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ABSTRACT 

This r e p o r t  examines the  e x t e n t  of human f a c t o r s  e f f e c t s  on the  s a f e t y  of 
t r a n s p o r t i n g  r a d i o a c t i v e  waste m a t e r i a l s .  I t  i s  seen p r i n c i p a l l y  a s  a scoping 
e f f o r t r  t o  e s t a b l i s h  whether t h e r e  is a need f o r  DOE t o  undertake a more 
formal approach t o  s tudying human f a c t o r s  i n  r a d i o a c t i v e  waste t r a n s p o r t ,  and 
i f  so, l o g i c a l  d i r e c t i o n s  f o r  t h a t  program t o  follow. 

Human f a c t o r s  e f f e c t s  are evaluated on d r i v i n g  and l o a d i n g l t r a n s f e r  
ope ra t ions  only.  P a r t i c u l a r  emphasis is placed 011 t h e  d r i v i n g  func t ion ,  
examining t h e  r e l a t i o n s h i p  between human e r r o r  and s a f e t y  as i t  r e l a t e s  t o  the  
impairment of d r i v e r  performance. Although multi-modal In  focus,  t he  
widespread a v a i l a b i l i t y  of d a t a  and previous l i t e r a t u r e  on t ruck  ope ra t ions  
r e s u l t e d  i n  a primary s tudy focus on t h e  t ruck ing  mode from the  s tandpoint  of  
p o l i c y  development. 

In  a d d i t i o n  t o  t h e  a n a l y s i s  of human f a c t o r s  ,accident s t a t i s t i c s ,  t he  
r e p o r t  provides  r e l e v a n t  background material on s e v e r a l  p o l i c i e s  t h a t  have 
been i n s t i t u t e d  o r  are under Considerat ion,  d i r e c t e d  a t  improving human 
r e l i a b i l i t y  i n  t h e  t r a n s p o r t  s e c t o r .  On t h e  b a s i s  of reported f i n d i n g s ,  
prel iminary p o l i c y  emphasis areas are i d e n t i f i e d .  
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mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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FOREWORD 

The National Waste Terminal Storage Program was established in 1976 by 
the U . S .  Department of Energy's predecessor, the Energy Research and 
Development Administration. In September 1983, ,this program became the 
Civilian Radioactive Waste Management (CRWM) Program. Its purpose is to 
develop technology and provide facilities for safe, environmentally 
acceptable, permanent disposal of high-level vaste (HLW). HLW includes wastes 
f rom both counnercial and defense sources, such as spent (used) fuel from 
nuclear pover reactors, accumulations of wastes from production of nuclear 
weapons, and solidified wastes from fuel reprocessing. 

The information in this report pertains to transportation studies within 
the Office of Storage and Transportation Systems in the CRWM Program. 
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EXECUTIVE SUMMARY 

This study was carried out at the request of the Department of Energy's 
(DOE) Office of Civilian Radioactive Waste Management for the purpose of 
determining the extent of human factors effects on the safety of transporting 
radioactive waste materials. The intent of this effort was to establish 
whether there is a need for DOE to undertake a more formal program in the area 
of human factors in transportation, and if so, logical directions for that 
program to follow. As such, it was envisioned as a scoping effort, directed 
at reporting of preliminary findings. 

Although truck, rail and barge modes were considered in this analysis, a 
primary emphasis was placed on truck operations due to more widespread 
availability of accident data and prior human factors studies focusing on the 
trucking industry. The study was also restricted to driving and 
loadingltransfer Operations. Unloading operations at a monitored retrievable 
storage facility or geologic repository were assumed to constitute separate 
activities. 

Several accident databases were obtained and reviewed for the purpose of 
exploring the relationship between human factors and accident characteristics. 
Unfortunately, since the historical database of transport accidents involving 
radioactives was sufficiently small, commodity and container definitions had 
to be expanded to include those which resemble radioactive waste shipments in 
order to increase the sample size. 

Concurrent with efforts to identify and analyze relevant accident data, 
an extensive literature review was undertaken to search for previous studies 
related to human factors in transportation that might be relevant to the safe 
transport of radioactive wastes. Aa in the case of the database review, it 
became readily apparent that considerably more information is available on 
human factors in truck transport than for rail and barge operations. 

From analyses of accident data, i t  i s  apparent that human error i s  a 
leading cause of accidents involving the transport of materials in containers 
that resemble radioactive waste shipments. It can be inferred from these 
results that human factors effects on radioactive waste transport operations 
are likely to be significant to the point where a more formal DOE human 
factors research program and program policies should be established. While 
one can argue over an apparent lower accident severity associated with human 
factors-related accidents, both loading and in-transit, the high frequency of 
such events coupled with the public perception of a nuclear accident 
independent of severity, suggests that the occurrence of these accidents 
should be kept to an absolute minimum. . 

Having established the scale of the human factors problem, attempts were 
made to obtain more detailed information from which to identify significant or 
emerging human factors issues that might threaten the safety of radioactive 
waste shipments. The availability of detailed truck accident data, coupled 
with rather extensive outside literature on human factors in the trucking 
industry, led to a decision to fully develop an understanding of these 
considerations for truck transport. with more limited attention devoted to 
rail and barge operations. 



Severa l  f i nd ings  can subsequent ly  be  repor ted .  I t  is apparent t h a t  the 
d r i v e r  is most f r e q u e n t l y  t h e  key f a c t o r  i n  determining whether o r  not a 
veh icu la r  acc ident  occurs  under d i f f i c u l t  d r i v i n g  condi t ions .  A l a r g e  number 
of heavy-truck d r i v e r s  involved i n  acc iden t s  have poor d r i v i n g  r eco rds ,  
inc luding  speeding o f fenses  and o t h e r  unsafe  maneuvers t h a t  a r e  major causes  
of acc idents .  Moreover, t h e  c o r r e l a t i o n  between d r i v e r s  under t h e  in f luence  
of a l coho l  wi th  increased  acc iden t  l i ke l ihood  and s e v e r i t y  is a major s a f e t y  
concern. 

Accident s t u d i e s  and d r i v e r  surveys a l s o  i n d i c a t e  t h a t  a major po r t ion  of 
t he  heavy-truck driver popula t ion  has  n o t  received any d r i v e r  t r a i n i n g  p r i o r  
t o  going on t h e  road. Young, inexperienced d r i v e r s  are p a r t i c u l a r l y  
s u s c e p t i b l e  t o  acc iden t  r i s k .  

Fa t igue  can p lay  a major r o l e  i n  acc iden t s ,  p a r t i c u l a r l y  f o r  young 
drivers dur ing  e a r l y  s h i f t  hours  and o l d e r  d r i v e r s  a f t e r  extended s h i f t  
l ength .  Dr ive r s  of l a r g e  t r u c k s  have shown s i g n i f i c a n t  i n c r e a s e s  i n  d r i v i n g  
e r r o r s  and dec reases  i n  d r i v e r  a l e r t n e s s  due t o  f a t i g u e  w e l l  w i th in  t h e  
cu r ren t  hours-of-service l i m i t .  Greater understanding of t h e  c i r c a d i a n  rhythm 
(time-of-day) impact on f a t i g u e  a l s o  sugges t s  t h a t  cu r ren t  hours-of-service 
r egu la t ions  and management assignment practices need a d d i t i o n a l  examination. 

Vehicle  des ign  and o p e r a t i n g  c h a r a c t e r i s t i c s  have a s i g n i f i c a n t  impact on 
t h e  margin of s a f e t y  w i t h i n  which human t a s k s  must be  performed. Brake 
systems are most i n  need of a t t e n t i o n ,  w i th  brake maintenance a p r i n c i p a l  
concern. The prevent ion  of j ackkn i f ing  a l s o  deserves  s p e c i a l  a t t e n t i o n .  
Handling and s t a b i l i t y  problems i n c r e a s e  t h e  l i k e l i h o o d  of  r o l l o v e r ;  t i r e  
cond i t ion  and performance are a l s o  key f a c t o r s  i n  s a f e l y  handl ing  a b i g  r i g .  
Occurrences of ove r r ide /unde r r ide ,  p a r t i c u l a r l y  a t  n i g h t ,  are common, 
sugges t ing  t h a t  t ra i ler  des ign  and v i s i b i l i t y  are i s s u e s  t h a t  warran t  c lose  
a t t e n t i o n .  Truck occupants  t y p i c a l l y  do n o t  p r o t e c t  themselves by wearing 
seat b e l t s .  As a r e s u l t ,  e j e c t i o n  and con tac t  w i th  t h e  cab i n t e r i o r  o f t e n  
occur ,  l ead ing  t o  a h i g h e r  l i k e l i h o o d  of a s e r i o u s  i n j u r y  o r  a f a t a l i t y .  
Furthermore,  t r u c k  o p e r a t o r s  are sub jec t ed  t o  n o i s e r  v i b r a t i o n  and o t h e r  
e f f e c t s  of prolonged truck d r i v i n g  which l ead  t o  performance degrada t ion  and 
h e a l t h  impairment. 

The roadway environment is a l s o  recognized as a v i t a l  p a r t  of t h e  s a f e t y  
equat ion.  U.S. and S t a t e  highways are s i g n i f i c a n t l y  overinvolved i n  f a t a l  
heavy-truck a c c i d e n t s  where t h e  absence of s t u r d y  median b a r r i e r s  has  a 
profound impact on s a f e t y .  The need f o r  cars and t rucks  t o  s h a r e  t h e  roads 
s a f e l y  deserves  a t t e n t i o n .  The d r i v i n g  pub l i c  must be made more f u l l y  aware 
of t h e  handl ing  c h a r a c t e r i s t i c s  of heavy t rucks  and t h e  p o t e n t i a l l y  
l i f e - t h r e a t e n i n g  consequences of  a mul t ip le -vehic le  crash.  

Although r e l a t i v e l y  l i t t l e  is known about human f a c t o r s  i n  r a i l r o a d  and 
barge ope ra t ions  i n  comparison t o  t h e  t ruck ing  i n d u s t r y ,  r epor t ed  f ind ings  a r e  
remarkably c o n s i s t e n t .  Consequently,  t ruck ,  r a i l  and barge t r a n s p o r t  appear  
t o  sha re  many common human f a c t o r s  problems vhich  may r e q u i r e  po l i cy  
in t e rnen t ion .  

v i i i  



In  terms of con ta ine r - r e l a t ed  a r e a s ,  these probl.ems focus on securing 
va lves ,  f i t t i n g s  and c l o s u r e s  during t h e  loading process ,  and making  sure they 
remain snug throughout t h e  i n - t r a n s i t  p o r t i o n  of t he  t r i p ;  maintaining 
i n t e r n a l  con ta ine r  p re s su re  w i t h i n  s a f e  l i m i t s ;  s a f e  handling of  r a d i o a c t i v e  
m a t e r i a l s  during the  loading process;  and proper p r o t e c t i o n  of the shipment 
from damage should a veh icu la r  acc iden t  occur while  i n - t r a n s i t .  

The human t a s k s  a s s o c i a t e d  wi th  t h e  s a f e  loading and t r a n s p o r t  of 
r ad ioac t ive  wastes r e q u i r e  i n d i v i d u a l s  who a r e  r e spons ib l e ,  q u a l i f i e d ,  and 
a l e r t ,  wi th  a p o s i t i v e  a t t i t u d e  towards s a f e t y  and a l e v e l  of ma tu r i ty  
commensurate with t h e  hazardous n a t u r e  of t h e  material they are handling. I t  
a l s o  r e q u i r e s  a carr ier  management t h a t  has  made a s i n c e r e  commitment t o  
s a f e t y  i n  i t s  ope ra t ion ,  and h a s  made every e f f o r t  t o  comply with Federal  
s a f e t y  r e g u l a t i o n  governing t h e  t r a n s p o r t  of r a d i o a c t i v e  materials. F i n a l l y ,  
i t  r e q u i r e s  a v e h i c l e  des ign  and o p e r a t i n g  environment t h a t  extends t h e  margin 
of e r r o r  so t h a t  when human e r r o r s  occur ,  t h e  oppor tun i ty  t o  t ake  a c o r r e c t i v e  
a c t i o n ,  can be made p r i o r  t o  an acc iden t  occur rence ,  thereby m i t i g a t i n g  a 
p o t e n t i a l  acc iden t  o r  reducing t h e  s e v e r i t y  of t h e  ensuing acc iden t .  

Po l i cy  recommendations can be formulated which a r e  d i r e c t e d  a t  emphasis 
areas i d e n t i f i e d  during t h e  conduct of t h i s  s tudy.  These emphasis a r e a s  
inc lude  t h e  following: (1) employee s e l e c t i o n  and h i r i n g  p r a c t i c e s ,  ( 2 )  drug 
and a l coho l  u se ,  (3) f a t i g u e ,  (4) speeding and o t h e r  moving v i o l a t i o n s ,  ( 5 )  
opera to r  t r a i n i n g ,  (6) v e h i c l e  and environment f a c t o r s ,  and ( 7 )  enforcement. 

i x  
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1.0 INTRODUCTION 

In response to growing public concern over the risk to public safety and 
the environment, increased attention has been focused on the transport of 
hazardous materials. In analyzing incidents and accidents that have occurred 
during transport operations, several recent studies have indicated that "human 
error" is a primary cause (see, for example, Office of Technology Assessment, 
1986). However, a detailed examination of more specific contributing factors 
and the extent to which regulation and enforcement can be modified to decrease 
the likelihood of human error have not undergone extensive study. 

Under the terms of che Nuclear Waste Policy Act ( W A )  of 1982, the U.S. 
Department of Energy's (DOE'S) Office of Civilian Radioactive Waste Management 
(OCRWM) is responsible for transporting spent nuclear fuel and high-level 
radioactive waste from various generation and storage sites to a geologic 
repository. OCRWM has requested this study for the purpose of determining the 
extent of human factors effects on the safety of transporting radioactive 
waste materials. This project addresses three principal questions: 

1. Are human factors likely to be a major cause of radioactive waste 
transport incidentslaccidents? 

2. What are human factors-related incidentlaccident characteristics and 
are they distinguishable from other causation factors? 

3. How can these problems be addressed :Ln terms of policies and 
programs directed at radioactive waste tr,ansport? 

Although truck, rail and barge modes were considered in this analysis, a 
primary emphasis was placed on truck and rail operations, due to their more 
likely utilization iri repository shipments of radioactive waste. 

It is important to note that this study is envisioned as a scoping effort 
only, to establish whether there is a need for DOE to undertake a more formal  
program in the area of human factors in transportation, and if so, logical 
directions f o r  that program to follow. 

In addressing transport safety, a distinction is often made between the 
terms "incident" and "accident." An incident is defined as any unintentional 
release of a hazardous material during the transport process, including 
loadinghnloading or temporary storage related to transportation. The term 
"accident" refers to a vehicular accident. Most hazardous materials transport 
incidents are not caused by vehicular accidents (e.g., loose fitting). For 
simplicity sake, the term "accident" will be used in this report to denote 
incidents and the term "vehicular accident" will be used when referring to 
crash circumstances . 
1.1 DEFINING HUMAN FACTORS IN TRANSPORTATION SAFETY 

In the transport of spent nuclear fuel or other complex technological 
systems, it is rather difficult to develop a consistent and universally 
accepted definition and identification of "human error." This is due in part 
to the purpose of the analysis, disciplinary perspective, and organizational 
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or social objectives (Tuler, et al., 1988). In this study, a rather loose 
definition has been applied, namely "human error" is the behavior of a person 
transgressing the multidimensional bounds of acceptable performance (Sheridan, 
1983). This approach is a rational one for considering transport operations, 
since the bounds of acceptable performance vary under normal and emergency 
conditions and include several criteria, such as technical and economic 
efficiency, system reliability and public safety. 

The occurrence of a transport accident due to human error is part of a 
complex process that results in an accident experience. These events are 
typically comprised of multiple factors that collectively form a causal 
system. The system components include operating personnel, the vehicle, and 
the operating environment; economic and management factors can also be 
influential. The interrelationships of these factors are shown in Figure 1. 

Normally, personnel, vehicle, and operating conditions contribute to an 
environment where, under most circumstances, adequate safety can be 
maintained. When one or more of these parameters is subjected to a situation 
that exceeds the safety margin, an accident may occur. If the normal margin 
of safety is reduced because of unsafe industry practices, the frequency and 
severity of accidents can be expected to increase. 

Accident reports are often the basis for conducting safety analyses. 
However, these reports are limited in detail, and frequently the reported 
cause" is the-last and precipitating event in a chain of events. Thus, 

exploring accident information beyond a general level of detail is of critical 
importance. 

I I  

This applies, in particular, to human error, often cited as a primary 
accident causation factor. For example, in truck transport, when reporting 
vehicular accidents, police are required to attribute responsibility to one of 
the parties. Many enforcement officers are not familiar with the details of 
truck technology and overlook vehicular accident factors that the truck driver 
was unable to cope with because of limitations in the truck's handling 
capabilities. Thus, enforcement officers may attribute responsibility to the 
driver in more instances than warranted. For example, in California, 
vehicular accident reports associate driver error with over 90 percent of 
truck-at-fault accidents (California Highway Patrol, 1987). However, in the 
majority of cases, there are multiple causes, commonly involving driver error 
and defects in road design and the vehicle (Fructus, 1987). 

1.2 HUMAN FACTORS AREAS IN THE NUCLEAR WASTE TRANSPORT PROCESS 

The transportation of radioactive waste involves a number of stages of 
activity which depend on reliable human performance. In a broad sense, this 
encompasses transportation system design, implementation, operations, 
maintenance and accident recovery. This study focuses exclusively on 
transport operations, and more specifically on driving and loadingltransfer 
operations. It excludes analysis of unloading accidents, as it is assumed 
that unloading operations at a monitored retrievable storage facility or 
geologic repository constitute a separate activity. 

Particular emphasis is placed on the driving function, examining :he 
relationship between huuan srror and safety as it relates to the impaiment of 
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Figure 1 
Multiple Factor Accident Causation Model 

/ Management Control 

\ \ / Accident I 

\ \ Borsonnel Factors I / 

3 



driver performance. As a preface to this discussion, it is useful to consider 
the processes at work when a human is placed in charge of an operating 
environment, such as behind the wheel of a commercial rig, where information 
must be continually processed and evasive actions taken. Figure 2 depicts a 
typical human information processing sequence. In essence, the driver is 
receiving new information, must recognize and evaluate it, reach a decision, 
and take a response action. Because of the continual change in the roadway 
environment and constraints on heavy-truck stopping capability and 
maneuverability, this suggests that a heavy-truck driver should be at the peak 
of alertness at all times, and have had sufficient driving experience to 
maintain an adequate margin of safety. Any impairment or behavioral 
characteristic which alters the ability to acknowledge information, perceive 
correctly, reach an informed decision and take a correspondingly safe driving 
action can seriously threaten safe driving performance. 

An alert driver can execute the phases in Figure 2 in less than two 
seconds when confronted with an unexpected hazard in the roadway (Olson, 
1984). However, given that even alert drivers have been shown to have only a 
single decision channel and therefore all information must be processed 
sequentially, the extent to which an impairment impacts the timeliness with 
vhich a potential conflict is recognized and an abatement action, if any, is 
taken, is also an important consideration (Allnutt, 1983). 
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2.0 INFORMATION SOURCES FOR HUMAN FACTORS ANALYSIS 

An essential component of safety measurement and evaluation is a complete 
and accurate database that contains relevant accident statistics. The 
identification of factors contributing to accident causation and severity is 
central to the establishment of priorities for improvements and corrective 
act ions. 

2 . 1  AVAILABILITY AND QUALITY OF ACCIDENT DATABASES 

From a safety analysis perspective, one would like to have an abundance 
of information on radioactive waste transport accidents, such that an 
empirical analysis could be undertaken vhose resultts would be directly 
applicable. However, historically there have been relatively few radioactive 
waste accidents (and shipments), and there is not sufficient sample size from 
which to conduct rigorous statistical analysis on this basis. 

The next most desirable option would be to restrj.c:t the analysis focus to 
all hazardous materials accidents whose chemical qualities, packaging and 
release characteristics most resemble those found in the transport of nuclear 
waste. This effort was pursued in the course of this study in an attempt to 
reach a broad understanding of human error as a contributing factor. 

More specific information on the Characteristics of the accident is 
generally not available until one investigates vehicular accident reporting 
systems whici. focus on all freight Zargo. TheFe databases often include a 
hazardous materials flag, indicating when an accident involves a hazardous 
material, but the material itself is not usually specified. Thus, some 
segmentation of the data can take place as it relates to the study in 
question. 

This approach results in the development of i3 hierarchy of relevant 
accident information as shown in Figure 3. An obvious tradeoff emerges in 
that if detailed human factors analysis is desired, dependence on more general 
vehicular accident data is necessary, and implications on radioactive waste 
transport must be made by inference. 

A full discourse on hazardous materials transportation accident 
information systems (including reporting criteria) appears in Appendix A, and 
is summarized in Table 1. A review of these sources was conducted as part of 
this study, resulting in the identification of the following databases which 
were deemed potentially relevant to the project objectives. Each of these 
databases is described briefly below. 

2.1.1 Hazardous Materials Information System (HMIS) 

Maintained by the U.S. Department of Transportation (DOT) in the Office 
of Hazardous Materials Transport ( O M ) ,  this database became the centralized 
Federal system for uniform accident data in 1971. As prescribed in the 49 CFR 
regulations, carriers are required to report any unintentional release of a 
hazardous material during transportation, with the exception of consumer 
commodities which present only a limited hazard during transportation, 
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Figure 3 
Hierarchy of Relevant Accident Information by Mode 
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1 

Table 1. Potential Accident Databases 

D a t a b a s e  Kept  by  

E x c l u s i v e  
h a z a r d o u s  E x c l u s i v e  
mater ia ls  t r a n s p o r t  V e h i c u l a r  

Years Hodes A c c i d e n t s  A c c i d e n t s  f o c u s  f o c u s  

Hazardous  Hater ia ls  DOT, O f f i c e  of Hazardous  1971 t o  p r e s e n t  A l l  Yes Yes Yes Yes 
I n f o r m a t i o n  System Hater ia l s  T r a n s p a r t a t  i o n ,  

R e s e a r c h  and S p e c i a l  
Programs A d m i n i s t r a t i o n  

U.S. Dept .  o f  Energy  Sand i a  Hat i o n i l  L a b s  1979 t o  p r e s e n t  All Yes Yes Yes Yes 
D a t a  Base 

N a t i o n a l  A c c i d e n t  National Highway T r a f f i c  1919 (Hazardous Highway Yes No No Yes 
Sampl ing  System S a f e t y  A d m i n i a t r a t i o n  materials f l a g s  

added  i n  1983) 

F a t a l  A c c i d e n t  N a t i o n a l  Highway T r a f  f i c  1976 (Hazardous Highway Yes No No Yes 
R e p o r t i n g  System S a f e t y  A d m i n i s t r a t i o n  m a t e r i a l s  f l a g s  

added i n  1983) u) 

T r u c k  A c c i d e n t  File DOT, Bureau of Hotor 1973 t o  p r e s e n t  Highway Yes No No Yes 
Carrier S a f e t y ,  F e d e r a l  
Highway A d m i n i a t r a t i o n  

State  A c c i d e n t  F i l e s  S t a t e  T r a n s p o r t a t i o n  Verydng l l lghrzy Yes No HG Yes 
Aganc?as 

R a i l r o a d  A c c i d e n t  F i l e  F e d e r a l  R a i l r o a d  A d m i n i s t r a t i o n  1973 t o  p r e s e n t  Rail Yes No No Yes 

Commercial Vessel U.S. C o a s t  Guard 1963 t o  p r e s e n t  H a r i n e  Yes No No Yes 
C a s u a l t y  F i l e  

N a t i o n a l  T r a n s p o r t a t i o n  N a t i o n a l  T r a n s p o r t a t i o n  -- ALL Yes No No Yes 
S a f e t y  Board F i l e  S a f e t y  Board 

N a t i o n a l  Response C e n t e r  U.S. C o a s t  Guard -- A 1  1 Yes Yes Yes No 
It 

P o l l u t i o n  I n c i d e n t  U . S .  Coas t  Guard 1971 t o  1985 A l l  Yes Yes Yes No 

R e p o r t i n g  System 



electric storage batteries, and certain paints and related materials (General 
Services Administration, 1984). 

In many respects, the MIS database serves as the most relevant database 
for conducting hazardous materials transport safety analysis. It represents 
the only system devoted exclusively to hazardous materials transport 
accidents, and as such, it includes a number of descriptors that can be used 
to examine issues in packaging, labeling, accident causation and public safety 
that might not otherwise be possible. 

Although spill reporting is a regulatory requirement, in practice it is 
handled on a voluntary basis, quite possibly because of the small size of the 
DOT enforcement staff and the relatively minor penalties for non-reporting. 
It has been estimated that up to and perhaps more than 30-40% of reportable 
accidents are never reported (OTA, 1986). Other problems emanate from: (1) 
shippers and freight forwarders not being required to submit accident reports, 
(2) reports are not required by O W  for accidents involving bulk marine 
shipments, and (3)  DOT has elected not to regulate carriers involved only in 
intrastate transportation. 

I f  t h e  d e f i c i e n c i e s  In t h e  HMIS d a t a b a s e  are a c c e p t e d  as s t a t e d ,  t h e  
total volume of hazardous materials transport accidents is c l e a r l y  
understated. However, for the purposes of deriving distributions of events, 
causes and consequences, and for some multi-modal comparative analyses, as is 
the intention of this study, the HMIS database may still be representative. 

