

1. First, the eyelet, which was welded on the 
package, broke: 

2. Second, a breakdown of the tie-downs occurred: 
3. The residual speed of the package was mea

sured at 9-10 m/sec: and 
4. The total initial energy of the half-package 

(62,500 J) was divided into four categories of im
pact as shown in the following table. 

1TI Ac<oltration 
m.s·' 

'00 
1~1 

(A) 

0 10 20 JO ~o 50 
t(ms) 

Moment o f r mpac t 
Deformation of the Truck 
Rupture of Tie-Downs 
Friction of Container 
Resulting in a free 
container speed of 9 
to 10 m/sec 

Percent of 
Ene r gy Availab l e 
23.2 absorbed 
33.1 absorbed 

0.5 absorhed 

43.2 not absorbed 
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Furthermore, close to the end of the crash (approxi
mately 50 m/sec) , the rupture limits for both the 
package attachment points and the tie-down were ex
ceeded, so reinforcement of the tie-down system is 
of no use. Only by doubling the attachment points 
and tie-downs or by chocking the package could it be 
possible to maintain the package on the truck plat
form. 

VERIFICATION OF THE RESULTS 

The third part of the study was dedicated to the 
verification of the results obtained in the theoret
ical approach by means of real crash tests. Again, a 
number of static and dynamic tests were performed to 
determine a tie-down system that would operate effi
ciently for a 1. 3-t package on the platform of a 
truck launched at 50 km/hr into a rigid harrier. 
Four types of tie-downs were selected, 2 for a nomi
nal load of 2 tons and 2 for 2.5 tons, each time 
with standard accessories of 2 different manufactur
e rs. Each tie-down was composed as follows: hook
shackle-chain-chain tightener-hook-shackle. (The ob
tained results are given in Figure 4 and Table 4.) 

On the basis of the obtained results, the follow
ing tie-down systems were selected for the crash-

TADLE4 Results of the Static Tesh on 4 Tie-Down Systems 

Nominal Elongation Supported 
Manufacturer Load (kg) (mm) Force (mm) Observations 

s 2000 143 135 000 Opening of 
hook 

M 2000 227.5 93 750 Broken chain 
link 

s 2500 143 193 750 Broken chain 
link 

M 2500 69 113 750 Break of 
shackle 

V (m/s) 

139 
12 

(BJ 

10 20 30 ~o 
t(ms) 

FIGURE 3 Truck deceleration curve A and speed evolution curve Bat the level of 
t he attachment points. 
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FIGURE 4 Results of tensile tests on 4 types of tie-down systems. 

tests: (a) a 650-mm long chain part for a nominal 
load of 2000 kg composed of 15 links i and (b) a 
hook-shackle on one side and shackle + chain tight-
ener on the other side. 

These accessories are foreseen for a nominal load 
above 2000 kg. In addition to the tests on tie
downs, some preliminary tests have been performed on 
r.hor.ks. Special r.hncks t.n he fitten in reinforced 
rails have been tested (see Figure 5). The result is 

Chock in stainless steel 

F 

shown in Figure 6. The surface below the curve is 
below 2 ,200 J. Several chocks will be necessary in 
the case of the crash test. 

The crash tests were performed at the site of the 
Union Technique de 1 'Automobile et du Cycle (UTAC) 
near Paris. The main goals of these tests were to: 

1. Define both the upper and lower strength lim-

F/2 

F/2 

£= 7 ff f ff ff ff If ff ff fff ff JJ 111 J ff I f .f ff f f ff 

Reinforced rail 

FIGURE 5 Special chock and rail. 
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FIGURE 6 Compression test on special chock. 

its of tie-down systems by means of front-end and 
side-on impact accident simulations; 

2. Verify the results obtained by means of the 
theoretical approach; 

3. Define an extrapolation method of the ob
tained results; and 

4. Prepare and propose a code of good practice 
for the selection and use of tie-down systems. 

Eight crash tests that included 5 front-end and 3 
side-on collisions were performed (see Table 5). The 
following equipment was used: 

1. A gas-oil driver winch was used to pull the 
vehicle; the connection of the cable to the vehicle 
was made in such a way that an automatic disconnec
t ion of the cable was obtained approximately 2 m be
fore the rigid barrier. 

2. A photo-electric cell and 2 reflecting strips 
at O. 5 m from each other were used to measure the 
speed of the vehicle at l m of the rigid barrier. 

TABLE 5 Performed Crash Tests 

Type of test 

Test runber 

Type of vehicle 

Type of package 

Reference 

test with 

truok 

Front-end impect 

I 3 I 

Pod<age with low center of gravi t y 

25 

3. Accelerometers (full scale: 250 ~) were fixed 
at several points on the vehicle and the package(s). 

4. All equipment on the vehicle and packages was 
connected to a data collection box on the vehicle. 
The data thus collected was transmitted by means of 
a cable, which connected it to a mobile data requi
sition station. 

The first test was a reference one, with a 15-t 
truck loaded with two 1.3-t packages that had a low 
center of gravity (leg) launched at a speed of about 
50 km/hr against a rigid barrier to obtain informa
tion on the behavior of the stowing of packages in a 
front-end crash, and to define the average decelera
tion curve to be applied on a trolley in the follow
ing tests (for cost reducing reasons). The position 
of the 2 packages is shown in Figure 7. Anchoring 
points with a nominal load of 35 000 N were chosen 
as fastening points between the tie-downs and the 
truck platform. The obtained results are given in 
Table 5. 

The truck showed a dynamic crushing of 600 mm. 
After the test of 400 mm, some attachment points on 
the package broke. [On the basis of the data from 
the 8 accelerometers located on the 2 mainframe 
beams, an average deceleration curve was drafted 
(see Figure 8). Several preliminary tests were nec
essary to decelerate the trolley the same way by 
means of the deformation of plastic tubes inside 
metal ones. (The trolley and its package are shown 
in Figure 9.)J 

In the second test, an impact speed of 48 km/hr 
was obtained. The package was stowed with 4 (2 
front, 2 rear) tie-down systems identical to the 
ones used in the first test. The attachment points 
on the package were reinforced. In the third test, 
the same package that was used in the second test 
was stowed on the trolley by means of tie-downs that 
were identical to the ones used in tests l and 2, 
but that were doubled by means of nylon webbings . An 
impact speed of 46.8 km/hr was registered. The 
fourth test was performed with the same package and 
was stowed by means of tie-downs and chocks. The 
package was kept on the trolley platform and 100 
percent of the initial package energy was absorbed. 

Side-on impect 

5 J 7 I 8 

Test with a trolley, sinulating a truok 

Package with Package with low center of Package with 

~center gravity ~ center 

of avit of ravit 

Tie-d<MJS + Tie-downs+ Tie-downs + 
Type of stowing 

Results 

I.mpect speed ml s 

Package erergy at Ill>"" 

ment of impsct in Joules 

Max. deceleration in 

00 

Package speed after 

crash in mis 
% of energy absorbed 

Depth of penel 

tration in nm 

Drop height of package 

in m equivalent to 

damage 

Tie-downs only 

13.14 13.33 

112 ,2.30 115,500 

15 - 10 14 

7 .4-9.7 7 .9 

68.3 - 45,5 64.9 

nylon ..,bbings chocks 

13.0 13.25 

10'.l,850 114 ,115 

23 30 

5.8 0 

80.1 100 

chocks 
Tie-downs + chocks 

Impact on Impact on Impact on 

tie-ckMI pacl<a&e pacl<age 

13.77 7 .42 9.05 7 ,33 

123,248 170 ,522 254 ,210 166,711 

35 25 110 - 126 55 - 60 

0 

100 

60 55 40 

2 .05 5.8 
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FIGURE 7 Stowing of package with low center of gravity on truck (I-degree 
test). 

The same good result was obtained in the fifth test 
where the trolley was loaded with a package having a 
high center of gravity (hcg). The package was also 
stowed by means of tie-downs and chocks. 

In the three side-on impact tests, two were per
formed with a leg package and one with the hcg pack
age. In each test, the package was stowed on a truck 
by means of tie-downs and chocks (in the direction 
of traffic only). The impact was realized by means 
of a 6200-kg impacting vehicle equipped with a 150-
mm-diameter stump object which, on impact, would hit 
either a tie-down or the package itself. The impact 
speed was reduced to about 25 km/hr. 

In the sixth test, the impacting stump object hit 
a front tie-down near its attachment point, whereas 
in the seventh test, the package itself was hit di-

Acc•loralion I g I 

so . 

0 50 100 Tim• (ms) 

FIGURE 8 Average deceleration curve for the I-degree 
test. 

rectly in the middle. The eighth test was performed 
with an hcg package hit directly by the impacting 
stump object. From these tests, it can be concluded 
that: 

1. It is possible to maintain a 1.3-t package on 
the truck platform despite a front-end impact at 50 
km/hr if the package is properly stowed by means of 
tie-downs and chocks. 

2. In such a front-end accident, the highest 
deceleration to be considered on the level of the 
package is approximately 35 .9.· 

3. A 1.3-t type B(U) package, properly stowed on 
a truck platform and directly hit by a stump object 
in a side-on impact suffers damages above the IAEA 
norm if the impacting vehicle, which weighs approxi
mately 6. 2 t, has an impacting speed of approxi
mately 25 km/hr. 

4. In such a side-on impact, the deceleration on 
the level of the package can increase up to 120 ~· 

RECOMMENDATIONS 

In the fourth and last part of the study, an attempt 
has been made to word a code of good practice for 
the stowing of packages on trucks. This includes the 
ideas that: 

1. Separate i terns should be foreseen as attach
ment points and lifting points; 

2. The attachment points should be built for a 
10-~ load factor, the lifting points for a 2-~ load 
factor; 

3. Packages above 500 kg should be stowed by us
ing appropriate tie-downs and chocks; 

4. The chocks and their fixations to the truck 
platform should have a resistance-to-shear factor 
equal to 30 times the weight of the package. The 
minimum chock height should be 50 mm; 
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FIGURE 9 Stowing of package with low center of gravity on truck (2-, 3-, and 4-degree tests). 

5. Each of the 4 tie-downs should be foreseen 
with a nominal load factor of 1.5 times the weight 
of the package; in case of stowing with tie-downs 
only, they should be foreseen with a nominal load 
factor of 7.5 times the weight of the package; 

6. The tie-downs should be fixed to the package 
above its center of gravity and should be installed 
with the following angles: (a) in the vertical 
plane, a maximum of 45° with regard to the hori
zontal plane, and (b) in the horizontal plane, a 
maximum of 45° with regard to the longitudinal axis 
of the vehicle. 
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Influence of Vehicle Design on the Hazards of 
Transporting Gasoline by Road 

Rao Chalasan i 

ABSTRACT 

The size and configuration of gasoline-hauling vehicles are constrained by 
road-use laws that limit gross weight, number of axles, and axle loading. As a 
result of these regulations, gasoline is now transported in most of the United 
States by tractor-semitrailers that have a payload capacity of approximately 
8,800 gal and weigh 80,000 lb when fully loaded. The influence of changes to 
this vehicle design on the hazards of transporting gasoline is evaluated with a 
focus on gasoline tanker configurations that conform to the road-use laws in 
Michigan. Gasoline tanker accident data are reviewed to show that rollover ac
cidents are the principal cause of gasoline spills and fires. Hence, a risk
assessment methodology that focuses on the frequency and consequences of such 
accidents is formulated. Bureau of Motor Carrier Safety truck accident data are 
used in conjunction with a steady turning rollover threshold model of articu
lated vehicles to establish a relationship between the rollover threshold and 
rollover involvement for commercial vehicles. It is shown that the incidence of 
rollovers decreases monotonically as the rollover threshold of the vehicle is 
increased. Further, the rollover involvement is shown to he sensitive to even 
small changes in rollover threshold. The rollover involvement of alternative 
designs for the transportation of gasoline is compared with that of a conven
tional MC306 tanker. Risk analysis is used to determine the risk associated 
with the various designs. The analysis shows that it is possible to design a 
large array of tank vehicles that pose lower fire and explosion hazards than 
does the MC306 tanker. 

The design of vehiclco used for transporting gaso
line and other such flammable liquids has for the 
most part been regulated by federal and state laws. 
The construction of the tank. used to haul gasoline 
is, for example, regulated by Federal Specification 
MC306 (1), which imposes requirements on tank shell 
material, manhole cover design, and so on. Further, 
the size and configuration of gasoline-hauling vehi
cles are constrained by road-use laws that limit 
gross weight, number of axles, and axle loading. 

Michigan, unlike most states in the Uni ten 
States, permits the operation of a large variety of 
commercial vehicle configurations. Vehicles with 
gross weights as high as 164,000 lb are permitted, 
provided that they conform with certain restrictions 
on overall dimensions and axle loading. This liberal 
weight law has contributed to the design and opera__. 
tion of large gasoline tankers that have up to twice 
the payload capacity of tankers used elsewhere in 
the United States. The most popular design providing 
this large capacity has been a double-tanker config
uration consisting of a tractor, semi trailer, and a 
full trailer. 

A rash of gasoline tanker rollovers in 1977 
prompted the state government to sponsor research 
into the safety of the double-tanker configuration. 
The study (£-~) , conducted by the University of 
Michigan Transportation Research Institute, recom
mended modification of the coupling mechanism be
tween the semitrailer and the full trailer of the 
double tanker for enhancing directional and roll 
stability. The study also recommended an investiga
tion into the possibility of designing tankers that 
maximize the safety of t ·ransporting gasoline. 

On the basis of the foregoing recommendation, the 
Michigan legislature mandated further research into 

Lhe deylgn of vehicles that demonstrate the highest 
possible safety in transporting flammable liquids. 
This paper represents research (£.,1.l conducted as 
part of the mandated study. 

SURVEY OF LITERATURE 

A review of the literature indicates that only a few 
studies have focused on the hazards of transporting 
gasoline by road. Krasne~ (~) investigated transpor
tation accidents involving motor carriers of hazard
ous materials. Although no relationship between the 
incidence of rollover and the release of hazardous 
materials was established, Krasner recommended an 
investigation into the feasibility of designing 
trucks with improved roll stability and better pro-
tection of the hazardous materials container in the 
event of a rollover. 

Jones et al. (9) developed a model for analyzing 
the risks posed b:v the transportation of hazardous 
materials. Losses associated with property damage, 
injury, and death were all converted to dollar 
amounts in order to produce a single metric of 
transportation risks. A total cost factor, defined 
as the sum of normal transportation costs and risk 
costs, was proposed for comparing transportation 
alternatives. 

In 1977, Davis et al. (_!Q) investigated the in
tegrity of cargo tanks during rollovers. Full-scale 
tipover tests revealed the inadequacy of Federal 
Specification MC306 with respect to tank shell in
tegrity as well as to the product retention capabil
ity of the valves, vents, and manhole cover assem
blies during a rollover accident. 

A comprehensive study of the risk of transporting 
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gasoline by truck was conducted by the Battelle Pa
cific Northwest Laboratory (11). Fatalities were 
used as the measure of risk involved in transporta
tion of gasoline. The probability of the occurrence 
of individual accidents that result in a large num
ber of fatalities was found to be relatively low. 
For example, accidents that result in 10 or more 
fatalities were expected to occur in the United 
States at the rate of once every 45 years. 

The references just cited indicate that although 
a few investigations have focused on quantifying the 
risks posed by hazardous materials accidents, the 
feasibility of reducing such risks by changing vehi
cle design has not been studied. Specifically, al
though rollover accidents have been recognized as an 
important cause of hazardous materials spills, the 
extent to which the rollover involvement of vehicles 
can be reduced by increasing the rollover threshold 
has not been examined. 

DESIGN ALTERNATIVES FOR TRANSPORTING GASOLINE 
IN MICHIGAN 

A large number of commercial vehicle configurations 
are permitted to operate in Michigan. Hence, it is 
possible to design an almost endless array of tank 
vehicles suitable for transporting gasoline within 
the state. In order to systematically screen the 
large number of design alternatives, a set of cri
teria that each concept vehicle should meet was es
tablished. Only those vehicles that met the follow
ing criteria were considered for further analysis: 

1. Overall length of the vehicle should meet the 
road-use laws of Michigan. 

2. The location and loading pattern of the axles 
should meet the road-use laws • . 

3. Directional and roll stability levels should 
be comparable with or better than those of the con
ventional 8,800-gal tractor-semitrailers (hereafter 
referred to as the MC306 tanker) that are currently 
used for transporting gasoline in the United States. 

4. Low-speed offtracking qualities should be 
comparable with or better than those of the MC306 
tanker. 

5. No special problems with respect to manufac
turing, maintenance, or operation should be posed. 

6. Construction of the tankers should conform 
with Federal Specification MC306. 

The screening revealed that only two types of 
vehicles could possibly meet all the requirements, 
namely, tractor-semitrailers and tractor-semitrailer
semitrailer combinations (referred to as TSS combi
nations). In the case of the TSS combination, the 
dolly and pintle-hook arrangement of a conventional
style double tanker is replaced by an arrangement 
that effectively eliminates the yaw and roll degrees 
of freedom that are present in the pintle-hook ar
rangement. A discussion of the improvements in dy
namic stability resulting from the elimination of 
the yaw and roll degrees of freedom may be found 
elsewhere (j_,]l. 

A total of 20 alternative designs were configured 
based on tractor-semi trailer and TSS layouts. The 
vehicles ranged in capacity from 8,090 gal for a 
5-axle combination to 16,150 gal for a vehicle 
equipped with a total of 11 axles. All but two of 
the alternative designs had payload capacities that 
were larger than that of the 8,800-gal MC306 tanker. 
Schematic diagrams of the candidate tractor-semi
t railer combinations are shown in Table 1, and the 
TSS configurations are shown in Table 2. 

The influence of various design changes on the 
steady turning rollover thresholds of the alterna
tive designs was investigated by using a static 
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roll-plane model (12). The calculations showed that 
it was possible to----;iiake significant improvements in 
rollover thresholds by making certain design 
changes. The principal changes were (a) using tank 
profiles that lowered the center-of-gravity (e.g.) 
height of the trailer, (b) increasing the width of 
the trailer from 96 to 102 in., and (c) limiting 
lash in the suspension springs. When these changes 
were incorporated, the alternative designs were 
found to exhibit rollover thresholds that were sig
nificantly higher than that of an MC306 tanker. Fur
ther, increases in payload volume were found to 
produce only a small decrease in the rollover 
thresholds of the alternative designs. For example, 
the largest-capacity tractor-semitrailer was found 
to possess a rollover threshold that was 22 percent 
higher than that of the MC306 tanker. 

GASOLINE TANKER ACCIDENT EXPERIENCE IN MICHIGAN 

In 1977 the Fire Marshall's Office of the Michigan 
Department of State Police initiated the recording 
of accidents involving tank vehicles hauling hazard
ous cargo in Michigan. A total of 39 accidents in
volving large-capacity gasoline tankers, such as 
tractor-semitrailers and double tankers, were re
ported during 1978 and 1979. 

In almost all cases, the release of gasoline into 
the environment was found to be the result of roll
over accidents. There was only one nonrollover acci
dent in which a significant amount of gasoline was 
released, which resulted from the rupture of the 
tank shell during a sideswipe accident. 

The data also showed that all tanker fires oc
curred as a result of rollovers. In short, the acci
dent data indicated that tanker rollovers were the 
precipitate cause of most of the gasoline spills and 

TABLE I Candidate Tractor-Semitrailer Combinations 

SCHEMATIC LOADED EMPTY PAY LOAD 
# DIAGRAM WEIGHT libs) WEIG HT libs) CAPACITY (gal) 

I QJ; • ·' 78000 2 8670 8090 

14 32 :i2• 

2a [11 I 85000 31750 8730 .-j' ..,, 
14 

2b [l I I 100000 33 920 10 830 ---fl I~~ t l<I 

3a t.b!a I 98000 3S720 10 210 

14 32 T 
3b ~ I 103000 36420 10915 

,fi ~ 
4a 9~ •A.J 111 000 39S70 11700 

65 

4b r:u., I 116000 40360 12400 

14 
,, T 

Sa ~~3f I .. ,, ... 124000 43600 13180 

Sb 0-v I 129000 44 330 13880 
14 1•s •r 

6 ~ I . .,a. 13 7000 47510 14670 

7 ~Y- .. ,~ ... ' 150000 Sl490 16150 

~Load carried by the axle sets in the units of thousands of pounds 
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TABLE 2 Candidate TSS Combinations 

PAYLOAD CAPACITY 
LOADED EMPTY I gal Ions) 

# SCHEMATIC DIAGRAM WEIGHT WEIGHT 
11 bs) I lbs) semi ~~~ii .. total I.nil•• 

~ 
59' OVERALL LENGTH 

I 
12 Zl 26 13 26 • 104 000 .39160 6260 4370 10 630 

D.o ru;: .~, --.J 117000 43190 6260 5840 12 100 
12 27 26 26 26 

Ilb n.-~=:u11-==J 124 000 44090 8730 4370 13100 
14 32 39 13 25 

~ I 130 000 47100 6260 7330 13590 m •• 
12 27 26 26 39 

65 • OVERALL LENGTH 

IlZ:O rJJ.., Jb= .J 117000 43190 62 60 5840 12100 
12 27 26 26 26 

obi I i:=:J 124 000 44090 8730 4370 13100 Nb ........ ~ 
14 32 39 13 26 

1[ ~ 130000 47100 6260 7330 13590 
12 27 26 26 39 

:in: f2C .. JW 137000 48120 8730 5840 14570 
14 32 39 26 26 

:izn: ~ 150000 52030 8730 7330 16060 
14 32 39 26 39 

*Load carried by the ox le set in the units al thousands of pounds 

all of the tanker fires that took place in Michigan 
during the years 1978 and 1979. The data also showed 
that for both single and double tankers, 22 of the 
27 rollovers (81 percent) occurred in single-vehicle 
accidents. 

RISK-ASSESSMENT METHODOLOGY 

The analysis of gasoline tanker accidents has 
clearly shown that tanker rollovers are the princi
pal cause of gasoline spills and fires in Michigan. 
Therefore, for the purposes of comparing the fire 
anu ex[>lm;iurl hazards posed by the alternative 
tanker designs, it is sufficient to focus primarily 
on the frequency and consequences of rollover acci
dents. The various steps involved in the assessment 
of the risks associated with the alternative designs 
are shown in Figure 1. A brief overview of the meth
odology employed follows. 

The risk (Rt in Figure 1) is defined as the 
product of the frequency with which a rollover acci
dent is expected to occur and the magnitude of all 
the expected losses that result from such an acci
dent. That is, the risk (Rtl associated with the 
use of vehicle configuration i is expressed as 

(1) 

where Nt is the expected number of rollovers per 
year if vehicle configuration i were to be placed in 
general service throughout Michigan and Ct is the 
consequence of a rollover involving vehicle configu
ration i. 

Hence, the analysis of the risks posed by the al
ternative designs basically consists of determining, 
for each vehicle configuration, the expected number 
of rollovers (Nil and the expected magnitude of 
the losses from a rollover (Cil. 

The factor Ni in Equation 1 can be further ex
panded and written as 

where 

(2) 

accident exposure associated with the 
use of vehicle configuration i (mil
lions of vehicle miles per year) , 
probability that vehicle configura
tion i will roll over in the event of 
an accident, and 
accident rate (accidents per million 
vehicle miles) • 

The likelihood of rollover in the event of an ac
e ident [P (Rolli/A)] is influenced by the rollover 
threshold of the vehicle. The likelihood of rollover 
for the alternative designs can be predicted pro
vided that the relationship that exists between the 
rollover threshold of a vehicle and the likelihood 
of rollover is known. 

As shown in Figure 1, the development of such a 
relationship constitutes the first step in the as
sessment of transportation risks. Truck accident 
data were utilized to construct the relationship be
tween rollover threshold and rollover involvement. 
Only one accident data file [that of the Bureau of 
Motor Carrier Safety (BMCS)] was found to contain 
the information needed for constructing the thresh
old-involvement relationship. However, the data had 
the shortcoming of not identifying the occurrence of 
rollover when two or more vehicles were involved in 
the accident. Hence, the BMCS accident data were 
used to establish the relationship between rollover 
threshold and rollover involvement among single
vehicle accidents. In the next step, other sources 
of accident data were used to determine the inci-
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Relationship Between Rollover 
Threshold and Rollover Involvement 
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Rollover Thresholds of 
Alternative Designs 
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FIGURE 1 Steps involved in calculation of risks posed by alternative designs. 

dence of rollover among accidents involving two or 
more vehicles. 

Data on the accident rate (Arl and the accident 
exposure (Ei) are needed for estimating the expected 
number of rollovers (Nil. As shown in Figure 1, the 
travel pattern of the gasoline tankers and the acci
dent rates on the various roadway types were taken 
into account in estimating the single- and multiple-

vehicle accident rates, SVr and SVrr respectively. 
Data on the volume of gasoline consumed in Michigan, 
the average trip length, and the payload volume of 
the vehicle were used to calcul.ate the accident ex
posure (Ei) • 

In the final step, the sensitivity of the losses 
produced by a rollover accident to the payload vol
ume of the vehicle is examined and the risks associ
ated with the alternative designs are predicted. 

A detailed description of the construction of the 
relationship between rollover threshold and rollover 
involvement by using the BMCS accident data file is 
presented in this paper. For the sake of brevity, 
only a brief discussion of the methodology used in 
the estimation of accident rates and exposure is in
cluded. A more detailed description of the methods 
used and the data bases interrogated in arriving at 
the final estimates may be found elsewhere Cl) • 

DERIVATION OF RELATIONSHIP BETWEEN ROLLOVER 
THRESHOLD AND ROLLOVER INVOLVEMENT 

The following method was used to establish the 
relationship between rollover threshold and rollover 
involvement: 

1. A vehicle type that was readily identifiable 
in the BMCS file and whose rollover threshold was 
reasonably approximated given the gross vehicle 
weight (GVW) was selected. 

2. Accidents involving the selected vehicle were 
divided into classes according to GVW. The percent
age of single-vehicle accidents that resulted in a 
rollover was then determined for each level of GVW. 

3. The steady-turning rollover threshold of the 
selected vehicle was estimated for each level of GVW 
[using a static roll model described elsewhere (12)] 
and was plotted against the corresponding rollover 
frequency (from step 2) to obtain the relationship 
between the steady-turning rollover threshold and 
the percentage of rollovers among single-vehicle ac
cidents. 

4. The threshold-involvement relationship de
rived in step 3 was modified to account for the 
underreporting of rollovers in the BMCS file. 

5. Rollovers resulting from multiple-vehicle ac
cidents were estimated through the interrogation of 
other accident data files. 

Step l: Select i on of Vehicl e 

The vehicle selection was the configuration with a 
three-axle tractor and a two-axle van-body semi
trailer. This vehicle type was seen as particularly 
suited for the evaluation of rollover threshold, not 
only because it was by far the single most prevalent 
heavy vehicle in the United States but also because 
there was a high degree of uniformity in design pa
rameters among vehicles in this category. Further, 
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the nominal trailer lengths, suspension and tire 
characteristics, and even tractor-related properties 
of the tractor-van semitrailer combination were the 
same as those found in tanker-semi trailer combina
tions that were typically used for transporting gas
oline in most of the United States. 

Step 2: Frequency of Rollovers 

Four years of accident data were available for per
forming the analysis. For 1976 through 1979 , the 
BMCS file contained a total of 31,978 accidents that 
involved the selected vehicle, The incidence of 
rollovers in single-vehicle accidents is shown in 
Table 3 for the four reporting years combined, The 
data are shown classified into 2, 500-lb increments 
in GVW of the selected vehicle. Note that increases 
in GVW produce remarkably consistent increases in 
the percentage of rollovers. 

TABLE 3 Incidence of Rollovers Among Single- Vehicle 
Accitleuls, BMCS Data File, 1976-1979 

No. of Rollovers in 
GVW Single-Vehicle No. of Single-Vehicle 
(lb x 103) Accid ents Rollovers Accidents (%) 

27.5-30.0 653 17 2.6 
30.0-32.5 453 32 7.1 
32.5-35.0 327 19 5.8 
35.0-37 .5 214 18 8.4 
37.5-40.0 284 28 9.9 
40.0-42.5 202 21 10.4 
42.5-45.0 267 34 12.7 
45 .0-47 .5 251 35 13.9 
47.5-50.0 325 59 18.2 
50.0-52.5 275 51 18.5 
S2.S-SS.O 342 8S 24.9 
SS.0-57.S 342 76 22.2 
S7.S-60.0 41) 104 25.l 
60.0-62.S 309 86 27.8 
62.S-65.0 sos 1S9 3 J. S 
6S.0-67 .5 544 170 31.3 
67.5-70.0 1,173 400 34.1 
70.0-72.S 1,398 472 33.8 
72.S-75.0 l,07S 362 33.7 
7S.0-77.5 189 68 36.0 
77.S-80.0 234 93 39.7 

TRB State-of-the-Art Report 3 

Step 3 : Establishment of a Relations hip Between 
Rollover Threshold and Rollover Involvement 

The selected vehicle was represented in the analysis 
of rollover thresholds by means of the mechanical 
properties shown in Figure 2, which gives typical 
values of sprung and unsprung weights as well as 
heights of placement of mass centers. For a given 
payload weight, the height (H) of the payload e.g. 
is dependent on the density of the cargo. If a very 
dense material is loaded onto the trailer floor, the 
payload e.g. would be located 55 to 60 in. above the 
ground. On the other hand, if the trailer's cubic 
capacity is filled with a homogeneous freight of low 
density, the payload e.g. height would be 110 in. 

The appropriate value for the average height of 
the payload e.g. was estimated by noting that one 
type of tractor-semi trailer represented in the BMCS 
file was of such a nature that its payload e.g. 
height and overall rollover threshold could be 
closely estimated. The vehicle was the combination 
of three-axle tractor and two-axle semitrailer em
ploying a tank for transporting hazardous liquids in 
bulk. This vehicle category is prec'lominantly repre
sented by the MC306-type tanker used for hauling 
chemicals and petroleum products. Fully loaded 
(75,000 to 80,000 lb gross weight), this tank vehi
cle experienced 267 single-vehicle accidents over 
the years 1976-1979 in the BMCS file. Of these, 139 
accidents (or 52 percent) involved rollovers. The 
,·ollover threshold of the MC306 tanker, when fully 
loaded, was estimated to be 0. 3 2 9. by using the 
static roll plane model. (Note: When a tank vehicle 
is operated in the fully loaded state, so that there 
is no fluid sloshing, its roll behavior is identical 
to that of a tractor-van semitrailer combination 
ha•1ing the same rollover threshold. Therefore, fully 
loaded tank vehicles can be expected to experience 
rollovers at a rate that agrees with the pattern of 
rollover involvement for tractor-van semitrailers.) 

The percentage of rollovers among s i ngl e-veh icl"' 
accidents and the rollover threshold for a fully 
loaded MC306 tanker were plotted as shown in Figure 
3. A selection was then made of that value of aver
age e.g. height that gave the best extrapolated fit 
of the van trailer data to the tank trailer data 
point. The analysis showed that the curve drawn 
through the van trailer data passes through the 
single tank trailer data point when a value of 80 
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FIGURE 2 Parameters representative of combination of three-axle tractor and two-ax.le van semitrailer. 
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FIGURE 3 Relationship between rollover threshold and 
frequency of rollovers among single-vehicle accidents 
(BMCS data, 1976-1979). 
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in. is used for the average height of the payload 
c .g. It is believed that this value is reasonable 
given that a large fraction of tra.nsport work done 
by the common carriers involves mixed loads in which 
the denser cargo is placed at the bottom of the 
load. Therefore, the average value for the e.g. 
height of the payload is expected to be lower than 
the level achieved with homogeneous freight. In 
addition, the large percentage of transport miles 
covered by vehicles loaded to less than their full 
cubic capacity also tends to lower the average 
height of the payloa·d e.g. to a value in the vicin
ity of BO in. 

Figure 3 reveals not only that the relationship 
between the percentage of rollovers among single
vehicle accidents and the rollover threshold is 
monotonic but also that, as averaged, the data show 
a remarkably tight pattern. Most notably, it may be 
seen that the relationship becomes very steep at the 
lower range of the rollover threshold. 

The curve shown in Figure 3 can be considered an 
accurate representation of the relationship between 
rollover threshold and rollover involvement, pro
vided that there '•as no under rep()rting of rollovers 
in the BMCS file. In the next step, the extent of 
underreporting of ·011overs in the BMCS file is de
termined and suitable corrections are applied to the 
relationship shown in Figure 3. 

Step 4: Modification of Relationship Between 
Rollover Threshold and Rollover Involvement 
to Account for Under reporting of Rollovers 

The BMCS accident reports are structured in such a 
fashion that, in reporting a single-vehicle acci-
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dent, the individual filing the accident report is 
required to choose from a menu of items a single 
item that best describes the primary event in the 
accident. The use of such a reporting format can 
result in the underreporting of rollovers because 
there is a chance that an accident in which a roll
over is preceded by another primary event (such as 
running off the roadway or jackknifing) is not coded 
as a rollover. The extent of such underreporting can 
be determined only by a case-by-case comparison of 
the BMCS file with other sources of accident data. 

In order to identify the actual incidence of 
rollovers among the various accident types reported 
in the BMCS file, the BMCS accidents that took place 
in Michigan were matched with the accident data file 
maintained by the Michigan State Police. The data 
revealed that a large number of accidents for which 
the BMCS file reported "ran off the road" had, ac
cording to the state police reports, actually re
sulted in a rollover. In fact, approximately 50 per
cent of the accidents coded as "ran off the road" 
were found to be rollovers. By contrast, only 5 per
cent of the jackknife accidents and approximately 7 
percent of the collisions were rollover accidents. 

It is therefore obvious that most of the under
reporting of single-vehicle rollovers can be cor
rected by incorporating those that result from 
events coded as "ran off the road" in the BMCS file. 
Hence, it was assumed that, independent of GVW, 50 
percent of all accidents reported in the BMCS file 
as "ran off the road" had actually been rollovers. 
Rollovers produced as a result of accidents reported 
as jackknifings and collisions were noted to consti
tute only B percent of the total number of rollovers 
and hence were neglected in the analysis. 

The relationship between rollover threshold ano 
rollover involvement obtained by incorporating 50 
percent of the events reported as "ran off the road" 
is shown in Figure 4. When 50 percent of the ran
off-the-road events were included, the proportion of 
rollovers among fully loaded tank vehicles was found 
to increase from 52 to 65 percent of the single
vehicle accidents. The curve drawn through the van 
trailer data points once again lies close to the 
single data point for the fully loaded tank vehicles. 

A linear extrapolation of the same curve up to 
the 100 percent rollover involvement level is shown 
in Figure S, which reveals that, as the rollover 
threshold is reduced, the percentage of rollovers 
among single-vehicle accidents increases rapidly and 
reaches 100 percent for rollover thresholds that are 
in the vicinity of 0.2 g_. This projection of a very 
high level of rollover involvement for rollover 
thresholds in the range of 0. 2 9. a'{Jpears reasonable 
when it is noted that the curvature of the entry and 
exit ramps as well as curves on u.s. highways are 
designed to produce lateral acceleration levels that 
are in the range of 0.16 to 0.22 9. (!1). (On ramps 
designed for a speed limit of 30 mph, lateral accel
eration levels of 0 .16 9. are encountered even when 
one is driving within the speed limit.) This sug
gests that when the rollover threshold of a vehicle 
is reduced below 0.2 ~· rollovers are likely to re
sult not only from accident-induced forces but also 
from normal driving maneuvers. Hence, as suggested 
by Figure 5, at thresholds below 0.2 g_, rollovers 
are likely to occur so freguently that they can be 
expected to approach 100 percent of the single
vehicle accidents. 

Step 5: Incidence of Rollovers Among Accidents 
Involving TWo or More Vehicles 

Three sources of accident data were investigated to 
determine the incidence of rollovers among accidents 
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FIGURE 4 Corrected relationship of rollover threshold versus 
rollover involvement (BMCS data, 1976-1979). 

involving two or more vehicles. These data sources 
included (a) gasoline tanker acc idents in Michigan 
during '.1.978 and 1979, (b) Fatal Acc ident Reporting 
System (FARS) data for 1978 and 1979, and (c) trac
tor-semitrailer accidents in the United Kingdom for 
1971-1973. The accident data from all three sources 
revealed that 80 percent of the tractor-semitrailer 
rollovers are single-vehicle accidents , and the re
maining 20 percent are due to accidents that involve 
a collision with another vehicle. Hence, the total 
number of rollovers expected each year as the result 
of an exclusive use of each of the alternative de
signs can be estimated by rewriting Equation 2 in 
the form 

Ei[SVr. P(Rolli/SV) + SVr. P(Roll1/ SV)] 
1.25 • Ei • SVr • P(Ro lli/ sv; (3; 

where svr stands for the rate at which single-vehicle 

accidents are expected to occur a nd SVr stands for 
the rate at which collision accide nts involvi ng two 
or more vehicles are expected to take place. 

The likelihood of rollover in a single-vehicle 
accident [P(Ro l l i /SV)J can be estimaten by using 
the relations hip between rollover t hre shold and 
rollover involvement already established. Therefore, 
the only data needed for estimating the expected 
number of rollovers are the exposure (E il and the 
single-vehicle accident rate (SV,l . 

ESTIMATION OF EXPECTED NUMBER OF ROLLOVERS 

The calculation of the expected number of rollovers 
involved the following assumptions: 
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1. Each of the candidate vehicle configurations 
was considered to be the only vehic l e type making up 
the entire fleet of gasoline t a n kers in the state . 

2. The overall accident rate (in terms of acci
dents pe~ million vehicle miles of exposure) is ap
pro x ima t e ly the same for all of the candidate vehi
cle configurations. 
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FIGURE 5 Extrapolation of BMCS accident data to illustrate 
existence of practical minimum rollover threshold. 

1. CXJ 

3. The reduction in •ollover threshola deriving 
from fluid slosh is common to all of the candidate 
vehicles and hence does not affect the comparison 
among various vehicles. 

4. The relationship of rollover threshold and 
rollover involvement esta bl i shed by using the BMCS 
accident d a ta is valid for the types of roadways 
that are used by gasoline tankers in Michigan. 

Data needed for calculating the accident exposure 
(Ei) and the single-vehicle accident rate are pre
sented next, after which the expected number of 
rollovers for the alternative designs is discussed. 

ACCIDENT EXPOSURE OF ALTERNATIVE DESIGNS 

The accident exposure of a given vehicle configura
tion is inversely proportional to the payload volume 
of the vehicle; that is, the larger the payload ca-
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pacity of the vehicle, the fewer are the number of 
trips needed for transporting a fixed quantity of 
gasoline. The measure of exposure Ei (in uni ts of 
millions of loaded vehicle miles per year) is 

(4) 

where 

v annual consumption of gasoline in Michigan 
(gal), 

1 average trip length of the loaded trip (mi), 
and 

Vi payload capacity of configuration i (gal). 

On the basis of data on the monthly consumption 
of gasoline in Michigan (14), a value of V = 4.27 
billion gal was assumed for the annual consumption 
of gasoline. Further, a survey of the travel pattern 
of large gasoline and oil tankers revealed that in 
Michigan the average trip length (1) from the stor
age terminal to the delivery point was 25 mi. 

ACCIDENT RATE FOR GASOLINE TANK VEHICLES 
IN MICHIGAN 

The rate at which vehicles are involved in accidents 
is sensitive to the type of roadway on which they 
travel. Hence, the overall accident rate of the 
fleet of gasoline tankers is dependent on their 
travel pattern, that is, on the types of roadways 
that they are expected to travel. 

The overall rate at which single-vehicle acci
dents are expected to occur can be estimated by 
using the equation 

where 

6 
1 FjAr .P (SV/Ajl 

j=l J 
( 5) 

accident rate on roadway type j (acci
dents per million vehicle miles), 
fraction of total travel on roadway 
type j, 
probability that the accident is a 
single-vehicle accident given that the 
accident ~ook place on roadway type j, 
and 

j = index of roadway types (urban freeway, 
urban highway, city street, rural free
way, rural highway, and county road). 

Several sources of accident data (&_,15,.!§_) were 
used to arrive at an estimate of the rates at which 
single- and multiple-vehicle accidents are expected 
to occur on each of the roadway types for a total 
gasoline tanker exposure of 1 million vehicle miles. 
The results are summarized in Table 4. The data in
dicate that gasoline tankers in Michigan can be ex
pected to have an aggregate accident rate of 3. 59 
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accidents/million vehicle miles of exposure. Single
vehicle accidents are expected to take place at the 
rate of 0.93 accident/million vehicle miles. 

FINAL PREDICTION OF EXPECTED NUMBER OF ROLLOVERS 

An estimate of the number of rollovers (Nil that 
can be expected in a year, given the exclusive use 
of each of the alternative designs, was determined 
by using Equation 5. Listed in Tables 5 and 6 are 
the payload capacity, exposure, rollover threshold, 
probability of a rollover in a single-vehicle acci
dent, expected number of accidents per year, and the 
expected number of rollovers per year for the array 
of 102-in.-wide tractor-semitrailers and TSS combi
nations equipped with conventional dual tires. The 
expected number of rollovers per year is plotted as 
a function of vehicle payload in Figure 6. The num
ber of rollovers that can be expected if conven
tional 8,800-gal-capacity MC306 tankers were to be 
used is also shown. 

Note that all of the candidate vehicles are ex
pected to experience significantly fewer rollovers 
than a typical MC306 tanker. This reduction in roll
over involvement is primarily due to the higher 
rollover thresholds of the candidate vehicle config
urations. Moreover, increases in payload capacity 
decrease accident exposure and hence bring about a 
reduction in the expected number of rollovers. For 
example, the largest-capacity tractor-semitrailer 
combination (configuration 7 in Table 5) is expected 
to experience approximately half as many overturns 
as the MC306 tanker. 

The projection of 9. 5 rollovers per year for a 
fleet of MC306 tankers can be compared with Michi
gan's actual experience of 15 gasoline tanker roll
overs in 1978 and 12 in 1979. The fleet in 1978 was 
made up largely of doubles that had poor directional 
stability and dynamic rollover immunity. In 1979 a 
much greater fraction of the fleet was made up of 
single trailers, so singles accounted for three
fourths of the rollovers. Given that many of the 
singles running in Michigan in 1979 were of the same 
nominal capacity as the typical MC306 tanker but had 
higher centers of gravity, a projection of 9.5 roll
overs appears to be in reasonable agreement with the 
actual rollover frequency experienced in Michigan. 

COMPARISON OF RISKS OF ALTERNATIVE DESIGNS 

The losses produced by rollover accidents are multi
dimensional in nature. Rollover accidents result not 
only in property damage but also in injuries and 
fatalities. Hence, the risk associated with each 
vehicle configuration can be expressed as a scalar 
quantity only if a common dimension is used to mea
sure the various losses. 

The problem at hand involves a comparison of the 
risk posed by alternative vehicle designs, all of 
which belong to the same mode of transportation. 
Moreover, the vehicles are expected to use the same 

TABLE 4 Accident Rates for Various Roadway Types Traveled by Gasoline Tankers 
in Michigan 

County Road and 
Freeway Highway City Street 

Type of 
Accident Urban Rural Urban Rural Urban Rural Total 

Single vehicle 0.0595 0.169 0.0339 0.2275 0.1346 0.304 0.9285 
Multiple vehicle 0.3509 0.2536 0.2319 0.6453 0.5246 0.6592 2.6655 

Total 0.4104 0.4226 0.2658 0.8728 0.6592 0.9632 3.594 
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TABLE 5 Exposure, Rollover Threshold, and Expected Number of Rollovers per Year for 
Tractor-Semitrailer Combinations 

Payload Rollover Expected Expected No. of 
Capacity Exp<>~ure (Ei) Threshold No. of Rollovers/Yr 

Configuration (Vj) (lb) (vohlcl~~mi x 106 /yr) (g) P(Rolli/SV) Accidents/Yr (Ni) 

8,090 13.20 0.39S .S03 47.4 7.71 
2a 8,730 12.22 0.404 .481 43.9 6.82 
2b 10,833 9.81 0.372 .SS7 3S.3 6.34 
3a 10,210 10.4S 0.409 .473 37.6 S.73 
3b 10,920 9.78 0.398 .496 3S.I S.63 
4a 11,700 9.12 0.400 .491 32.8 S.20 
4b 12,400 8.61 0.388 .Sl9 30.9 S.19 
Sa 13,180 8.10 0.387 .S22 29.l 4.90 
Sb 13,880 7.70 0.376 .S48 27.7 4.90 
6 14,670 7.28 0.377 .S4S 26.2 4.60 
7 16,ISO 6.61 0.363 .S80 23.8 4.4S 
MC306 8,800 12.13 0.317 .67S 43.6 9.SO 

TABLE 6 Exposure, Rollover Threshold, and Expected Number of Rollovers per Year for 
TSS Combinations 

Payload Rollover Expected Expected No. of 
Capacity Exposure (E;) Threshold No. of Rollovers/Yr 

Configuration (vi) (lb) (vcltic l ~-mi x 106/yr) (g) P(Rolli/SV) Accidents/Yr (Ni) 

S9-ft TSS 
I 10,620 10.0S 0.437 .427 36.1 4.98 
Ila 12,110 8.82 0.420 .4S2 31.7 4.63 
Ilb 13,100 8.lS 0.39S .S03 29.3 4.76 
Ill 13,S90 7.86 0.408 .47S 28.2 4.33 

6S-ft TSS 
!Va 12,110 8.82 0.441 .421 31.7 4.31 
!Vb 13,100 8.lS 0.416 .460 29.3 4.3S 
v 13,S90 7.86 0.430 .437 28.2 3.99 
VI 14,S70 7.33 0.404 .481 26.3 4.09 
VII 16,060 6.6S 0.392 .SIO 23.9 3.94 

Note: The expected rollovers per year for TSS comhinations have heen calculated solely on the basis of rollover probabiUties 
derivjng from the steady-state rollover thresholds. 0th.er rollover or collision problems deriving from lower dynamic rollover 
thresholds or poor high-speed off tracking performance have not been taken into account. 

network of roads and expose the same population 
zones to the risks of gasoline transportation. 
Therefore, the losses produced by the alternative 
designs are expected to be similar in nature. How
ever, the magnitude of the loss will differ from one 
vehicle to another because of variations in payload 
capacity. Hence, the influence of increases in tank 
size on the magnitude of the losses produced by gas
oline tanker fires and explosions of gasoline vapors 
needs to be examined. 

been that the threat to life posed by large gasoline 
fires is not very sensitive to the size of the tank 
once the tank capacity exceeds a few thousand gal
lons. The manual of the National Fire Protection 
Association, for example, states that although a 
larger spill is likely to cover a larger area, it is 
not likely to produce a proportionate increase in 
the number of fatalities. In most cases, larger 
fires are not likely to markedly increase the number 
of fatalities and injuries. resulting from a gasoline 
tanker fire. The consensus of the fire-fighting community has 
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Gasoline vapors that are in equilibrium with the 
gasoline inside a loaded tank are typically too rich 
for an explosion to take place, An explosion is 
likely only when the tank is virtually empty of gas
oline. The calculations performed by Rhoads et al. 
( 11) reveal that if the density of population and 
property is assumed to be uniform in the vicinity of 
the eicplosion, the total damage produced by an ex
plosion i s expected to be proportional to (tank vol
ume) 2/3 

The foregoing discussion reveals that increases 
in tank volume do not produce a proportionate in
crease in the losses that result from gasoline fires 
and explosions. Because the exact relationship be
tween the magnitude of the loss and tank volume is 
not known, a conservative assumption will be made 
that property damage, bodily injuries, and fatal
ities that result from a tanker rollover are all 
directly proportional to the volume of the tank, On 
the basis of this assumption, the losses produced by 
the alternative designs, which differ in payload 
capacity, can be expressed in terms of the loss pro
duced by a conventional MC306 tanker, which has a 
capacity of 8,800 gal. 

(6) 

where Ni is defined as the expected number of 
"equivalent MC306" tanker rollovers. 

The risks of the alternative designs can be com
pared by using the risk metric Ni, because it 
takes into account the expected number of rollovers 
as well as the magnitude of the 19sses that result. 
In Figure 6, the risk metric Ni for the alter
native designs is plotted along the ordinate. Note 
that the value of the risk metric is smaller for all 
the candidate vehicle configurations than that for a 
conventional MC306 tanker. 

If minimization of risk were to be the only cri
terion for the selection of vehicle configuration, 
then configuration 3a would be the likely choice 
among the tractor-semitrailer combinations. Simi
larly, configurations I and !Va would be the choices 
among the 59-ft and 65-ft TSS combinations, respec
tively. Compared with a conventional MC306 tanker, 
configuration 3a is expected to reduce the risk of 
transporting gasoline by 30 percent. 

CONCLUDING REMARKS 

The analysis of accident data shows that the inci
dence of rollovers is reduced monotonically as the 
rollover threshold of a vehicle is increased. Fur
ther, the sensitivity of the rollover involvement to 
rollover threshold is found to be very steep at the 
lower range of rollover thresholds. The shape of the 
curve of rollover threshold versus rollover involve
ment suggests that even small improvements in the 
rollover thresholds of tank vehicles are likely to 
produce large reductions in the incidence of roll
overs. 

The evaluation of the risks associated with a set 
of alternative designs suggests that it is possible 
to build a large array of tank vehicles that reduce 
the fire and explosion hazards associated with the 
transportation of gasoline. 

Because losses that result from gasoline tanker 
spills and fires are multidimensional in nature, the 
influence of vehicle design on each loss category 
should be investigated further. Modern methods of 
decision analysis such as multiple-attribute utility 
functions (17) can be used to conduct a more de
tailed and complete investigation of the fire and 
explosion hazards posed by the alternative designs 
and the trade-offs involved in their selection. 
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Finally, it should be noted that the methodology 
developed in this paper can, with necessary modifi
cations, be used to investigate the roll of vehicle 
design on the risks associated with the transporta
tion by road of other hazardous liquids and gases. 
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Discussion 

Sam Yagar* 

The subject of the paper is an important one, and 
the author has compiled some useful information. 
However, his treatment and use of this information 
does leave some skepticism in this reader's mind, 
particularly concerning his reporting of the works 
of others and his analysis of his own data. 

The purpose and relevance of the author's liter
ature survey are not clear. Although it does finally 
indicate that spills of hazardous material s can be 
reduced if vehicles are designed to roll ovGr less 
frequently, this axiom could have been established 
much more efficiently. 

Of particular concern is the treatment of 
Krasner's (1) report. We found it surprising that 
Chalasani reported no relationship between the inci
dence of rollovers and the release of hazardous 
materials, and further, that after this apparent 
finding, Krasner would have suggested designing 
trucks with improved roll stability and better pro
tection of the hazardous materials contai ne r in the 
event of a rollover. Some questions remain in this 
reader's mind. Krasner could have made this common
sense recommendation without a study of the correla
tion between rollovers and releases. If he needed 
evidence of such a correlation in order to suggest 
design improvements, why were these improvements 
suggested only after this "expected" correlation did 
no t materialize? This reader believes that the ref
erence to Krasner was not addressed adequately by 
the author. Later in his literature review, the 
author refers to Davis et al. (_~) in suggesting that 
rollovers do indeed result in release of material. 
He concludes his literature survey by agreeing that 
rollovers cause spills and uses this to justify the 
subject of his paper, which needed no justification 
in the first place . A literature review relating 
spills to designs would have been more appropriate. 

The method used by the author to establish a re
lationship between rollover threshold and rollover 
involvement is not convincing. In the analysis sur
rounding his Figures 3, 4, and 5, it is not clear 
that the curve representing vans is th2 same as the 
one for fully loaded tankers. It is even less clear 
why a nonlinear curve representing vans should be 
extrapolated by a linear tangent form, to not only 
pass through a point(s) representing loaded tankers, 
but also to find a practical minimum rollover 
threshold, which is purported to be common to vans 
and tankers. This might well be, but this reader is 
not yet convinced. 

*University of Waterloo 
Waterloo, Ontario, Canada 
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If the author believes that vans and tankers fol
low the same curve, he should have attempted to fit 
a single nonlinear curve, or even a 2-regime piece
wise-linear curve, through all of the data. However, 
based on our examination of the plots of the "cor
rected" data in Figure 7, it appears that vans are 
more likely to roll over than loaded tankers with 
the same rollover threshold. 

Although we sympathize with the author's position 
of limited and mixed data, we are still somewhat 
troubled by the approach used in apparently attempt
ing to force apples and oranges onto a single plot. 
If extrapolation had to be used, as it apparently 
did, why not assume similar curves for the v an~ and 
tankers, extrapolate the best fitting curve for 
vans, and use the form of this curve to estimate a 
parallel curve for tankers that passes through the 
single known estimating point, as shown in the fol
lowing copy of the author's Figure 4. No attempt was 
made to fit a specific curve to the author's van 
data. Rather, a dashed final portion was fitted 
visually to the plotted data, with the tanker point 
ignored. 
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Low-Profile Trailer Tank 
Lawrence A. Botkin 

ABSTRACT 

Analysis of studies conducted by various agencies during the past few years has· 
indicated that there are areas in which regulations could be improved and co
ordinated to improve the safety of the transportation of hazardous materials-
particularly gasoline, which is transported in large volumes throughout the 
country. An improvement in transportation safety has obvious benefits to the 
general public. It is believed that this improvement can be achieved by ad
justing weight distribution to promote better ride of the tractor in a typical 
tractor-semitrailer combination and to reduce the wear and tear that the vehicle 
causes on the highway system. Improvement in the safety of transporting gasoline 
would come in two areas. The dynamic stability of the tractor-semitrailer 
combination would be improved by (a) changing the wheel loadings of the unit to 
move the center of gravity of the semitrailer rearward; and (b) using the latest 
suspension technology to reduce the height of the center of gravity by almost 1 
ft. These features are interrelated and would improve the dynamic stability of 
the total vehicle, There have been complaints about driver fatigue caused by 
rough ride of tractors that have the 12, 000-lb front axle capacity that is 
necessary to achieve the current 80,000-lb gross weight limitation. This pro
posal would limit the front axle weight to 10,000 lb and thus would allow use 
of front axles with better ride characteristics. To test these theories, two 
prototype vehicles have been built and placed in operation with various cus
tomers. To date the response of the operators has been positive. 

Analysis of studies conducted by various agencies 
during the past few years has indicated that there 
are areas in which regulations could be improved and 
coordinated to improve the safety of the transporta
tion of hazardous materials--particularly gasoline, 
which is transported in large volumes throughout the 
country. An improvement in transportation safety has 
obvious benefits to the general public. It is be
lieved that this improvement can be achieved by ad
justing weight distribution to promote better ride 
of the tractor in a typical tractor-semitrailer com
bination and to reduce the wear and tear that the 
vehicle causes on the highway system. 

PROPOSED VEHICLE 

Improvement in the safety of transporting gasoline 
would come in two areas. The dynamic stability of 
the tractor-semitrailer combination would be improved 
by (a) changing the wheel loadings of the unit to 
move the center of gravity of the semi trailer rear
ward; and (b) using the latest suspension technology 
to reduce the height of the center of gravity by 
almost 1 ft. These two features are interrelated and 
both would improve the dynamic stability of the 
total vehicle. By lowering the profile of the semi
trailer's tank and the center of gravity of the pay
load, the bumper would be placed closer to the 
ground; this would reduce the probability of rear 
underride accidents while lowering the entire tank 
and framing structure, which would probably reduce 
the probability of side underride. 

In addition, the latest available technology 
would be used to improve product retention by ad
justing the minimum thickness of the tank shell in 
proportion to the gross weight and by using state
of-the-art equipment to have greatest security of 

the manholes, fill covers, and vents. Safety would 
be further promoted by the use of reflective material 
for greatest conspicuity during times of low visi
bility and incorporation of a directional signal 
function on the side of the semitrailer to more 
clearly alert motorists to the intention of the 
driver. 

There have been complaints regarding driver 
fatigue caused by the rough ride of tractors that 
have the 12,000-lb front axle capacity necessary to 
achieve the current 80,000-lb gross weight limita
tion on five axles. This proposal would limit the 
front axle weight to 10,000 lb and thus would allow 
use of front axles with better ride characteristics. 

To test these theories, two prototype vehicles 
have been built and placed in operation with various 
customers. To date the response of the operators 
has been positive. 

STUDIES ON HIGHWAY SAFETY PROGRAMS 

The Surface Transportation Assistance Act of 1982 
[P.L. 97424, Section 203 (a) (1)] provides for the 
continuation of funding for the study of highway 
safety programs (1:_) • Although data gained in pub-
1 icly funded programs was used to develop the pro
posal explained in this paper, no federal funding 
has been used for implementation of this program. 
It is noted that the U.S. Senate amendment under 
"Commercial Motor Vehicle Safety: Definitions" would 
have further accentuated highway safety and would 
have authorized the Secretary, U.S. Department of 
Transportation, to "promulgate regulations regarding 
the safety of commercial motor vehicle operations 
both in affecting interstate and foreign commerce," 
Special recognition was given to hazardous material 
vehicles in the following statement: "Also vehicles 
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transporting hazardous materials would be covered 
because of the potential greater safety dangers in 
this area." 

'l'his same amendment stated, further, under 
"Regulatory Authority and Standards," the following: 
"The Senate amendment allows the Secretary to waive 
the application of any rule, regulation, standard, 
or order if such waiver is in the public interest 
and is consistent with the safe operation of com
mercial motor vehicles." Thus, while the House bill 
had no comparable provisions, it is the interest of 
the Senate that efforts to improve safety should be 
further emphasized. (It should be noted that the 
absence of provisions further emphasizing vehicle 
safety does not indicate that the House has any less 
interest in this important area than does the 
Senate.) 

The trailer tank industry gained important infor
mation through a program conducted for the Bureau of 
Motor Carrier Safety <l> and through the request for 
industry input. The industry responses indicated 
that the meetings that were discussed concerning 
reduction of the spillage of gasoline during vehicle 
rollovers were satisfactorily resolved with state
of-the-art equipment. The basic leakage problems 
that were determined during the research program 
centered around obsolete and poorly maintained man
holes, vents, and fittings. Stimulating replacement 
of existing tank fleets, portions of which are 20 
years old or more, will go far toward eliminating 
this problem because current fittings are superior 
in both design and materials of construction. These 
features would be assured by proposed changes in 
motor carrier regulations that were reviewed under 
specific proposals providing public benefit from 
funds expended on this study. 

Studies by the state of Michigan resulted in the 
passage of specific highway regulations for flam
mable liquid tanks (3). One feature of these regu
lations is the virtual prohibition of double-bottom 
flammable liquid tanks in recognition of the dynamic 
lane change stability problems that were determined 
by a comprehensive research program. The California 
Highway Patrol has conducted surveys that further 
emphasize the higher rollover accident rate of 
double-bottom tanks (4). This industry proposal will 
inherently lead to the elimination of double-bottom 
tanks by rendering them uneconomical, replacing them 
with a vehicle that is safer and more stable than 
today's semitrailer. 

FIGURE I Low-profile tank configuration. 
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The double-bottom tank combination is a good 
illustration of a case in which the configuration of 
a tank vehicle found in commercial service is dic
tated by the road laws rather than by the preference 
of the manufacturer. It is therefore necessary that 
size and weight restrictions be addressed in some of 
the proposals to increase tank safety. In this 
manner it will be possible to establish a strong 
incentive for operators to upgrade their fleets with 
units built to improved regulations. 

Improving the rollover stability of the trailer 
tank to the extent that is practical with the current 
state of the art is important in reducing the volume 
and frequency of hazardous materials spills as well 
as general improvement in highway safety. This 
could be accomplished without increasing the overall 
length of the trailer tank from the length that is 
being produced today i this would avoid an increase 
in traffic hazard for the public. Although no spe
cific studies have been conducted to evaluate the 
vehicle as it is proposed in the beginning of this 
paper, its implementation would reduce the expected 
rollover frequency in a fleet by 40 to 50 percent 
compared with the average tank today. 

It is believed that the tri-axle configuration is 
the most attractive configuration, considering cost, 
incremental weight increase, maneuverability, and 
increased braking capability. In a report on articu
lated vehicle stability problems developed by the 
Transport Committee of the Australian Institute of 
Petroleum, drivers of tank combinations report better 
cornering stability with tri-axle trailers than with 
tandem-axle trailers ( 5) . Tri-axle suspensions are 
very popular in Europe1 some use single tires and 
wide spring centers. 

Figure 1 is a photograph of a low-profile tank 
configuration that would fit into today's fleetsi it 
is to be compared with a conventional tank, which is 
shown in Figure 2. No special tractor equipment 
would be ·required, except that some care may be 
necessary to avoid excessive frame extensions, which 
would cause swing clearance problems. 

Figure 3 shows how the rear of the tank can be 
lowered by shifting the center of qravi ty rearward 
to put 8,000 lb more on the tri-axle than on the 
tandem, and taking advantage of the 102-in. width 
(versus 96-in. width of the conventional tanks) and 
new low-profile tires. Figure 4 shows a similar 
comparative view of the front of the conventional 
tank compared with the low-profile tri-axle unit. 
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FIGURE 2 Conventional tank. 

The wider base and lower height that result provide 
greater rollover stability. In addition, it is 
believed that moving the center of gravity of the 
tank rearward, as is the case in tri-axle design, 
reduces the tendency for oversteering (_§_), and thus 
also reduces the tendency to jackknife. 

The reduction in the front axle load from 12,000 
lb to 10,000 lb will permit the use of tractors that 
have better ride characteristics, thus improving 
driver comfort. A more comfortahle driver should be 
a safer driver, which should contribute to the total 
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improvement desired. Another reason for the reduc
tion in front axle weight is to increase the trailer 
suspension load so that it is the primary determinant 
of the trailer's roll stability. 

Current five-axle rigs have approximately one-half 
(or more) of the trailer's load on the tractor. 
This means that the trailer suspension is limited in 
its contrihution to roll stability. It also makes 
it impractical to taper the nose of the tank to 
lower the center of gravity in the rear. Vertical 
play in the kingpin fit in the coupler jaws can also 

FIGURE 3 Comparative view showing how rear of tank can he lowered by shifting center of gravity rearward. 
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FIGURE 4 Comparative view of the front of conventional tank compared with low-profile tri-axle unit. 

provide free play in the roll resistance of the 
tractor at a critical time. 

Trailer length has heen considered an important 
item in this design. The proposed unit is the same 
length as the current unit designed to meet the 
federal 80,000-lb gross limits. It will meet the 
California limit of 38 ft from kingpin to last axle, 
which is an important factor for maneuverability. By 
rearranging and reducing the loading of most of the 
axles, this unit reduces the equivalent kips on the 
highway from 2.43 to 2.13 on flexible pavement and 
4.02 to 2.78 on rigid pavement, compared with a 
five-axle unit with a gross weight of 80,000 lb; 
this would provide a longer pavement life. 

As an experiment in improving splash and spray 
control, the tri-axles have been equipped with in
dividual rolled contour fenders with "grass" textured 
mudf l aps at the rear of each individual fender. The 
two intermediate flaps are provided with a slanterl 
drain channel to drain collected water inside the 
tire contact area so that it is not picked up by the 
tires that follow. Initial driver reports indicate a 
significant reduction in spray in this area. 

PROPOSED REGULATORY CHANGES 

A discussion of the regulatory changes needed to 
define the proposed semitrailer follows. 

Bulk Materials Transport Rrestrictions 

Design Restrictions 

The design of the semitrailers must be in accordance 
with the best available technology to promote static 
and dynamic stability as a highway vehicle. This 
includes the following criteria: 

1. The track width shall be 7.5 in. or more. 
2. The spring centers or their equivalent shall 

be as wide as practicable, considering tire 
clearance. 

3. For a spring suspension, the freeplay shall 
be held to a practical minimum. 

4. The rear tank section shall be mounted as low 
as would be practical, in keeping with weight dis
tribution and structural requirements. 

5. MC 306 tanks (as defined in the Code of 
Federal Regulations specifications for shipping 
containers, Section 178. 340-1) are to have an oval 
pattern and manholes and vents according to the 
requirements set forth for structural strength and 
venting in the next section in this paper, Motor 
Carrier Regulation Changes. 

6. The design outage for liquid tanks is not to 
exceed 5 percent. 

7. The tank shall be mounted as low as would be 
practical, with a tapered or drop section design to 
lower the center of gravity. 

8. Reflective material shall effectively outline 
the semitrailer when viewed from the rear or either 
side and side-mounted turn signals would be provided. 

Minimum Shell Thickness 

The minimum shell and head thickness shall be gov
erned by Section 178.341-2 (Thickness of shells, 
heads, bulkheads, and baffler) for MC 306 tanks and 
Section 178.342-2 for MC-307 tanks, except minimum 
thicknesses shall be as follows. For tanks with 
gross combination weights from 80,000 lb to 86,000 
lb, the minimum thickness for mild steel shall be 11 
gauge for high-speed low-alloy and stainless steel 
12 gauge, and 0.173 in. for aluminum (versus the 
current 0.151-in. aluminum that is typical). (Note 
that some states allow higher loads on state roads 
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without safety-related restrictions. To encourage 
the low-profile design in these areas, gross weight 
limits should be adjusted upward proportionately.) 

Weight Restrictions 

Only semitrailers for bulk materials transport that 
meet the design restrictions and minimum shell 
thicknesses set forth in the preceding two subsec
tions are limited to the following maximum gross 
weights. For a tri-axle semitrailer that burdens the 
front steering axle of the three-axle tractor to no 
more than 10,000 lb: 86,000 lb maximum gross with 51-
ft (instead of 53-ft) bridge for the entire six-axle 
group. The five-axle group, consisting of the tractor 
tandem plus the semitrailer tri-axle, shall be al
lowed 76, 000-lb gross in 38 ft instead of 45 ft, 
referencing the federal bridge law table. 

Motor Carrier Regulations Changes 

Structural Strength Requirements 

Revise the structural strength requirement for MC 
306 (flammable liquids) tank manholes from 9 psig to 
30 psig minimum. The requirement shall be: 

Paragraph 178.341-3. Closures for fill 
openings and manholes. 
(a) ••. They shall have structural capability 
of withstanding internal fluid pressures of 
30 psig without permanent deformation .••• 

Venting Requirements 

Revise the normal venting requirements to require 
"tight" rather than "breather" vents by calling for 
a minimum opening pressure as well as a maximum 
pressure and to require better rollover closure. 

Section 178.341-4. Vents. 
(b) Normal venting. • •• All pressure vents 
shall be set to open at no l e ss than 0 . 650 
psig (1-8" water co-1umn) and no more than 1. O 

psig (27.7" water column ) and all vacuum 
vents at no less than 3.47 ounces per s q uare 
inch (6" water column) and no more than 6 
ounces per square inch {10.39 ) water column) . 
Pressure and vacuum vents shall be designed 
to prevent loss of liquid through the vent 
in case the vehicle is rolled through an 
angle of 30 deg.rees or more from an upright 
posit ion . 

Conclusion 
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These revisions reflect the current capability of 
manhole and vent assemblies, and meet the recom
mendations of the report to the Bureau of Motor 
Carrier Safety. An additional benefit will be the 
reduction in vapor loss from tanks in transit. 
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ABSTRACT 

A computer-based system has been developed for the assessment of risks from 
process plants. In this paper, a brief description is given of the operation of 
this system and of its application to several types of projects, both existing 
and proposed, which involve the transportation of hazardous materials. The way 
in which it can be readily adapted makes it a vital tool in design and deci
sion-making processes, replacing the older, cruder methods of assessment with 
one that provides a large amount of objective information which, when correctly 
applied, can minimize the effects of subjective errors. Its use in the estima
tion of absolute risk, both in terms of individual risk and of societal risk, 
is now at a significantly higher level of confidence compared with previous 
methods of limited scope. But it is in its application to comparative assess
ment of alternatives that it is proving itself to be a very powerful tool for 
all concerned, as there is now less reliance on subjective judgment. 

Approximately 10 years ago, a series of major acci
dents in the European process industries, notably 
Flixborough (1974), Beek (1975), and Seveso (1976) 
provoked a major appraisal of the problems and how 
they should be dealt with. This culminated in 1982 
in a council directive of the European Economic Com
munity on the major-accident hazards of certain in
dustrial activities (1). These stipulations are now 
required to be embodied in the laws and regulations 
of the member states. They include requirements for 
the technical appraisal of consequences that affect 
employees and the public, and therefore assume that 
the appropriate methodology is available. 

HISTORICAL INTRODUCTION 

During the last decade there has also been a signif
icant development in the awareness and understanding 
of the effects of these accidents, and where knowl
edge has been lacking, major large scale exper i
mental programs have been undertaken, principally in 
North America and Europe. This methodology is re
corded in many papers and books and is the subject 
of frequent symposia and conferences concerned with 
loss prevention. 

Development of Ris k Assessment 

In several places in the world, there are large con
centrations of the process industries where large 
quantities of hazardous substances are manufactured 
and stored. In some of these locations, the resident 
population lives close by and is occasionally sub
jected to the effects of minor releases. But the 
major events that occur from time to time, (e.g., in 
Mexico City and Bhopal in 1984) indicate all too 

47 

clearly the enormous problems of the coexistence of 
the process industries and the population and the 
necessity for assessment and control. 

Some of these locations have mounted major exer
cises to assess the problem and to control future 
development. One such public authority, Openbar 
Lichaam Rijnmond, which covers the greater Rotterdam 
area of the Netherlands, has been very active in 
this respect. Based on the methodology as it was 
then developed, the COVO study was set up by them in 
conjunction with the local industry group. This ex
amined the risks from 6 "objects" (selected storage 
installations that hold liquid nitrogen gas, chlo
rine, propylene, ammonia, acrylontrile, and a hydro
desulphurizer). The results of this exercise were 
published in 1981 (2) and the methodology that is 
used is displayed in detail through a standard 
classical treatment. The great extent of this study 
suggested that its widespread adoption would prove 
overwhelming and perhaps defeat its objective. Sev
eral more exploratory projects were subsequently 
undertaken in the Netherlands in an attempt to sim
plify the methods and increase the degree of compu
tation. 

It eventually became clear that the use of com
puters made simplification almost irrelevant in 
terms of dealing with such increasing complexity. At 
the same time, avoidance of simplification could 
remove the risk of accidentally eliminating some key 
events from the assessment. The Dutch government 
then sponsored the provision of an extensive com
puter package to bring all these methods together in 
their logical order. This work was undertaken by 
Technica, Limited in London, England and has taken 
some 15 man-years of effort to set up, test, and 
package. The result is the SAFETI package, which is 
currently being further extended and improved to 
permit it to deal with a wider variety of events, 
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and with greater efficiency. It is going to prove 
impossible to model every scenario or possibility, 
but the intention is to enable adequate modeling to 
be available for the widest variety of cases. 

The SAFETI Risk Assessment Package 

It is only possible here to provide a brief summary 
of this package of computer programs. Its objective 
is to provide: 

1. Ease of data input (it is interactive), 
2. Reasonable speed of processing (dependent on 

machine) , 
3. Minimum loss of detail, 
4. Variable level of data input/output to suit 

needs, and 
5. Visibility of both intermediate and final 

results. 

The outline flow sheet for the risk analysis is 
shown in Figure 1, and around this is assembled a 
series of independent programs that can be linked 
together through data files to subsequent programs 
in the chain. It is possible to see and check all 
these intermediate results, thus ensuring that er
rors are not introduced to be rolled forward. Th e 
programs model the various aspects of the analysis 
by using the best available and up-to-date methnr't
ology with importance attached to the validation of 
the selected methods. 

I GENERATE PLANT I 
I DATA FILE 

i SELECT FAILURE i : GENERATE FAILURE i 
i RATE DATA ----------a-,1 CASE FILE(S) 

ASSEMBLE 
POPULATION 

DATA 

i ASSEMBLE IGNITION I 
SOURCE DATA 

SELECT 
METEOROLOGICAL 

DATA 

------r--------
--------------------I CLUSTER FAILURE 

CASES 

==:r::::::::::_ 
I CALCULATE FAILURE I 

CONSEQUENCES 

CALCULATE 
RISKS 

FIGURE 1 Overall flowscheme for risk analysis. 

To support an assessment, a wide variety of data 
files is required. Many of these are held in back
ground files, where data such as physical properties 
or toxic parameters can be stored and accessed as 
required. Others may be more specific to a project 
and would include, for instance, population distri
bution, ignition source distribution, and meteo
rology. 

The basic requirement of the analyst, in using 
data from either a coarse- or full-scale hazard and 
operability study (HAZOP), is to generate an events 
file for failures. These are described by a label, 
their location relative to gri.d coordinates, the 
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material escaping, the rate of release generated 
from hole size and operating conditions, and the 
corresponding frequency. To overcome the problem of 
there being a continuum in hole size in real situ
ations, the events are characterized by a few 
equivalent discrete failures (EDFs)--each with the 
appropriate probability of occurrence. A further 
simplification that is incorporated is the use of 
clustering, or the grouping together of events of 
approximately similar size into one event with a 
combined probability of occurrence. This can be done 
automatically by the program under guidance from the 
analyst, and a revised list of EDFs then generated. 
Checks have shown that little accuracy is lost in 
this process but the gain in time is considerable. 
Program usefulness is enhanced by the routine use of 
default values to be replaced by the analyst when
ever possible. 

The next stage is the consequence analysis in 
which a heavy gas dispersion model is a key feature. 
The one used is that of Cox and Carpenter (3). Toxic 
effects can then be predicted as the probability 
profile for certain identified levels of (acute) 
toxic ity . Flammable e ffects are s i mila r ly predicte<l 
for certain levels of thermal radiation or overpres
sure, for a variety of effects, [e.g., pool fires, 
jet flames, Boiling Liquid Expanding Vapor Explo
sions (BLEVEs)]. 

At the final stage, these profiles can be turned 
into impact terms by us inq predetermined alqor i thms 
that link human impact with dosage received as cal
c ula t ed by the programs. 

The principal results can be displayed as 

1. Degrees of consequential effect (without the 
probability determined); 

2. Individual risk rates (fatalities per person 
per year) displayed either geographically by a coded 
matrix, or as iso-risk contours derived from this; 
and 

3. Societal risk (F-N) curves that display the 
frequency (F) of killing N or more people as derived 
from the large number of events and probabilities 
that the analyst has generated and the program com
puted. It is possible to produce these results for 
selected parts of the plant or for the whole and, in 
this way, the package becomes a very powerful tool 
for comparative work. The resolution that is nor
mally adopted is the use of a 100 m-by-100 m grid 
square as part of a matrix that covers an overall 
area of 20 km by 20 km. 

The SAFETI Pa c kage Used fo r Tr ansporta tio n 

The only fundamental difference when applied to 
transportation risks is that the source is no longer 
fixed, but could be anywhere along the route, be it 
pipeline, highway, railroad, or river. To admit this 
type of event, a modified events program is avail
able, LINEDF. By inputting nodes or coordinates of 
locations where the route changes direction, this 
program will create a series of notional sources at 
approximately 100-m intervals, and will allot grid 
coordinates and proportional failure (f) rates 
(based on the input f/km/yr). The clustering tech
nique means that the basic events are calculated in 
one group, and not repeated for each location or 
notional source. Special high (or low) risk loca
tions can easily be identified, (e.g., grade cross
ings) and different failure rates input for these. 
Thus, it is possible to provide quite high resolu
tion data for the overall computation of over
extended routes. If the overall route length becomes 
excessive, (i.e., it could run outside the 20 km
by-20 km area of concern) , the "cell" size can he 
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changed to, for example, 200 m by 200 m, allowing 
the overall area to be increased to 40 km by 40 km. 
This loss of prec1s1on is relatively small, but it 
will increase in degree if the cell size is further 
increased. 

TRANSPORTATION OF HAZARDOUS MATERIALS 

A variety of modes of transportation exists for haz
ardous materials. The major risks tend to be associ
ated with the scale of operation, so they are likely 
to be dominated by bulk transportation, where indi
vidual packages are of around 20 te or greater, and 
can be in multiplicity. But in some modes, the tank 
size can be large, (i.e., 10,000 te or more) and, 
hence, the scale of risk can be large. However, it 
must be remembered that risk is measured fundamen
tally as the probability of the frequency of inci
dent and the scale of consequences, so it is quite 
possible for the largest releases to be associated 
with very small probabilities of occurrence. The 
SAFETI package can draw this feature out very 
clearly. 

The four principal modes for bulk transport are 
highway, railroad, pipeline, and waterborne. In the 
case of highway transport, single loads of 10-25 te 
move under various constraints of time or route. 
With railroad transport, the routes are more re
stricted, and many other operating constraints can 
exist. Unit loads can reach 100 te and, in Europe, 
full train loads of up to 1500 te can be carried. In 
North America, mixed train loads with several thou
sand tonnes of hazardous chemicals are not uncommon. 
Water transport varies from small unit loads, often 
on barges moving in canal systems, up to bulk car
riers moving loads in one or more large refrigerated 
tanks from one end of the world to the other. In 
these three modes, the presence at any location of 
the hazardous material in tanks is usually of a 
transient nature, as the vessel or vehicle passes. 
For most of the time it will not be present. There 
are some locations, however, where it may be present 
for extended periods such as during loading or un
loading operations, or when in marshalling yards, 
locks, or vehicle parks. 

In contrast, the material will always be present 
in a pipeline at all locations through which it 
passes. Due account of these factors is taken in 
assessing the failure frequencies for each location. 

Failure Freguencies 

In certain cases, a suitable failure history or data 
bank exists from which one may reinterpret the local 
failures as assessed for local circumstances. For 
example, a very wide range of accident data exists 
for shipping in harbors and estuaries around the 
world. This can be studied and broken down into the 
constituent rates attributable to a variety of 
causes and, by comparison with the local conditions, 
a rate for the local conditions can be estimated, 
This can be expressed as collisions (groundings or: 
strikings) per 1 km of each transit. From this, it 
is possible to estimate the rate across each 100-m 
cell or square, and to subsequently assess the cor
responding frequencies for loss of containment 
either in small or large releases. Reliable data 
also exist for buried pipelines that run across 
country, and the methodology followed here is 
similar. 
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The problems of highway and railroad transport 
are less easy to process. With trucks, it is usually 
necessary to examine overall road accident statis
tics classified according to type of vehicle (when 
heavy goods vehicles/trucks would be the most rele
vant), type of highway (motorway, divided highway, 
etc.) and location (intersections, circles, tight 
bends, etc.). Generally inadequate data exist, but 
an overall figure for accident frequency per kilo
meter can nevertheless be derived in many cases. 
Again, a probability of tank puncture or rupture has 
to be estimated to provide a frequency for loss of 
containment. In this case, it is particularly impor
tant to examine the assessed rate to ensure that it 
is consistent with the basic data from which it was 
derived. In the case of railroad transport, many 
countries have negligible history of serious acci
dents to liquefied gas rail tank cars, and reliable 
statistics directly assessed from these are usually 
not available. However, there is usually a large 
amount of data on collisions and derailments and the 
types of location, and it is from these that a se
ries of rail tank car failure rates has to be as
sessed for a variety of locations, plain track, mar
shalling yards, switches and similar track hazards, 
and grade crossings. As a typical example, one of 
the 100-m cells could contain the grade crossing, 
for which one can assess an overall accident rate as 
the rate for plain track plus that for a grade 
crossing of the particular type that exists at that 
location. 

Failure Modes and Source Term 

Loss of containment, following an accident, could 
involve a small leak from, or a puncture of, the 
containment vessel of varying size, shape, and posi
tion, or perhaps even a catastrophic rupture. Each 
type of accident requires careful study of past ac
cidents to provide a realistic estimate of the size 
and rate of release of hazardous material. With the 
unlimited range that is possible, use is made of 
equivalent discrete failures (EDFs) to enable the 
problem to be modeled realistically. Two or three 
typical EDFs with a combined frequency corresponding 
to that estimated are often adequate for the accu
racy required. 

Because the amount of vapor produced at different 
stages of the release is a key data requirement, the 
fate of all liquid and vapor that issues from the 
container must be established with reasonable accu
racy for each EDF, This is especially true for the 
first stage, where an instantaneous release and the 
initial stage of a continuous release are both 
likely to produce the greatest rates of vapor gener
ation. Most large instantaneous releases are of fi
nite duration taking perhaps up to a minute to 
occur. In these cases, however, one would experience 
a rapidly expanding vapor cloud during that time, 
which is not being subjected to any significant wind 
forces because of its relatively high expansion ve
locities. In these cases, the release rate of mate
rial cannot be used as the source term of the gas 
dispersion model--instead, the formation of the ini
tial expanded cloud at the stage when wind forces 
begin to move it must be considered as the source 
term. Some of the phenomena involved are to be seen 
very clearly in the films of the heavy gas disper
sion trials at Thorney Island in the United Kingdom 
and discussed at the Symposium in 1984 (4). However, 
the original source was a tent hol d ing s-;;me 2000 m3 

of relatively quiescent gas at ambient temperature. 
In the real accident situation, such relative sta
bility would never exist. 
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With many releases being of liquefied gas, low 
temperatures are usually involved. In cases where 
liquefied gas is held under pressure, or gas is 
stored under pressure, releases will be turbulent 
and entrain air. Initial release velocities will be 
very high, and only when they have fallen close to 
air velocities will a source develop for modeling. 
It may be at a high level, and if it is dense, it 
would fall back towards the ground with a tendency to 
spread in all directions as it flattens. It may al
ternatively be horizontal, and quite often in an 
accident, impingement and obstruction may occur. 
Extensive modeling of these and other factors is 
obviously out of the question, but when establishing 
one or perhaps a few typical sources, bias toward 
the most or least favorable situation should be 
avoided. Any bias ought to be directed toward the 
most likely situation. The use of two or three dif
ferent sizes for EDFs is intended to reduce bias and 
spread the failure cases, so these cases require 
careful selection. 

The fate of the liquid that has escaped and re
mains in the liquid phase also needs to be estab-
1 ished. After release of liquefied gas, the liquid 
phase will be at or below its boiling point at at
mospheric pressure. The smallest diameter droplets 
may remain as an aerosol, evaporating through mix
ture with the warmer air but the more massive drops 
will tend to rain out, when they will fall on the 
relatively warmer ground, or water. In transporta
tion accidents, this is of great importance. In 
highway accidents, they are likely to fall on imper
vious tarmac or concrete surfaces and will drain 
away via gutters and sometimes to sewers. In rail
road accidents, they will fall on the ballast, a 
stone base that readily drains through and so pre
sents a large wetted surface. Pipeline accidents are 
more likely to let the liquid fall back on soil or 
sand, perhaps wet but not impervious. In marine or 
canal accidents, it may fall on ship's steel struc
tures or on jetties, or, more probably, into water 
where a massive heat sink exists for vaporization. 

Thus, the scenario considered for each type of 
accident in the various modes of transport has a 
major bearing on the size, shape, and composition of 
the vapor clouds. It therefore has to be examined 
with care and appropriate data for the particular 
circumstances used for the source term in the gas 
dispersion model. 

APPLICATIONS IN TRANSPORTATION 

The SAFETI package has now been used for several 
applications in the transportation field. The objec
tives of these studies have varied widely and in the 
following sections, a brief description is given 
illustrating the way in which the package has proved 
helpful. 

Pipeline Design 

The selection of pipeline design and routing has 
traditionally been based on experience gained 
through previous projects and constrained by the 
design codes and regulations that apply to buried 
pipeline and by the availability of routes. Even so, 
many possible variations can be identified and fea
tures such as minimum capital cost or elimination of 
compressor stations have often been deciding factors 
in the final design •. Risk was considered only in 
general terms and not quantitatively. 

In using the SAFETI package, it has been possible 
to provide important guidelines on risk from the 
different schemes to assist in the selection pro-
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cess. This is becoming increasingly important as 
authorities and regulatory bodies give closer and 
more detailed attention to this aspect. As an 
example, the package can run through for each op
tion, a complete iso-risk contour plot and, if pop
ulation data exist, an F-N curve. The options con
sidered are: 

1. Selection of route; 
2. Effect of isolation valve spacing on releases 

and on risk; 
3. Operating pressure; 
4. Line diameter; 
s. Selection of vapor or liquefied gas line; 
6. Effect of measures taken to reduce accident 

frequency (e.g., depth of burial, wall thickness, 
additional physical protection); and 

7. Valve spacing and the use of automatic leak 
detection/shutdown systems. 

(It should be noted that each of these options will 
change the capital and operating cost, and these 
costs can be estimated.) 

It is therefore possible for a company that is 
considering using a pipeline from points A to B to 
be able to optimize its design and also assess the 
cost of various risk reduction measures. In addi
tion, the overall level of risk, its geographic dis
tribution, and its spectrum can be considered. As a 
result of such an exercise, it has been shown in one 
case, for instance, that it is preferable to strike 
a new route for a pipeline instead of using an ex
isting corridor or way-leave. Two benefits accrued, 
(a) a shorter route was found, and (b) a very 
sparsely populated route was selected. In the com
parative mode, great confidence can be placed in 
such results, and useful assistance is given to the 
problems that concern overall acceptability of risk 
to the local communities. 

