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PREFACE
King Fahad University for Petroleum & Minerals (KFUPM) is a renowned academic
institution and well-reputed by distinguished schools worldwide. The program, the
faculty members, the staff, and the students have made this university unique in the
region. However, the university has not reached an optimum status and there is
always room for improvement. The fact is that KFUPM does not have a safety and
health manual for all the laboratories. This manual is an attempt to make the users of
KFUPM laboratories aware of the related safety and health issues and to require them
to abide by the listed safety principles. Apart from taking care to avoid injury to
themselves and others at work, laboratory

users must co-operate to enable

compliance with health and safety requirements. Everyone should be aware of the
hazards posed by laboratory tools, machines, equipment, and materials, and the
hazards of the workplace environment. Everybody should not be sufficed with such
awareness but should be interested in safety. Following safety rules should become a
habit, not an obligation. This will ensure that we all adopt safe methods of work to
reduce risks to a minimum while remaining dependent on Allah.

Dr. Muhammad Al-Haboubi
Chairman of Laboratory Safety Manual Committee at KFUPM
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1. INTRODUCTION
Dr. Muhammad Al-Haboubi
Systems Engineering Department
Most of us have heard the expression "Safety First". If this expression is used as a
slogan only it will not render much benefit.

However, if words are supported by

deeds then the safety level will improve. Another important issue for humans is the
health issue. Both terms, health and safety are found in many book titles and used in
conversations. We need to know the exact meaning of both terms. Safety relates to
acute hazards which may inflict instantaneous injury or death. People refer to such
incidents as accidents. Example of such accidents is the eruption of a fire inflecting
skin burns, or a fall of a sharp tool on unprotected foot where a cut or a bruise occurs.
On the other hand, health deals with chronic hazard. Chronic effect is a long-term
deterioration due to prolonged exposure to a milder adverse condition. It is caused
basically by toxic substances and noise pollution.

There are many laboratories at King Fahad University for Petroleum & Minerals and
they contain different tools, equipment, machines, and material. Each of these may
constitute a safety hazard, a health hazard, or both. For example, carbon disulfide is a
chemical used as a solvent, disinfectant, and insecticide. This chemical has a health
hazard represented by an attack to the control nervous systems and a safety hazard
represented by fire or explosion. KFUPM laboratory users , i.e. laboratory instructors,
researchers, and students, should be aware of all potential safety and health hazards .
The responsibility of the laboratory instructor is to educate the students in the very
first lab. session about these hazards and inform them about the safety principles.
KFUPM laboratories are diversified and serve different functions, but some share the
same equipment and purpose such as the computer laboratories. In this manual, safety
principles are mentioned for each laboratory. These principles are basically obtained
from the department or division concerned and modified by the committee charged
with the preparation of this manual.
They may be modified according to changes of lab content or experiments. However,
it is the duty of all lab users to abide by these principles for their own safety and
health, for the sake of others, and to protect the laboratory from property damage.
3

The issue of responsibility is paramount. It is recommended that each lab in the
university be assigned a coordinator whose background in education and experience
fits the purpose of the lab. The coordinator will be responsible for safety which may
be summarized as follows:

1. The safety principles listed in this manual should be posted at a visible
location and be at eye-level. The poster size should be “A” and the font
should be 12 points.
2. All safety principles should be applied.
3. All laboratory instructors and researchers using the lab. should be aware of
these principles and follow them strictly.
4. The lab.

should be inspected frequently to make sure there are no

violations of the safety principles. Violators should be reported to the
chairman of a department or head of a division who in turn should warn
the violators in writing.

It should be pointed out that these principles should be strictly adhered to . One very
important principle state that "we should not wait for an accident to occur". It is to be
hoped that this manual will help in reducing the chance of accidents or the
development of a serious illness. We pray to Allah to protect us , our laboratories,
and our University.

This manual contains three sections. The first part relates to general and specific
safety matters (Chapters 2 to 11). The second part contains general safety principles
for laboratories and for specific hazards (Chapter 12). The third part contains safety
principles for each laboratory in the University referred by title and location
(Chapters 13 and 14). A reference list of safety and health books available in the
main library is included at the end of the manual for further reading .
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2. CONCEPTS OF HAZARD AVOIDANCE
Dr. Muhammad Al-Haboubi
Systems Engineering Department
There are several ways of avoiding a hazard. More than one approach can be used at
the same time by an organization .

1)

The enforcement approach

This approach is adopted by the Occupational Safety and Health Administration
(OSHA). Penalties for breaking the safety rules are imposed. The philosophy of this
approach is that since people do not properly assess hazards, they should follow the
rules. This approach has made millions of jobs in the U.S.A. safer and healthier. It is
recommended that KFUPM should begin to adopt safety regulations for each
laboratory on campus. This manual contains safety principles for each laboratory and
may be used as the basis for safety regulations

2)

The psychological approach

Elements of this approach include rewarding safe attitudes, displaying posters and
signs, reminding workers to work safely, holding safety meetings, and other
promotional techniques. The success of this approach depends on the management or
administration’s commitment to safety. Managers or administrators should support
words with deeds. For example, they should wear hard hats when this personal
protective equipment is required. Young workers are particularly influenced by this
approach. They will copy the behavior of older workers whether good or bad. The
students will follow the instructor’s attitude toward safety in the laboratories. So, the
lab. instructors should set a good example for their students , make them aware of the
safety principles, and see that each student abides by these principles. The
administration at KFUPM already partially adopts this approach. There is a standing
committee called the ‘ Health, Safety, and Security Committee’. This committee is an
advisory body to the Rector of the University in matters relating to health, safety, and
5

security. One of its prime functions is to arrange for a safety awareness week that
includes lectures, films, and an exposition on safety maters.

3)

The engineering approach

Injuries are often attributed to unsafe worker acts not unsafe conditions. The unsafe
acts amount to as much as 88% of the total number of accidents according to a study
conducted four decades ago. This percentage is questionable today and the trend is to
focus more on work place conditions such as air pollution, heat, mechanical hazards,
fire hazards ,etc. A more comprehensive analysis of accidents apparently caused by
unsafe acts shows that these accidents could have been prevented by a process
redesign.

This has led to the emergence of the engineering approach which is

outlined below:

(a)

Eliminate the hazard
It may not always possible to eliminate a particular hazard. Certain processes
require the use of dusty toxic chemicals, or require the workers to work under
heat stress or in a noisy workshop. However, if it is possible to replace a noisy
machine by a quieter machine, change a dusty substance by a non-dusty one,
or substitute a hot process with a cooler one, the worker will be in a safer
situation

(b)

Control the hazard
The second approach after failing to eliminate the hazard is to control it. Every
hazard has its own characteristics which makes one control different
fromanother. For example one control approach in a noisy environment is to
schedule workers to work in alternate noisy and quiet places, provide general
or local ventilation systems for a dusty environment, and separate workers
from a heat source by increasing the distance between them and the heat
source.

(c)

Use personal protective equipment
The last resort is to use special equipment worn by workers to protect them
from the existing hazard. There are different types of personal protective
equipment for each hazard. The level of protection depends on the nature of
the job and the amount of money invested in this equipment. Examples of such
6

equipment are earplugs or ear muffs for noisy places, dust masks for nontoxic dust or canisters for toxic gases, and leather gloves to handle moderate
hot material .
KFUPM contains many laboratories and workshops where some safety and
health hazards exist. These hazards range from working and experimenting
with toxic materials, radiation, electrical equipment, various machines, and
more. Some of the steps of this approach are applicable to many laboratories.
The laboratory coordinators should follow this approach in sequential order.

4)

The design approach

The fault of an accident should not always be blamed on unsafe behavior as
mentioned earlier. Designer of human implements should incorporate safety
features as feasible and practical as possible. Some of these features are listed
below :

(a)

Safety factors. Any design that affects the safety or health of people must
incorporate a safety factor to allow for margins of error. For example, the
safety factor in scaffold ropes is 6:1 i.e. they are designed to withstand 6 times
the intended load. Increasing the safety factor can be considered, but there are
factors which militate against this, such as cost or weight.

(b)

Fail-safe principles


General fail-safe principles: The resulting status of a system, in the event
of failure of one of its components, shall be in a safer mode. There are two
modes for a system ,active and inert, with most systems the inert mode is
the safer. Thus, shutting off the system is usually safe. Care should be
exercised that turning the system off does not turn off a safety subsystem .
In automatic transmission vehicles, the inert state is more dangerous
because when the engine dies, both the steering and brakes become very
difficult to operate.

7



Fail-safe principle of redundancy: A critically important function of a
system, subsystem, or components can be preserved by alternate parallel or
standby units e.g. in an aircraft, a single engine can allow the aircraft to
land safely.



Principle of worst case: the design of a system should consider the worst
situation. This principle recognizes Murphy's law "if anything can go
wrong, it will". For example, explosion-proof ventilation system motors
for rooms in which flammable liquids are handled can be obtained and
installed.

References
Asfahl, R. Industrial Safety and health Management, Prentice Hall, New Jersey, 1995.
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3. Safe Work Habits
Dr. Osama A. Jannadi
Construction Engineering and Management Department

A behavior is an observable act. It can be seen and managed. Faculty, staff, and
student at KFUPM make thousands of behaviors a day. These behaviors can be safe
or unsafe. It is well-known that 80% to 95% of accidents are caused by unsafe
behavior. Human error and related accidents account for a large number of unsafe acts
Every single accident that occurs indicates that there was an unsafe physical
condition, unsafe behavior, or a combination of both. Such unsafe conditions or
behavior can result in:
1.

injuries to faculty, staff, and/or student;

2.

costly damage to equipment/material; and/or

3.

significant interruption of the institution's mission.

1.0

Theories of Accident Causation

There are three major theories of accidents:
1.

Accident-Proneness Theory

2.

Goals-Freedom-Alertness Theory

3.

Adjustment-Stress Theory

The Accident-Proneness Theory
1. This focused on personal factors related to accident causation
2. When several individuals are placed in similar conditions, some will be more
likely than others to sustain an injury.
3. Some individuals sustain more injuries than would be predicted by chance
alone.
4.

Accidents are not randomly distributed.

5. The persons who sustain more injuries than others are then called accidentprone.
6. Little evidence exists to conclusively validate the theory.
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The Goals-Freedom-Alertness Theory
1. Safe work performance is the result of a psychologically rewarding work
environment.
2. Safety performance is best when the job environment is of a positive nature.
3. Accidents are viewed as low-quality work behavior occurring in an
unrewarding psychological climate, which does not contribute to a high level
of alertness.
4. Great freedom to set reasonably attainable goals is accompanied typically by
high quality work performance.
5. The essence of the theory is that management should let the employee set a
well-defined goal and should give the employee the freedom to pursue that
goal.
6. An employee who knows what to do on a job will be well focused on the task
to be performed and therefore will be safe.

The Adjustment-Stress Theory
1.

Whereas the goals-freedom-alertness theory states that employees will be safe
in a positive work environment, the adjustment-stress theory sets forth the
conditions under which an employee will not be safe.

2.

Accidents occur when negative influences exist in the job environment

3.

"Unusual, negative, distracting stress" placed on employees increases their
"liability to accidents or other low quality behavior".

4.

Negative factors in the worker's environment create diversions of attention and
that lack of attention can be very detrimental to safety.

5.

The accident-proneness theory postulates that there is an inherent inadequacy
in the individual, whereas the adjustment-stress theory assumes that the
increased probability of an accident is due to temporary conditions that
influence a worker.

2.0

Engineering Approach

Accidents are symptoms that the safety management system is at fault. Elimination of
these unsafe conditions and practices will eliminate accidents. It is obvious that
safety should be managed like any other function. Feasible goals should be set, and a
10

program of planning, organization, and control should be established to meet those
goals. Previous accidents should be analyzed carefully to determine why they
occurred and whether they could have been prevented with more effective controls.

Behavior, attitude and culture form a system. In order to have an effective safety
system, we need to have a high proportion of safe behavior, a positive safety attitude,
and a strong safety culture. Attitudes are difficult to change. People generally do not
want to change their attitude to a particular situation. They are more inclined to pay
attention to change in the opposite direction, the attitude change that brings a change
of behavior. It is because attitude has the power to affect behavior that people are
tempted to focus on it in the first place. If a change in safety-related behavior is
desired, slogans are posted and meetings are held urging people to change their
attitude about safety.

Behavioral science points out that if managers want to change behavior, there is good
news—it can and should be done, starting with behavior. It turns out that there is a
two-way street between attitude and behavior, and behavior has the power to change
attitude, too. Since behaviors can be seen so they can be managed. It seems that the
best way is to control behavior, which eventually will gradually change the attitude
and hence the culture.

Although programs emphasizing attitude change make a strong appeal to our common
sense, such programs are flawed because they overlook these two points. Everyone
agrees that a good safety attitude is important. Given the importance of measurement
in the management process, it follows that attitude change is very difficult to manage.
To actually manage a process of continuous safety performance improvement solely
by means of attitude change would require some form of attitude monitoring and
control, which is not feasible even if it were desirable. In actual practice, attempts at
changing safety culture by changing attitude invariably suffer from a lack of control.

The key here is that culture cannot be systematically changed by focusing on attitude
change. For instance, to the question, What are we doing to improve safety attitude,
and how do we know whether it works? a prudent manager would be hard pressed to
say anything more than, We try many things—it's hard to tell what works and what
11

doesn't. But to the question, Is the incidence of unsafe body placement on the increase
or the decrease at our plant? a behavior-based safety management process can give
a definite answer, indicating by how many percentage points the incidence of the
specified behavior is up or down over the last measurement period. The objectively
observable character of behavior makes it amenable to both measurement and
management, addressing the first weakness of attitude focused programs. The second
strength of behavior-based management is that changed behavior causes a change in
the attitude of the workforce.

A recent example of this behavior-to-attitude change in American life has to do with
the use of seat belts in automobiles. As recently as the 1960s, seat belts were
something of a rarity in cars. When seat belts were first introduced into cars, many
people had driven for years without them. In the early days, drivers polled by
researchers about seat belt use said that they did not use (behavior) seat belts because
they felt uncomfortable (attitude) wearing them, and they worried (attitude) that the
belt would somehow trap them in their cars in the event of an accident. Many drivers
had a negative attitude or feeling about seat belts, and this was reflected in their
behavior—they did not voluntarily install seat belts in their cars, nor did they use seat
belts even when they were already installed in their cars. Over the years seat belt use
has changed from being a novelty, to being a recommended option, to being required
by many businesses, municipalities, and state highway patrols. People have been
encouraged to change their habits (behavior) no matter what they might think
(attitude) about seat belts. After only a short time of regular seat belt use, research
showed that many of the same drivers polled earlier said they now felt uncomfortable
when they did not use seat belts. Their attitudes about seat belt safety had changed
around completely. This is a classic instance of the way that a change in behavior can
cause a change in attitude.

This same principle has been demonstrated in the work place on numerous occasions.
For instance, during the assessment effort at one facility, behavioral analysis of the
accident reports revealed that one of the behaviors associated with a significant
number of accidents and/or injuries was unsafe body placement in relation to task.
Here was a prime candidate for the facility's inventory of critical behaviors, one that
can be targeted as a leading indicator of how safe or unsafe the work place is, in
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advance of any accidents at all. The rationale is straightforward—the more times that
workers use unsafe body placement in relation to task, such as standing in the line of
fire, the more likely it is that an accident is going to happen. Conversely, other factors
being equal, the fewer times that somebody stands in the line of fire, the less likely it
is that an accident is going to happen. Using a data sheet that incorporates the
operational definitions of such critical behaviors, trained observers make random
samples of work place behavior, producing a measure of the facility's level of safety
performance.

At the facility in question, a common sequence of events took place. Work crews
typically take their unsafe behavior for granted. Within the safety culture of this
facility there was the unspoken assumption that unsafe body placement was simply
part of being an efficient worker, a team player with hustle. Within six to eight
months of experience with the behavior-based safety process, however, their behavior
and their attitude changed dramatically. The workers came to understand the basic
concepts of the process. They saw that the observers were careful to keep their
observations objective and accurate, they saw that management was careful not to
distort the observations with disciplinary action or punitive measures. The workers
saw that their performance was being tracked against standards that they and their
peers helped to define during the development of the facility's inventory of critical
behaviors. This is the constant message of the behavior-based process. The result is
that the same workers who used to think of standing in the line of fire as an acceptable
thing to do come to regard it, and related unsafe body placement, as irresponsible
behavior that is improper in a mature team player.

The behavior-based approach to accident prevention builds in this kind of workforce
involvement. From the outset, site-wide input is used to draw up and define the
inventory of critical behaviors for the facility. Properly administered, this process
means that crews become interested in their safety performance curves relative to
their own past ratings and relative to the ratings of other crews. Where the supervisors
may have felt in the past that they were always having to nag their workers about
safety, they now find that the workers initiate discussions about their safety
performance ratings. When they achieve several periods of unbroken improvements,
the workers are proud of themselves. Then when the graph of their safety performance
13

shows a decrease in the percentage of safe behaviors for their crew, they want to
know exactly which critical behaviors are responsible for the dip in their good record.

The "secret" of this kind of participation and involvement is that behavior based
safety management avoids personalities by focusing on something that is objectively
measurable. Although it seems a bit paradoxical at first, it is because the behavioral
approach appreciates attitude change that it does not waste time and resources
ordering people to change their attitudes. This is a fruitless exercise because people
cannot obey such orders, even if they want to. It is a fact of human makeup that
people cannot be commanded in attitudinal matters. People cannot be commanded to
change their attitudes any more than they can be commanded to hope or to believe or
to like something. They can, however, manage not to stand in the line of fire while
they are working. Behavior can be changed by a process that observes them and
provides feedback. Therefore, the first step in developing this safety process is to
make an accurate analysis of the safety-related behaviors that are actually occurring in
an organization.

To control accidents, management should do the following:
1.

Establish in writing and disseminate specific and firm safety policies for all
University departments and centers of the Research Institute and ensure that
they are observed.

2.

Direct the participation of all department heads in the safety effort, with
specific responsibilities assigned to each. Ensure that each chairman/ section
manager passes on suitable guidance to personnel under his jurisdiction.

3. Check that safety training is carried out on a continuing basis and that safe
behavior has been habitualized.
4.

Check that every reported hazard and every accident is investigated.

The

Security and Safety Department should be informed immediately of any serious
injury, fatality, or dangerous condition.
5.

Ensure that good housekeeping practices are maintained at all times.

6.

Promote a positive climate in health and safety that can be seen by faculty, staff
and student. That is the creation of a positive safety culture.

7. Reinforce safe behavior and punish unsafe behavior by providing instant
feedback on such actions.
14

3.0

HOUSEKEEPING

An example of an unsafe condition is poor housekeeping. Accidents do not happen they are caused. Poor housekeeping lies at the root of many accidents. Good
housekeeping is critical to the safe operation of any educational facility.

Many accidents result from insignificant causes. A student may end up in hospital
from a slip on some papers thrown on the floor, or a fire may start from a cigarette
butt carelessly thrown away. Management can give a clear lead in promoting good
housekeeping, thereby encouraging a new attitude among students. Good
housekeeping is critical in providing a safe student environment in any educational
institute. It is obvious that good housekeeping is something that cannot be maintained
by the management alone. Every faculty member, student, or staff member in the
University has an important part to play. Like other duties and operations,
housekeeping must be planned for and scheduled.

4.0

RESULTS OF GOOD HOUSEKEEPING

Immediate and long-range results can be obtained by developing and instituting a well
planned and well administered housekeeping program. The following is a summary of
the main benefits of instituting a good educational housekeeping program:

1.

It reduces operating costs. Once a department is clean and a housekeeping
system has been established, less time and effort is required to keep it clean.

2.

It increases the learning process. Once excess papers, material, and other
obstructions to learning are removed, the educational process can function
without undue interference or delay.

3.

It improves the learning process. Papers and material will not get lost or mixed
up.

4.

It conserves papers and materials. Unused papers are easily and quickly
removed to the proper place.
15

5.

It saves align searching time. There is no need to search for papers or
materials.

6.

There is better use of floor space. Clear areas permit free movement of
students and provide easy access to classrooms.

7.

It lowers accident rates. Sufficient space and elimination of tripping, slipping,
and dropping mean fewer injuries.

8.

It increases student morale. Clean surroundings and comparative freedom
from injury improve student attitudes.

9.

It reduces fire hazards. Fires result from, or are spread by poor housekeeping
conditions. Good housekeeping is vital to an effective fire-prevention program

5.0

Departmental Responsibility

It is up to the department or center to see that the area is kept clean and orderly. The
chairman of the department/center manager must develop and maintain housekeeping
standards. The housekeeping program must be planned and promoted just as carefully
and fully as any other activity affecting or requiring the participation of all students.
Cleaning up the department to remove litter, trash, dirt and accumulated junk is very
important. All scrap, salvageable material, or papers should be removed. Getting rid
of nonessentials will provide more room to study and to conduct experiments. Storage
piles will be cleaned up. Personnel will have better facilities and more light. Injury to
students and materials damage will be reduced. Efficiency will increase, and waste
will be cut.
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4. HEAT HAZARDS
Dr. Muhammad Al-Haboubi
Systems Engineering Department
KFUPM is located near the Arabian Gulf where the temperature and humidity are
high during summer. Although most of the work is done indoors there still some jobs
that are performed outside or generally in hot conditions. The temperature during
winter is above the freezing level with a good margin and does not pose any
difficulties. Therefore, the content of this section is focused on heat .Before
discussing the effect of heat, some background about the subject is presented below.
The body has a thermal regulation system that tends to maintain a core temperature
around 37 C (98 F). In a cold environment, thermal regulation is brought about by
vascular constriction (blood vessels area exposed to air is reduced) and shivering
(involuntary body movement). In a hot environment, thermal regulation is brought by
the control of secretion and evaporation of sweat and dilation (blood vessels area
exposed to air is increased). When a person performs a dynamic and/or static work
such as shoveling , carrying loads, performing maintenance work he produces heat
energy as a result of the metabolic process. Metabolism is the process of converting
chemical energy (food staff) to mechanical energy (movement of body parts to
perform some work) within the muscles where a large amount of heat is produced.
Excess heat should be dissipated from the body to maintain 37 C. This is brought
about by heat exchange between the body and the environment.
Methods of heat exchange related to the human body are of four types:
1.

Convection : removal of heat from the skin via air currents

2.

Conduction : transformation of heat through direct contact of skin and
objects

3.

Radiation : transmission of heat between skin and surroundings

4.

Evaporation : conversion of perspiration into vapor by the help of air
currents. This is the basic mean of removing the heat generated inside the
body. It is accomplished through the evaporation of perspiration which
leaves a cooling effect on the skin. The blood work to cool the core
temperature through its movement from the skin and the working muscles.

18

Thereby, thermal equilibrium is attained and the body does not store heat
energy. However, if for some reason the body stores excessive amounts of
heat then heat stroke will occur which may be fatal.
Some of the factors influencing heat exchange are :
1.

Humidity : High humidity precludes evaporation.

2.

Air speed : Movements of air help the evaporation process.

3.

Clothing : It is the insulating effect of clothing that reduces heat loss to the
surroundings. The insulation value is proportional to the thickness of the
material. The material itself (e.g. wool, cotton) plays a minor role. It is the
amount of trapped air within the weave and fibers that provides insulation

4.

Skin fold : Each 1 mm. of fat makes a person feels warmer by about 2 F

5.

Physical fitness : physically fit individuals divert more blood to the skin
surface for cooling without sacrificing oxygen needs to the muscles

6.

Age : older persons profuse less sweat rate and have lower body water
contents

7.

Acclimatization : Continuous or repeated exposure to heat or cold causes a
gradual adjustment resulting in a better tolerance of temperature stress. It
takes about 1-2 weeks in a hot climate and one week to several months in a
cold climate. Complete acclimatization

does not protect an individual

from extreme heat or extreme cold. However, he can tolerate heat more
because he would have lower heart rate , lower core temperature, and more
sweat rate.

People can avoid having one of the heat diseases, such as heat exhaustion or heat
stroke , by knowing the environmental conditions and being aware of the heat effect.
The environmental conditions are represented by the values of the ambient
temperature, relative humidity, and air speed. These values are not usually measured
directly but incorporated in other thermal variables. The most common measure of
heat stress is the Wet-Bulb Globe Temperature (WBGT) and is given by the following
equation :

WBGT = 0.7 WBT + 0.1 DBT + 0.2 G

where :

DBT : dry-bulb temperature measured with a thermometer
19

WBT : air temperature measured with a wet- bulb thermometer ( wetting a
wick wrapped around the bulb and its end immersed in water)
G : black globe temperature measured by a thermometer and the bulb
inserted in a black sphere.
The apparatus to measure WBGT may be found locally or may be constructed
in-house. It requires three thermometers, a small container of water, and a black
hollow sphere. Once the WBGT value is determined then it may be compared to
some tabulated values to see the level of heat stress. The recommended
maximum WBGT for various workloads and air velocities are shown below in
the Celsius (C) scale:

Workload

Air velocity
Low

High

Light

30

32

Moderate

28

30.5

Heavy

26

29

Persons working under heat stress should observe these recommended levels to
protect themselves from the heat which is considered a safety hazard .

Safety Hazards
The safety hazards of heat are basically two:
1. Heat Exhaustion : It occurs following the exposure of a person to temperatures in
the range of 38oC to 60oC for periods of 1-8 hours. The occurrence and severity
depends on the factors influencing heat exchange and the work level. The
condition begins as generalized discomfort, and progresses to:


Increasing loss in concentration



Reduced performance



Increased perspiration



Loss of fluids results and severe thirst



Loss of salt resulting in muscle weakness and possible muscle cramp.



Warming and moistening the skin



Raising of the core temperature by 1-2 degrees
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Strain to the heat control system



Heat stroke if uncontrolled
Heat exhaustion may be accompanied by heat collapse. An excessive amount of
blood may be pooled in the superficial veins reducing the amount of blood
pumped to the brain. The effect will be increasing weakness and dizziness,
which culminate the state of faint. This is potentially serious since a person may
fall or expose himself to danger. First aid should be administered as :
A) Resting in a cool place
B) Giving salty fluids (a small tea spoon dissolved in a cup of water)

2. Heat Stroke : Heat stroke is serious and may be fatal. It may occur on exposure to
temperature of 50-80oC for as short as one hour or to lower temperatures for a
longer duration.

It may occur as a progression from heat exhaustion. The

occurrence and severity depends on the factors influencing heat exchange and the
work level. The condition is recognized by:
A) Convulsion and unconsciousness
B) Cessation of perspiration
C) Skin temperature rises to 40-50oC or higher
D) Core temperature rises to 45-50oC or higher
Medical treatment should be provided by specialist which include :
A) Rapid cooling such as wrapping the subject with cool wet sheets or even using
ice pack.
B) Refrigeration of the blood via artificial circulation.
C) Replacement of fluids by intravenous solutions.
Even if the patient recovers there is likely to be some permanent brain damage and
a susceptibility to recurrence if exposed again to a hot environment.

Engineering Approach
1.

Eliminate the heat source if possible. However, many hot processes are
essential and this approach may not be possible .

2.

Control the heat source.
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A) Reduce the temperature at the source by using the lowest possible temperature
for the industrial process.
B) Reduce the conductive gain by using nonconductive materials for heat such as
wood for handles of tools.
C) Reduce the radioactive gain by shielding the person from the surface of the
radiating source.
D) Cover the surface with a layer of radiation-absorbing material such as
polyester foam.
E) Erect a barrier of radiation-absorbing material between the surface and the
worker such as aluminized reflective curtains, panels of wood or fabric
covered metal, or curtains of falling water.
F) Increase the distance between the worker and the radiant surface. Radiant heat
varies inversely with the square of the distance. Thus, doubling the distance
reduces the heat intensity by a factor of four.
G) Increase the convection loss by installing fans and general ventilation system.

3.

Physiological control.
(A)

Selecting workers :



Maximal oxygen intake (VO2 max). This measure is usually tested in

physiological laboratories or in hospitals . The VO2 max

represents the

capacity of the body. Persons with higher VO2 max can tolerate heat better
with respect to heart rate and core temperature.


Age. Older people are more susceptible to heat than younger people

because they have a lower VO2 max. and they absorb radiant heat faster
since their blood vessels are closer to the skin.


Ratio of body surface area to body weight. A high ratio, as in lean tall

persons enables more heat dissipation. A low ratio, as in small fat persons
enables conservation of heat in a cold environment.


Sex. Males have a better sweat rate response to heat stress and a larger

VO2 max than females
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B)

Workload: The heavier the workload the greater is the heat production.
Therefore, it is advisable to reduce the workload within low to moderate
levels.
Cool break areas should be provided (20-30oC with an air movement of about

C)

100-150 cfm).
D)

Break periods should be provided based on the heat stress and workload.

E)

Supplements of water and salt should be available.

 Drinking frequently (every 30 minutes) small amounts of water (200-300 ml)
will maintain water balance.
 Taking salt tablets during heat exposure is controversial although it is common
practice. The fluid form is recommended in small concentrations. The best
procedure to restore salt loses is at mealtime.

4.

Personal protective equipment.
A) A shield for the face protects against heat radiation .
B) Leather gloves protect against moderate heat.
C) Leather shoes with wooden soles are recommended for working on hot
surfaces
D) Protective clothing such as :


Aluminized and reflective clothing reflects radiant heat . It is clumsy

which limit its usefulness.


Ice vest is a jacket or vest with pockets filled with packages of ice or

frozen gel .


Air-cooled or water-cooled suits. Each has a trailing hose, which limits

movement.
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5. NOISE HAZARDS
Dr. Muhammad Al-Haboubi
Systems Engineering Department
Most of the activities held at KFUPM laboratories are held at low or moderate noise
levels. However, there are locations where the noise level is considered high such as
in Mechanical Engineering workshop . Noise measurements were conducted in
various mechanical rooms in November 1998 and found to be high but still within
acceptable limits. So, the issue of noise deserves attention.
Noise is considered to be pollution and may be defined as unwanted sound, but not
necessarily loud. Sound is a mixture of tones(a single frequency oscillation). It
travels in waveforms. The air molecules reach the ear and are sensed as sound. It has
two attributes :
1.

Frequency : This is the number of cycles of sinusoidal waves per second.
The units of frequency is the Hertz (Hz). The human ear is sensitive to 20 –
20000 Hz. Frequency is associated with the human sensation of pitch.

2.

Intensity : This is the

amplitude of the sinusoidal wave. Intensity is

associated with the human sensation of loudness. It is power per unit area
and represented by sound intensity. There is no device that measures the
sound power directly. Power and intensity are directly proportional to the
square of the sound pressure. Pressure is measurable and represented by the
sound pressure level(SPL). The basic unit of sound pressure power and
intensity, which are directly proportional to the square of the sound
measurement, is the Bel (B), after Alexander Graham Bell, or the decibel
(dB).

Noise measurement
There are several ways to measure noise, some being subjective. The following are
common ways of measuring noise :
1.

Rule of thumb : If you cannot hear normal conversation at arms length,
either your hearing is damaged or defective, or there is excessive
background noise
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2.

Sound level meter : This is a device to measure sound intensity level in dB.
This device is hand held and brought close to the ears of a person and its
microphone directed to the source of noise. The noise level (SPL) in dB
may be read directly from its display.

3.

Dosimeter: a device shaped like a pen worn by workers to continuously
monitor the noise level over the 8 working hours.

One of the factors is the distance between the source and the device as will be
explored later. Any SPL value should be given with this distance. The longer the
distance the lower the SPL value. Examples of SLP are :


Normal speaking voice , indoors, at a distance of 1 meter .
Conversation

60-65

dB

Delivering a lecture

70-80

dB

Loud shouting

80-85

dB



Normal breathing

10

dB



Vacuum cleaner (3 m.)

70

dB



Jet take off (67 m.)

125

dB

Noise dose (D) : Exposure to any sound level greater than 80 dB causes the listener to
incur a partial dose of noise (exposure to SPL < 80 dB is ignored in calculating the
dose). The noise dose has to be computed to evaluate the risk of exposure . It is the
sum of partial doses (Di), where I represents the number of periods when noise
exposure changes. The partial dose(Di) = Ci/Ti

where:

Ci : time actually spent at a certain SPL and,
Ti : maximum permissible time at SPL and found in the Table .
Sound Level(dB)

Maximum Permissible Time(hours)

90

8

95

4

100

2

105

1

110

0.5

115

0.25

The total dose per day(D) should be less than or equal to 1 . If D exceeds 1 it means
the person is exposed to a high noise dose and something should be done to protect
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him as will be shown later. A value of 1 corresponds to 90 dB. According to the
Occupational Safety and Health Act (OSHA) , it is safe to listen 90 dB for 8 hours.

Health hazards of continuous noise
A noise in the range 80-95 dB for a number of years causes changes in pulse rate,
blood pressure, and heart rhythm.

Also, it causes headache, fatigue, and

gastrointestinal problems.
With repeated exposure to noise of sufficient intensity, permanent hearing loss
gradually appears. This loss is not recoverable and its magnitude depends on the
duration of exposure, the intensity, and the frequency.

Safety hazards of continuous noise
1.

Very high intensity (above 130 dB) for a few seconds causes dizziness, nausea,
vomiting, and disorientation .

2.

A low frequency noise at 175 dB such as a blast will rupture the ear drum.

3.

The onset of a loud noise will cause a startled response characterized by muscle
contraction, blinking, and head-jerking movements. Such response may well
cause an accident (e.g. a worker is operating a circular saw machine).

4.

High levels of noise may mask changes in machine sounds due to a
malfunction. If such changes are not detected the machine may break down or
become a safety hazard.

5.

Temporary hearing loss measured by a temporary threshold shift (TTS)
develops. Hearing ability returns to normal after a period of calm . As an
example , an SPL of 80-90 dB for 15 min. causes TTS=10 dB and an SPL
of 100 dB for 100 min. causes TTS=32 dB. The time taken for the hearing
to return to normal is proportional to the intensity and duration. The
recovery period is about 10% longer than the duration of noise. Alternate
noisy and quiet periods produces less temporary deafness

Hearing loss from noncontinuous noise
Intermittent but steady noise such as busy-idle machine situation also cause hearing
problems. As an example, operators of a drop forge showed a noticeable increase in
their hearing threshold after 2 years of exposure to the impact noise.
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Engineering Approach
The following three steps should be implemented in sequence :
1. Eliminating the noise hazard:
A) Substitution of machines
 Larger and slower machines are less noisy than smaller and faster
machines.
 A hydraulic press is less noisy than an equivalent mechanical press.
 Belt drives are less noisy than gears.
 Nylon gear wheels are less noisy than metal gears.

B) Substitution of processes
 Substitute impact riveting of metals by compression methods.
 Substitute riveting itself by welding.

2. Controlling noise:
A) Maintenance of machines and tools
 Replace worn parts, tighten loose parts, and adjust unbalanced parts.
 Lubricate moving parts at the joints.
 Sharpen blunt cutting tools.

B) Reduction of vibration
 Use appropriate force e.g. a hammer might suffice instead of a press
machine.
 Support vibrating long metal sheets going through a machine.
 Apply welded stiffeners.
 Put rubber cushions on both sides of vibrating sheet metal surfaces where
they

are joined.

 Put rubber sections around rigid pipes.
 Use resilient floors.

C) Insulation
 Enclose noise sources.
 Enclose operators.
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 Erect barriers between the noise source and workers. The barriers may be
fixed or movable.
 Use acoustically absorbent material on floors, ceilings, and walls to reduce
reflected noise energy.

