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Chapter 3

Containers for Hazardous
Materials Transportation

INTRODUCTION

Ensuring the safe transportation of hazardous ma-
terials is a complex activity. If accidentally released,
hazardous materials pose risks to human safety,
property, and the environment. Consequently, the
containers or packaging used for shipping most of
these materials are required by regulation to be ade-
quate to contain their contents during normal trans-
port. However, standards for containers for highly
radioactive materials are set differently and require
that the packages withstand severe accident condi-
tions without a dangerous radioactive release.

Over 30,000 different hazardous materials must
be shipped under U.S. Department of Transporta-
tion (DOT) regulations. Among the classes of ma-
terials regulated are explosives, flammables, corro-
sives, combustibles, poisons, radioactive materials,
and etiologic (disease-causing) agents. These mate-
rials, essential to the business and industrial econ-
omy of the United States, are shipped by air, high-
way, railroad, and water under regulations that
reflect the history and different operating charac-
teristics of the various modes. Hazardous products
are transported in bulk by vessels, tank cars, tank
trucks,  intermodal portable tanks; and in smaller

containers such as cylinders,  drums, barrels,  cans,

boxes, bottles,  and casks. Widely varying packag-

ing have been developed by industry to match the

strength and integrity of the containers to the char-

acteristics and hazards of the materials they must

c o n t a i n .

Packaging for hazardous materials during trans-

portation is a major element of DOT’s regulatory

s y s t e m .  T h e  D e p a r t m e n t ,  t h r o u g h  i t s  R e s e a r c h
and  Spec ia l  Programs  Adminis t ra t ion  and  o ther

branches, establishes technical standards for the de-

sign and testing of packages and associated trans-

portation equipment for all hazardous materials and

small  quantities of radioactive materials.  The Nu-

clear Regulatory Commission (NRC) sets standards
for the design and performance of packages to carry

highly radioactive materials.* Private shipping com-
panies and container manufacturers, DOT, NRC,
and the Department of Energy (DOE), all are ex-
ploring new technologies and possible design changes
for the shipping containers used for hazardous ma-
terials and wastes, including spent nuclear fuel. Pack-
aging issues that repeatedly confront Federal agen-
cies

●

●

●

●

include:

the types and severity of tests necessary for de-
termining the level of protection provided by
the packaging,
the development of new materials for pack-
aging,
the influence of international commerce and
standards on U.S. packaging designs, and
the impact of accident and spill frequency and
consequences on container regulation.

This chapter examines a wide range of issues con-
cerning hazardous materials packaging technology,
including the development of design and testing
standards and their relationship to the transporta-
tion system. Part I examines the unique container
issues associated with the transportation of radio-
active materials, including those related to shipment
of high-level radioactive wastes, such as spent nu-
clear fuel. Part 11 deals with packaging for other haz-
ardous materials commonly used, such as chemicals,
petroleum products, explosives, and poisons. h dis-
cusses:

●

●

the present spectrum of bulk equipment and
small packages for shipping hazardous materi-
als and wastes, and
the impact of Federal regulation on transpor-
tation safety and container technology.

*H@lY radioactive  materials include fissile  and greater than Al and
Az limits of radioactive materials. Fissile  material is that containing
one or more fissile  radionuclides-Plutonium  238, Plutonium 239, Pluto
nium 241, Uranium 233, and Uranium 235. Neither natural nor de-
pleted uranium is fissile  material. Al and A2 quantity limits are de-
fined in 10 CFR 71.4 and table A-1 thereto.

89



90 . Transportation of Hazardous Materials

PART 1: CONTAINERS FOR TRANSPORTING RADIOACTIVE MATERIALS

Radioactive materials are employed extensively in
modern society. In addition to their role in gener-
ating electric power, radioactive materials are used
for research, manufacturing, and a wide range of
industrial processes. They are also often indispens-
able for medical diagnosis and therapy. The perva-
sive use of these materials means that they and any
waste products must be regularly transported. In to-
tal, some 2.8 million packages of radioactive mate-
rials are transported in about 2 million shipments
each year in the United States by truck, rail, and
air, out of 100 million shipments of all types of
hazardous materials. Box 3A defines terms used
throughout this chapter.

Almost two-thirds of radioactive shipments are
for medical purposes, with the balance for use in
the nuclear fuel cycle to generate electricity, for in-
dustrial and research activities, and waste.* (See
table 3-l.) About 7 percent of all shipments are clas-
sified as wastes (see box 3A), with the vast majority
being low-level wastes.1 The total volume of low-
level wastes shipped each year is about 2.7 million
cubic feet, or enough to cover a football field with
a pile 52 feet high. Between 100 and 300 shipments
of high-level wastes and spent fuel, from electric util-
ities, and DOE and U.S. Department of Defense
(DOD) research or training facilities, are made an-
nually by truck and rail. See tables 3-2 and 3-3 for
histories of commercial reactor and low-level waste
shipments, respectively, and table 3-4 for the vol-
umes and types of shipments associated with the nu-
clear fuel cycle. Reactor operation and the fuel cy-
cle are summarized in box 3B.

Although medical and industrial shipments of
radioactive materials are by far the most numerous,
it is shipments of low- and high-level wastes and
spent fuel that cause the greatest public concern and
controversy. Federal regulations governing these

*A third ~at%ory,  radioactive materials for the defense imiustry—re-
search, propulsion, and weapons-is not considered here, although
problems related to shipments of hazardous materials by the U.S. De-
partment of Defense are discussed briefly in ch. 5 in the enforcement
training section.

1 Transport of Radioactive Material in theIHarold S, Javits,  et a “~

United Stares, SAND84-7174  (Albuquerque, NM: Sandia National Lab-
oratories, April 1985); and EG&G  Idaho, Inc., The 1984 State-by-State
Assessment of Low-Level Wastes Shipped to Commercial Dispsal  Sites,
DOE/LLW-50T  (Washington, DC: U.S. Department of Energy, De-
cember 1985), p. 6.

shipments are extensive, yet in the absence of wide-

spread public confidence in Federal safety activities,

over 650 additional State and local laws have been

enac ted  a t tempt ing  to  contro l  and  even  ban  the

movement of radioactive wastes. 2

The public is understandably apprehensive about

the movement of highly radioactive materials. Even

though such operations are not new here or abroad,
.—ZN.p. KnoX, et al., “NUClear Waste Pwvarnsj “ Transportation of
Radioactive and Hazardous Materials: A Summary of State and Local
Legislative Requirements for the Period Ending December 31, 1985,
ORNL/TM-9985 (Oak Ridge, TN: Oak Ridge National Laboratory

for the U.S. Department of Energy, April 1986), p. v.
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Table 3-1.—Summary of Unclassified Radioactive Materials Shipments by the
Nuclear Regulatory Commission (NRC) Licensees and the

Department of Energy (DOE) Licensees

Number of packages/year Percent of total
Sector NRC licensees DOE licensees packages

Medical . . . . . . . . . . . . . . . . . . . . . . . . . 1,730,000 16 61.5
Industrial . . . . . . . . . . . . . . . . . . . . . . . . 213,300 — 7.6
Nuclear fuel cycle . . . . . . . . . . . . . . . . 114,000 6,246 4.2
Waste (all sectors). . . . . . . . . . . . . . . . 181,000 1,146 6.5
R&D and academic . . . . . . . . . . . . . . . 17,100 1,802 0.7
Other . . . . . . . . . . . . . . . . . . . . . . . . . . . 526,500 22,580 19.5

Total . . . . . . . . . . . . . . . . . . . . . . . . . . 2,781,900 31,790 100.0
SOURCE: Harold S. Javhs, et al., Transporl  of Radloactlve  Material in tfre United States, SAN D84-71 74 (Albuquerque, NM: San-

dia National Laboratories, April 1985), pp. 16 and 28.

Table 3.2.—History of Domestic Commercial
Spent Fuel Shipments

Number of Number of
Year Method shipmentsa assemblies
1973 . . . . . . . . . . . .Truck 83 185

Rail 6 72
1974 . . . . . . . . . . . .Truck 222 333

Rail 1 13
1975 . . . . . . . . . . . .Truck 166 198

Rail 4 64
1976 . . . . . . . . . . . .Truck 291 291

Rail 18 324
1977 . . . . . . . . . . . .Truck 444 444

Rail 27 407
1978 . . . . . . . . . . . .Truck 230 230

Rail 24 256
1979 . . . . . . . . . . . .Truck 79 83

Rail 15 105
1980 . . . . . . . . . . . .Truck 22 22

Rail 5 32
1981 . . . . . . . . . . . .Truck 81 242

Rail 2 13
1982 . . . . . . . . . . . .Truck 100 297

Rail — —
1983 . . . . . . . . . . . .Truck b

Rail
1984 . . . . . . . . . . . .Truck 132 571

Rail 50 883
1985 . . . . . . . . . . . .Truck 30 153

Rail 50 883
aFor 1976 t. 1985, the rlurnber of shipments was derived from the number of fuel
assemblies of either t he boiling water reactor (BWR) or pressurized water reac-
tor (PWR) type sent by each mode. It was assumed that: all rail casks held 18
BWR assemblies or 7 PWR  assemblies; legal weight truck casks were used up
through 1980 (with a capacity of 2 BWR or 1 PWR  assemblies); and overweight
truck casks were used from 1981 to 1985 (with a capacity of 7 BWR or 3 PWR
assemblies).

bsome  of the shipments credited to 1982 actually occurred in 1983.  D.F.  New-
man, Battelle  Pacific Northwest Laboratories, personal communication, April
1986.

SOURCE: Science Concepts, Inc., “Containers for Transporting Radioactive
Materials,” OTA contractor report, September 1985, p. 5 (1973 to 1975
data); and D.F.  Newman, Battelle  Pacific Northwest Laboratories, writ-
ten communicaticm, April 1986 (1976 to 1985 data),

they are complex and potentially dangerous. Con-
cerns have been voiced that the packaging may be
inadequate, packaging test criteria do not reflect real-

istic accident conditions,  industry does not always

follow safety procedures,  localit ies cannot exercise

sufficient control over routing, and the consequences

of an accident could be far more severe than gov-

ernment and industry reports indicate.  3

Unless substantial progress on resolution of issues
is made, controversy over the transportation of high-

level  radioactive materials will  increase as greater

quantities of spent fuel must be moved from reactor

sites that have exhausted their onsite storage capac-
ities. As many as 22 reactors are expected to have

no more spent fuel pool capacity available between
1987 and 1993,  unless alternatives now being ac-

tively explored, such as reracking, rod consolida-

t ion ,  or  dry  cask  s torage ,  can  be  implemented .4

The Nuclear Waste Policy Act of 1982 (NWPA) re-

quires that, starting in 1998, DOE take title to spent

nuclear fuel at  commercial  reactor sites and, when

necessary, transport it to a repository. A permanent
waste repository may not be available by that date,
. —

‘Marvin  Resnikoff, ~Ae Nexr Nuclear Gamble (New’  York, NY:
Council on Economic Priorities, 1983); Stephen N. Salomon,  Stare  Sur-
veillance of Radioact~ve )vfarerial  Transporrarion,  NUREG-1015 (Wash-
ington, DC: U.S. Nuclear Regulatory Commission, 1984); and Joseph
Strohl and Lindsay Audin in U.S. Congress, Office of Technology As-
sessment, “Proceedings of OTA Workshop on Nuclear Materials Pack-
aging Technology, “ unpublished typescript, Feb. 8, 1985.

4U s Department of Energy, Spent-Fue]  Storage Requirements,. .
DOE/RL-84-l  (Washington, DC: U.S. Government Printing Office,
May 1984); and Marvin Smith, Supervisor, Nuclear Engmeerlng, Vir-

ginia  Electrlc  Power Co., personal communication, April 1986.
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Table 3-3.—Quantities of Low. Level Radioactive Waste Shipped and Buried in 1984

Radioactivity Percent
Disposal site Volume (m3) Percent total (curies) of total

Barnwell, SC . . . . . . . . . . . . . . . . 34,879 47 383,079 64
Beatty, NV . . . . . . . . . . . . . . . . . . 2,069 3 544
Richland, WA. . . . . . . . . . . . . . . . 38,481 51 215,286 36:

Total quantity . . . . . . . . . . . . . 75,429 100 600,909 100
SOURCE: EGL%G  Idaho, Inc., “The 1984 State-By-State Assessment of Low-Level Radloactlve Wastes Shipped to commercial

Disposal Sites,” DOHLLW-50T,  prepared for the U.S. Department of Enwgy,  December 1985.

Table 3=4.-Radioactive Material Shipments Associated With the Nuclear
Fuel Cycle (annual shipments per 1,000 megawatt reactor)

Material From To Quant i ty a Activity (Ci) Shipments b

U ore . . . . . . . . . . .
Yellowcake. . . . . .
UF6 . . . . . . . . . . . .
Enriched UF6 . . . .
U0 2 . . . . . . . . . . . .
New fuel

assembly . . . . .
Spent fuel

assemblyc. . . . .

Low-level waste..
Low-level waste. .
Low-level waste. .

mine mill 3.4(10)5 MT 1 .4(10)3
mill refinery 307 MT 360
refinery enrichment 266 MTU 360
enrichment fuel preparation 43 MTU 62
fuel preparation fuel fabrication 43 MTU 62

fuel fabrication reactor 43 MTU 62

reactor storage 16 MTU 7.6(10)’
24 MTU 1 .1(10)’

refinery burial site 280 m3

fuel fabrication burial site 180 m3

reactor burial site 100-1.000 m3

6,300
20
22

6
12

7

13
8d

25-38
19-25
=60

aMT is metric  tons,  MTLI  is metric tons Of uranium.
bAli  shipments are by overweight truck using current generation of casks except  where noted.
Cl ooo MWe reactors of different design may discharge different amounts of spent fuel annually. This table iS based on  an

international study. U.S. reactors, however, discharge 28 to 32 MTU per year.
dRaii shipments using current generation Of rail  casks.

SOURCE: Essam E1-Hinnawi,  “Environmental Impacts of Production and Use of Energy, ” ~rwwpoti  of R?dloactive  ~aterlals
(New York: United Nations Environment Program,

and DOE has proposed moving much of the stored
spent fuel to a monitored retrievable storage facil-
ity. In the meantime, shipments of spent fuel will
continue in connection with intra-utility transfer
and storage plans and DOE research and devel-
opment.

For these reasons, Congress asked OTA to study
the issues surrounding shipments of radioactive ma-
terials, especially spent nuclear fuel and high-level
wastes. The focus of this first part of chapter 3 is
specifically on the containers used for spent fuel,
their integrity, and the procedures surrounding their
use in transportation. The technical issues related
to the containers will be evaluated as will the in-
stitutional, legal, jurisdictional, and public policy is-
sues surrounding spent fuel shipments. These lat-
ter are as important and as difficult to assess as the
technical issues. In particular, this section will ad-
dress these questions:

1981).

●

●

●

●

●

●

Are current technical standards and safety anal-
ysis methods for spent nuclear fuel containers
adequate?
How safe is the transport of spent reactor fuel,
and what may be the consequences of an ac-
cident?
What improvements are necessary in the safety
procedures for container manufacture, transpor-
tation, and container and vehicle inspections?
What public concerns must be addressed as the
country prepares for increased spent fuel ship-
ments under NWPA?
What can be done to resolve legal and jurisdic-
tional concerns regarding the choice of safe ship-
ping routes and other operational restrictions?
Is the public understanding of technical issues
adequate to provide a basis for resolution of
contentious issues? If not, what should or can
be done to improve this?
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Photo credit: U.S. Department of Energy

Spent fuel storage basin at a commercial nuclear powerplant.

The information in this chapter is derived from
technical literature, interviews with technical experts
and concerned citizens, and from an OTA work-
shop on nuclear materials packaging.5

Regulatory Framework

While the primary Federal regulatory responsibil-
ity for shipments of radioactive materials lies with
DOT, NRC and DOE also have specific responsi-
bilities. Under its authority, DOT has issued regu-
lations covering all aspects of transporting radio-
active materials, including requirements for the
containers, the mechanical condition of the trans-
portation vehicles, and the training of personnel,
as well as the routing requirements, package labels,
vehicle placards, and shipping papers associated with
shipments of radioactive materials. DOT also con-

ducts carrier equipment inspections.

Under a Memorandum of Understanding, NRC
and DOT cooperate closely to regulate containers
for radioactive materials. NRC, under its own legis-
lative authority, is responsible for regulating, review-

5U.S. Congress, op. cit.
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ing, and certifying the packaging and certain trans-
portation operations for shipments of fissile and
highly radioactive materials that must be packaged
very securely in Type B containers (described be-
low) when such shipments involve NRC licensees.6

DOE also has authority, granted by DOT regu-
lations,’ to approve the packaging and certain op-
erational aspects of its research, defense, and con-
tractor-related transportation of fissile and highly
radioactive materials. Although DOE is required to
use standards and procedures equivalent to those
of NRC in the container certification process, when
DOE has chosen to exercise its own authority to
use casks and procedures other than NRC-approved,
substantial conflict between DOE and States and
concerned citizens has arisen. Officials from New
York and New Jersey were outraged to learn in July
1985 that DOE had planned to use a cask that had
been refused NRC certification for nuclear waste
shipments from Brookhaven National Laboratories
on Long Island. Tennessee officials were similarly
infuriated when they were told by DOE that a spent
fuel shipment to be used for research would be mov-
ing through the State sometime in the next few
months. Tennessee insisted on and received more
specific information from DOE and assurances that
the State procedures and requirements would be
met.8

DOE has established the Office of Civilian Radio-
active Waste Management to plan and establish spe-
cific regulatory and procedural guidelines for spent
fuel shipments under NWPA. A more complete dis-
cussion of issues related to NWPA shipments may
be found on page 106. DOD has authority similar
to DOE’s to use equipment and procedures equiva-
lent to NRC’S,

DOT sets regulations for all other packaging for
radioactive materials in consultation with NRC.
NRC approval is required of routes for shipments
needing physical protection during transport to pre-
vent theft or sabotage, but the routes chosen must

blo CFR  7 1.4; also, “Transportation of Radioactive Materials:
Memorandum of Understanding,” Federal Register, vol. 44, No. 128,
July 2, 1979. Among the 22,000 Nuclear Regulatory Commission and
Agreement State licensees are manufacturers and users of radiophar-
maceuticals,  oil exploration companies, 127 nuclear powerplants, and
90 nonpower reactors and their supply industries.

’49 CFR 173.7.
Bpersonal  ~ommunications  from DOE and State officials and con-

gressional staff, August to October 1985.

be compatible with DOT regulations described in
chapter 4.

Guidelines for public radiation protection are es-
tablished by the U.S. Environmental Protection
Agency and follow international criteria established
by the International Commission on Radiological
Protection and the National Commission on Radia-
tion Protection. DOT and NRC regulations are
based on these guidelines, which establish upper
limits on radiation levels around containers.

U.S. regulations for containers used for radioactive
materials transportation are based on internation-
ally accepted performance standards. International
regulations and standards divide the materials to
be shipped into three categories based on their radio-
activity levels:*

1. low hazard or very low levels of radioactivity
requiring “strong tight” containers,”

2. somewhat higher levels of radioactivity requir-
ing secure containers called “Type A“ packages,
and

3. fissile materials and those with very high levels
of radioactivity requiring exceptionally dura-
ble containers called “Type B“ packages.

Federal regulations limiting the radioactive contents
for the commonly used strong tight and Type A con-
tainers are based on the assumption that the con-
tainers might break open in an accident and release
some of the contents. In contrast, Type B packages,
frequently called casks, are required to be sufficiently
strong to withstand severe accident conditions, thus
providing for safety largely independent of proce-
dural and other controls on the shipment. To as-
sure that Type B packages are designed, constructed,
handled, and loaded in a fashion that protects public
health and safety, NRC must approve and certify
container designs and make certain that quality as-
surance procedures are implemented for manufac-
turing, operating, and maintaining the casks.

While the philosophy is to use Type B containers
as the first and most important device for public pro-
tection, there are additional regulations and require-
ments for their transportation to reduce potential
radiological hazards. First, the movement of high-

*lnteTnational  Atomic Energy Agency Safety Series 6, 1985,  now
contains a fourth category called  “surface contaminated object,” which
is under consideration to become a U.S. category.
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level radioactive materials involves a much greater
degree of scrutiny by NRC and DOT than do ship-
ments of low-level materials. NRC monitors the
quality assurance programs of its licensees for the
construction and operation of spent fuel shipping
casks and requires operational checks, such as leak
tests, for the casks prior to each use. NRC also con-
ducts routine checks for compliance with regulations
at its licensees’ facilities. To increase the number of
inspections without overtaxing the agency, NRC has
transferred authority for inspection of certain activ-
ities, including shipment of byproduct, source, and
less than critical quantities of special nuclear mate-
rials to “Agreement” States.9

However, authority for activities related to com-
mercial spent fuel shipments remains with NRC, and
its inspectors are on hand at licensees’ facilities to
monitor the beginning of any spent fuel shipping
campaign. In the period July 1983 to June 1985,
NRC conducted more than 300 inspections of spent
fuel shipments at origins and destinations. 10 As an
added precaution, some States through which spent
fuel shipments pass may require inspection of ship-
ments by State personnel as well.

NRC also requires that the Governors of affected
States be notified in advance of commercial ship-
ments of spent fuel and certain other highly radio-
active materials. The information provided must in-
clude the name, address, and telephone number of
the shipping organization, as well as a description
of the material and estimates of times of arrival at
State boundaries. DOE notification procedures are
much less explicit, creating friction with many
States. Moreover, certain shipments that involve na-
tional security are exempt from this requirement,
although DOT requires postnotification of many
shipments of highly radioactive materials.

‘E.L.  Emerson and J.D. McClure, Radioactive Material (RAM) Ac-
cident/incident  Data Analysis Program, SAND 82-2156 (Albuquer-
que, NM: Sandia National Laboratories, March 1985), p. 7. As of 1986,
28 States are Agreement States and responsible for regulating their
13,000 licensees. NRC is still responsible for regulating its 9,000 mate-
rial licensees and its some 200 reactor (power and nonpower) licen-
sees, even if they are physically located in an Agreement State. Stephen
Salomon,  Office of State Programs, U.S. Nuclear Regulatory Commis-
sion, personal communication, February 1986.

IOAlfred W. Grella,  Office of Inspection and Enforcement, U.S. Nu-
clear Regulatory Commission, “NRC Inspection Activities on Recent
Shipments of Spent Fuel 1983 to Present,” unpublished manuscript
of speech presented at the Spent Nuclear Fuel Transportation Semi-
nar, Chicago, IL, Aug. 1, 1985.

Both DOT and NRC have the authority to im-
pose fines for violations of regulations. However, the

enforcement efforts of both agencies have been the
subject of severe criticism. NRC has had “too much

of a closeness with industry . . .“ according to NRC
Commissioner, James K. Asselstine. ll The adequac y

of DOT’s relatively small inspection forces has been

questioned for monitoring the millions of shipments

of radioactive materials that do not involve spent

f u e l .12 For further details on inspection levels see
c h a p t e r  5 .