Comparison of Risks from Different Modes 

Sometimes a company will be faced wi tb the problem 
of moving a large quantity of hazardous material 
from one location to another, for example, between 
two manufacturing sites, or to a customer. The com
parative economics of each mode of transport (high
way, railroad, pipeline, etc.) are easy to estab
lish. It should always be the case that in each 
mode, the safest means would be adopted, (e.g., 
route, container, operator practice, etc.). However, 
it has been difficult to be sure of the real compar
ison of risk levels that were associated with each 
mode. The SAFETI package now permits comparisons to 
be made, and furthermore, prov ides information on 
how safety might be further improved, and to what 
extent. 

Assessment of Existing Risks in Transportation 

Many countrigs have large oreoo developed into pet 
rochemical complexes to, from, and between which 
considerable quantities of hazardous materials are 
moved, or in which they are stored. In some cases, 
public housing is located close to either the com
plexes themselves or to the core arteries of trans
portation, resulting in exposure of the public to 
risk as a result of accidental release at any loca
tion. 

Faced with this situation, Rijnmond has been 
examining these risks and their relative importance 
for a number of years. The first principal exercise 
of this examination was the COVO study of six ob
jects in the area, basically six different types of 
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static storage of hazardous material. By using the 
earlier models, iso-risk contours and F-N curves 
were produced. More recently DCMR, the environmental 
agency in Rijnmond responsible for this work, has 
sponsored an exercise into the assessment of risks 
in the Rijnmond area from transportation of liquid 
ammonia and liquid chlorine. The updated SAFETI 
package was used by Technica, Limited, for this work 
and, from the results, the iso-risk contours and F-N 
curves for the various routes and modes can be ex
amined. Because there have been changes to parts of 
the overall model from the days of the COVO study, 
comparisons between the two will not always be rele
vant. This is one of the side-effects of improving 
and changing methodology, but the new package can 
partially overcome this by rerunning older data 
where necessary (as has been done for the 6 cases of 
the COVO study). The difference was shown to be in
significant. 

The new transportation assessment, by comparison, 
can indicate the relative importance of size of unit 
load, total tonnage moved, route taken, etcetera. 
One particular difference comes in comparison with 
pipeline transportation, where the risks are not 
directly associated with tonnage moved but with line 
capacity. 

GENERAL FEATURES IN APPLICATION 

In the case of a specific site, one normally needs 
to use the air stability and wind statistics for the 
nearest meteorological station. This may be many 
kilometers away in perhaps totally different sur
roundings, so the use of such statistics may intro
duce some small statistical errors. Experience shows 
that the major differences may lie in the probabili
ties and directions for the lowest wind velocities 
because these are the least uniform over a large 
area. High velocities exhibit smaller random varia
tions. 

Meteorology 

When dealing with transportation risks, distance 
from the meteorological station varies, and some
times use can be made of two or more stations that 
are close to parts of the route that is being as
sessed. The point at which change is made from one 
set of data to another depends on a variety of fac
tors, but one example is the use of a coastal and an 
inland station. The former's data will basically ap
ply only to coastal areas, whereas the latter may 
change little from one inland location to another. 

In the SAFETI package, each meteorological s ta
tion used has its data reconstructed into day files 
and night files. The day file covers Pasquill cate
gories A, B, C, and D, and the night file covers 
categories D, E, and F. There is a small mismatch 
when used opposite population day and night files 
that are more correctly considered as "normal work
ing day" and "outside normal working day" files with 
the latter including nights and weekends. To split 
the files further would at least quadruple the num
ber of calculations, even neglecting the seasonal 
change of the length of day, and it is not con
sidered justified. 

In the context of gas dispersion, it is worth 
remembering that if a quantified assessment of risk 
with probabilities is required, statistical meteoro
logical data must be used. Until recently, this has 
only been based on the system developed by Pasquill 
around 1961, and described in his book (5) using 
observations of cloud cover and time of day to es
tablish a stability category. It is axiomatic there-
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fore that the gas dispersion model used employs the 
same stability typing system. Most models, espe
cially of the box type do just this, but some of the 
newer and more elaborate models are based more on a 
description of the physics. For them, no suitable 
statistical data have existed, so they can only be 
used for the calculation of a few typical cases and 
not for overall estimation of risk. However, in the 
last few years, KNMI, the Dutch Meteorological In
stitute, has started collection of the newer data at 
selected stations, in parallel with the old. An 
added benefit will be the ability in due course to 
compare the two types of data also on a statistical 
basis. 

Topography 

One of the important constraints in applying disper
sion models to releases is the assumption that the 
ground, both up- and downwind, is adequately flat 
and unobstructed. The effect of ground roughness 
can, in fact, be modeled for environmental-type re
leases, though it has to be given an average value, 
but it is not yet possible to ascribe different 
values for ground roughness to the terrain bordering 
a chemical plant or a transport route. But even more 
important, especially when a large proportion of 
such releases can produce dense vapor clouds is the 
effect of topography. Hills and valleys are well 
known for their ability to divert or channel dense 
clouds. 

One might think that the very extensive flat 
ground in the Netherlands and Northern Belgium pre
sents no problems, but the whole area is er iss
crossed with dykes, canals, ditches, and embankments 
leading to bridges. The vertical height changes here 
are substantial relative to the depth of heavy gas 
clouds, so even releases in this region will be sub
ject to substantial diversion and channeling. Re
leases in docks, rivers, and canals will all be 
similarly influenced by the combination of wind 
direction and the orientation of the obstruction. 
Some estimates of risk could therefore be pessimis
tic, especially for areas that are protected by 
canals or dykes. 

Toxicology 

For approximately 15 years, attempts have been made 
progressively to improve the assessment of risk from 
releases of the more common toxic gases, such as am
monia and chlorine. At the outset, most quantitative 
information on the dosage necessary to cause lethal 
effects came from standard reference books, together 
with a few old references of experimental work or 
observations. From 1975-1979, the U .s. Coast Guard 
developed a vulnerability model that includes probit 
equations for these gases, for example, equations 
that indicated the probability of death for a given 
concentration and duration of exposure. These are 
really based on limited and often old animal test 
data, so the Institution of Chemical Engineers in 
England embarked on a critical study of the underly
ing evidence (£_). The Rijnmond authority, aware of 
the criticism of some of the equations, has also 
considered the evidence available and revised some 
equations for their own use (7). The Atomic Energy 
Control Board of Canada also conducted a review for 
ammonia (8). The problems are still extensive, de
spite thi; fresh look at the better quality experi
mental data, but there is a little hope of some fur
ther animal test data in the near future. 

The dispersion models almost invariably tend to 
produce average concentrations of vapor rather than 
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instantaneous concentrations. This is clearly demon
strated in the test data obtained where the concen
trations are anything but steady even if the release 
was steady and continuous. Griffiths and Megson (9) 
have suggested that the toxic effects are underesti
mated by using this average from the model. The true 
comparison that should be made is between the vary
ing concentration predicted by the model and the 
cumulative dosage this represents. This may be less 
pessimistic but, unfortunately, it is not a practi
cal result of dispersion models in current use. 

Lower Flammable Limits 

A similar problem affects the estimation of true 
short-duration flammable limits. The majority of 
dispersion models cannot provide this information, 
only time-averaged values, so invariably factors 
have to be applied. Various modelers differ in this 
respect, ranging typically from using 0.5 x (LFL) to 
0.1 x (LFL). The uncertainty is clearly shown in the 
data from China Lake (10). 

RESULTS 

The conclusions reached in the various transporta
tion projects so far processed through the SAFETI 
package have been very wide-ranging. At the design 
or proposal stage, considerable objective informa
tion was obtained that led to positive changes in 
the design or proposal. For instance, the transpor
tation problem is essentially one of moving material 
from point A to point B. A wide variety of routes 
could be taken in between the points, but at loca
tions A and B, this is not always possible. The 
prime objective would be to increase the separation 
of population and route, but overall distance and 
the hazardous nature of some routes introduce prob
lems. Quite often the older type of superficial com
parison is not at all easy. By using this computer 
package, it has been possible to make good-quality 
comparisons and so make meaningful decisions. By 
making stepwise changes, the benefit to be derived 
from each change can be assessed. 

In the case of pipelines, the introduction of 
automatic sectionalizing valves can produce as much 
benefit as moving the pipeline further away from a 
center of population. Line diameters can be changed, 
and even the alternatives of vapor and liquefied gas 
can be examined. A design team could complete a full 
examination of all its options and propose a lowest 
risk pipeline in a few days. 

For examinations of existing transportation prob
lems, it is also possible to make more meaningful 
comparisons by using risk contours and F-N curves, 
of modes that superficially, at least, appear to
tally dissimilar. Furthermore, it is also possible, 
by using the ability to input failure data and popu
lations in 100-m cells, to improve the resolution of 
the results and so highlight many of the smaller 
problems and hazards that might otherwise be missed. 
An example here has been where a route contains a 
turn of 90 deqrees at the same time as hazards and 
populations change. The old manual calculation 
method gave no more than a very crude estimate of 
average risk. The iso-risk contour that can now be 
calculated and drawn shows clearly the degree of 
risk intensification on the inside of the bend. Even 
when the amount of tonnages moved differs, compari
sons can still be made on a per tonne basis (except 
for pipelines) • And the effect of any proposed time 
scheduling of shipments can be closely examined as, 
for instance, the effects of restricting railroad 
transport of chlorine in the Netherlands to night 
time, except for local movement at the chlorine site. 
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CONCLUSIONS 

The computerized risk analysis package for process 
plants can be very effectively used also in the 
transportation area. Some simple adjustments are 
necessary but do not present excessive difficulty. 

In the comparative mode, for example, comparing 
routes or mode of transport used, it is proving to 
be a very powerful aid to the decision maker, be he 
the operator, designer, or regulatory authority. 
Results in this mode can be treated with a high de
gree of confidence because many of the subjective 
judgments that have been included in the data input 
are common to all the variants being compared, and 
provided best available data are used, the potential 
errors become insignificant in comparison. 

In the absolute mode, there is a major benefit in 
the ability to examine the assumptions made in a 
practical time scale so that the potential for error 
can be better assessed. In this way, overall accu
racy is probably enhanced, although it still may not 
be as high as when the package is used for compari
sons. 

The transportation projects examined thus far 
have all benefited from the ability to examine a 
large number of alternatives or options, far more 
than would normally have been attempted manually. It 
is believed that by using this system, the amount of 
guesswork involved in decision making can be signif
icantly reduced. 
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Generating Hazardous Material Risk Profiles on 
Railroad Routes 

Phani K. Raj and Theodore S. Glickman 

ABSTRACT 

A risk estimation approach is described for generating a risk profile of the 
rail transportation of any hazardous material on any route. The approach empha
sizes the risk attributable to accidents involving large releases (i.e., de
railments and collisions on main lines and in yards) • Risk profiles for various 
hazardous materials or for various routes can be combined. The approach makes 
use of a specially derived model for the probability distribution of the number 
of cars experiencing a release in such an accident. As an illustration this 
model is applied to a route on which chlorine and liquefied petroleum gas are 
transported. The approach also relies on a number of consequence models for the 
various scenarios under which the hazardous materials of interest may be re
leased in an accident. The effects described by these models are combined with 
the population exposure estimates in the illustration in order to estimate the 
associated fatality levels. 

There is interest in the risk of railroad accidents 
in which a large quantity of a particular hazardous 
material is released on the main lines or in the 
yards along a particular route. Such accidents are 
primarily derailments or collisions that occur when 
some equipment is in motion; they are sometimes re
ferred to as "kinetic" accidents to differentiate 
them from the multitude of accidents caused by 
failed valves, overfilling, corrosion, leaks, and so 
forth in which the quantity of material released is 
usually smaller. To make the important distinction 
between those accidents that are more frequent but 
less severe and those that are less frequent but 
more severe, results will be given in the form of a 
risk profile, which is a plot of frequency versus 
consequence. In this case the consequence is the 
number of fatalities due to the effects of a re
lease, and the corresponding frequency is the number 
of accidents per year in which that consequence is 
equaled or exceeded. Of course, risk profiles can be 
combined for various hazardous materials carried on 
a tuule or for various routes within a region. 

The risk estimation approach used is based on the 
number of cars that release the hazardous material 
of interest in an accident. This approach may be 
construed as an updated and simplified extension of 
the method described previously by Glickman and 
Rosenfield (l). It is assumed conservatively that 
when there is a release from a car all of its con
tents are released. When the frequency and conse
quence have been estimated for every segment of the 
route for every possible number of cars that release 
their contents, the coordinates of each of the 
points on the risk profile are determined. Each such 
point corresponds to a different value for the num
ber of cars that release their contents. The ordi
nate is the sum of the frequencies per year of the 
accidents on all segments in which at least that 
number of cars release their contents and the ab
scissa is the associated consequence value. 

Symbolically, the risk profile is a plot of 
F*(Ix) versus C(Ixl for every different value of Ix 
where Ix is the number of cars that release hazardous 

material X in an accident: F* (Ixl is the expected 
frequency per year of accidents in which at least 
Ix cars release X [i.e., the upward cumulation of 
F(Ixl values where F(Ixl is the expected frequency 
per. year of accidents in which Ix cars release X] : 

and C (Ix) is the expected number of fatalities due 
to Ix cars releasing x in an accident. 

ESTIMATION OF FREQUENCIES 

The expected frequency per year of accidents in 
which a particular hazardous material is released 
f rem a given number of cars on a particular route 
segment is estimated from the overall expected fre
quency per year of accidents and the probability that 
the material is released from that number of cars. 
The results are then summed over all the route seg
ments. Symbolically, 

F (Ix) 

where 

the expected frequency per year of acci
dents on segment s and 
the probability that Ix cars release x 
in an accident on segment s. 

A route segment may be a stretch of main line or 
a yard. The estimate of Fs on each main-line seg
ment is computed from statistics on all kinetic 
main-line accidents, and the estimate of Fs on 
each main-line segment is computed from statistics 
on all kinetic yard accidents. The estimate of the 
distribution on each of Ps <Ix) on each main-line 
segment is computed from statist ics on all main-line 
derailment accidents and then is assumed (conserva
tively) to apply to other types of kinetic main-line 
accidents and to all types of kinetic yard accidents. 

F s on main-line segments can be computed on the 
basis of accident stat istics, traffic volume data, 
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and route parameters (e.g., by multiplying the num
ber of main-line accidents per billion gross ton
miles (BGTM) by the traffic volume per year in BGTM 
and then by the length of the route in miles] • For 
the illustration route, the main-line accident rate 
is 0.83 per BGTM on all segments. F8 is computed 
by converting this figure to a rate per billion net 
ton-miles and employing the volume and mileage data 
given in Tahle 1. 

TABLE 1 Route Segment Data 

Segment 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

Volume 
(I 06 ton/yr) 

17.7 
17 . 7 
17.7 
17.7 
17.7 
17.7 
I 7. 7 
17.7 
21.2 
23 .1 
23.1 
23.1 
23.1 
42.7 
31.7 
31.7 
3 1.7 
31.7 
31.7 
21.3 
2 1.4 
29.5 
37.7 
35.5 
35.5 
35.5 
35,5 
35.S 

Length 
(mi) 

18.9 
21.3 
39.3 
20.0 
13.3 
32 .4 
11.6 
20.0 
30.8 
27.8 
16.0 
21.9 
35.4 
38.0 
31.2 
24.5 
19.4 
18.8 

9.4 
18.8 
11.3 
14.1 
4.2 
7,3 

23 .9 
17.8 
17.8 
8.9 

Speed 
(mph) 

30 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
35 
30 
45 
45 
45 
45 
45 
30 
30 
30 
30 
30 
30 
45 
45 
30 

Population Density 
(No./mi2) 

2,800 
127 
41 
48 

141 
89 
26 
51 

110 
19 
18 
23 

103 
602 

65 
196 
22 
65 

112 
268 
868 

1,104 
1,789 
1,016 

113 
73 
37 

594 

Fs on yard segments can be computed from acci
dent statistics and yard activity data (e.g., by 
multiplying the number of yearly accidents per mil
l ion car classifications by the volume of car clas
sifications per year in the yard in millions). The 
accident rate in each of the four yards along the 
illustration route is 6.56 per million classifica
tions. The average speed in these yards is 10 mph. 

The discrete probability distrihut ' on Ps (Ix) 
can be computed sequentially from a number of other 
estimated constituent probability distributions that 
have to do with the size and makeup of the train, 
the severity of the derailment, and the impact of 
the derailment on the hazardous materials cars in
volved. This sequential approach has the advantage 
that sensitivity analysis can easily be performed 
later by varying any of the constituent probability 
distributions to represent different accident sce
narios. Symbolically, the random variables for which 
the constituent probability distributions are esti
mat~<l are as follows: 

number of cars of X derailed in a main-line 
derailment, 
total number of cars derailed in a main-line 
derailment, 
number of cars of X in the derailed train, 
and 
total number of cars in the derailed train. 

The constituent probability distributions are then 
symbolized by the following: 

TRB State-of-the-Art Report 3 

conditional probability that Ix 
of the Jx derailed cars of x re
lease their contents, 
conditional probability that 
Jx of the Nx cars of X derail 
when N0 of the total of NT cars 
derail, 
conditional probability that N0 
of the total of NT cars derail, 
conditional probability that NX 
cars of X are in a train having a 
total of NT cars, and 
probability that there are NT 
cars in total. 

Then P (Ixl is computed according to the following 
sequence of formulas: 

Step 1. 

Step 2. 

Step 3. 

Step 4. 

P(IxlNo,Nx,NT) l P(Jx1No,Nx,NT)P(Ix1Jx) 
Jx 

P(IxlNx,NT) l P(Nn1NT)P(Ix1Nn,Nx,NT) 
Nn 

P(IxlNT) = P(NxlNT)P(IxlNx,NT) 
Nx 

P(Ix) 

The result of the computation in each of the first 
three steps, as symbolized by the left side, is used 
in the computation in the following step. In effect, 
the first step estimates a conditional probability 
distribution for the number of cars that release X 
and each successive step removes one of the condi
tions until an unconditional distribution is esti
mated. 

CALCULATION OF P(Ix1Jx) 

It is assumed that the probability that Ix of the Jx 
derailed cars of X rele ase their contents follows a 
binomial distribution. That is, 

{Jx!/!Ix! (Jx - Ix) !J }p/x 
Jx - 1 x (1 - Pxl , Ix = 0,1, •• , Jx 

where Px is the pr.obability that any derailed car 
of X releases its contents. In other words, each of 
the Jx cars is assumed to be independent of the 
others and equally likely to experience a release. 

In their report based on pre-1978 data, Nayak et 
al. (~) estimated that the value of the parameter 
Px is related to train speed (v) in miles per hour 
according to the formula 

Px = 0.45 (vl/2). 

However, since 1978 the retrofitting of tank cars 
with head shields, shelf couplers, and thermal in
sulation has reduced the average percentage of de
railed tank cars that release their contents from 
about 25 percent to about 7 percent in 1982, accord
ing to industry statistics (3), a reduction factor 
of about 0. 28. Applying th is factor to the previous 
formula yields an updated coefficient of 0.013 in
stead of 0.045. For the illustration route, where v 
ranges between 30 and 45 mph, Px thus ranges be
tween 0.071 and 0.087. 
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It is assumed that every car in the train is equally 
likely to initiate the derailment, that all the cars 
containing X are blocked together, and that only ad
jacent cars derail. Then in the case in which the 
number of cars derailed exceeds the number of cars 
of X (i.e., N0 > Nxl, the number of cars of X that 
derail cannot exceed Nx (i.e., Jx .S. Nxl. If Jx < 
Nx, the conditional probability that Jx cars of X de
rail is the probability that they derail either in 
the front or at the end of the block. Each of these 
two possible outcomes has a probability of l/NT, 
so the probability of one or the other is 2/NT. If 
JX = Nx, the desired probability is the probability 
that the derailment was initiated in any of the N0 -
NX cars in front of the block or in the first car of 
the block. Because each of these outcomes has a 
probability of l/NT, the total probability is (No -
Nx + l)/NT. Therefore, when No> Nx, 

P(Jx1No,Nx,NT) =12/NT 
(N0 - Nx + ll/Nr 

if Jx < Nx 

Similarly, when N0 .S. Nx, it can be shown that 

It is assumed that the probability that, in a main
line derailment, N0 of the NT cars in a train derail 
follows a discretized gamma distribution. That is, 

where 

<No + 1) - 0.65 
[l/r (a)ba] f xa-le-x/b dx 

N0 - 0.65 

a [E (N0 ) J 2 /a 2 (N0 ), 

b a 2 (N0 )/E(N0), and 
r =gamma function. 

The constant 0.65 arises from evaluating P(N0 1NT) for 
the case in which N0 = O. 

This assumed form for the probability distribu
tion of the number of derailed cars generalizes from 
the result in the report by Nayak et al. (2), who 
argued that this distribution should be used to cal
culate the probability of the number of hazardous 
maLer ial:; car:; uerailed. The same report concluded 
that the number of hazardous materials cars derailed 
depends primarily on the length of the train unless 
NT > 25. The following formulas were estimated for 
~he ~ependence of E(N0 ) and a 2 (N0 ) on train speed (v) 
in miles per hour: 

E(N0 ) 1. 7 (vl/2) and 

a 2 (Nol = 2.7 v. 

For the illustration route, v ranges between 30 
and 45 mph. Hence the estimate of E (No) ranges be
tween 9.3 and 11.4 cars, and a 2 (N0 ) ranges between 81 
and 121. 5. 

The probability that Nx of the ~ cars contain x in a 
randomly selected train is assumed to follow a Pois
son distribution. Symbolically, 
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where µ = E (Nx). This assumption is made on the 
basis that the cars of X are more or less randomly 
assigned to trains and that they usually represent a 
small part of the total consist. 

If the shipment of hazardous material x on a 
route is more or less uniform throughout the year, 
the expected number of cars of X per train is esti
mated by dividing the annual number of cars of x on 
the route by the annual number of trains on tbe 
route. For the illustration route the estimates of 
E (Nxl for the two hazardous materials of interest 
vary according to which segment of the route is be
ing considered. These estimates are given in the 
following table. 

Segment 
1-13 
14-21 
22-2B 

Chlorine 
0.141 
0.046 
0.045 

LPG 
O.B32 
O.OB9 
0.001 

Finally, it is assumed that the probability that 
there are NT cars in a typical train is approxi
mated by a normal distribution. That is, 

NT + 0.5 
f exp {-[x - E(NT)J 2 /2a(NT)} dx 
NT - 0.5 

This assumption is made in the absence of any gener
ally available information about the distribution of 
NT. 

For the illustration route the average number of 
cars per train is BB, and there is little variation 
in this number from one train to another. Hence on 
main lines (E(NT) ~ BB cars and it is assumed that 

a (NT) ~ 5 percent of E(NT), or a(NT) ~ 4.4 cars. 

ESTIMATION OF CONSEQUENCES 

When a substantial quantity of a lethal hazardous 
material is released in an accident the most impor
tant consequence of concern is the loss of human 
life. The expected magnitude of this consequence may 
be estimated by multiplying the expected density of 
population in that area by the expected size of the 
lethal area. To be precise, the population density 
factor should include any on-scene professionals 
(train crew, fire fighters, and related emergency 
personnel) and the time of day should be taken into 
account Whf'n estim;iting thP n11mhPr of PxposPn inni
viduals in the general public. Furthermore, the de
gree to which persons in the lethal area are vulner
able (depending on their preparedness, mobility, 
protection, and so forth) should be reflected. For 
expediency, however, residential county census data 
are used to estimate the population density along 
each segment of the illustration route. Estimates of 
the other factors affecting consequence magnitudes 
(i.e. , the expected lethal areas for chlorine and 
LPG releases) were calculated usinq the models de-
scribed hereafter. -

CALCULATION OF LETHAL AREA FOR CHLORINE 

Assuming that a fully loaded chlorine car carries 90 
tons, the release rates for the four major release 
scenarios identified by Andrews et al. <!l are as 
follows: 

1. A continuous release of chlorine vapor at 
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sonic velocity, at about 4 kg per second, from a re
lief valve. 

2. A continuous release of liquid chlorine, at 
about 10 kg per second, from a stuck valve. 

3. Extremely rapid to instantaneous release of 
all contents following a shell or head puncture at 
normal transport temperature (20°C). Seventeen per
cent of the released mass is estimated to flash to 
vapor, and the rest falls to the ground as saturated 
liquid at 240°K. 

4. Instantaneous and catastrophic failure of the 
tank following heating and overpressurization after 
being subjected to a fire (for about 55 min with 90 
percent of the shell insulation intact) • The tem
perature of the liquid at the instant of tank fail
ure is assumed to be 60°C. Thirty-two percent of the 
released mass, which flashes directly to form a sat
urated vapor cloud at 240°K,' is released instanta
neously into the atmosphere. 

The principal hazard from a chlorine release is 
attributable to the highly toxic nature of the chem
ical. The gas phase presents hazards far from the 
release site because of dispersions of vapor in the 
atmosphere. Chlorine vapors are heavier than air and 
tend to disperse close to ground level. The liquid 
fraction on the ground presents a more local hazard 
due to burns from contact as well as toxicity. It is 
assumed that the lethal area is contained within a 
ground level concentration contour of 1000 ppm, cor
responding to the findings of Andrews et al. (4). 

Two relatively simple models for the dispersion 
of heavier~than-air gases were used to calculate the 
chlorine vapor dispersion area following an acci
dent. Chlorine has about three times the density of 
ambient air and, when released, the vapor mass 
spreads laterally due to its heaviness, whereas it 
mixes with ambient air and moves in the downwind 
direction. The continuous release dispersion model 
in the Assessment Models in Support of Hazardous 
Handbook (AMSHAH) report <2> adequately describes 
the dispersion of a continuous release of heavy 
chlorine vapor from a tank car because (a) the 
source size is small and (b) most of the dispersion 
to reach the 1000 ppm level occurs when the vapor
air mixture has essentially neutral buoyancy. The 
model for heavy gas dispersion of instantaneously 
released vapor mass is taken from Raj (6). The haz
ard area formula that derives from th-; continuous 
release disperson model is 

A = (n / 2lXroaxYmax 

where 

maximum downwind dispersion distance and 
maximum semiwidth crosswind. 

The hazard area formula from the heavy gas disper
sion model is 

where 

Xe downwind lethal hazard distance and 
Re = cloud radius at the time concentration be

comes lethal. 

Table 2 gives the results of using these models. 
These results were computed assuming extremely 
stable weather with 3 m per second wind speed. 

CALCULATION OF LETHAL AREA FOR LPG 

The various scenarios for liquefied petroleum gas 
(LPG) releases that can be postulated to occur as a 
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TABLE 2 Expected Hazard Area Calculation for Release of 
Chlorine from a Single Tank Car 

Conditional 
Probability Probability-
of Source, Weighted 

Release Given a Hazard Hazard 
Scenario Source of Release Release• Area (km2 ) Area (km2 )b 

Pressure relief safety 
valve and top fit-
tings 0.442 5.5 x 10·3 2.43 x 10·3 

2 Bottom fittings and 
stuck relief valve 
when car is up-
side down 0.138 15.1 x 10·3 2.08 x 10·3 

3 Shell and head 
punctures 0.319 1.2 0.383 

4 Fire exposure and 
catastrophic release 0.200 1.8 0.360 

~Based on t 978-1983 rnllruad industt)' dola. 
Total expected hazard orcri = 0.747 kml . 

result of an accident are similar to those identi
fied in the case of chlorine releases. Geffen et al. 
<ll identified six major types of releases based on 
a fault-tree analysis of tank car failure and re
lease modes. These release categories are as follows: 

1. A continuous slow leak from the equivalent of 
a 2. 5-cm-diameter opening, with a release rate of 
2. 2 x 10- 3 m' per second (leakage from cracks in 
welds may lead to this release scenario) • 

2. A continuous release of vapor from an opened 
or damaged valve, resulting from impact or puncture 
without a fire. The leak is from the equivalent of a 
7.6-cm-diameter opening at a rate of 1.96 x 10- 2 

m' per second. 
3. A small continuous leak with fire present in 

the vicinity. The estimated release rate is 10- 2 

m' per second. 
4. Release from a safety relief valve with fire 

inpinging on the LPG tank car. The rate of release 
of vapor from an upright car is estimated to be 0.11 
m' per second. 

5. Major mechanical failure of the tank with all 
of the contents of the tank car released in seconds. 
In a majority of cases these releases would be ig
nited, but in some situations ignition may be de
layed. Assuming that the initial lading temperature 
is 21°C, about 35 percent of the released mass 
flashes directly to vapor. 

6. Explosive rupture of the tank caused by over
heating of the tank wall by an impinging fire and 
i nternal overpressurization (BLEVE). All of the con
tents of the tank are released instantaneously. Tem
perature of lading before release (for an insulated 
tank car) is assumed to be 62°C. The percentage 
flash for this temperature is 60 percent. 

Fire is the principal lethal hazard from LPG tank 
car releases. Several different types of fires can 
result: torch fires, pool fires, vapor fires, uncon
tined detonations in dispersed vapor, and fir~uall~. 
The other lethal hazard is mechanical in nature, 
arising from the fragmentation or rocketing of tank 
cars. The calculations of the hazard areas associ
ated with the different types of fire hazard and 
mechanical hazard are described next. 

Torch Fire 

Torch fires result from the ignition of relatively 
small leaks of LPG from cracks, stuck vent valves, 
or relief valves operating normally. When the tank 
is exposed to an internal fire, torch fires pose 
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danger to railroad and emergency response personnel 
and other tank cars on which the flames may impinge. 

The hazard distance extends roughly to the same 
distance as the length of the torch fire plume. The 
method by which the length of this plume can be cal
culated is discussed in the AMSHAH report (~). In 
general, the torch fire plume length is between 100 
and 200 times the hole diameter in the tank car from 
which the flammable gas is released under pressure. 
This torch fire plume length can be construed as the 
radius of the hazard area. 

Pool Fire 

When all of the contents of an LPG tank car are re
leased rapidly due to tank failure caused by mechan
ical puncture or impact, a significant fraction of 
the released mass flashes to vapor and the remaining 
volume drops to the ground as liquid. The liquid 
spreads on the ground. If, in addition, the liquid 
is ignited it forms an expanding pool fire. The 
principal hazard from this pool fire is thermal ra
diation from the fire. 

The maximum size to which a hurning pool expands 
on flat ground is given in a paper by Raj (8). Using 
this result along with the models reviewed by Raj 
(9), the following calculations are made for the 
pool fire hazard area resulting from one tank car 
release of LPG. 

According to the fire thermal radiation models 
reviewed by Raj (g_), the thermal radiation hazard 
distance (S) can be obtained by applying the inverse 
square law given by 

S = [(p V ~H n)/(4TTt on )]1/2 
L L C bqhaz 

where PL is density of the liquid, VL is the spilled 
volume of liquid, ~He is the heat of combustion en
ergy which is radiated, tb is the duration of burning 

on 
of the pool fire, and CJbaz is the radiant thermal 
flux level at which a fatality will result. Assuming 
that the duration of burn is 91 sec if one tank car 
of LPG is released [based on the result given hy Raj 
(g_) for the maximum size of a burning pool on flat 
ground) and that the lethal radiation hazard level 
is 20 kW/m 2 (the level at which serious second
degree burns can be inflicted), S = 170 m. Hence, 
the pool fire hazard area (115 2 ) is 9.1 x 10" 2 

km2
• 

Vapor Fire 

If the instantaneously released liquid and vapor 
puff are not ignited immediately, the vapors pro
duced disperse in the atmosphere as a heavy gas 
cloud puff. More vapor is generated by the boiling 
of the liquid spilled on the ground. During disper
sion the vapor cloud is mixed with air and forms a 
flammable vapor cloud. Because of the presence of a 
variety of ignition sources in urban areas (and to 
some extent in rural areas) the probability of igni
tion of the vapor cloud increases continuously as a 
function of downwind distance. 

Assuming that (a) ignition occurs only when the 
mean vapor concentration of the cloud is equal to 
one-half of the lower flammability limit and (b) the 
lethal hazard area is equal to the area swept by an 
ignited vapor cloud during dispersion, the area in 
question was calculated by means of the heavy gas 
dispersion model used for chlorine. 

Vapor Cloud Detonation 

Vapor clouds of propane dispersed in the atmosphere 
may detonate, even in the unconfined state, when 
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sufficiently energetic ignition occurs. It is less 
certain, however, whether a deflagration type of 
burning of an unconfined vapor cloud can transit to 
detonation. It is assumed that it is possible to in
duce detonation in an unconfined propane-air mixture. 

The blast effects of detonation are calculated by 
using the trinitrotoluene (TNT) equivalent approach 
described by Geffen et al. (7). It is assumed that 
(a) only the instantaneously released vapor mass 
participates in the detonation, (b) only 10 percent 
of the released vapor mass will detonate, and (c) 
there is a 100 percent fatality rate in an area 
within which the peak overpressure is above 6.0 x 
10" Pa. The overpressure-distance relationship is 
given by 

where overpressure (p) is in Pascals, distance (X) 
is in meters, and TNT equivalent mass (MTN~ is in 
kilograms. 

Fire hall 

The exposure of an LPG tank to a fire results in the 
occurrence of two phenomena, collectively known as a 
BLEVE. First, the boiloff from the heat input is 
vented into the atmosphere through the relief valve. 
This gas outflow is ignited and forms a torch fire. 
Second, the tank wall not backed by liquid inside 
overheats and weakens. Failure of the tank wall is 
sudden, resulting in the rupture of the tank, in
stantaneous release of remaining contents, and then 
ignition of the contents released. This ignition 
results in the formation of a spectacular fireball. 

The initial radius of this hemispherical ball of 
fire is given by the equation [from Geffen et al. 
<2.> l: 

where r is in meters and Mv is the mass of propane 
vapor in the fireball (in kg). It is assumed that 
(a) the total mass of vapor vented before the BLEVE 
occurs is small compared to the lading mass, (b) 
about 60 percent of the released mass flashes to 
vapor (that is, the liquid in the tank just before 
release is about 50°C), and (c) the lethal thermal 
radiation hazard zone extends about 100 m beyond the 
edge of the fireball radius on the ground. 

Fragmentation 

Fragmentation debris from tank rupture can be hurled 
as far as 610 m according to Geffen et al. (2). It 
is assumed that the hazard area is of a length and 
width equal to the dimensions of a tank car. 

Rocketing of BLEVEd Tank Car 

Rocketing of tank cars that "tear" circumferentially 
has been observed in some accidents. The distances 
to which parts of the damaged tub are hurled vary 
depending on several uncontrollable factors. An em
pirical correlation has been given by Nayak et al. 
(~) for maximum rocketing distance as a function of 
tank car capacity. A typical rocketing range is 
about 300 m. It is assumed that a rectangle having 
this range as its length, and width equal to the 
tank diameter, will form the lethal hazard area. 

The results of all the calculations for LPG are 
summarized in Table 3, in which, as in the case of 
chlorine, the conditional probability of each re-
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FATALITIES, f 

FIGURE 1 Risk profiles for chlorine and LPG on the illustration route. 

TABLE 3 Expected Hazard Area Calculation for Release 
of LPG from a Single Tank Car 

Release Hazard 

Torch fire 
Pool fire 
Vapor fire 
Vapor cloud detonation 
BLEVE with fireball 
BLEVEd car rocketing 
Missile debris impact 

Conditional 
Probability 
of Hazard, 
Given a 
Release 

0.580 
0.288 
0.026 
0.006 
0.050 
0.035 
O.DI 5 

aTotal expected hazard area= 6 ,4 x 10-2 km2. 

Hazard 
Area (km2) 

1.2 x 10-4 

9 x 10-2 

0.38 
3.8 
8.7 x 10-2 

2.2 x 10-3 

l.2 x 10-2 

Probability
Weighted 
Hazard 
Area (km2) 3 

7.0 x 10- 5 

2.6xl0"2 

9.9 x 10- 3 

2.3 x 10" 2 

4.4 x 10- 3 

7.7 x 10- 5 

l . 8 x 10-4 

lease hazard is based on railroad industry data from 
1978 to 1983. The final estimate of 6.4 x lo-• for 
the expected lethal hazard area is about two orders 
of magnitude smaller than that for a comparable re
leased mass of chlorine. 

RISK PROFILES FOR CHLORINE AND LPG 

The risk profiles for accidents involving chlorine 
and LPG tank cars on the illustration route, based 
on the calculated frequency and consequence esti
mates, are shown in Figure 1. Note that LPG poses a 
higher risk on this route if less severe accidents 
(one or two fatalities) are taken into account along 
with more severe ones hut that chlorine has the 
greater risk beyond that point, becoming signifi
cantly more hazardous if only extremely severe acci
dents (50 or more fatalities) are considered. The 
largest number of fatalities expected in any chlo
rine release on this route is 613 with a frequency 
of 5. 2 x 10- s per year (once in about 20, 000 
years) • There is a vanishingly small probability 
that more than one chlorine car will release its 
contents in an accident on this route. In contrast, 
the largest expected number of fa tali ties per re
lease for LPG is 276 with a frequency of only 3.0 x 
10- 7 per year. This would occur from a release and 
ignition of the contents of four LPG cars on the 
most populated segment of the route. The expected 
number of fatalities per year on the route is about 

twice as high for chlorine as for LPG (0. 088 com
pared to 0.043). 

Sensitivity analyses of the chlorine and LPG risk 
profiles were performed to evaluate (independently) 
the effects of reducing the release probability 
(Pxl and conducting emergency evacuation. In the 
latter case it was assumed that the exposed popula
tion is reduced by 85 percent within l hr of the re
lease. For chlorine, a tenfold decrease in the re
lease probability yielded a threefold decrease in 
the frequency per year of accidents resulting in at 
least one fatality and a five- to sixfold decrease 
in the frequency per year of accidents resulting in 
at least 100 fatalities. For LPG, a tenfold reduc
tion in the release probability resulted in a ten
fold decrease in the frequency of accidents causing 
at least one fatality and a larger decrease at 
higher fatality levels. Similar results were ob
tained for the effects of emergency evacuation. 

In other words, the payoff from actions taken to 
reduce the probability of release (e.g. , tank car 
retrofitting) and to reduce the vulnerability of the 
population (e.g., prompt evacuation) is in general 
higher for more severe accidents, but the specific 
relationship between the payoff and the actions de
pends on the hazardous material in question. 
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Use of Risk Analysis in Enhancing the Safety of 
Transporting Hazardous Liquefied Gases 

Risto Lautkaski 

ABSTRACT 

Three risk analyses were performed on the land transportation of hazardous liq
uefied gases in Finland. The gases considered were chlorine, anhydrous ammonia, 
sulphur dioxide, and liquefied petroleum gas. The accident file of Finnish 
State Railways allowed a detailed classification of railway accidents into 14 
categories. The estimated conditional probahilities were then combined with the 
actual traffic data to give the probability of a tank wagon being involved in a 
railway accident. Structural analyses of the wagons were performed to estimate 
the probability of leakage when an accident occurs. A review of road accidents 
involving heavy vehicles was performed to assess the damage probabilities of 
road tankers. The estimation of the accident probabilities was complemented 
with calculations of gas dispersion and evaluations of the population density 
along the transportation routes. Risk analysis was an instructive way of going 
through all the factors contributing to the accident risk. In this way it was 
possible to suggest a number of measures by which accident risk could be re
duced. The following changes, based on those suggestions, have been imple
mented: (a) construction of the manway nozzle in transportable pressure vessels 
bas been improved: (b) installation of head shields and buffer override re
straints has been continued: and (c) tank wagons carrying hazardous liquefied 
gases are positioned in the middle of a train. The risk studies also provided 
background material for national instructions for emergency preparedness and 
response to accidents involving hazardous materials. 

Two-thirds of Finnish land territory is covered by 
forest. It is therefore not surprising that the na
tional pulp and paper industry has traditionally 
provided a major part of exports. 

Bleached pulp is produced at lB mills situated 
throughout the country. The principal bleaching 
agent, chlorine, is produced at only two pulp mills; 
liquid chlorine produced at four plants is hauled by 
rail to the remaining 16 mills. The annual shipment 
of liquid chlorine ranges from 140 000 to 175 000 
tonnes. 

The pulp industry has become a consumer of liquid 
sulphur dioxide. Sulphur dioxide is recovered at a 
copper smelter and part of it is liquefied and car
ried by rail and road to pulp mills. About 50 000 
tonnes are shipped annually. 

Nitrogen fertilizers are produced at four plants. 
These plants are the major consumers of anhydrous 
ammonia in Finland. Almost all anhydrous ammonia is 
imported by tanker ships and by rail. The domestic 
overland shipments amount to 150 000 to 200 000 
tonnes annually, of which inore than 90 percent is 
carried by rail. 

Two Finnish oil refineries produce about 100 000 
tonnes of liquefied petroleum gas (LPG), which is 
carried to the customers and cylinder-filling plants 
in rail tank wagons and road tankers. 

Because of Finland's geographical position and 
because Finnish railways have the broad Soviet 
gauge, some Finnish harbors constitute an important 
link in the trade of petroleum products and basic 
chemicals between the Soviet Union and some Western 
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European countries. Most of these commodities are 
flammable liquids. In the late 1970s the Soviet 
Union exported anhydrous ammonia through a harhor in 
southwestern Finland at a rate of 200 000 tons an
nually. In 1985 exportation of LPG through a harbor 
in southeastern Finland will begin. Annual shipments 
are projected LO reach 200 000 tonnes. 

SAFETY RECORD OF HAZARDOUS MATERIALS 
TRANSPORTATION 

The only fatal accident during hazardous materials 
transportation occurred in 1938 in southeastern Fin
land. In this accident, a passenger train and a 
goods train collided head-on in a dense fog at a 
small station. An overriding coupler hook punctured 
the head of a sulphur dioxide tank wagon that was 
coupled to the locomotive. Eight passengers were as
phyxiated by the gas and two received fatal injuries 
in the collision. Six persons were taken to a hos
pital because they had symptoms of toxication. 

The sleeping passengers were awakened by the 
crash and some of them tried to escape. The victims 
were those who ran into the gas cloud, which could 
not be seen due to the fog. Those who could control 
themselves stayed in the sleeping cars and were in
structed to breathe through wetted towels and sheets 
by soldiers who happened to be traveling on the 
train. 

In 1947, a 25-tonne chlorine storage vessel in a 
pulp mill in southwestern Finland ruptured 11 hr 
after it had been filled from rail tank wagons. The 
accident was caused by overfilling. The ruptured 
vessel was located in a building that collapsed. The 
five remaining vessels remained intact, hut chlorine 
leaked for 10 days from damaged piping. In this ac
cident, 19 workers were killed by the gas and 123 
workers and local inhabitants were rescued and 
transported to a hospital, of which 45 were admitted. 

The safety record of hazardous materials trans
portation in Finland has been good. Experience from 
these two spills, however, emphasized the necessity 
of preventing the recurrence of such accidents. 
Thus, when the domestic production of liquid chlo
rine began in 1954, tank wagons were equipped with 
head shields and buffer override restraints to pre
vent tank head puncture durinq collisions. Finnish 
State Railways and the producers of hazardous gases 
have agreed that the industry will form and equip 
groups that will provide technical assistance during 
transportation accidents. Finnish State Railways has 
also formed assistance groups of rolling stock main
tenance workers. 

STARTING POINT 

The Technical Research Centre of Finland is a gov
ernment-sponsored nonprofit research institute con
sisting of 32 laboratories. In 1975 the Research 
Centre performed a probabilistic risk analysis of a 
propu!le<l nut:lea1 JJUWe1 pld11L foi: L\1e nation.al energy 
authorities. This study was favorably received, and 
it was decided to explore nonnuclear applications of 
the method. Representatives of the authorities, 
chemical industry, and insurance companies were con
sulted, and several of them suggested chlorine 
transportation as a subject for risk analysis. 

This study was performed in 1976, and it was 
sponsored by the authorities, industries producing 
and using chlorine, and insurance companies. The 
project group included an expert on reliability 
analysis and two experts on structural analysis. 
Computer codes using the finite element method were 
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utilized in the calculation of stresses caused by 
internal pressure and external loads. 

The following problems emerged during discussions 
with the railway authorities: 

1. The old (1954) type of head shield is made of 
thick steel plate and is supported by steel bars. 
The new type is a curved plate with no supporting 
bars. How effective is the latter type in preventing 
tank head punctures? 

2. A pneumatic type of loading valve had been 
employed during trial use to enhance operational 
safety in loading and unloading. This particular 
valve also has the safety feature of remaining 
closed if its outer part is broken off during a 
transportation accident. Will the new valve enhance 
transportation safety too? 

3. The train composition rules in force required 
that a wagon carrying a toxic material such as 
chloride must not be coupled directly with a locomo
tive or a wagon loaded with flammable materials. Are 
these restrictions sufficient? 

4. Given the head shield and override re
straints, puncturing of a tank was regarded as pos
sible only in violent collisions. Such collisions 
were expected to occur on single-track lines and at 
small stations at which trains meet. However, in 
large stations and marshalling yards, in which 
trains and locomotives move at reduced speeds, tank 
puncture was not considered possible. Is this as
sumption reliable? 

Simultaneously the Ministry of the Interior had 
set up a working group to study the demands that 
hazardous materials make on emergency services. The 
working group restricted its task to materials ca
pable of causing major accidents, that is, hazardous 
liquefied gases. The group presented a list of sev
eral items for further consideration: 

1. The size of the gas cloud resulting from a 
major chlorine spill, 

2. Different methods available for alerting the 
population during a transportation accident, 

3. The effect of staying indoors, 
4. Methods of stopping a leak and of reducing 

evaporation from a spill, 
5. Methods of diluting and diverting gas clouds, 

and 
6. The need for protective equipment. 

DAMAGE ANO FAILURE STUDIES 

Two previous analyses of the transportation of 
liquid chlorine were known to the author when this 
study was initiated. Westbrook compared the accident 
risks of rail and road transportation in the United 
Kingdom <1>· Simmons et al. have performed an analy
sis of rail transportation in the United States as a 
nonnuclear example of low-probability high-conse
quence accidents (~). These studies have their 
merits, but their approach io academia, bcoauoc they 
were not performed to support actual safety-related 
decision making. 

The problem in evaluating low-probability acci
dents is that the data base of past accidents is too 
small to allow any conclusion on the significance of 
the various potential causes of a spill. Simmons et 
al. used the rate of accidents for pressure tank 
wagons that result in the loss of most of the cargo 
(~). This rate, however, was a factor of 10 higher 
than the rate of chlorine spills. Westbrook noted 
the absence of pressure tank punctures in the United 
Kingdom and used the conditional probability of a 
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spill, given a "significant" accident calculated 
from U.S. data (1). The differences between trans
port conditions in the United States and in the 
United Kingdom were taken into account without 
consideration of wider application. The u.K. rate of 
significant accidents was used. 

Lack of data on valve and tank damage to Finnish 
pressurized tank wagons was obvious: no damage had 
occurred since 1954, when the transportation of liq
uefied gases was resumed. Nor had any random loading 
valve failures occurred during the 22-year period. 
It was decided to use Finnish data on railway acci
dents, and to estimate the damage probabilities and 
failure rates on the basis of foreign data. 

Classification of railway accidents was necessary 
for several reasons. Wagon velocity during an acci
dent is an essential parameter for determining dam
age probability. Wagon velocities differ markedly 
between, for example, shunting accidents and train 
collisions that occur on line. The probability that 
a sharp or rigid object capable of damaging the tank 
will be present is different in different accidents. 
Moreover, the consequences of a spill will be on a 
different scale for accidents that occur in mar
shalling yards (which are in cities) than for acci
dents that occur on line. 

The accident statistics of Finnish State Railways 
provided a good starting point for the classifica
tion of railway accidents. To classify chlorine 
leakages according to primary cause, three cate
gories were used for accidents that occurred on line 
and two categories were used for those that occurred 
at stations. 

• Categories of railway accidents that occur on 
line: 

,J Collisions 
s Derailments 
T Level crossing accidents 

• Categories of railway accidents that occur at 
stations: 

P Collisions 
K Switching accidents 

Categories of random failures: 
L Leakage in a moving tank wagon 
V Leakage in a stationary tank wagon 

This classification satisfies the needs of railway 
authorities, but was considered too coarse to be 
used in the estimation of damage probabilities. For 
instance, most level-crossing and switching acci
dents would be harmless to the chlorine tank and its 
valves. 

Railway accident records and damage analyses per
formed in this project provided information on sig
nificant accidents and the minimum train velocities 
at which tank and valve damage was possible. Four
teen such accidents, called key accidents, were 
selected. In addition to velocity, the descriptions 
of the key accidents included random environmental 
factors causing the damage (~_). For example, con
sider the two significant derailment accident types. 
Type Sl is a derailment of a chlorine tank wagon in 
an excavation or on a bridge. Type S2 is a derail
ment on a double track in which an arriving train 
crashes into a derailed chlorine tanker. The veloc
ity of the derailing or colliding train was assumed 
to exceed 40 km h" 1

• 

The estimation of the probabilities of the key 
accidents required a large number of qualitative and 
quantitative data on the transportation system. The 
qualitative data were provided by Finnish State 
Railways, and the quantitative data were gathered 
from various sources by the project group. Descrip-
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tion of the data collected for probability estimates 
is as follows. 

1. Qualitative data 
a. Characteristics 

single or double track, 
control, and radio link. 

b, Characteristics 
riers and warning lights. 

of railway sections: 
section blocking, remote 

of level crossings: bar-

c. Types of signal boxes at stations. 
2. Quantitative data 

a, Departure and arrival times of trains, 
b. Number of crossing and passing trains, 
c. Total length of line in excavations and on 

bridges, and 
d. Road traffic densities at level crossings. 

The data were written on two forms designed for this 
purpose. Each copy of form A contained data on a 
railway section and each copy of form B contained 
data on a train carrying chlorine wagons over a 
given section. 

The damage modes considered in the study were: 
(a) impact on tank head, tank side, and valve groupi 
(b) puncturei (c) crushingi and (d) overheating dur
ing a fire. The failure modes considered in the 
study were: (a) endurance or corrosion failure of 
the tank and (b) valve failure. When a wagon col
lides with an unyielding object such as a train or a 
rocky wall, the tank was estimated to tear off the 
undercarriage at velocities exceeding 18 km h" 1

• 

The tank was estimated to rupture at a velocity of 
40 km h" 1

, assuming an unyielding object of colli
sion, due to the combined action of tank deformation 
and splashing of tank contents. 

Side impacts in railway accidents were not deter
mined to be powerful enough to rupture the tank, ex
cept in the case in which a tank wagon rises up and 
falls sideways. The latter damage mechanism is rare 
among ordinary goods wagons, which override each 
other or jackknife. However, it was determined to be 
possible that the override restraints may contribute 
to the rising up of a chlorine tanker. 

The loading valves are mounted on the manway 
cover and are protected by a dome made of steel 
plate 6 mm thick. Because the valve dome is a pro
truding part, it is likely to be the object of im
pacts when an overturned tanker is dragged along the 
ground. The dome was estimated to be able to with
stand the resulting stresses unless it meets a heavy 
or unyielding object. In such cases, the valves may 
be deformed or severed. This, however, does not 
usually cause a major leak because of the internal 
excess flow valves. 

The possibility of a major leak was identified 
for the new tank wagon in which the manway cover was 
connected to a nozzle to facilitate inspection of 
the bolts of the manway cover. It was estimated that 
a powerful impact on the manway flange would tear 
the weld of the manway nozzle, leading to a major 
leak. 

The most vulnerable part of the tank to puncture 
is the head. The old head shield reinforced with 
steel bars was considered strong enough to eliminate 
head punctures. The new head shield was made of a 
curved steel plate 8 mm thick without stiffeners. 
During a collision, the latter shield would bend to 
meet the tank head with little energy absorption. 
The only effect of the shield was to make the tank 
head 8 mm thicker, which would increase the velocity 
required to puncture the tank head by 24 percent. A 
detached rail or switch tongue was estimated to be 
able to puncture the tank side at a relatively low 
velocity. 
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Tank crushing could be neglected because of the 
large mass required. Overheating of a chlorine 
tanker during a fire would make the tank shell fill 
with liquid and subsequently rupture (tanks carry
ing toxic gases do not have safety valves). A major 
petrol spill was considered the most significant 
cause of a fire. Assuming total engulfment, the 
chlorine tank was estimated to rupture after 6 to 7 
min. The probability of this accident type occurring 
was considered low because petrol and chlorine were 
not usually hauled in the same train. Nor did trains 
hauling petrol and those hauling chlorine cross. 
Reliability data for pressure vessels and valves 
were used to estimate failure rates of the chlorine 
tank and its loading valves. 

All probability estimates for leaks were per
formed for leak categories that had equivalent vent 
diameters of 3, 10, 30, and 100 mm. The range 
covered by the four categories was considered suffi
ciently large to cover all leakages that were rele
vant from the viewpoint of risk analysis. 

CONSEQUENCE ANALYSIS 

The damage and failure studies produced the proba
bilities of chlorine leakages in four categories for 
all of the railway sections and stations along the 
transportation routes. To complete the risk analy
sis, the hazard areas and the population densities 
were estimated. (It is not worthwhile to review the 
methods of consequence analysis used in the study 
hecause some of them are now outdated.) 

The hazard areas were estimated for day and 
night, and for people outdoors and indoors. It was 
noticed that the average size of the hazard areas 
was significantly larger at night than during the 
day because of lower wind speeds and more stable 
weather categories. This is partly compensated for 
by the low number of people who are outdoors at 
night. 

By using a magnetic tape of 1970 census data, 
which included the number of inhabitants in each 1 
km2 gr id, and examining data for six mun icipali
ties, it was found that settlement was to a signifi
cant degree centered around the stations and the 
railway lines. Thus, the average population densi
ties of municipalities could not be used in the es
timation of population densities around potential 
accident sites. A simple model was developed to es
timate densities for the remaining municipalities 
Q). 

RESULTS AND CONCLUSIONS 

The total amount of chlorine transported annually 
was 150 000 tonnes. Tank wagons with a payload of 20 
and 45 tonnes were used and the average haul length 
was 315 km. The estimated probabilities for a liquid 
chlorine leak were estimated at .008 per year in 
train traffic and .009 in shunting operations. 

T!Je musl p1uudule <..:dUHeH [u1 1ui11u1 ledl<.H (e4uivd
lent diameters of 3 and 10 mm) were: 

1. Random valve failures, 
2. Valve damage due to wagon overturn during 

shunting operations, and 
3. Valve or tank damage due to an arriving train 

crashing into a train carrying chlorine tank wagons. 

The most probable cause for major leaks (equiva
lent diameters of 30 and 100 mm) was tank damage, 
and for the new tank wagon the rupture of the manway 
nozzle. These were expected to occur when an arriv
ing train crashes into a chlorine tank wagon or a 
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train carrying chlorine tank wagons, or when trains 
collide head-on on a single track. 

The problems that emerged during discussions with 
the railway authorities can now be discussed. 

1. Al though it increases the collision velocity 
required for puncture, the new type of head shield 
will not prevent tank head puncture in violent col
l is ions. The head shield would protect the tank head 
in a low-speed collision with a flat wagon loaded 
with rails or similar sharp objects. 

2. The new manway construction was found to be 
vulnerable to impacts in which the wagon is over
turned. In such accidents, the manway nozzle could 
be ruptured. The old construction, in which the man
way cover was bolted to the tank shell, was better. 
It was recommended that the Finnish State Railways 
return to the old construction or reinforce the man
way nozzle with stiffeners. Compared with the prob
lems caused by the manway nozzle, the increase in 
safety achieved with the new valve type was of sec
ondary importance. 

3. A study of railway accident reports indicated 
that the second and third wagons carrying goods were 
usually the most badly damaged in train collisions. 
If either of these was a chlorine tank wagon, a ma
jor leak could ensue. It was recommended that train 
composition rules be amended so that chlorine tank 
wagons would not be positioned among the four first 
or the four last wagons of a train. The rule giving 
a safety distance between a chlorine tank wagon and 
wagons loaded with flammable materials was deter
mined to be adequate. 

4. It was estimated that tank punctures were 
possible during shunting if the chlorine tank wagon 
was overturned or if a shunting engine collided with 
it. The resulting leaks were assessed to be small. 
Major leaks, however, were determined to be possible 
in shunting operations because of rupture of the 
manway nozzle. 

ADDITIONAL STUDIES 

The final report of the project was received favor
ably, and the sponsors suggested performing similar 
risk studies on the other hazardous liquefied gases. 
In 1977-1978, a comparison study on the transporta
tion of anhydrous ammonia and sulphur dioxide was 
performed. A third study on the transportation of 
LPG was done in 1979-1980. 

In these projects the damage studies for tank 
wagons were done with ~he same method as was used in 
the chlorine risk study. The differences in wagon 
construction were noted. A detailed analysis of the 
potential damage to road tankers was made in the LPG 
study. Because no damage had occurred to road 
tankers hauling liquefied gases, descriptions of 
lorry accidents were used as raw data. 

The accident reports indicated the impacts the 
lorries involved had received. Instead of a lorry, 
an LPG road tanker was imagined to be involved and 
the accidents were classified as either nonsignifi
cant or signiticant. Those accidents in which an LPG 
tanker was determined to have a leak were classified 
as significant. Road accident types, which include 
significant accidents, are as follows. 

1. Intersection accidents 
a. Side collisions 
b. Head-on collisions 

2. Level-crossing accidents 
3. Accidents on road 

a. Head-on collisions 
b. Side collisions 
c. Rear-end collisions 
d. Running off the road 



Models and Methods for Risk Assessment 

A sample consisting of 183 road accidents was 
studied and the percentage of significant accidents 
in each accident type was calculated. These percent
ages were then used as the probabilities of road ac
cidents causing a leak to occur in an LPG tanker. 

The findings of these three risk studies contrib
uted to the following new regulations, instructions, 
and practices. 

1. The train composition rules were amended so 
that a tank wagon carrying a hazardous liquefied gas 
must not be positioned among the first four or the 
last two wagons. This rule need not be followed in a 
case in which the tank wagon will be left at a sta
t ion at which there is no shunting engine. 

2. Finnish regulations on transportable pressure 
vessels specify that external loads must be con
sidered in the placing and dimensioning of the man
way structure. 

3. Installation of override restraints and head 
shields has been continued. 

4. The Ministry of the Interior has issued an 
instruction of emergency response to accidents in
volving hazardous liquefied gases. 

CONCLUSION 

Performing risk analysis of rare accidents implies 
that subjective evaluations and estimates must be 
made. Thus, the numerical values calculated are 
bound to be uncertain. Also, some important failure 
and damage modes may have been overlooked. The defi
ciencies, however, do not mean that the results are 
of poor quality or useless to practical decision 
making. 

Risk analysis should instead be viewed as a sys
tematic way of considering every factor affecting 
the risk, that is, every factor that ought to be 
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considered when making decisions to enhance safety. 
An analysis requires information on different fields 
of science and technology. Because the analyst is 
not familiar with all of these fields, cooperation 
with various experts is both necessary and profit
able. In this way, the analyst acquires an insight 
into the various aspects of the problem and will be 
able to suggest measures that will decrease the 
risk. By doing a quantitative analysis the analyst 
also acquires an understanding of the relative sig
nificance of these measures as well as those sug
gested by the experts contacted. 
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Selection of Preferred Highway Routes for the 
Shipment of Spent Nuclear Fuel Between 

Surry and North Anna Power 
Stations in Virginia 

Antoine G. Hobeika, Barnham Jamei, and Iwan B. Santoso 

ABSTRACT 

The Virginia Electric and Power Company has proposed to transport irradiated 
nuclear fuel from its current storage location at the Surry nuclear power sta
tion to its North Anna nuclear generating station for storage at that facility. 
Five routes were proposed for the shipment of the irradiated nuclear fuel be
tween the two power stations. However, after the available routes had been 
carefully reviewed, three more routes were added to give a total of eight 
feasible routes. The methodology used in this paper for selecting preferred 
highway routes for shipment of radioactive materials is based primarily on u.s. 
Department of Transportation (DOT) guidelines. Several modifications and addi
tions were incorporated into the DOT guidelines to enhance their applicability 
to the route conditions under consideration. 

Safety in transporting hazardous materials continues 
to be a significant concern. There are thousands of 
materials classified as hazardous materials, hazard
ous substances, and hazardous wastes, depending on 
their destination and the nature of the material. 
Hazardous materials are defined to be "those the 
U.S. Department of Transportation has found to be in 
a quantity and form that may pose an unreasonable 
risk to public health and safety or property when 
transported in commerce" ( 1) • As an example, one of 
the major issues concerning the use of nuclear 
materials is the transportation and disposal of the 
resulting hazardous waste. 

There are two general categories of civilian 
radioactive materials: those related to the nuclear 
fuel cycle and those not related to the nuclear fuel 
cycle. The first category involves the fuel, mate
rials, and waste resulting from the production of 
electricity from nuclear energy. Less than 15 per
cent of radioactive packages shipped each year are 
associated with the nuclear fuel cycle <.~..> • The 
second category, those not related to the nuclear 
fuel cycle, includes primarily radioactive elements 
and the wastes resulting from their use in medicine, 
research, and industry. Most of the civilian radio
active wastes in the United States are in this 
second category. 

There are more than 100 million shipments a year 
of all types of hazardous materials in the United 
States. About 3 percent of these, or some 3 million 
packages, contain radioactive materials, of which 
about one-third are used for medical purposes, about 
one-sixth are related to the nuclear fuel cycle, and 
the balance are used for industrial and research 
activities. Shipments of nuclear wastes account for 
about 10 percent of the radioactive packages trans
ported each year (~) • 

Some of the problems of transporting hazardous 
materials may be addressed by policies that affect 
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the vehicle, the operator, the methods in which 
materials are handled and packaged, roadway design, 
and emergency response and preparedness to acci
dental releases. Both the public and private sectors 
have responded by developing programs in most of 
these safety areas. Another method to improve public 
safety when transporting hazardous materials is to 
reduce the potential exposure of public health and 
property to accidental releases of these materials. 
This could be done by selecting the most preferred 
routes to transport those hazardous materials. How
ever, problems may .,be created when local or state 
governments effect routing without fully considering 
the impact of the hazardous material shipment. A 
simple ban or prohibition of hazardous materials 
from one route will obviously shift that risk to 
other routes and perhaps other communities. Further
more, unless the impact on other routes and commun
ities is assessed, there is no assurance that the 
overall safety has been enhanced. Routes should 
indeed be the safest and not be imposed merely for 
the parochial self-interest of one community <i>· 

The objectives of this study are 

1. To minimize the accidential-release radiation 
risk to people and property and 

2. To maximize the community preparedness in 
terms of emergency response and evacuation capa
bility. 

METHODOLOGY 

This study used the guidelines of the u.s. ne
partment of Transportation (DOT) (~) as a basic con
ceptual approach. This is the second application of 
these guidelines at the state level. The DOT guide
lines evaluate the route comparison based on the 
following classification: 
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1. Primary risk factors 
a. Normal radiation exposure 
b. Public health risk 
c. Economic risk 

2. Secondary factors 
a. Emergency response capabilities 
b. Evacuation capabilities 
c. Location of special facilities 
d. Traffic fatalities and injuries 

The selection of the route is based primarily on 
the primary risk factors and the secondary factors 
can be used if no clear-cut choice emerges from 
evaluation of the primary factors or if unusual 
conditions exist in the state that increase the 
importance of one or more of the secondary factors 
(~). 

Prime1ry !;'actors 

Normal Radiation Exposure 

Packages containing radioactive materials emit low 
levels of radiation during normal transportation. 
The amount of radiation emitted depends on the kind 
and amount of material being carried. nOT regula
tions require that packages containing radioactive 
materials that are being shipped have sufficient 
radiation shielding to reduce the levels of emitted 
radiation to safe ones. Persons residing along a 
transportation route, passengers in other vehicles, 
people at truck stops, and the truck drivers will 
all receive small doses of radiation from these 
shipments. 

Public Health Risk 

A release of radioactive material during transporta
tion accidents will occur only when the package 
carrying the material is subjected to accident forces 
that exceed the package design standards. Although 
the probability of release is small, the consequences 
of such an accident are severe. The public health 
risk factor for each route is determined by multi
plying the accident release probability by the acci
dent consequence. The number affected is considered 
the consequence of the public health risk. Because 
radioactive materials can disperse for relatively 
large distances, it is necessary to examine the 
population along the alternative routes to distances 
of about 10 mi. 

Economic Risk 

The accidental release of radioactive materials 
could also have economic impacts. The release fre
quency measure will be the same as that used for the 
public health risk. The consequences are associated 
with the decontamination costs, which vary with the 
type of property (e.g., farmland, residential, com
mercial, parks, and public areas). 

Seconda r y Factors 

Emergency Response Capabilities 

Quick action by emergency response personnel can 
mitigate the potential consequences of a severe 
transportation accident resulting in release of 
radioactive material. The effectiveness of these 
safety measures depends on the time required for 
emergency response units to reach the accident site. 
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Other factors that also affect the quick response of 
emergency personnel are manpower and equipment 
availability in addition to their level of training. 

A relative ranking system on the basis of city, 
town, or rural or industrial area is suggested to 
evaluate the effectiveness of the emergency response. 

Evacuation Capabilities 

Evacuating those that could be exposed to the radio
active material released is one of the approaches 
for reducing the consequences of such an accident. 
Because the time and effort required to evacuate 
those along route segments are different from site 
to site, an evacuation comparison factor for select
ing the preferred routes is justified. Elements 
contributing to an effective evacuation include 
extent and nature of the threat, the population and 
the type of area to be evacuated (residential com
mercial), means of egress (accessibility), level of 
planning, and effectiveness of implementing these 
plans by responsible authorities. This evaluation is 
simplified by using the relative ranking scheme. 

Location of Special Facilities 

In the route-selection process, it is important to 
give more consideration to certain facilities that 
have sufficient economic or public safety signifi
cance. These facilities might contain populations 
that are large (factories, stadiums), sensitive to 
radiation (children's hospitals, schools), or dif
ficult to evacuate (nursing homes, prisons). 

Parameters that affect the importance of special 
facilities in the route-selection process include 
the radiation dose sensitivity of the people normally 
occupying the facility, the economic importance of 
the facility to the local community, and difficulty 
associated with evacuating people from the facility. 
Relative ranking scales are applied for evaluatinq 
special facilities in relation to these parameters. 
Special facilities would only be considered if they 
are within 5 mi of a route. 

Traffic Fatalities and Injuries 

Accidents caused by trucks carrying radioactive 
materials could bring 'about negative public reac
tions, even though thes~ accidents are not related 
to the radiological nature of the cargo. For that 
reason, it is recommended that a factor be included 
that favors radioactive material shipments on routes 
with low rates of fatal and injury accidents. 

The numerical estimation of this route-comparison 
factor is straightforward. Data on the frequency of 
fatal and injury accidents for general traffic on a 
given segment in terms of number of accidents per 
million miles of travel are multiplied by the length 
of the respective route segment. Then these accident 
values are weighted for the entire route to obtain a 
single factor for each route. 

FRAMEWORK OF ANALYSIS 

In this study the Virginia Electric and Power Company 
(VEPCO) proposed to ship limited quantities of ir
radiated nuclear fuel from Surry to North Anna in 
Virginia. Eight routes, shown in Table 1, were con
sidered as candidate routes for shipment. 

To determine the preferred route and the alterna
tive route for highway shipments of radioactive 
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TABLE 1 Candidate Routes for the Study 

Route I Route 2 Route 3 Route 4 

6SO south 6SO south 6SO south 6SO south 
IO west 10 west 10 west 10 west 
IS6 north I S6 north l-9S north 1-9S north 
S east 5 east 1-64 west 606 west 
155 north I SS north S22 north 208 west 
1-64 west 1-64 west 208 east 6S2 south 
l-29S west I-29S west 6S2 south 700 east 
1-64 west 1-9S north 700 east 
S22 north 606 west 
208 east 208 west 
6S2 south 652 south 
700 east 700 east 

material, a conceptual approach is developed, based 
on the following three principles: 

• Feasibility 
• Evaluation 
• Choice 

The feasibility of a candidate route is estab
lished first. Then all feasible routes are evaluated 
under the same criteria, which would lead to the 
choice of the best feasible route. 

Feas ibility 

A route is feasible for shipment if 

1. It is cleared by the proper authorities [in 
this case, the Nuclear Regulatory Commission (NRC) l 
to be used as a potential route for the shipment of 
radioactive materials, 

2. It is designated or was previously designated 
as a route to be used by overweight and overdimen
sional vehicles, and/or 

3. It has actually been driven by a truck de
signed to carry radioactive materials (dry run). 

All eight candidate routes shown in Table 1 proved 
to be feasible in terms of route geometrics, safety, 
and security. To make sure that the feasihility 
criterion is well established, an empty cask was 
actually carried by the overweight and overdimen
sional vehicle on all the routes and filmed from air 
and ground cameras. 

Evaluation 

In establishing the criteria for evaluating a route, 
three target groups that are influenced by the ship
ment are addressed: 

1. The community at large, 
2. The other traffic using the same route, and 
3. The shipper. 

Community at Large 

One of the important factors to be considered is the 
radiological impact on the community. Radiological 
impacts are those associated with the accidental 
release of radioactive material during transporta
tion and its effect on the surrounding population 
and property. They also include a consideration of 
the effects on surrounding population of low levels 
of ra~iation emitted during accident-free transpor
tation (often called normal exposure). 

The other concern that should be considered from 
~e_ comin_11_nity standpoint is the community structure 
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Route S Route 6 Route 7 Route 8 

6SO south 6SO south 6SO south 6SO south 
10 east I 0 east I 0 east 10 east 
258 south 258 south 32-17-258 west 32-17-2S8 west 
460 west 460 west 1-64 west 1-64 west 
1-95 north 1-9S north l-29S west l-29S west 
1-64 west 606 west 1-64 west 1-9S north 
S22 north 208 west S22 north 606 west 
208 east 6S2 south 208 east 208 west 
652 south 700 east 6S2 south 6S2 south 
700 east 700 east 700 east 

and preparedness, such as emergency response capa
bilities, evacuation capabilities, and the location 
of special facilities. 

Other Traffic Using the Same Route 

Transportation via overdimensional and overweight 
vehicles is a sensitive safety issue, especially on 
two-lane highways where geometric and operational 
character is tics may limit the vehicle's maneuvera
bility as well as increase the delay of other vehi
cles using the same road. For these reasons, the 
highway geometric is also considered one of the 
important factors to be evaluated in this research 
in order to minimize the impact of the overdimen
s ional and overweight vehicles on other traffic. 

The Shipper 

The shipment cost of radioactive material through 
highway systems is of concern to the shippers. This 
cost is usually more than that of a nonradioactive 
cargo because extra security is needed during trans
port of radioactive material. Most cost models esti
mate the truck travel cost based on the travel time 
and travel distance incurred on a route. 

In this study the selection of a preferred route is 
based on the following factors: 

• Radiation risk 
• Nonradiation riak 
• Community structure and preparedness 
• Transportation cost 

The relations between these factors and the target 
groups are shown in Table 2. 

Scenarios were developed to select the best choice 
among the proposed eight routes, which will be de
scribed in the results. 

MODIFICATION OF DOT GUIDELINES 

Introduction 

As stated earlier, the study approach is divided 
into the following factors: radiation risk, non
radiation risk, community structure and preparedness, 
and transportation cost. Modification of the !')QT 
guidelines took place in estimating the public health 
risk, economic risk, special facilities, and emer
gency response, and the roadway geometric factor and 
transportation cost are additional considerations. 
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TABLE 2 Influencing Factors Versus Target Group Concerned 

Influencing Factor 

Radiation risk 
Public heal th 
Economic 
Normal exposure 
Special facilities 

Nonradiation risk 
Roadway geometrics 
Traffic fatalities and injuries 

Community structure and pre-
paredness 

Emergency response 
Evacuation 
Special facilities 

Transportation cost 

Target Group 

Community 

x 
x 
x 
x 

x 
x 
x 

Other 
Traffic 

x 

x 
x 

Shipper 

x 

x 

The DOT guidelines are used for estimating the normal 
exposure, traffic fatalities and injuries, and 
evacuation capability. 

Throughout this study, risk is defined as the 
product of the probability of a hazardous materials 
accident and the consequences of that accident. 
There exist two approaches for assessment of the 
risk. In the first, that for relative risk, one 
route is ~valuated against another. The end result 
of such an assessment is that a particular route can 
only be found to be "better" or "worse" than another 
route. On the other hand, the absolute risk is a 
fixed measure of hazard. Even though it yields more 
information, it requires a much more complex analy
sis and more input data. In this study of route 
comparison, only relative risk is needed to conduct 
the analysis. 

Radiation Risk 

Modifications in the estimation of the radiation
related risks are basically applied to the public 
heal th and economic risks, which will be explained 
in the following sections. 

Public Health Risks from Accidents 

The public health risk factor for each route is 
determined by multiplying the accident release prob
ability estimate by accident consequence. Release 
probability is presented here in terms of the trac
tor-trailer accident rate per 1,000 shipments in 
which the segment's average daily traffic (ADT) 
represents the total set of events from which the 
tractor-trailer accidents are drawn: 

Release probability estimate = number of tractor
trailer accidents per year x 1,000/(ADT x 365). 

llecause it has been proved that the inhalation 
dose of radioactive materials is highly dependent on 
the wind direction, the wind rose data were used for 
each segment of the route as a modification of the 
suggested DOT methodology ( 5) • To achieve the fore
going goal, the population- around a segment of a 
route was considered to be in four quadrants, namely, 
north, south, east, and west. Then the population in 
each quadrant was multiplied by the relevant wind 
probability ratio and by the appropriate release 
consequence measure given in the DOT guidelines to 
obtain an overall release consequence factor. It is 
believed that modifying the DOT release consequence 
measure by the foregoing procedure results in a more 
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realistic and accurate representation of this 
measure. 

Finally, the public health risk measure for each 
route is determined by multiplying the release prob
ability estimated value by the release consequence 
factor for each segment of the route and summing 
them to achieve a final figure of merit. For each 
route segment, the public health consequences are 
calculated as follows: 

4 
l [Pl(i) x W(i) x 0.75 + P2(i) x W(i) x 0.25], 

i 1 

where 

Pl (i) population of 0 to 5 mi in quadrant area 
i, 

P2 (i) population of 5 to 10 mi in quadrant area 
i, 

w (i) wind direction probability in quadrant 
area i. 

The population data were calculated from county 
maps by drawing a perpendicular line at both ends of 
each segment and extending it 10 mi on either side. 

Economic Risks from Accidents 

Economic impacts of accidental release of radioac
tive materials could be very significant. The eco
nomic risk is determined by multiplying the release 
probability estimate (the same as that used for the 
public health risk) by the release consequence, 
which is a function of the type of property along
side the road segment, and by the wind probability 
ratio for respective segments. 

Decontamination costs given in the DOT guidelines 
(~) that correspond to each land use type and level 
of decontamination are used here. The only addition 
is that a decontamination cost has been determined 
for vacant land. The wind factor is added to the 
economic risk in the same way as was done for the 
public health risk. For each segment, the economic 
consequences are calculated as follows: 

4 
l [L(ij)xC(j)xW(i)], 

i 1 

where 

L (ij) 
c (j) 

w (i) 

land use type j in quadrant area i, 
decontamination cost factor of land use 
type j, 
wind direction probability in quadrant 
area i, and 
type of land use. 

Land use data were collected by using the land 
use maps obtained from each county or city under 
QVilluation _ ThQ arQa boundaries alon')side the road
way segment from which the population estimates were 
obtained were also used to determine the land use 
data. 

Special Facilities 

In this study the special-facility comparison factor 
has been divided into two parts. The first part, 
which is influenced by radiation, namely, dose re
sponse and economics, was considered in the previous 
sections. The second part, which deals with evacua
tion of people as a result of an accident, was 
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classified under preparedness and evaluation 
capabilities. 

Relative ranking scales suggested by DOT (2) are 
used in this study to evaluate the special facil
ities on each route by separating the scales of dose 
response and economics and the scales of evacuation. 
The locations of special facilities were obtained 
from detailed county and city maps. 

Nonradiation Risk 

The nonradiation risks are defined as those that are 
not actually related to the radioactive nature of 
the cargo (fatal and injury accidents during trans
portation) and inconveniences and delays to other 
traffic caused by roadway geometric design limita
tions (sharp curves, narrow bridges, etc.). 

The accident data for general traffic along seg
ments of the routes were obtained from the Division 
of Highway Traffic Safety at the Virginia Department 
of Highways and Transportation. The set of geometric 
factors was obtained as a result of observations 
made in actual travel on the roadway segments. 

The DOT methodology was further modified by addi
tion of a roadway-geometrics comparison factor. This 
was done in order to take into account some of the 
disadvantages of rural secondary roads, which usually 
are favored over Interstate highways in the DOT 
guidelines. 

With regard to the truck's operational charac
teristics and its interaction with other vehicles on 
the road, the following geometric factors were con
sidered to be significant and important for route 
selection comparisons: 

• Miles of no-passing zonei 
• Number of right and left turnsi 
• Number of on ramps, off ramps, and toll 

boothsi 
• Number of signalized intersectionsi 
• Number of intersections with two-way and 

four-way stop signsi 
• Number of at-grade railroad crossingsi and 
• Number of narrow bridges. 

Because both the amount of traffic and the length 
of a roadway segment have significant effects on the 
number of geometric limitations, the foregoing fac
tors were weighted by ADT and the length of road 
section as shown in the following formula: 

rI G(c) x ADT]/length, 

where G(c) is the number of geometric factors. 

Community Structure and Preparedness 

There were no major modifications of the DOT guide-
1 ines under the preparedness factor except for the 
new relative ranking of emergency response effec
tiveness, which is assigned for each city or county 
along the proposed route. This was determined by 
contacting every county and city along the candi
date routes. 

Emergency Response Effectiveness 

Because all the factors that influence the effec
tiveness of emergency response personnel are loca
tion dependent, a ranking scale is needed to assign 
values to these parameters based on counties and 
cities. -In this study a relative ranking for coun
ties and cities was established to assess the ef-
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fectiveness of their emergency response. The ranking 
is based on the timely action, personnel availabil
ity, personnel training for encountering the radio
active material, and availability of equipment con
cerned with radioactive materials. The following 
formula is used to determine the emergency response 
effectiveness: 

[~ ~ A (x) x f (x)J /TA, 

where 

A(x) 

f (x) 

TA 

area of county or city (x) in 0- to 5-mi 
band in route section 1, 
emergency response factor in county or city 
(x), and 
total route area in 0- to 5-mi band. 

Transportation Cost 

A model developed for the trucking industry has been 
used here that recommends the following impedance 
factors for estimating the transportation cost: 

1. Travel time impedance factor = 0. 7 x route 
travel time and 

2. Travel distance impedance factor 0.3 x 
route length. 

The travel time was determined by actually driving 
along the proposed routes. The travel distance was 
obtained from a previous safety study done by the 
Virginia Department of Highways and Transportation. 

Because the differences in travel times and travel 
distances along proposed routes for this study are 
not very significant, use of the foregoing model did 
not influence the overall decision. In addition, the 
public response obtained through a questionnaire 
administered to public agencies and local jurisdic
tions gave the transportation cost a very low ranking 
among the influencing factors. 

RESULTS AND CONCLUSIONS 

Introduction 

The results are classified according to radiation 
and nonradiation risk, preparedness, and transporta
tion costs. Because the values for each of these 
comparison factors are calculated in different 
units, simply adding the values would produce mis
leading conclusions. For that reason, the values of 
each comparison factor have to be normalized. Mathe
matically, normalization is carried out by dividing 
each comparison factor by the sum of the values for 
that factor for all the routes being considered in 
the analysis. 

The comparison factors for radiation-related risk 
are given in Table 3. The public health risk for 
routes 1 and 2 is significantly lower than that for 
the rest of the proposed routes. This is because 
these two routes bypass the only major city, Rich
mond, and as a result less population is affected in 
case of an accident. Even though routes 7 and 8 
bypass Richmond, they go through Newport News and 
Hampton, which have a reasonably high population. 

The accident probability of segments of a route 
has a major effect on the magnitude of the economic
r isk comparison factor. The weighted accident prob
abilities for routes 1 and 2 are higher than those 
for routes 5, 6, 7, and 8. Therefore, the economic
risk comparison factors for routes 1 and 2 are very 
high, even though the land development types along-
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TABLE 3 Normalized Comparison Factors for Radiation and Nonradiation Risk 

Radiation Risk 

Public Normal 
Route Health Economic Exposure 

1 .0471 .1252 .1233 
2 .0407 .1273 .1208 
3 .2324 .1556 .1087 
4 .1582 .1442 .1105 
5 .2054 .1190 .1325 
6 .1312 .1077 ,1343 
7 .0957 .1094 .1362 
8 .0893 .1116 .1337 

side these two routes require less expensive decon
tamination costs. 

The elements that influence the normal-exposure 
comparison factor are population density, truck 
velocity, total length of the route, and AT)T along 
each segment of the route. Shorter distances and 
higher speeds on routes 3 and 4, which even go 
through highly populated areas, contribute to lower 
values for the normal-exposure comparison factors 
for these routes. 

For the special-facilities comparison factor, 
routes 1 and 2 are heavily favored. These two routes 
bypass every large city and town and consequently 
are less exposed to major facilities such as hos
pitals, churches, schools, and factories. 

The normalized values of the comparison factors 
for nonradiation-related risks are also presented in 
Table 3. There are basically no significant differ
ences among normalized values for traffic fatalities 
and injuries for all the routes. However, more geo
metric limitations such as narrow bridges, signalized 
intersections, and railroad crossings along routes 
1, 3, 5, and 7 result in higher values of the geo
metrics comparison factors for those respective 
routes. Overall, routes that use more Interstate 
highway systems are favored over the ones that use 
secondary roads because of the high safety and de
sign standards used for the former system. 

Comparison factors for emergency response and 
evacuation capabilities of routes 1 and 2 are sig
nificantly lower than those for the rei<t of the 
proposed routes as shown in Table 4. The elements 
contributing to low values of the preparedness com
parison factors for those two routes are mainly the 
fewer special facilities along these routes and low 
population densities. Because routes 1 and 2 pass 
through counties and no large cities and towns, 
evacuation capabilities along these routes are sig
nificantly better than those along the rest of the 
proposed routes. 

The transportation cost comparison factor depends 
primarily on travel time and travel distance. Be-

TABLE 4 Normalized Comparison Factors for Community 
Preparedness and Transportation Cost 

Community Preparedness Transportation Cost 

Emergency Evacuation Special Travel Travel 
Route Response Capability Facilities Time Distance 

1 .1272 .1112 .0942 .1248 .1212 
2 .1298 .1111 .097 1 .1234 . 1240 
3 .1245 .1330 .1225 . 1066 .1023 
4 .1255 .1316 .1254 .1098 . 1096 
5 .1256 .1350 .143 1 .1307 .1315 
6 .1264 .1338 · .1460 .1343 .1387 
7 .1192 .1222 .1344 .1357 .1350 
8 .1217 .1220 .1373 .1343 .1377 

Nonradiation Risk 

Traffic 
Special Fatalities Roadway 
Facilities and Injuries Geometrics 

.0888 .1344 . !338 

.0925 . 1288 .0852 

.1205 . 1225 .1240 

.1223 .1169 .0760 

.1428 .1307 .1477 

.1446 .1251 .0997 
.1424 .1241 .1910 
.1461 .1176 .1423 

cause routes 3 and 4 go through Richmond and do not 
use the bypass around the city, their travel time 
and distance are much less than those for the re
maining proposed routes. Also, large portions of 
these two routes use the Interstate highway system, 
which enables them to travel at higher speeds. All 
the foregoing factors result in lower transportation 
costs for routes 3 and 4, as shown in Table 4. 

The decision to select the best route depends on 
the priority and degree of importance of each in
dividual category. In order to cover all aspects of 
the problem, it was decided to consider three dif
ferent scenarios. Each scenario emphasizes a certain 
viewpoint and accordingly suggests a preferred route. 

In the next sections, preferred routes under each 
scenario in addition to the reasoning behind that 
specific scenario are detailed. 

Pessimistic Scenario 

In the worst-case scenario it is assumed that radia
tion release from an accident involving a truck 
carrying radioactive material i s probable, and the 
route selection should be primarily based on mini
mizing the impacts of such a release. 

Three radiation-related risk comparison factors 
are influenced by the occurrence of an accidental 
release and accordingly are given higher priorities 
than the other factors. They are the public health, 
economic, and special-facilities comparison factors. 