D) Job rotation : rotate workers between noisy and less noisy places so as the
total dose is less than 1.

E) Isolation
 Sound intensity is inversely proportional to the square of the distance from
the sound source
 Doubling the distance reduces the SPL by 6 dB
 Doubling the sound source results in a combined SPL with 3 dB more than a
single source.

3. Wearing hearing protection:

A) Ear plugs are inserted into ear canals. Workers prefer ear plugs because
they are not as visible as muffs but this will not make the supervisor
immediately aware whether the worker wear them or not. The materials of
ear plugs are:
 Rubber and plastic: popular because they are inexpensive, easy to keep
clean, and give good protection.
 Wax: tends to loose effectiveness because jaw movement changes the shape
of the ear canal and accordingly the shape of the wax piece causing noise
leakeage.
 Cotton: low in protection.

B) Custom-made earplugs can be molded to fit each ear and provide a good
seal.

The problem is the development of pressure points, causing

discomfort . The mold forms a seal on the external ear, hence it is more
visible and it is more expensive.
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C) Earmuff cushions filled with liquid or grease give better protection than
plastic or foam cushions.
D) Helmets can be used for severe noise exposure. They seal the ear from
noise and shield the skull from sound waves. They are expensive but have
the potential of offering protection from a combination of hazards.
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6. CHEMICAL HAZARDS
Dr. Bassam El Ali
Chemistry Department
1.

Introduction

Chemicals pose a wide range of health hazards (such as irritation, carcinogenicity and
others) and physical and environmental hazards (such as flammability, corrosion,
reactivity and others). Reactive hazards in the laboratory are the result of both
chemical properties and unsafe operations.
In general, every chemical has the capacity to cause injury and the rating of toxicity of
the chemicals does not start with zero, but with the practically non-toxic category.
Though there is no chemical that does not have the capacity to cause harmful effects,
even the most toxic chemicals can be used safely. Exposure to a chemical is harmless
when it does not disturb the state of equilibrium of biological functions. The
replenishment of essential elements or molecules depleted either by defective
nutrition (e.g. low in iron, zinc, vitamin C) or by impaired synthesis (e.g. hormones,
neurotransmitters) is beneficial, but an overdose can cause adverse reactions. Other
drugs are given for their selective toxicity against invading organisms (antibiotics) or
the central nervous system (general anesthetics).
Chemicals become health hazards through regular or accidental release into the
working or general atmosphere and through food contamination. However toxicity is
not the prerogative of man-made chemicals. Several of the most potent toxins are of
plant and animal origin.
Most reactive hazards in the laboratory are the result of uncontrolled energy release.
There are several variables in experiments and other operations that can increase the
possibility of an accident. In order to control reactive hazards it is necessary to control
these variables. This control requires some preplanning and knowledge of the
properties of the chemicals involved.
To be as safe as possible when handling chemicals, it is critical essential that the
inherent properties of all chemicals are understood prior to handling them. Safety
measures should be taken to ensure that information about the hazardous properties of
chemicals is delivered properly and correctly to the persons concerned. Manufacturers
and importers should provide information about the hazardous chemicals they
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produce or import, and this information should be available in the form of labels and
material safety data sheets (MSDS). All employers with hazardous chemicals in their
workplaces must ensure that all containers of chemicals are labeled and properly
stored. Even when reactive hazards are understood and controlled, emergency
preplanning should be considered essential for any laboratory operation. There should
be specified people to take action if an injury occurs, to direct performing rescue and
to give first aid to the injured.

2.

Sources, Factors and Control of Hazards

Many chemical reactions involve changes in energy, usually evident as heat. This is
normally released during exothermic reactions, but occasionally may be absorbed
into the products in endothermic reactions.
Reactive chemical hazards originate from the release of large amount of energy
dissipated by the reacting system, so that destructive effects appear. The degree of
risk should be assessed in order to minimize and to try to eliminate such hazards from
chemical laboratory operations. It may, of course, be necessary to accept that a certain
degree of risk is related to a particular course of action, in which case personal safety
measures appropriate to the risk should be taken.
Many causes of incidents and accidents in laboratories, which have involved
unexpected violent chemical reactions, are related to a lack of appreciation of the
effects of some simple factors, such as the concentration and the temperature during
the reaction. The latter is the major factor.
Temperature is the most important factor in controlling hazardous reactions in the
laboratory. An accepted rule of thumb is that reaction rates double for every 10 oC
increase in temperature. Thus a reaction may be slowed and made more controllable
by keeping the temperature low. The results of high temperature may include an
increase in corrosion rates or excessive pressure.
The second most important factor is the chemical concentration. An increase in
concentration increases the rate of the reaction. It is always advisable to work with
small amounts of a chemical to minimize both reactive and toxic hazards.
Another factor in hazardous reactions is improper operation, such as the addition of
incorrect materials, adding in the wrong order, failure to measure amounts accurately,
failure to mix adequately, or failure to provide the basic safety measures.
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One factor that should be considered is eliminating toxic or carcinogenic substances
by replacing them with less toxic ones or by changing the process or procedure that
uses these chemicals. For example, toluene or xylene may be used in place of
benzene, which is known to be highly toxic and causes aplastic anaemia and
leukaemia. Where this cannot be done, controls should vary with the type of
substance and method of use. They should include the use of fumehoods and remote
handling methods; in addition, protective equipment should be considered.
Environmental monitoring of the laboratories is needed as part of the assessment in
order to minimize risk. This task can be achieved by regular and/or permanent
monitoring using a smoke emitter and/or toxic gas detectors (chlorine or carbon
monoxide gas detectors). One of the easily available laboratory accidents KFUPM has
experienced was the leak of chlorine gas in the chemistry department. This accident
was probably caused by the leak of chlorine from the main valve of a chlorine
cylinder and it caused an enormous damage to the instruments and laboratories of the
department. In assessing the laboratory environment, it may be prudent to make some
environmental tests for the presence of toxic substances habitually used. Their
presence in quantities above prescribed levels would indicate the need for serious
precautions.
In addition, an effective training program should be conducted regularly for all
potentially exposed employees whether they are technicians, graduate students, or
faculty members.
Workers have the right to know in detail the hazards and the identities of the
chemicals they are exposed to in the workplace. When workers have this information,
they can effectively participate in protective programs and take steps to protect
themselves and others. In addition, employers should take the necessary steps to
design and implement an effective protective program for employees potentially
exposed to hazardous chemicals. This collective cooperation will result in a reduction
of chemical source illnesses and injuries in the workplaces.
3.

Classes of Hazardous Materials

The specific rules and procedures for working with hazardous materials offer
guidance into the proper methods for handling materials, which pose significant
hazards due primarily to their chronic toxicity. However, these specific rules and
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procedures, along with the general rules for working with chemicals, do not address
some of the basic physical hazards, which may stem from acute exposure to different
types of laboratory chemicals. This section offers some specific guidelines for
working with common laboratory chemicals that, for varying reasons, are acutely
toxic in the sense that they may cause considerable harm to human life and health
pending short-term exposures. There are five fundamental classes of laboratory
chemicals: flammables, corrosives, oxidizers, reactives, and compressed gases.
3.1

Flammables

Flammable liquids are indeed the most common chemicals found in a laboratory. The
primary hazard associated with flammable liquids is, of course, their ability to readily
ignite and burn. One should note that it is the vapor of a flammable liquid, not the
liquid itself that ignites and causes a fire. The flammability of a material is measured
by flash point. The lower the flash point, the greater the danger of combustion. For
– 41.7oC which means that at a temperature

example, gasoline has a flash point of

above –41.7oC gasoline will give off flammable vapor.

Low Flash Point

below -18oC

Medium Flash Point

from -18oC to 23oC

High Flash point
Higher Flash Point

High degree of danger

o

o

from 23 C to 61 C
o

above 61 C

Medium danger
Minor Danger
Do not present a fire

hazard
3.1.1

Health Hazards of Flammable Materials

The vapors of many flammables can present health hazards or combinations of health
hazards in the form of carcinogens, corrosives, and highly toxic substances. They are
irritating to mucous membranes of the respiratory system and eyes, and in high
concentrations are narcotic. The following symptoms are typical for the respective
routes of entry.
Inhalation:

headache, fatigue, dizziness, drowsiness, narcosis.

Ingestion:

slight gastro-intestinal irritation, dizziness, and fatigue.

Skin contact:
Eye contact:

dry, cracked, and chapped skin.
stinging, watering and inflammation of eyes.
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3.1.2

First Aid with Flammable Materials

Inhalation:

Remove the person from the contaminated area if it is safe to do so.
Get medical attention and do not leave the person unattended.

Ingestion:

Remove the person, if possible, from the source of contamination. Get
medical attention.

Skin Contact: Remove the person from the source of contamination. Remove
clothing, jewelry, and shoes from the affected areas. Flush the affected
area with water for at least 15 minutes and obtain medical attention.
Eye Contact: Remove the person from the source of contamination. Flush the eyes
with water for at least 15 minutes. Obtain medical attention.
Precautions: Work under a fumehood with flammable liquids. Nitrile and neoprene
gloves are effective against most flammables. Wear a non-flammable
lab coat.
3.2

Oxidizers

Oxidizers or oxidizing reagents are fire and explosion hazards on contact with
combustible materials. An oxidizing material may increase the burning rate of
combustibles with which it comes in contact; cause the spontaneous ignition of
combustibles with which it comes in contact; or undergo an explosive reaction when
exposed to heat, shock, or friction. Oxidizers are generally corrosive. In general,
oxidizers should be stored away from flammables, organic compounds, and
combustible materials. Strong oxidizing agents like chromic acid should be stored in
glass or some other inert container, preferably unbreakable. Corks and rubber stoppers
should not be used.

3.2.1

Health Hazards of Oxidizers

1.

Some oxidizers such as nitric and sulfuric acid vapors, chlorine, and
hydrogen peroxide, act as irritant gases. All irritant gases can cause
inflammation in the surface layer of tissues when in direct contact. They
can also cause irritation of the upper airways, conjunctiva, and throat.

2.

Other oxidizers, such as fluorine, can cause severe burns of the skin and
mucus membranes. Chlorine trifluoride is extremely toxic and can cause
severe burns to tissue.
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3.

Nitrogen trioxide is very damaging to tissue, especially the respiratory
tract. The symptoms from an exposure to nitrogen trioxide may be delayed
for hours, but fatal pulmonary edema may result.

4.

Nitrobenzene and chromium compounds can cause hematological and
neurological changes. Compounds of chromium and manganese can cause
liver and kidney disease. Chromium (VI) compounds have been associated
with lung cancer.

3.2.2

First Aid with Oxidizers

In general, if a person has inhaled, ingested, or come into direct contact with these
materials, the person must be removed from the source of contamination as quickly as
possible when it is safe to do so. Medical help must be summoned. In the case of an
exposure directly to the skin or eyes it is imperative that the exposed person be taken
to an emergency shower or eyewash immediately. The affected area should be flushed
for a minimum of 15 minutes, and then medical attention should be obtained.

3.3

Corrosives

Corrosives are most commonly acids and alkalis, but many other materials can be
severely damaging to living tissue. They can cause visible destruction or irreversible
alterations at the site of contact. Inhalation of the vapor or mist can cause severe
bronchial irritation. Corrosives are particularly damaging to the skin and eyes.
Certain substances are considered non-corrosive in their natural dry state; however,
they are corrosive when wet such as when in contact with moist skin or mucus
membranes. Examples of these materials are lithium chloride, halogen fluorides, and
allyl iodide. Sulfuric acid is a very strong dehydrating agent and nitric acid is a strong
oxidizing agent. Dehydrating agents can cause severe burns to the eyes due to their
affinity for water.
Examples of Some Corrosives:
Sulfuric acid

Ammonium bifluoride

Hydrochloric acid

Stannic chloride

Chromic acid

Bromine and Chlorine

Formic acid

Ammonium hydroxide
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3.3.1

Health Hazards of Corrosives

1.

All corrosives possess the property of being severely damaging to living
tissues and also attack other materials such as metal.

2.

Skin contact with alkaline metal hydroxides, e.g., sodium hydroxide and
potassium hydroxide, is more dangerous than with strong acids. Contact with
alkali metal hydroxides normally causes deeper tissue damage because there
is less pain than with an acid exposure. The exposed person may not wash
thoroughly enough or seek prompt medical attention.

3.

All hydrogen halides are acids that are serious respiratory irritants which also
cause severe burns. Hydrofluoric acid is particularly dangerous. At low
concentrations, hydrofluoric acid does not immediately show any signs or
symptoms upon contact with skin. It may take several hours for the
hydrofluoric acid to penetrate the skin before a burning sensation is
noticeable. However, by this time permanent damage, such as second and
third degree burns with scarring, are likely to result.

Inhalation:

irritation of mucus membranes, difficulty in breathing, fits of coughing,
pulmonary edema

Ingestion:

irritation and burning sensation of lips, mouth, and throat; pain in
swallowing; swelling of the throat; painful abdominal cramps;
vomiting; shock; risk of perforation of the stomach

Skin contact: burning, redness and swelling, painful blisters, profound damage to
tissues and, with alkalis, a slippery, soapy feeling
Eye contact:

stinging, watering of eyes, swelling of eyelids, intense pain, loss of
eyes or eyesight

3.3.2

The First Aid with Corrosives

Inhalation:

Remove the person from the source of contamination if safe to do so.
Get medical attention. Keep person warm and quiet and do not leave
unattended.

Ingestion:

remove person from source of contamination. Get medical attention
and inform emergency responders of the name of the chemical
swallowed.
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Skin Contact: Remove the person from the source of contamination and take
immediately to an emergency shower or source of water. Remove
clothing, shoes, socks, and jewelry from affected areas as quickly as
possible, cutting them off if necessary. Be careful not to get any
chemical on your skin or to inhale the vapors. Flush the affected area
with water for a minimum of 15 minutes. Get medical attention.
Eye Contact: Remove the person from the source of contamination and take
immediately to an eyewash or source of water. Rinse the eyes for a
minimum of 15 minutes. Have the person look up and down and from
side to side. Get medical attention. Do not let the person rub their eyes
or keep them tightly shut.

3.3.3

Storage of Corrosives

1.

Acids should be always kept separately from bases.

2.

Store acids in acid storage cabinets away from flammables since many acids
are also strong oxidizers.

3.

An emergency shower and continuous flow eyewash should be available
when working with corrosives.

4.

Add acid to water, but never add water to acid. This may cause splashing
from the acid due to the generation of excessive heat by mixing of the two
substances.

5.

Store corrosives on a low shelf or cabinet. Avoid storing corrosives above
eye level.

6.

Purchase corrosives in containers that are coated with a protective plastic
film that will minimize the danger to personnel transporting this container if
dropped.

7.

Store corrosives in a wooden cabinet or one that has a corrosion-resistant
lining. Acids should be stored in acid storage cabinets specially designed to
hold them and nitric acid should be stored in a separate cabinet or
compartment.

3.4

Reactives

The air/water reactives are chemicals that can ignite on exposure to air or water, e.g.
certain metallic and organometallic substances, phosphorous. Special handling,
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storage and disposal procedures must be established in laboratories where these
substances are in use. Water reactive chemicals can be particularly hazardous to fire
fighting personnel responding to a fire in a lab, because water is the most commonly
used fire-extinguishing medium.
The self-reactives are chemicals that may be heat, shock or friction sensitive and can
react violently as a consequence, e.g. acetylene and acetylides, azides, diazonium
salts, nitrocompounds, chlorates and perchlorates, peroxides. Special handling,
storage and disposal procedures must be established in laboratories where these
substances are in use.
Lachrymators are substances that react with moisture in the eyes and mucous
membranes to cause tear formation, e.g. halogenated aldehydes, ketones and esters.
These substances must be used with adequate ventilation (fumehood) and stored in
well sealed containers.
An accidental contact of incompatible chemicals can lead to fire, explosion and/or
the release of highly toxic substances. The magnitude of the problem usually
increases with the quantity of chemicals being stored. Prudent practice requires that
incompatible chemicals be stored in separate locations to minimize the risk of
accidental mixing.

3.4.1

Peroxide-Forming Materials

Peroxides are very unstable chemicals and some of them are commonly used in
research and teaching laboratories. Peroxide-forming materials are chemicals that
react with air, moisture, or impurities to form peroxides. Organic peroxides are
extremely sensitive to shock, sparks, heat, friction, impact, and light. Many peroxides
formed from materials used in laboratories are more shock sensitive than TNT. Just
the friction from unscrewing the cap of a container of ether that has peroxides in it can
provide enough energy to cause a severe explosion.

Examples of water reactive materials:
alkali metals: lithium, sodium, potassium, magnesium
silanes, alkylaluminums, zinc, aluminum, …
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3.4.2

Precautions with Peroxide-Forming Materials

1.

A good way to reduce the potential risks is to minimize the amount of
material used in the experiment. Use only the amount of material necessary
to achieve the desired results. Always substitute a less hazardous chemical
for a highly reactive chemical whenever possible. If it is necessary to use a
highly reactive chemical, order only the amount that is necessary for the
work.

2.

The chemical container should not be opened if peroxide formation is
suspected. The act of opening the container could be sufficient to cause a
severe explosion. Visually inspect liquid peroxide-forming materials for
crystals or unusual viscosity before opening. Pay special attention to the area
around the cap. Peroxides usually form upon evaporation, so they will most
likely be formed on the threads under the cap.

3.

Date all peroxide forming materials with the date received, and the expected
shelf life. Chemicals such as diisopropyl ether, divinyl acetylene, sodium
amide, and vinylidene chloride should be discarded after three months.
Chemicals such as dioxane, diethyl ether, and tetrahydrofuran should be
disposed after one year.

4.

Store all peroxide-forming materials away from heat, sunlight, and sources of
ignition. Sunlight accelerates the formation of peroxides.

5.

Secure the lids and caps on these containers to discourage the evaporation
and concentration of these chemicals.

6.

Never store peroxide-forming materials in glass containers with screw cap
lids or glass stoppers. Friction and grinding must be avoided. Also, never
store these chemicals in a clear glass bottle where they would be exposed to
light.

7.

Contamination of ether by peroxides or hydroperoxides can be detected
simply by mixing the ether with 10% (wt/wt) aqueous potassium iodide
solution - a yellow color change due to the oxidation of iodide to iodine
confirms the presence of peroxides. Small amounts of peroxides can be
removed from contaminated ethers via distillation from lithium aluminum
hydride (LiAlH4), which both reduces the peroxide and removes
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contaminating water and alcohols. However, if peroxides are suspected to be
present, it would be wise to discard the ether.
8.

Never distill ether unless it is known to be free of peroxides.

Examples of peroxide-forming materials:
diisopropyl ether divinylacetylene – the most hazardous
sodium amide potassium amide
dioxane diethyl ether
tetrahydrofuran vinyl ethers
butadiene vinylpyridine
acrylonitrile styrene
Shock-Sensitive Materials:
These materials are explosive and sensitive to heat and shock. These include:
chemicals containing nitro groups, fulminates, hydrogen peroxide (>30%),
ammonium perchlorate, benzoyl peroxide (when dry), compounds containing
the functional groups: acetylide, azide, diazo, halamine, nitroso, and ozonide.

3.4.3

Storage of Reactives

1. Store water-reactive chemicals in an isolated part of the lab. A cabinet far
removed from any water sources, such as sinks, emergency showers, and
chillers, is an appropriate location. Clearly label the cabinet "Water-Reactive
Chemicals - No Water".
2. Store the Peroxide-Forming Materials separately from other chemicals and in
a clearly labeled cabinet.
3. Never allow picric acid to dry out, as it is extremely explosive. Always store
picric acid in a wetted state.

3.4.4

Health Hazards of Reactives

Reactive chemicals are grouped as a category primarily because of the safety hazards
associated with their use and storage and not because of similar acute or chronic
health effects. For health hazard information on specific reactive materials consult the
MSDS, or the manufacturer. However, there are some hazards common to the use of
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reactive materials. Injuries can occur due to heat or flames, inhalation of fumes,
vapors, and reaction products, and flying debris.

3.4.5

First aid with Reactives

1.

If someone is seriously injured the most important step to take is to contact
emergency responders as quickly as possible. Explain the situation and
describe the location clearly and accurately.

2.

If someone is severely bleeding, apply a sterile dressing, clean cloth, or
handkerchief to the wound. Then put protective gloves on and place the palm
of your hand directly over the wound and apply pressure and keep the person
calm. Continue to apply pressure until help arrives.

3.

If a person's clothes are on fire, he or she should drop immediately to the
floor and roll. If a fire blanket is available put it over the individual. An
emergency shower, if one is immediately available, can also be used to douse
flames.

4.

If a person goes into shock, have the individual lie down on their back if safe
to do so and raise the feet about one foot above the floor.

3.5

Distillation and Reflux Operations

Distillation and reflux operations are common procedures in teaching and research
laboratories. They present several potential dangers, and pressure buildup leading to
explosions if closed systems are used, and fire hazards associated with heating
flammable substances are two of the most common. A variety of apparatus designs
are available to accomplish reflux/distillation operations at atmospheric pressure,
under inert atmospheres, under reduced pressure and by the addition of steam. The
following general precautions should be taken when carrying out these operations.

3.6

Compressed Gas Cylinders

Cylinders of compressed gases can pose a chemical as well as a physical hazard.
Gases used in laboratories are supplied in cylinders at high pressure. In addition to
any potential chemical hazards, compressed gases are a high-energy source and
therefore hazardous.

41

4.

General Safety Rules for Working with Chemicals

Each person in the lab is responsible for his own safety, and for the safety of his
colleagues. The worker (researcher, graduate or undergraduate student) should make
himself familiar with the rules and procedures as well as the equipment to be used
prior to starting any work in the lab. He can only work with chemical products when
their flammability, reactivity, toxicity, safe handling, storage, and emergency
procedures are known.

4.1.

Procedures for working with highly toxic chemicals

It is extremely important that before beginning a laboratory operation, each worker is
strongly advised to consult one of the standard compilations that list toxic properties
of known substances to be used. If any of the substances being used is known to be
highly toxic, it is desirable that two people be present in the area at all times. For
example, carbon monoxide is a highly toxic gas that can affect the body if it is inhaled
or if liquid carbon monoxide comes in contact with the eyes or skin. The exposure to
carbon monoxide decreases the ability of the blood to carry oxygen to the tissues.
Inhalation of carbon monoxide may cause headache, nausea dizziness, weariness,
rapid breathing, unconsciousness, and death. High concentrations may be rapidly fatal
without producing significant warning symptoms. The maximum precautions should
be taken when working with carbon monoxide. A carbon monoxide detector should
be available and experiments involving this gas have to be carried out strictly under a
highly efficient fumehood.

5.

General Personal Protective Equipment

5.1.

Eye and face protection
1. Safety glasses (or prescription glasses) fitted with side shields.
2. Safety goggles or a full-face shield may be recommended when
working with corrosive substances.

5.2.

Clothing
1. Appropriate clothing and shoes are part of your protective equipment.
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2. Shorts and open-toed shoes or sandals offer no protection from spills of
hazardous chemicals.
3. Shoes that cover the feet completely and long pants or a lab coat should be
worn at all time.

5.3.

Gloves

Various gloves are available in different materials including natural rubber, neoprene,
nitrile and vinyl. Each type of material is resistant to only a limited range of chemicals
therefore no single type of glove is suitable for all situations.

5.4.

Respirators

A wide variety of respirators are available and are designed to deal with different
substances in various situations. The use of respirators requires proper selection,
fitting and training.

5.5.

Eyewash Fountains and Showers

All laboratories are equipped with eyewash fountains and showers. Access to this
equipment must not be obstructed in any way. Eyewash fountains should be tested
regularly (at least once a month) to ensure adequate water flow and to remove any
rusty water. Flush eyes for at least 15 minutes to ensure removal of any chemical.
5.6.

Fire Blankets

Fire blankets are located in labs where flammable substances are in use. These
blankets are used by a "DROP AND ROLL" technique to smother flames from
burning clothing. Once the fire is out the blanket should be removed in order to
dissipate the heat and reduce tissue damage.

5.7.

First Aid Kit

A First Aid box usually contains: Panadol, Savlon lotion, ointment for burns, an eye
drop bottle and bandages.
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7.

MACHINE AND TOOL HAZARDS
Dr. Zaki Ahmad
Department of Mechanical Engineering

1.0

INTRODUCTION

Machines are an essential part of the workplace. They help us to get the work done.
But they also introduce an array of hazards. Prolonged unprotected exposure to
machining and metal working fluids can cause illness. Machine fluids which are
complex mixtures of oils, detergents, surfactants, lubricants and anti-corrosive agents,
can cause skin irritation, respiratory diseases and even cancer is some cases. Clearly,
machine safety is a matter of prime concern to KFUPM. Reducing the risk of injury
and promoting safe work practices around machines is of prime importance to the
well being of students, faculty, technicians and other workers.
Fortunately, machine accidents are preventable, if they are accurately
identified, evaluated and swift corrective action is taken.
1.1

Assessing Machine Hazards

Following are the mechanical hazards listed in approximate order of importance.
1. Point of operation
2. Power transmission
3. Various nip point
4. Rotating or reciprocating machine parts
5. Flying chips, sparks and parts.
Mechanical hazards reside in three parts of any machine:
1. Point of operation: This is the point where materials are cut, shaped, formed,
drilled or ground.
2. Power Train: Fly wheels, pulleys, belts, couplings, chains, cranks and gears are
the components of power trains.
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3. Moving Parts: These include rotating, reciprocating, transverse moving parts and
auxiliary parts. Rotating parts, moving belts, meshing gears, cutting teeth,
reciprocating arms are potentially dangerous.
1.1-1 Hazardous Mechanical Motion
1. Rotating Motion: Examples of rotating mechanisms that may be hazardous
include collars, couplings, cams, flywheels, and horizontal or vertical shafts. Nip
points (where two adjacent parts move in opposite directions) are rotating hazards.
Clothing, skin, finger, hands and hair can get pulled into a nip point.
2. Reciprocating Motion: (Back and forth or up-and-down motion). This is a
potential hazard because one can be caught between a moving and a stationary
part.
3. Transverse motion (Continuous line or straight line): There is a danger of being
caught in a pinch or shear point. This hazard is typified by the transverse motion
of a belt.
4. Cutting Action: Cutting action may involve reciprocating, rotating, or transverse
motion causing injuries to fingers, hands, arms, and body. Scrap material can
strike the eyes and face. Such hazards are presented by saws, drilling machine,
and milling machines.
5. Punching Action: This hazard occurs at a point of operation where stock is
inserted, held, and withdrawn by hand. Mechanical power presses pose this
danger.
6. Shearing Action: This hazard occurs at a point of operation in mechanically
operated, hydraulically or pneumatically powered shears.
7. Bending Action: A hazard is created at the point of operation where stock is
inserted, held and withdrawn. Machines that employ bending include mechanical
power presses, press brakes, and tubing benders.
2.0

NON-MECHANICAL HAZARDS

1. Heat: Heat produced by friction or other action of machine can build up,
sometimes to extreme levels. Where metal rubs against metal, where there is
grinding, turning or drilling, machine parts can become hot and create hazards.
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2. Electricity: Sometimes life threatening shocks can be caused if the machine is not
properly grounded or wires or electrical connections are damaged.
3. Physical Hazards: Fluids used as coolants and lubricants pose health hazards if
proper handling methods are not followed.
4. Ergonomic Hazards: Machine parts which require long periods of standing,
bending or standing may pose ergonomic hazards.

3.0

CONDUCTING ROUTINE SAFETY INSPECTIONS

The following general points are to be considered during any inspection:
1. Workers must be wearing required protective clothing.
2. Machines must be properly grounded and all electrical cords and connections
must be in good condition.
3. All guards and safety devices should be in place and functioning properly.
4. All machines should be clean, well lubricated and in good working condition.
5. Operators should follow approved operating procedures.
6. Work areas around machines should be clean and free of scrap and debris.
7. Machine inspection routines must be worked out.
8. Difficulties experienced during machine operations must be notified.
4.0

PROTECTION OF WORKERS

There are many steps that can be taken to protect workers from machine injuries.
1. Awareness: Creating and maintaining an atmosphere in which students, faculty
and technicians are alert to dangers is an important part of a machine safety
program
2. Training: All students, technicians and faculty must be taught about machining
guards and safety devices, how to use the machines safely, wearing the proper
uniform and the safe operating procedure for the machines.
3. Observation: All persons working on machines must be protected. Direct
observation can identify at-risk behavior.
4. Machine Guards and Safety Devices: All machines must be equipped with
machine guards, and safety devices to keep body parts out of danger areas, where
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contact with moving machine parts is possible. Under no circumstances should
machine guards and devices be bypassed.
5. Inspection and Maintenance: Machines must be well maintained, repaired and
routinely inspected.
6. Reporting Problems: Any problems whether major or minor, should be
immediately reported to the workshop superintendent or concerned safety office.
5.0

MACHINE SAFEGUARDS

The safeguards must meet the following requirements:
1. Lubrication: The machines must be lubricated without removing machine guards.
2. Protection from fallen objects: No object should be allowed to fall into moving
parts as it could become a projectile that could strike or injure someone.
3. Safeguard: A safeguard for a machine should not interfere with the job efficiency
and the operation of the machine.
4. New Hazards: A guard should not create a hazard of its own to workers. For
instance, the sharp edges on guards should be eliminated.
5. Security: Workers should not be able to tamper with machine guard. The guards
and other safety devices should be made of durable materials. They must be
properly secured to the machine.
6. Prevention of Body Contact: All body parts should be at a safe distance from the
machine.
6.0

TYPES OF MACHINE GUARDS

1. Point of Operation Guards: They must safeguard the workers without interrupting
the operating process.
2. Power Transmission Guards: These guards must be designed in such a way that all
the operator body parts are out of contact with the moving parts of the machines.
3. Metal Guards: Guards should be of strong and durable materials.
4. High Strength Plastic Guards: Use these guards for monitoring and visibility of
operation.
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5. Wooden Guards: Use these guards for gates and fences.
7.0

SAFETY DEVICES AND TOOLS

1. Sensing Devices: Such devices cause a machine to stop if an object is in the
danger zone. Such devices may be:


Photoelectric devices: the machine shuts down if the beam of infra-red light is
interrupted.



Radio Frequency devices: the emitted signal is broken when an object or a
body part is in the danger zone.



Floor Mats: Any load on a mat stops the machine.

2. Pull-back Devices: Such devices withdraw the hands during the machine cycle.
These devices are attached to the wrists.
3. Hold-back Devices: These prevent the hands from entering the danger area.
4. Two-hand controls and two-hand trips require both hands of the operator on the
controls to operate the machine, which keeps the hands and body out of danger.
Both hands are used to apply pressure to activate the machine cycle. The trips are
positioned away from the point of operation.
5. Gates: These are designed to operate with the machine cycle. The gates must be
interlocked so that the machine is disabled until the gate is in place.
6. Awareness barrier: e.g. ropes etc. may be installed to serve as a reminder for the
hazard.
7. Shields: Lathe machines can produce flying particles. Transparent shields of
perspex or other strong material may be provided to protect workers from these
hazards.
8. Special material removal tools: Bars, tongs, and other devices may be used to
remove materials from the point of operation without the necessity of using the
hand.
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8.0

PERSONAL PROTECTIVE EQUIPMENT (PPE)

Workers need to be provided with protective equipment in addition to the guards and
safety devices discussed earlier.
1. Goggles or safety glasses prevent injuries caused by flying particles, e.g. metal
shavings or wooden chips.
2. Face shields protect the face against dust, sparks etc. They are not substitutes for
goggles and other safety devices.
3. Ear plugs protect against hearing loss which may be caused by machine noise or
noise being emitted from other sources.
4. Safety shoes protect toes and feet from falling objects and slipping in slippery
areas around machines.

9.0 STEPS TO BE TAKEN TO MAKE SURE THAT WORKERS WEAR THE
REQUIRED PPE
1. Regular supply of PPE – ensure that a sufficient stock is always present
2. Reminders: Post colorful eye catching reminders in working areas, near the startup controls, locker rooms and near prayer halls.
3. Frequent checking ensure strict compliance of wearing of PPE.
4. Training on using PPE: schedule short courses, seminars, and training programs to
teach correct methods of wearing PPE to workers.
5. Worn or outdated PPE: Replace outdated or worn PPE immediately.

10.0

COLOR CODING FOR MACHINE HAND CONTROLS

1. Use red for all emergency buttons, switches, etc.
2. Use yellow to designate caution and for marking physical hazards.
11.0

LOCKING/TAGOUT REQUIREMENTS

1. Turn off the machine and disconnect the energy source. After switching off, test
the “ON’ switch to make sure the power has been disconnected.
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2. Zero energy state: Reduce the possibility of an unexpected mechanical
movement of the machine to zero.
3. Tag the disconnect point: Put a tag containing vital information at the disconnect
point.
4. Final check: Having completed all the above steps, push the start button on the
machine to make sure that all energy sources have been blocked out.
12.0

MACHINE FLUIDS

Machine fluids such as coolants and lubricants may pose health hazards, if they are
not properly disposed in accordance with the recommendations.
1. Safe handling: Workers should be made familiar with the information contained in
the material safety data sheet. Attention must be paid to the caution on the
package.
2. Safe storage Chemicals must be stored in properly labeled containers containing
warning signs.
3. Machine Fluid Hazard Form. A form containing the names of fluids, hazards
associated with them and their storage and disposal requirements must be
prominently displayed in the workshop.
13.0 SAFE WORKING RULES FOR PORTABLE ELECTRIC TOOLS
13.1 Drilling Machines
1. Select the correct bit for the material to be drilled and keep it correctly sharpened.
2. Mark the position of the hole to be drilled carefully.
3. Chuck keys and chucks must be in good condition. A damaged chuck may result
in painful injury to the operator.
4. Pilot holes in the metal should be approximately the diameter of the chisel point of
the large diameter bit for the required hole. An oversize hole can make control
difficult.
5. Secure the work piece with clamps when portable drilling work is to be done. If
the drill does not bite, an undamped spinning work-piece can a serious accident.
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13.2

Portable Sawing Machines

1. Use a correct blade. Use of an incorrect blade may cause serious injuries.
2. Always allow the motor to gain the full no load speed before starting to cut the
piece. The machine will kick back if the blade is placed in contact with the
workpiece before gaining its working cutting speed.
3. Always use goggles when cutting splinter-prone material to meet the mandatory
requirement for eye protection.
4. The working floor area must be free from underfoot obstruction.
13.3

Portable Grinding and Disc Sanding Machines

1. Select the correct grit, grade and type of abrasive wheel.
2. Check the correct speed marker on the wheel.
3. Position guards correctly and make them secure before plugging the machine into
the power supply.
4. Keep the rotary wheel clean and well dressed.
5. Wear appropriate goggles, and use a protective screen when grinding. Particles of
abrasive materials are projected at very high speed and can inflict permanent eye
damage.
6. Do not stop the abrasive wheel after use by applying it to a work surface under
pressure. Allow the wheel to run down freely.
7. Hose and all hose connections must be periodically inspected for defects. Each
piece of equipment should be equipped with a retainer.
13.4

Hand Tools

All hand tools must be put in a safe place and locked for security. All tools must be
kept clean and all type of deposits must be removed. The prescribed procedure for
each tool must be followed. All tools must be inspected periodically to check against
wear. Only qualified persons should be allowed to use the tools. Tools should never
be hand carried while climbing. Tools should never be kept in the pockets of lab
coats. They should be placed in suitable containers.
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13.5

Metal Cutting Tools

1. Tin Snips: While cutting materials, one hand only should be on the snips, while
the other hand should be free.
2. Files: These should be used with a smooth and strong handle. Clean using
prescribed methods.
13.6

Hacksaws

Soft metals may be cut by using blades with five teeth to the centimeter, blades with
seven teeth should be used for tool steels and hard materials. Read the specifications
of the blades before using them.
14.0

HAMMERS AND SHOCK TOOLS

14.1

Hammers

The handle of the hammer must be free of oil, ergonomically designed, and secured
tightly to the hand while in use. In areas where flammable liquids are stored, spark
resistant tools must be used. All tools showing mushrooms after repeated operations
must be dressed. They should not be allowed to curl.
14.2

Jacks

The rated loads for jacks must be clearly shown. They should be lubricated in
accordance with the suppliers’ recommendation. They should not be subjected to over
loads and abnormal shocks.
14.3

Supervision

All tools should be periodically inspected and they should be in good operating
condition. Faulty tools should never be returned to service. All persons should follow
proper operating procedure. An operating record of all equipment must be maintained.
Repair records of all equipment must be maintained. They may be used for machine
warranty claims.
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14.4

Portable Electric Power Tools

Check power cords and plugs for cuts, condition and location, check ground leakage
with a ground fault circuit indicator. Check insulation with an insulation resistance
meter. Ground all tools unless double-insulated. Do not distract someone using a
power tool. Never over-ride two hand controls or other safety devices.
14.5

Portable Pneumatic Tools

The air hoses must be protected against damage by vehicles and other objects and
clear signs must be placed for warning. The air supply must be cut off before
disconnecting any pneumatic tool. A pneumatic tool must not be directed towards any
person.
14.6

Display of Safety Posters: One sample is attached (Appendix III).

