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Planning for a Transportation-Related Hazardous Material 
Spill in a Municipal Watershed 

T. C. CRUSBERG,A. H. HOFFMAN, B. E. MURRAY,B.D. CULL, and C. E. BARNES 

ABSTRACT 

Because of urban sprawl, the formerly iso
lated water supplies of many municipalities 
are now exposed to transportation-related 
hazardous material spills. This study uses 
the water supply in Worcester, Massachu
setts, as a model to identify factors asso
ciated with the risk of a transportation
related hazardous spill and to assess the 
current response to a spill. Business and 
industry within the watershed were surveyed 
to determine the most probable types of haz
ardous materials being transported. Local 
police records were used to identify sites 
with a high frequency of accidents. Local 
officials were surveyed to determine the 
probable response to a spill. It is con
cluded that governmental infrastructure 
problems may prevent an adequate response in 
those sections of the watershed outside the 
municipal boundaries. Recommendations are 
made to eliminate some of these deficiencies. 

During the past quarter century urban populations 
have shifted into the suburbs and even more distant 
rural areas. Improved highway access, including con
struction of the Interstate highway system, has 
played a most important role in this decentraliza
tion. The ease of access to suburban and rural en
vironments is often an important factor in siting 
new industries there. 

The watersheds of many once-rural upland surface 
water supplies are now traveled by vehicles carrying 
a myriad of hazardous materials. Transportation
related accidental spills of hazardous materials 
pose an important threat to many potable water sup
plies (1_-_!), and there have been many instances in 
which drinking water was contaminated by hazardous 
material spills. Only recently have hazardous mate
rial spills begun to be properly reported. Since 
1980 comprehensive records have been maintained by 
only one New England state, Connecticut. Based on 
Connecticut data, it was estimated that the Region I 
office of the U.S. Environmental Protection Agency 
(EPA) received reports of only 7 percent of all 
transportation-related hazardous material spills in 
New England during 1980-1981, although 60 percent of 
the severe spills (more than 100 gal) were reported 
(1_) • 

In an attempt to determine the vulnerability of a 
surface water supply to an accidental transporta
tion-related hazardous material spill, the watershed 
serving the city of Worcester, Massachusetts, was 
studied to identify possibilities for a transporta
tion-related hazardous material spill, to determine 
the current response procedure to a hazardous ma
terial spill, and to recommend additional procedures 
that municipal agencies might take to prevent and 
minimize the environmental impact of a spill in a 
sensitive watershed. The study was carried out by 

the Water Quality Resource Study Group (WQRSG) (2_), 

made up of environmental professionals from four 
city departments, regional environmental and plan
ning groups, and faculty of the colleges and uni
versities of the Worcester Consortium for Higher 
Education. Since 1972 the WQRSG has combined re
search, public service, and education to solve many 
water-related problems in central Massachusetts. 

This study uses the Worcester watershed as an ex
ample to 

1. Demonstrate the value of surveying the busi
nesses and industries within the reservoir watershed 
in order to identify the types of hazardous materi
als likely to be used and thus transported within 
watershed boundariesi 

2. Locate the most probable sites for possible 
transportation-related spills by studying traffic 
accident patternsi 

3. Identify local, state, and federal experts 
and resources and to assess their abilities to react 
to the occurrence of a hazardous material spilli 

4. Examine state and federal laws and regula
tions that affect the reporting, cleanup, and com
pensation for a hazardous material spilli and 

5. Make recommendations that would serve to re
duce the possibility of a spill in a watershed and 
to minimize the impact of such a spill once it had 
occurred. 

THE WORCESTER WATERSHED 

The Worcester watershed (Figure 1) encompasses ap
proximately 40 miles• and is located almost en
tirely outside the jurisdictional limits of the cen
tral city in five surrounding communities (Holden, 
Paxton, Rutland, Princeton, and Leicester). For ref
erence, the large body of water shown in Figure 1 
north of Worcester and east of Holden is Wachusett 
Reservoir, which supplies Boston. The 10 reservoirs, 
each with a capacity between 15 million and 3 bil
lion gal, store a total of 6.65 billion gal of 
water. The system is geographically separated into 
two distinct watersheds that adjoin each other. 
Chlorine disinfection is the only treatment to the 
water before it enters the distribution system. 
About 35 miles of state routes and major roadways 
are located within the watershed boundaries. In ad
d it ion the watershed is traversed by numerous resi
dential streets and private roads. There are no 
major industrial zones within the watershed. How
ever, several commercial and small industrial users 
of hazardous materials such as plastic manufacturing 
plants, machine shops, gasoline service stations, 
and fuel oil distribution plants are located within 
the watershed. 

USERS OF HAZARDOUS MATERIALS 

Businesses in the Worcester watershed were identi
fied by using the Directory of Massachusetts Manu
facturers, 1980-1981, and the Yellow Pages of the 
central Massachusetts telephone directory. Groups of 
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FIGURE 1 The Worcester, Massachusetts, watershed (bodies of 
water indicated by shading). 

chemicals likely to be used by those companies were 
obtained from the Directory of Massachusetts Manu
facturers according to the standard industrial 
classification (SIC) code for each business. Elimi
nated from consideration were businesses that would 
not be likely to use chemicals or petroleum products 
in a sufficient quantity to pose the risk of a 
transportation-related spill (e.g., general con
tractors, dairy farms, coin laundries). Figure 2 
shows this analysis for the town of Holden. The 
Worcester watershed occupies a substantial part of 
the eastern boundary of Holden. Within Holden a 
major service road and state routes 122A and 31 pass 
through the watershed. Businesses within the water
shed likely to use hazardous materials are desig
nated on the map by a diamond-shaped symbol contain
ing the appropriate SIC number. The majority of 
hazardous materials include oils, plating wastes and 
sludges, gasoline and diesel fuel, and trichloro
ethylene. The single site with a high frequency of 
accidents in Holden is indicated by a square symbol 
in which the number of accidents that have occurred 
there is contained. 

This procedure was repeated for each of the other 
four towns in which the watershed is located (Table 
1). Based on SIC designations, the hazardous mate
rials used by businesses in the watershed are likely 
to be fuel and diesel oil, gasoline, and solvents 
used in electronics and metal fabrication. The busi
nesses use these materials in various manufacturing 
processes and also sell them commercially. Similar 
materials were used by businesses just outside the 
watershed boundaries. 

Fuel oil storage and a town landfill were located 
within a few yards of the watershed boundary in 
Leicester. State route 56 is located within the 
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FIGURE 2 Worcester watershed in the town of Holden. 

TABLE 1 Hazardous Material Use in Watershed 

Town 

Holden 

Leicester 

Paxton 

Princeton 

Rutland 

SIC No. 

27 
35, 36 
55 , 7 5 

17 

55, 75 

36 

17 

35 

75 

No. of 
Businesses in 
Watershed Possible Hazardous Material 

2 Inks, dyes 
7 Oils, plating wastes, sludges 
1 Gasoline, diesel fuel, oil 

4 

2 

Fuel oil (dealer) 

Fuels and oils associated with 
construction machinery 

Gasoline, diesel fuel, oil 

Fuel oil (dealer) 
Fuels and oils for buses 
Solvents, plating wastes, sludges 

Fuels and oils associated with 
construction machinery 

Oils, plating wastes, sludges, 
trichloroethylene 

Gasoline, oil, paint, trichloroethylene 

watershed and close to several reservoirs in that 
town. In Paxton (Figure 3) three gasoline stations 
are located within the watershed, and three major 
state routes (122, 56, and 31) are located in the 
watershed. A fuel oil company and several industries 
(SIC code 36) are also situated within the watershed 
in the town of Princeton, and the Boston and Maine 
Railroad right-of-way bisects the watershed in that 
town. State routes 31 and 62 are also found in the 
watershed in Princeton. The most important feature 
in Rutland is state route 122A, which passes through 
the watershed. 

Throughout the watershed in all communities, res-
idential communities are found in 
Thus virtually all roads in the 
traveled by fuel oil trucks. 

large numbers. 
watershed are 
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FIGURE 3 Worcester watershed in the town of Paxton 
(note six high-frequency accident sites)-

TRAFFIC ACCIDENT FREQUENCY IN THE WATERSHED 

A recent study of 123 traffic-related accidents oc
curring between 1972 and 1979 in which hazardous 
materials contaminated bodies of water in New En
gland <!l revealed that a variety of industrial and 
agricultural chemicals were involved. These included 
petroleum products, caustic soda, dioctylphthalate, 
alcohol, ethylene glycol, fertilizers, latex, methyl 
methacrylate, acids, styrene, toluene, trichloro
ethylene, and xylene. Crusberg and Smith (1) re
corded 306 similar events for New England f~r the 
years 1972-1981 using information obtained from EPA 
Region I. By comparing data obtained from Connecti
cut with that obtained from EPA, it was also esti
mated <ll that from July 1, 1980, to June 30, 1981, 
77 percent of such spills were not reported to EPA. 
Applying the same underreporting ratio to the 1980-
1981 EPA Reg ion I data for transportation-related 
spills of hazardous materials in which some of the 
spill material entered surface waters, it was esti
mated that approximately 106 such incidents occurred 
throughout New England during that year. Such events 
are indeed common. 

Traffic accidents involving carriers of hazardous 
materials represent a possible threat to the Wor
cester water supply because users of these materials 
have now been identified within the watershed. Traf
fic accident data were obtained from police depart
ments in each of the five watershed towns. In most 
towns it was possible to obtain data for a 3-year 
period. For Leicester and Princeton, data were based 
on a 2-year period. When data were grouped by 
3-month seasonal periods, the differences were not 
statistically significant. Data on the frequency of 
traffic accidents occurring in the Worcester water
shed are as follows (average number of accidents per 
year, 74): 

Town 
Holden 
Leicester 
Paxton 
Princeton 
Rutland 

No. of 
Accidents 
14 
11 
23 

9 
17 

3 

The foregoing data show that traffic accidents 
occur relatively frequently within the Worcester 
watershed. To date, no accidents have occurred in 
which hazardous materials have been spilled in other 
than minor amounts. Paxton accounted for 31 percent 
of all accidents, and 23 percent occurred in Rut
land. However, six of the nine sites with a high 
frequency of accidents (that had more than five ac
cidents during the survey period) were in Paxton. 
Severe accidents have occurred in Paxton at the in
tersection of state routes 56 and 122, including 
seven fatalities in the last 10 years (Table 2 and 
Figure 3). Three of the nine sites with a high fre
quency of accidents are within 400 ft of a tributary 
to a reservoir. Four such sites in Paxton are lo
cated along state route 122. The site with the high
est frequency of accidents is located only 600 ft 
from a major reservoir and directly adjacent to a 
tributary of that reservoir. 

TABLE 2 Sites with High Frequency of Accidents in the 
Worcester Watershed 

Town 

Holden 
Leicester 
Paxton 
Paxton 
Paxton 
Paxton 
Paxton 
Paxton-Rutland 

town line 
Rutland 

No. of 
Accidents in 
3-Y ear Period 

5 
9• 

18 
8 
6 
6 
6 

6 
8 

Note: R =reservoir; T =tributary. 

aBased on a 2-year period. 

Distance from Reservoir 
or Tributary (ft) 

850 (R) 
0 (T); 350 (R) 
0 (T); 600 (R) 
1,300 (R) 
1,300 (T); 6,600 (R) 
1,200 (T); 1,400 (R) 
1,650 (R) 

1,700 (T); 4,000 (R) 
400 (T); 13,000 (R) 

Another location with a high frequency of acci
dents (nine accidents in 2 years) is in Leicester, 
immediately adjacent to a tributary and only 350 ft 
from a major reservoir. In Holden, five accidents 
have occurred at scattered locations on roads adja
cent to reservoirs. 

There are fewer accidents in Princeton, probably 
because of both the absence of major routes and a 
small population living in the watershed. The Boston 
and Maine railroad, which bisects the watershed in 
Princeton, is a route over which hazardous materials 
are transported. A derailment in the 1970s caused 
spillage of rock salt, but there was no substantial 
impact on the watershed. 

REGULATIONS GOVERNING REPORTING OF SPILLS 

There are several laws and regulations governing 
emergency response to hazardous material spills. The 
Water Pollution Control Act of 1970 (Public Law 
91-224) requires reporting of spills of oils (Sec. 
llB) and hazardous materials (Sec. 12 and 40 C.F.R. 
117.3) to the federal government. First notice of 
pollution discharge must be made immediately, in ac
cordance with 33 C.F.R. 153.203, to the National 
Response Center (NRC) (40 C.F.R. 1510) or alterna
tively to the nearest u.s. Coast Guard or EPA of
f ice. The Comprehensive Environmental Response, Com
pensation and Liability Act of 1980 (CERCLA) (Public 
Law 96-510), through Section 103 (a), requires imme
diate notification to the NRC whenever there is a 
release of a "reportable quantity" of a hazardous 
substance into surface waters, navigable waters, 
drinking water supplies, land surfaces, and ambient 
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air within the United States. Reportable quantities 
are specified in 40 C.F.R., Part 110, for oil and 
Part 117 for 297 other materials. Typical reportable 
quantities range from 1,000 lb for benzene to 10 lb 
for hydrogen cyanide and l lb for the insecticide 
DDT. Other reporting provisions are contained in 40 
C.F.R. 171.15. A memorandum of understanding between 
the NRC and the Chemical Transportation Emergency 
Center (CHEMTREC) was signed in 1970, making infor
mation readily available to officials at the scene 
of a spill through a toll-free telephone number 24 
hr a day. 

The NRC also serves as initiatot of a chain of 
notification steps that set federal response plans 
into action (7). Local response to a spill in New 
England is co~rdinated through the EPA Region I of
f ice for inland waters and the Coast Guard for navi
gable or marine waters. Criminal penalties exist for 
noncompliance. 

Should a federal response be required, a regional 
response team (RRT) consisting in Massachusetts of 
officials of EPA and the Massachusetts Department of 
Environmental Quality Engineering (DEQE) and headed 
by one federal official (the on-site coordinator) 
must ensure proper removal of any spilled material• 
If necessary, federal money may be used to ensure 
that removal of hazardous materials is completed in 
the event that the responsible party cannot be iden
tified or will not take appropriate action (Federal 
Water Pollution Control Act of 1972, Sec. 311, Sub
section K; 33 C.F.R. 153.401-153.419). Under certain 
circumstances state or even local officials may also 
authorize removal of spilled materials and receive 
reimbursement. Costs of replacing or restoring re
sources damaged by pollution are not covered by this 
law. 

In Massachusetts reporting of oil and hazardous 
material spills must be made in accordance with 
Chapter 21, Section 27, Clause 14 of the General 
Laws, which also provides criminal penalties for 
noncompliance. The discharger is liable to the Com
monwealth for all costs incurred by the Commonwealth 
in containing and removing oil and hazardous mate
rial spills and also for the costs of restoring dam
aged areas to their original condition. Double 
damages may be assessed under Chapter 91, Section 
59A of the General Laws against a party who negli
gently discharges oil onto or into the waters of an
other party. In Massachusetts cleanup of a hazardous 
material spill must be performed by a licensed con
tractor. 

Related Massachusetts laws pertaining to response 
to hazardous material spills include Chapter 48, 
Section 59A, which encourages mutual aid, and 
Chapter 639 of the Acts of 1950, which established 
civil Defense. Section 14 of that act also allows 
mutual aid in the event of a disaster. 

LOCAL RESPONSE TO A HAZARDOUS MATERIAL SPILL 

Interviews were conducted with the police and fire 
chiefs of all five towns in which the Worces~er 

watershed is located to determine the response pro
cedure that would be followed in the event of a 
spill. In each town, the fire chief identified .him
self as the person in charge of hazardous spills· 
Table 3 gives the responses to that interview, giv
ing a tentative plan by each chief as to how he 
would proceed should a spill occur in the watershed 
area under his jurisdiction. None of the chiefs were 
aware of the precise boundaries of the watershed in 
their respective town. It is apparent that no common 
plan exists among the various town officials. The 
interviews revealed that all rire chiers were 
trained in tactics of dealing with hazardous ma-

Transportation Research Record 977 

TABLE 3 Response Sequence Suggested by Fire Officials 
in Worcester Watershed Towns 

Town 

Response from Fire Official" A B c D E 

CHEMTREC 1 2 1 1 
Massachusetts DEQE 3 1 2 2 
Worcester water bureau 4 2 3 
U.S. Coast Guard 4 
Town highway department 2 
Cleanup company 4 3 
State police 5 
Worcester fire department 3 
Company responsible for spill 

Note: Numbers indicate sequence in which each town would respond to a 
hazardous material spill_ 
3

In order of contact. 

ter ial spills. However, other firefighters may not 
be as aware of those tactics because of lack of 
training. Many of the local fire departments consist 
mainly or entirely of volunteers trained only in the 
essentials of firefighting. These interviews also 
revealed that equipment used to clean up spills was 
not available in the region. In addition only the 
city of Worcester had conducted simulation training 
for responding to a hazardous material spill. The 
Worcester fire department has protective clothing 
and air masks tethered to an emergency vehicle for 
use in these situations. 

The proper sequence of events following a spill 
would include notification of Massachusetts DEQE, 
which would send an Incident Response Team (IRT) to 
the scene of the accidental discharge. This team 
represents the state's contribution to the RRT. The 
identity of the responsible party is then made, and 
it is next determined whether that party will assume 
responsibility for cleanup; if not, the state inter
cedes and assumes that responsibility. The role of 
the RRT is advisory, because the local fire chief 
retains total control during the entire cleanup op
eration. Federal response would only be initiated 
for large spills. Usually state response in Massa
chusetts is quite efficient, because the state DEQE 
maintains four regional off ices. However, there are 
also four separate phone numbers, and on holidays, 
nights, and weekends another phone number is used. 
In contrast, the states of Vermont and Maine main
tain a single statewide emergency response telephone 
number 24 hr a day. The EPA Region I response is 
authorized from an office near Boston. 

It was estimated that a minimum of 2 hr would 
elapse between the time a spill event occurred and 
arrival of a cleanup company at the scene (Table 4). 
An analysis of the Somerville, Massachusetts, spill 
of phosphorus trichloride <.!D on April 3, 1980, 

TABLE 4 Estimated Minimal Time for Response to Hazardous 
Material Spill in Watershed 

Response 

Accident reported 
Fire chief arrives at site 
Site inspection (hazardous materials identified) 
CHEMTREC notified 
Massachusetts DEQE and U.S. Coast Guard 

notified 
Company responsible for spill notified 
Cleanup company notified 
Cleanup company arrives at site 

Minimal Time for 
Completion (min) 

By Response Cumulative 

5 5 
10 15 

5 20 
5 25 

10 35 
10 45 
10 55 
60 115 
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demonstrated that 3 hr was required before cleanup 
could actually begin and that technical information 
provided to local authorities only aggravated the 
already dangerous conditions at the accident scene. 
A spill occurring near a reservoir or one of its 
tributaries would require an immediate response in 
terms of containment before cleanup. Unfortunately, 
at this time no resources are available in the 
Worcester region to effect such a response nor are 
trained personnel nearby to supervise and carry out 
such an effort. Storm drains in major roadways were 
designed to minimize turbidity entering the reser
voirs, but no consideration was given to minimizing 
the impact of a hazardous material spill by retard
ing its passage with retention barriers. 

DISCUSSION 

Decades ago the city of Worcester and many other 
large communities in the United States built reser
voirs and purchased lands to protect their drinking 
water supplies. The recent decentralization of the 
~rban environment has led to extensive commercial, 
industrial, and residential development of once 
well-protected upland watersheds. This development 
has increased the possibility of transportation
related hazardous material spills within these 
formerly isolated watersheds. A serious governmental 
infrastructure problem exists in those cases in 
which the watershed lies outside the municipal 
boundaries. 

This study identified several deficiencies in the 
emergency response that would occur if a hazardous 
material were spilled within the Worcester water
shed. Officials from suburban or rural communities 
outside Worcester would be in charge of the cleanup 
operation. Although the officials in charge had re
ceived some training in handling the spills of haz
ardous materials, they did not appreciate the spe
cial problems that would arise in the case of a 
spill within the watershed. Many officials were un
sure of the exact watershed boundaries or the types 
of hazardous materials transported through the 
watershed. They also had oo contingency plans for 
dealing with an accident involving hazardous ma
terials within the watershed. The majority of fire
fighters in the suburbs and rural towns surrounding 
Worcester are volunteers and may lack training in 
hazardous material spills. There is virtually no 
equipment that can be made available quickly to 
abate a spill in the watershed. Most fire chiefs in
dicated that they would rely on the state DEQE to 
obtain the necessary materials and equipment. It is 
clear that considerable time would pass before an 
adequate response was undertaken. 

The Transportation Research Board (2_) has noted 
unresolved issues related to hazardous material 
transport. One issue, which could not be considered 
in this study, was the need for adequate training of 
personnel involved in handling hazardous materials. 
Another issue, the knowledge of geologic conditions 
in the vicinity of a spill, should be the responsi
bility of both town engineers or public works offi
cials and those city officials who must continuously 
monitor the watershed. Many suggestions have been 
made in the literature for dealing with hazardous 
material spills (10-13), and a contingency plan has 
been published by EPA (14). Canadian officials have 
also given much thought to hazardous material trans
port (15), and their observations and conclusions 
essentially parallel those of their U.S. colleagues. 

In 1981 the city of Worcester developed, in out-
1 ine form, a plan to give some direction in dealing 
with a transportation-related hazardous material 
spill within its own boundaries, but should a spill 
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occur in its watershed, much of that plan would not 
apply. 

The studies reported here indicate that it is 
relatively easy to identify the sites with a high 
frequency of accidents within the watershed at which 
a spill would pose an immediate threat to a reser
voir. It would not be difficult to undertake contin
gency planning for each of these sites. In many 
cases relatively inexpensive road drainage recon
struction projects could provide temporary contain
ment of hazardous material spills. 

Identifying potential users of hazardous materi
als within a watershed is a valuable aid in identi
fying the type of materials likely to be spilled on 
local secondary roads. Traffic surveys on major 
routes would help identify materials routinely pass
ing through the watershed. It is possible to esti
mate the amount of hazardous material released en 
route through the Worcester watershed by using the 
data and method of Abkowitz et al. given in another 
paper in this Record. Their results indicate that 
the expected fraction released per mile shipped 
ranges from approximately 1 x lo-• to 8 x lO-•, 
depending on the container class. These small 
amounts pose an interesting problem for a municipal
ity trying to arrange its priorities for allocating 
resources. A catastrophic spill may be extremely 
rare and may even be virtually impossible to guard 
against in a remote rural watershed. Yet readiness 
through thoughtful planning may lessen the impact 
should a spill occur and threaten a public water 
supply. 

It appears clear that the municipality deriving 
its water from the watershed must take the lead in 
solving the governmental infrastructure problem. The 
smaller surrounding communities have little incen
tive to use their resources to develop plans that 
would reduce the effect of a hazardous material 
spill on the larger municipality. 

The central city must work with towns in which 
its watershed is located to establish a common plan 
of action regarding notification of central city 
officials, prevention, and cleanup of hazardous ma
terial spills. Exact locations of watershed bound
aries should be made known to emergency personnel in 
all communities in which the watershed is located. 
Signs could be placed on local roads to identify 
watershed boundaries. Worcester may be unique in 
that virtually none of its reservoirs or watershed 
is under its own jurisdiction. 

The central city should consider the purchase of 
supplies and equipment that could be used to abate 
any hazardous material spill immediately. Training 
in placement of such materials and operation of 
equipment and other aspects of mutual aid that could 
benefit all communities in which the watershed is 
located should be undertaken. 

New road construction and road reconstruction 
projects within the watershed should include engi
neering measures that would prevent or contain haz
ardous material spills. Sites with a high frequency 
of accidents might be reconstructed solely for that 
purpose. Under certain conditions transport of haz
ardous materials across certain roads in a watershed 
might be prohibited. 

On a larger scale, states should establish a 
single statewide emergency response telephone number 
that is available 24 hr a day. 

CONCLUSIONS 

Transportation-related spills of hazardous materials 
pose a small but nevertheless real threat to public 
drinking water supplies. Using the watershed of the 
city of Worcester as a model, numerous deficiencies 
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have been identified that would prevent normal in
terception of a spill that could threaten a city 
water supply. Many of the deficiencies result from 
the need of the central city to rely heavily on 
other towns to respond to a threat to its water sup
ply. Numerous remedies have been suggested to cor
rect the deficiencies noted. This planning process 
and analysis of a municipal watershed model should 
have application to many other communities in which 
water supplies are subject to urban and suburban 
development. 
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Hazardous Materials: Developing Transportation 
Safety Programs on a Limited Budget 

DAVID J. FRIEND 

ABSTRACT 

The importance of moving hazardous materials 
safely requires that practical, low-cost 
ways be found to minimize the expense of 
transportation safety programs for such ma
terials. Ideas are provided on how state and 
local officials can perform risk assess
ments, develop emergency response capabili
ties, establish vehicle inspection programs, 
and provide hazardous materials training 
programs economically. Emphasis is given to 
such practical solutions as maximizing the 
use of available federal, state, and local 
resources; consolidating hazardous materials 
transportation activities with other state 
and local programs; expanding the use of mu
tual aid arrangements; maximizing the use of 
part-time and volunteer staff; and encourag
ing greater local industry involvement in 
hazardous materials incident prevention and 
emergency response activities. Examples are 
provided of how different state and local 
agencies can share the costs of providing 
labor, equipment, and materials. Ways in 
which pr iv ate industry has supported state 
and local hazardous materials transportation 
safety programs are also illustrated. State 
and local officials concerned with hazardous 
materials movements in and through their 
jurisdictions are encouraged to translate 
the cost-cutting measures and management 
practices identified here into practical so
lutions for their problems. 