Table 5 shows the figures of merit calculated for 
the foregoing three factors. As can be seen, routes 

TABLE 5 Results of Scenario Analyses 

Pessimistic Scenario Optimistic Scenario Combined Scenario 

Route Value Rank Value Rank Value Rank 

1 0.261 3 First 0.392 Fifth 0.290 First 
2 0.261" First 0.3 35 Second 0.292 Second 
3 0.509 Eight 0.3 55 Fourth 0.457 Eighth 
4 0.425 Sixth 0.303 First 0.426 Sixth 
5 0.467 Seventh 0.411 Seventh 0.442 Seventh 
G 0.304 Piflh 0.359 Third 0.393 Pifth 
7 0.348 Fourth 0.451 Eighth 0.359 Third 
8 0.347 Third 0.394 Sixth 0.361 Fourth 

aRo utes 1 and 2 are tied for first place. 

1 and 2 are tied for the best preferred shipment 
route • 

A previous study performed by the Virginia Poly
technic Institute and State University for the 
Virginia Department of Transportation Safety located 
sections of the highway system in Virginia that have 
the highest potential for accidents involving haz-
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ardous materials (£_). Two of these sections are 
along I-95, one of which is in Caroline County (one 
of the sections on route 2). In addition, some sec
tions of route 2 are currently under construction 
and repair for widening and will be for the next few 
years. Last, there are higher ADT and total number 
of accidents on route 2. All these drawbacks to 
route 2 lead to the selection of route 1 as the 
preferred route under this scenario. 

Optimistic Scenario 

The assumption under this scenario is that there 
will be no radiation release as a result of an acci
dent involving a truck carrying radioactive material, 
no matter how severe the accident might be. 

The risk comparison factors considered under this 
scenario are normal radiation exposure, road geo
metrics, and traffic fatalities and injuries unre
lated to the radioactive nature of the cargo. The 
figures of merit for these comparison factors are 
presented in Table 5. The transportation cost com
parison factors were not considered under this 
scenario because of the lack of public interest in 
these factors, which was revealed in the results of 
a survey performed for this study. 

As shown in Table 5, route 4 is the best pre
f erred shipment route under this scenario. The re
sults of this scenario should not influence the 
final decision for selecting the preferred route 
because the consequences of the risk comparison 
factors under this scenario are not at all critical 
compared with the consequences resulting from the 
accidental release of radioactive materials. Except 
for the normal-exposure comparison factor, which is 
mainly negligible in this case, the other risk fac
tors are not different from those for any other 
overweight and overdimensional truck on the road. 

Combined Scenario of Risk and Preparedness 

To satisfy the overall objective of the study in 
terms of minimizing radiation release risks and 
maximizing community preparedness, the combined 
effects of the following comparison factors were 
considered in this scenario: 

1. Radiation release risk factors 
a. Public health 
b. Economic 
c. Special facilities 

2. Preparedness factors 
a. Emergency response effectiveness 
b. Evacuation capabilities 
c. Evacuation of special facilities 

These comparison factors were combined and multi
plied by some weighting ratios obtained from the 
results of a questionnaire designed for this study 
and circulated to the representatives of the juris
dictions influenced by the proposed eight routes. 
The values of weighting ratios were 0. 6 for radia
tion-release risk factors and 0.4 for emergency 
preparedness and evacuation factors. 

Results of the analysis under the combined sce
nario are shown in Table 5. 

Conclusions and Recommendations 

Results of scenarios, especially the pessimistic and 
combined cases, suggest that route 1 should be pre-
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ferred over the remaining proposed routes. This 
conclusion was drawn with the goal in mind of mini
mizing the radiological risks of an accidental re
lease of radioactive material from the truck carrying 
the material. The recommended alternative route for 
the northern section of Richmond would be route 2, 
as the results indicate. The alternative route for 
the southern section of Richmond would be route 7. 

The biggest advantage of route 1 is that it by
passes the areas with large population densities and 
as a result min1m1zes the possible radiological 
risk. Even though route 1 is selected as the pre
ferred route for highway shipment of controlled 
quantities of radioactive material, the following 
recommendations are strongly suggested for an extra 
measure of safety: 

1. Two escort vehicles, one in front and the 
other in back of the truck with communication capa
bilities, must accompany the shipment. It is also 
advisable that a radiation specialist accompany the 
shipment in one of the escort vehicles. 

2. Shipment during peak traffic hours should be 
avoided, especially in areas close to cities and 
towns. 

3. The shipment during nighttime, because of 
reduced visibility, should be avoided. 

4. An evacuation planning study for the northern 
and eastern sections of Richmond is highly recom
mended. 

5. Emergency response capabilities for counties 
and cities along the recommended route should be 
improved if they are inadequate. 
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Integration of Hazardous Materials 
Emergency Planning into the 

Small-Town Planning Process 
Rebecca Hessel Garten and Eugene R. Russell 

ABSTRACT 

Kansas State University developed a small-town risk-vulnerability model and 
applied it to 11 small communities in Kansas for validation. A part of this 
study, extensive interviewing of small-town officials, was undertaken to sum
marize their views on the model, its use, and its application. At the same 
time, valuable insight was gained into small-town planning needs in the area of 
hazardous materials emergency planning. A third phase of this study was to 
develop guidelines to assist small towns in hazardous materials emergency re
sponse planning. It was determined early in the study that these towns were 
unlikely to have a separate organization or person to accomplish this planning 
and that for such planning to be workable, it should be integrated with normal 
small-town planning concepts and functions. Riley County, Kansas (RCK), was 
used as a model for emergency response planning and its emergency plan was 
studied and updated. By using what was learned in the RCK plan and in the 11 
small-town case studies, a generalized guide to writing a hazardous materials 
emergency plan for small towns was developed. Small-town hazardous materials 
emergency response planning needs and responsibilities and the rationale and 
proper perspective of integrating hazardous materials planning into traditional 
small-town planning concepts are discussed. A summary of key elements of the 
guide is given. 

In the summer of 1980 a group of researchers from 
Kansas State University, sponsored by the U.S. De
partment of Transportation, traveled to 10 small 
cities in Kansas. These cities included Abilene, 
Alma, Clay Center, Council Grove, El Dorado, Emporia, 
Leawood, Mulvane, Rossville, Wamego, and Westmore
land. They range in population from 598 (Westmore
land) to 25,287 (Emporia) and have a variety of 
types of government and services. Most of the cities 
have volunteer fire departments. All have paid police 
departments. 

Representatives from these cities were interviewed 
about various aspects of hazardous materials emer
gency planning and risk in their cities. Also, at 
this time a survey of the risks facing the city was 
conducted for highway, rail, pipeline, and airline. 
From these data and other information collected 
about the city the risk index was calculated. 

At a later time the cities were revisited and 
were given results from the earlier survey, which 
were discussed as to validity and the city's experi
ence with hazardous materials. To some, the data 
collected quantifying risk was a surprise. For 
others, it reinforced what they had already sus
pected or knew. Some put little faith in the data. 

Because the counts were 1-day samples, some 
thought that the sample was too small. Others did 
not like outsiders pointing out deficiencies in 
their emergency services and planning. For one city, 
however, the fact that the study was done by out
siders gave it more validity, and the data collected 
were used for justification in asking the City Coun
cil for additional funding. 

RURAL AREAS 

From these initial contacts many things were learned 
about emergency response planning, particularly 
hazardous materials planning in small towns and 
rural areas. There is no typical small town. Those 
from urban areas tend to lump all small towns to
gether and think that they are all alike. For this 
project it was determined that the audience included 
areas with a population of less then 40,000. In 
1970, 49 percent of the population of the United 
States lived in places with a population of 49,999 
or less (l,p.20). Ninety-eight percent of the 
"places" as - defined by the U.S. census have popula
tions of 49,999 or less. Therefore, this model has a 
potential audience of more than 71 million persons 
(_!) • 

There are differences in structure and operations 
of small towns. It is recognized that most small 
towns do not have full-time staff for emergency or 
land planning functions, but even without such full
time staff there is much that can be done in small 
towns. 

One of the basic services offered by a small town 
or rural area is fire protection. This may be in the 
form of a volunteer or a paid squad. In either case, 
it is imperative that the squad be trained to handle 
a variety of situations. Because of advances in 
science and developments in the chemical industry 
there are many more chemicals being transported 
through rural areas than there have been in the 
past. "Chemical reactions, airtight structures, and 
plastics represent new problems that require a new 
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level of technical knowledge in a fireman's train
ing" (2,p.15). A survey can be conducted to determine 
which hazardous materials are stored and are trans
ported through the area. From this information, it 
is possible to determine the training needed in an 
emergency. Another facet is the field of prevention . 
In many rural and volunteer fire departments, pre
vention is lacking or at least not a major focus of 
the department. The saying "an ounce of prevention 
is worth a pound of cure" is certainly true in the 
field of fire prevention. 

PROBLEMS FACING RURAL AREAS 

In the past many disasters have affected small towns 
and rural areas. In many cases the resulting damage 
is devastating to the future of the city. This may 
be because of the lack of facilities to deal with 
the emergency and lack of aid from outside the di 
saster center. Nevertheless, the situation is not 
entirely hopeless. It is possible to plan for these 
emergencies but it "is essential that those in local 
government understand the realities of emergency 
planning" (_l). This includes understanding the 
limitations of emergency planning and its capa
bilities. 

Another problem faced by small towns and rural 
areas is funding. Because of limited resources, 
costs of operating the emergency services must be 
kept to a minimum. This is often seen most clearly 
in the volunteer fire departments. It was stressed 
in talking with city officials that this type of 
planning is not necessarily expensive. Part of the 
planning process involves evaluating resources and 
assigning them where the need is most critical. The 
risk-vulnerability survey also gave these cities 
concrete data on which to base their emergency plan
ning. On the basis of the new data, they may he able 
to convince their governing bodies that spending 
priorities should be reexamined. Or they may be able 
to apply for grants from various sources. There are 
also training programs that are sponsored by the 
state and federal government that may be free or low 
in cost. 

REVIEW OF MANUALS 

Over and over in the interv iews it was brought out 
that the cities believed that there was a need and 
wanted to do something about the problem of hazardous 
materials emergencies but did not know where to 
start. The need for a manual for writing a plan was 
strong, and no source s eemed to be filling this 
need. Various manuals had been published, which were 
gathered and reviewed. Two manuals, one published by 
the state of Kansas and one by Rockwell Interna
tional, appeared to be the most significant. The 
state of Kansas has published Guidelines .for l)evel
opment : Hazardous Ma terial Contingency Plan !!l, 
which was written by the Division of Emergency Pre
p aredness of the Adjutant General's Department. The 
introduction to these guidelines states <!l: 

The purpose of this document is to give an 
example of the items necessary to develop a 
useful contingency plan for handling hazard
ous materials incidents/accidents. 

This document is basically a fill-in-the-blanks 
approach to writing a plan. It even goes so far as 
to state that the word "model" on the cover should 
be replaced with the name of the local governmental 
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uniti the result would be Hazardous Material Con
t i ngency Plan for City/County x. 

The deficiency in this guide is that it is too 
easy to fill in the blanks without really looking at 
the planning process and the unique needs of th e 
city affected. Although the introduction states that 
"your plan should reflect the unique capabilities 
and needs of your own particular community" and the 
guide gives some direction in writing the plan, the 
result will probably not reflect the unique needs 
and capabilities of the city. This is dangerous 
because in the event of an actual hazardous materials 
emergency it may not be poss ible for the plan t o 
operate. The resulting document may be totally use
less. 

Another guide that was reviewed is 'Preparing f or 
Envi ronmen t al Emergencies--A Planni ng Guide a nd 
Checklist , written by Rockwell International (~). 
This guide uses the opposite approach from that of 
the Kansas guide. The introduction clearly states 
that this is not a fill-in-the-blanks model plan. It 
also states clearly that "your finished plan, hy 
itself, does not assure that you can cope with 
spills" (~,p.1-2). This approach is much more 
realistic than that of the Kansas guide and is more 
likely to result in a plan that is operational. The 
Rockwell guide revolves around a series of decision 
points, which (~,p.1-4) 

allow the user to decide what parts of this 
guide he needs or wants to use, as well as 
clarify and organize his own assignment, 
goals, and objectives within the planning 
framework. 

A series of questions is posed to guide the 
writer in producing a plan that is unique to hi s 
area's needs. One of the premises of this project 
was that the guide be usable by officials in small 
cities and rural areas, many of whom have no formal 
training in planning. The Rockwell guide appears to 
be deficient in the amount of guidance that it gives 
to such officials. 

An important factor considered was that the pro
cess followed in writing the plan be reproducible by 
those in small towns and rural areas. Since most 
existing guides were geared to large cities, they 
were unsuitable. Rural areas are distinct from urban 
areas i therefore, the planning process must follow 
rural planning principles in order to develop a plan 
specifically for rural areas. 

PLANNING IN SMALL TOWNS 

Just as no two urban areas are the same, there is no 
typical rural area. But some assumptions can be made 
about the rural planning process. First, some of the 
major issues facing rural areas should be reviewed. 

Small towns face the same problems as urban areas 
do--crime and pollution, for example. The difference 
is in how they each define and respond to these 
problems. Some of the more general issues facing 
small towns are "urbanization, in-migration, low 
income, and governance " (!_,p.36). These issues are 
straining the limited resources of small towns and 
can be a serious threat to their future. 

To combat these problems, adequate planning must 
be undertaken. The planner must learn about the 
town's "social structure, local economy, influence 
patterns, and cultural values and norms" (l,p.36) so 
that the resultant plan reflects its surroundings. 

According to Rural and Small Town Planning (§J , 
which is considered a definitive text on small-town 
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planning, there are three phases in the development 
of an effective rural planning program (§_,p.2): 

1. Getting to know the people and the place, 
2, Picking a problem and solving it quickly and 

effectively, and 
3. Selling planning--move to more traditional 

planning areas. 

In this approach the emphasis is on listening and 
thus getting to know the priori ties and problems of 
the area. Although this is important in any type of 
planning process, it is essential in small-town 
planning because the client population is smaller 
and thus there should be more personal contact in 
formulating the plan. The planner will be more visi
ble in a small town and will be closely scrutinized 
by its citizens, especially because it is likely 
that there has been no planner in the community 
before. 

One of the largest problems in planning in rural 
areas is the planner who does not understand the 
rural area and so approaches it with an urban mind
set. Evidence of this is planners who try to use 
techniques and formulas that are designed and scaled 
to urhan areas. Their approach may be highly tech
nical and complex and may involve techniques that do 
not take into account the special capabilities and 
limitations of the client population. For example, a 
formula that the planner wants to use may require 
data that are unavailable because of limits of rec
ord keeping. Some data are not available for small 
towns and rural areas that are available for a 
Standard Metropolitan Statistical Area (SMSA) • In 
this case, a different formula is required or it 
must be adapted to the available data. 

Planning for rural areas has certain inherent 
problems. One of these is the lack of expertise to 
deal with rural development issues and a lack of 
knowledge of emergency planning on the part of local 
officials. There is also a lack of resources to fi
nance the planning. The third major problem is the 
"antiplanning" philosophy of many rural elected of
ficials, coupled with an "antiregulation" philosophy 

Cll· 
Lee Nellis, a planner for Hot Springs County, 

Wyoming, states that there are four reasons for 
rural resistance to planning (]) : 

1. A strong emphasis on private property rights, 
2. Distrust of outside priorities for land use, 
3. Inappropriateness of traditional urban plan

ning tools and attitudes, and 
4. A feeling that planners have little empathy 

for rural values. 

These are valid criticisms of the planning profes
sion and the planning process. That is why this 
project strives to overcome these criticisms by 
developing methods and a manual that can be used by 
small towns and rural areas. 

If the small town is to embrace the planning 
process, it will expect to see something concrete. 
This will probably take the form of physical plan
ning such as a land use plan. In a rural area the 
land use planning process must be sensitive to the 
needs of the local citizens. Rural planner Nellis 
states (!!_) : 

The traditional future land use/zoning map 
approach to planning tends to ignore land
scape features. It also claims a predictive 
value no one will accord it where local 
economy constantly fluctuates in response to 
distant commodity markets and uncontrollable 
weather. 
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The rural planning process must be more sensitive 
to the environment than urban planning. Rural plan
ning must take into account slope, drainage, expo
sure, and soil type. The ability of soils to support 
crops is another important consideration in this 
time of shrinking farmland. 

It has been pointed out (2) that physical plan
ning is not an end in itself but a means for creat
ing an environment that satisfies the social and 
economic objectives of the community. This must be 
kept in mind while the planning process is pursued 
so that the result will be applicable to the area 
being studied. 

Nellis has devised seven principles of rural 
planning. They are based on one fundamental assump
tion, that "rural planning will be successful only 
if it is based firmly in rural values" (!!_) : 

1. Be sensitive. Rural planning should be guided 
by rural values, not by urban values for rural areas. 

2. Try to build planning efforts on traditional 
areas of mutual concern. 

3, Demonstrate a strong, positive orientation to 
local clientele. 

4, Use appropriate planning tools. 
5. Try to get the local planning board or com

mission's task clearly defined as providing leader
ship in planning. 

6. Be patient. 
7. Finally, keep an eye on the details of plan 

enforcement and record keeping and on the ultimate 
quality of local citizen planning efforts. 

Although rural and urban areas are similar in 
some ways, rural planners must be more in tune with 
the needs of the citizens. Often this is the area's 
first exposure to planning and so this will set the 
tone for the future of planning in the rural area. 

PRINCIPLES USED IN WRITING THE GUIDE 

After the information about rural and small-town 
planning had been reviewed, principles to be used in 
writing the manual were developed: 

1. The manual must be such that its use will not 
require specialized knowledge or experience. 

2. The resulting plan must be tailored to the 
needs and capabilities of the area represented. 

3. The manual must not lead the writer into a 
false sense of security by allowing him to merely 
fill in the blanks--this type of plan could be quite 
dangerous if used in an emergency, 

WRITING THE HAZARDOUS MATERIALS EMERGENCY PLAN 

With these principles in mind, the authors have 
written Guide to Writing Your Cities' Hazardous 
Materials Emergency Plan (unpublished). Because of 
the length of the guide and its level of detail, it 
is not included here in its entirety. The guide 
poses a series of questions that will help the 
writer in preparing his own emergency plan. This is 
then followed by a suggested outline for the plan 
and a list of potential groups to be included in the 
operation of the plan. 

The plan will be tailored to the needs of the 
individual community. This will be accomplished by 
using input from members of the community. Although 
it may be necessary to refer to experts for informa
tion and possibly contract with someone to do the 
actual writing, the plan will not be formulated by a 
team of experts who "know what is best for you." The 
plan asks questions and it is up to the writer to 
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formulate answers based on his knowledge of the 
area. If the writer finds many times that adequate 
information is not available, it may be necessary to 
bring in some help. Just going through the process 
(and reviewing it periodically) is an extremely 
important exercise that in itself has numerous bene
fits to a community that has never thought through 
these problems. 

MAIN TOPICS OF THE GUIDE 

The guide contains a set of questions that will lead 
the writer through the planning process in an orderly 
and systematic manner. The following questions are 
the main topics: 

1. Why are we writing the plan? 
2. Who will write and put the plan together? 
3. What area [geographically] will the plan 

cover? 
4. What hazards exist? 
5. What are our capabilities? 
6. What should be included in the plan? 
7. What other plans exist? 
B. Who will update the plan? 

Pa r t 1--Why Ar e We Wr iting t he P l a n? 

This part will help the writer decide why a hazard
ous materials emergency plan is being written and 
the scope of the plan. The reason could be a recent 
accident or incident or it could be an official 
mandate from some upper level of government. This 
could also be part of the overall long-range plan
ning process in the community or it could be part of 
the ongoing emergency planning process. 

Part 2--Who Will Write and Put the Pian Together? 

Part 2 is designed to help decide who will he as
signed the task of actually writing the plan or 
coordinating the writing of the plan by a team of 
writers. If the person or persons assigned to write 
the plan have extensive experience, this guide may 
not be needed. If those assigned to write the plan 
are inexperienced, further preparation will be 
needed before beginning. 

If a group is to write the plan, it is important 
that it not get so large that no progress is made. 
It is also best that one person be designated as 
being in charge. This would not necessarily be the 
person who would be in charge in an actual disaster. 
It may be more effect i ve at this point to have some
one in charge who is good at dealing with people and 
keeping them interested in the task. 

If city or county employees are 
writing the plan, it is important to 
other work responsibilities. They may 
as bothersome and not give it the 
requires. 

charged with 
examine their 
see this task 
time that it 

If a consultant is hired, it is important to be 
aware of the services contracted for. It is neces
sary to be sure that the consultant is not using a 
prepackaged plan that only requires that the name on 
the front be changed. If a consultant is used, it is 
recommended that he meet with a group of local 
citizens who will act as advisors and maintain close 
contact. 

Part 3--What Area Will the Plan Cover? 

The scope of the plan must be outlined and its limits 
must be set at the beginning so that the task does 
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not constantly expand, because this will make it 
impossible to finish the project. Conversely, if the 
geographic limits of the plan are set too narrowly, 
the plan will not be adequate. The dangers that are 
faced may be underestimated or valuable resources 
may be cut out. It is suggested that in a small town 
or rural area the plan cover the entire county. The 
county may be the source of many resources and thus 
a countywide plan may be indicated. It is also ob
vious that emergencies do not stop at man-made 
borders such as city limits or county lines. Mutual
aid agreements for bordering cities or counties may 
become a part of the plan at the time of the writing. 

Part 4--What Hazards Exist? 

Part 4 covers the determination of hazards in the 
affected area. If a hazards analysis has been com
pleted, this should point out what hazards exist and 
what parts of the planning area could be affected. 
If no hazards analysis has been completed, one should 
be done at this point. There are various guides 
available for doing this. One that is designed for 
small cities and rural areas is A Community Model 
for Handling Hazardous Materials Transportation 
Eme rgencies (_2) • 

If an incident has prompted the planning effort, 
the records of the incident should be examined to 
determine the causes of the incident, which can be 
translated into potential hazards. This will also 
give other pertinent information that will be needed 
later in the planning process. 

Part 5--What Are Our Capabilities? 

How to mitigate the effects of a hazardous materials 
incident is determined in this section . This involves 
finding out what capab i lities exist and what capabil
ities are missing in the community. The history of 
previous incidents should be examined to document 
the types of emergencies that have occurred in the 
past and thus are 1 ikely in the future. As many 
sources as possible should be contacted, such as 
newspapers, government reports, weather records, 
police and sheriff's records, the American Red Cross, 
and knowledgeable persons and groups in the area. The 
result may be conflicting information because of dif
ferent perspectives on the events that transpired. 
Organizing and summarizing the data will put things 
in proper historical perspective. 

In the case of a small town or rural area, it may 
be necessary to go outside the immediate area in an 
emergency to meet the needs of the community. This 
is not to be considered a weakness but rather a 
reality. This is the most crucial part of the plan
ning process and so extensive attention must be paid 
to this section. If the area has deficiencies, these 
should be recognized and arrangements made to deal 
with them. Resources from the state or federal level 
may be needed. It may not be cost-effective to invest 
in all the equipment needed if the hazards analysis 
has shown that only a slight hazard exists. It may 
be more reasonable to set up a process for acquiring 
these resources only at the time of an emergency. 

Part 6--What Should Be Included in the Plan? 

A list of suggested sections for the hazardous mate
rials emergency plan is given. It is up to the writer 
to select those sections that are applicable and add 
other sections that may be relevant. The detailed 
section plan contains the following: 
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Emergency response notification 
Record of changes or amendments 
Letter of promulgation 
Foreward or pref ace 
Acknowledgments 
Table of contents 
Introduction 
Emergency response operations 

Notification of spill 
Initiation of action 

Establishment of on-scene command post 
Fire suppression and prevention 
Public safety 
Search and rescue 
Communications 
Traffic control 
Evacuation 
Emergency medical services 
Weather information 

Containment and countermeasures 
monitoring) 

Cleanup and disposal 
Restoration 
Recovery of damages 

(radiological 

Pollution of streams and storm sewers 
Disposal of debris 

Public information 
Follow-up 
Special response operations 

Emergency assistance telephone roster 
Legal authority and responsibility 
Response organization structure and responsibility 
Procedures for changing or updating the plan 
Plan distributidn 
Spill cleanup techniques 
Cleanup and disposal resources 
Laboratory and consultant resources 
Maps of area affected by the plan 
Technical library 
Hazards analysis 
Documentation of spill events 
Training exercises 

This list is not all-inclusive. It should be 
added to or subtracted from by the writer depending 
on the needs of the community. The previously con
ducted hazards analysis will be invaluable in writing 
the plan because it will guide the writer in includ
ing all of the pertinent information. 

Part 7--What Other Plans Exist? 

This plan must interact smoothly with other appli
cable plans, including state and federal ones. There 
should be no overlapping or gaps. 

Part 8--Who Will Update the Plan? 

This could the most important part of the guide. If 
a good plan is written but not maintained, it is as 
if the initial planning process was in vain. Updating 
includes checking phone numbers and personnel at 
regular intervals and may include drills on a regular 
basis. It should be the duty of one of the agencies 
or departments involved in the plan to do the updat
ing as part of their regular duties. If a consultant 
has written the plan, the problem of updating could 
be crucial. This task must be assigned to someone 
who is familiar with the plan and the process used 
to formulate it. 

Appendix A of the guide includes a list of groups 
that may be included in the plan and the roles that 
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they may play. This is included to give those writing 
the plan more direction to the task. Again it is 
stressed that the list should not be copied and 
considered a finished plan. The lists that are in
cluded are to be considered guides or suggestions to 
maintain the proper direction. 

TESTING THE GUIDE 

Since this guide was written it has been presented 
to various groups from small towns and rural areas. 
Some have actually used it to write their emergency 
plan. It is heartening to know that that resultant 
document is useful to the intended audience. It 
shows the value of the previous testing and rewrit
ing. The finished document could actually be used in 
a real emergency. 

It has been found most effective for the guide to 
be used with a training session. A leader meets with 
local officials or representatives from interested 
communities. They bring telephone books, maps, and 
any existing emergency plans from their community. 
At the session, the leader guides the group through 
the manual. At the end of the session, which usually 
lasts 1 day, the representatives have the outline of 
a hazardous materials emergency plan. They then take 
it back to their communities for additional work and 
adoption. 

CONCLUSIONS 

In conclusion, it is believed that this guide takes 
into account the needs of rural planning and an 
understanding of the need for hazardous materials 
emergency planning. The guide can be followed by any 
group without additional training or a high level of 
expertise. These two factors meet the requirements 
for a guide that can be used by the general public. 
This is an important step in mitigating the effects 
of hazardous materials transportation emergencies. 
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Establishing Hazardous Materials Truck 
Routes for Shipments Through the 

Dallas-Fort Worth Area 
Dan Kessler 

ABSTRACT 

The transportation of hazardous materials over streets and highways in the 
Dallas-Fort Worth area has become a significant transportation safety concern. 
Recent accidents involving vehicles transporting such materials have resulted 
in extensive property damage, traffic congestion, serious injury, and loss of 
lives. The occurrence of these accidents heightened local officials' interest 
in addressing this problem. In response to these concerns the North Central 
Texas Council of Governments, working with local governments in the Dallas-Fort 
Worth area, completed in January 1984 a regionwide routing system for hazardous 
materials truck shipments traveling through the metropolitan area. This ap
proach was based on the guidelines established by the FHWA for systematically 
analyzing alternative routes and selecting those with the least amount of risk. 
The process followed to implement the FHWA risk-assessment approach is summa
rized, and the results of the analysis and the steps toward implementation of 
the selected routes are given. 

The purpose of this study is to develop a system of 
regional hazardous materials truck routes for ship
ments through the Dallas-Fort Worth area. This plan 
was developed in response to the need identified by 
local, state, and federal officials for designing a 
regionwide routing system based on the selection of 
the safest available routes coordinated among each 
of the various local jurisdictions. 

Funding to conduct this analysis was provided by 
the Texas State Department of Highways and Public 
Transportation (SDHPT) in cooperation with FHWA. The 
study was conducted by the North Central Texas Coun
cil of Governments (NCTCOG), the metropolitan plan
ning organization (MPO) for the Dallas-Fort Worth 
area. 

BACKGROUND 

In 1978, in an effort to minimize the risk associ
ated with the shipment of hazardous materials 
through the city of Dallas, the Dallas City Council 
amended the city code to restrict such shipments 
through the city to designated routes. This code 
modification also prohibited hazardous materials 
carriers from using certain freeways and tunnels. 
The Dallas routing plan designated the outer freeway 
loop for hazardous materials being shipped through 
the area. In proximity to the Dallas central busi
ness district (CBD), the ordinance prohibits local 
hazardous materials vehicles from using the elevated 
or depressed portions of freeways and the under
ground delivery tunnel system. City of Dallas police 
and fire personnel began signing, monitoring, and 
enforcement of these routes in 1983. 

In 1979 the city of Fort Worth amended existing 
city codes also to specify the loop freeway system 
for through shipments of hazardous materials. The 
routing plan has not yet been signed or implemented 
for enforcement. 

Several studies related to the routing of hazard
ous materials have previously been completed hy 
NCTCOG. A Rail Planning Program for North Central 
Texas was developed in 1980 (1). Although this docu
ment addressed rail transportation issues primarily, 
a final recommendation cited the need to address 
hazardous materials movements by truck in the same 
region. The Regional Industrial Waste Management 
Study, also completed in 1980 (2), documented the 
significant levels of hazardous- industrial waste 
materials that are being shipped via the trucking 
system in the Dallas-Fort Worth area. 

In the fall of 1982, NCTCOG directors held a se
ries of meetings with local police, fire, emergency 
response, health, and transportation officials re
garding all facets of the hazardous materials issue. 
Local representatives expressed a strong interest in 
developing a regionwide program addreccing these 
problems, including transportation. In November a 
regional hazardous materials task force made up of 
local staff members (one member appointed from each 
of the 10 largest cities) was created. The purpose 
of this group was to assist NCTCOG in the develop
ment and implementation of a work program addressing 
hazardous materials management. The work program 
dealt with three subject areas: (a) hazardous wastes 
storage, treatment, and disposal i (b) hazardous ma
terials transportation; and (c) emergency response 
to hazardous materials incidents. 

In the area of hazardous materials transporta
tion, a two-phase approach for addressing hazardous 
materials truck routing was outlined. Phase 1 of the 
approach was aimed at establishing a regional system 
of hazardous materials truck routes for through 
shipments of hazardous materials, such shipments 
being defined as those not having origin or destina
tion points within the Dallas-Fort Worth area. Phase 
2 of this approach is the development of local 
routes within each jurisdiction. The local routes 
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would be designated to serve those shipments with 
terminal locations in each city. 

In the development of the work plan for this 
study, local officials emphasized the immediate need 
to develop a regional through-routing system that 
would be coordinated across all local jurisdictions. 
City representatives indicated that once a regional 
routing system had been established, the local route 
analysis could be completed on a case-by-case hasis 
in cooperation with local staffs. The through-region 
routes could then also be utilized as access and 
egress routes to local routes developed by each city. 

DEVELOPMENT OF AN ANALYSIS METHOD 

The initial task of this study was to develop an 
analysis method for evaluating alternative hazardous 
materials truck routes for shipments through the 
Dallas-Fort Worth area. An approach for analyzing 
and selecting hazardous truck routes based on a 
risk-assessment methodology is outlined in the FHWA 
publication Guideline a for Applying Cri teda to 
Designate Routes for Transporting Hazardous Mater i 
als (hereafter referred to as the FHWA guidelines) 
<ll· This document provided the basic framework for 
evaluating alternative highway routes for hazardous 
materials truck shipments. 

Figure l shows the hazardous materials routing 
method as outlined in the FHWA guidelines. The first 
step in this procedure is to define study issues and 
responsibilities. These include the identification 
of participants, objectives, jurisdiction, and po
tential routes for the analysis. Each of these four 
areas was addressed in the development phase of this 
study along with the type of shipments to be consid
ered and several planning assumptions. 

Study Participants 

NCTCOG was identified as the lead agency to conduct 
this analysis. Assistance was provided by the staffs 

DEFINE ISSUES AND 
RESPONSIBILITIES 

•P1rtlclp1nt1 
•ObJoctlv11 
•Jurlodlcllon 
•Altorn1tlv1 Rou111 
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of local cities in the region, snHPT, and FHWA. In 
order to gain input from all levels of government 
and the trucking industry, a technical committee of 
40 members was established to review the project at 
key points in the study. This committee was made up 
of local representatives from transportation plan
ning and emergency response offices of major cities 
in the reg ion, SDHPT, FHWA, the nallas-For t Worth 
Council of Safety Professionals, area trucking 
firms, trucking interest groups, and the previously 
established NCTCOG Hazardous Materials Task Force. 

Objective 

The objective of this study was to develop a system 
of regionally coordinated hazardous materials truck 
routes that would reduce the potential exposure of 
individuals to an accidental release of hazardous 
materials transported on public roadways through the 
Dallas-Fort Worth area. 

Jurisdiction 

The jurisdiction for this routing study was the 
Dallas-Fort Worth metropolitan area, which includes 
all of Dallas and Tarrant counties and a small por
tion of the counties immediately adjacent to Dallas 
and Tarrant. This area corresponds to the Intensive 
Study Area (ISA) , a geographic area designated hy 
the MPO and used for all regional transportation 
planning. 

Planning Assumptions 

Several assumptions were made with regard to the 
implementation of this risk-assessment analysis, the 
first being that the designation of hazardous mate
rials truck routes for shipments through the region 
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FlGURE 1 FHWA hazardous materials routing procedure (3). 
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was a regional issue and should be addressed from a 
regional perspective. In doing so, the recommenda
tions of this study must serve to enhance the safety 
of the entire region and not that of a single inter
est group or community. 

Second, it was assumed that an acceptable route 
or set of routes for all hazardous materials being 
transported in conformance with federal safety regu
lations could be designated through the region. 

Finally, it was assumed that the risk-assessment 
approach would identify those routes with the least 
amount of risk as defined by the FHWA guidelines in
dependent of information regarding the frequency, 
type, or volume of hazardous materials shipments 
traveling through the region. 

Type of Shipment Considered 

Clearly various levels of risk can be associated 
with different quantities and types of shipments. 
However, in order to establish a uniform regional 
routing system, it was decided that any vehicle 
transporting hazardous materials through the ryallas
Fort Worth area in sufficient quantity to require 
placarding as set forth by the U.S. Department of 
Transportation regulations would be suhject to the 
through-region routes. This includes, hut is not 
limited to, those shipments identified in Table 1 of 
the Code of Federal Regulations (CFR 49, Section 
172.504). These are Class A Explosives, Class B Ex
plosives, Poison A, Flammable Solid, and Radioactive 
Materials. Also included are all other hazardous 
materials, found in Table 2 (CFR 49, Section 
172. 504) , that require placarding, including those 
materials transported in bulk-cargo tankers with a 
capacity of more than 110 gal. 
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Alternative Routes 

The identification of routes to be evaluated as al
ternatives in this analysis was completed in the 
initial phase of this study. Four criteria were es
tablished for designating this initial network: 

1. All freeways (i.e., controlled-access facili
ties) should be considered as potential through 
routes, 

2. Potential through routes entering and leaving 
the metropolitan area should serve as direct paths 
to other major metropolitan areas or the Interstate 
system and remain on controlled-access facilities 
wherever possible, 

3. Freeway-to-freeway travel movements not 
served by direct ramp connections should be in
cluded, and 

4. Potential through routes should not include 
existing tollroad facilities and noncontiguous free
way facilities. 

Figure 2 shows the network examined in this analysis. 
Once the preliminary network had been estab-

1 ished, the criteria-application phase as shown in 
Figure 1 began. An initial screening of the network 
was done to eliminate alternative routes on the 
basis of mandatory or nonreconcilable factors, which 
included any physical constraints such as weight 
limitations on bridges, height restrictions on over
passes, inadequate shoulders for breakdowns, and ex
tensive construction. The majority of the network 
used for this study included Interstate facilities 
or major freeway facilities built to Interstate 
standards. None of the preliminary network was elim
inated in the initial screening process on the basis 
of physical constraints. 

Legal constraints such as regulations regarding 
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bridges and tunnels were also reviewed for the net
work. Although both Dallas and Fort Worth had estab
lished hazardous materials truck route ordinances as 
previously described, these regulations were not 
used to eliminate potential network alternatives. No 
other legal constraints were identified to eliminate 
any of the network. 

RISK-ASSESSMENT METHODOLOGY 

On the basis of the FHWA guidelines, the risk asso
ciated with hazardous materials shipments on a road
way segment may be calculated by estimating the 
probability of an accident on that segment and the 
consequences of tbat accident should it occur. These 
two variables, accident probability and accident 
consequence, may then be combined to establish a 
total risk measure referred to as the "population 
risk." This numerical value is determined by multi
plying the probability of an accident by the poten
tial consequence of that accident for each link seg
ment in the network. By summing these link specific 
risk measures along each alternative route, a total 
risk value can be established for each route. The 
route with the lowest risk value may then he deter
mined. The FHWA guidelines suggest that this value 
be the primary criterion in the route-selection pro
cess. The guidelines also note that these risk 
values are not particularly meaningful as absolute 
numbersi it is the relative difference in the risk 
values that is used to differentiate the routes. The 
following discussion summarizes the accident prob
ability, consequence, and total risk calculations 
used in the risk-assessment application to the 
Dallas-Fort Worth region. 

Implementing the FHWA risk-assessment method on a 
regional scale for the Dallas-Fort Worth area en
tailed the analysis of approximately 500 mi of free
ways over a 2,600-mi' area. Although the FHWA 
guidelines provide the user with a set of worksheets 
for manually entering the data and performing the 
necessary ' calculations, it was determined at the 
outset of this study that manually performing this 
analysis on a regionwide scale would be extremely 
tedious and time-consuming. 

In addition, much of the detailed freeway network 
and demographic information required to implement 
the FHWA risk assessment was in place and being used 
in the NCTCOG Multimodal Transportation Analysis 
Process (MTAP), a set of computer programs used for 
travel demand forecasting. Hence, in order to con
duct this analysis on a more efficient basis and to 
reduce opportunities for human error in the detailed 
and repetitive calculations needed, the FHWA risk
assessment approach was developed into a series of 
computer programs compatible with the regular travel 
demand modeling process. 

Accident Probability 

The probability of a hazardouc matcrialo accident io 
the likelihood or chance that a vehicle carrying 
hazardous materials will be involved in a roadway 
accident. The FHWA guidelines provide a formula for 
calculating accident rates for all vehicles operat
ing on a freeway on the basis of facility type and 
average daily traffic. A constant value to adjust 
the all-vehicle accident probability to equal the 
accident probability of a vehicle transporting haz
ardous materials is also provided. These equations 
are recommended when data to derive local estimates 
are not available. 

In this application to the Dallas-Fort Worth 
area, truck accident data were provided by SDHPT for 
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all the freeways in the region. These data consisted 
of the total number of tractor-semitrailer truck 
accidents for 1980, 1981, and 1982 summarized by 
0. 5-mi segments. For each study segment an annual 
total number of truck accidents was developed and 
formulated into accident rates by combining the ac
cident data with estimates of total annual traffic 
volume for the corresponding segment. 

The accident rates are expressed as the total 
number of truck accidents per million vehicles (all 
vehicles). According to the FHWA guidelines, the ac
cident probability is determined by adjusting the 
accident rate to reflect the amount of exposure that 
a vehicle experiences. Hence the accident rate for 
each segment was adjusted by the segment length to 
obtain an accident probability (accidents per vehi
cle mile) for each segment. The accident -probability 
formula is as follows: 

Probability of an accident on Segment I = annual 
number of truck accidents 1/(annual number of 
vehicles 1 * link length 1 ). 

As illustrated in the following example, a free
way segment 0.7 mi long with an annual traffic esti
mate of 44,200,000 vehicles (130,000 vehicles per 
day times an annualization factor of 340) and 26 
truck accidents per year has an accident rate of 0.5 
accident per million vehicles and a probability of 
0.8 accident per million vehicle miles: 

R1 = (26 truck accidents/44,200,000 vehicles), 
Rr = • s x lo-6, 
P 1 = 26 truck accidents/(44,200,000 vehicles x 0.7 
mi), 
Pr 
PI = 

.B x 10-6 accident/vehicle mile, and 

.8 accident per million vehicle miles. 

The accident probability values for each of the 
2,800 link segments that determined the freeway net
work were then posted on the NCTCOG network link 
file for input into the risk calculation. 

The FHWA guidelines provide a factor to adjust 
all-vehicle accident probabilities to estimate the 
probability of a hazargous materials accident. This 
factor of 2.3 x 10- is based on the national 
ratio of hazardous materials accidents to all vehi
cle accidents for 1973 through 1978. This adjustment 
factor was not applied to the accident probabilities 
in the Dallas-Fort Worth study. Because the factor 
would have been applied uniformly across all poten
tial routes, no additional detail would have been 
introduced to the study. In addition, no adjustment 
factor is provided by FHWA to adjust a truck acci
dent rate. The purpose of using truck accident rates 
was to represent the relative risk of alternative 
routes based on the historical frequency of all 
tractor-semitrailer truck accidents. 

Accident Consequence 

1\ccording to the PIIWA guideline~, the con~equence~ 

of a hazardous materials accident or spill may be 
estimated for both exposure to population and prop
erty. For this application only exposure to popula
tion and employment were estimated in the conse
quence analysis. Data were not available on a 
regional scale to estimate potential property damage. 

The potential impact area for a hazardous materi
als release will depend on the class of hazardous 
material that is being considered. A review of 
available literature regarding hazardous materials 
impact areas and recommended evacuation distances 
revealed an impact range with a radius varying from 
0.25 to more than 2 mi, depending on the material, 
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severity of spill, and atmospheric conditions pres
ent at the time of the accident. Information regard
ing the types and quantities of hazardous materials 
being transported through the Dallas-Fort Worth 
region was not available. An annual analysis of wind 
direction and speed revealed significant seasonal 
variations. For these reasons a worst-case exposure 
area was used for this analysis with an impact area 
radius of 2 mi. As recommended by the FHWA guide
lines, this distance was held constant throughout 
the study. 

In order to estimate the potential consequences 
of a hazardous materials accident on the Dallas-Fort 
Worth freeway system, a FORTRAN computer program was 
developed. The program, given the coordinates for 
each of the 2,800 link segments that made up the 
potential freeway routes, calculates the geographic 
impact area that falls within a 2-mi distance of 
each freeway segment. The program then determines 
the analysis zones that fall into a link impact area 
and sums the population and employment for those 
zones in the impact area of each link. 

Although the concept of estimating population and 
employment for each link segment is outlined in the 
FHWA guidelines, an important change was made in 
this risk-assessment application regarding the cal
culation of the accident consequence. In order to 
take into account the length of each link or route 
segment in the estimation of the impact area, the 
total population and the total employment found to 
be within an impact area of a link were multiplied 
by the length of the link segment. The resultant 
measures are expressed as population exposure miles 
and employment exposure miles. This concept is sim
ilar to that used in calculating vehicle miles of 
travel in the accident probability equation in which 
the number of vehicles on a link is multiplied by 
the link length. The formula and computer program 
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developed to calculate exposure miles were designed 
to estimate the value equally on link segments of 
varying length. This problem of analyzing al terna
tive route segments of different lengths is not ad
dressed in the FHWA guidelines. 

Once the total population exposure miles and 
total employment exposure miles had been calculated 
for each link, the values were posted on the network 
file and used to estimate the total risk factor for 
each link segment. 

Risk Assessment Calculation 

The accident probability and the potential conse
quence measure for each link segment are multiplied 
to produce a total risk factor. Summing across all 
network links produces a total risk value for each 
alternative route. In this study the total risk fac
tor for each route segment was defined as follows: 

Total Risk1 = accident probability! x sum of the 
population and employment exposure miles1 • 

The total risk factor for each link segment was cal
culated in a computer program and posted on the net
work link file. 

In order to identify those routes for hazardous 
materials shipments through the nallas-Fort Worth 
area, a minimum-risk path a lg or i thm was developed. 
Twelve entry or exit points to the region were iden
tified on Interstate or state highways as shown in 
Figure 3. The freeway network designated as poten
tial through routes was then read into a minimum
r isk path algorithm along with the accident proba
bility, accident consequence, and total risk measure 
for each network link. 

The minimum-risk path algorithm was based on the 
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NCTCOG-MTAP travel assignment program similar to the 
program UROAD in the FHWA-UMTA Urban Transportation 
Planning System (UTPS) • This is a path-building pro
gram based on the minimum-path impedance. When it is 
used for travel assignment, the highway paths are 
selected on the basis of a combined minimum imped
ance of travel time, travel distance, and tolls. 

In order to use the path-building approach to 
select the minimum-risk routes, the time distance 
and toll impedance on each link used for travel as
signment were replaced by the total risk factor for 
each link. The program then calculated the least
risk paths from all entry or exit points to all 
other entry or exit points on the basis of minimiz
ing the total risk. 

The routes that had the highest frequency of use 
for travel between each of the 12 entry or exit 
points would then represent the least-risk paths. A 
significant concern of this approach was the possi
bility that a large variation of least-risk paths 
would occur on the basis of the origin entry or exit 
point and the destination entry or exit point. This 
would, in turn, make it difficult to establish a set 
of routes with any uniformity on the basis of this 
analysis. 

The resulting minimum-risk paths are shown in 
Figure 4. Those chosen were the outer-belt loops of 
Interstate 635 and I-35E (Loop 12 and Spur 408) in 
Dallas County i the outer loop of I-820 and I-20 in 
Tarrant Countyi and I-20 providing the east-west 
connection between the loops. A summary of the fre
quency with which these routes were chosen revealed 
that of the possible 132 paths selected from each of 
the 12 exit or entry points to all other entry or 
exit points, the routes shown in Figure 5 were 
chosen on 128 occurrences. In four instances, State 
Highway (SH) 183 between I-35E and I-820 was chosen. 

In order to establish the relative benefit of 
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both designating the least-risk paths or not desig
nating routes and the potential amount of circuity 
that a routing system would create for hazardous 
materials shipments as recommended by the FHWA 
guidelines, a set of minimum-distance routes was 
calculated. These routes, referred to as the base
case analysis, were chosen as a means of measuring 
the impact of routes currently being used by trucks 
under no restrictions because data were not avail
able regarding the relative frequency of hazardous 
materials shipments on specific freeways through the 
Dallas-Fort Worth region. Using the minimum-distance 
routes as a comparison was based on the assumption 
that hazardous materials carriers would elect to 
minimize their travel distance when traveling 
through the metropolitan area. In reality, however, 
it is likely that shippers are more sensitive to 
travel time, traffic congestion, and safety as op
posed to only minimizing travel distance. This would 
indicate a greater likelihood for hazardous materi
als shipments to use the Interstate loops around 
Dallas and Fort Worth as shown in the least-risk 
paths. 

Figure 5 shows the minimum-distance routes. As 
shown, the majority of the freeways are used for 
minimum-distance routes between each entry and exit 
point. A summary of the risk-assessment process com
paring minimum-risk paths with minimum-distance 
routes is shown in Figure 6. 

RESULTS OF RISK ASSESSMENT 

Table 1 provides a summary of this risk-assessment 
study comparing the results of the base case (min
imum-distance routes) and the minimum-risk paths. As 
shown, the cummulative total risk of 42,884,000 ex
perienced in the base-case analysis is reduced by 62 
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percent when minimum-risk paths are used. 
A second means of measuring the benefit of the 

minimum-risk paths was to compare the total popula
tion and employment exposed along the minimum-risk 
paths versus that for the hase-case minimum-distance 
routes, as shown in Table 1. In the base case, more 

than 72 percent of the region's population and 86 
percent of the reg ion's employment fell into the 
2-mi exposure band along the minimum-distance route. 
Implementing the minimum-risk paths reduces the 
amount of population exposed by 47 percent and em
ployment by more than 80 percent. 
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TABLE 1 Summary of Risk Assessment 

Base Minimum- Percent 
Performance Measure Case3 Risk Paths Change 

Total risk 42,884,000 16,336,000 -61.9 
Total population exposed 1,931,000 1,018,000 -47.3 
Metropolitan area population 

exposed (%) 72 38 -47.3 
Total employment exposed 1,197,000 231,000 -80.7 
Metropolitan area employment 

exposed (%) 86 17 -80.7 
Circuity (vehicle miles of travel) 3,543 7,658 +116.1 

3 Minimum travel distance , 

The FHWA guidelines recommend that a measure of 
circuity be estimated to represent a generalized 
measure of the added travel costs associated with 
selection of the minimum-risk path. Circuity is de
fined as the ratio of the minimum-risk path length 
to minimum-distance route length. For this applica
tion the sum o f the minimum-risk path distance from 
each entry or exit point to all other entry or exit 
points was divided by the sum distance of the min
imum-distance routes. The result, expressed in vehi
cle miles of travel (Table 1), indicates that utili
zation of minimum-risk paths would increase circuity 
by 116 percent, meaning that on the average ship
ments would be required to travel more than twice as 
far. As was mentioned before, however, this assumes 
that truck shipments today are using the minimum
d istance routes as opposed to the more likely case 
of using outer-belt freeways to minimize travel time 
because of congestion effects and to avoid the 
higher-accident locations near the Dallas and Fort 
worth CBDs. 

The final measure considered in this analysis was 
the ratio between the change in the total risk 
value, 2.625 (i.e., benefit, determined by dividing 
total risk of minimum-distance routes by total risk 
of minimum-risk paths) , and the change in the amount 
of circuity, 2.161 (i.e., cost, determined by divid
ing total vehicle miles of travel of minimum-risk 
paths by total vehicle miles of travel of minimum
distance routes), added as a result of the minimum
risk paths. These values are greater than 1.0, which 
implies a positive benefit as a result of the min
imum-risk paths when the value of risk is assumed to 
be equal to that of circuity. Restating, the analy
sis showed that for a reduction of 2.625 units of 
risk, the additional amount of circuity or cost 
equaled 2.161 and the cost-benefit ratio was 1.21. 

The ideal measure for this comparison would be a 
cost-benefit analysis based on dollar value. To do 
such an analysis, however, would require specific 
data regarding the frequency of hazardous materials 
shipments on each freeway facility. This information 
was not available for the study. 

SUBJECTIVE CRITERIA 

As shown in Figure 1, the FHWA guidelines provide 
for the optional application of subjective criteria 
to reflect those factors that are not quantified in 
the risk assessment. These factors may be applied to 
cases where no single alternative is clearly supe
rior to the others. In this application to the 
Dallas-Fort Worth area, given the results of the 
risk assessment, there did not appear to be a need 
to examine subjective criteria in detail. 

An initial exercise completed on the part of the 
technical review committee was to rate those cri
teria, many of which fell into the category of sub
jective factors, that they determined to be impor-
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tant in establishing hazardous materials truck 
routes. Those rated highly, including exposure to 
population and employment, were emergency vehicle 
access, proximity to population with special evacu
ation needs, and proximity to municipal water sup
plies. Traffic congestion, proximity to environ
mentally sensitive areas, and exposure to special 
activity centers were also rated. 

Although no attempt was made to weigh or quantify 
these additional factors into the risk assessment, a 
number of overlay maps were used to examine the lo
cation of all fire stations, hospitals, schools, 
shopping centers, and water supply reservoirs in the 
region. The results of this process indicated that 
the majority of routes through the region fell into 
areas served by various municipal fire departments. 
Each of the alternative routes affected numerous 
hospitals, schools, and activity centers. 

At a regional level it was therefore determined 
that exposure to population and employment served as 
the appr.opr iate measure for these factors. However, 
it was noted that should a set of regional routes be 
established, it would be essential for local munici
palities to address the need for additional emer
gency response capabilities and risk-prevention mea
sures as each of these factors relate to recommended 
routes. 

In January 1984 the results of the risk-assess
ment study were presented to the review committee 
established for this study. The technical review 
committee supported the use of the minimum-risk 
paths as the through-region routing plan. Clearly, 
the risk-assessment analysis supported previous ac
tions by the cities of Dallas and Fort Worth to es
tablish the outer freeway loops as through routes 
for hazardous materials shipments. The designation 
of I-20 connecting the two outer loops and serving 
as the major east-west corridor received support 
from the committee, not only because of its lower 
risk value but also because of lower traffic volumes 
and lack of congestion. No attempt was made to fur
ther evaluate the freeway segments outside of the 
Interstate loops to the boundary of the study area 
because these segments are needed for access to the 
region. 

At the outset of this study considerable concern 
was recognized regarding the impact on the suburban 
communities of designating the outer freeway loops 
surrounding the cities of both Dallas and Fort 
Worth. All the suburban communities who took part in 
the study review process agreed with the study find
ings. Many of the suburban representatives commented 
that although they were concerned from an emergency 
response standpoint about the presence of the route 
through or adjacent to their community, they recog
nized that a route must be provided. Finally it was 
recognized that by designating the routes, a point 
had been reached of knowing where the shipments 
should be and thus the assessment of emergency re
sponse capabilities and determination of risk-reduc
tion measures along each route could begin. 

Following approval of the minimum-risk paths by 
the technical committee, the study results and pro
posed routing plan were presented to and approved by 
the NCTCOG Hazardous Materials Task Force, the 
NCTCOG Executive Board, and the Regional Transporta
tion Council. The results of this study were sub
mitted to SDHPT and FHWA. Once their a ppr ova 1 has 
been received, implementation of the regional rout
ing system by the local governments in cooperation 
with the SDHPT and FHWA is expected. 

CONCLUSION 

The safe transport of hazardous materials requires a 
coordinated approach by all levels of government--



Regional Problems 

local, state, and federal--as well as involvement on 
the part of shippers and transporters. In this ap
plication each of these parties was essential in 
formulating the risk-assessment approach and devel
oping a regionwide routing system. 

This study provided a systematic means of compar
ing alternative routes for hazardous shipments 
through the Dallas-Fort Worth area and resulted in 
the selection of routes on the basis of minimizing 
the potential risk. The FHWA guidelines provided the 
basic framework for completing this analysis with 
several modifications required for the local appli
cation. 

A significant amount of effort is still needed to 
implement this routing plan, which will require a 
uniform set of guidelines for signing and enforce
ment. NCTCOG recently completed a hazardous materi
als emergency response directory that provides a 
summary of each local municipality's capabilities 
for responding to a hazardous materials incident. 
The individual cities and the region should examine 
the additional need for emergency response capabili
ties in light of the routing plan <!l • 

Finally, the interaction brought about between 
the various levels of government, the trucking in
dustry, and project staff provided an open forum for 
discussion of many of the complicated yet related 
issues regarding hazardous materials transportation. 
Designating routes for hazardous materials shipments 
is only one means of reducing the potential risk. 
Clearly, programs involving vehicle inspection and 
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maintenance, vehicle operator training and licens
ing, and upgraded emergency response capabilities 
should be pursued to reduce the risk and improve 
public safety. 
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Hazardous Materials Safety Through Research: 
The South African Experience 

J.C. Hillman 

ABSTRACT 

The Department of Transport of South Africa funded a 3-year research project, 
performed by the National Institute for Transport and Road Research, to examine 
the current safeguards in the road transportation of hazardous materials, iden
tify any problem areas or potential hazards, and recommend the action that 
should be taken by both the public and private sectors in order to reduce the 
likelihood of a major disaster. An initial investigation soon highlighted the 
lack of legislation in South Africa controlling transportation activities for 
most of the classes of hazardous materials. The legislation that did exist, 
such as municipal flammable liquids bylaws, was far from comprehensive and 
extraordinarily nonuniform in such critical areas as the definitions of flam
mability classes and the maximum permitted carrying capacities of road tankers. 
The priority task was to identify those factors that could be rendered less 
er i tical by the short-term introduction of relatively simple legislative con
trols. The lack of formalized driver selection and training procedures and the 
haphazard placarding of road tankers were selected as the ones that most 
closely fitted these requirements. An ad hoc committee was convened to discuss 
the most suitable solutions from which proposed regulations were eventually 
drafted for inclusion under an existing statute--the Hazardous Substances Act. 
An incident-reporting requirement was included with the proposed regulations to 
enable the authorities eventually to assess the true extent of the problem and 
identify any common causes. The research approach to the problem is described 
and also how the recommendations based on the findings are gradually being put 
into practice through either legislation or voluntary operating procedures that 
have been formulated as a cooperative effort between the authorities, the in
dustry, and various research and safety organizations. Current research topics 
such as routing and information systems are discussed, as are future plans for 
examining tanker construction and associated safety fittings. Because South 
Africa still lags far behind much of the Western world with regard to the con
trol of hazardous materials transportation, many of the measures taken are 
adaptations of overseas practice, but some, together with the problems that 
they are intended to solve, although very much peculiar to this country, could 
well find application elsewhere. 

The growth and increasing sophistication of South 
African industry have resulted in a continuously 
rising demand for complex chemicals and petroleum 
products for use as feedstocks and processing 
agents. Chemicals that were unheard of outside of a 
laboratory 20 years ago are now being used in con
siderable quantities by the pharmaceutical, plas
tics, paint, and mining industries. Many of these 
substances are hazardous to man or his environment 
and are transported by road because of the conve
nience of door-to-door delivery and the absence of 
certain controls applied by the other modes of 
transport. South Africa's unenviable road accident 
record, coupled with the increasing capacities of 
road tankers carrying such hazardous materials, has 
exposed this country to the very real threat of a 
major hazardous materials disaster. 

A spate of international hazardous materials di
sasters in 1978, including the Spanish liquid pro-
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pane gas tanker explosion that claimed 200 lives 
coupled with a spectacular fire in Durban caused by 
the rollover of a tanker carrying cyclohexane, promp
ted the South African authorities to review criti
cally their involvement in the provision of adequate 
safeguards for this type of transportation. 

The Department of Transport subsequently funded 
an initial 3-year project that was to investigate 
this situation, highlight any inadequacies, and rec
ommend what action should be taken in order to make 
this activity as safe as humanly possible. The proj
ect was given to the Safety Branch of the National 
Institute for Transport and Road Research (NITRR), 
one of the larger members of South Africa's Council 
for Scientific and Industrial Research, where, be
cause it was believed that road tanker design and 
maintenance was probably a major issue, the task was 
assigned to the Vehicle Safety Group. 

The aim of this paper is to describe the research 
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approach used for the project, examine the six is
sues selected as being critical, and indicate what 
progress has been made in dealing with them. 

PRELIMINARY INVESTIGATION 

Before a research plan could be formulated it was 
fii:st necessary to have a clear understanding of 
what the project was trying to achieve, what the 
current situation was, and why existing controls 
were unsatisfactory. In effect this required the 
definition of a hazardous materials incident, that 
is, that which needed to be prevented; an assessment 
of the current rate of occurrence of such incidents, 
that is, the magnitude of the problem; and a review 
of current legislation to ascertain the potential 
for improvement. 

Definition 

It soon became apparent that evaluating safety in 
road transportation of hazardous materials involved 
more than examining the on-road aspects of such 
cargos. Faulty loading procedures, for instance, 
could subsequently lead to an incident on the road 
and therefore had to be considered part of the 
transportation chain. For this and other reasons it 
was decided to include all activities involving a 
hazardous cargo from initial vehicle loading to 
final discharge. A hazardous materials incident was 
deemed to mean any situation that either resulted 
from the unintentional release of a product or sub
stantially increased the likelihood of such an 
event. A road accident involving a vehicle carrying 
hazardous materials would invariably be classed as 
an incident under this definition, whereas the ob
verse would not be true. 

Occurrence 

Assessing the rate at which hazardous materials in
cidents had occurred in previous years proved ex
tremely difficult. Newspaper files contained details 
of only those incidents that involved loss of life 
or extensive property damage, and fire department 
records listed only those that had required some 
form of emergency service. In both cases it was ap
parent that few such incidents had been reported and 
those that had usually involved a road tanker carry
ing petrol or some other flammable liquid. These in
cidents were usually deemed noteworthy not because 
of any ensuing conflagration but because the local 
fire brigades covered the tankers with foam as a 
precautionary measure, the result of which was cer
tainly an unusual sight for passing motorists. 

Limited access to company loss-prevention records 
told a much different story. By definition those 
companies that maintained · such records had a re
sponsible attitude toward incident prevention and 
yet they had experienced some alarming occurrences, 
cases such as the disappearance of 25 000 L of con
centrated sulfuric acid en route between Johannes
burg and Kimberley and the total loss of 30 000 L of 
spent cyanide solution because of a tanker rollover. 
Such incidents had never become known to the author
ities or the media because no one had been killed or 
injured and the companies concerned had been able to 
clear up the mess where required. The situation with 
companies that would not allow access to their rec
ords or did not maintain such statistics miqht not 
have been any worse, but it was most unlikely that 
it was any better. 
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Legislation 

A literature review of all relevant legislation soon 
revealed that there was little or no control over a 
majority of the classes of hazardous materials con
veyed by road. Indeed, as one advisor pointed out, 
there were volumes of regulations covering the 
transportation of milk but not a page on the car
riage of cyanide solution. 

At the time only two classes of hazardous sub
stances were controlled by South African law--explo
sives and radioactive materials--both of which were 
strictly controlled and the laws actively enforced. 
Nevertheless, accidents had occurred and the legis
lation was continuously reviewed and amended in ef
forts to prevent further occurrences. 

Flammable liquids, usually taken to mean petro
leum products, were subject to municipal bylaws, but 
not all municipalities had such laws and there was a 
wide variation among those that did in relation to 
tanker capacities and the definition of flammabil
ity. The oil companies whose vehicles could travel 
through several such municipalities on one trip were 
more than anxious to see the situation standardized. 

The Road Transportation Act had deregulated some 
aspects of transportation by allowing public and 
private haulers to operate without permits within up 
to 40 and 80 km of their respective bases. For 
greater distances a permit was required from the 
Transportation Boards, who were required to satisfy 
themselves that any motor vehicle referred to in the 
permit was suitable for the class of road transpor
tation for which it was to be used. Although this 
requirement appeared to be an effective means of 
restricting hazardous materials transportation to 
the properly equipped haulers, it was rarely, if 
ever, applied. 

Finally there was the Department of Health's Haz
ardous Substances Act, which, although primarily 
aimed at controlling consumer goods, empowered the 
Minister to make regulations "authorizing, regulat
ing, controlling, instructing or prohibiting the 
transportation of any grouped hazardous substances." 
This aspect made the act the most suitable medium 
for the introduction of any new regulations, and 
contact with the department was immediately estab
lished to further this very matter. 

DETAILED RESEARCH 

In the best traditions of research, the next step 
was to ask the people who knew, or at least should 
have known, what the problems were and what their 
possible solutions were. The responses received to 
this approach were as many and as varied as the in
terests questioned. 

• Central government suspected that there might 
be a problem but had no facts and figures to support 
this supposition, besides which insufficient staff 
and facilities were available to draft and police 
any new controls. 

• The fire services complained of dealing with 
unidentified loads and numerous spillages resulting 
from inadequate containers and associated valving. 
They also believed that vehicles carrying dangerous 
loads should be banned from town centers and other 
damage-sensitive areas. 

• The haulers blamed fly-by-night operations 
because of their poorly maintained vehicles and in
adequately trained drivers. 

• Transport inspectors were of the opinion that 
overloading of vehicles, particularly tankers, was 
possibly the most likely cause of a major accident. 
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• South African Railways staff cited inappro
pr iate packaging as the most likely cause of a major 
accident and listed several instances in which car
goes that they had rejected on these very grounds 
had been willingly but surreptitiously transported 
by private contractors who most likely had little 
knowledge of the dangers of such operations and even 
less concern. 

• Road safety organizations believed that the 
lack of driver training and the widespread use of 
forged licenses were the most critical factors in 
road accident causation and that this applied to an 
even greater degree to drivers of vehicles carrying 
dangerous cargoes. 

• The labor organizations blamed the employers 
for exacerbating the potential for accidents through 
requiring an excessive number of driving hours and 
failing to provide sufficient training for drivers, 
who had also to carry out loading and discharging 
operations. 

• Motoring organizations identified driver fa
tigue and night blindness as the most likely causes 
of heavy goods vehicle accidents on the major truck 
routes and blamed part of this on the road authori
ties for failing to provide suitable service and 
rest areas. 

As is the case in many other information-gather
ing circumstances, there is often a fairly wide dis
crepancy between what one is told and what one ac
tually witnesses occurring. In most cases this is 
not because of any deliberate distortion or lack of 
veracity on behalf of the interviewee but is rather 
because of a distortion of what was intended or, 
conversely, a general exaggeration or distortion of 
an operational error as its report passes upward 
through the hierarchy. 

The author was fortunately made aware of this at 
the early stages of his investigation when he 
chanced to ask the operations room staff of a large 
chemical plant for an extra copy of their tanker 
accident telephone report form, one of which he had 
recently received from the plant's loss-prevention 
manager. Not one member of staff had ever heard of 
such a form, let alone knew where to get one. 

In view of this rather unsettling experience, it 
was decided to reassess each of the areas previously 
identified from the viewpoint of the lowest echelons 
in the problem chain, in particular, drivers and 
firemen. 

In order to gain an insight into the difficulties 
that the average truck driver has to contend with on 
long-haul trips, one must actually experience some 
trips as a passenger in the cab. The requests made 
to haulage companies for such passages were viewed 
with the greatest suspicion, and where such a trip 
was authorized the company invariably dictated which 
vehicle was to be used and when the trip would be 
made. Not surprisingly, the drivers involved then 
turned out to be the company's best and their ve
hicle-hauling and driving techniques were of the 
highest order. 

In spite of this, such trips proved to be highly 
educational in other ways. Fatigue was particularly 
noticeable after only 6 hr on the road, even when 
the driver had kept religiously to the company's 
requirement of a 10-min stop every 2 hr. Roadside 
facilities on these long hauls were almost nonexis
tent and parking for heavy trucks was rarely pro
vided, let alone secure areas to prevent tampering 
and theft. 

On one occasion a tanker was overloaded, partly 
because the product was of a higher specific gravity 
than those usually carried but mainly because the 
tank barrel was filled to the top, not leaving the 
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slightest amount of ullage to allow for product ex
pansion. The driver had no conception of the poten
tial dangers of this situation and paid scant regard 
to the weighbridge certificate clearly indicating 
that four of his rig's five axles were some 20 per
cent overloaded. It further transpired that all he 
knew about the product he carried (toluol) was that 
is smelled funny. This later failing was, and no 
doubt still is, very common. When the effect of this 
was added to the almost equally common one of the 
listing by consignors of products to be carried in 
the vaguest of terms--thinners, cleaning agent, 
etching solution, and so on--it is no wonder that 
product identification was so difficult to achieve. 

Problems of a different nature were experienced 
by firemen. Most chief fire officers are quick to 
point out that a fireman's job is to fight fires. 
All other activities that he is called upon to do 
are secondary to this and thus enjoy a lower prior
ity in training and equipment provision. Fortunately 
not all fire chiefs rigidly apply this view in prac
tice but some undoubtedly assign hazardous materials 
preparedness to a level equivalent to freeing people 
from stuck elevators. A major effort by the National 
Fire Protection Association in 1978 to promote haz
ardous materials preparedness resulted in the run
ning of additional courses because of such a high 
demand. It was apparent, though, from talking to the 
average fireman that little, if any, of the informa
tion received by the senior personnel who attended 
these courses was ever disseminated to those who 
would ultimately have to use it. This situation was 
particularly acute in the smaller municipalities 
that relied on a volunteer force and a one-man fire
traff ic-ambulance chief. 

OVERSEAS EXPERIENCE 

The development of international trade and communi
cations has virtually ensured that fel.r problems in 
transportation or related matters are unique to any 
one country. A literature survey of international 
research, publications, and symposia produced a sur
prising number of references covering every conceiv
able aspect of hazardous materials transportation, 
from risk assessment to product training and routing 
requirements to bursting-disc design. A number of 
periodicals [Hazardous Cargo Bulletin (Intapress 
Publishing Limited, London) and Hazardous Materials 
Intelligence Report (World Information Systems, Cam
bridge, Mass.] on the subject were subscribed to in 
order to keep up to date with developments in na
tional and international legislation, new technol
ogies, and details of major hazardous materials in
cidents. 

Funds were provided in 1980 for the author to 
undertake a 3-week study tour to the United Kingdom, 
Holland, and the United States in order to discuss 
as many of these subjects as possible with those who 
had a first-hand knowledge of them. Twenty-one or
ganizations were visited, including government de
partments, hazardous materials training centers, 
chemical associations, tanker manufacturers, fire 
services, response organizations, and enforcement 
agencies. 

Apart from the basic information gained during 
these visits (..!_), it was apparent that Europe and 
the United States viewed the subject of hazardous 
materials safety far more seriously than South 
Africa did, and measures were in force there that 
South Africa had not even considered. The two most 
notable ones were some form of routing requirement 
to keep vehicles carrying hazardous materials out of 
tunnels and away from other damage-sensitive areas 
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and the provision of an all-hours phone-in informa
tion service for the identification of hazardous 
substances and their various properties. Most of 
these services were operated on a manual Cardex-type 
system but were gradually being replaced by computer 
data bases. 

Other aspects that were noted were the status 
that the truck driving profession enjoys and the re
strictive nature of much of the hazardous materials 
legislation. The former is something that does not 
apply in South Africa but would undoubtedly have had 
an impact on overall road safety if it did. The lat
ter has led to friction between the industry and the 
authorities because of additional costs and adminis
tration, much of which has arisen from the less 
safety-critical aspects of the legislation. This 
friction was something that South Africa had to 
avoid if at all possible, an aim that called for 
maximum consultation during all stages of regulation 
formulation. 

CRITICAL ISSUES 

Once a mass of information on the various aspects of 
incident prevention had been obtained, the next step 
was to collate it under a limited number of priori
tized headings. Titles for the headings were rela
tively easy to select from the subject matter 
discussed but placing them in order of priority 
required careful consideration. The position of an 
issue on such a list could vary considerably depend
ing on the qualifying requirements--the potentially 
most critical, the actually most critical, the most 
easily remedied, or the most cost-effectively reme
died, to cite but a few. After the matter had been 
discussed with interested parties, it was decided to 
opt for an order based on actual criticality tem
pered to a certain extent by the potential for rem
edy. The six issues identified are discussed in the 
following paragraphs. 

Driver Selection and Training 

The driver of a vehicle carrying hazardous cargo has 
potentially the greatest influence on the safety of 
its journey from collection to delivery. He is often 
intimately involved with the loading and securing of 
the cargo at the start of the journey and the un
loading or discharge at the end. During the journey 
he alone is responsible for the safe handling and 
security of his cargo and, in the case of an emer
gency, he is often the only person available to ini
tiate any immediate corrective action. In order for 
a driver to be in a position to accept these respon
sibilities realistically it is essential that he 
fully comprehend what is required of him and have 
the knowledge and ability to carry it out. This ne
cessitates that he be properly selected and thor
oughly trained and that his performance be regularly 
monitored. 

The selection process should include license and 
health checks as well as psychological suitability, 
and the training must cover vehicle and product 
handling as well as accident procedures and the use 
of emergency equipment. 

Placarding 

One of the commonest causes of delays and inappro
priate action in dealing with hazardous materials 
incidents was the inability to determine the product 
involved and its major hazard. A compulsory placard
ing system would solve this. Because of the interna-
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tional movement of bulk loads and International Or
ganization for Standardization (ISO) containers, it 
is essential that any !;lUCh placarding system be in 
line with international practice, which in effect 
means that it must utilize the international hazard 
pictogram and the United Nations product number. 

The final cost of a hazardous materials incident 
in damage and lives is often directly dependent on 
what remedial action is taken during the first 20 to 
30 min after an accident occurs. A placarding system 
that offers an immediate action guide, such as the 
U .K. HAZCHEM system, which displays an alphanumeric 
code indicating fire-fighting medium, protective 
clothing requirements, and dispersal guide, can be 
highly beneficial in this respect and its adoption 
was thus recommended. 

Emergency Response and Information 

Once an incident involving hazardous materials has 
occurred, its impact and consequential effects are 
largely in the hands of the emergency services who 
are called upon to deal with it. If the situation is 
handled in the correct way with speed and profes
sionalism, the effects will be minimal. A haphazard 
approach and inappropriate treatment may well be 
worse than a do-nothing approach and, worse still, 
may actually add to the eventual cost in terms of 
both lives and property. It is therefore essential 
that emergency service personnel be suitably trained 
and properly equipped to deal with such incidents. 
This in turn necessitates a national standard for 
hazardous materials preparedness, including contin
gency ·f)lanning, and a full-time information center 
in order to assist these personnel with product 
identification and hazard information. The standard 
should be produced by the services themselves but 
its use encouraged by cash grants from central gov
ernment for those who implement it. The information 
center would be best developed by the chemical and 
oil industries, as is the practice overseas, but 
operated primarily for the benefit of the emergency 
services. 

Reporting 

A prerequisite for assessing the benefit from any 
new controlling measure, or indeed identifying tbe 
requirement for such a· need in the first place, is 
to have access to sufficient incident data to enable 
comparisons to be made or problem areas to be iden
tified. In South Africa, some data on hazardous ma
terials incidents existed in the form of certain 
company records, which were not generally available 
for scrutiny by those outside the company. Most 
major companies maintain such records as a part of 
their loss-prevention schemes, but because they var
ied considerably in both content and detail, they 
were not suitable as a data source in their current 
form. 

Some standardized form of incident reporting was 
therefore necessary if accurate evaluation was to he 
made of tbe current situation and the effectiveness 
of controlling measures was to be monitored. 

Routing 

It was apparent from overseas case studies that the 
potential for a major disaster resulting from a haz
ardous materials incident depended largely on the 
environment in which it occurred. ~part from the ob
vious assessment that urban areas are more suscepti
ble to disasters than rural ones, there are many 
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other environmental factors that can affect the out
come of an incident. The proximity of a reservoir or 
watercourse to the site of a spillage can result in 
extensive pollution damage and require a full-scale 
cleanup operation. Dockyards, warehouses, and chem
ical plants are other areas where a relatively minor 
incident can develop into a major catastrophe. The 
time of day and traffic density can determine the 
number of people placed at risk and adversely affect 
the time taken for the emergency services to arrive 
on the scene. This is particularly so during urban 
rush hours when roads and sidewalks are filled to 
capacity. It was therefore considered that some form 
of routing requirement was needed to deny unneces
sary access by vehicles carrying hazardous materials 
to damage-sensitive areas and to encourage the use 
of preselected routes that would be afforded maximum 
emergency cover. It was appreciated that such a 
scheme would require the full operation of the mu
nicipal authorities, who would have to consult fire 
and traffic departments, civil defense, ambulance 
services, municipal engineers, and local transport
ers in order to formulate an effective through-route 
system. 

Hardware Specification 

A vehicle carrying hazardous cargo should be inher
ently safe and maintained to the highest standards. 
This is only enforceable if such standards exist in 
the first place. Containers for hazardous substances 
must be able to contain them securely without loss 
during routine handling and distribution. Further
more they should be sufficiently robust and pro
tected to withstand moderate impacts and the effects 
of adverse weather without loss of or damage to con
tents. 

In the case of a tanker or tank-trailer this re
quires that the vessel be protected against the ef
fects of a rollover or side impact. This protection 
must extend to pipework and valves if the unit as a 
whole is to retain its integrity in an accident. 
Foot valves and shear sections to protect against 
pipework damage, sidewall cladding for rollover and 
impact protection, and valve chests and manhole 
guards to prevent these items from being torn off 
are but a few examples of what should be considered. 
Tank containers whose contents are under pressure or 
are subjected to pressure during loading or unloading 
are required to undergo periodic inspections. Atmos
pheric tanks used for hazardous materials are not 
liable to these inspections, which would appear to 
be a considerable oversight on the part of the 
authorities. 

Casual observation indicated that a large per
centage, if not the majority, of road-transported 
hazardous materials was carried in containers other 
than tanks. Drums holding 220 L, cylinders, sacks, 
and cartons were all being used for a variety of 
hazardous goods, but few were manufactured to any 
approved specification for the task they were ex
pected to perform. 

LEGISLATIVE PROGRESS 

As a result of recommendations made by the NITRR 
(2), the Department of Health published proposed 
r~gulations under its Hazardous Substances Act that 
would require operators of road tankers transporting 
certain listed substances to select and train their 
drivers, placard their vehicles, provide product in
formation, and report any hazardous materials inci
dents. The proposals were extensively commented on 
by all sectors involved, but virtually nothing had 
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been changed when the final version was published in 
January 1985 (]_) with an effective date of July 
1985. The industry has major problems in complying 
with the regulations, and the NITRR is currently 
engaged in formulating guidelines on how the re
quirements should be met. This involves everything 
from producing a standard format for product infor
mation sheets based on the European TREMCARl)S to 
assisting the Road Transport Industry's Training 
Board in formulating guidelines and curricula for 
suitable driver training. 

Forged and stolen licenses will soon be a thing 
of the past because motor is ts will shortly be re
quired to carry a separate personalized driving li
cense whenever they drive a vehicle. The license 
system has also been amended to include a separate 
class for articulated vehicles, and testing centers 
will be required in future to test applicants in ac
cordance with the standard driving test developed by 
the NITRR. 

OTHER DEVELOPMENTS 

The lack of a central emergency information source 
was rectified early in 1985 by the formation of the 
Chemical Emergency Information Centre (CHEMIC) , which 
utilizes the British CHEMDATA database and is oper
ated by the Johannesburg City Fire Department. Al
though CHEMIC is now operational, considerable 
effort still needs to be expended on training the 
system operators and modifying the software to in
clude local South African information. 

The situation with regard to the transportation 
of flammable liquids, by far the most commonly car
ried hazardous material, markedly improved with the 
introduction by the South African Bureau of Standards 
(SABS) of a specification for flammable liquid road 
tankers (il and a code of practice for their opera
tion and maintenance. Although the specification 
allows for a compartment capacity of 6500 L and a 
total tank load up to permissible axle loading--in 
practice a capacity of 36 000 L--not all municipali
ties have accepted these values yet and the United 
Municipal Executive has been asked to rectify this. 

Other recent SABS publications that are poten
tially beneficial in hazardous materials transporta
tion, particularly in drum traffic, are a code of 
practice for cargo securement (5) and specifications 
for tight and l~ose head drums. It is hoped that 
traffic officers and transport inspectors will uti
lize the securement code during roadside inspections. 

THE FUTURE 

Research involvement will have to continue if cur
rent measures are to be amended to be made more ef
fective in the light of experience and new controls 
are to be introduced where the need is identified. 
The reporting required under the new regulations and 
the inquiry log from CHEMIC will be valuable tools 
in this monitoring process and this information must 
be fully utilized. The practicalities of introducing 
a routing requirement for hazardous materials cargos 
will have to be investigated and active support 
sought for its introduction. The protection of South 
Africa's water resources and the increase in urban 
terrorism should give this task a much higher prior
ity than it has been given to date. 

The need for equipment standards is well recog
nized, but because the publication of a number of 
SABS standards has already covered some issues, it 
is accepted that this process will continue. With 
permanent NITRR representation on such future SABS 
technical committees, there exists a direct link be-
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tween research recommendations and the subsequent 
commercial standards, which is beneficial to all. 
Such standards or codes of practice can then be re
f erred to as requirements by other regulations or 
permit conditions as being the industry standards, 

Whether such steps will prevent South Africa from 
experiencing a major hazardous materials disaster 
only time will tell. In the meantime the situation 
must not be allowed to become static and the indus
try must be encouraged to review its own procedures 
and propose changes or improvements to existing con
trols. 

CONCLUSIONS 

It is highly unlikely that recent developments in 
improving the safety of the road transportation of 
hazardous materials would have occurred without the 
research effort of the NITRR, both pure and applied. 
That there is still far to go is quite apparent, but 
that is more a result of bureaucratic lethargy than 
any shortfall in knowledge or capability. Undoubt
edly the greatest achievement of the project has 
been to increase the awareness of all those with a 
potential involvement in minimizing hazardous mate
rials incidents of what the problems are and what 
current solutions are available. Provided this 
awareness continues to grow, the inevitable feedback 
of ideas and criticisms will, if acted upon, con
tinue to improve the safety of what has now become a 
relatively safe operation. 
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First Responders and Their Initial Behavior in 
Hazardous Chemical Transportation Accidents 

Jane Gray and E. L. Quarantelli 

ABSTRACT 

In a recent 4-year study the Disaster Research Center (DRC) of the University 
of Delaware began the first large-scale social science study of sociobehavioral 
responses to acute chemical emergencies. In the first phase, DRC obtained sys
tematic and comparative field data on local preparedness for chemical disasters 
in 19 communities in the United States. In the second phase, 26 field studies 
were undertaken of organizational and community responses to major accidents 
that resulted from toxic releases, explosions, spills, fires, or other sudden 
hazardous chemical emergencies. Field studies and analyses were conducted after 
1981 to test and to extend some of the earlier work. Observations and findings 
on first responders and their initial behavior in hazardous chemical transpor
tation accidents are summarized in this paper. DRC found some major differences 
between responses to emergencies that occur at fixed sites compared with acute 
chemical emergencies that occur while a vehicle is in transit: the latter type 
of emergency is more problematical than the former. The response of first 
responders to in-transit emergencies is characterized by significant uncer
tainty about the nature of the chemical hazard and a tendency to initially 
underestimate the severity of the chemical hazard. Difficulties and problems 
are compounded by a variety of different impact and situational contingencies 
that can significantly and adversely affect the initial response pattern. Even 
though the DRC findings are drawn only from studies in the United States, there 
are reasons to suspect that considerable cross-societal similarities might 
exist in the pattern of the behavior of first responders to acute chemical 
emergencies. 

There appears to be general agreement that the number 
of accidents, disasters, and catastrophes involving 
dangerous chemicals has been increasing in recent 
years (_!). The Bhopal, India, incident was a public 
manifestation of what many observers have known has 
been a growing trend. Considerable technical research 
has been undertaken to study the problem. However, 
little attention has been given to the behavioral 
aspect of the problem, that is, the human and group 
aspects. To begin to close this gap in knowledge, 
the Disaster Research Center (DRC) began in 1977 a 
4-year study of sociobehavioral responses to acute 
chemical emergencies: this study was the first sys
tematic and large-scale effort of its kind under
taken by social scientists. 

Organizational and community preparedness for 
response to sudden dangers involving hazardous 
chemicals was examined. Forty-five field studies 
were conducted. In the first phase of the study, 
systematic and comparative data on preparedness were 
obtained for acute chemical emergencies in 19 com
munities in the United States that had varying de
grees of risk due to dangerous chemicals. In the 
second phase of the research, 26 responses to major 
accidents or disasters that resulted from toxic 
releases, explosions, spills, fires, or other acute 
chemical emergencies were studied. 

The on-site data in both phases of the study, 
obtained primarily through intensive interviewing of 
key personnel and collection of documents, were 
subjected to a variety of quantitative and qualita
tive analyses, the specifics of which have already 
been reported in publications elsewhere <1-lQ.l. In 
this paper, a general overview is presented of data 

found in this work about how first responders ini
tially tend to perceive and react to the acute 
chemical emergencies with which they are faced. 
Although it is based on empirical data, it is in
tended that this paper be a summary of the general 
picture developed by the research about a crucial 
response pattern, rather than a detailed collection 
of specific findings. More specific information 
about the methodology, theory, and different sub
stantive foci of the study is contained in the 
publications previously cited. [A general report on 
the study is given by Quarantelli (11) .) 

Since that initial research, which was concluded 
in 1981, additional field studies on chemical disas
ters have been done by DRC. Two explosions were 
studied: (a) a chemical tank explosion in Taft, 
Louisiana, in 1982 (12), and (b) a major catastrophe 
outside of the United States: the liquefied petro
leum gas explosion in November 1984 in the Mexico 
City metropolitan area. In addition, for other pur
poses, a series of official reports on chemical 
emergencies was recently systematically examined. 
For example, in an incident in Somerville, Massa
chusetts, in 1980 a cloud resulted from a spill of 
phosphorus trichloride, as a consequence of a train 
accident: 418 people were injured and there was a 
forced evacuation of a l.5-mi 2 area, which con
tained 23,000 inhabitants. Also, a comparative 
analysis of transportation accidents that involve 
phosgene gas versus those that involve dangerous 
nuclear wastes was undertaken by DRC (13). These 
later field studies and analyses were used to test 
and to extend some of the observations and conclu
sions that were drawn from the initial large-scale 
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research. Thus, while this paper is primarily a 
summary presentation of some of the first systematic 
research, it does take later work into account. 

In the beginning of this paper, some differences 
are noted between responses to emergencies that 
occur at fixed sites and chemical emergencies that 
occur while vehicles are in transit. The overall 
response pattern to both types of emergencies is 
then discussed in detail. The paper concludes with a 
general depiction of some of the impact and situa
tional contingencies that may affect the behavior of 
first responders. The question about possible cross
societal differences in response patterns to hazard
ous chemical transportation accidents is raised at 
the end of the paper. 

