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1-9 |A university had about 1200 full-time employees. Ina particular year, this university had a

total of 38 reportable lost time injuries with a resulting 274 lost workdays. Compute the
OSHA incidence rate based on injuries and lost workdays,
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1-14{What is the worst thing that could happen to you as a chemical engineer in industry?

Solution:

Most people would probably agree that the worst thing that

could happen to you as a chemical engineer is tc be
responsible for the death of a fellow employee or friend. A
typical response from some students might be that the worst
thing that could happen to them is to make a mistake in a
calculation! This is most likely due to the calculational
nature of the ChE curriculum.

1-15{An explosion has occyrred in your plant and an employee has been killed. An investigation

showed that the accident was the fault of the dead employee who manually charged the
wrong i-ngredient to a reactor vessel. What is the appropriate response from the following
groups?
a. the other employees who work in the process area affected
b. the other employees elsewhere in the plant site
¢. middle management
d. - upper management
e. the president of the company
f. the union

Solution

Our society is much too hung-up on finding fault. The
problem this creates is that once the "gquilty party" has
been identified, many people believe the problem has been
solved.

The most appropriate response from all groups is to ask
the question "What can we do to prevent this accident from
occurring again in the future?" and then work together to
achieve this objective. Thus, the following activities
might be initiated by the indicated groups:

Employees in process area affected:

redesign work situation to reduce human error
design interlocks to prevent problem

look elsewhere for similar problems

Ci=-11

T



50 SHEETS

22-142 100 SHEETS
22-144 200 SHEETS

22-141

=
AMPAD

Employees elsewhere at plant site:
look at process to identify similar problems

Management:
employee training program
safety audits
invoke hazard identification methods
improve management systems

Union:
review employee and management performance to insure
that corrections are implemented and are actually
working '
insuring that employees understand the nature of the
problem are have the correct attitude to work
towards its solution

1-16 | You have just begun work at a chemical plant. After several weeks on the job you

determine that a) the plant manager runs the plant with an iron fist. He is a few years away
from retirement after working his way up from the very bottom. b) a number of unsafe

practices are performed at the plant, including some that could lead to catastrophic results.

You bring up these problems to your immediate supervisor but he decides to do nothing in

fear that the plant manager will be upset. After all, he says, “We’ve operated this plant for
forty years without an accident.” What would you do in this situation?

SoLwTion:

Some possible responses are:
Quit job and look for employment elsewhere
Go over immediate supervisor directly to plant manager
Send anonymous letter to OSHA detailing problems
Secretly work with other plant people to solve problems
Amass technical information to convince supervisor that
you are correct and problems must be corrected

The last response is probably the "best" way to hand]'.e the
problem, at least in the short term. .You might consider
developing a few "quick fixes" for existing safety I_Jroblems
that can be done easily and with minimal cost to build up

confidence with your supervisor.

Ci-12
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a. You walk into a store and after a short while you decide to leave, preferring not to do

any business there. What did you observe to make you leave? What conclusions might

you reach about the attitudes of the people who manage and operate this store?

b. You walk into a chemical plant and after a short while you decide to leave, fearing that
the plant might explode at any moment. What did you observe to make you leave?
What conclusions might you reach about the attitudes of the people who manage and

operate this chemical plant?

Comment on the similarities of parts a and b.

SocwuTion

a. You might observe that the store is a mess or the
employees are not providing the correct service. In any
case, you decide that the people who marage or operate the
store simply do not care. If they cared about their store
then it would be operated efficiently and cleanly with
salespeople with the correct attitude.

b. You might observe that the chemical plant is a mess,
proper safety procedures are lacking, or the employees do
not have the correct attitude with respect to safety. In
any case, you decide that the people who manage or operate
the chemical plant simply do not care. If they cared about
the plant then it would be operated efficiently and safely
with employees who have the correct attitude.

ases are amazingly similar. The essential ingredient,
lB'xg:'}eiv:r, is that the gegple who manage and operate the plant
must care. Furthermore, in order for the employees to care,
the management must care. In order for management to care,
the president must also care.

C\-13




1-18

Without the high level alarm, the operator was required to pay attention to the tank level as the
tank was filled. However, once the high level alarm was installed the operator decided that he or
she could rely on the alarm to alert him or her when the tank was filled. The reliability of the
high level alarm was less than the reliability of the operator manually filling the tank. Thus, the
number of overfills increased.

1-19

If you pronounce “J1001” and “JA1001” they both sound the same. Thus, when the operator
was told to prepare JA1001, he heard J1001 since they sound the same.

Equipment must be clearly identified, even with respect to pronunciation.

1-20

The bolts should be loosened, but not removed. Then the cover plate is pried up to loosen it. If
liquid comes out the bolts can be re-tightened to stop the flow.