Containers

Packaging regulations and standards for shipping
radioactive materials were first established in 1946

by the Interstate Commerce Commission, based on

recommendations by the National Academy of Sci-
ences. The standards were subsequently adopted by

the  In ternat iona l  Atomic  Energy  Agency  ( lAEA)

and 53 nations. As part of an ongoing international
evaluation of the standards, there have been sev-
eral updates, including provision in 1967 for Type
A and Type B packaging standards. The United
States recently revised its regulations slightly to make
them consistent with 1973 IAEA guidelines. 13

The need for technical improvements to the pack-
ages is examined as an ongoing part of research and
development, and Type B packages have been a fo-
cus of DOE-funded research over the years. An in-
ternational meeting of experts in this area, Packag-
ing and Transportation of Radioactive Materials,
is held periodically, about every 3 years, providing
a forum for the exchange of information.

Procedures to ensure safe packaging for transport-
ing radioactive materials include:

. categorizing the materials according to their
levels of radioactivity and form, and

. requiring the preparation and use of packag-
ing appropriate for the type and quantity of ma-
terial.

i IHoward Kurtz, “NRC Officials Avoid Pursuit of Wrongdoing, Cri-
tics Say,” Washington Post, Apr. 8, 1986, p. A-1.

Izpaul  Rothberg,  science policy  Research Division, Congressional

Research Service, “Hazardous Materials Transportation: Laws, Regu-
lations, and Policy,” Issue Brief IB76026,  Mar. 11, 1986,  p. 5.

l] 10 cm 71, ~ederaf  Register,  Aug. 5, 1983; International Atomic
Energy Agency standards adopted in 1985 require a 200 meter sub-
mergence test to allow for transport over coastal ocean depths. Because
no U.S. shipments now travel by sea, the United States has not yet
considered adoption of this new requirement.
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The choice of packages is based on the form and
quantity* of the material shipped. There are two
forms: normal-form and special-form. Most mate-
rials are classified as normal-form. They are not
highly radioactive, and although they constitute
about 87 percent of all radioactive packages shipped
annually, they include only 10 percent of the cu-
ries. Special-form materials are generally encapsu-
lated solids that present a hazard due to direct ex-
ternal radiation if they escape from the package;
although they constitute only about 13 percent of
all radioactive packages, they include 90 percent of
all the curies shipped annually. 14 However, special-
form solid material is not readily dispersible and has
high physical integrity, and thus poses relatively little
risk from inhalation or ingestion. The quantity of
radioactivity in the material is indicated by four sub-
divisions: excepted or limited quantity, low specific
activity, Type A, and Type B.

Excepted rnaterial is that which is so low in radio-
activity that the hazards are negligible, and the ma-
terials can be shipped without special packages, ship-
ping papers, or labels. Examples of such materials
include smoke detectors, static elimination brushes,
lantern mantles, luminous watch dials, and lumi-
nous exit signs. Excepted materials are regulated by
DOT.

Low specific activity (LSA) material is that in
which the specific radioactivity is sufficiently low
that the radiological hazard presented by inhalation
or ingestion of the material is very small. LSA ma-
terials include such things as uranium mill tailings,
uranium ore, natural uranium hexafluoride, some
low-level wastes, and most laboratory and medical
wastes. LSA materials must be contained in strong
and tight packages which permit no leakage of radio-
active material under normal transportation con-
ditions. Wooden boxes, 55 gallon drums, and spe-
cial tank trailers fit this criteria. Containers for LSA
materials are regulated by DOT in consultation with
NRC. Some LSA materials, such as spent resins
from reactors, are required to be packaged in NRC-
certified Type A packages,

Type A packaging is intended to prevent the loss
or dispersal of its contents when subjected to a speci-
fied set of “normal” transportation conditions. The

conditions are actually more severe than the “nor-
mal” label implies, as is shown in box 3C. Most
radiopharmaceuticals for medical uses are packaged
in Type A containers, as are radioassay materials
used in research and medicine, and some wastes
associated with reactor operation. Type A con-
tainers are regulated by DOT in consultation with
NRC.

Type B packaging requirements are the most strin-
gent. Type B containers are employed for the larger

*Quantity refers  here to the degree of radioactivity.
14Javits, op. cit., p. ii.
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Marking for radioactive materials, required
by Federal regulations.

quantities and high-level radioactive materials. Type
B packages are required for most fissile materials,
spent fuel, highly radioactive waste, irradiated com-
ponents, radioactive sources for medical therapy,
industrial radiography sources, highly contaminated
equipment, and power sources for pacemakers. Type
B “overpacks” are frequently used for shipping many
Type A packages when additional protection is re-
quired. NRC regulations contain the standards for
Type B containers and certifies the designs used in
their construction. The Type B test sequence—drop,
puncture, and exposure to heat and water immer-
sion—is described on page 100. DOT regulations al-
low the use of either DOE- or NRC-certified Type
B and fissile packages in commerce.

Type B Containers for Spent Fuel

Underlying the Type B packaging standards is the
assumption that the possibility of an accident can
never be eliminated and that the package must be
able to survive severe accident conditions without

a dangerous release of its contents. Thus, NRC reg-

ulations provide a set of performance criteria for the

containers, rather than specific design requirements.

The intent is to remove the need to predict specific

accident events and circumstances and to provide

a set of engineering test specifications for impact,
puncture, temperature, immersion, and leak tight-
ness that encompass the types of conditions that
could occur in an accident.

The basic criteria for Type B cask design are vir-
tually the same in every nation with a commercial
nuclear program. The most widely recognized Type
B containers are the casks for transporting highly
radioactive spent reactor fuel from commercial nu-
clear powerplants. The casks are 10 to over 20 feet
long and are constructed of two concentric, welded,
stainless steel shells typically 1 to 2 inches thick each,
enclosing a gamma radiation shield of lead or de-
pleted uranium metal and a water or other hydrog-
enous material neutron radiation shield. These casks
were designed to contain and ship for reprocessing
spent fuel that had been removed from the reactor
4 to 5 months previously and that was still relatively
radioactive. However, since no reprocessing of com-
mercial fuel is being carried out in the United States,
no utilities are currently shipping fuel less than 10
years old.* A general description of the current gen-
eration of U.S. casks is as follows:15

● Truck casks (legal weight):
—weigh less than 25 tons,
—contain one to two fuel assemblies, and
—can be unloaded in less than 12 hours.

● Truck casks (overweight):
—weigh up to 40 tons and are restricted in

movement,
—contain three to seven fuel assemblies, and
—can be unloaded in less than 16 hours.

● Rail casks:
—weigh up to 100 tons,
—contain between 7 and 24 fuel assemblies, and
—can be unloaded in 28 to 36 hours.

Specific descriptions of spent fuel casks in use in the

United States today may be found in table 3-5.**

*Th e tJ.S. Department of Energy and the U.S. Department of De-
fense routinely make such shipments, however, for research purposes
and nuclear submarine maintenance.

15U,S,  Depaflment of Energy, Spent Fuel Smrage Fact  ~o~t DoE/

NE-0005 (Washington, DC: April 1980), p. 54.
**Monolithic, a]].stwl casks and nodular cast iron casks are already

used in Europe and Japan. Prototypes of such casks have been sub-
mitted to the Nuclear Regulatory Commission (NRC) for testing, but
none has yet been certified. In the case of nodular cast iron casks, a
highly ductile cast iron is required to prevent brittle fractures, which
have been a problem in casks tested to date, according to NRC.
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Photo credit: General Electric

Rail cask mounted and secured on a railcar.

Table 3-5.—Characteristics of the Current Generation of Nuclear Regulatory Commission Certified
Light Water Reactor Spent Fuel Casks

Nuclear Assurance Corp. General Electric Transnuclear, Inc.
Norcross, GA Morris, IL White Plains, NY

Cask name . . . . . . . . . . . . . . . . NAC-1/NFS-4a NL1-1/2 NL1-10/24 IF-300 TN8 TN9
Transport modeb . . . . . . . . . . . LWT LWT Rail OWT/Rail OWT OWT
PWR/BWR assemblies/caskc. 1/2 1/2 10/24 7118 3/0 0/7
Loaded weight (tons) . ......22.5 24 95 63.5 to 70 38 38
Gamma shield . . . . . . . . . . . . . lead lead/U lead/U uranium lead lead
Neutron shield. . . . . . . . . . . . . berated water water-glycol water-glycol water-glycol resin resin
Cavity coolant . . . . . . . . . . . . . inert gas helium helium inert gas inert gas inert gas
Exterior surface. . . . . . . . . . . . smooth smooth stainless corrugated copper copper

steel fins spines spines
Units operating . . . . . . . . . . . . 5d 5 2e 4 f 4 g

2 h

aNOt  currently  licensed to  transport spent fuel from power reactors.
bLwT-legal  weight truck; OWT—overweight  truck.
cpWR—pressuriz@  water reactor; BWR—boiling  water reactor.
done  unit  owned by Duke Power (for transporting spent fuel OnSite Only).
ecask  has never been in service.
fone  unit  owned by Carolina power & Light
9TW0 certified units operating in Europe.
hone  unit  owned by Commonwealth Edison.

SOURCE: Sandia National Laboratories, Commercial Experience Involvhrg  the Transpoflatlori  of Spent fuel and Iflgtr Level  Waste In ttre United States, TTCKXJ9  (Albu-
querque, NM: May 1981),
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Accident Conditions and Test Standards

The hazards associated with highly radioactive
materials require the use of special, exceptionally
durable packages for transportation. Establishing
standards for the design and construction of such
packages requires that the types and severity of con-
ditions that could be experienced in an accident be
understood and defined.

The Federal approach to ensuring container safety
includes:

 Performance standards that are specified by
NRC and converted by the cask designer to spe-
cific design requirements for the container.

 Engineering test conditions that are estab-
lished to encompass real accident conditions.
The test conditions may be satisfied by com-
puter analyses, model testing, full-scale tests, or
a combination of all three methods.

Performance standards specify how a container
must perform under specified conditions, tests, and
environments. The infinite number of possible ac-
cident variables precludes development of a stand-
ard worst-case accident. Consequently, a set of engi-
neering test conditions, based on evaluations of
actual accidents, have been chosen to encompass
and generally exceed the types of actual accident
conditions. Having specific test criteria makes it pos-
sible to duplicate tests and compare consequences
with different designs and at different times and
achieve consistent results. This approach to engi-
neering safety is the basis for current engineering
practices, whether for bridges, skyscrapers, or
aircraft.

To evaluate whether a cask design conforms to
the regulations, NRC requires detailed structural,
thermal, and nuclear safety analyses, computer mod-
eling, and scale-model or full-scale tests. The evo-
lution of both computers and modeling techniques
has led to reliable ways to establish the adequacy
of container designs without destructive testing,l6

and many studies have examined the validity of

“M. Hutx-ta, Analytical and Scale Modeling Techniques for Predict-
ing the Response of Spent-Nuclear Fuel Shipping Systems in High-
Velocity Impacts Against a Rigid Barrier, SAND77-0270 (Albuquer-
que, NM: Sandia National Laboratories, April 1978); see also, M. Huer-
ta and H.R. Yoshimura,  A Study and Full-Scale Test of a High-Velo-
city Grade-Crossing Simulated Acciden. of a Locomotive and a
Nuclear-Spent-Fuel Shipping Cask, SAND79-2291 (Albuquerque, NM:
Sandia  National Laboratories, February 1983).

computer modeling and scale-model tests of casks
in accident environments. Where parameters are not
known with sufficient precision, assumptions are
used that will overestimate damage to a cask.

Full-scale tests have shown that the mathemati-
cal analyses, computer models, and scale-model tests
accurately predict the behavior of full-scale casks.l7

In a series of tests, a spent-fuel cask was dropped
onto several kinds of surfaces at an impact speed
of 45 mph.18 For this velocity, analyses based on
the regulatory requirement of impact with an “un-
yielding” surface predicted a deceleration (or meas-
urement of the amount of energy absorbed by the
cask and causing damage) of 1,200 gs. (A “g” is a
unit of force equivalent to the force due to grav-
ity.) The full-scale test produced 1,000 gs. For im-
pact onto concrete, the analysis predicted 900 gs;
the actual test produced 600 gs. While the models
do not precisely predict the actual conditions, the
difference is always conservative, predicting higher
than actual impact energies. Further studies are
being conducted to improve the accuracy of the
computer models and to establish extremely severe
accident condition bounds. 19 Similar results and
confidence exist in the computer models for evalu-
ating scale-model tests. 20

The engineering tests established to encompass ac-
cident conditions for Type B packages can be sum-
marized as follows.21 The conditions are to be ap-

— . —. —.—.
‘TJ.D.  McClure, et al., “Relative Response of Type B Packaging co

Regulatory and Other Impact Test Environments,” Proceedings of the
6rh International Symposium on Packaging and Transportation of Ra-
dioactive Materiak  (PA TRAM), vol. II, held in Berlin, Federal Republic
of Germany (Springfield, VA: National Technical Information Serv-
ice, November 1980), pp. 1247-1252.

lflv# E Wowak, Research and  Development at the Transportation. .
Technology Cenrer, SAND TTC-0484 (Albuquerque, NM: Sandia  Na-
tional Laboratories, 1984); presented at the Packaging and Transpor-
tation of Radioactive Materials Seminar, Washington, DC, April 1984.

1’A.A. Trujillo, et al., “Thermal and Structural Code Evaluation,”
Proceedings of the 7th International Symposium on Packaging and
Transportation of Radioactive Marerials  (PA TRAM), held in New Or-
leans, LA (Springfield, VA: National Technical Information Service,
May 1983). The Nuclear Regulatory Commission is currently spon-
soring research at the Lawrence Livermore  Laboratories into the engi-
neering conditions that have resulted from very severe transportation
accidents.

“W.E. Baker, “Scaling and Prediction of Impact Puncture of Ship-
ping Casks for Radioactive Materials,” The Shock and Vibration BuIle-
tin, Bulletin 48 (Washington, DC: Naval Research Laboratory, Sep-
temlxr  1978); see also, B. Evason, “Impact Modeling and Reduced-Scale
Tests,” The Urban Transport oflrradiated  Fue) (London: Macmillan
Press, 1984), p. 233.

2)10 CFR 71,73.
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plied sequentially to determine the cumulative effect
on

●

●

●

●

a package:

Free drop.–A free drop of 9 meters onto a flat,
essentially unyielding, horizontal surface, strik-
ing the surface in a position for which maxi-
mum damage is expected.
Puncture.–A free drop of 1 meter, striking in
a fashion for which maximum damage is ex-
pected, the top end of a vertical, cylindrical,
mild steel bar mounted on an essentially un-
yielding, horizontal surface. The bar is 15 cen-
timeters in diameter, with the top horizontal
and its edge rounded to a radius of not more
than 6 millimeters, and such a length as to cause

maximum damage to the package, but not less
than 20 centimeters long. The long axis of the
bar is perpendicular to the unyielding, horizon-
tal surface.
Thermal test.–Exposure to a thermal test in
which the heat input to the package is not less
than that which would result from exposure of
the whole package to a radiation environment
of 800° C for 30 minutes, with an emissivity
coefficient of 0.9. The package may not be
cooled artificially.
Water immersion (for fissile material packages
only) .—Immersion in water to the extent that
all portions of the package are under at least
15 meters of water for a period of not less than
8 hours.

Familiarity with the engineering principles in-
volved is critical to understanding the safety pro-
vided by the casks. These four conditions have been
widely described, in simplified form, in popular liter-
ature on the subject of the transportation of spent
fuel. 22 However, simplified descriptions often can-
not accurately represent the technical criteria, and
at least two of these are often misunderstood—the
free drop and thermal test conditions.

The free drop, or drop test criterion of 9 meters,
about 30 feet, may appear substantially inadequate
considering that the maximum reported falling dis-
tance for a rail accident was 76 feet and for a truck

ZzInternationa]  Atomic Energy Agency, Safe Transport of Radioac-
tive Material (Vienna, Austria: May 1982); George Russ, IJuclear Waste
Disposal: Closing the Gap (Bethesda, MD: Atomic Industrial Forum,
June 1984), p. 21; Resnikoff,  op. cit., p. 20.

accident, 89 feet.23 In addition, concern has been
voiced over the chance of an accident in which a

cask falls from a bridge 300 feet above water.24 The
critical engineering condition in the criterion is the
use of an unyielding surface, meaning that all of the

energy resulting from impact is absorbed by the cask.
Such a surface provides a worst-case and consist-
ent basis for testing and engineering design purposes.
Sandia National Laboratories have conducted tests

and analyses of casks on conventional common sur-
faces to compare damages inflicted on casks after
impact with an unyielding surface.

However, virtually no natural surface or manmade
structure encountered in the transportation envi-
ronment would be unyielding. Almost all surfaces
will yield, thus absorbing some of the impact energy
that would otherwise go into damaging the cask.
The 30-foot drop test results in a cask velocity of

30 mph on impact. To produce the same damage
as a 30-mph collision with an unyielding surface,
a cask velocity of 65 to 90 mph is required. Sandia
also dropped a smaller Type B test container 2,000
feet onto hard, undisturbed earth.25 The cask hit
the ground at 235 mph and buried itself some 41/2
feet into the ground. The cask suffered no damage
other than paint abrasion, although dropping a sim-
ilar cask 30 feet onto an unyielding surface at an

impact velocity of 30 mph produced visible dam-
age. See box 3D for a description of the Sandia Na-
tional Laboratories full-scale cask tests.

A British Central Electricity Generating Board
demonstration in 1984, in which a locomotive crashed
into a cast steel cask* at 100 mph, while dramatic,
caused little damage to the cask. More to the point,
the energy imparted to the cask on impact was about

zJRidihalgh,  ~ers, & As=iatm,  Inc., Definition of hunding Phy-

sical Tests Repnxentative  of Transport Accidents—Rail and Truck,”
vol. 1 (Washington, DC: U.S. Nuclear Regulatory Commission, Aug.
30, 1982), p. 98.

24Joseph Strohl,  in U.S. Congress, op. cit.
27 waddoup5,  Air  Drop  Te5t  of Shielding Radioactive Material

Containers, SAND75-0276 (Albuquerque, NM: Sandia  National Lab-
oratories, September 1975).

*Cast steel casks do not have the weldments  that have proven to
be troublesome in some current casks. Although they are widely used
in Europe, no cast steel casks have yet been licensed for use in the United
States.
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one-sixth that which would have been imparted by
a 30-foot drop test onto an unyielding surface.26

The thermal test specifies a temperature of 800° C
(1,475° F) and may appear to understate real fire
conditions, since typical flame temperatures for
burning fuels are 1,850° to 2,200° F. The criterion
requires a “radiation environment” for the whole
package of 800° C, not a flame temperature of
800° C, and further specifies that an emissivity co-
efficient of the source of at least 0.9 and an absorp-
tivity of the cask of at least 0.8 must be assumed

~bRichard Cunningham, U.S. Nuclear Regulatory Commission, in
U.S. Congress, Office of Technology Assessment, “Transcript of Pro-
ceedings—OTA Advisory Panel Meeting on Hazardous Materials Trans-
portation,” unpublished typescript, June 27, 1985, p. 250.

for calculations. Producing a thermal “radiation
environment” equivalent to 800° C requires a flame
temperature higher than 800°. The emissivity co-
efficient refers to the amount of heat that the flames
are assumed to radiate (90 percent) compared to the
maximum theoretical amount, 100 percent, that
could be radiated by ideal flame sources. The cask
absorptivity coefficient is specified as 0.8, or 80 per-
cent of the theoretical maximum heat absorption.
These technical specifications require that the cask
be completely enveloped in the thermal environ-
ment so that the cask absorbs virtually all of the
heat, with little of it being radiated or conducted
away. A stainless steel cask may have an initial ab-
sorptivity of about 0.2 and a fire about 0.5 to 0.6.
The net result is that the heat absorbed by the cask
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in the test environment is greater than it would be
in a real fire.

Sandia National Laboratories conducted an ex-
periment in which a spent fuel cask, designed to
withstand a 60-minute fire, was suspended over a
pit filled with burning jet fuel. However, the fuel
was cut off after 100 minutes, because due to defects
in cask manufacture, heat caused the outer shell of
the cask to crack and the lead shielding began to
vaporize. Regulations specify a 30-minute exposure
to a 1,4750 F thermal environment; jet fuel burns
at about 1,8000 F. Nonetheless, under these condi-
tions, instruments showed that the thermal envi-
ronment was less severe than the casks are required
to meet.27 A number of technical organizations
have conducted tests confirming that a 1,475° F
temperature is a realistic thermal environment asso-
ciated with fires as hot as 1,850° F.28

Such results are consistent with the fact that in
a real fire, the temperature is not uniform and the
cask is not totally enveloped. A fully engulfing fire,
as regulations specify, is difficult to imagine since
the cask will be resting on a vehicle or the ground,
and will thus be partially protected from heat—and
a means will exist for conducting some heat away.
Natural and many accidental fires have varied tem-
perature profiles with peak flame temperatures of
about 1,850° F. However, some railroad fires burn
at higher temperatures, and the fire in the enclosed
environment of the Caldecott tunnel in Oakland,
California, created a thermal environment that ap-
proached that of the regulatory standards. The Fed-
eral Railway Administration is considering testing
casks to determine whether internal cask tempera-
tures remain at safe levels under extreme fire con-
ditions. 29

Flame emissivities are strongly associated with
flame thickness–the greater the flame thickness, the
higher the effective emissivity. However, increasing
flame thickness for open fires also reduces ventila-
tion, and if a fire were to engulf a cask, it would

ZTR pOP~, et al,, An Assessment of Accident Thermaf Testing and

Analysis Procedures for Radioactive Materials Shipping Packages, 80-
HT-38 (Washington, DC: American Society of Mechanical Engineers,
Apr~1J981).

zgc~ai~e  L. Orth,  ~ce of Safety  Analysis, Federal Railroad Admin-
istration, U.S. Department of Transportation, personal communica-
tion, March 1986.

reduce ventilation for the flames surrounding the
cask, and thus tend to lower flame temperatures. 30

Finally, the very high theoretical flame temperatures
for certain chemical fires can be achieved only un-
der ideal conditions, often requiring a direct air sup-
ply to the fuel.

A third test, the puncture test, is generally well
understood. However, new equations and analyti-
cal methods have been developed since the current
cask designs were certified31 that will increase the
accuracy of future tests.

The four criteria set out are intended to result in
a cask design sufficiently robust to withstand differ-
ent types of accidents and do not specifically include
all types of accident events. For example, there is
no requirement for the cask to withstand a torch-
like flame that may be created in a tank car acci-
dent; nevertheless,” tests have been conducted on
shipping casks to observe and measure the effect of
a torch. Test results show that because the torch
introduces heat to a limited area of the cask, and
the large cask has a high heat capacity and is an
effective thermal conductor, the torch flame pro-
duces conditions less severe than the all engulfing
fire condition.32

A crushing force is another accident condition not
directly specified by the regulatory criteria. An
NRC-sponsored study of this condition concluded
that casks that meet the impact and puncture cri-
teria are at least equally resistant to crushing
forces. 33 Another study concluded that the crush-
ing load of an entire locomotive on the (spent fuel)
packages that meet the requirements will not exceed
the packages’ capability, based on bounding crush

—— -.-— —
ww Dlrcks Nuclear Regulatory Commission, Washington, DC,

“Staff Memor~ndum,  Feb. 10, 1982,” unpublished typescript.
IIcharles  E MacDonald, Cefiification  Division, Nuclear Re~latory

Commission,” personal communication, May 1986.
‘~M.G.  Vigil, et al., HNPF Spent Fuel  Cask Temperature Response:

Torch Impinging on Water Fi]Jed Neutron Shield, SAND82-0702 (Al-
buquerque, NM: Sandia National Laboratories, March 1982); Philip
E. Eggers,  et al., “Thermal Response of HNPF Spent Fuel Shipping
Container in Torch Environments,” Proceedings of the 6th interna-
tional Symposium on Packaging and Transportation of Radioactive
Materiak-1980  (Springfield, VA: National Technical Information Serv-
ice, November 1982).