EMERGENCIES AT FIXED SITES VERSUS EMERGENCIES WHILE 
VEHICLES ARE IN TRANSIT 

There were some major differences in the patterns of 
response to hazardous chemical incidents that oc
curred at fixed sites compared with those that re
sulted from an accident that occurred while a vehicle 
was in transit. Fixed-site emergencies generally are 
those that occur in chemical plants or on their prop
erty. In-transit emergencies are incidents associated 
with transportation accidents, such as those that in
volve trucks, trains, barges, or aircraft carrying 
hazardous chemicals, and that occur on publicly ac
cessible lands. Which organizations participate in 
the response to the emergency and what they do, as 
well as the difficulties that emerge, differ some
what in the two types of emergencies. 

Although there are many common elements between 
the two types of emergencies in the United States, 
there are enough differences in the responses to 
make them worthwhile noting. For example, emergencies 
that occur at a fixed site such as a plant are likely 
to involve only company-related groups, such as the 
plant fire squad rather than the fire department of 
the local community. In contrast, in-transit acci
dents will, usually quickly, evoke the appearance of 
community emergency agenc.ies, such as the local 
police and fire units. Fixed-site emergencies such 
as those that occur at a plant usually generate 
responses that are specific to the particular 
chemical hazard involved. In-transit accidents, on 
the other hand, often initially trigger general 
accident response measures rather than specific 
chemical disaster responses. Also, in-plant chemical 
emergencies tend to lead to actions to contain, if 
not to prevent, the chemical emergency from develop
ing. In contrast, many of the initial activities in 
in-transit accidents are devoted to measures to 
protect the community. 

The differences in the responses to the two types 
of accidents are the result of a variety of factors. 
Chemical plant incidents in the United States almost 
always occur on pr iv ate property. In contrast, in
trans it accidents, even though they may involve a 
private carrier, usually occur in what normally is 
viewed as a public setting. This is related to the 
low social visibility of incidents that occur at 
plants. Unless the accident is of major magnitude, 
only the workers and officials immediately present 
in the plant may know that there has been a chemical 
mishap. Although incidents beyond a certain level of 
impact are supposed to be reported to the public 
authorities, this does not always occur. In con
trast, most (although not all) in-transit accidents 
are more socially visiblei usually it is difficult 
to prevent the community from finding out about the 
accident. In this study some attempts were dis
covered to maintain secrecy about hazardous inci
dents in railroad yardsi but most efforts of this 
kind were unsuccessful. 
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The major differences, however, between responses 
to fixed-site accidents and responses to in-transit 
accidents probably are the result of other factors. 
Chemical companies generally have good emergency 
preparedness programs, and the extent of prepared
ness is usually related to the size of the company. 
Larger companies are more likely to have detailed 
and extensive preparedness planning for chemical 
mishaps, especially if the plant is part of a na
tionwide or international corporation. There is a 
tendency to equate accident preparedness with disas
ter preparednessi however, even if an incident is an 
accident that is not a disaster, the mobilization of 
resources to alleviate the accident will probably 
help alleviate the potential for a disaster oc
curring. 

Moreover, not only is there likely to be less 
preparedness planning for in-transit accidents, but 
there are more problems that must be coped with in 
transportation-related events. There are often com
plicated jurisdictional questions and multilevel 
organizational issues when trains, tank trucks, 
ships, or planes carrying dangerous chemicals are 
involved in a transportation accident. For example, 
any incident in the United States that may lead to 
the pollution of any body of water could lead to the 
activation of the national contingency plan for such 
events and the active participation of the U.S. 
Coast Guard, regardless of local and state plans and 
the activities of community and state agencies. 

In summary, responses to chemically threatening 
incidents are better wben the accident occurs in a 
fixed facility than when the accident occurs in 
transit. Often minor mishaps in chemical plants are 
so well handled that they never develop a potential 
for becoming a disaster. Also, when level of risk 
for an accident to occur is considered for different 
modes of transportation the study found that motor 
vehicle incidents are generally handled less effi
ciently and effectively than those occurring on 
railroads. In part this results from the relatively 
little systematic chemical disaster preparedness 
planning for accidents that occur on roads or high
ways 1 railroads have undertaken far more elaborate 
planning for chemical emergencies. 

On the other hand, according to this study it 
appears that the potential for the occurrence of 
catastrophic chemical disasters compared with the 
potential for occurrence of noncatastrophic incidents 
is greatest in fixed installations. The next most 
vulnerable type of accident is that involving rail
roads. Motor vehicle i'ncidents are least likely to 
result in catastrophic accidents. The study did not 
obtain enough information to form a conclusion about 
the potential for the occurrence of chemical catas
trophes as a result of barge-ship and airplane acci
dents. 

There are many factors that can affect the magni
tude of the possible danger in an incident. In gen
eral, it appears that the locations that have the 
greatest risk of occurrence of a chemical catas
trophe or major disaster are those where better 
preparedness and response measures are likely to be 
found. That is, better preparedness for accidents 
generally exists in plants that produce the most 
dangerous and greatest volume of hazardous chemicals. 
Thus, it is in such locations that the quickest and 
most efficient initial responses to a chemical mis
hap are likely to occur in the United States. 

RESPONSE PATTERN 

The importance of the initial response in a chemical 
emergency is widely recognized. One major Arner ican 
chemical manufacturer produced a safety training film 
entitled "Those Vital First Minutes" to emphasize 
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the necessity of proper and quick actions during the 
period immediately following a chemical mishap or an 
accident that involves chemical substances. It is 
often the actions taken in the first few minutes, 
just before a release or just following a spill, that 
determine whether there will be a minor nonchemical 
mishap or the threat of or actual occurrence of a 
chemical disaster. 

In incidents that occur inside chemical plants 
there is usually no danger of lack of understanding 
that a hazardous chemical is involved. However, a 
far more problematical situation usually exists in 
the early stages of an in-transit mishap. It was 
observed in the study that in transportation acci
dents, first responders seldom initially perceive a 
dangerous chemical threat unless there are obvious 
sensory cues, such as a strong pungent odor or eye 
and skin irritations. This is true even when first 
responders are from emergency organizations such as 
fire or police departments. Motor vehicle or train 
accidents are initially seen only as transportation 
accidents or wrecks. The gener.al tendency of first 
responders is to define the situation as it appears 
to be on the surface, namely, a transportation inci
dent. In doing this, responders are acting in a way 
that has long been observed in disaster literature; 
that is, there is a tendency to consider all cues in 
terms of normal or expected events. If an occurrence 
appears to be a transportation accident, it will be 
perceived and defined as a transportation accident. 

The problem with misperception of the initial 
situation is compounded by organizational and com
munity disaster plans rarely discussing the combina
tion of a transportation accident and a hazardous 
chemical incident. A DRC content analysis of plans 
determined that separate consideration of the two 
types of events was almost universal. One consequence 
of this that was noted in the study was that there 
is a tendency for responding groups in transporta
tion accidents to initially use their routine-acci
dent standard operating procedures; they seldom 
initially activate the disaster plans of their 
organizations and even more rarely do they activate 
the plans specifically for chemical disasters. 

In principle, first responders should be aware of 
the various placards and symbols that are mandated 
by law in the United States to be carried on tanks 
and other containers of hazardous materials. Un
fortunately, various studies have determined that 
the legal requirements are not always followed. One 
systematic study of trucks in Virginia found that 41 
percent of the trucks stopped for inspection were 
violating placard requirements for hazardous mate
rials (14). In is stated in another unpublished 
report, from a railroad, that its own study showed 
that required placards were in place on only 77 per
cent of the rail cars. The view that placarding 
requirements are often widely ignored is supported 
by the observations of this study, which are more 
impressionistic. 

However, even when placards and symbols are in 
place and readable after an accident, they are not 
automatically recognized. This study revealed that 
first responders do not always note the signs that 
identify hazardous materials, and even if aware of 
them, they do not always fully understand their 
meaning. (This excludes situations in which placards 
and symbols had either been destroyed or were made 
illegible as a result of the transportation acci
dent.) Also, first responders seldom have easily 
accessible manuals or booklets that would define the 
symbols or indicate how they should respond to the 
incident according to the type of dangerous chemical 
substance, identified by the placard, that is in
volved. 

Sometimes first responders to transportation 
incidents do initiate searches for invoices or other 
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relevant papers. However, even if a search is ini
tiated, it is sometimes difficult to find the in
voices or shipping bills for the material that is 
being transported. Moreover, the relevant papers are 
not always carried on the vehicle; one survey found 
that 23 percent of trucks carrying hazardous mate
rials failed to carry required shipping papers (14). 
If the papers are found, they are not always under
standable to people without an appropriate technical 
background. Personnel from law enforcement agencies, 
usually the first responders to transportation acci
dents, seldom have the knowledge to read technical 
papers correctly. 

Personnel from the transporting carrier are some
times killed, injured, or disappear from the accident 
scene, thus precluding questioning by first re
sponders. Of course, such personnel do not always 
know exactly what type of material the vehicle had 
been carrying. There have been cases in which first 
responders have been unintentionally misinformed by 
truck or train personnel about the dangerous cargoes 
that supposedly were being carried. Also, it was 
observed in the study that personnel from the car
riers were sometimes reluctant (if not actually 
uncooperative) to provide relevant information to 
first responders. 

Thus, for all these reasons, first responders are 
frequently uncertain about the specific nature of 
the chemical threat even after they suspect that the 
incident is more than a routine accident. It was 
rare in the chemical emergencies that resulted from 
a transportation accident for first responders to 
learn quickly what they had to face. Also, in some 
instances, and frequently in accidents that involved 
multiple dangerous chemicals, responders learned 
about the hazards long after the incident was over. 

Some of the DRC observations on these matters 
have also been reported by others, especially opera
tional personnel. In a U.S. National Transportation 
Safety Board hearing, witnesses from the fire ser
vice areas (15) 

indicated that reliance on technical manuals, 
placards, computer printouts, and waybills 
did not fulfill their informational needs. 
They stated that all too often placards 
located on hazardous materials tank cars 
were destroyed, the knowledge of the train 
crew was 1 imi ted as to the exact placement 
of tank cars and the materials carried; and 
in immediate emergency conditions, there was 
not adequate time to search for waybills and 
cross-reference materials with an emergency 
manual to determine general emergency 
actions. 

In accidents that occur in chemical plants in the 
United States, in cnntrast to in-transit accidents, 
there seldom is a problem of identifying the chemical 
threat, although in one case it took company offi
cials hours after an explosion to realize they had a 
poisonous gas episode potentially present in the 
situation. However, there are other kinds of prob
lems that result from the typical behavior of first 
responders to fixed-site accidents that occur in 
plants. It was observed more than once that company 
personnel often failed to promptly report to outside 
authorities fixed-site accidents that involved 
chemicals. This failure to communicate existed even 
when the threat expanded or continued to develop 
outside of the plant grounds. It was observed in the 
study that community emergency officials often 
learned accidentally about the possible danger to 
their localities. Not infrequently, the outside 
community agencies did not find out about a chemical 
threat until there were obvious sensory cues, such 
as a toxic cloud. 
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Given such circumstances, it is understandable 
that the responders from outside of plants often 
remain unclear for some time about the specific 
nature of the chemical threat. They may recognize 
that the community is possibly endangered and that 
some chemicals may be involved but have no specific 
knowledge beyond these conclusions. A few situations 
were observed in which an evacuation was initiated 
even though the community did not officially know 
·the nature of the danger from which people were 
being evacuated. In the face of an unclear and un
certain threat there is likely to be a delay in 
doing anything: this is the general principle stated 
in the disaster literature (16)--that faced with 
responding or not responding to an uncertain threat, 
the latter course of action is most likely to be 
followed. 

All efforts by first responders to identify the 
exact nature of the chemical threat in tram;porta
tion accidents are beset by a number of difficulties. 
As previously noted, correct identification of the 
chemical involved by the first or early responders 
sometimes does not occur. Incorrect identification 
may be diffused to many others through rumor among 
local officials outside of a plant or near the site 
of a transportation accident. [As students of rumor 
phenomena have stated, the function of rumor behavior 
is to provide some definition of a situation when 
none is otherwise readily or officially available 
(17) .] 
~Because it is known that a danger exists does not 

necessarily mean that the exact nature of the danger 
is understood. Hazardous chemicals may have varied 
and multiple effects on human beings and on the 
ecology of the environment. Thus, it was observed in 
some chemical emergencies that even when the identi
fication of the chemical substance was correct, an 
equivalent recognition of the specific dangerous 
nature of the threat was not always known. To iden
tify something as a threat does not automatically 
mean that there is knowledge about the specific 
nature of the threat or how to handle it. 

In the study it was also found that first re
sponders to transportation accidents tended to over
look two important and dangerous possibilities. In 
almost all cases there was an initial overlooking of 
possible synergistic effects, for example, the vola
tile reaction that will occur if water is combined 
with calcium carbide. First responders tended to be 
oriented to the existence of a single chemical agent 
rather than a multiple chemical agent in the emer
gencies that were studied. In addition, responders 
to on-site accidents generally did not recognize the 
different and various kinds of multiple hazards that 
might be present because of the variety of dangerous 
chemicals on the same train or truckload. Thus, if a 
fire was perceived or if one chemical involved was 
identified as capable of burning, this was focused 
on, but explosive, asphyxiating, or corrosive threats 
that might result from other chemicals involved in 
the transportation accident were overlooked. 

The lack of widespread knowledge about correct 
stabilization and neutralization procedures is 
especially significant at the local community level. 
First responders to chemical emergencies often 
literally do not know what to do, even if they cor
rectly identify the dangerous chemical and know its 
effects. Thus, even when a chemical threat is cor
rectly identified, fire department personnel (most 
likely the first responders to the danger) may not 
act appropriately. Their traditional routine of 
quickly putting water on a blaze tends to be done 
automatically: unfortunately in some instances this 
can be one of the worst things to do. 

Trained personnel also may act inappropriately. 
In the DRC field work, direct observations were made 
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of trained company emergency response teams who 
acted incorrectly and endangered themselves and 
others. Trained teams normally do what should be 
done: however, it is possible for mistakes in judg
ment to be made, given the complex nature of dan
gerous chemicals and the various contingencies in
volved. 

In general, fire departments are not well preparen 
to respond to most sudden chemical emergencies, with 
the exception of some in large communities and other 
special cases·. They usually lack the appropriate 
equipment, materials, and protective gear. More
over, perhaps surprisingly, they often do not know 
where to turn for information. For example, nRC 
discovered more than one fire department that had 
personnel who had never heard of CHEMTREC, the na
tionwide chemical emergency reporting center. Al
though the situation has been changing rapidly in 
recent years, relatively few local personnel have 
had training in dealing with hazardous chemicals. 
Many of these weaknesses in coping with chemical 
emergencies result from the primarily volunteer 
nature of the staffs of the nearly 30,000 fire de
partments in the United States. Yet it is these 
volunteer groups that are often among the first 
responders and that usually are the lead organiza
tions in fighting hazardous chemical threats in 
transportation accidents. 

A major observation of the DRC study was that the 
initial responding activities of emergency organiza
tions usually follow standard operating procedures. 
This generally facilitates action being taken by the 
organizations, but they are not necessarily doing 
something relevant to the problem at hand. As the 
nature of the chemical threat becomes clearer, there 
usually is a tendency to try to adjust to the newly 
recognized situation. A vast majority of first re
sponders do not have experience from a similar situa
tion that they can rely on. Therefore, experience in 
responding to any unusual emergency in the past is 
likely to influence the response to the current sit
uation. It was observed in field work during this 
study that some emergency organizations have relevant 
technical manuals available: however, they are often 
inaccessible to the first responders. Moreover, there 
is considerable variation in the use of such manuals 
and frequently, as mentioned earlier in this paper, 
the manuals are not consulted at the height of the 
emergency. 

There is an ad lib quality to the pattern of the 
first response, especially in transportation acci
dents. Trying to clarify the situation is often a 
prime activity. Defining what is happening and what 
can and should be done is a large part of the early 
response, but such definitions are not always cor
rect. There is often a delay in defining a transpor
tation accident as one that has the potential to be 
a chemical disaster. This is in part because there 
can be many contingencies present in a potential 
disaster situation. A discussion of the possible 
contingencies is presented in the next section. 

IMPACT ANO SITUATIONAL CONTINGENCIES 

Different types of contingencies can influence the 
way in which a community will respond to a partic
ular chemical emergency, as well as the degree to 
which they respond. These contingencies can be 
divided into two categories: impact variables (or 
chemical agent va•iables) and situational variables. 
However, even though the response to a chemical 
emergency and its effectiveness will be affected by 
differences in the chemical agent's impact charac
teristics as well as by variations in the social 
aspects of the particular situation, it is not being 
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argued that idiosyncratic characteristics are 
relevant factors in chemical emergencies. The op
posite is noted in this paper, that is, that even 
the individualistic features of a chemical emergency 
can be generalized. This general recognition that 
contingencies will always be present in an emergency 
situation should force emergency personnel to con
sider such problematical aspects in disaster pre
paredness planning. 

Impact €ontingencies 

Impact contingencies include those characteristics 
of the chemical agent that can affect the organized 
response. Different chemical agents impose different 
risks and threats. While risk assessment essentially 
involves a perceptual component, there are dimensions 
of risk that are inherent to the chemical agent. For 
example, some chemicals are toxic, but most are noti 
a few chemicals can explode, others cannot. Certain 
chemicals only become dangerous when they combine 
with other chemicalsi other chemicals remain inert. 

Thus, the specific characteristics of the chemical 
agent or agents involved in a major accident will 
influence the risk and threat to a particular envi
ronment. Given the variety of characteristics that 
might be involved, myriad possibilities of risk 
could be present. However, many of these variations 
can be reduced to one of two types of possible con
sequences: the damaging or destructive potential of 
the chemical or chemicals, and the ability to con
trol the chemical or chemicals. Both of these char
acteristics will have implications for the manner in 
which responders to an emergency can and will attempt 
to neutralize the threat. The situation is compli
cated, of course, in that responders to the emergency 
may not correctly perceive either the damaging and 
destructive potential or the controllability of the 
chemical threat. Nevertheless, the potential con
sequences of the risk still remain, even if they are 
incorrectly perceived. 

The damaging-destructive potential of any chemical 
agent is the amount of damage and destruction it can 
cause to people and to the ecological environment. 
Certain agents have a greater potential for causing 
damaging results than others. In general, the high
r isk chemicals are those that are extremely volatile 
or that exhibit an unstable molecular structure. 
Chemicals that have a high-risk potential are ex
emplified by the inherent dangers of compressed 
gases or the hazards posed by gases such as butadiene 
and vinyl chloride, which are both highly reactive 
and have a tendency to polymerize. The typical first 
responder (whether police or fireman) to a chemical 
accident, unless it occurs within the confines of a 
chemical plant, usually has little idea of the 
destructive potential of the chemical. 

Responders to a chemical emergency can be faced 
with widely differing dangers, depending on which 
chemical or chemicals happen to be involved. Thus, 
in one emergency the responders might be faced with 
a relatively low-risk situation. In another emergency 
the risk may be extremely high. One result is that 
multiple exposures to chemical risks may not provide 
a good learning experience that can be used in 
another emergency situation. Unlike in inany natural 
disasters, experience in one chemical disaster does 
not transfer well to the next incident. This great 
variation in possible damaging-destructive potential 
is an inherent agent contingency in a threatening 
chemical situation. 

There can, however, be more than a threat of 
impact--there can be actual impacti again there is 
often substantial variation in the damaging or 
destructive consequences. DRC studied some actual 
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chemical emergencies in which populations dozens of 
miles away from the actual disaster site were en
dangered. Yet other chemical disasters were examined 
in which the actual destructive impact was confined 
to the truck or railroad tank cars involved in the 
accident. Responders must deal with different types 
of disasters, depending on which of these two situa
tions has to be faced. The responder to a localized 
disaster is presented with different operational and 
response problems than is the responder to a diffused 
disaster. Thus, there can be a tremendous difference 
in threat or impact of a chemical accident, depend
ing partly on inherently different qualities of 
different substances. 

In both of the situations previously noted, re
sponders may be presented with different contin
gencies that are primarily dependent on the inherent 
properties of the type of chemicals that are involved 
in the accident. Chemical properties of an agent in
clude flash point, toxicity, vapor density, and 
synergistic possibilities, all of which can be 
further affected by meteorological conditions such 
as precipitation, wind velocity, and other similar 
factors. This is in addition to the possibility that 
responders may have incorrectly perceived the chemi
cal danger or even not perceived any threat at all. 
Perceptual differences aside, however, different 
dangerous chemicals provide different threat or 
actual impact contingencies to which responders must 
react. 

The magnitude of a disaster can also complicate 
the response pattern. In a large-scale disaster, the 
magnitude of which partly depends on inherent prop
erties of the chemical or chemicals, a number of 
representatives of agencies from different jurisdic
tional levels will respond to the event. It was 
found that incidents of larger magnitude tend to 
have more involvement of state and federal organiza
tions. This usually complicates jurisdictional prob
lems, because there are often discrepancies in re
sponsibilities among different governmental sectors. 
If a disaster is large enough to necessitate a re
sponse from state, regional, or federal level of 
government, or some combination of levels, these 
representatives will attempt to exercise authority 
and control in the situation, in opposition to local 
community officials. Thus, the contingency of the 
damaging-destructive potential of any chemical agent 
may influence the coordination of interorganiza
tional response. 

In addition to potential or actual destructive
ness, there is also the factor of the uncontrol
lability of chemical agents. Here, too, there may be 
considerable variation between the inherent uncon
trollability of a chemical agent and the responder's 
perception of this uncontrollability. The study de
termined that most community officials are likely to 
assume that there is a high degree of uncontrollabil
ity in most chemical agents. While the same percep
tion exists for most natural disaster agents, the 
belief is sometimes expressed that this should not 
be the case for chemical substances. In actuality, a 
chemical's controllability is only partly dependent 
on the properties of the chemical agents. Control
lability also depends on the amount or volume of the 
chemicals, as well as on the capability of the com
munity to respond appropriately in the critical 
period of time immediately following the onset of an 
accident that has a potential to be a disaster. 
Usually, the greater the volume, the greater the 
uncontrollability, everything else being equal. 
Finally, controllability is partly dependent on the 
community's ability to perform certain initial 
response tasks. 

While both destructiveness potential and uncon
trollability of the agent are inherent to the prop-
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erties of the chemical, they are not, insofar as 
response is concerned , independent of the perc e p t ual 
factors. It is s ugges ted in t he study that t he r e is 
misunderstanding with respect to both destructive
ness poten t ial and uncontrollability. In general, 
communi ty o ffic ials and the public tend to overesti
mate the damaging and destructive potential of 
dangerous chemicals. As in projections of risks at 
nuclear plants, the threat presumed to exist due to 
a chemical emergency often exceeds the inherent pos
sibilities of most chemical substances. Chemicals 
can present major risks and result in major conse
quences, but they are seldom major threats across
the-board. Most chemicals are not inherently dan
gerous, but the study showed that the reverse is 
often the common view; the perception that chemicals 
are involved in an accident often leads to a per
ception of danger. 

Probably one reason for a general misunderstand
ing of the potential effects o f chemical agents is 
that, except within the chemical industry, few people 
have any experience in viewing chemicals and certain 
risks associated with technological accidents. Al
though chemical agents are widespread throughout 
American society, they are relatively random in 
their manifestations of hazard. That is, the risks 
posed by dangerous chemicals are not restricted to 
certain localities or regions of the country ; they 
are nonspecific in this respect. In contrast, most 
natural disaster agents such as earthquakes, hurri
canes, or tornadoes are specific to certain local
ities. Therefore, it is unlikely that any given 
population group will have had much, if any, direct 
experience with dangerous chemicals. Consequently, 
the image of the risk presented by chemical agents 
is vague and tends to be exaggerated. 

Impact contingencies add to the possible variation 
and complexity of the response in chemical emer
gencies. In some actual chemical disasters, the 
situation is further compounded for responders by 
the multiplicity and variety of hazardous aspects 
that may be involved. In some acute chemical emer
gencies, there are often multiple elements of a 
disaster occurring either concurrently or sequen
tially. For example, in the derailment of a train 
carrying dangerous chemicals, the derailment is a 
problem that must be solved, and there may be re
sultant fires and explosions due to the derailment. 
In turn, these may cause a chemical spill or toxic 
cloud that might not otherwise have occurred from 
the derailment alone. 

Variations in Location 

The location at which a chemical threat or disaster 
occurs significantly affects the response. A chemical 
emergency, for instance, can occur on private prop
erty, a mixed public-pr iv ate setting, or a public 
location. These possibilities have implications for 
a variety of factors, ranging from the degree of 
knowledge the public will have about the event to 
the possible courses of action that responding 
organizations can take. For example, it was observed 
during the research that when chemical accidents 
occurred inside plants or chemical company property, 
the larger community seldom found out quickly about 
such events unless there were immediate casualties. 
In nearly every case there was a delay between the 
time that the accident on private property was turn
ing into a potential disaster and when this happening 
became public knowledge. 

There were also situations in which local fire 
departments were denied entry onto private property 
on which a chemical emergency was occurring. Situa
tions were investigated in which, because the chemi-
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cal emergency was in a public setting, the response 
was delayed and confused because no local agency 
belie ved it had e xclusive responsibility for and 
jurisdiction over the incident. Such a lack of 
clarity over response initiative would not occur in 
a private setting. Thus, the location (actually 
property responsibility) and whether that property 
is a private, public, or private-public responsibil
ity (which is a contingency) have an effect on the 
patterns of response to chemical emergencies. 

Another locational contingency involves the geo
graphic and demographic setting of incidents. An 
obvious possibility that may affect the pattern of 
response is whether the incident occurs in a rural 
or urban setting. An accident that might have only 
minor consequences in a rural area could have po
tentially catastrophic consequences in an urban area 
with high population density and heavy concentra
tions of buildings. The inherent destructiveness of 
the c hemical agent might not differ, but it could 
vary depending on the physical setting in which the 
destructive agent manifests itself. 

Each of these e vents creates different demands, 
and thus a single situation may involve multiple 
disaster potentials that generate different demands 
to which the affected community must respond. More
over, the incident may generate different emergency
related tasks that are incompatible with each other. 
For e xample , the water needed to douse the fire 
might actually trigge r a da ng erous c hemica l reac tion 
that otherwise would no t ha ve occur r ed . This example 
represents an extreme, but not uncommon, manifesta
tion of the complexities that can be generated for 
responding organizations by impact conti ngenoies . 

It is easy to think of impact con t i nqenc ie s in 
individualistic or idiosyncratic terms. However, it 
has been indicated that there are some general as
pects of contingencies, including i mpac t - related 
contingencies in any chemical emergency . This 
realization should encourage general planning for a 
response that takes contingencies into account. 

Situa tional Conti ngencies 

Situational contingencies include those specific 
characteristics of the particular social context in 
which a chemical mishap first occurs. A chemical 
emergency does not just happen--it happens in a 
particula r locality, in a place with distinctive 
features. A chemical emergency also occurs at a 
specific point in t ime , more a ccurately, at some 
social time in the community l ife . Likewise, there 
are particular circumstances associated with each 
chemical emergency; for example, the overturned 
truck carrying a dangerous chemical cargo may or may 
not have displayed the required warning placards. 
These are not all of the types of situational con
tingencies; in the following subsections, those 
situational contingencies will be discussed that can 
be classified as variations in location, time, or 
circumstances affecting the response to a chemical 
emergency. 

The geograph ica l location als o will usually af
fect the mobil i zation of resources during the initial 
phases of a response. In gene ral, smalle r communities 
wi th predominantly volunteer fire departments and 
other scarce resources will not respond as well as 
larger metropolitan areas with extensive and so
phisticated res ources or quick access to them. Thus , 
because adequac y of resourc e s is indirectly related 
to geographic setting, the locality in which the 
chemical emergency occurs can affect the response 
pattern. That is, the adequacy of resources during a 
response will vary according to different settings, 
as will the ability to mobilize the resources and 
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the magnitude of the disaster in terms of threat to 
the population. 

Furthermore, it was frequently noted in the re
search that interjurisdictional and interagency 
problems may arise, depending on the location in 
which the chemical emergency occurs, because many 
jurisdictional boundaries and domains are often 
vague. Therefore, if an emergency occurs near the 
uncertain boundaries of two or more separate juris
dictions, ambiguities can surface about who has the 
major responsibility for responding to the disaster. 
In particular, chemical disasters that occur in port 
areas or that involve bodies of water appear to 
generate jurisdictional problems in the response, 
although the same difficulties also frequently sur
face outside of city boundaries. Many rural or 
quasi-rural areas in the United States are locales 
where organizational responsibility, authority, and 
domain are unclear and often overlapping. A chemical 
emergency in such a location is certain to elicit 
interagency confusion, if not competition or con
flict. Thus, the contingency of the location in 
which a chemical emergency occurs can have a major 
impact on the response pattern. 

Variations in Time 

The time when a chemical threat or disaster occurs 
also has an important effect on the response. How
ever, it is not chronological time but social time 
that creates an effect. These two types of times are 
not equivalent. In every community, there is a rhythm 
to social life, with certain activities ebbing and 
increasing in particular patterns and cycles. These 
patterned activities vary (and not always directly) 
in relation to the time of day, the day of the week, 
and the season. Thus, there are community social 
phenomena such as the rush hour, major sports events, 
and holiday weekends. Such social times affect where 
people will be concentrated and what they will be do
ing, as well as the state of readiness of emergency 
organizations and how quickly resources can be 
mobilized. 

It was noted in the study that there was a sig
nificant variation in response, depending on the 
time at which chemical emergencies occurred. For 
example, evacuation is easier to carry out when it 
is light than when it is dark. At the Mississauga 
(Ontario, Canada) chemical incident, massive evacua
tion was partly delayed, according to police reports, 
because of a reluctance to try to move a large number 
of people at night. (Note that convergence is rela
tively less likely to occur during regular working 
hours than at other times. Unless there is an im
mediate threat, persons at work cannot leave work to 
go and look at a disaster site.) Even organizations 
that operate on a shift basis, and most emergency 
groups operate on a 24-hour basis, do not have either 
the same quantity or quality of personnel available 
at all times. Some chemical emergencies were studied 
in which the response developed slowly because 
higher-level emergency officials were not immediately 
available because the incident occurred outside of 
regular weekday working hours. In a few cases, cer
tain material resources could not be easily located 
and used because the organizations owning them were 
closed and it was difficult to find any personnel 
with relevant information on how the resources could 
be obtained or the authority to do so. 

Thus, similar to variations in the location of an 
accident, variations in time can create different 
contingencies. With respect to time, the rhythms of 
community life (or social time) can create signifi
cantly different situations with which responders 
must cope. The chemical risks might be identical in 
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two chemical emergencies, but because of the time at 
which the accidents occur there could be somewhat 
different situations for the responders to face in 
the two cases. 

Variations in Circumstances 

In addition to contingencies due to location and 
time there are still other possible variations. 
There may be other circumstances affecting the 
situationi two of these factors will be illustrated 
here: the duration of the threat and the speed of 
onset. 

In the research chemical emergencies were observed 
the response activities to which ranged from a few 
hours to nearly a week. As indicated earlier in this 
paper, some events that eventually become chemical 
emergencies may initially be no more than a trans
portation accident or a plant mishap, Thus, a rail
road derailment may produce no chemical toxic release 
for several hours, days, or perhaps not at all. 
However, responding organizations must maintain site 
security and mobilize certain resources for the 
duration of the episode. 

The residual polluting effects of a dangerous 
chemical neutralizer likewise can extend the duration 
of an incident. In other cases, the circumstances 
are such that the emergency is over quickly, and 
hours after the initial indication of an emergency 
there is little sign that anything happened. This 
can cause greatly differing consequences, depending 
on the kind of community in which it occurs. For 
example, it was noted that, not surprisingly, smaller 
communities were more adversely affected by a pro
longed emergency. Among the negative consequences 
noted in the study were lost wages for volunteers in 
emergency organizations, substantial losses to the 
local economy because of closed businesses, and 
rapid depletion of certain kinds of resources. A 
chemical emergency of the same duration would not 
have the same consequences in a metropolitan area. 
Although an urban area might suffer more in absolute 
terms, it was observed that smaller communities 
tended to incur relatively higher losses for chemical 
emergencies of the same duration. 

Speed of onset is another situational variable 
that may affect response patterns. Depending on many 
factors, including properties of the chemical agents 
as well as how the potentially dangerous substances 
are initially treated, there may be little or no 
advance warning of an impact. In such cases, preven
tive efforts cannot be taken and the response gener
ally focuses on recovery efforts. However, in many 
transportation accidents the initial accident does 
not always produce an immediate chemical emergency. 
In many such cases, the response can be directed 
primarily at preventing a chemical emergency from 
developing. As illustrated in the examples, cir
cumstances can create different types of situations, 
and in that way circumstances partially structure 
the necessary response. 

In this section it has been stressed that there 
are many contingencies in potential and actual 
chemical emergencies, some of which may actually 
prevent a disaster from occurring. Some contingencies 
result from the properties of chemical agents. Other 
contingencies are situational, resulting from varia
tions in location, time, or circumstances. However, 
while contingencies are important in affecting re
sponses, they primarily set the stage for responding 
organizations. The actions responders take are 
heavily influenced by how they initially define the 
situation, which is discussed in the first part of 
this paper. 
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CROSS-SOCIETAL APPLICATION OF RESPONSE BEHAVIOR 

The behavior of first responders to acute in-transit 
chemical emergencies in the United States has been 
reported in this paper. Are there similar patterns 
of response elsewhere? This is difficult to report 
because the few systematic social science studies of 
chemical disasters outside of the United States have 
focused on in-plant accidents. However, the research 
done in England, Italy, France, and Japan suggests 
that there may be more similarities in behavioral 
responses across societies during these types of 
disasters than there are differences (18-20). Some 
observations made in Bhopal, India, and Observations 
by the authors in the Mexico City liquefied petroleum 
gas explosion are less definitive about cross
societal similarities. Because there have been so 
few studies done elsewhere, and almost none have 
been done on hazardous chemical transportation acci
dents, future research will have to be conducted to 
determine if the pattern of behavior of first re
sponders that was reported in this paper prevails 
outside of the United States. 
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Developing a Plan for R&D in Dangerous 
Goods Transport 

M. Martin, M. Matthews, and L. Rucker 

ABSTRACT 

In 1980 the Canadian Parliament passed the Transport of Dangerous Goods Act. 
Among the mandates given by the Act to the Transport of Dangerous Goods (TDG) 
Directorate of Transport Canada was the responsibility to "undertake ••. pro
grams of technical research and investigations into" various aspects of danger
ous goods transport. In this paper are presented (a) the methodology used to 
arrive at the identification and priority ranking of research and development 
(R&D) areas in dangerous goods transport and (b) the application of this meth
odology to the development of an R&D plan for a group of selected dangerous 
(nonradioactive) goods. Priorities for assigning resources to conduct this work 

must reflect (a) the risks involved in transporting given quantities of various 
dangerous goods, (b) the lack of safety information with respect to this activ
ity, and (c) the possible need to enhance relevant technology and regulations 
with respect to the transport of dangerous goods. To arrive at raw R&D priori
ties for each dangerous commodity, container, transport mode, and safety suh
function, a methodology, called the technology matrix, was selected. Each cell 
in this matrix represents a particular R&D area, and a set of factors that are 
a function of the relative contribution to risk of each dimension of the matrix 
is developed. Available data including the TDG Directorate's data base of dan
gerous occurrences were used to develop a number of scores for each cell in the 
technology matrix for a set of 17 dangerous commodities. Multiplying these 
scores by each other yields the preliminary R&D priority score for a given cell 
of the matrix. This approach was used for the selected commodities and for 
transport by rail and road and warehousing. The research areas with the top 
scores were then presented to an expert panel for confirmation and refinement 
to the individual R&D project level. 
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The traditional approach to setting research and de
velopment (R&D) priorities is to consider a set of 
potential R&D projects and assign a priority to each 
project according to a given set of criteria (1). In 
the situation described here, the problem was d if
ferent: there were no identified research projects, 
only a question: "What R&D should be conducted to 
enhance safety in the transport of dangerous goods 
in Canada?" 

• The research has a good chance of generating 
new knowledge. In particular it does not duplicate 
research already under way. 

That is the question faced by the Transport of 
Dangerous Goods (TDG) Directorate of Transport 
Canada. TDG was created to unify, oversee, coordi
nate, and enhance safety measures related to danger
ous goods transport in Canada. Within this hroad 
mission, TDG has a clear mandate to coordinate R&D 
at a national level and to undertake R&D in the 
field of dangerous goods transport (Section 26 of 
the TDG Act,' Canadian Parliament, 1980). 

An R&D plan was developed for TDG. Within the 
context of this paper, R&D is given its broadest 
meaning: 

• Gathering and analyzing information, 
• Investigating problems, and 
• Designing and testing solutions to problems. 

In general, the motivation for conducting R&D in 
any area reflects a variety of factors: 

• The area has a high potential pay-off. For 
example, if R&D could lead to the resolution of a 
particular problem, the benefits could be signifi
cant. 

• The research can be cost justified either in 
relation to other possible projects or in relation 
to a given funding envelope. 

It is shown how these broad principles were ap
plied in setting priorities for R&D projects and in 
developing an overall multiyear R&D plan for TDG. 
The prime criterion used in developinq this plan is 
the maximization of net social benefit. The main 
components of social benefit are 

• The reduction in the social and material cost 
of dangerous goods transport accidents in terms of 
lives saved, injuries avoided, and reduced material 
damage and disruptioni 

• The cost of the research (a liability) i and 
• The cost of implementing any positive result 

from the research. 

Additional criteria for including R&D projects in 
the plan are 

• The need to avoid duplication with other R&D 
work carried out by other jurisdictions or agencies, 

• The potential spinoff benefit that the R&D 
could yield for Canada, and 

• A departmental preference for performance
or iented R&D as opposed to specific hardware designs 
because that is the ultimate character of TDG regu
latiom•. 
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Given these broad objectives, a methodology was 
required that would develop R&D priorities without 
necessarily starting with a set of given potential 
projects. On the other hand, it was unlikely that, 
starting from such a vast topic as dangerous goods 
transport, a list of specific R&D projects could be 
developed through a purely deductive process. There
fore, the concept of a TDG R&D area was developed. 
Priorities would b~ developed for an R&D area, spe
cific projects within this area would be called for, 
and then project ranking would be done. A TDG R&D 
area is defined as a unique combination of 

Commodity or group of commodities, 
Container, 

• Mode, 
• Transport operation, and 
• Safety subfunction. 

These terms are defined as follows: 

• Commodity means any commodity classified as a 
dangerous good in the regulations pertaining to the 
TDG Act. For purposes of the initial R&D planning 
effort described here, 1 7 commodities were selected 
as test commodities for application of the method
ology. These are primarily energy-related commodi
ties. 

• Container is the full system used to trans
port the commodity (e.g., tank trailer, glass bot
tles packed in cartons) • 

• Mode for purposes of this first effort was 
limited to rail, road, air, shipping (when the ves
sel is not the container itself), and warehousing 
(because of the TDG Act concern with the "presenta
tion" of dangerous goods for transport). 

• Transport operation is defined as an activity 
that takes place in relation to the transport of 
dangerous goods. For the pure transport modes listed 
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previously, operations are transport (vehicle 
transit) and handling (loading and unloading). 
warehousing, operations are storage and handling. 

in 
For 

• The safety subfunction is any system or ac
tivity that prevents or reduces the risk of damage 
from a dangerous goods spill. 

PROTECTION FUNCTIONS 

Enhancing safety in the transport of dangerous goods 
involves the following major functions: 

• Prevention, 
Avoidance, 

• Control, 
• Cleanup, and 
• Monitoring. 

Figure 1 shows the process whereby a dangerous 
goods spill occurs--or does not occur--and how the 
protection functions come into play at various 
stages of this scenario: 

• Prevention is concerned with the prevention 
of an accident situation. An accident situation is a 
situation that could ultimately lead to a dangerous 
goods spill (for example, a skid on a wet road). 

• When an accident situation has set in, avoid
ance is the function that comes into play. Avoidance 
attempts an exit from the accident situation. 

• If avoidance is not totally successful an ac
cident occurs. Dealing with the potential or actual 
dangerous goods spill calls for the application of 
the control function. If the material is fully con
tained, the accident becomes an incident from a TOG 
standpoint (although it may be an accident from a 
traffic standpoint). If there is a material release, 

DANGEROUS GOODS TRANSPORTATION ACTIVITY 

Handling of dangerous goods Transportation of dangerous goods 
r-::---~-...:. _________ 1 __________________ .:._ ___________ , 

,,--~;~~--------i--------------, I 
II • • I I IJ Norma l Operation Accident situation I I 

n r;= AVOIDANCE-====1======------1 : 

It 11 • • I I I J f Near Miss Ace ident I f 
II r------------1---No Accident I ,..----------- -----------;I L _____________ J I II CONTROL - II 

l II ' I ,, ------....i' Material Containment Material Release 
I (Incident) (Dangerous occurence) :: 

INFORMATION COLLECTION AND ANALYSIS 

' Hannless Burns or Low level Acute toxic Materialll 
f disp~ rsion exp~odes toxif effect e5fect corr?si onll , ,-----r--------------, L ___ jfc:::.:- ------, , 

I . I . I I 
. .::~r~:_r:o~~n~ura~z~_I I ,__ ____ r_-_-_-_-_--1 - - - - - - - -. I 

MONITORING I 

' I I ------·-----------------------------------------· 
FIGURE 1 Protection technology in relation to transport of dangerous goods. 
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TABLE 1 Selecting a TDG R&D Planning Methodology Option 

R&D Planning Methodology Option 

Criteria Delphi Champion 

Information required Minimal Minimal 

Complexity Medium Low 
Cost of implementation Low Low 

Outside acceptability Medium Medium 
Quality of results Medium Medium 
Risk of choosing wrong priority Medium Medium 
Time to get results Short Short 

(determine R&D priorities) to medium 

Source: Thorne Stevenson & Kellog and Hooper & Angus staff opinions. 

the accident, in TDG terminology, becomes a danger
ous occurrence. 

• When the spill has occurred, the next func
tion is cleanup. 

• The monitoring function comes after cleanup. 

Planning R&D in monitoring was not pursued further 
because monitoring is under the jurisdiction of En
vironment Canada. 

I. PREVENTION 

1. L Right of way design 
1.1.1 Other traffic 
1.1.2 Load restrictions 
1.1.3 Road/track stability 
1.1.4 Loading space 
1. l.5 Storage area manoeuverability 

1.2 Vehicle design 
1.2.l Steering system 
1.2.2 Braking system 
1.2.3 Coupling mechanisms 
1.2.4 Wheels/tires 
1.2.!i Vehicle/container interaction 
1.2.6 Container security 

1.3 Speed, scheduling and routing 
1.3.l Traffic considerations 
L.3.2 Driver training 
1.3.3 Regulations (enforcement) 

1.4 Vehicle storage and sorting 
J.4.1 Overnight storage 
1.4.2 Commodity monitoring requirements 
1.4.3 Shunting operations 
1.4.4 Commodity separation 

l.5 Communications systems 
1.5.l Shipper/receiver communications 
1.5.2 Transportation crew communications 
1.5.3 Public information 
1.5.4 Traffic information 

1.6 Filling systems 
1.6.1 Level indicator 
1.6.2 Overflow devices 
1.6.3 Loading access 
1.6.4 Mechanical loading equipment 

l. 7 Maintenance and inspection 
1.7 .1 Right of way maintenance 
1.7 .2 Vehicle maintenance 
1.7 .3 Communications equipment maintenance 

• 1.7 .4 Filling equipment maintenance 
1.7 .5 Commodity storage and handling maintenance 
1.7.6 Vehicle storage and sorting maintenance 
1.7 .7 Visual inspections 
1.7.8 Non-destructive inspection 
1.7.9 Testing (for compliance with regulations) 

1.8 Training 
1.8.l Tnu1sporta1 lon system cngl n.ce rs and deslgMrs 
1.8.2 Vehic le drivers/pilots/capraln,/engln~er..s a.nd crew 
1.8.3 Maintenance staff 
1.8.4 Inspection staff 
1.8,5 Training staff 
1.8.6 Other operations personnel 
1.8.7 Systems administration personnel 
1.8,8 General dangerous goods awareness 
1.8.9 Enforcement 

Dangerous 
Occurrence Com mis-
Inv es ti- sions of Opinion Technology 
gation Inquiry Polls Scenarios Matrix 

High High Medium Medium High 
(initially) 

Medium Medium Low Medium High 
High High Medium Medium High 

(initially) 
Medium Medium Low Low High 
Medium Medium Low Low High 
Medium Medium High High Low 
Medium Long Medium Short Long 

to long to medium (initially) 

Each of these functions is broken up into the 
subfunctions given in Table 1. In addition, Figure 2 
shows examples of technologies that can be used to 
carry out these subfunctions. This listinq does not 
necessarily represent the complete set of technolo
gies that pertain to a particular subfunction, and 
these technologies comprise both hardware systems 
and human elements (e.g., training). 

1.9 Commodity identification 
1.9.l Container markings 
1.9.2 Container identification/commodity correlation 

1.10 Commodity storage 
1.10.1 Container structure 
1.10.2 Container packaging and restraints 
1.10.3 Commodity handling 
1.10.4 Commodity thermal control 
1.10.5 Commodity separation 

2. AVOIDANCE 

2.1 System and component design 
2.1.1 Vehicle collision avoidance systems 
2.1.2 Vehicle derail mar\t systems and vehicle/right-of-way 

containment SY$1Cms (barriers) 
2.1.3 Position/location indicators 
2.1.4 Navigation aids 
2.l.5 Communication aids 
2.1.6 Container integrity monitors 

2.2 Training 
2.2.1 Operator rel lex training 
2.2.2 Dangerous goods awareness 

3. CONTROL 

3. 1 Containment {prior to release) 
3.1.1 Pressure relief/control 
3.1,2 Temporary shielding 
3.1.3 Temperature control 
3.1.4 Explosion suppression 
3.1.5 Container structural integrity 

3.2 Site command and situation analysis 
3.2.1 Site organization and command 
3.2.2 Medical training (dangerous goods) 
3.2.3 Chemical mixing/reactions 
3.2.4 Commodity identification (using HAZCHEM or other 

guides) 
3.2.5 Commodity detection and interpretation 
3.2.6 Firefighting involving dangerous goods 
3.2.7 Safety equipment use 
3.2.8 Site stabilization models loperational and chemico

physical models) 

3.3 Personnel equipment 
3.3.J Clothing 
3.3.2 Breathing apparatus 

3.4 Commodity detection 
3.4.1 Gas detectors 
3.4.2 Liquid level detectors 
3.4.3 Aerial liquid spill detectors 
3.4.4 Radiation detectors 
3.4.5 On-board spill detectors 

FIGURE 2 Protection functions, suhfunctions, and technologies in the transport of dangerous goods. 



108 TRB State-of-the-Art Report 3 

J.5 Commodity identification 4.4. Material transport 
3.5.1 Placards 4.4.l Road 
3.5.2 Documentation 4.4.2 Rail 
3.5.3 Containment/commodity correlations 4.4.3 Air 
J.5.4 Gas analyzers 4.4.4 Marine 
J.5.5 Liquid spill analyzers 
3.5.6 Solid spill analyzers 4.5 Material disposal 

4.5.1 Incineration 
3.6 Firefighting 4.5.2 Landfill 

3.6.l Dousant (solid (earth), gas, liquid, fog or foam) 4.5.3 Disposal at sea 
3.6.2 Dousant delivery systems (pump trucks, hoses, valves, 4.5.4 Deep well injection 

fire hydrants, dousant supply trucks, etc •• ) 4.5.5 Burial 
3.6.3 Personnel equipment 4.5.6 Secure containment above grade 
J.6.4. Firefighting communications equipment 
J.6.5 Personnel transport {Fire Chief's vehicle, personnel 5. 

transporters, ladder trucks, .•• ) 
MONITORING 

J.6.6 On-site information sources 
3.6.7 Fire station resources 

3.7 Containment (following release) 
3.7 .I ControUed discharges 
3.7 .2 Container plugging 
3.7 .3 Spill booms 
3.7 .Ii Temporary storage 

3.S Site stabilization 
3.8. l Physical stabilization equipment {e.g. cranes, earth 

movers, ... ) 
3.&.2 Medical support equipment 
3.8.J Command/communications equipment 
3.8.4 Personnel transporters 
3.8.5 Public barriers 
3.8.6 Police equipment 

3.9 Neutralization 
3.9.1 pH adjustment 
J.9.2 Biodegrading 
3.9.3 Incineration 
3.9.4 Precipitating 
3.9.5 Gelling 
3.9.6 Sorbents 
3.9.7 Chemical modification 

4. CLEAN-UP 

4.1 Spill/release containment 
4.l.I Leak plugging 
4.1.2 Land containment 
4.1.3 Water containment {On/In) 
4.1.4 Vapour suppression 

4.2 On-site commodity neutralization 
4.2.l Incineration 
4.2.2 Chemical modification 
4.2.3 Sorbents 
4.2.4 Gelling 
4.2.5 Precipitating 
4.2.6 Bio-degrading 

4.3 Material collection 
4.3.l Mechanical recovery from land 
4.3.2 Mechanical recovery from water-floating 
4.3.J Mechanical recovery from water-sinking 
4.3.4 Recovery from air 
4.J.5 Transfer systems 
4.J.6 Temporary storages 
4.J.7 Handling devices 

FIGURE 2 continued 

OPTIONS 

Seven different options for setting TIJG R&n priori
ties were identified: 

• Delphi, 
• Champion, 
• Dangerous occurrence investigation, 

Conunission of inquiry, 
• Opinion polls, 

Scenarios, and 
• Technology matrix. 

These options are not totally distinct: some of 
their features overlap, but each option has a dis
tinct focus. 

An expert panel is constituted. This panel is made 
up of TDG Directorate personnel or outsiders, or 
both. Each panel member is asked for an independent 
priority-ranked list of potential R&D projects along 
with rea11om; for rer.ommt>n<'ling thiR list. '!'he ]ists 
and reasons are collected and distributed anony
mously to all panel members. The panel members are 
then asked to resubmit, and so on. Presumably, each 

5.1 Commodity analysis 
5.1.1 Pocket-portable small detector system 
5.1.2 Person-portable electronic detector systems 
5.1.3 Vehicle-portable computer-controlled instruments 

with pre-developed software 
5.1.4 Mobile laboratory equipment 
5.l.5 Fi,.;cd laboratory equipment loU-site) 
5.l.6 Fl:.:cd laboratory equipment lon-site) 

5.2 Environ•nental sensing 
5.2.l Ambient air, surface water temperature sensors 
5.2.2 Groundwater temperature sensors 
5.2.3 Ambient air pressure instruments 
5.2.4 Groundwater piezometers 
5.2.5 Windspeed and direction indicators 
5.2.6 Surface water Ilowmeters 
5.2.7 Survey equipment 
5.2.& Solar radiation sensors 
5.2.9 Rainfall measur ing equpirnent 
5.2.10 Ground disp f~ct:ments ;sen:siors (inclinometers) 
5.2.11 Air quality instruments 
5.2.12 Soil analyzers 
5.2.13 Ice thickness indicator 

5.3 Data acquisition and conditioning 
5.3.l Cabling 
5.3.2 Power supply 
5.J.3 Filtering 
5.3.4 Amplification 
5.3.5 Signal display 
5.3.6 Signal recording 
5.3.7 Slgord t ransmission 
5.3.8 Equ\ptnM t chassis/structure/protection 

5.4 Human impact monitoring 
5.4.1 Post accident medical, police, fire and EMO reports 
5.4.2 Hospital records 
5.4.3 Coroners• report 
5.4.4 Follow-up medical examinations o( affected 

.population 
5.4.5 Psychological surveys of affected population 

5.5 Stabilization procedures monitoring 
5.5.1 Event recorders 
5.5.2 Lead party reporting 
5.5.3 Accident filming equipment 

panel member will be influenced by the lists sub
mitted by other members and the process will con
verge after three or four rounds. 

Champion 

A totally open call is made for R&D proposals from 
qualified agencies in and out of Transport Canada. 
Each proposal is assessed and rated on the basis of 
potential benefits, cost, and strength of the argu
ment presented in its support. Proposals with the 
highest ratings are given highest priority. 

Dangerous Occurrence Investigations 

A representative sample of dangerous occurrences is 
investigated in detail using a variety of techniques 
(e.g., simulations, interviews, scaled models). All 
factors influencing these occurrences are deter
mined. Then R&D priorities are established by the 
Directorate on the basis of a thorough review of 
these factors. 

Commiss ions of Inquir~ 

When a commission of inquiry is appointed to inves
tigate a major dangerous occurrence with high public 
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profile, the TDG Directorate monitors the proceed
ings. The Directorate then bases its R&D priorities 
on the commission's recommended corrective measures. 

Opinion Polls 

Industry or the public, or both, can be asked di
rectly about those areas in which risks are per
ceived to be greatest. Results of such polls can 
then be compiled and weighted according to the indi
viduals or groups polled, and priorities can be 
assigned on this basis by the Directorate. 

Scenarios 

In this technique a series of disaster scenarios is 
generated. The technologies or regulations required 
to avoid or reduce the risk of such occurrences are 
postulated. The R&D that could ultimately lead to 
the development of such technologies or regulations 
is then assigned a top priority ranking. 

Technology Matrix 

This approach proceeds in three stages: 

• Stage 1: Information collection and analysis. 
This is where the data required for stage 2 are 
gathered and analyzed. 

• Stage 2: Developing initial priorities for 
TDG research areas. In its most elementary form, a 
research area is defined as a combination of the 
commodity, mode, container, operation, and safety 
subfunctions. The combination of the various dimen
sions of the research areas makes up an array or 
matr ix--hence the name. Initial priori ties are as
signed on the basis of scores that reflect the rela
tive contribution to societal risk of each TDG re
search area. Because some research areas may involve 
identical technologies, it is possible to pool 
scores for such areas in an overall score for the 
technology. 

• Stage 3: Final R&D priorities. This is a 
sifting process whereby the top scoring technology 
research areas yielded by Stage 2 are examined by one 
or more expert panels in order to arrive at a final 
R&D priority listing. 

Some elements of this approach are similar to the 
one described in a 1983 study conducted by the 
Transport Development Centre of Transport Canada 
(£) • The TDC study describes a method of assigning 
safety R&D based on a fault-tree analysis developed 
as a possible planning tool--but not put in use--by 
the U.S. Coast Guard. 

Table l gives an assessment of the seven options 
against the following criteria: 

• Information required, 
• Complexity, 
• Cost of implementation, 
• Outside acceptability, 
' Quality of results, 
• Risk of choosing wrong priorities, and 
' Time to get results (i.e., determine R&D pri

orities). 

On the basis of this assessment, the technology 
matrix approach was selected. Initially, its cost 
and time of implementation are high because the 
amount of information required is high, but this was 
a first attempt at developing a TOG R&D plan and it 
was believed that the methodology would become more 
and more useful as the quality of data improved over 
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time. Quality of results was therefore the key cri
terion in the selection of a methodology. 

TECHNOLOGY MATRIX APPROACH--STAGE l: INFORMATION 
COLLECTION AND ANALYSIS 

In this stage, the information required for the next 
two stages is collected and analyzed: 

Accident statistics, 
' Dangerous goods transportation statistics, 
• Trends, and 
• In-depth analyses and the like. 

TDG is currently developing a dangerous occur
rence reporting system. This system of mandatory 
reports, when in place, will provide key input to 
Stage 2. However, if the methodology is to be ap
plied it will have to be supplemented by forecasts 
of future dangerous goods flows. 

To fulfill its mandated leadership role in fos
tering R&O in dangerous goods transport, TOG will 
need to keep abreast of developments in this field. 
To communicate effectively with all agencies in
volved in this expanding field, TOG will require an 
R&D information retrieval and cataloging capability. 
Developing and maintaining this capability is also 
part of Stage 1. 

It should be noted that the output of Stage l is 
itself an R&D program. As a result the R&D plan in 
any given year will be made up of two major sections: 

• Section 1: Information plan. A plan to col
lect and analyze the information that will enhance 
the application of Stages 2 and 3 of the methodology 
in the next planning cycle (e.g., next year). 

• Section 2: Technology R&D plan. A plan to 
conduct technical R&D that is developed using the 
best information available in the current year. 

This approach implies that, for any TOG R&D plan, 
a budgetary decision must be made about the alloca
tion of resources between these two sections. A 
careful examination of the other R&D planning meth
odology options reveals that this type of budgetary 
decision is common to all options. Whatever the 
method used to determine priori ties for technology 
R&D, some effort must be expended to gather and ana
lyze the information needed to apply the methodol
ogy. It is expected that, as time goes on, the rela
tive level of effort expended on Stages 1 and 2 will 
gradually shift from Stage l to Stage 2. 

TECHNOLOGY MATRIX--STAGE 2: DEVELOPING 
PRELIMINARY PRIORITIES 

Approach 

Ideally, the preliminary priority scores assigned to 
research areas in the course of Stage 2 of the meth
odology should be a direct reflection of the social 
cost forecast to result from deficiencies in partic
ular research areas in the absence of R&D follow-on 
improvements. Consider, for example, the following 
research areas: 

Commodity 
Mode 
Container 
Operation 
Safety subfunction 

Sulphuric acid 
Truck 
Bulk 
Handling 
Training in spill 
containment 

The priority score to be assigned to this re
search area should reflect the expected social cost 
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(risk) that can be attributed to insufficient train
ing in dealing with sulphuric acid spilled during 
handling. 

The chances of finding a number of past events 
that fall exactly in this category and would allow 
the development of a reliable forecast are extremely 
low. Even if such events occurred in the past, many 
went unreported because of a lack of uniform en
forcement of reporting requirements in certain 
modes. Yet, the risk is there. 

To compensate for the lack of data, the methodol
ogy "borrows" data across commodities. As a result, 
two steps are carried out: 

• Step 1: Develop individual indicators that 
reflect the risk inherent in each element of the re
search area, in some cases independently of others. 

• Step 2: Perform a chain multiplication of 
these indicators to obtain a priority score for each 
research area. 

If this approach is followed there is a better 
chance of having the data base needed to develop the 
individual research area scores needed for the meth
odology, 

The drawback of this approach is that it implies 
mutual independence of the elements of the research 
area. For example, the procedure may yield a given 
individual score for bulk handling in the road mode. 
This score will then be applied to all commodities. 
But, an investigation of individual releases of dan
gerous goods during bulk handling in the road mode 
may show that these occur primarily with certain 
types of commodities (i.e., nonflammable liquids). 
To what extent that is an issue can only be deter
mined after a complete data base of dangerous occur
rences has been established. At this point, the in
clusion of Stage 3 in the methodology addresses this 
issue in part. 

Computation 

For a definition of the raw priority scores for a 
combination of the commodity, mode, container, oper
ation, and safety subfunction, let 

a 1 = forecast of the transportation activity level 
of the commodity and container combination by 
this mode in year t; 

a 2 propensity in year t of this mode to experi
ence dangerous occurrences when the operation 
is applied to the container; 

a 3 expected social cost of a dangerous occur
rence for the mode, operation, and container 
in year t; 
hazard index of the commodity (a means of 
ranking the hazard inherent in a spill of 
each dangerous commodity) ; and 
propensity of the subfunction to contribute 
to the social cost resulting from a dangerous 
goods release occurring for the mode, the op
eration, and the container in year t. 

If R&D in a particular year t 0 is considered, 
the relevant year t for the previous definitions is 
a year when any R&D conducted in year t 0 will have 
a possibility of reducing risk due to dangerous 
goods transport. The minimal time span for t-t0 is 
therefore the minimal lead time between R&D and ef
fective implementation. The priority score of a re
search area is then a1 x a2 x a3 x a4 x as. 

PRELIMINARY R&D PRIORITY SCORE FOR A SET OF 
RF:SF:ARCH ARF:l\S 

The data sources used to compute the factors a1 to 
as listed earlier were a combination of 
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• Statistics Canada commodity flow data, 
• Commodity usage forecasts, 
• U.S. data on deaths, injuries, and monetary 

damage from accidental releases of dangerous goods 
during transport, 

• National Fire Protection Association data on 
the relative danger of various dangerous goods, and 

• An analysis of the TDG data base of acci
dental releases of dangerous goods (dangerous occur
rences). 

Each of these data sources contributed to one or 
more of the factors as discussed hereafter. For 
brevity, only the derivation of factors (and subse
quent R&D priorities) for the rail mode of transpor
tation will be presented. The reader is referred to 
the report (l) for further details. 

a1: Forecast of Transport Activity Level 

There is a significant lead time between the start 
of an R&D effort and the ultimate implementation of 
any positive result of this effort. In the case of 
dangerous goods transport, a S-year lead time ap
pears reasonable. Thus R&D planned in 1984 and ini
tiated in 198S would affect TDG in 1990 and later. 

To arrive at reasonable forecasts of commodity 
flows in the period 1990-2000 the recent history of 
transport activity in Canada for the commodities 
under investigation was analyzed. Most of the com
modities were energy related and Energy Mines and 
Resources forecasts of Canadian usage of these com
modities were used to extrapolate recent history to 
the forecast period. For nonenergy commodities the 
commodity flow forecast was linked to real GNP 
growth to reflect the fact that these materials are 
basic industrial raw materials. 

Table 2 gives estimated rail tonnes and tonne
kilometers for the selected commodities for the year 
1981 and forecasts for 1990. The 1990 forecasts are 
the a1 factors that would be used in developing 
the raw priority scores under the technology matrix 
methodology. 

Of interest in Table 2 is the growing importance 
of propane as a surface cargo in Canada over the 
next S to 10 years. 

Tonne-kilometers was selected as the indicator of 
activity for road and rail transport because risk 
is, in great part, proportional to quantity moved 
and exposure duration. 

TABLE 2 Commodity Flow Forecasts for Selected Commodities 

Million Tonne-Kilometers 
Thousand Tonnes by Rail by Rail 

1980 1990 1980 1990 

Hydrogen (gas) 
Hydrogen (liquid) 0.033 0.044 0.010 0.013 
Natural gas (liquid) 4.1 5.6 0.41 0.56 
Propane 1,586 4,310 906 2,462 
Gasoline 1,562 1,504 1,057 1,018 
Diesel 3,279 3,675 1,665 1,866 
Aviation gasoline 
Aviation turbo 66 77 28 33 
Kerosene 1.6 0 ,7 1.9 0.76 
Heavy fuel oil 691 408 468 276 
Light fuel oil 538 218 364 148 
Petroleum (crude) 198 171 52 45 
Methanol 393 528 600 806 
Ethanol 
Sulphuric acid 1,202 1,615 865 1,163 
Chlorine 527 709 187 251 

Total 10,048 13,221 6,194 8,069 

Source: Thorne Stevenson & Kellogg and Hooper & Angus application of EMR fore-
casts and real GNP growth rates to Statistics Canada commodity transport data. 
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At this stage there are no transport statistics 
that relate to specific containers. The best that 
could be done was to use a rough estimate of what 
proportion is transported in bulk and what propor
tion is transported in packages. 

a 2 : Propensity of Mode, Operation, and Container to 

Experienc e Da ngerous Occurrences 

The propensity of a given mode, operation, and con
tainer to experience dangerous occurrences is ex
pressed in relation to the total dangerous good 
throughput for that mode, operation, and container. 
The factor a 2 therefore applies to all dangerous 
commodities and is equal to the number of dangerous 
occurrences per unit of throughput of all dangerous 
commodities for that mode, container, and operation. 

Note that, when the same throughput unit is used 
for az and for a1 , there is a cancellation of 
units in the multiplication operation. As a result 
the final scores obtained for handling are commen
surate with those for transport. 

For rail the factor a 2 represents the dangerous 
occurrence frequency per tonne or tonne-kilometer of 
dangerous goods related to a given container and 
operation combination. 

Data collected by TOG show that total dangerous 
goods transport by rail amounts to about 15 million 
tonnes per year. The commodities selected fo r this 
study whose rail volume amounts to 10 million tonnes 
per year account for two-thirds of the rail volume. 

At this stage the split of dangerous goods trans
ported in bulk and in packages is not known. It is 
estimated that for the selected dangerou s goods 
transport is 100 percent bulk for rail. For other 
dangerous goods it is assumed that packaged ship
ments account for 5 percent of rail transport and 10 
percent of truck transport. 

Yearly dangerous occurrence statistics, split by 
mode, container type, and operation, were extracted 
from the TDG data base. Combining these with commod
ity flow statistics yielded the factor a 2 • 

Table 3 gives the dangerous occurrence frequency 
( a2) for rail for both container types and opera
tions. 

TABLE 3 TOG Occurrence Frequency : a2 

Transport, occurrences per billion tonne-km 
Storage, occurrences per million tonnes 
Handling, occurrences per mi1lion tonnes 

Rail 

Bulk Package 

2.6 35 

0.34 27 

Source: TOG, EMH forecasts and Thorne Stevenson & Kellogg a nd Hooper & Angus 
esUmates. 

a 3 : Average Social Cost of a Dangerous Occurrence 

Social cost is made up of four components: 

• Lives lost, 
• Injuries sustained, 

Direct material damages, and 
• Indirect damages (e.g., evacuation, disrup

tions). 

Deaths and injury statistics were extracted from 
the TOG Directorate data base (damages data were un
available). On the basis of these statistics and the 
analysis of U.S. dangerous goods data, it was pos
sible to develop estimates of social cost for dan-
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gerous occurrences in Canada. This estimation is 
given for rail in Table 4. 

Cost estimates were calculated using the prin
ciple that the social cost of a dangerous occurrence 
f or bulk shipments is four times that for packaged 
shipments and that material damages add 40 percent 
to the social cost of deaths and injuries. 

TABLE 4 Average Social Cost of Dangerous Occurrences (1981 -
1983): ag 

Rail 

Transpo rt Handling 

Deaths/year 
Injuries/year 2.3 1 
Number of occurrences/year 31 13 

Bulk 24 8 
Package 7 5 

Social cost due to deaths and injuries ($000) 

All occurrences 230 JOO 
Per occurrence 

Bulk 8.9 10.8 
Package 2.2 2.7 
All 7.4 7.7 

Total social cost per occurrence ($000): a3 

Bulk 12.5 15.1 
Package 3. 1 3.8 
All 10.4 10.8 

Source: TOG Directo r:tte and U.S. DOT M tu~rhll.s. Transptirtgtiqn Bureau data and 
Thorne Steve nson & K'Ctltogg and Hooper & An"uJ staff es tlrn tt tcJ. 

The estimated social cost of dangerous occur
rences in Canada given in Table 4 is appreciably 
higher than are the u.s. estimates. It is believed 
that this is linked to the apparent underreporting 
of dangerous occurrences in Canada compared to the 
United States. Because only the more important re
leases tend to be reported in Canada, the estimated 
average social cost per release tends to be higher. 

The estimated material damages shown in Table 4 
are based on U.S. data that are supposed to include 
the cost of decontamination (cleanup) • How well that 
cost is estimated by those who fill out U.S. hazard
ous materials incident reports may be open to ques
tion. This reservation obviously extends to the 
Canadian estimates also. 

a4: Composite Hazard Index 

The factors a 2 and a3 are strictly mode, opera
tion, and container dependent. To indicate the rela
tive potential for damage represented by each dan
gerous commodity, actual accident data would be 
required. However, the number of dangerous goods is 
so large that, except for a few large-volume commod
ities, the TDG data base yields few observations 
with respect to specific commodities. Therefore, to 
reflect the potential danger represented by a given 
dangerous good, a composite hazard index, which re
flects the hazard ratings that can be assigned to 
this product along various hazard dimensions (e.g., 
fire, health), was developed. 

The approach was to use two consistent National 
Fire Protection Association (NFPA) codes (Codes 325M 
and 49), both of which assign values for health, 
flammability, and reactivity, and add their individ
ual components. A more intricate approach than sim
ple addition could be used. For example, the sum of 
the squares of the individual components could be 
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used to emphasize any hazard dimension for which a 
given commodity has been assigned a high value by 
the NFPA. For example, 3, 2, and 1 would result in a 
higher hazard index than 2, 2, and 2, but, for the 
first application of the methodology, simplicity was 
opted for. 

Table 5 gives the derivation of the composite in
dex. These are the a 4

1 s that have been used in 
applying the methodology. This form of hazard index 
is applicable to a broad range of commodities and 
works equally well for liquids, gases, and solids. 

TABLE 5 Assignment of Hazard Index: a4 

Commodity 

Hydrogen (gas) 

Hydrogen (liquid) 

Natural gas (gas) 

Natural gas (liquid) 

Propane 

Gasoline 

Diesel 

Aviation gasoline 

Aviation turbo 

Kerosene 

Heavy fuel oil 

Light fuel oil 

Petroleum (crude) 

Methanol 

Ethanol 

Sulphuric acid 

Chlorine 

Hazard 

Health 
Flammability 
Reactivity 
Health 
Flammability 
Reactivity 
Health 
Flammability 
Reactivity 
Health 
Flammability 
Reactivity 
Health 
Flammability 
Reactivity 
Health 
Flammability 
Reactivity 
Health 
Flammability 
Reactivity 
Health 
Flammability 
Reactivity 
Health 
Flammability 
Reactivity 
Health 
Flammability 
Reactivity 
Health 
Flammability 
Reactivity 
Health 
Flan111rnbilily 
Reactivity 
Health 
Flammability 
Reactivity 
Health 
Flammability 
Reactivity 
Health 
Flammability 
Reactivity 
Health 
Flammability 
Reactivity 
Health 
Flammability 
Reactivity 

NFPA Code 

325M 49 

0 0 
4 4 
0 0 

3 
x 4 

0 
l 
4 x 
0 

3 
4 
l 

1 1 
4 4 
0 0 
I I 
3 3 
0 0 
0 0 
2 2 
0 0 
I 
3 x 
0 
0 
2 x 
0 
0 0 
2 2 
0 0 
0 0 
2 2 
0 0 
0 0 
2 2 
0 0 
l l 
3 3 
0 0 
I l 
3 3 
0 0 
0 0 
3 3 
0 0 

3 
x 0 

2(w) 
3 

x 0 
0 (oxy) 

Hazard 
Index 
(a4) 

4 

7 

5 

8 

s 

4 

2 

4 

2 

2 

2 

2 

4 

4 

s 

5 

Source: Nf'PA plus Thorne Stevenson & Kellogg and Hooper & Angus method
ology. 

a 5: Subfunction Contribution to Social Cost of a 

Dangerous Occurrence 

The last factor, as, focuses on the subfunctions 
themselvesi it is a weight proportional to the risk 
associated with technological faults within the in
dividual subfunctions defined earlier. 

The method chosen for assigning subfunction 
weights was one which analyzed dangerous occurrence 
statistics kept by TOG. This approach provided a 
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clearly defensible, easily updatable basis for as
signing weights to individual subfunctions. Weights 
were assigned using an analysis of accident statis
tics and identification of occurrences of subfunc
t ion faults. 

The weights are equal to the frequency of faults 
in subfunctions that contribute to dangerous occur
rences. It is assumed that any positive change 
within a subfunction brought about either directly 
or indirectly by R&D programs will result in a de
crease in that portion of the social cost of danger
ous occurrences attributable to that subfunction. 

To establish the subfunction weights used in the 
methodology an extensive examination of TOG danger
ous goods occurrence reports for the years 19Bl-19B3 
was undertaken. The last complete year · of data 
available (19B3) was chosen as the basis for the 
assignment of the weighting factors. Most of the re
ports investigated provided good descriptions of the 
dangerous occurrences and allowed for a reasonable 
evaluation of the subfunctions at fault in the re
lease of hazardous goods. Reports from before 19B3 
were found to be less specific in their description 
of the event: most of the 1991 reports provide lit
tle more than basic information about whether or not 
the spill was due to a "traffic" accident. 

In all, 125 dangerous occurrence reports for 1983 
were analyzed for road and rail (these were aug
mented by 25 rail occurrence reports from 1982 to 
overcome a deficiency in the data), and faults were 
identified in all subfunctions: prevention, avoid
ance, control, and cleanup. The frequency of these 
faults was found to range from a high of 136 for 
"containment prior" in the control function to a 
single identifiable fault for "transport" in the 
cleanup function. 

These statistics were divided among the five 
modes considered in this investigation: rail, road, 
air, marine, and warehousing, and further subdivided 
into occurrences during transport, storage, or han
dling. These results for transport by rail are given 
in Table 6. The weighting factors are equal to the 
number of faults for a given safety subfunction di
vided by the total number of occurrences within that 
category (e.g., in rail bulk transport with 23 oc
currences, subfunction 1.2, "vehicle design," was 
identified as potentially at fault five timesi thus 
the weighting factor for this subfunction is 5/23 = 
0. 22). 

Monitoring is not given in Table 6 because the 
dangerous occurrence reports in the Directorate's 
files focus strictly on the release and its immedi
ate aftermath, not long-term site monitoring follow
ing cleanup. Long-term monitoring is the responsi
bility of Environment Canada. 

The result of the chain multiplication of a1 
through a 5 is a 6, the raw score for each cell of 
the technology matrix. 

Because of similarities in chemical properties, 
many standards and procedures cut across commodi
ties. Consequently, a research project pertaining to 
one commodity will often yield results applicable to 
another commodity. Therefore raw R&O priority scores 
were developed for research areas that group commod
ities together . This was achieved through a subfunc
tion commonality matrix that takes into account sim
ilarities in codes and procedures. 

The combined a6 score for research areas cover
ing a group of commodities is simply the addition of 
the individual a6' s for the research areas and the 
commodities that make up this group. 

The top priority R&D areas for the rail mode are 

Enhancement of Class 111, 105, and 112 rail 
cars to achieve "minimal release• (i.e., as close to 
zero release as possible) under accident conditionsi 
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TABLE 6 Technology Matrix-Bulk Rail 

Function 

Prevention 

Avoidance 

Control 

Cleanup 

Transport 

Subfunction 

1.1 Right-of-way design 
I. 2 Vehicle design 
1.3 Speed/scheduling/routing 
1.4 Vehicle storage/sorting 
1.5 Communications 
1.6 Filling systems 
I. 7 Maintenance/inspection 
I. 8 Training 
1.9 Commodity identification 
l . l 0 Commodity storage 
2.1 System and component 
2.2 Training 
3.1 Containment (prior) 
3.2 Site command/analysis 
3.3 Personnel equipment 
3.4 Commodity detection 
3.5 Commodity identification 
3.6 Site stabilization 
3. 7 Firefighting 
3.8 Containment (following) 
3. 9 Neutralizing 
4.1 Containment 
4.2 Neutralization 
4.3 Collection 
4.4 Transport 
4.5 Disposal 

8 F'ewer than five occurrences available for these areas. 

as 

0.260 
0.220 
0.170 

0.040 
0.040 
0.350 
0.220 
0.040 
0.260 
0.390 
0.260 
0.960 
0.040 

0.090 
0.040 
0.130 
0.040 
0.090 

Handling 

Su bfunction 

l.1 Right-of-way 
I. 2 Vehicle design 
1.3 Speed/scheduling/routing 
1.4 Vehicle storage/sorting 
1. 5 Communications 
1.6 Filling systems 
I. 7 Maintenance/inspection 
I . 8 Training 
J. 9 Commodity identification 
l.l 0 Commodity storage 
2.1 System and component 
2.2 Training 
3.1 Containment (prior) 
3.2 Site command/analysis 
3.3 Personnel equipment 
3.4 Commodity detection 
3.5 Commodity identification 
3.6 Site stabilization 
3.7 Firefighting 
3.8 Containment (following) 
3.9 Neutralizing 
4.1 Containment 
4.2 Neutralization 
4.3 Collection 
4.4 Transport 
4.5 Disposal 
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1.000• 

1.0008 

1.0003 

Source: Thorne Stevenson & Kellogg and Hooper & Angus analysis of TOG dangerous occurrence reports. 

• Development of systems and components for ac
cident avoidance when an accident situation has 
ariseni 

• Enhancement of current _ procedures for mainte
nance and inspection of rolling stock, tracks, and 
associated systemsr and 

• Enhancement of training of rail personnel in 
accident avoidance and dangerous goods awareness. 

These are the research areas that were presented to 
the expert panels in Stage 3. 

The corresponding top R&D 
goods transport by road and 
storage were also developed. 
referred to the report (_l). 

DEVELOPING THE TDG R&D PROGRAM 

areas for dangerous 
for warehousing and 

The reader is again 

Following the development of the raw priority scores 
and the identification of the top priority research 
a re as, the next step in the methodology was to ask 
experts to express opinions in response to the fol
lowing questions: 

• What research projects would logically fit 
into these research areas? 

• What useful knowledge is likely to be gained 
from conducting research in these areas? 

• Are there other research areas or projects 
that are worth pursuing? 

Individuals knowledgeable in all aspects of 
safety in the transport and storage of dangerous 
goods were identified and requested to participate 
in the survey, Their joint responses show: 

• General approval of the technology matrix ap
proach 1 

• Concern regarding the availability and qual
ity of statistical data used to identify research 
areas with recommendations that the data base be de
veloped further1 

• A view that research relating to bulk con
tainer design for the selected commodities is well 
under way, primarily in the United States; and 

• An overall recommendation that TDG place its 
R&D emphasis on (a) dangerous goods training, (b) 
maintenance and inspection procedures, (c) regula
tions, and (d) enforcement. 

Results of Expert Panel Survey 

The respondents recommended that TDG should place 
its R&D emphasis on areas that are related to en
hanced dangerous goods training, maintenance and in
spection procedures, regulations, and enforcement. 
This trend toward "soft" not hardware-oriented R&n 
was clear from an analysis of the total number of 
points allocated by the panel member s to the indi
vidual project areas. 

For the road mode only 25 percent of the allo
cated points were for the project areas dealing with 
tank and truck design consideration. Nearly 50 per
cent of the points were for areas relating to en
hancement of personnel training and regulations. The 
remaining projects, suggested by the panel members 
themselves, dealt exclusively with "soft" research 
and accounted for the remaining 28 percent. Thus, 
for road, nearly 75 percent of the points allocated 
by the panel was directed toward regulatory- and 
personnel-oriented R&D. 

For rail the split was not as distinct: 43 per
cent of the points were allocated to hardware and 
design projects, although the comments indicated 
that this area would best be left to established ex
perts such as the Association of American Railroads. 
The remaining points were assigned to training and 
maintenance and inspection-oriented research proj
ects. 

Development of Specific R&D Projects 

The next step in the development of an 
TOG involved investigating each mode 

R&D plan for 
and research 
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area individually. By combining the various respon
dents' project recommendations and suggestions, cer
tain prominent project ideas were further developed 
into distinct research programs for TDG. 

Only those areas that were given high ranking by 
the panelists were developed into detailed programs. 
The programs presented reflect the combined project 
recommendations of all the panel members who re
sponded to the questionnaire. 

All the projects chosen address areas of specific 
Canadian interest and have a medium to high chance 
of success. It must also be made clear that the pro
grams follow TDG's definition of R&D, specifically: 

• Gathering and analyzing information, 
Investigating problems, and 
Designing and testing solutions to problems. 

Timing estimates reflect categorization of proj
ects as research, design, or development and are re
lated to long-, medium-, or short-term time require
ments for field implementation of results. 

Examples of the R&D programs developed from the 
panel responses, for the rail mode, are given in t he 
following section. 

Rail Research Project 

This project was to address six areas. The first two 
areas were (a) enhance Class 111 tank cars to 
achieve minimal release of contents under a variety 
of conditions and (b) enhance Class 105 tank cars to 
achieve minimal release of contents under a variety 
of conditions. 

These two research areas were grouped together 
because the comments and the projects recommended 
for these areas were essentially the same. It was 
generally thought that any work done in the area of 
tank car design should be left in the hands of the 
experts, specifically the Association of American 
Railroads (AAR) • The Railway Progress Ins ti tute/AAR 
Railroad Tank Car Safety Research and Test Project 
has been investigating all facets of tank car design 
for 15 years. 

This project was responsible for developing many 
of the recently adopted design modifications to im
prove tank car design. These recommendations include 

Double shelf couplers, 
Head shields, 
Thermal protection, and 
Skids for bottom discontinuities. 

Because of the AAR' s wealth of background and expe
rience, it was believed that little should be under
taken without at least some association with the AAR. 

The third area the rail research project was to 
address was the development of systems and compo
nents to "exit" from accident situations. This re
search area was not particularly well understood, as 
some of the project suggestions would indicate. The 
proposed projects included 

• Study devices for checking alertness of crew, 
• Investigate how rail cars behave during a de

railment, 
• Investigate the state of the art in accident 

avoidance, and 
• Develop technology to permit emergency brake 

application from both ends of a train. 

There was no agreement among the panelists about the 
type of research to he undertaken. ~onsequently, no 
research program was established for this area. 
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The fourth area addressed by the rail research 
project was the enhancement of cur rent maintenance 
and inspection procedures. A number of research 
projects were suggested for this area: 

• Relate accident likelihood to track and equip
ment failure, then improve inspection and mainte
nance strategies; 

• Develop inspection procedures to detect fail
ure of roller bearings; and 

Upgrade track and roadbed standards to pro
vide safer right-of-way. 

Most of the suggestions dealt with development or 
improvement of maintenance and inspection procedures 
for track and rail equipment. 

Track and roadbed concerns are common to all rail 
transportation operations and are not specifically 
related to dangerous goods transport. Because many 
agencies are involved in track and roadbed research, 
it was thought that TDG should concentrate on inves
tigating maintenance and inspection procedures for 
rail equipment specific to dangerous goods transport. 
The proposed research program is shown in Figure 3. 

The first step in the program is to identify the 
currently practiced maintenance and inspection pro
cedures that are designed to signal or prevent cer
tain recognized types of rail tank car or equipment 
failures. An example would be to identify the many 
different methods currently used for hot box detec
tion. 

Another task will be to investigate all accidents 
involving dangerous goods tank cars in an attempt to 
identify the specific car or equipment failure or 
failures that played a part in the accident. 

The third phase of the program would estimate 
both the cost of enhanced maintenance and inspection 
procedures and their potential for reducing the 
likelihood or severity of accidents. In this manner 
the effectiveness of specific maintenance and in
spection practices can be established, From these 
results, a series of recommendations for new or im
proved maintenance and inspection procedures can be 
created by TDG for use by the industry. 

To develop the recommendations, including the in
vestigation of tank car accidents and modeling the 
effect of various procedures on accident severity, 
would require about 2 person-years. 

The fifth area addressed by the rail research 
project was the enhancement of training of rail per
sonnel in accident avoidance and dangerous goods 
awareness. This was the highest ranked rail research 
area. Several responde~ts suggested that this should 
be a priority research area for Transport Canada. 
The research projects proposed included 

• Develop a certification process and organize 
training procedures, 

• Effect regulations training, and 
• License personnel involved with dangerous 

goods after completion of a training program. 

It was evident from the suggestions that not just 
training but certification and licensing as well 
were of concern to the panelists. A detailed de
scription of the proposed program may be found in 
the report (3). 

The sixth area addressed by the rail research 
project consisted of R&D suggestions from panel mem
bers. Restricting dangerous goods trains to specific 
routes, equipment, and personnel was the most popu
lar independent research area suggested by the ex
pert panelists. Two projects proposed for this area 
were 
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BACKGROUND : In many cases the knowledge of what would be proper 
Maintenance and inspection procedures exists. 

Problem is to accelerate upgrading and cover costs . 

R&D PLAN : I dentify Curre nt 
M&I Proced u res 
relating to Car I 
Equ i pment Failure s 

I 
Investiga t e 
Relationship 
Between Accidents 
and specific 
Car I Equipment 
Failures 

I 
Determine Effectiveness 
of enhanced M&I 
Procedures on 
Ace ident likelihood 

I 
Recommendations 

TIMING: Medium term 

FIGURE 3 Fourth rail research area-enhance current maintenance 
and inspection procedures. 

• Study the feasibility of running dangerous 
goods trains using only special equipment, routes, 
and personnel and 

• Investigate handling dangerous goods cars in 
trains with improved instrumentation, highly trained 
crews, and so forth. 

The first stage of the suggested research program 
is to identify what conditions should be controlled, 
and in what manner, in order to create a "special" 
dangerous goods train. Parameters such as train 
route, equipment, number and qualifications of oper
ating personnel, availability of emergency response 
teams, and so forth should be considered. For each 
of the parameters identified, the feasibility of im
posing the condition must be considered. Not just 
economic feasibility but the actual physical reality 
of each situation must be considered. For instance, 
it may not be possible to wait for a trainload of a 
given commodity to be produced at Point A before it 
is shipped to Point B. 

When a set of parameters has been identified, the 
effectiveness of the individual (or combined) oper
ating conditions can be established. A cost-benefit 
analysis will identify those operating conditions 
that reduce the risk of dangerous goods rail trans
port for a comparatively low increment in operating 
costs. Recommendations regarding the potential for 
enhanced safety of using improved operating condi
tions and the makeup of such "special trains" can be 
produced for future use as determined by Transport 
Canada. 