14.7

First Aid Emergency Measures Against Machine:

It is extremely important to know the contact person in-charge of emergency
procedures. Machine injuries are often serious and in a matter of minutes death may
occur. Head injuries, bleeding, eye injuries, electric shocks and amputations are the
major form of injuries caused by machines. Following are the emergency measures
which are to be applied in the case of amputation and bleeding from amputation.
1. Control the bleeding first.
2. Apply direct pressure to the stump.
3. Cover the stump with a dressing.
4. Place the severed part in a suitable container.
5. Use a clean watertight plastic bag.
6. Keep the part dry.
7. Seal the bag.
8. Immerse the bag in a container of water and ice.
9. Do not wash the amputated part in any type of solution.
10. Do not freeze the amputated parts.
11. Rush the patient to the nearest hospital without delay. Contact Tel. 3333
immediately.
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8

ELECTRICAL HAZARDS
Dr. Zaki Ahmad

Department of Mechanical Engineering
1.0

ELECTRICITY CONTACT SOURCES

Electricity and electronics have been the major contributors to the revolutionary
developments in science and technology witnessed in the 20th century. Our
dependence upon electricity and electronics is so complete that our lives seem to
come to a halt when a storm, mechanical failure, a complete blackout or
uncontrollable fire deprives us of electrical power. While electricity is in constant use
both within and without the laboratory, significant physical harm or death may result
from its misuse or through an accident. Electricity is silent but extremely dangerous.
Thousands of human lives are lost each year due to electrical accidents in
laboratories. It is, therefore, essential to understand the effect of electricity on the
human body and methods of prevention. Electricity can enter the human body by
direct contact or indirectly by electrical sparks. The following are the major sources of
contact with electricity by the human body:
1. Contact with structural metals holding wires with high voltage
2. Uncontrolled stray currents in the ground
3. Defective equipment or installation
4. Current leakage from underground structure and cables
5. Lightning.

1.1

Effect of Different Current Levels on Human Body

Table # 1 summarizes the effect of different current levels on the human body.
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Table # 1
Current Load

Effect on Human Body

Less than 1 mA

Electric current is not felt.

1 - 8 mA

Painful shock. One can release oneself

9 - 15 mA

Painful shock, but one can release oneself.
Muscles loose their control to free the body

16 - 20 mA

unless the affected person gets help from
another person.

11 - 55 mA
56 - 100 mA
101 - 200 mA
More than 201 mA

Painful shock, difficulty in breathing
Possible death due to disturbance in blood
circulation.
Sudden death
Sudden death accompanied by third degree
burns.

1.2 Measures to Prevent Electrical Accidents
The threshold of perception for a finger tapping contact at 60 Hz is approximately 0.2
mA. A current level somewhat higher than the threshold of perception is called ‘letgo’ current. The ‘let-go’ current threshold can be considered as a “go-no-go”
situation. Once immobilized or frozen to a circuit, an individual either breaks the
contact and lives or is not able to break the contact. In the latter case, the skin
resistance decreases and the current increases to a lethal level. The ‘let-go’ threshold
with direct current is 76 mA. For 60 Hz, A.C. the current it is 6 mA. A value of 6 mA
has been determined to be a safe value for ‘let-go’ current because the shocks at this
level do not freeze the individual to the circuit. Trippings at 6 mA or higher with the
current time trip characteristic utilized, will ensure that no one becomes immobile.
The ‘let-go’ threshold for women is lower than for men.
1.3

Physiological Effects

1. Asphyxia: Contraction of the chest muscles interferes with breathing.
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2. Respiratory Arrest: Shock from head to limbs or between the two arms can lead to
respiratory arrest.
3. Ventricular Fibrillation: This is the asynchronous contraction of ventricular
muscle fibers of the heart in contrast to their normal rhythmic contraction. With
ventricular fibrillation, blood circulation ceases and the person becomes
unconscious in less than ten seconds accompanied by irreversible damage within
three to six minutes.
4. Aystole: Aystole occurs when the heart stops beating. Electrical shocks, above
one ampere through the chest cavity can cause such a condition. In some cases the
heart may return to normal bearing.
5. Burns: These may be caused by arcing to the skin, heating at the point of contact
by a high resistance contact, or large currents.
6. Electrocution: This is caused by direct or indirect contact by current levels beyond
the ‘let-go’ threshold. It may also be caused by water containing electric current
via lightning or by contact with high voltage systems.
1.4

First Aid Measures

First aid measures must be applied within the first few minutes, even if the victim
shows no signs of life. The following first aid measures must be adopted:
1. Switch off the electrical supply or remove the fuse.
2. Avoid touching the victim before removing him/her from the direct supply.
3. Non-conductive articles such as a dry brush handle, dry-ropes, dry-wood, a
wooden chair, or dry clothes can be used for the purpose.
4. If the victim has burns, first apply shock treatment and later adopt measures for
the burns.
5. Transfer the victim to hospital for assessment.
6. The mouth to mouth method of resuscitation is superior to other methods for
recovering the patient from electrical shock or asphyxiation. Assistance with CPR
(Cardio-Pulmonary Resuscitation) is available from the KFUPM Clinic (Tel.
3304)
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1.5 Repairs and Maintenance
1. Maintenance should be undertaken only after the equipment has been deenergized, grounded and tagged at the disconnecting device to prevent the circuit
from being accidentally energized.
2. All equipment should be considered energized until it has been isolated and
grounded.
3. An approved process for de-energizing and re-energizing must be firmly
established.
4. The capacitors should be discharged before working on a circuit containing
capacitors.
5. An orderly waiting period after de-energization must be observed.
6. The work area should be well illuminated and dry.
7. Maintenance and repairs should only be undertaken by professionally qualified
personnel.
8. The area of work must be well cordoned and appropriate signs must be displayed
in the area.
9. Flammable solvent should not be used for cleaning the equipment.

1.6 High Voltage Equipment
Any voltage of over 600 V is considered high-voltage and special precautions are
needed for the safety of personnel working in this environment.
1. Over-current protective devices must be specified for all conductors on
equipment.
2. Equipment must be located in an area accessible to qualified personnel.
3. High voltage equipment should be well lighted and ventilated.
4. Switch placements should ensure that no one comes in contact with energized
parts while turning on the lights.
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5. The grounding must meet its objective of providing a means to carry electric
current into the earth under normal and fault conditions without exceeding any
operating and equipment limits.
6. Persons in the vicinity of the ground facility should not be exposed to the danger
of electrical shock.
7. Over-current protection must be provided on each ungrounded conductor by the
use of over current relays or fuses.
8. Circuit breakers must be operated within their continuous rating, their fault
interrupting rating, fault closing rating and their maximum voltage rating.
9. Fuses must be used within all continuous current, fault current and voltage ratings.
10. All operating personnel must be trained in first aid, in particular cardio-pulmonary
resuscitation, emergency breathing techniques, electrical shock treatments and
other traumas associated with electricity.
11. Hot sticks should be used for switching and maintenance operations.
1.6.1 Safety from Electromechanical Equipment
Over 25,000 individuals alone die in the USA every year due to injuries by
electromechanical equipment. The following are the hazards and symptoms associated
with electromechanical equipment:
1. Overheating of mechanical equipment
2. Tripping of protective circuit breakers
3. Excessive wear of bearings
4. Smells from burning insulation
5. Excessive noise
6. Loose parts
7. Physical damage to insulation
1.6.2 Precautions
1. Ground all tools unless double insulated
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2. Do not use power tools in damp weather
3. Keep work areas well lighted.
4. Do not distract a worker using a power tool.
5. Check power tool name plates for proper usage.
6. Never override two handle controls.
1.6.3 Precautions for Electrical Maintenance
1. Close all main power switches before repairs and discharge any charge-storage
devices (such as capacitors).
2. Power switches should be locked in the open position and tagged.
3. Circuit breakers, overload relays, fuses and interlocks should not be disconnected
or bypassed.
4. Fuses should be replaced after the circuit has been de-energized.
1.6.4 Power Tools
1. Power tools must be equipped with “dead man” type switches, which require
continuous pressure by operators to operate, and when the pressure is released the
power is cut off.
2. Only authorized persons must operate the tools.
3. Portable grinding wheels and scratch brushes should be guarded with a minimum
exposure on the periphery of the wheel at 180o. A cup guard should be used with
cup type wheels and brushes.
4. Portable circular saws must be equipped with guards.
1.6.5 Avoiding Hand Traps in Machinery
Watch out for the hand traps included in the following operations:
1. Shearing: Push work into the machine with a push stick or block. The shear type
of machine can chop fingers or a hand right off.
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2. Rotating: A machine with a rotating or spinning motion requires special care. This
could be a toothed or spiked, or jagged edge that can cut into hands or it may be a
drill that could twist right through the hand.
3. In-running nips: All inward rollers, gears, chains, belt and pulleys can nip and
grab, and hence they have the potential to cause serious injury.
4. Pressing: Great care must be exercised with the metal presses. Their action can
crush the hand.
1.6.6 Lighting Fixtures
The following are the recommended safeguards for lighting fixtures.
1. Special fixtures should be used in corrosive locations.
2. All fixtures must be grounded. All metal fixtures, transformers and enclosures on
circuits operating at over 150 V should be grounded.
3. The smallest wire permitted for connection to a fixture is number 18 gauge (18
AWG).
4. Receptacles, connectors, and attachment plugs for use with lighting fixtures
should have a 15-20 A rating.
5. Special type of fixtures indicated as “Suitable for Wet Locations” should be used
in wet locations.
6. Fixtures should be so wired that the screw shells of lamp holders are connected to
the same fixture or circuit conductor or terminals.
1.6.7 Voltage Surge Failures
Surge voltages at 120/240 V and other low voltage systems result from either lighting
or switching transients. The appliance must be able to withstand at least a 3k voltage
spike and preferably 6kV voltage spike for indoor applications. Outdoor applications
require a 10 kV withstand capability.
Surge voltages damage equipment by destroying the integrity of the electrical
insulation. Extensive damage can occur in portions of appliances supplied by 120/240
V lines because the insulation failure caused by a surge is followed by extensive
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damage produced by the 120-240 V system across the damaged insulation. Use can be
made of three types of surge protection devices:
1. Filters, such as surge capacitors (EM1 filters).
2. Crowbar diverts such as spark gaps, gas tubes or thyristors;
3. Voltage clamping type diverters.
Voltage surge failure is a likely cause of several appliances being damaged at the
same time.

1.6.8 Precautions in Welding Operations
The electric circuit is comprised of the welding lead, the welding and welding earth.
1. The welding lead carries the full welding current and it must be robust enough to
withstand everyday use.
2. The welding or return current cable is the cable through which all the welding
current returns to the set. It must have a cross sectional area equal to that of
welding cable. The welding earth should ensure that the welding circuit is
adequately earthed.
3. The welding electrode must be provided with an insulating handle and reliance
must not be placed on welders’ gloves for insulating the operators hand from the
live part.
4. The equipment should be completely disconnected when temporarily suspending
welding operations.
5. A low-voltage device should be fitted to the output side of the welding device that
reduces the open circuit voltage to approximately half the normal circuit voltage.
Reducing the voltage below 100 V is important while working at height or in
damp conditions. With the low voltage device fitted to the output side of the
welding set, the higher voltage is automatically struck when the electrode is
touched to the work, whereas the voltage across the arc drops to a much lower
value.
6. All welding screens should be screened to prevent the rays of the arc affecting
other persons.
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7. Certain gases such as argon, nitrogen, carbon dioxide, involve some hazards.
8. Adequate ventilation must be provided when welding.
Don’t :
1. take risks;
2. weld near flammable material;
3. use an engine-driven generator in a closed, confined building;
4. weld galvanized or other coated metals, without proper safeguards;
5. leave welding plant electrically energized when not in use.
2.0 STATIC ELECTRICITY
Most common objects are electrically neutral. When the charge distribution is
disturbed, materials may become negative or positively charged. Whether a material
acquires a positive or negative charge can be predicted from the triboelectric series
(Table # 2). Both negative and positive charges can create sparks and cause fire.
Table # 2: Triboelectric Series
(more positive)
Rabbit fur
Glass
Nylon
Wool
Cat fur
Cotton
Silk
Lucite
Dacron
Polyethylene
Hard rubber
Teflon
Saran Wrap
(more negative)
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2.1 Potential Sources of Sparks:
Some examples are given below:
1. Making and breaking of an electrical circuit when the circuit is energized
2. Metal tanks and containers
3. Plastic lab aprons
4. Metal clamps, nipples, or wires used with non-conducting hoses
5. High pressure gas cylinders being discharge
2.2 Processes Generating Static Electricity
1. Pipeline flows: Charge separation occurs at the liquid/pipe wall interface and the
charging current is proportional to the second power of the flow velocity. Typical
values are in the range 10-7 - 10-10 A.
2. Filter Valves: Constrictions in pipes provide localized areas of high charge
generation (e.g. 10-5-10-6A).
3. Immiscible mixtures: The presence of immiscible components and free water in a
liquid can produce up to a 50 times increase in the rate of charge generation.
4. Free fall of liquids: This tends to increase turbulence and emulsification factors
that stimulate charge generation.
2.3 Ignition Mechanism
Four conditions must be fulfilled before a fire can be caused:
1. static charge generation;
2. charge storage at a voltage;
3. minimum stored energy;
4. a flammable environment;
2.4 Prevention
1. Dissipation of Static Charges
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A high level of humidity should be maintained. At a relative humidity of 65 to 70
percent, a static charge build-up is usually small. Some materials like Teflon
remain good conductors even under conditions of high humidity (80-95%). High
relative humidity aids the formation of conducting layers over the surface objects
which provide a low resistance path to earth.
2. Ion Generation
High voltage source, flames and radioactive source can produce ions. A sufficient
ion concentration in the air allows current to flow through the air and prevents the
accumulation of static charge. Several types of commercial ion generators are
available.
3. Control of Conductivity
By introducing conductivity in insulated material, the accumulation of static
charges can be avoided. For instance, the introduction of metal fibers in woolen
clothing and conductive materials in plastics and polymers, can control the
accumulation of static charges.
4. Earthing and Bonding
The accumulation of electrostatic charges can be avoided by providing an
electrical connector of low resistance between the point of charge generation and
charge accumulation. It is normally more convenient to prevent charge
accumulation by providing each conductor with a low resistance path to earth. As
electrostatic charges rarely exceed 10-4 A, an electrical conductor has to have a
resistance to earth of less than 1 M for the dangerous accumulation of electric
charges.
5. Charge Accumulation on Personnel
A person insulated from earth can become electrostatically charged and attain a
potential of 1000-2000 V. The static electricity may be generated by charge
sharing or by electrostatic induction. Anti-static footwear prevents the
accumulation of charges. The resistance of anti-static and conductive materials
must be checked from time to time.
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6. Follow Suppliers Recommendations for Equipment and Construction
Carefully study the specifications in instruction manuals.
7. Grounding all metal panels
Earth all electrical conductors in or near the gas stream, the metal nozzle, metal
plant and personnel should be earthed/grounded.
8. Floor Coverings and Furniture with Anti-static Properties
A wide variety of anti-static floor coverings are commercially available. An
appropriate selection of anti-static flooring and coverings should be made.
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9. FIRE HAZARDS
Dr. Muhammad Al-Haboubi
Systems Engineering Department

Fires are serious hazards and occur everywhere within closed or open structures. They
may erupt

in industrial plants, schools, residential units, malls, etc. A certain

organization may not have encountered the disaster of fires, but this is not an
indication that the safety level is satisfactory. Every precaution should be taken to
prevent one from happening. Fires at KFUPM are not uncommon. Most of the fires
are in houses and are limited in damage. However, there was a major fire in a
laboratory in 1990 resulting in substantial property damage. The KFUPM community
should be aware of the causes of fires, the preventive measures, suppressing a fire,
and the effects of fire on the body .

Theory of fires
The theory of the triangle whose sides represents the component of a fire is well
known. The sides are oxygen, heat, and fuel. Remodeling the fire triangle into a fire
pyramid presents a more realistic picture because it takes into account the chain
reaction needed to sustain a fire. Oxygen is available from the atmosphere (21 % by
volume); from elements such as fluorine, or chlorine or a compound that will readily
release these gases such as hydrogen peroxide; and from strong acids such as nitric
acid. The heat results from a source of ignition which could be an open flame,
electrical sparks, mechanical sparks, hot surfaces, static electricity, and from
cigarettes. The fuel is the substance that energizes the fire and could be in gas, liquid,
or solid form. Common fuels that causes fires are natural gas ( used in burners),
acetylene ( used in welding), carbon monoxide ( produced from incomplete
combustion), gasoline, solvents and cleaning agents, furniture, and various items of
equipment. A chain reaction is a series of chemical reactions that reproduce itself so
as to be self-sustaining after initial activation. The basic principle of fire prevention is
to isolate the sides of the pyramid .
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Fire classifications
There are four classes of fires which are given a color and shape coding. The familiar
code used involves the characters A, B, C, and D.


Class A involves solids such as wood, paper, and coal.



Class B involves gases and liquids that must be vaporized for combustion to
occur.



Class C is either class A or class B but also involves electrical equipment or
materials near electric equipment.



Class D involves easily oxidized metals such as magnesium and aluminum.

Fire Prevention
The best way to deal with fires is to prevent their occurrence. This requires the
anticipation of fire sources and the potential for fires . Each workplace may have its
own safety principles against fires. For example, open flames used in welding should
only occur in well-ventilated areas , clear from any combustible material. The floor
should be fire resistant, or the flame could be replaced by spot welding. Smoking
should be prohibited near gasoline or other flammable materials. To prevent a fire
from electric sparks it is advisable to use only approved equipment, not to overload
outlets, and to conduct regular inspection of wires to avoid short circuits. The hot
surface of a portable heater operated by fuel should be used in well-ventilated areas
to reduce or eliminate the products of combustion such as carbon monoxide, and
enough clearance around all sides from combustible material should be provided.
Flammable liquids are used in almost all industrial places and laboratories. They
should be stored in special containers with self-closing covers, should be used in wellventilated areas, and should be stored and used away from ignition sources. The list
of precautions are numerous and every workplace should be aware of the components
of the fire pyramid so that fire is prevented. In the case of a fire, the means of
suppressing it should be familiar to all university employees.

Fire suppression
There are four ways to suppress a fire :
1) Isolation of fuel from the oxygen is usually called blanketing. For example,
dirt or sand used as a blanket has the advantage of remaining on the burning
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surface without flowing-off. Throwing a blanket on a small class A fires is
also commonly used as a suppressant.

2) Cooling the burning material with water is most effective with class A fires
and as a spray or with additives it can be used for other classes. It is used
with thickening agents (clays or gums) to increase the time water remains
so as to work as a coolant and a blanket. Water is not recommended for
class D fires because of the violent and explosive reactions that result. Also,
water is conductive and should not be used in class C fires or near high
voltage equipment.

3) Reaction inhibition is breaking a chain reaction by removing a necessary
reactant so the reaction cannot propagate. Halogenated hydrocarbons can be
used for this purpose.

4) Diluting oxygen by another gas such as Nitrogen to reduce the
concentration of oxygen

Each of these methods has advantages and disadvantages. A common agent used in
fire fighting is carbon dioxide. Its advantage is that it works as a multiple suppression
agent as follows :
A) Coolant: discharged from a liquid container it vaporizes and cools as it
expands.
B) Blanket: when a large amount of carbon dioxide is available it separate
oxygen in the air from burning material.
C) Diluent: it reduces the concentration of oxygen.
D) Inhibitor of chain reactions: carbon dioxide enters the reaction to absorb
active particles so that they cannot continue the chain.
Another multiple suppression agent is foam. It is used as a coolant and blanket and
formed by mixing water with chemicals to suppress class B fires. Several types of
fire extinguishing devices are equipped with the above-mentioned suppressants.

Extinguishing Fires
There are several extinguishers available depending on the size and class of the fire.
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A) Portable extinguishers are used for small fires and the selection of a type is
made easy by checking the class on the extinguisher. Pressure in fire
extinguishers should be inspected monthly and the date written on the tag.
Checking the shell for mechanical damage or corrosion should be done
annually. Since these extinguishers are very important to limit the size of a
fire, employees should be trained to use them annually. This may be done by
simulating a fire outside the workplace and training employees to put it out.
This will overcome the fear of fighting an actual fire. They should be located
along normal paths on walls, not obstructed or obscured from view. The top of
40 lb extinguisher should be

no higher than 5 foot, and the maximum

walking distance is 75 ft for class A and 50 ft for class B.

B) Mobile equipment includes large extinguishers that are too heavy to be carried
and are often wheel-mounted. They have larger capacities than portable types
and can reach areas where fire trucks cannot access. They can project streams
much farther than portable equipment, enabling operators to be at a safe
distance from the fire.

C) Hose systems can provide water from elevated towers, pressure tanks, or by
connection to a main water supplies. Maintenance of the pipes and hose is
important. The pipes may break causing property damage and hoses may
disintegrate after hanging on the rack for many years.

D) Sprinkler systems are advantageous where fires can spread rapidly, where
personnel may be present infrequently, and in high rise structures, which are
difficult for firefighters to reach. Maintenance of heads from corrosion
prevents unneeded activation which could cause property damage.

E) Fixed extinguisher systems are installed basically to protect property with
gases or powder as a medium. Checking the pressure should be done semiannually and full inspection should done annually.
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Fire alarm systems
Fire detection devices should be installed to trigger fire alarms. Selection of a
detecting system must take into account the environment (dust, heat from process,
etc.). Audible and visual alarm system must be considered. System reliability is
important and a back-up alarm systems in case of alarm failure should be considered.
In small workplaces a direct voice communication may be the best alarm. Fire alarms
should be activated right away regardless of the size of the fire so that people
evacuate the place. Employees should know how to report a fire, when, and where to
give the alarm. At KFUPM, the phone number is 4444. The person receiving the call
should know Arabic and English since there are many expatriates at KFUPM who do
not speak Arabic .

Planing for an emergency
A serious accident may not yet have happened in a certain laboratory other than the
one referred to earlier. It is essential that emergency procedures be established before
one does occur. This can actually help to save lives, protect property, and ensures a
timely investigation. As long as any hazard exists in any industrial plant there always
will be the possibility of an accident no matter how good the safety program. It is
unjustifiable to begin studying means of controlling or responding to an emergency
after one has begun. The emergency plan must be custom made to each building in the
university. The layout for each building should help in planning for an evacuation to a
designated safety zone outside. The occupants in the building should know what to do
in the case of an emergency. Some occupants should be assigned to make sure
everybody in the building knows about the emergency, someone should be assigned
to control the electricity power, and some occupants should be assigned to fight the
fire. Other occupants should follow the emergency routes to the safety zone without
creating panic. Fire fighters are volunteers in each building who have taken training
in putting out fires. Some of these volunteers may have taken training courses in
rescuing injured persons and in first aid. If necessary, the emergency phone number
( 4444) should be dialed to seek help .
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Effects of fire on personnel
A fire in any closed structure will cause the production of toxic gases which deplete
the air of oxygen. This will leave insufficient oxygen for breathing . Smoke makes it
difficult to see the exits and escape to a safer environment. The majority of the
fatalities from fires are caused by suffocation or inhalation of smoke and not from
burns.
Skin burns are classified according to the depth of the burn into :
A) First-degree burns which only cause a redness of the skin and which may be
produced by sunshine.
B) Second-degree burns are much more serious than first-degree burns. Blisters
of the skin will form, and in severe cases, fluid will collect under the skin.
The skin beneath the blisters is extremely sensitive, red in color, and exudes
considerable amounts of fluid. Second-degree burns are painful since the
nerve endings may be exposed. Broken blisters will expose the body to
possible sources of infection.
C) Third-degree burns causes more serious damage , although the destruction of
the nerve endings in third-degree burns can cause less pain than seconddegree burns. In third-degree burns, the skin, subcutaneous tissue, red blood
cells, capillaries, and sometimes muscle are destroyed

First aid
For first degree burns, immerse the affected part in cool water till pain decreases. For
higher degrees, water should not be used. Water increases the danger of infection in
open burns. Cover the burn with a thick , dry, sterile dressing bandage. If burned
clothing is sticking to a burn, place the dressing right over it. Dry, insulated cold
packs may be used over a dressing on small areas such as the face, hands, and feet.
Get medical care. Face burns may affect breathing since airways may be swollen and
the victim may need mouth-to-mouth breathing. Care should be exercised to prevent
shock. In the case of shock, the victim should lie down, with the legs elevated.
Medical care should be sought for other than first-degree burns.
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10. RARDIATION HARAZDS
Dr. Khamis A. An-Nahdi
Department of Physics and Resaearch Institue

1.

Purpose

This chapter establishes the general procedures and rules that control the use of
radiation sources and radiation producing machines at KFUPM, according to radiation
protection principles.
2.

Scope

The requirements of this chapter apply to all persons involved in handling radiation
sources and radiation producing machines. There is nothing in this chapter that will be
in conflict with or be contrary to the national regulations as set out by King Abdulaziz
City for Science and Technology (KACST).

3.

System of Radiation Protection

The system of radiation protection for radiation practices is based on the following
general principles, as recommended by the International Commission on Radiological
Protection (ICRP):
a-

Justification of practice: no practice involving exposure to radiation should be
adopted unless it produces benefit to the individual or to society;

b-

Optimization of protection: protection measures shall be optimized so as to
keep the magnitude of individual doses, the number of people exposed and the
probability of exposure as low as reasonably achievable (ALARA); and,

c-

Individual dose and risk limits: the exposure of individuals resulting from all
practices should be subject to dose limits.

3.1

The principle of ALARA

The principle of ALARA underlines all aspects of the various tasks which make up an
external radiation protection program.
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The basic need for the ALARA principle is a result of the lack of a comprehensive
biological model that can accurately predict the results of a dose of radiation to a
person. In addition, more information is needed to make a "value judgment" as to the
"cost to society" of the various forms of radiation injury.

Two basic conditions are considered necessary in any program for keeping
occupational exposures as far below the specified limits as is reasonably achievable:
1. The management of the licensed facility should be committed to maintaining
exposures as low as is reasonably achievable; and
2. The personal responsible for radiation protection should be continually
vigilant for means to reduce exposures.

Any good ALARA program should have the following features:
1. Education and training
Training, both classroom and on-the-job, must be provided for radiation
workers in order to increase their level of skill. As they become more
proficient in handling radionuclides, and become increasingly familiar with
operations, the radiation exposures from specific tasks tend to decrease.
Periodic retraining is called for as new equipment, or operational change is
introduced. The radiation protection personnel also need training so that the
ALARA philosophy becomes part of their radiation protection approach.
2. Design considerations
In the planning and modification of existing facilities, the design goals should
be to provide protection so that resultant exposures are well below the
radiation limits. Internal exposures, containment, ventilation control and air
cleaning systems should be designed to assure that the concentration in the air
released is well below the limit. A design review with specific attention to
ALARA considerations is very important.
3. Operational radiation protection program
Several aspects of operational radiation protection program can be utilized that
reflect ALARA principles. One of these aspects is the training and design
review discussed above.
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Routine measurements taken during a radiation control program can be the basis for
assessing progress with respect to ALARA principles. An analysis of survey results
will indicate those special operations for which additional dose reduction procedures
are needed. The auditing of a program of exposure control will determine what
improvements have been made. Consequently, one can see whether further
investigations may be needed. One of the most important ways in which a radiation
protection program can bring about ALARA principles is through an operational
review. In this review, the radiation protection personnel meet with the individuals
responsible for routine operations or experiments to discuss the operation and the
radiation protection concerns. In addition, the exchange of ideas and a discussion of
concerns can lead to an improvement in techniques and a subsequent reduction in
exposures which occur during actual experiments.

Finally, the documentation for surveys, investigations, and discussions of operations
will serve to suggest improvements in the program.

4. Responsibilities
4.1

Responsibilities of Management

The overall responsibility for the safe use of radiation at work rests with the
management of the institution, as stated in the national regulations. In the case of
KFUPM, it is the University Administration. The Administration is responsible for
ensuring compliance with the regulation requirements, for the provision and
maintenance of adequate facilities and equipment, and for the provision of appropriate
staff training.

The Administration is responsible for ensuring that personnel doses do not exceed the
occupational annual limits. It is also responsible for ensuring that members of the
public are nor exposed to radiation in excess of the regulatory limits.

4.2

Responsibilities of the Radiation Safety Officer

A radiation safety officer is a person who by reason of education, training and
experience is qualified to advise others in the safe use of radiation in compliance with
the national regulations.
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The Radiation Safety Officer at KFUPM is responsible for:
1. general surveillance over all activities involving radiation and radioactive
material;
2. determining compliance with rules and regulations, and license conditions;
3. providing consulting services on all aspects of radiation protection to
personnel at all levels of responsibility engaged in the use of radiation material
or radiation producing machines;
4. purchasing and transferring all radioactive materials;
5. receiving, opening, and shipping all radioactive materials arriving at KFUPM
and receiving, packaging, and shipping all radioactive materials leaving
KFUPM;
6. offering training for qualification as a radiation user at KFUPM;
7. supervising and coordinating the radioactive waste management, including
keeping waste storage and disposal records, and monitoring radiation releases,
as required;
8. performing leak tests on all sealed sources;
9. maintaining an inventory of all radionuclides at KFUPM;
10. performing laboratory surveys of restricted areas at KFUPM;
11. investigating any and all accidents, spills, unplanned releases to the
environment, and other abnormal occurrences regarding radiation or
radioactive material;
12. supervising decontamination in the case of an accident;
13. maintaining all records as required;
14. maintaining an inventory of radiation producing and detection equipment;
15. performing or arranging for calibration of radiation detection instruments; and,
16. notifying KACST, and other government organizations as required, in the case
of emergencies, theft, or loss of radioactive material.

4.3

Responsibilities of the Radiation Worker

A radiation worker is any person employed permanently or temporarily by the
licensee or who has a license from the regulatory authority. No person may do work
involving radiation without adequate training. We can also define radiation workers
as persons whose work requires them to enter a controlled area.

79

The regulations specify the responsibilities of the radiation worker as follows:
1. to strictly comply with the applicable occupational radiation protection rules;
2. to work with radiation only following adequate training or a license from a
competent authority;
3. to follow local rules and regulations;
4. to cooperate with managers to meet the requirements of the regulations;
5. not do anything that may lead to the creation of a hazardous situation;
6. to deal with instruments safely;
7. to provide personal information from past experience;
8. to follow applicable rules and procedures for protection and safety specified
by the licensee;
9. to properly use the monitoring devices and the protective equipment and
clothing provided; to cooperate with the employer and licensee with respect to
protection and safety and the operation of radiological health surveillance and
dose assessment programs;
10. to provide the licensee with such information on his past and current work as
is relevant to ensure effective and comprehensive protection and safety for
himself and others;
11. to abstain from any willful action that could put him or others in situations that
contravene the requirements of the regulations; and,
12. to accept such information, instruction and training concerning protection and
safety as will enable him to conduct his work in accordance with the
requirements of the regulations

5.

Hazards from Ionizing Radiation

Hazards from ionizing radiation can give rise to biological effects, which depend on a
number of factors such as the dose received, the dose rate, the part of the body
irradiated and the type of ionizing radiation. The biological effects are as follows:
(a) Somatic - affecting living cells responsible for maintaining the functions of the
body.
(b) Genetic - affecting the germ cells responsible for propagating genetic
characteristics.

80

Very large effective doses of about 3 Sv or greater received by the whole body in a
short time will induce radiation sickness. In general, the damaging effects of radiation
on living matter decrease as the dose is decreased.

Hazards from radiation can be divided into two classes, namely, external and internal,
which should be considered together when assessing the total hazard, as follows:
(a) External hazards - These arise from sources of radiation outside the body
that can irradiate all or part of the body with sufficient energy to affect the
skin or underlying tissues. Practical control measures are to:
1- limit the exposure time;
2- maximize the distance between source and person; and,
3- use suitable shielding.

(b) Internal Hazards - These arise when radioactive materials enter the body
through inhalation, injection, ingestion or absorption through the skin or
wound. An intake of a radioactive substance may be rapidly eliminated
from the body or some proportion of the intake may become incorporated
into particular organ(s) with a slower rate of elimination.

The principles of contamination control are:
1- containment: i.e., limit the laboratory area that could become
contaminated with radioactive substances by the use of fume cupboards,
glove boxes or safe handling techniques;
2- cleanliness: i.e., maintain high quality housekeeping techniques; and,
3- use the least radiotoxic and the least active radioactive substance that is
suitable for the task to be undertaken.

6.

Hazards from X-Ray Machines

The radiation hazard is from X-ray photons, which are produced while the
equipment is energized, up to the maximum of the peak potential ( 150 kV for
some medical equipment, and 250 kV for industrial nondestructive X-ray
equipment). The sources of exposure are due to:
(a) the primary beam;
(b) scattered radiation; and,
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(c) leakage of radiation from the housing around the x-ray tube.

Precautions are usually taken by having adequate shields for the site where the
machine is located. Accidents generally occur as a result of not following safety
procedures. Examples are:
1. bypassing the interlock system in an enclosed x-ray machine;
2. putting the fingers in the path of the beam in an X-ray diffraction machine;
3. failure of safety system.

7.

Sources of Radiation

Radiation in the laboratory stems from two main sources:
-

radionuclides; and,

-

radiation producing machines.

Radionuclides are further classified into three forms: (1) solid, (2) liquid, and (3) gas.

Radiation producing machines available in KFUPM are a neutron generator, a
tandetron, an X-ray diffraction machine, and an X-ray machine for oil exploration and
reservoir studies. Also in the clinic, there are two X-ray machines for medical
diagnosis.

Our study of safety aspects with radiation deals with two different types. The first is
in the liquid and the gaseous state, and the second is either in the solid state or
radiation from machines, i.e., there is no contamination in the working area provided
that the solid radionuclides are not disintegrating in form. In the second case, when
the radionuclides are well shielded, the dose rate will be minimal, and when the
machine is switched off, no radiation is produced.