The responsibility for and cost of providing hazard
ous materials transportation safety programs have 
always been shared by a partnership of federal, 
state, and local government and industry. Histori
cally, the federal government has provided the bulk 
of the resources for incident prevention, whereas 
local government and private industry have taken the 
lead in emergency preparedness activities and actual 
response to spills. State agencies provide some haz
ardous materials inspection and enforcement re
sources, targeted primarily at hazardous material ~ 

tank truck carriers. States also play a major role 
in coordinating the emergency response resources 
provided by others and (most recently) in providing 
for the cleanup of spills when federal and industry 
resources are not available (.!,,~) • 

Rapidly rising personnel and equipment costs, 
however, now jeopardize the combined ability of the 
public and private sectors to provide these impor
tant services. Public pressure to reduce the size of 
existing program budgets also threatens the exis
tence of numerous federal, state, and local hazard
ous materials transportation safety efforts. No 
level of government or type of hazardous materials 
transportation safety program is immune from the ef
fects of the shrinking dollar. These same economic 

pressures are preventing the establishment of new or 
expanded safety programs to address the growing con
cern with hazardous materials transportation. 

The importance of moving hazardous materials (in
cluding waste) safely requires that practical, low
cost ways be found to offset rising costs. Consider
able savings can result from 

1. Maximizing the use of all available federal, 
state, and local agency resources; 

2. Consolidating hazardous materials transporta
tion activities with other state and local programs; 

3. Expanding the use of mutual aid arrangements; 
4. Maximizing the use of part-time or volunteer 

staff; and 
S. Encouraging greater local industry involve

ment in hazardous materials incident prevention and 
emergency response activities. 

Cost-cutting measures and improved management prac
tices have been applied in hazards assessment and 
risk analysis, emergency response, vehicle inspec
tion and enforcement, and training and education. 
State and local officials concerned with the move
ment of hazardous materials through their jurisdic
tions should be familiar with the range of cost
saving opportunities available and take steps to 
apply them to their particular problems. 

PERFORMING A HAZARDS ASSESSMENT AND RISK ANALYSIS ON 
A LIMITED BUDGET 

A hazards assessment and risk analysis is intended 
to provide an awareness of the problems that may 
arise during the transportation of hazardous materi
als. The preparation of a risk analysis requires (a) 
obtaining information on hazardous materials move
ment, population density, and environmentally sensi
tive areas; (b) mapping the data collected; (c) 
determining the types of hazards present; (d) iden
tifying vulnerable areas; and (e) calculating the 
risks lld.l · 

Typically, few data are available to indicate the 
amount of hazardous materials movement into, 
through, or from a region. Exhaustive surveys of 
transporters and of ind us tries known to use hazard
ous materials are extremely expensive and time con
suming. Few states or municipalities have conducted 
such extensive surveys. Where data are available, 
they usually relate to special materials moved fre
quently in small quantities (e.g., radioactive ship
ments) or movements of hazardous materials by select 
modes (e.g., rail) • 

Although there is often the temptation to try to 
prepare for every kind of hazardous materials emer
gency, valuable resources should not be committed 
until a hazards assessment has been performed and 
the problem is really understood. Moreover, risk 
analyses do not need to be extremely detailed and 
costly to be useful. Collecting precise information 
on every chemical and every movement in a region can 
easily exhaust a budget. Complicated risk analyses 
that rely on complex mathematical models and result 
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in estimates of probabilities are expensive to per
form because they require detailed data and (some
times) the services of safety experts. A rough anal
ysis or assessment can be as valuable in determining 
what to expect and where to look for potential prob
lems with hazardous materials. In preparing such an 
assessment, local officials should 

l. Focus on the general classes of materials 
(e.g., flammable liquids, corrosives, radioactive 
ma t erials) be i ng transpor t ed and not become overly 
concerned with specific chemicals unless large quan
tities are stored, shipped, or generated in the 
region; 

2. Identify the major transport corridors and 
not become overly concerned with identifying the 
specific routes used by different modes, particu
larly movements by truck (local authorities may be 
able to supply this information) 1 

3. Describe the risks in subjective terms (e.g., 
low, moderate, high) and not become overly concerned 
with estimating precise probabilities based on a 
complex mix of different factors; and 

4. Use all of the information available from 
federal, state, and local agencies (Table l summa
rizes the type of information that can be provided 
by different agencies and organizations). 

Adhering to these general guidelines will keep the 
costs of performing a hazards assessment low. 

Costs can also be minimized by integrating a haz
ardous materials inventory effort with other ongoing 
data-collection or inspection programs. Although ex
isting information is likely to provide all that is 
needed to identify the movements of hazardous mate
rials by rail, air, water, and pipeline, additional 
information may be necessary on hazardous materials 
truck movements. A limited survey of the users and 
transporters of hazardous substances may need to be 
conducted. 

To conduct this survey as inexpensively as pos
sible, existing administrative structures and per
sonnel should be used whenever possible. Local fire 
department personnel, for example, routinely inspect 
businesses and industries for compliance with state 
and local safety codes. Given the proper authority, 
the inspection of select industries could include 
the collection of transportation-related hazardous 
materials data, perhaps as part of an existing per
mit process. It may be possible to obtain detailed 
information if a nondisclosure agreement is estab-
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lished, which simply states that none of the de
tailed information collected will be released on a 
firm-by-firm basis. These agreements permit the use 
of the data collected in statistical summaries only. 
Officials should be aware, however, that some state 
or local statutes prevent the consolidation of cer
tain program activities. Collective bargaining 
agreements may also prove to be a stumbling block. 

If existing staff are unavailable to determine 
hazardous materials truck movements, the use of 
part-time or volunteer staff to conduct limited sur
veys should be explored. Volunteers can easily count 
the number of trucks traveling a particular roadway 
that display different hazardous materials placards. 
If volunteers cannot be found, local employment 
agencies or skill bureaus can provide relatively in
expensive labor who, with a minimum of training, can 
also perform truck counts. 

r,ocal industry may also be willing to provide 
funding and support. Private industry is well aware 
of the importance of a good hazards assessment. Many 
companies will offer to support efforts of this kind 
because they do not want 

1. Scarce public monies wasted, 
2. 
3 . 
4. 

Taxes increased, 
The public unnecessarily alarmed, 
State or local prenotification 

enacted. 

or 
regulations 

In addition, industry involvement in such programs 
enhances their public image. In Santa Clara, Cali
fornia, for example, local businesses pay a fee to 
support a special chemical division in the Santa 
Clara Fire Department. This chemical division in 
turn is responsible for implementing the Chemical 
Hazards Assistance Program, which includes conduct
ing a chemical survey of every business in the city. 
Instead of contributing directly to a public agency, 
local industry could alternatively form an indepen
dent, nonprofit corporation to perform the hazards 
assessment. This approach has the advantage of over
coming the mistrust that the public may have of the 
industry. 

MOBILIZING EMERGENCY RESPONSE RESOURCES WITH 
LIMITED FUNDS 

First responders at the scene of a hazardous materi
als transportation spill require significant train-

TABLE I Hazards Information Commonly Available from Government Agencies and Industry 

Source 

Materials Transportation Bureau, U.S. Department of Transportation 
National Transportation Safety Board of Accident Investigation 
U.S. Army Corps of Engineers 
Civil Security Division, Federal Aviation Administration; also U.S. Air 

Transport Association 
U.S. Environmental Protection Agency 
Nuclear Regulatory Commission 
U.S. Geological Survey Distribution Branch; also U.S. Defense Mapping 

Agency 
Bureau of tlrn Census, U.S. Department of Commerce 
State agencies responsible for overseeing public utilities 
State environmental protection agency 

State office of planning 
State department of transportation (highway) 
State motor vehicle department 
State department of environmental protection or ecology, public health 
department, department of agriculture, pesticide board, fish and game 
department 

Local fire department; local civil defense agency 
Local industry directories 

Information 

Accident data about ha zardous materials in interstate transport 
Causes of specific accidents involving hazardous materials 
Ha zardous materials movement by water 

Movement of hazardous materials by air 
Hazardous waste dump sites (legal and illegal) 
Mnvr.mr.nt of radioactive materials by truck 

Topographic maps, aerial photographs 
Census tract maps, population and employment data 
Location of major pipelines 
Hazardous waste dump sites (legal and illegal); movement of hazardous 

wastes (manifests) 
Population density data and maps 
Roadway network; identification of rail operators and rail lines 
Accident data 

Topographic and other environmental data 
Hazardous materials (disaster) emergency response plan 
Type and location of major storage sites of hazardous materials and 

waste: 
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ing, need specialized equipment and materials, and 
must exercise more coordination than typically re
quired in other emergency situations. Although large 
urban areas with full-time fire departments may have 
special teams and elaborate emergency response and 
communication vehicles, small volunteer fire depart
ments often cannot afford such luxuries. Similarly, 
some departments may have ample supplies of a vari
ety of chemical suppressants, whereas others have 
few or none. 

It is not feasible or practical for every local 
fire, police, and emergency service organization to 
be fully equipped and staffed to respond to every 
conceivable hazardous materials emergency. In addi
tion, it is difficult to justify spending large sums 
of money for special equipment and materials that 
are used infrequently. Nevertheless, a high level of 
emergency preparedness is desirable so that the po
tential destruction and injury from a spill can be 
minimized. There are a number of ways to supplement 
existing resources and maintain an adequate level of 
emergency response preparedness without spending 
large sums of money. 

Federal, state, and local governments, as well as 
pr iv ate industry, already have many programs in op
eration for responding to hazardous materials inci
dents. These programs may be able to fill the gaps 
in a community's emergency response effort. Knowing 
the capabilities of other agencies and industry also 
prevents wasteful duplication of effort. Table 2 
summarizes the type of emergency response assistance 
commonly available from different agencies and or
ganizations. 

Local agencies are able to provide most of the 
equipment and materials necessary to respond to 
small spills of the most common hazardous materials. 
If a specific piece of equipment or material is not 
available in house, however, it can usually be ob
tained from other nearby sources. Having identified 
these sources, local officials should strive to set 
up a mutual aid arrangement to ensure that the nec
essary resources are in fact made available at the 
scene of a spill. A mutual aid program is an agree
ment among industries or government agencies or 
among both to share specific equipment, materials, 
or personnel in the event of a spill. Mutual aid 
programs have long been used to stretch emergency 
response resources and they take many different 
forms. The following are characteristics of mutual 
aid programs: 

1. They can be among public agencies or private 
companies or among both. 
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Example: The Berkshire County (Massachusetts) 
Mutual Aid System is an informal mutual aid agree
ment between 28 police departments and 14 fire 
departments. As the result of this agreement, a com
munications center has been established to coordi
nate the notification of, and response to, emergen
cies in Berkshire County (population approximately 
150 ,000) • 

2. They can be established to serve any size 
geographic area. 

Example: The Northern Ohio River Industrial 
Mutual Assistance Conference (NORIMAC) consists of 
industries and utilities located along the Ohio 
River between Moundsville, West Virginia, and New 
Martinsville, West Virginia. 

3. They can be concerned 
kind of spill (e.g., oil) 
transport mode (e.g., barge). 

only with a certain 
involving a specific 

Example: The Channel Industries Mutual Aid 
(CIMA) organization was formed in 1955 to coordinate 
emergency response capabilities in the general vi
cinity of the Houston (Texas) Ship Channel. Composed 
of the Houston Fire Department, local industry, the 
Port Authority, the U.S. Coast Guard, the Harris 
County Sheriff Department, and various volunteer 
fire departments in the Ship Channel region, CIMA 
membership now totals 84, all of whom must agree to 
a number of conditions before being allowed to join 
the organization. 

4. They can be formal (written) or informal. 

Example: The Mississippi Gulf Coast Regional 
Disaster Services Mutual Aid Agreement exists as a 
formal, written mutual aid arrangement made between 
city and county officials to deal with hazardous 
materials and other disasters in the Gulf Coast re
gion. Under the terms of this agreement, the in
volved parties agree to loan each other equipment 
and personnel and waive all claims for compensation 
that may arise from losses or damages incurred in 
providing assistance. 

For a mutual aid arrangement to be successful, 
the participating parties should first agree--pref
erably in writing--on the financial terms. Mutual 
aid can be established on a cost-reimbursement basis 
or on a free-service basis. The issue of liability 
is also important (~).Unless otherwise specified, a 

TABLE 2 Response Aid Commonly Available from Government Agencies and Industry 

Source 

U.S. Coast Guard 
U.S. Environmental Protection Agency 
U.S. Department of Energy 

State departments of emergency services, civil defense, and envfronmental 
protection or state police 

Local fire, police, public works, civil defense, and public health 
departments 

Local chemical companies 
Oil refining and storage facilities 
Constructlon companies 
Transportation companies 

Pollution cleanup contractors 
Chemical Transportation Emergency Center (CHEMTREC) 
National Agricultural Chemicals Association (NACA), Pesticides Safoty 
Team 

Chlorine Emergency Plan 

Information 

Emergency resources for coastal incidents involving hazardous materials 
Emergency assistance for inland releases of hazardous materials 
Federal Radiological Monitoring and Assessment Plan (FRMAP): technical 
guidance for coping with radiation emergencies 

Various emergency response equipment, personnel, and materiaJs 

Various emergency response equipment, personnel, and materials 
Equipment and personnel to respond to chemical spills 
Capabilities to assist at spill of oil or gasoline 
Heavy earth-moving equipment and operators 
Trained personnel and specialized equipment to deal with the hazardous 

materials they transport 
Specialized equipment and trained cleanup experts 
Advice on how to handle spill; liaison with shipper of materials involved 

Advice for incidents invoJving pesticides; on-site assistance if necessary 
Advice on how to handle chlorine emergencies; on-scene assistance if 

necessary 
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mutual aid responder if found to be negligent in 
some way can be held liable for the assistance lent 
during a hazardous materials incident. The partici
pants in the agreement should also agree on the com
munications system and procedures to be employed in 
notifying one another. Regular meetings and mock 
drills are typically used to maintain the readiness 
of participants. Although mutual aid agreements can 
temporarily expand emergency response capabilities, 
their limitations should be known. Some firefighter 
unions are now using their bargaining powers to neu
tralize mutual aid pacts. For example, although most 
union contracts allow the use of apparatus belonging 
to other members of the mutual aid agreement, others 
will not allow apparatus to be used by volunteer or 
call departments unless it is their own. 

A mutual aid agreement may not provide the pieces 
of equipment desired (or in the best location). If 
the proper equipment is still not available, con
verting currently underutilized equipment and out
fitting it with inexpensive materials should be con
sidered. The equipment and vehicles used to respond 
to a hazardous materials spill do not need to be 
new, elaborate, and expensive. The only essential 
requirement is that they be functional. Older, sur
plus equipment can often serve as well as new, 
custom-made equipment. 

Many communities have used their know-how to de
velop an emergency response vehicle without large 
sums of money. The greatest cost savings have been 
realized through the purchase or conversion of a 
surplus ve.hicle. Additional smaller savings have 
been realized by adapting other pieces of equipment 
not originally designed for use in emergency situa
tions, as in the following examples: 

1. In Mt. Pleasant, South Carolina, a reserve 
pumper was converted into a foam truck with storage 
space for hazardous materials equipment, and an Army 
surplus jeep was purchased and repainted for use as 
a mobile command post. 

2. In Normal, Illinois, the fire department mod
ified a 1972 reserve pumper into a specialized re
sponse vehicle, using the town's public works de
partment facilities to complete body work on the 
pumper and repaint it a high-visibility chrome yel
low. Special care was taken in this case to modify 
the vehicle so that the unit could retain its cer
tification as a pumper while also serving as the 
emergency response vehicle. 

3. In Denver, Colorado, the fire department haz
ardous materials emergency response vehicle was 
fashioned from a 3/4-ton van customized by fire de
partment repair and carpentry shop workers with 
shelving, insulation, and other adjustments. 

4. The Springfield, Illinois, fire department 
converted a 1957 Ward LaFrance pumper with 4 ,000 
miles of service into what is now known as Foam 1. 
The apparatus was completely rebuilt in the fire de
partment shops and outfitted for less than $6,000 
plus labor. 

5. In St. Johns County, Florida, the hazardous 
materials team's chlorine kits actually belong to 
the local water department and are kept on the 
team's vehicle rather than at the waterworks. 
Patches and gaskets are made from scrap rubber, and 
a set of vice grips with a welded extension is used 
to close off leaking hose lines. 

Local authorities can also save money by pooling 
resources with other communities and purchasing 
items in bulk quantities. To initiate this process, 
officials should meet with representatives of other 
agencies and make a list of the basic items that 
need to be purchased. These may include such i terns 
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as breathing apparatus, uniforms, hose, tools, and 
first aid kits. Agreement should be reached on what 
the standards or specifications of the equipment 
should be. This has the advantages of (a) making the 
equipment interchangeable among all the communities, 
(b) making loans easier to obtain, and (c) ensuring 
that a person trained on one community's equipment 
is familiar with that of the next. 

Metrofire, a mutual aid association made up of 25 
communities and Massport in Greater Boston, Massa
chusetts, began its joint purchasing program with 
fire hose. Based on the success of that program, 
specifications and common purchase procedures were 
developed for turnout coats, helmets, rubber boots, 
gloves, and night hitches. Metrofire has also 
jointly purchased quantities of foam. These are 
stored in foam banks at centrally located member 
fire stations. Emergency supplies of foam can be 
quickly delivered to any emergency in any part of 
the district through the Metrofire Control Center. 

Local expenses can be cut, in addition, by using 
volunteers and nonprofessionals to handle certain 
tasks (~). An emergency response team, for example, 
can be staffed with in-house firefighters. Engine or 
ladder personnel can be trained in hazardous materi
als problems, control techniques, and response 
equipment. This is cost effective when the expense 
of a full-time team would be prohibitive. Members of 
the community at large may also be willing to become 
members of the hazardous materials response team, 
either on a volunteer or salaried basis. Volunteer 
operations are increasingly attractive as the cost 
of paid firefighters rises. Volunteer dispatchers 
can be used to supplement full-time paid staff. Vol
unteers can also assist in setting up and adminis
tering a mutual aid system. Some firefighter unions, 
however, are now using their bargaining power to 
discourage use of volunteer services. The willing
ness of persons to assist on a volunteer basis 
should be taken advantage of, but only if they re
ceive the proper training, are able to train regu
larly as a team, and do not upset current unionized 
operations. Also, one potential problem with the use 
of volunteers is that such personnel work when they 
want to, which makes scheduling difficult. Nonpro
fessionals can also reduce costs by serving as emer
gency medical technicians, clerks, or dispatchers. 

If the foregoing measures fail to provide the 
needed equipment or materials, local industry assis
tance or loans can be sought. Industry is often 
willing to provide loans or donations of equipment 
or materials. Their assistance promotes public 
safety, enhances their image in the community, and 
helps to keep tax rates down. Arrangements for loans 
of equipment are quite common, as shown by the fol
lowing examples: 

1. In Guilford County, North Carolina, the 
county department of emergency services (DES) has 
direct access to a trailer loaded with absorbent 
material owned by Colonial Pipeline. Although the 
pipeline company has its own emergency response 
team, all of its equipment is available to the DES 
by simply hitching up Colonial's trailer and towing 
it to where it is needed. 

2. In Memphis, Tennessee, the fire department's 
hazardous materials squad has the keys to the ware
house of a local distributor of fire and safety sup
plies. When materials are needed, squad members can 
enter the warehouse and take the materials needed. 
The company is reimbursed later. The team is spared 
the expense of keeping expensive inventory. 

Local industry may also be willing to donate cer
tain equipment items, particularly if the donation 
is tax deductible. If there is a question as to the 
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tax status of a donation, a nonprofit tax-deductible 
charitable corporation can be set up to accept dona
tions of emergency materials or funds. Donations 
have stretched the budgets of many hazardous materi
als teams. 

PERFORMING HAZARDOUS MATERIALS INSPECTIONS WITH 
LIMITED RESOURCES 

To prevent hazardous materials transportation inci
dents, the U.S. Department of Transportation (DOT) 
has developed a comprehensive regulatory program. 
Although most businesses affected by the federal 
hazardous materials transportation regulations--or 
by similar state regulations--comply with them, the 
complexity and changing nature of such regulations 
make it difficult for many to keep informed of all 
the requirements that affect them. A broad and con
tinuing education program is needed to inform indus
try of the requirements it must meet. A good educa
tion program that reaches all of those potentially 
affected by the regulations will reduce the need for 
large inspection staffs. The threat of stiff penal
ties for noncompliance will also reduce the number 
of careless businesses. However, only a good inspec
tion program backed by a strong enforcement program 
will minimize the number of hazardous materials 
safety violations. 

The enormous size of the hazardous materials in
dustry makes it virtually impossible for the federal 
government to carry out all hazardous materials in
spection and enforcement activities. The federal 
government's inspection resources are most effi
ciently used if they focus on container manufactur
ers and shippers and those transportation modes that 
are predominantly interstate in nature--air, rail, 
barge, and pipeline Ill. 

State and local efforts are most efficiently di
rected toward the inspection of highway carriers of 
hazardous materials (7,8). State and local officials 
know best the traffic-p~tterns and truck routes used 
in their regions. They can more efficiently mobilize 
inspection and enforcement forces than can the fed
eral government. Some states may already have motor 
carrier safety or weight inspection personnel or 
both in the field. 

It is not necessary to regularly inspect every 
vehicle carrying hazardous materials on every road
way. Extensive inspection surveys are impractical, 
unnecessary, and an inefficient use of resources. To 
save on inspection costs, state and local officials 
should consider the following measures. 

First, inspection costs can be kept low by con
centrating on bulk shipments of hazardous materials. 
Inspections can also be limited to a single high
r isk hazardous material or restricted to a subset of 
hazardous materials (e.g., hazardous wastes). 

Second, the size of the inspection staff can be 
minimized by conducting inspections at terminals and 
limiting the number of on-the-road inspections. 
Also, it is not rrecessary to inspect every vehicle 
at each terminal. Of course, inspections at termi
nals are aimed at the hazardous materials carriers 
domiciled in the region. Limited on-the-road inspec
tions, therefore, are necessary to monitor the con
ditions of other carriers. 

Third, officials should consider inspecting only 
a select list of critical hazardous materials safety 
i terns rather than performing a full inspection of 
every vehicle. From the standpoint of safety, it may 
be more effective to inspect a larger number of ve
hicles for a smaller number of items (more crucial 
to safety). A critical item inspection technique 
makes on-the-road and terminal inspections more ef
ficient. It also increases respect by the carrier 
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for the inspection process by mini.mi.zing the incon
venience caused by the inspection. 

Finally, the inspection staff can be stretched by 
performing the hazardous materials inspections peri
odically and limiting the geographic regions--or 
roadways--that are covered. For example, only those 
vehicles that travel a given stretch of roadway 
could be inspected, and the inspection staff could 
be rotated to cover different regions throughout the 
year. 

Inspection costs can also be minimized by inte
grating the hazardous materials inspection program 
with other ongoing inspection programs. In many 
states, truck hazardous materials inspections can be 
conducted in conjunction with, and using the facili
ties of, state weighing programs. The weigh stations 
provide a convenient, safe spot for pulling trucks 
over and inspecting them. In Utah, for example, 20 
highway patrol officers work in two-person teams 
with a portable scale, weighing and inspecting 
trucks. These inspections concentrate on vehicle 
condition, proper placarding, and driver qualifica
tions. A hazardous materials inspection program can 
also be combined with existing truck weighing or 
safety inspection programs. In Maryland, for ex
ample, the state's hazardous materials inspection 
activities have been integrated with the Maryland 
Truck Enforcement Division's truck weighing program, 
which both use personnel from the same department. 
Fire department personnel might also be trained to 
perform inspections at major truck terminals in the 
region. 

There are deterrents to consolidation, however. 
Some state statutes prevent the consolidation of 
certain program activities. Collective bargaining 
agreements may also prove to be a stumbling block. 
Some fear that the use of existing fire or police 
personnel to conduct hazardous materials inspections 
will compromise their ability to perform their pri
mary responsibilities. 

To stretch inspection resources and eliminate the 
duplication of effort that typically results with 
the inspection of interstate carriers, state offi
cials can consider coordinating inspection activi
ties with those of neighboring states. For example, 
agencies in Oregon, Washington, Idaho, Colorado, 
Alaska, California, Utah, and Montana and in Al
berta, Canada, have formed the Commercial Vehicle 
Safety Alliance (CVSA). Under the terms of this al
liance, members agree to conform with minimum truck 
inspection criteria and to honor the inspection ac
tivities of one another. CVSA members inspect vehi
cles on highways and in terminals for compliance 
with a minimum number of critical items. Vehicles 
that pass the inspection are issued a CVSA decal 
valid for 3 months. All participating states and 
provinces use the same decals, which are color coded 
to denote the period in which they were issued. The 
system is a simple one: A vehicle inspected in one 
state that goes to another state or province with a 
valid decal is not reinspected, unless of course a 
defect is clearly visible. This coordination of in
spection programs eliminates unnecessary duplication 
of effort, increases significantly the number of in
spections that can be performed, and minimizes the 
costs and delays that inspections impose on the reg
ulated industry. 