CONCLUSIONS AND RECOMMENDATIONS 

The R&D program developed for TDG is made up of two 
sections: technical programs and information collec-

t ion and analysis. The technical programs were de
veloped with the application of technology matrix 
methodology (Stage 2) as outlined in the previous 
sections. 

Of equal or greater importance, at the present 
time, is the future application of the methodology 
to provide R&D programs for other commodities. When 
the methodology is applied again, it is hoped that 
the information available will have been enhanced 
both in quality and quantity. Part of the R&D plan 
therefore consists of a plan to upgrade the TDG in
formation base. This is what is called Stage 1 of 
the methodology. 

Enhancement of information gathering techniques 
was recommended in each of the following areas: 

Commodity flow statistics, 
• Commodity flow forecasts, 

Dangerous occurrence statistics, and 
• Information and methodology to support devel

opment of an improved dangerous goods hazard index . 

For each of these areas a plan was developed to 
obtain the additional information required. In de
veloping the plan all information gathering activ
ities were evaluated from four viewpoints: 

• What is the earliest possible date that the 
information sought can be available? 

• What will be the estimated cost of the infor
mation gathering activity? 

• What probability of success does the activity 
have (i.e., how likely is it that useful data will 
be obtained)? 

• To what extent will the information generated 
by the project enhance the quality or quantity of 
the information currently available? 



116 

On the basis of these four factors, the priority 
of the information being sought was estimated. Also, 
an approximate cost was assigned to each activity. 
Using this information, the TOG Directorate will be 
able to allocate their information gathering budget 
over the coming year. 

The combination of the technical research pro
grams with the information gathering and analysis 
programs provided TOG with a comprehensive R&D plan. 
It is believed that successful completion of these 
recommended research programs, as well as periodic 
development of new R&D priorities and their associ
ated programs, will establish TOG as a leader in 
dangerous goods transport R&D. 
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How to Determine the 
Dangerous Properties of Substances 

Th. M. Groothuizen and H.J. Pasman 

ABSTRACT 

Fire and explosions may develop into catastrophes when dangerous substances are 
transported. A sound knowledge of the dangerous properties of the substances to 
be transported is therefore of major importance. This knowledge should be the 
basis for the classification of dangerous goods and for other international 
regulations that concern the transport of these substances. This paper contains 
a rough survey of the principles involved in the classification of dangerous 
goods as well as discussions on fire and explosion hazards of dangerous goods, 
and the phenomena (mechanisms, physical effects, sensi ti vi ty, etc.) that play 
an important role in unwanted explosions. The state of the art will also be 
reviewed concerning the classification of dangerous goods. This review will 
center around the United Nations recommendations on which a growing number of 
national and international regulations are based in countries all over the 
world. Attention will also be paid to laboratory scale investigations of the 
hazardous properties of substances and to the first results of a comparison of 
the different test methods proposed for classification of organic peroxides. 
Also, some tests will be reviewed on intermediate and full scale bases. The 
last section of this paper will be dedicated to some recent investigations on 
the self-heating of bulk materials. 

Incidents may develop into catastrophes when danger
ous goods are being transported. The circumstances 
under which this can happen depend strongly on the 
properties of the substance, the packagings used, 
and the environment around these packagings at the 
moment of the incident. The formation of combustible 
gases in a mass of coal can, for instance, give rise 
to an explosive gas-air mixture in a bulk carrier, 
but this cannot happen in a railway wagon because of 
the greater ventilation. The increase in strength of 
packagings will decrease the chance and the size of 
dangerous leaks for toxic materials but can turn a 
mild thermal explosion of an organic peroxide into a 
serious one. A sound knowledge of the dangerous 
properties of substances to be transported is there
fore of major importance for the safe transport of 
substances. 

DIFFERENCES BETWEEN DANGEROUS PROPERTIES 

Considering the titles of the different classes 
(radioactive materials are not taken into considera
tion) used for the classification of dangerous sub
stances, it would be thought that the differences 
between these substances are only based on the 
physicochemical effect that can be produced <ll • 
There is, however, a second way of differentiating 
between these substances based on the interaction 
between them, the casing of the substance, and the 
environment surrounding this containment. 

If the casing in which the substance is trans-
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ported is considered (e.g., a tank container or a 
packaging), it can be stated that this casing has a 
dual function: it serves as a barrier against the 
release of the substance and as a protection against 
influences from the outside. For most of the danger
ous substances, a disruption of this barrier is nec
essary for the substance to become a hazard to the 
surroundings (Category 2 substances). For some other 
dangerous substances, even the disruption of this 
barrier is not enough for the substance to become a 
hazard because it needs additional contact with 
other substances (Category 3 substances). These sub
stances are, finally, substances that harbor an in
trinsic hazard--they can disrupt their casing by the 
physicochemical effect (Category 1 substances). 

Examples of the different categories are: 

1. Explosives and substances with 
properties such as organic peroxides 
self-reactive substances; 

2. Toxic and infectious substances, 
gases, and vapors; 

explosive 
and other 

flammable 

3. Oxidizers and substances that, when they come 
into contact with water, emit flammable gases. 

Measures to prevent accidents or minimize their 
effects are different for the three categories. For 
substances that can detonate (part of Category 1 
substances) dilution could exclude this effect. In 
the case of chemicals, this may be possible, but not 
for explosives because these substances will no 
longer function. Segregation regulations prevent 
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oxidizers (Category 3) from corning into contact with 
combustibles. 

It can be generally said that for the prevention 
of accidents of Category 1 substances, one has to 
consider the substance properties in the casing in 
combination with the environment that is to be ex
pected. Tests on a laboratory scale, which will 
sometimes include packaged materials, are therefore 
indispensable. A change of casing may give rise to a 
change in the behavior of the substance. For Category 
2 substances, the behavior of the filled casing in 
its environment has to be examined. A change of 
casing will not change the behavior of the substance 
(only the amount in case of a spill). For Category 3 
substances, the same holds as for Category 2 sub
stances with the provision that a leak will not 
invariably lead to the occurrence of a physico
chernical effect because additional substances are 
necessary for this. Moreover, additional rules for 
segregation may more adequately prevent accidents 
with this type of substance. 

TYPES OF EXPLOSION 

A distinction is usually made between physical and 
chemical explosions. An example of a physical explo
sion is the bursting of a steam boiler. A chemical 
explosion occurs as a result of a chemical reaction 
in a substance through which energy (heat) is set 
free and hot, normally gaseous reaction products are 
formed. Fire phenomena need not necessarily occur, 
but the reaction products are usually flammable. An 
investigation into the possibility of a chemical 
explosion of a substance will have to be aimed in 
particular at the chemical properties of this sub
stance, specifically at whether the substance can 
undergo a conversion during which energy is set 
free. Whether a chemical explosion has a destructive 
effect is dependent on the reaction rate and on the 
amount of gas formed during this reaction. Further, 
the situation in which the substance is kept is of 
paramount importance. Examples of chemical explosions 
follow. 

Thermal 

Self-heating (exotherrnal decomposition) occurs when 
a substance is stored or processed at a high enough 
temperature that the chemical reaction of the sub
stance under these conditions causes a heat genera
tion that exceeds the heat losses. The risk of self
heating will increase with increasing quantities. If 
self-heating of the substance occurs locally (e.g., 
in a solid), this may ignite a fire or explosive 
burning. Homogeneous self-heating (e.g., in a liquid) 
may give rise to a thermal explosion, in which case 
all parts of the substance will react simultaneously 
and at approximately the same rate. The effect of 
the thermal explosion is strongly dependent on the 
nature of the situation and of the substance in
volved. 

The main properties of a thermal explosion are 
(a) no defined reaction zone will exist but self
heating and self-accelerating decomposition through
out the substance will occur: and (b) an induction 
period (i.e., time to explosion) that is dependent 
on kinetics and heat losses must be present. 

Bxplosive Burning (Deflagration) 

When a RUhRtance comes to a reaction as a result of 
local heating and this reaction is maintained by the 
formation of a reaction zone that travels through 
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the substance without the addition of oxygen from 
the air, it is known as explosive burning or defla
gration of the substance. The reaction zone travels 
through the substance by means of heat transfer. The 
rate at which this takes place is referred to as the 
linear rate of burning. The linear burning rate 
increases with increasing pressure. Deflagration can 
therefore result in a violent explosion particularly 
in confined situations. Deflagration, which some
times looks like an ordinary fire, cannot be extin
guished by excluding air, but can be extinguished by 
effective cooling of the reaction zone, for instance 
with water. 

Special attention is required in the case of 
deflagration of gas- and dust-air mixtures, referred 
to as gas and dust explosions. In these cases a 
mixture of flammable gas, vapor, or dust with air is 
being dealt with, for which there are lower and 
upper explosion limits. Below the lower explosion 
limit, there is a shortage of flammable material, 
and above the upper explosion limit, the inhibiting 
effect of the excess fuel prevents flame propagation. 
The explosive region lies between these explosion 
limits. The minimum energy that is required to ignite 
an explosive gas-, vapor-, or dust-air mixture is 
called the minimum ignition energy. 

Therefore, the main properties of explosive burn
ing (deflagration) are (a) a propagating reaction 
zone will exist with linear rates of burning between 
10" • and 100 rn/sec (depending on pressure and tem
perature): (b) energy will be transferred ahead of 
the reaction zone by conduction, convection, or radi
ation: (c) most deflagrating substances are readily 
ignitable: and (d) the effect of deflagration is de
pendent on confinement. 

Detonation 

If a substance ls luc..:allY brought to reaction by a 
shock and this reaction is maintained by the forma
t ion of a reaction zone that travels through the 
substance at supersonic speed, the substance is said 
to be detonated. The reaction zone travels by means 
of a shock wave through the substance. A distinction 
should be made, however, between the possibility of 
detonation and the sensitivity to detonation. A 
detonation always has a strong destructive effect. 
In the case of explosives, use is made of this ef
fect. A shock wave is created in the surrounding air 
that is heard as a bang. Sometimes a deflagration 
can result from a detonation, as well as in the 
cases of gas and dust explosions. 

The main properties of detonations are (a) a 
propagating reaction zone will exist with detonation 
velocities from 1000 to 9000 rn/sec: (b) energy will 
be transferred by shock compression of from 25 to 
400 kbar: (c) most detonating substances have low 
initiation sensitivity; and (d) the effect of deto
nation will be destructive and in most cases inde
pendent of confinement. 

STATE OF THE ART IN CLASSIFICATION 

The rules for classification of explosives and sub
stances that can possess explosive properties are 
progressing. The UN already accepted a flow chart 
(1) for explosive (class 1) some years ago and 
r~cently completed the test descriptions and criteria 
that are to be used for the classification of explo
sives. For sea and air transport, the International 
Maritime Organization (IMO) and International Civil 
Aviation Organization (!CAO) will probably accept 
the UN test methods and criteria. The European regu
lations for rail (RID) , road (ADR) , and inland water-
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way transport (ADNR) which, at the moment, are based 
on quite different classification procedures, will 
move toward the UN system. A new draft of class 1 of 
RID-ADR, based on the UN scheme, is already under 
discussion. A change toward the UN system has also 
been observed recently in Europe for regulations on 
storage of explosives. However, the European Economic 
Community (EEC) decided 2 years ago to use the RID
ADR system for their directive on hazardous 
chemicals. 

For substances of classes other than class 1, 
which may have explosive properties, class 5.2 
(organic peroxides) plays the leading role in the UN 

system. The developments in class 5. 2 are used for 
substances of other classes. The UN Committee of 
Experts recently accepted a flow chart for the 
organic peroxides. The next step will be the accept
ance of test methods and er i ter ia. Th is must not 
take too much time because in Europe a new draft of 
class 5.2 regulations of RID-ADR based on the UN 
class 5. 2 is already available and the discussions 
on this draft have already started. It is hoped that 
the UN classification system can stay ahead so as to 
arrive at one system for all modes of transport, 
followed by other national and international regula
tions. If all classification systems were based on 
one system, an improvement in international coopera
tion and an elimination of trade barriers would be 
achieved. 

For the acceptance of test methods it will be 
necessary to exchange information between different 
laboratories. A first step was made by organizing a 
seminar on test methods fo r o r ganic perox ides et the 
Dutch Institute for Applied Scientific Research 
(TNO) in October 1984, which was followed by a second 
seminar in Washington, D.C., in May 1985. During the 
first seminar, the idea arose to start a data base 
for all useful test results of the organic peroxides 
listed in. the UN recommendations (1). Such a data 
base will be a useful tool for the comparison of the 
test methods and the allocation of criteria to the 
tests. The sequence of results will show whether by 
using different test methods the same property of 
the substances can be determined. Further, it can be 
used for setting the criteria for subdivisions at 
the same level. 

The data base is currently in operation and about 
5,000 test results of the approximately 130 entries 
for organic peroxides in the UN recommendations have 
been introduced from about 20 laboratories in Europe, 
the United States, and Japan. The next step will be 
to compare the results and to look into possible 
causes of differences. It is plausible for instance, 
that an organic peroxide diluted with volatiles will 
behave differently in closed and open vessels because 
of evaporation. The properties introduced in the 
data base are: 

Detonation 
l'leflagration 

• Mechanical sensitivity 
• Heating under defined confinement 

Explosive power 

Results have been collected for about 35 test meth
ods (~) • A number of these tests are also used for 
testing explosives. Also, some tests for the deter
mination of properties of packaged organic peroxides 
are part of the data base. 

LABORATORY SCALE TESTS 

The determination of the properties of explosive 
substances with the aid of laboratory scale tests is 
predominantly work for specialists in specialized 
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laboratories. Some tests contain so much material to 
be tested that the effect equals trinitrotoluene 
explosions of several kilograms. By contrast some 
tests are performed on a milligram scale. A few 
examples of tests may serve to give an idea of the 
type of tests that are to be performed. 

The first type of test is the tube test shown in 
Figure 1. Several tube tests are in use in different 
parts of the world and the one shown is the TNO 
50/70 tube test. The test is performed in a very 
strong steel tube in which the substance is put in 
contact with a high explosive charge. This charge is 
detonated and with the help of a measuring wire in 
the axis of the tube, the velocity of the front is 
measured. If the tube is fragmented or empty after 
the test and the measured reaction velocity exceeds 
the sound velocity, the substance can detonate. An 
example of fragments of a tube after the test is 
completed is shown in Figure 2, which also shows the 
results of a ' detonation of a specific sample of 
ammonium nitrate prills, 

electric blasting cap 
ionization probe 

lh---~L four high explosive 
charges 

eye 

VJ;.;"'-->'-l<'I- substance under 
investigation 

I 
veloc ity probe !continuous 
velocity measurement) 

tube, steel 

FIGURE I TNO 50/70 tube test. 

( ) 

FIG URE 2 Results of a detonation in a tube test. 
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With the Dutch pressure vessel tests (see Figure 
3) the effect of external heating on a substance is 
determined. The vessel has a capacity of 0.2 L and 
is closed at the top with a standardized membrane. 
Further, the vessel is provided at the side with a 
venting device. Ten grams of a substance are heated 
in a programmed way in th e vessel and the effect is 
observed. In case the membrane remains intact, a 
second test is performed with the next smaller vent 
hole and vice versa. 

FIG URE 3 Dutch pressure vessel test. 

By using this procedure, the limiting diameter is 
determined, which is a measure of the substanc e 
behavior during external heating. The larger the 
limiting diameter, the more dangerous is the sub
stance. There are, at the moment, at least four 
different versions, all developed from the original 
Dutch version. This calls for standardization. Figure 
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FIGURE 4 BAM friction apparatus. 
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4 shows the BAM friction machine in which the sen
sitivity to friction of a small portion of a sub
stance is tested between a porcelain plate and a 
porce lain peg. The load on the peg can be varied and 
the limit determined at which point a positive report 
can barely be perceived. 

TESTS IN PACKAGINGS 

As mentioned before, in some cases the behavior of a 
substance in a package also has to be determined. 
Various tests are being developed for this purpose. 
The next test to be discussed is used for substances 
that have a high val~e in tests that involve the ef
fect of external heating, such as the pressure ves
sel test. Depending on the type of packaging, it may 
be possible to suppress the explosive properties of 
the substance to a level at which it no longer ex
plodes in practice. Because the packaging plays a 
decisive role in this context, the test should be 
performed in the actual packagings. Figure 5 shows 
the test set-up with a composite packaging filled 
with an organic peroxide. The peroxide is heated 
with an electric coil inside the liquid until the 
thermal explosion follows. During this explosion, a 
cloud is formed that, in the case of some peroxides, 
ignites spontaneously. Figure 6 shows the result of 
this test with a mild exploding peroxide (upper) and 
the result of a very fast exploding organic peroxide 
(lower). The latter explosion is so violent that it 
fragments the weak packaging. If an aluminum can is 
used J.n s tead of the composite pa ckaging, which means 
much '1iior e confinement for the e xpl o s ion, dange rous 
fragmentation will be observed (see Figure 7). At 
the moment, the UN recommendations indicate that 
organic peroxide-packaging combinations may only be 
shipped without an explosives subsidiary risk label 
if tests have shown that the perox ide cannot explode 
in the specific packaging. 

INTERMEDIATE SCALE INVESTIGATIONS 

One of the main design criteria for tanks and tank 
containers for the transport of organic peroxides is 
that the tank must not explode in the case of com
plete fire engulfment over a period of 1 hr. Because 
this criterion is not easy to meet with reactive 
liquids such as organic peroxides, investigations 
have been performed at the TNO to derive scaling 
laws. 

Different organic peroxide formulations have been 
tested in tanks of 8, 33, and 234 L. During these 
tests, the vent areas· have been varied and the 
internal pressure in the tank has been measured 
while the tank was heated by a representative fire 
on th e outside. Figure 8 shows a view during a test 
with the 234-L tank, and Figure 9 s hows the results 

rough porcelain peg 

I 
1ls 
I 

5 rough porcelain plole i ...__ _ _________ ___, 
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FIGURE 5 Test set-up. 

FIGURE 6 Effect of a mild (top) and fast (bottom) 
exploding organic peroxide. 
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of a test series for an organic peroxide in the 
33- and 234-L tanks (]). 

BULK TRANSPORT OF DANGEROUS SUBSTANCES 

For some substances transported in bulk, self-heating 
may cause dangerous situations. Investigations as 
early as 1965 at TNO showed that an improperly 
produced (overly acid) fertilizer can cause such 
temperature rises as a result of self-heating and 
self-ignition followed by a deflagration of the 
fertilizer. The foundering of the merchant vessel 
Sophocles could be attributed to this effect. In 
ammonium nitrate fertilizers, an ample amount of 

FIGURE 7 Fragments of an aluminum can after a thermal 
explosion. 

FIGURE 8 Test with an organic peroxide in a 234-L model tank; 
the bursting disc has functioned and decomposition gases are being 
vented. 
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FIG URE 9 Maximum overpressure inside 
the tank as a function of the relief 
capacity A/V. 

oxygen for the combustion reaction is present in the 
ammonium nitrate molecule. This is not the case in 
substances like coal, direct reduced iron (DRI), and 
tapioca. However, this does not imply that self
heating in these substances is not possible. In 
these events, oxygen from the air is used for the 
exothermal reaction. 

The self-heating process in such bulk cargoes is 
very complex, however. The effects of particle size, 
chemical composition, degree of degradation, adsorbed 
oxygen, changing oxygen content in the surrounding 
air, suppletion of oxygen, ventilation, evaporation 
of moisture, and subsequent condensation at another 
place will all play a part. In the Netherlands, the 
self-heating process of coal has been studied for 
years and this study is continuing. The program 
consists of three parts: (a) laboratory scale in
vestigations (TNO), (b) development of a mathematical 
model (TNO) , and (c) measurements in coal piles 
(Inspection Service for Electrical Equipment in the 
Netherlands) • 

Figures 10 and 11 show some typical results of 
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the laboratory measurements Ci-~). The study centers 
on the self-heating process of subbituminous coal 
types because these are most frequently used in 
coal-fired furnaces. Heat generation of the various 
coal types investigated showed that variations of 
more than a factor of 5 are not uncommon. The results 
of the laboratory tests are used in the mathematical 
model. The calculated values compare very well with 
temperature measurements in actual coal piles (7) • 

Figure 12 shows the results of calculations of 
the inaximum temperatures in two piles of the same 
size that contain coal with different moisture con
tents. It may be concluded from the calculations 

10000 

"' -" 

~ 
e 
c-
2 1000 
'E ., 
c ., 
"' c ., 
.c 

100 

10 

2,8 3,0 3,2 
reciprocal temperature, 1000/K 

FIGURE 10 Heat generation at different (reciprocal) 
temperatures in an Australian (X) ond an American (LI) 
subbituminous coal. 
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FIGURE 11 Heat generation at different oxygen concentrations in an 
Australian subbituminous coal at 338° K. 



Information Systems and Computer-Aided Management 

360 : . 
"" 
c.. 340 E ., 

" 0 
E 

320 

300 

260 

0 / 100 200 300 400 
time (days) 

FIGURE 12 Maximum temperature in a pile of 
coal for different moisture contents. 

that the porosity of the pile is a very important 
variable that affects the thermal behavior of the 
pile as well as the airflow through it. An obviously 
high degree of compaction will prevent self-heating 
as well as other methods of limiting the air flow. 

Investigations of tapioca and DRI are still in 
the exploratory stage. Isothermal and adiabatic 
storage tests with tapioca show again the major role 
of moisture on the self-heating process. Because the 
heat production of tapioca with 14 percent water 
(equilibrium moisture content at about 20°C) is much 
higher than that of dry tapioca, it may be concluded 
that water also plays a direct role in the oxidation 
process. At elevated temperatures, the moisture 
content of the tapioca will decrease by evaporation. 
This evaporation consumes heat, which then decreases 
the rate of temperature rise. As soon as the tem
perature exceeds about 90°C, the self-heating process 

125 

will quickly accelerate to the point of local self
ignition. 

Preliminary investigations into the self-heating 
process of DRI revealed that the combination of 
moisture, oxygen, and surface area is mainly re
sponsible for the course of the oxidation process. 
Water (either liquid or vapor) is largely involved 
in the chemical reactions. Depending on the amount 
of water that is present, the heat generation may 
readily increase by a factor of more than 20. Con
tinued investigations and efforts are necessary to 
obtain more information on the effect of preventive 
measures. 
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Key for Mixed Loadings of Dangerous Goods 

Staffan Wikfeldt 

ABSTRACT 

In complying with European international regulations for the land transporta
tion of hazardous materials, there are many complicated rules. Some of them 
concern the prohibitions on mixed loading of certain types of hazardous mate
rials on the same vehicle. The compliance of these rules is based on the label
ing of the goods and, because of that, it has been possible to make a special 
chart by which working people who are dealing with such operations can decide 
whether or not certain types of hazardous materials are compatible. This key is 
frequently used by many companies in the freight forwarding business and the 
trucking industry in Sweden and other Scandinavian countries. To some extent, 
it is even used by Swedish enforcement personnel. For short-term storage at 
terminals and in warehouses, the chart advises how to segregate different types 
of goods depending on the labeling. It also provides additional information 
such as a quick reference chart on hazard warning labels. The purpose of this 
paper is to provide an example of a simplified method for complying with im
portant safety regulations. 

There are many complicated safety regulations to 
comply with in the transportation of hazardous mate
rials. In addition, it is necessary for those deal
ing with such operations to have guides, loading 
charts, and other similar aids to make the compliance 
easier and safer. Among many of the safety regula
tions, the prohibitions on mixed loading of certain 
types of hazardous materials on the same vehicle are 
of a specific importance. To avoid incompatible 
substances being involved in and reacting dangerously 
and thereby causing incidents or accidents, the 
regulations outline the specific requirements by 
providing descriptions of the goods (i.e., proper 
shipping name or hazard class entries) in loading 
charts. Such regulations can sometimes be constructed 
and based on the labeling (hazard warning labels, 
affixed to packagings) of the goods. It is always 
evident, however, that the more detailed such 
regulations are, they will be considered more 
complicated and difficult to comply with. More 
stringent rules (i.e., fewer variations in a chart 
system of rules) are easier to understand and, by 
this, safety is also promoted. 

EUROPEAN REGULATIONS 

The implementation of regulations concerning the 
transportation of "dangerous goods" was started in 
Europe approximately 100 years ago with some special 
regulations for the carriage of dangerous goods by 
rail. The International Convention Concerning the 
Carriage of Goods by Rail came into force in 1893 
and, since that time, international transportation 
of hazardous materials has been implemented by 
Annex 1 of the convention on the International 
Regulations Concerning Carriage of Dangerous Goods 
by Rail (RID). For highway transportation of haz
ardous materials, the European international regula
tions have been in force for a little more than 15 
years. These regulations are practiced in 19 of the 
European nations and are entitled: Agreement Con
cerning the lnternational Carriage of Dangerous 
Goods by Road (ADR). The regulations were built on 

the rail RID regulations. Many parts of these 
regulations are similar to each other, such as the 
regulations for: 

• Classification, 
• Packagings, 
•Marking and labeling, 
• Descriptions of the goods (declarations in 

shipping papers), and 
• Prohibitions on mixed loadings. 

The ADR-RID regulations have been gradually adjusted 
to the United Nations recommendations, although so 
far, only partially. However, the hazard warning 
labels and, in the main, the classification and some 
rules for packaging are in conformity with the UN 
standards. 

ADR REGULATIONS 

The ADR system for the identification of hazardous 
materials consists of (a) description in shipping 
papers, and (b) marking and labeling of packagings . 

In the shipping papers, the shipper should declare 
(a) the name of the hazardous substance (not always 
proper shipping name) , (b) the hazard class number., 
and (c) the item number followed by the initials ADR 
(see Figure 1). 

If more than 3000 L are carried in one container, 
the shipping papers must also include the UN number 
("1789"), which must appear on hazard warning panels 
affixed to the container or on the vehicle (see 
Figure 2). 

Packages are marked and labeled according to a 
different system in the ADR regulations. The hazard 
warning labels are in conformity with the UN recom
mendations except for gases and infectious suh
s tances. Explanatory text and digits in the lower 
part on the label are not mandatory. When appro
priate, packages must be marked with the name of the 
hazardous substance, complete with the class number 
(especially for class 2, gases). The primary hazard 
and, when appropriate, the secondary hazard (s) must 
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FIGURE l Sample declaration form used in shipping hazardous materials. 

(ADR) (IMDG) 

FIG URE 2 Sample labels used in the transportation of hazardous 
materials. 

FIGURE 3 Double labels of 
the same type. 
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DESSA SKAlL OCKsA RESPEKTERAS. 

FIGURE 4 Front side of the Bilspedition key. 

~ 

be shown on warning labels affixed to the packages 
or the containers (see Figure 3) . 

For special reasons, the ADR regulations include 
a system of double labels (i.e., two labels of the 
same type). Such double labeling means increased 
risks and more stringent prohibitions on mixed load
ing. It is used for composite containers, fragile 
packages and for certain types of hazardous materials 
by means of segregation. 

PROHIBITION OF MIXED LOADING ON ONE VEHICLE 

In the ADR regulations, the rules concerning the 
prohibitions on mixed loading on the same vehicle 
are expressed as in the following example for class 
6.1. 

e 

(1) Substances of Class 6.1 contained in 
packages bearing a label or two labels con
forming to model No. 6.1 or 6.lA shall not 
be loaded together on one vehicle with sub-
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FIGURE 5 Bilspedition key-mixed 
loading chart. 

stances or articles of Classes la, lb, or le 
contained in packages bearing one or two 
labels conforming to model No. 1. 

(2) Substances of Class 6.1 contained in 
packages hearing two labels conforming to 
model No. 6 .1 or 6. lA shall not be loaded 
together on one vehicle with: 
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FIG URE 6 Bilspedition key-prohibition chart. 
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(a) Substances of Classes 3, 4.1 or 
4.2 contained in packages bearing two 
labels conforming to model No. 3, 4.1 or 
4.2i 

(b) Substances of Classes 5.1 or 5.2 
contained in packages bearing two labels 
conforming to model No. Si 

(c) Substances of Class 8 contained 
in packages bearing two labels conform
ing to model No. 8. (ADR Regulations, 
Section 6.1, paragraph 403.) 

(Some explanations: the labels are not named hy the 
symbols for meanings, but are given "numbers" corre
sponding to the class numbers.) 

One can realize how difficult it would be for the 
working people to comply with such regulations. It 
is important to keep in mind (a) the hazard class 
number and the classification, and (b) one or two 
(or more) labels of certain types classified by 
number and appearance. There are no less than 14 
different hazard classes in the ADR regulations, 
each with its own respective rules for those 
prohibitions. It is absolutely necessary to have 
guides such as the Bilspedition key for mixed 
loadings of dangerous goods (see Figure 4). 

THE BILSPEDITION KEY 

The Bilspedition key has been used since 1975 and is 
reviewed in conformity with the development of the 
regulations. Usage of it is helpful in all domestic 
and international road transport movements and even 
rail transport. Through a special agreement signed 
on October 1980 by the authorities of Denmark, Fin
land, Sweden, and even Germany concerning so-called 
short voyages in the Baltic Sea, the land transport 
regulations may be used for transporting dangerous 
goods during the short ferry crossings as an alter
native to the IMDG code. This means that the ADR 
regulations for mixed loadings of hazardous materials 
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FIGURE 7 Bilspedition key-segregation chart. 

apply and that the Bilspedition key can be used for 
the purposes of mixed loadings on vehicles and con
tainers (see F'igure 5). (Note that hazardous mate
rials labels like those shown in Group I must not be 
loaded together on the same vehicle with hazardous 
materials labels like those shown in group II.) For 
stowage and segregation on board vessels, special 
regulations apply. 

Compliance with the prohibitions on mixed loading 
should be based on the hazard warning labels (i.e., 
the kind of and combinations of labels affixed to 
packages). The whole system of prohibitions can be 
explained through this chart in the key shown in 
Figure 6. If there is no requirement for labeling of 
a certain type of hazardous material, there is no 
prohibition on mixed loading. 

The key also contains a quick reference chart in 
which are shown the numbers and labels as well as 
the entries to hazardous materials (see Figure 7) 
classes. [Note that class 2 in the ADR System has no 
specific label, but label 3 (Inflammable Liquids) is 
prescribed for labeling of packages that contain 
inflammable gases.] The opposite side of the key 
(the back side) has another function applicable to 
short-term storage of dangerous goods at terminals 
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and warehouses. This chart is not subject to some 
Swedish (domestic) legislation, but can be used as a 
guideline system for segregation based on the general 
segregation table. (IMDG Code, page 0112). 

By using the segregation key in considering the 
labeling of the goods, the degree of horizontal 
segregation is given by a digit representing a spe
cific minimum distance. Of course the primary hazard 
of the hazardous materials must be respected in the 
first line. Additional information such as segrega
tion of foodstuffs and segregation that concerns 
single and double labels is also given. 

The purpose of this information on the key is to 
show how some complicated regulations can be made 
easier to understand and to obey by this guidance 
system. A similar key may be useful for the U.S. 
transportation of hazardous materials on the highway 
although the conditions are different because of 
varying federal, state, and local regulations. Start
ing from the federal regulations (CFR 49), the author 
feels this could be possible. 

This paper is reprinted by permission of The Bilspe
dition Group, Gothenburg, Sweden. 
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Development of a 
Universal Emergency Action Guide System to 

Enhance Response Effectiveness and Safety 
J. J. O'Driscoll 

ABSTRACT 

During the last 20 years a number of catastrophic incidents have occurred dur
ing transportation, manufacture, and use of hazardous materials. These inci
dents have introduced to the world a number of new catastrophe potentials that 
have not previously been fully recognized or considered in literature and stud
ies on emergency response. In practically every situation the findings of 
investigators have emphasized the lack of adequate knowledge on the part of 
emergency response forces ahout the extent of the threat presented in these 
situations. The Jody Chart System provides basic key information indicators or 
flags of major hazard potentials in a priority manner that emphasizes the most 
critical threat or hazard potential of the materials under the various actual 
circumstances that could be involved. Using this key information makes the re
sulting guide a valuable supplement to the U.S. Department of Transportation 
(DOT) Emergency Response Guidebook and allows response personnel to know imme
diately the major catastrophe potentials of materials involved in an incident, 
as well as provides an indication of the multiple hazards some materials pres
ent. This is done in a manner that is easily remembered by trained personnel 
during actual emergencies and provides the necessary information to permit 
proper response decisions to be made on scene. 

During the last 20 years a number of catastrophic 
incidents have occurred during transportation, manu
facture, and use of hazardous materials. These inci
dents have introduced to the world a number of new 
catastrophe potentials that have not previously heen 
fully recognized or considered in literature and 
studies on emergency response. In practically every 
situation the findings of investigators have empha
sized the lack of adeq~ate knowledge on the part of 
emergency response forces about the extent of the 
threat presented in these situations. Consequently, 
when they occurred again, similar mistakes were made 
in subsequent response actions. Careful analysis and 
review of these incidents, their causes, and of rec
ommendations made by investigators of these inci
dents repeatedly indicated this lack of knowledge of 
the potential hazards. the failure to recognize the 
critical conditions involved, and the failure to 
take the essential actions that should have been 
taken. 

These incidents have involved a variety of situa
tions and materials (see Table 1). Surprisingly, the 
most threatening and frequent incidents have in
volved only six major catastrophe potential catego
ries, along with key critical conditions involved in 
each. This limited number of catastrophic potentials 
offer some hope for the development of better emer
gency action guidelines, evacuation procedures, and 
response capabilities. 

Review of a number of past incidents that re
sulted in a number of fatalities and personal injur
ies, revealed that these incidents were due primar
ily to only 12 major hazard potentials. These 
findings suggested a unique new guide system for 
response to hazardous material incidents: the Jody 
Chart System (]J . This guide system is needed to 

assign a priority to the actions that are to he 
taken and to indicate those critical conditions in 
which these incidents pose immediate catastrophe 
potential, as well as to indicate the major hazard 
potentials of the materials involved. 

After review and analysis of reports and investi
gations of past major incidents, it became evident 
that the most frequent information needs of response 
personnel were very basic and yet information was 
not readily available from present reference 
sources, guides, and emergency response manuals or 
materials. 

The demonstrated needs of emergency response per
sonnel, when recognized and studied, suggested a 
guide that uses current U.S. Department of Transpor
tation (DOT) hazard classifications and identifica
tion procedures to quickly refer response personnel 
to those circumstances that pose the most serious 
threats under existing conditions. Such a guide 
would then allow response actions to be taken in 
order of priority to ensure the safety of emergency 
response personnel. These guides also need to indi
cate the various danger zones and actual control 
measures to be implemented on site. 

In reviewing available guidebooks and emergency 
reference materials, they were all found to have 
many similarities; however, they also suffered from 
a lack of uniformity in their emphasis on the pri
mary or multiple hazard potentials of materials, and 
they were of a cook book nature in their recommended 
actions. They generally failed to emphasize the pri
ority order of actions to be taken immediately in 
responding to incidents under various critical con
ditions and the preferred identification procedures 
for rapid determination of the materials involved. 

These limitations suggested that a new approach 
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TABLE 1 Major Hazardous Materials Accidents 

Accident Categories Location Year 

1. Explosions Texas City, Tex. 1957 
Marshalls Creek, Pa. 1964 
Waco, Ga. 1972 
Wenatchee, Wash. 1975 
Laurel, Miss. 1969 2. Bleve' or VRPb 
Crescent City, Ill. 1970 
Houston, Tex. (I) 1971 
Kingman, Ark. 1973 
Eagle Pass, Tex. 1975 
Waverly, Tenn. 1979 

4. Fuel vapor/gas cloud East St. Louis, Ill. 1972 
Decatur, Ill. 1974 
Houston, Tex. (2) 1974 
Flixborough, England 1974 

5. Toxic vapor/gas cloud Houston, Tex. 1976 
Glen Ellyn, Ill. 1976 
Youngstown, Fla. 1978 
Crestview, Fla. 1979 
Somerville, Mass. 1980 
Bhopal, India 1984 

6. Poisonings/pollution Love Canal, N.Y. 1970-1980 
Times Beach, Mo. 1970-1980 
California watermelons 1985 

~Bleve =boiling liquid expand ing vapor explosion. 
VRP ==violent rupture pourn1i~I. 

be considered that would provide basic, key informa
tion indicators or flags of major hazard potentials 
of materials and yet provide this information in a 
priority order that would emphasize the most crit
ical threat or hazard potential of the materials 
under the circumstances involved. 

The National Fire Protection Association (NFPA) 
7 04 System of identifying fixed-storage facilities 
of hazardous materials offers encouragement because 
it has proven effective, practical, and usable by 
the vast majority of fire services over the last 25 
years. 

With these findings as a starting point, a de
tailed review of data sources was undertaken to 
identify those characteristics and properties of 
materials that needed to be recognized and identi
fied in establishing guidelines for the proper han
dling of incidents involving those materials. These 
analyses were conducted by referring to data sheets, 
manufacturers publications, numerous accident re
ports and articles to determine which materials, 
identified by identification (ID) numbers, had sig
nif i cant major hazard potentials. This approach al
lowed identification of several major hazard poten
tials that have not previously been emphasized or 
referred to in a priority manner in any of the stan
dard reference or guide materials. 

To provide identification for the new threats 
identified in the study, the abbreviated hazard 
codes were developed: violent rupture potential 
(VRP), toxic (TOX), and gas cloud (GAS). Paragraphs 
for each code were added to the traditional major 
hazard potentials with an explanation of their char
acteristics, the critical conditions, and recom
mend.ea actions needed to eliminate their threat or 
to reduce the harm and injury they could inflict 
(see Table 2). 

Because hazard classei;i have been used for many 
years to train personnel in the identification of 
major hazards of various materials, it was believed 
essential that this basis be retained in the guide 
to use existing knowledge of response personnel and 
to be supplemented by the new DOT United Nations
North American (UN/NA) identification numbers now 
required on shipping papers for the shipment of all 
hazardous materials. 

In order to make the guide universal in applica
tion, it was recognized that the United Nations haz-
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Hazardous Material Critical Condition 

Ammonium nitrate In tense fire 
Explosives A Intense fire 
Explosives A Intense fire 
Monomethylamine nitrate Impact 
LPG Intense flame impingement 
LPG Intense flame impingement 
Vinylchloride monomer Intense flame impingement 
LPG Intense flame impingement 
LPG Mechanical damage 
LPG Mechanical damage 
Propylene Puncture or rupture 
LPG (nonodor) Puncture or rupture 
Butadiene Puncture or rupture 
Cyclohexane (hot) Puncture or rupture 
NH 3 Puncture or rupture 
NH3 Puncture or rupture 
CL2 Puncture or rupture 
CL2 Puncture or rupture 
Phosphorus trichloride Puncture or rupture 
Methylisocyanate Release 
Polychlorinated biphenyl/dioxin Spills and leaks 
Polychlorinated biphenyl/dioxin Spills and leaks 
Temik Spills and leaks 

ard class and division designations were rapidly 
being implemented in the United States and Canada, 
as well as in European countries. Unfortunately, the 
definitions of the DOT hazard classes and those of 
the United Nations International Mari time Organiza
tion (IMO) differed in several respects. To overcome 
the conflicts between the two systems, it was be-

TABLE 2 Major Hazard Potentials Table 

Code Hazard Potential 

EXP EXPLOSION: possible when on fire or containers are exposed to 
intense fire; evacuate 1 mile. 

VRP VIOLENT RUPTURE POTENTIAL: exists when large containers, 
tank cars, tank trucks, or trailers are exposed to intense fire; 
evacuate Y, mile. When cylinders, drums or small containers are 
involved, evacuate l;,l mile. 

TOX TOXIC MATERIAL: potentially harmful to humans if ingested, 
breathed, or skin contact is allowed. Keep unprotected persons 
from contact and out of gas, dust, smoke, or vapor clouds. 
Severity of injury can vary significantly from irritation to being 
lethal (poisons). 

FYR FIRE HAZARD: remove ignition or heat sources, extinguish fire 
in proper manner i( other hazard potentials are controlled or 
provided for. Keep all persons out of gas, dust, smoke, or vapor 
clouds. 

OXY OXIDIZER: presents serious fire hazard if in contact with or 
mixed with fuels or other combustible materials. In intense 
fire, containers can violently rupture ; evacuate Yi mile. 

COR CORROSIVE: harmful to humans if skin or eye contact is al-
lowed or vapors are breathed. Contact with other materials or 
water may cause vioJent reactions, fuming, or fire. 

SPC SPONTANEOUSLY COMBUSTIBLE' presents a serious fire haz-
ard if released or spilled; easily ignited. Avoid contact with 
other materials, or heat. 

-W.. DANGEROUS WHEN WET: will react, erupt, or burn violently in 
contact with water. Toxic or flammable gasses may be released. 

ASP ASPHYXIANT: do not breathe gas or vapors. Will cause dizziness, 
or loss of consciousness; can be fatal. 

GAS CLOUD: gas, dust, smoke or vapor will form when released from 
container and will move with the wind and flow into low places. 
Avoid entering or breathing cloud contents. Evacuate all persons 
from cloud area and from area downwind as far as necessary. 
Cloud may not be visible; any unusual odor or taste may indicate 
its presence. If ignited, a flammable gas, dust, or vapor cloud may 
flash back and burn rapidly with explosive force. Contact with any 
cryogenic (CRY) or compressed gas liquids will result in freezing 
or frostbite. 

RAD RADIOACTIVE MATERIALS: exposure cannot be detected by 
senses. Keep all persons out of immediate area. If on fire evacuate 
from downwind areas. Expert advice and monitoring with instru
ments essential if containers are ruptured. 
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lieved necessary to resolve differences by designat
ing new Jody hazard classes for the most threatening 
hazard class as determined by the properties of the 
various materials (see Table 3). Fortunately, such 
designations cause very few difficulties because the 
original definition differences were generally only 
a matter of degree and not of basic properties or 
characteristics. 

TABLE 3 Hazard Classes of Materials 

Jody UN JMO Classes and 
Classes DOT Classes Divisions 

Explosives 
XA Class A I.I 
XB Class B 1.2/1.3 
xc Class C 1.4 
BA Blasting agents 1.5 
FG Flammable gas 2.1 
NG Nonflammable gas 2.2 
PA Poison A, Poison gas 2.3 
FL Flammable liquids 3.1/3.2 

(Flash point 0-100° F) (Flash point 0-73° F) 
CL Combu~tiblc liquids 3.3 

(T'lAsh point 100-200° F) (Flash point 73-141° F) 
FS Flammable solids 4.1/4.2 (SPC)" 
l'W- Flammable solids W 4.3 
ox Oxidizer 5.1 
OP Organic peroxide 5.2 
PB Poison B, Poison 6.1 
ET Etiologic agent 6.2 
IR Irritating material 
RM Radioactive material 7 
CM Corrosive material 8 

Other regulated materials 
OA ORM A (by air or water) 9 
OB ORM B (by air or water) 9 
oc ORM C (by air or water) 9 
OD ORM D (consumer commodity) 9 
OE ORM E (hazardous waste or 

substance) 9 

Note: Refer to U.S. CFR 49 (U.S. Department of Transportation Regulations) or UN 
IMO regulations or recommendations for official definitions of various hazard classes. 
3 SPC =Spontaneously combustible , 

The establishment of the new classes allowed. a 
two-letter identification system for hazard classes 
to be used in the guide. These abbreviated identi-
fiers also permit rapid notation when there are a 
number of different hazard classes of materials in
volved in a major incident. A listing of materials 
involved, along with their UN/NA identification num
bers, hazard class, and their major hazard potentials 
codes, permits rapid determination of all major 
threats involved in any incident regardless of the 
number of different materials involved. Samples of 
several listings taken from Chart 2 of the quide are 
given in Table 4. 

Use of the abbreviated hazard codes makes the 
resulting guide a valuable supplement to the DOT 
Emergency Response Guidebook and allows response 
personnel to know immediately the major catastrophe 
potentials of materials involved in an incident. Use 

TABLE 4 Identification Numbers-Hazard Classes and Major 
Hazard Potentials 

ID Hazard Major Hazard 
Material Number Class Potentials 

Anhydrous ammonia 1005 NG VRP, TOX, COR, GAS 
Ethylene oxide 1040 FL VRP, TOX, FYR, GAS 
LPG 1075 FG VRP, FYR, ASP, GAS 
Acrylonitrile 1093 FL VRP, TOX, FYR, GAS 
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of the hazard codes also provides an indication of 
the multiple hazards some materials present. The ab
breviations for major hazard potentials are easily 
remembered during actual emergency situations by 
trained personnel and provide the necessary infor
mation to permit proper response measures to be 
taken. 

The most challenging aspect in the development of 
the guide proved to be the determination of the 
major hazard potentials posed by those materials 
designated by each UN/NA identification number. The 
determination of these hazard potentials was accom
plished by using a matrix analysis form. Each mate
rial was reviewed in eight standard reference guides 
and manuals currently available, and any major haz
ard potential that was indicated in two or more of 
the reference guides and manuals was accepted. This 
exercise dramatically emphasized the differences in 
references in describing properties, characteristics, 
and possible reactions of the various materials when 
they are subjected to a number of conditions. 

A.s indicated previously, this detailed analysis 
resulted in a determination that all significant, 
major haza rd pot entials could be defined by use of 
the 12 abbreviated hazard codes used in the guide 
(Table 2) and as spelled out for each material with 
an ID number in Chart 2 of the guide. The volume of 
information obtained by this analysis and the re
quirements for presenting it in an abbreviated form 
for ready reference by emergency personnel resulted 
in the two charts of the system that permit easy 
reference to all necessary information for rapid 
identification and determination of hazard classes, 
critical conditions, and emergency actions to be 
taken. It also provided abbreviated indicators for 
as many as four hazard potentials for the material 
for each ID number. 

Personnel using the guides are rapidly able to 
become familiar with the organization scheme and can 
quickly determine the most vital information neces
sary for making immediate response action decisions. 
Assigning a priority to the listing of the major 
hazard potentials also correlates with the urgency 
generally required under critical conditions for 
response actions to be taken immediately in order to 
protect the lives of response personnel, the public, 
and others on the scene. 

The listing of the ID numbers, hazard class, and 
major hazard potentials contained in Chart 2 allows 
brief notations to be made on the scene f or refer
ence. Once emergency response personnel become fa
miliar with the major hazard potentials and the 
critical conditions, they can rapidly implement all 
emergency actions and procedures contained in the 
various action and hazard class blocks in Chart 1. 

The speed by which critical information is ob
tained from the guides by experienced personnel are 
their main advantage over other reference materials, 
guidebooks, and so forth, that are primarily ori
ented to the control phases of response actions. 
These manuals and reference materials are useful in 
the reflective response phase of handling incidentsi 
whereas the emergency action guide system is in
tended for the immediate, initial decision making 
required of on-scene personnel or emergency response 
officers who are the first to arrive. 
When the Jody Chart action guide system (in the two 
chart form) is combined with the DOT emergency re
sponse guidebook, the two supplement one another in 
providing immediate, as well as continuing response 
action guidelines by indicating essential informa
tion as needed by those persons in charge of the re
sponse. They provide information for frequent refer
ence during various phases of emergency response 
actions. As response phases change, depending on the 
time frame of events, the requirements for more de-
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tailed guidelines, information, and expertise like
wise change, When these chronological phases of re
sponse actions are recognized in advance, it allows 
a greater degree of essential preparation of plans 
of action on the part of emergency response person
nel, and particularly by their officers who will be 
called on to make immediate decisions on the scene. 
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Automan: An Information System 

Bruce Boguslav, Polly T. Strife, and Philip A. O'Connell 

ABSTRACT 

Hazardous materials regulations, domestic and international, are extensive, 
detailed, and subject to constant change. For any company, compliance with 
regulations is heavily dependent on the ability to acquire, compile, and dis
seminate accurate and timely information to all persons involved in hazardous 
materials-related functions. Digital Equipment Corporation has many u.s. and 
overseas manufacturing sites with chemical processes. Hazardous material spe
cialists at Digital have developed AUTOMAN, an automated hazardous materials 
information system, to provide current regulatory information to all people 
involved--from purchasing to shipping and receiving personnel. AUTOMAN uses 
Digital's VAX/VTX (registered trademarks of Digital Equipment Corporation) 
Videotex software to provide on-line, real-time access to information about 
hazardous material transportation. Information for a particular product can be 
accessed through an easy-to-use menu. AUTOMAN will also provide generation of 
required package markings and shipping papers through a data base accessed by 
the Videotex softwar~. The VAX/VTX software used in AUTOMAN allows easy and 
quick updating of large textual infobases and presents an economical, flexible, 
easy-to-maintain means of assembling and disseminating timely and accurate 
information vital to hazardous materials compliance. 

Today's world is increasingly dependent on rapidly 
changing technologies to provide better communica
tions, improved medical care, faster and more ac
curate information, and tools to make day-to-day 
tasks easier. However, today's technologies and 
those that are expected to be developed in the · 
future are heavily dependent on materials and sub
stances capable of posing some risk to any or all of 
the following: health, safety, property, and the 
environment. The ability to safely and legally 
transport such materials is vital. 

Safety is a major concern for responsible ship
pers and transporters of hazardous materials. Haz
ardous materials that are carelessly or improperly 
prepared for shipment greatly increase the potential 
for an accident or incident that can cause injury to 
employees of the shipper and carrier, emergency 
personnel, and the general public. Improper or care
less handling during transportation can have similar 
results. 

Hazardous materials regulations are written to 
minimize the risks inherent in the transportation of 

hazardous materials. Domestic and international 
regulations are extensive, detailed, and subject to 
constant change, Public awareness of hazardous mate
rials and fear of both the· real and the perceived 
dangers involved with the transportation of such 
materials have greatly increased, It is probable 
that there will be continued growth and change as 
well as increased enforcement of the regulations and 
increased penalties for noncompliance. 

Potential liability in this area is far-reaching. 
Liability for environmental damage can be partic
ularly longlasting. Negligence can be expensive, 
time consuming, and difficult, if not impossible, to 
defend. 

Corporations today are becoming increasingly 
aware of the need to be positive members of society. 
Few companies are satisfied to continue to be per
ceived as a necessary evil by their neighbors. Few 
communities are willing to quietly accept a corporate 
citizen who may in some way be endangering the wel
fare of the community's residents. Automatic issuance 
of required permits and zoning variances is a thing 
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of the past. Companies that have failed to establish 
themselves as responsible and responsive to a com
munity's concerns and needs will find it increasingly 
difficult to do business in that community. Companies 
that engender adverse publicity by their health, 
safety, or environmental practices will find it 
difficult to do business in any community. 

In addition to considerations of morality and 
good corporate citizenship, there are compelling 
business reasons for instituting and actively 
maintaining a hazardous materials transportation 
compliance program. The risks, which may include 
er iminal penalties as well as the civil penalties 
discussed previously, involved in failing to have 
such a program are in excess of what would be ac
ceptable to most astute managers and executives. The 
success of such a program will depend on the ability 
to assemble and rapidly disseminate accurate infor
mation and to institute and maintain controls to 
ensure both compliance with regulatory requirements 
and adherence to safety policies and procedures. 

Digital Equipment Corporation, the second largest 
computer manufacturer in the world, stresses proac
tive regulatory compliance programs. Digital's need 
for the ability to more rapidly distribute the 
information required to ship and transport hazardous 
materials and to control purchases and shipments 
made from multiple locations led to the development 
of AUTOMAN, an automated hazardous materials control 
system. Digital's Corporate Hazardous Materials 
G~oup is responsible for ensuring corporate-wide 
compliance with domestic and international hazardous 
materials regulations. Digital is a company with 
more than 450 sites worldwide. Among these sites are 
more than 50 manufacturing sites, many with chemical 
processes. There are more than 200 field service 
sites where repair and maintenance materials are 
used, shipped, and transported by company personnel. 
Compliance responsibilities extend to the large 
corporate truck fleet that handles the transporta
tion of vendor and interplant freight, including 
hazardous materials, in a six-state area. Hazardous 
materials are moved through the consolidation and 
throughput center where ocean and air charters are 
built. They are also found in the numerous distribu
tion and logistics centers. 

The Hazardous Materials Group has identified more 
than 1,000 potentially regulated materials in use at 
Digital. Purchase of these materials is done locally 
by literally hundreds of individual purchasing 
groups. The rapidly changing technologies in the 
electronic industry mean corresponding process 
changes and changes in chemicals and materials that 
the company uses. Under these circumstances, ensur
ing timely communication of information and the 
needed level of expertise and control at each site 
was nearly impossible. 

In the past the Hazardous Materials Group at
tempted to satisfy information needs through the 
publication of a paper manual. The manual provided 
packaging, shipping, and regulatory information 
stated in easy-to-understand language for highway, 
air, and marine transportation (Figure 1). The 
clerical burden of maintaining the accuracy of the 
manual in the face of changing process technology 
and the dynamic nature of transportation regulations 
was cumbersome. The traditional method of updating 
the manual with change pages left much to be desired. 
Some of the more common problems associated with the 
revision process were 

• Word processor system (WPS) was inefficient 
and required backup copies of floppy disks to be 
maintained. 

• Cost factors made small changes prohibitive. 
• Much time and many resources were required to 

produce complete revisions. 

• There were 
new products as 
introduced. 
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constant changes and addition of 
technological improvements were 

• There were voluminous supplements and changes. 
• Difficulty was encountered in maintaining 

accurate distribution lists because of personnel 
changing job functions. 

• There was lack of control to ensure that the 
revisions were inserted in the manuals being used in 
the field. 

• Expense and time lag were incurred in the 
printing and distribution process. 

• Demands to provide additional manuals to 
newly trained personnel were increasing. 

It became increasingly obvious that a more ef
ficient means of providing the required information 
was needed. The initial task was to determine what 
the system capabilities should be to fulfill the 
needs and expectations of both the Hazardous Mate
rials Group and the end user community. The follow
ing is a summary of the minimum requirements for the 
system: 

• Automatic printing of the shipping papers 
after entering material names, quantities, and meth
ods of transport, including determination of pas
senger versus cargo aircraft; 

• Validation of transport method for the mate
rial and the quantity requested; 

• Automatic printing of shipping labels (not 
hazard labels); 

• Package specifications available for look up, 
update, and cross-indexing to the material require
ments; 

• Determination of size and number of packages 
needed to ship a given quantity; 

• Automatic printing of detailed packing in
structions; 

• Multiple copies of the information available 
on the network to reduce the chances that it will he 
unavailable when needed; 

• Ability for the Corporate Hazardous Materials 
Group to update and correct all information for 
automatic distribution to remote sites; 

• Ability to print a hardcopy of any or all 
materials as an alternative to the current WPS/print 
shop manual; 

• Cross-reference to Occupational Safety and 
Heath Act (OSHA) regulations for handling and stor
age of hazardous materials; and 

• On-line glossary of terms and bibliography of 
regulations as a tool for verifying transport re
quirements. 

When the draft of the minimum requirements had 
been completed it was decided that the most logical 
area in which to start development was creation of 
an electronic version of the paper manual. Using the 
VAX/VT'lf" software, a form of Videotex, this was 
accomplished within 6 months. The Videotex software 
allowed provision of all the transportation informa
tion required to prepare a shipment of hazardous 
materials in an on-line system. Implementation of 
the system was begun using two locations as test 
sites; those locations were chosen on the basis of 
the high volume of hazardous materials shipments 
that originated at them. Almost immediately the 
system began to show positive results: feedback from 
the users was constructive and as other locations 
became aware of the existence of the system they 
requested access to it. The most significant benefit 
was the capability to provide instant "updating" of 
any of the information stored in the infobase and to 
have it available immediately to the end user. By 
targeting the electronic manual as Phase 1 of the 
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FIGURE 1 Example page from paper manual. 

project, the needs of both the Hazardous Materials 
Group and the user community were met without hin
dering the current methods. It also allowed users to 
become familiar with the use of a video terminal to 
update and retrieve information. 

Within 6 months of implementation the user com
munity had grown to 16 manufacturing sites and 
numerous field service locations. During this time, 
on the basis of feedback from the users, some minor 
changes were made in the format displayed on the 
screen. This was considered an integral part of the 
developme.nt process to ensure that the system was 
"user friendly." User input was reviewed and used 
whenever possible. 

As the user community continued to grow, develop
ment was started on Phase 2 of the system. Because 
of the standard shipping paper requirement for haz
ardous materials transported by air, it was decided 
that the next phase of the system would be the de
sign of a data base capable of generating the "Ship
per's Declaration for Dangerous Goods." 

During the design phase it was determined that 
the data base should be structured so that informa
tion that is shared across materials (i.e., packaging 
specifications, quantity limitations) is stored 
independent of the individual materials. This sim
plifies updating and ensures consistency. The rela
tionship between materials and this information is 

TECHNI CAL NAME PAGE NO. 
Acetone 3020 

maintained through a series of "keyed links" invisi
ble to the end user. 

This module interconnects to the "look-up" module 
that allows for the sntering of all information 
pertaining to a given shipping line item (i.e., 
material name, quantity, method of transport) and 
then generates, at the user's option, packaging 
instructions, shipping papers, and shipping labels. 
It verifies that the shipment is within quantity 
limitations for the mode . of transport and flags 
shipments that violate standards. 

When the system design portion had been completed 
the next step was to develop a prototype that used 
the International Civil Aviation Organization (!CAO) 
technical instructions. It was determined that these 
were the most appropriate standards to follow be
cause compliance with them is required virtually 
worldwide when transporting hazardous materials by 
air. Addition of the U.S. Department of Transporta
tion (DOT), International Maritime Organization 
(IMO), and other country and regional regulations 

was begun after completion of the prototype. 
To ensure that any system development truly met 

the needs of its intended users, great care was taken 
with design. The combined skills and knowledge of 
hazardous materials consultants, business systems 
consultants, and senior software developers were 
used to develop a prototype system. The design and 
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prototype were presented to the intended users at 
regularly scheduled hazardous materials training 
sessions. Users were encouraged to give feedback, 
positive and negative, and to make suggestions for 
change. 

program for AUTOMAN was available to students but, 
in most cases, after a few minutes of verbal in
struction and use, users were able to follow AUTO
MAN's simple commands to get needed information. At 
the work site hazardous materials specialists are 
able to "register" on AUTOMAN and send questions or 
problems to the Hazardous Materials Group directly 
through an electronic mail feature. Registration for 
use of AUTOMAN is controlled by the Hazardous Mate
rials Group to ensure that only properly trained 
individuals have access to the infobase. Only the 
Hazardous Materials Group can make changes to infor
mation contained in the infobase. 

Numerous comments and suggestions from users were 
incorporated before release of Phase l software. 
Release of the Phase l infobase was timed to coin
cide with scheduled hazardous materials training 
sessions . At the training sessions a video terminal 
was made available for students to use AUTOMAN to 
complete training exercises. An on-line instruction 

HAZMAT 

The Hazardous Materials Group was also concerned 
that any software developed have growth capabil
ities. The system provides users the opportunity to 
link to other hazardous materials-related infobases, 
such as "right-to-know," health and safety, environ
mental, and full material safety data sheet informa
tion (Figure 2). A totality of hazardous material 
information becomes accessible and affordable to a 
large number of users when Videotex software is 
used. Videotex-based software presents a flexible, 
easy-to-maintain mean s o f as s embling a nd disseminat 
ing the timel:' and accurate information vital to 
hazardous materials compliance. 

AU TOMAN 
(handling & trans. ) CBI 

HEALTH 
SAFETY PLANT '----- MSDS 

EHERGENCY 
RESPONSE HAZ WAS TE 

FIGURE 2 Linkage of infobases. 
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Videotex software is used to manipulate large 
infobases of textual material subject to frequent 
updates and heavy usage. With Videotex, transporta
tion information for a particular material can be 
accessed at a terminal through an easy-to-use menu. 
The desired product is chosen from an index i the 
mode of transportation (highway, air, or marine) and 
the page of information relating the appropriate 
regulatory information are then clearly displayed 
(Figure 3) • The system is capable of generating 
necessary shipping papers, printouts of required 
markings, and detailed packaging instructions. Hard 
copies of the information "pages" can also be 
printed. 

Current development includes the building of a 
relational data base of all regulatory and packaging 
information. This data base behind the Videotex 
"pages" allows for direct printing of shipping docu
ments. A shipper can now look up a "page" of infor
mation and print the needed shipping documents simply 
by entering the consignee name and address, the 
quantity of the material being shipped, and the 
packaging that is available for use. The data base 
contains information on quantity and packaging re
quirements. When the entered packaging and quantity 
requirements have been verified, the shipping docu
ment will be generated. If the packing or the quan
tity entered do not meet requirements, the shipper, 
the shipper's supervisor, and the Hazardous Materials 
Group will be notified by the system. No shipping 
documents will be generated until this is checked 
and the proper packaging and quantity information is 
supplied. Only a supervisor or a member of the Haz
ardous Materials Group can enter the system to cor
rect a mismatch. This development adds an additional 
level of control to the process, m1n1m1zes data 
entry, maximizes information integrity, and reduces 
overall risk of liability. 

Another major area of future development is im
proving and expanding training for shippers and 
other employees who come in contact with hazardous 
materials. To this end, a computer-based instruction 
package (CBI) is being developed. CBI, in conjunc
tion with classroom training, provides for increased 
learning experience and frequency of training. CBI 
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allows individuals or groups to have the opportunity 
to review or learn new material in a multimodal, 
informal environment. Through the use of narrative, 
video, and questions and exercises, an individual 
can be walked through the process of shipping and 
rece1v1ng hazardous materials. All information 
needed to perform this function is provided and 
correct actions are reinforced. Learning can be 
better controlled by the individual who can stop, 
start, or review sections of the courses as needed. 
In addition, exposure to and use of AUTOMAN are 
included and linked to the CBI course. When a course 
is completed a certification examination can be 
taken immediately by using the CBI system. This 
examination is varied for each individual and is 
"graded" immediately. A record of the individual's 
"grade" is available to the individual and to the 
Hazardous Materials Group. 

SUMMARY 

Dig ital' s Hazardous Materials Group through the use 
of Videotex, data-base, and video technology has 
developed an integrated approach to safety that 
effectively and efficiently handles hazardous mate
rials and maintains compliance with all regulations. 
This has been accomplished in phases by identifying 
business areas and matching them to new technologies. 
Technology has been applied to solve business prob
lems and to implement greater control over the pro
cess. Benefits have been derived in the form of 
greater efficiencies, productivity, and reduced 
risks. 
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Hazard Analysis for a Liquid Propane Pipeline 
R. Grollier Baron, R. Lombre, and Y. Rochina 

ABSTRACT 

European processing industries are doing more and more research on safety for 
installations presenting a great danger to the vicinity. Some of this research 
has been made mandatory by the so-called "Post Seveso" directive published by 
the European community. A study of this sort was carried out for a pipeline 
carrying liquefied propane from a refinery to two consumer plants about 200 km 
away. An underground storage facility is situated on the itinerary. The aim of 
the study is to determine the hazards that the pipeline constitutes for its en
vironment, that is, the probability and gravity of an eventual accident. The 
procedure followed is now entirely standard for this type of study: (a) def ini
tion of the system and its environment, (bl data gathering, (c) identification 
of the hazards and selection of the major hazards, and (d) analysis of the ma
jor hazards, including their probability and gravity. 

The procedure for the study described in this paper 
is as follows: (a) definition of the system and its 
environment, (b) data gathering, (c) identification 
of the hazards and selection of the major hazards, 
and (d) analysis of the major hazards, including 
their probability and gravity. 

DEFINING THE SYSTEM AND ITS ENVIRONMENT AND 
DATA GATHERING 

The definition of the system naturally includes the 
description of the pipeline itself with details such 
as cutoff valves, pig traps, under-river passages, 
under-bridge passages, and so forth, and the system 
of remote monitoring and remote control. But it also 
includes its operation, maintenance, and monitoring, 
and the procedures in case of breakdown or accident. 

The description of the environment is important 
because it may change and its composition at the mo
ment of the study must be noted. This description of 
the environment includes determination of 

• Thickly settled areas near the pipeline and 
the density of construction in the vicinity by the 
use of maps: 

• Communication lines and roads, with an indi
cation of the traffic: 

• Sensitive points such as hospitals, schools, 
hospices and homes for the aged, shopping centers, 
camping grounds, and vulnerable industrial installa
tions; 

• Installations liable 
respect to the pipeline, 
crashes); and 

to be aggressive with 
such as airports (plane 

• Natural hazards such as flooding, 
quakes, and land slips. 

earth-
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To these must be added the relations between the 
operating company and third parties (administra
tions, riparian enterprises, etc.), mainly to pre
vent earth-moving operations from being undertaken 
in the vicinity of the pipeline without proper pre
cautions. 

IDENTIFICATION OF HAZARDS AND SELECTION OF 
MAJOR HAZARDS 

The causes of accidents are usually multiple and 
generally involve the . simultaneous failure of compo
nents, each having only 1 imi ted consequences. The 
reliability of the syitem is thus essential for its 
safety. 

By combining different methods, the possible 
failures of components or of operations (human fail
ure) have been examined. The methods used were 

• Check lists, 
• Failure Mode and Effect Analysis (FMEA) , and 
• Hazard and Operability Study (HAZOP). 

Within the framework of this paper, it is not 
possible to list all the points examined. However, a 
few examples can be mentioned: 

• Resistance to pressure surges, 
• Embr i ttlement of the metal by cooling as the 

result of gas expansion, 
• Destruction as the result of flooding, 
• Reliability and sensitivity to storms of the 

signaling and remote-control system, and 
• Formation of hydrates. 
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Among the hazards singled out, mention can be 
made of the following: 

• Loss of inside fastenings, for example, by a 
valve, in which the loose parts prevent another 
valve from closing completely i hence the importance 
of using only valves that are suitable from this 
standpoint is stressed. 

• Occurrence of a small leak in the section of 
the pipeline enclosed in the housing of a bridge 
crossing a river. There is danger of explosion in a 
confined lengthwise environment, which could cause 
the destruction of the bridge. It is easy to elimi
nate this hazard by filling the cavity with a light 
product to decrease the volume of air. 

• Need for a strict procedure with a checklist 
and redundancy in monitoring for interventions on 
the pipeline during operation (stopple process for 
installing a shunt or for making a cutoff without 
emptying the pipeline). 

• Danger of bursting in the overhead sections 
(pig traps) from the difference in thermal expansion 
between liquid propane and the metal envelope. 

• Danger of movement of beacons. 

To improve reliability, it was recommended that 
procedures be overhauled so as to help operators 
face up to failures of the system better while re
quiring that these procedures be scrupulously 
respected. 

One of the obvious hazards is aggression by 
earth-moving equipment. Tests have shown that only 
equipment with a power of more than 120 hp can 
seriously damage a pipeline made of seamless drawn 
pipes designed for a service pressure of 60 bar and 
individually retested. Transportation of equipment 
having a power of more than 120 hp requires a spec
ial permit because of its dimensions, and so the 
operator of the pipeline can be warned of any work 
planned for such equipment in the vicinity of the 
pipeline so that such work can be monitored. 

Other than the previously mentioned specific case 
of a small leak in a confined enclosure in a bridge 
structure and of the danger of bursting from a dif
ference in expansion in pig traps, no other major 
hazard was found other t han the obvious one of a 
large opening in the pipeline. However, this 
thorough study served to emphasize the aspects to be 
improved from the standpoint of prevention (e.g., 
better monitoring of stopple operations) and par
ticularly to improve the reliability of material and 
human means that must be implemented when the system 
deteriorates. In this way, a check was also made to 
see that considGration was given to dangerous situa-
tions that are not obvious a priori (in the limita
tion of the knowledge of the team in charge of work). 

ANALYSIS OF MAJOR HAZARDS 

As just stated, the only major hazard to be taken 
into consideration is the one linked to a rupture or 
large leak that could turn into a flammable cloud of 
gas, leading to an explosion or the formation of a 
fireball. An explosion in a confined space in a 
bridge can easily be prevented by filling up the 
space, thus avoiding any major hazard. Bursting from 
a difference in expansion is reduced to a hazard of 
a large leak. This hazard was analyzed by way of its 
two components: probability of occurrence and 
seriousness of its consequences. 
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Probability of a Large Leak 

The fault-tree method was used for this study. An 
examination of studies of accidents occurring to gas 
pipelines in the United States, published by the 
National Transportation Safety Board, showed that 
the causes of primary failure had not been over
looked. Then the probabilities of primary events oc
curring in the fault tree had to be quantified, for 
which statistics concerning important accidents oc
curring in a pipeline network having a known length 
were necessary. These data were provided by the an
nual reports of the Oil Companies' European Organi
sation for Environmental and Health Protection 
(CONCAWE), established in 1963 Chl. A statistical 
report is published annually on accidents and inci
dents occurring to the on-shore oil pipelines ope
rated by the Western European petroleum industry. 
These incidents are classified into five major cate
gories based on their origin as well as the total 
length of the pipeline in service: mechanical fail
ures, operational errors, corrosion, material 
causes, and aggressions by third parties. 

These data were confirmed by other publications 
and confidential information was obtained for 
various networks. In this way, a probability of 
about lo-• per kilometer and per year was ob
tained. Statistical analyses of the accidents 
studied enabled the relative values of the probabil
ity of each cause to be determined. 

It should be pointed out that CONCAWE' s statis
tics have to do with pipelines carrying liquid hy
drocarbons (crude oils and distillates) and not liq
uefied gas (Figure 1). Therefore, this fault tree 
had to be adapted for failures in the case of lique
fied gas (Figure 2). This adaptation took into ac
count the following: 

• Because propane is not corrosive, only ex
ternal corrosions are considered, and a probability 
of 1. 6 x 10- • per kilometer per pipeline per year 
was taken instead of 3. 2 x 10-' (in oil pipelines 
there is appreciable internal corrosion linked to 
the presence of water, salt, and sulfur compounds). 

• The pipeline is made of seamless drawn pipes 
that have been individually tested for a service 
pressure of 60 bar. These pipes have no lengthwise 
or spiral seam like the ones used for oil. Likewise, 
in thickly settled areas, the transverse tie-in 
welds of the pipes are entirely X-rayed. The prob
ability that the cause was mechanical properties of 
insufficient origin was reduced by a factor of 10 
(0.2 x lo-• instead of 2 x 10-'). 

• For internal mechanical stresses, a negli
gible probability was assumed, considering that the 
maximum pressures caused by pumps, compressors, or 
other machinery linl<ed to the pipeline or pnssibly 
being accidentally linked to it are much less than 
those that it can normally withstand. The same is 
true for pressure surges. 

• Nevertheless the probabilities linked to 
stresses transmitted by the ground, impacts, and so 
on, despite the mechanical properties of the pipe
line, were integrally maintained. 

Under such conditions, a leak probability of 
5 .16 x 10-' per kilometer per year was reached. In 
the light of the previous discussion, this value can 
be considered too high, and a probability of only 
5 x lo-• was retained. 

To better analyze the hazard and to take the en
vironmental diversity of the pipeline into consid
eration, 2-km sections were taken from pipelines in 
open country and in thickly settled areas. To spot 
the most important hazard, it was assumed that rup-
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tures could cause a flow rate equal to the full 
cross section of the pipe. This type of rupture 
represents 14 percent of the accidental gaps (~) • 
The probability of such a rupture in a 2-km section 
is thus 2 x 5 x 0.14 x lo-•= 1.4 x lo-• per year. 

This value can be decreased if the pipeline bene
fits from reinforced land and aerial monitoring as 
compared with that of oil pipelines or as the result 
of the presence of other pipelines in the immediate 
vicinity that have their own monitoring in some sec
tors. The probability of the impact clause linked 
mainly to aggression by earth-moving equipment can 
be considered to be proportional to the monitoring 
time. 

r.onseguences of a Large Leak 

A rupture in a pipeline causes extensive leakage of 
propane. Depending on whether it is ignited immedi
ately or later on, the greatest consequences will be 
either the effects of radiation or of overpressure 
caused by explosion. 

Effects of Radiation 

Damage linked to the heat flow depends on its in
tensity, time of exposure, and the nature of the 
receiver. For example, for an exposure of 10 sec, 
damage to human skin is as follows: 

• 6 kW m" 2 for pain, 
• 12 kW m" 2 for first-degree burns (red skin), 
• 25 kW m·• for second-degree burns (blistering) 

and 
38 kW m· 2 for third-degree burns (destruction of 

the dermis). 

Depending on the type of combustion (with or 
without the formation of soot), the radiance of 
hydrocarbon fires is about 30 kW m· 2

, but it can 
theoretically be as high as 100 kW m· 2 • If 90 kW 
m· 2 is taken as the increase, with a flame 25 m 
high by 10 m long, it can be seen that the radiation 
is 25 kW m· 2 at 15 m and 10 kW m· 2 at 25 m from 
the pipeline. 

Effects of an Explosion 

Usually the propane cloud emitted 
does not ignite immediately. There 

from a rupture 
is then a de-

TABLE 1 Damage Associated with an Overpressure Wave 
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flagration in which the increasing flame velocity 
causes a destructive overpressure wave. The effect 
of the explosion naturally depends on the time that 
elapses between the creation of the rupture and the 
appearance of a source of ignition at a suitable 
spot. 

For lack of a statistical basis for determining 
the frequency of nonignition and the distribution of 
ignition times, the following assumptions were made 
for the latter: 

• Near roads with heavy traffic or in thickly 
settled areas, 15 sec; 

• In the vicinity of a secondary road or a 
thickly settled area, 30 sec; and 

• When the pipeline is fairly far from individ
ual houses, 60 sec. 

These values are considered plausible orders of 
magnitude and variable in large proportions depend
ing on the time of day, the season, and so on. Be
cause these calculations use multiple increase 
assumptions to describe the sequence of phenomena, 
to remain homogeneous with a probabilistic analysis 
it is important not to multiply the increase assump
tions and to take those that are the most probable, 
even if this means increasing the final result for 
the sake of security. In any case, the increasing of 
more than one assumption must be avoided. 

In this case, to appraise the effect of the ex
plosion, the equivalent of trinitrotoluene (TNT) was 
used with the assumption that 1 kg of hydrocarbons 
emitted creates, outside of the close proximity, 
overpressure effects equivalent to 1 kg of TNT. This 
equivalence stems from an analysis of some 100 acci
dents and covers 97 percent of the cases (3_). 

Calculating the amount of propane issuing from a 
rupture is delicate because of the multiple phenom
ena involved, particularly the thermodynamic ones, 
especially during the first 30 sec. The situation 
then moves toward a relatively steady state. The 
model proposed by Duiser (3) was used, taking into 
consideration the location - of the rupture and the 
effects of the relief on the hydrostatic pressure. 

The study showed that at the end of 4 min as much 
propane was entering the cloud defined by the flam
mability limits as was leaving it. A time of 4 min 
was also taken into consideration to obtain an idea 
of the maximum conceivable accident (without any 
probability concept). The amount of gas emitted that 
was calculated in this way was associated with the 
concept of TNT equivalence defined earlier. The cen-

Incident' Overpressure (bar) 

Damage to Persons 

Mortal lesions in more than 50 percent 
of cases by shock wave, fragments, 
structural collapse 

Serious lesions, perhaps mortal, by 
fragments or debris, or projection 
of persons onto angular surfaces 
by shock wave; possibility of ear
drum lesion by shock wave 

Lesions by fragments or debris or 
projection of persons onto angular 
surfaces by shock wave; possibility 
of temporary deafness by shock wave 

Possibility of lesion by fragments or 
debris or broken glass 

Very slight possibilities of slight lesions 
by fragments or debris or broken glass 

Reduced Distance 
(m/kg) 

8 

15 

22 

44 

French Pyrotechnical 
Regulation 

0.6 

0.3 

0_1 

0_05 

TM5-1300 

0.40 

0.18 

0.08 

0.05 

0.03 

Damage to Standard Constructions not 
Designed to Resist Effects of Aerial 
Pressure Wave 

Very extensive damage (shell or buildings) 
approaching total destruction 

Serious damage (shell or buildings) for 
which the cost of repairs is 3 percent of 
the cost when new 

Medium damage (roof, interior) for which 
the cost of repairs is I 0 percent of the 
cost when new 

Light damage (doors, windows, etc.) 

Very light damage (broken windows 
when of large size) 

aThe overpressure differences that can be seen between the regulation and TMS-1300 (4) can be explained by the Fact that the values of the regulation are the envelope of 
the values that can be found in the Jiterature. 
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FIGURE 3 Open-field characteristics for a TNT explosion at ground level. 

ter of the explosion was considered to be the point 
reached by the cloud in the assumed time and the 
speed was assumed to be that of the most frequent 
wind (here 2.5 m/sec). 

An 0. 15-bar overpressure er i ter ion was assumed, 
halfway between overpressures creating light damage 
(doors, windows, etc.) and those creating medium 
namage (roofs, partitions) [Table l <!>]. Figure 3 
can then be used to determine the distance from the 
center of the explosion and to define a strip in 
which the overpressure could exceed 0.15 bar. 

It should be noted that various increase assump
tions were used, and at the same time the uncertain
ties are great. 

CONCLUSION 

This study has improved the knowledge of the system 
environment. The risk identification revealed those 
points for which prevention must be improved as well 
as reliability when the system becomes defective. 

The study permits the determination that no hazar
dous situations within the limits of actual knowl
edge are forgotten. The risk analysis in terms of 
probability and gravity is a good support of the re
flexion and shows the more probable assumption. 
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FHW A Report: Prevention and Control of 
Highway Tunnel Fires 

Philip E. Egilsrud 

ABSTRACT 

This paper is comprised of some of the findings, conclusions, and recommenda
tions of an FHWA report entitled "Prevention and Control of Highway Tunnel 
Fires." The study was conducted because FHWA personnel believed that although 
possibly many tunnel fires had occurred in the past, no record of these fires 
existed. Concern was expressed that if information on tunnel fires was not pre
served, the experience gained during these fires could not be used to help pre
vent tunnel fires in the future. A consultant conducted the FHWA study, the 
scope of which did not include testing or physical investigations due to fund
ing limitations. Investigated in the study were (a) steps that can be taken to 
reduce the risk, damage, and number of fatalities from fires in existing and 
future highway tunnels and (b) the effect of unrestricted transit of hazardous 
materials through tunnels. The history of highway tunnel fires was examined to 
determine the design and operating features that influenced ignition and spread 
of fire; detection, alarm transmission, and notification of appropriate author
ities; response; control, extinguishment, and suppression; and resultant fatal
ities and damage. Operators in major domestic highway tunnels were interviewed 
about tunnel fires, and their responses were tabulated and compared. The proce
dures used in and results of several tunnel fire tests were examined and their 
recommendations evaluated in light of historical evidence and operating experi
ence concerning tunnel fires. A risk analysis for unrestricted transit of haz
ardous materials through a reference tunnel was performed and applied to 35 
tunnels included in the study. Qualitative assessments of the effects of traf
fic, tunnel design, and operations on this risk were made. Comprehensive design 
and operating recommendations for prevention, detection, alarm, notification, 
control, extinguishment, suppression, and survival were developed. A ventila
tion system with a fire and emergency operating mode designed to provide motor
ists trapped in a tunnel fire with optimal escape potential was described and 
its inclusion in future vehicular tunnels was recommended. 
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Highway tunnel fires can involve either the tunnel 
structure and systems or the vehicles that pass 
through it. However, no evidence of fires involving 
only tunnel structure or systems has been found. The 
nonflammable nature of the materials involved sug
gests that all highway tunnel fires will continue to 
originate in vehicles and their fuel, cargo, and 
furnishings. Tunnels will be damaged and lives lost 
because tunnel systems and operations cannot control 
the ignition hazard presented by these vehicles ana 
the conditions brought about by a fire in a confined 
and often crowded tube. 

The information and conclusions in this paper 
have been organized in a common pattern based on the 
chronological occurrence of events in a tunnel fire: 
conditions leading to ignition and spread of fire; 
detection, alarm, and notification of appropriate 
authorities after ignition; response; control, ex
tinguishment, and suppression; and fatalities and 
damage. 

The tunnels investigated f~ll into three groups: 
subaqueous, dry urban, and dry remote. 

Fire statistics indicate that highway tunnels are 
safer than open roads. There have apparently been 
only two major tunnel fires in the United States, 
only one of which involved fatalities, and two else
where. (What was perhaps the worst incident, that 
involving a Soviet military convoy in Afghanistan, 
has not been included in this study because of the 
lack of information and the special circumstances 
that apparently surround it.) Many operators of the 
older, more congested Eastern urban tunnels com
mented on their good luck for having escaped a fatal 
fire for so long. The evidence, however, suggests 
that it is not simply good fortune but, rather, man
agement attitudes, operating practices, and system 
design er i ter ia found common to these tunnels that 
have been instrumental in maintaining a good safety 
record. 

• Subaqueous: closely watched, critical traffic 
links that are often congested with slow-moving com
mercial traffic; usually one-way traffic in two-lane 
underwater tubes of sagging profile. 

• Dry urban: lightly watched, arterial rush
hour routes frequented by habitual suburban drivers; 
usually multilane with shoulders, cut-and-cover, 
with in-tunnel or near-portal interchanges and mu
nicipal services nearby. 

• Dry remote: lightly traveled Interstate con
nections through geographic barriers without conve
nient alternate routes; typically without local mu
nicipal services, that is, fire protection or water. 

Cost, economic importance, traffic level, traffic 
mix, and operating environment differ for each of 
these groups, and so, consequently, do the risk and 
consequences of a fire. Application of risk-assess-
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ment methods will result in different cost-effective 
methods of fire prevention and control. 

Vehicles have been classified into two groups, 
cars and trucks, based on maneuverability and fron
tal area. Cars can be turned around in the normally 
encountered two-lane tunnel and do not substantially 
fill its width. Trucks, however, cannot be turned or 
have sufficient frontal area to block a tunnel 
width, especially if two are side by side. 

Cargoes have been divided into four groups with
out reference to formal classification schemes or 
published lists. The first group includes poisonous, 
toxic, nuclear, and explosive materials, substances 
to which mere exposure can be life threatening or 
involvement of which in a mishap could result in 
complete loss of a tunnel. Pressurized and liquefied 
gas containers should be included in this group be
cause fires involving these materials can neither he 
allowed to burn in confined spaces nor, because of 
the ' threat of ex~losion from escaping gas, be safely 
extinguished. 

The second group includes flammable liquids and 
certain hydrocarbon-based solids that are normally 
expected to easily catch fire when exposed to igni
tion sources. The FHWA study mainly concerned the 
tunnel fire safety ramifications of transporting the 
following substances: fuels, organic chemicals, 
finely divided materials, and some foodstuffs. 

The third group includes combustible solids that 
will burn, such as paper and wood, but the normally 
transported forms of which, such as large rolls or 
lumber, do not easily catch fire. The fourth group 
includes nonflammable cargo. 

The four groups described match the practical 
concerns of tunnel operators. However, assignment of 
thousands of substances to one or another group is 
beyond the scope of this study. In this paper, "haz
ardous material" refers to a substance that is or 
should be included in these first two groups. 

Combinations of cargo and tunnel groups need to 
be subjected to quantitative risk assessments before 
the most cost-effective fire prevention and control 
strategy can be specified. The FHWA study attempted 
to list and evaluate the effectiveness of fire pre
vention and control systems, either in use, state of 
the art, or within reach of developing technology in 
the near future, to provide operators and designers 
a starting point for comprehensive risk analyses of 
the choices available. 

SURVEY OF TUNNEL FIRES 

Tunnel f i res were divided into three types based on 
the' order-of-magnitude rate of their energy output. 
The three types are (a) small automobile fires (1 MW 
or 950,000 Btu/minj; lDI rneo1um r:ires (10 i..f'W or 10 
million Btu/min); and (c) major hazardous material 
fires (more than 100 MW or 100 million Btu/min). 

Small automobile fires ar.e routine incidents, oc
curring weekly in congested urban tunnels. They have 
been extinguished without difficulty to date: no 
noteworthy examples were cited by tunnel operators 
interviewed during the study and none were featured 
in the literature reviewed. 

Four major hazardous material tunnel fires in the 
past 50 years were identified, two in the United 
States, one in Japan, and one in West Germany. An
other, the Baltimore Harbor Tunnel fire, occurred 
just outside of a vehicular tunnel. Five medium
sized tunnel fires were identified, four in the 
United States and one in Vancouver, British Columbia. 

Information concerning five of these fires has 
been summarized here. These summaries are followed 
by a discussion comparing and contrasting similar 
features of each fire as background for the evalua-
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tions of fire prevention and control options given 
later. Findings of several other studies that might 
highlight actions taken during a fire and results 
achieved follow this discussion. Finally, this sec
tion ends with a synopsis of existing tunnel operat
ing practices for fire prevention and control. 

Summaries of Major Fires 

Only two major fires have occurred during the his
tory of tunnels in the United States: the 1949 Hol
land Tunnel fire (New York) and the 1982 Caldecott 
Tunnel fire (California) • Summaries from the FHWA 
report about these two fires are given here. 