A simple change in this procedure has a clear impact on safety.

cl~ Y
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1-21

The liquid level in a tank 10 meters in height is determined by measuring the pressure at
the bottom of the tank. The level gauge was calibrated to work with a liquid having a
specific gravity of 0.9. If the usual liquid is replaced with a new liquid with a specific
gravity of 0.8, will the tank be overfilled or underfilled? If the actual liquid level is 8
meters, what is the reading on the level gauge? Is it possible that the tank will overflow

without the level gauge indicating the situation?

SwowaTioN & L\‘r‘\—a

@

The force at the bottom of the tank is given by

<

F = m(i)b

Cl—-15
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where
F is the force,
m is the mass,
g is the acceleration due to gravity, -
g. is the gravitational constant,
h is the height of the mass.

Dividing by the area over which the force is exerted gives the
pressure, P,

3 - [3lE)

But p = (-‘%') so

A
P p(gc)h

For the same pressure reading, based on two different liquids,

ch:ud.tng o) plbaccuu

where - :
Bieaqing 18 the level indicated on the gauge, and

Diceuay 18 the actual level, '

For the numbers provided,

P 0.8
hzudx‘ng = ('p_:')hac:uu 'ﬁ)(s m =7.11m

The gauge will indicate a level below the actual.

It is likely the tank will be overfilled because the level
gauge indicated a lower than actual level.

e )

1-22|One of the categories of inherent safety is simplification/error tolerance. What

instrumentation could you add to the tank described in Problem 1-21 to eliminate

problems?

\
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1-23|Pumps can be shut-in by closing the valves on the inlet and outlet sides of the pump. This

can lead to pump damage and/or a rapid increase in the temperature of the liquid shut

inside of the pump.

A particular pump contains 4 kg of water. If the pump is rated at l-HP what is the
maximum temperature increase expected in the water m °C/hour'7 Assume 2 constant water

heat capacity of 1 kcal/kg/°C. What will happen if the pump contlnues to operate‘7
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1-24| Water will flash into vapor almost explosively if heated under certain conditions.

a. What is the ratio in volume between water vapor at 300K and liquid water at 300K, at

saturated conditions?
b. Hot oil is accidentally pumped into a storage vessel. Unfortunately, the tank contains

residual water whiph flashes into vapor and ruptures the tank.' If the tank is 10m in
diameter and Sm high, how many kg of water at 300°K arereql.ured to produce enough
water vapor to pressurize the tank to 8-inches of water "éauge bressixre, the burst
pressure of the tank?
Selutiomnm 1
water j\ ashes c‘PP(Of\ dc.‘, to  vupture v
vessel ot &??m'\ Mh‘\%‘] B “ ° € UOJ"'V ?ngqrﬁ.
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1-25| Another way of measuring accident performance is by the LTIR or Lost Time Injury Rate.

This is identical to the OSHA incidence rate based on incidents in which the employee is

unable to continue their normal duties.

A plant site has 1200 full-time employees working 40 hours per week and.:-SO weeks per
year. If it had two lost time incidents last year, what is the LTIR?

_SO\\.\,‘E'\"-V\ -

No. o \o 4 \MC\dm;\) 200, OO0 hf\-)
Ly, o cfreatiet o me (roe,

Toteh  \own  Werhug

Toh\ Wours werked s (200 emr\o.au.s)‘(t-\;o ;\E_o>(5b_r’~\‘>

L

LATRz (2)(200.0000 _  ©.\07
% X 10"

Twig iy Yo 2 or > s {s}‘)\(fﬂ.\—

Ci=- 19




1-26 | A car leaves New York City and travels the 2800 mile distance to Los Angeles at an
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average speed of 50 miles per hour. An alternative travel plan is to fly via a commercial
airline for 4% hours. What are the FAR's for the two methods of transportation? Which
travel method is safest, based on the FAR?
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1-27} A column was used to strip low-volatile materials from a high temperature heat transfer

fluid. During a maintenance procedure, water was trapped between two valves. During
normal operation, one valve was opened and the hot oil came in contact with the cold

3
water. The result was almost sudden vaporization of the water, followed by considerable

damage to the column.

Consider liquid water at 25°C and | atm. How many times does the volume increase if the

water is vaporized and vapor at 100°C and 1 atm?

Soluwkignt

From the steam tables at 25°C and 1 atm, v, = 1.000 cm®/qm.
100°C and 1 atm, v, = 1673.0 cm’/gm. ‘ Thus, the/g:r‘-‘olu;:
expansion ratio between the liquid and the vapor is 1673
times.. Liquid water exposed to hot o0il will flash
explosively, leading to considerable damage due to the
expansion of the liquid.
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1-30|The plant has been down for extensive maintenance and repair. You are in charge of

bringing the plant up and on-line. There is considerable pressure from the sales depanment
to deliver product. About 4 a.m. a problem develops. A slip plate or blind has aécidentally
been left in one of the process lines. A very experienced maintenance person suggest that
she can remove the slip plate without depressurizing the line. She said that she routinely

performed this operation years ago. Since you are in charge, what would you do?
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