State and local officials should also consider 
using part-time and volunteer staff to increase in
spection staff but should exercise caution. Because 
hazardous materials regulations are complex and con
tinually changing, personnel who are less than full 
time may be pressed to keep their knowledge and 
skills up to date. This potential problem can be 
minimized, however, if (a) the part-time worker or 
volunteer is trained to deal with hazardous materi-
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als regulations only and (b) training and responsi
bilities focus on inspection requirements only and 
not on administrative and enforcement procedures as 
well. 

The development of industry self-inspection pro
grams can also be encouraged. Industry self-inspec
tion programs can ease considerably the burden 
placed on state and local inspection and enforcement 
teams (.2_-12). They require little government over
sight to administer and reduce the need for large 
(and expensive) inspection staffs. Under the self
audit concept, firms are allowed to police them
selves with a minimum of government supervision. To 
participate, firms must have good safety records and 
demonstrate that they can satisfy government-pre
scr ibed criteria. By incorporating industry self
audit programs as part of a formal inspection pro
gram, regulatory agencies can utilize their limited 
inspection resources more efficiently. Regulatory 
agencies also benefit from the improved relations 
that result from recognizing the self-inspection 
programs already ongoing in many companies. 

Industry also benefits substantially from a self
inspection program. The loss of valuable material 
increases company insurance costs. A spill also 
raises the possibility of criminal or civil liabil
ity claims and significant litigation costs. A self
inspection program lessens the likelihood of these 
occurrences. Industry audit programs also result in 
the compilation of cause-and-effect data valuable in 
management planning and in complying with current 
Securities and Exchange Commission (SEC) regula
tions. SEC regulations require that publicly held 
companies disclose the cost of complying with exist
ing regulations. A sound audit program also improves 
a company's public image. 

Many large companies already inspect their vehi
cles and monitor their drivers carefully. A formal 
or voluntary industry self-inspection program gives 
their efforts the recognition they deserve. Other 
businesses, however, may not have the motivation or 
resources to establish self-inspection programs in
dependently. If this is the situation, industry as
sociations are urged to pool their resources and 
become involved in the administration of such pro
grams. Industry and government agencies located in 
the region of the Houston Ship Channel have, in 
fact, included such a feature in their mutual aid 
arrangement. To belong to CIMA every member company 
must comply with a minimum number of conditions. As 
one of these conditions, each member agrees to per
form an annual self-inspection, complete a CIMA 
self-inspection form, and file that form with the 
CIMA inspection officer. Further, each member agrees 
to cooperate fully with authorized inspections by 
the CIMA inspection officers. 

OBTAINING HAZARDOUS MATERIALS TRAINING ON 
A LIMITED BUDGET 

Traininq and education lie at the heart of every ef
fective carrier inspection and enforcement program. 
Without proper training, hazardous conditions can go 
undetected and uncorrected. Training for response to 
hazardous materials transportation spills is equally 
important. Inadequate or improper training can de
stroy the best intentions and render the most up-to
date response equipment ineffective. 

Many training courses and manuals have been de
veloped by a variety of public and private groups. 
Yet proper training does not always reach those who 
need it, for a number of reasons: 

1. The expense of sending staff to appropriate 
courses may be beyond an agency's budget. 
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2. Other job-related responsibilities may pro
hibit the attendance at training sessions. Part-time 
and volunteer personnel of ten cannot afford to take 
the time to attend training sessions. 

3. The courses and materials available may not 
meet specific training needs. For example, some 
courses may not match a particular individual's ac
tual job responsibilities. Similarly, many courses 
either do not provide field training drills or may 
use equipment and procedures that are quite dif
ferent from those available in that region. 

These obstacles can be overcome by taking a number 
of simple actions. 

First, local officials need to define their 
training needs carefully. It is not advisable (or 
possible) to try to become an expert on everything. 
The hazardous materials training courses currently 
available differ significantly in their content and 
quality. To decide which (if any) of them is best, 
it is necessary to have a clear idea of what should 
be known and what skills should be acquired. To de
fine training needs, matrices similar to those de
veloped by the Puget Sound Council of Governments 
are helpful; they relate a number of different sub
jects and skills to a total of 48 different posi
tions or occupations (13). 

Second, officials should strive to attend only 
those training courses that are offered locally. The 
hazardous materials training opportunities offered 
by state fire academies and other state agencies 
should be considered only after the training oppor
tunities offered locally have been investigated 
thoroughly. The hazardous materials training pro
grams offered on a nationwide basis should only be 
considered if they can provide the specialized 
training and facilities desired. If it is necessary 
to travel a sizable distance, one person should be 
sent and that person should share the course mate
rial with other members of the agency, team, or com
pany on his return. It is a highly efficient prac
tice to train the trainer and then establish a 
training network that builds on the trained individ
ual's knowledge. If the available budget cannot 
cover travel expenses, the costs can be split with 
other communities, industries, or organizations. 

If the cost of sending personnel to training 
courses is still too high, officials should actively 
search out ways to inexpensively bring the training 
to them. There are several ways to accomplish this, 
depending on the kinds of skills that need to be 
acquired. If a good understanding of hazardous mate
rials regulations and emergency response techniques 
is needed, the possibility of sponsoring a commer
cially available training course should be explored. 
Under certain conditions, course sponsors may be 
willing to conduct a hazardous materials course or 
seminar in a locality. Once again, contributions 
from others can be solicited if resources are not 
sufficient to cover instructor expenses, the cost of 
materials, and room rental fees. Other communities 
or organizations may be more willing to share ex
penses under this kind of arrangement than if, say, 
a firefighter, not trained as a teacher, were to be 
sent to an available course. 

Other inexpensive ways to bring specialized haz
ardous materials training to a particular area in
clude the use of videoteleconferences, self-produced 
videotapes (14), cable television (6), in-house 
computers (15), and commercially pr~uced films, 
slide programs, and videocassettes (li). These com
munications technologies are useful but often under
utilized teaching tools. They are particularly 
beneficial for training volunteer inspectors and 
emergency response personnel because they offer the 
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freedom to schedule the training sessions. They also 
(a) eliminate transportation costs, (b) standardize 
training by assuring that the same information is 
presented to every student, and (c) allow for the 
training of new personnel quickly whenever there is 
a turnover in staff or change in responsibility. 

Of course, computer simulations, commercial 
films, and video tapes cannot teach the fundamentals 
of teamwork. They also cannot provide the hands-on 
experience necessary to properly use the available 
equipment. Only facilities capable of simulating 
real-life emergency situations can provide this kind 
of training. Many state fire academies or training 
institutes have, or are developing, facilities where 
real-life drills for first responders can be con
ducted. These same state training programs are also 
providing their students with the tools necessary 
for intercommunity teamwork. In Massachusetts, for 
example, the state fire academy's training programs 
traditionally instructed firefighters on how to work 
with their own departments. There was little reason 
to teach iptercommunity teamwork. Even when one com
munity's apparatus went to the aid of another, fire
fighters tended to stay with their own departments. 
With recent manpower and equipment cutbacks, how
ever, recruits are now being taught how to work with 
the firefighters and equipment from other communi
ties. Conducting simulated drills and training med
ical personnel properly are also extremely impor
tant. The treatment of those exposed to certain 
toxic fumes and radiation requires skills and pro
cedures not routinely used. The Joint Commission on 
Accreditation of Hospitals requires every hospital 
to perform two disaster drills every year in order 
to be accredited. If staged around mock hazardous 
materials incidents, these drills offer the oppor
tunity to train medical personnel. 

If there are no facilities capable of providing 
simulation-type training in a community, resources 
can be pooled and a regional training center can be 
established. A regional training center that teaches 
the foregoing skills and provides basic instruction 
may be a highly cost-effective way to provide haz
ardous materials training programs. 

Designated emergency response personnel can econ
omize further by relying heavily on self-help mate
rials. There are a variety of self-help guides 
available from DOT, other federal agencies, and in
dustry on a variety of topics. 

Guest speakers from local universities and indus
try are often willing to lecture or give free 
classes. Local industries (chemical, trucking, etc.) 
are usually quite willing to donate their time and 
expertise to familiarize their neighbors with the 
hazardous materials they use, manufacture, and 
transport. 

Finally, communities should explore the possibil
ity of local industry funding and support. Many 
companies now provide their employees with compre
hensive hazardous materials training as part of 
broader safety training programs. Local officials 
should determine the kinds of formal hazardous ma
terials training programs available at industrial 
facilities in their locality and ask that their 
staff be allowed to attend. Industries that sponsor 
such training programs generally welcome the oppor
tunity 

1. To educate firefighters and other first re
sponders on the types of chemicals they use and the 
hazards posed by these chemicals, 

2. To familiarize local firefighters with their 
operations, and 

3. To familiarize local emergency response per-
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sonnel with specialized emergency equipment they 
have. 

Communities can also encourage local industries 
to pool their resources and provide needed hazardous 
materials training. Several local industry associa
tions have arisen across the country for the primary 
purpose of providing hazardous materials training, 
particularly for emergency responders. The South 
County Industrial Emergency Council (SCIEC) in Cali
fornia is a nonprofit educational organization dedi
cated to promoting cooperation between industry and 
emergency services. SCIEC is funded by membership 
fees, seminar fees, and donations. It provides its 
more than 160 member organizations with a variety of 
workshops, seminars, training sessions, and staged 
disaster drills designed to improve safety practices 
and emergency response capabilities. 

CONCLUSION AND FUTURE DIRECTIONS 

There is a tendency to view increased federal assis
tance as the cure-all for many hazardous materials 
transportation problems. However, the ideas pre
sented in this paper--with their focus on how states 
and municipalities can help themselves--are as im
portant a form of assistance as outright federal 
grants. DOT, EPA, the Federal Emergency Management 
Agency, or any one of a number of state and local 
advocacy organizations should initiate an outreach 
effort that actively promotes the widespread appli
cation of cost-saving measures and resource-sharing 
activities. Consideration could be given to the fol
lowing: 

1. A newsletter that identifies and describes 
recent examples of resource-sharing and cost-saving 
measures could be periodically prepared, published, 
and distributed and ultimately form the basis for a 
larger catalogue of practical ideasi 

2. A film, videotape, or slide-tape show stress
ing the foregoing ideas could be produced and dis
tributed to state and local officials via telecon
ferencing or other inexpensive communication 
methodsi or 

3. State and local demonstration projects--with 
the prime objective of applying as many resoui::ce
shar ing ideas and cost-saving practices as possi
ble--could be authorized and funded. 

As part of a broader effort to provide state and 
local officials with the technical and other assis
tance they need, consideration might also be given 
to establishing a regional network or directory of 
hazardous materials transport experts. These experts 
would come from both the public and private sectors, 
would be versed in how to handle specific hazardous 
materials transportation problems, and would gener
ally be available on request to assist state and 
local governments with their unique problems. 

Last, it is timely to take steps now to examine 
more closely the potential for self-produced video
tapes, videoteleconferences, cable television, and 
microcomputers as relatively inexpensive media for 
providing specialized hazardous materials training. 
Despite their potential, the application of these 
technologies to hazardous materials training has 
been quite limited to date. State and local public 
safety officials would benefit greatly from a study 
of the training and communications technologies 
available and their comparative costs and benefits. 
Demonstration or pilot projects that require the 
application and evaluation of alternative communica
tions technologies to hazardous materials training 
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could be used as the vehicle to gather the necessary 
information. Or detailed case studies of existing 
applications could be conducted based on the recon
naissance-level material contained in the Fire Ser
vice Resource Directory for Microcomputers prepared 
by the National Fire Protection Association, Inc. 
(15). Guidance materials could then be prepared and 
provided to local fire, police, and emergency ser
vice organizations describing the resources neces
sary to bring these important training tools to 
their communities. 
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Risk of Multiple Small-Package Spills of 
Hazardous Substances 
PAUL HOXIE 

ABSTRACT 

The Materials Transportation Bureau (MTB) 
and U.S. Environmental Protection Agency 
(EPA) have agreed to regulate the transpor
tation of hazardous substances only when 
they are shipped in larger than reportable 
quantities. This agreement simplifies the 
transportation regulations associated with 
hazardous substances and reduces the cost of 
complying with those regulations. However, 
it presents a potential risk of multiple 
small-package spills. A method is developed 
for assessing this spill risk by using data 
available from the Hazardous Material Inci
dent Reporting System. Application of the 
data and methods revealed that the risk from 
multiple small-package spills was less than 
0. 5 percent of the risk of other regulated 
spills. Thus, the decision by EPA and MTB to 
regulate the transport of hazardous sub
stances only when shipped in larger than re
portable quantities is supported. 

Section 311 of the Clean Water Act (CWA, Public Law 
95-217) establishes a program for regulating hazard
ous substances. [CWA amends the Federal Water Pollu
tion Control Act of 1972 (Public Law 92-500) .] 
Pursuant to this legislation, 297 substances were 
designated as hazardous by the U.S. Environmental 
Protection Agency (EPA). These 297 substances were 
categorized into five groups based on their aquatic 
toxicity, and each group was assigned a reportable 
quantity (RQ). The groups and associated RQs are as 
follows: X, 1 lb; A, 10 lb; B, 100 lb; C, 1,000 lb; 
and D, 5,000 lb. 

In cooperation with EPA, the Materials Transpor
tation Bureau (MTB) of the U.S. Department of Trans
portation (DOT) incorporated these substances into 
its Hazardous Materials Table (49 C.F.R. 172.101). 
[For an excellent presentation of the regulations 
governing the transportation of hazardous materials, 
see Red Book on Transportation of Hazardous Materi
als (_!_) • ] Of the 297 substances, approximately 45 
percent were already on the table by name. An addi
tional 15 percent were already covered in general 
categories but not otherwise specified. The remain
ing 40 percent had not been previously covered. The 
Hazardous Materials Table has about 360 entries to 
cover the 297 substances, because many substances 
have different hazard classes or packing require
ments or both, depending on the concentration and 
form. [For example, aldrin has six entries: aldrin, 
poison-B; aldrin, cast solid, ORM-A; aldrin mixture, 
dry (>65 percent aldrin), poison-B; aldrin mix
ture, dry (.::_65 percent aldr in) , ORM-A; aldr in mix 
ture, liquid (>60 percent aldrin), poison-B; aldrin 
mixture, liquid (<60 percent aldrin), ORM-A.] 

The MTB regulations on the transportation of haz
ardous substances require packages to be marked with 
the letters RQ when the package contains a report-

able quantity or more of a hazardous substance. 
Packages containing less than a reportable quantity 
are not considered hazardous substances by MTB. 
(Note that they still fall under the regulation of 
CWA, however.) Further, the MTB requires reporting 
to the U.S. Coast Guard's National Response Center 
(NRC) when an RQ of a hazardous substance spills 
from a single package or, for bulk shipments, from a 
single transport vehicle. 

These regulations present two categories of 
risk: First, a carrier could be involved in an in
cident in which many small unmarked packages spill 
and be unaware of the hazard because the packages 
were unmarked, and, second, multiple spills from 
marked packages could be unreported to the NRC be
cause no single package spilled more than an RQ. The 
objective of this study is to assess these risks for 
X, A, and B hazardous substances where the chances 
of multiple shipments in a single vehicle are high
est. The main source of data for the study is the 
MTB' s Hazardous Material Incident Reporting (HMIR) 
System. 

PROBLEM STATEMENT 

The probability of a hazardous substance spill rela
tive to the probability of a spill of a hazardous 
material is not a particularly meaningful estimate 
of relative risk for two reasons. First, not all 
hazardous substances are included in the commodity
specific HMIR data that have been extracted for 
analysis in this study. So the estimates of relative 
spill frequency from the HMIR data are likely to be 
inaccurate. Second, and most important, the damages 
that result from a spill of a hazardous material may 
be quite different from the damages from a hazardous 
substance spill. Risk should measure the expected 
hazard or damage. Expected hazard is the probability 
of the event multiplied by its severity or hazard 
level (ll· So relative probability is a good measure 
of relative risk only when the damages from the 
events being compared are the same. For example, at 
the absurd level, if water were a hazardous mate
rial, it would greatly inflate the number of hazard
ous material spill reports and would dwarf the num
ber of other spills in the file, but because the 
damage from a water spill is so slight compared with 
spills of hazardous substances like aldrin or para
thion, the relative probability alone would be mean
ingless as a measure of relative risk. A more rele
vant example is wet electric storage batteries and 
paint when shipped in packages of less than 5 gal. 
These materials accounted for a large share of the 
spill reports, but after January 1, 1981, spills of 
these materials did not need to be reported to MTB. 

With the foregoing points in mind, it has been 
decided to estimate the fraction of all hazardous 
substance spill incidents in which an RQ or more 
spills from multiple small unmarked packages. In 
this section, "small unmarked" and "unmarked" mean 
too small to require marking pursuant to the DOT-MTB 
regulations. Stated slightly differently, given that 
a spill incident involving an x, A, or B hazardous 
substance has occurred, what is the probability that 
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an RQ has spilled from more than one small unmarked 
package? 

There are two important characteristics of this 
approach that are worth noting: 

1. The events whose probabilities are being com
pared (X, A, or B spill versus two or more small
package spills of X, A, or B substances) have sim
ilar consequences (note that because spill size is 
not the same, even this formulation of the problem 
does not completely reduce relative probabilities to 
relative risk). 

2. The incomplete reporting to HMIR should not 
bias the measure of the relationship between spills 
of a collection of substances and multiple small
package spills of those substances. [Another ap
proach to the analysis of risk in hazardous materi
als transportation is given in a report by Abkowitz 
et al. (]).] 

The relative probability being estimated is the 
sum of (a) the probability that an RQ spills in an 
incident involving exactly two spills of the same X, 
A, or B substance; plus (b) the probability that an 
RQ spills in an incident involving three spills, two 
or more of the same X, A, or B substance; plus (c) 
the probability in four-spill incidents; and so on. 
The approach is to estimate the probability for two
spill incidents, then for three-spill incidents, and 
so on until the additions appear to be small enough 
to ignore. 

For the two-spill case, the probability to be 
estimated is the probability that an incident occurs 
involving exactly two spills of the same hazardous 
substance where each of the two spilled packages con
tains less than an RQ but where the combined spill 
exceeds an RQ, given that an incident involving an 
X, A, or B hazardous substance spill has occurred. 
This probability can be stated precisely as follows: 

p<2>= l: Pr(t=2, k1 =Y, k2 =Y, w1 < RQy , w2 < RQy , 
YES 

where 

S = set of X, A, or B hazardous substances; 
Y £ S ~ Y is an element of S; 

k1 a first spilled substance; 
k2 = second spilled substance; 

t number of packages spilled in the inci-
dent; 

w1 weight of the first spilled package; 
w2 a weight of the second spilled package; 
Ql a weight spilled from the first package; 
Q2 a weight spilled from the second package; 

(J) 

RQy a reportable quantity for substance Y; and 
p(IJ = probability that an RQ of an x, A, or B 

hazardous substance spilled from unmarked 
packages in an incident involving exactly 
I spilled packages given that an incident 
involving an X, A, or B hazardous sub
stance has occurred. 

The HMIR data contain information on all these 
variables. So one approach would be to identify all 
incidents involving X, A, or B hazardous substances 
and then to identify the subset of incidents that 
meets the conditions specified in Equation l. The 
relative frequency could be used as a measure of the 
relative probability. Unfortunately, there are only 
1,531 X, A, or B hazardous substance spills in the 
HMIR data base covering 42 of the 92 hazardous sub
stances covered by the CWA, too few to reliably mea
sure the relative probability. 
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The approach taken to estimate P (2) is to re
formulate Equation l into a set of factors that can 
be estimated from the data on hazardous material 
spill incidents by making some conservative approx
imations and some explicit assumptions. (There are 
79,700 hazardous material spill incidents that were 
reported in the HMIR between January 1976 and August 
1981, the period covered by the HMIR data used in 
this study.) This development is presented in the 
Appendix. The factors result from the definition of 
conditional probability (4) and from manipulations 
of the following form: -

Pr (A, B,C) =Pr (A,BI C) Pr (C) 
=Pr (AIB,C) Pr (B IC) Pr (C) 

The following five assumptions were used to re
formulate Equation 1: 

Assumption l 

Pr(t = 21t;;. 1, k1 =Y)=Pr(t=211 ;;. 1) 

Assumption 2 

Pr (k 2 =YI t = 2, k1 = Y) =Pr (k2 = k1 It= 2) 

Assumption 3 

Pr(w 1 < l It =2, k1 = Y, k2 =Y) = Pr(w1 < l It =2) 

Assumption 4 

Assumption 5 

Pr (Q1 ;;. J/2 orQ2 ;;. l /21t=2, k1 =Y, k2 =Y,w1 < J,w2 < J) = 

Pr (Q1 > I /2 or Q2 ;;. J /21 t = 2, w 1 < 1, w2 < I ) 

Equation l is then reformulated as follows: 

p<2J = Pr(t = 21t;;. 1) Pr (k2 = k 1 I t =2) 

x (Pr(k 1 eSxlt;;. l ,k 1 e S) Pr (w 1 < Jlt=2) 

x Pr ( w 2 < 11 t = 2, k 1 = k2 , w 1 < 1) 

x tJ - [Pr (Q < J /2 1 t = 2, w < 1)]2 f 
+Pr(k1 eSAlt ;. J , k1 e S) Pr (w1 < JOlt=2) 

xPr(w2 <10lt=2,k1 =k2 ,w 1 < JO) 

xii- [Pr(Q < 5l t = 2, w < J0)] 2 f 
+Pr(k1 eSa lt;;. l ,k1 eS) Pr(w 1 < l OOlt =2) 

x Pr (w2 < 10011 =2 ,k1 = k2 , w1 < JOO) 

x tJ - [Pr (Q < sol t = 2, w < J 00)]2 f) (2) 

All of the assumptions involve independence of a 
component factor to variation with the specific sub
stance considered. Note that assumptions 3, 4, and 5 
depend on RQ and that only assumptions for x sub
stances are shown. Similar expressions can be found 
in Equation 2 for A and B substances. 

The first assumption states that the probability 
of a two-spill inclclt!nl is independent of the mate
rial spilled. The second assumption states that the 
probability that the second material spilled in a 
two-spill incident is the same as the first material 
spilled is independent of the material spilled. The 
third assumption states that the probability that 
the first package spilled contained less than l lb 
(for X hazardous substances) is independent of the 
material in the shipment and of whether the two 
spilled materials are the same. The fourth assump
tion states that the probability that the second 
package spilled contains less than l lb (for X haz
ardous substances) is independent of the material 
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spilled. Finally, the fifth assumption states that 
the probability that either spill is less than 1/2 
lb (for X hazardous substances) is independent of 
the material spilled or the fact that the same ma
terial spilled from both packages. 

In addition to these five assumptions, a conser
vative approximation was also used in the develop
ment of Equation 2. This approximation involves the 
probability that the sum of the two spills (Q 1 and 
Q2 ) will exceed an RQ. Obviously either Q1 or Q2 must 
exceed 1/2 RQ if the sum is to exceed an RQ, but one 
could exceed 1/2 RQ while the sum was less than an 
RQ. The conservative approximation is as follows: 

Pr (Q 1 + Q2 ;;. RQ) =Pr (Q 1 ;;. I /2 RQ or Q2 ;;. J /2 RQ) 

The probability that the sum of the spills ex
ceeds an RQ is approximated by the probability that 
one of the two spills exceeds 1/2 RQ. This is taken 
further in Equation 2 where the probability that one 
of the spills exceeds 1/2 RQ is replaced by 1 minus 
the probability that both spills are less than 1/2 
RQ. 

MEASURING THE FACTORS 

Evidence of the validity of assumptions 1-5 will be 
presented later, but first the measures used to es
timate each factor must be defined. The measures 
used for the factor probabilities in Equation 2 are 
as follows (similar measures are developed for A and 
B substances) : 

Pr(Q 1 ;;. l /2orQ2 ;;. l /21t=2,w 1 < l , w2 < J) 

"' 1- [Pr (Q < 1/21t ;;. I, w< 1)] 2 "' I - (F1 /S 1)2 

Pr (k1 E Sx I t;;. l, k1 ES)"' X/(X +A+ B) 

where 

R1 number of one-spill incident records (one 
record per incident), 

R2 number of two-spill incident records (two 
records per incident), 

R3 number of three-spill incident records 
(three records per incident), 

R2 2 number of two-spill incident records 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

where the same material spills in both rec
ords, 

s1 number of records where the shipment weight 
is less than 1 lb, 

G1 = number of records where the same material 
spilled in a two-spill incident and where 
both spills were from packages with a ship
ment weight of less than 1 lb, 

H1 number of records that have shipment weights 
of less than 1 lb where the same material 
spilled in a two-spill incident, 

Fi number of records where the shipment weight 
is less than 1 lb and less than half of the 
shipment spilled, and 

X number of category-X hazardous substance 
records. 

Note that for each fa,ctor probability the numbers 
are defined over the set of spill records for which 
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all necessary data were available. This permitted 
the largest sample of spills to be used in calculat
ing each factor, but as a result the variables used 
are not precisely the same in each measure. For ex
ample, the R1 used in estimating Pr(t = 2 1 t > 1) is 
somewhat different from the R1 used in estTmating 
Pr(w < 1 1 t ~ 1) because s1 is not available for 
all spill records. 

