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QUESTION 1

A reactor system is shown in the Figure 1 to which the HAZOP procedure can be applied.
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Figure 1. An exothermic reaction controlled by cooling water

This reaction is exothermic, and a cooling system is provided to remove the excess energy of
reaction. If the cooling flow is interrupted, the reactor temperature increases, leading to an increase
in the reaction rate and the heat generation rate. The result could be a runaway reaction with a
subsequent increase in the vessel pressure possibly leading to a rupture of the vessel. The
temperature within the reactor is measured and is used to control the cooling water flow rate bya

control valve,

a)  Name the study nodes of the process system.

4)

b)  Using relevant guidewords, perform a HAZOP study on this unit to improve the safety of
the process as shown in Figure 1. Use as study node the stirrer with process parameter:
“Agitation”.

Note: Present your HAZOP results in tabular format with the design intention, study node,
deviations, possible causes, possible consequences and actions required.

(11)

TOTAL /15/
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UESTION 2

Figure 2 shows the fault tree for the ‘Receiver explosion’ due to overpressure.

a)

b)
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Find the minimal cut sets for the top event *Receiver explosion’ due to overpressure.

(12)

Draw the equivalent fault tree diagram expressed by the minimal cut sets.
8)

TOTAL 20/
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QUESTION 3

a)

The probit equation for carbon monoxide is:
Y = -37.98 + 3.7 In(Ct)

The gases from a factory boiler are heat exchanged with the incoming air in order to raise
its temperature to about 25°C. At the exchanger there is leakage which is undetected for 30
minutes with the result that the 135 employees in the factory are breathing air contaminated
with 0.25% (2500 p.p.m.) of carbon monoxide for that time. Estimate how many fatalities
can be expected.

()
b)  Why must children especially be protected from environmental contaminants? Use the term
lethal dose (LD) in your answer.
2
TOTAL /5/
QUESTION 4
a)  Describe with one example the three ingredients of any fire.
3
b)  List three commeon fire prevention / protection features for chemical plants,
3)
¢)  Aninformal industry rule is to design occupied control rooms to withstand a one tonne blast
of TNT at 30.5 m. How far away (in m) from this one tonne blast must a residential home
be in order to receive no more than minor damage to the house structures? This corresponds
to an overpressure of 0.05 bar.
3)
d)  Liquid methanol is stored in a vessel. Its vapor is inerted with nitro gen to a total pressure of

3.7 mm of mercury gauge pressure. Will it be flammable if the vapour escapes and mixes
with air? Use the fire triangle diagram to make this determination.

DATA: Py oo = 125.9 mm of mercury; LFL = 7.5%, UFL = 36% by volume,
LOC = 10% oxygen
(11)

TOTAL 720/
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QUESTION 5
True or False Questions — (No Negative Markin
a)  Oxygenated hydrocarbons tend to be of lower reactivity than the parent hydrocarbon.

(I
b)  Methyl isocynate was the substance involved in the 1984 Bhopal accident.

()
¢)  Reactions involving the nitration of hydrocarbons are significantly exothermic.

0y
d) In operation of a heat exchanger, vibrations — either intrinsic or transmitted — during

operation can cause structural damage.

(D

e)  Chlorine is more toxic than ammonia in the same molar quantity.
1)

Short Answers

f)

g

h)

b))

Give the 4 shortcomings in the application of hygienic standards for developing
environmental protection standards.

(4)
What is the difference between self-heating and pyrophoric materials.

@
What can a car exhaust catalytic converter not do?
e Convert NO to N,.
¢ Convert N,0 to N,.
e Oxidize CO to CO,.
¢  To convert all unburnt hydrocarbons to €0, and H,0
¢ Remove SO, from the exhaust gas.

@
What is the difference between self-heating and pyrophoric materials?

