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ANSWER ALL THE QUESTIONS

Q1. Apply risk assessment principles to evaluate the risks and associated hazards for the
task of repairing a high-voltage switch gear in an underground cell with a diameter of 4 feet
and a depth of 20 feet. Formulate a standard risk assessment table for the task by computing

the risk index and proposing control measures for any six recognized hazards. [6 marks ]
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Q2. In a gas flare system used in chemical plants, released gases are burned as they exit the
flare stacks to decompose them in the air and reduce emissions. Draw a block flow diagram
of the gas flare system and justify the purpose of each unit within the system. ldentify and

explain two major hazards associated with this operation. [5 marks]
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Q3. Apply the “What If” technique for the DAP [Di ammonium Phosphate Reactor]

given below and complete the “What If” table.

Valve A

Phosphoric Acid

X

X

|

[4 marks]

Study line 1

Phosphoric acid delivery line

Valve C

Valve B N

Ammonia Gb
Diammonium
Phosphate
(DAP)

Reactor
Crowl. D,(2012)
No. | What if Consequences/Hazards | Control actions
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Q4. Using the HAZOP (Hazard and Operability) study technique, analyze the potential

hazards in an ammonia reactor and complete the provided HAZOP table. [6 marks]
Syngas Waste Heat Boiler
NZ. HZ, CO? /_?’E
N2, H2, NH3
-
——— § Water § Reactor o
- 3 ool D
A =
T NH3 s
o - g{jneater)f t_| Ammonia
N2, Hz, CO CO2,H:20 Nz, Hz Nz, H2
Syngas
(Alina Green, 2022)
No. | Parameter Deviations Consequences Possible causes | Control

measures
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Q5. A 1-inch hole develops in a tank containing nitrogen at 200 psi and 80°F. Calculate the

mass flow rate escaping from the tank using the provided data.

Gas Constant Ry

1545 ft lby/ft-mole®R

Y, Discharge | 1.41
coefficient
Flow coefficient C 1.0

Molecular weight of
nitrogen M

28 lb/lb-mole

Gravity g

32.17 ft lbm/lbss?

[4 marks]
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Q6. Propose safety control measures for any ONE of the following operations. Include

diagrams where applicable. [5 marks]

a) Areactor used to produce phosgene via the gas-phase reaction of carbon
monoxide and chlorine

b) An exothermic reaction process regulated by cooling water.

Page 7 of 13



PT -TPS Final Exam Fall 2024

Q7. Perform a process hazard analysis (PHA) for the reactor described below using the fault
tree analysis. Illustrate your analysis with a fault tree diagram to show potential fault

scenarios. [3 marks]

Alarm
at —

P > P,

i Reactor
Feed

\Solenoid
Valwve

Crowl. D,(2012)
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Q8. Read the case study of the accident given below and recommend five appropriate

engineering control measures to prevent such type of accident in the future. [4 marks]

In 2008, a tragic incident occurred at a chemical plant in West Virginia involving a
runaway reaction during the production of a pesticide. The process involved a high-
temperature, high-pressure reaction that required precise temperature control. On
that day, a cooling system failure allowed temperatures to rise beyond safe limits,
causing an uncontrolled exothermic reaction that led to a violent explosion. The blast
resulted in a fire and a massive release of toxic chemicals. Tragically, two workers
who were nearby at the time of the explosion lost their lives, and several others

sustained injuries.

An investigation revealed that the plant had not installed certain automated
shutdown systems that could have detected the temperature spike and halted the
reaction in time. Additionally, safety protocols for manual shutdown were unclear
and poorly communicated to the operators. The accident highlighted several key
issues in the plant's safety culture, including inadequate training for workers on
emergency response procedures and insufficient maintenance of critical systems
like the cooling unit. The failure to recognize and address these vulnerabilities earlier
in the plant’s operations was a crucial factor that contributed to the severity of the
incident. The explosion not only resulted in loss of life and significant environmental
damage but also triggered widespread regulatory reviews and changes in safety
standards across the chemical manufacturing industry. This incident served as a
stark reminder of the importance of proactive risk management, continuous safety
training, and the integration of automated safety systems to prevent similar

catastrophic events.

WSHC Case Studies in Chemical Industry, (2012)
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Recommendations

1

Q9. Air is compressed over liquid hexane, which has an auto-ignition temperature of 487°C,
from an initial pressure of 25 psi to 600 psi. Assume the adiabatic index (y) for airis 1.4, and
the initial temperature is 90°F. Calculate the final temperature of the air after compression.

Determine if this temperature could lead to an explosion. [3 marks]
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Additional sheet
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FORMULA SHEET
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MLO & Bloom’s Level of Complexity
Q# MLO Complexity Level Mark Remark
Addresse
d
Q1. MLO 2 Applying 6
Q2 MLO 3 Remembering/understanding 5
Qs. MLO 4 Analyzing 4
Q4 MLO 3 Evaluation 6
Q5 MLO 2 Application 4
Q6 MLO 1 Application 5
Q7 MLO 3 Analyzing 3
Q8 MLO 4 Evaluation 4
Q9 MLO 3 Application 3
Total 40
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