2.1.2 Nuclear Incident Database 

DOE maintains a database of all radioactive transportation accidents, 
based on the HMIS file and information from the Nuclear Regulatory Commission 
on the loss of control of radioactives. The database consists of 
approximately 70% HMIS records and 30% Nuclear Regulatory Commission records. 

In the past, this database has been maintained, on-line, at Sandia Labs. 
Recently, responsibility for database management shifted to Oak Ridge National 
Laboratory, and then was moved back to Sandia again. Because of the sudden 
change in management responsibility of this database, requests for data were 
not being handled during the time that this study was carried out. 

2.1.3 National Accident Sampling System (NASS) 

The National Highway Traffic Safety Administration (NHTSA) maintains 
vehicular accident data on police reported accidents. The data is typically 
collected by each State under contractual agreement with NHTSA. 

The file of reported vehicular accidents is called the National Accident 
Sampling System (NASS). The vehicular accidents investigated are a 
probability sample of all police-reported accidents in the United States. The 
data collection for a NASS-selected vehicular accident is very involved, and 
includes follow-up investigation of the characteristics of the accident, 
driver, occupants and vehicle. Although the specific commodity being carried 
is not described for truck accidents, sufficient information exists to track 
accidents which involved hazardous cargo (NHTSA, 1981a). 
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Because of t h e  acc ident  d e t a i l  contained i n  the  NASS r e p o r t s ,  t h i s  is 
seen a s  a primary da tabase  f o r  analyzing human f a c t o r s  involving t ruck  
i n - t r a n s i t  veh icu la r  acc iden t s .  

2.1.4 F a t a l  Accident Reporting System (FARS) 

Those veh icu la r  a c c i d e n t s  which r e s u l t  i n  l o s s  of human l i f e  a r e  a l s o  
c l a s s i f i e d  s e p a r a t e l y  by NHTSA i n  t h e  F a t a l  Accident Report ing System (FARS). 
FARS is not  a n a t i o n a l  sample; r a t h e r ,  i t  inc ludes  a.11 f a t a l  t r a f f i c  acc iden t s  
t h a t  a r e  repor ted  i n  t h e  United S t a t e s  (NHTSA, 19131b). Other than t h i s  
d i s t i n c t i o n ,  however, t h e  information c o l l e c t e d  p a r a l l e l s  t he  NASS d a t a  
s t r u c t u r e  a s  descr ibed  previous ly .  

I n  t h e  contex t  of t h i s  e f f o r t ,  s i n c e  FARS r e p r e s e n t s  on ly  t h e  most severe  
of veh icu la r  acc iden t s ,  ana lyses  of FARS d a t a  was considered a s  a u s e f u l  b a s i s  
f o r  comparison t o  NASS f i n d i n g s  i n  a s ses s ing  t h e  r e l a t i o n s h i p  between human 
f a c t o r s  and acc iden t  s e v e r i t y .  

2.1.5 Commercial Vessel Casua l ty  F i l e  (CVCF) 

The Commercial Vessel Casua l ty  F i l e  (CVCF) is maintained by the  U.S. 
Coast Guard. It inc ludes  both domestic and fo re ign  v e s s e l  acc iden t s  occur r ing  
i n  U.S. waters, and domestic vessel acc iden t s  occur r ing  i n  fo re ign  waters .  
F i e l d s  i n  each record  inc lude  v e s s e l  c h a r a c t e r i s t i c s ,  event ,  cause,  
f a t a l i t i e s / i n j u r i e s  and monetary damage. Each acc iden t  record  a l s o  con ta ins  
s p e c i f i c  v e s s e l  codes which i n d i c a t e  whether haz:irdous cargo was irlvolved 
(U.S. Coast Guard, 1984). 

Unfor tuna te ly ,  t h e  level of d e t a i l  p resent  i n  t h e  CVCF acc ident  record 
f o r  human f a c t o r s  ana lyses  is  n o t  of t h e  c a l i b e r  ava . i lab le  i n  t h e  NASS and 
FARS databases .  Consequently,  use  of t h i s  da tabase  w a s  r e s t r i c t e d  i n  t h i s  
s tudy  t o  de r iv ing  g e n e r a l  estimates of t h e  frequency of v e s s e l  acc iden t s  
a t t r i b u t a b l e  t o  human f a c t o r s .  

2.1.6 FRA Accident F i l e  

The Federa l  Rai l road  Adminis t ra t ion  (FRA) mainta ins  i t s  own acc iden t  
da tabase  from informat ion  generated by r a i l r o a d s ,  i n s p e c t o r s  and O W .  The 
da tabase  inc ludes  some gene ra l  in format ion  on l i k e l y  human e r r o r - r e l a t e d  
acc iden t s  and p o t e n t i a l  causa l  f a c t o r s .  The F'RA Accident F i l e  was a l s o  
r e s t r i c t e d  i n  i ts  use  t o  provid ing  aggregate  estimates of acc iden t s  due t o  
human f a c t o r s .  

2 . 2  ANALYSIS METHODOLOGY 

A s  noted i n  t h e  prev ious  d i scuss ion ,  a l though s e v e r a l  da tabases  have been 
i d e n t i f i e d  t h a t  are p o t e n t i a l l y  r e l evan t  t o  the  stud.y of human f a c t o r s  e f f e c t s  
on t h e  s a f e t y  of t r a n s p o r t i n g  r ad ioac t ive  waste m a t e r i a l s ,  none have been 
designed f o r  t h e  s p e c i f i c  purpose ,  of i n v e s t i g a t i n g  human f a c t o r s .  
Consequently, c e r t a i n  a spec t s  of each of t h e  da tabases  are p e r t i n e n t  t o  t h i s  
s tudy,  a l though i n  most ca ses  t h e i r  use is r e s t r i c t e d  t o  gene ra l  e s t i m a t e s  o f  
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t h e  magnitude of t h e  human f a c t o r s  problem, and f a l l  s h o r t  of providing input  
t o  t h e  development of more s p e c i f i c  programs and p o l i c i e s ,  

The des i re  t o  focus on commodities and con ta ine r s  which a r e  s i m i l a r  t o  
those being used or under cons ide ra t ion  f o r  t h e  t r a n s p o r t  of  r ad ioac t ive  waste 
m a t e r i a l s ,  coupled wi th  an i n t e r e s t  i n  i s o l a t i n g  loading  and i n - t r a n s i t  
acc iden t s ,  n e c e s s i t a t e s  ex tens ive  use of t h e  HMIS da tabase .  There i s  s i m p l y  
no o the r  h i s t o r i c a l  acc ident  da tabase  t h a t  can provide these  i n s i g h t s ,  a l b e i t  
t h a t  t he  HMIS da tabase  s u f f e r s  from some d a t a  c o l l e c t i o n  problems a s  descr ibed 
e a r l i e r .  

The b a s i s  f o r  i d e n t i f y i n g  human f a c t o r s  i s s u e s  a t  a l e v e l  of d e t a i l  t h a t  
prompts d i scuss ion  of e x p l i c i t  programs and p o l i c i e s  appears  t o  be  r e s t r i c t e d  
t o  t ruck  i n - t r a n s i t  a c t i v i t i e s .  The NASS and FARS da tabases  conta in  
cons iderable  acc ident  in format ion  from which t o  de lve  i n t o  s p e c i f i c  human 
f a c t o r s  ques t ions ,  such a s  d r i v e r  behavior ,  v e h i c l e  performance and opera t ing  
condi t ions .  Unfor tuna te ly ,  a similar resource  i s  not  a v a i l a b l e  f o r  eva lua t ing  
t h e  r a i l  and barge i n d u s t r i e s ,  a s  t he  FRA and CVCF f i l e s  a r e  not  designed to  
address  these  cons ide ra t ions  a t  an appropr i a t e  level of d e t a i l .  

The subsequent r e s u l t  of t h e  d a t a  sea rch  was t o  r e f i n e  t h e  focus of t h i s  
i n i t i a l  human f a c t o r s  s tudy  t o  a gene ra l  assessment of t h e  s c a l e  of t h e  human 
f a c t o r s  problem t h a t  could be expected In t h e  r a d i o a c t i v e  waste t r a n s p o r t  
i n d u s t r y ,  w i th  an i d e n t i f i c a t i o n  of more s p e c i f i c  areas f o r  DOE p o l i c y  
cons ide ra t ion  t h a t  apply t o  t r u c k  t r a n s p o r t .  Of course, .  t h e r e  may b e  s e v e r a l  
a r e a s  where p o l i c i e s  d i r e c t e d  a t  truck t r a n s p o r t  could be  t r a n s f e r a b l e  t o  t h e  
r a i l  and barge i n d u s t r i e s .  

Concurrent wi th  e f f o r t s  t o  i d e n t i f y  and ana lyze  r e l e v a n t  acc ident  d a t a ,  
an ex tens ive  l i t e r a t u r e  review w a s  undertaken t o  sea rch  f o r  previous s t u d i e s  
r e l a t e d  t o  human f a c t o r s  i n  t r a n s p o r t a t i o n  t h a t  might be r e l e v a n t  t o  t h e  s a f e  
t r a n s p o r t  of r a d i o a c t i v e  wastes. As i n  t h e  case of t h e  da tabase  review, i t  
became r e a d i l y  apparent  t h a t  cons iderably  more informat ion  is a v a i l a b l e  on 
human f a c t o r s  i n  t r u c k  t r a n s p o r t  than  f o r  r a i l  and barge ope ra t ions .  Findings 
from t h e  l i t e r a t u r e  review a r e  d iscussed  i n  Chapter 4. 
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3.0 DATA ANALYSIS 

Using the HMIS database as the primary information source, analyses were 
undertaken to address the question of whether human factors might be a likely 
cause of nuclear waste transport accidents, and whether human factors accident 
characteristics are distinguishable from accidents caused by other factors. 

Although the HMIS database dates back to 197L,  a decision was made to 
exclude pre-1980 accidents from the analysis SO that containers in the 
database might be more reflective of container technology in place today while 
maintaining adequate sample size.* 

The HMIS database classifies the commodity shipped by name as well as by 
hazard class. A review of the hazard class descriptions revealed that several 
classes contained materials whose chemical qualities and packaging had little 
in common with radioactive waste shipments. For example, inclusion of 
corrosive materials would not be particularly relevant to the issue under 
study consideration. Because the radioactives accident sample size by itself 
was too small, the following group of four hazard classes were ultimately 
selected as being most representative of radioactive waste movements, and the 
analysis was subsequently restricted to an examination of accidencs involving 
these materials: 

1. Radioactives 
2. Combustible Liquids 
3. Flammable Liquids 
4 .  Flammable Conpressed Cases 

In the remainder of this document, this group is wferred to as the "proxy 
hazard classes. " 

Each accident record in the HMIS database a l so  includes a detailed 
container specification. Even within the proxy hazard classes, some 
containers did not have design characteristics with any similarities to those 
under consideration for radioactive waste transport. Furthermore, the 
distinctions between rail and truck container specifications, as well as 
between radioactives and other hazardous cargo containers are sufficiently 
different that they may warrant separate consideration. Consequently, within 
the proxy hazard classes, the following four mutually exclusive container 
categories were defined for analysis purposes: 

1. Rail Tank Cars 
2. Radioactive Materials Containers 
3. Bulk Highway Shipments 
4. Other Containers 

* 
1980 was defined as the cutoff date based on discussions with Battelle 

staff engineers. 
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A methodology for i s o l a t i n g  loading  and i n - t r a n s i t  acc idents  f o r  t h e  
proxy hazard classes was a l s o  developed. Loading/unloadlng acc idents  were 
separa ted  from i n - t r a n s i t  a c c i d e n t s  on t h e  b a s i s  of d e t a i l e d  acc ident  cause 
codes which were i d e n t i f i e d  as being e i t h e r  more p e r t i n e n t  t o  loading o r  
i n - t r a n s i t  o p e r a t i o n s ,  r e s p e c t i v e l y .  Unloading a c c i d e n t s  were subsequently 
removed from t h e  da tabase  by searching  and r e t a i n i n g  only loading/unloading 
a c c i d e n t s  t h a t  occurred a t  t h e  shipment o r i g i n .  

Table 2 shows t h e  number of recorded a c c i d e n t s  i n  t h e  HMIS database f o r  
each a n a l y s i s  c e l l .  I t  is r a t h e r  ev ident  from observing t h i s  t a b l e  t h a t  the 
number of repor ted  r a d i o a c t i v e  mater ia l  a c c i d e n t s  i s  q u i t e  small ,  p a r t i c u l a r l y  
loading acc idents .  This a l s o  confirms t h e  need t o  inc lude  t h e  proxy hazard 
classes f o r  a n a l y s i s  purposes. 

Table  2. HMIS Sample S i z e  by Container  Class and General 
Cause f o r  Proxy Hazard Classes,  1980-87 

.-- ~~ 

OTHER THAN 
HUMAN ERROR HUMAN ERROR 

Loading In-Transi t  Loading In-Transit  

Rail Tank Cars 18 1,250 16 1,745 

Radioac t ive  Material Conta iners  5 8 1 29 

Bulk Highway Conta iners  540 626 20 1 2,513 

Other 2,165 6,672 126 10,659 

Source: HMIS d a t a ,  1980-87 
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3.1 HUMAN ERROR AS A GENERAL ACCIDENT CAUSE 

The HMIS a c c i d e n t  r eco rd  i n c l u d e s  both  a g e n e r a l  cause  code and more 
s p e c i f i c  a c c i d e n t  c a u s a t i o n  f a c t o r s .  Each recorded a c c i d e n t  is c l a s s i f i e d  
accord ing  t o  one of t h e  fo l lowing  f o u r  g e n e r a l  causes:  

1. Human Error 
2. Conta ine r  F a i l u r e  
3. Veh ic l e  Accident 
4. Other  

Th i s  d e s i g n a t i o n  is made by t h e  c a r r i e r  when f i l i n g  t h e  a c c i d e n t  r e p o r t  and is 
t h e r e f o r e  s u b j e c t  t o  t h e i r  i n t e r p r e t a t i o n .  Fur thermore ,  t h e r e  may be some 
m i s - c l a s s i f i e d  a c c i d e n t s ,  s i n c e  t h e  c a t e g o r i e s  a r e  n o t  mu tua l ly  e x c l u s i v e .  
For example, i n  t h e  c a s e  where a v e h i c u l a r  a c c i d e n t  is due t o  human e r r o r ,  t h e  
g e n e r a l  cause  could  be a t t r i b u t e d  t o  one of two c a t e g o r i e s .  With t h e s e  
c a v e a t s  i n  mind, t h e  r e s u l t s  r e p o r t e d  below should be cons idered  
approximat ions  of t h e  scale of t h e  human f a c t o r s  problem t h a t  might f a c e  t h e  
r a d i o a c t i v e  waste t r a n s p o r t  program. 

F i g u r e  4 d e p i c t s  t h e  f requency  w i t h  which human error is  r e p o r t e d  as t h e  
g e n e r a l  cause  of l o a d i n g  a c c i d e n t s  f o r  t h e  proxy hazard  classes, segmented by 
c o n t a i n e r  class. A coup le  of o b s e r v a t i o n s  can  be made from reviewing t h e  
r e s u l t s .  I n  a n  a b s o l u t e  sense, human e r r o r  is l i s t e d  as t h e  g e n e r a l  a c c i d e n t  
cause  t h e  m a j o r i t y  of t h e  time, i r r e s p e c t i v e  of which. c o n t a i n e r  ca t egory  is  
cons ide red .  In a relative sense, human e r r o r  is  more l i k e l y  t o  be c i t e d  as 
t h e  g e n e r a l  cause  f o r  c o n t a i n e r  f a i l u r e  i n  o t h e r  than. t h e  groups cons idered  
most similar t o  r a d i o a c t i v e  waste c o n t a i n e r  t r a n s p o r t .  On t h e  o t h e r  hand, 
human e r r o r  i s  c i t e d  i n  ove r  80% of s p e c i f i c  r a d i o a c t i v e  material c o n t a i n e r  
f a i l u r e s ,  a l t hough  one must keep i n  mind t h e  small sample s i ze  from which t h i s  
s t a t i s t i c  is der ived .  

S i m i l a r  g e n e r a l  cause  i n f o r m a t i o n  for i n - t r a n s i t  a c c i d e n t s  appea r s  i n  
F i g u r e  5 .  Here, human e r r o r  is n o t  c i t e d  as f r e q u e n t l y  as t h e  pr imary  
a c c i d e n t  cause ,  a l though  i t  remains prominent and c o n t i n u e s  t o  dominate o t h e r  
a c c i d e n t  factors  i n  several i n s t a n c e s .  

At a mode-specific level,  human e r r o r  as a pr imary  a c c i d e n t  cause  w a s  
i n v e s t i g a t e d  f o r  r a i l  and mar ine  t r a n s p o r t ,  u s i n g  t h e  FRA Accident F i l e  and 
CVCF, r e s p e c t i v e l y .  In bo th  i n s t a n c e s ,  hazardous  matterials shipments were 
segmented from o t h e r  shipments t o  prov ide  f o r  a compara t ive  b a s i s .  F igu re  6 
shows t h a t  human f a c t o r s  is  t h e  second l e a d i n g  cause  of r a i l  a c c i d e n t s  bo th  
for hazardous  and non-hazardous shipments.  It i s  i n t e r e s t i n g  t o  n o t e  t h a t  
human f a c t o r s  are c i t e d  more f r e q u e n t l y  f o r  non-hazardous sh ipments ,  
s u g g e s t i n g  t h e  p o s s i b i l i t y  t h a t  some a d d i t i o n a l  care i s  e x e r c i s e d  over  t h e  
shipment of dangerous cargo  as i t  relates t o  pe r sonne l  involvement.  

F i g u r e  7 p r e s e n t s  a s l i g h t l y  d i f f e r e n t  p i c t u r e  f o r  mar ine  t r a n s p o r t ,  
p a r t i c u l a r l y  i f  one combines "crew a t  f a u l t "  w i t h  " o t h e r  p e r s o n n e l / v e s s e l .  " 
The U.S. Coast Guard t r e a t s  t h e s e  s e p a r a t e l y  i n  o r d e r  t o  de te rmine  which crew 
is  a t  f a u l t  du r ing  c o l l i s i o n s ,  etc.  It i s  i n t e r e s t i n g  t o  n o t e  t h a t  when 
pe r sonne l  are blamed, more o f t e n  than n o t  t h e  o t h e r  v e s s e l a i s  cons ide red  a t  
f a u l t ,  c e r t a i n l y  a t y p i c a l  r e sponse  when ' i n t e r v i e w i n g  ' people  i n  
m u l t i p l e - v e h i c l e  t r a f  f i c  a c c i d e n t s .  N e v e r t h e l e s s ,  it,,' ' ap&pears t h a t  human 
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Figure 4 
Human Error as Loading Accident Cause 

by Container Class for Proxy Hazard Classes 
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f a c t o r s  a r e  t h e  dominant cause  f o r  marine f r e i g h t  t r a n s p o r t  a c c i d e n t s ,  
a l though t h e  d i s t i n c t i o n  between hazardous and non-hazardous shipments i s  l e s s  
c l e a r  because of t h e  way i n  which t h e  a c c i d e n t  i n fo rma t ion  has been r eco rded .  

3.2 MORE SPECIFIC ACCIDENT CHARACTERISTICS INVOLVING HUMAN ERROR 

I n  an a t t empt  t o  focus  more s p e c i f i c a l l y  on t h e  human f u n c t i o n  which 
f a i l e d  i n  a c c i d e n t s  where human e r r o r  was c i t e d ,  a n a l y s e s  were conducted on 
t h e  primary r eason  f o r  c o n t a i n e r  f a i l u r e  u s i n g  t h e  HMIS da tabase .  F i g u r e s  
8-13 p r e s e n t  c o n t a i n e r  f a i l u r e  causes  + f o r  a c c i d e n t s  i nvo lv ing  proxy haza rd  
c l a s s e s ,  segmented by c o n t a i n e r  c a t e g o r i e s  and by whether t h e  a c c i d e n t  
occur red  d u r i n g  l o a d i n g  o r  w h i l e  i n - t r a n s i t .  The r e s u l t s  i n  each f i g u r e  a r e  
r e p o r t e d  s e p a r a t e l y  f o r  a c c i d e n t s  where human f a c t o r s  were c i t e d  as t h e  
g e n e r a l  cause  and f o r  a l l  o t h e r  a c c i d e n t s . *  

S e v e r a l  o b s e r v a t i o n s  can be made from rev iewing  t h i s  material. F i r s t ,  
f o r  c o n t a i n e r  t ypes  which most c l o s e l y  resemble n u c l e a r  was te  t r a n s p o r t  
shipments,  human e r r o r  problems d u r i n g  t h e  load ing  p r o c e s s  focus  on f a i l u r e  t o  
s e c u r e  f i t t i n g s ,  v a l v e s  and o t h e r  c o n t a i n e r  c l o s u r e s ;  improper b lock ing ;  and 
dropped d u r i n g  handl ing .  Secondly,  human error problems for container types 
which most resemble n u c l e a r  waste t r a n s p o r t  sh ipments  d u r i n g  i n - t r a n s i t  
o p e r a t i o n s  i n c l u d e  releases from l o o s e  f i t t i n g s ,  v a l v e s  and c l o s u r e s ;  i n t e r n a l  
p r e s s u r e ;  and external punc tu re ,  presumably due t o  c o n t a c t  between t h e  
c o n t a i n e r  ( t a n k  car) and a n o t h e r  o b j e c t  in c r a s h  s c e n a r i o s .  The h i g h  
f requency  of r e p o r t e d  human f a i l u r e  t o  s e c u r e  f i t t i n g s ,  v a l v e s  and c l o s u r e s  as 
t h e  cause  of i n - t r a n s i t  a c c i d e n t s  c l e a r l y  re la tes  t o  t h e  l o a d i n g  p r o c e s s .  
I n t e r n a l  p r e s s u r e  s u g g e s t s  t h e  need t o  c a r e f u l l y  mcni  t o r  temperature and 
p r e s s u r e  changes d u r i n g  t r a n s p o r t .  Punc tu re  t o  t h e  c o n t a i n e r  d u r i n g  
i n - t r a n s i t  a c c i d e n t s  s u g g e s t s  t h e  need f o r  p rope r  s e c u r i n g ,  s h i e l d i n g  and 
d e s i g n  p r o t e c t i o n  of t h e  c a s k s  in p r e p a r a t i o n  f o r  in- t ransi t  o p e r a t i o n s .  

The r eason  f o r  t h e  r a t h e r  l a r g e  d i s c r e p a n c y  between human f a c t o r s  
problems f o r  o t h e r  sh ipments ,  bo th  l o a d i n g  and i n - t r a n s i t ,  and t h o s e  which 
most resemble r a d i o a c t i v e  waste sh ipments ,  is t h a t  many of t h e  o t h e r  
commodities are sent i n  smaller packages ,  of which s e v e r a l  may be inc luded  i n  
a s i n g l e  shipment.  Consequent ly ,  t h e r e  is a g r e a t e r  o p p o r t u n i t y  f o r  a package 
t o  be dropped d u r i n g  h a n d l i n g  or damaged by o t h e r  f r e i g h t ,  perhaps due t o  
improper b locking .  

3.3 ACCIDENT CONSEQUENCE 

In a d d i t i o n  t o  i d e n t i f y i n g  t h e  f requency  of occur rence  of human 
f a c t o r s - r e l a t e d  a c c i d e n t s ,  i t  is a l s o  impor tan t  t o  examine t h e  s e v e r i t y  of 
such a c c i d e n t s .  The ave rage  p r o p e r t y  damage p e r  l o a d i n g  a c c i d e n t  f o r  proxy 
hazard  classes is shown i n  F i g u r e  14, segmented by c o n t a i n e r  type and g e n e r a l  

* 
F i g u r e s  do n o t  appear  f o r  r a d i o a c t i v e  material c o n t a i n e r s  due t o  t h e  small 
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accident cause.* It appears that the accident severity f o r  human-factors 
related loading accidents is considerably lower than for accidents caused by 
other factors, regardless of the container type under consideration. This 
Same relationship holds for in-transit accidents, as noted in Figure 15. 

'conducted on f atalities and injuries. The 
orrelated with those f o r  property damage. 
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4.0 S I G N I F I C A N T  OR EMERGING HUMAN FACTORS PROBLEMS 

On t h e  b a s i s  of t h e  p rev ious  a n a l y s e s ,  i t  is apparent  t h a t  human e r r o r  i s  
a l e a d i n g  cause  of a c c i d e n t s  i nvo lv ing  t h e  t r a n s p o r t  of m a t e r i a l s  i n  
c o n t a i n e r s  t h a t  resemble r a d i o a c t i v e  was te  sh ipments .  It  can be i n f e r r e d  f r o m  
t h e s e  r e s u l t s  t h a t  human f a c t o r s  e f f e c t s  on r a d i o a c t i v e  was te  t r a n s p o r t  
o p e r a t i o n s  a r e  l i k e l y  t o  be s i g n i f i c a n t  t o  t h e  p o i n t  *where a more formal  DOE 
human f a c t o r s  r e s e a r c h  program and program p o l i c i e s  should  be e s t a b l i s h e d .  
While one can a rgue  o v e r  t h e  apparent  lower a c c i d e n t  s e v e r i t y  a s s o c i a t e d  wi th  
human f a c t o r s - r e l a t e d  a c c i d e n t s ,  bo th  load ing  and i n - t r a n s i t ,  t h e  h igh  
frequency of such e v e n t s  coupled wi th  t h e  p u b l i c  p e r c e p t i o n  of a n u c l e a r  
a c c i d e n t  independent of s e v e r i t y ,  s u g g e s t s  t h a t  t:hle occur rence  of t h e s e  
a c c i d e n t s  should  be k e p t  t o  an a b s o l u t e  minimum. 

