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® In January 1966, there was a major fire in LPG stor-
age in Feyzin, France, that killed 17 people, injured
80, and caused extensive damage.

® In June 1974, there was a major fire in the handling
of cyclohexane at Flexborough that killed 28 people,
injured 89, and caused extensive damage.

® In July 1976, there was a massive release of ex-
tremely toxic dioxin produced in a runaway highly
exothermic reaction that contaminated an area of
17.1 sq. km. and acquired global notoriety. (Dioxin
did not directly kill any human being, but a chemist
working near the reactor died due to falling masonry
caused by the explosion.)

If the impact of the above three (and other major)
accidents of the 1960s and the 1970s had been what it
should have been on public opinion, mass media,
educators, the executive, legislative, and judiciary
branches of governments worldwide, then the follow-
ing probably would not have happened (or, so one
wishes):

® In November 1984, there was a massive fire in LPG
storage in Mexico City that killed over 500 people,
injured 7231, and caused incalculable losses.

® In December 1984, there was a tragic release of
highly toxic methylisocynate in Bhopal that killed
at least 2500, injured over 200,000, and caused
unimaginable human suffering for most of the sur-
vivors.

(This is a very small listing of the process industry
accidents taken from Marshall [1], which can be con-
sulted for details of these and other major accidents.)

Everyone concerned has been aroused. The process
industry can now be separated into two eras: Pre-
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Bhopal and Post-Bhopal. A strong case can now be
made for teaching chemical engineering students about
chemical plant safety and hazards in order to ensure
that future engineers are aware of the importance of
making safety a year-round practice in all spheres of
their activities. With some variations, such courses
should also be taught to students in other branches of
engineering and the sciences.

While this article was under first review, two re-
lated articles appeared in CEE [17, 18]. This speaks
volumes about the importance of this area.

STARTING BLUES

Since it is a new area of study, most teachers did
not have formal exposure to it during their own studies.
Also, research activity in this area has been confined
to a limited number of centers. Hence, ini-
tiating a safety course requires more than mere curios-
ity on the part of the instructor. It requires a deeply
ingrained commitment. The small number of available
texts, the lack of mathematical treatment starting with
the fundamentals, the necessity of working with ques-
tionable probabilities of equipment failure and human
error, the interplay of physical, medical, social, and
political sciences, are enough to thwart any enthusiasm
for the project. However, perseverance brings its own
rewards. Unifying all the disciplines noted above in a
manner never before possible in any course makes the
effort worth-while (see Table 1).

A question that should be answered right at the
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beginning is: Should the safety and hazards aspects
(1) be included as part of all the chemical engineering
courses, or (2) be taught as a separate full course? The
final choice depends upon the teaching philosophy of
each department, but the following points should be
considered.

The first approach has an advantage in that it can
be coordinated with the rest of the course material.
However, it would probably require deleting some
other topics in order to accomodate several lectures
(one or two lectures won’t do), and since instructors
are already hard-pressed for time, unwelcome com-
promises may have to be made. It would also necessi-
tate that instructors self-learn the topic, and some in-
structors may only do lipservice. This would leave the
students in even worse shape, erroneously thinking
that they knew about safety and hazard analysis in all
branches of chemical engineering (a tall order even for
an expert). Inevitably, several important topics re-
lated to the transportation of hazardous materials, in-
spection and maintenance of plants, medical and tox-
icological aspects of dangerous chemicals, legal and
social responsibility of plant managers, etc., would not
even be mentioned.

In the second alternative, teaching a separate full
course, the above disadvantages would disappear, the
course would be more coherent, and topics could be
better coordinated. The lectures could be supple-
mented by specialists in specific disciplines, by case
studies, films on safety aspects, etc., and students
could be encouraged to do term papers and to visit
nearby industries to learn first-hand the steps taken
by diverse industries for safe operation. At the end of
the course, they would have had a finite exposure to
safety and hazard analysis in the process industries
that would not only make them better design engineers
but would also improve their job and promotional av-
enues. Also, students from other disciplines such as
mechanical engineering, industrial engineering, man-
agement, etc., could enroll in the course. Hence, the
second alternative appears to be better.

It should be realized at the very outset that the
teaching of safety and hazard is different from teaching
any other course. The students’ ingrained attitudes,
their thinking, and their approach to safety all need
to be changed; human inertia has to be overcome; the
viewpoint of “it has not happened thus far so it will
never happen” has to be discarded. It takes as long to
unlearn a wrong attitude as it does to learn a new one.
Students should be taught that minor incidents are
usually precursors of a major one. (There were several
leaks of MIC at Bhopal which had adversely affected
some of the workers, but which were ignored by the
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. . . research activity in this area has

been confined to a limited number of centers.
Hence, initiating a safety course requires more than
mere curiosity on the part of the instructor. It
requires a deeply ingrained commitment.