‘]U.S.  Nuclear Regulatory Commission, Porentiaf  Crush Loading of
Radioactive Marerial  Packages in Highway, Rail, and Marine Accidents,
NUREG/CR-1588  (Washington, DC: October 1980).
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loads of half of the 400,000 pound weight of the
locomotive resting on the package.14

OTA performed independent calculations that

satisfactorily verified these analytical results. 35 Box
3E provides answers to some commonly raised ques-
tions about the casks,

The NRC cask certification process is of neces-
sity painstaking and time-consuming. The safety rec-
ord of NRC-certified casks, however, provides a de-
gree of public confidence in the casks. The regulatory
system governing the movement of radioactive ma-
terials has worked well. There have been no releases
of radioactivity from the accidents involving spent
nuclear fuel containers currently certified for trans-
portation. Of the 2,552 packages for low-level radio-
activity materials involved in accidents between 1971
and March 1985, only 67 were sufficiently damaged
to cause releases. These packages are not required
to contain the material in the event of an accident,
and all releases involved low levels of activity that
posed little threat to public health. (See table 3-6.)

Risk—Accident Probabilities
and Consequences

An assessment of overall public risk must com-
bine estimates of probability and consequence.
Moreover, estimates of accident probabilities must
include two factors: 1) the probability that any given
vehicle carrying spent fuel will be in an accident,
and 2) the probability that the spent fuel shipping
cask will release any of its contents. The first of these
is relatively easy to assess since a large amount of
actuarial data about accident rates have been de-
veloped. Bureau of Motor Carrier Safety statistics
show that accidents involving trucks occur once
every 400,000 miles of travel, while rail statistics from
the Federal Railroad Administration show that a
rail accident occurs every 139,000 miles of travel.
This translates into a probability of 2.5 X 10-6

truck accidents and 7.2 x6 rail accidents per vehi-
cle-mile. 36

~4Phllip  E. Eggers,  Severe Rail and Truck Accidents: Toward a
Definltlon of Bounding Enwronments  for Transportation Packages,
NUREG/CR3-199  (Vrashlngton, DC: Nuclear Regulatory Commission,
October lq83),  p. 69.

‘jOTA background analysis, June 1985.
‘bEdward W’.  Sheperd,  7’ransportat~on Technology Center Quick

Reference ~Ilc, Item TTC’012, SAND79-2  101 (Albuquerque, NM: San-
dla National Lahoratorlc>,  May 1981).

For the second factor, likelihood of release, esti-
mates must be used, since there is no significant ac-
tuarial record. A report from the Transportation
Technology Center at Sandia National Laboratories
estimates that fewer than 1 in 100 accidents would
involve conditions severe enough to cause concern
over a release of some contents of the cask.37 This
estimate appears consistent with analyses of the
stresses involved in numerous actual highway and
rail accidents of all types. The analyses show that
real accident stresses do not exceed the test condi-
tions in the regulatory standards in 99.5 and 99.9
percent of truck accidents involving impact and fire,
respectively; as well as 99.6 and 99,9 percent of rail
accidents involving impact and fire, respectively.38

Thus, the overall probability of a truck or rail ship-
ment of spent fuel being involved in an accident
where conditions are sufficiently severe to cause
some release of radioactive materials is less than 2.5
X 10-8 per vehicle-mile—or less than once for
every 40 million miles of transport.

Table 3-7 shows estimates based on an OTA anal-
ysis of truck and rail accident rates in the year 2000.
Current DOE estimates indicate that there are likely
to be about 1,000 annual shipments from commer-
cial reactors to a storage site. 39

The consequences of a spent fuel cask accident
involving radioactive material releases are propor-
tional to the quantities of radioactivity released, the
estimated health effects of the specific radioactive
materials released, and the exposure of individuals
or population groups to the materials. Related vari-
ables include:

● The age of the spent fuel-Older spent fuel—
out of the reactor for 5 or more years—is much
cooler than recently discharged fuel both in
thermal and radiological terms. If more spent
fuel is carried in each cask to reduce the num-
ber of necessary trips, the amount of thermal
activity in the cask will increase. The radioac-
tivity available for release and the heat avail-
able to raise the temperature of the spent fuel

‘rIbid.
‘~. Wolff, The Transportation of Nuclear Materials, SAND84-0062

(Albuquerque, NM: Sandia National Laboratories, December 1984).
“h_J.S.  Department of Energy, “Environmental Assessment for a

Monitored Retrievable Storage Facility,” Monitored Retrievable Sror-
age Submission to Congress, vol. 2, RWW35, review copy, unpublished
typescript, December 1985, p. 2.23.
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must thus be carefully analyzed. High temper- ping cask. Small amounts of radioactive gases,
atures are necessary for volatile materials to be mainly the inert gas Krypton 85, could escape
released. readily from the assembly, but will dissipate rela-
The types of material released.—Radioactive tively harmlessly in the open air. Other more
material released from a damaged spent fuel as- critical radioactive materials, such as volatile
sembly will not necessarily escape from the ship- cesium and rubidium isotopes, will tend to plate
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Table 3-&- Radioactive Materials Involved in Transportation Accidents
(January 1971 to March 1985)

Packaging category Number of Number of Number of packages
contents packages involved packages failing releasing contents

Strong tight industrial
and miscellaneous
unclassified . . . . . . . . . . . . . . 596 62 56

Type A . . . . . . . . . . . . . . . . . . . . . 1,956 28 11

Type B:
Spent fuel (see box B) . . . . . 4 0 0
Medical sources. . . . . . . . . . . 24 0 0
Uranium hexafluoride . . . . . . 3 0 0
Radiography and well

logging. . . . . . . . . . . . . . . . . 8 0 0
Other Type B . . . . . . . . . . . . . 11 0 0

Total Type B . . . . . . . . . . . . 50 0 0
SOURCE: J.D.  McC4ure  and A. Tyron-Hopko, Radioactive ~aterjal ~ranspmtatiort  Accident Analysis, SAN D85-1016 (Albuquer-

que, NM: Sandia National Laboratories, July 1985).

Table 3=7.—Estimated Occurrences of Accidents During the Transport of Spent Fuel

Years between accidents
MTUs a per Miles per Total number of Accidents b where stresses approach

Mode shipment shipment shipments per year per year performance test

With MRSd

Trucks to MRS. . . . . . . . . . . . . . . . 1.0 700 725 1.27 158
Rail to MRS . . . . . . . . . . . . . . . . . . 7.0 700 250 1.26 159
Rail, MRS to repository . . . . . . . 112.5 2,400 22 0.38 526

Without MRS:
Truck . . . . . . . . . . . . . . . . . . . . . . . . 1.0 2,400 725 4.35 46
Rail . . . . . . . . . . . . . . . . . . . . . . . . . 7.0 2,400 250 4.32 46

aMTu—rn@riC  ton of uranium.
bASSumes  one aCcldent  per  400000 ~jles  for truck (BMCS data) and one accident every 139,C)O0  train miles for rail  (FRA data)
CA~~ume5 that 9g,5  percent of ~igh~ay  and ~all  accidents are less  severe than the performance tests (Robert M, Jefferson, Sandia Report SAN D64-2128, TTC-0528,

January 198S)
dMRS—monitored  retrievable Storage
eAssumes  MRS is in Tennessee, Assumes the repository I?. in Nevada.

NOTE: Shipments will begin in the year an MRS IS opened

SOURCE: Office of Technology Assessment

out on the surfaces of the cask, making them
less likely to reach the environment.’”

● The location (in a rural or urban area) of an
accident.

Estimates have been made of the combined risks
to the public based on the probability of an acci-
dent and using the consequences of the releases.
Sandia National Laboratories estimates that the
probability of an accident involving spent fuel caus-
ing five or more fatalities over time is low—5 X
10-6 a year. No more than five early fatalities were

4JW. Dircks,  Fiss]on Product Release From H[ghlt Irradizrcd  FLIel,
NUREG/ CR4722  (Oak Ridge, TN’: Oak Ridge N’at](>nal Laht~rat[>rv,
198~). A ser]es of experiments on irradiated fue] f{>und  a fractional re-
lease of 0.3 percent for cesium  from the fuel elemcnt~–nc)t  from the
cask. Such a release was estimated to produce no earlv  fatallttes.

considered possible under worst--case accident con-
ditions in a heavily populated urban area.4l Another
estimate puts the risk- in slightly different terms: 1
X 10-8 latent cancers per 1,000 MW(e)* power-
plant for six trips transporting spent fuel 1,000 miles.

However, the environmental and/or economic ef-
fects of a transportation-related release require thor-
ough examination. 42 Not considered heretofore has
been the extent of public injury or loss of life that

‘U.S.  Nuclear Regulatory Commission, Transportation of Radio-
nuclde> i n  Lrrban E n  {’iron~:  Draft Enwronmenraf Assessmcrrc,
~~lREc>I  ~R.o~+ 3 (\Y’a.hlngt,)n,  DC: July 1980), p. 66.

*h4cgat\  atti  ~>f clm trlclt\
~:v~e,tcrll  1llter~tatc  Enerxv  Board, “Environmental Assessment for

a Lfonltored Rctr]e\ahlc Storage Facilltv  ,“ iVuclear Waste PoIIc}’ Acr:
A!onItord  Rc’trlcwalJe St(v-:~gc’  .%bmlsswn to Congress, vol. 2, DOE/
RW’-033,  unpuhllshcd ret’~cw manuscript, December 1985, p. 54.1.
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might be caused by nonradiological risk, such as the
magnitude of the accident, fire, and damage asso-
ciated with an accident severe enough to damage
a spent fuel cask. The nonradiological risk of death
associated with moving the spent fuel is estimated
to be 1 million times greater than the radiological
risks.43

Sabotage has also been used as a condition for
assessing the possible consequences of a spent fuel
accident. Data show that historically, sabotage and
vandalism have not been problems associated with
the transportation of hazardous materials (see chap-
ter 2, part II for detailed information). However, the
increase in international terrorist activities indicates
that the possibility of a successful sabotage effort is
not to be discounted. Early analyses for NRC indi-
cated an estimated five to nine early fatalities and
up to 1,800 latent cancer fatalities associated with
radioactive material releases following a successful
act of sabotage on a spent fuel cask in an urban
area.44 Based on a conservative assumption that
about 0.7 percent of the contents of a spent fuel cask
could be released in respirable form following a suc-
cessful sabotage attack, NRC developed transpor-
tation safeguard rules requiring an armed guard to
accompany each spent fuel shipment. In 1981 and
1982 simulation tests were conducted to evaluate
the release consequences of an explosive attack on
spent fuel casks.45 The simulations showed a re-
lease of 0.0006 percent of the cask contents,46 re-
ducing estimates to no early fatalities and, at most,
14 latent cancer fatalities in an urban population
that would normally experience 250,000 cancers
over the same period.47 On the basis of these re-
vised estimates, NRC proposed relaxing the safe-
guard rules. Their proposal met with objections from

————-
43R R Fu]]ivood, “Risks Associated  With Nuclear Material Recov-. .

ery and Waste Preparation,” Nuclear Safety, vol. 25, No. 5, September-
October 1984, pp. 654-667.

wu s Nuclear Regulatory Commission, Transporrarion  of Radio-. .
nuclides  in Urban Environs, op. cit.

45R.p. Sandoval, et al,, An Assessment of the Safety of spent Fuel
Transportation in Urban Environs, SAND82.2365  ● ITC-0398  (Al-
buquerque, NM: Sandia National Laboratories, June 1983).

46Robert M. Jefferson, Shi.uping Cask Sabotage Source Term inves-
tigation,  NUREG/CR.2472  {Washington, DC: U.a. Nuclear Regula-
tory Commission, 1982).

4TSandoval,  et al., op. cit.

a number of States, and a final decision on safeguard
requirements is still pending.48

Future Spent Fuel Shipments Under
the Nuclear Waste Policy Act

The passage of the NWPA of 1982 established that
DOE will take title to spent fuel from utilities in 1998
and assume responsibility for its transportation and
ultimate disposal. As there will be some 90,000 spent
fuel assemblies in U.S. spent fuel pools by that
time, 49 DOE may be responsible immediately for a
number of shipments to a repository or monitored
retrievable storage facility. Depending on the type
and carrying capacity of the casks ultimately con-
structed and certified for these shipments, DOE esti-
mates that approximately 250 rail and 725 truck
shipments will be required annually to move spent
fuel from eastern reactors to a monitored retrieva-
ble storage facility or repository .50 For NWPA ship-
ments, DOE has agreed to meet DOT and NRC
safety and security requirements in effect at the time
and will use only transportation casks that have re-
ceived an NRC certificate of compliance.51

A new generation of casks is being designed and
tested and will be employed to move spent fuel to
a national repository under NWPA. Sometime in
1986 the Office of Civilian Radioactive Waste Man-
agement at DOE will issue a “Request for Proposal”
for the design and construction of these casks. The
new casks are likely to have somewhat different char-
acteristics from those of the current casks, which
carry between 1 and 24 assemblies (see table 3-5),
because they will be designed to hold older, less

4sTerry Lash, Director, Illinois Department of Nuclear Safety, at
U.S. Nuclear Regulatory Commission/U.S. Department of Transpor-
tation, Spent Nuclear Fuel Transportation Seminar, Chicago, IL, Aug.
1, 1985.

4’George  Russ, Atomic Industrial Forum, Bethesda, MD, personal
communication, 1985. See also U.S. Congress, Office of ‘technology

Assessment, Managing the Nation’s Commercial High-Level Radio-
active Waste, OTA-O-171 (Washington, DC: U.S. Government Print-
ing Office, March 1985), p. 28.

50U.S. Department of Energy, “Environmental Assessment for a
Monitored Retrievable Storage Facility,” op. cit., p. 2.23.

51u s Department of Energy, Office  of Ci\ Llian  Radioactive Waste, .
Management, Office of Storage and Transportation Systems, “Trans-
portation Institutional Plan,” unpublished internal review draft man-
uscript, Mar. 3, 1986, pp. 3 and D-57.
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radioactive spent fuel. Since the oldest fuel will be
shipped first, most of the initial shipments will be
of fuel at least 20 years old,52 and it is likely that
the next generation of casks will carry significantly
greater numbers of assemblies. The designs will be
based on carrying the maximum possible number
of spent fuel elements within weight and safety
limits, to reduce the number of shipments necessary.
Recent improvements in materials, such as ductile,
nodular cast iron, and design, such as monolithic
steel, have yielded casks that may meet many con-
cerns voiced about today’s casks.

DOE is also examining the possibility of employ-
ing very large capacity dual-use casks for transpor-
tation. These dry casks, currently under review by
NRC for utility-site storage purposes only, offer an

opportunity to minimize the number of shipments

and the handling of the spent fuel.  Once the fuel

has been removed from the reactor and placed in

dry, onsite storage in these dual-use casks, the han-
dling and worker-exposure risk would be reduced
if the same casks could be used to transport the spent

fuel to a repository. However,  the conditions for

casks used for transportation are more stringent, and
although NRC has pending applications for certifi-

cation of two such casks,  none has yet been certi-

fied for both purposes. 5 3

Moreover ,  ques t ions  wi l l  need  to  be  answered
about the effects of the large, heavy casks on the

stability of the carrying vehicles, whether truck or
railcar. The weight would not be a concern if barge

transportation were used, and water transportation
has the best modal safety record. However, the in-

creased handling necessary to transfer the cask from

truck or rail to barge and the increased turnaround

time required for reusable casks by the slower barge

travel are trade-offs that must be considered. Finally,

the integrity of the casks for transport after possible
weakening from corrosion and thermal effects, sub-

sequent to extended onsite storage of a decade or

more, must be studied.

5:Lake Barrett, Director, Transportation and Waste Systems Divi-
sion, Office of Civilian Radioactive Waste Management, U.S. Depart-
ment of Energy, personal communication, Dec. 5, 1985.

5~u s Department of Energy, Office of Civilian Radioactive Waste. .
Management, Annual Report to Congress, DOE/RW-0004/2  (Wash-
ington, DC: March 1986), p. 23.

Spent Fuel Transportation Risks
and Public Perceptions

A b o u t  6 , 5 0 0  s p e n t  f u e l  a s s e m b l i e s  h a v e  b e e n

shipped to date in the United States. while several

accidents have occurred involving spent fuel casks
i n  t h e  U n i t e d  S t a t e s  ( i n  o n e  c a s e  t h e  c a s k  w a s

empty),  there has never been a shipping accident

involving a Type B package carrying spent fuel that
caused a significant release of radioactive material.

(See box 3F for a brief description of four typical
incidents involving Type B casks. )

DOT maintains a Hazardous Material Informa-
tion System (HMIS) which, with additional data

Box 3F.-Spent Fuel Casks involved
in Transportation Accidents*

December 8, 1971.–A tractor-trailer rig carrying
a spent fuel cask with one fuel element left the
highway to avoid a head-on collision. The truck
rolled over and threw off the cask. The driver
died of injuries. The cask sustained minor dam-
age and did not release any contents.

February 9, 1978.–Shortly after leaving its point
of origin, a trailer, carrying a cask containing six
fuel elements, buckled from the weight. The cask
stayed on the trailer and was not damaged.
There was no leakage.

August 3, 1978.–An empty cask being loaded on
a trailer broke through the trailer bed causing
minor damage to the impact limiter and the cask
base plate. No radioactive material was released.

December 9, 1983.–The trailer carrying a spent
fuel cask, containing seven spent fuel assemblies,
uncoupled from the tractor, leaving the cask sit-
ting on the trailer supported by its rear wheels
and a “jo-dog’* in front. When the air and elec-
trical lines parted, the brakes on the trailer and
“jo-dog” locked, bringing the unit to a rapid stop
on the highway. The uncoupling occurred as the
tractor began moving after a momentary stop in
a construction zone. There was no damage to
the cask and no release of radiation. -

IR ~fiermn, ~rmer  Manager, Transportation Technology Centm~J
Sandia  National Laboratories, Albuquerque, NM, personal communi-
cation, 1985,

*A “jodog” is an apparatus that connects the front end of a trailer
to a tractor. It haj its own set of wheels. [t waa uaed in this case to dia.
tribute the weight more evenly over the axles.
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from NRC files and other sources, supports the
Radioactive Materials Transportation Accident/In-
cident Data Base developed by the Transportation
Technology Center at Sandia National Laboratories
under DOE contract. HMIS records since 1971 in-
dicate that about 0.6 percent of all entries involved
radioactive materials; of these, about 20 percent were
transportation accidents.% Table 3-6 lists the num-
bers and categories of all radioactive materials in-
volved in reported transportation accidents occur-
ring between January 1971 and March 1985.

This safety record not withstanding, public atten-
tion focuses sharply on any accident involving nu-
clear materials, and Federal officials must respond
frequently 55 to questions about the adequacy of
Federal safety requirements.% The effect of this de-
bate has been a heightened public awareness of the
risks associated with transporting radioactive ma-
terials, especially spent reactor fuel. One result of
this awareness has been the enactment of numer-
ous State and local laws restricting operations and
routing of radioactive materials, especially spent fuel
and high-level waste shipments. Such restrictions
have frequently led to local and national legal dis-
putes. For further discussion of these disputes, see
chapter 4.

At the root of much of the discussion, debate, and
concern over spent fuel shipments are three factors:

1.

2.

The extent to which risk and benefit issues are
difficult to explain. In the case of spent fuel ship-
ments, there is no actuarial record of public fa-
talities, so risk estimates must be based on cal-
culations.
The extent to which the public is apprehensive
about nuclear energy and radiation in general
or distrusts the nuclear industry because of pre-

YIOTA  calculations  based on Sandia  National Laboratories, A Re-

view of Accident/7ncident  Experience Involving the Transportation
ofRadioacrive Material, SAND81-1330C-Summary  (Albuquerque, NM:
March 1982). Reported categories include handling accidents and “ac-
tual or suspected release of radiation or materials” and “surface con-
tamination” in excess of regulatory requirements.

55R. Jefferson, Transporting Spent Reactor Fuel: Allegations and Re-
sponses, SAND82-2778 (Albuquerque, NM: Sandia National Labora-
tories, March 1983); R. Jefferson, et al., Analysis of Recent CounciJ
on Economic Priorities ~ewsletter,  SAND82-1250  (Albuquerque, N M :
Sandia National Laboratories, March 1983); Dircks, Fission Product
Release From Highly Irradiated Fuel, op. cit.

%Siema  C]ub, ‘{shipping  Casks: Are They Safe?” Sierra club Radio-

active Waste Campaign Fact Sheet (Washington, DC: no date); and
Resnikoff,  op. cit.

vious accidents and transfers this to the move-
ment of spent fuel on routes in their State or
city.

3. The extent to which the public is aware of the
demonstrations and technical information now
available and the extent to which it is possible
to explain the relevant technical information
in a popular forum.

These factors all involve problems that are com-
mon to technology and risks, and nuclear energy
in general, and are not specific to the transporta-
tion of spent reactor fuel. Nonetheless, a brief ex-
amination of some of the disparities between per-
ceived and statistically determined risks may be
useful.

A large and growing body of literature is devoted
to the issues of risk, public perception, risk man-
agement, and education. Nuclear energy is often
used as a specific case.57 The fact that public and
expert opinion diverge dramatically, for example,
on the issue of nuclear safety is a case in point—in
one poll, out of 30 activities involving risk, experts
ranked nuclear power number 20 while the public
ranked it number l—the most hazardous.58 The
explanations for this phenomenon are not simple
and are themselves a subject of debate.

The difference between the statistical risks and per-
ceptions of risk are substantial. For example, the ac-
tuarial record for the shipment of other energy com-
modities provides evidence for much greater risk and
a consistent record of public fatalities. There are esti-
mated to be some 29 annual public fatalities associ-
ated with highway shipments of gasoline, 14 asso-
ciated with highway shipments of propane, and 9
associated with rail shipments of chlorine.59 The
record for public fatalities from spent fuel shipments
to date is zero, and is estimated to be 0.0001 fatali-
ties due to radiological factors per year with 2,000
shipments per year;60 15 to 100 fatalities are esti-

5TSee  for example, Alvin Weinberg, “Science at Its Limits,” Zssues

in Science and Technology, vol. II, No. 1, fall 1985, pp. 59-72; Peter
Huber, “The Bhopalization of U.S. Tort Law,” Issues in Science and
Technology, vol. 11, No. 1, fall 1985, pp. 73-82; and Baruch Fischoff,
“Managing Risk Perception,” Issues in Science and Technology, vol.
II, No. 1, fall 1985, p, 83.

jawllliam F, Allman, “staying Alive in the 20th Century,” Science
85, VO!.  6, 1985, pp. 31-41.

59Andrew P. Hull and Edward T, Lessard,  Risk Comparisons for the
Nuclear Transportation of Spent Fuel From Nuclear Reactors, BNL
#36390 (Long Island, NY: Brookhaven National Laboratory, no date).
These estimates exclude fatalities due to collision forces.