As noted  ear l ier ,  most of t h e  a v a i l a b l e  a c c i d e n t  d a t a b a s e s  are no t  
capab le  of p rov id ing  a c c i d e n t  c h a r a c t e r i s t i c s  a t  a l eve l  t h a t  cor responds  t o  
t h e  d e t a i l e d  i d e n t i f i c a t i o n  of s i g n i f i c a n t  o r  emerging human f a c t o r s  problems. 
The e x c e p t i o n ,  t h e  NASS and FARS d a t a b a s e s ,  can provide  some i n s i g h t s  f o r  t h e  
t r u c k i n g  i n d u s t r y .  The e x t e n t  t o  which a d d i t i o n a l .  i n fo rma t ion  might be 
a v a i l a b l e  from p r i o r  r e s e a r c h  s t u d i e s  t o  suppor t  t h i s  e f f o r t  prompted t h e  
unde r t ak ing  of an a r c h i v a l  s e a r c h  f o r  r e l e v a n t  l i t e r a t u r e .  

4.1 LITERATURE REVIEW 

The l i t e r a t u r e  review process  was conducted w i t h  t h e  a i d  of a 
computerized s e a r c h  through t h e  T r a n s p o r t a t i o n  R e s e a x h  In fo rma t ion  S e r v i c e  
(TKIS)  f i l e .  From a l i s t  of s e v e r a l  hundred p o t e n t i a l . 1 ~  r e l e v a n t  r e f e r e n c e s ,  
a review of a b s t r a c t s  r e s u l t e d  i n  t h e  i d e n t i f i c a t i o n  of a small s u b s e t  of  
t h e s e  documents which w e r e  deemed r e l e v a n t  t o  t h e  p r o j e c t  scope. Most of t h i s  
material w a s  o b t a i n e d  f o r  u s e  i n  t h i s  s tudy .  

A coup le  of o b s e r v a t i o n s  are a p p r o p r i a t e  h e r e  r ega rd ing  t h e  human f a c t o r s  
i n  t r a n s p o r t a t i o n  l i t e r a t u r e .  F i r s t ,  t h e r e  appea r s  t o  be c o n s i d e r a b l y  more 
in fo rma t ion  and p r i o r  a t t e n t i o n  focused  on human f a c t o r s  i s s u e s  i n  t h e  
t r u c k i n g  i n d u s t r y  re la t ive t o  o t h e r  modes,, p a r t i c u l a r l y  i n  t h e  pas t  decade. 
Very l i t t l e  a c t i v i t y  f o c u s i n g  on r a i l  o p e r a t i o n s  h a s  occur red  s i n c e  t h e  l a t e  
1970'9, and f o c u s  on mar ine  t r a n s p o r t  h a s  been c o n s i s t e n t l y  sparse. 

Concerning s u b j e c t  matter, most of t h e  r e c e n t  a t t e n t i o n  has  focused  on 
f a t i g u e ,  t r a i n i n g ,  and drug  and a l c o h o l  abuse. Some of t h i s  is  couched i n  
e x t e n s i v e  d i s c u s s i o n s  of t h e  environment i n  which d r i v e r s  must o p e r a t e ,  
i n c l u d i n g  present -day  economic and manager ia l  p r e s s u r e s .  There has  a l s o  been 
some a t t e n t i o n  focused  on t h e  cab environment,  I n c l u d i n g  t h e  e f f e c t s  on 
o c c u p a t i o n a l  h e a l t h  (and a t t e n t i v e n e s s )  from proI.onged exposure t o  n o i s e ,  
v i b r a t i o n  and o t h e r  e lements .  

The a v a i l a b i l i t y  of NASS (and FARS) d a t a ,  coupled w i t h  r a t h e r  e x t e n s i v e  
o u t s i d e  l i t e r a t u r e  on human f a c t o r s  i n  t h e  t r u c k i n g  i n d u s t r y ,  l e d  t o  a 
d e c i s i o n  t o  f u l l y  deve lop  an unders tanding  of p o t e n t i a l  problems t h a t  might 
p lague  t h e  t r u c k  t r a n s p o r t  of n u c l e a r  waste materials. This is  addres sed  i n  
S e c t i o n  4.2. Although much more r e s t r i c t i v e  i n  n a t u r e ,  similar d i s c u s s i o n s  
f o r  r a i l  and marine t r a n s p o r t  a r e  provided in S e c t i o n s  4.3 and 4 . 4 ,  
r e s p e c t i v e l y .  
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4.2 HUMAN FACTORS I N  TRUCK SAFETY 

This s e c t i o n  d i s c u s s e s  what is known about human f a c t o r s  i n  t r u c k  s a f e t y  
based on NASS (and FARS) d a t a b a s e  a n a l y s i s ,  and a review of p e r t i n e n t  
l i t e r a t u r e .  I t  i n c l u d e s  a d i s c u s s i o n  of s i g n i f i c a n t  and emerging d r i v e r  
behavior  problems as w e l l  as t h e  development of p o l i c y  o p t i o n s  t o  addres s  
t h e s e  concerns.  Veh ic l e ,  roadway and economic f a c t o r s  a r e  a l s o  desc r ibed  
b r i e f l y ,  t o  t h e  e x t e n t  t h a t  they i n t e r a c t  w i t h  t h e  human f a c t o r s  a r e a .  

4 . 2 . 1  Drive r  Behavior 

Dr ive r  behavior  is g e n e r a l l y  recognized  t o  be a f u n c t i o n  of both the  
c h a r a c t e r i s t i c s  of t h e  d r i v e r  and e x t e r n a l  f a c t o r s  a f f e c t i n g  h i s  a t t i t u d e  and 
performance. Dr ive r  c h a r a c t e r i s t i c s  can i n c l u d e  e x p e r i e n c e ,  p r i o r  t r a i n i n g ,  
age ( a t t i t u d e ) ,  p h y s i c a l  c o n d i t i o n  ( f a t i g u e ,  i n t o x i c a t i o n ,  o t h e r  
d e b i l i t a t i o n s ) ,  and psycho log ica l  s t a t e .  E x t e r n a l  f a c t o r s  may i n c l u d e  
r e g u l a t o r y  o v e r s i g h t  (e .g . ,  l i c e n s i n g ,  t r a f f i c  enforcement) and t h e  type of  
s u p e r v i s i o n  e x e r c i s e d  by t h e  c a r r i e r .  

4.2.1.1 Driver Tra in ing  

R e s u l t s  from an a n a l y s i s  of 5 y e a r s  of t h e  NASS d a t a  (1981-85) i n d i c a t e  
t h a t  s e v e r a l  d r i v e r - r e l a t e d  f a c t o r s  w a r r a n t  f u r t h e r  i n v e s t i g a t i o n .  F igu re  16 
shows t h e  l e v e l  of p r i o r  d r i v e r  t r a i n i n g  r e c e i v e d  by heavy-truck d r i v e r s  
involved  i n  a c c i d e n t s ,  segmented by hazardous  and non-hazardous cargo  
shipments.  Indeed, t h e  m a j o r i t y  of acc iden t - invo lved  heavy-truck d r i v e r s  
neve r  r ece ived  any formal  t r a i n i n g ,  commercial v e h i c l e  o r  o t h e m i s e ,  S e f o r e  
o p e r a t i n g  a r i g .  R e l a t i v e l y  speak ing ,  d r i v e r s  involved  i n  a c c i d e n t s  c a r r y i n g  
hazardous cargo  were more l i k e l y  t o  have had fo rma l  t r a i n i n g ,  a l though t h e i r  
a b s o l u t e  pe rcen tage  of u n t r a i n e d  d r i v e r s  s i g n a l s  a s e r i o u s  d e f i c i e n c y .  

In  a s u r r e y  of t h e  g e n e r a l  p o p u l a t i o n  o f  heavy-truck d r i v e r s ,  23% 
r e p o r t e d  r e c e i v i n g  d r i v e r  t r a i n i n g  p r i o r  t o  becoming a p r o f e s s i o n a l  d r i v e r  
(Regular Common Carrier Conferencep  1 9 8 7 ) .  However, of t hose  d r i v e r s  who 
r e p o r t e d  r e g u l a r l y  h a n d l i n g  hazardous  m a t e r i a l s ,  87X had no t  r ece ived  any 
formal t r a i n i n g  on t h e  s p e c i f i c s  of h a u l i n g  dangerous ca rgo  (Wyckoff, 1979). 
S u r p r i s i n g l y ,  though, d r i v e r s  w i t h  formal  t r a i n i n g ,  on t h e  ave rage ,  r e p o r t e d  
d r i v i n g  f a s t e r ,  m i s r e p r e s e n t i n g  t h e i r  log books more f r e q u e n t l y ,  exceeding t h e  
10-hour s h i f t  limit more r e g u l a r l y ,  and having  more a c c i d e n t s  p e r  100,000 
miles when compared t o  d r i v e r s  w i thou t  formal  t r a i n i n g .  Although t h e s e  
f i n d i n g s  may appear  c o u n t e r - i n t u i t i v e ,  it is impor tan t  t o  n o t e  t h a t  d r i v e r s  
w i t h  formal t r a i n i n g  are predominant ly  younger d r i v e r s  whose s a f e t y  
performance may be  impacted by age and expe r i ence  as d i s c u s s e d  i n  Sec t ion  
4 . 2 . 1 . 5 .  

The l a c k  of t r a i n i n g  i s  a l s o  a s s o c i a t e d  wi th  a c c i d e n t  s e v e r i t y .  
According t o  a n a l y s e s  of NASS (1981-85) and FARS d a t a  (1983) ,  58 percent  of 
heavy-truck d r i v e r s  involved  i n  a c c i d e n t s  d i d  n o t  r e c e i v e  p r i o r  t r a i n i n g ,  a s  
compared t o  7 4  percen t  of t r u c k  d r i v e r s  involved  i n  f a t a l  a c c i d e n t s .  Both t h e  
preponderance of u n t r a i n e d  d r i v e r s  and t h e  overinvolvement of un t r a ined  
d r i v e r s  i n  f a t a l  accid,ents  warrant a t t e n t i o n .  
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4.2.1.2 On-the-Road Performance 

Where driver-related factors have been specified on the accident report 
form for hazardous cargo accidents,* the most frequently cited occurrences 
include driving too fast for conditions, poor lane changes, and disobeying 
traffic signals. A more detailed investigation of the role of human factors 
in truck accidents in Finland also points to failures in contralling the 
vehicle, in estimating the traffic situation, and in perception as the 
principal causes when human error is cited as the primary factor. Driver 
attitude and the physical or mental state of the driver emerge as key accident 
characteristics when human error is given as a secondary cause (Stocker, 
1987). Similar findings were reported in Oregon in an analysis of heavy-truck 
at-fault collisions - the principal causes were improper maneuvers, speed too 
fast for conditions, and driver fatigue and inattention (Oregon Public Utility 
Commissioner, 1985). 

The frequencies of driver error for the truck driver and for the driver 
of the other vehicle in truck accidents appear in Table 3, which shows the 
contrast between the operating performance of each party in crash 
circumstances in Washington State. Areas of poor performance by the truck 
driver include inattention, exceeding reasonable speed, following t o o  c l o s e l y ,  
and improper turning maneuvers. 

Through the Federal Motor Carrier Safety Assistance Program (MCSAP), 
several States have also found excessive speed to be the most frequent human 
factor involving accident causation. For example, Maryland and Massachusetts 
as well as Oregon cite speeding as the most common accident causation factor. 

The association between speeding and accident causation deserves further 
consideration in the context of the recent increase in the speed limit to 65 
mph on many rural interstates. A 1987 survey of truck drivers' opinions 
carried out in Florida f o r  the Regular Common Carrier Conference addressed 
driving habits of long-haul truck drivers under the new posted speed limits. 
Table 4 shows the results reported from interviews with 1,762 truck drivers. 
Furthermore, seventeen percent of the drivers interviewed indicated that they 
are being asked to make faster deliveries now than before the 65 mph speed 
limit was approved. This apparent push toward higher truck speeds and faster 
expected delivery times, even on roadways whose posted limits did not change, 
is disturbing. 

Higher posted speed limits also increase the variation in speed of any 
vehicle from the average speed of all traffic. Greater variation in speed 
leads to increased accident likelihood by providing more conflict situations, 
such as passing maneuvers and braking (Solomon, 1964). 

* 
In the National Accident Sampling System (1981-851, driver-related factors 
in hazardous cargo accidents are specified approximately 30% of the time. 
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Table 3 .  Contributing Circumstances to State 
of Washington Crashes In 1984 

Causal Factor 

Truck or Truck Other Vehicle 
Driver in or Driver in 

Truck Accidents Truck Accidents 

DRIVER ERRORS 
Inattention 
Failure to yield 
right of way 

Exceeding reasonable 
speed 

Alcohol 
Disregard stop 

sigdsignal 
Following too closely 
Exceeding stated speed 
Over center line 
Improper passing 
Improper turn 
Apparently asleep 
Drugs 
Failed to signal 
Disregard warning 

sign/signal 
Improper parking 
location 

Improper signal 
No lights/failed 

to dim 

DEFICIENT EQUIPMENT 

OTHER VIOLATIONS 

NO VIOLATION 

TOTAL ACCIDENTS 

Number Percent Number Percent 

1,128 

513 

670  
56 

58 
277 

55 
120 

7 1  
27 1 

62  
1 

22 

25 

46 
10 

8 

343 

606 

1,674 

5,051 

- 

65 9 

445 

34 a 
141 

100 
111 
56 

106 
126 

9 1  
20 

5 
22 

10 

21  
7 

5 

64 

240 

1,1527 

3,901 

_.- 

Note: 
while in others there were several noted. 

In some accidents there were no contributing circumstances noted, 

-- 
Source: NHTSA, based on data from the Washington Utilities and 

Transportation Commission. 
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Table 4 .  Interviews About Truck Cruising Speeds 
of Long-Haul Drivers 

Since Approval of the 65 mph Speed Limit, Have Truck Cruising 
Speeds Increased, Decreased, o r  Stayed the Same on Roadvays Where: 

Increased Same Decreased 

26% 6 9I 6X S 5  mph is  s t i l l  posted 

65 mph i s  now posted 30% 68% 2% 

Source: Regular Common Carrier Conference, 1987.  
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4 .2 .1 .3  Previous  Dr iv ing  Hi s to ry  

Evidence e x i s t s  t h a t  heavy-truck d r i v e r s  invol.ved i n  a c c i d e n t s  have a 
h i s t o r y  of p rev ious  s a f e t y  v i o l a t f o n s ,  even those  c a r r y i n g  hazardous cargo  
shipments .  As noted i n  F igure  17, i n  many i n s t a n c e s  a t r u c k  d r i v e r  involved 
i n  a NASS-recorded a c c i d e n t  had r ece ived  p rev ious  c i t a t i o n s ,  p a r t i c u l a r l y  f o r  
speeding  and o t h e r  moving v i o l a t i o n s ,  and had been involved  i n  p rev ious  
a c c i d e n t s .  The n a t i o n a l  estimates from NASS d a t a  (1981-85) show t h a t  30 
percen t  o r  more of t r u c k  d r i v e r s  involved i n  hazardous cargo  a c c i d e n t s  had a t  
l e a s t  one p r i o r  speeding  c o n v i c t i o n  i n  t h e  p rev ious  3 'years and a t  l e a s t  one 
a d d i t i o n a l  moving v i o l a t i o n .  One i n  eve ry  f o u r  acc ident - involved  d r i v e r s  
c a r r y i n g  hazardous cargo  had a t  l eas t  one a c c i d e n t  p r i o r  t o  t h e  recorded one. 
A s  i n  t h e  case of d r i v e r  t r a i n i n g ,  a l though  acc ident - involved  d r i v e r s  of 
hazardous ca rgo  f a r e d  s l i g h t l y  b e t t e r  t han  t h e  acc ident - involved  t r u c k  
d r i v e r  popu la t ion  as a whole,  i t  is  appa ren t  t h a t  poor d r i v i n g  r e c o r d s  a r e  
s c a t t e r e d  among a c o n s i d e r a b l e  number of t r u c k  d r i v e r s , ,  

4.2.1.4 Drugs and Alcohol  

Alcohol  impairment s t u d i e s  based on p o l i c e  r e p o r t s  o f t e n  show a l o w  
percentage  of i n t o x i c a t e d  t r u c k  d r i v e r s .  However, s t u d i e s  u s ing  blood t e s t s  
and small samples have shown t h a t  as many as 33% of  f a t a l l y  i n j u r e d  t r u c k  
d r i v e r s  had p o s i t i v e  BAC's  (Ranney, e t  a l . ,  1984). The p r e l i m i n a r y  r e s u l t s  of  
a r e c e n t  s p e c i a l  heavy-truck a c c i d e n t  i n v e s t i g a t i o n  be ing  conducted by t h e  
N a t i o n a l  T r a n s p o r t a t i o n  S a f e t y  Board (NTSB) i n d i c a t e  t h a t  ove r  17 p e r c e n t  of  
completed cases involved  a d r i v e r  impaired by e i t h e r  a l c o h o l ,  d rugs ,  o r  bo th .  
I n  t h e  m a j o r i t y  of a c c i d e n t s ,  t h e  d r i v e r  was e i t h e r  n o t  t e s t e d  o r  r e f u s e d  
t e s t i n g ,  which may e x p l a i n  t h e  d i s c r e p a n c i e s  between t h e s e  r e s u l t s  and t h o s e  
de r ived  from p o l i c e  r e p o r t s .  Moreover, a l l  of  t h e  impai red-dr iver  cases i n  
t h e  NHTSA s t u d y  involved  some type of improper d r i v e r  judgement t h a t  r e s u l t e d  
i n  t h e  a c c i d e n t .  

Add i t iona l  ev idence  of a growing drug  and alcohol.  problem comes from a 
1986 survey  sponsored by t h e  Regular  Common Carrier Conference of 1 , 3 1 9  
long-haul,  t ractor- t ra i ler  t r u c k  d r i v e r s  o p e r a t i n g  out: of F l o r i d a  (Be i lock ,  
1987). I n  t h i s  survey ,  d r i v e r s  were asked t h e i r  p e r c e p t i o n  of f e l l o w  d r i v e r s '  
usage of d rugs  and a l c o h o l .  The "average" respondent  f e l t  t h a t  36 p e r c e n t  of 
f e l l o v  d r i v e r s  sometimes d r i v e  under  t h e  i n f l u e n c e  of drugs .  Perce ived  u s e  o f  
a l c o h o l  w a s  lower;  18 p e r c e n t  of  a l l  d r i v e r s  were d e s c r i b e d  a s  sometimes 
d r i v i n g  under  t h e  i n f l u e n c e  of  a l coho l .  

F u r t h e r  i n d i c a t i o n  t h a t  a drug  problem may e x i s t  among t r u c k  d r i v e r s  i s  
p resen ted  i n  a n  A u s t r a l i a n  s t u d y  of heavy-truck s a f e t y  ((Lees, 1987). A su rvey  
by t h e  N a t i o n a l  Road F r e i g h t  I n d u s t r y  I n q u i r y  found t h a t  66 p e r c e n t  of 
long-d is tance  d r i v e r s  u se  d rugs  t o  s t a y  a l e r t .  

Alcohol involvement and a c c i d e n t  consequence are! s t r o n g l y  c o r r e l a t e d .  
F igure  18 shows t h e  s e v e r i t y  of i n j u r i e s  as a f u n c t i o n  of whether  heavy-truck 
d r i v e r  d r i n k i n g  was involved .  Regarding a c c i d e n t  types, s i n g l e - v e h i c l e ,  road 
d e p a r t u r e  a c c i d e n t s ,  o f t e n  a t  n i g h t ,  were found t o  be  predominant among 
d r i n k i n g  t r u c k  d r i v e r s  (Ranney, e t  a l . ,  1984). The c o r r e l a t i o n  between t r u c k  
d r i v e r  d r i n k i n g  and a c c i d e n t  s e v e r i t y  s u g g e s t s  t h a t  a d r i n k i n g  d r i v e r  may 
e i t h e r  f a i l  t o  react o r  react nore s lowly  and less  d e f i n i t i v e l y  i n  a s i t u a t i o n  
wi th  a c c i d e n t  p o t e n t i a l ,  heightenir lg  t h e  i n t e n s i t y  of  i i  subsequent  c r a s h .  

* blood-alcohol  c o n c e n t r a t i o n  
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4 . 2 . 1 . 5  Age and Experience 

Young and inexpe r i enced  d r i v e r s  are t h e  t r u c k  d r i v e r  groups w i t h  t h e  
h i g h e s t  r i s k  of a c c i d e n t  ,(Jones and S t e i n ,  1988; Sanders ,  1980;  Green, e t  a l . ,  
1980).  It has  been r e p o r t e d  t h a t  d r i v e r s  under 25 y e a r s  of age are s i x  times 
more l i k e l y  t h a n  o t h e r  heavy-truck d r i v e r s  t o  be involved i n  an a c c i d e n t  
(Hackman, e t  a l . ,  1978).  Other s t u d i e s  i n d i c a t e  t h a t  d r i v e r s  w i t h  l e s s  than 1 
yea r  of expe r i ence  c o n s t i t u t e  1 p e r c e n t  of t h e  c a r r i e r  workforce ,  y e t  account 
f o r  3 p e r c e n t  of t h e  a c c i d e n t s  ( J o v a n i s ,  1987).  

According t o  one s t u d y ,  by t h e i r  own estimates, younger t r u c k  d r i v e r s  
complained more o f t e n  about  monotony, boredom and l o n e l i n e s s .  They a l s o  were 
r e p o r t e d  t o  be more t h a n  tw ice  as l i k e l y  t o  r e g u l a r l y  expe r i ence  f a t i g u e  a t  
t h e  wheel i n  comparison t o  t h e  heavy-truck d r i v e r  p o p u l a t i o n  as a whole, and 
more l i k e l y  t o  d r i v e  af ter  d r i n k i n g  o r  u s i n g  mar i juana .  A g r e a t e r  adherence  
t o  s a f e t y  rules w a s ,  as expec ted ,  a l s o  c o r r e l a t e d  w i t h  i n c r e a s e d  age of t h e  
d r i v e r .  

F i g u r e  19 shows t h e  age of  acc ident - involved  d r i v e r s ,  segmented by 
hazardous and non-hazardous ca rgo ,  based  on an a n a l y s i s  of NASS d a t a .  There  
appea r s  t o  be no i n d i c a t i o n  tha t  o l d e r  dr ivers  are associated with more 
dangerous ca rgo  movements. T h e r e f o r e ,  t h e  i n c r e a s e d  " r i s k "  of younger d r i v e r s  
does  n o t  appea r  t o  be  r e f l e c t e d  i n  d r i v e r  ass ignments  i n v o l v i n g  hazardous  
shipments.  

4.2.1.6 F a t i g u e  

As shown i n  F i g u r e  20, a European t r u c k  s a f e t y  s t u d y  found t h a t  d r i v e r s  
t r a v e l i n g  several days  in a row, as a group, spend more t i m e  working t h a n  
o t h e r  d r i v e r s  o v e r  a 24-hour p e r i o d  (Hamelin, 1987).  Although i t  cannot  be 
proven c o n c l u s i v e l y  from o b s e t v i n g  this f i g u r e ,  i t  is conce ivab le  t h a t  t h e s e  
d r i v e r s  work as f r e q u e n t l y  as o t h e r  d r i v e r s  d u r i n g  t h e  day, y e t  remain on 
d u t y ,  predominantly d r i v i n g ,  after normal b u s i n e s s  hours .  Such d r i v e r s  e i t h e r  
spend daytime hour s  invo lved  in d r i v i n g  o r  l oad ing /un load ing ,  preceded o r  
followed by a d d i t i o n a l  d r i v i n g .  This p a t t e r n  can l e a d  t o  bo th  sudden f a t i g u e ,  
due t o  temporary i r r e g u l a r i t i e s  of t h e  s l e e p  c y c l e ,  and accumulated f a t i g u e ,  
due t o  long working hour s .  The f a t i g u e ,  in t u r n ,  r educes  t h e  d r i v e r s '  
s e n s o r i a l  and motor c a p a c i t i e s .  