A conservative assumption has been introduced 
into the measurement of the probability that 1/2 RQ 
spills from one of the packages. Note in the def ini
tion of Fi that instead of a 1/2 RQ spill a half 
shipment spill is used. This is equivalent to assum
ing that all shipments of less than an RQ contain 
exactly an RQ. 

The variables used to measure the factor proba
bilities can be accumulated over a variety of sets 
of spill records. The largest set is the set of all 
hazardous material spills. The set of all hazardous 
substance spills is much smaller but also of inter
est. Further, the measures can be calculated for in
dividual materials to examine how the estimates of 
the factor probabilities vary with material. This is 
a way of qualitatively testing the key assumption of 
independence of material that was used to develop 
Equation 2. Obviously, the smaller the sample the 
more the factor probability estimates will be influ
e.nced by the random noise or sampling error in the 
sample. 

Table 1 presents estimates of the factor proba
bilities. Four estimates are presented. The first 
two are averages over all hazardous material and 
hazardous substance spill incidents. The next two 
estimates are selected from the commodity-specific 
factors. In the median estimate 50 percent of the 
commodities have factors of smaller size and 50 per
cent have factors of larger size. In the 90th-per
centile case, 90 percent of the commodities have 
factors of smaller size and only 10 percent have 
larger factors. In these last two sets of estimates 
each estimate is selected separately, so different 
commodities are used for each factor. If a factor 
probability is nearly constant over the four col
umns, as in the case of the first factor, the cor
responding assumption is supported. If the factor is 
not constant over the columns, the assumption is 
more doubtful, although at least part of the varia
tion is caused by random noise or sampling error. 

The similarities between the estimates of thP. 
factors calculated over all hazardous substance in
cidents and over all hazardous material incidents 
suggest that, in aggregate, spill incidents involv
ing hazardous substances and hazardous materials are 
similar. In percentage terms, the largest discrep
ancies arise in factors involving shipment size 
[Pr(w1 < RQ 1 t > 1)). The dominance of anhydrous am
monia in the hazardous substance incidents probably 
accounts for the discrepancy, because it is trans
ported in large shipments. 

The similarities between the average and median 
estimates for the hazardous materials indicate that 
a few unusual hazardous materials are not dominating 
the spill data. The 90th-percentile estimates give 
an indication of the range of factor values that can 
be expected. As mentioned earlier, some of the dif
ferences between the median and 90th-percentile es
timates are due to random noise or sampling error, 
which results from the small number of spills over 
which the factors are calculated. Some of the dif
ference is undoubtedly due to real differences in 
the way specific materials are shipped and their 
susceptibility in spill incidents. 

RESULTS 

The factor probabilities can be used in Equation 2 
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TABLE 1 Estimates of the Factor Probabilities 

Factor Estimate 

Measure 

Avg for All X, A, or B 
Hazardous Substance 
Spill Incidents 

For All Hazardous Material Spill Incidents 

Avg Median 90th Percentile 

Pr (t = 21 t;;. I) 
Pr (k2 ~ k1 It= 2) 
Pr (w 1 < 11 t ;;. I) 
Pr(w2 < Jlt=2lk1 =k2 ,w 1 < J) 
I- [ l'r(Q< J/2 t;;. J,w< 1)] 2 

Pr(w1 < JOit;;. I) 
Pr(w2 < JOlt=2,k1 =k2 ,w1 <JO) 
J- [Pr(Q< Sit;;. l,w< J0)] 2 

Pr(w 1 <100lt;;.l) 
Pr(w2 < 1oolt=2,k1 =k2 ,w1 <JOO) 
J- [Pr(Q< SOit;;. l,w< J00)] 2 

0.0406" 
0.4870" 
o.ooood 
1.ooof 
J .ooof 
O,OJ98d 
1.ooof 
0.8457d 
0.0989b 
1.ooor 
0. 3485d 

~Calculated over the 1,416 X, A, or IJ halJl.rdous substance spill incidents. 

0.0606b 
0.3886b 
0.0009° 
1.ooor 
0.9600g 
0.03J5° 
0.5385. 
0.8209• 
0.J547e 
0.653 J e 
0.4813° 

0.0605c 
0.2917~ 
o.ooooc 
1.ooof 
J.ooof 
o.0234c 
1.ooor 
0.7934c 
O.J383c 
0.5J06g 
0.486lc 

0.0804C 
0.7225c 
o.0024c 
1.ooof 
1.oooc 
O. J J2J c 
1.ooof 
1.oooc 
0.3578c 
J.OOOg 
0.7256c 

Calculated over the 79, 700 hazardous mn tc rhtl spill incidents. 
~Men~urcd O\'cr 1he 72 nuucrin ls wi1i1 more. !b11n I OU Jncidctll&:. 

Ca lc.ul.n t i:i d " ''Cr the l ,1•15 X. A. or tl l11n.nr-do11$ sulll t•mco.spill nc-idc1H$ ·whh l{Ooil splll nnd shipment size data. 
~ tcul:Ucd OYt:-1' the 4i.i,699 IU111.au.lo1u m:H~r iltl ;'Cp.iil ln!!hh :111' whh ~uod :c1iHl 1md s llipmcnl size data. 

$."l mplc diJ 11 01 contain ;Jdi:-t1u~ 1 0 i11forn1ulio 11. Upptl'J bound of 1.0 u~~d. 
gliluDlliuted ovt:r the 31 n11ut::rlalt wl1 h more th o: 11 10 run.tchin 6·m:ih~rlnl, IWO·~rm inciden t .... 

along with the portion of all X, A, or B hazardous 
substance spills that belongs to P~~lh, category 
[Pr (k1 £ Sx 1 k1 c S) J to estimate Table 2 
gives these estimates of P ('2) a long with es timates 
of the probability that a multiple-small-package in
cident releases an RQ, given an x, an A, or a B haz
ardous substance spill. For the first three sets of 
factor estimates the estimates of p( 2) are sim
ilar. P ( 2) given an X hazardous substance spill is 
the only exception. The extremely low frequency of 
shipments weighing less than 1 lb resulted in no ob
servations in the average hazardous substance sample 
and none for the median hazardous material either. 
All other estimates are quite close, within a factor 
of 2. These results again suggest that using the av
erage hazardous material factors produces reasonable 
estimates of hazardous substance spill probabili
ties. In the remainder of the paper, the focus will 
be on the analysis of probability estimates devel
oped from the average factors calculated from the 
set of all hazardous material spills. 

The 90th-percentile factor estimates produce es
timates of P( 2) that are substantially higher than 
the other three estimates. The 90th-percentile fac-

tor estimates should be interpreted as estimates of 
the range of the commodity-specific spill probabili
ties that are consistent with the average estimate. 
Ta~le 3 shows the same 90th-percentile estimates of 
PI ) as in Tabl.e 2 but also shows the h ighest es
timates of p( 2 ) developed fer single materials. 
These estimates are developed from the factors for a 
single material. Ammon i um hydroxide has the highest 
p( 2) of all haza rdous material.s , which is about 
the same as the 90th-percentile estimate. This is a 
little misleading, however, because 1.0 was used as 
the factor [Pr(w2 < RQ 1 t = 2, k1 = k2, w1 < RQ)] 
for all materials because most of the single-material 
samples were too small to estimate this factor. Cal
cium hypochlorite is the X, A, or B hazardous sub
stance with the highest estimate of pl 2>. 

The estimates of pl 2 l in Table 2 suggest that 
the probability of an RQ spill from more than one 
unmarked package is small (lo-•). However, the 
probability of three, four, and more spills must be 
added to the e:;timates of p1 2) to obtain the full 
probabil.i ty. p\J) and p< 4> cannot be ignored a 
priori because there are two factors that change in 
different directions and influence the probability 

TABLE 2 Probability of RQ Spills from Two-Spill Incidents 

p(2l, Probability That an RQ Spills from Two Unmarked Packages Given 

Factor Spill of Some X, A, 
Estimate X Spill A Spill B Spill or B Substance 

Avg for all hazardous substance spill incidents 0.0 3.3 x J0- 4 6.8 x J0' 4 5.7 x J0- 4 

For all hazardous material spill incidents 
3. 3 x 10-4 9.3 x 10-4 Avg 2,0 x 10- 5 1.1 x 10- 3 

Median 0.0 3.3 x 10-4 6.J x 10· 4 5.1x10·4 

90th percentile 1.4 x J0- 4 6.5 x 10' 3 1.5 x J0- 2 1.2 x 10-2 

TABLE 3 Possible Variations in Probability with Material 

Factor 
Estimate 

90th percentile" 
Highest single hazardous materfal (ammonium 

hydroxide,< 45 percent ammonia) 
Highest single X, A, or B hazardous substance 

(cakium hypochlorite mixture) 

p<2 J, Probability That an RQ Spills from Two Unmarked Packages Given 

X Spill A Spill 

J .4 x 10-4 6_5 x 10- 3 

B Spill 

1.5 x J0' 2 

Spill of Some X, A, 
or B Substance 

1.2 x 10'2 

l.lxl0.2 

1.2 x Jff 3 

a Each Factor used in calculating the probability was chosen so that 90 percent of the hazardous materials had factors with lower values , 
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of a larger number of spills. First, incidents with 
more spills are much rarer than two-spill incidents. 
However, when more pac kages spill, an RQ spill is 
more likely to result. Table 4 presents the contri
butions of two-, three-, and four-spill incidents to 
the total estimated probability that a hazardou s 
substance spill will be an RQ spill from more than 
one unmarked package. The factors used to calculate 
these probabilities are presented in a study by 
Hoxie and Woodman (~). 

TA BLE 4 Contribution of Number of Spills 

Probability That an RQ Spills from More Than One Unmarked 
Package Given 

p(IJ" X Spill A Spill 

p(2) 2.0 x 1o·S 3. 3 x I 0· 4 

p(3) 3.1 x 10- 6 5. 3 x 10· 5 

p(4) 8.6 x 10·1 1.5x10"5 

Total 2.4 x 10-~ 4.0 x I 0" 4 

a Averag~d over all hazardous material s1>ills . 

B Spill 

1.1 x 10· 3 

2. l x 10"4 

6. 7 X 1 o·S 
J.4x 10· 3 

Spill of Some X, A, 
or B Substance 

9. 3 x 10-4 
1. 7 x 10·4 

5.4x10· 5 

l.2 x 10" 3 

As the data in Table 4 indicate, three- and four
s~~tl incidents add only a bou t 30 percent to the 
P estimate, and the contribution drops off by 
about a factor of 5 with each increase of 1 in the 
number of packages spilled in the incident. Inci
dents of five spills or more can safely be ignored. 

The total probability (1.2 x lO-•) is very 
small. The 42 X, A, or B hazardous substances re
ported in the HMIR were involved in 1, 531 spills 
over the period January 1976 through August 1981. 
Over this 5.5-year period, then, it would be ex
pected that there would be roughly two spills of an 
RQ from multiple-spill incidents involving unmarked 
packages of these 42 hazardous substances. Actually, 
none were reported. 

Only half of the X, A, or B hazardous substances 
designated under the CWA are in the HMIR data, and 
without knowledge of the total spills of the unre
ported half, an estimate of the total number of RQ 
spills from unmarked packages cannot be made. Fur
ther, new designations of hazardous substances by 
EPA under the Comprehensive Environmental Response, 
Compensation and Liability Act of 1980 (CERCLA) 
(Public Law 96-510) will also increase the number of 
x, A, or B hazardous substance spills . With the in
creases in hazardous substance spills, the expected 
number of RQ spills from unmarked packages will in
crease in a ratio of about 800 to l; that is, of 
every 800 hazardous substance spills, one is ex
pected to be an RQ spill from small unmarked pack
ages. As the proportion of X, A, or B hazardous sub
stance spills that falls into each category changes 
from the 0 .1109X, 0. ll35A, or 0. 7756B found in the 
HMIR data, the expected rate of increase in RQ 
spills from unmarked packages will also vary. The 
1.2 x lo-• estimate is (0.1109 x 2.4 x lO-S) + 
(0.1135 x 4.o x lo - •i + (0.7756 x 1.4 x lo- • ii 
1.2/1,000 ~ 1/800. 

OTHER MEASURES 

Without being able to estimate the total number of 
RQ spills from unmarked packages, an important sta
tistic in attempting to judge the acceptability of 
these spill probabilities is the fraction of report
able incidents that would go unreported because the 
spill came from more than one unmarked package. 
("Reportable" means spills of more than an RQ. The 
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regulations currently require reporting to the NRC 
only when an RQ spills from a single package.) This 
fraction is different from the 1.2 x lo-• cited 
earlier because not all hazardous substance inci
dents result in spills of an RQ. In fact, only 0.266 
of the incidents spill more than 100 lb, 0.533 spill 
more than 10 lb, and 0. 898 spill more than 1 lb. 
(These values are calculated over all spill reports 
in the HMIR data and cover all hazardous materials.) 
The foregoing values are used with the probabilities 
in Table 4 to calculate the fraction of reportable 
incidents that would go unreported because the 
spills were from unmarked packages. Figure 1 shows 
these relationships for B hazardous substances and 
the following tabulation gives the results for X, A, 
and B hazardous substances: 

Reportable UnmarK ed 
Spills 

1. Reportable = . 27 
All 

Z. Reportable, Unmarked 
All 

3. Renortnble, Unmarked 
- 3 l.4x10 = S.3xl0 

- . -27-Re portable 

FIG URE 1 Relationship among all spills, reportable 
spills, and reportable spills from unmarked packages for 
B hazardous substance. 

Avg 
over 
all 
spills 

Probability That an RQ Spills from More Than 
One Unmarked Package Given an RQ Spill of 
X A B -----
2.7 x lo-s 7.5 x lo-• 5,3 x 10- 1 

(lin (lin (lin 
37,000) 1,300) 190) 

Roughly 1 in 37,000 reportable x hazardous substance 
spills, 15 in 20,000 reportable A hazardous sub
stance incidents, and 5 in 1,000 reportable B haz
ardous substance incidents would be from unmarked 
packages. All of these fractions are small and are 
probably much smaller than the fraction of incidents 
that are not reported for other reasons. 

One of the reasons for nonreporting could be that 
a spill of less than an RQ from a marked package is 
added to a spill from an unmarked package. In this 
case the operator of the vehicle would know that a 
hazardous substance had spilled but he would be un
aware that an RQ had spilled. Table 5 presents esti
mates of the fraction of reportable spills that re
sults from spills of less than an RQ from a marked 
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TABLE 5 Fraction of Reportable Two-Spill Incidents That Might 
Not Be Reported Because No Single Package Spilled an RQ 

Fraction of 
Typu of 
Two-Spill Incident' X Spills A Spills B Spills 

One marked and one 
unmarked package 2.4 x 10"6 5.4x 10-4 3.6 x 10· 3 

Two marked packages 2.7 x 10· 3 1.8 x !0"2 2. 1 x 10·2 

Total 2.1x10· 3 1.9 x !0"2 2.1 x 10·2 

(I in 370) (I in 50) (! in 40) 

a In whi ch Jess than an RQ spills fro m each package but the sum of spills exceeds an RQ. 

package and a spill from an unmarked package. These 
fractions are roughly the same size as the fraction 
of reportable spills from multiple spills of un
m_arked packages. 

Table 5 also presents the fraction of reportable 
spills that are from multiple spills of marked pack
ages where less than an RQ spills from each package. 
Under the MTB' s regulations these incidents do not 
need to be reported even though an RQ spilled in the 
incident. This fraction is much larger than the 
fraction from a marked and an unmarked package or 
that from two unmarked packages. The factors used to 
calculate the fractions reported in Table 5 are 
given in the report by Hoxie and Woodman (2_). 

CONCLUSIONS 

Table 6 shows estimates of the fraction of incidents 
in which an RQ or more spills for the two categories 
of risk. The estimates were derived from the MTB's 
HMIR data and the probability equation developed in 
the foregoing and in the report by Hoxie and Woodman 
!il . The results indicate that less than 0. 53 per
cent of all B hazardous substance spills of an RQ or 
more are from incidents involving multiple spills 
from unmarked packages. Further, the comparable 
fraction is even smaller for A hazardous substances 
and smaller still for X hazardous substances. 

TABLE 6 Summary of Multiple-Spill Risk 

Fraction of RQ Spills of 

Type of Incident X Substance 

Un marked and unreported 
(multiple' spills from 
unmarked packages) 2.7 x IO-s 

Unreported 
One spill of unmarked 

package and one spill 
of less than an RQ 
from a marked 
package 2.4 x 10·6 

Two spills of less than 
an RQ from marked 
packages 2. 7 x 10·3 

8 Includes incidents with two, three, and four spills. 

A Substance 

7.5 x 10"4 

5.4 x 10"4 

1.8 x 10·2 

B Substance 

5.3 x 10" 3 

3.6 x 10· 3 

2.1 x 10·2 

The results are somewhat less complete for inci
dents spilling more than an RQ that are unreported 
because no single spill exceeds an RQ. Only two
spill incidents are included in the analysis, but 
the risk calculations indicate that such cases com
pose less than 3 percent of all incidents in which 
an RQ or more of B hazardous substance spills. Fur
ther, this fraction is dominated by the spills from 
marked packages, and because only the letters RQ are 
marked on the package, it seems likely that these 
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spills would be reported (overreported) even though 
reporting is not required by curreryt regulations. 
They would be reported because the marking does not 
indicate the category of hazardous substance or the 
RQ threshold, so as long as the package spilled more 
than l lb, it could potentially be an RQ. 

These results are based on several assumptions. 
Because the probabilities were estimated from haz
ardous material spill data, the most important as
sumption is that hazardous substances are shipped 
and spill in ways that are the same as those for 
hazardous materials. An analysis of the spill data 
for the 42 x, A, or B hazardous substances contained 
in the HMIR data base supports the validity of this 
assumption. Other assumptions involve the indepen
dence of probability factors across substances and 
the degree to which the HMIR data are representative 
of all hazardous material spills. 

APPENDIX 

The objective of this Appendix is to show how as
sumptions 1-5 are used to develop an upper bound on 
the probability of an incident in which two packages 
containing the same hazardous substance spill when 
each package contains less than an RQ but more than 
an RQ spills, given that an incident involving a 
hazardous substance has occurred. Obviously another 
goal of the development is to reduce the probability 
to a set of probabilities each of which can be esti
mated by using the HMIR data. 

The probability of interest [P< 2 >1 is as follows: 

pC2l = ~ Pr (t = 2, k1 = Y, k2 = Y, w1 < ROy. w2 < ROy. 
Y <S 

01 + 02 ;;. ROy I t ;;. I )/ ~ Pr (k1 = Z or k2 = Z I t ;. I ) 
Z<S 

where the symbols are as defined for Equation l. 
Examine the numerator: 

C(Y)=Pr(t =2, k1 =Y, k2 = Y, w1 < ROy, W2 < ROy, 

01 +02;;. ROylt ;;. 1) 

=Pr(t=2, k2 =Y,W1 < R0y,W2 < R0y,Q1 +02;;. R0y ft ;;. I, 

k 1 =Y)xPr(k1 =Ylt ;;. I) 

(9) 

=Pr(k2 =Y, w1 < ROy , w2 < RQy , 0 1 +02;;. ROv It =2, k1 = Y) 

xPr(t= 2 lt ;;. J , k1 =Y)xPr(k1 =Ylt ;. 1) (10) 

Assume that the probability of a two-spill inci
dent is independent of the material spilled (assump
tion 1). Then 

C(Y) =Pr (k2 = Y, W1 < RQy , w2 < ROy , 0 1 +02;;. ROyl t = 2, 

k1 =Y)xPr(t=2ft;. J)xPr(k1 =Ylt;;. I) (!!) 

C(Y)=Pr(w1 < R0y,w2 < ROy,01 +02 ;;. R0ylt=2, 

k 1 =Y,k2 =Y)xPr(k 2 =Ylt=?,k 1 =Y)xPr(t=2lt ;;. J) 

xPr(k1 =Ylt ;;. J) (12) 

Assume that the probability that the second ma
terial spilled in a two-spill incident is the same 
as the first material spilled is independent of the 
first material (assumption 2). Then 

C (Y) =Pr (w1 < ROv , w2 < R0y , 0 1 + 02 ;;. R0y It= 2, k1 = Y, 

k2 = Y) x Pr (k2 = k1 It= 2) x Pr (t = 21 t ;;. I) 

x Pr (k1 =YI t ;;. I) (13) 
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Recall that 

p(2l = :i:: C (Y)/ :i:: Pr (k1 = Z or k2 = Z It :> 1) 
Yt"S ZES 

= :l:: [Pr(w 1 < R0y , w2 < ROv.01 +02 :> ROvlt=2,k 1 =Y, 
YES 

k2 =Y)xPr(k2 =k 1 1t=2)xPr(t=2lt;;. 1) 

x Pr (k1 =Ylt;. 1)) 7 :l:: Pr(k1 = Zor k2 =Zit ;. J) 
Z•S 

This expression can be rewritten as follows: 

PC2l =Pr (t = 2)1 t;;. 1) x Pr (k2 = k1 It= 2) 

x :l:: [Pr(k1 =Ylt ;. J)/ :l:: Pr (k1 =Zork2 =Zit;. 1)) 
YE"S ZE S 

xPr(w1 < R0y , w2 < ROy,01 +02 ;. R0vlt=2, 

k 1 = Y, k2 = Y) 

(J4) 

(15) 

'l'he first two terms can be moved out of the summa
tion because they are constant, unaffected by the 
material. 

Examine the following: 

D(Y)= Pr(k1 =YI t;. J)/ :l:: Pr (k1 = Zor k2 =Zit;. I) 
Z•S 

(16) 

Pr(k1 = Z or k2 = Z 1 t > 1) is short for Pr(t = 1 
and k1 z: or t = 2 ana k1 = z: or t = 2 and k2 = 
Z 1 t > 1). However, because t = 2 only 0.06 of the 
time that t _:: l and because ki e Z some of the time 
when k2 = z, this expression can be approximated by 
Pr (k1 = z 1 t > 1) . (This term should also cover the 
Situation in Which t "' 3 I 4 r • o , I and a complete 
statement of this approximation would include k 3, 
k4 , Z. However, the arguments made when t = 
2 apply for the t = 3, 4, ••. cases as well.) So 

D (Y) = Pr (k 1 = YI t ;. I)/ ~ Pr (k 1 = Z I t ;. I) 
z.s 

=Pr(k1 =Ylt;. I, YES) 

Thus, the original probability becomes 

pC2l =Pr (t = 21 t ;. I) x Pr (k2 = k1It=2) ~ Pr(k 1 =YI t;. J, 
Y•S 

YE S)x Pr (w 1 < ROy, w2 < RO y, 0 1 +02 ;. ROv It= 2, 

(17) 

k1 = Y, k2 = Y) (18) 

Now S = 
subsets of 
1 lb for Y 
100 lb for 
lows: 

Sx + SA + s8 , where Sx, SA, and s8 are the 
x, A, or B hazardous substances and RQy = 
£ Sx, RQy = 10 lb for Y • SA, and RQy = 
Y £ s8 • So p(2) can be rewritten as fol-

p(2l=Pr(t=2 1t:> l)xPr(k2 =k 11t=2)[ ~ Pr(k 1 =Ylt;. J, 
YESX 

YES)xPr(w 1 <l,w2 <1,01 +02;. !lt=2,k1 = Y,k2 =Y) 

+ :l:: Pr(k1 =Ylt ;. J , YES)xPr(w1 <10,w 2 <!0,01 
Ye SA 

+02 ;.!0lt=2,k1 =Y,k2 =Y)+ ~ Pr(k1 =Ylt;,J, 
YESB 

Ye S) x Pr (w 1 <JOO, w2 < JOO , 0 1 + 0 2 ;> JOOI t = 2, 

k 1 = Y, k2 = Y)) (19) 

Examine the second factor in the first sum in the 
brackets [call it F(Y)): 

F(Y)=Pr(w 1 <l,w2 < 1,01 +02 ;. lit =2,k 1 =Y,k2 =Y) 

F (Y) =Pr (w2 < I, 0 1 + 0 2 ;. JI t = 2, k 1 = Y, k2 = Y, w1 < J) 

x Pr (w 1 < JI t = 2, k1 = Y, k2 = Y) 

(20) 

(2J) 

Assume that the probability that the first package 
spilled contained less than 1 lb is independent of 
the material in the shipment and of whether the two 
spilled materials are the same (assumption 3). Then 

F(Y)=Pr(w2 < 1, 0 1 +02 ;;. Jlt=2, k1 =Y,k2 =Y,w1 < J) 

x Pr (w1 < 11 t = 2) 

=Pr (01 + 02 ;;. JI t = 2, k1 = Y, k2 = Y, w1 < J, w2 < 1) 

x Pr (w2 < JI t = 2, k1 = Y, k2 = Y, w1 < J) 

xPr(w1 < Jlt=2) 
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(22) 

Assume that the probability that the second package 
spilled contains less than 1 lb is independent of 
the material spilled (assumption 4). Then 

F (Y) =Pr (01 + 02 ;;. JI t = 2, k1 = Y, k2 = Y, w1 < l, w2 < !) 

xPr(w2 < Jlt=2, k1 =k2,w 1 < J) 

x Pr (w1 < 11t=2) 

Examine the first factor of F(Y): 

(23) 

G(Y) =Pr (01+02 > l It =2, k1 =Y, k2 = Y, w1 < l , w2 < J) (24) 