‘Ibid.
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mated for spent fuel shipments over the lifetime of
a repository. Some of the radiological fatalities asso-
ciated with a spent fuel accident are latent cancers
calculated to occur over the life of the exposed in-
dividuals, as opposed to the prompt deaths associ-
ated with the other accidents.6l

Yet such disparities are common in the area of
public perceptions of risks, and the pitfalls associ-
ated with the conventional means for addressing
these perceptions have been widely discussed.62 Al-
though OTA suggests many of these same meth-
ods in the conclusions for this chapter, their effec-
tiveness has limitations. To paraphrase one expert’s
observations:

●

●

●

●

Those presenting factual information must rec-
ognize the role that personal values play in as-
sessing information.
Those giving statements of regulatory philoso-
phy must remember that people can understand
risk-benefit trade-offs.
Experts explaining technical material must com-
municate in an appropriate manner.
Communities considering problems need to
keep in mind that their-decisions will affect
many other jurisdictions.

Conclusions

OTA finds that technical evidence and cask per-
formance in service indicate that NRC perform-
ance standards yield spent fuel shipping cask de-
sign specifications that provide an extremely high
level of public protection, much greater than that
afforded in any other current hazardous materi-
als shipping activity. However, meticulous adher-
ence to the designs during cask manufacture and
to required safety procedures during loading and
transport are critical factors in ensuring public
and environmental safety. Transportation acci-
dents involving shipments of spent fuel will inevi-
tably occur. However, OTA concludes that the
probability of an accident severe enough to cause
extensive damage to public health and the environ-
ment caused by a radiological release from a prop-
erly constructed cask is extremely remote. Moreover,
the health and environmental consequences in the

b’.see  for example Hull and Lessard,  op. cit.; Sheperd, op. cit.; and
Jefferson, op. cit.

c2Fischhoff,  op. cit.

event of a severe accident are likely to be lower than
those resulting from many hazardous materials
transportation accidents considered more routine.

The most difficult issue pertaining to the trans-
portation of spent fuel is how best to reduce the
risks. Areas for technical improvement to the casks
often involve trade-offs that adversely affect over-
all transportation safety. For example, increasing the
thickness of the cask walls to increase accident re-
sistance slightly would necessitate reducing the car-
rying capacity of the cask to remain within weight
limits. More shipments would be necessary to carry
the same amount of spent fuel, increasing the prob-
ability of accidents. Moreover, an increased num-
ber of shipments would require more handling by
workers, raising their total radiation exposure. 63

OTA further finds that continued research is
needed in certain technical areas to determine
where safety improvements could be effective.
Such research needs include: the interface be-
tween the carrying vehicle and the casks, such as
tiedowns and fasteners; the evaluation of real ac-
cident stresses as compared to those specified by
the current regulations; and methods of extend-
ing accident modeling capabilities to encompass
accidents more severe than those currently incor-
porated in the models. In addition, continued
study of safe routes and different transportation
modes and configurations and sharing the results
of these studies with affected jurisdictions would
have useful results. To enhance the risk assessment
capability of jurisdictions, DOE could revise for
microcomputers its existing mainframe computer
program for analyzing the risks to population of
differing transportation routes. This is discussed
more fully in chapter 2.

The level of public apprehension about shipments
of spent fuel requires well planned and coordinated
programs to address the concerns. Sensitivity to pub-
lic concerns and programmatic coordination have
heretofore not been outstanding at DOE, which will
be responsible for NWPA shipments. The techni-
cal specifications for the shipping casks are difficult
to explain and comprehend, creating widespread
misunderstanding of the stringency of the standards

‘~Robert  Jefferson, former Manager, Transportation Technology
Center, Sandia National Laboratories, Albuquerque, NM, personal
communication, 1985.
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for ensuring spent fuel cask integrity. Industry and
government will do well to address these apprehen-
sions in a forthright manner.

OTA further finds that fruitful areas for im-
provements in the overall safety of spent fuel
transportation are to be found in the institutional,
procedural, and operational controls and arrange-
ments, such as quality assurance and quality con-
trol measures in cask manufacture; maintenance
activities; operator, handler, and driver training;
and inspection.64 NRC inspection and quality as-
surance requirements are intended to ensure that
each user establishes and implements a comprehen-
sive cask inspection and operational testing program.
The duration of the inspection depends on the in-
spectors’ confidence in the quality assurance pro-
grams, training procedures, and the shippers’ abil-
ity to demonstrate that procedures are being
followed. 65 It is appropriate to consider actions
that will ensure that the quality control standards
are followed. Furthermore, tight management su-
pervision during all transportation operations and
strict accountability for adhering to procedures are
crucial to ensuring safety. DOE could minimize one
area of current public concern by agreeing immedi-
ately to use NRC-approved casks for all its shipments.

The nontechnical aspects of spent fuel transpor-
tation safety need continued and forceful empha-
sis. Special attention to shipping operations, includ-
ing quality control and inspection can have a
positive impact on overall safety. Especially impor-
tant are those related to the carrying vehicle, and
training and information programs for drivers, engi-
neers, and other transportation personnel.

OTA finds that sustained and comprehensive
public information efforts are necessary to address
concerns about the level of safety provided by
Federal regulations and cask specifications.
Citizens and public officials repeatedly say, “show

WThi~ ~~pect  was a persistent  theme in both the Office of Technol-

ogy Assessment workshop and Advisory Panel meetings; see for ex-
ample Richard Cunningham, Nuclear Regulatory Commission in U.S.
Congress, Office of Technology Assessment, “Transcript of Proceed-
ings—Transportation of Hazardous Materials Advisory Panel Meeting, ”
op. cit., p. 230.

djch,.rles E. MacDonald in U.S. Congress, office of Technology

Assessment, “Proceedings of OTA Workshop on Nuclear Materials
Packaging Technology,” op. cit., p. 142.

me”66 that the casks are safe, and experts often re-
spond with technical evidence that, due to its ex-
treme complexity, may not be comprehensible. Edu-
cation programs for nonexpert audiences must be
developed, and continued examination of the issues
by nonpartisan, nonexpert individuals is important.
For example, in its publication, “A Nuclear Waste
Primer,” the League of Women Voters, although
expressing some concerns, concluded that “com-
pared to the transport of other hazardous materi-
als, radioactive shipments have an excellent rec-
ord. “67

The broadest possible public participation and in-
formation sharing will be important for successful
undertaking of NWPA shipments. The enactment
of State and local regulations pertaining to this
transportation reflects the desire of jurisdictions to
determine for themselves the conditions under
which they will accept the risks associated with spent
fuel transport. Figures 3-1, 3-2, and 3-3 indicate the
routes used and the most frequent origin and des-
tination States for highly radioactive shipments.
These and other States, as well as Indian tribes and
local governments affected by shipments have an
interest in an acceptable level of safety. States and
tribal and local governing bodies have indicated that
they will require negotiations with DOE to permit
successful completion of NWPA shipments. The
activities undertaken by utilities to accomplish spent
fuel shipments are documented in box 3G. Because
DOE will fill the role of the utilities for shipments
made under NWPA, Congress may want to con-
sider requiring DOE to undertake the same activi-
ties under NRC regulations.

Furthermore, OTA concludes that State, local,
and Indian tribal officials must be included in the
transportation planning and decisionmaking proc-
ess for transportation under NWPA. A Federal ap-
proach that incorporates public perceptions, opin-
ions, and responsibilities starting immediately could
be helpful. In November 1985, DOE sponsored a
workshop for State, tribal, and local officials to de-
termine the extent and specific nature of their con-
cerns about DOE’s plans for shipments of spent nu-
clear fuel under NWPA. Such activities provide a

‘iU. S. Congress, mice of Technology Assessment, “Proceedings Of

OTA Workshop on Nuclear Materials Packaging Technology,” op. cit.
bTLeague of Women Voters Education Fund, The Nuclear Waste

Primer (New York: 1985), p. 42.
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Figure 3-2.–Point of Origin, 1982-84
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Most frequent points of origin for spent fuel, large quantity, and high-
way route controlled quantity shipments.
SOURCE: Sandia National Laboratories, An Assessment of the  U.S. Department

of Trmspotiation’s Rsdio&wtive  M8terh?/s  Routing Report, January 19S6.

Figure 3-3.– Destination, 1982-84
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Most frequent destinations for shipments of radioactive materials.
SOURCE: Sandia National Laboratories, Arr Assessment of the U.S Department

of Transportation’s Radioactive Materials Routing Repoti,  January 19f?6.

forum for airing differences and moving toward reso-
lution of conflicts. OTA concludes that additional
meetings, sponsored jointly by DOT, NRC, and
DOE, in cooperation with public interest groups
such as the National Governor’s Conference, the

National Conference of State Legislatures, and the
International Conference of Mayors are essential
to informing the public and improving intergov-
ernmental coordination.

States and localities are greatly concerned with
routing for spent fuel shipments, since they have
the authority under DOT routing regulations to des-
ignate alternative shipping routes. State authorities
can work with Indian tribes, local jurisdictions, and
neighboring States to develop an alternative route
meeting DOT guidelines. DOE and DOT may find
it necessary to work together and with the States
to provide guidance and support in achieving con-
sensus on routes. (Chapter 4 gives further informa-
tion on routing. )

Finally, full-scale tests of cask durability, like those
conducted by Sandia National Laboratories in 1976
to 1977 (see box 3D) and Britain’s Central Electri-
city Generating Board test in 1984 can demonstrate
that accident damage and the behavior of the casks
have been adequately predicted and validate the en-
gineering models and analytical methods.68

OTA concludes that once a new generation of
casks has been developed and fulfilled the analyti-
cal test requirements for NRC certification, full-
scale demonstration tests could play an important
role in gaining public confidence. The following
considerations are important:

●

●

●

Will a demonstration be for the purpose of in-
creasing public confidence or does the techni-
cal evidence show the need for benchmark full-
scale tests to prove the validity of current engi-
neering analyses and regulations?
If technical or material changes in the cask de-
signs require a full-scale technical validation ex-
periment, how can questions about any subse-
quent changes to cask designs be addressed?
If a “show me” test were conducted, assurances
that it would address public concerns would be
essential. Organizations and individuals criti-
cal of current transportation procedures and
cask standards could be included in advance
planning for a test, so that their views are in-
corporated from an early point.

~Hucn.  and Yoshimura,  Op. cit.; see also International Atomic En-
ergy Agency Safety Series 6, 1985; and David Fishlock,  “Nuclear Fuel
Shipping Cask Comes Through Great Train Wreck With Its Virtue
Intact,” Energy Daily, vol. 12, No. 142, July 24, 1984, p. 3.
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conducted by a-company, such as General Electric, the more straightforward the shipment procedures.
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● An extensive public information program However, given the technical complexities in-
would be essential prior to the test to help the volved, it is wise to be realistic about the extent to
public officials, affected emergency personnel, which a full-scale cask accident demonstration will
and the general public understand the techni- allay all public concerns. Although a well--planned
cal background for the tests to the extent and constructed full-scale demonstration could
feasible. prove persuasive to many, it would need tO accom-

If full-scale validation testing proves unnecessary
modate a wide range of interests. OTA finds that

from an engineering standpoint, conducting a full- the appropriate test goals could best be deter-
mined by a panel of advisors—experts and con-

scale demonstration test could enhance public un-
derstanding and confidence. DOE, as the respon- cerned citizens to provide guidance to the tech-

sible agency under NWPA, has both a source of
nical organization conducting the demonstration.

funds and a program in which test series could be
housed, and is giving consideration to such tests.
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PART II: BULK CONTAINERS AND SMALL PACKAGING FOR
HAZARDOUS MATERIALS TRANSPORTATION

Most of the estimated 180 million annual ship-
ments of hazardous materials reach their destina-
tions safely, both because hazardous materials trans-
portation is heavily regulated and because industry
is concerned that its products reach customers in-
tact. The strength and integrity of packaging used
to ship hazardous materials, including tank trucks,
railroad tank cars, and barges, as well as bottles,
boxes, and drums, are an important factor in trans-
portation safety. The Research and Special Programs
Administration (RSPA) of the Department of Trans-
portation is responsible for issuing packaging and
hazard communication regulations for all hazard-
ous materials containers except bulk marine con-
tainers, which are regulated by the U.S. Coast
Guard, and containers for highly radioactive ma-
terials (see part I of this chapter).

This part of chapter 3 discusses DOT’s require-
ments for all packaging, then looks at the specific
issues relating to bulk containers and small pack-
agings. It focuses on issues regarding the packaging
regulations codified in Parts 173, 178, and 179 of
Title 49 and portions of Title 46 of the Code of Fed-
eral Regulations. Part 173 contains general require-
ments for shipments and packaging and lists the
authorized packages that can be used for each com-
modity. Parts 178 and 179 contain the specific, high-
ly detailed requirements for the authorized packages
referred to in Part 173. Title 46 contains the Coast
Guard regulations for the water mode. (Chapter 4
presents an overview of the entire regulatory sys-
tem, including a discussion of the historical devel-
opment of packaging regulations.) Sources of infor-
mation included technical literature, an OTA
workshop on packaging, and extensive interviews
with container experts.

General Packaging Criteria

DOT requires packaging for shipping hazardous
materials to be so designed and constructed,
its contents so limited, that under conditions
really incident to transportation:

● there will be no significant release of the
ardous materials to the environment;

and
nor-

haz-

●

●

the effectiveness of the packaging will not be
substantially reduced; and
there will be no mixture of gases or vapors in
the package which could, through any credi-
ble spontaneous increase of heat or pressure,
or through an explosion, significantly reduce
the effectiveness of the packaging.69

In addition, packaging materials and contents
must ensure there will be no significant chemical
reaction among any of the materials in the pack-
age. Closures must prevent leakage, and gaskets
must be used that will not be significantly deterio-
rated by the contents. Polyethylene packaging must
be minimally permeable to and compatible with the
cargo.

DOT regulations apply to hazardous materials
containers of all sizes. Some regulations apply equally
to all packaging, but most of the requirements de-
pend on whether the material is shipped in bulk or
in small packages. As a general matter, the divid-
ing line between nonbulk (small) and bulk (large)
containers is 110 gallons or 1,000 pounds. Small
packages of hazardous materials are carried by all
modes: water, rail, highway, and air. Approved
packaging include drums, cylinders, boxes, cans,
and bags. Bulk packages—ships and barges, railroad
tank cars, tank trucks (called cargo tanks in the reg-
ulations) and intermodal portable tanks—generally
do not travel by air. Analysis of incident and acci-
dent data (see chapter 2) reveals that hazardous ma-
terials packaging generally has been adequately de-
signed, although there are some problem areas.

The premise underlying packaging design for haz-
ardous materials other than highly radioactive ma-
terials is that the packages must maintain their in-
tegrity in the normal transportation environment,
including minor accidents.

The classification of a hazardous material has a
critical influence on the selection of packaging.
Many commonly transported materials are listed in
the regulations, and shippers need only locate the

““49 CFR 173.24.
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listing to be guided to the required packaging. If the
material is not listed, however, the shipper must de-
termine if it is hazardous and classify it according
to definitions in the regulations. There are no spe-
cific regulations in 49 CFR that tell a shipper how
to classify a material, a difficult process, the results
of which affect packaging, marking, labeling, and
placarding. 7°

The sorting of hazardous materials into hazard
classes by either DOT or the shipper does not nec-
essarily mean that all the potential dangers posed
by these substances have been taken into account.
For example, methyl isocyanate, which caused the
death of thousands in Bhopal, India, had until re-
cently been classified by DOT as a flammable sub-
stance and could legally be transported in the least
stout highway cargo tanks or rail tank cars. DOT
is now in the process of adopting an international
classification scheme (described in more detail in a
later section of this chapter) that should better corre-
late the strength of regulated packaging to the haz-
ards posed by the materials. In the meantime, large
manufacturing and shipping companies have incor-
porated additional strength and protective features
into the design of containers they use for materials
with a very high hazard potential. Some of these
designs have become part of the Federal specifica-
tions for packages. More often, however, these ad-
ditional safety features represent industry efforts to
take into account special transportation circum-
stances.

Containers for bulk transport, discussed next, rep-
resent the inherent possibility of larger consequences
in the case of an accident than do small packages
and provide opportunities for commensurately larger
impacts on safety.

Bulk Packaging

More than 60 percent of accidents and spills in
any mode of transport are a result of human er-
ror.71 thus modal safety is closely tied to the oppor--

9
tunities for error. The highway mode experiences

T~.s.  Depa~ment  of Transportation, Materials Transportation Bu-

reau, Research and Special Programs Administration, A Guide ro the
Federal Hazardous Materials Transportation Regulatory Program
(Washington, DC: January 1983).

71Mark  Abkowitz and George ‘ iSt, “Hazardous Materials Transpor-
tation: Commodity Flow and Information Systems,” OTA contrac-
tor report, January 1986.

more accidents, spills, injuries, deaths, and prop-
erty damage than does the rail or water mode, in
both absolute numbers and accidents per ton-mile
traveled,* while the rail mode experiences more than
the water mode.

Several other factors also affect safety: the extent
of coverage and enforcement of Federal regulations;
the amount and quality of training the vessel or ve-
hicle operators and loaders receive; the frequency
of maintenance and inspection of the vessel or ve-
hicle; and finally, the coordination between the
agencies responsible for regulation, inspection, and
enforcement activities. Table 3-8 presents a compar-
ison of modal characteristics for bulk shipping of
hazardous materials. Descriptions of the containers
and specific safety factors will be treated separately
for each mode.

Bulk Highway Transport

Of the three modes of bulk transport of hazard-
ous materials, the highway mode is the most versa-
tile and widely used. (See chapter 2.) While porta-
ble tanks and tank trucks are the smallest bulk
containers and thus the consequences of a release
on the highway will be lower than for the other
modes, the probability of an accident is greatest for
the

●

●

●

●

●

highway mode because it has:

more miles of network,
the largest number of individual shipments,
the largest number of operators,
the greatest traffic density in an unrestricted
right-of-way, and
the highest average traffic speed.

Cargo tanks are the main carriers of bulk hazard-
ous materials over the roads, although intermodal
portable tanks, discussed later in this chapter, are
also used. Cargo tanks are usually made of steel or
aluminum alloy but can be constructed of other ma-
terials such as titanium, nickel, or stainless steel.
They range in capacity from about 2,000 to 9,000
gallons depending on road weight laws and the prop-
erties (including density, vapor pressure, and cor-
rosiveness) of the commodity or commodities to be

*A ton-mile  is the product  of the tons of material carried and the
distar,ce  carried in miles. For example, a truck with a load of 20 tons
that traveled 100 miles would have logged 2,000 ton-miles. Ten trucks
each carrying 2 tons and each traveling 100 miles would also have logged
2,000 ton-miles in the aggregate (each truck logging 200 ton-miles).
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Table 3-8.—Modal Characteristics of Bulk Shipping of Hazardous Materials

Highway Rail Water

Containers regulated by DOTa Most All All

Inspection or testing frequency Upon manufacture Upon manufacture Yearlyd

plus every 5-10
years c

Commodity flow datae Very little Nearly complete Complete

Regulators and inspectors RSPA, BMCS, FRA, RSPA, AARg USCG, RSPAh

NHTSA f

Fleet size 130,000 cargo 115,600 tank carsj 4,909 tank
tanks i barges k

Fleet database’ Partial (BMCS) Yes, complete Yes, complete
(AAR) (ACofE)

Number of operators 260,000 26,000 45,000

Size of load (gals) 4,000-12,000 10,000-30,000 3oo,ooo-
600,000

aFederal  regulations cover the transportation of hazardous materials by railcar, aircraft, vessel, and interstate  tranSPOrtatiOn
by motor vehicle. Intrastate highway transport of hazardous wastes, hazardous substances, and flammable cryogenics in
portable tanks or cargo tanks is also covered (49 CFR 171.1). Unless a State has specifically brought intrastate commerce
under regulation, containers in such service need not meet any standards. The Department of Transportation does not know
the precise extent to which the States have extended the Federal regulations to intrastate commerce. Most gasoline trans-
port by truck is intrastate and these shipments are a large percentage of the total hazardous materials shipments.

bcargo  tanks must under o an external visual  examination eve~ 2 years but generally do not have to be leak tested or pres.

7sure tested. However, ca go tanks carrying chlorine must be pressure tested every 2 years and tanks carrying compressed
gas (e.g., liquefied petroleum gas) must be pressure tested every 5 years; cargo tanks for flammable cryogenics are inspected
prior to each loading. Most tanks, however, are not leak or pressure tested after they are built unless they have been out
of service for a year or more, had repairs or modifications performed on them, are operating under an exemption to the regu-
lations, or are used in an area of nonattainment  of Clean Air Act standards for ozone. (49 CFR 177.824.)

CTank cars Carwlng  some  cargoes  are tested more  frequently, For example,  tank cars carrying chlorine mUSt be tested eVery

2 years, Also, the frequency of inspection of some tank cars increases to once per year after they are 22 years old. General
American Transportation Corp., GATX Tank  Car A.4arrua/,  4ftr Edition (Chicago, IL: 1979).

d46 CFR 31 .1@15,  and 31.10-17.
eData on  the identity and amount of hszardous  materials shipped over the highways is collected by the Bureau Of the CenSUS

every 5 to 6 years, however the quality and comprehensiveness of the data is poor (see ch. 2). Records of 60 percent of all
rail traffic are kept by the Association of American Railroads (AAR).  A record of 1 to 6 percent of all rail traffic is kept by
the Interstate Commerce Commission. Records of all origins and destinations of hazardous material cargo that travel on
U.S. waterways are kept by the U.S. Army Corp of Engineers (ACofE).

fThe Research and Special Progmms Administration (RSPA)  develops and publishes regulations on the car90 tanks. The Bureau
of Motor Carrier Safety (BMCS) regulates in-use motor vehicles and drivers, and enforces regulations pertaining to the manufac-
ture, marking, repair, etc. of cargo tanks. The National Highway Traffic Safety Administration (N HTSA) has responsibility for
the original manufacture of the vehicle.

gAAR and the Federal Railrom  Administration (FRA) established the basic technical specifications for tank cars. After public
rulemaking and comment, RSPA  adopts the final specifications in the regulations. Both AAR and FRA  inspect tank cars in
rain service, Both AAR and FRA  inspect tank manufacturers.

hFor bulk  vessels (tank ships and tank barges), the United States Coast Guard (USCG) establishes th*  r*9~lations,  P*rforms
the inspections, administers licenses, and specifies the design of vessels. RSPA sets the standards for intermodai portable
tanks that can be carried on container ships and barges.

i Estimates from the 1977 Truck Inventory and Use Survey. Of these, 36,000 carry hazardous materials 25 to 49 Percent of the
,time, 14,000 carry them 50 to 74 percent of the time, and 67,000 carry them 75 to 100 percent of the time.
Jwritten communication with AAR,  This is about  60 percent of the total number of tank cars.
kAmerican  WateWays  Operators, This is the number of inland tank barges, most of which carry hazardous materials.  There
are also a small number of ocean going barges and tankers that carry hazardous materials, but tank barges are responsible
for most inland traffic.