Using a survey  of t r u c k  d r i v i n g  p a t t e r n s  t o  measure exposure ,  a c c i d e n t  
expe r i ence  and exposure  were a l s o  compared t o  a s c e r t a i n  p e r i o d s  of h igh  
a c c i d e n t  r i s k  (Hamelin, 1987).  F i g u r e  21 shows t h a t  a c c i d e n t  involvement 
rates g e n e r a l l y  i n c r e a s e  throughout  t h e  day, r each ing  a d a y l i g h t  peak a t  lunch  
time, and then  growing more d r a m a t i c a l l y  a t  t h e  end of t h e  a f t e r n o o n ,  i n t o  t h e  
evening, and l a t e  a t  n i g h t .  F i g u r e  2 2  shows t h a t  a c c i d e n t  involvement r a t e s  
are r e l a t i v e l y  h i g h  f o r  s h o r t  work spans ,  t hen  d imin i sh ,  and i n c r e a s e  a g a i n  
f o r  s h i f t s  l a s t i n g  more t h a n  12 hours .  A r i s k  peak i n  t h e  f i r s t  hour of any 
s h i f t  h a s  been r e p o r t e d  by o t h e r  heavy-truck s a f e t y  r e s e a r c h  conducted on 
c i r c a d i a n  rhythms ( J o v a n i s ,  19871, as w e l l  as a h i g h e r  i n c i d e n t s  of r e p o r t e d  

admit r e g u l a r l y  t o  exceeding a 10-hour d r i v i n g  s h i f t  
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S i g n i f i c a n t  i nc reases  i n  d r i v e r  e r r o r s  and decreases i n  a l e r t n e s s  have 
been noted as e a r l y  a s  t h e  fou r th  hour of d r i v i n g  time i n  a s h i f t ,  and 
gene ra l ly  inc rease  throughout t h e  t r i p ,  except f o r  a s l i g h t  recovery near  t he  
end of t h e  t r i p  (Harr i s  and Mackie, 1972). The lowest l e v e l s  of a l e r t n e s s  
occur f o r  most d r i v e r s  betveen 2:OO a.m. and 7:OO a.m. Moreover, t h e  adverse 
e f f e c t s  of prolonged d r i v i n g  a r e  probably more pronounced f o r  d r i v e r s  aged 45 
or o l d e r  than f o r  younger d r i v e r s .  Thus, t h e  g r e a t e r  experience of o lde r  
d r i v e r s ,  a s a f e t y  enhancement dur ing  t h e  e a r l y  hclurrr of a s h i f t ,  is o f f s e t  
somewhat by phys ica l  l i m i t a t i o n s  of o l d e r  d r i v e r s ,  i f  t h e  s h i f t  du ra t ion  
exceeds a threshold .  F i n a l l y ,  d r i v e r s  on i r r e g u l a r  schedules  experienced more 
f a t i g u e  than drivers on r egu la r  schedules ,  and t h e  e f f e c t s  tended t o  occur 
ear l ie r  (Mackie and Miller, 1978). Drivers  using a s l e e p e r  cab f o r  res t  
per iods  experienced g r e a t e r  f a t i g u e  than d i d  r e l a y  d r i v e r s ,  al though d r i v e r s  
who "rest" i n  t h e  s e a t  of t h e i r  cabs were more prone t o  dozing on t h e  road 
than  those  us ing  t h e  cab s l e e p e r  (Wyckoff, 1979). 

As noted i n  F igure  23, acc ident  d a t a  involv ing  i n t e r s t a t e  commercial 
motor v e h i c l e  d r i v e r s  show f a t i g u e - c l a s s i f i e d  a c c i d e n t s  as p ropor t iona l ly  
h ighe r  dur ing  t h e  hours  between 11:OO p.m. and 8:OlO a.m., emphasizing the  
importance of c i r c a d i a n  rhythm (Hackman e t  a l . ,  1978). The NTSB, t oo ,  no te s  
f a t i g u e  ( o r  hours  of s e r v i c e )  as a f a c t o r  i n  over  30 percent  of i t s  acc iden t  
i n v e s t i g a t i o n s  (NTSB, 1987). Ins tances  of 26-31 c.onsecutive hours  of d r i v e r  
duty t i m e  p r i o r  t o  t h e  acc iden t  vere documented, some as a d i r e c t  r e s u l t  of 
c a r r i e r  d i spa tch ,  d e l i v e r y ,  o r  o t h e r  requirements .  

A r e l a t i o n s h i p  between heavy-truck acc iden t  s e v e r i t y  and acc iden t  
occurrence by time of day is  a l s o  apparent .  F igure  24 shows t h a t  a 
d i s p r o p o r t i o n a t e l y  l a r g e r  number  of f a t d l  a c c i d e n t s  occur  between nidniAhz m d  
6:OO a.m. Although f a t i g u e  may be a c o n t r i b u t i n g  f a c t o r ,  t h i s  may a l s o  be  
due t o  problems a s soc ia t ed  with dark  condi t ions .  However, a h igher  acc iden t  
s e v e r i t y  a s soc ia t ed  wi th  acc iden t s  a t t r i b u t e d  t o  dozing w a s  a l s o  r epor t ed  by 
Wyckoff (1979). 

4.2.2 Vehicle  Fac to r s  

Vehicle  des ign  and performance a f f e c t  t r u c k  s a f e t y ,  as do maintenance and 
ope ra t ing  p r a c t i c e s .  Design and performance issuers involve  brake system 
c a p a b i l i t i e s ,  handl ing  and s t a b i l i t y ,  v e h i c l e  c rashwor th iness ,  and t ruck  
occupant p ro tec t ion .  Maintenance p r a c t i c e s  inc lude  p reven t ive  maintenance a s  
w e l l  as replacement of inoperable  o r  worn p a r t s .  Vehicle  ope ra t ing  p r a c t i c e s  
inc lude  cargo loading ,  both i n  terms of tiedown, o v e r a l l  weight ,  and weight 
d i s t r i b u t i o n .  

The impact of v e h i c l e  f a c t o r s  i n  an acc iden t  may be  more s u b t l e  than 
d r i v e r  f a c t o r s .  Vehicle  f a c t o r s  may n o t  p r e c i p i t a t e  a c ra sh  but  can reduce 
t h e  v e h i c l e ' s  performance c a p a b i l i t i e s  below t h e  th re sho ld  where s a f e t y  can be 
maintained when an unusual d r i v e r  a c t i o n  is taken.  These f a c t o r s  a r e  a l s o  
more l i k e l y  t o  have a s i g n i f i c a n t  r o l e  i n  highway ope ra t ing  environments,  such 
a s  heavy t r a f f i c ,  c u n e s ,  o r  narrow roadways, v e h i c l e  performance 
may be needed. e ?  

The s u b t l e t i e s  of the r o l e  of t he  veh ic l e  in ac,$idents a r e  emph 
an examination of Oregon acc ident  records  f o r  heavy t:rucks. 
were n o t  t y p i c a l l y  t h e  designated cause of an acc iden t  (Oregon Publ ic  U t i l i t y  
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Commissioner, 1985). However, when truck-at-fault accidents were 
disaggregated, over 20 percent of the accidents were linked to mechanical 
defects. Given the known biases 'toward driver error as the reported cause of 
an accident, this analysis identifies vehicle factors as important for 
accident prevention as well as for mitigating accident severity. 

4.2.2.1 Braking System 

Problems associated with vehicle maintenance are evident in the results 
of State-conducted vehicle inspections as part of the Federal Motor Carrier 
Safety Assistance Program (MCSAP). Although the results vary among States for 
reasons which may be related to the process of selecting vehicles for 
inspection, the condition of. much exhting equipment is so deficient that a 
significant number of trucks are placed out of service immediately. Based on 
all cited equipment violations, brakes are listed as the most common problem, 
followed by poor lighting and tire condition. Accident causation studies also 
corroborate this relationship. Of all heavy-truck accidents associated with 
mechanical defects, brake system failures were the single largest group cited, 
constituting 31 percent of the total (BMCS, 1979). 

The nature of brake problems has been documented in greater detail by the 
Oregon Public Utility Commission, which found that over 60 percent of brake 
violations related to brakes being out-of-adjustment ; another 14 percent 
related to problems with the brake l i n i n g .  Therefore, roughly three of every 
four brake-related citations identified problems that normal brake maintenance 
could easily detect and correct. NTSB's investigations revealed that in many 
cases the truck driver had responsibility for proper brake adjustment, but the 
carrier had not required or furnished appropriate training (NTSd, 1987) .  

Existing truck braking systems must be kept adjusted and well maintained 
to accommodate sudden braking or other avoidance maneuvers without causing the 
truck to jackknife, which is considered a significant problem today. 
Jackknifing potential is exacerbated by wet road conditions, and is especially 
prevalent among lightly loaded or empty vehicles (Jones and Stein, 1988; 
Winkler, et al., 1983). 

4 . 2 . 2 . 2  Vehicle Handling and Stability 

Handling and stability problems often lead to vehicle rollovers, which, 
in turn, are strongly correlated with accident severity. Rollovers are more 
likely to be associated with accidents involving a fatality relative to all 
heavy-truck accidents (NHTSA, 1987). Other studies show that the risk of 
injury is higher in rollover accidents involving a single vehicle relative to 
multiple-vehicle accidents (Jones and Stein, 1988). 

Rollovers are more likely to occur on curved roads, where vehicle 
contributory factors include load shifting, deficient brakes, and deficient 
tires (WTSA, 1987). Driver-related factors include inattention, falling 
asleep, loss-of-controllskidding, speeding, and avoidance maneuvers. 
Operational factors, such as unbalanced cargo loads and trailers with higher 
centers of gr\av+ty, are also more likely to be found in rollover accidents. 
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4 . 2 . 2 . 3  Tires 

Tire failure is the second leading cause of (crashes having mechanical 
defects as primary contributing factors (IIHS, 19135), and is thought by 
heavy-truck drivers to be the most failure-prone part of the truck that 
affects safety (Regular Common Carrier Conference, 1987). Trucks carrying 
heavy loads may have underinflated or overheated tires, conditions likely to 
lead to blowout or fire, and often, loss of control. 

4.2.2.4 Override/Underride 

When accidents occur between large trucks and cars, the mismatch between 
truck and car bumper heights leads to override and underride consequences. 
Override/underride accidents are more prevalent at night, when darkness 
reduces visibility for all drivers. This problem is more evident for certain 
trailer configurations, particularly platform trailera (MVMA, 1985). 

A comparison between fatal and nonfatal car-into-truck accidents shows 
that fatalities occur more frequently in underride accidents, including many 
from contact with the side of the truck. Trucks and trailers with devices to 
prevent underride were more likely to be involved in nonfatal accidents, 
showing the value of such protection (MVMA, 1985). 

4.2.2.5 Truck Occupant Protection 

Fewer than 1 percent of all medium- and heavy-truck occupants involved in 
accidents are killed, and only 10 percent are injured. Nevertheless, truck 
driving is considered a relatively dangerous occupaticln when compared to 
other occupational fatality rates (NHTSA, 1987). 

It is interesting to note that the majority of truck drivers 
(76 percent) involved in accidents were not wearing seat belts at the time, 
based on analysis of NASS data. A truck driver wearing a seat belt is much 
less likely to be injured or will suffer a less severe injury in an accident, 
primarily because he is less likely to be thrown out alf the cab by the Impact. 
FARS (1984) data indicate that total or partial ejection was involved in 38 
percent of combination-unit (tractor-trailer) truck occupant fatalities. 
Ejection after an accident also occurred more frequently among truck occupants 
than it did among passenger car occupants (NHTSA, 1987). 

For those truck-occupant accident victims wh.0 remain in the cab, 
entrapment, cab crush, and contact with interior surfaces pose serious 
consequences. A atudy of truck occupants in rural accidents identif led 
ejection and steering-assembly contact as the leading sources of truck 
occupant injury, followed by contact with the windshield and the door area 
(Robinson, 1969). A study of injury patterns of fatally injured truck drivers 
concluded that severe abdominal injuries in combination with head and/or chest 
injuries were more likely among combination-unit truck drivers than among 
drivers of other truck types (Karlson, et al., 1977). The nature of these 
injuries suggests the steering wheel as particularly dangerous. The steering 



wheel was a l s o  i d e n t i f i e d  a s  t h e  most prominent source of i n j u r y  i n  an 
a n a l y s i s  of 124 acc iden t s  involv ing  volvo t rucks  i n  Sweden (Anderson, e t  a l . ,  
1980). 

Limited informat ion  is a v a i l a b l e  on t h e  r e l a t i v e  s a f e t y  of 
cab-over-engines (COE) and convent ional  cabs.  There i s  some i n d i c a t i o n  t h a t  
t h e  r i s k  of i n j u r y  t o  a COE d r i v e r  i s  s l i g h t l y  (15 percent )  h ighe r ,  and the  
r i s k  of i n j u r y  t o  t h e  nontruck d r i v e r  s l i g h t l y  lower,  when a COE is involved 
(MVMA, 1985). FARS d a t a  show t h a t  C O E s  have a g r e a t e r  involvement i n  
acc iden t s  i n  which a f a t a l i t y  occurs  a s  w e l l  as i n  acc iden t s  involv ing  a 
t ruck-dr iver  f a t a l i t y .  These f ind ings  a r e  worthy of no te  s i n c e  the  advent of 
t he  COE des ign  w a s  motivated by Federa l  r e s t r i c t i o n s  on o v e r a l l  l e n g t h ,  which 
are no longer  ope ra t ive .  

There have a l s o  been f ind ings  r epor t ed  on t h e  d iscomfor t s  of prolonged 
exposure t o  d r i v i n g  and t h e  p o t e n t i a l  f o r  decreased d r i v e r  performance and 
permanent harm t o  t h e  body. The g r e a t e s t  concern among heavy-truck d r i v e r s  is 
seat comfort ,  v i b r a t i o n ,  temperature ,  n o i s e  and fumes (Wyckoff, 1979). 
Dr ivers  r e p o r t  a h ighe r  frequency of h e r n i a ,  back, kidney and nervous problems 
when compared t o  t h e  publ ic .  There is f u r t h e r  evidence t h a t  those who spend 
more than h a l f  of t h e i r  working l i v e s  dr iv ing  are three t i m e s  more l i k e l y  to  
s u f f e r  back t r o u b l e  than  t h e  rest of t h e  popula t ion  (Troup, 1978). The 
d r i v e r s  surveyed f o r  one s tudy  a t t r i b u t e d  14  percent  of t h e i r  p rev ious  
acc iden t s  t o  poor r i d e  q u a l i t y ,  and noted t h a t  v i b r a t i o n  was more of a problem 
when v e h i c l e s  were empty (Wilson and Horner, 1979). A Swedish r e sea rch  s tudy  
a l s o  r e p o r t s  p r o f e s s i o n a l  d r i v e r  complaints  about n o i s e ,  exhaus t ,  c l ima te ,  
uncomfortable seats and heavy l i f t i n g ,  l ead ing  t o  back and stomach t r o u b l e  a s  
w e l l  as h e a r t  and c i r c u l a t o r y  problems (Lipping, 1980j .  

The Socie ty  of Automotive Engineers r e p o r t s  t h a t  t r u c k  d r i v e r  exposure t o  
no i se  i s  g r e a t e s t  du r ing  freeway hau l s  and t h a t  permanent hear ing  l o s s  hazard 
may e x i s t .  They found t h a t  f r equen t  use of r a d i o  or CB r a d i o  can 
s i g n i f i c a n t l y  i n c r e a s e  t h i s  hazard (Rei f ,  e t  a l . ,  19801, a l though t h e  use  of a 
CB r a d i o  has  a l s o  been c r e d i t e d  wi th  increased  d r i v e r  a l e r t n e s s  (Wyckoff, 
1979). 

Toxic gases  i n  heavy d i e s e l  t ruck  cabs  have a l s o  been found t o  exceed 
th re sho lds  f o r  s i g n i f i c a n t  occupat iona l  exposure concen t r a t ion  i n  many 
veh ic l e s .  Cab floor openings have been i d e n t i f i e d  as a p r i n c i p a l  pathway f o r  
engine compartment gas  t ransmiss ion  i n t o  t h e  cab (Zisk ind ,  e t  a l . ,  1977). 

4.2.3 Safe ty  Oversight 

Roadside in spec t ions  can s e n e  a s  e f f e c t i v e  acc ident  prevent ion measures. 
As shown i n  Figure 25, a S t a t e  of C a l i f o r n i a  s tudy  found a c l e a r  inverse  
r e l a t i o n s h i p  between t h e  number of roads ide  in spec t ions  and the  number of 
t ruck  a t - f a u l t  acc iden t s  (Ca l i fo rn ia  Highway P a t r o l ,  1986). Although o t h e r  
f a c t o r s  undoubtedly inf luenced opera t ions  over t h i s  
apparent c o r r e l a t i o n  between increased enforcement 
s a f e t y  i s  hard t o  ignore .  

10-year s tudy per iod ,  the  
and upgraded on-the-road 
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State terminal audits conducted as part of the MCSAP program also raise 
important carrier management safety issues. In Arizona, for instance, the 
three most common carrier violations are (1) failure to maintain driver 
qualification files, ( 2 )  hours-of-service violations, and (3) failure to 
maintadn inspection, repair, and maintenance records. Officials familiar with 
Oregon's audit results concluded that carriers do not comply with the 
requirements because they typically do not either know or understand the 
regulations as applied to their operations. Moreover, even when the 
regulations are understood, the cost of noncompliance is so low that is it no t  
an effective deterrent. These findings point to the need for a better 
education and enforcement program. 

In Michigan, a direct link has been established between driver 
qualifications, hours of service, and vehicle operations and commercial 
vehicle accidents. Making compliance with driver qualification procedures a 
direct responsibility of carriers has proven to be beneficial to accident 
prevention. 

4 . 2 . 4  Economic Factors 

The U . S .  trucking industry represents a diverse mix of carr iers ,  drivers, 
and truck owners operating with a broad range of safety practices and levels 
of management control. Some limited evidence links the amount of motor 
carrier investment in safety-related activities to the firm's overall 
financial condition. One study of for-hire, general freight carriers found 
that the average carrier that eventually goes bankrupt spends less on safety 
and maintenance, has older equipment, and depends more on owner-operators 
(Chow, 1987). However, the basis for this finding was not 3 conparison of 
accident rates to carrier profitability, but rather a comparison of 
expenditures that infer safety performance to a weighted combination of 
financial ratios. Moreover, studies of this kind are hampered by scarcity of 
industry financial data maintained by the Interstate Commerce Commission 
(ICC), particularly for new entrants. Furthermore, ICC is eliminating 
requirements for detailed financial reports from those carriers who must s t i l l  
submit records. 

The question of whether the preponderance of driver speeding is related 
to the method of compensation extended to drivers has been examined in one 
study. Drivers paid by the job have an economic incentive to speed, to 
produce more revenue-generating trips within a given time period. Based on 
analysis of NASS data, although speeding is prevalent across all segments of 
the carrier industry, speed is more frequently abused by ICC-exempt and 
for-hire carriers. Leased drivers had the highest incidence of previous 
speeding violations, as well as previous license suspensions and revocations. 
Leased drivers and drivers operating for ICC-exempt carriers were 
disproportionately involved in drunk driving accidents. The validity of these 
figures, however, is difficult to establish because the NASS data does not 
have well-defined driver or carrier classification categories. Furthermore, 
it is difficult to delineate the class of driver on a specific trip, as the 
same driver could be leased or not leased in many different driver 
classifications and may drive during the year in many different types of 
operation. 
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4 . 2 . 5  Roadway Environment Considerations 

Like several of the vehicle-related issues, roadway environment factors 
are often listed incidentally on many accident reports. Typically, these 
factors make it easier for an accident to occur or create conditions that are 
unforgiving of mishaps or errors. Examples include! road designlgeometry, 
weather, lighting conditions, traffic conflict oppclrtunity, and operating 
speeds. 

I 4 . 2 . 5 . 1  Road Type 

The functional class of the roadway has a profound impact on heavy-truck 
involvement rates for both fatal and non-fatal accidents (see Table 5 ) .  A 
similar relationship between rural/urban and interstatelother roadway fatality 
rates apppears in a corroborating study, although the magnitudes differ 
somewhat (Carsten, 1 9 8 7 ) .  

Figure 26 depicts frequencies of heavy-truck: accidents and fatal 
heavy-truck accidents by road classification. Of particular significance is 

- the proportion of heavy-truck, fatal accidents (relative to all heavy-truck 
accidents) that occur on U.S. and State highways. 

Some characteristics of these roads create the  potential for severe 
accidents. For instance, the presence or absence of median control has a 
profound influence on accfdent severity. Fatalities are far more likely in 
accidents occurring on roads that are not physic:al.ly divided and provide 
greater opportunity for head-on collisions. Furtherniore, roads with higher 
posted speed limits are more likely to be the site olf fatal truck accidents. 

4 . 2 . 5 . 2  Lighting Conditions 

The impact of lighting conditions on heavy-truck: accident rates is not 
entirely known. Several studies find that the risk to truck safety is 1.5-2.0 
times greater at night than in the daytime (MVMA, 1985:1 .  Other studies report 
a higher truck accident rate in darkness during the summer but a comparable 
accident rate for daylight and darkness during the winter season*, or find no 

* 
A higher accident rate in darkness during the summer may be due to the fact 
that darkness is more concentrated in the late-night /early-morning hours (when 
fatigue would be more apparent) in comparison to winter lighting conditions. 
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Table 5. Single Trailer Vehicular Accident Involvement 
Rates by Highway Functional Class 

Functional Class Involvement Rate (per 100 million 
vehicle-miles) 

Fatal Non-Fatal Injury 

Rural interstate 1.87 

Rural minor arterial 6.49 
Rural major collector 13.67 
Urban interstate 2.23 
Urban-other principal artery 9.52 
Urban local 27.79 

Rural-other principal artery 3.80 
25.53 
31.43 
41.65 
50.12 
52.73 
103.41 
55.59 

Source: Federal Highway Administration, 1987. 
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significant impact of lighting conditions (Strandberg, 1987). However, an 
apparent correlation exists between lighting conditions and accident severity. 
Based on NASS and FARS analyses, 40 percent of fatal accidents involving heavy 
trucks occur at night, in contrast to 24  percent of all heavy-truck accidents. 

4.2 .5 .3  Sharing the Road 

Annual studies of heavy-truck accidents carried out by the California 
Highway Patrol place trucks at fault 43-53 percent of the time over the past 
1 0  years (NHTSA, 1 9 8 7 ) .  A European study reports that in accidents involving 
a heavy-truck and another vehicle, the driver of the other vehicle involved 
was mainly responsible 44 percent of the time (Theis, 1 9 8 7 ) .  An American 
Automobile Association-sponsored study of multiple vehicle accidents involving 
heavy trucks in Michigan notes that the non-truck driver was considered at 
fault in 69 percent of fatal accidents and 49  percent of accidents requiring 
hospitalization. These results suggest that, in addition to developing 
policies directed at reducing aggressive and irresponsible behavior of truck 
drivers, emphasis must also be placed on improving public awareness of truck 
operations and safety requirements. 

4.2.6 Human Factors Policy Considerations for Improving Truck Safetv 

A review of the previous discussion suggests several policy 
considerations related to -the effects of human factors on the safety of 
nuclear waste transport by truck. It is apparent that the driver is most 
frequently the key factor in determining whether or not a vehicular accident 
occurs under difficult driving conditions. A large number of heavy-truck 
drivers involved in accidents have poor driving records, including speeding 
offenses and other unsafe maneuvers that are major causes of accidents. 
Moreover, the correlation between drivers under the influence of alcohol with 
increased accident likelihood and severity is a major safety concern. 
Accident studies and surveys indicate that a major portion of the heavy-truck 
driver population has not received any driver training prior to going on the 
road. Young, inexperienced drivers are particularly susceptible to accident 
risk. 

Fatigue can play a major role in accidents, particularly for young 
drivers during early shift hours and older drivers after extended shift 
length. Drivers of large trucks have shown significant increases in driving 
errors and decreases in driver alertness due to fatigue well within the 
current hours-of-service limit. Greater understanding of the circadian rhythm 
(time-of-day) impact on fatigue also suggests that current hours-of-service 
regulations and management assignment practices need additional examination. 

Vehicle design and operating characteristics have a significant impact on 
safety. Brake systems are most in need of attention, with brake maintenance a 
principal concern. The prevention of jackknifing also deserves special 
attention. Handling and stability problems increase the likelihood of 
rollover. Tire condition and performance are also key factors in safely 
handling a big rig. Occurrences of overridelunderride, particularly at night, 
are common, suggesting 'ithat trailer design and visibility are issues that 

' warrant close attention., Truck occupants typically do not protect themselves 
by wearing seat belts. As a result, ejection and contact with the cab 
interior often occur, leading to a higher likelihood of a serious injury or a 
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fatality. Furthermore, truck operators are subjec tcd to noise, vibration and 
other effects of prolonged truck driving which may lead to performance 
degradation and health impairment. 

The roadway environment is recognized as a vital part of the safety 
equation. U.S. and State highways are disproportionately involved in fatal 
heavy-truck accidents, where the absence of sturdy median barriers has a 
profound impact on safety. The need for cars and trucks to share the roads 
safely deserves attention. The driving public must be made more fully aware 
of human factors in transportation and the potentially life-threatening 
consequences of a multiple-vehicle crash involving a heavy-truck. Further, in 
light of higher posted speed limits and increased speed variation on roads, 
and the overinvolvement of speed In fatal accidents, DOE may wish to restrict 
truck speeds on certain roads. 

Drivers who frequently or sometimes carry hazardous cargo reportedly 
drive at slightly lower average cruising speeds and have better records with 
regard to moving violations and abusing the lO-hour driving limit (K-yckoff , 
1979). These drivers tend to be slightly older and are less likely to drive 
while intoxicated. 

On the other hand, drivers involved in the transport of hazardous cargo 
perceive they are less alert than other drivers. They also report higher 
incidences of ulcers, nervousness and headaches. Furthermore, even though 
they reportedly drive fewer hours, these drivers have more complaints about 
long driving hours and a heightened concern over the safety of equipment they 
are using, particularly trailers (Wyckoff, 1979). Many of these symptoms may 
be due to the increased stress associated with handling dangerous goods. 

In the discussion to follow, additional background is provided in areas 
where truck transport policy development may be contemplated. 