Holland Tunnel Fire 

A major hazardous material fire occurred on May 13, 
1949, in the Holland Tunnel in New York City. 

Conditions at Ignition 

A fully enclosed trailer carrying 80 55-gal drums of 
carbon disulfide entered the New Jersey portal of 
the tunnel, in violation of Port Authority regula
tions, and allegedly unplacarded, in violation of 
Interstate Commerce Commission regulations. Traffic 
was very heavy and slow; the time was approximately 
8:30 a.m. The drum broke free and ignited upon 
striking the roadway approximately 2,900 ft into the 
tunnel. The truck rolled to a stop in the left lane. 
Four trucks caught fire or were abandoned next to 
the trailer in the right lane; also ignited were 
five trucks that stopped 350 ft behind the trailer 
and were grouped close together in the right lane. 
Approximately 125 automobiles, buses, and trucks 
filled both lanes, back to the New Jersey portal. 

Detection, Alarm, and Notification 

A patrolling officer 100 ft from the mishap trans
mitted a trouble signal to the control room at 8:48 
a.m.; the officer assisted drivers escaping from the 
scene through a cross adi t to the north tube. At 
8 i 56 a .m. the first fire alarm was transrni tted by 
patrolling officers farther east, who then ran to 
assist. Tunnel personnel in the tunnel west of the 
fire promptly evacuated occupants on foot to New 
Jersey; they started backing vehicles out of the 
tunnel. The Jersey City Fire Oepartment received 
telephone notice at 9:05 a.m. The New York Fire ne
partment received a fire alarm at 9:12 a.m. 

Response 

A three-man emergency crew drove west through the 
eastbound tube on a wrecker and jeep after receiving 
the 8:56 fire alarm; they commenced fighting the 
fire with a 1.5-in. hose and spray nozzle. They as
sisted two tunnel patrolmen overcome by smoke, 
knocked down fires in two trucks of the eastern 
group, and towed one to the New York portal. The New 
York rescue company and battalion chief drove west 
through the westbound tube, crossed to the scene at 
the ad it, and relieved the tunnel emergency crew. 
Some firemen in distress recovered by breathing at 
the curb-level fresh air ports. 

A second alarm transmitted at 9:30 a.m. activated 
four engine companies, two ladder truck companies, 
and a water tower. Firemen not involved in fire
fighting searched through burning trucks and helped 
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three trapped persons to safety. Additional New York 
City pumpers augmented the capacity of the tunnel 
fire main; they activated five 2.5-in. hoses and a 
foam generator. The New Jersey engine company, truck 
company, rescue company, and hat talion chief trans
mitted a second alarm after an initial inspection at 
the New Jersey portal. Oxygen masks were ordered. 

Firemen established hose lines through one-half 
mile of abandoned vehicles and extinguished fires in 
the second group of trucks. Tunnel ventilation ac
celerated to full capacity at the fire site at ap
proximately 9:45 a.m.; firemen discovered that they 
could work without masks. Two exhaust fans were dis
abled by heat at 1,000° F; a third fan was kept in 
service by a water spray. The ceiling over the fire 
collapsed; fire heats monitored the Hudson River 
above for signs of tube failure. 

The remaining unburning vehicles were removed by 
10:15 a.m.; the New Jersey Fire Department drove two 
pumpers east to the fire site, joining forces with 
the New York Fire Department. The fire was under 
control by approximately 1:00 p.m.; overhauling op
erations continued until 12:52 a.m. the next morn
ing. Residual carbon disulfide and turpentine 
reflashed at 6:50 p.m. during cleanup; it was ex
tinguished with 5-gal foam extinguishers. The area 
was then covered with heavy foam. 

Total Equipment Involved 

The following equipment and personnel were involved 
in fighting the fire: 1 tow truck, several jeeps, 7 
chief uni ts, 5 rescue companies, 7 police emergency 
squads, 14 engine companies, 6 truck companies, 1 
lighting truck, 1 water tower, 1 smoke ejector, 1 
foam truck, 40 additional firemen, at least 13 ambu
lances at the scene, and 4 Consolidated Edison emer
gency trucks with inhalators. (These numbers repre
sent a total of 29 firefighting units, 20 medical 
uni ts, 7 supervisory uni ts, at least 3 port author
ity vehicles, and 4 commercial vehicles with special 
apparatus on board. The total number of personnel 
involved is unknown, but was more than 250 persons.) 

Survival and Damage 

Ten trucks and cargoes were completely destroyed and 
13 others were damaged. Six-hundred ft of tunnel 
wall and ceiling were demolished; walls were spalled 
in places to cast iron tuhe plates. Debris removed 
from the tunnel totaled 650 tons. The tube was re
opened to traffic 56 hr after the fire started. All 
cable and wire connections through the tube were 
disrupted during the fire. Total damage was esti
mated at $1 million (in 1949 dollars). There were 66 
injuries, 27 of which required hospitalization; 
there were no fatalities. 

The information in this summary is from the Hol
land Tunnel chemical fire report by the National 
Board of Fire Underwriters. 

Caldecot t Tunnel Fire 

A major hazardous material fire occurred on April 7, 
1982, in the Caldecott Tunnel on US-24 in Oakland, 
California. 

Conditions at Ignition 

A we,.':bound driver who was probably inehriated lost 
control of a compact automobile just after midnight 
in light traffic. There were multiple glancing col-
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lisions with curbs and the wall; the driver stopped 
in the left lane slightly into the straightaway from 
a right curve, probably to inspect damage or effect 
minor repairs. At least two, possibly three or more, 
cars passed on the right during the next few min
utes. A slightly speeding empty bus that was unaware 
of the obstacle tried to pass a full gasoline truck
trailer combination. As the truck passed the stopped 
automobile, multiple collisions occurred. A trailer 
tank ruptured; spilled gasoline ignited. The bus 
driver was ejected by collision forces; the bus con
tinued and exited from the portal approximately 36 
sec after impact. The truck driver brought the rig 
to a stop and exited from the west portal on foot. 
As many as 20 cars entered the east portal. 

Detection, Alarm, and Notification 

The tunnel crew noted noise and vibration from the 
tunnel and saw the bus exit from the portal and come 
to rest against the bridge pier (40 sec after the 
tunnel accident). Operators were dispatched to in
vestigate; two went to the east portal, and one in
spected the bus and then drove east up the westbound 
tube (1 min 40 sec after the accident). The console 
operator received a call from the tunnel reporting a 
"bunch of accidents"; however, the telephone connec
tion was lost before more information was exchanged 
(1 min 10 sec after the accident). The console oper
ator noted multiple simultaneous phone calls from 
the tunnel seconds before the entire system failed. 
An operator driving east up the tunnel found a burn
ing gasoline truck and had to retreat to the west 
portal to find an emergency phone that was operating 
(a minimum of 5 min after the accident, by the oper
ator's estimate). A console operator placed the 
first unambiguous call to the Oakland Fire Depart
ment a minimum of 7 min after the collision, which 
was as much as 10 min after the original stoppage in 
the left lane of the tunnel. An alarm sounded at the 
fire station 55 sec after initiation of the call. 

Response 

The first pieces of fire equipment reached the west 
portal 3 min 45 sec after the alarm (a minimum of 10 
min 45 sec after the collision). The first fire 
equipment reached the east portal 7 min after the 
alarm. Fire equipment from Orinda Fire Department 
reached the east portal 12 min after the console op
erator's call. Oakland responded with 7 engines (28 
men), two chiefs' cars (4 men), and 3 other units (8 
men). Exhaust fans, which may have activated auto
matically during early stages of the fire in re
sponse to high levels of carbon monoxide sensed in 
the tunnel, soon automatically shut down without 
having affected events or conditions in the tunnel. 

A mother and son following the bus in a pickup 
truck witnessed the collision between the bus and 
the gasoline truck, came to a stop, noticed a small 
fire, and backed up, but abandoned the pickup truck 
in fear of having a rear-end collision. The woman 
made calls on an emergency phone (1 min after the 
collision) until the phone malfunctioned; she re
turned to the pickup truck less than 50 ft from the 
unmarked cross adit to the next tube. The son walked 
east in the tunnel to warn motorists; approximately 
2 min later he was enveloped by smoke; he groped his 
way out of the last 200 ft to the portal. The truck 
driver and the passenger remained with the beer 
truck less than 150 ft from the unmarked cross adit. 
A man in a second pickup truck backed up when warned 
by the son until enveloped by smoke near a sedan 
with an elderly couple in it, abandoned the vehicle, 
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and groped through the remaining 80 ft to the por
tal. All other vehicles cleared the tunnel by back
ing out, either because of impatience or sight of an 
approaching smoke wall. The tunnel filled completely 
with smoke hotter than 300° F eastward from the 
burning gasoline truck to the portal, within 3 min 
of the collision. 

Control, Extinguishment, and Suppression 

A natural draft eastward through the tunnel blew all 
combustion products in that directioni firemen ap
proached to within 75 ft of the fire, but made no 
attempt to suppress the fire at that time. Fans were 
left off because of concern for maintaining a nat
ural draft. Firemen were unable to operate corroded 
valves to direct a water-gasoline mixture in the 
tunnel drainage away from a nearby lake i they con
centrated on the explosion and pollution hazard at 
the lake while waiting for the fire to burn down. 
Efforts to extinguish the fire began at 1:29 a.m. 
(75 min after the initial collision); however, the 
tunnel water pressure fell to a pressure too low to 
support the hose streams. Firemen near the tanker 
observed water leaking from damaged hose connec
t ions. The residual gasoline fire was extinguished 
by using foam and dry powder. The fire was under 
control at 2:54 p.m. 

Survival and Damage 

There were 7 fatalities (the automobile driver, bus 
driver, mother, beer truck occupants, and elderly 
couple), and two persons were hospitalized for smoke 
inhalation (the son and the driver of the pickup 
truck). Six vehicles were totally destroyed in the 
tunnel, one in a collision with a bridge pier. The 
tunnel sustained extensive superficial damage to the 
walls, ceiling, and roadway. Most tunnel support 
systems were destroyed or severely damaged, includ
ing the lighting, emergency phones, signs, alarms, 
wiring, commercial broadcast antenna, and firefight
ing water supply. Repair costs were estimated to he 
more than $3 million. 

This summary was compiled from three sources: the 
Oakland Fire Department report, information trans-
mi tted in a letter by n ~ Graham ,,..t....:-~ •• _.:_&.._ 

\'-'11.LC-Lt l"lQ.l.111...t::-

nance Branch South, Caltrans) to the National Trans
portation Safety Board on May 21, 1982, and the 
California Highway Patrol accident report. 

Summaries of Less Severe Fires 

Three other less severe fires occurred, each provid
ing lessons because of the way in which fire fight
ing was handled, how the tunnel was designed, and so 
forth. 

Wallace Tunnel Fire 

A medium-sized fire occurred in the late 1970s in 
the Wallace Tunnel on I-10 in Mobile, Alabama. 

At 2:00 a.m. in very light traffic an engine fire 
began due to a broken fuel line in a camper truck. 
An electric fuel pump fed the fire after the engine 
was turned off. The owner abandoned the vehicle. 

The tunnel operator noted the fire on the tele
vision monitors, activated the traffic-control red 
lights, and summoned the fire department. Fire 
equipment arrived within the expected time period. 
The very light traffic effectively stopped at the 
portal. The ventilation system was left inactive, in 

TRB State-of-the-Art Report 3 

accordance with fire department instructions. The 
tunnel filled with smoke; fire department personnel 
were unable to reach the site of the fire. There 
were no attempts made to control, extinguish, or 
suppress the fire. The vehicle was completely con
sumed and there was minor damage to the tunnel. 
There were no injuries. 

The source of information in 
telephone interview with Gordon 

this summary 
H. Prescott, 

is a 
then 

tunnel manager, on December 14, 1982. 

Baltimore Harbor Tunnel Fire 

A major hazardous material fire occurred on March 
23, 1978 on the Baltimore Harhor Freeway in Balti
more, Maryland. A soft drink delivery truck rammed 
into a fuel oil tanker from behind in heavy traffic 
one-quarter mile after exiting from the east portal 
of the Baltimore Harbor Tunnel. Fuel that spilled 
from the soft drink truck ignited and spread to the 
tanker. A third truck carrying creosoted railroad 
ties also ignited. 

How the fire was detected and how the fire de
partment was notified is unknowni tunnel personnel 
were not involved. The fire department put out the 
fire in an unspecified short period. There was no 
damage to the tunnel; however, traffic was congested 
around the Baltimore metropolitan area throughout 
the afternoon and evening. 

This summary was based on information obtained in 
a study interview with Bernard Jedrowicz, then tun
nel manager, on December 6, 1982, in Baltimore, 
Maryland. 

Nihonzaka Tunnel Fire 

A major hazardous material fire 
1979, in the Nihonzaka Tunnel, 
near Yaizu City, Japan (100 
Tokyo). 

Conditions at Ignition 

occurred on July 11, 
Shizuoka Prefecture, 
miles southwest of 

Four large trucks and two automobiles were involved 
in a collision three-quarters of the way through the 
westbound tube; ignited at spilled fuel r- _ .,n - -

V; J;I J-:'ellle 

Two hundred and thirty-one vehicles were in the tun
nel behind the fire or entered the tunnel unheeding 
or in contravention to emergency warnings at the 
east portal. 

Detection, Alarm, and Notification 

Tunnel operators noticed smoke in the tuhe on the 
television monitors, displayed an "OFF LIMITS" sign 
at the east portal, reversed the ventilation system, 
and notified the Shizuoka Fire Department, which was 
located behind the fire, at 6:42 p.m. The Yaizu City 
Fire Department, in front of the fire and much 
closer to the tunnel, was summoned at 7:18 p.m. 
Automatic spray heads interlocked with the fire de
tector that was activated at the accident site. 

Response 

Motorists at the scene deployed hoses from hydrant 
boxes but could not activate water because valves 
required the pushing of an operating button in addi
tion to the traditional turning of the handle. 
Shizuoka equipment at the east portal at 6:48 p.m. 
was unable to reach the accident sitei it assisted 
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42 vehicles to escape from the tunnel. The automatic 
spray system reportedly suppressed the fire at the 
initial site at 6:50 p.m., but the fire reignited at 
7:20 p.m •• Two hundred and eight occupants of vehi
cles trapped in the tunnel escaped on foot out of 
the east portal by 8:30 p.m. Three Yaizu City engine 
companies arrived and augmented the fire main at 
fire department connections at the west portal. 

Control, Extinguishment, and Suppression 

Initial efforts consumed the entire 40, 800-gal 
( 155, 000-L) water supply by 8: 05 p. m. ( 1 hr, 26 min 
after automatic spray heads activated) without ex
tinguishing the fire. Unburned combustible vapors 
from the accident site spread the fire to two other 
groups of vehicles in the tunnel when the water sup
ply was exhausted. Suppression resumed with water 
relayed from unspecified natural sources. The fire 
was under control by Friday afternoon, but continued 
burning until 10:00 a.m. on July 18, nearly one week 
after the initial incident. The semi-transverse ven
tilation system, with reversible supply fans only, 
operated in an exhaust mode (maximum exhaust capac
ity one-half rated supply capacity) throughout the 
emergency, but was unable to clear heat and smoke 
enough to allow firemen equipped with breathing ap
paratus to work effectively in the tunnel. Total 
equipment and personnel involved was 34 engines, 2 
portable fire pumps, 30 (10-ton) tank trucks, 3 am
bulances, and 654 personnel. 

Survival and Damage 

Of 231 vehicles, including 66 trucks, in the tunnel 
during the course of the incident, 58 were undamaged 
and 173 were destroyed. The ceiling, walls, and tun
nel systems were almost completely destroyed in the 
central 1145 meters. There were 7 fa tali ties, 6 in 
the collision and 1 due to injuries suffered in the 
collision; there were 2 other unspecified injuries. 
According to the summary report, police and suffer
ers will take the matter to court. 

There were three sources of information used in 
preparing this summary: (a) a Tokyo Fire Department 
letter to the Hamburg, West Germany, Fire Department 
on August 30, 1979; (b) Summary of Automobile Fire 
in Nihonzaka Tunnel; and (c) Memorandum for the 
Files, D. Gross, National Bureau of Standards, Sep
tember 26, 1979, concerning a visit to test facili
ties in Japan. 

Discussion 

Together, these fire summaries indicate that fires 
will start in tunnels, and if flammable or hazardous 
materials are allowed to travel in tunnels, they 
will eventually he involved, even through improbable 
circumstances. Note the Caldecott accident in which 
a stopped automobile, a gasoline truck, and a larqe 
bus all arrived at one spot in a two-lane tunnel 
simultaneously in otherwise light traffic. Any num
ber of minute changes in the participants or their 
timing--a small vehicle instead of a bus, any cargo 
but flammable liquid, a shutdown in a different 
lane, and so forth--could have prevented the confla
gration. 

Simple prohibition of hazardous materials in tun
nels, or a subset of hazardous materials, is insuf
ficient as a safety measure unless combined with an 
energetic program of inspection, including random 
spot checks and prosecution of violators. Even this 
is not foolproof, as demonstrated by the Holland 
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Tunnel fire in which an extremely dangerous and pro
hibited chemical was out of sight in an enclosed 
trailer not normally used to carry it; the trailer 
later broke free and spontaneously ignited. Fires at 
Squirrel Hill, Blue Mountain, and Moorfleet Tunnel 
(which are discussed in more detail in the FHWA 
report) resulted from abnormal and unforeseeable 
circumstances at ignition: arson in Squirrel Hill, 
ignition of a flammable food product not normally 
considered dangerous at Blue Mountain, and deliber
ate use of tunnel illumination at night as an 
inspection aid in Moorfleet. 

Programs of controlled, supervised transit with 
preinspection for mechanical faults and mandated in
tervals between vehicles in an otherwise deserted 
tunnel still only reduce the possibility of fire; 
they do not eradicate it. 

It appears that major hazardous material fires in 
tunnels, once started, can he controlled only by 
heroic efforts under fortunate circumstances in 
which effective support systems are also present. 
The decisive actions of those involved in the begin
ning moments of the Holland Tunnel fire, in which 
tunnel operators and firefighters persisted without 
protective equipment in the face of noxious fumes 
from a fire of an unknown nature to the extent that 
many were overcome, can only be described as heroic. 
They were aided by two factors not present at the 
two other major hazardous material tunnel fires 
about which full details are known: (a) trained per
sonnel were on the scene at the time of the acci
dent, and (b) effective ventilation and fire sup
pression systems were present in the tunnel. 

The fire summaries for both medium-sized and 
major hazardous material fires show a consistent 
pattern: when trained officials are present from the 
beginning [such as in the Holland Tunnel fire and 
Chesapeake Bay Bridge-Tunnel fire (Norfolk, Vir
ginia, as discussed in the FHWA report)] , the fire 
is controlled with minimum loss of life and property 
damage despite the seriousness of the fire. However, 
when officials are absent (such as in the Caldecott 
and Nihonzaka fires), the fire burns to completion 
regardless of the level of effort put forth by mo
torists at the scene. 

The fire summaries also show a pattern of suc
cessful fire control in fires in which ventilation 
and suppression systems are available and used. When 
ventilation systems were large enough to remove sig
nificant quantities of smoke and heat from the area 
of a fire (such as in the Holland Tunnel and Chesa
peake Bay fires) and were operated at full capacity 
during the emergency, firefighters were able to ap
proach the fire and remain there long enough to con
trol it. When ventilation systems either had too 
1 i ttle capacity or were not activated (such as in 
the Wallace, Caldecott, and Nihonzaka fires), the 
tunnels filled with smoke and no suppression was 
possible for an extended period. Fortuitous events 
may have played a significant role in this small 
number of examples, but the circumstances and re
sults of the Chesapeake Bay fire (tunnel operator on 
hand, prompt response by tunnel crew, effective ven
tilation at the scene, fire soon extinguished) and 
the Wallace Tunnel fire (no operator at the scene, 
fire department response only, ventilation system 
not activated, fire burned itself out) appear to 
represent opposite types of fire prevention and 
control efforts. 

The Caldecott Tunnel's fire main apparently 
failed under the stress of heat and blast from the 
tanker fire; in contrast, the Holland Tunnel's fire 
main reportedly was constantly used during its emer
gency--yet more extensive local damage was suffered 
by the Holland Tunnel. Tunnel communication systems 
purportedly installed to serve during emergencies 



152 

were typically disabled soon after large fires ig
nited. Emergency phones and antenna wires appear 
particularly vulnerable, having failed in early 
stages of the Caldecott, Holland, and Chesapeake Bay 
fires. 

The activation of the automatic spray system dur
ing the Nihonzaka tunnel fire is the only reported 
incident of sprinklers or similar systems having 
responded to an accidentally ignited tunnel fire. It 
apparently suppressed the fire but was unable to 
completely extinguish it at any time, even at its 
most effective point, without the help of hoses, 
which were deployed but were not supplied with 
water. Points of ignition and combustible vapors re
mained after 1 hr, 26 min and reignited after the 
water supply was exhausted. In this instance, then, 
sprinklers did not prove to be an effective fire 
control tool, although in combination with directed 
hose streams their effectiveness may have been much 
enhanced. 

Although events appear to stress the importance 
of tunnel personnel during an emergency, the role 
played by motorists cannot be discounted. In four 
incidents (Wallace, Squirrel Hill, Chesapeake Bay, 
and Moorfleet fires) no motorists were present; in 
two other accidents (Baltimore Harbor Tunnel and 
Holland Tunnel fires), actions they might have taken 
were superseded by officials' directions; and in the 
Blue Mountain incident motorists' roles were not re
corded. Therefore, no conclusions can be drawn from 
these 7 fires. However, the actions of bystanders 
during two major hazardous material fires (Caldecott 
and Nihonzaka) were the only local responses before 
the fires became uncontrollable, and their actions 
were significant. 

While those actually involved in the mishaps were 
dazed or injured, other motorists took positive ac
tions: the mother and son at the Caldecott fire at
tempted to inform the control room and warn others; 
bystanders at the Nihonzaka fire apparently at
tempted to fight it on their own. Both of these 
groups were defeated by system failures or over
sights: quickly disabled emergency phones, unmarked 
potential fire exits, esoteric fire hydrant valves, 
lack of instructions. 

RISK ANALYSIS 

Summary 

The fire and explosion risk of a hazardous material 
tank truck in a highway tunnel is a function of the 
frequency with which an incident may occur and the 
magnitude of such an incident. The frequency with 
which an incident is expected to occur is remote, 
with one fire expected to occur for every 8 million 
miles of travel by a hazardous material tank truck. 
However, the magnitude of such a fire in a highway 
tunnel is significant. A fire involving a 30-gal 
spill or 20-gpm leak of a liquefied flammable gas or 
Class I flammable liquid, or involving a 160-gal 
spill or 100-gpm leak of a Class II or Class II I 
combustible liquid, will endanger all people within 
the tunnel but will probably not cause structural 
damage. A fire involving a 100-gal spill or 40-gpm 
leak of a liquefied flammable gas or Type I flam
mable liquid, or a fire involving a 500-gal spill or 
200-gal leak of a Class II or Class III combustible 
1 iquid, will present a severe fire exposure to the 
tunnel structure, with ceiling temperatures ap
proaching 2,000° F for longer than 1 hr. 

A hazardous material cargo spill involving a liq
uefied flammable gas or Type I flammable liquid that 
does not involve an immediate fire can create a sig
nificant explosion potential in a tunnel. An explo-
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sion involving those vapors can create blast over
pressures that will cause structural damage to the 
tunnel. The explosion may be either a deflagration 
(subsonic flame speed) or a detonation (supersonic 
flame speed). Similarly, an explosion potential ex
ists if a fire involving a liquefied flammable gas 
or a Class I flammable liquid is extinguished before 
all of the available fuel is consumed or contained. 
Attempts to suppress a fire involving this type of 
hazardous material may be counterproductive if an 
explosion should occur after the fire is extin
guished. Class II and Class III combustible liquids 
do not present a significant explosion potential un
less they are heated above their flash point by an 
exposing fire. 

Reference Tunnel 

A reference tunnel has been established to assist in 
explaining the highway tunnel fire risk. The refer
ence tunnel is 33 ft wide, 16 ft high, and 1 mile 
long, with a horizontal tunnel bore, and will be re
ferred to as the "reference tunnel" during this 
analysis. 

Fire Frequency Prediction 

Few hazardous material tank truck fires have oc
curred in highway tunnels in the United States, pri
marily because such trucks have been prohibited from 
using most highway tunnels since the 1949 Holland 
Tunnel fire. Because of this prohibition, a statis
tical basis for predicting the frequency of acci
dents and fires involving hazardous material tank 
trucks in highway tunnels could not be developed. 
However, a statistical basis for predicting the open 
highway accident and fire frequency involving haz
ardous material tank trucks was developed and used 
to predict the highway tunnel accident and fire fre
quency. 

Several agencies were contacted to obtain infor
mation on the frequency of open highway accidents 
and fires of hazardous material tank trucks: 

• American Trucking Associations 
• National Tank Truck Carriers, Inc. 
• American Petroleum Institute 
• American Insurance Association 
• National Transportation Safety Board 

National Safety Council 
• Bureau of Motor Carrier Safety 
• National Fire Protection Association 
• Insurance Institute for Highway Safety 
• University of Michigan Transportation Research 

Ln..stitute 

The documents obtained from these agencies, which 
were used to predict the frequency of accidents and 
fires of hazardous material tank trucks, include: 

1. "ATA National Truck and Industrial Contest--
1982," American Trucking Associations, Inc., Alex
andria, Va. 

2. "Analysis of Accident Reports Involving 
Fire--January Through June 1968," Bureau of Motor 
Carrier Safety, Washington, n.c. 

3. "Summary of Motor Vehicle Accidents in the 
Petroleum Industry for 1981," American Petroleum In
stitute, Washington, n.c., August 1982. 

4. "Accidents of Motor Carriers of Property--
1979," Bureau of Motor Carrier Safety, Washington, 
D.C. 

5. "New Drive for Truck Safety," Journal of 
American Insurance Association, May/June 1970. 
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6. "Motor Vehicle Standards for Hazardous Mate
rial Transportation," Factory Mutual Research Corpo
ration, Norwood, Mass., January 1970. 

The following information is reported in these 
six sources. 

1. Trucks, in general, have an accident fre
quency that varied from 6.89 to 7.50 accidents per 
million miles during the years 1976 to 1981. In com
parison, tank trucks had an accident frequency that 
varied from 3.97 to 5.98 accidents per million miles 
for these same years. The average accident frequency 
of tank trucks during this time period was 4.91 ac
cidents per million miles. This suggests that tank 
truck operators may have a more favorable accident 
history than do truck operators in general. 

2. Few truck accidents resulted in fire (1.7 
percent of all truck accidents). Hazardous material 
tank trucks had a fire-to-accident ratio that was 70 
percent higher than that of the general trucking in
dustry, in which 2. 9 percent of all accidents re
sulted in fire during the period July 1966 to Decem
ber 1968. 

3. Approximately 50 percent of the reported 
fires were caused by collisions. The remaining 50 
percent were caused by noncollision accidents such 
as overheated brakes or tires, defective exhaust 
systems, and defective electrical systems. Control 
of tunnel crossings for hazardous material tank 
trucks may reduce the probability of collision acci
dents and subsequent fires. However, inspection of 
hazardous material tank trucks before tunnel cross
ing also appears to be needed if the anticipated 
fire frequency is to be reduced significantly. 

4. Hazardous material tank truck accidents re
sulted in cargo being spilled in 8.5 percent of the 
accidents. 

5. Cargo was involved in 87 percent of the fires 
involving hazardous material tank trucks. 

This information was used to calculate a fire 
frequency for hazardous material tank trucks travel
ing in highway tunnels: 

1. Average tank truck accident frequency was 
taken as 4.91 accidents per million miles. 

2. Assuming that 8. 5 percent of the accidents 
result in spilled cargo, the number of cargo spills 
per million miles is estimated as 0.418 (4.91 acci
dents per million miles x 0.085 cargo spills per ac
cident= 0.418 cargo spills per million miles). 

3. Assuming that 2.9 percent of the accidents 
involving tank trucks result in fire, the number of 
fires per million miles of tank truck travel is es
timated as 0.142 fires per million miles (4.91 acci
dents per million miles x 0.029 fires per acci
dent = 0.142 fires per million miles). 

4. Assuming that 87 percent of the tank truck 
fires involve cargo, the cargo fire frequency is es
timated at 0.124 cargo fires per million (0.142 
fires per million miles x 0.87 cargo fires per 
fire = 0.124 cargo fires per million miles). 

Using these frequencies, the spill frequency and 
the fire frequency for hazardous cargo for the ref
erence tunnel are predicted as (a) one cargo spill 
per 2, 390, 000 tunnel crossings, and (bl one cargo 
fire per 8,064,000 tunnel crossings. Assuming that 
hazardous material tank truck crossings occur at the 
rate of 100 crossings per day (36,500 crossings per 
year) , the fire and spill frequencies of hazardous 
materials are predicted as (a) one cargo spill oc
curring every 65 years, and (b) one cargo fire oc
curring every 221 years. 

The incident frequencies for tunnels of other 
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lengths or for a different number of hazardous mate
rial tank truck crossings may be calculated in a 
similar manner. 

Spread Potential of Fire and Smoke 

The flames from a hazardous material fire in a high
way tunnel will spread along the tunnel ceiling. The 
smoke (the combustion gases and particulate matter 
will be referred to collectively as smoke throughout 
this analysis) will move through the tunnel, spread
ing heat and toxic gases away from the fire location. 

The smoke from a fire burning at a 20-MW inten
sity will create air temperatures higher than 120° F 
in the reference tunnel approximately 630 ft beyond 
the fire in the direction in which the smoke is mov
ing. Similarly, the smoke from a SO-MW fire will 
create air temperatures higher than 120° F at a dis
tance of 1,850 ft beyond the fire, while the smoke 
from a 100-MW fire will create these temperatures 
3,100 ft beyond the fire. 

Exposure to temperatures higher than 120° F will 
quickly cause second degree burns and is considered 
life threatening (1). In addition, smoke will fill 
the tunnel, in the -direction in which the fire ven
tilates, with toxic combustion products, making hu
man survival improbable beyond the point of fire 
origin. Theoretical calculations indicate that smoke 
will spread away from the fire at a rate of 238 
ft/min (2. 7 mph) for a fire with a 3-MW intensity 
and 1, 225 ft/min (14 mph) for a fire with a 100-MW 
intensity. People may survive on the air inlet side 
of the fire where combustion air is entering the 
tunnel, but they will probably not be able to sur
vive on the exhaust side of the fire. 

Figure l shows estimated tunnel temperatures as a 
function of fire intensity and distance from the 
fire for a fire occurring in the reference tunnel. 
Figure 2 shows the estimated distance that flames 
will project along the tunnel ceiling as a function 
of fire intensity for a fire occurring in the refer
ence tunnel. It is assumed in both Figures l and 2 
that the fire will ventilate in one direction only. 
If the fire actually ventilates in both directions, 
the distances beyond the fire at which flames will 
project along the tunnel ceiling or at which temper
atures will reach certain limits will be approxi
mately one-half the distances shown in Figures l and 
2. 

The tunnel geometry and air flow in the tunnel 
(caused by the ventilation system or by a natural 
draft) can affect the tunnel temperature profile and 
smoke velocity. When a longitudinal air flow occurs, 
the smoke velocity will probably increase and the 
flames and heat will travel in the direction of the 
air flow. When the tunnel is sloped in an upward 
direction, the smoke velocity will increase in the 
upward direction due to the effects of natural ven
tilation. When the tunnel cross-sectional area is 
smaller than that of the reference tunnel, the ceil
ing flame projection will be longer, the smoke will 
move through the tunnel more quickly, and the dis
tance at which the temperature exceeds 120° F will 
be farther away from the fire. 

Conversely, a tunnel with a larger cross-sec
t ional area than the reference tunnel will have a 
shorter flame projection along the ceiling and slower 
smoke movement through the tunnel, and the distance 
at which the tunnel temperature exceeds 120° F will 
be closer to the fire. Figure 3 shows the estimated 
speed of smoke movement as a function of the fire 
intensity for a fire occurring in the reference 
tunnel. 

A hazardous material tunnel fire burning at an 
intensity of 20 MW can endanger the lives of all 
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FIGURE 1 Estimated tunnel temperature as a function of fire intensity and distance from fire (without smoke extraction). 

people who are in the tunnel, but it will probably 
not cause serious structural damage to the tunnel 
because the ceiling temperature is not expected to 
exceed 900° F. A fire burning at an intensity of 100 
MW will also endanger the lives of all people in the 
tunnel, and may cause structural damage to the tun
nel because the ceiling temperatures within several 
hundred feet of the fire will approach 2,000° F. 

Reduction of Spread Potential of Fire and Smoke 

A tunnel emergency ventilation system can reduce the 
temperatures in a tunnel during a fire. For example, 
the smoke from a 20-MW fire will create air tempera
tures higher than 120° F within approximately 290 ft 
of the fire in the reference tunnel if it is pro
vided with emergency ventilation at a rate of 127 

FIGURE 2 Estimated distance of flame along tunnel ceiling as a function of fire intensity. 
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FIGURE 3 Estimated speed of smoke movement as a function of 
fire intensity. 

ft' /min per foot of tunnel length. Similarly, the 
50-MW fire will create temperatures higher than 
120° F at a distance of 370 ft beyond the fire, 
while the 100-MW fire will create the same tempera
tures 720 ft beyond the fire. Figure 4 shows the ef
fect of the ventilation system on the temperatures 
in the reference tunnel. 

Automatic fire suppression systems may help pre
vent structural damage to a tunnel, but will possi
bly not be effective in reducing loss of life during 
a hazardous material tunnel fire. The fire will 
probably be fully involved before the suppression 
systems are able to activate. There will be a time 
lag between fire ignition and fire detection, and 

200 
60 
:I 

another time lag while the suppression system pumps 
are started, valves are opened, and delivery-system 
piping is filled with water. Discharging water onto 
a fully involved hazardous material fire in an en
closed tunnel may increase the danger to the tunnel 
occupants because of the steam generated when water 
comes in contact with the fire. 

Fire Intensity 

The potential intensity of a highway tunnel fire in
volving a hazardous material tank truck was deter
mined by reviewing research studies and fire reports 
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FIGURE 4 Effect of ventilation system on temperatures (with smoke extraction of 127 ft 3/min per 
foot). 
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dealing with (a) accidents and fires of hazardous 
material tank trucks, both on the open road and in 
highway tunnelsi (b) research and experimentation in 
fire development and smoke movement, both in tunnels 
and in buildings: and (c) actual tunnel fire tests. 

The intensity of a highway tunnel fire involving 
a spilled hazardous material depends on the area of 
the spilled liquid, the availability of combustion 
air, and the ability of the smoke to escape from the 
tunnel. Each of these factors will be discussed fur
ther. 

Area of Spilled Liquid 

Initially, the critical factor in fire development 
is the quantity of spilled liquid. A fire involving 
a total spill of more than 32 gal or a continuous 
leak of more than 20 gal/min of a liquefied flam
mable gas or Class I flammable liquid (flashpoint 
less than 100° F) will result in a fire intensity 
exceeding 20 MW. Similarly, a fire involving a total 
spill of more than 162 gal or a continuous leak of 
more than 98 gpm will result in a fire intensity ex
ceeding 100 MW. 

A fire involving a total spill of more than 104 
gal or a continuous leak of more than 42 gal/min of 
a Class II or Class III combustible liquid (flash 
point equal to or greater than 100° F) will result 
in a fire intensity exceeding 20 MW. Similarly, a 
fire involving a total spill of more than 526 gal or 
a continuous leak of more than 206 gpm will result 
in a fire intensity exceeding 100 MW. 

Figures 5-9 and Table 1 show the relationships 
between the total quantity or flow rate of spilled 
hazardous material and the resulting fire intensity. 

1. Figure 5 shows the relationship between the 
quantity of spilled liquid and the area of an uncon
fined spill. 

2. Figure 6 shows the burning rate of the 
spilled material (fuel burning rate) as a function 
of the spill area. Three curves are shown on Figure 
6 i Curve 1 represents a liquefied flammable gas, 
Curve 2 represents a Class I flammable liquid, and 
Curve 3 represents a Class II or a Class III combus
tible liquid. 

• j I 

TRB State-of-the-Art Report 3 

3. Figure 7 shows the fire intensity as a func
tion of the fuel burning rate. Three curves are 
shown on Figure 7: Curve 1 represents a liquefied 
flammable gas, Curve 2 represents a Class I flam
mable liquid, and Curve 3 represents a Class II or a 
Class III combustible liquid. The curves were devel
oped using the theoretical heats of combustion of 
propane for Curve 1, gasoline for Curve 2, and 
acetic acid for Curve 3. Those theoretical heats of 
combustion were arbitrarily reduced by 50 percent to 
allow for incomplete combustion. This allowance is 
reflected in the fire intensities shown in Figure 7. 

4. Figure 8 shows the fire intensity as a func
tion of the quantity of spilled material, or spill 
area. Three curves are shown on Figure 8: Curve 1 
represents a liquefied flammable gas, Curve 2 repre
sents a Class I flammable liquid, and Curve 3 repre
sents a Class II or a Class III combustible liquid. 

5. Table 1 shows the estimated flow rates from 
broken schedule 40 steel pipe. The flow rates are 
shown for various pipe sizes from 1/4 in. to 2 in. 

6. Figure 9 shows fire intensity as a function 
of flow rate from a tank leak. Figure 9 was devel 
oped by using Figure 7 and equating leak rate to 
fuel burning rate. Figure 9 demonstrates that a liq
uefied flammable gas or Class I flammable liquid 
leak from a broken 1/2-in. pipe can result in a 
20-MW fire while a leak from a broken 1-1/4-in. pipe 
can result in a 100-MW fire. Similarly, a Class II 
or III combustible liquid leak from a broken 1-
1/4-in. pipe can result in a 20-MW fire while a leak 
from a broken 2-in. pipe can result in a 100-MW fire. 

Availability of Combustion Air 

The second critical factor in fire development is 
availability of combustion air. Approximately 1, 350 
ft' of combustion air is required to burn each 
gallon of spilled hazardous material. A spill fire 
burning at a rate of 200 gpm will require approxi
mately 270,000 ft' /min of combustion air. If all 
the combustion air entered at one end of the refer
ence tunnel, it would need to travel at an average 
rate of 510 ft/min (5.8 mph). It appears reasonable 
to expect that this amount of combustion air would 
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FIGURE 5 Relationship between quantity of spilled liquid and area of unconfined spill. 
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FIGURE 7 Fire intensity as a function of fuel burning rate. 

be available to a fire in the reference tunnel. Con
sequently, combustion air does not appear to be a 
controlling factor in fires burning at a rate of 200 
gal per minute or lower. 

Ability of Smoke to Escape From Tunnel 

The third critical factor in fire development is the 
ability of the smoke to leave the tunnel. As the 
combustion air entering the tunnel is heated by the 
fire, it will expand. Assuming an average smoke tem
perature o f 500° F, the combustion gases will expand 
to approxima·tely 2. 62 times their initial volume. 
They will leave the tunnel at a faster rate than 

combustion air will enter the tunnel. The volume of 
smoke produced by a 200-gal/min fi re will be approx
imately 710, 000 ft1 /min. This smoke will leqve the 
reference tunnel through the end opposite from the 
combustion air at an average speed of 1,345 ft/min 
(15.3 mph). Again, it appears reasonable to expect 
that this volume of smoke can ventilate from the 
reference tunnel . The ability of the smoke to leave 
the tunnel does not appear to be a control.ling fac
tor in fires burning at a rate of 200 gpm or lower. 

Fire Duration 

The duration of a hazardous material highway tunnel 
fire will depend on the volume of available fuel and 
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T ABJ.E I Estimated Flow Rates 
from Broken Schedule 40 Steel 
Pipe 

Nominal Schedule 40 
Pipe Size (in.) 

1/4 
1/2 
3/4 
1 
1 1/4 
1 1/2 
2 

Flow Rate 
(gpm) 

7.9 
23.0 
40.5 
65.6 

113.0 
155.0 
255.0 
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the depth of the spilled fuel, or the fuel spill 
flow rate . 

A small, unconfined spill will spread to an aver
age depth of 0. 25 in. A fire involving such a spill 
will usually last less than 5 min. 

A continuing small, unconfined spill fire that is 
fed by a cargo tank leak (such as a small cargo tank 
puncture, meltdown of an aluminum cargo tank, or a 
broken pipe or val ve ) will last as long as the leak 
persists. A 100-gpm leak in an 8, 000-gal gasoline 
tank truck could result in a 100-MW fire that will 
last for approximately 80 min. 

A catastrophic spill (involving a ruptured cargo 
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FIGURE 8 Fire intensity as a function of quantity of spilled material (spill area). 
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tank) in a tunnel will probably be confined by the 
tunnel walls or roadway and may pond to depths 
greater than 0.25 in. or enter the tunnel drainage 
system, spreading the spilled hazardous material and 
the fire beyond the area of the accident. The du ra
t ion of this type of fire cannot be predicted. 

Fire Scenarios 

Four fire scenarios are considered here. They in
clude: 

1. Scenario No. 1: 20-MW fire in reference tun
nel (tunnel bore is horizontal). 

2. Scenario No. 2: 100-MW fire in reference tun
nel (tunnel bore is horizontal). 

3. Scenario No. 3: 20-MW fire in subaqueous tun
nel with same dimensions as reference tunnel (tunnel 
bore is sloped). 

4. Scenario No. 4: 100-MW fire in subaqueous 
tunnel with same dimensions as reference tunnel 
(tunnel bore is sloped). 

Each of these scenarios will be discussed further. 

Fire Scenario No. 1 

This scenario considers a fire involving an 8, 000-
gal gasoline tank truck from which 30 gal of gaso
line have been spilled through a 20-gpm leak before 
ignition. The leak will continue during the course 
of the fire, le.ading to a 20-MW fire. The results of 
that fire will be: 

1. Flames will probably not reach the tunnel 
ceilingi the maximum ceiling temperature will be 
lower than 900° F. 

2. The fire will burn for approximately 400 min, 
if the spill size or leakage rate does not increase. 

3. The velocity of the smoke layer will be ap
proximately 600 ft/min. 

4. The temperature in the tunnel on each side of 
the accident will be higher than 120° F within 320 
ft of the fire. 

Fire Scenario No. 2 

This scenario considers a fire involving an 8,000-
gal gasoline tank truck from which 160 gal of gaso-
1 ine have been spilled through a 100-gpm leak before 
ignition. The leak will continue during the course 
of the fire, leading to a 100-MW fire. The results 
of that fire will be: 

1. Flames will reach the tunnel ceiling and ex
tend approximately 200 ft beyond the accident in 
each directioni maximum ceiling temperature will ap
proach 2,000° F. 

2. The fire will burn for approximately 80 min. 
3. The velocity of the smoke layer will be ap

proximately 1,225 ft/min. 
4. The temperature in the tunnel on each side of 

the accident within approximately 550 ft of the cen
ter of the fire will be higher than 1,000° F. 

5. The temperature in the tunnel on each side of 
the accident will be higher than 120° F within 1,550 
ft of the fire. 

Fire Scenario No. 3 

This scenario considers a fire involving an 8,000-
gal gasoline tank truck from which 30 gal of gaso-
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1 ine have been spilled through a 20-gpm leak before 
ignition. The leak will continue during the course 
of the fire, leading to a 20-MW fire. The results of 
that fire will be: 

1. Flames will probably reach the tunnel ceil
ing i maximum ceiling temperature will be lower than 
900° Fi 

2. The fire will burn for approximately 400 min, 
if the spill size or leakage rate does not increasei 

3. The velocity of the smoke layer will be ap
proximately 600 ft/mini and 

4. The temperature within the tunnel on the ex
haust side of the fire will be higher than 120° F 
within 630 ft of the fire. 

Fire Scenario No. 4 

This scenario considers a fire involving an 8,000-
gal gasoline tank truck from which 160 gal of gaso
line have been spilled through a 100-gpm leak before 
ignition. The leak will continue during the course 
of the fire, leading to a 100-MW fire. The results 
of that fire will be: 

1. Flames will reach the tunnel ceiling and ex
tend approximately 400 ft beyond the accident in the 
direction of smoke ventilationi maximum ceiling tem
perature will approach 2,000° F. 

2. The fire will burn for approximately 80 min. 
3. The velocity of the smoke layer will be ap

proximately 1,225 ft/min. 
4. The temperature in the tunnel on the exhaust 

side of the fire within approximately 1,100 ft of 
the center of the fire will be higher than 1,000° F. 

5. The temperature in the tunnel on the exhaust 
side of the fire will be higher than 120° F within 
3,100 ft of the fire. 

People in the Tunnel 

All people in the tunnel in these four scenarios 
will be in danger. People entering the tunnel and 
those in the tunnel behind the accident will have 
little time to realize the danger ahead and react. 
The rapidly traveling smoke layer would overtake 
them as they attempted to escape, causing death by 
inhalation of toxic combustion products or by expo
sure to the hot gases. Persons traveling through the 
tunnels ahead of the vehicles involved in the acci
dents may be able to continue driving to safety. The 
speed of their vehicles will probably be faster than 
that of the speed of the advancing smoke layer. 

Explosion Potential 

Vapors from a spilled liquefied flammable gas or 
Class I flammable liquid present an explosion poten
tial in a tunnel. This potential is present if the 
spill occurs without a subsequent fire to consume 
the vapors, allowing their accumulation in the tun
nel. Accumulation may also occur after a fire is 
suppressed but before the available fuel is consumed 
or contained. The fuel that remains after the fire 
is suppressed may vaporize and explode while fire
fighters are working at the scene. 

The potential blast overpressure caused by a 
deflagration of a spilled liquefied flammable gas or 
vaporized Class I flammable liquid was calculated by 
using the methods presented in National Fire Protec
t ion Association (NFPA) standard 68, Venting Guides 
(1978 edition). This pressure was found to be in ex
cess of 15 psi for the reference tunnel. It is ad-



160 

vised in Appendix c of NFPA standard 68 that flame 
speeds as high as 6, 000 ft/sec and overpressures of 
several hundred psi could be expected if an explo
sion should occur in a tunnel or similar contained 
space. If flame speeds of this magnitude should oc
cur, the explosion would be a detonation because of 
the supersonic flame speed. 

The explosion potential of a Class II or Class 
III combustible liquid (those liquids with a flash 
point equal to or higher than 100° F) is negligible 
unless there is an exposing fire that heats the haz
ardous material to a temperature higher than its 
flash point. 

CONCLUSIONS 

Tunnel administrators have measurably contributed to 
the historically low rate of fires in highway tun
nels by 

1. Prohibiting hazardous cargoes, 
2. Controlling drivers' actions, and 
3. Enforcing both of the above. 

Tunnel designers can contribute to the low rate of 
fires in highway tunnels by applying design criteria 
conducive to traffic safety. 

Tunnel fires will occur with some nonzero fre
quency. If hazardous materials are allowed free pas
sage, one fire will occur approximately every 4 
years in the United States. Each fire will have an 
average of 60 fatalities. 

Tunnel fires can be controlled by a combination of 

• Detection systems; 
• Alarm systems; 
• Effective notification of tunnel patrons; 

Fire extinguishers in the tunnel per NFPA 
standard 502 (the 1981 Fire Protection for Limited 
Access Highways/Tunnels/Bridges/Elevated Roadways/ 
Air Right Structures) ; 

Fire hydrants and water supply systems per 
NFPA standard 502; 

• Planned responses by tunnel crew, fire de
partment, and local emergency personnel; 

• Properly trained and equipped personnel and 
vehicles; and 

• Properly designed drainage and ventilation 
systems. 

Damage and number of fatalities due to tunnel 
fires can be limited by (a) effective communication 
systems; (b) appropriate emergency ventilation 
modes; and (c) clearly indicated, accessible escape 
routes. Fire control systems of questionable value 
include (a) automatic fire and smoke detectors, (b) 
automatic sprinklers, and (c) highway shoulders. 

RECOMMENDATIONS 

1. Explosive or potentially explosive materials 
should not, under any circumstances, be allowed to 
be transported through highway tunnels. 

2. Hazardous materials should be allowed to be 
transported through highway tunnels only when demon
strably in the best economic interests of the com
munity, and then only under controlled conditions. 

3. Prohibition of hazardous materials should 
include effective inspection and enforcement proce
dures. 

4. Effective regulation of drivers' actions in 
the tunnel should be imposed and enforced. 
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5. All tunnels should be monitored at all 
times, preferably by personnel in an on-site control 
room. 

6. Tunnels should be designed to minimize traf
fic accident potential. 

7. Detection systems should involve cost-effec
tive surveillance, including personnel stationed in 
the tunnel, or TV cameras with traffic monitoring. 

8. Alarm systems should include (a) telephones 
or manual alarms in tunnels; they should be con
nected to the control room, not to a fire station; 
(b) direct line to a fire station from the control 
room; and (c) two-way radio communication net inside 
of and outside of the tunnel. 

9. Notification systems should include traffic 
lights, signs, AM radio rebroadcast, citizens band 
radio capability, personnel at portal, and personnel 
in tunnel, if possible. 

10. Every operating agency should prepare a fire 
and emergency plan for each tunnel under its control. 

11. Cooperation should be established and main
tained with the local fire department, law enforce
ment, and emergency preparedness organizations. 

12. Periodic practices and system exercises 
should be conducted. 

13. Tunnel vehicles complying with NFPA standard 
502 should be provided if adequate municipal fire 
service is not available. 

14. ABC rated, 20-lb maximum, dry powder fire 
extinguishers should be provided in well-marked wall 
niches a maximum of 300 ft on center and safeguarded 
from damage, deterioration, and pilferage. 

15. Hydrants compatible with local fire depart
ment equipment should be provided a maximum of 300 
ft on center with sufficient supply or storage, and 
piping to provide 500 gpm per tunnel bore at 75-psig 
residual pressure, 1,000-gpm total facility flow, 
for a minimum of 2 hr (120,000 gal). 

16. Fire hoses should be carried on vehicles, 
not installed in tunnels. 

1 7. Fire protection systems should be protected 
from freezing and from the heat and blast of a cred
ible fire. 

18. Sprinklers are not recommended for highway 
tunnels. 

19. Drainage systems should be designed and 
maintained to safely clear the roadway of, collect, 
and dispose of hazardous material spills and maximum 
fire-protection water flows. 

20. For maximum life protection, systems and 
operations should be developed to save time when a 
hazardous material fire occurs. 

21. If permitted by tunnel geometry and con
struction sequence, well-marked, accessible, venti
lated, and lighted exits to safe locations should be 
provided a maximum of 300 ft on center in every bore. 

22. Ventilation systems should include an emer
gency and fire operating mode that extracts air from 
sizeable, controllable, ceiling-level exhaust damp
ers a maximum of 300 ft on center; ventilation sys
tems should be selected from the control room and 
should be large enough to induce a roadway area flow 
of 1,000 ft/min from both directions toward the 
damper. The entire system, including structural com
ponents and hangers, should be capable of continuing 
operation when exhaust gas temperatures reach 
1,000° F. 
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Tanker Accident Rates and 
Expected Consequences in U.S. Ports and 

High Seas Regions 
Mark Abkowitz and Jorge Galarraga 

ABSTRACT 

As increasing amounts of hazardous materials carqo are transported by the 
marine mode, the associated risk to public safety and the environment bas been 
a significant concern. The development of representative accident rates and 
consequences for marine transport has been hindered by difficulties in working 
with various data bases that are requ1red to responsibly address this problem. 
A methodology that was developed to derive accident rates of hazardous materi
als marine transport in U.S. ports and high seas regions by using data col
lected from multiple sources is described in this paper. The focus of the study 
was tanker and tanker barge movements because these vessels are responsible for 
almost all hazardous materials movement by water. Several U.S. ports and high 
seas reg ions in the Gulf of Mexico and the Atlantic Ocean were selected for 
study. The resulting accident rates were coupled with conditional spill rates 
and consequences to derive expected release amounts for each geographic area. 
Several important findings emerged, includinq the relative risk of hazardous 
material movements in the Atlantic and Gulf regions. The paper concludes with a 
comparison of the research findings with other studies of domestic and inter
national tanker transport. 
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As increasing amounts of hazardous materials cargo 
are transported by the marine mode, the associated 
risk to public safety and the environment has been a 
significant concern. The development of representa
tive accident rates and consequences for marine 
transport has been hindered by difficulties in work
ing with various data bases that are required to 
responsibly address this problem. 

accident records. Weighted averages of Atlantic and 
Gulf regions were also derived for comparison. 

A methodology that was developed to derive acci
dent rates of hazardous materials marine transport 
in U.S. ports and high seas regions is described in 
this paper. It is based on the use of empirical data 
on vessel movements and accidents i these data are 
maintained by various federal agencies. Detailed in
formation on domestic vessel movements and aggregate 
data on foreign vessel movements in u.s. waters is 
maintained by the Corps of Engineers, u.s. Depart
ment of the Army, and was made available for use in 
this analysis. Data on shipping accidents, known as 
the Commercial Vessel Casualty File, are recorded hy 
the U.S. Coast Guard and were also used in this 
study. Collectively, these data bases allow for the 
development of accident rates segmented by many dif
ferent shipping characteristics. 

The focus of the study was tanker and tanker 
barge movements because these vessels are responsi
ble for almost all hazardous materials movement by 
water. Several U.S. ports and high seas regions in 
the Gulf of Mexico and the Atlantic Ocean were se
lected for study. They include Mobile Bay, Houston 
Ship Channel, Corpus Christi, Delaware Bay, and 
Providence. These ports were chosen because of their 
geographic locations and levels of tanker and tanker 
barge activity. In most cases, port definitions were 
expanded to consider the entire harbor or bay loca
tion to establish consistency between movement and 

In addition to the estimation of accident rates, 
expected release rates were derived by using the ac
cident rates, conditional spill rates, and associ
ated consequences. The results of this project are 
also compared to findings from previous studies of 
domestic and international tanker transport. 

ANALYSIS METHODOLOGY 

The analysis was segmented according to the follow
ing geographic classification: 

1. Vessel movements and related incidents in the 
harbors and bays where the ports are located, and 

2. Vessel movements and related incidents in the 
high seas of the Gulf of Mexico and the Atlantic 
Ocean. 

The analysis was also segmented according to the 
following accident types: 

1. Collision, 
2. Fire or explosion, 
3. Grounding, and 
4. Other (including structural failure). 

For each geographic location-accident type pair, 
the following accident and damage statistics were 
compiled (including frequencies and histograms): 

1. Number of accidents, 
2. Number of fatalities and injuries, and 
3. Monetary loss. 
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TABLE 1 Summary of Analysis Methodology 

Data 
Base Vessel Type 

Weight of 
Vessel (grt) Location 

TRB State-of-the-Art Report 3 

Data 
Accident Type Available Measures 

Accident Tankers and >500 Harbor or bay, Collision, fire or exp]osion, 1976-1980 No. of accldents; no. of fatalities and injuries; mone
tary loss tanker barges or high seas grounding, other 

Movement Tankers and >333 Harbor or bay, 
tanker barges or high seas 

For each geographic location, the following ship
ping volume measures were computed: 

1. Vessel movements (trips), 
2. Tons shipped, 
3. Vessel-miles, and 
4. Ton-miles. 

These measures, combined with the accident measures 
previously described, serve as denominators from 
which to derive accident rates. 

The analysis methodology is summarized in Table 
1. Three aspects of the movement analysis should he 
noted: 

1. A sample of Gulf and Atlantic port shipping 
records was analyzed for high seas measures; results 
were applied to the remainder of the shipping rec
ords. 

2. Domestic shipping results were extrapolated 
to foreign shipping traffic by using aggregate for
eign tonnage by commodity and domestic coastal 
travel only. 

3. Extrapolation to the period 1976 to 1979 was 
done by using aggregate tonnage from previous years. 

A more detailed description of this methodology is 
contained in the following discussion. 

Establishing tbe vessel class to focus on re
quires identifying descriptors in both the volume 
and incident files that describe a consistent vessel 
type. The two factors considered were gross regis
tered tons (grt) and vessel classification codes. 
Number of gross registered tons appears in the casu
alty file and can be derived for the movement file, 
which contains net registered tons. Vessels that 
weigh more than 500 grt were selected because ves
sels of this size would be indicative of cargo ves
sels that are seaworthy. The vessel classifications 
selected for the analysis were tankers and tanker 
barges. 

For each harbor and bay, a frequency table was 
constructed of all shipping and receiving movements 
for tankers and tanker barges that weigh more than 
500 grti the table was segmented by type of commod
ity carried (see Table 2 for the Houston Ship Chan-

TABLE 2 Tonnage of Tankers and Tanker Barges Weighing 
More Than 500 grt, Segmented by Type of Commodity 
Carried, in the Houston Ship Channel 

Type of Commodity Self-Propelled Tanker 
(tons) Tanker Barge Total 

Fish products 0 3,509 3,509 
Crude petroleum 4,637,312 1,828,244 6,465,556 
Non-metallic minerals 0 364,521 364,521 
Food products 37,496 42,085 79,581 
Chemicals 1,079,850 7,871,327 8,951, 177 
Petroleum products 14,590,835 16,582,345 31,173,168 
Basic metals 0 3,427 3,427 
Scrap materials 0 483 &58 438,858 

Total 20,345,488 27,179,312 47,524,800 

1980 No. of vessel trips; no. of tons shipped; no. of 
vessel-miles; no. of ton-miles 

nel case). For every harbor and bay under considera
tion, with the segmentation just described, there 
remain a small number of shipments that are included 
in the shipping population that are carrying commod
ities that are not hazardous. The only three commod
ity types that are definitely known to be hazardous 
in this list are crude petroleum, petroleum prod
ucts, and chemicals, in the limiting case. However, 
these three commodities together constituted more 
than 98 percent of all shipments transported by 
self-propelled tankers and tanker barges in and out 
of any of the ports; this validates the appropriate
ness of using this methodology to represent hazard
ous materials transport by tanker. 

It is important to note the relatively small pop
ulation of self-propelled tanker movements. Ideally, 
self-propelled tankers would best represent ocean 
transport vessels. It is interesting to note, how
ever, that several tanker barge trips were found to 
leave the ports and travel into ocean waters, sug
gesting that there may be little compromise in rep
resentativeness by including these vessels in the 
shipping population being considered. Apparently the 
use of a tanker barge in coastal ocean travel is 
common practice for shippers of hazardous materials 
because the regulations for barge movement are often 
less stringent on manpower requirements. 

Similar vessel categories can be established for 
the casualty file to create consistency between 
movement analysis and accident analysis. Accident 
analysis was performed on all tanker and tanker 
barge vessels greater than 500 grt. To facilitate 
this, the following vessel types were included from 
the casualty file: (a) tanker ships, (b) tank 
barges, (c) public vessels-tanker, (d) flag vessels
tanker, and (e) tank barges-hazardous cargo. 

It should be noted that the accident data base 
includes incidents involving both foreign and domes
tic vessels, whereas the movement records described 
previously involve only domestic vessels. However, 
aggregate movements of foreign vessels were also ob
tained and classified by commodity type, which al
lows for extrapolation across commodity type to 
derive total domestic and foreign movement measures. 

The commodities to be used in the extr~polation 

process can be determined by looking at their rela
tive share of the domestic tanker and tanker barge 
market and whether the commodity would be considered 
hazardous cargo. Previously in this paper it was 
shown that petroleum and chemical products consti
tute more than 98 percent of all tanker and tanker 
barge cargo transport; therefore, it would appear 
logical to extrapolate across these commodities. 
However, it must also be shown that by using these 
commodities, other vessel types are not being erro
neously included in the extrapolation process. 

To examine the question about extrapolation, all 
movements of vessels weighing more than 500 grt that 
carry petroleum and chemical products were identi
fied (see Table 3 for the Houston Ship Channel 
case). In the limiting case of the harbor and bay 
sites under consideration, almost 97 percent of all 
petroleum and chemical movements are by self-pro
pelled tankers and tanker barges. This confirms the 
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TABLE 3 Tonnage of Vessels Weighing More Than 500 grt That 
Carry Petroleum and Chemical Cargo in the Houston Ship Channel 

Type of Commodity (Tons) 

Crude Petroleum 
Vessel Type Petroleum Products Chemicals Total 

Self-propelled 
cargo 0 2,149 54,625 56, 774 

Self-propelled 
tanker 4,637,312 14,590,835 1,079,850 20,307,984 

Dry cargo barge 6,235 171 ,579 723,505 901,319 
Tanker barge 1,828,244 t6,S82,34S 7,871,327 26,28 1,904 

Total 6,471,791 31,346,896 9,729,307 47,548,000 

validity of using petroleum and chemical movements 
for extrapolation to foreign movements. 

The process of identifying harbor and bay move
ments and high seas movements was based on using the 
data base previously defined. For the harbor and bay 
region, the movement file was searched for the dif
ferent ports and waterways that constitute each 
region. Measures of high seas movement are the most 
difficult because the U.S. Army Corps of Engineers' 
data are not detailed for trips that move into these 
regions. Furthermore, the high seas is an area where 
vessels from many ports cross the same transport 
region. Finally, both the Gulf of Mexico and the 
Atlantic Ocean are geographically large areas that 
require some restrictive definitions in this project. 

The boundaries of the high seas regions were de
fined by the Open Ocean Coding Chart that is used by 
the U.S. Coast Guard. This coding chart is a grid 
map that divides the world into reporting reqions. 
In the Gulf region, there is a single rectangle in 
the grid that represents the Gulf longitudinally 
east of the Sabine River on the Texas-Louisiana 
border (94 degrees) and latitudinally north of 
Naples, Florida (26 degrees). In the Atlantic Ocean, 
the region is defined as a rectangle between 64 and 
74 degrees longitude and 35 and 43 degrees latitude. 

The method used to estimate movement measures in 
the high seas region was to take a random sample of 
movement records from all major Gulf ports from Port 
Isabel, Texas, to Charlotte Harbor, Florida, and 
from all major Atlantic ports between the Penobscot 
River, Maine, and Morehead City, North Carolina. For 
the sample selected, manual estimates were made of 
the travel distance into the high seas region. The 
travel distances were combined to form a trip length 
distribution that was subsequently applied to the 
remaining domestic trips and then to the foreign 
movements to arrive at total movement measures into 
the high seas region, starting from each port. The 
movement measures for each port were summed to reach 
a total movement estimate for the high seas region. 

Because this process relies on both shipping and 
receiving activity in each port, if the trip has 
both the origin and destination in the high seas 
study region, it will be double-counted, To elimi
nate this problem, the total tonnage shipped between 
ports in the high seas region was also derived and 
taken into consideration. This prohlem is only pres
ent with domestic movements because foreign move
ments always have either the shipping or the receiv
ing port located outside of the ports considered. 

The process of identifying harbor and bay acci
dents and high seas accidents used a more direct 
approach. Harbor and bay accidents were selected 
based on casualty reporting codes that specify the 
body of water and nearest port to the incident. The 
high seas accidents were selected by searching for 
all accidents that occurred in the high seas region 
defined by the Open Ocean Coding Chart. The casualty 
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file included a specific code to identify each rec
tangular region in the chart, which made the inci
dent identification process simple. 

One final aspect of the study methodology was to 
select a data base that was statistically large 
enough to use in analyzing accidents, given that far 
fewer accidents occur than do movements. A 5-year 
period from 1976 to 1980 was selected for this pur
pose. In contrast, a single year (1980) was used to 
analyze trip movements, a nd these results were ex
trapolated to 1976 to 1979 by using a comparison of 
movements for 1980 to aggregate tonnage handled in 
each por t for 1976 to 1979, as reported by the U.S. 
Army Corps o f Engineers . The extrapolat i on pcocess 
was based on tonnage and used shipment information 
on whether trips were coastal, internal, or local to 
determine the appropriate values to use to derive an 
extrapolation factor. 

In summary, the analysis methodology provided a 
consistent definition of vessel types, geographical 
regions , and other important shipment characteristics 
between the accident and movement files, while main
taining an analysis scenacio that appears to repre
sent marine transport of hazardous mater ials in har
bor and bay areas and in the high seas. The results 
of these analyses are discussed in the following 
section. 

ANALYSIS RESULTS 

Movement Measures: Harbor and Bay Regions 

By using the previously described methodology, the 
number of domestic vessel movements in each harbor 
and bay were derived for the period 1976 to 1980. 
The results are given in Table 4. 

By applying the same process, measures of tons, 
vessel miles, and ton miles for harbor and bay move
ments from 1976 to 1980 were also estimated. The 
results are given in Table 5. 

TABLE4 Number of Domestic Vessel Movements, 1976 to 1980 

Coastal Internal Local Total 

Mobile Bay 1,722 20,202 2,862 24,836 
Houston Ship 

Channel 16,134 92,691 39,112 147,937 
Corpus Christi 8,438 27,109 9,639 45,186 
Delaware Bay 43,254 47,214 4,822 92,290 
Providence 8,623 662 528 9,813 

T BLE 5 T Lal Tonnage, umber of Vessel-Miles, nnd 
umber of Ton-Milf.4 for Harbor and Bay Mov menls, 1976 

to 1980 

Total Total 
No. of No. of 

Total Tonnage Vessel-Miles Ton-Miles 

Mobile Bay 45,105,041 621,081 1.33 x 109 

Houston Ship Channel 377,608,725 4,483,966 1.36 x 1010 

Corpus Christi 164,887,581 555,838 3.41 x !09 

Delaware Bay 475,613,382 4,354,818 3.31 x 1010 

Providence 36,044,763 87,136 3.31x108 

Movement Measures: Hiqh Seas Region 

By using the previously described methodology, the 
following high seas movement measures for the period 
1976 to 1980 were derived. 
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Trips 
Tons 
Miles 
Ton-Miles 

Gulf of Mexico 
94,273 
1,095,032,871 
42,680,654 
5.27 x 10 1

' 

Atlantic Ocean 
100,321 
872,746,789 
11,407,040 
3.00 X 10 11 

It should be noted that in the Atlantic movements, 
Long Island Sound was not considered part of the 
high seas because if an accident occurs there, it 
would be coded as a coastal rather than a high seas 
accident (according to the Coast Guard definition). 

Accident Measures 

Whereas derivation of the movement measures required 
use of a multistep process, accident measures can be 
derived directly from the casualty file. 

Table 6 gives frequency counts and related sta
tistics on fatalities and in]uries, segmented by 
accident location and accident type for Gulf ports, 
and Table 7 gives the same information for Atlantic 
ports. The results show that crew fatalities and in
juries are rare, and that, as expected, are most 
likely to occur because of fires and explosions and 
collisions. Because of the infrequent occurrence of 
fatalities and injuries, however, it is difficult to 
use this information as expected consequences that 
result from vessel accidents. 

Tables 8 and 9 give the estimated monetary loss, 
also segmented by accident location and accident 
type, for Gulf ports and Atlantic ports. From the 
figures in the table, it is clear that in the Gulf 
region the expected consequence is more serious for 
a high seas incident than for harbor and bay inci
dents. However, this trend is not as apparent in the 
figures on the Atlantic reg ion. Much of this prob
lem is due to the high variation in the amount of 
cargo released when an incident occurs. Accepting 
monetary loss as a proxy for release amounts, the 
tables show that the Gulf region has a larger varia-
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tion in monetary loss per incident, which suggests 
that there are a larger number of major incidents 
occurring in the Gulf region. 

As expected, groundings are restricted primarily 
to harbor and bay areas, whereas collisions and 
structural failures ("Others") can occur in the har
bor or bay area or on the high seas. Collisions are 
the most frequently cited occurrence, followed by 
groundings, other, and fires and explosions. This 
trend is consistent across all harbor and bay areas. 

Concerning average monetary loss per incident, 
the largest number is for fires and explosions; the 
next largest numbers are for collisions, other, a~d 

groundings. This is an intuitively appealing result, 
because fires and explosions and collisions would be 
expected to result in more serious consequences. 
Earlier work substantiates this conclusion (!.). 

ACCIDENT RATES 

By combining movement measures and accident mea
sures, accident rates for ports and high seas re
g ions can be derived. Table 10 gives estimates of 
the likelihood of an accident per unit measure for 
four movement measures and multiple accident loca
tions. Weighted averages (based on movement volumes) 
are also reported for the Gulf and Atlantic harbor 
and bay areas. Table 10 was derived by using the 
column count totals from Tables 8 and 9 a ivided by 
the movement measures discussed previously in this 
paper. 

The results show that the likelihood of a vessel 
accident is greatest in the Gulf harbor and hay 
areas, followed by the Atlantic harbor and bay 
areas, Gulf high seas, and Atlantic high seas. This 
order of accident likeliness remains consistent 
across all movement measures. It should be noted 
that for the measures that include tons or miles, 
the high seas accident rates are orders of magnitude 
lower than those for harbor and bay areas because of 

TABLE6 Fatalities and Injuries by Accident Location and Type in Gulf Ports and 
High Seas 

Accident Location 

A.cc;de,nt MEAN 
Type COUNT MOBILE HOUSTON CORPUS GULF ROW 

SUM BAY SHIP CH. CHRIST! HIGHSEAS TOTAL 
STO OEV 1 2 3 4 

.oooo .0000 .0000 .2800 .0203 
COLLISIONS 37 228 55 25 345 

.0000 .0000 .0000 7.0000 7.0000 

.0000 .0000 .0000 1.4000 .3769 

Fl KE/EXPLUS IONS .0000 .1667 .oooo .0000 .1111 
1 6 1 1 9 

.0000 1.0000 .oooo .0000 1.0000 

.0000 .4082 .0000 .0000 • 3333 

-----------
GKUUNDINGS .0000 .0000 .0000 .0000 .0000 

34 80 25 6 145 
.0000 .0000 .0000 .0000 .oooo 
.0000 .0000 .0000 .0000 .oooo 

OTHERS .oooo .0286 .0000 .0000 .0123 
4 35 19 23 81 

.0000 1.0000 .0000 .0000 1.0000 

.oooo .1690 .0000 .0000 .1111 

--··----·----· 
COLUMN TOTAL 0.0 0.0057 o.o 0.1273 0.0155 

76 349 100 55 580 
o.o 2.0000 o.o 7.0000 9.0000 
o.o 0.0756 o.o o. 9439 o. 2964 
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TABLE 7 Fatalities and Injuries by Accident Location and Type in 
Atlantic Ports and High Seas 

Accident Location 

Accident MEAN 
Type CO UNT UELAWARE PROVIU ENCE ATLANTI C ROW 

SUM BAY HIGHSEAS TOTAL 
STO DEV 1 3 

.0000 .0000 .oooo . 0000 
COLLISIONS 68 3 7 78 

.0000 .oooo .0000 .oooo 

.oooo .0000 .oooo .0000 

FIRE/EXPLOSIONS .3750 .0000 .oooo .3333 
8 1 0 9 

3.0000 .0000 .oooo 3.0000 
.7440 .0000 .0000 .7071 

GROUNDINGS .oooo .0000 .oooo .oooo 
48 4 2 54 

.0000 .0000 .0000 .oooo 

.0000 .0000 .oooo .0000 

OTHERS .0909 .oooo .oooo .0556 
33 1 20 54 

3,0000 .oooo .oooo 3.0000 
.2919 .oooo .0000 .2312 

COLUMN TOTAL 0.0382 o.o o.o 0.0308 
157 9 29 195 

6.0000 0.0 o.o 6.0000 
0.2232 o.o 0.0 0.2007 

the larger high seas cargo sizes and trip distances 
associated with each vessel movement. 

The data in Table 10 also show clearly that the 
Gulf region is more accident prone compared with the 
Atlantic region, both in the harbor and bay areas 
and in high seas areas. This may be because of sev
eral reasons, including climatic conditions, vessel 
traffic, and navigability of the waterways. 

The accident rates per trip compare favorably 
with a previous study of tanker casualties conducted 
by the Oceanographic Institute of Washington (2), 
which reported a tanker casualty rate per trip of 
4.4 x lo-•. Several other studies have been conducted 
worldwide on casualty rates per trip for harbor and 
bay areas, segmented by accident type ( 2, 3) • Table 
11 gives these rates for several locations~ includ-

TABLE 8 Estimated Monetary Loss by Accident Location and Type in Gulf Ports 
and High Seas 

\Accide nt Location 

Acc ident ME AN 
Type COU NT MOB IL E HOUSTON COR PUS GU LF ROW 

SUM BAY SHI P CH, CHRIS TI Hl GHSEAS TOTAL 
STO UEV 1 2 3 4 

36.8108 30. 2807 19.7455 621.7200 72.1594 
COLLISIONS 37 228 55 25 345 

1362.0000 6904.0000 1086.0000 15543.000 14895 .000 
133.9506 205.2086 54.2136 2234. 7178 634.2164 

FIRE/EXPLOSIONS 25.0000 1717 .5000 2.0000 10.0000 11 49.1111 
1 6 1 1 9 

25.0000 10305.0000 2.0000 10.0000 10342.0000 
.0000 4108.9414 .oooo .0000 335 8.4333 

GROUNDINGS 8.8235 1.9250 13.6000 41.6667 7.2000 
34 80 25 6 145 

300.0000 154.0000 340.0000 250.0000 1044 .0000 
51.4496 6. 5580 48.3589 102.0621 38.1360 

OTHERS 24.5000 12.6857 3.9474 19.0000 13.0123 
4 35 19 23 81 

98.0000 444.0000 75.0000 437 .0000 1054.0000 
37 .0090 22.8226 8.2964 27 .8666 23.1999 

COLUMN TOTAL 23.4868 51.0229 15.0300 295.2727 64.3707 
76 349 100 55 580 

1785.0000 17807 .oooo 1503.0000 16240.0000 37335.0000 
100.0857 564.7766 47.1249 1520. 3022 644.0237 
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TABLE 9 Estimated Monetary Loss by Accident Location and Type in 
Atlantic Ports and High Seas 

Accident 
Type 

COLLI SIONS 

Accident Location 

MEAN 
COUNT 
SUM 
STD DEV 

DELAWARE 
BAY 

1 

73.5441 
68 

5001.0000 
285 . 0762 

PROVIDENCE 

26.3333 
3 

79 . 0000 
38 . 6954 

ATLANTIC 
HIGHSEAS 

3 

31.5714 
7 

221.0000 
46 . 5398 

ROW 
TOTAL 

67.9615 
78 

5301.0000 
266. 7153 - -·-- ____________ .. ...... 

FIRE/EXPLOSIONS 169 . 3750 50 . 0000 .0000 ! 56 .1111 
8 1 0 9 

1355.0000 50.0000 .0000 1405 . 0000 
368.6187 .0000 .0000 34 7 . 0996 

- ----·------..--·-----··-------------------
GROUNDINGS 5.9792 6. 2500 .0000 5. 7778 

48 4 2 54 
287 . 0000 25 . 0000 . 0000 312.0000 

29 . 6113 12 . 5000 . 0000 28 . 0664 _________ .... ,.. __________________ 
OTHERS 29.3333 2.0000 40.7000 33 . 0370 

33 1 20 54 
968 . 0000 2. 0000 814.0000 1784 . 0000 

64.4043 .0000 101. 7221 79 . 1373 

-- ----- - --
COLUMN TOTAL 48.4777 17.3333 35 . 6897 45.1385 

157 9 29 195 
7611.0000 156.0000 1035.0000 8802.0000 
209.2191 26 . 2202 87.1706 190.7405 

TABLE 10 Accident Rates per Unit Measure by Accident Location 

Trip 

Mobile 3. 06<!0-3 

Houston Ship Channel 2. 36x!0-3 

Corpus Christi 2.2lxl0-3 

Cambi n.ed Gulf Po r ts 2. 4lx!0-3 

Ue l aware Kay l.65x!0 - 3 

Providence 9 . l 7x 10-4 

Combined At l antic Ports 1. sax lo-3 

Gulf High Seas 5. 83x!0-4 

Atla nt ic Hi gh Seas 2. 89x1Q- 4 

ing the Gulf and Atlantic harbor and bay areas. The 
table indicates that the collision and grounding 
rates are relatively high for the Gulf and Atlantic 
locations, particularly for collisions in the Gulf 
region. 

SPILL RATES 

Accident rates for vessel movements in the regions 
of interest were identified in the previous discus
sion. However, most reported accidents do not result 
in cargo spills. To derive estimates of the release 
expected, spill rates must also be computed, in ad
dition to accident rates. The data used to derive 
accident rates did not include release amounts: 
therefore, spill rate estimates are based on pre
vious literature that is not specific to the Gulf 
and Atlantic regions. 

Probability of an Accident per 

Ton Mi l e Ton-Mile 

l.bYxlO-G 1.22x10-4 5. 7lx10-8 

9.24 x1Q -7 7. 78x lQ- 5 2. 57xlQ-8 

6.06x10- 7 l.BOxl0-4 2. 94x 10-8 

8.94x10- 7 9.27x10-S 2.87x10-8 

3.30x10-7 3.6lxlo-5 4. 75x10-9 

2.5ox10-7 l.03x10-4 2. 72x 10-8 

3. 24xi o- 7 3. 74 xJo-5 4.97x10-9 

5.02x1Q- 8 1. 29x io-6 l. 04x1Q-10 

3.32x10-8 2.54xl0-6 9.67x10-ll 

Studies that have examined spill rates include 
work conducted by J.J. Henry Company, Inc. (.!_), Por
ricelli and Keith (~), and Meade, LaPointe, and 
Anderson (2_). Unfortunately, the first two studies 
stratified spill rates only by cause of accident and 
not by location. The latter study examined spill 
rates by both cause of accident and location. Re
garding cause of accident, the studies found that 
the percentage of accidents that result in spills 
does not vary considerably according to the cause of 
the accident (see Table 12). 

There is, however, a discrepancy between the ab
solute spill rate when comparing results of the J.J. 
Henry Company, Inc., study with the results of the 
Meade et al. study. Because the Meade et al. data 
are considerably more recent, and because the Porri
celli and Keith results are consistent with Meade et 
al., the Meade et al. figures were selected for use 
in this study. 
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TABLE 11 Tanker Collision and Grounding Rates for Several Locations 

Coll is ions per Harbor Groundings per Harbor 
Transit Transit 

Thames 4.6 x l0-5 3 .6 x 10-5 

Holland 5.0 x lo-5 l. 7 x 10-5 

North Sea 6. 7 x lo-5 4.0 x 10-5 

J .J. Henry Study 4.6 x io-5 3. 9 x 10-5 

lMCO Study 7.1 x l o-5 9.1 x 10-5 

Washington State Study 6. 2 x 10-4 4.8 x 10-4 

Tanker Fleet An alysis 4.7 x i o-4 8.3 x 10-4 

Mobile 1.49 x l0-3 1.4 x io-3 

Houston Ship Channel l. 54 x 10-3 5.4 x lo-4 

Corpus Christi 1. 26 x lo-3 5. 5 x lo-4 

Combined Gulf Ports 1.4 7 x 10-3 6.4 x lo-4 

Delaware Bay 7 .15 x 10-4 5.0 x lo-4 

Providence 3.06 x 10-4 4.0 x lo-4 

Combined Atlantic Ports 6. 76 x io-4 5.0 x 10-4 

TABLE 12 Percent of Accidents Resulting in Spills 

Fires and 
Groundings Collisions Explosions Other 

J.J. Henl'y Company, Inc. 
Porricelli and Keith 
Meade et al. 

29.4 
19.0 
14.9 

21. 7 

13.5 

39.6 

14.7 

17.8 

14.5 

Meade et al. reported the following spill rates 
by location: 

Piers and Harbors 
Coastal 
At Sea 

Percent of Accidents 
Resulting in Spills 
10.1 
22.2 
17.2 

The locations analyzed in the Gulf and Atlantic 
regions study are best described in the Meade et al. 
study by "piers and harbors" for the harbor and bay 
area and "at sea" for the high seas area. It is 
assumed that "coastal" is more closely related to 
the Gulf Intercoastal Waterway and other movements 
of this kind that are within several miles of the 
shoreline. 

If these spill rates were to be accepted, a com
parison could be made of the Gulf and Atlantic 
study, discussed in this paper, and an earlier study 
conducted by Froelich and Bellantoni (~) that exam
ined spill rates in four U.S. Coastal regions, which 
included Delaware Bay, the Louisiana Coast ( includ
ing Mobile), and the North Texas Coast (including 

Houston Ship Channel). To make this comparison, the 
accident rates reported in the Gulf and Atlantic 
study are multiplied by the locational spill rates 
used by Meade et al. <2>. The comparison of spill 
rates is given in Table 13. 

Estimates by both studies of Delaware Bay spill 
rates are in general agreement. In the Gulf regions, 
the Froelich estimates generally lie between the 
harbor-bay area spill rates and the high seas spill 
rates, which was expected because the Froelich re
gions include harbor and bay areas, high seas, and 
coastal waterways. 

SPILL SIZE 

The amount of substance released is not reported in 
the Commercial Vessel Casualty Filei therefore, sta
tistics on spill size were not available for analy
sis of spills that have occurred specifically in the 
locations of interest. However, studies of spills 
from tankers have been conducted by the U.S. Coast 
Guard (7) and the Oceanographic Institute of Wash
ington(~). The U.S. Coast Guard study uses the data 
base of the pollution incident r eporting system, 
which records polluting incidents in and around U.S. 
waters. Average spill sizes are tabulated by vessel 
type (tank ships, tanke r barge), but not by loca
t i on. Furthermore, inf ormation on the spill size 
distribution is not reported. This is an important 
measure because the consequence of a rare (cata
strophic) e vent is so significant. 

The Oceanographic Institute study divides spills 
into four classes according to location: (a) piers, 

TABLE 13 Comparison of Spill Rates of Abkowitz and Galarraga Study and Froelich 
and Bellantoni Study 

Region Spills per 1,000 Trips Spills per 1,000,000 Tons 

Abkowitz Froelich Abkowitz Froelich Abkowitz Froelich 

Delaware Bay Dela ware Bay 0.17 0.12 0.03 0.02 
Mobile Bay Louisiana Coast 0.30 0.04 0.17 0.03 
Houston Ship Chann el North Texas Coast 0.24 0.03 0.09 0.02 
Gulf High Seas 0.10 0.01 
Atlantic High Seas 0.05 0.01 



168 

(b) harbors, (c) entrances, and (d) coastal areas. 
The following results were reported: 

Mean Standard Deviation 
Spill Size of Spill Size 
(gal) {gall 

Piers 24,785 33,496 
Harbors 46,807 14,457 
Entrances 114,954 80,312 
Coastal areas 416,099 4,074,309 

The most obvious conclusion that can be drawn 
from these figures is that the spill size increases 
as the distance from land increases; this is prob
ably due to the severity of incidents in open waters 
and the duration of time between when an incident 
occurs and when assistance arrives on the scene. The 
large standard deviation of spill size for coastal 
spills demonstrates the importance of considering 
rare events. It is likely that a single catastrophic 
coastal spill resulted in such a large mean spill 
size and standard deviation. 

To compare the Oceanographic Institute Study with 
the Gulf and Atlantic study, pier and harbor est i 
mates (in the Oceanographic Institute study) were 
combined to correspond to estimates for the harbor 
and bay areas (in the Gulf and Atlantic study), and 
coastal estimates were used to represent the high 
seas. Thus, the average spill size in harbor and bay 
areas is 35,796 gal and in the high seas is 416,099 
gal. 

It is reported in the Oceanographic Institute 
study that exponential distributions are often used 
to represent spill size because this distribution 
can handle high variance conditions well. Further
more, the exponential distribution has computational 
advantages in cases in which the variance is a func
tion of the mean. 

F(x) = 1 - e8X 

where x = l/B and var(x) = l/B2 • Using this cumula
tive distribution and the reported means allows for 
the determination of the frequency of spills larger 
than a certain volume, which is important for rare 
event analysis. 

However, the outcome of hypothesis tests of 
whether the exponential distribution is suitable in 
replicating the observed data is not reported in the 
Oceanographic Institute study. To pursue this mat
ter, histograms of monetary loss from the Commercial 
Vessel Casualty File were developed. When combined, 
the histograms show that less than 5 percent of the 
observed incidents are in the extreme tail of the 
distribution. However, hypothesis tests on the dis
tributions reveal that the exponential distribution 
is rejected in every case at the • 01 level. This 
leaves open the possibility that the exponential 
distribution is representative of spill size but not 
of monetary loss, although it is assumed that the 
two measures are highly correlated. 

EXPECTED RELEASE 

The expected release of a spill can be derived as 
follows: 

ERro = ARro x PS x M 

where 

EPm 
ARro 

PS 

M = 

expected release (gal) per unit measure, 
accident rate per unit measure, 
conditional probability that the accident 
results in a spill, and 
average spill size (gal). 
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The following information was used to derive ex
pected releases for the Gulf and Atlantic regions: 

• Accident rates--see Table 10. 
• Conditional spill probabilities: 

harbor and bay areas; .172 for high seas. 
• Average spill size: 35, 796 gal for 

bay areas; 416,099 gal. for high seas. 