The basic safety requirement in any radiation situation is to have some radiation
measuring instrument to see whether there is radiation in the working place or not.

8.

Radiation Quantities and Units

8.1

Absorbed Dose

Absorbed dose, D, is defined by the relationship:
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D
where d

d
dm

is the mean energy imparted by ionizing radiation to the matter in a

volume element and dm is the mass of the matter in this volume element. The SI unit
for an absorbed dose is joules per kilogram (J/kg) and its special name is gray (Gy).
The unit rad = 100 erg/g, and 1 rad = 0.01 Gy. The time derivative of the absorbed
.

dose is the absorbed dose rate, D , i.e.,
dD
D 
dt

where dD is the increment of absorbed dose in the time interval dt.
The absorbed dose is defined in terms that allow it to be specified at a point, however
in radiation protection it is used to mean the average dose over a tissue or organ.

8.2

Equivalent Dose

Absorbed dose is a physical quantity, which does not fully reflect the possible
biological effects of ionizing radiation. These effects depend not only on the energy
deposited per unit mass of tissue but also on the type and energy of radiation and the
tissue affected. In order to take these factors into account, the term equivalent dose is
defined.

The equivalent dose is defined as the absorbed dose averaged over tissue or an organ
multiplied by the relevant radiation weighting factor, wR:
HT , R  wR . DT , R .

where DT,R is the average absorbed dose in the organ or tissue and wR is the
radiation-weighting factor for radiation R.

When the radiation field is composed of radiation with different values of wR, the
equivalent dose is:
HT   wR . DT , R
R
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The unit of equivalent dose is J/kg , with the special unit name sievert (Sv). The unit
rem = 0.01 Sv.

8.3

Radiation Weighting Factors

Radiation weighting factors describe the differences between types and energies of
radiation as they affect biological tissues.

The values of wR are given in Table 1.

Table 1: Radiation weighting factors
Type and average energy

Radiation weighting
factor, wR

8.4

Photons, all energies

1

Electrons, all energies

1

Neutrons, energy < 10 keV

5

≥ 10 keV< 100keV

10

≥ 100 keV < 2 MeV

20

≥ 2 MeV < 20 MeV

10

≥ 20 MeV

5

Protons, other than recoil protons, energy > 2 MeV

10

Alpha particles, fission fragments, heavy nuclei

20

Effective Dose

The effective dose is defined as the summation of the tissue equivalent dose, each
multiplied by the appropriate tissue-weighting factor:

E   wT . HT
T

where H T is the equivalent dose in tissue T and wT is the weighting factor for tissue
T.
From the definition of the equivalent dose, it follows that:

E   wT .  wR . DT , R   wR .  wT . DT , R
T

R

R
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T

The unit of the effective dose is J/kg, and the special name is sievert (Sv).

8.5

Tissue Weighting Factor

The tissue weighting factor represents the proportionate detriment of tissue or an
organ T when the whole body is irradiated uniformly.

The values of wT are given in Table 2.

Table 2: Tissue weighting factors
Tissue or organ, T

Tissue weighting
factor, wT

Gonads

0.20

Bone marrow (red)

0.12

Colon

0.12

Lung

0.12

Stomach

0.12

Bladder

0.05

Breast

0.05

Liver

0.05

Esophagus

0.05

Thyroid

0.05

Skin

0.01

Bone surfaces

0.01

Remainder

0.05

Tissue weighting factors are radiation independent and radiation weighting factors are
tissue independent.

8.6

Committed Effective Dose

At an elapsed time, , following an intake of radioactive substances, the committed
effective dose is defined as:
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H T ( ) 

t0 

 H

T

( t ) dt

t0

where t0 is the time of intake and H T ( t ) is the effective dose rate at time t in an organ
or tissue T. When the period of integration is not given, a period of 50 years is
implied for adults or a period of 70 years for children.

Kerma

8.7

The kerma, K, is the quotient of d tr by dm, where d tr is the sum of the initial
kinetic energies of all the charged ionizing particles liberated by uncharged ionizing
particles in a material of mass dm,

K

d tr
dm

The unit of kerma is J/kg. The special name for the unit of kerma is gray, Gy. 1 Gy =
1 J/kg.

Note that:
1. kerma refers to the liberation of charged particles by uncharged ones, e.g.,
neutrons and photons;
2. only charged particles originate in the mass element;
3. kerma is the first step in photon or neutron energy absorption, i.e., energy transfer;
4. the second step is the absorption of energy, which is not kerma.

9. Dose Limits
The annual dose limits are set based on two requirements:
1-

To keep doses below the threshold level for deterministic effects, and

2-

To keep the risk of stochastic effects at an acceptable level.
The dose limits are set in terms of the effective dose to limit the stochastic
effects, and in terms of the equivalent dose to prevent the deterministic effects.
The dose limits are given for the occupational exposure for adults and for
members of the public.
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Table 3: Annual dose limits for occupational workers and members of the public
Application

Dose Limit
Occupational

Effective dose

20 mSv per year,

Public
1 mSv in a year

averaged over a period of
5 consecutive years
Equivalent dose to:
The lens of the eye

150 mSv

15 mSv

The skin

500 mSv

50 mSv

The hands and feet

500 mSv

Note that:
E   wT  wR DT , R  20 mSv
T

R

where:
E

= effective dose

wT

= tissue weighting factor

wR

= radiation weighting factor

DT , R

= absorbed dose averaged over the tissue or organ T, due to radiation R

10.

Classification of Workplaces

Work places where radiation or radioactive material is present should have a sign
carrying the words “CAUTION RADIOACTIVE MATERIAL” or “RADIATION
AREA” or the equivalent displayed at the entrance of the area indicating that the area
is a controlled area.

We define two areas, the controlled area and the supervised area:

-

A controlled area describes an area in which a worker is likely to
receive an effective dose greater than 6 mSv a year or an equivalent
dose greater than three-tenths of any dose limit for an employee aged
18 years or above.
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-

A supervised area is an area not designated as a controlled area in
which a worker is likely to receive an effective dose greater than 1 mSv
a year or an equivalent dose greater than one-tenth of any dose limit for
an employee aged 18 years or above.

12.

Measurement of Radiation

Radiation measuring instruments should be selected to be suitable for the intended
purpose. The following characteristics should be considered for each instrument:
(i) type or types of radiation to be detected
(a) energy range to be covered
(b) physical quantity to be measured (count, count rate, dose, dose
rate)
(c) instrument range
(d) energy dependence
(e) intensity dependence
(f) geometrical dependence
(g) sensitivity
(h) accuracy
(i) efficiency
(j) response time
(k) sensitivity to extraneous factors (light, radio frequency field,
magnetic field)
(l) portability
(m) power supply
(n) maintenance
(o) humidity, temperature

12.

Monitoring of Radiation

Monitoring of external and internal hazards from radiation should be performed in
order to assess the effectiveness of the radiation protection program. Monitoring
includes the measurement of doses received by occupational workers, external dose
rates in the work place, the amount of radioactive contamination on surfaces and
articles, and radioactive contamination in the air.
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No single type of instrument is suitable for all monitoring measurements needed, and
in some cases more than one instrument may need to be used for a complete
assessment.

12.1

Area Monitoring

Area monitoring is done by surveying the areas where radioactive materials are used,
stored or released. The surveys are an essential part of a radiation protection program.
Records of surveys are required by KACST, and will be examined during KACST
inspections, external audits, and by the RSO. Records must be signed and dated.

A complete survey may include monitoring for fixed and removable contamination,
exposure rate measurements, and hazard evaluation. Removable and fixed
contamination are described below:
a-

Fixed contamination is radioactive material that has bound with or
leached into a surface and is not readily removable. This type of
contamination is detected with a survey meter that can assess the
type and quantity of radioactive material present. Most common
radioactive materials can be detected with a thin window GeigerMueller survey meter, with the exception of tritium.

b-

Removable contamination is a greater potential hazard because it
may be transferred from one place to another unknowingly. Wipe
tests are used to obtain samples from surfaces potentially
contaminated with a radioactive material. A swipe, either a small
filter paper or a cotton swab moistened in alcohol, is wiped over the
surface then prepared for counting in either a liquid scintillation or
gamma counter.

c-

Hazard evaluations will be made periodically by the RSO, but all
radiation workers must be alert for radiological and other hazards in
the laboratory.

d-

Surveys should be documented by making a diagram of the lab area
indicating all fixtures such as fume hoods, sinks, and workbenches.
Areas should be labeled with numbers and counts recorded at these
numbers each time a survey is made. The surveys shoulde be signed
and dated.
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Other kinds of surveys include air and water sampling as deemed necessary by the
RSO. The RSO will perform surveys as needed.
12.2

Personal Monitoring

12.2.1 External Exposure


Routine personal monitoring is performed using TLD monitors issued by
MSS/CAPS/RI every month, and worn on the trunk. This system is approved
by KACST.



Personal monitors are issued to named individuals. They must not be shared.



Non-routine monitoring may be performed as recommended by the RSO:
o as a quality assurance exercise,
o in special circumstances,
o to obtain specific information.



A record of all results is to be kept and sent to KACST.

12.2.2 Internal Exposure


Routine monitoring of possible radionuclide intake is not normally required.
The RSO will advise in case of need for monitoring.



Monitoring of internal exposure is done in the ERL by urine analysis using a
liquid scintillation counter.

13.

Classification of Survey Instruments

All monitoring instruments should be calibrated when first taken into use and at sixmonth intervals as required by KACST, and following major repairs or service.
Calibration is performed at the Metrology and Standards Section/ Center for Applied
Physical Sciences (MSS/CAPS). The date and results of all calibrations should be
recorded. In addition to the calibration, the laboratory concerned should carry out
constancy checks.
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14.

Transfer, Transportation, and Storage of Radioactive Materials

14.1

Transfer

Transfer of radioactive materials within KFUPM or to individuals or institutions
outside KFUPM must be approved and recorded by the RSO prior to its transfer.
Packaging consideration must be managed by the RSO. Transfer outside KFUPM
must be done by the RSO, taking the national regulations, and the packaging and
labeling regulations into consideration.

14.2. Transportation
Transport of radioactive materials is divided into three classes. In all classes,
materials producing external radiation should be shielded to keep radiation levels
in the with ALARA.
1- For transport between rooms in the same building, precautions should be
taken to minimize the possibility of spills or releases, but no special
packaging is required.
2- For transport between buildings on foot, radiation materials should be
shielded and packed to minimize the possibility of spills or releases in the
event of the package being dropped.
3- For transport by vehicle, regardless of distance, radioactive materials must
be shielded as above according to the national regulations, and the
packaging and labeling regulations.

14.3

Storage

The following steps should be taken:
1. Radioactive material must be stored in areas under the control of the
user and locked or otherwise secured against unauthorized removal of
the material.
2. Storage containers for small quantities of radionuclides which are
housed in laboratory hoods or similar must be designed such that the
exposure approaches the background levels at the surface.
3. Containers must be properly labeled and area signs posted where
necessary.
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4. Suitable precautions must be taken to minimize the possibility of
explosion in radioactive material storage areas. This could cause
dispersion of radioactivity.

15.

Radioactive Waste Management

Waste must be segregated by physical form, radionuclide, and half-life, as far as
possible. A consideration of the fire hazard from a flammable liquid scintillation
cocktail must be taken into account when storing this waste prior to disposal. Waste
must be minimized as much as possible. Consult with the RSO for any waste disposal.

Radioactive waste includes sealed sources in solid, liquid and airborne forms.
Radioactive waste should be accounted for in all circumstances. Sources of waste at
KFUPM are tritium related in ERL, such as tritium-contaminated articles, oils, wastes
from decontamination, and liquid scintillation vials. They should be segregated, put in
steel drums and kept for later disposal. No radioactive waste may be disposed of in
the sanitary sewer disposal except under the supervision of the RSO.

As a rule, and as required by KACST, sealed sources that are not in use due to decay
to a low activity are sent to the manufacturers.

In general, the materials irradiated by the radiation facilities at ERL do not produce
radioactive waste.

16.

Radiation Accidents and Emergencies

Accidental overdose exposures are very rare. Possible radiation accidents and
emergencies include:
1. loss of sources;
2. loss or damage of source shielding;
3. loss of containment causing a major spill or an airborne release
of radioactivity;
4. accidental exposure of part or all of the body to a radiation
beam;
5. accidental contamination to all or part of the body.
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16.1

External Exposure Only

The victim may have been irradiated at a short distance by a high activity source,
or by equipment such as an x-ray unit. The victim is not a radiation hazard to
anyone else. The victim should have a complete blood count as soon as possible.

16.2

Decontamination of Personnel

Measures to be taken in case of external contamination:
External contamination may cause injury from local exposure of the skin,
penetrate the skin, or may be transferred into the body by ingestion or inhalation.
The most critical hazard is when the radioactive material is carried into the body.
As a rule, all mild decontaminating procedures, except decontamination of hands,
should be carried out under the supervision of the RSO. Immediate washing of
contaminated areas with water and soap, which should not be abrasive or highly
alkaline, is the method of choice for removing loose contamination. The skin
should be washed for a few minutes at a time, then dried and monitored. Washing
can be repeated if necessary, as indicated by monitoring, provided there is no
indication of skin damage. Care should be taken to avoid spreading the
contamination to uncontaminated parts of the body. While decontaminating the
face, special care should be taken not to contaminate the eyes or lips. Attempts to
remove contamination which resists washing should only be made under medical
supervision.

16.3

Internal Contamination:

Internal contamination takes place through ingestion, inhalation, wounds, or skin
penetration. If anyone suspects internal contamination as a result of an accident
during work, it should be immediately reported to the RSO. Internal contamination is
essentially a medical problem. The aim of corrective action is to eliminate as much of
the internally introduced contaminant and to prevent or reduce its uptake into the
body, and to prevent fixation of the contaminant in the body.

16.4

Spills

A major spill is defined as an uncontrolled release of radioactive material, with
personal contamination. Since each radionuclide differs in its potential to cause
biotoxicity, all spills should be treated as hazardous situations.
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All spills of radioactive material must be cleaned up promptly. Under no
circumstances should any untrained person attempt to examine or clean up any spill of
radioactive material.

16.4.1 Minor Spills
Minor spills may be taken as spills where there is no personal contamination. The
following steps should be taken:
-

Notify all persons in the room or area at once.

-

Put on clean gloves and gown (when appropriate).

-

Contain the spread of spill, e.g., cover with absorbent paper.

-

Wipe up carefully with disposable absorbent cloth, damp cloth for dry
spill, dry cloth for wet spill.

-

Monitor the extent of the spill.

-

Decontaminate to lowest possible level.

-

Use an appropriate form to report the accident/incident and forward a
copy to the RSO.

16.4.2 Major Spills
Major spills involve radiation hazard to personnel. The following steps should be
taken:
-

Notify all persons not involved in the spill to vacate the room at once,
and notify the RSO.

-

Put on a clean gown, double gloves and overshoes.

-

Contain the spread of the spill.

-

Evacuate people from the immediate area. If necessary ask them to
wait nearby for monitoring.

-

Warn other people to avoid the area.

-

Obtain assistance from an experienced person, if necessary.

-

Start personal decontamination immediately, placing contaminated
items of clothing in a plastic bag.

-

Monitor the extent of spill and mark off the area.

-

Decontaminate the spill to lower possible level.

-

Treat all cleaning material as radioactive waste.

-

Monitor all persons involved in the spill and cleanup.
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-

16.5

Complete accident/incident report and forward a copy to the RSO.

Loss or Theft of Radioactive Materials

In case of loss or theft of radioactive materials, or suspected loss or theft of
radioactive materials, contact the RSO.
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LASER HAZARDS
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1.

Laser-Hazard Classification

1.1

Determining Hazard Class Through Radiometric Parameters

A knowledge of the hazard class of laser is extremely important in determining the
appropriate hazard controls necessary to make the laser system safe. All commercially
manufactured lasers come marked with the hazard class required under USA Food
and Drug Administration Center for Devices and Radiological Health (FDA/CDRH)
regulations.
1.2

Class 1 (Eye-Safe Lasers)

Class-1 lasers are lasers which do not cause injury when viewing the accessible laser
radiation for the maximum possible time inherent in the design. Very few lasers are
Class 1. However, many laser systems can be made into Class-1 systems by totally
enclosing the laser beam and interlocking the enclosure. Class-1 lasers do not require
an LUR.
1.3

Classes 2 and 2a (Aversion-Response Safe Lasers)

Class 2 lasers are defined as visible lasers that will not cause injury to the eye when
viewed for 0.25 seconds or less. The human aversion response (blinking or turning
away from the beam) is triggered by the bright glare of the visible beam entering the
eye, and is estimated to occur in about 0.25 second. Eye injury can occur if collecting
optics are used when viewing the beam or if an individual overrides the aversion
response and continues to stare into the beam path. As with all lasers, IT IS
ESSENTIAL NOT TO LOOK INTO THE BEAM. Class 2a lasers are defined as
visible lasers which are not intended to be viewed and do not exceed the Class 1 AEL
(accessible emission limit) for an exposure duration less than or equal to 1000
seconds. Class 2a lasers are often used in grocery scanner systems. Class 2 lasers may
not exceed a output power of 1 mW. Class 2 and 2a lasers do not require an LUR.
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1.4

Class 3a and 3b (Intrabeam/Specular Reflection Hazard Lasers)

Class 3 lasers are defined as lasers which may cause injury through intrabeam
viewing or through viewing a specular reflection for less than 0.25 second. Viewing a
diffuse reflection from a Class 3 laser should not cause injury to the eye. Class 3a
lasers are defined as invisible lasers with an output power which does not exceed 5
times the Class 1 AEL or visible lasers with an output power which does not exceed 5
mW. Class 3b lasers exceed the output power of Class 3a lasers but cannot exceed the
upper-power limit of 500 mW. All Class 3a and 3b lasers require LURs.
1.5

Class 4 (Diffuse Reflection and Fire Hazard Lasers)

Class 4 lasers possess the same hazards as Class 3 lasers but, because of their
increased beam power (greater than 500 mW), they may also cause injury to the eye
when viewing a diffuse reflection. They may present a hazard to the skin and, because
of their power density, they may also present a fire hazard. All Class 4 lasers require
LURs.
1.6

Hazard Class and the Laser Use Registration

The need for an LUR is determined by the laser's hazard class. Only Class 3a, 3b and
4 lasers and laser systems require LURs. The required hazard controls are dictated the
hazard class and laser use.
2.

Laser Radiation Bioeffects

2.1

Tissues at Risk and Types of Injury

The tissues which are normally considered to be at risk are the eyes and the skin.
There are three primary types of tissue injury associated with laser-radiation exposure.
These are caused by thermal effects, photochemical effects, and acoustical-transient
effects (damage to the eye only).


Thermal effects can occur at any wavelength and are a function of irradiance
or radiant exposure and the blood-flow cooling potential of the tissue.



In air, photochemical effects occur between the 200 to 400 nm ultraviolet and
the 400 to 470 nm "blue light" wavelengths. Photochemical effects are related
to the duration and repetition of the exposure as well as related to the
irradiance or radiant exposure.
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Acoustical-transient effects are related to pulse duration and may occur in
short duration pulses (up to 1 ms), depending on the specific wavelength of the
laser. The acoustical- transient effect is poorly understood, but it can cause
retinal damage that cannot be accounted for by thermal injury alone.

2.2

Eye-Injury Potential

The potential location of injury in the eye is directly related to the wavelength of the
laser radiation. For laser radiation entering the eye:


Wavelengths shorter than 300 nm or longer than 1400 nm are absorbed in the
cornea.



Wavelengths between 300 and 400 nm are absorbed in the aqueous humor,
iris, lens, and vitreous humor.



Wavelengths between 400 nm and 1400 nm are focused onto the retina.

NOTE: Laser retinal injury can be severe because of the focal magnification (optical
gain) of the eye which is approximately 105. This means that an irradiance of 1
mW/cm2 entering the eye will be effectively increased to 100 W/cm2 when it reaches
the retina.
Thermal burns (lesions) in the eye are caused when the choroid layer blood flow
cannot regulate the heat loading of the retina. Secondary bleeding into the vitreous
humor may occur as a result of burns which damage blood vessels. This bleeding can
obscure vision well beyond the area of the lesion.
Although the retina can repair minor damage, major injury to the macular region of
the retina may result in temporary or permanent loss of visual acuity or blindness.
Photochemical injury to the cornea by ultraviolet exposure may result in
photokeratoconjunctivitis (often called welders flash or snow blindness). This painful
condition may last for several days and is very debilitating. Long term UV exposure
can cause cataract formation in the lens.
The duration of exposure also plays a role in eye injury. For example, if the laser is a
visible wavelength (400 to 700 nm), the beam power is less than 1.0 mW and the
exposure time is less than 0.25 second (the human aversion response time), no injury
to the retina would be expected to result from an intrabeam exposure. Class-1, 2 and
2a lasers fall into this category and do not normally present a retinal hazard.
Unfortunately, the intrabeam or specular reflection viewing of Class 3a, 3b, or 4 lasers
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and diffuse reflections from Class 4 lasers may cause an injury before the aversion
response can protect the eye.
For pulsed lasers, the pulse duration also affects the potential for eye injury. Pulses
less than 1 ms in duration, focused on the retina, can cause an acoustical transient,
resulting in substantial damage and bleeding in addition to the expected thermal
injury. Many pulsed lasers now have pulse duration less than 1 picosecond.
The ANSI Z136.1 standard defines the Maximum Permissible Exposure (MPE) that
the eye can receive without expecting an eye injury (under specific exposure
conditions). If the MPE is exceeded, the probability of an eye injury resulting
increases dramatically.
The first rule of laser safety is: NEVER UNDER ANY CIRCUMSTANCES LOOK
INTO ANY LASER BEAM! If the laser beam and beam reflections can be prevented
from entering the eye, a painful and possibly blinding injury can be prevented.
2.3

Skin Injury Potential

Skin injuries from lasers primarily fall into two categories: thermal injury (burns)
from acute exposure to high-power laser beams and photochemically-induced injury
from chronic exposure to scattered ultraviolet-laser radiation.


Thermal injuries can result from direct contact with the beam or specular
reflections. These injuries (although painful) are usually not serious and are
normally easily prevented through proper beam management and hazard
awareness.



Photochemical injury may occur over time from ultraviolet exposure to the
direct beam, specular reflections, or even diffuse reflections. The effect can be
minor or severe sunburn, and prolonged exposure may promote the formation
of skin cancer. Proper protective eyewear and clothing may be necessary to
control UV skin and eye exposure.

3.

Laser Beam Hazards and Control Methods

3.1

General Considerations

The primary hazard associated with the laser is eye injury caused by intrabeam
viewing or the viewing of specular or diffuse reflections. Hazard controls are
primarily intended to prevent the laser beam from entering the eye or contacting the
skin. These control methods are divided into three areas: administrative controls
(signs, labels, procedures, etc.), engineering controls (barriers, beam blocks,
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interlocks, etc.), and personal protective equipment (laser protective eyewear, skin
covering, etc.).
Experience has shown that reliance on any one of these control methods is not as
effective as the use of a combination of all the methods. For this reason a Laser-Safety
Program requires the use of a broad range of controls.
3.2

Administrative Controls

Administrative controls are useful in promoting laser safety in the laboratory. Each
specific LUR provides information on the administrative controls to be used for the
laser.
1. Standard Operating Procedures (SOPs)
The Laser-Safety Program requires the development, documentation, and use of SOPs
for alignments, maintenance and normal operations. These SOPs are the logical place
to document in-house administrative controls. The SOPs should then be used to train
laser users in the facility.
It must be stressed that administrative controls will not positively impact the lasersafety environment unless they are kept up-to-date and are reinforced by the PI
through example and action.
2. Posting and Labeling of Laser Systems
The posting and labeling of laser hazards on campus is intended to comply with the
ANSI Z136.1 laser-safety standard and the FDA/CDRH laser-performance standard.
All access doors to rooms which contain Class 3a, 3b, or 4 lasers are to be posted with
a sign marked with the word "DANGER", the international laser symbol, a
description of the laser class, the wavelength, and the laser power (as specified in the
ANSI Z136.1 laser safety standard). A room containing more than one laser may
include information for several lasers on the same sign. Signs are available free of
charge from ORS. For some Class 3b or 4 laser systems, the laser Safety committee
(LSC) or the laser group (LG) may require that an interlocked lighted sign (that blinks
on and off when the laser is operating) be located outside of the laser facility to
further warn staff of the presence of laser radiation.
All Class 3a, 3b, and 4 lasers are required to be marked with the appropriate labels
indicating the laser class, laser hazard, and identifying the laser aperture (as specified
in the FDA/CDRH laser-performance standards). The appropriate labels are available
from LSC or LG as appropriate.
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3.3

Engineering Controls

1. Controlling Access to Laser Facilities
All Class 3b and 4 laser facilities are required to have appropriate access controls to
prevent unauthorized personnel from entering the facility while the laser is in
operation. Key or combination locks are appropriate for this purpose. Doorways to
laser facilities are to be kept closed at all times, and locked when the laser user is not
in direct attendance. The LSC may require that the doorways to the laser facility be
properly interlocked to the laser shutter if it becomes apparent that locked doors alone
can not meet access control requirements. If a door interlock is required, it must not
be disabled except with the approval of the LSC.
2. Protective Housings, Interlocks and Shutters
All Class 3a, 3b, and 4 lasers are required to have a non-combustible protective
housing sufficient to contain the beam and excitation device. It is strongly
recommended that the housing be interlocked so that the laser cannot normally be
operated with the cover removed. If a housing interlock is required, it must not be
disabled except with the approval of the LSC.
Most Class 3b and 4 lasers are equipped with a shutter mechanism which prevents the
beam from leaving the housing when activated. If the laser has a shutter, it is not to be
disabled except with the approval of the LSC.

3. Key Operation, Power-On Indication, and Power Meters
Many laser systems are equipped with key switches that prevent operation when the
key is removed. If a key switch is required, it must not be disabled except with the
approval of the LSC. In order to prevent unauthorized personnel from operating the
laser, the key should be removed from the laser control and stored in a secure location
whenever the laser is not being used.
All Class 3b and 4 lasers need to have a lighted "power on" indicator clearly visible to
persons in the laser facility. The "power on" indicator should be interlocked to prevent
the laser from being operated if the indicator is not functioning.
It is highly recommended that each laser system have a power meter available to
measure the operating power of the laser.
4. Optical Tables, Beam Alignment and Remote-Viewing Systems
Most research of laser use entails the use of optical tables and optical devices to
manipulate beams. To assure a safe laser operating environment, the optical
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components and the optical table environment must be evaluated for hazards. The
primary intent of this evaluation is to prevent the laser beam from leaving the table
top. Optical components must be aligned and properly secured to assure beam control.
Be aware of secondary reflections from optical devices by performing physical
surveys and assure all stray beams are properly contained.
Beam height should be planned to avoid eye level (both standing and sitting) in the
laser facility. In situations where the beam needs to be directed to another area, it is
important to consider enclosing the beam, using fiber optics, or directing the beam
well above eye level as a precaution against accidental exposure. Beams being
directed between optical tables must employ a properly marked physical barrier to
prevent personnel contact with the beam.
Beam alignment is the most hazardous aspect of laser use and most laser eye injuries
occur during alignments. For this reason, beam alignment standard operating
procedures (SOP) must be carefully thought out, documented, and users should be
properly trained in the procedures. Beam alignment should be performed at the lowest
visible beam power. Alignments are normally performed by carefully fixing a diffuse
reflecting card in the beam path, turning the beam power up slowly till the beam can
just be imaged and carefully aligning the optical components. If the beam is invisible,
UV or IR cards or viewers may be required to image the beam. It is important to be
aware that IR and UV viewers do not protect the eye and must be used with
appropriate laser eye protection.
If the beam power cannot be reduced, it is recommended that a low-powered
alignment laser (Class 2/3a HeNe or diode) be used to align the optics. If alignments
are being done with power levels above the MPE, the user is required to use
appropriate laser protective eyewear during the procedure. This eyewear will
normally be of minimal optical density (OD) at the wavelength of interest. This will
enable viewing of a diffuse reflection of the beam while providing some protection
from a momentary specular reflection (intrabeam viewing is not allowed). Alignments
must be done so that the user is never looking directly into the beam.
When possible, it is advisable to have two users work together when performing
alignments to remind each other of safety considerations. One of the safest methods to
use for viewing the beam is the use of a remote-camera system. Remote viewing,
although expensive, virtually eliminates eye hazards associated with alignment
procedures.
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5. Enclosures, Beam Barriers, Beam Stops and Collimators
Whenever possible, enclose as much of the beam as possible without interfering with
the application. Enclosures do not have to be sophisticated, but must contain the beam
safely and be marked to indicate the presence of the beam inside the enclosure. By
totally enclosing the beam, you may eliminate the need for other safety precautions.
For example, you might effectively change a Class-4 laser system into a Class-1
system with proper enclosures and interlocks. Be careful not to use combustible
enclosure materials with Class-4 laser systems.
Another effective and versatile tool for reducing the hazard from stray laser radiation
is the use of beam barriers or beam curtains to surround all or part of the laser system
or optical bench. Labyrinth designs can be used to limit the hazard while maintaining
ready access to laser systems. Be sure the barrier materials will reduce the beam
power below the MPE and do not use combustible barrier materials with Class-4 laser
systems.
For exposed beam paths, appropriate beam stops must be used behind optical devices
used to change the direction of the beam. The use of these stops will prevent the beam
from leaving the table should the beam become misaligned. Again, combustible beam
stops must not be used with Class-4 laser systems.
Beam collimators or tubes can be useful in restricting the path of the beam should
misalignment occur. Many optical devices have a metal ring surrounding the device
which will act as a beam collimator. All optical supports, collimators, etc. should be
surfaced, treated, or painted so as to reduce the potential for specular reflections.

6. Beam Condensation, Enlargement and Focusing
Manipulation of the beam diameter will change the hazard from intrabeam exposure.
For example, beam enlargement will reduce the irradiance or radiant exposure level,
but will increase the probability of scattering due to the enlarged cross section of the
beam as it passes through the optics.
A focused beam will present a greatly increased hazard at the focal point, but will
expand quickly past the focal point, substantially reducing the irradiance or radiant
exposure level (as compared to the initial beam).
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7. Beam Filtration, Nonlinear Optics and Pumping Lasers
Beam power and other characteristics may be manipulated through the use of
filtration devices. Do not rely on filters to reduce or eliminate beam hazards unless
they are expressly designed for that purpose. Be aware that prolonged exposure to
laser radiation may bleach filter devices, changing their absorption and their ability to
reduce hazards.
Nonlinear optics used to manipulate the frequency of the incidence of laser radiation
are now extremely common. The use of these optics may present multiple laser
wavelengths on the optical benchtop. All laser wavelengths must be considered when
assessing hazards. The issue of multiple wavelengths also applies to the use of lasers
to pump other lasers and amplifiers. Whenever possible, it is advisable to enclose
unused beams (of differing wavelengths) to limit the number of laser hazards.

8. Preventing and Controlling Reflections
Any item placed in the beam path may result in a specular or diffuse reflection of the
laser beam. For this reason, it is important to restrict the items on the optical bench to
those intended to manipulate the beam path. Tidiness should not be overlooked as a
source of laser hazard control. Tools, unused optical devices, and other items should
not be left on the optical table.
For invisible beams, the nature of reflection and absorption at the particular
wavelength should be considered in order to adequately control reflections on various
surfaces.

3.4

Personal Protective Equipment

1. Laser Protective Eyewear
The exclusive use of laser protective eyewear has, in the past, often been stressed as
the best method of eye protection in the laser laboratory. At UCB, laser-protective
eyewear is only one of many essential laser safety control measures. In general, it is
better to control laser hazards through the use of engineering controls (enclosures,
beam blocks, etc.) and administrative controls (posting, procedures, etc.) rather than
to rely solely on laser protective eyewear.
Laser-protective eyewear is essential during the beam-alignment process. Most laser
accidents occur during beam alignments and these can be prevented by wearing the
appropriate laser-protective eyewear. The laser-protective eyewear selected must
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allow proper viewing of the beam at or just below the MPE since laser users most
commonly suffer eye injury when removing eyewear which is impeding proper
viewing of the beam. NOTE: The intensity of a visible beam at the MPE is, by
definition, sufficient to trigger the human aversion-response. This means a diffuse
reflection off a card is more than bright enough to view in a lighted room. The visible
light transmission (VLT) of the laser-protective eyewear must be sufficient (35% or
more) to eliminate the need to remove the eyewear while working in the lighted laser
facility. ORS recommends that the lights be kept on in the laser facility. Working in a
darkened room will increase the potential hazard of eye injury by increasing the pupil
size while at the same time increasing the need to remove the laser-protective eyewear
to allow satisfactory viewing.
All laser protective eyewear must be marked with the absorption wavelength and the
optical density (OD) at that wavelength. It is recommended that laser protective
eyewear be color coded to the laser of involved with colored tape. This can prevent
mishaps when several lasers of different wavelengths are being used.
The selection of appropriate laser-protective eyewear is very important. Several
different laser-protective eyewear styles are available depending on the needs of the
user (see Appendix H). The laser-protective eyewear selected must have the
appropriate OD at the wavelength(s) of concerned and must be comfortable enough to
wear as required. The Laser group should be contacted if you need additional
information on laser-protective eyewear is needed.

2. Skin Protection
UV-laser systems or UV-excitation sources can present severe hazards to exposed
skin surfaces. If the UV source cannot be enclosed to prevent scattered-radiation
exposure, it may be necessary to wear appropriate coverings to protect the skin. These
coverings may include gloves, a UV face shield, a labcoat, etc.

3.5

Combined Control Methods

1. Invisible Beam Hazards
The use of invisible beams (UV or IR) presents unique hazards. Beam paths must be
clearly identified, for example, by using tape strips to define beam paths on optical
tables. Appropriate viewing aids (such as fluorescent cards or IR viewers) should be
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available for use during alignment procedures. Burn paper is available free of charge
from ORS for use as an alignment reference.
2. Repair and Maintenance Hazards
During repair or maintenance, access to laser radiation is more probable because of
the removal of the laser housing. Only qualified persons should perform laser-system
maintenance or repair. The appropriate laser-protective eyewear must be used during
all alignments and whenever exposure to laser radiation is anticipated.
4.

Ancillary Hazards and Control Methods

4.1

Toxic Dye Hazards

Fluorescent dyes (used with dye lasers) can present substantial hazards due to their
toxicity. Some of these dyes are suspected of being carcinogenic or mutagenic. The
solvents used for mixing the dyes may be flammable, toxic, or present other health
hazards. Material Safety Data Sheets (MSDS) on dyes or solvents are available from
the laser group.
Because the dyes normally come in a dry powder form, they are readily dispersible
and should be handled and mixed with great care. A labcoat, disposable gloves, safety
glasses or goggles, and a properly functioning chemical fume hood must be used
when handling or mixing the dyes. “Good housekeeping” standards should be
maintained before, during, and after the mixing. A process of double containment
should be utilized to ensure the entire volume of the dye solution is adequately
contained when it is being mixed, stored, and used. Any spills should be cleaned up
immediately using the appropriate protective equipment. The LSO should be
contacted for additional information.