4 . 2 . 6 . 1  Driver Licensing 

Recent Federal legislation has been directed at commercial vehicle 
operator licensing through passage of the 1986 Motor Carrier Safety Act. The 
Commercial Driver's License Program is currently under development with five 
key datee established as milestones for the implementation process. Effective 
July 1, 1987, it became illegal for a commercial motor carrier driver to have 
more than one driver's license. On July 15, 1988, standards for testing 
drivers and issuing licenses were distributed, inc:Luding a provision requiring 
drivers intending to transport hazardous materials to pass specialized tests. 
By January, 1989, a nationwide information clearinghouse for exchanging 
license and violation information must be operable. After April 1, 1992, it 
will be illegal for a person to operate a commercial vehicle without passing 
the required written and driving tests. Finally,, on September 30, 1993, 
States must adopt and administer programs to enforce testing and licensing 
standards, accept the qualifications and penalties, or risk losing Federal 
highway funds. 

Concerned safety officials both in industry and ;government hope that this 
legislation provides €or a program that can identify unqualified and 
irresponsible drivers and remove them irom the road. As noted by the 
schedule, however, the means to do so will be phased in gradually over several 
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years and will delay any immediate impact. Also, adequate monitoring of 
compliance and enforcement by the. Federal Government will be required to make 
the legislation effective. 

In implementing this program, concern has also been expressed over 
closing loopholes which presently allow commercial vehicle drivers 
considerable latitude in maintaining eligibility. For example, under present 
Federal regulations, a commercial vehicle driver may be disqualified only if 
his/her State license has been suspended or revoked, or if one of four types 
of traffic violations has been committed. Furthermore, a driver who commits a 
specified disqualifying offense while driving a non-commercial vehicle or 
while driving a commercial vehicle off-duty, is not subject to 
disqualification. In addition, drivers who are not regularly employed by a 
motor carrier and who drive commercial vehicles on an occasional basis are 
exempt from several Federal qualification standards (NTSB, 1986). 

4 . 2 . 6 . 2  Driver Selection 

The task of driving a truck is considerably more demanding than operating 
a passenger car. Commercial vehicle driving requires more attention and 
demands greater skills, both in normal driving situations and in responding to 
potential hazards (TRB, 1987). Large trucks are much less maneuverable than 
automobiles, and require greater distances for passing, stopping, turning and 
accelerating. As a result, a heavy-truck driver must possess the abilities to 
consistently anticipate potential traffic conflicts and, when confronted with 
it, be able to take an effective evasive action. The identification of 
qualified drivers places considerable responsibility on the part of carrier 
management to make appropriate hiring decisions. 

According to Federal regulation, motor carriers must require all driver 
applicants to complete a written application and within 30 days after hiring a 
driver, to inquire with State licensing authorities and previous employers 
about the new employee's record during the preceding 3 years (NTSB, 1986). 
Although the written application content requirements are rather explicit, 
little guidance has been given concerning inquiries other than the requirement 
to maintain a record of the investigations. 

An additional Federal requirement is imposed on motor carriers to 
administer road tests to new drivers, for determining their fitness to handle 
the equipment to which they will be assigned. The test must be given in the 
type of vehicle the new driver will be operating, and must cover several 
aspects of truck operation. The regulations do not specify the qualification 
of the examiner or method of evaluation, and provide more latitude to 
owner-operators in that the road test must be given by a person (other than 
himself) who is supposedly competent to evaluate the driver's skills. 
Furthermore, exemptions may be granted to drivers who hold certain licenses or 
have passed the required road test administered by another company in the 
preceding three years. 

Finally, the Federal regulations include a written "examination" 
requirement for all new drivers. This test consists of 66 questions, which 
are printed, along with the answers, in the Federal regulations. While taking 
the test, the driver may refer to the answer list. Furthermore, even if the 
driver scores poorly on the test, these results may not affect his or her 
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qualifications, and employment may not be denied on the basis of a low score. 
Owner-operators do not have to .take the knowledge examination required of 
other drivers. 

Aside from the obvious problems associated with the written examination 
requirements, in practice the regulations are often ignored or interpreted 
with considerable latitude. Although the Couunercial Driver's License Program 
is likely to address some of the expressed concerns with driver 
qualifications, it will not be a direct substitute for a motor carrier's 
determination of whether a driver is sufficiently skilled to handle the 
exacting requirements of the type of work in which hie/she will be engaged. 

For this reason, many carriers concerned vith :safe highway operations 
follow a careful driver hiring process that oft:en involves referral, 
intemiews, background checks on employment and driving records, and 
pre-employment physicals. Such care reflects a corporate management 
philosophy that not everyone is capable of operating a heavy rig. One company 
has adopted the use of psychological testing to assist in determining the 
applicants who have the coordination, physical capabil.ity and mental attitude 
to handle a tractor-trailer combination (OTA, 1988). It has found a very 
strong correlation between these evaluative procedures and driver performance 
after hiring. This carrier's commitment to a sophisticated driver selection 
process contrasts with findings from a study of carriers in the Pacific 
Northwest which showed that 35% of firms performed unsatisfactorily in 
qualifying their drivers. 

While attempts to develop more stringent screening procedures is 
szcouraging, economic pressure on the industry is working to hamper t h i s  
progress. The Department of Labor reports that the truck driving work force 
is expected to increase 17% by 1995, placing truck: driving among the 37 
fastest growing occupations, out of 500 studied (NTSB, 1986). 

At the same time, industry analysts forecast that finding qualified truck 
drivers will become more difficult over the next decade, with a 30% reduction 
in the driver pool expected by 1992. This reduction will be due to 
retirements, drug screening, tighter Federal driver requirements and licensing 
standards, a shrinking national labor force, and the! perception that truck 
driving is a high-stress job requiring excessive time away from home (Winsor, 
1987). 

Thus, although the importance of the driver selection process in 
screening out unqualified drivers in advance is well recognized by many 
carriers, unless the entire industry uses uniformly stringent driver selection 
practices, problem drivers will continue to enter the work force in great 
numbers. They will merely be reshuffled to less safety-conscious firms within 
the industry, creating a large group of high-risk motar carriers. 

4.2.6.3 Alcohol and Drug Use Among Prospective and Current Drivers 

Currently, the Federal Motor Carrier Safety Regulations prohibit 
possession or use of an intoxicating beverage or drug while on duty, and from 
consuming or being under the influence of an intoxicating beverage within four 
hours before going on duty. Furthermore, a person is not qualified to drive 
if he/she has a current clinical diagnosis of alcoholj!sm or drug dependency. 
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These r u l e s  vere promulgated based on the  knowledge t h a t  d r i v i n g  while  
i n tox ica t ed  o r  under t h e  in f luence  of drugs i s  d i r e c t l y  a s soc ia t ed  w i t h  a 
degrada t ion  i n  d r i v i n g  performance. While t h e  human response t o  t h e  inges t ion  
of drugs and a l coho l  v a r i e s  depending on c h a r a c t e r i s t i c s  of t h e  ind iv idua l  
and environment (Drew, e t  a l . ,  19591, it  has  been demonstrated t h a t ,  f o r  t he  
ma jo r i ty  of s u b j e c t s ,  human performance decreases  a t  BAC (blood-alcohol 
concent ra t ion)  levels of 0.05 percent  o r  below". Epidemiological s t u d i e s  also 
i n d i c a t e  t h a t  t h e  r i s k  of be ing  involved,  a s  w e l l  a s  a t - f a u l t ,  i n  a motor 
v e h i c l e  acc ident  begin i n c r e a s i n g  a t  low BAC levels (TRB, 1987).  This  i s  i n  
c o n t r a s t  t o  a l e g a l  s tandard  f o r  i n t o x i f i c a t i o n  i n  highway d r i v i n g  which is 
c u r r e n t l y  set a t  0.10 BAC i n  most States.  

The b a s i s  f o r  much of t h e  prev ious ly  c i t e d  r e sea rch  f ind ings  has  been 
automobile,  r a t h e r  than heavy-truck, d r i v i n g  performance. The t r a n s f e r a b i l i t y  
of t h e s e  f ind ings  t o  heavy-truck d r i v e r s ,  who ope ra t e  a d i f f e r e n t  v e h i c l e  and 
who d r i v e  as a p ro fes s ion ,  warran ts  some cons idera t ion .  Previous s t u d i e s  
suggest  t h a t  a l though more s k i l l e d  persons are b e t t e r  able  t o  compensate f o r  
t h e  e f f e c t s  of a l coho l  than i n d i v i d u a l s  who a r e  less s k i l l e d ,  even s k i l l e d  
d r i v e r s  show a decreased a b i l i t y  t o  handle  divided-act ion t a s k s  a t  l o v  BAC 
levels. Unfor tuna te ly ,  divided-act ion t a s k s  are much more p reva len t  i n  a 
poken t i a l  acc iden t  s i t u a t i o n .  Furthermore,  as noted p rev ious ly ,  many 
heavy-truck drivers have no t  received p r i o r  t r a i n i n g  and have had such l i t t l e  
on-the-ro.ad exper ience ,  t h a t  they should n o t  be considered s k i l l e d  d r i v e r s  a s  
i t  relates t o  t h i s  d i scuss ion .  

Recognizing t h e  dangers  of drug and a l coho l  use i n  t h e  d r i v e r  work f o r c e ,  . 
many carr iers  have s t a r t e d  t o  r e q u i r e  pre-employment drug and a l coho l  t e s t i n g .  
When one company s t a r t e d  a drug-alcohol t e s t i n g  program two yea r s  ago, 15% of 
the  a p p l i c a n t s  t e s t e d  p o s i t i v e  i n  t h e  f i rs t  year ;  a yea r  l a t e r ,  on ly  SI o f  
a p p l i c a n t s  t e s t e d  p o s i t i v e  (OTA, 1988). This company had s e n t  a s i g n a l  t o  
p rospec t ive  d r i v e r s  t h a t  they  need n o t  apply i f  they  have a drug o r  a l coho l  
problem; however, such i n d i v i d u a l s  are n o t  precluded from seeking  employment 
as a d r i v e r  f o r  o t h e r  carriers wi th  less s t r i n g e n t  s c reen ing  p o l i c i e s .  This 
concern is s u b s t a n t i a t e d  from t h e  r e s u l t s  of a carrier sc reen ing  a p p l i c a n t s  i n  
t h e  Midwest, where i t  was r epor t ed  t h a t  47% of t h e  a p p l i c a n t s  had p o s i t i v e  
drug s c r e e n s  (Landis,  1986). 

The drug  problem among employees may a l s o  be more entrenched than  
o r i g i n a l l y  acknowledged. The s a f e t y  d i r e c t o r  of a motor carr ier ,  whi le  making 
s p o t  checks of  h i s  company's t r a c t o r s ,  found evidence of mari juana use ;  a 
subsequent i n v e s t i g a t i o n  l e d  t o  t h e  d i scha rge  of 50% of t h e  d r i v e r s  a t  t h e  
t e n n i n a l  involved. I n  another  i n s t ance ,  a l a b o r a t o r y  which performs drug 
screening  f o r  several major carriers found t h a t  even f o r  r e p e a t  examinat ions,  
13-18% of t h e  tests were p o s i t i v e .  I n  some cases, t h i s  occurred d e s p i t e  t h e  
f a c t  t h a t  employees were given 30-60 days advance n o t i c e  t h a t  t h e  tests vere 
t o  be conducted (OTA, 1988). 

Es tab l i sh ing  formal  procedures  f o r  p e r i o d i c  drug and a l coho l  t e s t i n g  of 
employees has  been t h e  s u b j e c t  of much debate .  Many motor carriers conduct 
t e s t i n g  on a ca lendar  b a s i s  f o r  a l l  employees; o t h e r s  t e s t  a sample of 
employees. A n  agreement between carr ier  management and t h e  I n t e r n a t i o n a l  

* 
The most widely used measure of blood-alcohol concen t r a t ion  i s  t h e  grams of 

a l coho l  per  m i l l i l i t e r  of blood, and is expressed a s  "percent  BAC" (TRB, 
1987). 
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Brotherhood of Teamsters,  reached i n  1984, provides  gu ide l ines  f o r  pe r iod ic  
drug and a l coho l  t e s t i n g .  Members can be t e s t e d  dur ing  t h e i r  r ecu r ren t  DOT 
phys ica l  examinations and when probable  cause ca:n be e s t ab l i shed  from 
appearance,  behavior ,  speech o r  b rea th  odor of am employee (TRB, 1987). 
Although t h e  Teamsters r ep resen t  many d r i v e r s  working f o r  large t rucking  
ope ra t ions ,  t h e  vast ma jo r i ty  of d r i v e r s  are not  s u b j e c t  t o  t h i s  agreement. 
It has  been es t imated  t h a t  c a r r i e r s  of s u f f i c i e n t  s i z e  t o  mount t h e i r  own 
a lcoho l  and drug abuse programs are respons ib le  f o r  l e s s  than  one-third of  t he  
heavy t rucks  us ing  t h e  highways. To t h e  e x t e n t  t h a t  independents  con t r ac t  
v i t h  l a r g e r  c a r r i e r s ,  however, they f a l l  under t h e  company's po l icy .  

I n  a survey of 1,762 t ruck  d r i v e r s  conducted r e c e n t l y  i n  F lo r ida ,  33% of  
t h e  d r i v e r s  repor ted  being previous ly  t e s t e d  f o r  al.coho1 and 38% reported 
be ing  previous ly  t e s t e d  f o r  drugs by t h e  company they were p resen t ly  d r iv ing  
f o r  o r  t o  which they  were c u r r e n t l y  leased .  Owner-operators repor ted  t h e  
lowest  f requency,  29% and 31% f o r  company a l coho l  and drugs t e s t s ,  
r e spec t ive ly .  Drivers working f o r  fo r -h i r e  carr iers  r epor t ed  t h e  l a r g e s t  
percentage of p r i o r  t e s t i n g .  Over 25% of t h e  d r i v e r s  surveyed a l s o  reported 
having taken a l i e  d e t e c t o r  t e s t  adminis tered by t h e  company they were d r i v i n g  
f o r  o r  t o  which they  were leased.  Of t h e  d r i v e r s  surveyed, 73% a l s o  s t a t e d  
they would approve mandatory random a lcohol  and 'drug t e s t i n g  by employers 
(Regular Common Carrier Conference, 1987). 

P a r t  of t h e  concern over  a l coho l  and drug t e s t in ,g  i s  t h e  r e l i a b i l i t y  of 
t h e  t e s t i n g  methods. Even t h e  most accu ra t e  tests, which are a l s o  t h e  most 
expensive ($30-$125), produce an  e r r o r  of  2-3 percen t  jEor non-drug u s e r s  while 
pass ing  up t o  10 percent  of drug u s e r s  t e s t ed .  Because of  t h e  l i ke l ihood  of  
f a l s e  readings ,  l abo ra to ry  expe r t s  urge a follow-up t e s t .  However, many 
cost-conscious employers are no t  w i l l i n g  t o  invest  t h e s e  a d d i t i o n a l  resources .  
Those more concerned about t h e  i n d i v i d u a l  sha re  informintion wi th  t h e  app l i can t  
and are w i l l i n g  t o  re-evaluate  t h e  app l i can t  i f  he f o r  s h e  wants t o  take  a 
second tes t  a t  pe r sona l  expense. 

One carrier has  implemented a novel  po l i cy  t o  r e s o l v e  any d i f f e r e n c e s  i n  
test results. I f  t h e  first test is p o s i t i v e ,  the a p p l i c a n t  is informed. If 
t h e  app l i can t  b e l i e v e s  t h e  tes t  r e s u l t s  are inaccmrate, he  pays f o r  a 
conf i rmat ion  tes t .  Should t h e  confirmatfon tes t  be  nega t ive ,  t h e  company 
reimburses  t h e  app l i can t  and cons iders  him f o r  employment (Borzo, 1987). 

Some carriers are a l s o  showing s e n s i t i v i t y  t o  t:he counsel ing needs of 
drug and a l c o h o l  u se r s .  One carrier's employees are given a drug t e s t  a s  p a r t  
of t h e i r  annual  phys i ca l  examination. They are n o t i f i e d  of t h e i r  scheduled 
appointment 30 days i n  advance. If a d r i v e r  n o t i f i e s  management p r i o r  t o  t h e  
phys ica l  t h a t  he  has  a drug o r  a l coho l  problem, t h e  company a s s i s t s  t h e  
employee i n  ob ta in ing  t reatment .  The f i n n  be l i eves  i f  an  employee i s  a b l e  t o  
admit t o  a problem, it has  a r e s p o n s i b i l i t y  t o  h e l p  him o u t ,  and t h a t  t h e  
employee h a s  va luab le  c h a r a c t e r i s t i c s  i f  he  can come forward under such 
circumstances.  There i s  a l s o  a p rov i s ion  i n  t h e  Ternmsters agreement which 
permi ts  an employee found t o  be under t h e  in f luence  t o  t a k e  a leave  of absence 
t o  undergo t rea tment  (OTA, 1988). 

More s t r i n g e n t  methods f o r  a l coho l  d e t e c t i o n  of t r u c k  d r i v e r s  while  
on t h e  road has a l s o  been discussed as a publ ic  enforcement measure. A recent  
s tudy  conducted by t h e  Transpor ta t ion  Research :Board concluded t h a t  t h e  
t e c h n i c a l  a b i l i t y  t o  d e t e c t  and measure BAC levels of less than 0.05 I s  
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available with current screening and testing devices. However, the legal 
ability of public authorities to enforce a low BAC standard with 
breath-screening devices has not been adjudicated at a definitive level. 
Should the ability to do so survive legal scrutiny, cost-effective enforcement 
could be carried out by administering screening of drivers at truck weigh 
stations and as part of vehicle safety inspections, along with mandatory blood 
tests following injury-producing accidents. TRB estimates that vigorous 
enforcement of this kind would save between 80-140 lives annually at a minimum 
BAC level of 0.10, 110-190 lives at a 0.04 BAC threshold, and 130-250 lives by 
enforcing a limit of 0.00 BAC. The total public and private costs for 
enforcement at each level is estimated at $30 million, $40 million and $50 
million, respectively (TRB, 1987). 

DOT has recently proposed to disqualify both interstate and intrastate 
truck drivers found to have an alcohol concentration above 0.04. First time 
violators would be subject to a one-year disqualification, while a second 
violation would result in a lifetime disqualification. 

4.2.6.4 Management Approach 

Driver attitude is thought by many to be a major factor influencing truck 
safety. A company's management can influence the employee work environment 
regarding safety. It is expected that if a carrier promotes safety in all of 
its activities and rewards safe practices, this will have an effect on a 
driver's perception of safety as a major job responsibility and his self-image 
as a professional, accountable for the safe operation of his vehicle. 

One large motor carrier has determined that if the company's top 
management does not demonstrate a commitment to safety, then the organization 
will not be committed to safety either (OTA, 1988). This firm has adopted a 
formal corporate approach to safety. The focal points of its program include 
(1) driver selection, ( 2 )  driver training, (3) driver conditioning, and ( 4 )  
managing the driver. 

Communication is an important ingredient at another firm. For instance, 
rotational discussion groups are held between management and drivers to 
solici,t organizational input. Not only does this show the driver that his 
opinion is valued by the organization, it also provides management with 
constructive feedback on operations. A third firm also has a considerable 
amount of communication with its personnel. The firm says that greater 
rapport between labor and management results in extensive agreement on where 
the organization is going and how it is going to get there. Many carriers 
have also structured various incentive programs to promote safety among their 
employees. 

Should manaeement practice a policy of creating an environment which does 
not compromise safety, this may entail balancing regulatory requirements and 
the quality of service offered to customers. The DOT hours-of-service rules 
combined with a movement in the economy towards just-in-time deliveries makes 
meeting these constraints a formidable challenge. One company is approaching 
this problem openly by informing customers that such trade-offs exist and that 
safety is a cost and concern relative to delivery timeliness. The American 
Trucking Associations (ATA) also advocate placing responsibility on shippers 
for demanding that truckers drive longer or faster than the law requires to 
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d e l i v e r  goods. Another exper t  a s s igns  blame t o  brokers  who o f t e n  place 
c o n s t r a i n t s  on both sh ippe r s  and c a r r i e r s  f o r  t h e i r  own b e n e f i t  (OTA, 1988). 

What makes t h i s  problem so complex i n  today ' s  t r u c k i n g  indus t ry  i s  the  
in t ense  competi t ion f o r  f r e i g h t .  A l l  carriers have on-going expenses and must 
have cont inuous revenues t o  meet them. Thus, t h e  economic i n c e n t i v e  f o r  
carriers t o  push d r i v e r s  t o  t h e  l i m i t  (and beyond) i s  q u i t e  s t r o n g  a s  they 
at tempt  t o  a t t a i n  a s u f f i c i e n t  volume of business  by employing a l l  a v a i l a b l e  
t ruck  capac i ty  whenever necessary.  

The management approach t o  s a f e t y  a l s o  a f f e c t s  t h e  r e l a t i o n s h i p  between a 
company d i s p a t c h e r  and d r i v e r .  A t  one f i rm  f o r  i n s t ance ,  if a d r i v e r  ca l l s  i n  
t o  t h e  d i s p a t c h e r  i n d i c a t i n g  t h a t  he  is too  t i r e d  t o  cont inue  and t h a t  he 
needs t o  p u l l  over ,  t h e  d i spa tche r  w i l l  no t  con te s t  C h i s  r eques t  un le s s  i t  
becomes a ch ron ic  problem wi th  t h e  same indiv idua l .  This i s  i n  c o n t r a s t  t o  
o the r  companies where t h e  d i spa tche r  w i l l  t h r e a t e n  t o  c i t e  a d r i v e r  f o r  no t  
meeting h i s  ass igned  schedule  (OTA, 1988). 

Dr ive r s  complain t h a t  sh ippe r s  and d i spa tche r s  o f t e n  push hard for 
u n r e a l i s t i c  d e l i v e r y  schedules  t h a t  v i o l a t e  r egu la t ions .  Cur ren t ly ,  an 
oversupply of carriers e x i s t ,  providing an environment i n  which sh ippe r s  can 
shop around u n t i l  they  f i n d  a carrier w i l l i n g  t o  t ake  a load  on t h e  s h i p p e r ' s  
tenus.  Under t h e  circumstances,  d r i v e r s  f e e l  i t  is u n f a i r  t h a t  they a r e  held 
s o l e l y  r e spons ib l e  f o r  v i o l a t i o n s  or acc idents .  The S ta t e  of Rhode I s l and  has  
acknowledged t h i s  i n e q u i t y  and is  s t a r t i n g  t o  spread t h e  r e s p o n s i b i l i t y  
through t h e  impos i t ion  of f i n e s  and c i t a t i o n s  upon motor carr ier  owners 
whenever t h e i r  d r i v e r s  are c i t e d  (OTA, 1988). A t  least  one expe r t  f i n d s  t h a t  
d r i v e r s  lee1 less pressured t o  t ake  overloads i n  S t a c e s  where t h i s  change i n  
p o l i c y  has  occurred.  

4 . 2 . 6 . 5  Driver Tra in ing  

Previous acc iden t  d a t a  a n a l y s i s  shows t h a t  truck: d r i v e r s  involved i n  
acc iden t s  f r e q u e n t l y  lack formal  t r a i n i n g .  This i s s u e  is recognized a s  
r e q u i r i n g  p r i o r i t y  a t t e n t i o n  by t h e  indus t ry .  

A t  p r e s e n t ,  t h e r e  is no Federa l  requirement t h a t  d r i v e r s  of heavy t rucks  
receive any degree of formal  t r a i n i n g ,  no r  is  t h e r e  a s i n g l e  State  which 
imposes a t r a i n i n g  requirement for a l l  d r i v e r s  of heavy t r u c k s  (NTSB, 1986). 
Federa l  r e g u l a t i o n s  e s t a b l i s h  q u a l i f i c a t i o n s  on t h e  b a s i s  of whether a person 
can s a f e l y  o p e r a t e  t h e  v e h i c l e  and secu re  t h e  load  be ing  c a r r i e d ,  which can be 
acqui red  through t r a i n i n g  or experience.  Motor carriers do n o t  impose 
t r a i n i n g  requirements ,  and o f t e n  r e q u i r e  a p p l i c a n t s  t o  have a minimum of two 
yea r s  of on-the-road experience i r r e s p e c t i v e  of p r i o r  t r a i n i n g .  This  poses 
d i f f i c u l t i e s  for graduates  of acc red i t ed  t r a i n i n g  programs s i n c e  t h e  only  way 
t o  meet t h i s  requirement is  t o  d r i v e  f o r  a f i rm n o t  possess ing  such a 
requirement.  

Formal t r u c k  d r i v e r  educa t ion  is  a v a i l a b l e  through p r o p r i e t a r y  t ruck  
d r i v e r  t r a i n i n g  schools ,  non-profi t  p u b l i c  educat ion i n s ' t i t u t i o n s  and in-house 
motor carrier t r a i n i n g  programs. The number of t r a i n i n g  programs a r e  
esrrmated a t  around 200, with fewet than 10 being ill-house programs. Tu i t ion  
ranges from $350-$5,000. There are a l s o  wide v a r i a t i o n s  i n  course  l eng th ,  
q u a l i f i c a t i o n s  of t h e  i n s t r u c t o r s ,  s tuden t / t eache r  r a t i o  and,  most 
impor tan t ly ,  t i m e  spent  i n  and around t h e  cab (NTSB, 1986). 
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Truck driver training schools may be subject to oversight from various 
licensing and accrediting bodies. .Some States, such as Maryland, Pennsylvania 
and Indiana, require the licensing. of driver training schools, although 
different agencies are assigned this oversight responsibility. Although these 
authorities often establish a minimum number of course hours, requirements 
concerning course content are usually not specified (NTSB, 1986). Some 
schools have been accredited by the National Association of Trade and 
Technical Schools (NATTS) or the National Home Study Council (NHSC). However, 
the vast majority of programs have not been accredited by either organization. 