Certainly either Ql or Q2 must be larger than 
1/2 lb if Q1 + Q2 is to be larger than a pound. 
So 

G (Y) .;; H (Y) =Pr (01 ;. l /2 or 02 ;;. l /21 t = 2, k1 = Y, 

k1 =Y,w1 < J,w 2 < l) (25) 

Assume that the probability that either spill is 
less than 1/2 lb is independent of the material 
spilled or the fact that the same material spilled 
from both packages (assumption 5). Then 

H(Y) =Pr (01 ;. l/2 or 02 ;. J/21t = 2, w1 < l, w2 < J) (26) 

If it is assumed either that Q1 is independent of 
Q2 or that if it is not independent, they are pos
itively associated, an estimate of an upper bound on 
H(Y) can be made: 

H (Y) .;; I - (Pr (0.;; l /21 t = 2, w < l )] 2 (27) 

(By positively associated it is meant that larger 
values of Qi ace on the average associated with 
larger values of Q2 and similarly smaller values 
of Q1 are associated with smaller values of Q2 • 
By assuming that Q1 and Q2 are either positively 
associated or independent it is assumed that they 
are not negatively associated. That is, it is as
sumed that smaller values of Q1 are not on the av
erage associated with larger values of Q2.) So 

G(Y) .; !- [Pr(Q.; J/21t=2,w< 1)) 2 (28) 

and an upper bound on F(Y) is 

F (Y) = I l - [Pr ( Q .;; l /21 t = 2, w < I)) 2 1 

xPr(w2 < !lt=2,k1 =k2 ,w 1 < !)xPr(w1 < Jlt= 2) (29) 

Recall that the first summation in the last ex
pression for p( 2 l is 

J(Y)= :l:: Pr(k 1 =Ylt;. l, YES)F(Y) 
Ye-Sx 

Substituting in the upper bound on F(Y) yields 

J(Y)= ~ P1· (k 1 =Ylt;.J,YeS)xPr(w2 < llt =2, 
YESX 

k1 =k2,w 1 <l)xPr(w 1 <111=2) 

x 11 - [Pr (0 .;; l /2 It = 2, w < I)) 21 

(30) 

(3 l) 

Because only the first factor depends on the mate
rial, this expression can be rewritten as follows: 

J(Y)=Pr(w2 < Jlt= 2,k 1 =k2 ,w1 < IJxPr(w 1 < Jlt=2)x ll 

- [Pr(Q.; l/21t=2 , w< 1)] 2 1 x :l:: Pr(k 1 =Ylt ;. l, 
Y<Sx 

YES) (32) 
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Now the final summation in J(Y) can be restated: 

~ Pr(k1 =Ylt;;. l,YES)=Pr(k 1 ESxlt ;;. l,k 1 ES) 
Ye S x 

and 

J(Y)=Pr(w2 < llt=2 , k1 =k2 , w1 < J)xPr(w 1 < llt=2) 

x l! - [Pr(Q .; J/21t=2 , w< J)J21 xPr(k1 ESxl D J, 

k1 , S) 

(33) 

(34) 

Similar logic can be used to develop upper bounds on 
the other two summations in the final expression for 
p(2). The result is 

p<2>=Pr(t=2lt;;. J)xPr(k2 =k 1 1t=2) 

x (Pr (k1 'Sx It > J, k1 'S) x Pr (w 1 < JI t = 2) 

x Pr (w2 < JI t = 2, k1 = k2 , w 1 < I) x 1J - [Pr (Q.;; I /21 t = 2, 

w < l)] 21 

+Pr(k 1 ESAlt ;;. J , k1 ES)xPr(w 1 < l01t=2) 

xPr(w2 < JOlt=2,k 1 =k2 ,w1 < JO)xjl- [Pr(Q.;5lt=2, 

w < 10)] 2 1 
+Pr(k 1 ES 8 1t > l , k1 ES)xPr(w 1 < lOOlt=2) 

xPr(w2 < IOOlt=2,k1 =k2 ,w1 < lOO)xll 

- [Pr(Q < 50lt=2,w< 100)] 2 1) 
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Estimating the Release Rates and Costs of 
Transporting Hazardous Waste 

MARK ABKOWITZ, AMIR EIGER, and SURESH SRINIVASAN 

ABSTRACT 

In the United States more than 160 million 
metric tons of hazardous waste are generated 
annually, and there has been concern over 
the management of these wastes and their im
pact on the population and environment. Re
sponding to thi.s issue, policy makerli have 
begun to examine the risks and costs associ
ated with hazardous waste treatment, trans
port, and disposal. The focus of this paper 
is the expected releases and costs associ
ated with the transportation of hazardous 
waste by truck. Expected release rates are 
derived for eight container classes that may 
be used in the transport of hazardous mate
rials and waste. The results indicate that 
the expected fraction released per mile 
shipped ranges from approximately 10· 8 to 

lo-•, depending on the container class. 
Expected released fractions at terminal 
points range from 10- • to lo-'. Thus, 
the expected released fractions during 
transport are potentially as large as the 
corresponding released fractions at disposal 
sites and treatment facilities. A review is 
also conducted of previous studies of the 
cost of hazardous waste transport. Several 
def icicncies are noted, particularly assump
tions related to shipment characteristics 
and the lack of a comparison of actual rates 
charged by waste haulers. To overcome these 
deficiencies, new formulas are derived for 
estimating the cost of waste transport by 
tanker and stake (flatbed) truck. Cost esti
mates based on these formulas are subse
quently compared with quoted industry rates. 
A conclusion is reached that the reviserl 
procedure is reprP.sentative and can be used 
in policy analysis. 
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In the United States more than 160 million metric 
tons of hazardous waste are generated annually (!) • 

In response to a growing concern over the management 
of these wastes and their impact on the population 
and environment, policy makers have begun to examine 
the risks and costs of treatment, transport, and 
disposal of hazardous waste. 

The U.S. Environmental Protection Agency (EPA) 
has taken a leading role in assessing the trade-offs 
between various aspects of the disposal and treat
ment problem. In 1981 EPA's Office of Solid Waste 
began development under the Resource Conservation 
and Recovery Act (RCRA) of a Risk/Cost Analysis 
Model to assist in the development of regulations 
and standards for hazardous waste treatment, stor
age, and disposal facilities. 

The RCRA Risk/Cost Analysis Model consists of an 
array of possible ways to treat and dispose of the 
hazardous wastes generated in the United States (2). 
Three main factors are considered in the model's 
formulation of possible ways to manage hazardous 
waste: 

l. The type of waste (and its hazardous chemical 
constituents) i 

2. The types of technologies used to treat, 
transport, and dispose of the waste; and 

3. The environmental settings in which the 
wastes are treated, transported, and disposed. 

The model forms all possible combinations of a 
list of wastes, technologies, and environmental set
tings, or WET cells. It then calculates the risks 
and costs involved in each WET cell. In this fash
ion, the relative merits and drawbacks of various 
hazardous waste management strategies can be identi
fied. 

The focus in this paper is on the development of 
fraction release estimates for the transport tech
nology component of the RCRA Risk/Cost Analysis 
Model. A secondary topic is the derivation of cost 
estimates of transporting hazardous waste. This in
cludes a review of existing work directed at esti
mating the cost of transporting hazardous waste and 
modifications to existing methods based on hazardous 
waste shipment characteristics and current economic 
reasoning. The new cost formulas are subsequently 
compared with quoted industry rates to a s certain 
whether the revised approach can be used reliably in 
policy analysis. Because 90 percent of all hazardous 
waste is currently transported by truck (1) , the 
models described in this paper are restricted to 
truck transport. 

RELEASE MODEL DEVELOPMENT 

Four general types of risk estimation methodologies 
have thus far evolved and been applied to the vari
ous aspects of transport risk analysis. [For an 
overview of this topic, see TRB Special Report 197 
(_!) and NCKRP Report 103 <1>. J These methodologies 
are statistical inference, fault-tree modeling, sim
ulation modeling, and subjective estimation. Each of 
these techniques has advantages and disadvantages, 
which must be evaluated in any given case. For ex
ample, the primary limitation of statistical estima
tion techniques is that one must assume the process 
generating the accident or incident frequencies to 
be stationary. Otherwise the estimates obtained from 
past data could not be used to predict future occur
rences. Unlike statistical estimation methods, 
fault-tree analysis attempts to model the incident 
occurrence process in great detail. Although this 
has scientific appeal, there are difficulties asso
ciated with the acquisition of data for predicting 
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basic event probabilities and the uncertainty that 
all significant event sequences have been consid
ered. Nevertheless, fault-tree analysis as applied 
to the estimation of the risk of transporting haz
ardous materials has been used in several studies, 
among which are those by Rhoads (6), Bercha (7), and 
Geffen (~).Other studies relevant to the evaluation 
of risk in hazardous material transport include 
those by Gaylor (9), Jones et al. (10), and the Na
tional Transportation Safety Board (NTSB) (ll). The 
reader is referred to a comprehensive bibliography 
on this subject provided by Russell et al. (12). Of 
the various techniques discussed in the lite7ature, 
statistical estimation was considered to be the most 
appropriate for this study in terms of the overall 
project objectives. The results of other researchers 
were used to check the credibility of the estimates. 

Incidents involving release of hazardous waste 
during transport result from any of a number of 
causes (failure modes) and can occur at shipment 
terminal points or en route. Of those that occur en 
route, a certain proportion result directly from 
truck accidents. Thus, three types of incidents are 
defined: 

1. Container failures due to vehicular accidents 
en route, 

2. Container failures occurring en route due to 
causes other than vehicular accidents, and 

3. Failures at the shipment terminal points. 

In developing the transport release model, cer
tain postulates were made concerning the three types 
of incidents defined earlier: 

l. The probability of a truck accident in which 
a release occurs is independent of the waste being 
shipped and the container type used in shipment. 

2. The probability of occurrence of an incident 
at any point along the route is a nonzero constant 
that, exclusive of the truck accidents, depends on 
the container type used. 

3. The probability of occurrence of an incident 
at a shipment terminal point depends only on the 
container type used. 

4. The expected amount released as a result of 
an incident depends on the container type used and 
the specific cause of the release (failure mode). It 
does not depend on the location of the incident. 

The transport release model is formulated as fol
lows: 

Rtr = R x A x d (expected fraction released en route) 
.!! x e (expected fraction released at terminal 

point) 

where 

A = 

expected released fraction, 
vector of parameters corresponding to the 
expected fraction released for each defined 
failure mode, 
probability vector corresponding to inci
dents en route for each defined failure 
mode, 
probability vector corresponding to inci
dents at terminal points for each defined 
failure mode, and 

d distance shipped. 

For each container type considered, it is neces
sary to estimate the vectors ~' Ar and 6• Thus, 
the total number of parameters to be estimated de
pends on the number of container types and failure 



24 

modes defined. The primary source of data for esti
mating the incident probability and fraction re
leased vectors was the 1981 Hazardous Material Inci
dent File (HAZMAT) maintained by the U.S. Department 
of Transportation's Materials Transportation Bureau 
(MTB). The HAZMAT file is a compilation of nation
wide data regarding incidents involving hazardous 
material spills. As such, it contains information 
relating to frequency and circumstances (container 
involvement, failure mode, etc.) surrounding these 
incidents. This file allows the coding of up to 334 
container types and 23 failure model'!. Analysis of 
the data resulted in the identification of the fol
lowing eight container classes with reasonably uni
form physical character is tics and incident involve
ment rates: 

1. Cylinders, 
2. Cans, 
3. Glass, 
4. Plastic, 
s. Fiber boxes, 
6. Tanks, 
7. Metal drums, and 
8. Open metal containers. 

For each of these eight container classes, expected 
release estimates were derived, as described in the 
following sections. 

INCIDENT OCCURRENCE MODEL 

Given the previous assumptions that the probability 
of an incident is constant along all points on a 
given route, it follows that the probability of oc
currence of an incident somewhere along the route is 
directly proportional to the length of the route. 
Thus, for the first two incident types (incidents en 
route), the total transport distance is the expo
sure. For incidents at shipment terminal points, the 
number of shipments is the exposure because distance 
is not a factor. Given the foregoing conditions for 
each container class and failure mode, it can be 
shown that the limiting probability distributions 
for each of the incident types and failure modes are 
given as follows: 

Container Failure During Vehicular Accident: 

Container Failure En Route: 

Container Failure at Terminal Point: 

a 1, 23 

where 

S number of shipments, 
µd mean shipment distance, and 

l and e = corresponding incident rates for the 
particular container class. 

Direct estimation of the incident rates 
and Ojl r equires knowledge of the number 

(l) 

(3) 

(l . ot 
shipments (SJ and the mean shipping distance 
<~al for each container class. Because the 
former is not available and cannot be reasonably 
estimated, the incident-rate esti mators (excluding 
vehicular accidents) were derived in terms of a re-
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leasing truck accident rate, which is to be inde
pendently assessed. The releasing truck accident 
rate is some fraction of the overall truck accident 
rate, accounting for the fact that not all truck 
accidents result in a material spill. Thus, 

where 

j = 2, 23 

for all j 

A = estimate of the accident rate for 
trucks in which releases occur 
[A = 2. 8 x 10- 7 (]d) ] ; 

d a estimate of lld• determined from the 
HAZMAT data; and 

(4) 

(5) 

nj and mj = incident frequencies for the container 
class obtained from the HAZMAT file. 

FRACTION-RELEASED MODEL 

The fraction-released model is made up of two sub
models: one for the fraction of containers failed 
given an incident and the other for the fraction 
spilled given failure. These are henceforth referred 
to as the failure and spill models, respectively. 
Given the assumed dependence of the fraction-failed 
and fraction-spilled variables on both the container 
type and failure mode, linear models are constructed 
as follows: 

p (6) 

where F and P denote the fraction failed and frac
tion spilled and the X's and Y's are binary vari
ables denoting the container classes and failure 
modes, respectively. For example, an observation 
corresponding to container class l and failure mode 
6 would have Xi = l and Y6 = l and the remaining 
independent variables would be zero. 

The full regression models contain 29 binary var
iables (needed to define the 8 container classes and 
23 failure modes), with the assumption that the in
teraction terms are not significant. The regression 
coefficients in the models were estimated by using 
the spill data in the HAZMAT file. 

Let Fj, Pjr and Rj denote the random variables 
fraction failed, fracfion spilled, and frac tion re-
leased for failure mode j; the means are llfj• 
llpj' and µrj' respe:tively. Thus, Rj = FjPj. Assuming 
that Fj and Pj are independent, µrj = µfjµpj" Denot
ing by rj the estimate of llrj' one obtains 

(7) 

where f · and Pj are the mean response estimates 
obtaineifl from the models of Equation 6. 

Recall that lj and 0j denote the probabilities of 
incident occurrences by tailure mode j en route and 

at the terminal poi nts, and Aj and 6; are their esti-
11\ators. Let "r and µ r t denote the mean fract i on re
l eased per mile shipped and at t erminal points , re
spectively. Let r and rt denote the respective 
estimators. Then 

23 
r = t r·A · + r1l' 

j=2 ) ) 
(8) 

(9) 
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where A', corresponding to the failure mode of a re
leasing vehicular accident, is considered an input 
variable. Several values for A' will be given below 
for diAfferent highway types, of which the composite 
rate (Al was used in the estimation of the incident 
probabilities (Aj and Ojl. 

PARAMETER ESTIMATION 

In the previous section, estimators of the expected 
fraction released were derived based on the failure 
and spill models. Table 1 gives the computed esti
mates for each of the container classes both for in
cidents en route and at terminal points. 

TABLE 1 Estimates of Fraction Released by Container 
Oass 

Container 
Class 

1 
2 
3 
4 
5 
6 
7 
8" 

Expected Fraction 
Released per 
Mile Shipped 

1.3 x 10-6 + (0 .13 X') 
2.6 x 1 o-6 + (0 . 12;\') 
1.7 x 1 o-6 + (0.27X') 
4.1 x 10-6 + (0 .14;\1) 

u x 1 o-6 + co .12;1.') 
4.2 X 10-B + (0 .19;\') 
2.4 x 10-6 + (0.1 OX') 
7.5 x 10-6 

Expected Fraction 
Released at Terminal 
Points 

1.4 x 10-4 

4.0 x 10-4 

2.6 x 10-4 

5.2 x 10-4 

6.1 x 10- 5 

7.6 x 10-6 

2.9 x 10-4 

1.2 x 10-3 

aEstimate associated with the released fraction during accident is not 
reliable. 

Note in the table that the expected fraction re
leased per mile shipped has been expressed in terms 
of A', a rate for truck accidents in which a re
lease occurs. From an independent analysis of data 
on truck accident rates (13) and the work of Val
lette et al. (14) and of others (15-23), the follow
ing estimates of accident rates (releasing accidents 
per million truck miles) for three different highway 
types have been derived: 

Highway Type 
Interstate 
U.S. and state (rural) 
Interrupted flow due to 

intersections (urban) 
Composite 

Accident 
Rate 
0.13 
0.45 

0.70 
0.28 

In computing the foregoing estimates, it is nec
essary to take into account that not all truck acci
dents result in a release. An estimate of 0,2 for 
the fraction of truck accidents in which a spill oc
curs was derived. This was based on the following 
factors. First, the 1982 FRA Accident/Incident Bul
letin <W indicates that in 601 train accidents 
consisting of 2, 770 cars carrying hazardous mater i
als, 109 cars released. Second, previous work by 
Geffen (..!!_) indicates that tank trucks involved in 
accidents are approximately 10 times more likely to 
spill than rail tank cars. These two factors yield 
an estimate of 0.4, which was adjusted downward to 
compensate for the higher damage threshold for an 
FRA reportable accident than the threshold usetl in 
the HAZMAT file. It is emphasized that the releasing 
accident rates reported here are suggested values 
that in a given situation should be replaced by more 
accurate estimates if they are available. 

In order to evaluate the results, estimates for 
tanks in Table 1 were compared with the results of 
the Bercha study 11> for tank trucks and vacuum 
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trucks and the Pacific Northwest Laboratory (PNL) 
studies (_§_,..!!_) for tank and tank-trailer combination 
trucks. The PNL studies report incident probabili
ties in a 130-mile (210-km) shipment of 3.68 x lO-• 
and 3.57 x lo-• for propane- and gasoline-carrying 
trucks, respectively. These values translate to an 
incident probability per mile of 2.8 x 10-1, which 
compares favorably with the current estimate for the 
fraction released per mile of 1 x 10- 1. The Bercha 
study reports fractions released per mile of 2.02 x 
10- 7 and 1.68 x l0- 7 for vacuum trucks and tank 
trucks, respectively. In addition, Bercha reports 
estimates of the fraction released during loading 
and unloading of 4.6 x lO-• and 2.4 x lo-• for 
vacuum trucks and tank trucks, respectively. The 
current results for incidents en route are in gen
eral agreement with those of Bercha. For incidents 
at terminal points, however, they are two orders of 
magnitude lower. This apparent discrepancy could re
sult from underreporting of HAZMAT small spill inci
dents at terminals. After the small spills have been 
removed from the Bercha analysis, the resulting 
fractions released during loading and unloading for 
both vacuum and tank trucks become 2. 4 x 10- • • 
These are still three times higher than this study's 
estimate of 7.6 x lo-•. 

ERRORS OF THE ESTIMATES 

There are several sources of error that affect the 
release estimates in Table 1. These can be catego
rized as modeling errors and estimation errors. In 
this section, only the estimation errors and their 
implications are discussed. 

Recall that in Equations 4 and 5, there are three 
factors to be estimated: A, the accident rate for 
tri.x:ks in which releases occur: Ila• the mean 
shipping distance for the container class: and the 
incident frequency ratios. In view of the functional 
form of the estimators, the errors in the aforemen
tioned factors are multiplicative. That is, a 10 per-

cent error in A and a 10 perc:nt error in (nj +Al)/n1 
yields a 21 percent error in Aj• The error in Ar in 
turn, is multiplicative in the errors in the acci
dent rate estimates and the estimates of the frac
tion of accidents that release. In order to gauge 
the total error, each of the factors is considered 
separately. 

The frequency ratios derived from the HAZMAT data 
could be affected by underreporting of incidents. 
There is strong evidence to suggest that this oc
curs. However, if the underreporting is uniform 
across all failure modes, the estimates are not af
fected. It is the authors' view that accidents are 
not as likely to go unreported as are other inci
dents (particularly at terminals) and this would 
lower the estimates. 

The estimates of the truck accident rates derived 
in this study are within the range of previously re
ported findings. As an average of rates representing 
varied highway and traffic volume conditions, the 
composite rate used in the analysis is lower than 
what was used in the PNL (6,8) and Bercha (7) stud
ies. This again would tend to-lower the esti~tes. 

With regard to the estimate of the fraction of 
accidents that release, it may be argued that the 
estimate of 0.2 is high. For example, it has been 
suggested that one can use the fatality rate as a 
proxy for the releasing accident rate. From data re
ported by NHTSA Ill), 8.6 percent of single-vehicle 
truck accidents result in a fatality. NHTSA also re
ports injury rates of 24 percent. Thus, a factor in 
the range of 0.08 to 0.24 appears reasonable. 

There are other factors the errors of which af-
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feet the computations of the final estimates of the 
fraction released. These include sampling errors in 
the estimates of the fraction spilled given an acci
dent and errors in the estimation of the shipping 
distances by container types. The magnitude of these 
errors is given by the standard error of the esti
mates and is less than 20 percent. 

As an illustration of the overall error effects, 
consider the possibility that the accident rate was 
underestimated by 25 percent, the fraction of re
leasing accidents was overestimated by 100 percent, 
the shipping distance was overestimated by 20 per
cent, and the frequency ratio at terminals was un
•'lerestimated by 20 percent. For the foregoing situa
tion, the net error in the incident probability 
estimates would be approximately 44 percent. 

ESTIMATING THE EXPECTED AMOUNT RELEASED 

From the model parameters described previously, the 
following procedure is used to estimate the expected 
fraction released during transport in a given appli
cation: 

1. Identify shipment characteristics (e.g., num
ber of shipments, volume per shipment, trip dis
tance, and container type), 

2. Identify roadway characteristics (highway 
type), 

3. Select appropriate values of the parameters 
for the fraction released for the container type be
ing considered, 

4. Select appropriate A', 
5. Determine fraction released en route and at 

terminal points, 
6. Multiply fraction released en route by total 

trip miles and fraction released at terminal points 
by the number of shipments, 

7. Add these values to arrive at total expected 
fraction released, and 

8. Multiply this by the total volume to obtain 
the total expected amount released. 

To illustrate this procedure, consider the prob
lem of estimating the expected amount released given 
that two hundred 55-gal drums are being shipped a 
distance of 100 miles on Interstate highways. 

The accident rate for Interstates has been given 
as A' = O .13 releasing accident per million truck 
miles. The expected amount released en route and at 
the terminal points is obtained by using the infor
mation from Table 1 as follows: 

E (release en route) = (2.4 x lO-• + 0.10 x 0.13 
x lo-•) x 100 x 200 x 55 = 2.6 gal. 

E (release at terminals) = 2.9 x lO-• x 200 x 55 
3 .2 gal. 

Total expected release a 5.8 gal 
total shipment. 

ESTIMATION OF TRANSPORT COST 

Literature Review 

0.05 percent of 

During the literature review process, seven studies 
were identified as having treated the issue of esti
mating the cost of transporting hazardous waste by 
truck. (Several other cost studies of truck trans
port exist that do not explicitly focus on hazardous 
waste transport.) In all cases, this issue was con
sidered within the larger scope of addressing the 
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total cost and risk of hazardous waste treatment at 
a regional level. The subsequent discussion de
scribes the methodology adopted in each study. 

In a report to the Environmental Council of Al
berta concerning the risks of transportation of haz
ardous waste substances, Bercha <1> addressed the 
cost of hazardous waste transportation by segmenting 
according to trip length (1 km= 0.6 mile): 

Cost 
Trip Length 
(km) 
0-100 
>100 

Canada 
($/tonne-km) 
0.120 

United States 
($/ton-mile) 
0.176 

0.000 0.117 

Bercha did not differentiate by truck capacity 
and material carried. Although not reported, it is 
assumed that trip length corresponds to one-way trip 
distance and that the costs of deadheading back to 
the trip origin are embedded in this cost structure. 
It is also assumed that the trip length segmentation 
was established to reflect the decrease in costs per 
ton mile that will occur with longer trips as fixed 
costs are distributed over a larger base. 

A study by Booz-Allen and Hamilton (~) addressed 
transport costs as part of an assessment of hazard
ous waste generation and treatment capacity. Booz
Allen assumed that all hazardous waste would be 
transported by either 6,000-gal tank trucks or flat
bed trucks carrying 80 drums. It was implied that 
trucks would be traveling at full capacity. On the 
basis of interviews with facility operators, three 
different rules of thumb were established: 

~ 
Flat rate per hour 
Flat rate per mile, 

round trip 
Fixed cost plus 

variable cost 
(usually applied 
to shorter trips} 

Cost ($) 
30.00-40.00 

1.50-3 .oo 
100.00-150.00 minimum 

charge and 1.00-
1.50 per mile 

The Boaz-Allen study did not indicate the condi
tions under which each costing method is most appro
priate. The study also assumed that the costs are 
similar for transporting waste by tank or drum, and 
it did not recognize the expected decrease in per
mile costs associated with longer trips. Finally, 
the assumption that trucks travel at full capacity 
is not supported by analyses that have been con
ducted on hazardous waste shipment character is tics 
(]]). As a result, the estimated costs are likely to 
be biased toward underreporting the actual cost of 
transport. 