4.2

Hazards from Laser Generated Air Contaminants (LGAC)

The interaction of the laser beam with target materials may produce toxic dusts,
vapors or gases called LGAC. This is particularly true during material processing
(welding, cutting, vapor deposition, etc.). Toxic products resulting from laser
processing must be properly controlled through the use of adequate ventilation and
filtration. The LSO should be consulted whenever LGAC may result from laser use.
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4.3

Cryogen Hazards

Some lasers and laser systems may require the use of cryogenic liquids (liquid
nitrogen, oxygen, hydrogen, etc.). These liquids present skin and eye hazards due to
their extremely low temperatures and should not be handled without insulated gloves,
goggles and a face shield. The dewars used for transport and storage of cryogens may
present implosion hazards if they are made of glass. Glass dewars should be carefully
wrapped with strong tape to contain glass fragments should they implode.
If the cryogenic liquid is allowed to warm to room temperature, the resulting gas will
expand to more than 600 times the volume in the liquid state. Once it expands to
become a gas, the gas may present an additional hazard (toxic, asphixiant, etc.). The
specific hazards of the cryogen can be found in the MSDS. The Department’s safety
contact person should be consulted whenever cryogenic liquids are being used.

4.4

Compressed Gas Hazards

The use of compressed gases is common in the laser laboratory. Some lasers use both
pure gases or gas mixtures as lasing media. The high pressure of the gas translates
into substantial potential energy stored in the cylinder. If this pressure is released in
an uncontrolled manner (such as through a broken nozzle) the cylinder can become an
unguided missile. Compressed gas cylinders must be properly restrained to prevent
damage to the nozzle or regulator.
The gases themselves may present a variety of hazards if they leak from the cylinder.
Depending on the gas, it may be toxic, corrosive, flammable, etc. Again, refer to the
MSDS for detailed information on the gas in question. If the hazards are sufficient, it
may be necessary to provide a gas cabinet under negative pressure to control the
hazard in the case of a leak. The Department’s safety contact person should be
informed if compressed gases are to be used in the laser facility.

4.5

High Voltage Power Hazards

The high voltage power supplies associated with laser systems have been responsible
for serious injuries and electrocutions. For this reason, it is important to know the
hazards associated with a laser and the laser's power supply. Capacitor systems are of
particular concern because they can remain hazardous long after the main power is
disconnected. Capacitor systems should be safely discharged several times with the
main power off to reduce the hazard before beginning work.
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Only qualified persons should perform high-voltage laser or power-supply
maintenance or repair. As a precaution, a second person (knowledgeable in highvoltage safety and CPR) should always be in attendance when high voltage work is
being performed.

4.6

Collateral Radiation Hazards

Laser excitation systems and power supplies may produce hazardous collateral
radiation of various types. These hazards are normally controlled by the equipment
housings, and are usually a problem only if the protective housings is removed.
The laser excitation device may produce very intense UV/Visible/IR radiation that
can be hazardous. Collateral ultraviolet radiation may injure both the eye and the skin
if the exposure duration is long enough. Blue light presents a special hazard because
of its ease of absorption in the retina. This "Blue Light Hazard" is thought to create
photochemical injury in the retina. Exposure to any very intense visible light source
can seriously degrade color vision and night-vision capabilities (see Appendix F for
additional information). Exposure to these intense light sources should be carefully
controlled or eliminated by leaving the housing in place.
Laser power supplies capable of creating energies greater than 15 kVp may be a
source of X-ray emission if they contain high voltage vacuum tubes. Electricdischarge excitation sources in lasers may also be a source of X-ray emission.
Generally, such X-ray emission is low energy and is shielded by the equipment
housing.

4.7

Fire and Explosion Hazards

Class-4 lasers can present fire hazards. Lasers being operated in a CW mode with a
beam power that exceeds 0.5 Watt can ignite or cause off-gassing in combustible
materials left in the beam path. Beam stops, barriers, and curtains used with Class-4
lasers must be made of non-combustible materials. All Class-4 laser labs should have
an ABC Type extinguisher readily available as a fire precaution. Laser users should
receive fire prevention training.
Explosion hazards in the laser lab include the storage and use of flammable solvents
and gases (both compressed and cryogenic) and the implosion potential from dewars
and excitation flashlamps. Proper storage and control of these sources should reduce
the potential hazard.
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4.8

Noise Hazards

Some laser systems create significant levels of noise in the laser laboratory. If the
noise level seems unpleasant or painful, The Department’s safety contact person
should be notified to implement a noise survey.
5.

Safety with Laser Dyes

5.1

Overview

Due to their usefulness, many laser laboratories use various laser dyes. Most of these
dyes come in a solid powder form which must be dissolved in solvents prior to use in
the laser system. Improper use of dyes or solvents may present a range of hazards for
the laser researcher.

5.2
Dye Hazards
Although little is known about them, many organic laser dyes are believed to be toxic
and/or mutagenic. Because they are solid powders, they can easily become airborne
and possibly inhaled and/or ingested. When mixed with certain solvents (DMSO),
they can be absorbed through unprotected skin. Direct contact with dyes and with
dye/solvent solutions should always be avoided. The Department’s safety contact
person should be contacted if additional information on laser dye toxicity is required.

5.3

Solvent Hazards

A wide variety of solvents are used to dissolve laser dyes. Some of these are alcohols
which are highly flammable and must be kept away from ignition sources. Fires and
explosions resulting from improper grounding or overheated bearings in dye pumps
are not uncommon in laser laboratories. Dye pumps should be inspected, maintained,
and tested on a regular basis to avoid these problems. Additionally, dye lasers should
never be left running unattended. Some of the solvents used with laser dyes may also
be skin irritants, narcotics, or toxics. You should refer to the Material Safety Data
Sheet (MSDS), which is supplied by the solvent manufacturer for additional
information on health effects.

5.4
Dye/Solvent
Powdered laser dyes should never be handled if the airborne dust can be inhaled.
Dyes must be mixed only in a properly functioning fume hood. The proper protective
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equipment (PPE), which consists of safety glasses, chemical gloves, and a labcoat
should always be used by the person handling the dye. The gloves being used should
be resistant to the solvent being handled. The mixing of dyes and solvents should be
done carefully, so as to avoid spilling. Any spills or leaks should be cleaned up
immediately using appropriate PPE. Any inhalation of fumes from the solvent should
be avoided. Containers used for mixed dye/solvent solutions should be clearly
identified and marked. Good hygiene and effective hand-washing must be practiced
after handling dyes.
5.5

Storage/use of mixed dye/solvent

The amount of mixed dye/solvent being stored in the laboratory should be limited.
Once mixed, the dye/solvent should be stored in sealed Nalgene or other unbreakable
plastic containers (beware of solvent incompatibility) until ready to use and care must
be taken to avoid solvent incompatibility. Transfer lines and pump connections must
be checked for continuity prior to each use with the dye/solvent. All pumps and dye
reservoirs must be placed in trays with sufficient capacity to contain all of the
dye/solvent should it leak. This "double containment" method should prevent dye
stains on floors and other surfaces.

5.6

Dye Waste Disposal

Dyes and dye/solvent solutions are considered hazardous wastes and must be disposed
of properly. Security and Safety Department should be contacted for guidance on the
person to contact for proper disposal of hazardous wastes.
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12. GENERAL SAFETY PRINCIPLES
12.1 General Safety Principles for Laboratories
Consumption
1. The no smoking rule should be strictly observed
2. Food or drink should never be stored or consumed
Wear
1. Proper attire ( no shorts, sandals, loose hair, or loose clothing) should be
worn at all times
2. Required personal protective equipment should be used
Environment
1. The illumination level should be sufficient for the task in hand. It
should

not be too bright to avoid glare

2. The noise level should be controlled
3. General ventilation should be provided in addition to local hoods as
necessary
4. Comfortable temperature and humidity levels should be maintained

Ergonomics
1. The number of users should not exceed the number of workstations and
overcrowding should be avoided
2. Chairs or stools should be available for each user( not applicable for
Chemistry Department
3. Items in the workstation should be within reach without the need to extend
the arms or back
4. Lifting objects should be at proper body posture( straight back and using
leg muscles).
5. Heavy items should be moved using proper material handling equipment
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Experiments
1. Experiments should be well planned with safety and health in mind
2. Instructors should introduce the experiments to students and point out the
safety and health hazards
Housekeeping
1. Work and storage areas should be clean and in order
2. Aisles should be clear from obstacles, tripping, slipping, and falling
hazards
3. Sufficient trash containers with foot-operated covers should be provided
4. Broken glass should be in a separate trash container
5. Material and tools should be in the proper place after finishing the job.

Emergency
1. Users should know the locations of fire extinguishers
2. Fire extinguishers should be located in visible places on the wall
3. Emergency phone numbers should be posted clearly
4. First aid kit should be readily accessible and adequately stocked
5. Emergency exits should be clearly identified , unlocked, and unobstructed
6. Fire drills should be practiced semi-annually
7. Emergency lights should be provided in the case of power failure
8. Emergency showers and eye wash stations should be provided as needed

Behavior
1. No dysfunctional behavior should be permitted
2. An operator or the instructor must monitor the laboratory during the
presence of students
Electricity
See the general safety principles for electric hazards (sec. 12.5)

112

12.2 General Safety Principles for Computer Laboratories
1. General safety principles of laboratories should be observed
2. Safety principles of electrical hazards should be observed
3. Cooling fans of computers and printers should be maintained to reduce noise
levels
4. A general ventilation system should be operating during working hours to cool
the computers
5. Electrical cords should be placed away from the leg movement area
6. Screens should be turned off if not in use since they can be a fire hazard
7. Chairs with adjustable height should be provided to enable upright back
posture
8. The center of the screen should be at or below the eye height
9. Screens should be located perpendicular to the windows side to avoid glare
from natural light
10. Screens should be adjusted vertically to avoid glare from electrical light
11. The edge of the tables should be rounded to avoid painful accidental contact
12. Frequent operation of keys act like vibration induced at the finger tips. Rest
periods should interrupt long working hours of using the keyboard

12.3 General safety principles for chemical hazards
1. Hands should be washed frequently throughout the day and especially before
leaving the lab.
2. Working alone in a lab is bad practice. A colleague should be informed if this
is unavoidable.
3. Lab coats and safety glasses are required in chemical laboratories.
4. Operating a pipette by mouth should never be attempted.
5. Contact lenses should not be worn in any chemistry laboratory.
6. Toxic substance should not be released in the room outside the fumehoods.
7. All hot plates or heating mantles should be shut off and unplugged at the end of
the lab.
8. Mercury from broken thermometers or other apparatus should be collected
immediately and the area neutralized with powdered sulfur.
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9. Organic waste should be disposed in waste bottles and not in the drain.
10. Used chemicals should be disposed off by proper methods (not to be thrown in
the sink).
11. Bunsen burner should not be used in the presence of volatile organic solvents.
12. All chemicals should be locked or kept under the fumehood.
13. The quantity of chemicals in the lab should be kept within the limit of shortterm needs.
14. The last person leaving the lab should check carefully all the components of
the checklist and complete the check out form and sign it.
15. All work areas should be properly maintained and should be cleared of any
left over tools from the previous job.
16. The integrity of the system should be checked-leaks of flammable materials
can lead to fires.
17. Smooth boiling should be ensured through stirring or the addition of boiling
stones (addition of boiling stones to hot liquid should not be done).
18. Appropriate heat source must be chosen - electric heating mantle, ceramic
cavity heater, and steam bath or silicone oil bath.
19. The heat source should not be used above the autoignition temperature of the
liquid being distilled/refluxed.
20. Organic liquids should not be distilled to dryness.
21. Distillation or operations requiring large concentration of volatile substances
should be performed using a water aspirator.
22. If a vacuum pump is required for lower pressure, the pump should be fitted
with a cold trap to condense the volatile. The output of the pumps should be
vented to a hood or an alternate exhaust system.
23. The pump oil should be replaced when it becomes contaminated and disposed
of by using proper disposal procedure. Use containers that can withstand
evacuation.
24. Standing shield must be used to guard against explosion.
25. Unauthorized person should not be allowed to operate high-pressure
instruments and high-pressure gas lines. Extreme caution should be taken in
opening steam line valves.
26. The gas and steam leakage in the utility lines must be regularly monitor and
repair.
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27. Ovens should not be used to dry chemicals. To measure temperature,
bimetallic strips or alcohol thermometers must be used rather than mercury
thermometers.
28. ‘Hot surface’ or ‘high pressure’ signs should be posted wherever
appropriate.
29. Tongs and insulating gloves must be used to handle furnace.
30. A transport velocity of 2000 ft/min for vapors and 2500-3000 ft/min for
condensed moisture is recommended for ventilation.
31. The person in charge should be familiar with potential hazards associated
with the equipment, emergency shutdown procedures, as well as the
operating procedures.
32. Oxygen cylinders and combustible gases must be stored separately.
33. Safety Principles with Gas Cylinders
33.1 Flammable and reactive gases must be used in a fumehood or other
ventilated enclosure.
33.2 Appropriate regulator on a cylinder should be used. If a regulator will not
fit a cylinder's valve, replace the cylinder, not the regulator.
33.3 It is recommended to adapt or modify a regulator to fit a cylinder it was not
designed for.
33.4 Regulators are designed to fit only specific cylinder valves to avoid
improper use.
33.5 Regulators, pressure relief devices, valves, cylinder connections, and hose
lines must be inspected frequently for damage.
33.6 Cylinder that cannot be positively identified should not be used. Colorcoding is not a reliable way of identifying a cylinder because the colors
can vary from supplier to supplier.
33.6 Oil or grease should not be used on any cylinder component of an
oxidizing gas because a fire or explosion can result.
33.7 Transfer gases from one cylinder to another is not allowed. The gas may be
incompatible with the residual gas remaining in the cylinder or may be
incompatible with the cylinder material.
33.8 Cylinders should not be completely empted during lab operations; rather,
leave approximately 25 psi of pressure. This will prevent any residual gas
in the cylinder from becoming contaminated.
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33.9 All cylinders should be placed so that the main valve is always accessible.
33.10 The main cylinder valve should be closed whenever the cylinder is not in
use.
33.11 Regulators from unused cylinders must be removed and the safety cap
should be installed in place.
33.12 Cylinders should be secured, whether empty or full, to prevent them from
falling over and damaging the valve (or falling on your foot).
33.13 Cylinders should be secured by chaining or strapping them to a wall, lab
bench, or other fixed support.
33.14 Oxygen should be stored in an area that is at least 5 meters away from any
flammable or combustible materials or separated from them by a noncombustible barrier at least 1 meter away.
33.15 A cylinder should be transported with the safety cap and with the hand
truck in an upright position. Cylinders must not be rolled.
33.16 Empty cylinders and must be clearly marked and stored separately.
33.17 Only wrenches or other tools supplied by the cylinder supplier must be
used to open a valve.
33.18 Only compatible gases should be stored together in a gas cylinder cabinet.
33.19 Flammable gases must be stored in properly labeled, secured areas away
from possible ignition sources and kept separate from oxidizing gases.
33.20 Compressed gas cylinders should not be stored in areas where the
temperature can exceed 50oC.
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11.4

General Safety Principles for Machine and Tools Hazards
Safety from mechanical, electricity and electronic hazards is the prime

concern of mechanical engineering laboratories and M.E. Workshop. Details of these
hazards have been described in a separate chapter. Important safety principles for
mechanical engineering laboratories are described below:
1.

Follow the guidelines while using mechanical vacuum pumps. The output of the pump
should be vented to a hood.

2.

Check prior cords and plugs for cuts. Check insulation. Never override two hand
controls.

3.

Only persons in the operation must be authorized to operate the power tools.

4.

A pneumatic tool must not be directed to a person.

5.

Report machine problems to supervisor.

6.

Never bypass, disable, or remove machine guard or safety device.

7.

Never exceed the capability of a machine.

8.

Never a leave a machine running and walk away even for a minute.

9.

Never forget to wear PPE (Personal Protective Equipment).

10.

All tools must be periodically inspected.

11.

Always wear goggles when cutting splinter power material.

12.

Do not allow pumps to be overheated. Stop the pump immediately if you found an
abnormal change in the noise.
See all rotating parts are free to turn and there are no mechanical obstructions before

13.

starting.
14.

The output of the pump should be vented to an exhaust system. The pump oil should be
replaced when it becomes contaminated.

15.

Use insulating gloves while handling high temperature furnace as they are hot in the
outside as well as inside. Handle the specimen with tongs using insulating gloves.

16.

Check for water leakage and call the maintenance department for immediate repair.

17.

Do not leave the water recirculation loops unattended.

18.

For unattended experiments outside the normal working hours attach a card. This card
should contain phone number and all information required by any one who might be
faced with the need to shut down the experiment.

19.

Never connect non-portable system to a portable system. Before daily departure ensure
all equipment is secured in “OFF” position.
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12.5

General Safety Principles for Electrical Hazards

The major occupational hazard in an electrical environment is the electric shock. The
utmost and very important task for safe working in this environment is the safety
measure against this hazard.

General Safety Rules:

All electrical equipment should be considered energized until it has been isolated and
grounded. Most electricity-related individual accidents result from the electrical
system’s inability to carry a continued load without build-up of excessive heat or to
handle safely a short-circuit or ground fault when it occurs. The following is a list of
safety rules associated with electrical equipment and working environment:

1. Never change wiring with circuit plugged in power source.
2. Maintain workspace clear of materials such as books, papers and clothes.
3. All current carrying parts must be enclosed properly.
4. Before inspections of the equipment, turn off the power and circuit breakers and
unplug equipment.
5. While energizing or de-energizing the circuits, use proper procedure and proper
equipment.
6. Use your left hand to turn off the power, turn your face away from the box and
pull the handle down. Circuits may discharge violently when being turned off and
the cover of junction boxes may blow open.
7. Keep face away from the circuit breakers at all times.
8. While checking operating circuits, keep one hand in pocket or behind to avoid
making a close short-circuit through the body.
9. Wiring must never be changed with circuit plugged into power source/ energized.
10. All circuit must be properly grounded.
11. All extension cords must be maintained to a minimum length. Do not run
extension cords across foot traffic areas or near water.
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12. Never energize a circuit until individuals are clear of the moving parts and circuit
breakers.
13. Verify all connections are properly made before applying the power.
14. Do not use flammable solvents near the electrical equipment.
15. Do not insert a fuse of larger capacity if an instrument keeps on blowing fuses.
This is a symptom requiring expert attention. Find the cause of the problem before
replacing the fuse with proper rating.
16. All electrical materials must be approved and listed for the purpose for which they
are being used. For electric appliance, make sure it is approved by an authorized
consumer laboratory such as UL. The ampere of an appliance (wattage / 110)
plugged into an extension cord should not exceed the ampere rating of the
extension cord (considering the mains supply is 110 V AC).
17. All electrical wiring of a permanent nature would be insulated in the approved
raceways, which would normally be conduit cable trays or metal raceways.
Flexible conduits may also be used wherever appropriate.
18. Wear safety glasses when working in areas where sparks occur.
19. All sources of static electricity must be controlled. Use ion generation equipment
in appropriate labs.
20. Use a heavy duty, grounded, three pronged cord when working with power tools.
If in doubt with regard to the wiring of the circuit, check it out before you apply
power.
21. Make it a habit to discharge electrolytic capacitors of large values with an
insulated screwdriver before attempting to work on a circuit. Capacitors can hold
a charge for a long time after the power is removed. If large voltages are involved,
then let it be discharged through built-in bleeding resistor provided on such
devices.
22. Certain components such as power resistors and transistors get quite hot while in
operation. Give them time to cool off before attempting to remove them.
23. Never view the laser beam pattern directly. Use an image converter or other safe
indirect means. Always wear goggles that offer protection against specific
wavelength of the laser in use.
24. Ask for instruction before using any item of test equipment for the first time, even
if you think you know how to use it.
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25. Clean the work place and arrange the wires/leads/components and equipment in a
proper order.

12.6 General Safety Principles for Petroleum Hazards

1.

Drilling equipment must be used strictly in accordance with
specifications. All drilling equipment must be grounded.

2.

For grinding machines select the correct grit, grade and type of abrasive
wheel. Position the guard correctly and make it secure before plugging
the machine into the power supply. Wear appropriate goggles and use
protective source when grinding.

3.

Precautions must be taken during welding operations. The welding or
return current cable must be robust enough to withstand everyday use.
Fit a low-voltage device to the output side of the welding device.
Reducing the voltage below 100 V is important while working at height
or under pump conditions. Adequate ventilation must be provided.

4.

Mechanical vacuum pumps pose common hazards.

These are the

mechanical hazards associated with any moving parts and the chemical
hazards of contaminating the pump oil with volatile substance and
subsequently releasing them into the laboratory. The output of the
pump should be vented to a hood or an alternative exhaust system.

12.7

General safety principles for radiation hazards

1. Do not eat, drink, or pipette by mouth in laboratories containing radioactive
materials.
2. Do not store food in locations containing radioactive materials.
3. Label radioactive material or areas containing such material.
4. Wear TLD badges in controlled areas.
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5. Minimize external exposure by doing work in a short time, at a distance if
possible, and using shielding.
6. Do not work with radioactive materials when not having formal training in use
of radioactive materials.
7. All survey meters and other radiation monitors should be calibrated.
8. Conduct personal surveys and monitor work areas before leaving the
laboratory, when it is required.
9. Use adequate personnel protective equipment, when necessary.
10. Do not place radioactive waste in unlabeled trash containers.
11. Secure all radioactive material against unauthorized use or removal when
unattended.
12. Report any contamination or spills.
13. Keep records of sink disposal of radioactive material.
14. Record any transfer of radioactive material.
15. Keep records of working with radioactive material as required.
16. Good work practices should be established. Good housekeeping is essential.
12.8 General Safety Principles for Physics Laboratories
1. Students should wear protective gloves when handling very cold or very hot
materials, e.g. liquid nitrogen.
2. Technical staff should wear protective clothing and shoes while working in
the laboratory environment.
3. When setting up experiments the apparatus should be firmly held on the
laboratory benches so that they are not accidentally knocked over.
4. The students should be informed to not directly look into a laser or ultra
violet light.
5. All chemicals and radioactive sources should be kept locked up until
students are ready to use them under supervision.
6. Once the experiments are over the chemicals and radioactive sources should
be promptly locked up.
7. All heavy objects that can roll should be firmly secured on the bench.
8. Extreme caution should be exercised when spark generators are in use. Do
not touch any of the wires or the tape while the spark generator is
operational.
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13. Safety Principles for Departments
13.1

Safety Principles for the Chemical Engineering Department Laboratories

Title:

Fluid Mechanics Laboratory

Location:

3-120

Activities:

To complement the teaching of the basic principles of fluid mechanics
to undergraduate students; undergraduate teaching in the CHE-309
course

Contents:

Volumetric hydraulic bench, pressure gauge assembly, fluidized-bed
rig, flow meter calibration rig

Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles for chemical hazards (Sec. 12.3).

Title:

Mass Transfer Laboratory

Location:

1-121

Activities:

Used for undergraduate teaching in CHE-309 Course

Contents:

Computer-controlled liquid-liquid mass transfer set-up, packed column
absorber, solid-liquid mass transfer set-up, mass transfer through
porous media set-up

Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles for chemical hazards (Sec. 12.3).

Title:

Heat Transfer Laboratory

Location:

3-146

Activities:

Used for undergraduate teaching in the CHE-309 Course

Contents:

Double pipe heat exchanger, shell and tube heat exchanger, free and
forced convection assembly, Condensation in vertical pipe assembly
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Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles for chemical hazards (Sec. 12.3).

Title:

Unit Operation Laboratory

Location:

1-121, 128

Activities:

Used for undergraduate teaching in the CHE-409 Course

Contents:

Double effect evaporator, pilot plant for continuous distillation, gas
absorption unit, liquid-liquid extraction unit

Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles for chemical hazards (Sec. 12.3).
3. Take special precaution for chemical waste disposal and spillage.

Title:

Process Control Laboratory

Location:

26-309

Activities:

Used for undergraduate teaching in CHE-409 Course

Contents:

Temperature and level control apparatus, computer-controlled
temperature and level control apparatus, pressure control apparatus,
apparatus for time constant of thermocouples

Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles for chemical hazards (Sec. 12.3).
3. See general safety principles for electrical hazards (Sec. 12.5).

Title:

Reaction Kinetics Laboratory

Location:

26-306

Activities:

Used for undergraduate teaching in the CHE-409 Course
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Contents:

Computer-controlled process technology system, continuous stirred
tank reactor, homogeneous tubular reactor, homogeneous batch reactor

Safety Principles:
1.

See general safety principles for laboratories (Sec. 12.1).

2.

See general safety principles for chemical hazards (Sec. 12.3).

3.

See general safety principles for machine and tool hazards (Sec. 12.4).

Title:

Petroleum Products Laboratory

Location:

26-307

Activities:

Used for undergraduate teaching in the CHE-310 Course

Contents:

Flash and fire point apparatus, digital colorimeter, aniline point
apparatus, computer-controlled kinematic viscosity apparatus, digital
refractive meter, sulphur determination apparatus

Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles for chemical hazards (Sec. 12.3).
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13.2 Safety principles for the Civil Engineering Laboratories
Title:
Location:

Environmental Laboratories
Bldg. 26, Rooms 150, 303 & 304

Activities:

Performing experiments for undergraduate and graduate students (CE
370, CE 544) Physio-chemical and bacteriological analyses of water,
wastewater, and soil samples.

Contents:

distillation, digestion, atomic absorption, infrared combustion,
microwave, mercury vapor analyzer, microbiology, gases (air,
nitrogen, argon, nitrous oxide, hydrogen, oxygen, and helium), acids
and corrosive materials, organic solvents and chemicals

Safety Principles:
1. See the general safety principles of Laboratories. (Sec. 12.1).
2. See the safety principles of electrical hazards. (Sec. 12.5).
3. See the general safety principles for chemical hazards. (Sec. 12.3).
4. Store properly all bacterial and viral cultures.
5. For acids and corrosive materials, specific storage areas are to be allocated.
6. Organic solvents, hazardous chemicals like carcinogens must be individually
Laboratoryeled.
7.

For the Laboratory waste disposal, the waste must be classified into:
disposable at the drain, special storage and disposal, and microbiology
waste disposal after sterilization.

8. Avoid cross contamination of various microbiological cultures, media and
samples
9. (a) While handling glassware, avoid direct heating on the flame.
(b) Never try to free 'frozen' stoppers or ground joints by force.
(c) Broken or chipped glassware should be discarded.
(d) Properly support glassware using stand, clamps, etc.

Title:

Hydraulic Laboratory

Location:

Bldg. 26-243

Activities:

Conducting experiments for undergraduate students on glass sided
open channel (CE 331, CE370); research work on flows, sediment
transport & wave generation in an open channel
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Contents:

Glass-sided tilting flume

Safety Principles:
1. See the general safety principles of Laboratories. (Sec. 12.1).
2. See the safety principles of electrical hazards. (Sec. 12.5).
3. Any water contained within the equipment should not be allowed to stagnate
and should be changed regularly; any rust, scales or algae should be removed
regularly by cleaning the equipment.

Title:

Corrosion Monitoring & Durability Laboratory

Location:

Bus Stop - Parking Lot Bldg. # 1- Behind the Solar Laboratory

Activities:

1. Compressive load and flexural force measurement
2. Half cell potential measurement
3. Chloride & sulphate measurement
4. Permeability & resistivity measurement

Contents:

Ovens, acids & corrosion casing materials, salts gases (nitrogen &
carbon dioxide, etc) & sulphur capping apparatus

Safety Principles:
1. See the general safety principles of Laboratories. (Sec. 12.1)
2. See the safety principles of electrical hazards. (Sec. 12.5)
3. See the general safety principles for chemical hazards. (Sec. 12.3)

Title:

Water Resources

Location:

Bldg. 1-107

Activities:

Experiments on hydrology for undergraduate students (CE 331);
research on groundwater flow, seepage under sheet pile wall, uplift
pressure on foundation structures

Contents:

Adjustable bed flow channel, Osborne Reynolds flowmeter, basic
hydrology systems, current meters, drainage & seepage tanks,
infiltration apparatus, hydraulic bench, open channel (5m) pipe flow
apparatus, tutor pumps, rain gauge recorders, water level recorders,
laminar flow tables.

Safety Principles:
1. See the general safety principles of Laboratories. (Sec. 12.1)
2. See the safety principles of electrical hazards. (Sec. 12.5)
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Title:

Highway Materials Laboratory

Location:

Bldg. 26-242

Activities:

Distillation of asphalt and other asphalt products

Contents:

Equipment that gives fumes with odor; use of chemicals like CCl4,
methanol; MgSO4; stock solution; CaSO4; diesel, etc. and cylinders of
CO2, nitrogen; compressed air

Safety Principles:
1. See the general safety principles of Laboratories. (Sec. 12.1)
2. See the safety principles of electrical hazards. (Sec. 12.5)
3. See the general safety principles for chemical hazards. (Sec. 12.3)

Title:

Surveying and Photogrammetry Laboratories

Location:

Bldgs. 1-107 & 26-238

Activities:

Teaching and research in the following areas:
1. Surveying techniques
2. Areal and terrestrial mapping
3. Photogrammetric techniques
4. Image interpretation

Contents:

Surveying instruments, mirror stereoscopes, aerial and ground photo
and image interpretation equipment

Safety Principles:
1. See the general safety principles of Laboratories. (Sec. 12.1)
2. See the safety principles of electrical hazards. (Sec. 12.5)

Title:

Heavy Testing Laboratory

Location:

Bldg. 26-145

Activities:

Testing structural materials like steel bars, steel beams and concrete
beams

Contents:

The major equipment in the Laboratory:
1. Universal testing machines
2. Large capacity loading frame
3. Large capacity creep machine
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Safety Principles:
1. See the general safety principles of Laboratories. (Sec. 12.1)
2. See the safety principles of electrical hazards. (Sec. 12.5)

Title:

Structural Mechanics Laboratory

Location:

Bldg. 1-100

Activities:

Testing different structural materials like steel bars and concrete beams
under different loading conditions
Performing different experiments like hardness, buckling, beam
bending, beam deflection, shear center, etc.

Contents:

The major equipment in the Laboratory:
Universal testing machines
Hardness testing machines
Torsion testing equipment

Safety Principles:
1. See the general safety principles of Laboratories. (Sec. 12.1)
2. See the safety principles of electrical hazards. (Sec. 12.5)

Title:

Building Research Station

Location:

Behind American Consulate

Activities:

Casting and curing cementitious composites of large scale structures.

Contents:

Loading frames
Concrete mixers
Vibrating tables and sieve shakers

Safety Principles:
1. See the general safety principles of Laboratories. (Sec. 12.1)
2. See the safety principles of electrical hazards. (Sec. 12.5)

Title:

Geotechnical Engineering Laboratory

Location:

Bldg. 1-105A

Activities:

Testing of soil properties and behavior

Contents:

Compression and tension
Compaction
Direct shear
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Nuclear density
Gas cylinders (CO2)
Safety Principles:
1.

See the general safety principles of Laboratories. (Sec. 12.1)

2.

See the safety principles of electrical hazards. (Sec. 12.5)

Title:

Concrete Laboratory

Location:

Bldg. 1-105

Activities:

Casting of concrete, mortar and paste specimens

Contents:

Ovens, permeability testing, shakers, mixers

Safety Principles:
1. See the general safety principles of Laboratories (Sec. 12.1)
2. See the safety principles of electrical hazards. (Sec. 12.5)
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13.3 Safety Principles for the Electrical Engineering Department Laboratories
Title:

Electronics I Laboratory

Location:

7-220, 224

Activities:

To provide training in Basic Electronics experimentation to
undergraduate (sophomore) students. Non - EE students also
participate in this course.

Contents:

Dual trace oscilloscopes, function generators, digital multimeters, D.C.
power supply units, prototyping breadboards, semiconductor, curve
tracer and LCR meters

Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles for electrical hazards (Sec. 12.5).

Title:

Electronics II Laboratory

Location:

7-225, 226

Activities:

To

provide

training

in

basic

electronic

experimentation

to

undergraduate students
Contents:

Dual trace oscilloscopes, function generators, digital multimeters, D.C
power supply units, prototyping breadboards, semiconductor, curve
tracer and LCR meters

Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles for electrical hazards (Sec. 12.5).

Title:

Telecommunications Laboratory

Location:

7-216

Activities:

To provide training in communication principles and techniques to
undergraduate students (computer-aided education system is used).
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Contents:

Dual trace oscilloscopes, frequency counters, signal generator,
spectrum analyzer, digital multimeter, PC-based digital and analog
communication trainers with own firm waves and engineering software
(TESLA, Matlab toolbox)

Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles for electrical hazards (Sec. 12.5).

Title:

Radio & TV Laboratory

Location:

7-217

Activities:

To provide training in radio, TV, telephony and industrial electronics
to undergraduate (senior) students.

Contents:

Color TV trainer (modular design) with built-in test/measurement
points

and

trouble

shooting

techniques,

function

generators,

oscilloscopes, TV pattern generators, frequency counters, telephony
trainers, prototyping bread boards, TV sets
Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles for electrical hazards (Sec. 12.5).

Title:

Digital Control Laboratory

Location:

7-212

Activities:

To provide training in automatic control, servomechanism, applied
control systems, digital and analog servo control using PC-based
firmware and software (Matlab and its toolbox, Simulink etc).

Contents:

Personal computers/peripherals, digital and analog servo trainers,
modular AC/DC servo systems, PC-based digital pendulum, and
magnetic levitation training systems, storage oscilloscopes, function
generators, digital multimeters
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Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles for electrical hazards (Sec. 12.5).

Title:

Process Control Laboratory

Location:

7-210

Activities:

To provide training in process control techniques and their industrial
applications; to study various industrial processes parameters such as
temperature, pressure, level flow and pH values with the aid of
personal computers and related firmware/software

Contents:

Modular trainer panels/rigs with controllers and indicators units to test
and measure various parameters such as pressure, temperature, flow
level and pH values (combination of pneumatic/hydraulic, chemical
and

electrical/electronic

instrumentation,

transducers,

sensors

applications), personal computers/peripherals, air compressors for air
supply
Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles in computer laboratories (Sec. 12.2).
3. See general safety principles for electrical hazards (Sec. 12.5).

Title:

Digital Logic Design Laboratory

Location:

7-208

Activities:

To provide training in Digital

Logic and principles using

combinational & sequential logic circuits and application to
undergraduate (sophomore) students
Contents:

Combined analog/digital electronics training boards, logic probe &
pulsars, oscilloscopes and TTL digital integrated circuits (chips)

Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
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2. See general safety principles for electrical hazards (Sec. 12.5).

Title:

Digital Engineering Systems Laboratory

Location:

7-206

Activities:

To provide training in microprocessors technique, application and
programming to undergraduate students

Contents:

Personal computers and peripherals, 80186 micro-processor based
trainers and white monitors

Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles for electrical hazards (Sec. 12.5).

Title:

Programmable Logic Controller Laboratory

Location:

7-204

Activities:


To provide first hand training in the industry-oriented programmable
logic controller techniques, application and programming



PC-based dedicated and state-of-the-art equipment is available to give
in depth knowledge and experience enabling them to join industry as
efficient Engineers (also used for industrial/instrumentation and
microcomputer organization courses).

Contents:

Modular PLC systems (Siemens) with dedicated programming units
under Windows operating system; HMS and networking options are
also included.

Safety Principles:
1.

See general safety principles for laboratories (Sec. 12.1).

2.

Keep security check on the laptop PCs and programming units.

Title:

Graduate PC Laboratory

Location:

7-114, 137
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Activities:

To provide data processing/retrieval facilities to the postgraduate
students in their thesis work.