In an effort to establish a set of standards for truck driver training, 
in 1984 DOT issued proposed minimum standards for training tractor-trailer 
drivers. The standards call for a minimum 320-hour course, lasting eight 
weeks if taken on a full-time basis. Course content should include basic 
operation, safe operating practices, advanced operating practices, vehicle 
maintenance and non-vehicle activities. The standards also cover instructor 
qualifications, school facilities, graduation requirements and student 
placement. Although a truck driver training school can develop its own 
curriculum around these standards, in 1986 the Office of Motor Carriers 
published a ready-made curriculum, entitled Model Curriculum for Training 
Tractor-Trailer Drivers. Included in this document are ipstructions for the 
school administrator, instructor and student. Unfortunately, these standards 
cannot be used for evaluating existing schools until their validity has been 
tested with actual schools and students. 

Concurrent with these developments, the trucking industry has been taking 
steps to promote effective training. The Trucking Industry Alliance was 
established in 1983 as an informal coalition of individuals and groups in 
trucking and related industries. The Alliance, in turn, established the 
Professional Truck Driver Institute of America (PTDIA). In an effort to 
define acceptable training standards, the PTDIA is in the process of 
certifying driver training programs. The PTDIA is funded entirely by 
voluntary industry contributions. 

In instances where in-house training activities have been carried out, 
the results are encouraging. In 1980, a large, general commodities motor 
carrier implemented a training program whereby all new drivers are instructed 
in the safe handling of the vehicle and cargo. Since these training efforts 
were undertaken, the firm has reported a 13.5% decrease in line-haul accident 
frequency, despite a 36.8% increase in line-haul mileage. In another case, a 
trucking firm's commitment to training led to the provision of a curriculum, 
equipment, instructors and course evaluations as aids to outside training 
schools (OTA, 1988). 

The insurance industry has also participated in the development of 
training programs to promote safe driving behavior. One insurance carrier has 
developed a five-day seminar, open to driver trainers, safety and maintenance 
supervisors, and management personnel of fleet policyholders. It includes 
both classroom and behind-the-wheel exposure. Of several fleets' safety 
records examined before and after receiving training, reductions in accident 
frequency and loss rate per vehicle were consistently reported. 

Some discussion has also been raised concerning the development of a 
truck driver apprenticeship program. The reasoning behind this proposal is 
that qualified supervision can help ensure that a new driver develops safe 

64 



d r i v i n g  h a b i t s .  In  t h e  Nether lands,  f o r  example, new d r i v e r s  undergo a 
two-year appren t i cesh ip  (NTSB, 1986). 

There is no c u r r e n t l y  organized apprent icesh ip  program f o r  heavy-truck 
d r i v e r s  i n  t h e  United States,  although t h e  i s s u e  has  been r a i s e d  i n  the  p a s t .  
I n  1971, DOT i n v i t e d  comment on proposed appren t i cesh ip  programs t h a t  would 
have enabled persons less than 21 yea r s  of age t o  ope ra t e  commercial veh ic l e s .  
This  proposed rulemaking was subsequent ly  c losed  wit'hout ac t ion .  

Continuous t r a i n i n g  of c u r r e n t  employees is a:Lso important  not  only t o  
keep d r i v e r s  up t o  d a t e ,  but  t o  i d e n t i f y  bad h a b i t s  which may have developed 
over t i m e .  For example, research  i n  Europe has  shown how l i t t l e  percept ion  
even experienced d r i v e r s  have of t h e i r  a c t u a l  speed when they a r e  i n  a 
monotonous or r e p e t i t i v e  d r i v i n g  s i t u a t i o n .  Problems wi th  speed percept ion  
can be p a r t i c u l a r l y  a c u t e  when a d r i v e r  l eaves  t h e  I n t e r s t a t e  system and 
begins  t o  ope ra t e  on two-lane roads where speed l i m i t ,  access, median c o n t r o l  
and s ignage are q u i t e  d i f f e r e n t .  

Some carriers are a l s o  concerned about keeping d r i v e r s  phys i ca l ly  f i t  t o  
handle  t h e  r i g o r s  of t h e  job.  One f i rm b e l i e v e s  t h a t  phys i ca l  condi t ion ing ,  
weight c o n t r o l  and ae rob ic  capac i ty  are keys t o  reducing problems a s soc ia t ed  
with f a t i g u e  and stress. Another i s  i n s t a l l i n g ,  a condi t ion ing  program 
a v a i l a b l e  na t ionv ide  f o r  t h e i r  l ine-haul  d r i v e r s  t o  encourage t h e  r i g h t  
phys i ca l  and mental  cond i t ion  t o  handle  t h e  unexpected even t s  t h a t  d a i l y  
confront  t h e i r  d r i v e r s .  

4.2.6.6 Sharing t h e  Road with the  Driving Publ ic  

Many t r u c k e r s  r i g h t l y  claim t h a t  most automobile d r i v e r s  a r e  not  f u l l y  
aware of t h e  appropr i a t e  vays t o  sha re  t h e  roads wi th  t rucks .  For i n s t a n c e ,  
because of t h e  increased  s topping  d i s t a n c e s  a s soc ia t ed  wi th  t ruck  braking,  
t ruck  d r i v e r s  i n  congested areas try t o  leave enough room between themselves 
and o t h e r  v e h i c l e s  t o  a l low f o r  a complete s top .  However, automobile d r i v e r s  
o f t e n  e l imina te  t h i s  space  by c u t t i n g  i n  f r o n t  of t rucks .  Moreover, if the  
t ruck  subsequent ly  h i t s  t h e  rear of t h e  car, t h e  t ruck  d r i v e r  may be  c i t e d  for 
t h e  acc ident .  Thus, v h i l e  many unsafe  t ruck  d r i v e r s  a r e  undeniably opera t ing  
on t h e  n a t i o n ' s  roads ,  t h e r e  are a l s o  many poorly q u a l i f i e d  car d r i v e r s  
sha r ing  t h e s e  highways. 

An educa t ion  program d i r e c t e d  a t  t h e  d r i v i n g  p u b l i c  could enhance 
awareness of safety i s s u e s  r e l a t e d  t o  sha r ing  t h e  road wi th  t rucks .  S t a t e s ,  
such as Tennessee, are cons ider ing  reorganiz ing  t h e i r  l i c e n s i n g  programs t o  
inc lude  material and ques t ions  on t r u c k  sa fe ty .  They are a l s o  contemplat ing 
running a cont inuous shoving of a t a p e  on sha r ing  t h e  road wi th  b ig  t rucks  t o  
people whi le  wa i t ing  t o  o b t a i n  d r i v e r  l i censes .  

Education programs t o  b e t t e r  inform small carr iers  about  road s a f e t y  have 
a l s o  been developed. Available through t h e  Nat iona l  S a f e t y  Council  and ATA, 
t hese  materials d e s c r i b e  how a carrier as small as a ten-person t ruck ing  
company can implement a r e spons ib l e  s a f e t y  program. 
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4 . 2 . 6 . 7  Hours of Serv ice  

The hours of s e r v i c e  r u l e s  i n  e f f e c t  today a r e  e e n t i a l l v  the  me a s  
those promulgated i n  1937 and 1938 by t h e  ICC*. The r egu la t ions  p r o h i b i t  
c a r r i e r s  from requ i r ing  or permi t t i ng  any d r i v e r  t o  "drive" more than 10 
hours ,  or t o  be  "on duty" more than 15 hours  i n  any (but  nu t  every)  24  
consecut ive hour per iod.  Drivers are t h e o r e t i c a l l y  guaranteed 8 consecut ive 
hours off-duty during t h a t  t i m e  per iod.  In  a d d i t i o n ,  d r i v e r s  a r e  p roh ib i t ed  
from accumulating more than  60 on-duty hours  i n  any week, o r  70 on-duty hours 
i n  any per iod of e i g h t  consecut ive  days. 

Extremely d i f f i c u l t  t o  enforce ,  t h i s  r u l e  is s u b j e c t  t o  problems ranging 
from b l a t a n t  abuse t o  loose  i n t e r p r e t a t i o n s  of "on duty" and "off duty." For 
example, t i r i n g  and s t renuous  ac t iv i t ies ,  such as loading  and unloading,  done 
by t h e  d r i v e r ,  are n o t  considered "dr iving" time, al though they c l e a r l y  
c o n t r i b u t e  t o  f a t i g u e .  Furthermore,  e i g h t  hours  of "off duty" time do no t  
a f f o r d  drivers adequate  t i m e  t o  t r a v e l  t o  and from t h e i r  j o b s ,  eat ,  ba the ,  and 
a t t e n d  t o  l i f e ' s  o t h e r  requirements ,  and t o  o b t a i n  e i g h t  hours  of undis turbed 
s l eep .  Moreover, t h e  15 hour on-duty per iod  can be i n t e r r u p t e d  during t h e  
course of a d r i v e r ' s  o v e r a l l  t o u r  f o r  any number of hours  i f  t h e i r  employers 
"relieve" them of on-duty s t a t u s  for meals, rest breaks ,  or  w h i l e  t h e i r  
v e h i c l e s  a r e  being loaded and unloaded. F i n a l l y ,  t h e  carr ier-wide p r a c t i c e  of 
r equ i r ing  a d r i v e r  t o  s t a n d  around a t e rmina l  i n  an "off-duty" $ t a t u s  a v a i t i n g  
a work assignment c o n t r i b u t e s  t o  f a t i g u e  p r i o r  t o  t h e  t o u r  of duty ever  
beginning. 

F i r s t  t h e  ICC and subsequent ly  DOT have openly acknowledged t h a t  t h e  
hours-of-service r u l e s  have been subjec ted  t o  abus ive  p r a c t i c e s .  I n  1972,  t h e  
Bureau of Motor C a r r i e r  S a f e t y  (BMCS) i n  DOT i n i t i a t e d  a comprehensive s tudy  
of t h e  r e l a t i o n s h i p  between dangerous l e v e l s  of f a t i g u e  among t ruck  d r i v e r s  
and t h e  c u r r e n t  hours-of-service r e g u l a t i o n s  (Harris and Mackie, 1972) .  The 
r e p o r t  compiled and analyzed s c i e n t i f i c  and medical d a t a  r e f l e c t i n g  d r i v e r  
performance and phys io log ica l  responses  c o l l e c t e d  du r ing  195 t ruck  and bus 
runs.  A t o t a l  of 1,550 hours  of cont inuous d a t a  were obta ined  and analyzed on 
62,000 miles of highway t r u c k  travel i n  a l l  p a r t s  of t h e  count ry ,  and i n  a l l  
weather and t r a f f i c  cond i t ions .  The s tudy  concluded t h e  fol lowing:  

The genera l  f i n d i n g s  of t h i s  study..  . i n d i c a t e  t h a t  d r i v e r  performance 
d e t e r i o r a t e s ,  d r i v e r  a l e r t n e s s  d iminishes ,  res t  breaks  become less  
e f f e c t i v e ,  and acc iden t  p r o b a b i l i t y  i n c r e a s e s ,  a l l  w i th in  t h e  cu r ren t  
l0-hour d a i l y  l i m i t a t i o n  on d r i v i n g  t i m e .  It ( t h e  r egu la t ion )  is f u r t h e r  
a t  odds wi th  a good d e a l  of anecdo ta l  evidence from t h e  d r i v e r s  t o  t h e  
e f f e c t  t h a t  they  do s u f f e r  from cons iderable  f a t i g u e  bu t  a r e  unwi l l ing  t o  
admit i t  because of t h e  f ea red  economic consequences. This s i t u a t i o n  is 
l i k e l y  t o  remain as long  as d r i v e r s  are rewarded, as most are now, in 
d i r e c t  p ropor t ion  t o  t h e  amount of time spent  on t h e  highway. I n  our  
opin ion ,  t h i s  p l a c e s  economic reward i n  d i r e c t  c o n f l i c t  wi th  highway 
s a f e t y .  

* 
Trucking is not  s u b j e c t  to t h e  F a i r  Labor Standards A c t .  
have t o  pay time-and-a-half f o r  a g r e a t e r  than 40-hour work week. 
creates an  incen t ive  f o r  a carr ier  t o  h t r e  t h e  fewest d r i v e r s  poss ib l e  and 
t o  have them work t h e  longes t  hours p o s s i b l e  i n  o rde r  t o  maximize p r o f i t .  

Carriers do not  
This  
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As a result of this study, BMCS admitted that the hours-of-service rules 
were unsatisfactory and in need of revision, but i t  did not take any formal 
regulatory action at that time. The just completed study had concentrated on 
scheduled relay operations of large common carriers whose drivers were able to 
plan their rest. BMCS acknowledged that further research vas needed on 
non-regular route drivers who often could not predict when they would be 
assigned to driving tasks. 

In 1978, BMCS issued the results of the second phase of their fatigue 
study. As expected, it was found that relay drivers operating on an irregular 
schedule suffered greater subjective fatigue, physiological stress, and 
performance degradation than drivers who work a similar number of hours on a 
regular schedule. It was also reported that fatigue effects are evident after 
about eight hours of relay truck driving when the schedule was regular and 
considerably earlier when the schedule was irregular. In addition, cargo 
loading was found to increase the severity of fatigue associated with 
irregular working schedules (Mackie and Miller, 1978). Finally, the reported 
findings were considered conservative since the drivers in the study were 
afforded the opportunity to obtain eight hours of sleep each night, clearly 
not always the case under conditions of uncertain and changing schedules. 

In a separate, concurrent study of accident data, it was found that the 
number of driving hours alone was not related to frequency or severity of 
truck accidents. However, the combination of the driving and non-driving time 
may be related to driver fatigue and play a role in accident occurrence 
(Safety Management Institute, 1978). 

Following the results of these studies, BMCS subsequently issued a Notice 
of Proposed Rulemaking (NPRM) and conducted public hearings in several cities 
around the country. By the end of 1978, BMCS had accumulated what it 
considered to be sufficient information to justify amending the 
hours-of-service regulations. 

In 1981, however, the agency published a notice terminating the 
rulemaking action and closing the docket, citing the absence of a d i r e c t  
relationship between the hours of service rules and accidents. Also, in 1981, 
BMCS commissioned an economic study of the cost of modifying the hours of 
service rules. The projected costs of each of the government's three major 
options were considered to be significantly greater than the projected 
benefits (Booz, Allen and Hamilton, 1981). The relationship between the 
results of this study and the closing of the NPRM is evident. 

4.2.6.8 Sleep Needs 

It is well known in the scientific literature that human performance is 
best at moderate levels of arousal. At low levels, insufficient energy exists 
to make informed decisions; at high levels, actions may be frequent, but 
ill-directed (Allnutt, 1983). Fatigue is typically associated with low levels 
of arousal, and can be brought on by three categories of stress: (1) physical 
(e.g., temperature, vibration, etc.); (2)  physiological (e.g., drugs and 
alcohol, irregular eating habits, etc.); and (3) psychological (e.g., fear, 
€rustration, economic pressure, etc.). A distin.ction is sometimes made 
betveen single-trip fatigue, where an opportunity for recovery may exist, 
cumulative fatigue, in which recovery time between trips is not adequate, and 
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chronic  f a t i g u e ,  vhich u s u a l l y  r e q u i r e s  medical a s s i s t a n c e .  The behaviora l  
symptoms of a l l  t h r e e  types  of f a t i g u e  are similar,  however. 

Off-duty t i m e  a s  s p e c i f i e d  i n  t h e  r egu la t ions  does not always t r a n s l a t e  
i n t o  sleep o r  rest t i m e  as i t  w a s  intended.  This r e s u l t s  in p a r t  from t h e  
manner i n  which t h e  body func t ions  b i o l o g i c a l l y .  S l e e p  r e sea rche r s  have shown 
t h a t  t h e  body t y p i c a l l y  f u n c t i o n s  according t o  a c i r c a d i a n ,  o r  24 hour ,  cyc le .  
Thus, when a driver s t a r t s  h i s  off-duty t i m e ,  he  may not  be b i o l o g i c a l l y  ready 
t o  rest. As an example, a d r i v e r  who begins  a d r i v i n g  day a t  6:OO a.m. must 
s t o p  t o  r e s t  a t  4:OO p.m., according t o  t h e  r egu la t ions .  However, h i s  
c i r c a d i a n  cyc le  probably is no t  tuned f o r  him t o  begin prolonged r e s t .  The 
d r i v e r  is l i k e l y  t o  t ake  a nap even tua l ly ,  bu t  w i l l  h i t  t h e  road again a t  
12:OO midnight,  j u s t  when h i s  c i r c a d i a n  cyc le  prepares  h i s  body f o r  s l eep .  
M i l i t a r y  r e sea rch  h a s  shown t h a t  no amount of mental  o r  phys i ca l  condi t ion ing  
can prepare  people t o  wi ths tand  s l e e p  depr iva t ion .  The b r a i n  w i l l  l apse  i n t o  
s l e e p  f o r  seconds a t  a t i m e ,  e s p e c i a l l y  under cond i t ions  such a s  d r iv ing .  
Ci rcadian  rhythm f a c t o r s  may e x p l a i n  t h e  d i sp ropor t iona te  sha re  of acc iden t s  
t h a t  occur  i n  t h e  e a r l y  morning hours  between midnight and 6:OO a.m. 

I n  a survey-  of t ruck  d r i v e r s  quest ioned about drowsiness ,  approximately 
80% repor ted  they  had ' s l e p t '  OY o f t e n  f e l t  'drowsy' a t  t he  wheel (Endou, e t  
a l . ,  1979). Common misapprehension a s s o c i a t e s  f a t i g u e  wi th  t h e  length  of t i m e  
one has  been on duty.  However, as noted previous ly ,  a cons iderable  number of 
t r a n s p o r t  a c c i d e n t s  occur  e a r l y  i n t o  t h e  s h i f t ,  p a r t i c u l a r l y  i f  t h e  s h i f t  
began I n  t h e  e a r l y  a.m. hours.  According t o  s l e e p  r e s e a r c h e r s ,  t h i s  is a t i m e  
when a person is  p a r t i c u l a r l y  vu lne rab le  because t h e r e  are t h r e e  th ings  
working a g a i n s t  alertness: (1) a low p o i n t  i n  t h e  c i r c a d i a n  cyc le ,  (2) a low 
body temperature  and metabol ic  r a t e ,  and (3) s l e e p  i n e r t i a .  With these 
f a c t o r s  working a g a i n s t  a l e r t n e s s ,  r e a c t i o n  times i n  t h i s  per iod  can double o r  
t r i p l e ,  and s l e e p  r e sea rche r s  a c t u a l l y  r e f e r  t o  t h i s  t i m e  as t h e  "forbidden 
zone." They argue t h a t  a pe r iod  of decreased a l e r t n e s s  a l s o  occurs  i n  t h e  
mid-afternoon. If d r i v i n g  under t h e  i n f l u e n c e ,  t h e  impai r ing  e f f e c t s  of drugs 
o r  a l coho l  are a l s o  g r e a t l y  augmented i n  a s l eepy  person (Dinges, 1987) .  

There is r e c e n t  evidence t h a t  t h e  assignment of a secondary t a s k  can have 
a b e n e f i c i a l  effect  on t r u c k  d r i v e r  performance (Drory, 1985). This was most 
apparent  when t h e  secondary t a s k  involved vo ice  communication. In t h i s  
instance, v o i c e  communication served as a s t imu lus  without  causing a 
d i s t r a c t i o n  t o  t h e  b a s i c  d r i v i n g  t a sk .  Another acc iden t  m i t i g a t i o n  measure 
d i r e c t e d  a t  f a t i g u e  is t h e  i n s t a l l a t i o n  of rumble s t r i p s  on t h e  shoulders  of 
highways t o  provide an a u d i b l e  warning t o  i n a t t e n t i v e  d r i v e r s .  A C a l i f o r n i a  
s tudy  r epor t ed  a 49% reduc t ion  i n  " d r i f t e d  o f f  road" acc iden t s  where the  
s t r i p s  had been i n s t a l l e d  (TR News, 1988). 

4 . 2 . 6 . 9  On-Board Recording Devices 

The use  of on-board r eco rd ing  devices  as a mechanism f o r  improving 
compliance wi th  hours  of service rules has  been proposed by s a f e t y  advocates.  
Un i t s  are c u r r e n t l y  a v a i l a b l e  t h a t  can eva lua te  t h e  engine speed ,  road 
su r face ,  temperature ,  t i r e  p res su re ,  o i l  p re s su re ,  coo l ing  system, and o t h e r  
ope ra t ing  elements.  Although t h e  informat ion  which is c o l l e c t e d  permits t he  
examination of d i s t ance  t r a v e l e d ,  d r i v i n g  time, breaks ,  d a i l y  r e s t  per iods  and  
speed l i m i t  compliance, carriers have been purchasing t h e s e  systems t o  manage 
f u e l  e f f i c i e n c y .  One f i rm r e p o r t s  t h a t  an  on-board device  pays f o r  i t s e l f  in 
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six months through cost savings in fuel, maintenance and driver time (reduced 
papeniork requirements). It also serves to streamline the preparation of 
reports which must be filed regularly with oversight agencies, which has led 
to DOT accepting recording device output in lieu of logbooks for some 
carriers, Thus, an economic incentive exists for management of firms for 
investing in a device that could also be used to enhance safety (OTA, 1988). 

This same firm's experience with gaining acceptance from drivers i n  
installing these devices is instructive. First, management held driver 
seminars to help drivers understand how and why the organization vas go ing  to 
use the recorders. After initial resistance, drivers understood that the 
recorders provide a mechanism for proving their innocence when a delivery is 
late because they were following the rules. The system also includes an alarm 
that activates if a driver runs at speeds greater than 55 mph for more than 
one minute. If the driver does not reduce speed within a short time period, 
he is considered to have a speeding violation by the company and can be 
disciplined. This speed determination capability has made the installation of 
road speed governors unnecessary (OTA, 1988). 

A similar experience with on-board recording devices has been reported by 
another large transport company. Since the devices were installed, 
preliminary results show that fuel mileage has adready increased by 12%, 
average'drive tire mileage is up to 270,000 miles and brake lining life has 
increased. Insurance rates have also dropped. 'To gain acceptance among 
drivers, the company initiated an incentive plan based on the driver's 
performance evaluation. From information gathered by the recording device, 
each driver received a grade based on a cumu1at:Lve average of all major 
functions on the trip (e.g., maximum speed, engine revolutions, idle time, 
etc.). The incentive plan pays drivers an extra 2 cents a mile if they 
receive a perfonnance grade of 10, and one cent per mile for a grade of 9. 
Drivers now prefer trucks equipped with the devices so that they can earn 
extra compensation (Private Line, 1986). 

In the courts recently, an insurance case was settled on the basis that 
the tape from an onboard recording device showed that a truck driver had 
geared down in anticipation of an automobile driver cutting in front of him to 
enter a ramp. The truck hit the car, and the driver sued. The device showed 
that the truck driver did, in fact, gear down, but could not do so fast enough 
to prevent the accident. The automobile driver lost the case (OTA, 1988). 

While several European countries currently require on-board recording 
devices in their heavy trucks, installation of these devices on trucks in the 
U.S. remains voluntary although their use is increasing. Several policy 
questions related to recorders remain unresolved, and the devices still need 
to have their accuracy and resistance to tampering verified and upgraded. If 
on-board recording devices were to become mandatory, who would be responsible 
for enforcing the hours-of-service regulations? Would the onus be on carrier 
management to monitor the tape and be responsible for compliance? Would F'HWA 
implement a mandatory audit on a regular basis attesting that the carrier 
reviewed the electronic logs and enforced the regulations? How would such a 
system work for small carriers and owner-operators? 

Tanpcring has t e e n  singied out as J particular concern. Previws 
research on the effectiveness of technological innovation and the man-machine 
interface, suggests that if a system design is unacceptable to the user, 
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regardless of engineering performance and reliability, man will underuse it, 
misuse it, or even sabotage it (Price, 1987). 

4.2.6.10 Speeding 

Prior analyses indicates that higher speeds are associated with increased 
accident likelihood and severity. Many common carriers have chosen to limit 
the speed at which their tractors can be operated through the installation of 
road speed governors. These devices prevent the engine from generating power 
in excess of a specified rpm; consequently, unauthorized speeding i s  
curtailed. It is unclear, however, whether this practice has been motivated 
more by fuel economy savings or a corporate concern for safety. If not 
tampered with, these devices are quite effective in keeping speed close to the 
legal limit. However, mandatory speed governors may contribute to driver 
boredom, an issue that requires further investigation. 

Some States, such as Virginia, have tried to control speeding by passing 
laws outlawing the use of radar detectors. The sole function of a radar 
detector is to recognize when a law enforcement officer is measuring the 
vehicle's speed. Therefore, it can be inferred that the prevalence of radar 
detectors in the trucking industry is an indication of the potential for 
abusing speed limits. A recent study conducted by IIHS and Goodson 
Engineering found that radar detectors encourage speeding, with the vehicles 
traveling fastest being most likely to be equipped with the devices. They 
also reported that of all vehicles on the road, tractor-trailers are the most 
likely to be equipped with radar detectors (IIEIS, 1987). A recent survey 
conducted by the Owner-Operators Independent Drivers Association of America 
indicated that 69% of vehicles driven by owner-operators are equipped with 
radar detectors. A separate survey of truckers in Florida found that 79% use 
radar detectors (Regular Common Carrier Conference, 1987). 