Iwhile  the Army Corp  of Engineers (ACofE) keeps track of the number of active and inactive  V*SS*IS  that may carry hazardous
materials in U.S. commerce, and the AAR’s UMLER fiie lists all tank cars by DOT specification that are in service, there is
no comparable database for the highway mode. Although individual companies know how many and what types of cargo tanks
or intermodal portable tanks they have, no single agency has an accounting of all bulk highway vehicles nationwide.

m“operator”  refers to the vehicle  or vessel “driver.” The number of people driving cargo tanks (carrying hazardous mat*rialS)
is estimated by assuming there are two drivers per cargo tank. Large interstate private carriers often have three or more
drivers per vehicle, whiie other carriers typically have fewer. Information on the rail mode was obtained from AAR and on
the water mode from USCG. The number presented in the water mode represents all those licensed by USCG to operate
commercial vessels; most of these would not routinely be involved with hazardous materials.

SOURCES: Unless otherwise indicated in footnotes, Office of Technology Assessment, based on information from participants
of workshops and panel meetings or comments to draft reports by the affected parties.
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carried. Federal road weight laws usually limit mo-
tor vehicle weights to 80,000 pounds gross. Some
States, however, allow higher gross weights, and in
these States cargo tanks can have larger capacities.
Table 3-9 lists the primary contemporary specifica-
tion for cargo tanks and examples of commodities
each type of cargo tank might carry.

All newly constructed cargo tanks must meet cur-
rent specifications, which prescribe the requirements
for the thicknesses of the bodies of the tanks, pres-
sure relief devices, manhole covers, gauging devices,
overturn protection, pressure test methods, and
other features affecting safety. However, older speci-
fication tanks–for example, an MC-304 or an MC-
31 l—may still be used to carry hazardous materi-
als, even though it does not meet current re-
quirements.

The nature of the bulk trucking business differs
from that of rail or water bulk transport in that there
are many more carriers of a wider variety and busi-
nesses are generally much smaller. The carriers in-
clude private interstate carriers; large interstate com-
mon and contract carriers; and small common,
contract, and private intrastate carriers.* The qual-

*Private carriers transport commodities that they own and the trans-
port is integral to their business. Common carriers are transporters
of freight for compensation; common carriers must accept all traffic
tendered to them that is within their operating authority (to the ex-
tent that they have equipment and drivers to do so). Contract carri-
ers are transporters of freight by motor vehicle for compensation in
the exclusive service to one or more specific shipper(s) as authorized
by duly constituted Federal or State authority. This classification in-
cludes owner-operators under long-term lease to certificated carriers.

ity of the equipment varies within each of these
groups, but generally the large private interstate
transporters have the newest equipment and the
small intrastate private carriers have the oldest, with
the common carriers somewhere in between.

Turnover of equipment is slow, and cargo tanks
generally go through several tiers of owners. Large
private interstate carriers, primarily large petrochem-
ical companies, have the resources to purchase new
equipment and maintain it well. They use their
trucks around the clock 6 to 7 days a week. After
8 to 10 years, when maintenance becomes uneco-
nomical because of downtime for repairs, they sell
the cargo tank to another firm, usually a smaller
one with fewer resources. The second-tier owner uses
it until it becomes uneconomical and sells it to yet
another owner. The useful life of a cargo tanker used
to transport fuels can easily exceed 20 years.

Cargo tanks carrying some corrosive commodi-
ties have much shorter lifespans. According to one
tank truck company safety director his “acid tanks
are junk” after 4 years. 72 In the past, a carrier fre-
quently dedicated some of his fleet to carrying par-
ticular commodities. While this practice minimized
corrosion and incompatibility problems, it often
meant that the cargo tanks returned empty after de-
livering the product. In recent years, economic pres-
sures have forced carriers to reduce the number of

‘zNational  Tank Truck Carriers, Inc., National Tank Truck Safety
Seminar, St. Louis, MO, Apr. 14-15, 1986.

Table 3-9.—Cargo Tank Table

Cargo tank Types of
specification numbera commodities carried Examples
MC-306 (MC-300, 301, 302, 303, 305) . .

MC-307 (MC-304) . . . . . . . . . . . . . . . . . . .

MC-312 (MC-31O, 311) ., . . . . . . . . . . . .

MC-331 (MC-330) . . . . . . . . . . . . . . . . . . .

MC-338 . . . . . . . . . . . . . . . . . . . . . . . . . . .

Combustible and flammable
liquids of low vapor
pressure
Flammable liquids, Poison B
materials with moderate
vapor pressures
Corrosives

Liquefied compressed gases

Refrigerated liquefied gases

Fuel oil; gasoline

Toluene diisocyanate

Hydrochloric acid;
caustic soda solution
Chlorine, anhydrous
ammonia, LPG
Oxygen, refrigerated
liquid;
methane, refrigerated
Iiquid

aThe number in parenthesis designates older versions of the specification; the older versions may Still  be operated but all
newly constructed cargo tanks must meet current specifications.

SOURCE: 49 CFR 172.101 and 178.315 to 178.343.
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An MC-312 cargo tank delivers hazardous waste to a treatment
plant. MC-312S typically carry corrosive commodities.

dedicated trucks and to seek return-trip loads (back-
hauls) whenever possible. Backhauls often necessi-
tate cleaning the tank between loads to accommo-
date different products, thus subjecting the tank to
additional wear, increasing pitting and corrosion,
and shortening its lifespan.

Regulations and Intrastate Trucking.-The ex-
tent of Federal regulatory coverage for the highway
mode is fundamentally different from that for rail
and water modes, where all commerce is subject to
Federal hazardous materials regulations. Under the
predecessor statute to the Hazardous Materials
Transportation Act, only interstate commerce was
regulated, and this restriction was maintained when
DOD issued revised hazardous materials regulations
in 1976.73 However, because a large percentage of
hazardous materials truck transport is in intrastate
commerce, with gasoline, fuel oil, and propane de-
liveries comprising the bulk of it, the question of
applicability of Federal regulation is important.74

— — -
‘]U.S.  Department of Transportation, Docket No. HM-134, 41 l%d-

eral Register 38175, Sept. 9, 1976.
“About  55 percent of the hazardous materials transported over the

highways is intrastate in South Dakota, for example. See U.S. Con-
gress, Office of Technology Assessment, Transportation ofHazardous
Materials: State andl.ocal  Activities, OTA-SET-301 (Washington, DC:
U.S. Government Printing Office, March 1986). Gasoline comprises
a large percentage of hazardous materials shipments over the highway
and most gasoline deliveries are intrastate. About half of all gasoline
is delivered by large interstate oil companies that are subject to Feder-
al regulations. Much of the rest of the gasoline is delivered by intra-
state operators.

Except for those transporting certain materials,75

carriers operating solely intrastate need not meet
Federal standards, unless the State in which they

do business has similar regulations. In some States,
intrastate carriers have become the market for used
equipment that no longer meets Federal standards.
Moreover, new tanks built solely for intrastate trade
need not meet DOT specifications, because those
specifications are not applied. Such tanks also do
not need to meet the periodic retest and mainte-
nance requirements prescribed in the Federal rules.
The noncompliance of these tanks with Federal
standards has caused administrative problems for
some States implementing the Federal rules. 76 In
addition, intrastate carriers have no obligation to
report releases of hazardous materials to RSPA, even
if they are under State regulation in other respects.
This alone makes the Federal spill and accident re-
porting system incomplete, a problem further doc-
umented in chapter 2.

The extent to which individual States have ap-
plied 49 CFR to intrastate commerce is an open
question. In conversations with Federal and State
regulators, shippers, and representatives of major
bulk carriers, OTA found widespread disagreement
over the degree to which Federal hazardous mate-
rials regulation has been extended to intrastate traf-
fic. RSPA officials state that 49 CFR does not ap-
ply to all intrastate highway traffic and that some
cargo tanks were never built to Federal specifications
because they were for use only in intrastate com-
merce.77 Carrier representatives and BMCS staff
— —7549 cm 171+1. Hazardous  wastes, hazardous substances, and flam-

mable cryogenics comprise the only groups of hazardous materials whose
transport is regulated by the Federal Government regardless of whether
the commerce is intrastate or interstate.

761n the State of Washington, of all heavy truck accidents involv-
ing hazardous materials from 1979 to 1983, 64 percent involved pri-
vate intrastate carriers of hazardous materials, unregulated by both the
State and the U.S. Department of Transportation. The Utilities and
Transportation Commission notes that the private carriers’ terminals
are not subject to survey, his driver records are not subject to review,
and his safety record is known only to himself. The continually violatin g

private carrier cannot be removed from the highway, nor does he face
any deterrent to violation in the form of administrative penalty. Wash-
ington Utilities and Transportation Commission, Summary anc/  Anal-

ysis,  Heavy Truck-Hazardous Materials Accidents 1982-1983 ( O l y m -
pia, WA: 1983), p. viii.

‘iJames O’Steen in U.S. Congress, Office of Technology Assessment
“Transcript of Proceedings-OTA Workshop on State and Local Activ-
ities in the Transportation of Hazardous Materials,” unpublished type-
script, May 30, 1985; and Alan Roberts, in U.S. Congress, Office of
Technology Assessment, “Transcript of Proceedings–Transportation
of Hazardous Materials Advisory Panel Meeting, ” unpublished type-
script, Washington, DC, Jan. 24, 1985.
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counter that States participating in the Motor Car-
rier Safety Assistance Program must apply 49 CFR
in motor vehicle inspections for all hazardous ma-
terials traffic, both intrastate and interstate.78

BMCS has records of the States that have adopted
49 CFR, but not of the numerous variations to it
enacted by many States. Moreover, adoption of 49
CFR by a State does not mean that intrastate high-
way commerce will be regulated. For example, the
State of Washington adopted 49 CFR in 1978, and
based on BMCS records, Washington regulates in-
trastate transport of hazardous materials. However,
according to the Public Utilities Commission of the
State of Washington, the State legislature did not
decide to regulate private intrastate transport of haz-
— —

     National Tank Truck Car-
riers, Inc., and Merritt Sargent, Bureau of Motor Carrier Safety, per-
sonal communications, March 1986.

ardous materials until 1985.79 Since the new State
regulations will not be promulgated until summer
1986, this transport is still unregulated.

MC-306 Tank Trucks.–The large volume of gas-
oline carried by MC-306 tank trucks, making over
40,000 daily deliveries to retail service stations in
every locality in the country, is a primary reason
that truck transportation of gasoline is responsible
for more deaths, injuries, and property damage than
all other hazardous materials in transportation. Most
of the hazardous material highway deaths in recent
years (five out of eight in 1983) have been the re-
sult of gasoline truck accidents, and many of the
worst incidents are the result of tank truck rollovers

 Lewis, Rail and Motor Carrier Training Officer, Washington
Utilities and Transportation Commission, personal communication,
Mar. 21, 1986.

Photo credit: Modern Bulk Transporter

MC-306 tank trucks transport the most prevalent hazardous material, gasoline.
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and leakage of hundreds to thousands of gallons of
gasoline.

The design of the MC-306, the most common car-
go tank, may be an important factor in the truck’s
frequent involvement in accidents. The MC-306 has
a high center of gravity and consequently high roll-
over susceptibility. Industry and academic research
efforts have produced several new designs to improve
the safety performance of the MC-306.

For example, the University of Michigan’s High-
way Safety Research Institute (HSRI) proposed a
new design of large cargo tank semi-trailers for use
in Michigan.a The basic change fi-om the standard
MC-306 is an increase in the maximum width of
the tank and chassis from 96 to 102 inches to allow
a wider track and permit a lower center of gravity.
The increased size allows the tanker combination
to carry more gasoline, but also increases the gross
weight. Designs with three, four, or five semi-trailer
axles are needed to keep the load per axle within
Michigan’s legal limits. HSRI estimates that the im-
proved stability and fewer trips of the larger vehi-
cle would result in a 40-percent reduction in the sin-
gle-vehicle-accident rollover frequency.

The Fruehauf Corp. has applied similar principles
to a tri-axle trailer design that is much closer to ex-
isting tanker design, although the tank center of
gravity is about 11 inches lower than that of exist-
ing units. This change makes the vehicle one-half
as likely to be involved in a rollover. A prototype
vehicle has been constructed and has been tested
in service for at least 30,000 miles by different oil
companies, and several major oil companies are pur-
chasing some of these new trailers for use in Loui-
siana, where weight laws allow them to operate. The
Fruehauf design has a capacity about 550 gallons
greater than the standard MC-306, and this differ-
ence was very important in the decision to purchase
them. A new design that did not have at least the
capacity of current models would not be attractive
to carriers, as many carriers use their cargo tanks
so extensively that a difference in capacity of sev-
eral hundred gallons is significant.

These truck designs require consideration of a .
number of trade-offs. Both involve gross truck and

‘OR.D. Ervin,  et al., Future Configuration of Tank Vehicles Haul-
ing Flammable Liquids in Michigan (Ann Arbor, MI: University of
Michigan Highway Safety Research Institute, December 1980). This
research organization is now called the University of Michigan Trans-
portation Research Institute.

trailer weights above the 80,000 pounds currently
allowed on most of the Nation’s highways. The
Michigan tankers range up to 125,000 pounds, and
the Fruehauf truck weighs about 86,000 pounds. Ac-
cordingly, widespread use of these or similarly de-
signed tankers depends on whether other States are
willing to approve heavier truck weights on their
roads. An increase in truck weights accelerates the
damage rate to road surfaces. Moreover, the new
designs employ a 102-inch-wide wheel base. While
this width is allowed on all Interstate and primary
roads, many urban areas do not permit trucks of
that width to operate in their jurisdictions. Access
restrictions facing the wider cargo tankers are im-
portant factors in decisions about purchasing such
vehicles. Finally, accidents involving trucks with in-
creased load capacities have potentially more seri-
ous consequences than those involving current
trucks.

The safety benefits derived from a design change
would be proportional to the percentage of the fleet
having the new design, and any major design change
will likely be implemented gradually, as older cargo
tanks are taken out of service. RSPA has estimated,
in a cost-benefit analysis, that if $1 million were ex-
pended for each annual gasoline tanker death (where
the death was due to the gasoline), the amount avail-
able to make safety modifications in all existing gas-
oline trucks would be about $200 per truck per year.
If the average lifespan of a cargo tank is 20 years,
then about $4,000 would be available per truck, a
figure that is close to the price difference between
the old design and some new ones. Decreases in in-
juries, property damage, and deaths that are attrib-
utable to the vehicle accident rather than to the haz-
ardous nature of the cargo (the latter are the only
deaths that RSPA notes in its incident reports)
would be additional benefits. OTA’S independent
calculations suggest the benefits may be substantially
larger and the trade-off time may be much less (box
3H), although admittedly much uncertainty exists
for several of the estimates used in calculating the
costs and benefits of a design change.

Three cargo tanks built to a new design, employ-
ing fiberglass reinforced plastic (FRP), are being used
for gasoline transport on a trial basis.81  The FRP
tanks, built in the United Kingdom, have better im-

81 George Jennings, Mobil Oil Corp., Fairfax, VA, personal commu-
nication, March 1986.



[Page  Omitted]

This page was originally printed on a gray background.
The scanned version of the page is almost entirely black and is unusable.

It has been intentionally omitted.
If a replacement page image of higher quality 

becomes available, it will be posted 
within the copy of this report 

found on one of the OTA websites.



Ch. 3—Containers for Hazardous Materials Transportation ● 123

Approximately one-half of ail idovers  would be
avoided using  the new design, Injuries are ignored;
they are about four to seven times as common as
deaths. Avoided injuries would add to the benefit.
Bd on these figures, it would take 4.4 years for

the investment in safer equipment to pay for itself via
reduced accident expenses ($220 million/$50 million/
yr = 4.4 yr). The average usefid  lifespan of an MC-
306 cargo tanker is at least 20 years.

pact resistance, fire resistance, and lower rollover
susceptibility than the standard aluminum MC-306.
The three models on the road currently, however,
have a higher tare (container) weight than most MC-
306s and thus cannot carry as much gasoline. Un-
less the weight of the FRP tank can be reduced, it
will not be widely used because of road weight law
restrictions.

OTA analysis shows that highway common car-
riers experience the highest frequency of releases
with corrosives (see chapter 2). Because they are rela-
tively unreactive chemically, plastics and compos-
ite materials also have potential for use in cargo
tanks carrying acids and corrosives, which quickly
degrade metal cargo tanks. A U.S. manufacturer re-
ceived DOT approval to build a composite tanker
and has constructed a prototype. However, more
research is needed on the durability and road-worth-
iness of the tankers before carriers will invest in
them. Current research, sponsored jointly by RSPA
and BMCS,  into tank truck corrosion problems
should address significant industry and safety con-
cerns, Results are expected in late 1986.

Changes to Cargo Tank Regulations.-The num-
ber of cargo tanker releases reported to RSPA aver-
aged over 1,500 per year from 1976 through 1984,
although as indicated in chapter 2, OTA finds this
figure to be an underestimate. Both human and me-
chanical factors affect the highway spill rate. In its
studies of cargo tank safety, DOT has identified
widespread deficiencies in the design and mainte-
nance of cargo tanker manhole covers, pressure re--
lief valves, and vents.s~ One study found leaks in

‘~Dynamic  Science, Inc., Cost-Effectitc Methods of Reducing Leak--
age Occurring in Ot’erturns  of Liquid-Carrying Cargo Tanks (Wash-
ington, DC: U.S. Department of Transportation, Federal Highway
Administration, September 1980); and U.S. Department of Transpor-
tation, Federal Highway Administration, lntegrit~ of,tlC ;07/31.?  Car-
go Tanks (Washington, DC: October 1984).

Results of our analysis show that the costs and
benefits are of comparable magnitudes and that the
breakeven  point lies well within the expected life-
span of the cargo tanker. A more rigorous analysis
of the safety and economic impacts associated with
a major redesign of the MC”306  cargo tanker would
be useful. The estimates of costs of rollover accidents
and the reduction in the number of deaths after
adoption of the new design need refinement.

every compartment of the 20 cargo tanks tested, pri-
marily in the areas cited above, and many of the
manhole covers used on cargo tanks constructed in
the 1960s and 1970s are unable to withstand the
forces of a rollover and leak their contents when-
ever a rollover occurs.

No single governmental agency or industry group
knows with any precision how many of the differ-
ent types of tank trucks are in use, * kinds of com-
modities  carried in them, and the classifications of
the carriers using the trucks. Requiring registration
of each tank truck on manufacture and submission
of sale records for the tanker could give DOT much
of this information. If tied to an inspection program
and better reporting of accidents and releases, such
information could help identifi  inadequacies in tank
designs and would be useful in evaluating changes
to regulations.

1%-oblerns  with the maintenance of cargo tankers

are well documented, and many of the problems and
appropriate corrective measures could be identified

through regular tests or inspections. Although pres-

sure testing and inspection of containers are impor-
tant safety tools,  DOT requires periodic pressure

testing of only some cargo tanks after construction.**
—. —.- - -.

*The U.S. Department of Transportation (DOT) does  know how
many MC- 338 cargo tanks there are. The trucks carr~’ flammable cr}’o-
genic cargo (e.g., liquefied carlx~n moncmlde)  and comprlsc a \’er}’ small
portion of the cargo tank fleet. The highly hazardoui  nature of the
cargo carried in them has led DOT to extend regulatl(>n  to intrastate
carriage and to create a special rcglstrv for t hew trucks.

**MC.3 1 ] and 338 cargo tankers that typ]ca]]y carry a nhydrous am-
monia, liquefied petroleum gas, and cryogenic Iiqulds are required to
be pressure tested. These  tanks, If covered by Federal or State regula-
tions must be tested e~’erv  5 vears  (every 2 vears  If used for chlorlne
transport). All other cargo tanks must undergo an external t,isual  ex-
amination e~’er}’ 2 vc:lrs and the Inspection  can be made by the upere-
tor. CJawllne  ~ argc>  tanks In reglon$  of air quality nonattainment  are
requirwi  h} the En\lronmcntal  Protection Agency (EPA) to have an-
nual leak tcsti. Nfost State\ ha~c some areas of nonattainment,  com-
monl}’  metr(>p(>l~ta  n area<. EPA doe~ not keep  track of the tanks re-
quired to be leak tc~tcd,  Ica\lng the implementation of the regulation
t{) the States.
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Afier 10 years of study, DOT has issued a Notice
of Proposed Rulemaking  (NPRM) for cargo tank-
ers83  calling for, among other things, annual pres-
sure tests of all cargo tanks under Federal regula-
tion. The rulemaking would greatly increase the
number of cargo tanks that must be pressure-tested
and would also increase the frequency of such tests.
More effective pressure relief valves would be re-
quired, and many gasoline cargo tanks would have
to be retrofitted with stronger manhole covers.

At a public hearing on NPRM, several industry
groups expressed concern that the rulemaking  would
have unintended deleterious results, particularly in
the areas of MC-306 body construction, tank truck
inspection costs and pressure relief valve design. Rig-
orous estimates of increased costs under the pro-
posed regulations were developed by industry for
submission to DOT in May 1986.

Roadside inspections of vehicles carrying hazard-
ous materials have shown that problems with the
vehicles themselves—faulty brakes, tires, or lights—
are more frequently the cause of accidents than are
problems with the hazardous materials container it-
self. Increased attention to maintenance practices
would help reduce accidents caused by faulty
equipment.

Improving Driver Performance. -Many of the
most serious hazardous materials releases during
bulk transport over the highway are caused by ve-

hicle accidents, most of them the result of driver
errorow Improving driver performance could  ‘hus

increase safety. Methods of accomplishing this in-
clude both improving equipment and improving
driver training. The Shell Oil Co., employing both
techniques, has experienced a 58-percent reduction
in its preventable vehicular accident rate over the
course of its driver safety training program instituted
in 1979.85 (See table 3-10.)

The program entails several days of instruction
in relevant hazardous materials regulations and ve-
hicle operating procedures, followed by 1 or 2 weeks
of field training, during which each driver is accom-
panied on the job by an instructor. Each of the
trucks owned by Shell has a tachograph  that auto-
matically records when the motor starts, when mo-
tion starts, travel speeds, when the truck stops, dis-
tance between stops, total distance traveled, and the
duration of all trips. The tachograph  records make
each driver aware that he is accountable for his per-
formance, that his driving behavior can be readily
evaluated. He also knows that the records can work
to his benefit in the case of an unavoidable accident.

The Insurance Institute for Highway Safety (IIHS)
has recommended that tachographs be required on
all large trucks. Furthermore, the IIHS holds that
speed limiters should be placed on trucks, better
braking systems should be employed, and that re-
capped tires should not be allowed on front wheels.
Tire failures follow brakes as the leading equipment-

BJu.s+ Department of Transportation, Research and Special  pro-
grams Administration, Materials Transportation Bureau, Federal Reg-
ister, Notice of Proposed Rulemaking,  Requirements for Cargo Tanks,
vol. 50, No. 180, Sept. 17, 1985.

fflAbkowitz  and List, op. cit.
85She]l Oil co., personal communication, January 1986.

Table 3=10.-Major Oil Company, Total Vehicle Accidents (safety programs begun in 1979)

Number Ratea Number of serious incidents involving

TOT VEH Total TOT VEH Total Fire Rollover Spillb

Year ACCC PVA~ ACC PVA N P V Ae  PVA NPVA PVA NPVA PVA
1979 . . . . . . . . . . . . . . . . . . . . . 236 82 7.14 2.48 2 0 0 1 0 0
1980 . . . . . . . . . . . . . . . . . . . . . 222 74 7.19 2.40 0 0 3 1 0 0
1981 . . . . . . . . . . . . . . . . . . . . . 185 7.18 2.73 1 1 1 0 0
1982 . . . . . . . . . . . . . . . . . . . . . 144 :: 5.96 1.62 : 0 2 0 0 0
1983 . . . . . . . . . . . . . . . . . . . . . 120 46 5.08 1.95 0 0 0 0 1 0
1984 . . . . . . . . . . . . . . . . . . . . . 115 21 5.68 1.04 1 0 0 0 0 0
1985 . . . . . . . . . . . . . . . . . . . . . – – — — o 0 0 0 1 0
aRate is the nurn~r of accidents par 1 million vehicle miles.
%hese  are spills other than those associated with fires or rollovers.
CTOT  VEH ACC—totai  vehicle accl~ntg.
dpVA—preventab~  vehicular accidents, an accident where the driver failed to do wevthlw  possible to avoid the =ident.
eNpvA_rlOnPreV~tab[e vehicular accidents.