Contents:

Personal computers/peripherals, networking hubs, scanners, zip drives,
image processing apparatus, operating systems

Safety Principles:
1. See general safety principles in computer laboratories (Sec. 12.2).
2. See general safety principles for electrical hazards (Sec. 12.5).

Title:

Undergraduate PC Laboratory

Location:

7-100, 102 and 140

Activities:

To provide training in the use of personal computers for solving
engineering & scientific problems and simulation.

Contents:

Personal computers/peripherals, networking hubs

Safety Principles:
1. See general safety principles in computer laboratories (Sec. 12.2).
2. See general safety principles for electrical hazards (Sec. 12.5).

Title:

Senior (Capstone) Project Laboratory

Location:

7-120-1

Activities:

To provide necessary equipment and a working place to design,
implement and prototype circuits

Contents:

Basic electronic equipment/instruments like oscilloscopes, DC power
supplies,

digital

multimeters,

function

generators,

prototyping

breadboards, frequency counters etc.
Note: For printed circuit fabrications (to hardwire circuits) of
prototypes, a small and very basic PCB facility is also available in the
EE Dept. where all work is done manually. This facility is used by EE411 students.

134

Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles for electrical hazards (Sec. 12.5).

Title:

Electrical Power and Machines Laboratory

Location:

1-116A, B.

Activities:

To provide training in the important fields of electrical power,
machines (motors /generators) principles, applications, generation,
distribution & protection

Contents:

Electric motors, generators, transformers, load banks, prony brakes,
power supplies, digital VAW meters, single function meters rheostats,
tachometers,

power

scopes,

power

systems

simulator,

microsynchronous alternator
Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles for electrical hazards (Sec. 12.5).

Title:

Power Electronics Laboratory

Location:

Bldg 1-120

Activities:

To provide training in the use of power semi conductor devices
(thyristors, MOSFETS, IGBT, high power bipolar transistors &
diodes), their characterization, industrial applications in power
management, protection, AC/DC drives and motion control

Contents:

Oscilloscopes, power supplies, digital multimeters, dedicated power
electronics modules boards, modular panel system

Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles for electrical hazards (Sec. 12.5).
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Title:

Electric Circuits Laboratory

Location:

26-151, 248A, 249

Activities:

To provide training in basic electric circuit techniques and components
and use of instruments (use of computers in circuit analysis – PSPICE
also included)

Contents:

Basic electronic instruments (oscilloscopes, DC power supplies, digital
multimeters, function generators), decade resistor and capacitor boxes

Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles for electrical hazards (Sec. 12.5).

Title:

Fundamentals of Electric Circuits Laboratory

Location:

26-247A, B

Activities:

To provide training in basic electric circuit techniques and components
and use of instruments.

Contents:

Basic electronic equipment such as oscilloscopes, DC power supplies,
function generators and digital multimeters.

Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles for electrical hazards (Sec. 12.5).

Title:

Electromagnetics Laboratory

Location:

26-248B

Activities:

To provide training in electromagnetic fields, their behavior,
applications and measurement/testing techniques

Contents:

Teslameters (generators), power supplies, multimeters, ammeters,
electromagnetic and magnetic components; dedicated experimental setups and training apparatus manufactured by PHYWE, Germany as
educational kits
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Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles for electrical hazards (Sec. 12.5).

Title:

Microwaves, Antenna Measurements and Fiber Optics Communication
Laboratory

Location:

26-251

Activities:


This lab is used for senior undergraduate courses.



It provides training in microwaves, antenna and fiber optics and
optronics techniques, and applications.

Contents:

PC- based antenna modeling systems, PCs peripherals, microwaves
test benches, signal generators, power meters, oscilloscopes, network
analyzer and microwave anechoic chamber with a dedicated antenna
test set-up
For fiber optics:
Lasers, white light sources, optical benches and tables, optical power
meters, microscopes, lenses, mirrors, analyzer/polarizers, function
generators, positioners and holders.

Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles for electrical hazards (Sec. 12.5).
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13.4

Safety Principles for the Mechanical Engineering Department
Laboratories

Title:

Mechanical Engineering Workshop (Manufacturing laboratories)

Location:

1-141

Activities:

The M.E. Workshop is equipped with variety of teaching and
production equipment, machine tools, numerical control machines, and
instrumentation. The activities of the M.E. workshop are categorized
into three areas, namely:
1. to conduct laboratory sessions of manufacturing courses
2. to provide services to students and faculty to facilitate the design
development for manufacturability, and manufacturing of test
specimens, jigs and fixtures for laboratory equipment, and test rigs
for senior and graduate research projects, as well as independent
projects of faculty;
3. to conduct research in manufacturing engineering and system and
materials behavior during the manufacturing processes; research
areas include metal cutting, forming, manufacturing automation,
NC and CNC systems, process planning and quality control, and
welding and casting.
The M.E. workshop focuses on eight different manufacturing process
shops, namely: foundry, welding, forming, machining, finishing,
carpentry, plastic processing and computer-aided manufacturing
(CAM) including computer-aided design and drafting (CAD) facilities.

Contents:

These include state-of-the-art NC and CNC machine tools linked with
the PC lab for CAM and CAD facilities and conventional machine
tools including lathes, milling, grinding, boring, drilling press, shaping,
forming and carpentry equipment. The M.E. workshop has a foundry
for casting non-ferrous metals, and MIG, TIG, SMAW, plasma and
oxy-acetylene welding facilities.

Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
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2. See general safety principles for machine and tool hazards (Sec. 12.4).
3. See general safety principles for electrical hazards (Sec. 12.5).
4. Machine fluids must be disposed in accordance with the relevant
recommendations.

Title:

Metrology Laboratory

Location:

20-008

Activities:


Surface typography and surface finish measurements using Talyor
Hobson profilometers



Geometric form and geometric inter-relationship measurements
using various measuring instruments, digital height measuring, and
taper measuring equipment



Tool wear and condition monitoring using a Leitz tool maker’s
microscope

Contents:

Electric powered measuring machines

Safety Principles:
1. See general safety principles for machine and tool hazards (Sec. 12.4).
2. See general safety principles for electrical hazards (Sec. 12.5).

Title:

Pumping Machinery Laboratory

Location:

1-160

Activities:


Determining the performance of performance characteristics of
centrifugal and axial flow pumps under normal operating
conditions



Studying the effect of cavitation on the performance of various
types of pumps



Evaluating the performance of centrifugal fans and compressors



Analysing the performance of displacement pumps under different
operating conditions
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Contents:

Water pump and turbine testing rigs, oil pump-motor test rigs,
centrifugal radial-flow pumps, rotor-dynamic machine benches, air
motor test sets, centrifugal fan test sets, compressible flow benches,
gear pumps, centrifugal fans, centrifugal compressors, centrifugal
pumps

Safety Principles:
1.

See general safety principles for laboratories (Sec. 12.1).

2.

See general safety principles for machine and tool hazards (Sec. 12.4).

Title:

Refrigeration and Air-Conditioning Laboratory

Location:

20-013

Activities:


To investigate the performance of a vapor-compression cycle by
using different expansion devices



To analyze the use of a liquid-to-suction heat exchanger in a
vapor-compression refrigeration-system



To demonstrate the use of two evaporators working at same and/or
different temperatures in a vapor-compression refrigeration-system



To evaluate the performance of a cooling tower



To study the characteristics of R-134a refrigerant in a computerlinked vapor-compression refrigeration-system



To demonstrate the psychometric processes in a duct connected to
a computer-lined air-conditioning unit

Contents:

Thermal refrigeration training unit model 9001 basic training unit,
thermal refrigeration training unit model 9501 commercial unit, RC712
computer linked refrigeration laboratory unit, AC574 computer linked
air-conditioning unit, Chalstead & Mitchell cooling tower model
ECKA-5, heat transfer bench model TD 36, data-logger model D10142009

Safety Principles:
1. See general safety principles for machine and tool hazards (Sec. 12.4).
2. See general safety principles for electrical hazards (Sec. 12.5).
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Title:

Advanced Mechanics Laboratory

Location:

22-126

Activities:


Experimental simulation of unbalanced behavior of rotating
machines



Experimental simulation of fluid-film bearing instabilities



Experimental simulation of rubbing conditions in rotors



Developing activities such as simulating problems of blade
vibrations in machinery

Contents:

Two Bentley Nevada rotors kits model RK45, two data acquisition
systems model DAIU208P, four digital oscilloscopes, proximitors and
interface units

Safety Principles
1.

See general safety principles for machine and tool hazards (Sec. 12.4).

2.

See general safety principles for electrical hazards (Sec. 12.5).

Title:

Materials Science Laboratory

Location:

23-009, 012

Activities:

Mechanical testing (tensile, hardness, fatigue, impact and creep), heat
treatment, metallography, chemical etching, cold rolling, water
distillation

Contents:

Tensile testing machines, hardness testing machines, impact testing
machines, creep testing machines, fatigue testing machines, electric
heating furnaces, optical microscopes, mounting presses, cutting
machine, polishing and grinding equipment, chemicals for etching,
cold rolling machine, chilling unit (-120oC), gas cylinders, Jominy end
quench hardenability unit, water distillation unit

Safety Principles:
1.

See general safety principles for laboratories (Sec. 12.1).
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2.

See general safety principles for chemical hazards (Sec. 12.3).

3.

See general safety principles for machine and tool hazards (Sec. 12.4).

4.

See general safety principles for electrical hazards (Sec. 12.5).

5.

Keep clear of the area of the trajectory of the hammer in the impact
testing machines.

Title:

Laser Laboratory

Location:

23-077

Activities:

Contents:



Surface roughness measurement of engineering surfaces



Precision alignment of mechanical parts



Treatment of metallic surfaces

Precision He-Ne lasers, computer controlled x-y tables, stepper motor
controllers, high precision positioning tables, major components of
CO2 laser, fiber optic test sets

Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles for electrical hazards (Sec. 12.5).

Title:

Heat Engines Laboratory

Location:

Bldg. 26-125

Activities:


Spark

ignition

engine

and

compression-ignition

engine

performance test


Knock characteristics of motor fuels by the research method
ASTM D 2699



Knock characteristics of motor fuels by the motor method ASTM
D2700



Knock characteristics of liquefied petroleum (LP) gases by the
motor (LP) method ASTM D 2623
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Analysis and study of the combustion products of low to medium
molecular weight by hydrogen (e.g. gasoline and diesel) using
air/fuel ratios in the different ranges, and measuring the
concentration CO, CO2, O2, NO, and NOX

Contents:



Performance characteristics of air compressors



Gas Turbine performance tests

Automotive emission analysis system MEXA-7100 DEGR, Engine test
cells (VSM 59512-400-EGA), blowby and noise measurement
systems, engine protection panels, Cadet systems and CP 128 control
and monitoring systems, CFR-48 variable compression ratio testing
unit, G. Cussons steam turbine testing unit, 15 HP/112 KW engine test
bed (Wankel, gasoline, diesel), variable compression ration petrol
engine test bed, TE55 two-stage air compressor test set, Peter AV-1
and Peter W1 for oil testing. Gilkes gas turbine and Rover gas turbine
testing units

Safety Principles:
1.

See general safety principles for laboratories (Sec. 12.1).

2.

See general safety principles for chemical hazards (Sec. 12.3).

3.

See general safety principles for machine and tool hazards (Sec. 12.4).

4.

See general safety principles for electrical hazards (Sec. 12.5).

Title:

Dynamics Laboratory

Location:

22-236

Activities:

The following activities are conducted in the laboratory:


several hands-on experiments related to the vibration phenomenon
and its measurements, as well as automatic control techniques,
which are available for students and faculty;



balancing and vibration testing for short courses offered by the ME
department;



other research services on vibration measurements inside and
outside KFUPM.
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Contents:

Industrial balancing machine (B&K type 3906), portable balancing set
with accessories (B&K type 3906), frequency analyzers (B&K types
2033, 2035), 4 sets of torsion apparatus TQ, vibration diagnostic rotor
kit, ball & beam apparatus TQ, sound level meter B&K type 2231, an
array of accelerometers, phase meters, shakers, signal generators,
oscilloscopes and recorders

Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles for machine and tool hazards (Sec. 12.4).
3. See general safety principles for electrical hazards (Sec. 12.5).

Title:

Fluid Mechanics Laboratory

Location:

1-157

Activities:


to provide an opportunity for students and faculty to conduct
hands-on experience related to fluid mechanics such as
measurement of viscosity, flow visualization techniques, evaluation
of friction losses in pipes and fittings, calibration of flow
measuring devices;


Contents:

to provide testing and research services inside and outside KFUPM

Stromer viscometer, fluid friction in pipes and fittings, turbine test rig,
water hammer apparatus, 52” video projection system

Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2.

See general safety principles for machine and tool hazards (Sec. 12.4).

3.

See general safety principles for electrical hazards (Sec. 12.5).

Title:

Computer Utilization Laboratory

Location:

22-215
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Activities:

Computing for teaching and research

Contents:

Twenty four 486 computers and one Epson dot-matrix printer

Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles in computer laboratories (Sec. 12.2).
3. See general safety principles for electrical hazards (Sec. 12.5).

Title:

Computer Graphics Laboratory

Location:

22-231

Activities:

Computing for teaching and research

Contents:

Twenty P-200 MHz computers and one Epson dot-matrix printer

Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles in computer laboratories (Sec. 12.2).
3. See general safety principles for electrical hazards (Sec. 12.5).
Title:

Graduate Computer Laboratory

Location:

22-119

Activities:

Computing for teaching and research

Contents:

Three 486 Computers and one Epson dot-matrix printer

Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles in computer laboratories (Sec. 12.2).
3. See general safety principles for electrical hazards (Sec. 12.5).

Title:

CAD/CAM Laboratory

Location:

22-222

Activities:

Computing for teaching and research.
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Contents:

Twenty one PII-350MHz computers and 1 Epson dot-matrix printer

Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles in computer laboratories (Sec. 12.2).
3. See general safety principles for electrical hazards (Sec. 12.5).

Title:

Heat Transfer Laboratory

Location:

26-130

Activities:

Contents:



Temperature measurement



Thermal resistance of insulation



Conduction in metals and fins



Natural convection in air and water



Forced convection in a pipe



Double pipe heat exchanger



Radiation heat transfer



Numerical analysis of multi-dimensional heat conduction



Numerical analysis of heat exchanger solutions

A variety of commercially available equipment is available for
teaching the basic principles of heat transfer by conduction, convection
and radiation

Safety Principles:
1.

See general safety principles for laboratories (Sec. 12.1).

2.

See general principles for chemical hazards (Sec. 12.3).

3.

See general safety principles for machine and tool hazards (Sec. 12.4).

4.

See general safety principles for electrical hazards (Sec. 12.5).

Title:

Aerospace Laboratory – Wind Tunnel

Location:

O.A.B.
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Activities:


Graduate research



Experiments related to aerodynamics and flight dynamics for
several models



Conducting experiments for industry (e.g., air conditioning and
automobile industry)



Conducting experiments related to building aerodynamics and
aerodynamics of sand movement

Contents:



Simulation of propulsive jets of missiles and aircrafts



Flow visualization



Senior projects

Subsonic wind tunnel (test section size 0.8  1.1  3.5 m, maximum
wind speed 35 m/s), internal six components strain gauge balance with
an altitude mechanism, PC and software, shock tube, supersonic jet
simulation facility, measurement equipment such as manometers, hot
wire anemometers, correlators, schlieren apparatus, several wind
tunnel models

Safety Principles.
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles for machine and tool hazards (Sec. 12.4).
3. See general safety principles for electrical hazards (Sec. 12.5).

Title:

Aerospace Laboratory – Airplane and its Major Equipment Lab

Location:

a. Airplane located between Bldg. 11 and Bldg. 23
b. Airplane major equipment located between behind the Solar
laboratory

Activities:


Measurements of major airplane parts



Cockpit controls (elevator, aileron, rudder, throttle, etc.)



Structures and materials of major airplane parts (observation
and testing)
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Contents:

‘Strikemaster’ airplane, two main landing gear assembly, nose landing
gear assembly, two brake assembly, two hydrolocks, two main wheel
assembly

Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles for machine and tool hazards (Sec. 12.4).
3. See general safety principles for electrical hazards (Sec. 12.5).

Title:

Aerospace Laboratory – Aerodynamics & Flight Dynamics Laboratory

Location:

22-224

Activities:
Flow visualization
Calibration of wind tunnel
Measurement of lift and drag on an air foil
Measurement of drag on different shape of bodies
Pressure distribution around a circular cylinder
Flow around a bend in a duct
Boundary layer measurement over a flat plate
Pressure distribution over an airfoil
Calibration of flight demonstration wind tunnel
Measurement of Re number for a model and its wings alone
Relation between lift force and angle of attack
Neutral point location and trim curve plots
Contents:

Two small subsonic instruction wind tunnels to study aerodynamics
characteristics of air foils and models, flight demonstration wind
tunnel, airflow bends, smoke generator for flow visualization, pulse jet
test unit, force moment indicator

Safety Principles:
1. See general safety principles for chemical hazards (Sec. 12.3).
2. See general safety principles for machine and tool hazards (Sec. 12.4).
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3. See general safety principles for electrical hazards (Sec. 12.5).

Title:

Thermal Sciences Laboratory

Location:

22-127

Activities:

Contents:



Graduate research



Velocity measurements



Fundamental combustion modeling research

Ferroscope-II

microscope,

potentiometer,

platinum

resistance

thermometer, oscilloscope, compound balance
Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles for chemical hazards (Sec. 12.3).
3. See general safety principles for machine and tool hazards (Sec. 12.4).
4. See general safety principles for electrical hazards (Sec. 12.5).

Title:

Corrosion Engineering Laboratory

Location:

20-013

Activities:


Evaluation of corrosion resistance of metals and alloys in corrosive
environment by electrochemical techniques (ASTM methods)



Flow induced corrosion of materials in sea water



Testing of durability of coatings by salt spray method and
impedance spectroscopy



Surface morphology and structural studies using scanning and
transmission electron microscopy

Contents:



High pressure-high temperature corrosion studies



Inhibitor evaluation



Studies on mechanism of corrosion of advanced materials

Corrosion measurement systems (EG and G model 350, 283, 273),
impedance systems (model 308 EG & G), Gamary measurement
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system, rotating disc electrode system (EG and G), salt spray chamber
(Singleton), scanning electron microscope (Joel, T-300), transmission
electron microscope (Joel, TC-100), high pressure-temperature
autoclaves, recirculating PVC test loop, elevated temperature test loop
Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles for chemical hazards (Sec. 12.3).
3. See general safety principles for machine and tool hazards (Sec. 12.4).
4. See general safety principles for electrical hazards (Sec. 12.5).

Note:
-

Work on TEM and SEM under the supervision of trained
engineers.

-

Do not keep ovens or furnaces near the SEM, TEM room

-

Stay clear of specimen preparation equipment for TEM.

-

Perform jet polishing under the hood.

-

Monitor the recirculating loops.

Title:

Advanced Materials Science Laboratory

Location:

23-001

Activities:


Evaluation of tensile properties of metallic, polymeric, ceramic and
advanced composite materials



Evaluation of fatigue behavior of metallic, polymeric, and
advanced composite materials

Contents:



Fatigue crack propagation studies



Corrosion fatigue studies



High temperature mechanical behavior of materials

Instron 8501 materials test system, Questar QM-100 long distance
working traveling microscope., video cameras and video recording
systems, Isomet specimen sectioning saw, Isomet low speed diamond
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cut off saw, low temperature refrigerant circulation bath, XY recorder,
oscilloscope, plotter, etc.
Safety Principles:
1. See general safety principles for laboratories (Sec. 12.1).
2. See general safety principles for machine and tool hazards (Sec. 12.4).
3. See general safety principles for electrical hazards (Sec. 12.5).

Title:

Tribology Laboratory

Location:

23-079

Activities:


Laboratory is currently under the development of the basic
infrastructure



Study on the rolling sliding contact problem and surface
deterioration using double-roller machine


Contents:

Experimental simulation of wear during rolling sliding contact

Two twin-plain bearing rings, four ball machine, Taylor Hobson
surface measurement device surftronic 3+, various measuring tools
(digital Mitutoyo calipers)

Safety Principles:
1.

See general safety principles for laboratories (Sec. 12.1).

2.

See general safety principles for chemical hazards (Sec. 12.3).

3.

See general safety principles for machine and tool hazards (Sec. 12.4).

4.

See general safety principles for electrical hazards (Sec. 12.5).
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13.5 Safety principles for the Petroleum Engineering Department Laboratories
Title: Drilling Fluids & Cement Laboratory
Location: 2- 104
Activities:
Studying the performance of different drilling fluids under different conditions
of temperature & pressure tests which include:

1.

Rheological properties of drilling fluids such as viscosity, gel strength
and yield point.

2.

Measurement of density, pH, filtration and wall building characteristics
of drilling fluids.

3.

Evaluation of mud additives.

4.

Study of contaminants on drilling fluid properties and treatments to
eliminate their effects.

5.

Testing of lubricity, emulsification, resistivity and hydrocarbon contents.

6.

Studying the physical properties of the cement slurries such as
thickening time, density, filtration loss and permeability etc.

Contents:
roller oven, emulsion testers, filter press, lubricity testers, microscope, mixers,
mud, balances, resistivity meters, rheometers, fan viscometer, atmospheric
consistometers, high pressure high tmperature consistometer, cement
permeameter
Safety Principles:
1. See the general safety principles for laboratories (sec. 12.1)
2. See the general safety principles for petroleum hazards (sec. 12.6).
3. Wear lab coat, safety shoes & safety glasses.

Title: Core Preparation Laboratory
Location: 2-108
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Activities:
To teach the students how to cut properly sized core samples for experiments
and research as well as fabricating models for various research purposes.
Contents: Major Equipment includes:
bench grinder, core cutter, core drilling machine, drill press, lathe,
welding machine, thin section preparation and study
Safety Principles:
1. See the general safety principles for laboratories (sec. 12.1).
2. See the general safety principles for petroleum hazards (sec. 12.6).
3. Wear lab coat, safety shoes & safety glasses.

Title: Research Laboratory
Location: 2-112
Activities:
Specially designed multi-function research used for advanced research
purposes
Contents: Major equipment includes:
1.

Flooding set up including the followings:
core holders, transfer cells, core samples, transducers with display units,
stainless steel tubings and fittings, tools, oil samples, cleaning chemicals
such as carbon tetrachloride, toluene, acetone etc. ,HCl acid, pumps ,
oven

2.

Unsteady state relative permeability set up.

Safety Principles:
1. See the general safety principles for laboratories (sec. 12.1).
2. See the general safety principles for the Petroleum hazards (sec. 12.6)
3. Wear lab coat, safety shoes & safety glasses.
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Title: Rock Properties Laboratory
Location: 2-114
Activities:
The laboratory provides the following conventional and special rock property
studies:
1.

Determination of porosity using different methods.

2.

Determination of absolute, effective and relative permeabilities.

3. Determination of capillary pressure by porous diaphragm, centrifuge
and mercury injection methods.
4.

Grain size analysis by sieve method.

Contents: Major equipment includes:
refrigerated centrifuge, gas permeameter, hassler core holder, helium
porosimeter, liquid permeameter, porometer, resistivity meter, vacuum pumps,
wet test meter
Safety Principles:
1. See the general safety principles for laboratories (sec. 12.1).
2. See the general safety principles for petroleum hazards (sec. 12.6).
3. Wear lab coat, safety shoes & safety glasses.

Title: Fluid Properties Laboratory
Location: 2- 113
Activities:
Studying the behavior of hydrocarbon and non-hydrocarbon fluids; the facility
can carry out the following activities:

1.

Complete pressure, volume, temperature analysis of systems such as

buttonhole or recombined samples of crudes and natural gases.

These

analyses result in the determination of bubble point and dew point pressure,
GOR, viscosities, compressibilities and densities.
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2.

Determination of impurities such as hydrogen sulphide and carbon

dioxide in crude oil and natural gas.
Contents: Major equipment includes:
blind and windowed PVT cell, flash separation tester, differential separation
tester, rolling, ball viscometer.
Safety Principles:
1. See the general safety principles for laboratories (sec. 12.1)
2. See the general safety principles for petroleum hazards (sec. 12.6).
3. Wear lab coat, safety shoes & safety glasses.

Title: Enhanced Oil Recovery Laboratory
Location: 2-111
Activities:
Conducting research projects dealing with chemical and thermal methods in
order to enhance oil recovery of reservoirs. The laboratory has the facilities for
the following:

1.

Research pertaining to surfactant/polymer and caustic flooding.

2.

Analytical evaluation of the performance of surfactants and polymers.

3.

Study of rock/fluid and fluid/fluid interactions. These include surface
tension, interfacial tension, contact angle and wettability measurements.

4.

Determination of minimum miscibility pressure.

5.

Simulation of steam flooding and in-situ combustion techniques for
heavy crude oils.

Contents: Major equipment includes:
pending drop IFT set up, brook field viscometer, pumps, vacuum pump, gas
chromatograph, steam generator, steam dryers, other high temperature
devices
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Safety Principles:
1. See the general safety principles for laboratories (sec. 12.1).
2. See the general safety principles for petroleum hazards (sec. 12.6).
3. Wear lab coat, safety shoes & safety glasses.
Title: Rock Mechanics Laboratory
Location: 2-109
Activities:
Experimental Stress-Strain analysis and studying the significant physical
properties of rocks and soils to determine the basic parameters for structural
and excavations design for surface and underground mines.
Contents: Major Equipment includes:
MTS triaxial machine, computer aided central, data acquisition systems
Safety Principles:
1. See the general safety principles for laboratories (sec. 12.1).
2. See the general safety principles for petroleum hazards (sec. 12.6)
3. Wear lab coat, safety shoes & safety glasses.
Title: Quantitative Analysis Laboratory
Location: 2- 105
Activities:
Handling the required analytical services for all other petroleum engineering
laboratories. The following services are available:

1.

Ultraviolet as well as colorimetric determination of compounds.

2.

Analysis of gases and organic liquids.

3.

Measurements of particles down to 0.1 microns.

4.

Titration and dispensing.

5.

Elemental analysis of ions.

6.

Determination of electrophoretic mobility of charged colloids.

Contents: Major Equipment includes:
156

microprocessor controlled spectro-photometer, gas & liquid chromatographs,
X-ray sedimentometer, automated titration and dispensing units, emission
spectrometer, zeta meter, shakers, ovens, analytical balances, centrifuge
machine grinding equipment, pH and conductivity meters and viscometers.
Safety Principles:
1. See the general safety principles for laboratories (sec. 12.1).
2. See the general safety principles for petroleum hazards (sec. 12.6).
3. Wear lab coat, safety shoes & safety glasses.

Title: Drilling Fluids Flow Loop Laboratory
Location: 2-103
Activities: To simulate the mud circulation system of an oil well and to study the
performance of drilling fluid under button-hole conditions.

Contents:
continuous pipe comprising a mud circulating pump, heat exchanger, shear valve,
control panel, test section which includes a series of capillary viscometer, dynamic
filtration cells, pH meters and corrosion cells at both hot and cold ends of the flow
loop.
Safety Principles:
1. See the general safety principles for laboratories (sec. 12.1).
2. See the general safety principles for petroleum hazards (sec. 12.6).
3. Wear lab coat, safety shoes & safety glasses.

Title: Production Laboratory
Location: 3-118
Activities:
1. Demonstration of the basic principles and operations of oil and gas surface
facilities.
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2.

Methods of collecting and analyzing typical field data used for performance
monitoring and trouble shooting of surface facilities.

3.

Gas and liquid flow measurements.

4.

Demonstration of two-phase flow in pipes.

Contents: Major quipment includes:
Gas, liquid separator, liquid pump, gas compressor, various flow meters
complete with instrumentation.
Safety Principles :
1. See the general safety principles for laboratories (sec. 12.1).
2. See the general safety principles for petroleum hazards (sec. 12.6).
3. Must wear lab coat, safety shoes & safety glasses.

Title: Drilling Simulator Laboratory
Location: 3-124
Activities:
To observe and experience a simulated drilling operation; by using the
simulator, the following can be achieved:

1.

Controlling the well.

2.

Drilling a better hole.

3.

Performing several well tests such as casing seat, drilling out of the
casing shoe, drill-off, nozzle plugging, bit and bearing wear.

4.

Handling gumbo problems such as bit balling, sloughing shale and pipe
sticking.

5.

Understanding blowout.

Contents: Major Equipment includes:
blowout preventor panel, CRT terminal, choke manifold, draw works panel,
drillers panel, failure panel, lighting panel, mud weight panel, printer, stand
pipe manifold, speakers, subsea panel, visual display
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Safety Principles:
1. See the general safety principles for laboratories (sec. 12.1).
2. See the general safety principles for petroleum hazards (sec. 12.6).
3. Wear lab coat, safety shoes & safety glasses.

Title: Personal Computer Laboratory
Location: 3-222
Activities:
1. Students instructional purposes.
2.

Completion of course assignment involving computer usage.

3.

Conducting short courses to familiarize participants with various application

of software.
Contents: Major equipment includes:
IBM and DELL branded computers, printer, server
Safety Principles:
1. See the general safety principles for laboratories (sec. 12.1).
2. See the general safety principles for computer laboratories (sec. 12.2).
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13.6 Safety Principles for the Computer Engineering Department Laboratories

Title: COE Sun Laboratory
Location:22/333
Activities: Sun and Next workstations running continuously connected to the Unix
network.
Contents: Sun and Next workstations with monitors.
Safety principles :
1. See the general safety principles of laboratories (sec. 12.1)
2. See the general safety principles of computer laboratories ( sec. 12.2)

Title: Robotics Laboratory
Location: 22/339
Activities: Robot control systems with personal computers and next workstations.
Contents: Robot systems with personal computers and next stations.
Safety principles:
1. See the general safety principles of laboratories (sec. 12.1)
2. See the general safety principles of computer laboratories (sec. 12.2)

Title: Digital Logic Design Laboratory
Location: 22/340-A
Activities: Basic digital circuit design
Contents: Digital design boards and IC tester.
Safety principles :
1.

See the general safety principles of laboratories (sec. 12.1)

2.

See the general safety principles of computer laboratories (sec. 12.2)

Title: Microprocessor Laboratory
Location: 22/340-B
Activities: Microprocessor based system design

Contents: Digital design boards, oscilloscopes, logic analyzers, power supplies, XT
PC’s etc.
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Safety principles :
1. See the general safety principles of laboratories (sec. 12.1)
2. See the general safety principles of computer laboratories (sec.12.2)

Title: Network and Communication Laboratory
Location: 22/347-A
Activities: Experimenting with local area networks and wide area
Networks.
Contents: Personal computers, routers, switches, hubs, ATM, etc.
Safety principles :
1. See the general safety principles of laboratories (sec. 12.1)
2. See the general safety principles of computer laboratories (sec. 12.2)

Title: Printed Circuit Board Lab
Location: 22/019
Activities: Designing, production of prototype printed circuit boards
Contents:

Repro-master camera, film developer, ultra violet

machine,

silk

screen printing machine, chemical tanks, etching/plating machine,
CNC router machines, soldering equipment, plating etching and
developing chemicals etc.
Safety principles :
1. See the general safety principles of laboratories (sec. 12.1)
2. See the general safety principles of computer laboratories (sec. 12.2)
3.

See the general safety principles for chemical hazards (sec. 12.3)
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13.7 Safety Principles for the Systems Engineering Department Laboratories
Title: Work Physiology Laboratory
Location: 22-113
Activities: Measuring of human body responses in work physiology experiments
Contents: Heart rate, blood pressure and comfort metering devices
Safety principles :
1. See general safety principles for laboratories (sec. 12.1)

Title: Analog Computer Laboratory
Location: 22-407B
Activities : Modeling and simulation of physical systems
Contents: Analog computers, plotters, PCs and printer
Safety principles :
1. See general safety principles for laboratories (sec. 12.1)

Title: Industrial Automation Laboratory
Location: 22-411
Activities : Computer application for control systems
Contents : Various control system kits and PCs
Safety principles :
1. See general safety principles for laboratories (sec. 12.1)
Title: Linear Control Systems Laboratory
Location: 22-407A
Activities: Applications of classical and modern control principles
Contents: Various control kits including DC motor based controls
Safety principles:
1. See general safety principles for laboratories (sec. 12.1)

Title: Human Performance Laboratory
Location: 22-118
Activities: Human performance related experiments
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Contents: Body dimension tools, flex-meters, grip-meters etc.
Safety principles :
1. See general safety principles for laboratories (sec. 12.1)
Title: Instrument Maintenance & Staging Workshop Laboratory
Location: 22-415
Activities : Testing and repairing of all lab equipment
Contents: Electronic test & repair gear
Safety principles:
1. See general safety principles for laboratories (sec. 12.1)

Title: Instrumentation and Measurement Laboratory
Location: 22-421
Activities: Application of process measuring instruments
Contents: Flow, level, pressure, temperature and vibration instrument kits
Safety principles :
1. See general safety principles for laboratories (sec. 12.1)

Title: Microprocessor Based Systems Lab
Location: 22-408
Activities: Designing and building of digital logic circuits and microprocessor
based circuit experiments
Contents: Logic boards, TTL chips, signal generators, oscilloscopes and PCs
Safety principles:
1. See general safety principles for laboratories (sec. 12.1)

Title: Optimization Laboratory
Location: 22-417
Activities: Computer based IE/OR and Optimization techniques
Contents: PCs, Workstation and printers
Safety principles:
1. See general safety principles for laboratories (sec. 12.1)
2. See general safety principles for computer laboratories (sec.12.2)
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Title: Personal Computer Laboratory
Location: 22-410
Activities: Computing support for various academic courses
Contents: PCs and printers

Safety principles:
1. See general safety principles for laboratories (sec. 12.1)
2. See general safety principles for computer laboratories (sec.12.2)

Title: Process Control Laboratory
Location: 22-420
Activities: Industrial process control design and applications
Contents: Process sensors, controllers, actuators and PCs
Safety principles:
1. See general safety principles for laboratories (sec. 12.1)
2. See general safety principles for computer laboratories (sec. 12.2)

Title: Robust & Motion Control Laboratory
Location: 22-414
Activities: Design and implementation of motion control systems
Contents: Data Acquisition devices, motion control kits and PCs
Safety principles :
1. See general safety principles for laboratories (sec. 12.1)
2. See general safety principles for computer laboratories (sec. 12.2)

Title: Senior Projects Laboratory
Location: 22-409
Activities: Design and implementation of student senior projects
Contents: PCs, printer and assorted workshop devices
Safety principles:
1. See general safety principles for laboratories (sec. 12.1)
2. See general safety principles for computer laboratories (sec. 12.2)
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Title: Signal Processing & Machine Vision Laboratory
Location: 22-418
Activities: Implementation of signal and image processing techniques
Contents: DSP kits, PCs and printer
Safety principles:
1. See general safety principles for laboratories (sec. 12.1)
2. See general safety principles for computer laboratories (sec. 12.2)

Title: Advanced Instrumentation Laboratory
Location: 22-419
Activities: Data acquisition and design of measurement systems
Contents: Data acquisition devices, sensors, actuators and PCs
Safety principles:
1. See general safety principles for laboratories (sec. 12.1)
2. See general safety principles for computer laboratories (sec. 12.2)
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13.8 Safety Principles for the Information and Computer Science Department
Laboratories
Title :

Artificial Intelligence laboratory

Location : 22-336
Activities : Writing software related to artificial intelligence
Contents : Computer equipment
Safety principles :
1. See the general safety principles of laboratories (sec. 12.1)
2. See the general safety principles of computer laboratories (sec. 12.2)

Title :

Multi Media laboratory

Location : 22-336-1
Activities : Developing multimedia projects
Contents : Computer , sound and video equipment
Safety principles :
1. See the general safety principles of laboratories (sec. 12.1)
2. See the general safety principles of computer laboratories (sec. 12.2)

Title : Distributed Processing laboratory
Location : 22-343
Activities :Developing parallel and distributed software
Contents : Computer equipment
Safety principles :
1.