In their study of the New York State hazardous 
waste management program, Camp et al. conducted 
telephone interviews with haulers operating within 
the state (~).Cost estimates were solicited for a 
75-mile one-way trip by using 4,000-gal tank trucks. 
The cost estimates (including all fees, tolls, gas, 
and wages) ranged from $1.14 to $4.80 per trailer 
mile depending on distance, waste type, and quan
tity. For their purposes, Camp et al. used an aver
age cost of $1.25 to $1.50 per mile. 

The importance of this study is not what Camp et 
al. adopted for their use (which suffers from the 
deficiencies described previously in the discussion 
of the Bercha and Booz-Allen studies), but in the 
information obtained in conversing directly with op
erators. The operators themselves identified trip 
distance, shipment size, and waste type as being im
portant factors in determining transport cost. 

Transport cost was treated quite generally in a 
study of hazardous waste management in Massachusetts 
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(27). It was assumed that waste would be transported 
i-;:;-either 80-drum trucks or 4,400-gal tanker trucks, 
and it was further assumed that trucks only travel 
at capacity. Costs were estimated at $1.00 to $3.00 
per truck mile (one-directional travel), which is 
equivalent to $0.06 to $0.18 per ton mile. The Mas
sachusetts study adopted a rate of $0.12 per ton 
mile for their purposes. No additional insights can 
be gained from reviewing this costing approach. Be
yond assuming that shipments are only made at full 
capacity, the methodology suffers from assuming that 
per-mile costs remain constant irrespective of trip 
length and material carried. 

In contrast to the variable cost structure estab-
1 ished in the previously described studies, Arthur 
o. Little, Inc. (AOL), developed a more sophisti
cated approach in their assessment of hazardous 
waste management facilities in New Englanj (~). In 
this study it was recognized that the real cost of 
transporting waste consists of a fixed cost (capital 
amortization, insurance, taxes, salaries, fringe 
benefits, superv1s1on, and general and administra
tive costs) independent of the shipment activity and 
a variable cost (fuel, tires, lubrication, mainte
nance), which is likely to be a function of trip 
distance. 

To arrive at their cost formulas, AOL assumed 
that a truck is in service 2 ,000 hr per year and 
during the time that the truck is in service and on 
the road, the average travel speed is 40 mph. It was 
further assumed that the truck operates at capacity 
when a shipment is made and returns empty to the 
trip origin. Tank trucks and stake trucks with 
6,000-gal capacity that can carry thirty 55-gal 
drums were examined. 

With this information, cost functions were de
rived of the following form: 

Tanker ~ = (0.084 + 2.45)/d (10) 

Stake truck ~ = (0.237 + 11.01)/d (11) 

where ~ is the cost in dollars per ton mile and d 
is the one-way trip distance in miles, 

The major advantage of the AOL approach is the 
detail given to components that are part of the cost 
of providing transport service and the recognition 
that some costs are fixed whereas others are vari
able in nature. This methodology accounts for dif
ferent truck types and unit costs that decrease as a 
function of trip distance. The drawbacks of this 
work are as follows: 

1. The estimates of capital and operating costs 
were not validated against actual records, 

2. It was assumed that trucks were at full ca
pacity during transport, and 

3. It was assumed that trucks were constantly in 
demand and available for service. 

These assumptions contribute a bias toward under
estimating the real transport cost per shipment. 

A revised costing procedure was developed by AOL 
for their study of hazardous waste quantities and 
facility needs in Maryland (~). The primary modifi
cations to their earlier methodology were 

1. The assumption that trucks were in service 80 
percent of the time, 

2. Inclusion of a line item for profit (5 per
cent of non-capital-related expenses plus general 
and administrative expenses) , 

3. Consideration of a roll-off container truck 
with capacity for eighty 55-gal drums, and 

4. An update to the component costs to account 
for inflation and other changing market conditions. 
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For the Maryland study, AOL did contact several op
erators in the United States to verify the plausi
bility of the cost assumptions. 

Estimates of the cost per ton for one-way trip 
distances of 50 and 100 miles for tank trailers and 
roll-off containers (using a stake truck) were made. 
AOL also developed generalized cost formulas in 
their study. 

This approach resolves many of the criticisms 
raised in the review of previous methodologies. The 
major remaining problems are the assumption of fully 
loaded trucks and, although operators were consulted 
on the component cost estimates, the failure to ex
amine actual cost records for the purposes of estab
lishing the representativeness of the entire costing 
procedure. 

For the EPA RCRA Risk/Cost Analysis Model, lCF, 
Inc., examined the costs of transporting waste by 
6,000-gal tank trucks for one-way trip distances of 
25 and 250 miles (30). It was assumed that on-site 
transportation cost~were included in treatment and 
disposal costs, which appears to be an implied as
sumption in the other studies that have been re
viewed. 

ICF' s approach was to formulate a procedure s im
ilar to that developed by AOL. Notable differences 
in the two approaches are the absence in the ICF 
formulation of the following: supervisory labor, 
interest on capital, insurance, tax, general and ad
ministrative costs, and profit. The ICF procedure 
suffers from the same deficiencies as the AOL Mary
land methodology and, in addition, is not as compre
hensive. For these reasons, the ICF approach appears 
less suitable. 

In summary, the methodologies reviewed fall into 
two major categories: variable-cost models and 
total-cost (fixed plus variable) models. The total
cost models are more sophisticated in their treat
ment of component costs and are likely to be more 
representative of the real cost of operating ser
vice. Of the total-cost models, the AOL Maryland ap
proach appears to be the most complete, although 
some deficiencies still remain. In the following 
section a revised procedure is described that was 
developed to address these deficiencies. 

Revised Procedure 

The revised costing procedure was developed based on 
AOL cost assumptions with the following modifica
tions: 

l. Costs are updated into 1983 terms by using 
the consumer price index (CPI) where appropriate, 

2. ~verage trip distances and shipment sizes are 
assumed based on the results of an analysis of haz
ardous waste shipment characteristics by using mani
fest data from several states <.!.ll , and 

3. The revised cost formulas are compared with 
actual price quotes from waste haulers for purposes 
of establishing the accuracy of the revised proce
dure. 

Transport costs are estimated for 6 ,000-gal tankers 
and 18-ton stake trucks. As in the case of the AOL 
study, costs are segmented into fixed and variable 
costs, as described in Table 2. 

Average-Cost Approach 

Tanker (6,000-gal} 

Analysts often require average-cost information in 
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TABLE 2 Cost Assumptions for Revised Procedure 

Costs($) 

Tanker Stake Truck 
Type of Cost (6,000-gal) (18-ton) 

Fixed 
Capital8 amortization (8 yr at 12 per-
~cnt = 0.201) 
oncupil~I fixed (l 983b) 

18, 170 16 ,402 

Driver's salary ($14.64/hr x 2,000) 29 ,280 29,280 
Supervision ($2.93/hr x 2,000) 5,860 5,860 
Insurance ($2.10/hr x 2,000) 4,200 4,200 
License and tax ($2.00/hr x 2,000) 4,000 4.000 

Total capital and noncapital fixed 61,510 59,742 
General and administrative at l 0 percent 6,151 5,974 
Profit at 5 percent 3,383 3.286 

Total fixed 71,044 69,002 
Variable' 

Fuel and oil 0.23 0.23 
Tires, maintenance, and repair 0.1 4 0.14 
General and administrative at 10 percent 0.04 0.04 
Profit at 5 percent 0.02 0.02 

Total variable 0 .43 0.43 

:c~pitfll cost for 6,000-gal tanker = $l'f0,400; (Of 18-ton stake tru1:k = $81,600. 
Using consumer price index (CPI) f(gures for u rb11n wages, the luOn:tion rate has been 
as follows: 1981 = 10.4 percent, 1982 = 6.J percent. 

cPer mile. 

order to make policy decisions when detailed infor
mation on shipment characteristics is not available. 
This can be facilitated by assuming an average ship
ment size and trip length for a typical shipment. 
The following analysis examines average costs for 
tanker transport where it is assumed that the tanker 
is carrying liquid materials. 

The analysis assumes an 80 percent utilization 
rate (in service 1,600 hr per year), time on the 
road is based on an average speed of 40 mph, and the 
loading and unloading time per shipment is 2 hr. 
Based on the analysis of hazardous waste shipment 
characteristics, the mean trip length is 84.2 miles 
and the average shipment size is 3,171 gal, or 
equivalently, 13.21 tons (13). These inputs, coupled 
with the information in Table 2, yield the following 
results: 

Average time per shipment 
+ 2 hr = 6.21 hr. 

[(84.2 x 2 miles)/40 mph] 

Average trips per year = 1,600 hr/6.21 hr = 257.65. 

Average fixed cost per trip= $71,044/257.65 = 
$275.74. 

Average variable cost per trip = $0.43 x (84.2 
x 2 miles) = $72.41. 

Average total cost per trip 
$348.15. 

$275.74 + 72.41 -

Average cost per loaded mile = $348.15/84.2 • $4.14. 

Average cost per loaded ton mile = $4.14/13.21 = 
$0.31. 

Thus, the average cost per loaded mile of tanker 
transport is $4.14 and the average cost per ton mile 
is $0.31. 

Stake Truck ( 18-ton) 

The time, distance, and quantity assumptions remain 
the same as in the previous case, with the following 
exceptions: 
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1. Loading and unloading time is assumed to be 3 
hr and 

2. Average shipment size is 11.63 tons (Jdl. 

The analysis proceeds as follows: 

Average time per shipment= [(84 . 2 x 2 miles)/40 mph] 
+ 3 hr = 7.21 hr. 

Average trips per year = 1,600 hr/7.21 hr = 221.9. 

Average fixed cost per trip = $69,002/221.9 = 
$310.96. 

Average variable cost per trip = $0.43 x (84.2 
x 2 miles) • $72.41. 

Average total cost per trip 
$383.37. 

$310.96 + $72.41 

Average cost per loaded mile s $383.37/84.2 • $4.55. 

Average cost per loaded ton mile = $4.55/11.63 = 
$0.39. 

The average costs per loaded mile and loaded ton 
mile are larger for stake trucks than for tankers. 
This is because of the smaller loads associated with 
stake trucks. 

Deriving Cost Formulas 

It is extremely useful to have formulas available to 
estimate the cost of transport when details on spe
cific shipments are available. These formulas are 
derived for tankers and stake trucks in the follow
ing discussion. The average cost per loaded mile 
(elm) in dollars per loaded mile can be expressed as 
follows: 

elm • (F/[l,600/(0.05X + Z)]} (l/2X) 
+ (0.43 x 2) 

wher e 

F = annual fixed cost, 
X one-way shipment length (miles) , 
Y shipment size (tons), and 
Z = loading and unloading time (hr). 

For tankers, F $71,044 and z • 2. Therefore, 

clmtanker = 3.08 + (88.8/X). 

(12) 

The cost per loaded ton mile (ctm) in dollars per 
loaded ton mile for tankers is 

cltffitanker = (3.08/Y) + (88.8/XY). 

For stake trucks, F = $69,002 and z 3. Therefore, 

clmstake = 3.02 + (129.38/X). 

The cost per loaded ton mile for stake trucks is 

cltmstake = (3.02/Y) + (129.38/XY). 

Compar i son with Actual Charges 

The cost estimates using the revised costing proce
dure were compared with actual rates charged by 
haulers to determine the accuracy of the costing 
procedure. Information on actual rates was obtained 
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from a study of transportation costs of hazardous 
waste haulers conducted by Temple, Barker and 
Sloane, Inc., (TBS) in May 1983 <l!l. 

In their study, TBS contacted 10 companies in
volved in the treatment, disposal, and transporta
tion of hazardous waste to gather cost information 
on drum and bulk waste transport activities. TBS ex
perienced considerable difficulty in obtaining cost 
information that could be used to directly compare 
one operation with another. In fact, companies 
varied in terms of type of truck, vehicle capacity, 
area of service, average haul distance, quoted 
rates, and units to establish rates. Nevertheless, 
TBS attempted to establish a uniform scale by con
verting all rates to dollars per loaded mile. 

For 5,000- to 6,000-gal tankers, quoted ratP.s 
ranged from $2.75 to $4.50, with an average of 
$3.40. Th~ average cost per loaded mile using the 
revised costing procedure is $4.14, which is toward 
the upper bound of what most shippers are charging. 
However, the lower costs in the range were quoted 
for one-way trips of 200 to 300 miles, well above 
the average trip distance used to compute the aver
age cost per mile in the costing procedure. Using 
the cost formula for tankers with a one-way trip dis
tance of 300 miles, the estimated average cost is 
$3.38 per loaded mile, which is consistent with the 
amount operators are reportedly charging for a 300-
mile one-way trip. 

For stake trucks capable of handling 70 to 88 
drums, the rate per loaded mile ranged from $2.10 to 
$4.00, with an average of $3.30 as compared with the 
estimated average of $4.55. Again, the lower rates 
were associated with longer trips. Using the cost 
formula for stake trucks, the estimated cost per 
loaded mile for a 300-mile one-way shipment is 
$3.45, which compares rather favorably with reported 
rates. 

In conclusion, the cost formulas appear to be 
representative of quoted rates in the hazardous 
waste transport industry, particularly for the long
haul market. The average-cost figures, however, 
should be treated more carefully and should only be 
employed when information is not available on ship
ment size and trip distance. 

SUMMARY 

In this paper the results of a study are reported in 
which expected release rates are derived for the 
truck transport of hazardous materials and wastes. 
The results indicate that in terms of order of mag
nitude, the expected fractions released per mile 
shipped range from lo - • to lo-s, depending on 
the container used in transport. Expected release 
fractions at terminal points ranged from 10-6 to 
lo-•, also depending on the container class. 

The computed estimates indicate that 

1. The release rates for tanker trucks are much 
lower than those for other container types, 

2. The expected amount released at terminal 
points is one to three orders of magnitude higher 
than the amount released en route (depending on trip 
length) , and 

3. The release rates during transport are poten
tially as high as the corresponding ratP.s at dis
posal sites and treatment facilities, which range 
from 10- 7 to lo-• for routine spillage and 10- • to 
lo-• for accidental spillage (~). 

The implication of the reported fin<lings for policy 
analysis is that the transportation-related aspects 
of the hazardous wast~ disposal problem deserve con
siderable attention. 
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In this paper methods for estimating the cost of 
transporting hazardous waste by truck were also re
viewed. Previous work has varied from gross esti
mates of the unit cost of transport to more sophis
ticated derivations of cost based on fixed and 
variable components. Several deficiencies were noted 
in previous work, particularly assumptions related 
to shipment characteristics and a lack of comparison 
with actual rates charged by waste haulers. 

A revised procedure was developed with the objec
tive of overcoming these deficiencies. Based on this 
approach, new cost formulas were derived for esti
mating the cost of waste transport by tanker and 
stake truck. Cost estimates based on these formulas 
compared quite favorably with industry quotes, Con
sequently, it is believed that these formulas can be 
adopted for use in policy analysis. 

Taken together, the release and cost models de
scribed in this paper can be used to address several 
levels of policy analysis involving hazardous waste 
management. This includes the development of optimal 
truck routing based on minimizing risk and cost over 
the network or identifying the optimal location of 
hazardous waste disposal and treatment facilities 
based on transport, treatment, and disposal consid
erations. 
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Chemical Spill Response Information System of the 
Association of American Railroads 
G. E. MEIER 

ABSTRACT 

Many information sources present worthwhile 
data concerning hazards of a nd responses for 
accidental chemical spills. Most sources, 
how~ver, consider only the acute effects of 
a spilled substance and provide little in
formation concerning the long-term cleanup, 
which is typically considered unrelated to 
the emergency response. This concept is er
roneous and costly. To combat this problem, 
the Association of American Railroads has 
undertaken a program to bridge the gap be
tween the first response and the longer-term 
environmental cleanup. Two information sys
tems have been developed and targeted at two 
basic levels of spill response. The Emer
gency Action Guides are intended for the 
first responder. These are printed commod
ity-specific pamphlets designed to assist 
those who are first on the scene until chem
ical or technical assistance can be ob
tained. To support chemical or techni~al 

decisions, a computerized system, the Indus
trial Chemical Accident Response Information 
System (!CARIS), was developed and inte
grated with a series of environmental and 
mathematical models to allow real-time as
sessment of chemical release problems. The 
design considerations inherent in both sys
tems promote the evaluation of the long-term 
consequences associated with emergency spill 
response activities. The current capabili
ties of the computer information system as 
well as the design and development of the 
Emergency Action Guides are described. 

The first-response actions used to control a chemi
cal spill may have a profound impact on the long
term cleanup of the spill. Information generally 
available to first responders is limited in scope 
and usually presents little information with vihich 
to evaluate long-term cleanup problems. An even 
greater limitation of many information sources is 
their being tied to one or two spill situations with 
no provisions accounting for the uniqueness of an 
individual spill. 

When an accident occurs, the first group on the 
scene with responsibility for handling the release 
is usually the local police or fire service. The 
level of training and equipment they obtain is 
usually related to the size of the community and the 
local emphasis placed on the relative danger of a 
chemical release. At the community level, training 
and equipment priorities may not include hazardous 
material spills. 

This is a sensible approach. It is easy to spend 
several thousand dollars in training costs alone to 
establish a special-response team. In many communi
ties the likelihood of using that team may be so 
remote that several groups would be trained and 

equipment shelf lives exceeded before an accident 
occurred. When the number of other emergencies is 
considered in comparison with a chemical release, 
the potential chemical accident often becomes insig
nificant. 

In a number of publications the guidelines for 
first response to a chemical accident are discussed. 
Hazardous Materials; Emergency Response Guidebook of 
the U.S. Department of Transportation <ll, Emergency 
Handling of Hazardous Materials in Surface Transpor
tation (~_) of the Association of American Railroads 
(AAR) , manuals issued by the U.S. Coast Guard from 
their Chemical Hazards Response Information System 
(CHRIS) data base, and others are widely distrib
uted. These sources, however, provide information 
for first response only and do not consider any 
problems beyond the acute threat of the substance. 

DESCRIPTIVE DATA 

In 1979 AAR began an intensive collection of infor
mation describing those commodities commonly carried 
nationally by rail. During the data-collection 
phase, two primary user groups were identified. 
Group 1 includes the railroad response personnel, 
chemists, biologists, and others with an environ
mental or chemical background. Group 2 was identi
fied as the first responders, generally firefighters 
and police. Because of the variability in training 
received by first responders nationally, this group 
was assumed to have knowledge relating only to the 
identification of commodities via placards or ship
ping documents but little training in the character
istics of spilled chemicals. 

To accommodate these two groups, two separate 
methods of data presentation were pursued, a com
puter communication system and a printed information 
source. The data collected by AAR for presentation 
to both user groups consists of 180 descriptive en
tries per commodity, grouped into four major cate
gories: 

l. General information, which includes 48 ele
ments to identify the chemical, including synonyms, 
trade names, the different codes (that of the Inter
governmental Maritime Consultive Organization 
(IMCO), the Standard Transportation Commodity Code 
( STCC) , and the United Nations code (UN)] , useful 
shipping information, and some physical constants; 

2. Chemical information, which includes 35 ele
ments that describe the properties of each chemical; 

3. Health and hazard information, which consists 
of 40 data elements describing the hazards of an un
controlled release of the chemical, including re
sponse guidelines, health hazards, and protective 
clothing needed; and 

4. Environmental effects information, which in
cludes 52 data elements, including toxicity, pollu
tion effect, and interreaction data. 

Each data point listed in Table l was collected 
from current and reliable sourC·:;!s. Each entry is 
referenced back to the original data to allow the 
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TABLE 1 Data Fields 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 

Commodity Name 
other Shipping Names 
Synonyms and Tradenames 
Chemical Forlll.lla 
Molecular Weight 
Constituent Components (~Each) 
49 STCC 
CAS Registry Number 
OHM-TADS Accession Number 
Standard Industrial Code 
IHCO Designation 
UN Designation 
CHRIS Identifier 
Manufacturers 
Common Uses 
Percentage Shipped by Rail 
Usual Containers 
DOT Placard and Form Number 
Physical State as Shipped 
Physical State as Released 
Shipping Teqierature 
Color 
Odor Characteristics 
Threshold Odor Concentration 
Absolute Odor Threshold 
Median Recognition Threshold 
Upper Recognition Threshold 
Population Perception Threshold 
Population Identification 
Threshold 
Individual Perception Threshold 
Threshold Odor Number 
Odor Index 
Taste Characteristics 
Lower Taste Threshold 
Median Taste Threshold 
Upper Taste Threshold 
Flash Point 
Lower Flammable Limit 
Upper Flammable Limit 
Lower Explosive Limit 
Upper Explosive Limit 
Explosiveness 
Autoignition Tempera tu re 
Burning Rate 
Toxic Combustion Products 
Behavior in Fire 
Electrical Ignition Hazard 
Stability 
Specific Gravity (Liquid) 
Specific Gravity (Vapor) 
Density 
Density at Shipping Temperature 
Vapor Pressure 
Vapor Pressure at Shipping 
Temperature 
Solubility in Water 
Solubility in Other Chemicals 
Solution Color 
Melting Point 
Freezing Point 
Melting/Freezing Behavior 
Boiling Point 
Boiling Behavior 
Heat Capacity (Constant Pressure) 
Heat Capacity (Constant Volume) 
Heat of Combustion 
Heat of Decoqiosi tion 
Heat of Solution 
Latent Heat of Vaporization 
Latent Heat of Fusion 
Latent Heat of Sublimation 
Thermal Conductivity 

72 

73 
74 
75 
76 
77 
78 

79 
80 

81 
82 
83 
84 
85 
86 

87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 

99 
100 

101 
102 

103 

104 

105 

106 
107 
108 
109 
110 
111 
112 

113 

114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 

128 
129 

Thermal Conductivity at Shipping 
Tempera tu re 
Surface Tension 
Inter facial Tension With Water 
Viscosity 
Viscosity at Temperature 
Saturation Concentration 
Saturation Concentration at 
Shipping Temperature 
Diffusivity 
Diffusivity at Shipping 
Tempera tu re 
Polymerization Potential 
Heat of Polymer ization 
Reactivity With Water 
Reactivity With Other Chemicals 
Toxic Reaction Products 
Vapor Weight-Volume Conversion 
Factor 
Emergency Resources 
Emergency Telephone Numbers 
Notification Requirements 
Public Health Hazards 
Evacuation Guidelines 
Incompatible Materials 
Conditions to Avoid 
Unusual Hazards 
Corrosiveness 
NAS Hazard Classifies tion 
NFPA Hazard Classific<:tion 
Field Detection, Identification, 
and Quantificat i on -Techniques 
Field Detection Limits 
Laboratory Detection, 
Identification, and 
Quantification Techniques 
Laboratory Detection Limits 
Containment Techniques for 
Airborne Materials 
Containment Techniques for 
Ground Contamination 
Containment Techniques for 
Surface Water Contamination 
Containment Techniques for 
Ground Water Contamination 
Neutralization Materials 
Neutralization Techniques 
Extinguishing Materials 
Extinguishing Techniques 
Symptoms of Inhalation 
First Aid for Inhalation 
Symptoms of Percutaneous 
Absorption 
First Aid for Percutaneous 
Absorption 
Symptoms of Ingestion 
First Aid for Ingestion 
Aspiration Potential 
Nonspecific Symptoms 
Nonspecific First Aid 
Time to Onset of Symptoms 
Routes of Entry 
First Aid Equipment Required 
Respiratory Protection Required 
Protective Clothing Required 
Location of Primary Hazard 
Safe Handling Procedures 
Precautionary Actions 
Short-Term Exposure Limits 
(Maximum Time/Maximum 
Concentration) 
Freshwater Species 
Saltwater Species 

130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 

142 

143 

144 

145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 

159 
160 

161 

162 

163 

164 

165 

166 

167 

168 
169 

170 

171 
172 
173 
174 
175 
176 
177 
178 

179 
180 

Animal Species 
Avian Species 
Plant Species 
Human Toxicity 
Bioaccumulation Potential 
Food Chein Concentration Potential 
Threshold Limit Value 
other Standards 
Recommended Drinking Water Limit 
Inhalation Toxicity Index 
Haxi1111m Pool Radius/Spill Slze 
Diameter at Base of Solid Pile/ 
Spill Size 
Fugitive Dust or Particulate 
Emissions 
Maximum Downwind Extent of Vapor 
Cloud/Bounding Effect/Spill 
HaxiJDum Crosswind Extent of Vapor 
Cloud/Bounding Effect/Spill 
Total Hydrocarbon Emissions 
General Air Pollution Information 
Downstream Concentration Factor 
Sinking Velocity 
PH of Aqueous Solution 
Biological Oxygen Demand 
BOD impact on Biodegradation 
Biodegradation Rate 
Chemical Oxygen Demand 
Theoretical Oxygen Demand 
Total Organic Carbon 
Industrial Water Fouling Potential 
Effects on Water Treatment Process 
General Water Pollution 
Information 
General Soil Cliemistry 
Soil Penetration Depth/Soil Type/ 
Soil Dosage 
Minimum Soil Sterilization 
Concentration 
Estimated Half-Life in Soil/ 
Soil Type/Soil Dosage 
Estimated Diffusion in Soil/ 
Soil Type/Soil Dosage 
Absorption Materials/Absorption 
Techniques/Absorption 
Adsorption Materials/Adsorption 
Techniques/Adsorption 
Activated Carbon Dosage/ 
J Reduction by Activated 
Carbon Adsorption 
Gelation Materials/ 
Gelation Techniques/ 
Gelation Effectiveness 
General Cleanup Information 
Availability of Countermeasure 
Materials 
In-Situ Amelioration Techniques/ 
In-Situ Amelioration 
Effectiveness 
Onsite Disposal Limitations 
Chronic Hazards 
Synergistic Materials (Toxicity) 
Antagonistic Materials (Toxicity) 
Environmental Fate 
Toxic Daughter Products 
Sampling Locations 
Disposal Techniques/Disposal 
Effectiveness 
Required Agency Coordination 
General Disposal Information 

user to identify which of the more than 40 sources 
was used for that item of information. 

swiftest method of communicating large volumes of 
data as well as state-of-the-art predictive informa
tion to trained responders on the scene. This sys
tem, known as the Industrial Chemical Accident Re
sponse Information System (!CARIS), is designed to 
mesh up-to-date chemical data with state-of-the-art 
predictive modeling to provide the user with a dy
namic method for assessing the adequacy of their re
sponse activities. ICARIS is housed on AAR's IBM 370 
system and can be accessed by remote terminal over 
the telephone network. 