TABLE 1
Disciplines Involved in
Chemical Plant Safety and Hazard Analysis

* Physical Sciences (and Engineering) * Chemical Kinetics;
Thermodynamics; Chemistry; Equipment Design; Fabrication;
Operation; Maintenance; Dispersion and Diffusion of Gases;
Shock Waves; Combustion; Radiation; Corrosion; Fracture
Mechanics; Transportation of Hazardous Materials;
Environmental Pollution; Pressure Relief Devices;
Instrumentation; Failure; Statistical Analysis; Hazard Analysis;
Reliability and Failure Analysis; Personal Safety; Operator
Training; etc.

* Medical Sciences * Effects of High Temperature Radiation on
Human Body; Burn Treatment; Toxicity; Ingestion Through
Skin; Lethal Doses; Industrial Hygiene; First Aid and Emergency
Aid; etc.

¢ Social Sciences * Public Perception and Social Acceptance of Risk;
Hazards vs. Industrial Progress (or Profits vs. Public Safety);
Professional Ethics; Information Dissemination to Workers and
Public; Legal Aspects; Tort Law; Emergency/Disaster Manage-
ment Planning; Coordination with Civic Authorities; Educating
Management; Risk Calculation; Insurance Premiums; Attitude to
Safety; Human Error; Operator Reliability; Stress Factors; etc.

plant authorities, local administration, and the national
press.)

COURSE DETAILS

Our list of course topics is similar to that in both
references [17, 18]. We also include alot of case studies,
and fortunately, the available literature is vast [2-6].
Students are assigned case studies to read at home,
and then they must make brief presentations of the
cases to the class. The causes and effects are discussed,
and conclusions are drawn. This takes up the first eight
to ten minutes of each lecture. Advantages of this ap-
proach are several:

® While reading one case, the student generally ends up read-
ing several others from the related books and journals.

® Since the student has to present the material to the class,
he tries to better understand it, and the chances of his
learning more are increased. (All teachers already know
this to be true.)

® The students get into a spirited (but guided) discussion
about the causes, effects, and precautions to take, and this
builds a receptive mood for the remaining forty-five minutes
of the lecture hour.

Students are also encouraged to look for unsafe
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situations in the home, the dormitory, on the road, in
railway stations, hospitals, kitchens, laboratories, etc.
These may be related to stair height, sharp corners
on furniture, slippery floors, blind turns, identification
of fire hazards, as well as insufficient light, escape
routes, and/or first-aid facilities. Local industries such
as urea manufacturers, LPG and industrial gas cylin-
der filling stations, tanning industries, and textile,
woolen, and foot-wear mills are visited to see first-
hand the safety measures, the procedures for hazard
identification when making any changes in the process
or piping, the emergency preparedness plans, and
their liason with the civic authorities. The city fire
chief is invited to talk about the city’s fire-fighting
capabilities in case of a major fire in any industry.
Some term paper topics are listed in Table 2. Each
topic is assigned to more than one student to work
independently. This results in a little competition and

TABLE 2
Some Topics for Term Papers

* Hazards in teaching labs (Unit Operations, Controls) and research
labs in the department

* Calculation of safe distance between two storage tanks taking into
account the flammability and contents, size of storage tank,
radiation intensity, ignition temperature, etc.

* Inventory of hazardous material in a distillation column depending
on the type of trays used, and its effect on column sizing

¢ Effect of shock or blast wave on columns, horizontal tanks, and their
support structures

¢ Comparison of safety and reliability in nuclear power plants vs.
chemical process plants.

¢ Computer program for HAZOP study of small set-ups

¢ Computer program to calculate insurance premiums of plants
allowing for penalties and reductions depending upon the actual
plant layout vs. standard requirements

* Accidents in transport of hazardous materials: types of accidents,
causes, consequences, probability, emergency measures

* Pressure relief devices: types, sizing, calibration, testing, reliability,
detection of failure

* Construction and location of control room, installation of instrument
panels and alarms for easy visibility and access

¢ Alarm systems: design, testing, reliability

* Dispersion of toxic gases lighter/heavier than air and emergency
procedures to tackle the situation

* Automatic explosion suppression, flame arrestors: types, working
principles, installation, reliability

¢ Personal protection items under different hazardous situations

¢ Classification and safe handling of combustible/flammable gases,
liquids, and solids

 Toxic effects on human body of various chemicals and dusts inhaled
or ingested or received by skin contact
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ensures deeper study. Students are also invited to
suggest topics based upon their own experiences.
They are required to present it to the class using over-
head transparencies.

CONCLUSIONS

The time has come when chemical plant safety and
hazard analysis should be taught in classrooms. These
topics have become too important to be left only to
those who have learned it on the job or have taken
some specialized training obtainable only at select
places. The course proposed in this paper is but one
step in the direction that academics should take. The
author will be glad to provide a more detailed listing
of the topics in Table 2 (some of which may also be
included as lecture topics) and a longer list of refer-
ences to anyone interested in starting a course and/or
bringing their library up-to-date in these areas.
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