See the general safety principles of laboratories (sec. 12.1)

2.

See the general safety principles of computer laboratories (sec. 12.2)

Title : Optical Computing laboratory
Location : 23-16
Activities : Developing general purpose software
Contents : Computer and optical equipment
Safety principles :
1.

See the general safety principles of laboratories (sec. 12.1)

2.

See the general safety principles of computer laboratories (sec. 12.2)
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Title : Software engineering laboratory
Location : 23-18
Activities :Developing large software products
Contents : computer equipment
Safety principles :
1. See the general safety principles of laboratories (sec. 12.1)
2. See the general safety principles of computer laboratories (sec. 12.2)
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13.9

Safety Principles for the Chemistry Department Laboratories

Title:

Freshman Teaching Chemistry Laboratory

Location:

Bldg. 4-202, 204, 206, 208, 209 & 244

Activities:

Teaching laboratories (CHEM 101/102)
The experiments being performed are related to general
chemistry, mostly qualitative & quantitative analysis.

Contents:

pH Meters, spectrophotometers, centrifuges, water baths,
distillation units, deionisers, weighing balances, ovens, hot
plates, ice machines, timers, magnetic stirrer, aspirators, heat of
combustion apparatus, ball mill grinder, Vernier calipers &
barometers

Safety principles:
1. See general safety principles for laboratories (sec. 12.1).
2. See general safety principles for chemistry department (sec. 12.3).
Title:

Organic Research Laboratory

Location:

Bldg. 4-213

Activities:

Recrystallization,

distillation,

extraction,

filtration,

evaporation, heating of mixtures and solvents, use of high
pressure gases, use of a Bunsen burner, storage of volatile and
flammable solvents, strong acids and bases, strong oxidation
and reducing agents, reduced pressure
Contents:

Contains equipment and chemicals, about 50 liters of organic
solvents, several gas cylinders, various organic and inorganic
reagents, a high-pressure liquid chromatograph, balances and
heating devices

Safety principles:
1. See the general safety principles for laboratories (sec. 12.1).
2. See the general safety principles for chemical hazards (sec. 12.3).
3. All strong oxidizing agents should be stored separately from the
organic reagent and reducing agents.
4. All noxious or toxic chemicals should be opened, used and preferably
stored in hoods.
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5. All reduced pressure operations should be done in appropriate
glassware.
6. All medium pressure (less than 200 psi) operations should be carried
out behind a plastic or glass shield.
7. Sodium should be disposed of by reacting with ethanol.

Title:

Organic Chemistry Teaching Laboratory

Location:

Bldg. 4- 215

Activities:

Teaching

CHEM

201-202:

recrystallization;

distillation;

extractions; filtration; evaporation; use of a Bunsen burner;
storage of strong volatile and flammable solvents; strong acids
and bases; strong oxidation and reducing agents; reduced
pressure
Contents:

Equipment and chemicals; organic solvents, many organic and
inorganic solutions, nitrogen cylinder

Safety principles:
1.

See the general safety principles for laboratories (sec. 12.1).

2.

See the general safety principles for chemical hazards (sec. 12.3).

3.

All strong oxidizing agents should be stored separately from the
organic reagent and reducing agents.

4.

All noxious or toxic chemicals should be opened, used and
preferably stored in hoods.

5.

All reduced pressure operations should be done in appropriate
glassware.

6.

All medium pressure (less than 200 psi) operations should be carried
out behind a plastic or glass shield.

7.

Sodium should be disposed by reacting with ethanol.

Title:

Storage of Equipment

Location:

Bldg. 4- 212

Activities:

Storage of equipment that is used on an intermittent basis in the
adjacent organic research laboratory

Safety principles:
1.

See the general safety principles for laboratories (sec. 12.1).
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2.

See the general safety principles for chemical hazards (sec 12.3).

Title:

Nuclear Magnetic Resonance Laboratory

Location:

Bldg. 4 -222

Activities:

Preparation of NMR samples and running spectra

Contents:

Equipment and chemicals; cryogenic magnet and liquids,
liquid nitrogen and liquid helium

Safety principles:
1.

See the general safety principles for laboratories (sec. 12.1).

2.

See the general safety principles for chemical hazards (sec. 12.3).

Title:

Instrument laboratory

Location:

Bldg. 4-153

Activities:

Preparation of NMR samples and running spectra.

Contents:

Equipment and Chemicals; contains several instrument nuclear
magnetic spectrometer LAMBDA 500 (cryogenic magnet and
liquid nitrogen and liquid helium), infrared spectrometer
SHEMADZU IR 408, ultra violet / visible spectrometer Perkin
Elmer 202, polarimeter Perkin Elmer 241 MC, 408, ultra violet
/ visible spectrometer cary 2390, nuclear magneti spectrometer
Varian T-60 (large permanent magnet, press for KBr pellets

Safety principles:
1. See the general safety principles for laboratories (sec. 12.1).
2. See the general safety principles for chemical hazards (sec. 12.3).

Title:

Organic Teaching Laboratory

Location:

Bldg. 26-301

Activities:

Teaching CHEM 201-202, recrystallization, distillation,
extractions, filtration, evaporation, use of high pressure gases,
use of a Bunsen burner, storage of strong volatile and
flammable solvents, strong acids and bases, strong oxidation
and reducing agents, reduced pressure.
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Contents:

Equipment and chemicals, organic solvents, many organic and
inorganic solutions, nitrogen cylinders, water still

Safety principles:
1. See the general safety principles for laboratories (sec. 12.1).
2. See the general safety principles for chemical hazards (sec. 12.3).
3. All strong oxidizing agents should be stored separately from the
organic reagent and reducing agents.
4. All noxious or toxic chemicals should be opened, used and preferably
stored in hoods.
5. All reduced pressure operations should be done in appropriate
glassware.
6. All medium pressure (less than 200 psi) operations should be carried
out behind a plastic or glass shield.
7. Sodium should be disposed of by reacting with ethanol.

Title:
Location:

Preparatory Laboratory
Bldg. 26- 301b

Contents:

Equipment and chemicals, organic solvents, many organic and
inorganic solutions, nitrogen cylinder, ice maker

Activities:

Preparation of the experiments for organic chemistry
laboratories

Safety principles:
1. See the general safety principles for laboratories (sec. 12.1).
2. See the general safety principles for chemical hazards (sec. 12.3).
3. All strong oxidizing agents should be stored separately from the
organic reagent and reducing agents.
4. All noxious or toxic chemicals should be opened, used and
preferably stored in hoods.
5. All reduced pressure operations should be done in appropriate
glassware.
6. All medium pressure (less than 200 psi) operations should be
carried out behind a plastic or glass shield.
7. Sodium metal should be disposed by being decomposed in ethanol.
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Title:

Organic Chemistry Teaching Laboratory

Location:

Bldg. 26-302

Activities:

Teaching

CHEM

201-202,

recrystallization,

distillation,

extractions, filtration, evaporation, use of high pressure gases,
use of a Bunsen burner; storage of strong volatile and
flammable solvents; strong acids and bases; strong oxidation
and reducing agents
Contents:

Equipment and chemicals, gas chromatograph unit, gas
cylinders, hydrogen and oxygen, organic solvents, organic and
inorganic solutions.

Safety principles:
1. See the general safety principles for laboratories (12.1).
2. See the general safety principles for chemical hazards (12.3).
3. All strong oxidizing agents should be stored separately from the
organic reagent and reducing agents.
4. All noxious or toxic chemicals should be opened, used and preferably
stored in hoods.
5. All reduced pressure operations should be done in appropriate
glassware.
6. All medium pressure (less than 200 psi) operations should be carried
out behind a plastic or glass shield.
7. Sodium metal should be disposed of by reacting with ethanol.

Title:

Inorganic Chemistry Teaching Laboratory

Location:

Bldg. 4 –244

Activities:

Teaching chemistry lab. courses CHEM-101, 102, 306.

Contents:

Basic

equipment, apparatus and
refrigerators and gas cylinders

chemicals,

Safety principles:
1. See the general safety principles for laboratories (sec. 12.1).
2. See the general safety principles for chemical hazards (sec. 12.3).
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oven,

Title:

Inorganic Chemistry Research and Preparation Laboratory

Location:

Bldg. 4 –245

Activities:

Research laboratory and preparation for general and inorganic
Chemistry Lab. Courses CHEM-101, 102, 306 and others.

Contents:

Ice machine, water distillation unit, ovens, chemicals, apparatus
and gas cylinders

Safety principles:
1. See the general safety principles for laboratories (sec. 12.1).
2. See the general safety principles for chemical hazards (sec. 12.3).

Title:

Inorganic Chemistry Research Laboratory

Location:

Bldg. 4 –247

Activities:

Research laboratory for faculty and undergraduate (senior
projects), and graduate (Ph.D. and MSc.) students

Contents:

Basic research apparatus, chemicals and equipment,
refrigerators, oven, furnace, vacuum box, vacuum pumps,
circulating water bath, gas cylinders, computer etc

Safety principles:
1. See the general safety principles for laboratories (sec. 12.1).
2. See the general safety principles for chemical hazards (sec. 12.3).

Title:

Chemistry Teaching Laboratory

Location:

Bldg. 4 –244

Activities:

Teaching chemistry lab. courses CHEM-101, 102, 306.

Contents:

Basic

equipment, apparatus and
refrigerators and gas cylinders

chemicals,

oven,

Safety principles:
1. See the general safety principles for laboratories (sec. 12.1).
2. See the general safety principles for chemical hazards (sec. 12.3).

Title:

Physical Chemistry - I

Location:

Bldg. 4 –250

Activities:

For teaching the lab for Physical Chemistry-I (CHEM-212) and
Physical Chemistry-II (CHEM-311) when needed. Also used
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sometimes by students doing senior projects and M.S. & Ph.D
Research.
Contents:

Equipment / Apparatus for teaching the above course (s) are
present. They include: bomb calorimeter, equipment & set up
for the Joule-Thomson experiment, fractional distillation
apparatus, spectrophotometer, gas chromatograph, resistancecurrent-voltage meter, gas cylinders, computer

Safety principles:
1.

See the general safety principles for laboratories (sec. 12.1).

2.

See the general safety principles for chemical hazards (sec. 12.3).

Title:

Physical Chemistry - II

Location:

Bldg. 4 –251

Activities:

Teaching Physical Chemistry laboratory - II (only CHEM311). It is sometimes used by students doing senior projects,
M.S. & Ph.D research

Contents:

Conductivity meter, power supplies (AC/DC), surface
tensiometer, chart recorders, refrigeration, equipments,
(constant temperature bath circulators), polarimeter, vacuum
pumps, spectrophotometers, multimeter, computer, gas
cylinders

Safety principles:
1.

See the general safety principles for laboratories (sec. 12.1).

2.

See the general safety principles for chemical hazards (sec. 12.3).

Title:

Electron Spin Resonance Laboratory

Location:

Bldg. 4 –155

Activities:

Faculty research. It is sometimes used by students doing senior
projects and M.S. & Ph.D research

Contents:

ESR

spectrometer

model

Bruker

200

D-SRC,

ESR

spectrometer Model Varian E-109 series, power supplies, data
system and cooling units related to the above two
spectrometers, vacuum system to seal samples by the use of
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LPG cylinders, refrigerator, gas cylinders, liquid nitrogen
cylinders
Safety principles:
1.

See the general safety principles for laboratories (sec. 12.1).

2.

See the general safety principles for chemical hazards (sec. 12.3).

Title:

Solution Thermodynamics Research Laboratory

Location:

Bldg. 4 –246

Activities:

Faculty research. It is used by sometimes by students doing
senior projects, M.S. & Ph.D research

Contents:

Gas chromatograph, density meter, gas cylinders

Safety principles:
1.

See the general safety principles for laboratories (sec. 12.1).

2.

See the general safety principles for chemical hazards (sec. 12.3).

Title:

Electrochemical / Corrosion Laboratory

Location:

Bldg. 4 –246-1

Activities:

Faculty research, senior projects, M.S. & Ph.D research

Contents:

A potentiostat, computer, gas cylinders

Safety principles:
1.

See the general safety principles for laboratories (sec. 12.1).

2.

See the general safety principles for chemical hazards (sec. 12.3).

Title:

Analytical Services Laboratory

Location:

Bldg. 4-239

Activities:

To provide analysis of samples submitted by faculty and by
agencies, companies and others from outside the department;
the laboratory is extensively used for senior projects,
special topics courses, graduate students for M.S. and Ph.D.
thesis research
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Contents:

Perkin-Elmer 400 ICP spectrometer, Varian atomic absorption
spectrometer, Fison 1180 elemental analyzer, EC&G Princeton
electrograph, Varian gas chromatographs

Safety principles:
1.

See the general safety principles for laboratories (sec. 12.1).

2.

See the general safety principles for chemical hazards (sec. 12.3).

Title:

Analytical Teaching Laboratory

Location:

Bldg. 4-235

Activities:

Teaching of analytical laboratory courses

Contents:

pH meters and balances

Safety principles:
1.

See the general safety principles for laboratories (sec. 12.1).

2.

See the general safety principles for chemical hazards (sec. 12.3).

Title:

Analytical Teaching Laboratory

Location:

Bldg. 4-242

Activities:

Teaching of analytical laboratory courses.

Contents:

Electrogravimetric unit, pH meters, conductivity meters, flame
photometer, and weighing balances

Safety principles:
1.

See the general safety principles for laboratories (sec. 12.1).

2.

See the general safety principles for chemical hazards (sec. 12.3).

Title:

Industrial Chemistry Laboratory

Location:

Bldg. 4-210

Activities:

To provide support for catalyst research and development to
undergraduate students in the field of petroleum and
petrochemical chemistry. The lab is fitted with a catalytic
reactor to conduct catalytic cracking reactions. The lab
experiments are specifically designed to provide practical
experience to the industrial chemistry students in the field of
petroleum chemistry, catalyst preparations, catalytic reactions
and hydrocarbon analysis.
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The laboratory is extensively used for senior projects, special
topics courses, graduate students for M.S. and Ph.D. thesis
research, and for funded research projects.
Contents:

Gas chromatographs, HP 5790, Shimadzu 9A, with FID and
capillary columns, Parr Bench top reactors 4842, Parr
semimicro calorimeter 1425 and thermocraft tubular reactor

Safety principles:
1.

See the general safety principles for laboratories (sec. 12.1).

2.

See the general safety principles for chemical hazards (sec. 12.3).

Title:

Industrial Chemistry Laboratory

Location:

Bldg. 4-224

Activities:

Synthesis and characterization of catalysts; the synthesis is
carried out using a newly acquired microwave instrument.

Contents:

Powder x-ray diffraction instrument with associated water
chiller and computer; a microwave oven with temperature and
pressure control

Safety principles:
1. See the general safety principles for laboratories (sec. 12.1).
2. See the general safety principles for chemical hazards (sec. 12.3).
3. Special ventilation Fans should be installed.

Title:

Polymer Chemistry Laboratory

Location:

Bldg. 4-254

Activities:

Polymer

research

by

faculty,

graduate

students,

and

undergraduate senior projects. Undergraduate teaching of the
polymer chemistry course CHEM 460
Contents:

The laboratory is equipped with instruments to provide support
for polymer synthesis and characterization. This laboratory is
equipped with freeze drying apparatus, a vapor pressure
osmometer, membrane osmometer, cryoscopic unit, electronic
analog meter, melting point apparatus, filtration units, oven,
balance, rotavap, chemicals and others
177

Safety principles:
1. See the general safety principles for laboratories (sec.12.1).
2. See the general safety principles for chemical hazards (sec. 12.3).
3. All strong oxidizing agents should be stored separately from the
organic reagent and reducing agents.
4. All noxious or toxic chemicals should be opened, used and
preferably stored in hoods.
5. All reduced pressure operations should be done in appropriate
glassware.
6.

All medium pressure (less than 200 psi) operations should be
carried out behind a plastic or a glass shield.

7. Sodium should be disposed of by reacting with ethanol.

Title:

Industrial Catalysis Laboratory

Location:

Bldg. 4-253

Activities:

The laboratory is equipped to conduct carbonylation, oxidation,
hydrogenation, alkylation and other reactions related to
hydrocarbon conversion. Highly toxic carbon monoxide gas is
used in this lab. The lab is also used for pollution control
studies related to the atmosphere and water. Senior project
students and M.S., Ph.D. research students are expected to use
the lab

Contents:

The laboratory is equipped with high-pressure autoclaves for
high-pressure experiments.

It is also equipped with gas

chromatographs
Safety principles:
1.

See the general safety principles for laboratories (see 12.1).

2.

See the general safety principles for chemical hazards (sec.
12.3).

3.

Carbon monoxide gas cylinder should be kept under permanent
fan system connected to the fume hood.

4.

An efficient carbon monoxide detector that can detect as low as
10 ppm of this gas should be permanently used.
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5.

The reactions should be conducted in highly efficient fume
hoods to keep the toxic gases out of the lab.

6.

The high-pressure experiments should be run exclusively under
fumehoods and the high pressure autoclaves should not be
moved out of the fumehoods while they are under pressure.

7.

This lab should be kept locked and not accessible to
unauthorized persons.

8.

Clear signs should be installed on the doors of the lab warning
any person about the use of high-pressure experiments and
carbon monoxide.

Title:

I.R. Spectroscopy Laboratory

Location:

Bldg. 4-147/1

Activities:

Operation of computer and FTIR instrument

Contents:

Two Fourier Transform Infrared spectrometers (IR Nicholet
5DXB FT-IR and Perkin Elmer FT IR 16F PC).

Safety principles:
1.

See the general safety principles for laboratories (sec. 12.1).

2.

See the general safety principles for chemical hazards (sec. 12.3).

Title:

X-Ray Diffraction Laboratory

Location:

Bldg. 4-154

Activities:

Faculty Research

Contents:

X-Ray diffracts-582/585, computers, incubator, refrigerator,
recirculating chiller

Safety principles:
1.

See the general safety principles for laboratories (sec. 12.1).

2.

See the general safety principles for chemical hazards (sec. 12.3).
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Title:

Oil Testing Center

Location:

Bldg. 1 -111

Activities:
1. Performing standard tests on crude oil and petroleum
products such as fuels and lubricating oils used or produced
by governmental or non- governmental corporations
2. Consulting services for local and neighboring petroleum
industries
3. Research and development projects
4. Training technical personnel and students (undergraduate or
graduate) in techniques applied in crude oil and petroleum
product testing
Contents:

High performance liquid chromatography, atomic absorption
spectrophotometer, mass spectrometer, GC 5880A, gas
partitioner, nitrogen analyser, dielectric strength, oxidation
stability, semi cal T.B.P. distillation, lab X 2000, sulfur
determination equipment, thermal stability aviation turbine
fuel, water separometer, viscometers, rotavapor, Mettler DL 18
Karlfisher & Mettler DL 25 Titraton.

Safety principles:
1.

See the general safety principles for laboratories (sec. 12.1).

2.

See the general safety principles for chemical hazards (sec. 12.3).

Title:

Chemical Crystallographic Laboratory

Activities:

Faculty research

Contents:

Computers, cooled incubator

Safety principles:
1.

See the general safety principles for laboratories (sec. 12.1).

2.

See the general safety principles for chemical hazards (sec. 12.3).

Title:

General Chemical Store

Location:

Bldg. 4-156
180

Activities:

This laboratory is meant to store and supply chemicals,
glassware and other things used by chemistry department
laboratories

Contents:

chemical bottles, glassware, P.C computer and small office
supplies and others

Safety principles:
1.

See the general safety principles for laboratories (sec. 12.1).

2.

See the general safety principles for chemical hazards (sec. 12.3).

Title:

Glass Blowing Workshop

Location:

Bldg. 4-160

Activities:

Manipulating glass apparatus designed by the research workers
for almost all science and engineering departments of the
University, Repair of broken glass apparatus, helping MS &
Ph.D. students in glass apparatus problems

Contents:

Glass blowing lathe, glass cutter, a grinding and lapping
machine, an annealing oven, burners

Safety principles:
1.

See the general safety principles for laboratories (sec. 12.1).

2.

See the general safety principles for chemical hazards (sec. 12.3).
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13.10 Safety Principles for the Earth Sciences Department Laboratories
Title:

Geo-Chemistry Laboratory

Location:

Bldg. 23-003

Activities:

Analysis of major, minor and trace elements present in rocks
and minerals using various geological and chemical tests
Faculty members and MS students of the department use this
laboratory. Sometimes under graduate students are also
demonstrated various tests pertaining to their courses by
respective instructors.

Contents:

X-ray diffractometer, flame analyzer, spectrometer, reflectivity
meter, spectrophotometer, thermal analyzer, thermogravimetric
analyzer, sieves, filtration unit, centrifuge, ovens, furnaces,
balances, hot plates and chemicals

Safety principles:
1.

See the general safety principles for laboratories (sec. 12.1).

2.

See the general safety principles for chemical hazards (sec. 12.3).

3.

Automatic fire and explosion detectors should be installed.

4.

Fume chambers should be fitted with powerful exhaust systems.

Title:
Location:

Thin Section Laboratory
Bldg. 23-005

Activities:

Preparation of thin sections, polished sections, grain mounts,
polished thin sections & heavy media separation of rocks, ores
and minerals for day to day use in practical classes of
undergraduate students, MS theses, faculty research

Contents:

Equipped with rock cutting machine, grinding machine,
vacuum sectioning machine, polishing machine, microscope,
heaters

and

electronic

balance,

vacuum

impregnation

equipment, chemicals

Safety principles:
1.

See the general safety principles for laboratories (sec. 12.1).

2.

See the general safety principles for chemical hazards (sec. 12.3).
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Title:

Workshop

Location:

Bldg. 23-006

Activities:

Sample preparation of rocks and minerals before making the
thin and polished sections; used to make slabs, cores and
powdering of samples

Contents:

Equipped with big and medium size rock cutting machines,
grinding machine, pulverizing machine, jaw crusher, air
compressor, coring machine and sample powdering unit

Safety principles:
1. See general safety principles for laboratories (sec. 12.1).
2. The laboratory must be equipped with Helmet and dust collectors.

Title:

Research Laboratory

Location:

Bldg.

Activities:

Faculty research and MS thesis projects work

Contents:

Contains

23-010

porosimeter,

permeability

apparatus,

Frant'z

isodynamic separator, heavy duty mixer, point load tester,
Schmidt’s hammer, electronic balance, microscopes, ovens,
furnaces, chemicals
Safety principles:
1.

See the general safety principles for laboratories (sec. 12.1).

2.

See the general safety principles for chemical hazards (sec. 12.3).

3.

Reliable thermostatic controls must be provided.

4.

Should contain a fume chamber fitted with a powerful exhaust
fan.

5.

Insulated tongs and asbestos gloves must be provided.

Title:

Instructional Laboratory

Location:

Bldg. 23-011

Activities:

Instructional laboratory for undergraduate students

Contents:

Rocks, minerals and ore samples, microscopes and their
accessories, overhead projector and charts
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Safety principles:
1. See general safety principles for laboratories (sec. 12.1).

Title:

Advance Microscopy Laboratory

Location:

Bldg. 22-129

Activities:

Microscopic studies on rocks, ores and minerals. MS students
and faculty research

Contents:

Axiophot microscope, petroscope, ore microscopes and their
accessories

Safety principles:
1. See general safety principles for laboratories (sec. 12.1).

Title:
Location:

PC Laboratory
Bldg. 22-148

Activities:

Courses pertaining to geology and geophysics, computer
applications for undergraduate and MS students

Contents:

Computers, sun work station, printers, hub stack for Internet
connections, scanner and polaroid camera

Safety principles:
1. See general safety principles for laboratories (sec. 12.1).
2. High voltage protection should be provided.
3.

Fix temperature limit switches to avoid over heating.

Title:

Instructional Laboratory

Location:

Bldg. 22-137

Activities:

Instructional laboratory for undergraduate students

Contents:

Stereoscopes, stereo nets, models and aerial photographs

Safety principles:
1. See general safety principles for laboratories (sec. 12.1).

Title:

Instructional Laboratory

Location:

Bldg. 23-014

Activities:

Instructional laboratory for undergraduate students

Contents:

Rocks, minerals, ores and fossil samples, microscopes, TV,
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VCR, overhead projector, charts and models
Safety principles:
1.

See general safety principles for laboratories (sec. 12.1).

Title:

Geophysical Research Laboratory

Location:

Bldg. 23-067

Activities:

Instructional laboratory for undergraduate and MS students,
faculty research

Contents:

Magnetometer, exploration seismograph, resistivity meter,
worden gravity meter and accessories

Safety principles:
1.

See general safety principles for laboratories (12.1).

Title:
Location:

Paleomagnetism Laboratory
Bldg. 23-064

Activities:

Paleomagnetic studies on rocks; instructional laboratory for
undergraduate & MS students, faculty research.

Contents:

Proton

magnetometer,

vibrating

sample

magnetometer,

tumbling specimen demagnetizer, computer, core cutting
machine and other accessories
Safety principles:
1. See general safety principles for laboratories (12.1).
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13.11 Safety Principles for the Mathematical Science Department Laboratories
Title:

Teaching Laboratory

Location:

Bldg. 5- 202

Activities:

Ordinary PC usage

Contents:

PC stations

Safety principles:
1. See general safety principles for laboratories (sec. 12.1).
2. See general safety principles for computer laboratories (sec. 12.2).
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13.12 Safety Principles for the Physics Department Laboratories

Title:

Superconductivity and Magnetism

Location:

Bldg. 6-167

Activities:

Research, characterization of superconductors, and magnetic
measurements

Contents:

Nine Tesla vibrating sample magnetometers, diffusion pumps,
cryostats/liquid He and liquid N2

Safety principles:
1. See the general safety principles for laboratories (sec. 12.1).
2. See the general safety principles for physics laboratories (sec. 12.8).
3. Users or visitors to the magnetometer should stay at least 2 meters
away from the magnetometer during high field operation.
4. No one with a pacemaker should be allowed to enter the room during
the operation of the magnetometer.
5. It is strongly recommended that during helium transfer two people
should be present.
6. Equipment with sharp edges should be stored in its proper place
immediately after use.
7. Packing materials, boxes and any other fire hazard materials that are
not part of that lab should be removed from the labs. A storeroom
should be provided where specialized packing material could be stored.
8. Safety valves on the cryostats and other pressurized containers should
be checked and maintained on regular bases.
9. Oils and other cooling fluids in the rotary, turbo molecular pumps
should be checked on regular bases and proper fluid levels should be
maintained.

Title:

Sample Preparation Room and X-ray Characterization

Location:

Bldg. 6- 243

Activities:

Sample preparation of glasses, superconductors, and magnetic
materials. X-ray diffraction equipment, heat treatments

Contents:

X-ray diffractometer and water chiller, high temperature
furnaces (up to +1400 oC), arc-melting equipment, balance.
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Safety principles:
1. See the general safety principles for laboratories (sec. 12.1).
2. See the general safety principles for physics laboratories (sec. 12.8).
3. Unauthorized persons should be kept out of the room during x-ray
operation. No entry sign and x-ray warning signs should be installed
on the door.
4. During arc melting and heat treatments, thermal insulating gloves
and proper dress and safety shoes should be used.
5. High power exhaust fans should be installed in this lab in order to
expel the exhaust fumes emitted from the melting chemicals.
6. This lab should also be fitted with an efficient fumehood cupboard
for chemical mixing.
7. Dangerous equipment should not be left unattended for any period of
time.

Title:

Electron Spectroscopy Laboratory

Location:

Bldg 6-252, 254, and 255

Activities:

Surface science studies and surface analysis of various
materials, heat treatments under controlled atmospheres
(oxidizing and reducing atmospheres), sample preparation
under ultra-high vacuum and various gas atmospheres,
chemical cleaning of samples

Contents:

Electron
chambers.

spectrometer
Auger

(VG-ESCALAB

spectrometer

MKII),

(VARIAN),

vacuum
electron

spectrometer (Leybold Heraus), turbo molecular pumps, ion
pumps and water chillers
Safety principles:
1. See the general safety principles for laboratories (sec. 12.1).
2. See the general safety principles for physics laboratories (sec. 12.8).
3. High-voltage cables should be properly insulated and periodically
checked.
4. Safety interlocks on the research equipment should be checked
regularly to ensure they are in proper working order.
5. Adequate ventilation of the room should be ensured.
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6. A fume cupboard with a strong exhaust should be available and
periodically checked.
7. Proper extraction of the exhaust fume from the roughing pumps
should be ensured and periodically checked.
8. Used chemicals (acids and solvents) should not be mixed. They
should be stored in properly labeled containers. They should be
disposed off by proper methods
9. Safety valves on the cryostats and other pressurized containers should
checked and maintained on a regular bases.

Title:

Teaching Laboratory

Location:

Bldg. 6- 234, 236, 239, 241, 207, 204, 245

Activities:

Undergraduate teaching laboratories (Physics 101, 102, 131,
303,

Contents:

201,

304, 403)
Low and medium voltage but low current supplies, spark
generators, air tracks, low-pressure air compressors, low power
lasers, hot filament lamps, low dosage radioactive sources, xray generators and hot plates

Safety principles:
1. See the general safety principles for laboratories (sec. 12.1).
2. See the general safety principles for physics laboratories (sec.
12.8).
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13.13 Safety Principles for the Accounting and Management Information
Systems Department Laboratories
Title : CIM’s General laboratory
Location : 24-278
Activities : Teaching
Contents :PC’s
Safety Principles :
1. See the general safety principles for laboratories (sec. 12.1)
2. See the general safety principles for computer laboratories (sec. 12.2)

Title : Multimedia laboratory
Location : 24-236
Activities :Teaching and open lab
Contents :PC’s
Safety Principles :
1. See the general safety principles for laboratories (sec. 12.1)
2. See the general safety principles for computer laboratories (sec. 12.2)

Title : ISAD laboratory
Location : 24-277
Activities : Teaching and open laboratory
Contents :PC’s
Safety Principles :
1. See the general safety principles for laboratories (sec. 12.1)
2. See the general safety principles for computer laboratories (sec. 12.2)

13.14 Safety Principles for the Finance & Economics Department Laboratories
No laboratories reported
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13.15 Safety Principles for the Management & Marketing Department
Laboratories

Title :MGT & MKT Multi-Media laboratory
Location :24-170 and 171
Activities :Teaching
Contents :PC’s
Safety Principles :
1. See the general safety principles for laboratories (sec. 12.1)
2. See the general safety principles for computer laboratories (sec. 12.2)
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14. College of Environmental Design Laboratories
Title:

Model Making Shop

Location:

19- 119

Activities:

Model making activities for architecture students

Contents:

Small modeling tools, drills, circular saw, jig saw, table saw, hot wire
for cutting and cutting tools for card board and paper etc.

Safety Principles
1. See general safety principles for Laboratories. (Sec. 12.1)
2. Safety checks on all machines; and discussion on safety with all users,
should be done periodically.
3. The maximum number of occupants should not exceed 10 at one time.
4. Laboratory technicians must ensure those all-cutting tools, saws, knives
etc.,

are used with proper

safety gear like safety goggles, gloves,

where activities demand such protection.
5. Laboratory technicians must ensure that all tools and equipment are
properly staged for work and storage.
6. All users of the Laboratory must be familiar with the machines before
operating them or seek instruction for safe use from the Laboratory
technician.

Title:

Building Science Laboratory

Location:

19- 117

Activities:

Class demonstrations in acoustics, illumination and HVAC

Contents:

Measuring instruments of sound, light, illumination and controls to
demonstrate HVAC

Safety Principles
1. See general safety principles for laboratories. (Sec. 12.1)
2. The laboratory technician must ensure that all the instruments and equipment
are back in place after demonstration and class sessions.
3. Safety checks on all machines and discussion on safety with all users, should
be done periodically.
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Title:

Computer Laboratory (two main locations)

Location:

19- 449 and 452-1 to 452-5

Activities:

PC stations, scanning and printing/plotting facilities

Contents:

PCs, scanners and plotters

Safety Principles
1. See general safety principles for laboratories.
2. The maximum number of occupants must not exceed 10 at one time, in any
room (this Laboratory is spread over several adjoining rooms, it has only one
exit available).
3.

All flammable material, such as paper and unused plots must be put into
proper

containers and removed from the laboratory at the end of each

day.
4. Safety checks on all machines and discussion on safety with all users, should
be done periodically.

Title:

Photography Laboratory

Location:

19 – 120

Activities:

Photo-developing and printing facilities

Contents:

Photo chemicals for developing and printing

Safety Principles
1. See general safety principles for laboratories. (Sec. 12.1)
2. The maximum number of occupants must not exceed 5 at one time.
3. The laboratory technician must ensure that all dark rooms and their equipment
are properly staged for work and storage.
4.

Ensure that there is enough air change for the extraction of chemical fumes
and air quality in laboratory is at acceptable standards at all times.

5. The laboratory technician must ensure that photochemical are stored in
approved containers and are handled in approved manner. Wear safety gloves
when handling chemicals.

Title:

Architectural Design Studios

Location:

Bldg. # 19 entire third floor, upper and lower levels

Activities:

Design stations, drafting stations and computing stations for
architecture students
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Contents:

PCs in computing center, drafting tables, some model

making

activities on desks
Safety Principles
1. See general safety principles for laboratories. (Sec. 12.1)
2. The maximum number of occupants must not exceed 20 at any time, in any
(one) studio. The floor is available for jury sessions and small gatherings. This
is an open office type plan, which offers flexibility in use and layout.
3. Maintain all drafting stations in good order and safe operation.
4. Install only proper wattage lamps such as 60 watts or as specified for desk
lamps.
5. All flammable material, such as unused sketch paper and card-board sheets
must be put into proper containers and removed from the studios at the end of
each day.
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14. Safety Principles for Research Institute
13.1 Center for Applied Physical Sciences
1-

Building 15 (Metrology and Standards Section, Central Analytical
Laboratory)

Title:

Radiation Calibration Laboratory

Location:

15-1128B

Activities:

Calibration of radiation survey meters

Contents:

Sealed radiation sources: 130 Ci Cs-137, 120 mCi Cs-137, 500
mCi Am-241, 80 mCi Co-57, 1 Ci Am-Be; distance monitoring
system, safety interlock system, closed circuit TV system;
secondary standard ionization chambers, ionization chambers
with precision electrometer/dosimeter; radiation monitoring
instruments; radiation sources stored in a lead container (10
mCi Sr-90, 1 mCi Sr-90, 100 Ci Ra-226, 1 mCi Co-60, a set
of  disc sources, a set of  disc sources, a set of  disc
sources)

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for radiation hazards. (Sec. 12.7).

Title:

AC/DC and High Voltage Laboratory

Location:

15-2305

Activities:

Measurement of electrical parameters such as resistance,
inductance, capacitance, current and voltage; testing and
calibration of electrical equipment

Contents:

Reference standards for resistance, inductance, capacitance,
and voltage; voltage and current sources and various electrical
measuring equipment

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for electrical hazards. (Sec.12.5)
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Title:

Microwave, Time, and Frequency Laboratory

Location:

15-2307

Activities:

Calibration and testing of electrical equipment such as signal
generators, oscilloscopes, counters, frequency synthesizers,
oscillators, clocks, tachometers, attenuators, communication
equipment, etc.