SOURCE: Private Witten  communication to Office of Technology Assessment staff.
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related causes of truck crashes.~ A pilot project
could be developed to equip a number of trucks with
such safety equipment and carefully monitor the
safety performance of the fleet. Any change in ac-
cident rates and severity would permit evaluation
of equipment’s contributions to safety.

Coordination Among Federal Agencies.–Im-
proving coordination among agencies currently reg-
ulating motor carriers is also essential. Responsibil-
ities are currently spread over three agencies:

● RSPA—container specifications, marking and
labeling, and placarding;

● BMCS—inspecting cargo tank manufacturers
and motor carrier operating procedures; and

● National Highway Traffic Safety Administra-
tion—manufacture of vehicles.

Difficulties in coordinating activities and sharing ac-
cident data have resulted in disjointed and often in-
effective regulation. For example, both RSPA and
BMCS support accident databases, but there are few
cross-checks made between them. Perhaps more im-
portantly, specifications for cargo tanks have been
developed separately from specifications for the mo-
tor vehicles on which the tanks are mounted. Thus,
all components of the transportation system (includ-
ing container, load, vehicle, and highway) have not
been considered in developing design standards. For
example, studies of a tank truck’s interaction with
the road system have shown that the truck’s stabil-
ity and resistance to rollover is dependent on such
factors as the center of gravity, height, track width,
suspension, fifth-wheel characteristics, and the tires
of the vehicle; yet these factors are not a part of
RSPA’S cargo tank specifications.*

Compounding the difficulties in implementing de-
sign or technological innovations is the fact that no
single trucking industry group exists to consider such
issues for the cargo tanks used in truck shipments
of hazardous or other materials. The Truck Trailer
Manufacturers Association has a committee deal-

~A~~~ ~~~ing  (cd.), ~ig Trucks  anc/  Highway SafetY  iwashin~on$

DC: Insurance Institute for Highway Safety, 1985), p. 14.
*A stabi]ity  requirement for cargo tankers need not specify any par-

ticular arrangement of tires or suspension, but might require tilt-table
tests to evaluate the rollover stability of different designs. Tilt-tables
are platforms on which a truck or cargo tank can be placed and tilted
sideways until the wheels on one side lift off the platform. The angle
to which the tilt-table must be raised before the truck wheels lift off
is a measure of the static stability of the configuration being tested.

ing with tank trucks and the National Tank Truck
Carriers, Inc., serves some of the for-hire tank truck
industry. The American Trucking Associations, the
American Petroleum Institute, and other groups also
have an interest in such issues. Achieving consensus
on decisions affecting tank truck designs is thus a
difficult and lengthy process.

Rail Tank Cars

Rail shipments account for about 5 percent of the
tonnage of hazardous materials transported annu-
ally with about 3,000 carloads shipped each day. (See
chapter 2.) The numbers of daily shipments are far
fewer than those made by highway, and the ship-
ments are transported by a much smaller number
of carriers. Most of the ton-miles are logged by just
9 of the 25 Class 1 railroads doing business in 1985;
Class 2 and Class 3 railroads carry few hazardous
materials.8T

OTA analysis of RSPA and Federal Railroad Ad-
ministration (FRA) data indicates that, on a ton-
mile basis, the rail mode has a lower release rate than
the highway mode and a somewhat higher rate than
the water mode. (See chapter 2.) However, modal
differences such as the number of miles of network,
traffic density, and average speed affect the release
rates in each mode, making direct modal compari-
sons difficult. Moreover, the rates themselves are
questionable, as documented in chapter 2.

As all hazardous materials rail traffic falls under
Federal regulations, all rail containers are required
to be of the proper specification regardless of the
origin, destination, or duration of the trip or char-
acteristics of the shipper or carrier. About 80 per-
cent of annual rail shipments of hazardous materi-
als involve tank cars, which have useful lives of 30
to 40 years. Since 1970, the capacity of tank cars
for carrying hazardous materials has been limited
to 34,500 gallons or 263,000 pounds gross weight
(weight of tank car and commodity).

The two main categories of tank cars are pressure
and nonpressure, and different tank car designs ac-
commodate both gases and liquids. Each category

has several classes that differ from each other in such

87Jim Reiter, American Association of Railroads, personal commu-
nication, March 1986. A Class 1 railroad has gross revenues greater
than $87,935 million; a Class 2 between $17.587 and $87.935 million;
and Class 3 less that $17.587 million.
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Photo credit: Association of Amer\can  Railroads

A pressure tank car, DOT 112J, transports liquefied
petroleum products.

Photo credit: Association of American Railroads

An example of a non pressure tank car, a DOT 111, used
in this case to transport aqueous hydrofluoric acid.

things as test pressure, presence or absence of bot-
tom discharge valves, type of pressure relief system,
and type of thermal s!~ielding.  Ninety percent of
tank cars are made of steel; aluminum is the sec-
ond most common construction material. The thick-
ness of the tank car shell is specified by regulation
(see table 3-11).

Tables 3-12 and 3-13 list the common classes of
tank cars of both categories and provide examples
of typical cargo that each may carry. Approximately
66 percent of the rail tonnage consists of chemicals,
and approximately 23 percent consists of petroleum

products. Based on DOT’s hazard classification
scheme, the most common commodities are flam-
mable liquids and corrosive materials, each account-
ing for about 25 percent of the tonnage.w

DOT prescribes tank car design specifications in
49 CFR Part 179. The specifications have generally
been developed from industry standards adopted by
the Tank Car Committee of the Association of
American Railroads (AAR).  AAR, an industry orga-
nization, is involved in all aspects of railroad oper-
ations, including evaluation of new tank car designs,
inspection of manufacturers, and collection and
analysis of accident data. In addition, the Mechan-
ical Division of AAR participates in the approval
of tank car designs, materials, and construction, as
well as the conversion or alteration of tank cars.~q
Although AAR approves all new tank car designs
prior to acceptance by FRA and RSPA, RSPA is
not involved in the design approval activities of
AAR and is not permitted to attend sessions where
the designs are analyzed and evaluated. RSPA’S ex-
clusion from these sessions makes it difficult for the
agency to evaluate requests for special waivers or
exemptions to design requirements. After tank cars
are constructed, qualification, maintenance, and use
is governed by Section 173.31, as well as by indi-
vidual commodity sections of the regulations. FRA
is responsible for inspecting raih-oad  operations and
tank car manufacturers.

In the mid- 1970s, a series of derailments occurred,
one involving the puncture of flammable gas tank
cars by the couplers of adjoining cars. The ignited
material venting from the punctured car impinged
on other derailed flammable gas cars, simultaneously
heating and expanding their contents beyond the
capacity of safety relief devices and weakening the
tank shells. The resulting explosions and fires caused
enormous damage.

Recommendations made prior to 1978 by the Na-
tional Transportation Safety Board (NTSB) and in-
vestigations by the Federal Railroad Administration
led DOT to mandate installation of top and bot-
tom shelf couplers that would be less likely to dis-
engage and puncture adjacent cars.w For flamma-

“Abkowitz  and List, op. cit.
‘“See 49 CFR 179.3.
“National Transportation Safety Board recommendations R-74-033

(Octohcr 1974)  and R-75-19 (April 1975).
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Table 3-il.—Minimum Tank and Jacket Plate Thickness

Minimum plate thickness
after forming Common use of plate thickness
Steel:
11 aauae (amroxirnatelv 1/8

i~ch)-afso  aluminum ‘. . . .

7/16 inch . . . . . . . . . . . . . . . .

1/2 inch . . . . . . . . . . . . . . . . .

9/16 inch . . . . . . . . . . . . . . . .

11/16 inch . . . . . . . . . . . . . . .

3/4 inch . . . . . . . . . . . . . . . . .

Aluminum:
1/2 inch . . . . . . . . . . . . . . . . .
5/8 inch . . . . . . . . . . . . . . . . .

Jacket of insulated tank cars; or jacket for thermally protected
cars.
Tank for nonpressure  tank cars; jacket for nonpressure  tank
within a tank; or shell portion of jacket for cryogenic liquid
tank cars.
Head puncture resistance (head shield); or head portion of
jacket for cryogenic liquid tank cars.
Tank for steel pressure tank cars with tank test pressures of
200 psi and below.
Tank for steel pressure tank cars with tank test pressures of
300 psi and greater.
Tank for steel pressure tank cars in chlorine service.

Tank for nonpressure  aluminum tank cars.
Tank for aluminum pressure tank cars.

SOURCE: Charles J. Wright and Patrick J. Student, Union Pacific Railroad, “Tank Cars,” unpublished typescript, no date

Table 3.12.—Common Pressure Tank Cars

Testa Valveb

Class Material Insulation pressure setting Notes
DOT 105 . . . . . Steel/ Required 100

aluminum 200
300
400
500
600
200
340

DOT 112 . . . . . Steel None

400

500
DOT 114 . . . . . Steel None 340

400

75
150
225
300
375
450
150
225
280.5
300
330
375
255
300

No bottom outlet or washout; only one opening in tank;
e.g., DOT 105 A 500W = chlorinec

No bottom outlet or washout; e.g., DOT 112J 400W =
anhydrous  ammoniad

Similar to DOT 105; optional bottom outlet;
e.a,, DOT 114 T 400W = LPG

apressure in psi to which the tank car is tested upon manufacture and Periodically thereafter.
bsetting  at which preSsure  relief  value  WiII  start to discharge, Tank cars may also be equipped with vents; the vents would operate when the pressure inside the tank

reached the test pressure.
CIIDOT 105~, specifies the general  class;  11~’1  specifies  the tank car test pressure; the “w” indicates the  method of welding of the tank; and, a number, if present

after the “W”, indicates specific fittings, materials, or linings.
dTh e IIJII  indicateS that the tank car has jacketed thermal protection, A “T” would  indicat@  the presence of spray-on thermal prOteCtiOfl,  Both “J” and “T” indicate

that the tank car is equipped with head shields.

SOURCE  Charles J. Wright and Patrick J. Student, Union Pacific Railroad, “Tank Cars)” unpublished typescript, no date

ble gas, anhydrous  ammonia, and ethylene oxide
tank cars, the agency also required installation of
head shields as further protection against coupler
damage, and the addition of thermal protection to
prevent rapid overheating if a neighboring tank car
were on fire. AAR, its Tank Car Committee, FRA,
and RSPA with participation by the Railway Prog-
ress Institute (RPI), the rail manufacturers, jointly
established these tank car modifications, which have
greatly improved the safety of bulk movement of

After the retrofits of the DOT 112/114 tank cars*
were completed during 1981, the number of railroad
accidents involving disastrous releases of flamma-
ble gases decreased dramatically. A 1981 study by
AAR and RPI showed that the frequency of head
punctures for retrofitted tank cars decreased by 95
percent from the preretrofit rate, and the frequency

. . . . .
*The~e  tank cars are pressure cars that carry flammable gases—for

example liquefied petroleum gas—and nonflammable gases, such as an-
hydrous ammonia.hazardous materials by rail.
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Table 3=13.—Common Nonpressure Tank Cars

Test a Valve b

Class Material Insulation pressure setting Notes

DOT 103 . . . . . . . . . . . . . . Steel/aluminum Optional 60 35 Optional bottom outlet
Stainless steel/ DOT 103 DW = whiskey
nickel

DOT 104 . . . . . . . . . . . . . . Steel Required 60 35 Similar to DOT 103;
optional bottom outlet

DOT 111 . . . . . . . . . . . . . . Steel/aluminum Optional 60 35 Optional bottom outlet and bottom washout
100 75 DOT 111A 60W5C = corrosive hydrochloric

acid
DOT 111A 60W1 = gasoline

apreggure in psi to which the tank car is tested upon manufacture and periodically thereafter.
bsetting  at which ~re99ure reiief  “aMe  will  start to dis~flarge, Tank cars may  also be equipped with vents; the vents would operate when the pressure inside the tank

reached the test pressure.
cThe IIDOT 111,,  i9 the cla99; the .I~,,  i9 the pres9ure;  the “w”  indicates  the type of weiding construction; and the “5” indicates that the tank is rubber lined.

SOURCE: Charles J. Wright and Patrick J. Student, Union Pacific Railroad, ‘“Tank  Cars,” unpublished typescript, no date.

of thermal ruptures dropped by 93 percent.91 Expe-
rience since that study shows that while the shelf
couplers tend to keep the cars more securely at-
tached to one another, which results in more car
derailments per accident, they have continued to
prevent punctures and ruptures.92  All DOT 111A
tank cm-s  carrying flammable gases and ethylene ox-
ide and DOT 105 tank cars will be retrofitted with
head shields and thermal protection by December
31, 1986. Because of the efficacy of the shelf cou-
—-.———

‘?lAmerican  A~~ociation of Railroads, Effwtiveness  of shelf COU-

plers, Head Shields and Thermal Shields on DOT 112 (114) and 105
Tank Cars, Railway Progress Institute–American Association of Rail-
roads Tank Car Safety Project Report RA-Oi-5-51 (Washington, DC:
June 13, 1985).

92 CharIes  Batten, National Transportation Safety Board staff, per-
sonal communication, 1984.

piers, all hazardous materials tank cars are now be-
ing fitted with them.

Table 3-14 lists the periodic inspection and test
requirements for several common tank cars. Typi-
cally, the tank must be pressure tested every 5 to
10 years, although for some commodities—chlorine,
for example–the tests are much more frequent. For
some tank cars, the frequency of inspection increases
as the car ages. In addition, some shippers inspect
their cars more frequently than regulations demand,
often prior to each loading.93

9~Robert  Christman,  Mobay  Chemical Corp. and Hugo Andricain,
Dow Chemical U. S. A., personal communication and demonstration,
October 1985.

Table 3-14.—Retest Requirements for Selected Tank Cars

Retest interval years Retest pressure—psi

Tank and interior heater systems
—

Safetv  relief valve

Specification
.

Up to 10 years Over 10 to 22 years Over 22 years Safety relief valve Tank Start-to-discharge Vapor tight

103DW ... , . . 5a 3 1 (b) 60 35 28
105A5OOW . . . 10C  d l@ d I oc d 5C e 500 375f 300
111 A60W1 . . . 209 10 10 60 35 28
111 A60W5  . . . % 3 None 60 — —
112A400Wh . . . 10 10 1: 5 400 300 240
114A400W . . . 10 10 10 5 400 300 240
aA commodity for which a tank is approved may be used when reteStin9  tanks in service not over 10 Years.
bsafety  relief  val~ retest period is same ss tank retest period.
CTank9  and  safety  relief  valve9 in chlorine service  must be retested every 2 years at any time during the calendar month the reteSt  fallS  due.
dNickel  clad tank9 in bromine Sewice  and any glass, rubber,  or led lined  tank need not  be  periodically rete$tad,  but  the interior heater Systems and Safety relief VaiVes

must be retested at the prescribed interval.
esafety  rei[ef VSIVSS  in txomlne  service must be retested every 2 Yews.
flf safety  relief VaNe9 are ug~ In c~blnatlon  with b~aking  pins  desigfled to break at 375 psi,  the safety rellef valves must be retested and muSt  Statl to discharge

at 360 psi plus or minus 3 percent.
gRetegt  period  for interior heater systems on cars so equipped iS 10 years.
hNote: Tank car9 stenci~d  112$3, 112T,  11~,  114s,  114T,  or 114J w~ll  have the same retest requirements as 112A or 114A respectively.

“S” indicates car equipped with tank shield and top and bottom shelf couplers.
“J” indicates car equipped with jacketed thermal protection, tank head shield, and top and bottom shelf coupiers.
“T” Indicates car equipped with spray-on thermal protection, tank head shield, and top end bottom shelf couplers.

SOURCE: General American Transportation Corp., GA7X Tanlr Car A&u@ 4tlI  EdMorr (Chicago, IL: 1979), p. 14,
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Coincident with the retrofit of certain tank cars
and the reduction in serious accidents, FRA also
increased the number of over-the-rail inspections of
railcars, which may have contributed to reducing
the number of rail accidents. There are about
183,000 tank cars, approximately 63 percent of
which are used for hazardous materials. FRA per-
formed 39,000 tank car inspections in 1982 and
31,000 in 1983, twice the number of annual inspec-
tions (16,000) performed in 1978 and 1979.

The coord ”,lation of Federal agencies involved in
regulating the rail mode needs improvement. FRA
has primary responsibility for regulation, inspection,
and enforcement of safety regulations in the rail
mode. RSPA has the final say in hazardous materi-
als tank car specifications, although FRA and AAR
perform the safety evaluations. RSPA sets regula-
tions for intermodal portable tanks, and keeps track
of incidents or spills in the rail mode, while FRA
must approve securement for the tanks when they
are carried over the rails on flatcars.

A comparison of RSPA’S database on hazardous
materials incidents with the records of NTSB dem-
onstrated that the inaccurate and incomplete acci-
dent records are serious problems for the rail
mode.’q Between 1976 and 1983, 165 accidents in-
volving hazardous materials appeared in the NTSB
database that did not appear in the RSPA database.
These accidents resulted in 37 deaths, 92 injuries,
and $89 million in damages. The value of damages
reported to NTSB but not to RSPA exceeded the
damages of all rail incidents reported to RSPA over
the same time period. Better coordination of Fed-
eral activities in data collection could provide a more
complete base on which to make regulatory deci-
sions about whether changes in tank car specifica-
tions are called for.

The railroads keep detailed records of commodity
flows. If this capability were combined with better
reporting of releases to RSPA, problems with par-
ticular types of tank cars or with particular com-
modities could be rapidly identified and alleviated.
For example, more than 60 percent of all spills are
due to loose or defective fittings (chapter 2). This
finding indicates a need to reevaluate the specifica-
tions for the fittings or the procedures to operate

~Abkowitz and List, op. cit.

them, or both. Also, OTA contractor data analy-
sis shows that corrosives had the highest release rate
in rail transport. Some tank cars that carry corro-
sive acids (hydrochloric acid, for example) are rub-
ber-lined and are pressure tested only before lining.
Additional study is needed to determine whether
there is a relationship between test data and release
occurrence or whether tank cars carrying corrosives
need to be redesigned.

Bulk Water Transport

The largest bulk containers are self-propelled tank
ships and tank barges, which together account for
about 91 percent of all marine shipping of hazard-
ous materials. Tank barges range in size from
300,000 to 600,000 gallons, and self-propelled tankers
can be 10 times larger. About 8 percent of marine
shipping of hazardous materials occurs in dry cargo
barges, which can carry both bulk (portable tanks)
and nonbulk (drums) containers.95

95 Abkowitz  and List, op. cit.

Photo credit: American Waterways Operators

Approximately 35 percent of the hazardous materials
tonnage transported in 1982, was by waterborne commerce.
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More than 90 percent of the tonnage in bulk ma-
rine transport consists of petroleum products and
crude oil. Chemicals constitute about 7 percent, pri-
marily basic chemicals, such as sulfuric acid, fertil-
izers, sodium hydroxide, alcohols, benzene, and
toluene.

Because marine shipments typically involve very
large quantities, fewer trips are required to move a
given amount of product by water compared to the
other modes. Bulk marine shippers and recipients
are generally large companies, well aware of the po-
tential liability they assume with each shipment. Be-
cause of the substantial economic investment these
shipments represent, the companies expend the nec-
essary resources to ensure safe transport as a mat-
ter of course. In addition, the vessels travel slowly.
For all these reasons, the water mode has the lowest
probability of an accident, and is statistically the
safest, both in absolute numbers of accidents and
spills per ton-mile, although when a spill does oc-
cur, the damage can be enormous.

However, other factors also explain why the water
mode has the the fewest releases. In the first place,
all vessels carrying bulk hazardous materials are sub-
ject to Federal hazardous materials regulations. Rec-
ords kept by the government list every vessel in com-
merce in U.S. waters and note every shipment of
commodities to or from every port in the United
States. This recordkeeping  emphasizes the account-
ability of those involved in bulk marine transport.

Photo cred/t;  U.S. Coast Guard

Coast Guard personnel examine a vessel carrying
hazardous materials.

Moreover, the captains and operators of bulk ma-
rine vessels are tested and certified by the U.S. Coast
Guard. Regulations require that the self-propelled
tank ships and tank barges that carry most of the
hazardous materials on water be loaded and un-
loaded by tankermen who have been tested and en-
dorsed by the Coast Guard. A tankerman  must
demonstrate familiarity with the general arrange-
ment of cargo tanks, suction, and discharge pipe-
lines and valves, and be able to operate pumps and
other equipment connected with the loading and
discharging of cargo, as well as fire extinguishing
equipment, In addition, the tankerman must dem-
onstrate knowledge of pollution laws and regula-
tions, procedures for discharge containment and
cleanup, and methods for disposal of sludge and
waste materials from cargo and fueling opera-
tions.% Because many spills occur during loading
and unloading (see chapter 2), shippers generally
provide special training to those who load and un-
load barges and self-propelled tankers.

The Coast Guard also regulates tank barges and
self-propelled tank ships. All new vessels to be used
for hazardous cargoes in bulk must meet the design
requirements of 46 CFR. New vessels must be in-
spected and certificated by the Coast Guard or by
the American Bureau of Shipping. All existing self-
propelled tank ships carrying hazardous cargoes
must be inspected by the Coast Guard every year.
Tank barges are inspected every 2 years, although
an additional midterm inspection makes the effec-
tive time between inspections just 1 year. Moreover,
some major shippers inspect bulk vessels prior to
each loading. This frequency-of-inspection require-
ment may partly explain why the bulk water mode
has the best safety record for hazardous materials.

Nonetheless, despite this safety record, bulk water
shipments of hazardous materials have been declin-
ing; the number of active tank barges in U.S. do-
mestic commerce decreased from 4,900 in 1982 to
4,100 in 1983.97 One reason is that chemical com-
panies have recently been reducing inventories,
partly in response to safety recommendations made

’46 CFR 12.20.5.
g?~e analysis of the changing business practices is based on inter-

views with representatives of several major chemical and petrochemi-
cal companies and on Monsanto Co., One Year  Later: Report of the
Mormnro  Product and Plant Sa{ety Task Force (St. Louis, MO: De-
cember 1985). The data on numbers of tank barges are from the Water-
borne  Commerce Statistics Center of the U.S. Army Corp of Engineers.
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after the Bhopal disaster, that smaller volumes of
extremely hazardous substances be stored or used
in batch processes. In addition, inventory reduction
is also one way of making operations more efficient.
Storage costs dictate that chemical companies store
less and buy only what they will use immediately
and that goods be delivered quickly, so production
is not interrupted.