.101 for 

harbor and 

Table 14 gives estimates of the expected release per 
trip for the Gulf and Atlantic regions under consid
eration. As expected, based on the discussion pre
sented previously in this paper, the expected re
leases are larger in the Gulf region than in the 
Atlantic region, and are larger in the high seas 
area than in the harbor and bay areas. Caution is 
advised, however, in using these results for extrap
olation because the impact of a rare (catastrophic) 
event can alter these figures significantly. 

TABLE 14 Expected Release of Spills per Trip 
by Location 

Mobile Bay 
Houston Ship Channel 
Corpus Christi 
Combined Gulf Ports 
Delaware Bay 
Providence 
Combined Atlantic Ports 
Gulf High Seas 
Atlantic High Seas 

SUMMARY 

Expected Release 
per Trip (gal) 

11.06 
8.53 
7.99 
8. 71 
5.96 
3.32 
0.71 

41.72 
20.68 

Accident rates and expected consequences of hazarrl
ous materials marine transport in selected U.S. 
ports and high seas regions have been examined in 
this paper. The focus of the study was tanker and 
tanker barge movements because these vessels account 
for almost all hazardous materials movement by 
water. The analysis was based on empirical data of 
vessel movements and accidents~ these data are main
tained by various federal agencies. 

Several significant findings emerged from this 
research effort. A vessel accident is more likely to 
occur in a harbor or bay area than in a high seas 
area, although the expected damage associated with a 
high seas accident is considerably larger than that 
in a harbor or bay accident. The Atlantic Ocean and 
its associated ports also appear to be safer for the 
transport of hazardous materials than is the Gulf of 
Mexico. The results, in general, compare favorably 
to previous studies of domestic and international 
tanker transport. 

It is also apparent that amounts released are 
subject to significant variation, depending on the 
severity of the accident. This implies that any risk 
assessment that includes consideration of expected 
releases must recognize the significance of the rare 
(catastrophic) event in addition to the expected 
value of spill size. 

In addition to providing insight into the risks 
associated with marine transport of hazardous mate
rials, the research results can be used in policy 
analysis, as well as to determine safer routing and 
facility location, given both cost and public safety 
constraints. These results can also be used in com
parative analysis of hazardous materials transport 
safety across modes to establish research priorities. 
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Code of Practice for Warehouse and 
Terminal Facilities Storing Hazardous Materials 

James F. LaMorte and Donald L. Williams 

ABSTRACT 

Practical standards are needed to guide the construction and operation of 
Canadian warehouses and transport terminals in which packaged hazardous mate
rials are stored. More than 800 agencies and firms throughout the world were 
contacted to discover existing codes and practices that currently address this 
need. Based on a 33-percent response rate, specific problems w:i:th the storage 
of hazardous materials are identified. Findings are summarized in terms of 
existing problems with dangerous goods storage, a review of government codes 
and regulations in the countries surveyed, and a summary of current industrial 
practices. Many government regulations and industrial guides were found to 
consider some commodities but not others. Some of the larger chemical firms 
have developed their own internal standards for storing their products. But 
those firms and others that have invested much time in promoting safety are 
reluctant to share their experiences with competitors. Small firms and those 
that lack the resources to develop standards have little specific guidance on 
design and management of interim storage facilities. The study concludes that a 
code of practice should be prepared to guide the storage of packaged hazardous 
materials. Ten objectives for a code of practice are recommended with a list of 
important elements that a workable code of practice should contain. A compre
hensive outline for an interim set of guidelines on the safe warehousing of 
hazardous materials is suggested. 

Packaged hazardous materials are currently being 
stored and handled in general warehouses and trans
port terminals throughout Canada without specific 
standards for building design or material handling. 
Some codes guide the design and construction of 
facilities in which explosives, flammable or com
bustible materials, and radioactive substances are 

stored. The design and operation features of facil
ities that handle other dangerous goods, however, 
have not been addressed from a safety perspective. 
In addition, storage of several classes of dangerous 
goods together has not been considered in Canada's 
design codes. 

Truck and rail transfer and storage facilities 



170 

are of particular concern because they deal with 
large volumes of packaged freight that can represent 
the spectrum of dangerous goods. In the absence of 
specific guidelines and standards, structural and 
operational choices are left to owners, operators, 
and civil engineers, who may lack complete under
standing of the consignment compatibility, emergency 
response requirements, and other safety considera
tions that are unique to dangerous goods. These 
problems are illustrated by some of the spectacular 
incidents that have occurred at storage facilities 
in this country and around the world. The occurrence 
of fires at chemical warehouses has prompted industry 
to examine problems related to storage of dangerous 
goods. This examination, however, has not yet been 
approached collectively in Canada. 

In response to this need, the Transport Dangerous 
Goods Directorate of Transport Canada initiated a 
three-phase program to develop a code of practice 
for warehouses and transport terminal facilities in 
which packaged dangerous goods are stored in Canada. 
In the initial phase of research, the results of 
which are reported here, more than 800 government 
agencies and industrial firms worldwide were con
tacted to identify and evaluate any existing codes 
of practice that address the safety of facilities 
that store packaged dangerous goods. The study also 
researched industrial practices that have been de
veloped to solve specific problems in handling and 
storing dangerous goods. 

The research encompassed all of the dangerous 
goods listed in the 1985 Transportation of Dangerous 
Goods Regulations (1). Emphasis was placed on those 
commodities that are transported and stored in pack
aged form in recognition of consignments destined 
for general warehouses, in which a wide range of 
dangerous goods may be temporarily stored, and those 
destined for transport terminals, in which large 
volumes of a variety of goods may change hands daily. 
Addressed in the study were less-than-truckload and 
less-than-carload consignmentsi the study did not 
focus on commodities shipped or stored in bulk form 
only. 

FINDINGS 

Based on an overall response rate of about 33 per
cent, specific storage problems that currently exist 
in Canada were identified. 

Major Problems Evident in Current Storage Practices 

Most problems in the design and construction of 
general warehouses and terminal facilities storing 
dangerous goods are due to lack of specific guide
lines. For instance, insurance standards--based 
primarily on engineering specifications of the Fac 
tory Mutual Research Corporation--apply only to 
safety of property and not to safety of life. 
Therefore, insurance agencies are not directly 
concerned with standards for storing, for example, 
packaged chlorine because this substance is not 
likely to be the cause of damage to a given 
structure. On the other hand, fire departments, 
which use the National Fire Code and the National 
Fire Protection Association (NFPA) codes as guide
lines for fire protection, are mostly concerned with 
safety of life. Even with the additional references 
in the National Building Code of Canada and relevant 
labor regulations, storage of many hazardous sub
stances, such as chlorine and corrosives, is not 
addressed. The result is that industry must develop 
specific standards to suit situational problemsi 
otherwise, the public must face the risk of prob
lems that have not been adequately addressed. 
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Two major problems associated with storing dan
gerous commodities in warehouses are the transient 
nature of the goods and the constantly varying stock 
levels of the different materials. These problems 
are apparent in facilities owned and operated by 
manufacturers and distributors as well as in those 
operated by third parties (leased facilities). It 
has been discovered that often the layout of stock 
is not classified or segregated. Moreover, informa
tion on stock materials, qualities, or types is not 
readily available. 

Storage problems are complicated by the existence 
of many different kinds of operations, each having 
varying levels and types of stock. The American 
Trucking Associations (ATA) has indicated that it is 
essential to understand that a truck terminal han
dling general freight is not the same as a warehouse 
handling general freight, and that one standard 
cannot appropriately apply to both types of opera
tions. The ATA argues that although there may be 
peak periods during which significant amounts of 
freight may be present, such periods are short and 
requirements for costly prov1s1ons to deal with 
hazardous materials are not warranted. 

If it is important for producers and distributors 
of dangerous goods to maintain adequate records on 
current levels and types of stock, then this must 
also apply to third-party warehouses. Third-party 
warehouses are a problem because these storage sites 
are not directly under control of chemical producers. 
Economics influences whether a company should con
struct its own storage building or lease public 
facilities. Therefore, it is possible for some firms 
that ship and store dangerous goods to do business 
at a distance from their products. 

The principle of segregation of materials is im
portant. Because this principle applies to third
party, or public, warehouses handling a varying 
level of inventory and materials, it appears that 
companies supplying the products would also have to 
provide even general product information, However, 
this does not always happen. Numerous problems have 
been encountered in the handling of dangerous goods, 
for example, inexperienced and unwary warehouse per
sonnel have been in contact with substances about 
which they have no knowledge. This research indi
cates that only the larger chemical producers and 
distributors conduct adequate safety training pro
grams for their employeeso 

The lack of information on handling and storing 
dangerous goods, from operations and training per
spectives, is evident in the need for a proper flow 
of accurate details--starting from the supplier-
about the hazard potential of the product. Without 
reliable information from the supplier, it is dif
ficult for warehousers to develop a comprehensive 
storage layout with a plan for emergencies based on 
the degree of hazard for the various products. 

The Saskatoon Emergency Measures Organization 
explained that foodstuffs are often stored next to 
dangerous goods without consideration of the multiple 
dangers involved. They also observed that there are 
several products that, while coming under the de
scription of dangerous goods, do not require special 
packaging or restrictive containers. It was sug
gested that these products are often handled in an 
unsafe manner and stored under unsafe conditions. 
The data and literature indicate a situation in 
which many firms that are engaged in storage of 
dangerous goods are unaware of the nature of the 
products they are handling, and are unaware of the 
concepts of separation and segregation of materials 
except for the most common products. 

An additional problem related to the design and 
construction of a facility that will store hazardous 
substances is land use. Land use is less of a prob-
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lem when trying to situate new facilities in com
patible locations than when dealing with encroachment 
of sensitive land uses on existing warehouses. For 
example, the new Canadian Industries Limited (CIL) 
Terminal Avenue plant in Vancouver, British Columbia, 
was originally located near the Canadian National 
Railways (CNR) terminal, where its only neighbor was 
Canada Packers, situated at a safe distance. Today, 
the CIL plant, regarded by some as a model facility, 
is surrounded by many sensitive commercial and resi
dential properties. Terminal Avenue is now a major 
thoroughfare, and the new Automated Light Rapid 
Transit (ALRT) line has an overpass along this route 
leading to the Expo '86 site. There is some concern 
by the Vancouver Fire Department that a chlorine 
leak from the plant could affect commuters, workers, 
and residents of the area. 

Also, it is evident that in many instances there 
is little established liaison between suppliers and 
warehousers and the local fire departments. This is 
supported by the data, which indicate that many 
municipal fire departments have little or no knowl
edge about facilities that store dangerous goods in 
their communities. As a result of the Salford inci
dent in Great Britain, local authorities began a 
special investigation of the use of industrial and 
commercial premises. They found more than 100 pre
viously unknown installations at which chemicals 
were likely to be stored. 

One reason it can be difficult to identify ware
houses storing hazardous substances is that the 
warehousers themselves are unaware that these goods 
are in their inventory. The Mississauga Fire Depart
ment stressed that numerous dangerous situations are 
found during normal inspections. Dangerous goods 
have been found in facilities in which sprinkler 
systems have been installed to minimum standards for 
general merchandise. It is a misconception in the 
warehousing industry that because the building has a 
sprinkler system and the required fire extinguishers, 
this is sufficient protection for any commodities 
that might be stocked. 

Fire departments face the task of providing fire 
protection not only to the producers, distributors, 
and keepers of dangerous commodities, but also to 
adjacent industries, commercial properties, and 
residential properties. The tasks faced by fire 
departments in providing protection to warehouses 
and adjacent properties are sometimes hindered by 
poor access to a site, inadequate facilities and 
layout, and lack of information on stock classifica
tion and segregation. 

The Mississauga Fire Department also observed 
that few fire departments have the resources to cope 
with a major warehouse fire and therefore rely 
heavily on the buildings' protection systems to 
control fires. The North Vancouver Fire Department 
suggests that protection requirements for dangerous 
goods are dependent on the hazards and classifica
tions of the stock. If the products and the protec
tion do not match, a fire will be almost impossible 
to extinguish. 

Currently, there are no requirements for roof 
venting of major warehouses and terminals. There 
have been several incidents in which a fire was in 
progress in remote areas of a building, and the 
structure rapidly filled with smoke and fire gases. 
In structures with few windows and doors, ventilation 
is a major problem for fire fighters. 

No Storage Standards Exist 

Research to date has found no single document in 
Canada that addresses the design and operation of 
warehouses or transport terminals in which packaged 

171 

dangerous goods are stored. There are, however, a 
multitude of national acts, regulations, and codes 
that deal with related factors, such as the packag
ing and labeling of dangerous goods, operator train
ing, fire prevention, transportation, and working 
conditions. Other codes and regulations address cer
tain classes of dangerous goods and not others. 
Nothing has been found that specifically relates to 
the storage of multiple packaged dangerous goods in 
Canada. 

None of the Canadian provinces or territories 
reported use of existing codes or regulations that 
specifically address the problem of storing packaged 
dangerous goods. The most relevant and widely adopted 
document is the National Fire Code of Canada (NFCC) 
(2). With the exceptions of Prince Edward -Island and 
Saskatchewan, all provinces and most municipalities 
use various editions of the NFCC in whole or in part. 

Current provincial controls reflect the variety 
of statutes and regulations that address the safety 
of workers and the public, as well as the protection 
of the environment. Each province relies on a col
lection of legislative provisions to ensure safety 
in dangerous goods warehouses and transport termi
nals. In general, the most relevant provisions rep
resent five major groups: 

1. Building codes, 
2, Fire codes, 
3. Occupational health and safety regulations, 
4. Environmental protection measures, and 
5. Dangerous good controls. 

It is apparent that most Canadian municipalities 
have adopted building and fire codes that mirror 
provincial codes and those of the National Building 
Code of Canada (NBCC) (3) and the NFCC. Fire and 
building codes are usually the responsibility of the 
municipalities, and will vary to some degree from 
place to place. Municipal building commissioners in 
Ontario, for example, have jurisdiction over building 
codes that regulate the construction of storage 
facilities, but must comply with minimum require
ments of the Ontario Building Code. 

Significant information on the storage of dan
gerous goods was received from important contacts in 
the United States. Although there is no single docu
ment that addresses design and operation factors of 
warehouses and terminals that store dangerous goods, 
there are several excellent sources that could be 
used to prepare such a document. 

Model building codes in the United States contain 
requirements for structures that are occupied by 
hazardous materials (Group H); these codes affect 
building construction, height and area limitations, 
protective devices, and restrictions on allowable 
quantities of hazardous materials. For example, 
Section 305.3 of the Basic Building Code of the 
Building Officials & Code Administrators Interna
tional provides a tabular listing of the regulations 
dealing with high-hazard buildings <!l. Similar 
information is contained in the Uniform Building 
Code of the International Conference of Building 
Officials and the Building Code of the southern 
Building Code Congress International. The U .s. 
government generally does not issue regulations 
concerning the construction and operation of ware
houses, other than those regulations involving em
ployee safety. The model building codes are, however, 
available for adoption by agencies at the state, 
county, and local levels. 

Several federal statutes address the transporta
tion and handling of hazardous materials in the 
United States. The most relevant is the Hazardous 
Materials Transportation Act, which authorizes the 
Department of Transportation to issue regulations 
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concerning the transport of hazardous materials. The 
Toxic Substances Control Act empowers the Environ
mental Protection Agency (EPA) to regulate designated 
chemical substances. Most of EPA' s control activ
ities, however, take place under the Resource Con
servation and Recovery Act, which requires EPA to 
regulate hazardous wastes. 

The most commonly referenced codes pertaining to 
safe handling and storage of dangerous goods are the 
National Fire Codes, a registered title of publica
tions by the National Fire Protection Association 
(NFPA). The NFPA has developed voluntary consensus 
standards and industr: ial practices that involve a 
large number of dangerous goods. These are updated 
and compiled annually in a multivolume set of Na
tional Fire Codes (..?_). 

The NFPA publications contain numerous practical 
recommendations and standards that could be applied 
to warehouses and transport terminals in which dan
gerous goods are stored. Storage and handling of 
several classes of goods are specifically addressed. 
The NFPA standards also consider the design and 
construction of motor vehicle terminals, freight 
terminals, and general indoor storage facilities. 
The codes do not, however, address the storage of 
all packaged dangerous goods or the multiple storage 
of incompatible materials. Design guidelines for 
motor freight facilities do not specifically con
sider the hazards inherent in storing dangerous 
goods. 

Recently, there has been a significant movement 
among state and local governments in the United 
States to control storage of dangerous goods. Most 
of the effort to date has focused on disclosure 
requirements in which businesses must report the 
types and quantities of hazardous materials stored 
on their premises. Eight states have already passed 
legislation requiring disclosure, and another 20 
states are considering similar bills. Colorado, for 
example, requires businesses storing significant 
quantities of hazardous materials to report types 
and amounts to the State Department of Health and a 
local emergency response authority. Response agencies 
such as local fire departments may inspect business 
premises at any time. 

The storage of hazardous substances in the United 
Kingdom is guided by a complex array of legislation, 
codes of practice, and guidelines. The principal 
piece of legislation dealing with health and safety 
in the workplace is t he Health and Safety at work, 
etc., Act of 1974 (6). This legislation does not 
contain detailed requirements, but instead allows 
specific regulations to be made, and provides for 
the publication of approved codes of practice. 

Under the Health and Safety at Work Act, each 
occupier or owner of warehouse facilities needs to 
ensure that he has knowledge of the substances that 
are stored, their hazards, and the necessary safety 
precautions to be taken. Fire Certificates are also 
required and are issued under the Fire Precautions 
Act of 1971. Certain facilities are designated as 
"special premises," certified under the Fire Cer
tificates (Special Premises) Regulations of 1976. 

A warehouse that has sufficient quantities of 
hazardous substances many be defined as a "hazardous 
installation," and the Notification of Installations 
Handling Hazardous Substances Regulations 1982 will 
come into effect. For hazardous materials that are 
transported by road, the Dangerous Substances (Con
veyance by Road in Road Tankers and Tank Containers) 
Regulations 1981 will apply. 

The lead agency for control of dangerous goods in 
the United Kingdom is the Health and Safety Executive 
(HSE), established in 1974 by the Health and Safety 
at Work, etc., Act. HSE issues regulations and pub
lishes guidance notes and codes of practice affect
ing the work environment. 
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As a result of several serious explosions and 
fires in u.K. warehouses in recent years, HSE has 
specifically addressed the problem of storage of 
dangerous goods in warehouses. In 1983 HSE partici
pated in a 1-day conference in Manchester, England, 
with interested representatives of emergency response 
agencies, local governments, and chemical industries. 
The conference addressed three issues: safety guide
lines for chemical warehouses, the training of oper
ators, and fire protection of warehouse property 
(1). HSE recently prepared a Guidance Note on the 
storage of dangerous substances in packages, freight 
containers, and tank containers. 

Much of the U.K. legislation is affected by deci
sions made in the European Economic Community (EEC). 
Concern has been expressed recently in the United 
Kingdom and within the EEC about storage of dangerous 
goods, particularly in warehouses. Currently, var
ious aspects of U.K. legislation are being reviewed 
and revised. 

Several international organizations and foreign 
governments reported numerous pieces of legislation 
and guidance dealing with dangerous goods. In Europe, 
the main sources of information include the Committee 
of Experts on the Transportation of Dangerous Goods 
(and its subsidiary bodies, the Group of Rapporteurs 
and the Group of Experts on Explosives) and the 
Economic Commission for Europe Group of Experts on 
the Transportation of Dangerous Goods. The majority 
of work by these groups addresses classification of 
hazardous products, packaging, labeling, and control 
of vehicles and their construction. None of these 
groups has yet dealt with storage of dangerous goods 
or safety of storage facilities. 

In New Zealand, storage of dangerous goods is 
covered by a number of acts, regulations, and bylaws 
at both federal and local levels. Permanent storage 
of hazardous materials is governed by the Dangerous 
Goods Regulations of 1974, which are currently under 
review and revision. The Dangerous Goods Division is 
headed by the Chief Inspector of Explosives, who is 
responsible for licensing premises for storage and 
use of dangerous goods. Local authorities operate as 
licensing bodies under the Act. Similar legislation 
exists in Australia under the New South Wales Dan
gerous Goods Act, 1975. 

Lack of Uniformity in Industrial Practices 

Industrial safety practices in Canada, the United 
States, and elsewhere in the western world vary, 
depending on the following factors: 

• Type of operationsi 
• Size of operation; 
• Location or sitei 

Building, fire safety, and labor regulationsi 
• Insurance standardsi 

Local bylaws and ordinances; 
• Economics; and 

Industry commitment 

Add to this list varying stock levels of a wide 
range of dangerous goods and it is not difficult to 
see why there is no uniformity of practice in the 
industrial sector. 

Because specific guidelines are lacking, industry 
must take on the responsibility of developing spe
cific standards to suit situational problems. As an 
illustration of the complex problems presented by 
existing codes that directly affect the design and 
construction of storage facilities for dangerous 
goods, the following steps outline a procedure fol
lowed by a Canadian chemical manufacturer when 
undertaking a major building project: 
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1. Contact a reputable insurance consultant or 
authority on NFPA regulations regarding fire codes, 
sprinkler, and ventilation systems. 

2. Consult with the local or municipal fire 
chief to discuss type of alarm system, sprinkler 
system, or combination of the two to be installed, 
as well as city water pressure. 

3. Refer to the NBCC to verify that the correct 
type of construction, equipment, electronics, and so 
forth be used. 

4. Verify that all existing municipal and pro
vincial codes regarding construction and design are 
adhered to. 

5. Consult with other manufacturers and suppliers 
for type of equipment and machines, requesting in
formation on the recommended codes, for example, 
explosion proof, Classes I, II, III. 

6. After documentation is prepared on each of 
these five points, submit final designs for con
struction to engineers for review. 

In general, chemical companies follow production 
standards designed by engineers relative to a given 
process. This practice is also true of responsible 
distributors and warehousers of dangerous commodities 
for cases in which adequate product information is 
available. Most of the larger enterprises associated 
with the chemical and petrochemical industries con
form to existing codes, regulations, and bylaws-
particularly those companies that have a high public 
profile. According to several of these large Canadian 
firms, it is the small, unobtrusive operator who is 
more likely to circumvent regulatory requirements. 
With respect to the quantity of dangerous goods 
stored at a given facility, current limitations are 
decided by the size of the structure and the dictates 
of the marketplace. 

Several major Canadian and U.S. chemical firms 
supplied details on safety practices currently em
ployed on a individual basis in Canada. Although 
there is no uniformity of practice in the industrial 
sector, many of the private standards far exceed 
those required by existing legislation. One of the 
largest international chemical producing firms in 
the world (the company chooses to remain anonymous) 
implements its own Fire Protection Engineering Stan
dard. The standard provides fire safety and fire 
protection guides to be used in (a) the design, 
construction, and evaluation of buildings for oc
cupancy as warehouses owned or leased by the company, 
and (b) the evaluation of public warehouses used for 
storage of company-owned materials. The company 
stresses that some flexibility in this standard is 
required to meet various business needs. 

Those in industry who have adopted stringent 
practices have done so because (a) safety is good 
business, and (b) under existing codes and regula
tions, insurance industry standards require com
pliance with a minimum standard of safety, al though 
the insurance industry had not developed specific 
guidelines for storing dangerous goods in warehouses 
and terminal facilities. The process of preparing 
industrial practices is time-consuming, expensive, 
and produces variable results. Moreover, there is 
little information sharing on this subject among 
business competitors; consequently, those practices 
that have been developed lack uniformity. 

CONCLUSIONS 

The conclusions from our research on the question of 
storing packaged hazardous materials are summarized 
here. The authors believe that a code of practice is 
needed in Canada, and offer the following six reasons 
why: 
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1. Dangerous goods require special attention. 
2. Designers and officials rely on published 

standards. 
3. No single source of standards exists for 

storage of dangerous goods. 
4. Existing codes are insufficient in providing 

guidance. 
5. Inconsistencies in standards lead to unsafe 

conditions. 
6. Public safety is threatened. 

Dangerous Goods Require Special Attention 

The unique characteristics of dangerous goods require 
that they be given special attention in the design 
and management of transport terminals and warehouses. 
Because of their nature, dangerous goods may be inap
propriate materials to store in the same manner as 
general freight items, such as furniture, business 
equipment, or household goods. 

The hazards of handling and storing dangerous 
goods are not readily apparent to facility operators, 
workers, response personnel, or the public. This is 
especially true for packaged goods transhipped 
through third-party premises where contents are 
largely unknown. Certain dangerous goods can quickly 
turn a minor accident into a major disaster by 
causing an explosion, fire, or toxic hazard. In 
addition, the effects of combining incompatible 
commodities can be significantly greater than the 
effects of separate accidents. 

Adverse consequences from dangerous goods inci
dents can spread quickly and uncontrollably to 
neighboring buildings and sections of the community 
in which unprotected property and populations are 
threatened. Correct emergency response procedures 
vary for different materials; using water in fire
fighting may be appropriate in one case and disas
trous in another. 

As demonstrated in a number of recent catastro
phes, the design and function of the storage building 
itself can significantly affect the hazards posed 
by dangerous goods. An open-flame boiler in the 
basement of one warehouse, for example, was responsi
ble for igniting a damaged propane tank in Buffalo, 
New York, in 1983. The resulting explosion killed 6 
persons and injured 70 others (~). The potential 
hazards of dangerous goods must be acknowledged and 
considered in design and operation to preserve safety 
in interim storage facilities. 

Designers and Officials Rely on Published Standards 

To assess the hazardous aspects of dangerous goods 
and to apply this knowledge, technical expertise is 
needed. Summaries of state-of-the-art knowledge 
about safety aspects in construction are usually 
published for general use as codes of practice, 
standards, and regulations. Businesses and public 
agencies concerned with the storage of hazardous 
materials rely on published codes to evaluate the 
safety aspects of proposed or existing operations. 

At various times in the life cycle of a building, 
codes may be vital to the work of industrial design
ers, building owners and operators, employees, in
surance representatives, municipal building officials 
and fire departments, occupational health and safety 
officers, and those responsible for the resale or 
demolition of the building. One of the architect's 
first tasks is usually to assemble and review fed
eral, provincial, and local regulations and bylaws 
pertaining to the building and its use. 

Government officials responsible for preserving 
the public interest and safety will use published 
guides such as the NBCC and the NFCC to review pre-
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1 iminary drawings and to conduct mid- and post-con
struction inspections. Insurance companies use both 
public and private sector standards to analyze risks, 
review construction plans, and assess protection 
measures afforded to dangerous goods storage prop
erties. Standards are such a vital tool in ensuring 
safety measures that some private sector representa
tives have gone to great expense to fill perceived 
gaps in existing public codes. 

No Single Source of Standards Exists for Storage of 
Dangerous Goods 

Despite the existence of many federal, provincial, 
and local regulations currently in Canada, there is 
no single collection of standards that addresses the 
problems of storing packaged dangerous goods. There 
are many requirements on aspects tangential to the 
problem i such as requirements for packaging, label
ing, worker safety, operator training, site drainage, 
and emergency response measures. No code of practice, 
however, yet exists that addresses the key issues 
that are unique to storing dangerous goods. 

Currently, a firm that wants to design a storage 
facility for hazardous materials must consider more 
than a dozen federal, provincial, and local regula
tions. Building codes vary from province to province 
and among municipalities. Provincial labor depart
ments have certain requirements that must be met in 
the construction of a facility. Regional and local 
municipalities issue building permits, and the de
tailed design must meet their requirements. The NFCC 
is used almost across the country, but each munici
pality may have specific requirements. 

Insurance companies also have an interest in 
consolidating regulations. Currently in Canada, most 
insurance companies rely on the NBCC, the NFCC, the 
NFPA standards, Factory Mutual Research Corporation 
standards, and Industrial Risk Insurers standards. 

Existing Codes Are insuff icien t i n P r o viding Gu idance 

When viewed as guidance documents for designing and 
managing storage areas for dangerous goods, existing 
federal standards exhibit significant gaps in some 
respects, duplicate requirements in others, and 
generally fail to address principal issues of con
c ern. Mos t of the Canadian-designated dangerous 
goods are addressed by the NBCC, the NFCC, the 
Explosives Act, and the Atomic Energy Act. There 
remain, however, a significant number of individual 
commodities that are not covered. Corrosives, for 
example, are not addresse d by any existing storage 
regulation in Canada. Neither the Canada Dangerous 
Subs t a nces Regulations (!_) nor the Transportation of 
Dangerous Goods Regulations (1) requires specific 
design or operation features fo; storage facilities. 

Full and fairly complete treatment is given to 
flammable and combustible goods, as well as explo
sives, toxic substances, and radioactives. No stan
dards, however, address in sufficient detail concern 
about storage of multiple incompatible dangerous 
goods. No guidelines address the operation of termi
nals and transit warehouses where at peak periods 
considerable freight may be present for short pe
riods of time. 

Existing codes and standards also fail to address 
the important issues implicit is storing packaged 
dangerous goods, such as encroachment, expansion of 
storage area, changes in commodity classes, resale 
of facilities, disposal of waste from housekeeping 
maintenance, and other related concerns. Some re
quirements are noticeably vague and open to 
interpretation, and there is little guidance on 
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which to base decisions. Among the fire protection 
codes, for example, there is sometimes no clear 
guidance whether 
property or lives are the main items to be saved. 

I ncons istencies in Standards Lead to 
Unsafe Conditions 

To accomplish an adequate review of relevant stan
dards, business firms and public agencies must not 
only assemble the appropriate documents, but also 
must be able to interpret vague requirements and 
fill gaps in technical information. For cases in 
which interpretation or supplement of sketchy regu
lations is necessary, architects and building of
ficials may rely on their own judgments or those of 
expert consultants. In many cases, decisions are 
made with an incomplete technical knowledge of and 
concern for the hazards of dangerous goods storage. 
One misconception in the warehousing industry, for 
example, is that a sprinkler system and the required 
fire extinguishers are enough to protect any 
commodities that might be stored. 

More common is the practice of strict interpreta
tion of published codes and regulations. The private 
sector may ignore gaps in existing standards and 
provide only those safety measures required by law. 
Fire protection in most warehouse facilities, for 
example, includes sprinkler systems installed to 
minimum standards for general merchandise. The actual 
materials stored in some cases have been found to 
include whole warehouses of motor oil, rubber tires, 
plastic materials, solvents, and paints. 

Although this research has not been comprehensive 
on this point, it is apparent that relatively few 
chemical and transportation firms spend significant 
effort in developing their own standards. In the 
absence of government controls, some companies de
velop codes of practice on an individual basis. Such 
standards are developed to serve the company's in
terests but, because of the competitive nature of 
the private sector, they fail to share their knowl
edge and experiences with other firms. 

Several respondents to the survey suggested that, 
based on their experiences, more problems with stor
age of dangerous goods arise from the disregard of 
the regulations than from inadequacies in them. One 
journal article discusses the fringe element of the 
chemical transportation industry--usually smaller 
firms that lack the resources, manpower, or interest 
necessary for implementation of safety measures 
(10). The inconsistencies in existing regulations 
provide what may be seen as realistic justification 
for failure to provide comprehensive safety measures. 

The transient nature of the merchandise passing 
through general warehouses and terminal facilities 
makes inspection and control difficult. Several fire 
departments reported finding dangerous situations 
during normal inspections, but when they later re
turned to initiate action, the subject material was 
no longer stored in significant quantities. 

In summary, observed deficiencies in current 
codes place a severe hurdle between the operators of 
storage facilities for dangerous goods and accept
able practices that ensure public and environmental 
safety. 

Public Safety Is Threatened 

The end result of the current system of controlling 
storage of hazardous materials is the increase in 
actual and perceived threat to the public in Canada. 
Reports of dangerous goods incidents, many of which 
involve packaged commodities at storage or transport 
facilities, communicate the reality of these hazards. 
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Without consistent and complete standards for 
storage of hazardous materials, it is difficult for 
government officials at all levels to successfully 
protect the public from unwise development and in
sufficient preparation. Without enlightened and 
specific codes of practice, the private sector is 
forced to either ignore deficiencies or heavily 
invest in developing their own standards. Usually, 
concern for public protection takes second place to 
day-to-day economic requirements. Problems repeatedly 
arise from this conflict between goals of the public 
sector and those of the private sector. 

In conclusion, the authors believe that sufficient 
evidence exists to support a need for a code of 
practice for storing packaged dangerous goods. The 
technical knowledge required for safe design and 
management is not conveniently assembled in usable 
and widely published codes in Canada. No single set 
of standards exists, and current regulations are 
insufficient in addressing the issues and safety 
concerns of storage. The lack of specific codes and 
statutory requirements places additional hurdles 
between the private sector and the public's right to 
safety. 

RECOMMENDATIONS 

Efforts to prepare a code should proceed with spe
cific goals and objectives. The overriding goal of a 
code of practice should be to promote safety in the 
transportation of dangerous goods, specifically 
during the storage and handling of packaged dan
gerous commodities. With this goal in mind, the fol
lowing objectives for a code of practice are offered 
for consideration: 

1. To consolidate and clarify current regula
tions to eliminate confusion caused by inconsistent, 
vague, and duplicative requirements. 

2. To fill gaps in existing codes to synthesize 
a comprehensive and specific set of standards that 
addresses all matters pertaining to safe storage. 

3. To a id industry in adopting workable, eco
nomic, and safe practices in the design and operation 
of interim storage facilities, and to reduce for 
industry the costs of regulatory compliance and 
safety provisions caused by multiple, diverse, and 
inconsistent requirements. 

4. To improve the effectiveness of public of
ficials responsible for public safety, particularly 
at the local level. 

5. To promote uniformity in dangerous goods 
regulations and reduce the need for costly duplica
tion of effort by both private and public sectors. 

The existence of a code of practice on the sub
ject will also serve other rel.at.ea goals. It will 
communicate the importance of considering design and 
safety practices for locations where dangerous goods 
are stored. A code of practice would provide a vehi
cle for government and industry cooperation in pre
paring pragmatic and effective standards. The most 
direct means of influencing safety necessitates 
recogn1z1ng and working within established proce
dures for design and management of target facilities. 
Such procedures involve two principal groups to 
which a code should be addressed: (a) chemical ancl 
transport industry representatives, and (b) building 
and fire prevention officials, primarily at the 
local level. 

It is important that owners and operators of ware
house and terminal facilities be aware of the fac
tors that should be considered in the interim storage 
of hazardous materials. The Chemical Industries 
Association of London, England, has suggested a 
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number of factors for warehouse keepers and owners 
of hazardous materials to consider (11) : 

1. Safety information about the materials, 
including data on containment, handling spillages, 
and the behavior of materials in a fire. 

2. The risk associated with the physical, 
chemical, and biological properties of the commod
ities, taking into account the quantity stored. 

3. The compatibility of hazardous materials and 
the extent to which they should be separated from 
each other. 

4. Potential consequences of accidental releases 
of dangerous goods on nearby population, property, 
and environment. 

5. The layout of the warehouse facility, its 
design, construction, location, and relation to 
adjacent land use. 

6. Measures necessary to control inspection, 
receipt, storage, and dispatch procedures, including 
checking incoming packages, using special equipment, 
and controlling support operations. 

7. The availability of safety equipment and 
materials required to contain or neutralize releases. 

a. The involvement of public emergency services 
and the establishment of response procedures and 
communication during emergencies. 

9. The training of safety personnel and ware
house operators, including first-aid instruction. 

10. Applicable legislation and relevant codes of 
practice. 

The Transport Dangerous Goods Directorate of 
Transport Canada has embarked on a three-phase 
process to develop a code of practice for warehousing 
packaged hazardous materials. The first phase was a 
discovery process that provided background material 
for this paper. The second phase is currently under 
way to produce a single set of guidelines for the 
safe warehousing of dangerous goods. Because a formal 
code of practice may take years to develop, the 
guidelines will provide interim aid to those inter
ested in the design and operation of new warehouses 
and in the renovation of existing storage facilities. 
Because the guidelines are intended for general 
application, they will not present detailed technical 
information, but instead will underline the princi
ples of safe storage practice. 

A tentative outline of the guidelines has been 
prepared to identify the elements that should be 
considered in the construction or renovation of a 
structure in which packaged dangerous goods may be 
temporarily stored. The document will also address 
factors that are important in the safe operation of 
such facilities. 

Outline of Guidelines Document 

1.0 Introduction 
1.1 Background 
1. 2 Application 
1. 3 Scope 
1.4 Definitions 

2.0 Factors Considered and Key Responsibilities 
2.1 Factors Considered 
2.2 Key Responsibilities 

2.2.1 The Supplier or Owner of Dan-
gerous Goods 

2.2.2 The Warehouse Manager 
2.2.3 The Warehouse Foreman 
2.2.4 The Warehouse Employee 

3.0 The Hazards of Dangerous Goods 
3.1 The Principles of Dangerous Goods Stor-

age 
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3.2 The Establishment of Appropriate Stor
age Precautions 

3.3 Identification of Goods that are Dan
gerous 

3.4 Grouping Dangerous Goods 
3.3.1 Explosives 
3.3.2 Flammable Gases and Liquids 
3.3.3 Combustibles 

Corrosives 
Toxic Substances 
Oxidizing Substances 

3.3.4 
3.3.5 
3.3.6 
3.3.7 
3 .3. 8 

Reactive Materials 
Environmentally Hazardous Sub-

stances 
3.3.9 Radioactives 

3.5 Compatibility and Segregation 
3.6 Dangerous Goods that Should Be Stored 

Separately 
3 . 7 Dangerous Goods that May be Stored 

Together 
3 . 8 Spontaneous Combustion 
3.9 Effects on Adjacent Land Uses 
3.10 Effects on the Environment 

4.0 Damaged Goods 
4.1 Initial Action 
4.2 Goods Requiring Special Attention 
4.3 Damaged Packages and Containers 
4.4 Reporting Damage and Responsibility 

5.0 Inventory Control--Records, Reports, and 
Procedures 

5,1 Stock Records 
5.2 Inventory Reports 
5.3 Material Safety Data Sheets 
5.4 Receiving Procedures 
5.5 Shipping Procedures 
5.6 Freight Bills 

6.0 Warehouse Structure 
6.1 Materials and Construction 
6.2 Structure Design 
6.3 Facility Layout 
6.4 Fire Protection Equipment 
6.5 Siting and Adjacent Land Use 
6.6 Warehouse Equipment 
6.7 Security 

7.0 Warehouse Operations 
7.1 Safety Management 

7.1.1 Company Safety Policy 
7.1.2 Administration 
7.1.3 Employees 
7.1.4 Operations and Products 
7.1.5 Emergency Plans and Procedures 
7.1.6 Safety Inspections 
7.1.7 First Aid 
7.1.8 Incident Reporting 
7.1.9 Regulatory Requirements 

7.2 Operating Procedures 
7.3 Emergency Planning 
7.4 Employee Training 
7.5 Public Information 
7.6 Safety Equipment and Materials 
7.7 Ancillary Operations 

8.0 Summary of Legislation 
8.1 Federal Codes and Regulations 

8.1.1 Canada Dangerous Substances 
Regulations 

8.1.2 National Building Code of Canada 
8.1.3 National Fire Code of Canada 
8.1.4 Transport of Dangerous Goods Act 

and Regulations 

and 
8.2 

~. l .~ utner Helevant Statutes, 
Regulations 
Provincial Regulations 
B.2.1 Building Codes 
8.2.2 Fire Codes 
8.2.3 Labour Legislation 

Codes, 
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8.2.4 Occupational Health and Safety 
Regulations 

8.2.5 Waste Management Regulations 
B.2.6 Environmental Protection 
8.2.7 Dangerous Goods Control 

8.3 Local Regulations 
8.3.1 Zoning Bylaws 
8.3.2 Right-To-Know Bylaws 
8.3.3 Dangerous Goods Transport and 

Storage Regulations 

References 

Index 

Appendices 
A. Glossary of Terms 
B. Labels 
c. Fire Extinguishers 
D. Suppliers of Safety Equipment 

Basic Pr i ncipl es of Wa rehousing 

Some basic principles of safe warehousing of danger
ous goods are evident. The various hazardous prop
erties of chemicals (e.g., flammability, toxicity, 
and corrosivity) should be noted and, if possible, 
inventories of an incompatible type minimized in a 
single location. Care should be taken in the layout 
of the warehouse to ensure that adjacent stocks do 
not interact under emergency conditions to produce 
compound risks. Liquids should be separated from 
solids and gases when the control measures related 
to each of the different materials vary signifi
cantly. 

Early detection of spills and leaks is important 
in minimizing risks. Operators should always take 
the proper precautions before attempting to contain 
an incident. In-house training of personnel should 
concentrate on formal safety guidelines in the work
place. Training should include practical demonstra
tions of potential hazards, proper handling prac
tices, use of equipment, and correct preventive and 
emergency response procedures to follow. To perform 
these demonstrations, it is necessary that a proper 
product information flow be maintained. An emergency 
plan should be prepared. 

Building construction should be noncombustible 
with blowout panels and adequate dyking to contain 
the products. Adequate roof vents aid the expulsion 
of smoke and gases. Spills or leaks of chemicals 
having a vapor explosion hazard can be quickly vented 
to the atmosphere without danger of triggering an 
explosion if proper equipment is provided. Fire 
protection can be provided by a number of systems, 
including automatic sprinklers. Well-designed 
sprinklers can reduce overall product damage by 
limiting water application to only the affected 
areas of the warehouse. Fire protection can be en
hanced by providing adequate emergency access to the 
storage structure. Three aspects of site location 
should be considered: prevailing winds, population 
density, and existence of other industries in the 
immediate area. Care should be taken in protecting 
the environment, particularly in avoiding accidental 
discharges into aquatic areas. 

Knowledgeable respect is considered to be most 
important in handling dangerous goods. Respect can 
be gained by minimizing avoidable risks, instituting 
good documentation procedures, training personnel in 
safe practices, and ensuring that products are well 
labeled. A high standard of housekeeping should be 
maintained. 
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Risk Assessment of the Transportation of 
Hazardous Substances Through Road Tunnels 

M. Considine 

ABSTRACT 

Quantitative information on the risks to the public and the possible damage to 
tunnel structures from incidents involving the transport of hazardous sub
stances is derived. Four United Kingdom road tunnels with differing charac
ter is tics were chosen. The road traffic in hazardous substances was reviewed 
and scenarios involving the transport of such substances, which may cause dam
age to the tunnel or harm to its occupants, were constructed. The frequency of 
such events and their consequences were assessed for the tunnels and for open 
roads. Societal risk tables were constructed to examine (a) free access to and 
(b) total exclusion (and rerouting) of all hazardous materials from the tun
nels. In all cases examined the risks associated with a policy of diversion of 
hazardous substances proved to be higher at the bottom end of the societal risk 
spectrum than those associated with free access to the tunnel. In the majority 
of cases this trend was reversed at the top end of the societal risk spectrum. 
Flammable liquids conveyance was found to account for more than 70 percent of 
the risks. It emerged that structurally all of the tunnels studied exhibited a 
high degree of resilience and that the chance of tunnel collapse proved very 
remote. 

Wilson drew attention to the need for risk as
sessment of the transport of hazardous substances 
through road tunnels in the United Kingdom when he 
made the following observations (.! 1 p.180): 

possible damage to tunnel structure from incidents 
involving the transport of hazardous substances. 

Four tunnels were identified as suitable case 
studies. Two of the tunnels had been in existence 
for a number of years, the third was approaching the 
final stage of construction, and the fourth was 
still at the early design stage when the study com
menced. The tunnels were specifically selected to 
cover a wide range of factors likely to influence 
risk levels in anticipation that specific features 
that have a strong beneficial or detrimental in
fluence on risk levels would be identified. The main 
features of the four tunnels are summarized in Table 
1. 

Hazards of dangerous goods in tunnels is 
another problem area. Some of the larger 
tunnels under rivers in the UK are toll 
tunnels, and by-laws as to their use are the 
responsibility of the local authority. The 
D.Tp. [Department of Transport) approves 
such by-laws, but has no power to prevent a 
local authority from adopting by-laws more 
rigorous than any transport regulations, if 
it so wishes. Some of the by-laws appear to 
be unduly restrictive, notably in respect of 
the banning of certain radioactive traffic 
and yet half a dozen tanker vehicles of 
petroleum spirit in one convoy, [Author's 
note: The toll tunnels in fact have never 
taken six tankers in convoy and only release 
one batch of three once the preceding batch 
has cleared the tunnel.) under escort, will 
often be seen during the day when the tunnel 
appears to be congested. It is also possible 
for the local authority not to consider the 
broader issue: that to prevent a particular 
load of dangerous goods from proceeding by 
the quickest route to its destination may in 
certain cases lead to a higher probability 
of the goods being involved in a serious 
accident, because of the extra length of 
journey, perhaps via a bridge and through 
congested urban districts. 

Because of these issues the Department of Trans
port commissioned a risk assessment to provide quan
titative information on risks to the public and 

The study was broken down into a number of stages: 

1. A review of traffic in hazardous substances 
was to be concerned with the general pattern of 
hazardous substances traffic in the United Kingdom 
and to focus in particular on traffic using the 
tunnels and possible diversionary routes, 

2. Identification of possible accident scenarios 
for the various categories of hazardous substances 
both within a tunnel environment and on the open 
road, 

3. Assessment of the consequences of the various 
accident scenarios with regard to risk to human life 
and the possible effects on the structure of each of 
the tunnels, 

4. Evaluation of the frequencies of hazardous 
events, and 

5. Combination of traffic levels, accident fre
quencies, and consequences in order to determine the 
risks to people from hazardous substances traffic 
using the tunnel and diversionary routes. 

In the following sections each of these aspects is 
considered in more detail. 
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TABLE 1 Main Tunnel Features 

Feature 

Length (m) 
No. of tubes/lanes per tube 
Lane width (m) 
Headroom (m) 
Maximum gradient (%)/length in tunnel 
Hilliness ( m/k m) 
Curvature (degrees/km) 
Ventilation system 

Construction 

No te: Dashes indicate information unavailable. 

TRAFFIC IN HAZARDOUS SUBSTANCES 

Tunnel 

1030 
2/2 
3.65 
5. 1 

Longitudinal 

Submerged section 

Some idea of the percentage of freight traffic that 
may fall within the hazardous substances category 
can be found in "Transport Statistics Great Britain 
1971-1981" (~) • Typically, of the 1200 to 1500 mte 
of freight moved annually by road approximately 5 
percent is classed as petroleum products, 3 percent 
as chemicals, and 1 percent as fertilizers. Of a 
total of 80 000 to 100 000 mTekm approximately 5 
percent is due to the movement of petroleum products, 
6 percent to chemicals, and 1 percent to fertilizers. 

The most comprehensive and widely reported UK 
survey of dangerous goods is that carried out by 
Wilson from the Department of Transport. This survey 
is reviewed in detail by Hills et al. Cl.dl. In 1973 
the Department of the Environment sent questionnaires 
to 679 industrial companies, 70 to 80 percent of 
which were 'affiliated with the Chemical Industries 
Association (CIA). They were asked to provide details 
of their bulk transport for the single month of 
April 1973, which was considered a reasonably typical 
month. An analysis of the replies by the Home Office 
suggested that the petroleum figures represented a 
complete picture and that about 80 percent of the 
bulk figures for chemicals were covered in the sur
vey. 

This exercise revealed that about 34 mte of dan
gerous goods are transported in bulk per annum. Of 
this 34 mte, approximately 26 mte were flammable 
liquids (23 mte petroleum) and 1.1 mte flammable 
gases. 

The survey provided information on the type of 
load delivered and, in terms of tonnage, petroleum 
represented approximately 70 percent of all danger
ous goods carried by road. The survey also provided 
a breakdown of the number of loads carried--approxi
mately 25 million per annum. The breakdown into 
classes of materials allowed average load sizes to 
be derived for each class. 

Taking account of the difference in average load 
sizes and average journey lengths per tonne for each 
type of material then at an "average" roadside loca
tion, based on the 1973 survey, the proportion of 
vehicles carrying hazardous goods that passed would 
be as follows: 

Percentage Material 
56 Gasoline 

8 Other flammable liquids 
3 Flammable gases 
3 Toxic gases 
3 Other gases 

19 Corrosives 
3 Toxic solids and liquids 
5 Flammable solids 

A number of spot surveys in 
traffic were reviewed and all 
downs in material classes. 

hazardous substances 
showed similar break-

1483 
1/2 
2,41 
4.72 
2.7/640 
20 
83 
Sernit ra nsverse 

Driven tube 

1436 
1/2 
3,65 
S.03 
4.3/500 
31 
12 
Semitransverse plu s section 

of longitudinal 
Driven tube 

4 

650 
2/3 
3.65 
5 I 
0.4/500 
4 
0 
Longitudinal 

Cu t and cover 
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Unpublished work by Clifton showed that tanker 
traffic would typically represent about 0.35 percent 
of total traffic. Surveys of Tunnels 1 and 3 in the 
study indicated that about O.l and 1 percent, re
spectively, of the total traffic would be tankers. 
It could also be inferred that tankers as a percent
age of total traffic in Tunnels 2 and 4 (for which 
specific surveys were unavailable) would also be 
approximately 0.1 and 1 percent, respectively. 

All the surveys related to goods transported in 
bulk and therefore provided no information on pack
aged goods. The surveys also conformed more or less 
to accepted definitions of dangerous goods. There 
may be many materials such as foam furniture or 
plastics, which in a fire may generate large volumes 
of toxic fumes and smoke that would be potentially 
lethal in a confined environment. 

It was recognized that statistics generated from 
such surveys are unlikely to apply with any degree 
of reliability to regions other than those where the 
surveys were conducted. Some regional patterns have 
been discerned (!_), but the degree of detail is 
still insufficient to permit the prediction of dan
gerous goods traffic flows for all roads. In par
ticular hazardous goods traffic on routes close to a 
production or storage installation will be severely 
influenced by the presence of such an installation 
and may be quite different from the "typical" traffic 
flows derived previously. 

IDENTIFICATION OF ACCIDENT SCENARIOS 

The various mechanisms for causing harm to people or 
damage to tunnel structures and the possible routes 
whereby such harm could be realized in relation to 
the transport of hazardous substances were identi
fied using the techniques of fault- and event-tree 
analysis. Such techniques involve the systematic 
decomposition of an event into combinations of sub
events (fault-tree analysis) or the consideration of 
all possible outcomes of a single initiating event 
(event-tree analysis). 

Such means revealed that the most important 
mechanisms by which people or tunnel structures 
could be affected by the various classes of hazard
ous substances were 

1. Contact with toxic material (inhalation or 
dermal contact) or asphyxiant (inhalation). The 
number of people at risk would, in the case of a 
toxic liquid spill, depend on the extent of liquid 
pool spread (for possible dermal contact) and (for 
inhalation) the area affected by toxic vapors at 
concentrations sufficient to cause injury or death. 
For toxic gases and finely dispersed solids and also 
for asphyxiants, only the latter factor would be of 
relevance. 

2. Fire. Fire can affect both tunnel structures 
and people. For a given fire the damage to a tunnel 



lBO 

would be determined by the temperature that the 
walls attained and the length of time they were 
exposed to that temperature. Occupants of a tunnel 
can be affected not only by the high temperature s 
generated within the tunnel but also by the effect 
of toxic combustion products from the fire. 

3. Explosion. Blasts can cause both damage to 
the tunnel and injury to people. Three types of 
explosion needed to be accounted for. They are, in 
decreasing order of severity, (a) detonation of 
solid explosives, (b) fast deflagrations of flam
mable vapor and air mixtures, and (c) physical ex
plosions resulting from the sudden release of energy 
stored in compressed gases or explosions from the 
bursting of a vessel subject to an internal ex
plosion. 

4. Contact with corrosive or cryogenic material. 
The most common materials would be corrosive or 
cryogenic liquids that on contact may cause damage 
to the tunnel and injury to people. 

The most likely routes by which such harm could 
be realized were identified as 

1. Release of material (i.e., containment is 
breached) i 

2. Explosion within a container; 
3. Load catches fire; and 
4. Load explodes. 

ASSESSMENT OF CONSEQUENCES 

The determination of hazard areas for incidents on 
the open road is well within the domain of conven
tional risk assessments of chemical plants and there 
are numerous examples of such applications (5-7) 
reported in the literature. In analy zing the con 
sequences of incidents within road tunnels such 
models are not generally applicable and there is a 
need to resort to models specifically developed to 
take account of such an environment. The development 
of such models formed a significant fraction of the 
whole study. The various models that are needed for 
a full consequence analysis are discussed next. 

Poo l Spread 

The qualitative features of pool spread are well 
known. A spill spreads under the action of gravity; 
the rate of spread is dependent on the roughness of 
the underlying surface and the density of the liquid. 
When the pool reaches a certain height, the minimum 
pool height, this spreading ceases, For volatile 
liquids there will be simultaneous evaporation of 
the pool as it spreads. The computer code SPILL (~) 

has been developed to handle such situations and is 
set up to deal with the axially symmetric problem. 
An adaptation of such a model was developed for 
application to the essentially two-dimensional 
spreading that occurs when the entire width of the 
road is covered with liquid. 

Dispersion 

Vapor dispersion in the open air was evaluated using 
the dense gas codes DENZ (9) and CRUNCH (10). The 
dispersion of material relea~ed inside a tunnel will 
be dominated by the ventilation arrangement for the 
tunnel. For quasi-instantaneously formed vapor clouds 
[e.g., the sudden release of the entire contents of 
a liquefied petroleum gao (LPG) cylinder] the equa
tions used in the DENZ code (~) were adapted to 
account for the essentially two-dimensional spreading 
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that occurs when the heavy vapor completely fills 
the width of the tunnel. As a simplification, the 
ventilation was assumed to act to create a wind 
along the tunnel with the cloud advected at the 
tunnel ventilation velocity. For prolonged releases 
the approach adopted in the CRUNCH code (10) was 
used with a suitable modification for air entrainment 
based on an analogy (ll,p.423) with methane layers 
flowing in mine roadways. 

Explosions 

For a given size explosion in the open, the over
pressure-distance relationship can be obtained from 
a standard trinitrotoluene (TNT) curve (12) that 
relates peak s ide-on o verpressure to scaled dis
tance [(actual distance/mass of TNT) l/31 • At some 
distance from the center of the explosion this ap
proach has been found to be useful not only for 
condensed-phase explosives but also for fast 
deflagrations in vapor clouds provided that in the 
latter case the energy generating the blast wave is 
related to the explosion energy of an equivalent 
mass of TNT. Damage levels to property and injury to 
people were correlated with overpressure as described 
elsewhere (9). In general, physical explosions do 
not constitute a significant hazard in the open. 

The degree of confinement provided by a tunnel 
precludes a straightforward application of these 
approaches in determining explosion damage levels. 
For high explosives, test results have indicated 
that an explosion in a tunnel leads to a pressure 
pulse that propagates along the tunnel with much 
less attenuation than in the open. In determining 
damage to tunnel structures both peak overpressure 
and impulse must be taken into account, and damage 
in large structures ,correlates better with mean 
pressures than with transient peak pressures. 

Empirically derived correlations (13) were em
ployed to predict overpressure and impulse as a 
function of distance from the center of the blast, 
charge size, and tunnel cross-sectional area. 

In the confined environment of a tunnel the blast 
wave associated with the sudden depressurization of 
a gas or liquefied gas (e.g., as might arise from 
the sudden failure of an LPG vessel) may, in some 
cases, have the potential to cause damage to tunnel 
structures. The computer code GASEX2 (14) was used 
to calculate pressure-time histories for-;uch events. 

A simple model was developed to predict overpres
sures and impulses from the combustion of vapor 
clouds in a tunnel. The combustion processes were 
modeled on the basis of a planar flame front travel
ing along the tunnel. The expansion of the hot com
bustion products behind the flame will compress the 
air ahead forming a shock wave. At a given point 
along the tunnel, the pressure will rise to the 
shock pressure on arrival of the shock front and 
continue at this pressure until the flame arrives, 
when the pressure will fall to the flame pressure. 
The model used assumed a constant burning velocity 
leading to a constant flame velocity and shock 
velocity. At the completion of burning, subsequent 
pressures were modeled by a one-dimensional fluid 
flow code using the conditions at the end of combus
tion as input to the code. Studies of the response 
of tunnel structures to these loadings led to the 
following conclusions. 

High explosive effects tended to be mitigated by 
the inability of some larger structural members in 
the tunnels to respond significantly to pressure 
loading on the short time scales indicated. There
fore, in spite of the relatively high overpr@ssures 
created locally, serious structural failures were 
limited to two of the four tunnels considered. These 
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failures were the roof and median wall of Tunnel 4 
and the road support for Tunnel 3. These structural 
failures would be expected to be confined to the 
region within a few tens of meters of the detona
tion, al though the damage would tend to be more 
widespread for Tunnel 3 than for Tunnel 4. The ef
fects of the quantity of high explosive on tunnel 
damage did not worsen dramatically for increasing 
sizes of charge. In addition, widespread damage, due 
partly to blast and partly to thermal and missile 
loadings, to internal structures was expected. Some 
damage to some internal structures was expected in 
all cases considered. 

The effects of rapid releases of pressurized 
liquids and vapors were generally not serious in 
spite of the relatively long duration of the impulse. 
This was because the peak pressures were quite low. 
The only exception to this was for Tunnel 3 where 
roadway failure appeared to be possible. Otherwise 
these loadings would not threaten the structural 
integrity of any of the tunnels. Damage to internal 
structures was likewise not predicted for the larger 
cross section cut-and-cover tunnels, although the 
extra confinement provided by the smaller bore-driven 
tunnels could allow some limited damage to par
ticularly weak internal structures. The nature of 
the loading, combined with the lack of significant 
thermal effects and the implausibility of damaging 
missiles, ensured that any damage would be confined 
to the locality of the release. 

The most damaging loads were those determined for 
the combustion of fuel and air mixtures that fill 
the entire tunnel cross section with a flammable 
mixture for appreciable lengths of the tunnel. The 
effects found were comparable to those determined 
for the TNT detonations. However, for large releases 
the damage would extend over a considerable length 
of tunnel, given the modeling assumptions made. For 
releases in the region of 10 to 200 kg of flammable 
vapor, the effects could be largely confined to 
perhaps 100 m or so of the tunnel length. Thus, O.l 
te of flammable vapor would provide a level of damage 
similar to that of 1 te of TNT, but over a greater 
tunnel length. 

The hazards to people from an explosion were 
assessed on the basis of information made available 
by Eisenberg <12> and Baker ( 16) • For condensed
phase explosions it was found that the longest hazard 
ranges arose from injury caused by direct blast 
damage, whereas for vapor cloud explosions damage 
related to impulse levels (i.e., secondary missiles 
and tertiary damage) was found to play a more im
portant role. 

Fires resulting from the ignition of hazardous sub
stances may take on a number of forms including pool 
fires and vapor fires where volatile liquid spillages 
(such as gasoline) are involved and, additionally, 
for pressurized liquefied gas releases, torches, and 
fireballs. 

The pool fire combustion mode will be by far the 
most important in terms of event frequency because 
this is the principal mechanism by which a pool of 
flammable liquid is consumed in a fire and, on the 
basis of the information in the second section, 
flammable liquids form the bulk of hazardous sub
stances traffic. 

For a pool fire in the open, thermal radiation 
will represent the chief hazard. Hazard ranges were 
evaluated for this situation using an approach de
scribed elsewhere <!2.>· 

A pool fire inside a tunnel will cause heating of 
the walls by radiation and convection from flames 

181 

and hot gases. Significant damage may occur by 
thermal spalling of tile grout and concrete and it 
may be assumed that all fittings that are engulfed 
in the fire will be damaged. Both thermal effects 
from flames and hot gases and toxic effects of smoke 
and combustion products will represent a threat to 
people in a tunnel fire and will significantly hamper 
the approach of a fire-fighting force close to the 
seat of a fire. 

A model was developed for predicting the tempera
ture-versus-time profile along the length of a tunnel 
in the event of a fire. The model assumed that, 
downstream of the fire, flow in the tunnel could be 
approximated by a bulk one-dimensional unidirectional 
velocity, and the conservation equations for mass, 
momentum, and energy were solved. When a fire has 
been established it is probable that (at least for 
larger fires) its requirements will dominate the air 
flow. 

Trial runs of the model showed good agreement 
with the predictions of the Sandia National Labora
tories for the quasi-steady-state temperature profile 
in the Caldecott tunnel fire (18) • 

Thermal radiation and smoke-integrated doses to 
people were evaluated assuming that at the onset of 
a fire there would be a delay period, during which 
the hazardous situation could be appreciated and 
evasive action formulated, followed by movement 
toward the tunnel exit at a brisk pace. 

When a significant vapor cloud builds up before 
ignition a vapor fire is possible. The hazards from 
vapor fires, in which significant overpressures are 
not involved, will be dominated by the damage pro
duced by flame contact. For release in the open, 
hazard zones may be approximated to the area of the 
unburnt cloud as determined by dispersion modeling, 
because it has been observed (19) that in such cases 
expansion on combustion will be"Predominantly upward. 
For a vapor fire in a tunnel the length of tunnel 
was estimated by determining the extent of the vapor 
cloud and then making allowance for volumetric ex
pansion on combustion (by a factor of as much as 8) • 
Because the duration of flame contact is short in a 
vapor fire, significant direct damage to the tunnel 
was not anticipated although subsequent burning of 
vehicles left in the tunnel would probably cause 
some spalling of the lining and damage to fittings. 

Quasi-instantaneous and continuous releases of 
pressurized liquefied flammable gases will, when 
ignited almost immediately, burn as fireballs and 
torches, respectively. The determination of hazard 
areas from such everits in the open is described 
elsewhere !2) • These ·burning mechanisms are still 
incompletely understood and the extent of the flame 
zone for such events in the tunnel environment was 
evaluated assuming that it would occupy the same 
volume as it would in an open air event. 

For fireballs, the duration of which is limited, 
damage would be akin to that from a flash fire, 
whereas for torches of prolonged duration damage 
would be more like that from a pool fire. 

EVALUATION OF FREQUENCIES OF HAZARDOUS EVENTS 

Previous studies (20,21), which examined hazardous 
material spills or- load fires in road tunnels, 
adopted the approach of extrapolating accident data 
on tankers or heavy goods vehicles and applying a 
factor to represent the fraction of a6cidents that 
result in a material spill, leak, or fire. 

In this study, data on hazardous material spills 
and fires were extracted primarily from the reporting 
of incidents by fire brigades. This information was 
accessed in two forms. In 1980 MacLean (~) reported 
a survey of chemical incidents collected from ques-
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tionnaires returned by fire brigades. The survey 
covered some 336 incidents. Access to unprocessed 
data was also secured. These data were from county 
fire brigade special service call returns for England 
and Wales that cover the years 1979-1982 and yield 
information on approximately 1, 000 road transport
related incidents. 

Analysis of these data suggested that only 15 
percent of tanker leaks and spills that were attended 
by the fire brigade were in fact due to road traffic 
accidents, and unpublished work by Clifton has shown 
that only 2 percent of all tanker fires are due to 
th is cause. For these reasons, it was dee ided to 
derive event frequencies directly from the previously 
mentioned sources of reported spill and fire incident 
data. 

Both sources suggested an overall spill probabil
ity of approximately 5 x lo-• per vehicle-kilometer 
for tanker traffic. Tanker spill data also led to 
the conclusion that leakages and spills from lique
fied gas carriers occurred no less frequently than 
from road tankers as a whole. 

There is little doubt, however, that the stronger 
construction of liquefied gas carriers compared with 
most chemical and petroleum tankers would afford 
them greater resistance to impact damage (the likely 
route to larger spills) and an appropriate reduction 
factor was therefore applied to the frequency of 
large spills of liquefied gases. 

Although, for all materials, the smaller spills 
would arise mostly from leaking flanges, fittings, 
and so forth, the larger tanker releases would almost 
certainly arise from accidents involving collisions, 
rollovers, or the like and it was anticipated that 
such spill frequencies would depend on road charac
teristics that reflect trends observed in the overall 
accident rates. Accordingly, for the larger tanker 
spills, an environmental factor that takes account 
of road characteristics was applied in assessing 
spill frequency. 

The problem of determining spill frequencies from 
packages was exacerbated by inadequate information 
about the volume of traffic in packaged goods. In 
the study it was assumed that the volume of traffic 
in packaged goods for any particular class along a 
particular route would be proportional to the number 
of bulk carriers for that class of material. On this 
basis, packaged goods spill frequencies could be 
described in terms of bulk-carrier-kilometers. 

Both MacLean's survey (22) and the special service 
returns indicated that the frequency of packaged 
spills was about twice that of spills from bulk 
carriers making a total spill probability for pack
aged plus bulk goods of 1.5 x 10- 7 per tanker-kilo
meter. The data also showed that, in terms of spills 
from "packages," liquefied gas spills were around 
four times less than would be anticipated from the 
fraction of hazardous substances falling into this 
category. This could be attributed primarily to the 
greater resistance of liquefied gas cylinders, com
pared with most other forms of packaging, to damage 
in a fall from a vehicle (a major cause of packaged 
goods spills) • 

The data also provided information on hazardous 
substances involved in fires. It was found that the 
frequency of load fires on tankers was about 10- • 
per kilometer and that the frequency of load fires 
in packaged goods that merited attendance by the fire 
brigade was about 50 percent of that attributed to 
bulk tankers, making a total overall load fire prob
ability of 1.5 x lo-• per tanker-kilometer. 

Although in only a limited number of cases were 
the quantities involved recorded, the special service 
returns did allow a breakdown of the probability of 
spill or load fire falling within a particular size 
range. 
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EVALUATION ANO DISCUSSION OF RISKS 

In determining societal risk levels, motor is ts and 
members of the general public were examined as sepa
rate groups. There can be merit in this distinction 
for putting overall risk levels into perspective. 

Societal risks were evaluated by combining the 
frequency and consequences of all the various events 
described in the third and fourth sections. A knowl
edge of route lengths and tanker traffic allowed 
event frequencies expressed in terms of tanker-kilo
meter to be converted into events per year. Fatal
ities were determined on the basis of affected area 
(see the fourth section) and population density. In 
evaluating the number of motor is ts affected by a 
particular incident, due allowance was made for 
stationary traffic backing up behind an accident. 

For each tunnel, societal risks were determined 
between two fixed locations assuming that (a) all 
hazardous substances were allowed free access to the 
tunnel and (b) all hazardous substances used the 
nearest convenient diversion routes around the tun
nel. 

Table 2 gives the ways in which various events 
typically contribute to the overall societal risk 
levels for all hazardous substance carriers using a 
tunnel route (Tunnel 1) and one of the corresponding 
diversion routes. Table 3 gives a comparison of the 
societal risks of road tunnels with those of an 
equivalent length of open road. 

A number of features emerged from the societal 
risk expressions. For all of the the routes examined, 
the risks were found to be primarily associated with 
other road users; risks to the general public were 
typically an order of magnitude lower than were 
risks to motorists. 

When the tunnels were considered by themselves it 
was found that in all cases the major contributors 
to the risks (always accounting for 70 percent over 
the whole societal risk spectrum) were incidents 
associated with flammable liquid (primarily petroleum 
spirit) fires. Clearly, then, the most effective way 
of controlling overall risk levels is to direct 
attention to reducing both the likelihood and the 
severity of such incidents. 

If motorist risks in the tunnels are compared 
(Table 3), at least for the lower end (N > 1, N > 10) 
of the societal risk spectrum, the riski°do not ex
hibit a strong dependence on tunnel design but re
flect rather the density of traffic in hazardous 
materials passing through the tunnels. This behavior 
can be demonstrated by observation of the similar
ities between the risks for Tunnels 3 and 4 (for N 
~ 1 and N .:_ 10) , which are of substantially different 
designs but assessed on the basis of similar levels 
of traffic in hazardous substances. This pattern is 
repeated in the risks from Tunnels 1 and 2, again of 
different designs but assessed as carrying similar 
traffic in hazardous materials. Indeed in each case 
the societal risks to motorists at the bottom end of 
the societal risk spectrum (N > 1 and N > 10) were 
remarkably similar to those of equivalent-lengths of 
open road. The small differences can be explained as 
arising largely as a result of the effect of dif
ferent environmental factors that themselves reflect 
those characteristics of a tunnel likely to affect 
accident rates. Tunnel accident rates are often 
lower than those for an equivalent length of open 
road. These observations can be summarized by the 
conclusion that for small casualty numbers the like
lihood of a particular event, rather than its sub
sequent progression within a particular environment, 
is the predominant factor in determining risk levels. 

A comparison of motorist risks at the top end of 
the societal risk spectrum (N .:_ 100), however, 
revealed a different trend. If the frequency for N 
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TABLE 2 Societal Risks from Tunnel 1 Route and Corresponding Diversion 

Societal Risks (frequency of N or more fatalities per 106 years) 

Route 
Event Section 

Tunnel 

Corrosive or toxic liquid release Tunnel 
Open road 

Flammable liquid release Tunnel 
Open road 

Liquefied gas release Tunnel 
Open road 

Toxic gas release Tunnel 
Open road 

Asphyxiant gas release Tunnel 
Open road 

Condensed phase explosion Tunnel 
Open road 

Total 

Diversion 

Corrosive or toxic liquid release Open road 
Flammable liquid release Open road 
Liquefied gas release Open road 
Toxic gas release Open road 
Asphyxian t gas release Open road 
Condensed phase explosion Open road 

Total 

Note: Dashes indlcete negligibJe level of risk. 

TABLE 3 Societal Risks of Road Tunnels Compared to 
Equivalent Lengths of Open Road 

Tunnel 
No. 

2 

3 

4 

Category 

Tunnel (motorists) 
Open road (motorists) 
Open road (public) 
Tunnel (motorists) 
Open road (motorists) 
Open road (public) 
Tunnel (motorists) 
Open road (motorists) 
Open road (public) 
Tunnel (motorists) 
Open road (motorists) 
Open road (public) 

Societal Risks (frequency of 
N or more fatalities per l 06 

years) 

N=I N= 10 N= 100 

56 18 15 
69 18 0.03 

3.5 0.5 0 
59 34 23 

100 31 0.05 
11 6 0.06 

1,200 350 340 
3,000 900 27 

240 120 3 
1,400 350 41 

770 200 4 
41 13 1 

Motorists 

N=l 

5.8 
170 
45 

1,200 
1.6 

47 
3.2 

57 
0.19 
6.6 
0.04 
0.88 

1,600 

420 
3,000 

110 
130 

16 
2.1 

3,700 

> 1 reflects primarily the level of traffic in 
hazardous substances, then any differences between 
the ratio of frequency for N > 100 and N > 1 can 
be attributed principally to th-; tunnel environment . 
These ratios are given in the following table. 

Tunnel 
-1--

2 
3 
4 

Societal Risk Ratio 
(frequency~ 100/frequency ~ 1) 

0.27 
0.39 
0.28 
0.03 

These ratios follow the trend that would be 
anticipated from tunnel design: Tunnels 1 and 3 in 
many respects have similar characteristics !two 
tubes, two lanes, similar cross sections): Tunnel 4 
has the lowest ratio that reflects its favorable 
characteristics for mitigating the impact of a par
ticular event of short length--large cross section 
and good ventilation: Tunnel 2 has the highest ratio 
that reflects its unfavorable features of two-way 
traffic and small cross section. 

Public 

N= 10 N= 100 N=l N= 10 N= JOO 

15 15 
380 7 

0.61 0.44 
5.3 0.29 0.11 
3.2 0.19 

21 0.66 6.5 1.8 

0.04 0.02 
0.44 0.12 0.8 

420 16 14 1.9 0 

900 II 
13 0.44 0.17 
50 1.6 19 2.7 

1.1 0.18 0.12 

960 1.6 21 2.9 0 

A comparison with the open road ratios was even 
more revealing in that in all such cases the ratios 
fell below 1 in 100. Not surprisingly, it can be 
concluded that, for a given incident involving haz
ardous materials, the tendency toward high casualty 
numbers increases on moving from the open road to 
the confined environment of a tunnel and the par
ticular design of tunnel can influence the level of 
increase. 

When route comparisons were considered, it was 
found in all cases that at the lower end of the 
societal risk spectrum (N ~ 1, N ~ 10) , use of 
the diversion routes presented higher levels of risk 
than did allowing free passage of hazardous sub
stances through the tunnels. At the upper end of the 
societal risk spectrum the increased tendency toward 
higher casualty numbers for events in tunnels proved 
sufficient in the cases of Tunnels 1, 2, and 3 to 
offset the extra distances associated with the 
diversion routes. 

In none of the examples was it considered that 
the absolute risks would necessarily be considered 
unacceptable when making comparisons with other 
activities of the oil and chemical industries (the 
prime sources of hazardous substance traffic on the 
road). 

INFLUENCE OF EMERGENCY ACTION 

In most risk assessments the actions taken by emer
gency services to reduce the impact of a major acci
dent are largely discussed in qualitative terms 
because the effectiveness of such actions will vary 
from one situation to another, which makes quantita
tive assessment almo~t impossible. When examining 
risk figures, it is important to recognize that 
action by emergency s e rv i ces will not be fully ac
counted for and that absolute values of risks will 
therefore tend to be overestimates. 

Despite the difficulties in incorporating emer
gency actions quantitatively into a risk assessment, 
qualitative discussion of these factors can never
theless prove of value. 
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Emergency action can prove of most benefit in 
those instances in which there is a buildup in the 
hazard over a period of time. Under these circum
stances there is time for the emergency services to 
reduce the hazard, to effect evacuation, and to 
advise the public of the hazard. 

For incidents that occur on the open road and 
involve hazardous substances, the approach adopted 
by the emergency services (primarily the fire bri
gade) would be expected to be well rehearsed. The 
usual approaches when dealing with chemicals in 
incidents would be based principally on policies of 
containment, dilution, and cooling. In MacLean's 
survey (22) 98 percent of the 968 reported incidents 
involving chemicals were treated by one of more of 
these methods. 

Emergency action would therefore be expected to 
play an important role in reducing the likelihood or 
severity of most of the incidents described in this 
paper. The degree of effectiveness of emergency 
action will not necessarily be the same on the open 
road as in a tunnel. On one hand, the confinement 
presented by the tunnel can pose greater problems of 
access, communications will often be more difficult, 
breathing apparatus may be required on more occa
sions, emergency equipment may be more likely to be 
damaged by the incident (particularly where fires 
are involved), and evacuation and escape will be 
more difficult. On the other hand, tunnels are usu
ally well provided with emergency equipment, a degree 
of control of the hazard can be exercised under 
certain circumstances via the ventilation system and 
drainage system, some tunnels may be well supervised, 
and hazardous materials may be escorted by tunnel 
staff equipped to prevent the escalation of small 
incidents involving such materials into major inci
dents. 

In assessing the effectiveness of emergency action 
some 18 incidents involving hazardous materials in 
tunnels were reviewed. Of particular interest was 
the lack of a clear policy on ventilation procedures 
in the event of a fire. All 12 of the incidents that 
carried information on ventilation aspects took 
place in tunnels that had either full or semitrans
verse ventilation or natural ventilation. It has 
been suggested ( 23) that the lack of control over 
axial flows makes such systems less desirable than 
reversible booster fans in controlling smoke flows 
for evacuation or fire-fighting policy. Nevertheless, 
in some cases in which it is necessary to approach a 
fire from the tunnel exit, there will be a dilemma 
between directing smoke flow away from fire-fighting 
activities or away from possible occupants of vehi
cles trapped behind the fire. 

In 3 of the 12 incidents the ventilation was 
deliberately switched off or left off and in 2 of 
these incidents smoke severely hampered operations. 
In 7 of the remaining incidents the ventilation was 
boosted to full capacity (at least in the exhaust 
mode). Ventilation produced significant improvements 
where the fire was of only moderate proportions but 
could not cope with the smoke produced by a large 
fire at its peak. In 2 of these 7 incidents fire was 
responsible for partial failure of the ventilation 
system. 

Two of the incidents took place in naturally 
ventilated tunnels and, despite attempts in one of 
the incidents to induce ventilatibn by way of a 
partable blower, smoke severely hampered rescue and 
fire-fighting operations. 

In general, the speed of arrival of fire fighters 
(tunnel operators or fire brigade) was found to be 
quite good (in many instances less than 5 min) and, 
where present, tunnel fire fighters played a useful 
role, particularly in smaller incidents or in con
trolling the initial stages of development of a fire. 
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Evacuation and escape from the tunnel and the 
prevention of further entry both proved effective 
means of reducing the number of casualties and this 
is illustrated by reference to the Nihonzaka fire in 
which 231 vehicles were initially behind the fire in 
the tunnel and, although major tunnel damage occurred 
over a length of more than 1 km, fatalities were 
kept down to only seven (most of these resulting 
from the initial collision) • 

CONCLUDING REMARKS 

An examination of the risks associated with the 
policies of allowing free access and total exclusion 
of hazardous substances through road tunnels has 
been described. 

For the four tunnels selected as case studies 
differences were observed both in the absolute levels 
of risk and in the relative risks among tunnels and 
between tunnels and diversion routes. These differ
ences demonstrate the desirability of examining each 
particular case on its merits. 

A number of areas in which further examinations 
would be desirable were identified in the study. In 
addition, there is latitude for extending the work 
to evaluate forms of control other than free access 
or total exclusion and to incorporate the economic 
aspects of incidents involving hazardous substances 
into the process of policy formulation. 

To conclude, the study has shown the technique of 
risk assessment to be a powerful tool for aiding the 
formulation of policies for the transport of hazard
ous substances through road tunnels. Many of the 
issues raised in the introduction were resolved, 
enabling future policy makers to consider quantita
tive information on levels of risk when making deci
sions. 
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Public Concerns and Hazardous Materials 
Transportation Safety: Closing the Gap 

David J. Friend 

ABSTRACT 

In recent years, local officials and the private citizens that they represent-
the public--have assumed an increasingly visible role in the debate surrounding 
hazardous materials transportation safety. The conditions that contribute to 
the formation of public perceptions and concerns about hazardous materials 
transportation are described. The public's misunderstanding of what hazardous 
materials are, general public attitudes toward industry, and local emphasis on 
the potential consequences of an incident rather than on spill probabilities 
all contribute to the general perception that hazardous materials transporta
tion is less safe than it is. The reasonableness of public responses to local 
concerns is also discussed. It is concluded that local reactions are quite rea
sonable and rational. Finally, government and industry efforts to address pub
lic concerns are described as well targeted but underfunded. For their part, 
local officials are urged to become more involved and contribute their re
sources to better understanding hazardous materials movements and potential 
dangers in their communities. 

Available _statistics on the movement of hazardous 
materials are, from the local perspective, intimi
dating. In a 1981 report, the National Transporta
tion Safety Board (NTSB) characterized the shipment 
of hazardous materials in the United States, by all 
modes, to be as follows !.!l : 

At least 4 billion tons of hazardous ma
terials shipped annually, 

• At least 218 billion ton-miles of hazardous 
materials transported annually, 

• At least 250,000 shipments (bulk and non
bulk) made daily (which is expected to double in 20 
years), 

• At least 4,370 locations from which bulk 
shipments originate, and 

• At least 413, 000 tank trucks regularly 
transporting hazardous materials in bulk. 

With respect to truck movements of hazardous mate
rials, a 1977 Virginia study found that between 5 
and 15 percent of all trucks on the road at any time 
are carrying hazardous materials, about 65 percent 
of the hazardous materials being transported by 
highway are either flammable or combustible liquids, 
and about 10 percent of these trucks carry more than 
1,000 lb, the threshold for placarding (2). Of 
course, the character of hazardous materials move
ments may vary substantially by geographic area. In 
Illinois it was found that flammable liquids and 
corrosives constituted roughly 50 percent and 25 
percent, respectively, of the hazardous materials 
transported (_~). Nationwide, it is estimated that 
about 10 percent of all hazardous materials hauled 
over the roads is hazardous waste, which is carried 
by roughly 12,300 transporters (_!). 
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Despite these statistics, the danger associated 
with the transportation of hazardous materials is 
relatively small (5,6). The probability that a high
way accident will" involve hazardous materials is 
significantly lower than the overall commercial 
vehicle accident rate. The probability that an acci
dent will actually result in a release of materials 
is extremely small (7) • With respect to nuclear 
shipments, no highway accident involving spent fuel 
has ever resulted in the release of radioactivity 
since the transportation of spent fuel began in 1964 

<!!..>. 
Despite the comparatively good safety record of 

hazardous materials carriers, local officials--in
cluding the public at large--generally perceive haz
ardous materials transportation to be less safe than 
it is. This perception may be based, to some degree, 
on an unfamiliarity with the foregoing statistics. 
More likely, however, public concerns and percep
tions are molded by a variety of factors. 

First, the majority of the public does not have a 
clear understanding of what hazardous materials are. 
Local officials are easily confused by the compli
cated names and bureaucratic jargon that has devel
oped. PCB, RQ, RCRA, CERCLA, HM-164, and a host of 
other acronyms have a way of heightening public 
anxieties. Also contributing to their misunderstand
ing is the fact that the media's perception of haz
ardous materials tends to become the public's per
ception. Historically, media reports concerning 
hazardous materials have focused on their conse
quences and encouraged the association of hazardous 
materials with massive evacuations, boiling liquid 
expanding vapor explosions (BLEVEs) , and so forth. 
Although the number of transporters illegally dis
posing of hazardous wastes is believed to be small, 
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recent and repeated media reports concerning the 
activities of "midnight dumpers" also have an ef
fect. This is aggravated by reports that transport
ers bent on illegal disposal are using more sophis
ticated methods to avoid detection (4). Although 
limited in scope, 'the activities of these parties 
undoubtedly influence public perceptions of the much 
larger hazardous materials transport industry. 

Second, many local officials tend to carry the 
basic mistrust they have of industry into the area 
of hazardous materials transportation. There is no 
question that some manufacturers abuse their privi
lege of confidential business information and that 
this questionable practice only adds to the public 
perception that industry has something to hide (9) • 
Although it is unfair to overgeneralize, it wo-;ild 
appear that perceptions would be influenced if a 
roadside survey of hazardous materials trucks 
traveling through an area revealed that (~) 

• Of 297 hazardous materials trucks in-
spected, 291 hazardous materials violations were 
foundi 

• Of all hazardous materials trucks surveyed, 
41 percent were not placarded or were placarded im
properly; and 

• Of these same trucks, 23 percent failed to 
carry proper shipping papers. 

Third, and in contrast to those of higher-level 
government officials, local perceptions are formed 
on the basis of the highly speculative potential 
that a transport spill will occur rather than on the 
basis of statistical probabilities derived from a 
historical record. A typical local official finds it 
difficult to understand the true significance of a 
low accident rate. Moreover, there is reason to dis
credit many of the statistics that the government is 
able to cite, It makes a difference to a local offi
cial that as much as 30 to 40 percent of all report
able hazardous materials transportation incidents 
are never reported (5). 

Public opinion at all levels of government may 
also be swayed by the increased possibility of sabo
tage. The October 1983 destruction of a Marine bar
rack in Lebanon by terrorists driving a truck filled 
with explosives creates a vivid impression of the 
severity of sabotage attacks. Although the likeli
hood of a terrorist attack on a highway shipment of 
hazardous materials (e.g., spent nuclear fuel) is 
remote, it does exist (10). 

Local orientation toward the future and its un
certainties is also fed by the prospect that hazar
dous materials movements will continue to grow at 
significant rates during this decade and the next, 
thereby contributing in theory, if not in practice, 
to an increase in hazardous materials incidents 
(11). Also, there is the fear that current economic 
conditions and deregulation are creating pressure on 
firms and drivers to spend more time on the road and 
to decrease the resources devoted to vehicle mainte
nance. There is some evidence that carriers may be 
delaying the replacement of older equipment. In sum
mary, local officials are inclined to proceed on the 
premise that "worst-case accidents have a way of oc
curring, no matter how remote the probability" (8). 

Last, but not unrelated to the previous discus
sion, public opinion is often influenced also by the 
amount of uncertainty that remains regarding the 
risks or effects of certain chemicals. For example 
(_!!), 

the safety concern regarding population 
exposure to low doses of radiation does 
not involve a discussion of the probabil
ity of an accident during transport of a 
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spent fuel shipment. Rather, the focus in 
regard to this safety issue is the unre
solved debate concerning what is a non
harmful level of radiation exposure. 

Comparable uncertainty exists with respect to the 
inhalation risks of certain volatile toxic liquids. 
As remarked by the NTSB following the December 1984 
release of methyl isocyanate (MIC) in Bhopal, India 
(12): 

Many questions about the toxicity of ma
terials now unanswered by DOT's hazard 
identification and classification system 
must be answered to determine which flam
mable liquids, Class B poisons, corro
sives and other materials can pose life
threatening hazards during accident 
conditions •••• [The u.s. Department of 
Transportation (DOT) is advised to under
take] an analysis of additional material
specific properties to assess the vola
tility of materials based on their vapor 
pressures and boiling points. 