The use of detectable and non-detectable radar by enforcement officers 
countered by the use of radar detectors and radar jamming devices by drivers 
reflects the essence of the relationship between a cost-competitive market and 
the need to adopt and enforce adequate .safety standards. With the vast 
majority of drivers compensated either by the mile or by the job (Regular 
Common Carrier Conference, 1987), it is clearly in the driver's economic best 
interest to make each delivery as quickly as possible. 

4 . 3  HUMAN FACTORS IN RAIL SAFETY 

Although relatively little is known 
operations in comparison to the trucking 
remarkably consistent. This information 
discussion, and is organized according to 
truck section, wherever possible. 

4.3.1 Employee Negligence 

about human factors in railroad 
industry, reported findings are 
is presented in the following 
similar topic headings as in the 

An intensive investigation of train accidents in vhich employee 
negligence vas a primary or contributing factor identified several leading 
causes of negligence, listed below in order of priority (NTSB, 1972): 
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1. 
2. 
3. 
4 .  
5 .  
6. 
7 .  
8. 
9. 
10. 

Disregard of stop signal 
Excessive speed in other.than yard limits 
Switch improperly aligned 
Disregard of restricting signal 
Failure to secure or control by hand brake 
Absence of man on o r  at leading car being pushed 
Excessive speed or failure to control in yard limits 
Failure to flag 
Moving without orders o r  signals 
Failure to clear switch or other tracks 

Each of these items represents human failure in the performance of a 
function, although they represent different aspects of human involvement. 
Disregarding signals and yard movement infractions reflect problems of 
judgment on the part of the engineer, for which back-up mechanisms or 
procedures are often weak, non-existent or unenforced. Hand brake failures 
are often attributed to its design and location. Switching problems may be 
reflective of the lack of cooperation and communication between the engineer 
and other members of the crew. Irrespective of the specific nature of each 
failure, NTSB concluded from its study that the employee's attitude is a 
significant factor in the performance of a safe job. 

4.3.2 Drugs and Alcohol 

As in the case of the truck industry, it appears that the railroad 
industry is also plagued by significant drug and alcohol problems, 

In 1978, a study of alcohol problems in the railroad industry concluded 
that roughly 20% of operating employees had either consumed alcohol on the 
job, come to work affected by it, or suffered from off the job problems that 
could affect their on-the-job performance (Riley, 1986). Similar findings 
were reported from autopsies performed on 136 fatally injured railroad 
employees over a seven-year period. In 16% of the cases, significant levels 
of alcohol or drugs were present in the bloodstream. 

What is disturbing about Federal railroad regulation is that it is 
inconsistent with other modes with regard to substance abuse. Rail 
regulations do not specify a pre-duty abstinence period, yet do establish a 
0.04 percent blood alcohol limit, and state that operators may not possess or 
use controlled substances or be impaired by them while on duty (Goldman, 
1986). DOT has recently proposed more stringent rulemaking to prohibit the 
use of controlled substances by any railroad operating employee, whether 
on-duty or off-duty. 

Recent legislation has authorized railroads to test employees for alcohol 
or drug impairment after accidents or where there is just cause. This is now 
routinely done for accidents in which there are fatalities, where hazardous 
material is spilled, and where human performance decrement is a probable cause 
(Goldman, 1986). This legislation also imposed pre-employment drug screening 
and created a provision for a railroad employee who has a substance abuse 
problem to come forward voluntarily, obtain medical treatment, and return to 
his former position following physician clearance. 

. 
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One major railroad has experienced significant safety benefits from the 
implementation of drug and alcohol testing. They reported a 66% decline in 
human factors accidents over an 18-month period, and lost time injuries 
declined by over 2 4 % .  It is interesting to note that, at the outset, over 23% 
of employees tested positive, a figure which has declined substantially over 
time (Dempsey, 1986). Results like these have prompted DOT to propose a rule 
mandating random drug testing for all railroad employees. 

4.3.3 Fatigue 

Limited studies of fatigue among railroad operators report results which 
are entirely consistent with truck fatigue findings. It appears that train 
operators also suffer from circadian effects (Dinges, 1987). 

The most documented findings to date were reported by researchers in West 
Germany, who studied 2,238 failures by train operators to respond to warning 
switches. A temporal analysis of these failures revealed two peaks, one at 
3:OO a.m. and the other at 2:OO p.m. (Hildebrandt, et al., 1974). 

4.3.4 Sharing the Road 

Akin to the truck transport problem of big rigs sharing the road with 
passenger vehicles is the problem of the interaction of trains and passenger 
cars at grade crossings. An alarming number of serious accidents occur at 
grade crossings, commonly due to failure of the passenger car to operate 
safely. Several studies have been conducted examining the safety benefits of 
improved signage and other warning devices (Koziol and Mengert, 1978). 

4.4 WMAN FACTORS I N  MARINE TRANSPORT 

The scarcity of literature on human factors in marine transport is 
reflected in the limited scope of the following discussion. 

4.4.1 Drugs and Alcohol 

Little has been done to study the scale of the drug and alcohol problem 
in marine transport. Coast Guard rules prohibit operation of a vessel in a 
negligent manner while intoxicated. No pre-duty drinking limits are 
prescribed nor is an intoxication level specified (Goldman, 1986). 

DOT has recently proposed a drug testing program for merchant marines 
that includes pre-employment, post-accident, random, reasonable cause and 
periodic testing for employees as part of a comprehensive program that also 
includes education and rehabilitation. Under this program, an estimated 
131,700 seamen would be subject to testing, including self-employed vessel 
operators. 
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4.4.2 Pilot ,Performance 

Waterway segments where vessel accidents have tended to occur are 
characterized by the presence of bridges, locks, narrow channel widths, and 
bends, intersections or junctions (Paramore, et al., 1979). Current has been 
shown to be the single most frequently cited causal factor in rammings and 
groundings, and has also been mentioned frequently in collision reports. More 
specifically, principal task problem areas were found to be imprecise or 
untimely identification of current force and direction on the mother vessel 
and/or the tow. Although towboat personnel in particular have limited sources 
of information and often rely on experience, in general it was found that 
human error usually arose where improper control decisions and actions were 
made in situations where there was little margin for error. 



5 . 0  CONCLUSIONS AND POLICY RECCMfEh9ATIONS 

Based on available data and previous studies directed at human factors in 
transportation, it appears that human factors are likely to be a major cause 
of radioactive waste transport accidents, both loading and in-transit. 
Although the consequences of such accidents may be less severe, on the 
average, with transport accidents caused by other factors, uncertainties in 
the available accident databases and the public perception of the consequences 
associated with any radioactive accident suggest that a formal DOE human 
factors research activity should be initiated. 

A review of previous literature and analysis of truck vehicular accident 
data have constructed a foundation on which to build policy directed at the 
safe transport of radioactive waste as it relates eo human factors. Although 
most of this work has focused on truck transport., and consequently more 
detailed policy recommendations can be directed at this mode, based on limited 
available information, truck, rail and marine transport appear to share some 
common problems which may require policy intervention. 

In terms of container-related areas, these problems focus on securing 
valves, fittings and closures during the loading process, and making sure they 
remain snug throughout the in-transit portion of the trip; maintaining 
internal container pressure within safe limlts; safe handling of radioactive 
materials during the loading process; and proper protection of the shipment 
from damage should a vehicular accident occur while in-transit. 

The human tasks irssociated with the safe loauing and transpori of 
radioactive wastes require personnel who are responsible, qualified, and alert 
individuals, with a positive attitude towards safety and a level of maturity 
commensurate with the hazardous nature of the material they are handling. It 
also requires a carrier management that has made a sincere commitment to 
safety in its operation, and has made every effort to comply with Federal 
safety regulation governing the transport of radioactive materials. Finally, 
it requires a vehicle design and operating environment that extends the margin 
of error so that when human errors occur, the opportunity to take a corrective 
action can be made prior to an accident occurrence. 

In the discussion to follow, several policy recommendations are made 
which DOE may wish to consider. In many cases, DOE may not be the agency with 
jurisdictional purview over the matter, although it would be expected that DOE 
would work i n  close cooperation with other agencies to effectuate change where 
such policy would provide clear safety benefits. It is  also important to 
recognize that these policy recommendations are necessarily general, in 
keeping with the primary objective of this study a:? a scoping effort. Those 
policy areas which DOE would like to investigate more fully should be 
accompanied by more directed studies in the future. 
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5.1 POLICY RECOMMENDATIONS 

5.1.1 Employee Selection and Hiring Practices 

Carriers must be held more accountable for their employee selection and 
hiring practices. Perhaps DOE should impose standards on prospective carriers 
of radioactive waste materials concerning the depth of their inquiries with 
prior employers of job applicants, qualifications of applicants to perform 
satisfactorily in field test situations, and pre-employment screening of 
applicants concerning their psychological state to handle the rigors of 
freight transport operations. 

Some help is on the way for the trucking mode with the recent passage of 
the Commercial Driver's License Program. If the original intent behind this 
legislation is met in a timely fashion, truck driver licensing practices will 
become more tightly eontrolled with uniform standards. However, steps must be 
taken as part of this process, or as a separate rulemaking initiative, to 
close loopholes in driver disqualifications for violations occurring while in 
a non-coaunercial vehicle, or in part-time or off-duty s t a t u s .  

5.1.2 Drugs and Alcohol 

Given the apparent widespread use of drugs and alcohol among truck and 
rail operating personnel, firm and decisive steps should be taken to respond 
to this growing problem. Measures such as mandatory drug and alcohol 
screening for applicants, and for employees as part of their periodic DOT 
physical examinations deserve consideration. Screening of employees when 
probable cause can be established is also warranted. Random testing, although 
it may be effective in practice, must be approached with the legal 
implications in mind. 

There is sufficient evidence that operator performance is impaired at BAC 
levels well below 0.10. It is recommended that acceptable levels for truck 
drivers be reduced to 0.04, corresponding to present levels for railroad 
engineers. This will occur naturally if the DOT Secretary does not make a 
formal rulemaking by October 1988. 

5.1.3 Fatigue 

Hours-of-service regulations, formulated well before the introduction of 
the Interstate highway system, changes in vehicle design and present economic 
conditions, have' become outdated. DOT has been reluctant to set new standards 
due to potential adverse economic impacts upon carriers. There are compelling 
reasons for DOT to reexamine the hours-of-service limits and to consider the 
issuance of new standards which are more consistent with current sleep 
research results and the present carrier operating environment. Sleep 
research suggests that an individual's internal 24 hour clock governs human 
biological performance and behavior, yet the present rules do not consider 
this factor. However, care must be exercised so that current standards are 
not replaced with ones that also have loopholes which can be exploited by 
shippers, owners and operators. 
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Programs are also needed to help management and drivers understand when 
drivers are most vulnerable to accidents and how scheduling might be altered 
to reduce driver vulnerability. A research program to develop simple, 
effective and inexpensive techniques to screen drivers who may have a sleep 
disorder could help identify the. high (fatigue) risk driver. Moreover, the 
development of portable performance devices that detect, in a quick, reliable, 
and non-invasive manner, whether a person is reacting properly is a realistic 
long-term goal. 

However, alertness devices may create an environment of false security. 
An operator, for instance, can be awakened by such a device, and conclude that 
he can continue driving since he is now awake. Hn another situation, the 
driver could feel tired but decide to continue driving because he could assume 
that the alertness device would awaken him if he did fall asleep. Drivers and 
management must understand that the driver remains responsible for driving 
safely, regardless of the aids installed to help him,, 

5 . 1 . 4  Speeding and Other Moving Violations 

On-board recording devices have been demonstrated to be a cost-effective 
management tool in the trucking industry, leading to fuel economy, maintenance 
troubleshooting and paperwork reduction. Speed enforcement devices are also 
available in the railroad industry. The use of on-board recording devices in 
a truck driver oversight capacity has been successful in the limited 
applications where this has been attempted. However, in each case, management 
approached this through a careful and open dialogue with drivers in order to 
minimize the potential adverse effects of installing these devices. 
Otherwise, the backlash from employees who have not been properly sensitized 
may give rise to tampering and abuse. 

Consideration should be given to abolishing the use of radar detectors by 
trucks. These devices serve the single purpose of recognizing when an 
enforcement officer is measuring the vehicle's trpeed. Their active use 
clearly promotes excessive speeding, which has been previously associated with 
both increasing accident likelihood and severity. 

5.1.5 Operator Training 

A more active Federal presence in the area of training is urgently needed 
for truck. rail. and barge operators. In the case of trucking, Federal 
requirements can be imposed that drivers of heavy trucks graduate from an 
accredited truck driver training program prior to being eligible for 
employment consideration. To implement such a policy, however, curriculum 
standards must be established and a proven accreditation process administered. 
Considerable progress has been made in this area with DOT propoeed curriculum 
standards and the ongoing efforts of the PTDIA. To be effective, carrier 
management must also be willing to modify their hiring policy to accept 
training school graduates without on-the-road experjience. Carriers concerned 
about placing these drivers into the operation without prior experience can 
develop in-house apprentice programs. 

77 



In the case of barge transport, real-time simulation training for towboat 
navigation warrants serious consideration. Given the narrow safety margins in 
some domestic waterways and past practices of navigation primarily from 
experience, navigation training is a rational policy initiative. 

5.1.6 Vehicle and Environment Factors 

Several aspects of vehicle design and maintenance can be enhanced to 
provide a greater margin of safety for operators. Braking system, vehicle 
handling and stability, tire and lighting (reflectorization) improvements 
would provide beneficial effects on truck safety. Truck occupant protection 
and alertness can be improved through cab design, and improvements in ride 
quality (noise, heat, vibration, etc.). Better instrumentation for vessel 
navigation is needed in barge transport. Brake design and cab warning devices 
have been suggested as emphasis areas in rail operations. 

The operating environment could be enhanced through better cooperation 
and communication among users who share or interact on a transport facility. 
Cooperation and communication among railroad crews, between vessels, 
particularly in blind situations, at railroad-roadway grade crossings, and 
between trucks and passenger vehicles are emphasis areas. In the case of 
trucking, for example, this could take the form of education programs directed 
at creating an awareness of the handling and stability characteristics of 
trucks as well as the potential for severe damage that can be administered by 
truck mass in crash situations. It also suggests the importance of using 
escort vehicles for radioactive waste shipments. 

5.1.7 Enforcement 

For any current and proposed standards to be effective, they require 
considerable public and private enforcement effort. 

Government programs, such as MCSAP, are exemplary in terms of their 
effectiveness in identifying vehicle defects and some driver violations, and 
plans are underway to extend this oversight to audits of carriers and 
personnel practices at freight terminals. In many respects, however, this is 
a small portion of a much larger problem associated with ensuring compliance 
with Federal regulation. Quite frankly, without adequate enforcement, the 
intent of safety standards will not be met and may as well not be there at 
all. 

To meet these growing requirements, it is likely that additional 
inspectors will be needed. Increases in the penalties for non-compliance may 
also serve as encouragement to abide by operating rules. 

Cooperation of carriers is also essential to the safety equation. 
Carrier management must adopt a company-wide commitment to safety. This 
should be conveyed to everyone in the organization as an inherent attitude 
around which perfarmance is evaluated. In addition to applying internally to 
drivers and dispatchers, this philosophy must be transmitted to shippers and 
brokers. With all these parties involved, the likelihood of a safer operating 
environment will be considerably enhanced. 
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APPENDIX A 

HAZARDOUS MATERIALS TRANSPORTATION INCIDENT/ACCIDENT INFORMATION SYSTEMS 

A . l  INTRODUCTION 

As concern over the safe transport of hazardous materials continues to 
grow, public officials are placing greater emphasis on the ability to conduct 
analyses of present practices and future policy initiatives. The capability 
to do this effectively is directly dependent on the quality and availability 
of information on previous transport accidents and incidents involving 
hazardous materials cargo. 

The objective of this appendix is to explore the reporting requirements 
of hazardous material transport accidents and incidents, and to determine what 
use is and can be made of the information which is collected and stored. As 
described herein, hazardous materials are defined by statute (Hazardous 
Materials Transportation Act) and by regulation (49 CFR 171.8) as substances 
and materials in quantities and forms that the Secretary of Transportation has 
found may pose an unreasonable risk to health and safety, or to property, when 
transported in commerce (General Services Administration, 1984). The 
approximately 2,400 materials classified as such are listed in 49 CFR 172 
(Transportation Research Boards 1983). 

Inclusive in this list are several substances and wastes classified as 
hazardous" in order to coordinate DOT'S regulatory program with that of the 
Environmental Protection Agency (EPA). Ihe primary reason €or designaiiiLg 
these materials is their long-term effects on health and the environment 
(National Conference of State Legislatures, 1984). For each substance, EPA 
has established a "reportable quantity" (RQ) which Indicates the quantity and 
concentration of a chemical that could pose a threat: of pollution. RQ's for 
most substances are one pound, although EPA has recently studied the effects 
of changing the RQ level (ICF, 1985). Packages containing more than the RQ of 
the hazardous substance are subject to DOT regulation. DOT regulations also 
apply to hazardous wastes that are subject to EPA's manifest system under the 
Resource Conservation and Recovery Act (RCRA). 

I1 

To carry out the regulatory requirements imposed by the Hazardous 
Materials Transportation Act (HMTA), the Secretary of Transportation 
established the Office of Hazardous Materials Transport ( O W ) ,  which was 
formerly known as the Materials Transportation Bureau. O W  is responsible 
for regulating hazardous materials transport safety, including all 
transportation by water, which is promulgated by the 'U.S. Coast Guard under 46 
USC 170 and 391(a). OHMT's responsibilities also include coordination among 
the various DOT modal administrations and other Federal agencies which are 
involved in the transport of hazardous materials. 

The source of data for analyzing hazardous material incidents emanates 
from the reports filed by carriers and others responsible for reporting to 
various agencies under Federal regulations. Each database potentially 
applicable to study hazardous materials transport safety is described 
separately in the following discussion. A table listing these information 
sources and their relationship appears in the main body of this report. 
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A . 2  OHMT HAZARDOUS MATERIAL INCIDENT REPORTS (HMIS) 

This database became the centralized Federal system for uniform incident 
data in 1971. Prior to that time, hazardous materials regulatory authority 
was divided among the DOT modal administrations. Each agency independently 
developed criteria reflecting their particular needs for data collection and 
analysis. A wide range of hazardous materials reporting systems evolved which 
resulted in redundant reporting, inconsistencies in definition and coverage, 
and reporting gaps. 

A transportation-related incident is defined as any unintentional release 
of a hazardous material during transportation, or during loading/unloading or 
temporary storage related to transportation. This includes releases of 
hazardous wastes and reportable quantities of hazardous substances discharged 
during transport (Materials Transportation Bureau, 1980). Every incident must 
be reported to O W  in writing as prescribed in the 49 CFR regulations (Parts 
171, 174-177), with the exception of consumer commodities which present only a 
limited hazard during transportation (OW-D class), electric storage 
batteries, and .certain paints and related materials (General Services 
Administration, 1984).  These exceptions were established in 1981, and have 
decreased the number of reported incidents considerably. The exceptions, 
however, do not apply to incidents involving aircraft or those  involving t h e  
transport of hazardous waste. The written response must be prepared by the 
carrier on Form F5800.1 and must be submitted to O W  within 15 days of 
discovery of the release (USDOT, 1983).  While carriers are required to 
report, any interested party may report. 

An additional telephone reporting requirement is imposed on carriers when 
an incident has resulted in one or more of the following consequences as a 
direct result of the hazardous material (General Services Administration, 
1984) : 

1. a fatality 
2. a serious injury which requires hospitalization 
3. 
4 .  fire, breakage or suspected radioactive contamination occurs 

5. fire, breakage or suspected contamination occurs involving shipment 

6. a situation exists of such a nature that, in the judgement of the 

estimated carrier or other property damage exceeds $50,000 

involving shipment of radioactive material 

of etiologic agents 

carrier, it should be reported. 

The telephone report must be communicated immediately to the National Response 
Center (NRC), a center staffed 24 hours a day by the U.S. Coast Guard, but 
which handles the reporting of all significant hazardous materials spills 
under agreements with DOT and EPA. The National Response Center, established 
in 1974, provides facilities, communication, information storage and other 
needs for coordinating emergency response. NRC has two 24-hour toll-free 
telephone lines to receive the notifications, and several other lines to relay 
the calls to response agencies that may need to know of the release. 

The telephone report must include the following infomation: 

1. name of reporter 
2. name and address of carrier represented by the reporter 
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3. phone number where t h e  r e p o r t e r  can be  contacted 
4. da te ,  time and l o c a t i o n  of t h e  inc iden t  
5 .  t he  e x t e n t  of 1 n j u r i e s ; i f  any 
6. c l a s s i f i c a t i o n  name, and q u a n t i t i e s  of hazardous m a t e r i a l s  involved,  

7 .  type of i nc iden t  and n a t u r e  of hazardous m a t e r i a l  involvement, and 
i f  such information is a v a i l a b l e  

whether a cont inuing  danger t o  l i f e  ex is t s  a t  t h e  scene. 

This  in format ion  is t r ansmi t t ed  t o  t h e  U.S. DOT-Transportation Systems Center 
every evening, where i t  is subsequent ly  r e t a i n e d  and. managed by O W .  

I n  many cases, carriers have made t h e i r  te lephone con tac t  with CHEMTREC, 
a chemical t r a n s p o r t a t i o n  emergency c e n t e r  e s t a b l i s h e d  i n  1971 by t h e  Chemical 
Manufacturers Associat ion.  Upon r eques t ,  CHEMTREC provides  r e f e r r a l s  t o  
persons a t  t h e  s i t e  of a t r a n s p o r t a t i o n  emergency involv ing  hazardous 
materials. S ince  1980, CHDITREC has  been o f f i c i a l . l y  r equ i r ed  t o  n o t i f y  the  
NRC of " s i g n i f i c a n t "  hazardous m a t e r i a l s  t r a n s p o r t a t i o n  i n c i d e n t s ,  those which 
have, o r  have t h e  p o t e n t i a l  f o r ,  causing cons iderable  harm t o  t h e  publ ic  o r  
t h e  environment. Despi te  t h i s  coopera t ive  arrangement,  a c a l l  t o  CHEMTREC 
only  f u l f i l l s  t h e  NRC te lephone r e p o r t i n g  requirements ,  bu t  i t  does not  
f u l f i l l  t h e  Fede ra l  w r i t t e n  r epor t ing  requirements .  

Although s p i l l  r e p o r t i n g  is a regu la to ry  requirement ,  i n  p r a c t i c e  i t  is 
handled on a vo lun ta ry  bas i s .  The i n c e n t i v e  f o r  r e p o r t i n g  is t o  avoid t h e  
p o s s i b i l i t y  of a c i v i l  pena l ty ,  o r  a c r imina l  pena l ty  which can be imposed i f  
a person knowingly commits an act t h a t  v i o l a t e s  an  W A  r egu la t ion .  C i v i l  
p e n a l t i e s ,  which are more common than  c r imina l  p e n a l t i e s ,  can inc lude  a 
l i a b i l i t y  of up t o  $10,000 per  v i o l a t i o n ,  o r  one year imprisonment, or both.  
Criminal  p e n a l t i e s  a r e  s u b j e c t  t o  a f i n e  of LF t o  SZ5,OOC o r  f i v e  years  
imprisonment, o r  both.  

However, since OHHI has  ve ry  f e w  i n s p e c t o r s  t o  a s s u r e  compliance with 
t h e s e  r e p o r t i n g  requirements ,  and t h e r e  is a gene ra l  sho r t age  of i n s p e c t o r s  
w i th in  t h e  DOT modal admin i s t r a t ions ,  i t  is b a s i c a l l y  agreed t h a t  t he  Federal  
enforcement program does no t  by i t se l f  create an adequate  d e t e r r e n t  t o  
r e p o r t i n g  v i o l a t i o n s .  It has  a l s o  been suggested t h a t ,  even when v i o l a t e r s  
are penal ized ,  t h e  level of t h e  p e n a l t y  is i n s u f f i c i e n t  t o  d e t e r  f u t u r e  
v i o l a t i o n s .  The reason  is t h a t  t h e  c o s t s  of compliance are g r e a t e r  than those 
of t h e  in f r equen t  p e n a l t i e s .  Thu8, some o p e r a t o r s  may cons ider  p e n a l t i e s  t o  
be merely an occas iona l  c o s t  of doing bus iness  (Nat iona l  Conference of S ta te  
Leg i s l a tu re s ,  1984). 

I n  suppor t  of t h i s  claim, a r e c e n t  s tudy  conducted by t h e  U.S. Congress, 
Of f i ce  of Technology Assessment (OTA) h a s  found t h a t  up t o  and perhaps more 
than  30040% of r e p o r t a b l e  hazardous m a t e r i a l  i n c i d e n t s  a r e  never  repor ted  
(Abkovitz and L i s t ,  1986). EPA Region 7 o f f i c i a l s  have independent ly  
es t imated  t h a t  on ly  about 10% of r e p o r t a b l e  r e l e a s e s  under 100 ga l lons  are 
repor ted  t o  EPA, t h e  s ta tes  o r  t h e  Na t iona l  Response Center ,  i f  t h e  subs tance  
r e l eased  is n o t  extremely hazardous; if somebody s p i l l e d  f i v e  ga l lons  of an 
extremely hazardous substance,  i t  would probably be r epor t ed ;  90% of releases 
over  100 ga l lons  are repor ted ;  and 20% of a l l  PCB releases are repor ted  (ICF, 
1985). Transpor t - re la ted  i n c i d e n t s  c o n s t i t u t e  26%: of t h e  inc iden t  r e p o r t s  
compiled by EPA. 
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.This information system has also been the subject of considerable 
criticism from the U.S. General Accounting Office for the following reasons 
(General Services Administration, 1984) : 

1. OI-IMT is not receiving reports on all incidents because it relies on 
voluntary reporting from carriers. 

2. Companies involved only in the loading, unloading or storage of 
hazardous materials (e.g., shippers, freight forwarders) are not 
required to submit hazardous material incident reports, 

3. Reports are not required by O W  for incidents involving hazardous 
materials shipped in bulk by water. 

4. DOT has elected not to regulate firms involved only in intrastate 
transportation, or require them to submit hazardous materials 
incident reports. 