Contents:

Reference standards for microwave power, power
measurements, attenuation, frequency, time, and oscilloscope
testing, etc.

Safety principles:
1. See general safety principles for laboratories. (Sec.12.1)
2. See general safety principles for electrical hazards. (Sec.12.5)

Title:

Temperature, Humidity and Viscosity Laboratory

Location:

15-2317

Activities:

Calibration of temperature instruments and baths in the range –
38o C to 1000o C

Contents:

Calibration equipment: SPRTs, oil baths, fluidized baths

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Dimensional Measuring Equipment Laboratory

Location:

15-2319

Activities:

Calibration of dimensional instruments, torque wrenches,
hardness, etc.

Contents:

Calibration equipment: optical comparator, gauge block
comparators, profiling system machine, and laser-measuring
system

Safety principles:
1.

See general safety principles for laboratories. (Sec. 12.1)
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2.

See general safety principles for machine and tool hazards. (Sec. 12.4)

Title:

Mass Laboratory

Location:

15-2321

Activities:

Calibration of weights from 1 mg to 1000 kg.

Contents:

Calibration equipment: Russell balance, analytical balance,
equal arm balance, microbalance, weight sets

Safety principles:
1. See safety general principles for laboratories. (Sec. 12.1)
2. See general safety principles for machine and tool hazards. (Sec. 12.4)

Title:

Pressure, Force and Gas Flow Laboratory

Location:

15-2323

Activities:

Calibration of force, pressure and gas flow instruments

Contents:

Calibration equipment: load cells, proving rings, bell prover,
universal testing machines, Schwein manometer, dead weight
testers

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for machine and tool hazards. (Sec. 12.4)

Title:

Liquid Flow Laboratory

Location:

15-1128C

Activities:

Calibration of water meters, turbine meters, and other liquid
flow meters

Contents:

Calibration equipment: ballistic calibrator, dynamic weight
time calibration, and various volume standard vessels

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for machine and tool hazards. (Sec. 12.4)
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Title:

Elemental Spectroscopy Laboratory

Location:

15-4217

Activities:

Use of chemicals, use of concentrated acids and bases, use of
hot plates and heating mantles, use of furnaces and ovens, use
of hot water baths, use of electrical and mechanical equipment,
use of an argon plasma, use of compressed gases and
distillation

Contents:

Chemicals, compressed gas cylinders, electrical and mechanical
equipment, inductively coupled plasma-atomic emission
spectrometer, atomic absorption spectrometer-flow and flame,
hydride generator, water distilling apparatus, glassware tools

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Spectroscopy Laboratory

Location:

15-4205

Activities:

Chemical analytical services

Contents:

Two FTIRs, UV/VIS/NIR spectrometer, fluorescence
spectrometer, chemicals

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec.12.3)

Title:

Chromatography Laboratory

Location:

15-4207

Activities:

Chemical analytical services

Contents:

Three gas chromatographs, high performance liquid
chromatograph, UV/VIS spectrophotometer, chemicals, gas
tanks, and spare parts

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)
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Title:

Organic Analysis Laboratory

Location:

15-4209, 4209A

Activities:

Chemical analytical services

Contents:

TOC analyzer, trace sulpher/ trace nitrogen/ trace halogen
analyzers, distillation unit, balances

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Inorganic Laboratory

Location:

15-4213, 4215

Activities:

Preparation and use of chemical solutions, use of concentrated
acids and bases, heating, use of furnaces and ovens, use of
water baths, use of electrical and mechanical equipment and
distillation

Contents:

Chemicals, compressed gas cylinders, electrical and mechanical
equipment, glassware and tools, ion chromatograph,
potentiometer, ion selective electrodes and mercury analyzer

Safety principles:
1.

See general safety principles for laboratories. (Sec. 12.1)

2.

See general safety principles for chemical hazards. (Sec. 12.3)

3.

See general safety principles for electrical hazards. (Sec. 12.5)

4.

See general safety principles for machine and tool hazards. (Sec. 12.4)

Title:

Fourier Transform Nuclear Magnetic Resonance Spectroscopy
Laboratory

Location:

15-4219

Activities:

Analysis of chemical compounds using nuclear magnetic
resonance spectroscopy

Contents:

PC, printer, data acquisition unit, spectrometer, CP-MAS unit,
magnet console, superconducting magnet

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)
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3. See general safety principles for electrical hazards. (Sec. 12.5)

Title:

Mass Spectroscopy Laboratory

Location:

15-4203

Activities:

Mass determination by MS analysis

Contents:

Instruments and accessories for mass spectroscopic analysis,
GC/MS, computers, power supplies, vacuum pumps,
refrigerator, gases in cylinders, flammable storage cabinet,
solvents and chemicals

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)

2-

Building 28 (Basic and Applied Physics Section, Laser Research
Section)

Title:

Nuclear Physics Laboratory

Location:

28-001, 002

Activities:

Small scale nuclear physics experimental work, data acquisition
analysis

Contents:

Electronic equipment, nuclear detectors, chemicals, fume hoods

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See safety principles for chemical hazards. (Sec. 12.3)
3. See general safety principles for radiation hazards. (Sec. 12.7)

Title:

Sample Preparation Laboratory

Location:

28-003

Activities:

Sample coating, water distillation

Contents:

Electronic beam coating unit, coating materials such as pure
metals in small quantities
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Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Sample Preparation Laboratory

Location:

28-004

Activities:

Sample preparation: cutting, polishing, grinding, pressing,
rolling, and heating

Contents:

Polishing/lapping machine, precision cutting machine,
microtron, impact grinder, ultrasound bath, programmable
oven, balances

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for machine and tool hazards. (Sec.
12.4)

Title:

Electronic Workshop

Location:

28-009

Activities:

Maintenance of electronic equipment related to the 350 Kv
accelerator and its associated facilities

Contents:

Electronic equipment under repair, spare electronics parts and
components

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for machine and tool hazards. (Sec. 12.4)

Title:

Machine shop

Location:

28-016

Activities:

Fabrication of scientific complementary equipment and parts

Contents:

Lathe machines, milling machines, drilling machines, surface
grinding machines, overhead crane, oil containers, and storage
area
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Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for machine and tool hazards. (Sec. 12.4)

Title:

Tandetron Accelerator Laboratory

Location:

28-026

Activities:

Data acquisition and analysis, facility upgrade and development

Contents:

Dismantled parts of the accelerator, accelerator end station and
associated equipment, overhead crane, chemical such acetone
and alcohol, glove box

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)
3. See general safety principles for radiation hazards. (Sec. 12.7)

Title:

Neutron Generator Laboratory

Location:

28-027

Activities:

Nuclear physics experiments, neutron activation analysis

Contents:

Neutron generator and associated beam lines, vacuum pumps,
data acquisition electronics, radioactive tritium target confined
and water cooled, oil filled transformer with a volume of 20 m3,
Halon system, 16 Ci Am-Be neutron source

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)
3. See general safety principles for radiation hazards. (Sec. 12.7)

Title:

Tritium Target Storage in Glove Box

Location:

28-028

Activities:

Tritium target storage

Contents:

Glove box containing tritium targets

Safety principles:
1.See general safety principles for laboratories. (Sec. 12.1)
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2.See general safety principles for chemical hazards. (Sec. 12.3)
3.See general safety principles for radiation hazards. (Sec. 12.7)

Title:

Tritium cleanup system and associated glove box

Location:

28-029

Activities:

Tritium cleanup processing

Contents:

Tritium cleanup system and associated glove box

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)
3. See general safety principles for radiation hazards. (Sec. 12.7)

Title:

Radioactive Sources Storage

Location:

28-047

Activities:

Storage of radioactive sources

Contents:

Radioactive sources

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)
3. See general safety principles for radiation hazards. (Sec. 12.7)

Title:

Gas Storage Area

Location:

28-048

Activities:

Storage area for gas

Contents:

Gases cylinders

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Radiochemistry Laboratory

Location:

28-036

Activities:

Sample and standard preparation
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Contents:

Storage of radioactive standard sources, storage of samples,
chemicals, nitrogen gas, nuclear detectors, glove box, two fume
hoods

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)
3. See general safety principles for radiation hazards. (Sec. 12.7)

Title:

Neutron Activation Laboratory

Location:

28-034

Activities:

Counting of radioactive and activated samples, data acquisition
and analysis

Contents:

Nuclear detectors, electronics lead bricks

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)
3. See general safety principles for radiation hazards. (Sec. 12.7)

Title:

Maintenance of Vacuum Pumps

Location:

28-039

Activities:

Maintenance of vacuum pumps

Contents:

Vacuum pumps, electronic equipment, chemicals, fume hood

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)
3. See general safety principles for radiation hazards. (Sec. 12.7)

Title:

Radiation Protection Laboratory

Location:

28-040

Activities:

Counting radioactive samples, research activities such as track
etch and radon counting, calibration of pen dosimeters and
alarm dosimeters
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Contents:

Liquid scintillation counter, radiation detection instruments,
chemical etching facility, sealed Cs-137 source

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)
3. See general safety principles for radiation hazards. (Sec. 12.7)

Title:

Atomic Laboratory

Location:

28-122

Activities:

Nondestructive and remote inspection of materials,
regeneration of coaked catalyst, laser catalyzed polymerization

Contents:

Different laser sources, electronic equipment, gas cylinders,
diluted toxic gases

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)
3. See general safety principles for laser hazards. (Sec. 12. 9)

Title:

Molecular Supersonic Jet Laboratory

Location:

28-152, 158

Activities:

Special identification of crude oil and petrochemical products,
spectroscopic studies of underground high voltage transmission
cables, supersonic jet spectroscopy of simple molecules

Contents:

Different laser sources, electronic equipment, gas cylinders,
two fume hoods, toxic gases, chilled water pipe line

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)
3. See general safety principles for laser hazards. (Sec. 12.9)

Title:

Molecular Dynamic Laboratory

Location:

28-131
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Activities:

Dynamics of molecules in liquids, fluorescent demodulation
spectroscopy, investigation of plastic degradation

Contents:

Different laser sources, electronic equipment, chilled water
pipe line

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)
3. See general safety principles for laser hazards. (Sec. 12.9)

Title:

Environmental Monitoring and Remote Sensing Laboratory

Location:

28-159

Activities:

Laser remote monitoring of industrial pollutants and
atmospheric gases with the LIDAR system

Contents:

CO2 laser source, electronic equipment, gas cylinders, diluted
toxic gases, chilled water pipe line system

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)
3. See general safety principles for laser hazards. (Sec. 12.9)

Title:

Thin Film and Chemistry Laboratory

Location:

28-160

Activities:

Design and fabrication of

Contents:

Electronic equipment, gas cylinders, chemicals and consumable

ultiplayer optics

items for LRS, one fume hood
Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Infrared Spectroscopy Laboratory

Location:

28-223
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Activities:

Molecular spectroscopy, thin film by laser ablation, material
processing

Contents:

CO2 laser sources, electronic equipment, gas cylinders, chilled
water pipe line system

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)
3. See general safety principles for laser hazards. (Sec. 12.9)
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14.2

Center for Communications and Computer Research

Title:

Servers Laboratory

Location:

15-5217

Activities:

Oracle servers, SPII

Contents:

Computers

Safety principles:
1.

See general safety principles of laboratories. (Sec. 12.1)

2.

See general safety principles of computer laboratories (Sec. 12.2)

Title:

Network Laboratory

Location:

15-5219

Activities:

Simulation, testing

Contents:

Computers

Safety principles:
1. See general safety principles of laboratories. (Sec. 12.1)
2. See general safety principles of computer laboratories (Sec. 12.2)

Title:

Firewall Laboratory

Location:

15-5125

Activities:

Firewall testing

Contents:

Computers

Safety principles:
1. See general safety principles of laboratories. (Sec. 12.1)
2. See general safety principles of computer laboratories (Sec. 12.2)

Title:

JAVA Laboratory

Location:

15-5123

Activities:

JAVA applications

Contents:

Computers

Safety principles:
1.

See general safety principles of laboratories. (Sec. 12.1)
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2.

See general safety principles of computer laboratories (Sec. 12.2)

Title:

Field Laboratory

Location:

15-5211

Activities:

Field Laboratory

Contents:

Computers, stations, field equipment

Safety principles:
1.

See general safety principles of laboratories. (Sec. 12.1)

2.

See general safety principles of computer laboratories (Sec. 12.2)

Title:

Database Laboratory

Location:

15-5201

Activities:

Database development

Contents:

Computers

Safety principles:
1.

See general safety principles of laboratories. (Sec. 12.1)

2.

See general safety principles of computer laboratories (Sec. 12.2)

Title:

Maintenance Service

Location:

15-2209, 2211, 2213

Activities:

Hardware maintenance

Contents:

Computers, hardware parts, tools

Safety principles:
1.

See general safety principles of laboratories. (Sec. 12.1)

2.

See general safety principles of computer laboratories (Sec. 12.2)

Title:

Software Support

Location:

15-2215, 2217

Activities:

Software support

Contents:

Computers, tools

Safety principles:
1.

See general safety principles of laboratories. (Sec. 12.1)

2.

See general safety principles of computer laboratories (Sec. 12.2)
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14.3 Center for Economics and Management Systems

No laboratory available
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14.4

Center of Engineering Research

Title:

Concrete Laboratory # 1

Location:

15-5303

Activities:

Concrete testing

Contents:

Equipment, testing devices, cement, coatings, chemicals

Safety principles:
1.

See general safety principles of laboratories. (Sec. 12.1)

2.

See general safety principles of machine and tool hazards (Sec. 12.4)

Title:

Concrete Laboratory # 2

Location:

15-5305

Activities:

Samples, glassware storage, small mortar samples

Contents:

Computers, racks for curing samples, glassware and chemical
storage

Safety principles:
1.

See general safety principles of laboratories. (Sec. 12.1)

2.

See general safety principles of computer laboratories (Sec. 12.2)

Title:

Corrosion Laboratory # 1

Location:

15-5311

Activities:

Corrosion testing, temperature environment, scaling study, etc.

Contents:

Slow strain machine, hydrodynamic system, grinder and lathe,
acoustic emission equipment

Safety principles:
1.

See general safety principles of laboratories. (Sec. 12.1)

2.

See general safety principles of computer laboratories (Sec. 12.2)

Title:

Corrosion Laboratory # 2

Location:

15-5313

Activities:

Corrosion testing at high temperature environment

Contents:

Slow strain machine, H2S system, and autoclaves
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Safety principles:
1.

See general safety principles of laboratories. (Sec. 12.1)

2.

See general safety principles of computer laboratories (Sec. 12.2)

Title:

Corrosion Laboratory # 3

Location:

15-5315

Activities:

Salt spray and humidity testing, non-destructive and corrosion
testing

Contents:

Salt spray and humidity chambers, ultrasonic and correction
equipment

Safety principles:
1.

See general safety principles of laboratories. (Sec. 12.1)

2.

See general safety principles of computer laboratories (Sec. 12.2)

Title:

Corrosion Laboratory # 4

Location:

15-5317

Activities:

Corrosion monitoring and testing

Contents:

AC impedance equipment, computers, corrosion equipment

Safety principles:
1.

See general safety principles of laboratories. (Sec. 12.1)

2.

See general safety principles of computer laboratories (Sec. 12.2)

Title:

Heat Treatment Laboratory

Location:

15-5307

Activities:

High temperature corrosion and heat treatment

Contents:

Box and tube furnaces

Safety principles:
1.

See general safety principles of laboratories. (Sec. 12.1)

2.

See general safety principles of computer laboratories (Sec. 12.2)

Title:

Asphalt Materials Testing Laboratory

Location:

15-1100

Activities:

Materials testing equipment calibration, and office work
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Contents:

Equipment testing machines, ovens, asphalt, sulfur and
chemicals

Safety principles:
1.

See general safety principles of laboratories. (Sec. 12.1)

2.

See general safety principles of computer laboratories (Sec. 12.2)

Title:

Asphalt Laboratory

Location:

15-5309

Activities:

Asphalt liquid testing, and office work

Contents:

Equipment, testing machines, ovens, asphalt and bath oil

Safety principles:
1.

See general safety principles of laboratories. (Sec. 12.1)

2.

See general safety principles of computer laboratories (Sec. 12.2)

Title:

Soil Electrical and Mechanical Properties Laboratory &
Electrical Power Simulation Laboratory.

Location:

15-5203

Activities:

Soil thermal and electrical properties measurements, and
simulation studies for electrical power network

Contents:

Equipment, testing devices, computers, manuals and reference
material for electrical power group

Safety principles:
1.

See general safety principles of laboratories. (Sec. 12.1)

2.

See general safety principles of computer laboratories (Sec. 12.2)

Title:

Data Acquisition Laboratory

Location:

28-235

Activities:

Data acquisition from meteorological station at rooftop of Bldg.
15.

Contents:

Computers, modem, equipment and testing devices

Safety principles:
1.

See general safety principles of laboratories. (Sec. 12.1)

2.

See general safety principles of computer laboratories (Sec. 12.2)
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Title:

Computer Laboratory

Location:

28-240

Activities:

All computer related office work

Contents:

Computers, printers, and scanners

Safety principles:
1.

See general safety principles of laboratories. (Sec. 12.1)

2.

See general safety principles of computer laboratories (Sec. 12.2)

Title:

Building Materials Laboratory

Location:

28-250

Activities:

Testing for building materials

Contents:

Computers, equipment and testing devices for building
materials

Safety principles:
1.

See general safety principles of laboratories. (Sec. 12.1)

2.

See general safety principles of computer laboratories (Sec. 12.2)

Title:

Solar Radiation and Meteorological Station

Location:

15-Roof (roof top of Building 15)

Activities:

Operation and maintenance of data acquisition systems and
related equipment, and data collection

Contents:

Solar radiation sensors, metrological sensors, related
equipment, computers, modems

Safety principles:
1.

See general safety principles of laboratories. (Sec. 12.1)

2.

See general safety principles of computer laboratories (Sec. 12.2)

Title:

High Voltage Laboratory

Location:

15-1100

Activities:

Testing of high voltage electric equipment

Contents:

Equipment, testing devices, insulator samples, water tanks,
metallic portals

Safety principles:
1.

See general safety principles of laboratories. (Sec. 12.1)
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2.

See general safety principles of computer laboratories (Sec. 12.2)

Title:

Surface Science Laboratory

Location:

15-2201

Activities:

Materials characterization analysis

Contents:

Various equipment

Safety principles:
1.

See general safety principles of laboratories. (Sec. 12.1)

2.

See general safety principles of computer laboratories (Sec. 12.2)

Title:

Electron Microscope Laboratory

Location:

15-2203

Activities:

Materials characterization analysis

Contents:

Equipment

Safety principles:
1.

See general safety principles of laboratories. (Sec. 12.1)

2.

See general safety principles of computer laboratories (Sec. 12.2)

Title:

Electron Microscope Laboratory

Location:

15-2205

Activities:

Materials characterization analysis

Contents:

Equipment

Safety principles:
1.

See general safety principles of laboratories. (Sec. 12.1)

2.

See general safety principles of computer laboratories (Sec. 12.2)

Title:

Electron Microscope Laboratory

Location:

15-2205A

Activities:

Materials characterization analysis

Contents:

Equipment

Safety principles:
1.

See general safety principles of laboratories. (Sec. 12.1)

2.

See general safety principles of computer laboratories (Sec. 12.2)
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Title:

X-Ray Laboratory

Location:

15-2207

Activities:

Materials characterization analysis

Contents:

Equipment

Safety principles:
1.

See general safety principles of laboratories. (Sec. 12.1)

2.

See general safety principles of computer laboratories (Sec. 12.2)

Title:

Transmission Microscope Laboratory

Location:

15-2207A

Activities:

Materials characterization analysis

Contents:

Equipment

Safety principles:
1.

See general safety principles of laboratories. (Sec. 12.1)

2.

See general safety principles of computer laboratories (Sec. 12.2)

Title:

Metallography Laboratory

Location:

15-5301

Activities:

Sample preparation

Contents:

Equipment

Safety principles:
1.

See general safety principles of laboratories. (Sec. 12.1)

2.

See general safety principles of computer laboratories (Sec. 12.2)

Title:

Storage Room

Location:

15-5319

Activities:

Storage of parts (used and new) and consumables

Contents:

Spare parts for chiller, HP power supplies, dewars, laboratory
supplies and others

Safety principles:
1.

See general safety principles of Laboratories. (Sec. 12.1)

2.

See general safety principles of computer laboratories (Sec. 12.2)
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14.5

Center for Environment and Water

Title:

Environmental Chemistry Laboratory

Location:

15-4307, 4309, 4317

Activities:

Analysis of various types of environmental samples (water,
wastewater, sediment, marine biota, soil, etc.) for trace organic
and inorganic pollutants

Contents:
1- Compressed gases: argon, nitrogen, hydrogen, zero air,
helium, menggas
2- Solvents/chemicals: acetone, acetonitrile, aliphatic
hydrocarbon standards, carbon tetrachloride, carbon
disulphide, chloroform, halomethane, hydrochloric acid,
hydrogen peroxide, hyroxylamine, hexane methanol,
methylene chloride, methanol, nitric acid, PAH standards,
pH buffers MIBK, pentane, perchloric acid, pesticide
standards, petroleum ether, pthalate standards, potassium
permanganate, sulphuric acid, trace metal standards
Safety principles:
1.

See general safety principles for laboratories. (Sec. 12.1)

2.

See general safety principles for chemical hazards. (Sec. 12.3)
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14.6

Center for Petroleum and Minerals

Title:

Mineral Laboratory

Location:

15-3005

Activities:

Mineral analysis

Contents:

Furnace, oven, analyzers, reader, auto sampler, dry sample
feeder, surveying instrument

Safety principles:
1.

See general safety principles for laboratories. (Sec. 12.1)

2.

See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Mineral Laboratory

Location:

15-3007

Activities:

Mineral analysis

Contents:

Electronic balance, cleaners, cutters, hot plates, cutting saw,
container, timer, lapping machine, vacuum forming machine,
fire extinguisher

Safety principles:
1.

See general safety principles for laboratories. (Sec. 12.1)

2.

See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Mineral Laboratory

Location:

15-3215

Activities:

Mineral analysis

Contents:

Cleaners, furnaces, grinding machine, microscope &
attachments, pulverizer, stirrer, switches, analyzer, washer,
steel mortar, fire extinguisher, steel workbenches

Safety principles:
1.

See general safety principles for laboratories. (Sec. 12.1)

2.

See general safety principles for chemical hazards. (Sec. 12.3)
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Title:

Remote Sensing Laboratory

Location:

15-3060

Activities:

Satellite image data acquisition, archiving, processing and
printing

Contents:

Computer compatible tapes, CD ROMs, computers and related
peripheral devices (printers, plotters, monitors, and digitizers)

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for electrical hazards. (Sec. 12.5)
3. See general safety principles for computer laboratories. (Sec. 12.2)

Title:

Data Processing Laboratory

Location:

15-6201

Activities:

Data processing and analysis

Contents:

Computers, PCs, workstations

Safety principles:
1.

See general safety principles for laboratories. (Sec. 12.1)

2.

See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Petrophysics Laboratory

Location:

15-6203

Activities:

Measurements of electrical parameters, capillary pressure and
wettability of reservoir rock samples

Contents:

Terratek equipment, electrocapillarmeter system, corexport
equipment, resistively tests unit, vacuum oven, mineral oil

Safety principles:
1.

See general safety principles for laboratories. (Sec. 12.1)

2.

See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Petroleum Geology Laboratory

Location:

15-6205

Activities:

Rock characterization
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Contents:

Microscopes (polarized and reflected light), microscan, UV
fluorescence analysis cabinet, dehumidifier, chemical reagents,
computers

Safety principles:
1.

See general safety principles for laboratories. (Sec. 12.1)

2.

See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Fluid Characterization Laboratory

Location:

15-6207

Activities:

HPLC analysis, GC analysis, viscosity measurements, density
measurements, contact angle measurements, interfacial tension
measurements, surface area measurements, chemical titration
analysis, zeta potential measurements

Contents:

Liquid chromatograph, gas chromatograph, density meter,
viscometer, zeta meter, tensiometer, pH meter, surface area and
porosity system, contact angle cell

Safety principles:
1.

See general safety principles for laboratories. (Sec. 12.1)

2.

See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Gas Reservoir Engineering and Phase Behavior Laboratory

Location:

15-6209, 6211

Activities:

High pressure and high temperature phase behavior studies of
reservoir fluids

Contents:

Gas meters, pumps, temperature bath, stirrer, HPLC, water
distillers, vacuum pump, oven, analog pressure gauges,
cylinder mercury pump, air supply pump, salt in crude oil,
centrifuge, condensate cell and oven, fluid injection pump,
PVT manifolds, frame for holding PVT cylinders, digital
pressure gauges, computers, power, temperature, and signal
control panel, core conditioning enclosure, digital and pressure
gauges board, chemicals: crude oil, condensate, hydrocarbon
gases, hydrocarbon liquids and solvents

220

Safety principles:
1.

See general safety principles for laboratories. (Sec. 12.1)

2.

See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Enhanced oil recovery Laboratory

Location:

15-6213

Activities:

Rock measurements.

Contents:
Safety principles:
1.

See general safety principles for laboratories. (Sec. 12.1)

2.

See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Enhanced Oil Recovery Laboratory

Location:

15-6215

Activities:

Tests for oil recovery determination, effective and relative
permeability, residual oil saturation, and effect of wettability on
oil recovery, minimum miscibility pressure, and optimum slug
size

Contents:

A core flooding setup, a core aging setup, Amott cells for
wettability measurements, liquid separator, constant
temperature oven, vacuum pumps, injection pumps, liquid
transfer cells

Safety principles:
1.

See general safety principles for laboratories. (Sec. 12.1)

2.

See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Core Analysis Laboratory

Location:

15-6217

Activities:

Oven drying of samples, centrifugation of samples, measuring
of porosity and permeability, aging of rock samples in oven

Contents:
Safety principles:
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1.

See general safety principles for laboratories. (Sec. 12.1)

2.

See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Routine Core analysis Laboratory

Location:

15-6219

Activities:

Routine core analysis: core cleaning, porosimetry and
permeability.

Contents:

Soxhlet type extractor, porosimeter (autoscan and helium),
permeameter (steady state and pressure pulse decay), hydraulic
pumps, and chemicals: mercury, helium and nitrogen gas,
ethanol, toluene, and hydraulic oils

Safety principles:
1.

See general safety principles for laboratories. (Sec. 12.1)

2.

See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Core Preparation Laboratory

Location:

15-6221

Activities:

Core cutting, plug drilling and grinding: thin section
preparation, epoxy impregnation, polishing, and sieving and
whole core permeability measurements

Contents:

Core cutting machine, automatic core drilling machine, manual
core drilling machine, plug cutting machine, thin section
cutting and grinding machine, manual grinding machine, epoxy
impregnation machine, sieving machine, whole core
permeameter stereo microscope and computer

Safety principles:
1.

See general safety principles for laboratories. (Sec. 12.1)

2.

See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Welbore Model and Rock Compressibility Laboratory

Location:

15-5209

Activities:

Rock mechanical testing, sand production/control
measurement, ultrasonic wave and attenuation measurements,
and core analysis.
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Contents:

Welbore model setup, auto Laboratory (wave measurement
assembly), core analysis system (oil oxidation system)

Safety principles:
1.

See general safety principles for laboratories. (Sec. 12.1)

2.

See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Petroleum Related Rock Mechanics Laboratory

Location:

15-1100

Activities:

Tests for determination of static mechanical properties and
acoustic velocity of reservoir rock samples at various
conditions of pressure and temperature; and differential strain
curve analysis (DSCA) tests

Contents:

Triaxial stiff test system, high pressure intensifiers, triaxial cell,
seismic analyzer, digital oscilloscope, fluid injection pump,
direct torr vacuum pump, differential strain curve analysis
system, temperature controllers, computer, monitor, and printer

Safety principles:
1.

See general safety principles for laboratories. (Sec. 12.1)

2.

See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Horizontal Well and X-ray Laboratory

Location:

15-1100D

Activities:

Horizontal well studies on 2-D and 3-D models, in-situ
saturation measurements by X-rays

Contents:

Horizontal well rig, 2-D and 3-D models, X-ray room (225 kVp
X-ray generator) quizix pumps, water-glycerol solutions, data
acquisition computer, data analysis computer, X-ray operation
computer

Safety principles:
1.

See general safety principles for laboratories. (Sec. 12.1)

2.

See general safety principles for chemical hazards. (Sec. 12.3)

3.

See general safety principles of radiation hazards. (Sec. 12.7)
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3.
Title:

Center of Petroleum Refining and Petrochemicals

Polymer Processing and Artificial Exposure Product Development

Location:

15-1100, Hi-Bay area

Activities:

Processing of plastic products.

Contents:

Blender, compression molding machine, compounding,
extruder machine, brabender, falling weight tester, injection
molding machine, shredder, weather meter, rain simulation
apparatus

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Catalyst Preparation Laboratory

Location:

15-5207

Activities:

Catalyst preparation.

Contents:

Freeze dryer, autoclave reactor, Parr reactor, packed bed
reaction system

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Polymer Weathering Laboratory

Location:

15-6301

Activities:

Polymer characterization

Contents:

Mechanical testing system, FTIR-1650, shore hardness tester,
tear tester, impact tester, DSC-4

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Polymer Characterization Laboratory

Location:

15-6303
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Activities:

Polymer characterization and catalyst preparation.

Contents:

UV condensation screening device, melt flow test apparatus,
digital slip test apparatus, GPC 150C GC, compression
molding system waters

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Polyolefin Research Laboratory

Location:

15-6305

Activities:

Catalyst preparation and polymer synthesis

Contents:

HPLC, GPC 150C+, polymerization miniplant

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)

Title:

General Analysis and Testing Laboratory

Location:

15-6307

Activities:

Chemical analysis

Contents:

UV-visible spectrophotometer, carbon and sulfur analyzer, and
atomic absorption spectrophotometer, GC, elemental analyzer,
nitrogen analyzer

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Catalyst Application Laboratory

Location:

15-6309

Activities:

Catalyst preparation.

Contents:

GC, intelligent gravimetric analyzer, micro reactor

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
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2. See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Catalytic Reaction Engineering Laboratory

Location:

15-6311

Activities:

Catalytic reactions and hydrocracking

Contents:

Catalyst testing pilot plant unit, fixed bed flow reactor, batch
autoclave reactor system

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Catalyst Testing and Evaluation Laboratory

Location:

15-6313

Activities:

Catalyst evaluation

Contents:

ESR spectrometer, surface area porosimeter, pulse micro
reactor, crushing strength unit, GC/MS spectrometer

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Crude Oil and Petroleum Product Testing Laboratory

Location:

15-6315

Activities:

Crude oil and petroleum product characterization

Contents:

Vacuum distillation unit, GC for refinery gas analyzer, GC for
PIONA analyzer, flash point tester, carbon residue tester, and
chronometer

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)
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Title:

TPD, TPR, and TPS Measurement/Mechanical Testing Laboratory

Location:

15-6317

Activities:

Catalyst and polymer evaluation

Contents:

MTS mechanical testing system, TPR/TPS unit, TPD unit, XRF
spectrometer

Safety principles:
1.

See general safety principles for laboratories. (Sec. 12.1)

2.

See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Thermal Analysis Laboratory

Location:

15-6319

Activities:

Thermal analysis of catalyst

Contents:

TG/DTA simultaneous thermal analyzer, Rhrocord-Rheunix
system for polymer blending

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Fluid Catalytic Cracking Laboratory

Location:

Opposite to Bldg # 1, no assigned Bldg. Number

Activities:

FCC process and catalyst evaluation in pilot point

Contents:

FCC pilot plant, micro-activity unit, steaming unit, GC-FID,
GC-TCD, carbon-sulpher analyzer, petroleum distillation unit

Safety principles:
1.

See general safety principles for laboratories. (Sec. 12.1)

2.

See general safety principles for chemical hazards. (Sec. 12.3)

Title:

Plasma Laboratory

Location:

Inside FCC Laboratory
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Activities:

Conversion of heavy oil to lighter hydrocarbons by plasma
interaction.

Contents:

Plasma converter chamber

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2.

See general safety principles for chemical hazards. (Sec. 12.3)
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14.8 Innovation and Research Support Division

No Laboratory available
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14.9

Support Services Division Workshop

Title:

Central Workshop

Location:

15-1103

Activities:

Profile machining, shaping contours, drilling and counter
boring etc., cutting length of metal rods, pipes, angles and
channels cutting of steel sheets and plates, milling and boring,
turning, facing, drilling, tapping and thread forming

Contents:

Milling machines, well saw machine, band saw machine, hydra
power cutting machine, boring and milling machine, lathe
machines

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for machine and tool hazards (Sec.12.4)

Title:

Central Workshop

Location:

15-1101

Activities:

Turning and shaping of wooden lengths, cutting and grooving
of woods, polishing and fine surfacing of wood, making small
grooves in wood, cutting of plywood and logs, cutting of
thicker woods collecting wood dust and smokes of machines

Contents:

Wood turning lathe, arbor saw, wood polishing machine, wood
grooving machine, vertical band saw machine, dust collector

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for machine and tool hazards (Sec. 12.4)
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Title:

Central Workshop

Location:

15-1107

Activities:

Spraying paints and varnishes over metal and wooden components

Contents:

Paint spraying gun

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for machine and tool hazards. (Sec. 12.4)

Title:

Central Workshop

Location:

15-1109

Activities:

Grinding of tools, collecting grinding dusts of machines

Contents:

Cutter grinding machine, surface grinding machine, drill bit
grinding machine, tool grinding polishing, dust collector

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for machine and tool hazards. (Sec. 12.4)

Title:

Central Workshop

Location:

Glass blowing shop, 15-1103

Activities:

Glass blowing and assembly, cutting of glass tubes and rods,
polishing of glass items, surfacing and polishing of glass,
annealing of glass items

Contents:

Glass working lathe, glass cutting machine, glass polishing machine,
surface grinder machine, glass-annealing furnace

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for machine and tool hazards. (Sec. 12.4)

Title:

Central Workshop

Location:

Plumbing workshop, 15-1101

Activities:

Cutting and threading pipes, removing drainage blocks, making
holes in metals and walls, grinding metals and wood, removing
cement, rust and paint from metals and bricks
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Contents:

Pipe threading equipment, drain cleaners, portable drills,
portable sander/grinder machine, sand blaster machine

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for machine and tool hazards. (Sec. 12.4)

Title:

Central Workshop

Location:

15-1127

Activities:

Welding copper pipes, vacuuming refrigerator and A/C
systems, checking high and low pressure in the refrigeration
and A/C systems

Contents:

Oxygen and acetylene gas cylinders, vacuum pump, manifold
gauges

Safety principles:
1. See general safety principles for laboratories. (Sec. 12.1)
2. See general safety principles for machine and tool hazards. (Sec. 12.4)

Title:

Central Workshop

Location:

15-1115

Activities:

Measuring AC & DC voltage, current, resistance, capacitance,
frequency, duty cycle, pulse width, insulation resistance, diode
testing, and locating open circuits, ground faults, etc.

Contents:

Digital multimeter, digital clamp-on meter, megaohmmeter,
wire tracer

Safety principles:
1.

See general safety principles for laboratories. (Sec. 12.1)

2.

See general safety principles for machine and tool hazards. (Sec. 12.4)

3.

See general safety principles for electrical hazards. (Sec. 12.5)
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