REASONABLENESS OF PUBLIC RESPONSE TO 
TRANSPORTATION SAFETY CONCERNS 

Local reaction to the perceived risks associated 
with hazardous materials movements has taken two 
basic forms. Many municipalities have responded by 
enacting local ordinances banning certain hazardous 
materials shipments through their communities, re
quiring notification or prenotification, imposing 
time-of-day restrictions, or specifying the routes 
that must be used (11). According to a recently com
pleted DOT report, an estimated 80 state and local 
jurisdictions and authorities have enacted notifica
tion statutes nationwide (13,14). Interestingly, 
this study notes that not only do the kinds of re
strictions and chemicals affected vary significantly 
from area to area, but also that the rate of local 
rulemaking in this area has slowed considerably in 
recent years (undoubtedly because of an increasing 
awareness of the legal issues surrounding DOT's in
consistency rulings) • 

Some would characterize this kind of public reac
t ion as irrational and indicative of a situation in 
which the public expects the benefits of hazardous 
materials but is unwilling to accept the risks asso
ciated with their transportation (15). On the con
trary, this is an extremely logical response. Travel 
bans and prenotification requirements, from the 
local official's perspective, represent an extremely 
efficient way to maximize the safety of hazardous 
materials transportation in and through a community. 
Moreover, they represent the only reasonable avenue 
of response available to many officials in the ab
sence of any information on the primary types of 
materials, volume and frequency of shipments, and 
routes being used in the community. 

The second major form of local response has been 
to perform a quantitative risk assessment of some 
kind and use the results to improve the community's 
preparedness or emergency response capabilities. Ef
forts are directed toward the proper training of 
likely first responders, the establishment of inter
agency as well as public-private industry coopera
tion, and the purchase of appropriate equipment and 
materials. A number of regional as well as local 
hazardous materials transportation studies have been 
undertaken and completed recently with this objec
tive in mind. Recent hazardous materials transporta
tion analyses have been performed on a regional 
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basis by the Ohio-Kentucky-Indiana Regional Council 
of Governments covering the areas of Cincinnati and 
Columbus, Ohio, and by the North Central Texas Coun
cil of Governments focusing on Dallas and Fort 
Worth. A similar study is currently under way in the 
Cleveland, Ohio, .area, being performed by the North
east Ohio Area Coordinating Agency. These efforts 
indicate quite clearly that municipalities can re
spond effectively to hazardous materials spills, 
given that they have some familiarity with the mate
rials being moved through their areas and have re
ceived proper training tailored to their particular 
needs. The importance of performing a local risk 
assessment cannot be understated; personnel training 
and equipment purchases (if necessary) cannot be 
made intelligently without this basic information. 

In summary, there exists a very logical explana
tion for the public's perceptions and responses con
cerning hazardous materials transportation safety. 
At the same time, no one believes that local offi
cials and the public they represent should have no 
role in defining an acceptable level of hazardous 
materials transportation safety (16,17). As de
scribed earlier, government, the media,~nd industry 
have all played a role in shaping public percep
tions. Only their continued efforts can change these 
perceptions and minimize the public's current safety 
concerns. 

GOVERNMENT AND INDUSTRY ROLES IN MINIMIZING 
PUBLIC CONCERNS 

Federal Government 

For its part, the federal government should continue 
its ongoing efforts to encourage public participa
tion in local rulemaking. As demonstrated in Port
land, Oregon, and many other locations (!!!,): 

A participatory planning process is rec
ommended, involving representatives of 
those [communities] who may be affected 
by routes. Each member of a well chosen 
planning group will bring a different 
perspective and unique information impor
tant to selecting routes which are rea
sonable and safe for the entire commu
nity. Participation early on in the 
planning also increases the likelihood of 
consensus as to which routes are safest. 

Recent efforts to actively and directly involve rep
resentative local officials on a number of national 
task forces--for example, the National Hazardous 
Materials Transportation Advisory Committee and the 
Off ice of Technology Assessment's Hazardous Mate
rials Project--are also to be applauded, From all 
reports, the perspectives of local representatives 
are contributing significantly to the establishment 
of national hazardous materials transportation pri
orities. 

Federal agencies should also be applauded for and 
encouraged to continue their activities in the 
development of training curricula that recognize the 
different training needs of different communities. 
Not surprisingly, training is being billed as one of 
the top legislative priorities for consideration in 
amending the Hazardous Materials Transportation Act 
in 1986. Although DOT should carefully review the 
quality of existing training programs and perhaps 
consider the establishment of minimum training 
levels, the greatest emphasis should be placed on 
the delivery of these programs. A recent DOT publi
cation has identified ways in which local safety 
personnel can obtain hazardous materials training on 
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a limited budget by encouraging cost-sharing and 
soliciting industry assistance (19). It describes a 
number of relatively inexpensive--;;;ays in which haz
ardous materials training programs can be brought to 
safety personnel in an area; these methods involve 
self-produced video tapes, video-teleconferences, 
cable television, and microcomputers. Although the 
Federal Emergency Management Agency (FEMA) has taken 
a lead role in the promotion and use of these tech
niques (notably teleconferencing), application of 
them to hazardous materials training remains rela
tively limited. At a time when microcomputers and 
cable TV especially are becoming more prevalent in 
local government, their use by career or volunteer 
safety personnel during hours when they are not in 
office use (if necessary) should be encouraged. DOT 
or FEMA should assume the responsibility not only 
for evaluating existing training and communications 
applications, but also for developing new software 
or training tools where appropriate. 

The federal government can also play a major role 
in changing public perception by providing continued 
guidance and planning tools aimed at assisting local 
officials in assessing the risks that they confront, 
that is, in learning more about the types and quan
tities of materials being moved, the time of day and 
week when shipments are made, and the routes being 
used to transport hazardous substances within or 
through their community. A wide variety of very good 
risk-assessment guidelines and approaches has been 
developed (6,20-22). Nevertheless, several major 
barriers imp;de ~e widespread employment of local 
risk assessments, namely, the cost of conducting a 
local transportation inventory and the lack of ease 
in performing the analysis procedures over an ex
tensive roadway network. A recently authorized DOT
FHWA study to "determine the possibility and meth
odology for surveying the hazardous materials (H/M) 
industry (manufacturers, shippers, interstate motor 
carriers) ••• to quantify H/M movement in the United 
States" (23) may provide further insight into ways 
in which local officials can develop a reliable 
local data base of hazardous materials movements. 
Presumably, this study will examine in detail exist
ing sources of information and survey techniques as 
well as new data collection techniques. At a mini
mum, federal funds should be made available to 
municipalities to conduct transportation inventories 
and gather that information essential to carrying 
out their emergency response and enforcement respon
sibilities. Assistqnce might also be provided in 
developing an easy-to-use microcomputer tool to 
facilitate local risk assessments. 

State Government 

In keeping with the foregoing reasons underlying 
public perception, state governments can play an 
important role in changing public attitudes as well. 
A number of initiatives taken at the state level 
during the past several years deserve recognition. 
One very important development from a local perspec
tive has been the passage of "Good Samaritan" legis
lation designed to foster industry assistance at 
transportation spills by providing companies or per
sons who voluntarily respond with inununity from 
potential civil suits. Largely because of the ef
forts of the Hazardous Materials Advisory Council's 
Good Samaritan Coalition, 32 states now have Good 
Samaritan laws on their books (24). 

The proliferation of state right-to-know laws and 
the development of state data files of hazardous 
waste manifest reports have also contributed to the 
base of information potentially available to local 
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officials and the public. [A manifest is a bill of 
lading required for hazardous waste cargo under the 
Resource Conservation and Recovery Act (RCRA) en
acted in 1976. The function of the manifest is to 
allow law enforcement officials to track the move
ment of hazardous waste from origination through 
transport to its destination.] Although the informa
tion available from these sources cannot identify 
the actual routes being used, it provides local of
ficials with the ability to characterize the general 
dangers of hazardous materials existing in their 
communities while not compromising the commercial 
interests of industry. 

Other well-received state activities have taken 
place in the enforcement area. Although the State 
Hazardous Materials Enforcement Development (SHMED) 
Program is winding down, it has resulted in an en
forcement program and presence not previously exis
tent in many states. Groups of states--like the Com
mercial Vehicle Safety Alliance (CVSA)--have agreed 
to coordinate their activities with their highway 
vehicle inspection activities and adopt uniform in
spections and out-of-service procedures. To the fed
eral government's credit, amendments to the Motor 
Carrier Safety Act of 1984 encourage roadside in
spection programs as effective as federal standards 
or that meet CVSA standards (25) • By continuing to 
operate in the foregoing way"S; federal and state 
governments send an extremely important message to 
local officials--namely, that they are willing to 
continue to do their part in promoting hazardous 
materials transportation safety. 

Industry 

Industry can, and should, play an important role in 
changing public perceptions. In the author's opin
ion, industry as a whole has been very responsive to 
the needs of the public in the past and continues to 
take initiatives to gain and maintain public trust 
and confidence. The importance of the Chemical Manu
facturers Association (CMA) Chemical Transportation 
Emergency Center (CHEMTREC) is well documented. 
Numerous examples can also be cited of instances in 
which local industry has provided local emergency 
response personnel with training and local emergency 
response teams with free equipment or materials 
(19). Recent activities build on these past initia
tives. For example, the CMA is in the process of es
tablishing a voluntary mutual-aid network of CMA 
member companies and for-hire contractors capable of 
providing expert assistance at hazardous materials 
spills (26). To be called CHEMNET, this new service 
represents a positive step to ensure that expert 
assistance is quickly made available at a spill 
site, particularly in areas where emergency response 
capabilities are inadequate and mutual-aid agree
ments not fully developed. 

The chemical and motor carrier industries have 
also initiated a Motor Carrier Safety Survey Program 
designed to encourage hazardous materials transpor
tation safety (27). Although industry on the whole 
polir.es itself quite well, this survey proQrnm rep
resents an important first step in the establishment 
of a broader industry self-inspection effort aimed 
at large as well as small shippers and carriers. 
Finally, and in response to the insurance coverage 
burden placed on for-hire carriers by federal regu
lations, industry--specifically the National Tank 
Truck Carriers, Inc.--has taken upon itself to form 
a self-insurance pool for tank truck carriers (28) • 
This program benefits the public by ensuring that 
excessively high insurance premiums are not paid at 
the expense of vehicle safety inspection, mainte
nance, and replacement programs. Notwithstanding 
isolated incidents of uncooperative firms working to 
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undermine safety measures, industry is also doing 
its part in addressing local hazardous materials 
transportation concerns through an impressive out
reach program. 

THE PUBLIC'S RESPONSIBILITY 

If local officials and the public at large are truly 
serious in their concerns regarding hazardous ma
terials transportation safety, they too must share 
in the responsibility for improving current safety 
programs. Meeting this responsibility begins by 
wrestling locally with hazardous materials transpor
tation issues before a spill occurs. This responsi
bility does not fall solely on the leaders of orga
nized environmental or other lobbying groups, but 
rather on the shoulders of local public safety of
ficials and the average citizen. 

Of particular importance is the need for local 
officials to conduct areawide hazardous materials 
transportation inventories. Other levels of govern
ment are capable of providing guidance materials, 
but only local officials can efficiently perform, 
and use the results of, such an inventory. In the 
past, local officials have been quick to criticize 
the efforts of government and industry in hazardous 
materials transportation safety. It is now time to 
turn the tables, and for government and industry to 
assert that for local officials to be truly credible 
they must take a greater initiative, conduct a local 
(or regional) inventory, and perform a preliminary 
risk assessment. 

Anyone serious about hazardous materials trans
portation safety at the local level also has a duty 
to speak out against federal or state budget cuts 
that might limit research or other safety programs 
that affect them. 

There is no question that the public can be an 
extremely effective participant in efforts to maxi
mize hazardous materials transportation safety. The 
public is now playing an important role in the sit
ing of hazardous waste management facilities and in 
the detection of illegal waste disposal practices 
(4). Local officials and private citizens have no 
less a responsibility in ensuring the safe movement 
of hazardous materials through their communities. 
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Discussion 

Johan E. Bloem* 

Concerning the role of the media, Friend's thesis is 
that the perception of the media tends to become the 
perception of the public at large, or in Russell's 
words, "the media are enhancing the misunderstand
ings of the public at large." 

I believe that the relationship between the media 
and the public is, at least in European countries, 
much more complex and more of an interdependent re
lationship. It is obvious that in most countries of 
the free world the press adheres to the principle 
that "facts are sacred but comment is free." The 
relevant question is which are the facts that are so 
important that the press deem them to belong in the 
category "all the news that is fit to print." Stud
ies in Europe suggest that the press is often in
clined to stress the facts and the comments that the 
readers are willing and prepared to read. 

In the political arena this is quite clear in the 
Netherlands where people buy newspapers that reflect 
their own political values, expectations, and 
norms--to be quite cynical--to see their own ideas 
confirmed. When a newspaper forces too many facts 
and comments on them that deviate from their normal 
pattern of thinking, they simply buy a different 
newspaper. The same goes for the media in general. 

If this thesis is correct (there is little doubt 
that it is not), then the conclusion should be that 
newspapers merely reflect peoples' perceptions of 
dangerous situations and activities and not to the 
contrary. 

In this context it appears quite incorrect, sci
entifically, to suggest or to insinuate that the 
press is misleading the public at large. On the con
trary, it is reflecting in a representative way what 
the public at large is thinking. Therefore, the at
tention that newspapers are giving to certain dan
gerous activities provide governments or civil ser
vants a rather clear picture and a clear indication 
of what the public is thinking at a certain time. 

*Directoraat-generaal van het verkeer 
Ministerie Van Verkeer en Waterstaat 
Plesmanweg 1, Postbus 20901 
2500 ex 's-gravenhage 
'l'he Netherlands 

Marilyn Skolnick* 

There is a necessity for more recent and accurate 
statistics. Those used in the paper by David Friend 
were estimates and date as far back as 1977. Al
though the incident of danger may be small, when an 
accident does occur, the number of people who have 
to be evacuated (as a result of one of the few inci-

*Pennsylvania Department of Transportation, Harris
burg, Pa. 17120 
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TABLE 1 Analysis of Accidents, 1980-1984 

Accidents reported 
Fatalities 
Injured 
Caused by drivers with cargoes of hazardous materials 
Caused by other drivers 
Other causes 
Number of hours highways were restricted 
Number of hours highways were closed 
Accidents resulting in loss of product 
Accidents resulting in fire 
Accidents involving: 

Explosives and blasting agents 
Flammable liquids and solids 
Oxidizing materials, poisons, and corrosive materials 
Radioactive materials 
Compressed gases-cryogenics 
Combustible liquids 

Percentage of accidents involving cargoes of: 
Flammable liquids and solids,% 
Compressed gases-cryogenics, % 
Explosives and blasting agents, % 
Radioactive materials, % 
Oxidizing materials, poisons, and corrosive materials, % 
Combustible liquids,% 

dents) can be, and usually is, large, Entire neigh
borhoods, and in a number of instances, entire com
munities have been evacuated until the danger has 
subsided. The perception of the public is valid and 
cannot be minimized because of the low frequency of 
these incidents. The statistics in Table 1 have been 
derived from repc)rts of accidents involving cargoes 
of hazardous materials that occurred on the highways 
of Pennsylvania from 1980 to 1984. The 1982 accident 
statistics are the first to be computer generated. 
There is no mention in Table 1 of the number of 
people involved in these accidents by evacuation; 
only the number of hours that the highways were re
stricted or closed are given. 

I totally disagree with the statement that the 
public does not have a clear understanding of what 
hazardous materials are. If all the legislation that 
has been passed on the federal, state, and local 
level protecting the public is examined, you will 
find that enactment of such legislation was due to a 
concentrated effort on the part of the public. This 
was done only after many public hearings and testi
mony. I have most recently been a part of such 
action with the passage of "the right to know" leg
islation in the state of Pennsylvania. This legisla
tion was a result of the action of the so-called 
"uninformed public," who were in fact very informed, 
as the transcripts of the hearings will reveal. 

As to the problem of midnight dumpers, there is 
no way to determine how many there are. As long as 
there is an expense involved in disposing of the 
generated waste, there will be midnight dumpers. 
Again, al though the probability of an incident is 
low, the effect of it on many people is great and, 
thus well documented. 

The overprotectiveness of local municipalities is 
based on a number of very real issues. 

1. Lack of general agreement as to what sub
stances do or do not present a danger and what is 
considered a safe level of exposure. 

2. Lack of proper liability insurance in the 
event of an incident. 

3. Lack of sufficient funding or training, or 
both, for first response people. 

4. There is a real fear that the experts are 
minimizing the real dangers, or that they really do 
not fully understand the dangers [e.g., the Titanic 
will never sink; Three Mile Island (TMI) could never 
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1980 1981 1982 1983 1984 

174 165 274 186 207 
24 9 II 16 14 
73 200 257 164 184 
89 81 86 55 48 
82 62 88 75 76 

5 10 88 56 83 
137 77 96 112 110 
140 164 146 246 110 
33 31 47 27 30 
4 l 4 4 0 

2 6 6 l 2 
87 67 100 73 91 
20 22 43 20 25 

3 l 3 0 0 
16 20 17 32 29 
46 49 106 73 76 

50 41 36 37 41 
9 12 6 16 13 
I 4 2 I I 
2 I I 0 0 

12 13 16 10 11 
26 29 39 37 34 

happen; Rachel Carson (Silent Spring) was a rabble-
rouser]. 

Although we state repeatedly that the public expects 
the benefits of hazardous materials but are unwill
ing to take the risks associated with it, I find 
this argument specious. Manufacturing companies have 
an important role in the solution of this problem. 
Manufacturing processes should include dedicated 
systems for reducing or entirely eliminating the 
toxicity of byproducts and wastes. Attention to this 
goal could force the technology and possible solu
tions. Huge budgets are set aside to promote and 
advertise products that are made up of hazardous 
materials. Because there has never been any respon
sibility on the part of the producer (until re
cently) , producers have been able to assume the role 
of an injured party. The Food and Drug Administra
tion (FDA) removes any product injurious to the 
heal th of the public. Perhaps there needs to be a 
similar agency looking into the manufacturing pro
cess on behalf of the public. 

Author's Closure 

Dr, Bloem's comments concerning the role of the 
media in influencing public perceptions are appreci
ated. It was not my intent to suggest that the media 
are consciously misleading the public with respect 
to the safety of hazardous materials transport. I 
will admit to a poor choice of words when I wrote 
". , • the media's perception of hazardous materials 
tends to become the public's perception." A more ap
propriate statement on my part would have been 
" •• , the media's description of hazardous mate
rials incidents often has a significant influence on 
public perceptions." 

In general, I agree with Dr. Bloem that a "two
way, interdependent" relationship exists between the 
media and the public. The point being made in the 
paper, however, should not be obscured by Dr. 
Bloem's extremely general thesis. Public opinion and 
perceptions on hazardous materials safety, as well 
as on every other subject, represent personal re
flections on the information that is made available 
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on the subject--much of it by the media. Because 
hazardous materials transportation incidents are not 
everyday occurrences (thankfully), the base of in
formation and depth of reporting provided by the 
press or media is not always as comprehensive as it 
might be. There is also no continuity in the infor
mation received by the public on this issue. As a 
result, the press typically (but by no means always) 
focuses on the consequences (the visual "facts") 
when reporting an incident, with virtually no infor
mation provided on the overall safety reaord of the 
industry or transport mode involved (the historical 
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"facts"). Although the media's reporting of such 
events will change over time as individual reporters 
become more informed, many local officials are quick 
to report that present media practices do have a 
negative effect on their perceptions of the hazard
ous materials transportation industry. Although the 
media may be "reflecting in a representative way 
what the people at large are thinking" on political 
and other major issues, so far such is not the case 
on any widespread scale--as Dr. Bloem asserts--in 
the area of hazardous materials transportation in 
the United States. 

Roundtable Discussion of Public Concerns 

About Hazardous Materials Transportation 

Moderator 

Eugene R. Russell 

Issues paper 
David J. Friend 

Discussants 
John W. Barnum, Lake Barrett, Johan E. Bloem, 

E. L. Quarantelli, and Barbara Sonnenberg 

Rapporteur 
Barbara Foster 

SUMMARY 

Eugene Russell began the discussion with a review of 
the issues paper "Public Concerns and Hazardous 
Materials Transportation Safety: Closing the Gap" by 
David Friend. At the conclusion of this review, 
panel members were given 5 to 10 minutes to offer 
their views on the issues raised in the paper. The 
discussion was then opened for panel and audience 
participation. 

The general trend of the panel discussion ap
peared to develop around three central issues: Is 
the public concerned about technological hazards? 
Will increased public knowledge of the issues lead 
to improved efforts in dealing with the problems? 
What approach should government and industry take to 
address public concern? 

OPENING COMMENTS 

Eugene Russell: David Friend states that there is a 
basi<j public misconception that hazardous materials 
transportat ion is less safe than the statistics 
would indicate. In fact, it is debatable whether we 
should address problems that are statistically im
portant or whether we should concentrate on dealing 
with the rare catastrophic event, 

The emphasis at the local community level is 
clearly on the catastrophic potential over the sta
tistically probable accident, In part this stems 
from a general lack of understanding on the part of 
the public. The problem is further enhanced by the 
media exposure that hazardous materials accidents 
receive. Thus, a gap exists between the public per
ception and the realities of hazardous materials 
transportation. 

Friend points out that hazardous materials, in 
general, have a good safety record. But, how much 
does the public really care about comparative prob
abilities? 

An accident at a railroad crossing has a high 
risk but a low probability of occurrence. There is a 
1 in 250,000 chance of being killed in a grade 
crossing accident. There is a 1 in 130,000 chance of 
being killed in a plane accident, and a 1 in 4,000 
chance of being killed in an automobile accident. 
Yet we continue to spend hundreds of millions of 
dollars on rail safety and even more on air safety. 
The point is that money is not spent in proportion 
to statistical realities. 

The media has contributed to the public percep
tion gap by the type of coverage hazardous materials 
accidents receive. Although these accidents receive 
front page coverage, the public is made aware of the 
catastrophe and not the problem. This does not con
tribute to greater safety. 

To close this gap, Friend suggests that more and 
better data are needed. There is serious question, 
however, whether simply adding more data will engen
der a greater understanding. Recent trends in Right
to-Know laws, Good Samaritan laws, and industry 
efforts are perhaps more effective in closing the 
perception gap. 

Despite this gap, Friend views the actions of 
local governments as rational and well targeted. He 
further views the actions of the federal government 
and industry as well directed but underfunded. 
Friend does suggest, however, that local communities 
should take greater responsibility for identifying 
their risks and developing their response capabil
ities. 
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Barbara Sonnenberg, Memphis City Council: David 
Friend's paper was reviewed by a Memphis city fire 
official. The response was: 

1. How important is a low accident rate if you 
have a flammable liquids fire downtown? 

2. How significant is the historical record if 
you have a tank truck of chlorine turned over and 
leaking on the expressway? 

3. If an accident occurs, we will be responsible 
for the public safety and we must have the equipment 
and manpower to respond. 

The issue of hazardous materials accidents rates 
comparatively low on the scale of city issues. The 
public relies on public officials to handle the 
problems and trusts that they will deal effectively 
with these problems. 

To illustrate, after a major chemical fire in 
Memphis, a task force was created to study hazardous 
materials in fixed facilities and in transit. A risk 
inventory was produced that identified the number 
and kinds of products that may pose a threat to the 
publi.c. At the conclusion of the study, a press con
ference was held to publicize the results. Few re
porters attended; there was little interest. 

This is not to say that Memphis does not have 
hazardous materials accidents. In 1979 there were 
185 hazardous materials incidents ·serious enough to 
require response by specialized react teams. Many 
times more that number of incidents occurred and 
were handled by regular fire departments. 

During the last 12 months (November 1984 to 
November 1985), 164 major incidents occurred that 
were handled safely and without incident. The poten
tial existed for serious injury or death. Proper 
response, however, eliminated the danger. 

Some examples of the types of accidents that have 
occurred include: 

• A tractor trailer placarded as Class A ex
plosives was hit from behind by another vehicle on 
the expressway. The shipping papers showed the con
tents of the truck to be blasting caps, shipped by 
the U.S. Army. Later it was discovered that the 
contents were in fact plastic explosives and TNT. 

• A tractor trailer loaded with approximately 
7,000 gal of diesel fuel overturned on the express
way. The driver was pinned in the wreckage and had 
to be rescued while the fuel was leaking from the 
container. 

• A tankcar, involved in a train derailment, 
contained 20, 000 gal of hydrochloric acid. The car 
had been rolled and the dome area was buried in the 
mud. Although it was later learned that the car did 
not leak, a great deal of time and effort was spent 
preparing for the worst. 

The public demands that public officials prevent 
incidents such as these from becoming public prob
lems. The mission for Memphis is to be able to han
dle an incident properly when it occurs and to keep 
it from becoming a major disaster. 

E.L. Quarrentelli, University of Delaware: We 
know that chemicals pose a risk. However, despite 
risk analysis, we do not know the extent of that 
risk. Public estimations of risk are subject to 
error, and that error is highly dependent on the way 
risk questions are phrased. Estimates will differ 
depending on such factors as personal experiences 
and how the question is phrased. If the public re
sponse is considered within the public's framework, 
the response is rational and the behavior makes 
sense. 

The basic underlying assumptions of Friend's 
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paper are: (a) more knowledge is better, and (b) 
knowledge is essentially functional. These, by the 
way, are also the basic underlying assumptions for 
efforts in disaster and emergency management. To 
play the devil's advocate, there is a slogan that 
reads "Knowledge will make you free." Is it true, 
however, that more knowledge is indeed better? If 
people were aware of all the hazards, would life be 
better? Would that knowledge make them free? 

In a democratic society, it is natural to think 
that more learning is better; that more learning is 
completely functional. The assumption is that in
creased knowledge will improve perception. Func
tional attributes, however, are almost always asso
ciated with an attendant dysfunction. 

Consider the relationship between smoking and 
cancer. Most of the smokers and nonsmokers have 
learned the same information concerning smoking and 
cancer. For some, the knowledge is dysfunctional. 
Smokers and nonsmokers apparently perceive the facts 
differently. Thus, perception is only partly rooted 
in knowledge. 

The assumption that more knowledge will change 
public perceptions is wrong. The need is to change 
group behavior, not individual perceptions. 

John Barnum, Chairman, Office of Technology As
sessment (OTA) Hazardous Materials Panel: David 
Friend's findings are the same as the findings of 
the OTA, the states, and the local governments. In 
meeting with the states, the federal government, and 
industry the same feelings emerge. There is no gain 
in calling public perception right or wrong. The 
real need is for knowledge that can be used to iden
tify the problem; knowledge that can be applied to
ward the solution of the problem. 

It is meaningless to ask whether exposure to nu
clear waste is worse than exposure to chlorine. What 
is meaningful is to learn that the problem exists 
and to apply knowledge toward a solution. 

The public can use its knowledge effectively. It 
can push public officials to take constructive ac
tion. The public can impress its representatives to 
learn more about the problem and to find effective 
solutions. 

To achieve this, the public needs more informa
tion to identify that a problem indeed exists. More 
accurate reporting of waybills and accidents is 
needed. Better data collection methods are needed. 
Without improved information the public cannot be 
expected to respond effectively. 

Lake Barrett, U.S. Depa·rtment of Energy: Three 
Mile Island (nuclear power plant accident) showed us 
that public knowledge can cause perceptions to range 
from no concern to fear. Some people believe that 
the reactor had 4-ft thick walls and that this would 
eliminate the problem. Others believed the reactor 
would melt into the ground. Some people believed 
that the reactor's cooling system would take care of 
the problem. Others believed it might explode. The 
public understands consequences more than risk or 
probability. The challenge is to explain the rioka. 

One chance in a billion or one in a tr ill ion is 
meaningless to the public at large. They want to 
know that an event cannot occur. They want to know 
that an event is impossible. 

Not so long ago the public was afraid of trains. 
Even more recently, there was a public fear of the 
automobile, which prompted laws requiring flagmen to 
precede and follow a car, announcing its comiag and 
going. In time people adjust, they accept the new 
risk brought on by new technology. 

Public officials must respond to the public con
cern. They must deal, head-on, with issues that are 
associated with technological advancement. They must 
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understand the technical problems and effectively 
address the heal thy concerns of a progressing so
ciety. 

Johan Bloem, Ministry of Transportation, The 
Netherlands: A basic American philosophy is that 
knowledge makes things better. It reflects in atti
tude and in spirit. It is, however, a false assump
tion. The general public is not rational and it is a 
mistake to confuse the actions of local officials 
with the attitudes of the public at large. 

In the Netherlands, the national government is 
responsible for transportation activities. The au
thority to regulate these activities is solely the 
responsibility of the national government. Local 
officials may not interfere with these regulations. 

If the value of exports and imports that move 
through Holland is calculated, it would exceed the 
value of exports and imports that move through the 
Soviet Union. This trade is of vital importance to 
Holland's welfare, and uniform international regula
tions are good for safety and commerce. 

It is inappropriate for local officials to pre
empt responsibilities of the national authority. 
This is not to say that local communities have no 
interest in the transportation of hazardous materi
als. Communities have the authority to establish 
preferred routings. They cannot, however, designate 
which cargos are permissible and which are not. 

The regulatory authority in the United States, in 
contrast to Holland, is claimed by all levels of 
government. In the United States, the U.S. Depart
ment of Transportation, the states, and the local 
communities all claim authority to regulate hazard
ous materials movements. 

DISCUSSION 

Barbara Sonn,enberg: Knowledge is valuable; for ex
ample, it helps communities determine which equip
ment to buy. The city council makes its decisions on 
the basis of the knowledge it has. The city of 
Memphis has formed an advisory committee to increase 
the knowledge base for planning decisions. 

Memphis conducted a spill exercise with the help 
of the DOT and industry. The media were invited to 
cover the event. The public response was good. They 
are convinced that Memphis officials do indeed know 
what is going on, that they are doing something. 

Mr. Friend describes local transportation bans and 
prenotification requirements as reasonable and ef
fective. such activities are a burden on both the 
community and the industry. Prenotification informa
tion will just end up stacked in boxes. 

If the community has studied its hazardous mate
rials flows and conducts its risk assessment, it 
generally needs no prenotif ication. An exception may 
have been the TNT shipment. The city would have pro
vided an escort for that particular vehicle. Routing 
restrictions and traffic bans create problems. If a 
community works with industry they can develop pre
ferred routes. Bans are not necessary. 

Johan Bloem: In Holland, ships with hazardous 
cargo are required to prenotify 24 hours in advance 
of arrival. One hour before arrival they are re
quired to report again. This increases safety and 
provides for more efficient traffic flow. Safety and 
free flow of traffic are thus combined. 

Question: Were the people who required that cars 
be accompanied by flagmen really wrong in their per
ceptions? 
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Lake Barrett: Right and wrong are value judg
ments. Everyone would like to live in a risk-free 
society, and we see these concerns with nuclear 
power. But the concerns are out of proportion to the 
real risks. Technocrats must learn to communicate 
more effectively with the public. 

Question: Is it responsible to introduce a tech
nology (nuclear power) that can kill as many people 
as automobiles do. 

John Barnum: The question cannot be asked without 
offering a trade-off or a benefit. You cannot simply 
ask, "Do you want to kill 50,000 people a year?" The 
answer is no. Why are you introducing the tech
nology? What is its purpose? 

Lake Barrett: When you consider the value of the 
automobile and the benefit it has brought the indi
vidual in America, the answer is yes. People believe 
that they are safe drivers. They believe that they 
are in control. It is difficult to place that kind 
of confidence in an institution. 

James LaMor te, Vancouver, British Columbia: Mrs. 
Sonnenberg, as a local official, do you respond to 
technical information or public opinion, and how do 
you balance the two? 

Barbara Sonnenberg: I have a technical background 
in chemistry and engineering. I like to respond to 
technical information. There is not a lot of pres
sure from the public on hazardous materials issues. 
But there is an uneasy feeling. We do not get calls 
about normal hazardous materials movements. 

Lake Barrett: People who write cards and letters 
do not always represent public opinion. They do, 
however, have a greater impact than the silent pub
lic. It is a basic problem in a democracy. Officials 
say and do things that they think their constituents 
want. But these officials may not always be correct 
in their interpretation of the desires of the public. 

Barbara Sonnenberg: Two candidates for governor 
of Tennessee have made an issue of a moni tared re
trievable storage site (MRS) (nuclear storage). 
There will be a great deal of public interest at the 
local level. The opposition will stir up fear and it 
will be difficult for any official to defend the 
storage site. 

Eugene Russell: If the public believes that 
county officials do not share their feelings on the 
issues, they will not vote for those officials. 

Gerald Meier, Association of American Railroads: 
The public should assume a certain level of risk. 
Government should mitigate risk. At what point do we 
decide to divide our efforts between promoting risk 
acceptance verses risk reduction? 

Johan Bloem: If production, use, and disposal of 
a hazardous material is too dangerous then it is not 
acceptable. If it is acceptable then it must be 
transported safely. It is not a question for trans
portation authorities. It is a question that should 
be answered before the material is introduced into 
society. 

Barbara Sonnenberg: The public can accept risk if 
it believes that responsible people are doing every
thing as it should be done. The public does not now 
believe that everything is being done properly. 

The public believes, for instance, that trucks 
are a menace and a hazard. They see, through the 
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media, the few accidents that have gotten out of 
hand. They assume that this is a common occurrence 
and they wonder why the problem is not being ad
dressed. The public tends to assume the worst. 

John Barnum: Barbara Sonnenberg suggests that the 
public is comfortable so long as it believes that 
everything possible is being done to deal with the 
problem. The public is comfortable with less than 
that. The public is beg inning to realize that gov
ernment cannot do everything. People realize that 
there is a limit to the government's resources. They 
realize that priorities must be established. We must 
ensure, with better knowledge, that those priorities 
reflect realistic and achievable goals. We must en
sure that we maximize the gain within the framework 
of the resources we have. 

Marjorie 
Sonnenberg: 
regulations, 
consider the 

Mathews, Transport Canada, to Barbara 
When developing local routing rules, 
and programs, to what extent do you 

state and national interests? 

Barbara Sonnenberg: The states, in conjunction 
with local interests, can establish routes. But 
local communities cannot simply refuse to allow 
traffic through their community. There must be coop
eration at all levels. This, however, is an issue 
that is more effectively handled at the state level 
than at the national level. 

Comment: Based on the experience at Three Mile 
Island, the public heard a number of experts voicing 
conflicting opinions. The citizens were confused. 
Secrecy in the name of public welfare only created 
distrust. The citizens should be involved early in 
the decision-making process. This will greatly im
prove public trust and assist in the public's ac
ceptance of risk. The public must be given accurate 
and timely information. 

Lake Barrett: This is a communications problem. 
We should involve people at the lowest possible 
political level. This is what we are trying to do 
with nuclear waste shipments. We want to shift the 
responsibility for routing to the state and local 
levels, 

The problem with conflicting experts is partly 
rooted in the media presentation. The media will 
represent extremes in differing viewpoints. The 
media do not represent the consensus view. This 
again, is part of the communication problem. 

Hugh Lewis, Health and Safety Executive, United 
Kingdom: I was surprised to hear Barbara Sonnenberg 
state that in Memphis there is little public concern 
about the transportation of hazardous materials. In 
the United Kingdom there is considerable public con
cern about the transport of dangerous substances. 
Following Bhopal, we received a number of letters 
asking that the transport of methyl isocyanate be 
banned. This demonstrates that the public is aware, 
to coma oxtont, of the ieeue. 

The public, however, may have some misconceptions 
about the problem. The public needs more and better 
information. This can only improve the quality of 
public input. Industry must work with local offi
cials to improve the public's understanding. Indus
try should help teach the public the benefits of 
these chemicals and how their lives are affected by 
these chemicals. 

Barbara Sonnenberg: The public is concerned and 
is unsure of what action their representatives 
should take. People are concerned about themselves 
and their children. They are also concerned that 
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what is acceptable now may not be acceptable to 
future generations. 

Eugene Russell: It is probably true that if the 
public thinks that a good job is being done, it will 
not worry. The city of Memphis has an outstanding 
record in emergency response and preparedness. 

E.L. Quarrentelli: There is serious question 
whether many of the issues raised here can be solved 
simply by better communication. Different groups 
have different goals and values. At some point you 
go beyond the problem of communication and reach the 
point at which fundamental value differences elimi
nate the possibility for a generally acceptable 
solution. 

The concept of a uniform, homogeneous public is 
false. The public is composed of proactive, neutral, 
and reactive entities. The public is a diverse 
group. To understand the public's behavior it must 
be recognized that the public is indeed a hetero
geneous collection of individuals with conflicting 
values. 

Question: Has anyone studied the composition of 
the public in terms of values and perceptions about 
hazardous materials issues? 

E. L. Quarrentelli: Many studies have been con
ducted on the operation of public opinion. Although 
none have speci ficaJ ly dealt with hazardous materi
als, there is no reason to believe that the behavior 
of the public on hazardous materials issues is sub
ject to a different set of principles. We are fairly 
capable now of predicting the public response to 
most issues. 

Johan Bloem: Several studies have been conducted 
in Holland on public opinion and attitudes toward 
hazardous materials activities. The results are 
available. 

Jerry O'Driscoll, Norfolk and Southern Railroad: 
The public is largely uninformed and suspicious. 
They question the integrity of the experts and in
dustry. They react to rumor and fear. 

There are those, in public office, who have and 
will continue to capitalize on that fear. These pol
iticians would react to the public's fears with 
measures that will not solve the problem. In fact 
they may create greater problems. This lack of in
tegrity is the real threat. 

we cannot allow these people to take a position 
on an uninformed public reaction. The consequences 
of that type of action are fearful. We must approach 
these issues rationally. we must maintain a high 
level of integrity on the public stage. 

Eugene Russell: Mr. Friend, would you like to 
offer closing comments? 

navid Friend; Two points require clarification. 
It is indeed very difficult to generalize about the 
attitudes of the public. The paper probably should 
have focused more on the differences between local 
officials and the public at large. But the purpose 
of the paper was to provide insight into the group 
that is concerned about hazardous materials and not 
the group that does not care. For the group that 
cares, more knowledge is needed. 

Finally, the position that local officials take 
on the prenotif ication issue is reasonable from 
their perspective. They take that position because 
they do not have the knowledge that informs them 
that it is a socially unreasonable position. 



Section 8 
Strategic Planning for 
Hazardous Materials 
Transportation Safety 



Strategic Planning for 
Hazardous Materials Transportation Safety 

John A. Granito 

ABSTRACT 

Strategic planning, a complex process that is comprehensive in scope and inte
grates all relevant subsystems, is a key factor in increasing the safety of 
hazardous materials transportation. Careful consideration needs to be given to 
the organizations that would develop a strategic plan and to the formulation of 
the goals that would underlie the plan and the objectives and tactics that 
would stem from it. Basic considerations are which participating organization 
would be given the lead agency role and who would make that initial as~ignment. 
In order to assure widespread agreement and cooperation in implementing the 
plan and in monitoring the future actions of the many participants in hazardous 
materials transportation, broad-based participation in the planning process is 
necessary. This would appear to be more fruitful than unilateral development 
and costly enforcement efforts. All relevant constituencies should engage under 
a clearly stated mission statement and a set of mutually acceptable goals. Even 
though the general public may have an exaggerated concern over transportation 
hazards, any strategic plan must emphasize mitigation. Increased data collec
t ion and risk analysis are needed to help maximize the tactics of mitigation 
and to enable more accurate predictions to be made. Even the incidence of cata
strophic rare occurrences may be reduced through an increased knowledge base. 
However, the difficulties of building an incident-reporting system are recog
nized. This enhanced data base would also enable a clearer view of the concept 
of acceptable risk, although the issue of who may set an acceptahle level leads 
to contention. Although government undoubtedly has several crucial roles in the 
strategic planning process, it would appear extremely helpful and effective to 
have relevant industrial participation. How much responsibility should be 
assigned to industry and how final planning determinations would be made hy a 
broad-based task force need resolution. It is apparent that a national strategy 
based on clear goals is needed. Media attention to hazardous materials inci
dents is high, as is legislative and citizen attention. Industrial and societal 
progress may well be hampered by understandable public reactions to recurring 
accidents. Continuing delay compounds the issues: a comprehensive plan designed 
as a national strategy is needed now. 

Strategic planning is typically the comprehensive 
consideration given by an organization to the ways 
in which it should act and the timing of those acts 
in order to assure a successful future. In the pro
cess of strategic planning, all forms of assets and 
liabilities (or "threats," as the latter are termed) 
are identified and fed into the calculations so that 
the emerging plan and resultant actions are not ham
pered by unforeseen challenges. The similarities be
tween strategic planning and relatively simple long
range planning are obvious. However, strategic 
planning necessitates not only a clear understanding 
of goals but a detailed examination of all aspects 
of the organization's life and environment including 
careful analysis of the internal subsystems and 
their interrelationships and all relevant facets of 
the surrounding environment. It might be said that 
strategic planning expands on basic planning by add
ing the surrounding environments and their subsys-
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terns to the action formula. It is integrative in 
that ideally it considers all relevant subsystems 
and comprehensive in that it factors in all recog
nized contingencies. True strategic planning to 
increase the safety levels of the multimodal trans
portation of hazardous materials is indeed a complex 
process. 

A primary step in planning is the setting forth 
Of the Organization IS mission--itS raison d I etre • 
The broad goals of the organization must stem from 
the mission statement and make eminent sense from 
that perspective. It is not unusual, of course, to 
find an organization acting outside its mission. At 
times one hears of primary and secondary missions, 
perhaps producing an oxymoron. Often, as an organi
zation takes on a life of its own and the survival 
instinct develops, missions change or enlarge. Sel
dom are they reduced, because the growth instinct 
appears to at least parallel the desire to survive. 
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To open but a tiny view of the complexity of this 
subject, consider the difficulty of producing a mis
sion statement agreeable to manufacturers, shippers, 
carriers, storers, users, regulators, and citizens 
and one that can be translated into attainable goals. 

Once the mission is defined, goals need to be 
agreed on and stated. Not only should these goals be 
attainable, but progress toward them should be mea
surable. It should be possible to learn how well the 
targets are being approached and when they have been 
achieved. Goals are sometimes mistaken for the mis
sion statement itself. Rather, they are the reasoned 
aspirations of an organization that demonstrate that 
its mission is understood and will be fulfilled. 
Goals are generally painted with a broad brush, be
cause each goal may be composed of several or more 
objectives. Just as a goal must make sense when it 
is cast against the mission, each narrower objective 
must look reasonably toward some portion of its par
ent goal. 

Goals are reached by planned broad considerations 
for action termed "strategies," a word that comes 
from the Greek term for military general. The sev
eral objectives that may derive from a single goal 
statement and that together lead to that goal at
tainment are each reached by a "tactic," which comes 
from the Greek word for arrangement. Generals, of 
course, set the broad scope, the strategic plan, and 
field officers arrange and manage the tactics that 
fulfill the generals' strategy and thus attain the 
goal. Emergency response personnel are required to 
study strategy and tactics; perhaps policy makers 
need to attend more to defining missions, goals, and 
objectives. 

Said concisely, then, strategic planning for in
creased safety requires that the group doing the 
planning have a relevant mission properly sanctioned 
and that a set of appropriate, clearly stated goals 
capable of measured progress be developed. The stra
tegic plan would be constructed to attain these. The 
plan would reflect the known assets and 1 iabili
ties--those factors that favor the plan and those 
that would constitute hurdles to be overcome. 

However, strategic planning is subject to the 
same phenomena that beset any other type of plan
ning. First, the production of a document may well 
lead to no action. Plans are typically the recording 
of promises that people make to behave in certain 
ways under certain circumstances. The test is in the 
actual behavior, the action, and not in the promise 
or its writ ten record. Second 1 any movement toward 
goals may well be a result of the human interaction 
that constitutes the planning process and not of the 
plan itself. Third, unless those to be affected by 
the plan participate in its construction, they are 
likely not to give full cooperation. Fourth, unless 
the constructive process of discussion proceeds on a 
continuing basis after the plan is completed, prog
ress toward goals will progressively slow down. 

With these general observations about strategic 
planning in mind, the discussion turns now to an 
examination of who might participate in the process 
of strategic planning for the safer transport of 
hazardous materials and under what conditions. 

GROUP PARTICIPATION 

Typically those who construct the strategic plan are 
either in legitimate control of the organization or 
are appointed by that group. Although unofficial 
groups may well engage in strategic planning, their 
plans need to include ways of their taking control 
of the organization that they dispute. For example, 
the strategic plan of a group that protests the 
transport of radioactive material over certain 
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routes must include either extensive legal or il
legal action steps, because their plan is directed 
against organizations other than their own. In this 
sense, strategic planning may take place within an 
organization for its own future or outside of an or
ganization by an external group desiring to exercise 
control. 

There is, of course, another format for strategic 
planning, useful when more than one organization has 
a legitimate interest in the future of a particular 
subject. This might be termed "interorganizational" 
strategic planning, and, theoretically at least, it 
provides the avenue for solving complex societal 
problems such as safer transport. There appears to 
be widespread consensus that any aspect of hazardous 
materials, certainly including their transportation, 
legitimately involves the concern and involvement of 
several organizations. 

Each of these organizations undoubtedly is able 
to mount arguments that call for its major and 
critical involvement, sometimes in a "lead agency" 
position. For example, manufacturers might argue 
that trends in court liability rulings necessitate 
that their concerns be preeminent or they will be 
forced out of business. Governmental agencies demon
strate strongly that federal legislation or state 
legislation makes their role preeminent in the en
tire arena of safe transport or in a subset of it, 
such as vehicle inspection or response team train
ing, or any of a long list. Local, state, and fed
eral emergency response departments provide a clear 
example of lead agency disputation during serious 
chemical incidents. Sometimes the various legisla
tive enactments of local, state, and federal law
making bodies appear to be in conflict regarding 
which group has what responsibility. The phenomenon 
of convergence of agency and informal group atten
tion directed to hazardous materials transport is 
becoming increasingly apparent. 

The issue of who participates in strategic plan
ning for safer transportation must include questions 
of mission. Through either historical precedent or 
significant legislation or both, some agencies can 
demonstrate that they have a major role because of 
designated mission. Among others, the U.S. Depart
ment of Transportation (DOT) and the Coast Guard 
fall within this category. In the response phase, so 
do local fire departments. Through a variety of 
means, some groups have acquired new or expande<l 
missions that encompass hazardous materials trans
portation, or the agency has been founded because of 
a perceived need unfulfilled by others or a sense 
that coordination of effort is necessary. 

It can be said that government at several levels 
bas the responsibility and obligation of protecting 
1 ives, property, and the environment. Although as
pects of that concept are arguable and subject to 
interpretation, most citizens appear to believe that 
some protection is their due. Protection from for
eign invasion is viewed as a federal responsibility 
and protection from fire as a local responsibility, 
for example, with each subject to the trade-offs 
nece~~ary b~~auR~ nf ~ Rhnrt~gP nf t~x dollars, or 
variations in the concept of state and home rule, or 
the prerogatives of the private domain. Very often, 
however, local and state governments look to the 
federal government for secondary, or even primary, 
assistance. The entire question of preemption and 
enticement through federal cost sharing or funding 
of local projects or the adoption of model legisla
tion at the state level for the same reasons has 
been raised in recent years. The key question rele
vant to strategic planning is which groups should 
participate and where should the lectu role or roles 
be assigned? 

Viewed from afar, the concept of nonzero sum 
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theory appears to apply. Power would be defined as 
the ability to transport needed goods with very low 
exposure of life, property, and environment ana 
without unreasonable cost to manufacturers, ship
pers, carriers, or emergency management and response 
personnel. Power would not be defined as a finite 
amount of ability to control others and belonging to 
a particular organization or group as in a zero-sum 
framework. Under the nonzero sum construct, as addi
tional contributions of ideas, cooperation, or 
resources emerged, the volume of power available to 
do the job would increase. Extending this nonzero 
sum approae h, lea d or pr ima ry agencie s wo ul d vary , 
probably with t he t a s k. So me tasks , s uch as i ns pec 
tion , i nvest igation a nd analysis , train ing , c e rtifi 
c ation, and response, would a lways be necessar y . 
There·f ore, if a strategic plan calls for the lead
age ncy concept , t hese designate d agencies are likely 
to r e tain t hos e roles over a l ong per iod. 

Should strategic planning lead to a single lead 
agency, with other agencies and organizations desig
nated by law, history, and the strategic plan for 
selected roles? Is it even possible to organize for 
strategic planning for hazardous materials transpor
tation without having a lead agency already in 
place? Special Report 197 of the Transportation Re
search Board (_!) , compiled by a large group of ex
perts representing many disciplines and interests, 
calls for DOT to be designated as the lead federal 
agency. However, that report notes that Congress 
ove r t he yea r s has addr e s sed the transpor tatio n of 
ha z a rdou s mate r ial s and waste through 60 o r so ma jor 
publ ic laws a nd ha s related t hose l aws to a number 
of agencies in addition to DOT. What options, if 
any, are available? 

It would appear to be difficult to organize for 
and conduct s tr a t eg i c plann i ng without having the 
impetus and c oor d i nat ion c omi ng from the federal 
level. Although there is great interest within the 
various states, and interstate cmrunissions and gov
ernors' councils have been involved, these groups 
appear unable to mount a national effort. The same 
is true of the several associations of transporters 
and chemical manu facturers. In addition, the weight 
of levels less t ha n federal is likely insufficient 
to achieve desired results. 

Certainly there are examples of interagency task 
groups that have achieved commendable results. Is 
this a pproach to str ategic planning for haza r dous 
materials transporta tion likely to be frui tful? Ad
vantages could be that several agencies would emerge 
more committed to the plan, because they would have 
participated in its formulation, and that the plan 
would have higher quality because of the added in
put. In addition, if the strength of strateg ic plan
ning stems largely from the process, the process 
should be enhanced because of the broader base of 
participation. 

Combining the lead-agency concept with the inter
agency task g roup a pp roach produces , very likely, a 
s t rategic planni ng group fo r mally l ed by DOT and in
volv i ng not o nly other r ele va n t agenc i e s but non
governmental organizations as well. 

It can be argued, of course, that instituting 
such a strategic planning group presupposes a high 
level of federal responsibility in the area of haz
ardous materials transportation. Within that argu
ment one must question whether the nation faces or 
will face problems of sufficient magnitude to war
rant the development of a national strategy and 
whether such problems fall within the category that 
should and must be addressed at the federal level. 
The history of federal concern over and involvement 
with hazardous materials extends for more than 100 
years, and there seems to be little, if any, opposi
tion to exercising leadership and control at the 
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federal l evel . How extensive should the carrying out 
of the fede ral responsihility be and how e xtensive 
relative to the public, the industrial, the lower
level governmental, and the international constit
uencies? 

MITIGATION 

Certainly there is a national sense that there is a 
substantial and serious problem with hazardous mate
rials, t oxi c substances, a nd hazardous wa s t e . The 
volume of media and public attention focused on it 
is pe r haps greater and more pervasive than on any 
topic inter nal to the nation. Despite the advisement 
of many experts that transportation hazards are ex
aggerated, perhaps greatly, the citizen and lawmaker 
demand increased safety. To achieve some level of 
perceived performance closer to a zero accident con
dition require s more tha n l egi slation and t he en
fo rcemen t o f t ha t legisl ation . Consequen tly , a high 
level o f c ooperation i s necessary among the s ubsys
t ems t ha t mak e up t he t otal t r a nsportat ion system 
f or hazardous ma terials , ranging f rom a higher l evel 
o f pe r fo r mance fo r transport ing-ve hicle operato rs t o 
incr::eased p ublic e ducation. Ma ny components wo uld 
ne ed dovetailing , a nd thus pr iva t e as well as 
governmental involvement in strategic planning is 
necessary. Obviously, that same involvement would be 
needed to implement an action plan and maintain the 
desired national condition. 

To manage a safer s ystem, emphasis would need to 
be placed on p revention, because it is the only ac
tion phase of emergenc y management that exists ab
sent the occurrence of a transporta tion accident, 
the least cos tly and disruptive i ncident being the 
one that never happens. Several way s exist to under
score prevention--mitigation, risk analysis and its 
variants, training, education, redesign and con
struction, retrofitting, legislation and the en
forcement of laws and regulations, recodif ication 
and clarification, and improved technology, to name 
a few. Unless strategic planning indicates other
wise, it appears that those who are closest to the 
t housa nds of daily s hi pments are in the best posi
t ion t o e xe rcise preventive measu.res . Responsibility 
falls heavi ly her e on t he private sector, ass umi ng 
t hat gove rnmenta l and l eg islative bod ies have made 
clear which steps and behaviors are mandated or what 
level of per f o r ma nce outcome must be maintained, if 
performance s tanda rd s are used. One a ssumes that 
private-sector representatives will participate in 
the planning and implementation stages and will thus 
have "brought into" the sets of behaviors that be
come mandated. 

NEED FOR DATA 

Much has been said and written about the apparent 
need to simplify and clarify the many applicable 
laws and regulations. If performance-based specifi
cations are formulated, dramatic changes in the 
management system will be needed, as well as vast 
conceptual differences in the evaluation and en
forcement activities. Would it be possible for more 
standardized enforcement to come from the private 
sector? 

Much of the data concerning accidents reveals 
that the heaviest losses typically result from rare 
occurrences, and questions emerge concerning whether 
mandated preventive measures can reduce the numbe r 
or effect of these catastrophic incidents. Although 
some experts despair of reducing these through regu
lation, others point toward performance standards. 
So-called rare occurrences underscore the difficulty 
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encountered in strategic planning because of the ab
sence of relevant data. Although the importance of 
data collection and analysis is well known among 
hazardous materials agencies and organizations, 
there still remains a se rious and debilitating defi
ciency. 

Gaps in the knowledge base are one important rea
son for limited ability to predict, and strategic 
planning would likely call for a massive and ongoing 
corrective effort . More is needed than data collec.
tion, however. Way s of arranging and manipulating 
data are needed so that researchers gain the maximum 
in their ability to discern patterns and to predict. 
Once again the issue emerges as to which group or 
groups s hould play the lead role . With many of the 
important data categories , agencies and subgroups 
have already accepted major roles. The investiga
tive , anal ytical , and data collection efforts of the 
National Transportation Safety Boa.rd, for example , 
are well known. 

A total reporting system is difficult to design, 
partly because some data must be supplied by those 
who have violated the regulations. Compa·rison with 
the National Fire Reporting System (managed na
tionally by the Federal Emergency Management Agency) 
is difficult, because in tha t system reports are 
filed by emergency response departments a nd not by 
the citizens who caused or suffered from the fi re. 
Rowever, strategic planning migh t well lead to the 
design o·f an integrated national hazardous materials 
reporting sys t em that would gather into an official 
data base more than can be corralled currently . Re
porting responsibility would have to be shared by 
individuals and carriers as well as governmental 
personnel at local, state, and federal levels. 

One area for strategic plannl ng exists that un
doubtedly must be conducted at the federal level: 
international shipments. The typical format for 
negotiating arrangements is the international com
mission or task force. Doubtless that vehicle would 
continue to be used. Progress has been made over the 
past several years because of increased communica
tion, but communication flow would need to be con
tinued in the strategic planning process. Interna
tional requirements for imports and exports would be 
factored into whatever emerges in a new plan, other
wise the gains in the national transportation scene 
would be partially offset by international transpor
tation losses. 

ACCEPTABLE RISK 

Closely tied to data collection and at least par
tially dependent on it is the concept o ·f acceptable 
risk. As alluded to earlier in this paper, accept
able risk is a phrase used to describe the degree of 
willingness to accept a stated condition that could 
lead to a hazardous materials accident. The concept 
is applied today in fields as different (or similar) 
as military strategy and city management . To use an 
analogy from the field of fire protection, citizens 
might inquire ef a .fire chief what would he needed 
t o decrease significantly the average annual fire 
loss . The replx might include a list of additional 
personnel and equipment resources, advanced tech
nology, improved attitudes toward fire safety , pub-
1 ic education, additional fire station locations , 
more smoke detectors , and fixed extinguishing 
systems. 

Merely compiling such a list, however, does not 
a nswer the question. Related to the list, one would 
need to know the initial and annual cost of the 
items and which items would likely bring about both 
the greatest gains and the most marginal improve
ments. Information would be needed concerning 
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whether various technologies are advanced suffi
ciently to provide what is needed. Of equal impor
tance, the citizens would need to judge how expert 
their fire chief is in predicting and then how much 
increased fire safety they wish and can afford to 
purchase. All of this must be calculated , of course, 
with the knowledge that a catastrophic airplane 
crash might occur on the central fire station roof, 
resul ting in heavy loss of life and property despite 
the additional precautions bought and paid for. What 
then , and how, is an acceptable level of risk 
decided on? Many people purchase rural homes miles 
from the nearest fire station, whereas others pro
test vigorously the closing of a neighborhood fire 
station. 

With many negative possibilities, the typical 
citizen is often content to assume that the theo
rized accident will not occur and to take the very 
often implied word of officials that all is being 
done that is needed. What has the power to change 
that type of mind set? Frequently , it is either in
creased and highly focused media attention or the 
occurrence of the dreaded incident close to home or 
family. A key question very relevant to hazardous 
materials transportation strategic planning is, Who 
determines an acceptable level of risk? The choices 
;ire '"'""ral and the answer selected helps to deter
mine not only who is to be involved in the planning 
process but the very nature and scope of the plan 
and resulting action. 

The controversy surrounding the transportation of 
nuclear waste and other radioactive materials is a 
product of those variables that go awry as groups 
juxtapose acceptable risk and societal need. The 
result at this point has local citizens and offi
cials unable to halt shipments on interstate routes 
and unable to learn when shipments will pass 
through. Moreover, few citiz.ens or officials can re
cite accurately the record of transportat ion acci
dents involving nuclear materiai . Reasons for unre
vea~ed timing are misunderstood or exaggerated; 
response protocols are almost nonexistent; both of
ficials and informal citizen groups oppose each 
other in their positions . History indicates that if 
a sign.ificant event occurs with material in transit , 
not only increased citizen attention can be expected 
but possibly disruptive citizen action as well. 

One may assume that if any single constituent 
group attempts to force on the others a level of ac
ceptable risk, widespread i;ejection will occur, An 
immediate remedy is to gather the constituent groups 
at the bargaining table and have a compromise deci
sion emerge. In an area of concern as emotional as 
hazardous materials transportation, however, compro
mise may be difficult or impossible to reach because 
of data shortage, the prominence of isolate<'I chemi
cal incidents, or the strong emotional pull of the 
issues and the1r possible consequences, however 
remote. Witness, for example, the vast difficulty in 
reaching accord over the feasibility of evacuation 
plans for certain fixed nuclear generating stations 
or acceptable routes for the trans portation of nuc
lear waste or highly toxic gases. 

Another option is to assign the determination to 
a higher level of government. In the case of nuclear 
materials routing, the use of federal highways may 
not be hampered by lower-level courts or jurisdic
tions. But zoning boards, fire inspectors, city 
councils , and other similar groups are examples of 
whete the power to determine acceptable risk may be 
lodged. One may enter the question of acceptable 
risk level definition related to strategic planning 
from one of two directions. Either attempts are made 
to designate the power for level determination to a 
group of individual beforehand or the strategic 
plam1ing process determines the "who" and that in-
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dividual, group, or agency is charged with making 
the determination. 

The focus of this issue is most often on the 
larger-scale problems and the higher levels of 
government, such as the use of interstate routes and 
the federal and state licensing of nuclear generat
ing stations. However, high levels of ire are fre
quently aroused at more local levels, with disagree
ment over the routing of hazardous materials through 
tunnels, over bridges, under or near high-density 
living areas, and the like. The concept of home rule 
is still exceedingly strong in this nation. 

This artifact of American life--"home is my 
castle"--has always made centralized decision making 
a more strenuous task. Risk analysis, though of in
creased predictive strength and value, is often 
overpowered by media reports of isolated hazardous 
materials incidents. Governmental structures are 
peopled at the highest levels by elected officials 
who swim against the tide at some considerable risk, 
and thus decisions that relate to placing the public 
at supposed peril are sometimes made regardless of 
historical or analytical data. 

Would it be possible, as queried earlier, to pre
assign exposure level determination and to turn to 
strategic planning for the details, or will it be 
the function of strategic planning to start at the 
beg inning and work through the issue of "who" as 
well as "how"? Could federal preemption be extendeCI 
beyond such items as common identifiers and unneces
sary delay to variables that local citizens and 
their elected representatives would view as directly 
risk related? 

A practical example is the temporary--sometimes 
long-term--storage of liquid propane gas tank cars 
on municipal rail sidings. Risk analysis, based on a 
reasonably large set of data, not only could provide 
percentage odds but, coupled with analytical studies 
of incidents, could inform us of ways to extend the 
odds in our favor. Could those calculations convince 
the officials and citizens of a given municipality 
that local ordinances should be superseded by a 
higher-level determination, and whose?--that of the 
state government? the federal level? the manu
facturer or carrier? 

It appears that some portion of the concern over 
hazardous materials transportation risks may be gen
erated not by transportation incidents but by fixed
location incidents, often involving hazardous waste 
disposal. Citizens and governmental officials under
standably may have difficulty in discerning a sig
nificant difference between groundwater pollution 
caused by site leakage and infiltration and soil and 
stream contamination caused by an overturned tanker. 
Once again, risk analysis and historical review 
could have the power to illustrate significant risk 
differences and ways of safeguarding each, but a 
general education and public information program has 
yet to appear that will do this. As a related factor 
to the general issue, a strategic plan could call 
for such steps. 

This process of working through the formulation 
of the strategic plan shifts the focus of inquiry 
from who will inform the public to how the public 
may be represented in the decision-making process so 
that its acceptance rate of risk level announcements 
is increased. 

THE ROLES OF INDUSTRY AND GOVERNMENT 

A two-step construct emerges when the role of indus
try is factored into the concept of strategic plan
ning for hazardous materials transportation safety. 
The first question that emerges asks what the 
involvement of industry should be in the process of 
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strategic planning. The second question raises the 
issue of what roles industry should be asked or al
lowed to fill when the plan is implemented. Trouble
some as well is the question of which of the several 
industries related to the transportation factor 
should be assigned. The illustrations for these lat
ter questions vary somewhat as the list of related 
industries is reviewed. 

For example, no matter who has participated in 
the strategic planning process, should the carriers 
be assigned the responsibility for training the 
first responder departments along the right-of-way, 
highway routes, and waterways? If so, whose stan
dards and criteria should be applied to the curricu
lum, the methods of instruction, and the evaluation 
of student performance? Should total responsibility 
for tank car design, vehicle driver qualifications, 
maximum load specifications, and such variables be
come the responsibility of the most relevant indus
trial groups? 

On the other hand, can a strategic plan ignore 
the knowledge base, experience, technical skills, 
and demonstrated social responsibility of industrial 
groups? Over the past several years manufacturers 
have fostered CHEMTREC and its variants, national 
response teams, the closest-team-response concept, 
local responder training, and other programs de
signed to foster safer transport and thus safer com
munities and environment. To imply that their inter
est is so vested as· not to be trusted ignores the 
record. No matter what the motivation, if the incen
tives remain, it can be expected that industries re
lated to the hazardous materials transportation 
issues will want to play and are capable of playing 
important roles. 

How far can governmental agencies and jurisdic
tions withdraw in favor of industrial involvement? 
Would the various related industries be able to play 
the lead role? One somewhat removed analogy that 
comes to mind is that of the medical profession. 
Many aspects of medical practice that relate to the 
safety of patients are established and enforced by 
the medical profession itself, functioning through 
ethics and standards committees, accreditation 
groups, medical societies, and the like. Indeed, one 
earmark of a profession may well be its willingness 
and ability to continuously hold its members to 
standards of professional conduct. It is well recog
nized, of course, that several levels and types of 
governmental agencies also monitor medical practice 
continuously and enforce rules, laws, and operating 
standards as well as issue licenses to practice. 
Other professions within the heal th sciences, such 
as nursing and pharmacy, are subject to these ex
ternal as well as internal judgments also. 

As health service groups are observed, it becomes 
evident that external, especially governmental, con
trols are exercised sometimes in a massive way, yet 
many complaints are not voiced by the consumer be
cause consumers perceive that they benefit the most. 
Because of the consumer-rights movement and related 
changes in society, including the massive and costly 
movement toward redress through litigation, health
related industries also appear generally to accept 
this federal oversight and control. The pharmaceuti
cal industry and the oversight exercised by the Fed
eral Drug Administration typify this. 

How might we get, if desired, extensive indus
trial involvement in setting, maintaining, and en
forcing rigorous transportation safety standards? 
Would the related industries and governmental agen
cies agree on the types and levels of. risk associ
ated with each mode under realistic conditions? 
Would the related industries be able to work with 
citizens' groups in establishing acceptable risk 
levels? How consistently can industry standards be 
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applied and enforced by its own membership? Is it 
legally possible to speak of enforcement of land, 
sea, and air modes without agency intervention? 
These questions and similar ones would need discus
s ion and response by the strategic planning group 
before decisions are made concerning how much in
volvement the associated industries should have in 
plan implementation. 

Chemical manufacturers, shippers, container manu
facturers, carriers, handlers, and the other sub
groups associated with the hazardous materials 
industry need another type of consideration in the 
strategic planning process: what levels of con
straint should be placed on them by whichever groups 
design and apply regulations? To reverse that con
cept, one asks what levels of encouragement industry 
should receive in order to bring about the flow of 
materials from consumer location in a timely, af
fordable, and nonchaotic manner. Certainly it is 
possible through societal or regulatory constraint 
to cut off or sufficiently reduce the flow of prod
ucts or waste to the extent that the need of society 
for various elements, compounds, and products is not 
met. 

The needed flow may be reduced also by the weight 
and ultimate cost of litigation, fines, and settle
ments. Once again, the experience of a seemingly 
far-removed group, the medical profession, illus
trates the difficulties that develop when the desire 
for consumer redress drives insurance rates to a 
level leading to threats of, or actual, withdrawal 
of service. The hospitals, which like hazardous 
materials cq.rr iers enable the needed product to be 
delivered, are affected in the same fashion, and 
they necessarily counterreact. In the case of pro
hibitive malpractice insurance costs, state legisla
tures have intervened to ensure that an adequate 
flow of service delivery will take place. Strategic 
planning for hazardous materials transportation 
safety will likely require that both sides of the 
consumer protection issue be scrutinized. A balance 
between' safety and economic issues is difficult to 
debate in the political arena, because it is so easy 
to be labeled as a representative of "big business" 
rather than of the "electorate" or the "average 
citizen," with the negative connotation that this 
implies. 

STRATEGIC PLANNING AND A NATIONAL STRATEGY 

The long and complex history of federal legislation 
and agency action relative to the safe transport of 
hazardous materials gives witness to the concept 
that some complex issues must be dealt with at the 
federal level even to the extent where preemption is 
necessary. The multiplicity of problems and concerns 
has been treated by several federal agencies, aug
mented by state and local action, as well as tech
nological and other advancements by the related 
industries. For several years a variety of organiza
tions, groups, and governmental figures have been 
calling for a more focused and systematic approach 
to the challenge of pulling together what exists and 
creating what needs to exist to produce a perceived 
safe, timely, and affordable national transportation 
system for hazardous materials. 

Such a system would have a broad array of subsys-
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tems, many of which act as servomechanisms for each 
other. One important set of subsystems relates 
directly to the concepts that form the very nature 
and scope of hazardous materials transportation. 
These concepts take concrete form in such issues and 
constructs as risk analysis, acceptable risk level, 
performance standards, enforcement levels, tech
nological applications, data base construction and 
analysis, sanctions, liability, regulations, and 
training. 

It is possible, as well, to view the expanse of 
relevant topics and concerns from the base provided 
by the umbrella concepts of mitigation, preparation, 
response, and recovery. This approach also leads 
quickly to the development of a long list of sub
topics and subconcerns and issues, each woven into 
the larger fabric of the system identified as hazar
dous materials transportation. Whenever discussion 
takes place a listing of types of both formal and 
informal organizations deeply involved and concerned 
with hazardous materials transportation emerges. 

So what is faced are complex issuesi several very 
relevant associated groupsi high and sometimes emo
tional concernsi staggering costsi complicated 
legal, moral, and technical issuesi and what could 
be awesome responsibility. No wonder the concept of 
a national strategy is so appealing. 

It is now possible in this country, following 
years of strong focus and intensive debate on hazar
dous materials, to capitalize on all that is avail
able--the experience, the results of research, the 
legislation, and the concept building. What would be 
a reasonable yet most significant next step in the 
desire to implement a national plan to increase 
safety in hazardous materials transportation? With 
examinations of the various dimensions of a national 
strategy available, the formation of a strategic 
planning group gathered under the auspices of a lead 
agency appears advisable. 

very careful consideration would need to be given 
to the setting provided such a task force, to mem
bership, to the process and changes for strategic 
plan approval once it is formulated, and to the 
scope desired in such a plan. Vested interests, 
civilian and governmental, would need to be factored 
in, and egos would need to be set aside for the com
mon good. Most important, it would need to be recog
nized that the strategic planning group should 
develop a life of its own and an instinct not only 
for plan development, but for plan adoption by the 
important constituencies, ending in plan implementa
tion. 

The step from examining need for a national 
strategy and what its dimensions might be to formu
lating and then implementing an actual strategic 
plan is a long one. It is, however, a possible one 
if taken in a measured cadence that carefully con
siders not only the immediate ground but the sur
rounding field. 
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SUMMARY 

Lawrence Bierlien opened the discussion by summariz
ing the issues paper "Strategic Planning for 
Hazardous Materials Transportation Safety" by John 
Granito. There is a need for strategic planning by 
industry as well as by government in the field of 
hazardous materials transportation and the regula
tion of that transportation. Implicit in this dis
cussion is the belief that current planning efforts 
are deficient. 

The first step in the planning process is to de
fine the mission of the planning group. A statement 
of attainable goals follows the definition of a mis
sion, and progress toward the goals should be mea
surable. These goals should not be mistaken for the 
mission statement. Goals are reached by sc;eking ob
jectives that culminate in their attainment. Plan
ning shows how to reach the goals to satisfy the 
mission statement. 

All levels of government have the responsibility 
to protect lives, property, and the environment. The 
key planning question is which groups should partic
ipate and to whom should the lead role be assigned? 
Many overlapping laws, agencies, and pr iv ate inter
ests are important in hazardous materials regula
tion. Granito endorses the idea of the U.S. Depart
ment of Transportation (DOT) as the lead agency, 
combined with an inter agency task group that in
cludes other governmental and nongovernmental orga
n i zations. 

Planning emphasis should be on prevention, and 
the private sector should bear substantial responsi
bility. A critical need exists for more data--the 
current level of data collection limits the ability 
to predict occurrences, their severity, and the de
velopment of performance standards that accurately 
reflect the transportation environment. Determining 
an acceptable level of risk is difficult, but this 
should not prevent good data collection and analy
sis. A planning task force becomes an independent 
force leading to plan development and implementation. 

DISCUSSION 

Lawrence Bierlien: What is the mission of DOT? To 
facilitate hazardous materials transport? To conduct 
research and development on containers? To select 

one mode over another? To decide which substances 
should be transported? To get involved in heal th 
hazards and transport? What is the planning process 
within DOT? Is it a 5- or 10-year process? 

Woody Chu: The Research and Special Programs Ad
ministration (RSPA) is such a small organizat i on 
that we have only enough staff to examine the record 
and consult the collective experience. A plan is a 
piece of paper and a byproduct of the most important 
element--the process. What is important is the man
date, the consultation, the implementation, and the 
continuity. 

Lawrence Bierlien to Ray Scanlon: Where do state 
and local governments fit into the planning process? 

Ray Scanlon: The Secretary of DOT formed the Na
tional Hazardous Materials Advisory Committee in 
February 1985, following a suggestion of the Airlie 
House Conference in 1969 and the Williamsburg Con
ference in 1981. The basic unanswered questions are 
who is responsible and what are they responsible 
for? No one has come to grips with this. The federal 
government should prepare and promulgate regula
tions, although enforcement and emergency response 
are state responsibilities. In order to plan, we 
need basic information such as what is manufactured, 
by whom, and where the critical areas are. We must 
remember that hazardous materials transportation is 
not a state, local, or national problem, it is a 
global network, and we cannot have a number of 
different states or countries taking individual 
actions. 

Marjorie Matthews: In Canada, the July 1, 1985, 
Dangerous Goods regulations were promulgated to des
ignate a lead agency and to define roles. The goals 
were to coordinate and provide safe transport of 
dangerous goods. A ministry advisory group was 
formed, including industry, modal representatives, 
and public and government representatives. The min
istry develops regulations for identifying and pre
venting release of dangerous goods. The goal is for 
a 60 percent compliance rate the first year and a 7 5 
percent compliance rate by the fifth year. The min
istry coordinates air, marine, and rail transport; 
highway control remains with the provinces. A ma jor 
issue is to identify research areas and to come to 
grips with research needs. 

Hugh Lewis: In Britain, we have an advisory coun
cil, the Health and Safety Committee, fo r med in 1974 
for the health and safety executive, who over sees 
health and safety issues related to work. The Health 
and Safety Committee represents both employers and 
employees, and both industry and local authorities, 
and it develops controls. When the controls and re
lated activities have been developed, they mus t be 
approved by the appropriate minister. The process is 
as follows: The committee reports a concern about 
employees working with pesticides to the health and 
safety executive. The executive staff develops con
trols for approval by both the agricultural and 
transport aspects. The controls must be approved and 
implemented by the Ministry of Transport. 

Any plan for the transportation of hazardous ma
terials ties to regulations for manufact uring and 
storage, but the Health and Safety Committee must 
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produce annually plans of work for the next year 
that include past achievements and sets forth new 
plans for the next 3 or 4 years. Advisory committees 
to the Heal th and Safety Committee include one on 
major hazards that produced the basis for the Seveso 
Directivest, which Britain adopted as a member of 
the European Economic Community. There is also a Gas 
Committee that may have as many as 30 members. The 
system appears to work. 

Lawrence Bierlien: It might be better to have one 
group making policy rather than the Environmental 
Protection Agency (EPA), DOT, or the Nuclear Regula
tory Commission (NRC) , which do not communicate very 
well or very often. 

Robert Christman: To industry, Washington is a 
jigsaw puzzle. The Mobay Distribution Department is 
responsible for customer and product distribution, 
and we have to consider every jurisdiction, county, 
state, and federal agency. It is confusing. To do 
our job as safely as possible, we believe that 
training and education, both inside and outside the 
corporation, are essential. As a company, we plan for 
the year 2050. The coalition of several years ago 
was a positive force because it started people talk
ing to each other. The Office of Technology Assess
ment (OTA) study was mandated by Congress. I am a 
member of the advisory panel for the study. The bi
partisan panel is made up of participants from in
dustry and all levels of government. Unless the fed
eral government becomes more actively involved in 
emergency response, the states and counties will 
need to become involved on their own as best they 
can. 

Lawrence Bierlien: Is anyone in DOT planning for 
the year 2050, Mr. Chu? 

woody Chu: DOT is studying and planning for the 
activity connected with the Nuclear Waste Policy Act 
in 1996. Granito's paper calls for a national strat
egy, a process of planning. At DOT, we do have peo
ple at work in many planning-related areas, such as 
prevention and enforcement and regulation. Section 
112A of the Hazardous Materials Transportation Act 
(HMTA) does define roles. The federal enforcement 
force is very small; we rely on the states. The 
States Hazardous Materials Enforcement Development 
(SHMED) program devoted a few million dollars to de
velop enforcement programs in 25 states. The Motor 
Carrier Safety Assistance Program (MSCAP) provides 
much larger amounts of federal money for motor car
rier enforcement. Responsibility for emergency re
sponse is primarily local, with assistance from 
state and federal governments. It is in this area 
that the greatest gap exists, but we have recognized 
this and put it in the planning process. We do not 
have a consensus yet, but we are moving toward one. 

Lawrence Bierlien: We have the problem of hazard
ous materials storage in rail yards. In Canada, whose 
responsibility is it for taking action? 

Marjorie Matthews: This clearly would be a fed
eral role in Canada. The Canadian Transport Commis
sion and the Transport of Dangerous Goods regula
tions give the authority to Transport Canada, and 
the enforcement authority rests with the Rail Trans
port Committee. Communities are prohibited by law 
from acting. 

Hugh Lewis: In the United Kingdom, hazardous ma
terials stored in rail cars would fall under the 
health and safety executive with final promulgation 
by the minister of transport. All dangerous goods 
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storage would fall under the health and safety exec
utive. 

woody Chu: DOT has many layers of responsibility 
that makes this rail car issue extremely difficult. 
The layering is repeated down government lines. No 
two of the six DOT demonstration sites had the same 
lead agencies. The lead ranges from the Department 
of Environmental Quality to a fire department, and 
perhaps this is not a high priority. DOT, EPA, and 
NRC are the agencies that have prime responsibility 
for transportation. DOT adopts NRC packaging regula
tions, while EPA coordinates its manifest require
ments with DOT. We think this is good coordination. 

Ray Scanlon: It is too easy to beat on the DO'l' 
staff of 60 and a budget of only $8 million. Look at 
the kind of funding the other agencies such as EPA, 
Federal Emergency Management Agency (FEMA), NRC, the 
Coast Guard, and the Department of Energy (DOE) 
have. A new policy-making body at the federal level 
similar to the Health and Safety Committee could de
fine the roles of state and local governments. In
dustry exploits the existing diversity. 

Robert Christman: Industry does not exploit. We 
have co regiscer, license, label, and so forth, and 
now we have to add new relief valves to tank trucks. 
The chemical industry's image is the sum of all 
chemical company activity, and we can never avoid 
all problems. 

QUESTIONS 

Don Deival, Exxon Canada, to Ray Scanlon: You indi
cate that the federal government should establish 
regulatory standards and states should conduct 
training. Where does industry fit in? Does the fed
eral government or industry set standards? In 
Canada, the definition of adequate training is when 
the employer is satisfied. 

Ray Scanlon: There are two kinds of training: (a) 
training for industry, and industry at its best does 
a good job, but coordination is lacking at the dif
ferent levels of transportation, and (b) training 
for regulatory enforcement and emergency response. 
Training for enforcement could be conducted through 
federally funded regional centers or by private con
tractors. 

Theoretically, industry and government should in
terface; in practice 'they do not. Industry does a 
good job, generally; the federal government should 
set training standards and implement them. Training 
is important because current enforcement forces are 
inadequate and enforcement is nonexistent. 

Marjorie Matthews: Canadian standards are set in 
response to industry. The U.S. system appears to be 
fairer than the European Economic Community, al
though the United States may need treaties between 
the states. European industry does not suffer. 

Mark Abkowitz, Rensselaer Polytechnic Institute, 
to Woody Chu: You mentioned the importance of the 
planning function. What information is needed for 
the planning process and what is the planning func
tion? 

Woody Chu: The role we play in planning is that 
of having the prime responsibility for local deci
sions, standards, and enforcement. In the area of 
emergency response, we have no statutory responsi
bility except for the Coast Guard. RSPA assumes a 
facilitative role, such as the Emergency Response 
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Guidebook, and offers technical assistance and sup
port. As for data, too much emphasis has been placed 
on a paper plan. The process is the important thing. 
Data are similar--data does not exist except in a 
computer and they are easy to misinterpret. Experi
mental data are important in planning. Data are im
portant for setting regulations; we know that and 
that is why we have emphasized bulk containers in
stead of small ones. 

Question to Marjorie Matthews: You hope for 75 
percent compliance in 5 years. We have a longer his
tory and we do not have 75 percent compliance. Why 
do you think you will get compliance? 

Marjorie Matthews: The only mode new to the regu
lations is the motor carriers and those shippers in
volved in pretransport. The other modes are already 
high on the learning curve. Our progress has not 
been smooth since we promulgated the regulations on 
July 1, 1985. We have been correcting the regula
tions since then. We expect both willing and unwill
ing compliers. We recognize the need for major 
awareness and education programs. We have six regu
lations offices and we are going after the industry 
segments that have the most positive attitudes. 

Question to Marjorie Matthews: Have studies been 
conducted to determine compliance in the United 
States? 

Marjorie Matthews: Yes, a study of Emory showed 
an 85 percent violation rate. Our target may be am
bitious, but we are trying. 

I would like to 
a global network; 

international ship-

Comment from British Nuclear: 
echo Ray Scanlon that this is 
there are many differences in 
ments of radioactive materials. 

Question from Ontario Ministry of Transport: What 
criteria would the Health and Safety Committee need 
before accepting a problem? 

Hugh Lewis: We have set up 10 factors or stan
dards by which we evaluate problems--although a 
given problem need not have all 10 standards to be 
considered: (a) new or previously unrecognized haz
ard, (b) new information on a hazard, (c) committee 
believes existing standards are too low, (d) re
sponse to public concern, (e) effect a proper sug
gestion by employers and employees of industry, (f) 
meet European Economic Community directives, (g) the 
existing container is inappropriate, (h) technologi
cal changes have rendered controls obsolete, (i) 
British standards and practices are inadequate, (j) 
disseminate information to meet needs of workers and 
industry about codes of guidance and practices. 

Lawrence Bierlien: Codes of practices? Guide-
1 ines? Has DOT ever looked at this as part of the 
regulations? 

woody Chu: I believe in the areas of pipelines 
and hazards--perhaps advisor ies--they are very cau
tiously used for field inspectors especially. 

Hugh Lewis: In the Heal th and Safety Act the 
obligation is placed on employers to maintain the 
safety of workers. Under that general obligation are 
"performance standards" or approved codes of prac
tice. If industry can show that its standard is 
equal, then it is free to issue it. Larry Botkin 
(Fruehauf) could put his low-profile prototype 
tanker into service. The standard is: "An operator 
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shall not use any vehicle not suitable for the con
tents." 

Lawrence Bierlien: The U.S. system is so spe
cific, the exemption process is necessary. Do exemp
tions exist in the United Kingdom? 

Hugh Lewis: We grant exemptions if any part of 
the industrial regulation is hindering technological 
improvements. The magic word is consultation. 

Jim Malloy, British Columbia, to Ray Scanlon: 
Vancouver is a marine terminal point and has no haz
ardous materials planning and many players, both 
federal and provincial, so no one can take charge. 
Who can take responsibility? 

Ray Scanlon: The federal DOT has generic safety 
standards for all modes and sensitive networks and 
areas such as multimodal. A role for state and local 
jurisdictions exists in these areas. Plan for a 
safety system and let geography define the area in 
which a concentration of manufacturing exists. Break 
the country down into five or six areas; let a fed
eral agency and others assume roles--areas of re
gional responsibility. We need new legislation to 
create a federal policy-making group to define roles. 

Ted Glickman, Virginia Polytechnic Institute, to 
Robert Christman: Please speak about the industry 
role in strategic planning. 

Robert Christman: Industry has become more active 
in response to community concerns to help the public 
understand. Industry must look outside its own fa
cilities planning and deal with public concerns. 
Plans such as the Community Awareness and Emergency 
Response require plant managers to go to communities 
and demonstrate emergency response capabilities. The 
National Community Response and Information Center 
includes Chemtrec (the Chemical Referral Center) and 
Chemnet and first-response training. Chemtrec is an 
emergency center that people can call and give de
scriptions and receive quick advice, and Chemtrec 
will put them in touch with the company. Chemnet en
sures eyes-on, not hands on, response by a nearby 
company to an accident involving a product that is 
not theirs. Training first responders so that they 
understand the chemical are different than fires, 
and response would be different than the fire fight
ing training they would have received. 

David Lewis to Hugh Lewis: We have not discussed 
military goods. Derailments do occur and often the 
military will not describe what is being carried. 

Hugh Lewis: In the United Kingdom, the Health and 
Safety Act covers all Crown activities. The distinc
tion is that we cannot enforce against the Crown 
(including the military). Some movements for hospi
tals require that they abide by standards. It is 
true that strictly military activities are not sub
ject to controls, but the military is supposed to 
label its ware wagons. The big question is: Does the 
Health and Safety Act apply to visiting forces? This 
we are not sure about. 

Jim Doyle, Chlorine Institute: Has the American 
propensity for lawsuits deterred dissemination of 
information on accidents? I am particularly con
cerned that Good Samaritan laws and emergency re
sponse difficulties be resolved. 

Lawrence Bierlien: The legal community has done a 
disservice by ~ailing companies that want to audit 
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themselves but fear a written record. The biggest 
legal problem is liability. There are 37 states that 
have some types of Good Samaritan Act; all are dif
ferent and not particularly effective. A national 
model leading to a uniform Good Samaritan Act should 
be developed, although legislation would be prefer
able. There is no real way to know in advance 
whether you are immune from a liability suit. There 
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is also a need for legislation to designate who is 
in charge and to address community problems. 

John Granite: In my paper I tried to present two 
points of view: a national effort or community ef
forts. In either case, process is the key. Think 
positively, because we are all going down parallel 
paths. 
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