5. O W  has no systematic procedure for refining reported data which 
are incomplete or inaccurate. 

6. Due to the time limit on reporting and by soliciting solely the 
carrier's perspective, the total consequence of an incident can be 
understated significantly. 

Each of these factors works to understate the overall impact of hazardous 
materials transportation incidents in the United States. 

Illustrations of these disparities are noted by GAO and other studies. 
The GAO selected 30 hazardous material transport incidents between 1976 and 
1979 and requested OlillT data on these incidents. O W  had received reports on 
only 12 of these incidents. The 18 unreported incidents, according to news 
reports, resulted in 18 deaths, 9 missing persons, and at least 187 injuries. 
Concerning damage estimates, NTSB investigations of five accidents involving 
the transport of hazardous materials between 1972 and 1979 estimated the 
overall damage to be $42 million, as compared to an estimate of $10.1 million 
from O W  reports (Scanlon, 1983). A more detailed study on non-reporting and 
mis-reporting conducted by OTA has substantiated these claims (Abkowitz and 
List, 1986). 

Despite the objections to the HMIS database, in many respects it serves 
as the most relevant database for conducting hazardous materials transport 
incident and safety analysis. The HMIS database is the only on exclusively 
devoted to hazardous materials transport incidents, and as such, it includes a 
number of descriptors which can be used to examine issues in packaging, 
labeling, cause and public safety, that might not otherwise be possible. 

If the deficiencies in the database are accepted as stated, the total 
volume of hazardous materials incidents is underestimated. However, for the 
purposes of deriving distributions of events, causes and consequences, and for 
some multi-modal comparative analyses, the HMIS database may still be 
representative. The approximately 135,000 records which now comprise the HMIR 
database may permit comprehensive analysis based on statistical 
considerations. 

A.3 SUPPLEMENTARY DATABASES 

Independent of the O W  incident reporting system are several accident 
reporting systems maintained by various DOT modal administrations. The term 
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"accident" refers to a vehicular accident; most hazardous materials transport 
incidents are not caused by vehicular accidents (e.g., loose fitting). These 
reporting systems have been designed to cover all transportation accidents 
under the jurisdiction of the respective modal administrations, not just those 
involving hazardous materials. In most cases, however, there are special 
identifiers in the reporting format to permit the designation of an accident 
that involves hazardous cargo. This may be a particularly important form of 
secondary data, as the accident reports are usua1l.y based on an independent 
set of reporting procedures from the O W  procedures, and thus are not subject 
to the same deficiencies as noted in the OIiMT information system. 

Several sources of information outside of DOT also exist which, in some 
fashion, address the subject of incidents and accidents involving the 
transportation of hazardous materials, 

A . 3 . 1  Modal Administrations 

In addition to coordinating activities with O W ,  the DOT modal 
administrations conduct their own recordkeeping proc:edures for accidents under 
their purview. In many cases, the capability exists to isolate accidents 
which involve the transport of hazardous materials. 

A . 3 . 1 . 1  U.S. Coast Guard 

The Coast Guard maintains two databases which include recognition of 
accidents and/or incidents involving hazardous materials: (1) Commercial 
Vessel Casualty File (CVCF), and (2) Pollution Incident Reporting System 
(PIRS) . 

The Commercial Vessel Casualty File includes vessel accidents (domestic 
and foreign) occurring in U.S. waters which meet one or more of the following 
reporting criteria: 

1. actual physical damage to property in excess of $25,000 
2. material damage affecting the seaworthiness, maneuverability or 

3. stranding or grounding (with or without damage) 
4. loss  of life 
5. injury causing any person to remain incapacitated for a period in 

excess of 72 hours, except injury to harbor workers not resulting in 
death and not resulting from vessel casualty or vessel equipment 
casualty . 

efficiency of a vessel 

This data has been collected since 1963, and the only major reporting 
changes have been a move to an alphanumeric format in 1980, and a change in 
*the damage threshold in August 1982 from $1,500 to $25,000. Fields in each 
record include vessel characteristics, event, cause, fatalities/injuries and 
monetary damage. The major deficiency in the file is the lack of a commodity 
classification in the database. However, there a re  specific vessel codes 
which indicate whether the vessel was carrying hazardous cargo ( U . S .  Coast 
Guard, 1984). 
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The PXRS database  c o n s i s t s  of r e p o r t s  generated a s  requi red  by FWPCA and 
CERCLA. It' i nc ludes  a l l  p o l l u t i n g  s p i l l s  i n t o  U.S. waters ,  inc luding  those 
occurr ing  dur ing  t r a n s p o r t .  There is  a s p e c i a l  i d e n t i f i c a t i o n  f o r  
t r anspor t - r e l a t ed  s p i l l s  and materials a r e  i d e n t i f i e d  by name, so hazardous 
substance s p i l l s  dur ing  t r a n s p o r t  can be t racked.  The da tabase  a l s o  inc ludes  
t h e  q u a n t i t y  r e l eased ,  cause  of t h e  i n c i d e n t ,  and t h e  d a t e  and loca t ion .  Xn 
a d d i t i o n ,  t h e  f i l e  con ta ins  p o t e n t i a l  i n c i d e n t s  where t h e  Coast Guard was 
c a l l e d  i n ,  but  a s p i l l  d i d  not  m a t e r i a l i z e  (U.S. Coast Guard, 1983). 

According t o  Coast Guard o f f i c i a l s ,  t h e  . PXRS database  i s  r a t h e r  
u n r e l i a b l e ,  owing t o  unedi ted  f i l e s  where major e r r o r s  o f r en  appear.  
Furthermore,  on ly  c losed  cases are a v a i l a b l e  f o r  a n a l y s i s  from t h e  da tabase ,  
so r ecen t  ca ses ,  those  which are t i e d  up i n  t h e  c o u r t s ,  and cases  where t h e  
Coast Guard d i s t r i c t  has  neglec ted  t o  update  t h e  f i l e  when a case  i s  c losed ,  
a r e  not  a v a i l a b l e  and b i a s  any conclus ions  reached by us ing  t h e  d a t a .  The 
Coast Guard is  i n  t h e  process  of des igning  methods t o  address  these  problems. 

The Coast Guard da tabases  may be viewed as f i l l i n g  a r a t h e r  g l a r i n g  gap 
i n  t h e  HMIS database ,  which i s  p a r t i c u l a r l y  weak i n  t h e  marine mode. This  is 
due, i n  p a r t ,  to the lack of OHMT regulatory enforcement of bulk movements 
shipped by water .  

A.3.1.2 Federa l  Highway Adminis t ra t ion  (FHWA) 

FHWA's O f f i c e  of Motor C a r r i e r s  (OMC) main ta ins  a da tabase  on a c c i d e n t s  
which has  been o p e r a t i o n a l  s i n c e  1973. It inc ludes  any motor c a r r i e r  acc iden t  
I n  which a f a t a l i t y  or i n j u r y  occurred ,  o r  f o r  which t h e r e  was a t  least  $2,000 
i n  proper ty  damage. Repor ts  are f i l e d  on Form 50-T, t h e  format of which has  
remained r e l a t i v e l y  s t a b l e  through t h e  years .  The OMC da tabase  inc ludes  
carr ier  i d e n t i f i c a t i o n  and addres s ,  l o c a t i o n  of t h e  i n c i d e n t ,  c h a r a c t e r i s t i c s  
of t he  even t ,  cause ,  in format ion  on t h e  cargo,  and consequences of t h e  
acc ident .  The carrier i d e n t i f i c a t i o n ,  cargo d e s c r i p t i o n  and c e r t a i n  acc iden t  
c h a r a c t e r i s t i c s  are such t h a t  congruence between t h e  HMIS database and OMC 
da tabase  may be ach ievab le  f o r  i n c i d e n t s  caused by v e h i c u l a r  acc iden t s .  

A.3.1.3 Federa l  Rai l road  Adminis t ra t ion  (FRA) 

FRA mainta ins  i t s  OM acc iden t / inc iden t  da tabase  from i n f  ormation 
generated by r a i l r o a d s ,  i n s p e c t o r s  and O W .  Although t h e  da tabase  goes back 
be fo re  1974, access t o  t h e  pre-1974 d a t a  i s  r a t h e r  d i f f i c u l t .  The da tabase  
inc ludes  informat ion  similar t o  t h e  acc iden t  c h a r a c t e r i s t i c s  descr ibed  i n  t h e  
Coast Guard and FHWA da tabases .  FRA has  its own d e f i n i t i o n  of i n c i d e n t s  and 
acc idents .  An i n c i d e n t  is an  event  which r e s u l t s  i n  a dea th ,  r e p o r t a b l e  
i n j u r y  o r  proper ty  damage. I f  t h e  event  r e s u l t s  i n  a dea th  o r  r e p o r t a b l e  
i n j u r y ,  &damages exceed a th re sho ld  of $4,900, then t h e  event  is c l a s s i f i e d  
as an acc ident .  The th re sho ld  va lue  has  been increased  by FRA over  t h e  yea r s  
t o  approximate cons t an t  rea l  va lue .  

FRA performs a number of i n t e r n a l  cons is tency  checks t o  s t r eng then  t h e  
v a l i d i t y  of t h e  da tabase .  These inc lude  . t he  e l imina t ion  of double-counting of 
events  when more than one r a i l r o a d  f i l e s  a r e p o r t ,  s p o t  checks of susp ic ious  
events  and occas iona l  a u d i t s  of r a i l r o a d  i n t e r n a l  records .  
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In the past ten years, over 80,000 records have been included in the FRA 
file. Approximately 1,000 of these have invol.ved releases of hazardous 
materials. 

FRA also maintains an OHMT enhanced database on hazardous materials 
incidents. The enhancements include the addition of accident location 
information, railroad code and STCC code.* 

A.3.1.4 Federal Aviation Administration (FAA) 

The FAA maintains a computerized accidentfiiicident database at their 
National Field Office in Oklahoma City which consists of air accidents 
officially reported to NTSB and reports filed by FAA field inspectors. FAA 
makes a distinction between an "accident" and an, "incident" based on the 
dollar damage incurred in the reported event. The FAA database includes the 
pilot involved, the carrier, time-of-day, and other descriptors such as 
contributing circumstances and accident (incident) severity. It is apparently 
possible to identify hazardous materials accidentsi'incidents in this database, 
for according to FAA officials, 1 1  accidentsfincidents involving hazardous 
materials have been reported in the past five years. 

A.3.1.5 National. Highway Traffic Safety Administration (NHTSA) 

NHTSA's National Center for- Statistics and Analysis maintains accident 
data on police reported accidents, including those which resulted in non-fatal 
injury ard/or property damage. The data !s typica'ly collected by each state 
under contractual agreement with NHTSA. 

The file of reported accidents is called the National Accident Sampling 
System (NASS). NASS was developed to provide an automated, comprehensive 
national traffic accident database. The accidents investigated in NASS are a 
probability sample of all police-reported accidents in the U.S. (NHTSA, 
1981a). The data collection for a NASS-selected accident I s  very involved, 
and includes characteristics of the accident, driver, occupants, and vehicle. 
Although the specific commodity being carried i s  not described, sufficient 
information exists to track accidents which are likely to have contained 
hazardous materials cargo. In fact, recently a hazardous materials "flag" has 
been added to the record description. However, outside of the date and 
location of the accident, there appears to be little or no congruence vith the 
data collected by O W .  Even so, the characteristics of the driver, road and 
traffic may be important determinants of hazardous materials accidents for 
which OXMI does not have the appropriate information. 

Those accidents which result in loss of human life are also classified 
separately in the Fatal Accident Reporting System (FARS). The FARS file 
contains data on vehicles and persons involved in fatal accidents, defined as 
an event in which an accident-related death occurred within 30 days of the 
accident (NHTSA, 1981b). FARS is not a national sample; rather, it includes 
all fatal traffic accidents that are reported in the United States. Other 
than this distinction, however, the information collected parallels the NASS 
data structure and is subject to the same critique an noted previously. 

* Standard Transportation Commodity Code 
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A.3.2 Other Useful Databases 

The following information systems may also -e useful in analyzing 
hazardous materials transport safety. They consist of other Federal agencies 
state and local agencies, carriers and trade organizations that maintain data 
on accidents and incidents. 

A.3.2.1 National Response Center (NRC) 

Although telephone reports to the National Response Center are primarily 
intended to stimulate a response action, the information provided in these 
reports can be used for policy analysis. Data items include the location of 
the incident, mode of transportation involved, material involved, and quantity 
released. The material definitions are coded differently than in the HMIS and 
causal factors are not considered in any fashion. However, the NRC database 
does provide a more balanced portfolio of incidents by various modes, 
particularly with regard to marine transport. 

A.3.2.2 Environmental Protection Agency 

EPA regional offices have personnel to receive notification of releases 
of hazardous substances. These notifications are integrated into a regional 
incident reporting system. Typical reports include the incident date, company 
involved, spill location, nature of the emergency, material spilled and 
volume, source of the spill, responding agency, nature of the response and 
resolution. In some EPA regions, this information is maintained in 
computerized files. 

EPA also receives the NRC reports and uses this information in concert 
with incidents reported to EPA regional offices, states and local governments 
to formulate regulatory policy. Attempts are presently being made to use the 
NRC reports as a management information system to support EPA initiatives. 

A.3.2 .3  National Transportation Safety Board (NTSB) 

NTSB receives the NRC telephone reports, which they use in determining 
whether to proceed with an investigation. NTSB's investigation of 
transportation accidents is a multi-modal activity. Their jurisdiction for 
conducting investigation is based on the definition of a major vehicular 
accident as defined by each mode in CFR 49. 

An NTSB investigation begins with a multiple-day field investigation 
involving the shipper, carrier, government agencies, associations, and other 
interested parties. A report is subsequently generated which goes through 
several cycles of review and comment before it is finalized. The primary 
purpose of the report is to make recommendations to improve transportation 
safety based on findings from the accident investigation. 

A major advantage of the NTSB process is that the investigations involve 
other participants besides the carrier, are extremely thorough, and take place 
over a longer time frame so that the full impact of the accident can be more 
accurately identified. As noted by GAO in their critique of the HMIS 
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database, the damages reported by the carrier to OHMT often substantially 
underestimate those reported by NTSB (U.S. GAO, 1980). 

NTSB does maintain a database on the vital statistics of each 
investigated accident. Railroad and aviation accidents are stored in computer 
files. Highway and marine accidents are stored on coding sheets, but have 
not, as yet, been logged into the computer system. 

A.3.2 .4  Department of Energy (DOE) 

DOE maintains a database on all radioactive incidents, known as the 
Radioactive Materials Incident Reports (RMIR), based on the HMIS file and 
information from the Nuclear Regulatory Commission on the loss of control of 
radioactives. The database consists of approximately 70% HMIS records and 30% 
Nuclear Regulatory Commission records. It is on-line, and is maintained by 
Sandia Labs. 

A.3.2.5 Nuclear Regulatory Commission 

Besides the aforementioned activity, the Nuclear Regulatory Commission is 
the lead agency in conducting investigations of transport accidents involving 
radioactive materials. These investigations have focused on mechanical 
analyses of the containers involved in the accident, for the purpose of 
improving the safety of containers used in transporting radioa’ctive materials. 

A.3.2.6 State and Local Agencies 

Accident/incident databases maintained by state and local agencies vary 
considerably depending on the authorities involved and the level of commitment 
that has been made to managing the hazardous matetia.ls transport problem. 

Based on limited observation, state and local agencies appear to be more 
directly involved in accident reporting systems than incident reporting 
systems and focus much of their attention on the highway mode. This likely is 
due to the role of the state and local police in reporting traffic accidents, 
and a more established and coordinated network of accident management. Some 
states do, however, have mandatory reporting of hazardous substance releases 
similar to CERCLA requirements although many local agencies are unaware of 
these reporting requirements (National Conference of State Legislatures, 
1984). 

There have, however, been state and local attempts to focus on hazardous 
materials incidents. Much of this activity has been funded by OKMT in the 
form of demonstration projects to examine hazardous materials accident 
prevention and emergency response capabilities. 

. The first of these projects, completed in 1981, was conducted by the 
Puget Sound Council of Governments (PSCOG). As part of its study, PSCOG 
examined hazardous materials movements and incidents within the region. 
Subsequent projects have been conducted by the State of Massachusetts, the 
cities of New Orleans, Memphis and Indianapolis, the Association of Bay Area 
Governments (San Francisco), and Niagara County, New York. While the grantees 
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have, in some cases, made efforts to collect incident data from local sources, 
often the HMIS database has been accessed to identify incidents vhich have 
occurred in the study region (City of Indianapolis, 1983). 

More sophisticated applications at the state level center around the use 
of computerized accident recordkeeping systems in concert with flow data to 
determine accident rates and high risk locations in the highway network. The 
states of Utah, Washington and New York, for example, maintain computerized 
accident recordkeeping databases that contain police accident investigation 
reports. Typically, these reports include, when a heavy-truck is involved, 
the carrier name, vehicle type, contributing circumstances, accident severity, 
etc. In the case of the state of Washington, the type of cargo (United 
National Code) is also included. 

This type of database permits the extraction of heavy vehicle accidents 
where hazardous cargo was involved (or likely was involved). This information 
can be portrayed against movement data to determine accident rates of vehicles 
transporting hazardous cargo, which can subsequently be used in the 
computation of transport risk profiles and the identification of safer 
procedures for routing hazardous materials. Although the capability to do 
this exists in the states of Washington and New York, the fragmented nature of 
where accident and movement data reside, and their relationship with the 
offices responsible for policy analysis have served as constraints. These 
states are, however, moving in the direction of conducting improved analyses 
with the data that is collected and maintained. 

The State of Maryland has largely overcome these problems. Several years 
ago, Maryland began a surveillance system of hazardous cargo movements at 
multiple check points and different times of the day. It also instituted a 
state incident reporting system where any hazardous material incident 
resulting in a reported spill is entered into the database. These tvo sources 
of information are subsequently compared to determine the level of hazardous 
material transport safety in the state. This Information has been used to 
successfully demonstrate a preferred nuclear materials routing system in 
Maryland. It should be noted that the accomplishments in Maryland have come 
after ten years of activity and significant coordination among state agencies. 

A.3.2.7 Carriers 

Virtually all carriers retain copies of reports on accidents and 
incidents that they have filed with the appropriate authorities. However, 
personal contact with a few carriers has shown that the method used for 
reporting information on Form F5800.1 is rather arbitrary. For example, if 
the damage is rather small, it is often reported as no damage. Furthermore, 
when the damage is measurable, the carrier8 usually report the out-of-pocket 
cost, and often include only the loss of cargo and not the clean-up cost. 

In fact, beyond the reporting requirement to O M ,  there is little 
evidence that the incident reports are used internally for any analysis 
purposes, including the safety of operations. The carriers who were contacted 
also indicated that the 15 day reporting requirement is too short and that is 
inappropriate for the carrier to assume the reporting requirement for 
loadinglunlaading incidents since they do not perform this function and of ten 
are unaware of the incident having occurred or the details concerning it. 
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A.3.2.8 Association of American Railroads (AAR) 

The AAR maintains its own .hazardous materials incident database from 
inspector, railroad, P5800.1, CHEMTREC and telephone reports. Information 
includes date, incident location, incident type, source of the data, deaths 
and injuries, and estimated damage. The damage estimates can be segmented by 
equipment, lading, fire and other damage. The AAR database goes back to 1973. 

A.4  REGULATORY USES OF THE DATABASES 

The previously described databases s e m e  a very important purpose for 
DOT, its modal administrations, and other agencies in the areas of inspection, 
enforcement and equipment requirements. 

The size of the hazardous materials regulated community is such that 
inspection of every facility, manufacturer, skipper, carrier, etc., is 
infeasible, requiring modal administrations to use a variety of criteria to 
determine how best to deploy their finite inspection resources. As a rule, 
violation and incident experience are the indicators most frequently used to 
identify areas on which to concentrate their inspection efforts. The Coast 
Guard, for example, has redirected its inspection efforts towards 
"high-pTiOrity" vessels, the definition of which includes a vessel with a 
previously reported hazardous materials incident. OMC and FRA also use 
selection criteria to determine inspection priorities which are based in part 
on incident experience (USDOT, 1983). 

Statistics generated by the hazardous materials incident databases are 
also used interrsllp to measure prograF effectiveness, i.mprove prevention b y  
identifying and analyzing causes and events, and :€or general regulatory and 
enforcement analysis. For example, OIPPT is interested in the data for 
regulatory evaluation concerning packaging requirements. OMC uses its 
database for cargo container analyses. In the case of the railroad industry, 
DOT has used incidentlaccident data to examine container specifications for 
tank cars. This resulted in amendments to CPR 49 that require thermal 
protection or insulation against external fire sources, tank-head protection 
against punctures, coupler modifications to resist disengagement, and other 
improvements to be made to new cars or retrofitted to existing equipment used 
to transport hazardous chemicals under pressure (Public Technology, 1980) . 

There is reason to believe that incident/accident databases can be used 
to improve emergency response and disaster preparedness. For example, 
knowledge of high accident frequency locations and the flow of hazardous 
materials provides communities with a better understanding of the probability 
of an incident and the likely materials involved. 

There have also been a broad .set of requests for both accident and 
incident data from the private sector, including legal professionals, industry 
analysts, private citizens, consultants and university researchers. In most 
cases, these are handled through distributions of a hard copy of the requested 
material. Some databases are also accessible through on-line queries via 
telephone access. 
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This appendix has focused on the reporting and data collection of 
* accidentslincidents involving hazardous material transport. As noted, the 
regulatory environment has evolved to a point where OHHT should be the 
repository of information on hazardous materials transport incidents. Data 
collected by DOT modal administrations focus more generally on vehicular 
accidents, yet permit the identification of accidents which involve hazardous 
materials. Other databases s e n e  a purpose of identifying either hazardous 
material transport accidents or incidents. Because of this connectivity 
capability, the availability of these "secondary" databases in a supporting 
role is an invaluable resource. 

The HMIS database maintained by OHMT has become the best source of data 
on the causes, events and consequences surrounding hazardous materials 
incidents. However, several reporting and data collection deficiencies exist, 
which make it difficult to conduct unbiased analyses of hazardous materials 
transport incidents and safety without additional verification. The most 
useful sources of additional verification appear to be the NRC telephone 
reports, NTSB investigations database, state and Federal agency accident 
files, and other related databases. 

The NTSB damage estimates and probable causes are likely to be more 
accurate than those filed by the carrier within 15 days to OHMT. The number 
of incidents and accidents involving hazardous materials that go unreported to 
OHMX' can be identified, in some respects, by examining accident reports filed 
to the modal administrations, state agencies and NHTSA, and incident reports 
filed with NRC, and comparing them to incidents reported in the HMIS file 
(even after this process, the number of unreported events may still be 
significant). This is particularly important in the case of the marine mode, 
where reports on incidents involving hazardous materials transported in bulk 
are not requested by O W .  

Although the additional sources of information are extremely important, 
in practice it is quite difficult to establish congruence among any of the 
databases. This is due to several reasons, the most important of which are 
different definitions of accidents and incidents, criteria for a reportable 
event, ability to track a hazardous cargo movement, and level of detail 
concerning specific commodity, contributing factors, consequences, etc. Thus, 
the secondary data is not an adequate substitute for an improved primary 
information system. 

A number of suggestions have been made to improve the accuracy and 
completeness of hazardous materials incident reporting. These recommendations 
focus on the contents of the incident report form, criteria and procedures for 
incident notification, and internal management of reported information 
(Abkowitz and List, 1986). 

For example, Form F5800.1 can be modified in format so that it is more 
standardized and does not allow for too much flexibility in response that has 
led in the past to incomplete reports and subjective judgments of OHMT data 
entry clerks. This would also simplify the data entry process, and diminish 
the likelihood of redundant codes allowable for the same data entry field. 
The amount of information required on Form F5800.1 does not appear to be 
excessive when contrasted with other incidentlaccident reporting systems, and 
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could actually be expanded to include a few additional characteristics of the 
incident , if desired. 

OHMT should remove the "voluntary" notion of incident repotting via 
policy initiative and/or new legislation requiring mandatory reporting of 
incidents meeting the reporting criteria. In order to enforce more stringent 
requirements, the penalties for non-compliance must be increased substantially 
in severity. In response to issues raised by carriers, it would be beneficial 
to extend the reporting limit beyond 15 days, (and perhaps shippers and 
receivers should also be required to file written reports when incidents 
involve loading/unloading operations. 

Finally, O W  management should focus internally on improving the 
completeness of filed reports, identifying and mediating mis-reporting, and 
identifying and prosecuting non-reported incidents which meet the OHMT 
reporting criteria. This requires the cooperation of other government 
agencies in the form of data sharing and perhaps minor modification to their 
own reporting practices. 

None of these recommendations are resource-intensive; in some cases, only 
one time developmental expenses would be incusred. In light of the 
inadequacies in the present information system, this is a relatively 
inexpensive program for establishing a comprehensive basis for monitoring and 
regulating safety in the hazardous materials transport industry. 
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