Intermodal Tank Containers

Intermodal  tanks carry 4,000 to 6,000 gallons of
liquid in a metal container surrounded by a rigid
metal protective frame that facilitates the handling
and securing of the tank container in the marine,
rail, and highway modes of transport. They are ver-
satile and efficient containers for substances that
must travel long distances by several different modes.
Used extensively in international trade, they are
often carried by rail, water, and truck on a single
journey. The capacity of a typical intermodal  tank
is equivalent to about 100 55-gallon drums, and in-
termodal tanks are displacing the 55-gallon drum
in international commerce when such quantities are
transported. In domestic commerce, the tanks are
being used for special commodities or on long trips
that involve a rail leg, and their use is rapidly in-
creasing in this country as the volume of interna-
tional trade increases.

For the most part, DOT regulations follow the
International Maritime Organization guidelines for
tank containers. These tanks are built either to the
American Society of Mechanical Engineers Boiler
and Pressure Vessel Code or to an equivalent code
and must be certified by a DOT approval agency
as being designed, manufactured, and tested in com-
pliance with DOT regulations. The three largest ap-
proval agencies are the American Bureau of Ship-
ping, Uoyds Register, and Bureau Veritas.

DOT requires a prototype of each tank design se-
ries to be performance tested in accordance with the
tests required by the International Convention for
Safe Containers. The tests simulate the in-service
conditions of a tank container in marine, rail, and
highway transport. To ensure that tank containers
are maintained in good operating condition, DOT
requires each tank to be visually inspected at 2’i2-

year intervals and to undergo a hydrostatic pres-

sure test at 11/2  times the maximum allowable work-
ing pressure every 5 years. The visual test may be

conducted by an owner, although when it coincides
with a hydrostatic test bath it must be certified by
inspectors of the designated approval agencies.98

For use in the United States, the tanks must be
registered by serial number with DOT, and regula-
tory responsibility for them and their carrying ve-
hicles is shared by RSPA and the modal adminis-
trations. The poor interagency coordination at DOT
is a particularly acute problem affecting adequate
regulation of the transport of these vessels.

Few appropriate truck chassis for intermodal  tank
containers are available in the United States. Most
of the available chassis are deficient either in length,
securement  devices, or overall design, which typi-
cally incorporates a high center of gravity. Loaded
portable tanks must generally be carried on 40-foot
chassis in order to comply with bridge laws that limit
the vehicle weight per axle and per wheelbase. How-
ever, only about 400 40-foot chassis in this country
have twist locks that positively secure the portable
tank in the center of the chassis, preventing lateral
or vertical motion, although there are several thou-
sand portable tanks available for commercial use.~
Thus, most intermodal  tank containers now travel
by highway on 40-foot flatbed trucks secured by
hooks and chains, legal securement  under current
regulations, or on 20-foot chassis, which may have
proper securement  devices, but which violate road
weight laws. Industry leaders adamantly maintain
that J hooks and chain binders provide grossly in-
adequate securemsnt  for the tanks on flatbed chas-
sis, and accident records are beginning to cor-
roborate this.l~ As recently as November 1985,

—.. —gaMUch  of this information is derived from written communication
from Donald L. Monroe, American Bureau of Shipping (ABS), Para-
mus, NJ, April 1986. The ABS is a private not-for-profit, international
classification society comprised of shipowners, shipbuilders, naval ar-
chitects, and others associated with the marine industry, concerned
with assuring mechanical and structural fitness of vessels. They estab-
lish standards, adopted internationally, by which ships and other ma-
rine structures are built and maintained.

99GeOrge  Graham,  President, Chemical Leaman Container CorP. I

agents for Sea Containers Inc., a major owner, Ieaser, and transporter
of intermodal containers, personal communication, October 1985.

IOOGeorge  Graham, President, Chemical Leaman Container Corp.,
agents for Sea Containers, Inc., has strongly advocated that intermo-
dal tanks not be allowed to travel on flatbed trailers secured only by
chains. Chain or chain binders allow for tank movement and make
the vehicle dangerously unstable. His comments were made at the first
semi-annual meeting of the Hazardous Materials Advisory Council,
held at Hilton Head Island, SC, Nov. 14, 1985, and reported by Laurie
Bradford, in “Inexperience Poses Major Threat to Safety in Transport
of ‘HM, ’ “ Trafi”c World, Nov. 25, 1985.
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i%oto  credit: American Bureau of Shipping

American Bureau of Shipping inspector examining the
securement  device, a “twist lock, ” on a trailer.

however, DOT officials were claiming that no new
regulations were needed for the type of trailer used
to transport portable tanks as long as existing secure-
ment regulations were follo&ed.  *O’

In addition, few chassis are specifically designed
for intermodals. A “low boy” chassis with a flatbed
several feet lower than normal is ideal for intermo-
dal tank transport. The chassis design keeps the cen-
ter of gravity low and the vehicle more stable. These
chassis are used throughout Europe, but there are
fewer than 100 appropriately configured chassis in
the United States. Any requirement for increased
use of low boy chassis would need to allow time for
manufacture of a fleet sufficient for domestic com-
merce. Moreover, the concentration of the weight
of a 20-foot portable tank in the middle of a 40-foot
chassis is a new design problem for some manufac-
turers. Flaws in the design or manufacture of some
low boy chassis have caused fractures and failures
at the goose neck portion where the support beams
descend from the fifth wheel area to the bed of the
chassis,1°2 and one new chassis failed within 3,000
miles of use.103

The behavior of intermodal  tanks on trailers is
very different from that of regular intermodal  con-
..-——

IOIKen Pierson  and Alan Roberts, in response to questions at the
Hazardous Materials Advisory Council meeting, Hilton Head, SC, No-
vember 1985, as reported in Modern Bulk Trans~rter,  January 1986.

‘“*Donald L. Monroe, Principal Engineer, American Bureau of Ship-
ping, personal communication, April 1986.

10]George  Graham, President, Chemical Leaman  Container Corp.,
personal communication, April 1986.

tainers or even cargo tankers. Intermodal  tanks are
rarely compartmentalized, so the effects of sloshing
liquid cargo can be pronounced when the tank is
not fill or nearly full. Current regulations require
that intermodal  tanks be filled to at least 80 per-
cent of their capacity (by volume),l” close to the
level that produces the most unstable conditions in
the tank. ]os Not only is the configuration inher-
ently unstable, but the driver often cannot feel the
instability until it is too late.l~  For certain com-
modities, road weight laws may limit the filling of
an intermodal  tank to 80 percent by volume; thus
obeying all the relevant regulations could result in
the least stable set of circumstances possible.

Furthermore the use of intermodal tanks in rail
traffic is likely to increase, and the safety charac-
teristics of intermodal  tanks on trailers on railroad
flatcars are not well known. Currently, FRA, which
approves securement devices for tanks during travel
by rail, is studying the safety characteristics of con-
tainers and trailers on rail flatcars. However, appro-
priate coordination between FRA and the Federal
Highway Administration has not been established.
FRA is now testing a configuration involving an in-
termodal tank on a 20-foot truck chassis107  that is
illegal for highway travel in most States, because the
weight is not distributed over a long-enough wheel-
base to satisfi  highway bridge laws. Although the
tank and chassis may be within the 80,000 pound
gross weight limit, the configuration is either car-
rying too much weight per axle or for the length
of wheelbase. Although FRA is aware that carry-
ing portable tanks on the 20-foot chassis is illegal
on most highways, it nonetheless is using the chas-
sis in safety studies.

The Coast Guard monitors the acceptance of
portable tanks entering the United States. It also

——1W4g CFR  I?3.jzc@.

‘“%e  most unstable load for steady-state cornering is when the
tank is loaded to 75 percent of capacity. R. D. Ervin, et al., University
of Michigan Transportation Research Institute, Liquid Cargo Shifi-
ing and the Stability of Cargo Tank Trucks, Final Technical Report,
vol. 11 (Washington, DC: Federal Highway Administration, Bureau of
Motor Carrier Safety, U.S. Department of Transportation, Septem-
ber 1985).

I“Hazardous  Cargo Bulletin, “Ullage  and Roll Stability,” June 1985.
IOpclalr  Orth,  Federa] Railroad Administration (FRA), Personal

communication, January 1986. FRA is testing an intermodal  tank on
a 20-foot chassis. Such an arrangement is likely to violate highway bridge
laws which specifi  the gross weight allowed for a given distance be-
tween axles.
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determines whether a tank carrying hazardous ma-
terials may be shipped out by vessel and where and

how it  will  be stowed aboard the vessel.  Much of

the use of intermodal tanks in the marine mode is

i n t e r n a t i o n a l .

Ton Tanks.–Certain multiunit cylindrical pres-
sure vessels, commonly called ton tanks because of
their characteristic size, ]a are meant to be lifted on
and off vehicles for filling and emptying. Specifica-
tions for these are published as part of the tank car
rules in 49 CFR Part 179. Used chiefly for chlorine
transport, these are some of the heaviest and most
effective containers in commerce.

Nonbulk Containers

Nonbulk containers are used to transport hazard-
ous materials in all modes but constitute different
proportions of traffic in each mode. By tonnage,
small packages make up a small proportion of rail
and water traffic, about half the highway trafllc, and
virtually all air traffic. Correspondingly, nonbulk
packages constitute a small percentage of the inci-

dents reported in the Hazardous Materials Informa-
tion System in the rail and water modes, but com-

prise about 80 percent of the containers cited in
highway releases and all the containers cited in air

releases.

Materials used in nonbulk packaging include fiber-

board, plastic,  wood, glass,  f iberglass,  metal,  and

combinations of these. Combination packaging or

packages within packages are often used in hazard-
ous materials transport and include, for example,

glass bottles in fiberboard boxes.  Composite pack-

aging are made of two or more materials such as
a plastic-l ined steel drum. Most containers can be

used for a multitude of products,  although certain
types of packaging are designed for a particular com-

moclity.  Free -s tanding  s ing le  uni t s  such  as  s tee l

drums and cylinders for compressed gases are also

widely used.

Factors related to the realities of the transporta-
tion system also influence container design. For ex-

ample,  products that are used only in small  unit
quantities often are transported packaged in those

quantities, and many packaging that will be trans-
ported on trucks and railcars  are designed to facili-

l~sspecifications 106 and 110.

tate loading, unloading, and using vehicle space effi-
ciently. The type of handling equipment available
is also a consideration. The 55-gallon steel drum,
for example, has been called “man-sized” packag-
ing, because it is about the largest unit that can fit
through a normal doorway and can be handled by
a single person.

Releases from nonbulk packages of hazardous ma-
terials, while numerous, generally do not have seri-
ous consequences because of the small  amounts of
materials in the packages. Human error, such as im-
proper packing or handling, rather than poor con-
tainer design, causes the majority of releases. More-
over, errors such as the use of improper packaging,
frequently stem from ignorance, since shippers, espe-
cially small companies, find the hazardous materi-
als regulations confusing.

Current packaging regulations are complicated
and cumbersome and do not encourage develop-
ment of packaging innovations. DOT has proposed
a rulemaking  (Docket No. HM-181) to change the
current regulations from design standards specify-
ing how a package must be constructed to perform-
ance standards that say what a package must do. *
This section of chapter 3 focuses on operational
changes affecting safety and on regulatory changes
that would simplify and clarify packaging require-
ments and enable U.S. industry to be more com-
petitive internationally.

Current Design Specifications
for Packaging

Although some materials of low hazard do not
require “specification packaging” (packages of such
materials need only satisfy the general require-
ments),** DOT specifies detailed packaging require-
ments for most hazardous materials.

*performance standards are described in detail later in this chapter.
Rather than stating exactly how and of what materials a package must
be constructed, performance standards lay out tests that packages must
pass before they can be used. If a package passes the appropriate tests
(for example, a 6-foot-drop test or a 4.8 psi pressure test) then it can
be used without consideration of the details of its construction. For
performance standards to work well, the tests must correlate to the
stresses that packages experience in transport.

**For example,  dich]oromethane, classified as an ORM A material,
does not require specification packaging.
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As described in a recent DOT advance notice of
public rulemaking,  a specification typically:

. . . includes requirements for material, thickness,
fastenings, capacity, coatings, openings, joining,
carrying devices and miscellaneous other construc-
tion requirements. Much of the information is giv-
en in great detail and is repetitious. For example,
there are fourteen specifications for wooden boxes,
Most specifications list the acceptable types of wood
from which lumber must be used to construct the
box, and this list may be repeated in the next speci-
fication for a similar, but slightly different box. In
addition to the types of acceptable wood being spe-
cified, the thickness and width of the boards, the
kind and dimension of nails, and the spacing of
the nails in joining the box may also be spe-
cified. ‘w

While specifications developed over the years have
brought a measure of uniformity and familiarity to
hazardous materials packaging, they often act as an
impediment to new packaging designs. Neverthe-
less, over the years, new packaging ideas have been
developed by container makers and shippers and
then discussed with the regulatory agencies.l10  In
the era prior to the Hazardous Materials Transpor-
tation Act (HMTA), if new packaging appeared to
be well designed and to have been successfdly  tested,
regulatory agencies would issue a special permit ap-
proving its use by the developers, but would seldom
authorize more general use. After the passage of the
HMTA in 1975, such authorizations were formal-
ized as exemptions and were controlled and limited.
If a shipper wishes to make shipments in a container
differen~ from that specified in-the regulations, a pe-
tition for an exemption must be submitted to DOT.
Each exemption is issued for up to 2 years and can
be renewed. The exemption holder must report any
adverse experiences in addition to any other incident
reporting requirements. An ongoing rulemaking
(Docket No. HM-139) exists to incorporate successful
exemptions into the rules for general applicability. *
However, rulemaking is sometimes too slow to keep
up with the demand. For example, exemptions cov-

1wFederal  Register, “Performance-Oriented Packaging Standards,
HM-181,”  vol. 47, No. 73, Apr. 15, 1982.

““See  ch. 4 for a description of the evolution of hazardous materi-
als regulations and the special relationship that industry has had with
the regulatory bodies over the years.

*Rulemaking  dockets are the procedural means by which new regu-
lations are promulgated. The HM in HM-139 stands for hazardous ma-
terials.

ering plastic drums and cryogenic cargo tank speci-
fications were eventually incorporated into the reg-
ulations, but only many years after they were first
authorized (17 years in the case of the cargo tanks).

Exemptions have become time-consuming admin-
istrative problems for both industry and govern-
ment. RSPA has spent a large portion of staff time
processing exemption applications over the years. i[l
Staff typically handles about 100 exemptions per
month, about half of these dealing with small pack-
ages. Exemptions are issued to an original applicant,
but other persons can become “parties to” that ex-
emption. Exemptions that have been in effect for
several renewal periods and have multiple parties
to them are indicators of a deficiency in the rulemak-
ing process. In fact, about 90 percent of all exemp-
tions applications are for renewals or to become par-
ties to existing exemptions.

Performance Standards

1n 1969, a conference of transportation experts
from government and industry 112 recommended
performance standards for packaging. Those experts
believed performance standards could eliminate
much of the Federal process for granting exemptions,
approvals, or specific rulemaking petitions on pack-
aging; eliminate many of the existing voluminous
and complex regulations; and open the door to new
technologies and innovations in the development
of packaging designs. However, not until 1982, did
DOT issue an advance notice of proposed rulemak-
ing, Docket No. HM-181, proposing a framework
of performance standards governing the design of
containers with a capacity of 450 liters (119 gallons)
or 400 kilograms (880 pounds) or less.

Effective performance standards require a thor-
ough understanding of the transportation environ-
ment to determine precisely how the packaging must
perform. Package designers need to know tempera-
ture variations, physical stresses during turns and

11 [U s Congress,  congressional  Research Service, Hazardous  ~a~. .
terials  Transportation: A Review and Analysis of the Department of
Transportation Regulatory Program (Washington, DC: CRS, April
1979), p. 125.

I IZNationa]  Research Counci], Highway Research Board and the

Committee on Hazardous Materials, A Srudy of Transportation of Haz-
ardous Materials: A Report to the Office of Hazardous Materials of
the U.S. Department of Transportation (Washington, DC: National
Academy Press, 1969).
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stops, and the nature of shocks and vibrations that
their packages are likely to encounter during trans-
port. Once transportation conditions are sufficiently
documented, tests can be developed to ensure that
the packaging will contain its cargo during trans-
port. Several years ago DOT issued contracts for
a study of the transportation environment,113
which, while not comprehensive, provided useful
information on the stresses to which packages are
subjected during transportation.

The performance standards proposed by DOT are
based on the United Nations Recommendations for
the Safe Transport of Dangerous Goods,114 which
divide hazardous materials into three “Packing
Groups” depending on their relative hazards. Pack-
ing Group I consists of very dangerous materials,
such as fuming sulfuric acid, a Group I corrosive.
Packing Group 11 involves materials presenting a
moderate degree of danger, such as hydrochloric
acid, also a corrosive. Packing Group 111 addresses
materials presenting only minor danger.

The U.N. Dangerous Goods standards also have
general requirements for materials, construction,
and maximum size, and specify tests that must be
met by packages for each packing class. For exam-
ple, if it is to carry 1iquids,  the U,N. IAI steel drum,
one of two types of steel drums in the recommen-
dations, must have welded seams and welded or me-
chanically seamed chimes (the edges of the drum
where the side-wall meets the top and bottom); its
opening may not exceed 7 cm in diameter, and the
drum may not exceed 450 liters capacity.

Even these requirements may be waived as ad-
vances in science and technology occur, as long as
the packages are able to withstand performance tests.
The strength and integrity of the drums are estab-
lished by a series of performance tests the drum must
pass before it is authorized to carry hazardous ma-
terials in each packing group. The principal tests
are a drop test, a stacking test, a leak test for con-
tainers for liquids, and a hydraulic pressure test. The
drop test consists of filling the drum as if for ship-
ment and allowing it to fall to a level, unyielding
.—.——

ll~Fred  E. Ostrem and Basil Libovicz, General American Transpor-
tation Corp., General American Research Division, A Survey ofEnvi-
ronmental Conditions Incident to the Transportation of Materials Phase
11 (V’ashington,  DC: U.S. Department of Transportation, April 1978).

‘14See  ch. 4 for a discussion of the U.S. involvement in the devel-
opment of these recommendations.

surface without spilling its contents. The height
specified for the drop test is determined by the pack-
ing group of the hazardous materials to be trans-
ported. The steel drum would have to survive a drop
from a height of 1.8 meters (6 feet) if it were to carry

a material in Packing Group I, 1.2 meters for Group
11, and 0.8 meters for Group 111.115 Thus the most
dangerous materials, Packing Group I, must be pack-
aged in the most robust containers.

Adoption of the U.N. recommendations would
include not only the U.N. system of packaging, but
also the U.N. materials classification, labeling, and
shipping descriptions. Unlike the DOT classification
system, the U.N. classification system classifies com-
modities within a given hazard class by degree of
hazard, and the placards displaying the hazard class
show degree of hazard as well. This aspect is impor-
tant to emergency response personnel, as these dis-
tinctions give an immediate indication of the level
of danger during response to an incident.

Some U.S. industry representatives hold that the
U.N. standards by themselves will not result in pack-
aging adequate to withstand the rigors of interna-
tional commerce. They feel that the correlation be-
tween the performance tests and the stresses of the
transportation environment is not well established
and that some minimum design specifications should
be retained. For example, a drum manufacturer con-
tends that steel drums intended to contain liquids
belonging to Packing Groups I or 11 should be of
1 mm minimum thickness, equivalent to a thick-
ness of 19 to 20 gauge, to ensure against external
puncture. ~lb

Moreover, some of the U.N. tests are not as strin-
gent as current DOT specifications. For example,
leak test pressures that are part of DOT’s current
specifications for steel drums are in every case greater
than those that wou!d be required under the U.N.
system; DOT’s requirements range from 7 to 15
pounds per square inch (psi) while the U.N. ’S range
from 2.8 to 4.3 psi. Some U.S. additions to the tests
to address inadequacies in the international stand-
ard may be proposed. For example, DOT is expected
to require a vibration test as part of the perform-

1lsMuch of this discussion is taken from the Supplementary Infor-
mation section of HM-181, Federal Register, “Performance-Oriented
Packaging Standards,” op. cit.

l[~william  H. Gushard, Grief Brothers Corp., Sprin~leld, NJ, writ-
ten communication, February 1986.
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ance standards test program in an effort to model
more closely the transportation environment. How-
ever, additional testing requirements for packaging
used in the United States could become barriers to
international trade, a result that the U.N. stand-
ards are designed to avoid.

Because of the uncertainty about the appropri-
ateness of the performance tests in mimicking the
transportation environment, it is important to col-
lect data on releases from small packages to permit
evaluation of the adequacy of the tests. []~

Adoption of performance standards would con-
stitute a major change in the way regulations ad-
dress design of small packaging for hazardous ma-
terials transportation. However, DOT and some
package manufacturers already have experience with
performance standards. For example, the approval
process for pressurized cylinders, many steel drums,
and many combination packaging of glass bottles
inside fiberboard boxes includes performance tests.
Comments received by DOT on the proposed per-
formance-oriented packaging standards have gen-
erally been favorable, citing the removal of unnec-
essary impediments to the flow of international
commerce, and making the DOT exemption proc-
ess either unnecessary or at least less cumbersome.

The fate of current U.S. container specifications,
once U.N. performance standards are accepted here,
is still a subject of debate. Smaller container manu-
facturers and shippers will probably limit themselves
to proven packaging described in the current 49
CFR. DOT has stated that many, if not most, ex-
isting DOT packages would successfully pass the per-
formance tests and could continue to be used with
U.N. markings.
—. . . — —

“iU.S.  Department of Transportation (DOT) has published an “Ad-
vanced Notice of Proposed Rulemaking”  (“Detailed Hazardous Mate-
rials Incident Reports, “ Docket No. HM-36B,  Federal Register, 10042,
Mar. 16, 1984), which would reduce the reporting requirements for
incidents involving small packages. If a small package releases hazard-
ous materials, the incident would not need to be reported unless: the
material was a hazardous waste, someone was injured or killed, people
were evacuated, the package involved was shipped under the Research
and Special Programs Administration’s exemption program, or prop-
erty damage including cleanup and decontamination costs exceeded
$1,000. While such a rulemaking  would relieve carriers of reporting
releases with small  consequences, it would also deprive DOT of infor-
mation regarding the safety of particular container types. The cost of
a particular release is related more to the contents of the container
than its safety. Upon adoption of performance-based standards, it may
be prudent to retain the current comprehensive reporting requirements
so that the performance tests can be evaluated.

Moreover, there is little indication that removal
of regulatory constraints would bring about signifi-
cant changes in packaging because the factors lead-
ing to a design—such as new products or materials—
were never regulatory. Developing a system of per-
formance standards does open the way for greater
design flexibility and should smooth the authoriza-
tion process. Performance standards themselves are
unlikely to stimulate greater innovation, although
they have the potential for allowing innovations to
be implemented more quickly than they are today.
Finally, DOT will still be required to consider ma-
jor innovations and new technologies not addressed
in performance standards.

Assessing Small Package Performance

Currently, neither industry (with a few exceptions)
nor government appears to monitor systematically
the success rate of small packages. An OTA sam-
pling of manufacturers and shippers indicated that
customer complaints and package failure reports are
the primary means of assessing package performance
in the field.