The commodities characterized (listed in Table 2) 
were restricted to those moved in bulk quantity. 
Selection was based on the number of car loadings in 
decreasing order. The list now includes 134 commodi
ties that represent more than 98 percent of the 
chemical traffic on the railroads. 

COMPUTER COMMUNICATION 

The computer medium was selected to provide the 
The principal advantage of this system is that it 

allows a site-specific analysis of a spill situa-



TABLE 2 Commodities Listing 

1. Acetaldehyde 

2. Acetic Acid, Glacial 

3. Acetic Anhydride 

4. Acetone 

5. Acetone Cyanohydrin 

6. Acrolein 

7. Acrylic Acid 

8. Acrylonitrile 

9. Ad ipic Acid 

10. Hlyl Chloride 

11. Ammonium Hydroxide 

12. Ammonium Nitrate Fertilizer 

13. Anhydrous Ammonia 

14. Aniline Oil, Liquid 

15. Arsenic Trioxide 

16. Asphalt 

17. Benzene 

18. Bromine 

19. Butadiene, Inhibited 

20. Butene 

21. Butyl Acetate 

22. Butyl Acrylate 

23. Butyl Alcohol 

24 . Butyraldehyde 

25. Calcium Carbide 

26. Carbolic Acid or Phenol 

27 . Carbon Bisulfide 

28. Carbon Dioxide 1 Liquefied 

29. Carbon Tetrachloride 

30. Chlorine 

31. Chlorobenzene 

32 . Chloroform 

33. Chloroprene 

34. Chlorosulfonic Acid 

35. Chromic Acid 

36. Creosote 

37. Cresol 

38. Cyclohexane 

39. Di-N-Propylamine 

40. Dichlorodifluoromethane 

41. Diisobutylene 

42. Dimethylamine, Anhydrous 

43. Epichlorohydrin 

44. Ethyl Acetate 

45. Ethyl Acrylate, Inhibited 

46. Ethyl Alcohol 

47. Ethyl Chloride 

48 . Ethylene 

49. Ethylene Glycol Monoethyl

ether 

50. Ethylene Glycol Monoethyl-

ether Acetate 

51. Ethylene Oxide 

52. Ferric Chloride Solution 

53. Formaldehyde 

54. Fuel 011 No. 

55. Fuel Oil No. 2 

56. Fuel Oil No. 

57. Fuel Oil No. 

58. Furfuryl Alcohol 

59. Gasoline 

60. Hexamethylene Diamine 

61. Hexane 

62. Hydrochloric Acid 

63. Hydrocyanic Acid, Liquefied 

64. Hydrofluoric Acid, Anhydrous 

65. Hydrofluosilicic Acid 

66. Hydrogen Chloride 

67. Hydrogen Peroxide, Solut i on 

68. Isobutyl Acetate 

69, Isobutyraldehyde 

70. Isopentane 

71. Isoprene 

72. Isopropanol 

73. Lique fied Petroleum Gas 

74. Maleic Anhydride 

75. Meta Nitrochlorobenzene 

76. Methano 1 

77. Methyl Bromide 

78. Methyl Chloride 

79. Methyl Ethyl Ketone 

BO. Methyl I sobutyl Ketone 

81. Methyl Mercaptan 

82. Methyl Methacrylate 

83. Monochlorodifluoromethane 

84. Monoethanolamine 

85. Monomethylamine, Anhydrous 

86. Motor Fuel Antiknock 

Compounds 

87. Nitrating Acid 

88. Nitric Acid, Fuming 

89. Nitrobenzene 

90. Oct8.llol 

91. Oleum 

92. Ortho Nitroaniline 

93. Ortho Nitrochlorobenzene 

94. Para Nitrochlorobenzene 

95. Pentane 

96. Petroleum Naphtha 

97. Phosphatic Fertilizer 

98. Phosphoric Acid 

99. Phosphorus Pentasulfide 

100. Phosphorus 

101. Phosphorus Trichloride 

102. Potassium Hydroxide Solution 

103. Potassium Nitrate 

104. Propionaldehyde 

105. Propionic Acid 

106. Propyl Acetate 

107. Propylene Oxide 

108. Rosin Solution 

109. Silicon Chloride 

110. Sodium Chlorate 

111. Sodium Cyanide, Solid 

112. Sodium Hydrosulfide 

113. Sodium Hydrosulfite 

114. Sodium Hydroxide 

115. Sodium Metal 

116. Sodium Nitrate 

117. Spent Caustic Soda Solution 

118. Spent Sulfuric Acid 

119. Styrene Monomer, Inhibited 

120. Sulfur Chloride 

121. Sulfur Dioxide 

122. Sulfuric Acid 

123. Tetrahydrofuran 

124. Thorium Ore 

125. Titanium Tetrachloride 

126. Toluene 

127. Toluene Diisocyana te 

128. Trichloroethylene 

129. Trimethylamine 

130. Uranium Hexafluoride 

131. Vinyl Acetate 

132. Vinyl Chloride 

133. Vinylidene Chloride, 

Inhibited 

134. Xylene 
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tion. The complex environmental interactions are 
discussed not in terms of broad generalities, but 
rather in terms of the specific peculiarities of the 
location of the spill. This method allows a more 
complete and specific evaluation of the individual 
situation. 

The major limitation of the system is tied di-
rectly to the current understanding of chemical and 
environmental interactions. The number of environ
mental variables that affect chemical behavior is 
quite large, and this interaction is very complex. 
Hence, the use of spill models, at least now, must 
be considered in light of the assumptions intrinsic 
to each model. This requires expertise and training 
not generally available to the first-response com
munity. 

!CARIS now performs three basic functions. These 
include data retrieval, air dispersion modeling, and 
chemical property estimation. 

The design of the computer program is straight
forward and requires a minimum of computer training 
for operation. Generally, the system is menu driven, 
presenting the user with a question and a fixed set 
of choices. The main menu (Figure 1) allows the user 
to select from among the five major packages cur
rently on line. Selection 1 is a search that allows 
the user to pr int data organized into prearranged 
categories of information for each commodity re
quested. Option 2 allows the user to print individ
ual items of information as needed. Option 3 allows 
the user to select any number of chemicals and re
ceive a chemical-by-chemical printout of all the re
action information contained in the data base. Op
tion 4 involves the evaporation air dispersion model 
and allows the calculation and subsequent plotting 
of the vapor dispersion for a given region. The 
model currently in use is the Shell Development Cor
poration's Spills Model, written by M.T. Fleischer. 
Option 5 allows the user to select from among 19 
techniques for calculating various chemical proper
ties. 

The estimation techniques in option 5 were in
cluded because many of the properties contained, 

••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• 

I CARIS 

1 INDUSTRIAL CHEMICAL ACCIDENT RESPONSE INFORMATION 

• SYSTEM 

THE ASSOCIATION OF AMERICAN RAILROADS 
• 
• 1983 • 
• • 
••••••••••••••••••••••••••••••••••••••••••••••••••••• 

ARE YOU OPERATING A HARDCOPY TERMINAL? 
ENTER (YES/NO): NO 

DO YOU NEED HELP? 
ENTER (YES/NO): NO 

WHAT TYPE OF SEARCH DO YOU WANT? 

1 = CATEGORICAL 

2 ITEM BY ITEM OR RANGE 

CHEMICAL SYNERGIES 

AIR DISPERSION MODEL 

CHEMICAL PROPERTIES ESTIMATION TECHNIQUES 

QUIT 

HGUKI<: l !CAIUS main menu. 
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such as rate of hydrolysis, carbon absorption ratios, 
thermal diffusivity, and volatility from soil, are 
either site dependent or not reported in the litera
ture. These data are often necessary for the predic
tion of a chemical's behavior in air, water, or soil. 

The last option allows the user to terminate pro
cessing within !CARIS. 

Future enhancements to !CARIS will be of three 
basic types: 

1. Increase in commodity coverage, 
2. Increase in data describing each commodity, 

and 
3. Increase in the number and reliability of en

vironmental models. 

I terns 2 and 3 are dependent on basic research into 
the behavior of chemicals in the environment. The 
use of !CARIS as a planning and training tool is 
also being explored. 

EMERGENCY ACTION GUIDES 

The most dangerous and critical aspect in handling a 
chemical release is the initial response. A system 
such as !CARIS would be ideal in a first-response 
situationi however, the expense at the community 
level to purchase terminals and train personnel 
hardly justifies its use. 

The ultimate cost of a spill is highly dependent 
on the adequacy of the first response. Because rail
roads generally rely on local agencies for that re
sponse, the AAR has developed the Emergency Action 
Guides (EAGs). The design of the EAGs was the result 
of an intensive review of past accidents as well as 
currently available information resources. 

Definitions 

Two major definitions evolved from the accident re
view. The first is the definition of "first re
sponse," which in the context of the EAG is the time 
in an accident's chronology beginning when a unit or 
agency with equipment and manpower is summoned to 
the scene of an accident for the purpose of mitigat
ing the effects of the accident until the time when 
that unit or agency obtains specialized assistance 
in handling the accident. Inherent in this defini
tion is the assumption that outside expertise will 
be required to successfully handle the accident. 

The second definition is that of "first re
sponder." Again in the context of the EAG, a first 
responder is a unit or agency with equipment and 
manpower arriving first on the scene of a chemical 
spill for the purpose of mitigating the hazards as
sociated with the spill, whose training in chemical 
spill response may be limited solely to commodity 
identification techniques. This definition assumes 
that first responders are acquainted with the con
cept that chemicals may pose a threat to life and 
health. 

These definitions served to limit the intended 
scope of the EAGs. 

Accident Chronology 

The next part of the developmental process was to 
analyze the chronology of a chemical spill by look
ing at reports of past accidents as well as the ex
periences of personnel within the AAR' s Bureau of 
Explosives. Within this chronology, information re
quirements were outlined. Further review of past in
cidents indicated what information was available at 



ACRYLONITRILE 
Flammable Liquid 

RQ 100/45 

General Information 
Acrylonitrile is a clear colorless liquid with a strong pungent odor It is used in insecticides and to make plastics, fibers, and 
other chemicals . It has a !lash point or 32°F. It may polymerize ii contaminated with strong bases or ii the container is 
subject to heat as in lire conditions. Prolonged exposure to the vapors or skin contact may result in death . It is lighter than 
water and is soluble in water. Its vapors are heavier than air. Toxic oxides or nitrogen are produced during combustion or 
this materia l. It weighs 6. 7 pounds per gallon 

CHEMICAL/PHYSICAL DATA 

Solubility In W•ter: Soluble in water, 7 35 parts in 100 parts water 
Solubility In Other Chemlc•ls: Miscible in alcohol and ether, soluble in acetone and benzene 
Specific Gr.,,lty (Liquid): O 8074 at 68°F (20°C) 
Bolling Polntr•nge: 171to172°F (77 5 to 77 9°C) at 1 atm 
Ille/ting Point: -118 3°F (-83 5°C) 
Freezing Point: -118 3°F (-83.5°C) 

lllolecu,.r Weight: 53.06 
Heat of Combustion: - 7930 cal/g 
V•por Pressure: 67 mmHg at 59°F (15°C) 

Fl•sh Point: L1qu1d 32"F (0°C) Open & Closed Cup 

Autoignition Temper•ture: 898°F (481°C) 
Burning R•te: Unknown 
St•blllty: Stable. when inh1b1ted; may v1olenlly polymerize when un1nh1bited or chemical inh1b1tor has been exhausted through 

exposure to heat 

Corros/11eneu: Corrosive to metals containing alloys ot copper. brass or aluminum 
Re•ct/11/ty 1111/th W•ter: Soluble 1n water with no reaction 

Re•ct/11ity 1111/th Other Chem/c•ls: Reacts violently with strong acids like sulfuric acid. potassium hydroxide, and sodium 
hydroxide Attacks copper and copper alloys In high concentrations acrylon1trile will attack aluminum 

IDENTIFICATION 
Shipping N•mes: Acrylonitr1le 

Synonyms •nd Tr•detVmes: Propenanitrile, vinyl cyanide. 
Acritet. Acrylon, acrylonitrile monomer. Carbacryl, 

cyanoethylene, Fum1grain, Millers Fumigrain, Ventox, 
cyano-ethylene 

Chemk•I Formu,_: CH 2CHCN 

Constituent Components (" Nch): 98-1 oo•., pure 
49 STCC: 49 064 20 

UN DeslgtVtlon: UN 1 093 

FIGURE 2 Cover page of EAG. 

11110 DeslgtVtlon: 3. 1 
Physlc•I St•te As Shipped: Liquid 

Physlc•I St•te As Rete.sed: Liquid 

Color of the Shipped lll•terJ.I: Colorless liquid 

Odor CfMr•cterl1tlc1: Mild, pungent, onion. garlic, or 
horseradish. 

Common Uses: Raw material !or synthetic fibers, synthetic 
resins. synthetic rut:bers. antioxidants, 

pharmaceuticals, dyes. surfactants. and chemical 
synthesis . 
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ACRYLONITRILE 
Flammable Liquid 

POTENTIAL HAZARDS 
GENERAL HAZARDS 
T11re•hold Od<N Concentretion: O 003 1 -50 4 ppm 

Unusuel Huerds: EXTREMELY DANGEROUS, may em1I 
hydrogen cyanide gas when healed or burned Highly 

flammable and may explosively polymerize when 

healed NIOSH considers acrylon1lrile lo be an 

occupal1onal carcinogen 

Shorr Term Exposure Limits: 4 ppm tor 30 min INIOSHl 

HEAL TH HAZARDS 

Time Weighted A 11erege (TWAJ: 2 ppm tor each B hours ol 

a 40 hour workweek (OSHA) 

Conditions to A11old: Exposure lo v1s1ble lighl or conlact 

with acids. amines. strong alkalies, copper. copper 

alloys, ammonia or oxidizing agents may cause 

polymerization Avoid exposure to heat or flame Direct 

exposure to large concentrations may result in cyanide 

poisoning Cyanide ellects may be delayed tor up ton 

hours 

Public HNlth Hezerd•: Vapors and l1qu1ds are poisonous II on lire or involved in lire, acrylon1trile may explosively 

polymerize Acrylonilrile may threaten public or industrial water supplies ii spilled into water sources 

Hezerds to Sirin or Eye Contect: L1qu1d may be absorbed through skin . Contact with liquid may cause chemical burns 

Prolonged contact may cause weakness. headaches. abdominal pain, and vomiting Severe exposures may result in 
cyanide poisoning Contact with eyes may cause severe 1rritalion or burns. 

Hazerds of lnheletion: Breathing vapors may 1mtate nose and throat. Prolonged breathing of tow concentrations may cause 

weakness. headache sneezing, abdominal pain and vomiting Breathing concentrated vapors may cause collapse and 

convulsions and may possibly result in cyanide poisoning Symptoms may be delayed several hours alter exposure 

Hezerds of Ingestion: Swallowing acrylonitrile may cause lightheadedness. nausea. vomiting and abdominal pain . Victim may 

collapse and go into convulsions Symptoms may be delayed tor several hours alter exposure 

FIRE HAZARDS 
Lower Flemmeble Limit: 3 05% 

Upper Flemmeble Limit: 1 7 0% 
Be,..t1icx In Fire: Vapors are heavier lhan air and may travel 

a considerable distance to a source or ignition .lnd flash 

back It acrylomlnle 1s on lire or involved rn lire, 1t may 

polymerize and explode 
Hezerdous Combustion Products: Unknown. fumes may 

con lam hydrogen cyanide gas and oxides ol nitrogen 

PROTECTIVE CLOTHING AND EQUIPMENT 

EXPLOSION HAZARDS 
Lower Expiosllfe Limit: 3.05% 
Upper Expiosl11e Limit: 1 7 0% 
Expiosl11eness: Very reactive Explosive polymerization 

may occur in presence ot concentrated alkaline 

materials. lire or strong acids Acrylonitrile that has lost 

its inhibitor may violently polymerize spontaneously, 

especially on exposure to light or heat 

Protect111e Clothing Required: Equipment should provide protection trom direct contact with acrylonitrile This may include 

rubber boots. gloves. lace and eye proteclion. and resistanl clothing Compatible materials include neoprene. bune-N. 
polyvinyl alcohol, polyethylene, Ryton. or telex rubber 

Resplretory Protection: In concentrated or unknown concentrations ol ecrylonitrile use only sell-contained breathing 
apparatus or supplied air respirator with full lacepiece 

FIRST AID 
Nonspecific Symptoms: The ACUTE EFFECTS OF EXPOSURE TO ACRYLONITRILE MAY BE DELAYED FOR SEVERAL 

HOURS AFTER EXPOSURE Symploms may include headache. dizziness. eye 1mlal1on or painful sens1t1v1ly to light, 

flushed lace. increased salivation. shallow breathing Skin contact may cause reddening and eventual dermatitis Severe 

exposures may result in cyanide po1son1ng Any person suspected ol being exposed should be kept under medical 
surveillance 

First Aid for lnheletion: Remove v1ct1m to fresh air Gel medical attention immediately For CYANIDE POISONING ONLY. 

break amyl nitrite pearle under v1ct1m ' s nose Administer amyl nitrite tor 15 seconds each minute II breathing becomes 

d1f11cult or breathing has stopped. administer art1tic1al respiration Get medical attention immediately (Caution: 

admin1strat1on ol mouth-to-mouth resusc1tat1on may expose the first aid personnel to the chemical contained within the 
v1cl1ms lungs or vom1lus ) 

First Aid for Sirin end Eye Contect: Flush eyes 1mmed1ately with water tor at least 15 minutes Remove all contaminated 

clothing Wash contaminated areas wilh soap and water Get medical attention 1mmed1atety 

First Aid for Ingestion: fl conscious. induce vomiting by administering strong solution ol salt water II unconscious. DO NOT 

induce vomiting get medical attention 1mmed1ately For CYANIDE POISONING ONLY. break amyl nitrite pearle under 

v1ct1ms nose Administer amyl nitrite tor 15 seconds each minute II breathing becomes dillicull or breathing has slopped, 

administer artihcoal respiration Get medical attention 1mmed1atefy 

F~RE RESPONS!: 
E•tlltflulsNnfl .. twlel9: Fight lire with carbon dioxide. dry 

chemical, or alcohol loam 

FIGURE 3 Inside page 1 of EAG. 

Ex~ Tee,,,.._: EXPLOSION HAZARD, fight llre 

from a sale distance only Use alcohol loam, dry 

chemical or carbon dioxide_ Waler may be inelfeclh•• •• 

an extingu1Sher. but useful lo coot containers expoaecl 
to fire. apply as spray or log. 



SPILL RESPONSES 

ACRYLONITRILE 
Flammable Liquid 

General Information Keep unprolecled personnel upwind ol spill or leaks El1minale ignition sources Conlain spill for salvage 
or disposal Avoid runoll inlo slorm sewers and dilches which lead to natural waterways Advise proper authorities and 
downslream sewer and waler trealment operations 

AIR SPILL 
TECHNIQUE 
ALCOHOL FOAM Blanke! over pools ol ecrylonitrile wilh elcohol loam Foam will reduce evaporation slowing the release ol 

acrylonitrile vapors into almosphere. 

CONSEQUENCE 
The eflects ol alcohol loam are shorl lerm As loam breaks down . release ol acrylonilrile vapors will increase Foam 

breakdown will add lo lhe volume ol lhe spilled chemical. 

MITIGATION 
Remove spilled c.hemical Do nol use pumps. lubes or olher devices which have copper. brass or aluminum componenls Iha! 

could come in direcl conlacl wilh acrylonilrile as ii will react wilh these materials Continue loam applications until spilled 
producl is removed 

TECHNIQUE 
WATER FOG KNOCKDOWN Waler log waler will condense acrylonitrile vapors on water droplets and remove vapors lrom 

atmosphere 

CONSEQUENCE 
Waler runofl will contain varying concentrations ol acrylonitrile 

MIT/GA TION 
Collect and remove all water runofl Do not use pumps, lubes or other devices which have copper . brass or aluminum 

components that could come in direct contact with acrylonitrile as it will react with these materials Prolecl reaponae 

personnel by avoiding conlact wilh vapors or liquid unless wearing appropriale proleclive clolhing. 

LAND SPILL 
TECHNIQUE 
CONTAINMENT DIKES Acrylonilrile can be contained by building dikes using eerlh or other melerials 

CONSEQUENCE 
Conlained ecrylon1trile may percolale inlo soil or seep lhrough dike maleriel This may result in loss ol conlained product 

MIT/GA TION 
Remove conlaoned malerial w1lh explosion proof equ1pmenl as soon es possible to prevenl spreed ol conlem1nal1on Be elerl lo 

condil1ons which may add lo spill volume such es lire hose runofl or reonweler which may overlill 1mpoundmenls Consul! 
qua lilied experls tor sale removal lechniques Do nol use pumps . lubes or olher devices which have copper. brass or 
aluminum componenls Iha I could come in direcl conlacl w1lh ecrylonilrile as 11 will reecl wilh lhese melerials 

TECHNIQUE 
ABSORPTION Absorb spilled liquid using malerials such as lly ash . peal moss . verm1cul1le. polypropylene pillows and 

quills. sew dusl. commercial sorbenls , or ecl1valed carbon 

CONSEQUENCE 
Sorbenls will immobliize spill and help conlrol lhe spread ol spilled acrylonilrile They will also help reduce lhe vapor hazard 

Sorbenls however. mus I be handled w1lh care as I hey will be conlam1naled and represenl a heallh end lire hazard 

MIT/GA TION 
Remove conleminaled sorbenls lo sale slorage by mechanical means Do nol use pumps, lubes or olher devices which have 

copper, brass or aluminum componenls Iha! could come in d irecl contact wilh acrylonilrile as ii will react with these 
materials 

WATER SPILL 

TECHNIQUE 
CONTAINMENT DIKES Conlemonaled waler can be contained by diking upper and lower bounds ol allecled waler lo limil 

volume ol waler aflecled Dikes can be made lrom soil . clay . or olher nalural or commercial materials Where possible, line 
collectton basons with compatible 1mperv1ous material to contain product 

CONSEQUENCE 
Acrylon1trile mixes wilh water lo give solution that may be loxic lo plant and animal lile Earlhen dikes may become ealuraled 

w1lh waler and seep lhrough or collapse 

MIT/GA TION 
Remove conlamoneled waler w1lh explosion proof equ1pmenl Do nol use pumps. lubes or olher devices which have copper. 

brass or aluminum componenls Iha! could come on direct contacl with acrylon1trile as 11 will react wilh these maleriala. 

TECHNIQUE 
STOP USAGE . Nolily downslream 1nduslrial and municipal users lo slop intake Slop intake ol heavily contaminated waler 

for drinking and industrial use 

CONSEQUENCE 
Alternative water supplies may be needed to accommodate indu1lrial and home use 

•nGATIOlll 
Provide alternative waler IQ4.lrcH until waler 1upply can be ua9d ee-in. 

FIGURE 4 Inside page 2 of EAG. 
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various times in the accident versus the information 
needed to effect a more favorable response within 
the first-response time frame. 

Once information needs had been established, data 
were organized according to the following scheme: 

1. Identification, 
2. Health effects, 
3. Protective equipment, 
4. First aid, 
5. Acute hazard response, and 
6. Environmental response. 

Resource Evaluation 

Data requirements having been identified and orga
nized, existing information sources were evaluated 
for content and clarity of presentation. 

The following major deficiencies were observed in 
this review: 

1. Identification was generally limited to one 
or sometimes two systems, 

2. Health information was vague and inadequately 
characterized, 

3. Protective equipment sections were often ge
neric in nature, 

4. Spill response sections were generally lim
ited to one or two responses applied to all situa
tions with no discussion of the possible conse
quences of a response, and 

5. Overall descriptions of a substance generally 
provided little insight into how it might be ex
pected to behave beyond what would be immediately 
observed. 

The foregoing analysis was taken into considera
tion when compiling the EAG. The priorities in or
ganization were identification and health effects, 
and the presentation of data was designed to over
come the deficiencies observed in other response 
guides. 