2

Can the method “Oxygen Balance” be applicable to hydroxylamine, NH,0H? If yes, what
is the Oxygen Balance of that compound and what does it represent using the CHETAH
oxygen balance criteria?
Y
(2x + 5 Z)

0
Mmw  WEH

Oxygen Balance = —1600

M.W. of NH,O0H = 33.03 g/mol
&)

TOTAL 720/
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QUESTION 6

a)

b)

You are a successful project manager at Early Environmental Advice (EEA), a consulting
firm with national accounts with several major manufacturers. You are assigned to manage
environmental compliance audits at several plants of X Industries, Inc., a large company.
The contract is being conducted under legal counsel and the results are to be handled in order
to maintain confidentiality under the law. At one plant, you discover the release of a toxic
chemical that you are certain threatens public health. You contact the X attorney, Paul, who
ordered the study and report your findings. Paul directs you to stop work at that site, move
on to another plant, and not submit your findings in writing. You point out the need to report
this to the responsible agency, Paul reminds you of the contract, which provides for the
confidentiality of the findings. You are told that his staff will handle any reporting and
warned that this information and your conversations are to be kept confidential. “Do not
discuss it with anyone! If I need any additional information, I will ask for it. Take your team
and go on to the next plant on the list.” Your attempts to learn how Paul plans to proceed on
this information are met with, “It is not your concern. You do your job [i.e., investigate] and
I will do mine. If T need any additional information, I will ask for it.”
Briefly discuss in steps how you will solve this ethical dilemma.

(6)
The Bhopal plant (partially owned by Union Carbide and partially owned locally in India)
produced pesticides, amongst others carboxyl. An intermediate chemical in this process is
methyl isocyanate (MIC), which is extremely dangerous. It is reactive, toxic, volatile, and
flammable. The TLV for MIC is 0.02 ppm.

The disaster started with the contamination of a large MIC storage tank with a large amount
of water (how is still unclear), leading to an exothermic chemical reaction. Insufficient
cooling of the storage tank led to a runaway reaction with an accompanying temperature
increase past the boiling point of MIC (39°C). The MIC vapors traveled through a pressure
relief system and into a scrubber and flare system installed to consume the MIC in case of a
release. Unfortunately, the scrubbing and flare systems were not operating. An estimated 40
metric tons of MIC vapor was released, the toxic cloud spread to the adjacent town (vapors
stayed close to the ground due to the density of about twice that of air), killing over 2500
civilians and injuring an estimated 200 000 more. The exact cause for the contamination of
the MIC is not known. However, several design measures could have prevented this disaster:
- a well-executed safety review or HAZOP study would possibly have identified the
problem;
- adequate refrigeration of the storage tank could have prevented the runaway reaction;
- the scrubber and flare system should have been fully operational to prevent the release;
- the inventory of MIC should have been minimized, for example, by redesigning the
process to produce and consume MIC in a highly localized area (inventory <10kg);
although storage of MIC was convenient, it was not necessary;
- an alternative reaction route, not involving MIC, could have been adopted.

Name and associate a strategy of inherently safer design to the design measures suggested
to the Bhopal plant after that incident.
(10)
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QUESTION 6 continued ...

¢)  Phosgene (COCl;) is one of the most toxic chemicals known. It was used as mustard gas in
World War 1. Currently, phosgene is used as a raw material in the manufacture of pesticides
and urethanes. It has been suggested that dimethyl carbonate (DMC, CH3-O-(C=0)-0-CH3)
can serve as a reactant in many of the same processes that use phosgene. However, the
traditional method for manufacturing DMC is from phosgene and methanol.

Phosgene manufacture: CO + Cl, » COCL,
DMC manufacture: COCl; + 2CH;0H —» CH; — 0 — (C=0)-0-CH; + 2HCI

Give 2 principles for sustainability considerations in process design illustrated in this new
process.

(4)
TOTAL /20/
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Transformation of percentages into probits, %
% 0 1 2 3 4 5 & 7 8 9
0 - 267 295 342 325 336 3.45 352 359 366
10 372 377 382 387 392 396 401 405 408 4.12
20 416 419 423 426 420 433 436 439 442 445
30 448 4350 453 456 459 461 464 467 469 4712
40 475 477 480 482 485 487 490 492 495 497
50 5.00 503 505 508 510 513 515 5.8 520 523
60 525 528 531 533 536 539 541 544 547 550
70 552 555 558 561 564 367 571 574 577 581
80 584 588 592 595 599 604 608 6.13 618 623
90 628 634 641 648 655 664 675 688 705 733
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