A packaging problem area that may require at-
tention is the compatibility of wastes and their con-
tainers. Carriers have unwittingly accepted loads of
wastes from shippers unaware of the wastes’ compo-
sition or properties, and have had corrosion prob-
lems in their containers as a result.1’8 With many
small-quantity generators of hazardous wastes soon
becoming subject to Federal regulation under the
Resource Conservation and Recovery Act, the po-
tential for mispackaging becomes enormous. These
generators will need both information and assistance
from EPA and DOT in complying with the new law.
(See appendix A.)

Metal drums and glass bottles are the containers
that appear most frequently in the incident reports
(they were involved in about 2,000 incidents per year
from 1976 to 1984 according to RSPA records), but
this figure is only a small percentage of the drums
and bottles carrying hazardous materials in com-
merce. However, release rates on either a per-ton-
mile or a per-package-shipped basis are nearly im-

118Robert  S. Shertz, Chemical Leaman Tank Lines, personal corn.
munication,  October 1985; and Richard O’Boyle, Quality Carriers Inc.,
in U.S. Congress, Office of Technology Assessment, “Transcript of
Proceedings–OTA Workshop Proceedings on State and Local Activ-
ities,” op. cit.



-————

Ch. 3—Containers for Hazardous Materials Transportation ● 137

possible to calculate because the commodity flow
and release data are poor, especially for the air mode.
Without this type of data, RSPA cannot adequately
evaluate container design from its release reports.
Release rates would yield information on the ade-
quacy of packaging and indicate needs for revised
packaging requirements.

Third-Party Testing and Certification
for All Packaging

Under U.N. performance standards, the design
of a container must be tested and officially certified.
Under the U.S. packaging rules in 49 CFR, the
marking of the specification number on a container
constitutes a certification of compliance with that
specification, including any prescribed tests. Test-
ing, marking, and certification are usually done by
the maker of the packaging in this country—essen-
tially,  self-certification. In Europe, government-
owned or specially designated testing laboratories
do most of this testing and certification. European
road and rail regulatory conventions require U.N.
standards in Europe, and U.S. packaging shipped
to Europe must comply with those standards, in-
cluding U.N. marking and certification. Under
DOT’s proposed performance standard system, con-
tainer manufacturers would still be able to self-certifi
their packages. Whether European countries will ac-
cept this certification is uncertain, but third-party
testing facilities are now available in the United
States to certify packages for international trade,
should that prove necessary.

In DOT Docket No. HM-194, effective July 1,
1985, DOT established a method for granting gov-
ernment approval to third-party testing facilities.
HM-194 spells out various approval requirements
for a laboratory, but allows the test facility to de-
termine the precise equipment it needs. As of Feb-
ruary 1986, eight such laboratories had been ap-
proved by DOT.

Third-party inspection and testing is already re-
quired by U.S. regulations for some containers, no-
tably high-pressure compressed gas cylinders and
most intermodal portable tanks. For pressure ves-
sels in all modes except rail, construction usually
must be completed in accordance with design codes
of the American Society of Mechanical Engineers
and must be inspected by an authorized third-party

inspector. In practice this means that only MC-331
and MC-338 cargo tanks undergo third-party inspec-
tion, and there is no third-party role in the con-
struction of most nonpressure tank trucks, the vast
majority of cargo tankers. AAR’s Mechanical Di-
vision is involved in approving tank car construc-
tion. Although self-certification is broadly advocated
for smaller packaging, third-party testing and cer-
tification for larger units is still an open question.

Training in Operations and Procedures

OTA analysis shows that more than 60 percent
of hazardous materials releases involving small pack-
ages can be attributed to human errors such as im-
proper packing, bracing, loading, or unloading.
Vehicle accidents cause another 5 percent of all haz-
ardous materials releases, and human error causes
60 to 70 percent of these accidents.119  These fail-
ings have compromised even well-designed packages,
and the greatest opportunity to reduce the frequency
of spills may come from programs to address fac-
tors other than the containers themselves.

DOT’s release reporting system, the Hazardous
Materials Information System, cites “struck by other
freight, “ “cargo shifted,” “improper loading, ” and
“external puncture” as the reasons for more than
50 percent of small packaging spills. These causes
usually occur because shipper or carrier personnel
did not properly load, block, and brace packages
inside of the vans, railroad cars, and airplane holds
in which the small packages travel.

For most transport, the regulations state simply
that packages must be secured against movement
during normal transportation, although somewhat
more specific requirements apply to individual
modes or for particular hazard classes. Packages con-
taining explosives have special loading provisions
in all the modes, for example. Corrosives must not
be loaded above other materials, and compressed
gases must be secured in an upright position, or
packaged to prevent movement, or placed horizon-
tally on the floor of the vehicle. Other provisions
prohibit certain hazard classes from being carried
together in the same vehicle or vessel stowage com-
partment, but generally the regulations do not spe-

1lqWashington Utilities and Transportation Commission, op. cit.,
p. 8.
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cify what constitutes appropriate blocking and brac-

ing techniques. Methods of blocking and bracing

for the rail mode, recommended by AAR, are refer-
enced in 49 CFR. i20 The high rate of releases asso-
ciated with loading and unloading activities implies
that more explicit procedures might improve safety.

Analysis of hazardous materials violations also
supports a need for shippers to improve operations
and procedures. A 1983 informal survey of States
participating in a DOT enforcement training pro-

gram identified the following as the most common
h a z a r d o u s  materials  violations found during road-

side inspections of motor carriers:

●

●

●

●

●

●

fai lure to display the correct placard,*

failure to block or brace hazardous materials
conta iners ,

leaking  discharge valves on cargo tanks,

improperly described hazardous wastes,

inaccurate or missing shipping papers,  and

excess ive  rad ia t ion  l eve l s  in  the  cab  o f  the
truck.  IJ]

1n adclition,  a 1979 report issued by the National

Transportation Safety Board cited a number of rea-

sons for noncompliance with the hazardous mate-

rials regulations, including:

the regukitions  are complex and difficult to un-

ders tand ,

economic pressures,
inclustr}~ personnel  often are unaware of the reg-
u l a t i o n s ,  a n d

lack of available training for inexperienced per-
sonnel. ‘:2

D a t a  on both accidental releases and violations of

regulations raise questions about the adequacy of

IJ’The general requlrcmcnts for loading and unloading, and block-
ln~ and hracing  are presented  in: 49 CFR 174.55 for the rail mode;
~Y CFR 175.S1 for the air mode;  49 CFR 176.57 and 49 CFR 176.69
for the marine mode; and 49 CFR 177.834 and 49 CFR 177.848 for
the highway mode.

*Accurate placards and shipping papers are particularly important
for the safety  of first responders to hazardous materials emergencies,
as they proi’ide essential, basic information on the nature of the mme-
rials the responders face,

i~]L1 s Department of ‘transportation, Research and SPeCIal  ‘rO-

. .
grams Administration, “Quarterly State Hazardous Materials Enforce-
ment Development (SHMED)  Program Progress Reports: 1984 -1985,”
unpublished reports.

‘j%!ational  Transportation Safety Board, Noncompliance With Haz-
ardous lvfarcriids  Regulations, NTIS # PB-299 432 (Washington, DC:
Aug. 3, 19i’9), p. 17.

private sector training. RSPA’S hazardous materials
regulations contain only a general statement about

t ra in ing :

It is the duty of each person who offers hazard-
ous materials for transportation to instruct each
of his officers, agents, and employees having any

responsibilit y for preparing hazardous materials for
shipment as to the applicable regulations in this
subchapter, 12]

However, the complex regulations cover driver qual-

if ications,  hazardous materials classification, ship-
ping papers,  marking, labeling, and placarding, as

well  as general  operational procedures for loading
and unloading, and blocking and bracing of haz-
ardous materials packages.

Good driver performance is especiall y i m p o r t a n t

for bulk highway transport, where 20 percent of re-

leases are caused by vehicle accidents, most due to

driver error. However, RSPA has not specified how

drivers are to be instructed in the regulations and
has expanded on the general training requirement
for the highway transport of only two commodity
types: flammable cryogenics and highly radioactive

materials.  RSPA  based the driver training require-

ment for carriage of flammable cryogenics on the

need to increase the driver’s knowledge of the haz-

ards of cryogenic liquids, the applicable regulations,
and the handling and operating characteristics of

the particular vehicle used to transport the materi-
al .  A certif icate indicating completion of training

must be on file with the driver’s employer. ’24

In addition, drivers hauling highly radioactive ma-

terials must receive written training on:

. regulations pertaining  to the radioactive mate-

rials being transported;
● the properties and hazards of the radioactive

materials transported; and
o procedures to be followed in case of an accident

or  o ther  emergency.125

The driver must have in his possession a certificate

of training stating that he has received training, the

dates of training, and the name ~~~d  address of the

person providing the training.126  In the final rule-

‘*349 CFR 173.l(b).
‘14Federal Register, vol. 48, No. 117, June 16, 1983, p. 27684.

1 46, No. 12, Jan. 19, 1981, p. 5317.125Federa/  Register, ‘0 “
IJdlbid,,  Ppo 5298-5318.
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making notification, RSPA noted the possibility of
extending driver training requirements to cover
other commodities and of specifying a more struc-
tured training program in the future if a need exists.

Recently BMCS proposed new requirements, sim-
ilar to those for drivers of flammable cryogenics and
large quantity radioactive materials, for drivers of
trucks carrying other hazardous materials.1z7 How-
ever, little guidance is given on how to conduct the
training or how long each element of the training
might take. Furthermore, no provisions are included
for nondrivers who may handle hazardous materi-
als during loading and unloading operations.

Of the DOT modal administrations, only the Fed-
eral Aviation Administration has established an ex-
plicit training requirement for employees of com-
mercial air carriers. All crewmembers and ground
personnel with responsibilities in the acceptance,
handling, and carriage of hazardous materials must
complete training in an appropriate program estab-
lished by the carrier. 128 Some air carriers, such as
Federal Express and Flying Tigers, also provide train-
ing for shippers of hazardous materials. *

The water mode also has training requirements,
although they are not specific. Carriers in the water
mode must be licensed by the Coast Guard, which
tests ship and barge operators to ensure that they
are properly trainee/. In addition, the loading and
unloading of tank ships and barges must be done
by licensed tankermen who have passed an exami-
nation sponsored by the Coast Guard.

Recognizing the factors leading to noncompliance
and unsafe procedures, several States have instituted
additional training requirements. For example, ef-
fective in 1984, Michigan began requiring that in-
trastate drivers of bulk hazardous materials have 80
— .- .-- . . . .

12;Federal Register, “Qualification of Drivers, Notice of Proposed
Rulemaking,”  vol. 51, No. 92, May 13, 1986, pp. 1752-17581.

IN14 CFR 135<333.  The Federa]  Aviation Administration (FAA)
regulations require training on: proper shipper certification, packag-
ing, marking, labeling, and documentation for hazardous materials;
and the compatibility, loading, storage, and handling characteristics
of hazardous materials. Commercial air carriers must also maintain
records on in]ual  and recurrent tra]ning given to crewmembcrs  and
ground personnel. FAA has Issued  an Ad\”isory  Circular that provides
general guidance to air carriers for training manuals and programs. See
U.S. Department of Transportation, Federal Aviation Administration,
AC 121-21B,  Jan. 3, 1984.

*For example, U.S. Enwronmental  Protection Agency employees from
Region IV have attended Federal Express courses to learn how to send
cn~’lronmental  samples to laboratories b}’ air.

hours of training, of which 60 had to be in opera-
tion of the vehicle they were to handle. However,
in 1985, 21 of 22 Michigan firms failed management
audits, because they lacked any record of training,
pointing to the necessity for enforcement if train-
ing requirements are to be effective. 129 Michigan
did not extend training requirements to interstate
transporters of bulk hazardous materials because of
concerns over preemption of their law by Federal
regulations. Several other States have also instituted
training requirements.*

Many European countries have also recently im-
plemented definitive training requirements for driv-
ers of transport units carrying tanks or tank con-
tainers of hazardous materials. In many cases
training courses must be approved by the govern-
ment or an agency designated by the government.
The training must cover:

●

●

●

●

●

●

●

It is

general requirements governing the transport
of dangerous goods;
the main types of hazards;
appropriate prevention and safety measures for
the various types of hazards;
what to do after an accident (first aid, road
safety, basic knowledge about the use of pro-
tective equipment, etc.);
labeling and marking to indicate danger;
what a vehicle driver should and should not
do during the carriage of dangerous goods; and
the purpose and methods of operation of tech-
nical equipment on vehicles and the behavior
of vehicles carrying tanks or tank containers
on the road including the movements (slosh-
ing) of the load. ’30

too early to quantify the effect of the training
on road safety, but both drivers and safety officials
feel it is positive.l1l

‘~qSergeant  Gary Koss, Michigan Nfotor  Carrier Enforcement Divi-
sion, Michigan State Police, personal communication, May 1986,

*Massachusetts, Marvland,  New Hampshire, Rhode Island, Penn-
sylvania, California, Georgia, and New’ Jersq’,  for example, have train-
ing requirements for drivers of vehicles hauling either hazardous ma-
terials or, more commonly, hazardous wastes.

‘~’’United  Nations, Economic Commission for Europe, Inland
Transport Committee, European Agrecment Concerning rhe Znterna-
r{onal Carriage of Dangerous Gods  h~’ Road (ADR)  and Protocol of
signarure,  l’olume III (Annex  B) (New York: 1985), p. 15.

) { 1 United Nations, Economic Commission for Europe, Inland
Transport Committee, Dri\er  Training Requirements, GE. 85-21354
(New,  York:  United Nations, Apr. -1, 1985), pp. 2-4.
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In the United States, shippers and carriers of haz-
ardous materials and some private firms have de-
veloped training programs or courses designed to
instruct industry personnel on Federal and State reg-
ulations. The recent collective bargaining agreement
of the Teamsters Union calls for at least 3 hours
of mandatory training of certain workers, includ-
ing drivers, dock workers, clerical workers, and shop
employees, on specified sections of hazardous ma-
terials regulations.132However, the duration and
intensity of the training is left to the discretion of
the shipper or carrier.

The American Trucking Association (ATA) pro-
vides compliance training through its State organi-
zations and through sale of items such as the publi-
cation, Handling Hazardous Materials, which
describes the hazardous materials regulations in lay-
man’s terms, and a five-part slide program that con-
sists of 20-minute modules on specific hazardous ma-
terials requirements, such as shipping papers or
marking and labeling. The National Tank Truck
Carriers, Inc. (NTTC), has produced and sells a slide
program and accompanying manual for tank truck
drivers on flammable liquids, the most commonly
transported hazard class carried by its members.
NTTC has nearly completed development of a sim-
ilar training program on corrosives. Both of these
programs were put together by the safety officers of
major carriers affiliated with NTTC. Some truck-
ing companies also provide hazardous materials
training for their personnel, although small trans-
port companies are generally not able to provide the
same level of training as larger firms.l33

AAR offers training courses for railroad employ-
ees, and large railroads instruct transport and yard
personnel in hazardous materials regulations and
emergency response procedures. * Shippers of tank
car quantities of hazardous materials are often large
companies that own or lease their tank cars. Such
companies frequently have training programs for
employees involved with loading and unloading haz-

1J2National  Master Freight Safety& Health Committees, 1985-1988
National Master Freight Agreement, Hazardous Materials EmpJoyee
Protection/Training Program (Washington, DC: International Brother-
hood of Teamsters, Dec. 19, 1985), pamphlet.

UJU  s Conms, ~ce of Technology Assessment, “Proceedings of. .
Hazardous Materials Packaging Technology Workshop,” unpublished
typescript, Jan. 24, 1985.

*For example, Union Pacific Systems, Conrail, and Boston & Maine
Co. provide hazardous materials compliance training.

ardous materials. Recently an interactive videodisk
training program covering all aspects of railroad
operation, including hazardous materials regulations
and handling procedures, was developed by the Port
Terminal Rail Authority in Houston, Texas, as a
demonstration supported by FRA. 134 Arranged in
modules so the trainee can learn at his or her own
pace, the training program can be customized for
different railroads, and one of the demonstration
conditions was that the program be made available
to other railroads. Marine shippers generally pro-
vide special training to those who load and unload
barges and self-propelled tankers.

In addition to the modal trade and professional
associations, other private organizations and indi-
vidual companies offer hazardous materials compli-
ance training. The Chemical Manufacturers Asso-
ciation sponsors training seminars nationwide and
on request to industry employees. The Chlorine In-
stitute provides training publications and films on
chemical and physical properties of chlorine, appro-
priate regulations, and handling procedures for nor-
mal and emergency operations. Training courses are
also available through private consulting firms. How-
ever, the courses vary in content and emphasis.

Conclusions and Policy Options

Federal regulations specify the design, physical
characteristics, and method of construction for all
packages subject to the hazardous materials regula-
tions, and generally, with a few exceptions, the pack-
ages perform adequately. However, the correct use
of the packaging and the quality of procedures and
operations affecting them are equally important to
safe transportation. Conclusions and policy options
for this section of chapter 3 address regulatory, tech-
nical, and procedural issues.

Federal hazardous materials regulations apply to
all commerce in all modes with the exception of in-
trastate commerce by motor carrier.* Release of haz-
ardous materials from trucks owned by a company

that operates solely intrastate need not be reported
to DOT, and equipment not meeting Federal re-

‘‘+Larry Helms, Port Terminal Rail Authority, Houston, TX, per-
sonal communication, 1986.

*49 CFR 1 ~ 1.1. Certain materials are covered by Federal regulations
even during intrastate commerce. These are hazardous wastes, hazardous
substances, and flammable cryogenics,
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quirements maybe used in some States. Although
States are now required to extend enforcement of
hazardous materials regulations to intrastate com-
merce to qualify for Motor Carrier Safety Assistance
Program funds, it is not clear how the reporting re-
quirement and container regulations will be han-
dled. OTA concludes that explicitly extending the
reporting requirement and container regulations
in 49 CFR to cover intrastate highway commerce
would provide important information about con-
tainer performance, improve safety, and make
enforcement and enforcement training more con-
sistent and efficient. This policy option is also dis-
cussed in chapters 2 and 4.

The highway mode has more shipments and more
releases of hazardous materials than the other
modes, and more than 20 percent of bulk highway
releases are caused by vehicle accidents, most of
these due to driver error. The qualifications required
for a truck driver’s license vary from State to State,
although the concept of a national truck driver’s
license has been endorsed by ATA, insurance in-
dustry representatives, and State motor vehicle ad-
ministrators and enforcement personnel. OTA con-
eludes that establishing national requirements for
a truck driver’s license, with a special certifica-
tion class for hazardous materials that requires
over-the-road  training in the type of vehicle speci-
fied on the license and a good driving record,
could greatly improve the safety of the highway
mode. National license requirements and driver
training standards could be developed by DOT in
cooperation with the States, labor, and industry.
However, responsibility for issuing licenses and cer-
tifying that the training requirements are met might
remain with the States, which could set appropri-
ate fees to cover program costs. The licenses should
differentiate between types of vehicles, as varying
configurations have different handling characteris-
tics. Special training is important for drivers of trac-
tor-trailers carrying intermodal tanks. If a national
drivers license is instituted, special training could
be required of carriers of intermodal tanks. Their
high center of gravity, concentration of weight in
the middle of the chassis, and slosh effects give them
unique handling characteristics that demand spe-
cial training. Ensuring that experienced, safe drivers
operate vehicles carrying hazardous materials could
reduce the risk to the public significantly.

Analysis of the data on accidental releases of haz-
ardous materials and violations of hazardous mate-
rials regulations indicates a need for increased in-
dustry training on operating procedures, such as
loading, unloading, blocking and bracing, and ap-
plicable regulations, particularly for the highway
mode. OTA finds that expanded and more specific
guidance for shippers and carriers on the content
and extent of training courses for carrier personnel
is an important priority. Congress might wish to
require DOT to establish guidelines for training
course content and duration through a consensus
process including Federal, shipper, carrier, and
freight forwarder expertise to utilize existing re-
sources. Federal encouragement for expanded mo-
tor carrier industry compliance education could be
accomplished through the Motor Carrier Safety As-
sistance Program.

Problems with all varieties of cargo tanks have
been studied by DOT over the past 10 years. DOT
found that many of the releases from cargo tanks
come from discharge valves, pressure relief valves,
and manhole covers, and that poor maintenance
and inspection of the tanks contributed to the spill
problem. Many parts of a rulemaking proposed by

DOT in September 1985 address these shortcom-
ings. OTA finds that adoption of the proposed
changes calling for higher and more specific man-
ufacturing standards, annual leak testing of all
cargo tanks, and stronger manhole covers on gas-
oline tankers, would improve the safety perform-
ance of cargo tanks. These requirements, would
directly address many of the inadequacies uncovered
in the DOT studies.

Furthermore, because gasoline cargo tankers are
involved in a high percentage of highway deaths and
damages due to hazardous materials, Congress may
wish to have DOT carefully evaluate more stable
designs for this vehicle, the MC-306. The evalua-
tion should take into account both safety and eco-
nomic considerations. RSPA and the Federal High-
way Administration would need to work together
effectively to bring about improvements in cargo
tank design.

Intermodal portable tank containers are being
used in steadily increasing numbers in domestic and
international commerce. They present special prob-
lems during truck transport, chief among them, the
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method of securement onto their chassis. Currently,
the regulations permit intermodal tanks to travel
on flatbed trucks secured by chains, an inexact and
frequently unsafe method. OTA finds that imme-
diate and intensive study of the motor vehicle
chassis and securement methods for intermodal
portable tanks is urgently needed. Some chassis
built specially for intermodal tanks have twist locks
that positively secure the tank against vertical or
lateral motion (such chassis are required in Europe).
In addition, although currently there are few of them
in the United States, the “low boy” chassis with a
flatbed several feet lower than normal is ideal, for
carrying the tanks, as it keeps the center of gravity
low and the vehicle more stable.

Data shows that many releases of hazardous ma-
terials arise from failures in the fittings used in seal-
ing the package. In the rail mode, defective or loose
fittings were cited as the package failure in more than
60 percent of all spills. Congress could require DOT
to continue research into the design of effective clo-
sures and fittings on packages.

Because many packages containing hazardous ma-
terials are mailed by people with no understanding
of the hazardous nature of the materials they are
shipping, public education has an important impact
on safety. The problem is especially severe in the
air transport of small packages, where both mailers
and passengers unknowingly violate regulations. An
ongoing and widespread public information program
on safety and packaging requirements for hazard-

ous materials, directed at both the handlers of small
packages and the general public, could reduce the
misuse of packaging and improve safety, especially
in the air mode. In addition, generators of small
amounts of hazardous wastes, who will soon be
brought under Federal regulation, will need assis-
tance from DOT and EPA in complying with pack-
aging requirements.

Performance standards for small packages are like-
ly to be adopted within the next few years, and the
prospective changeover has been widely supported
by most of the affected parties. OTA finds that the
new system will simplify the regulations making
compliance with them easier; bring U.S. regula-
tions into greater conformity with those of our in-
ternational trading partners, and make packaging
innovations easier and faster to evaluate and im-
plement. Adoption of performance standards
should reduce the time required of the relatively
small RSPA staff to handle exemption applications
and free them for other functions such as data and
trend analysis, and planning. If the revised regula-
tions allow packages that meet current specifications
to be manufactured after performance testing is
adopted, small manufacturers and shippers that do
not have full design and testing divisions will not
be unduly harmed by the new requirements. To en-
sure that performance tests adequately represent the
stresses of the transportation environment, collec-
tion of release data for small packages needs to be
continued to identify and remedy packaging defi-
ciencies.