Each EAG consists of three pages. The cover page 
(Figure 2) provides a general discussion of the 
chemical's properties and its anticipated behavior. 
Although the potential hazards intrinsic to a sub
stance may be great, the substance's actual behavior 
is highly dependent on the spill situation. This 
introduction is provided to give the responder a 
perspective from which to evaluate the remaining in
formation. In addition, chemical and physical prop
erties and identification information are provided. 

Health and hazard information is detailed on the 
next page (Figure 3). This includes health effects, 
fire and explosion data, protective clothing, and 
first aid material. 

Inside page 2 of the EAG (Figure 4) provides the 
response information for air, land, and water 
spills. The most significant improvement over other 
guides is the adoption of the format in which the 
response consequences and mitigation are detailed. 
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This section of the guide is designed to convey the 
idea that adverse consequences may result from the 
application of a particular response technique. If 
the responder is aware of this problem, plans can be 
made to eliminate or control for this possibility. 

The categories air, land, and water each contain 
several response options. A single response is not 
always applicable to every situation. With a list of 
multiple responses, the user is encouraged to evalu
ate the uniqueness of a particular spill and apply 
the most effective response, not the one most fre
quently cited. 

The layout of the EAG is predicated on the as
sumption that a user would scan the document from 
front to back, top to bottom, and left to right. 
This organization follows the priority scheme com
modity identification, hazard identification, pro
tection, and action. 

SUMMARY 

Safety in transportation is a primary concern of the 
u.s. rail industry. The research conducted in tank 
car design, head shields, shelf couplers, and ther
mal protection has contributed enormously to the re
duction in the type of accidents observed 15 years 
ago. Although it is recognized that some accident 
factors are uncontrollable, handling an accident 
properly is of paramount importance. The EAGs, as 
well as other programs such as the development of a 
chemical and medical reference and the identifica
tion of chemical combustion products, are targeted 
at increasing the understanding of spill behavior. 
Through this understanding, better and faster 
cleanup technologies and management will undoubtedly 
result. 

Quality of information is the first step. By 
identifying the two basic user levels, the informa
tion needs of each can be more completely satisfied. 
Through !CARIS, state-of-the-art assessment of a 
spill can occur. Improvements to !CARIS will come as 
the science of chemicals in the environment becomes 
more advanced. 

The development of the EAGs was based on the ob
served need for a more complete understanding of 
chemical spill management on the part of the first 
responder. The considerations used in the EAG devel
opment were selected to enhance that understanding. 

REFERENCES 

1. Hazardous Materialsi Emergency Response Guide
book. Materials Transportation Bureau, U.S. De
partment of Transportation, 1980. 

2. Emergency Handling of Hazardous Materials in 
Surface Transportation. Bureau of Explosives, 
Association of American Railroads, Washington, 
D.C., 1981. 



39 

A Survey of Foreign Hazardous Materials 
Transportation Safety Research Since 1978 

M. E. WRIGHT and T. S. GLICKMAN 

ABSTRACT 

Recent hazardous materials transportation 
research outside the United States and Can
ada is surveyed. The survey is 1 imi ted to 
truck, rail, and air transportation and is 
based on publications within the past 5 
years. Specific areas of research include 
vehicle and container technology, emergency 
response technology, traffic flow and acci
dent information, risk assessment, and pol
icy analysis regarding operations, emergency 
planning, and regulations. The results of 
computer searches and surveys of journals 
and periodicals are summarized, and refer
ences are included. 

Safety in hazardous materials transportation is a 
subject of serious concern both to the industries 
involved and to the general public. Large-scale in
cidents such as the Spanish campsite disaster in 
1978- when more than 200 people were killed by the 
explosion of a liquified petroleum gas tanker Cl) 
have focused international attention on the gravity 
and importance of safety in the transport of hazard
ous materials. Although the subject has been exten
sively researched within the United States and Can
ada, quite a bit of work has also been done by other 
nations. If there is to be success in preventing or 
controlling incidents that not only endanger the 
public but also cost millions of dollars for cleanup 
and lost revenue, collective resources must be 
pooled. Thus it is the purpose of this study to sur
vey the current developments outside the United 
States and Canada and to provide a bibliography of 
the literature that represents the thrust of the in
ternational community's approach to safety in haz
ardous materials transportation. 

SCOPE 

In the interests of being current, the survey is 
limited to truck, rail, and air transportation 
safety research conducted during the last 5 years. 
Topics such as pipelines, nuclear materials, hazard
ous waste, and marine transportation safety have 
such exclusive problems and extensive bibliographies 
that they were considered to be beyond the scope of 
the survey, to be addressed separately. Specific 
subtopics surveyed include vehicle and container 
technology, emergency response technology (including 
communications and containment), information (in
cluding traffic flow estimation and accident re
porting), risk assessment, and policy analysis 
(including operations, emergency planning, and reg
ulations). Release behavior and hazardous materials 
codes and classifications were generally excluded 
from the survey as topics too specific and technical 
for this broad overview of foreign developments. 

APPROACH 

A search of the Highway Research Information Service 
(HRIS) data base identified numerous monographs, 
conference proceedings, and technical reports that 
satisfied the criteria for inclusion in this survey. 
A Library of Congress search identified some addi
tional documents. In addition, the appropriate is
sues of the following journals and periodicals were 
searched for pertinent articles: Accident Analysis 
and Prevention, Hazardous Cargo Bulletin, Hazardous 
Materials Intelligence Report, Hazardous Materials 
Management Journal, Hazardous Materials Newsletter, 
Journal of Hazardous Materials, Risk Analysis, and 
Transportation Research. 

As expected, most of the published research orig
inated in Great Britain, the Netherlands, and 
Sweden. However, Australia, Belgium, France, Italy, 
Spain, South Africa, and West Germany also published 
research that was included in the survey. Austria, 
East Germany, Finland, New Zealand, and the USSR ex
perienced new developments in hazardous materials 
transportation safety that were reported in the lit
erature. These articles were also included in the 
survey. 

SUMMARY 

A brief outline of the nature of the surveyed arti
cles and papers and a complete bibliography follow. 

Vehicle and Container Technology 

The papers in which vehicle and tanker technology 
was discussed unanimously stress the need for im
proved construction to prevent puncture, allow pres
sure relief, and the like. The literature also 
stresses the importance of legislation in encourag
ing industry to exploit the latest advances in tech
nology. The costs associated with replacing or 
improving older vehicles (tankers) may prove prohib
itive in the face of competition. Careful legisla
tion could provide the needed incentive. 

H.G. Stinton of the Hampshire Fire Brigade Head
quarters, Eastleigh, Great Britain, discusses the 
need for improved container design and legislative 
control in a report on the Spanish campsite disaster 
(.!_). He stresses that such an incident could have 
occurred in England. The circumstances surrounding 
the Spanish disaster were not particularly unique: 
A typical tanker carrying liquified petroleum gas 
(LPG) was traveling over main roads on a hot summer 
day. British tankers of similar construction would 
carry the same materials over comparable roads. 
British and Spanish regulations governing LPG trans
portation were also similar. 

Stinton explores the lessons that should be 
learned from this disaster to avert future similar 
tragedies. He describes the various causes of the 
disaster: "The road vehicle was without a pressure 
relief valve, ••• the road vehicle was over-loaded, 
••• corrosion had taken place in the high tensile 
steel tank due to carrying ammonia [and) ••• the high 
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ambient temperature, ••• the road vehicle was without 
a current pressure test certificate.• Stinton also 
points out that the tanker's lack of external impact 
protection contributed to the rupture. Although the 
safety record for LPG transport in the United King
dom is fairly good, Stinton stresses that to be con
fident of avoiding such disasters, it is crucial to 
ensure that tankers carrying LPG products "are more 
adequately protected against impact than they are at 
present.• 

C. Swinbank discusses the use of intermediate 
bulk containers (IBCs) for the transport of hazard
ous materials i2). Because o f t he economy of their 
intermediate size, their application to the carriage 
of dangerous goods has recently attracted attention. 
Swinbank reports on initial studies regarding IBC 
use, which focus on establishing a definition of an 
IBC. He points out that IBCs carrying hazardous ma
terials cannot properly be categorized as packages 
(per United Nations guidelines) , portable tanks [per 
Intergovernmental Maritime Consultative Organization 
(IMCO) and the British Blue Book], or tank contain
ers [per Reglement International Concernant le 
Transport des Marchandises Dangereuses (RID) and Ac
cord Dangereuse Routier (ADR)]. "The United Nations 
Committee of Experts will need to determine whether 
IBCs can be recognized as a separate class of recep
tacle, and the constructional and/or test require
ments which are necessary to ensure safety in trans
port and use. • Swinbank emphasizes the considerable 
economic and technical signific~nce of this UN work 
to manufacturers and users of IBCs worldwide. 

The proceedings of three major conferences in
clude papers that address the issues associated with 
vehicle and container technology. D.A. Beattie, at 
an October 1978 conference organized by Oyez Inter
national Business Communications <1> , presented a 
paper describing tanker design as a compromise be
tween several conflicting parameters. In a review of 
the conference published in the Hazardous Cargo Bul
letin <!>• the reviewer stresses that these compro
mises demonstrate that technology is not 100 percent 
foolproof in hazardous materials transportation. He 
emphasizes that the community must accept this fact 
and offers examples of the inherent uncertainty by 
quoting Beattie: "Transverse baffles will also 
ameliorate to some extent the side-to-side surges 
that can occur, [and] rubber (tank) linings may be 
adversely affected by switching products.• The re
viewer concludes these remarks on a rather pessimis
tic note: "Should it prove possible to replace 
these doubts with assurances, other problems will 
probably take their place.• 

The design of road vehicles and tankers was also 
addressed during the Symposium on the Transport of 
Hazardous Materials held in London in December 1977 
Cir~). The papers delve into the complexities of re
covery of damaged tankers as well as the need for 
improved analysis of incident reports as they relate 
to tanker design performance. The relatively low in
cidence of tank ruptures compared with the number of 
tanker journeys could have as much to do with safe 
driving practices as with impact-resistant tanker 
designs. Better analysis of incident reports would 
clarify the causes and help lead to truly improved 
tanker designs. 

Finally, the Spring Conference on the Transport 
and Handling of Dangerous Goods held in Sweden in 
April 1978 included a number of papers in which ve
hicle technology was discussed (7). M. Lidstroem 
presented a discussion of the maneuverability and 
dynamics of heavy vehicles, and Y. Dagel, c. Lager, 
H.G. Linder, and L. Lindberg et a!. offered views on 
the packing of dangerous goods. 
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Emergency Respon s e •rechnology and Informati_on 

A number of different articles discuss what appears 
to be the key element to effective emergency re
sponse: an easily accessible and comprehensive 
identification and hazard information system. The 
implementation of such a system was hailed as a 
great advance at the Symposium on the Transport of 
Hazardous Materials Ci,~). However, the development 
of a comprehensive international system incorporat
ing both action and properties codes is identified 
as an ultimate goal. An information system approach
ing this goal is the BTK system developed in Belgium 
and described in the Hazardous Cargo Bulletin (_~) • 
The most outstanding feature of the BTK is that the 
code is structured to allow requests for information 
to be dispatched in Dutch, French, English, or Ger
man. Italian and Spanish will be added shortly, and 
additional capacity is provided to handle two more 
languages for a total of eight. The information is 
accessed by UN number, product name, or by internal 
BIG-number, and the computer returns with the cor
responding Hazchem code. The operator can then se
lect from 10 different program modules: type of 
hazard, emergency action, personal protection, prop
erties, first aid, general precautions, remarks, ex
perts, literature, and synonyms. Belgium thus has a 
multilingual computer-aided data system to help cope 
with hazardous materials incidents. 

In "Son of Hazfile" (_2) a microcomputer-based 
successor to the U.K. chemical emergency response 
c omputer data bank Hazfile is described. Called 
CEIEMDATA, it is des igned for use by U.K. fire bri
gades. The role of CHEMDATA is to supplement immedi
ate emergency response guidance with comprehensive 
information on hazards, protection, and procedures. 
The system has been made more user friendly than 
Hazfile by building in easier commands and guidance 
messages and by reorienting data around the products 
rather than the manufacturer. In addition, after the 
initial hardware investment (microcomputer, disk 
drives, and printer) the operating costs will be 
minimal, making CHEMDATA more cost effective than 
Hazfile. The evolution of the various information 
systems available to the British fire services was 
also discussed at the Transchem 82 in Middles
borough, England, held June 2-3, 1982 (10). 

Some practical procedural aspects of emergency 
response are described by H.G. Stinton in the Haz
ardous Cargo Bulletin (11). He discusses the correct 
response to averting and coping with flammable liq
uids, boiling liquid expanding vapor explosions 
(BLEVEs), and unconfined vapor cloud explosions 
(UVCEs) • Stinton provides a technical discussion 
about the conditions that cause BLEVEs and UVCEs, 
and the disastrous effects of these phenomena, cit
ing the Spanish campsite disaster as an example. He 
lists recommendations for emergency service response 
to incidents that could culminate with a liquid gas 
explosion, with particular emphasis on procedures 
for highly populated areas. Stinton discusses evacu
ation, fire control, crowd control, and the need for 
clearly defined roles for the various authorities 
who become involved in emergency response. He 
stresses that swift and proper response are the keys 
to averting disasters like the Spanish campfire in
cident. 

In "Backing up the Hardware" (12) the labeling 
and other regulations on hazardous """'jj;"aterials trans
port enforced on New Zealand Railways (NZR) to pro
tect railway workers and ensure quick response in 
the event of an emergency are described. Despite its 
relatively small population, New Zealand operates an 
extensive network of railways. NZR builds its own 
rolling stock, including tanks for such hazardous 
materials as LPG, COi, and chlorine gas. Placards 
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with hazard warning labels and emergency procedure 
guides are placed on both sides of all tank cars. 
Destination cards are placed at the ends of these 
cars, and consignment documentation requirements are 
designed to ensure that all of those concerned with 
the physical handling of the cars and their contents 
are aware of the hazardous nature of the cargo. Cars 
containing hazardous cargo may not be conveyed as 
part of express trains and must be segregated from 
the locomotive, guard's van, and cars containing 
other classes of hazardous goods for safety. 

B. Gandham and P.J. Hills examine the feasibility 
of monitoring the movement of vehicles carrying haz
ardous substances over British roads (13). They dis
cuss various methods of monitoring the movement of 
vehicles carrying hazardous freight, including 
radiolocation techniques, proximity-to-fixed-objects 
methods, and the dead-reckoning technique. The emer
gency services, local authorities, and the chemical 
industry contributed to determining the benefits of 
a monitoring system in general, and the costs versus 
benefits of such methods are discussed. The primary 
benefit of such monitoring would be the virtually 
instantaneous notification of the emergency services 
in the event of an accident. The decrease in re
sponse time this would represent could be crucial to 
the ability of the fire brigades to avert disaster. 
However, the cost of such a system would probably 
not justify even this benefit; the conclusion is 
that the money would be better spent on improving 
existing prevention schemes. 

Risk Assessment 

An underlying concern in the literature on risk as
sessment in hazardous materials transportation is 
the emotional public response elicited by hazardous 
materials transportation issues. Despite the rela
tive safety of hazardous materials transportation 
(versus overall traffic statistics), the potential 
for disaster arouses significant public concern and 
attention. In addition, social, economic, and tech
nological development have led to both an increase 
in hazardous materials traffic and increased load 
sizes. Thus a technological approach to hazard con
trol and risk assessment is necessary. This was the 
theme of the October 1978 Oyez International Busi
ness Communications conference on managing the risks 
caused by the carriage of hazardous goods over land 
(l,~.l. Papers included a discussion by L.S. Fryer 
regarding the risk to the public from the transport 
of dangerous goods and the effect of accidents on 
the community, a paper by D.H. Napier that dealt 
with BLEVEs and techniques for minimizing hazards 
and achieving a fuller assessment of risk, and a 
paper by D.H. Slater that attempted to quantify the 
risks involved with hazardous materials transporta
tion and the costs when accidents occur. 

M. Benwell addressed the public perception and 
acceptance of risk at Transchem Bl, held in Middles
borough, England, May 27-28, 1981 <..!.!>. Benwell 
pointed out that despite the relevance of public 
opinion toward decisions made to enhance public 
safety, little research has been done to predict 
public response to such decisions. She also stressed 
that public response is often irrational: The pub-
1 ic expects the benefits of hazardous materials but 
may be unwilling to accept the risks associated with 
their transportation. Although the public may object 
that they are kept in ignorance of the risks they 
face, Benwell observed that programs for public edu
cation often cause alarm rather than lessen it. She 
contended that significant benefits could be 
achieved both for those engaged in the movement of 
hazardous materials and for the public if some con-
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certed effort were made to help the public under
stand the actual risks associated with hazardous ma
terials transportation. 

At Transchem 82 (.1Q) Somerhoff of the Hamburg 
Fire Department suggested that difficulties en
countered by emergency services could be remedied if 
a systematic investigation of transport risks were 
conducted before the transport of hazardous goods 
and if all those involved with the transport were 
made to understand the risks at the outset. This, he 
contended, would significantly facilitate proper 
emergency response in the event that it were needed. 

T.B. Meslin (15) discusses the specific risks in
volved with chlorine transport in France within the 
framework of a general model for evaluating risks 
associated with the transport of dangerous materials. 

Stated simply, the problem is to evaluate 
the number of accidental releases that could 
occur during transport of a product under a 
number of conditions, as well as the range 
of possible consequences. Consequences are 
measured by using such deliberately simpli
fied indicators as the number of victims 
(death, injuries, and illnesses), which per
mit a synthetic evaluation of risk. Each 
protection measure under study is assigned a 
risk level. The overall cost of the various 
protection policies is calculated, so that 
it is possible to compare them and select 
the most cost effective, that is the one 
that presents the most satisfactory compro
mise between risk reduction and the in
creased cost of protection. 

Because so few data are available that describe the 
causes and dynamics of accidents, an analysis of 
probabilities cannot be based on direct observation. 
Thus indirect models are used to simulate accidents. 
Meslin describes the process by which an assessment 
of the risks involved with any specific means of 
transporting any particular hazardous material can 
be made. He contends that it is possible with cur
rent technology to make rational choices concerning 
dangerous activities and institute measures to re
duce the risk to the public. 

Additional discussions of risk assessment appear
ing in the literature include papers by P.N. Ander
son (16), who discusses means for assessing the 
risks -;;sociated with the handling and transport of 
hazardous chemicals, and by De Malherbe et al. (17), 
who discuss hazard identification, hazard analysis, 
risk analysis, and safety measures designed to re
duce hazards. De Malherbe et al. also provide an in
troduction to the system analysis methodology of 
risk analysis. 

Policy Analysis 

A great number of papers have been written about the 
general topics that fall under the heading of policy 
analysis. Several have been published in which the 
regulation of hazardous materials transportation 
within a particular country and attempts to explain 
those regulations and compare them with interna
tional standards have been discussed. The signifi
cance of these is the diversity of their origins. It 
is clear that the regulation of hazardous materials 
transportation is internationally recognized as de
serving public and government attention. 

A paper from Sweden (18) outlines the principles 
behind the various international directives for 
safer transport of dangerous goods. Directives from 
the different sources are compared with regard to 
their being combined into a single international set 



42 

of standards in the future. In addition, the Swedish 
system for internal transport of hazardous materials 
is discussed. H. Frostling, from Sweden, also dis
cusses and compares the national and international 
regulations governing hazardous materials transpor
tation (ill. 

The developments in technical regulations regard
ing the transport of new hazardous materials are 
discussed by G. Dobias et al. (20), from France. The 
regulations are updated by the Interministerial Com
mittee for Transport of Dangerous Materials, whose 
charter is explained. Regulations and developments 
covering such diverse aspects of hazardous materials 
transportation as vehicle design, road routing, and 
professional training are also recounted. 

J.C. Hillman discusses the need for increased 
regulation governing hazardous materials transporta
tion in South Africa (~). Hillman examines the fac
tors that could increase the likelihood that an ac
cident would occur and makes recommendations as to 
how the dangers can be minimized through emergency 
response preparedness. He also discusses the merits 
of forthcoming new regulations and examines both the 
advantages of good regulation and the disadvantages 
of restrictive legislation. 

The implications of national Dutch legislation 
for local municipal authorities are the subject of a 
paper by A.G. Kaag-Vanrp (~), who includes discus
sions of loading and delivery of dangerous materi
als; road, water, and rail routing; and emergency 
response. 

Specific national regulations for the transport 
of hazardous materials by road are described in a 
Spanish paper <111 , and the Italian regulations re
garding road transport of hazardous materials are 
recounted by v. Rocco <11>. 

Numerous conference proceedings have been pub
lished that address policy issues associated with 
hazardous materials transportation. The proceedings 
of the Symposium on Transport of Hazardous Materials 
(5,6) includes discussions of routing of hazardous 
l(;ad"s and lessons to be learned from incidents in
volving hazardous materials. The benefits to be 
gained from rerouting hazardous goods through rural 
rather than populated urban areas are enumerated. 
However, the point is made that expert advice in the 
event of an incident can be far from rural sites, 
whereas it may be immediately available in more pop
ulated areas. 

The proceedings of the Conference on Chemical 
Distribution into the BO's (~) includes papers on a 
variety of policy issues. J.H. Locke offered a paper 
discussing the regulations and codes, K.L. Holland 
presented a paper on the role of the fire service in 
transportation of chemicals by road, vehicle label
ing was discussed by P .N. Anderson, the selection 
and training of drivers for the handling of hazard
ous substances was described by H.J. Morley, and 
P.T. Mabbitt discussed the status of national and 
international regulations concerning the transport 
of dangerous goods by rail. 

A broad variety of policy issues, from general 
regulations on transport of dangerous goods by A. 
Lindstedt to A. Hoengstroem's discussion of insur
ance matters in connection with handling and trans
port of dangerous goods, were presented at the 
Swedish Spring Conference on the Transport and Han
dling of Dangerous Goods 11>· Other papers include a 
discussion of Swedish and international directions 
on transport of dangerous goods by rail, road, sea, 
and air by M. Baang et al.; a presentation of the 
views on packing of dangerous goods by L. Lindberg 
et al.; and an overview of the experiences of the 
fire services, the Swedish Board of Occupational 
Safety and Health, and the police on transport of 
dangerous goods by G. Schnell et al. 
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Australian policy regarding hazardous materials 
transportation was the theme of the National Seminar 
on the Transport of Dangerous Goods in Canberra 
(~). J.F. Wilding and I.E. Kolm both presented 
papers on the transport of dangerous goods in Aus
tralia, regulation was discussed by P. Brazil and 
R.P. Sammon and by H. Blackmore, and G.C. Uniacke 
offered views of the road transport industry. 

In a number of papers presented at Transchem 79, 
the Sixth Symposium on the Safe Transportation of 
Hazardous Substances (1IJ, various policy issues as
sociated with hazardous materials transport are dis
cussed. some papers of unusual interest were ones on 
first aid and medical aspects by A.P. Wright, re
covery of damaged chemical tankers by W.E. Clayton, 
and the role of the highway authority by M.R. 
Hilton. Transchem Bl (May 27-2B, 19Bl) (14) and 
Transchem B2 (June 2-3, 1982) (10) also included in
teresting discussions of hazardous materials trans
portation regulations and public policy. 

H.G. Stinton (1) examines some specific aspects 
of policy that sh~uld be addressed in the light of 
the Spanish campsite incident. The safest routing of 
vehicles carrying hazardous materials, the danger 
associated with transport of hazardous materials 
over roads through areas with dense holiday popula
tions, and other issues associated with the medical 
response to such disasters are specified. Stinton 
places particular emphasis on the need for improved 
regulation: "Any preventive steps which are taken 
will only be truly effective if backed by legisla
tion rather than voluntary agreement. Obviously any 
such legislation should be valid across Europe and 
not simply an internal measure in the United 
Kingdom.• 

Several countries have legislated new regulations 
restricting hazardous materials transportation, as 
reported in the literature. Both France and Austria 
have imposed restrictions that prevent the transport 
of specified hazardous materials through certain 
tunnels, for example, the French Prefectoral Decree 
3302 of December 20, 1980, which includes regula
tions limiting access to the Mont Blanc tunnel on 
the French-Swiss border, and Austrian regulations 
limiting access to specified portions of the Arlberg 
Expressway, the Tavern Motorway, and the Flebertavern 
Road, including several tunnels (2B). The regula
tions include limiting access duri~ specific hours 
of the day as well as bans on the transport of cer
tain hazardous materials. 

New requirements imposed by the German Democratic 
Republic for the movement of hazardous goods into or 
through East Germany are described in the Hazardous 
Cargo Bulletin (29). Registration of and the provi
sion of escorts for BO hazardous substances are re
quired, and the specified information must be 
provided up to 4 working days in advance. The regu
lations specify requirements for transport of haz
ardous materials both by road and by rail. 

Finally, a Finnish study conducted on the transit 
traffic of Russian railway tank cars carrying haz
ardous cargos into and throuyh Finland is reported 
in the Hazardous Cargo Bulletin (30). The study was 
conducted in response to the rapidly expanding flow 
of Russian railway tank cars carrying chemical and 
petroleum products through Finland. The greatest 
threat this traffic posed to public safety was iden
tified as the poorly maintained state of some of the 
tank cars and the occasional congestion of the sys
tem at certain stations for extended periods of 
time. As ·a result of the study, specific inspection 
regulations have been instituted. The number of tank 
cars allowed in the system at one time has been lim
ited by additional new regulations. 
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