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Hydrogen cyanide (HCN) is a highly toxic chemical that can cause severe

acute and chronic health effects in humans. Discuss the primary routes by

which humans are exposed to HCN and the routes by which HCN could be

eliminated from the body.

[10 marks]

A risk assessment study is conducted on a scenario where 500 residents

in a densely populated urban area are exposed to chlorine vapors due to a

pipeline rupture near a chemical plant. Estimate the number of deaths if the

residents are exposed to the concentrations in TABLE Q1. Comment on

the findings and discuss potential mitigation measures to reduce fatalities

in future incidents.

TABLE Q1: Concentrations of chlorine at Different Exposure Time.

Concentration of chlorine (ppm) Exposure Time (min)
50 30
125 15
250 10
300 5

[15 marks]
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A worker in a wastewater treatment plant located in a rural area found a hole in
a tank containing chlorine gas. This has caused 20 kg/s of chlorine gas to be

released 50 m off the ground.

a. Estimate the concentration of the release 500 m downwind on the ground.
Assume that the release occurs in the daytime during strong sunlight with a
wind speed of 5.5 m/s.

[15 marks]

b. Discuss THREE (3) factors that could influence the dispersion of chlorine
gas in the atmosphere and explain how they might affect the concentration
of chlorine at ground level.

[10 marks]
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a.  Vapor cloud explosion (VCE) and boiling liquid: expanding vapor explosion
(BLEVE) are the dangerous explosions in the chemical process industries.
Discuss the mechanisms of VCE and BLEVE.

[8 marks]

b. A large cloud of propane is released and eventually ignited resulted in a
vapor cloud explosion. The blast causes partial demolition of houses located

500 m away from the source of the ignition.

i. Based on the following data, estimate the quantity of propane
released that lead to the explosion.

AHc of propane = 2043.1 kJ/mol
Equivalent energy of TNT = 4686 kJ/kg TNT
Molecular weight of propane = 44 g/mol
Explosion efficiency =5 %
[8 marks]

i, Estimate the injuries to people at the same distance and discuss
THREE (3) methods to prevent the loss from the explosion.
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FIGURE Q4 shows a vaporizer which supplies chlorine gas to a reactor. The
vaporizer is heated by condensing steam. The designer’s intention is that steam
should be supplied at a certain pressure and flow rate to ensure. the
vapaorization of chlorine matches the required demand. Construct a HAZOP
study on the designer’s intention by focusing on the process parameters of
FLOW and PRESSURE using THREE (3) different guidewords, respectively.
Suggest THREE (3) possible causes, consequences, and actions for each

guideword.
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FIGURE Q4: Chlorine Vaporizer Instrumentation.

[25 marks]

-END OF PAPER-



Data
e = Euler's number (2.718)

TNT Equivalency

Ze = 73
TNT
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Pasquill-Gifford dispersion model (Plume)

Ground Centreline Concentration
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TABLE A-1: Damage estimates for common structures based on overpressure.

Pressure

psig kPa Damage

02 .14 Annoying nowse {137 dB if of low frequency, 10-15 Hz)

(.03 (.21 Occasivnal breaking of large plass windows already under strain

(L4 28 Loud noisc 143 dB), sonic boom. glass failure

0.1 (] Breakage of small windows under strain

1A 103 Typical pressure for glass breakage

R 207 “Safe distance” {probability 0.95 of no serious damage below this value):
projectile limit: some damage to house ceilings: 10% window glass
broken

04 270 Limited minor structurai damage

05 -110 4 h9 Large ancd smail windows usually shatter: oceasional damage o window
frames :

0.7 4.8 Minor damage to house structures

14 6.4 Partial dematlition of houses, made uninhabitable

12 6U-138 Corrugated asbestos shatters; corrugated steel or aluminum panels.
fastenings fail, followed by buckling: wood panels (standard housing),
fastertings fail, panels blow in

1.3 Al Steel frame of clad building slightly distorted

2 138 Bartial collapse of walls and roofs of houses :

2.3 1382007 Concrete or cinder block walls, not reififorcéd, shatter

23 15.8 JLower limit of serious structural damage’

23 19722 $0% destruction of brickwork of houses

3 20.7 "Heavy machines (3000 [b) in industrial buildings suffer little damage;
sieel frame buiidings distort and pull away from foundations

3-4 20.7-27.6 Frameless, seli-raming steel pune! buildings demolished: rupture of oil
storage tanks

4 R Cladding of light industrial buildings ruptures

3 s Woaden utility poles snap: tall hvdraulic presses (40000 1) in buildings
slightly damaged ’

5-7 35482 Nearly complete destruction of houses

il 48.2 Loaded train wagons overturned

7-8 48.2- 551 Brick panels, 8~12 in thick, not reinforced, fail by shearing or flexure

] 620 Loaded train boxcars completely demaolished

10 H8.Y Probable total destruction of buildings: heavy machine toolg(7000 tb)
moved and badly damaged, very heavy machine tools {12,000 by -
survive

300 2068 Limit of crater fip

IV ) Claneey, " Dignostie Features of Lxplosion Pimiage ™ paper presented at the Sixth hwenaticenal Mevivag o1 Foren
sie Seienves {BEdinburgh, 1972),
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TABLE A-2: Probit correlations for a variety of exposures.

Probit
parameters
Causative —_—
Type of injury or damage variable 4 Ko
Fire:
Burn deaths [rom Hash fire 10404 —14.9 2.56
Burn deaths rom pool burning o Y10 —14.9 2.50
Explosion’
Beaths from lung hemorrhage " -77.1 H.Y91
Eardram ruptures o 15.6 1.93
Deaths from impact J ~dn.1 4.82
Injuries from impact J 39.1 443
Injuries from flying fragmenis / =274 4,26
Structural damage E p° 238 292
Glass breakage p -18.1 2.79
Toxic release?
Ammonia deaths b Ay -359 1.85
Carbon monoxide deaths ECUT —37.98 37
Chlorine deatks B senr —829 0.92
Ethylene oxide deaths’ TOUT —6.19 1.0
Hydrogen chloridé-deaths WY —16.85 2.0
Nitrogen dioxide deaths 2T —-13.79 1.4
Phosgene deaths 3 C0T —19.27 3.69
Propylene oxide deaths ECHT ~742 0.5t
Sulfur dioxide deaths =15.67 o L0
Totuens =6.79 {4t

t, = cHective lime duratton {3)
1, = effective radiation intensity (Win®)
t = time durstion of pool burning {3}
I = radiation intensity from punl burning { Wim?)
;1 = peak overprosuse {’\iﬁm )

= impulse (M sfm?): F
C = comcentration (pp J
T = time interval (miny -+ ' g :
ISatected from Frank P Lees. I,wa Prcwnmm in the Prm (0 Indu srries {London: Buterworths, 19586), p. 208,
'CCPS, Guidelines for Consequence Analysis of Chemicul Releases (New York: American Institute of Chemical Engi-
neers, 199), p, 254,
*Richard W. Purgh. “Ouantitative Evaluation of Inhalation Toxicily Hazards,™ in Proceedings of the 20th Loss Prevention
Symposium { American Instituie of Chemical Fogineers, July 31, 1995),
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TABLE A-3: Transformation from percentages to probits.

% ¢ 1 2 3 4 5 8 7 8 9
0 - 267 295 312 3.25 336 3.45 352 359 366
16G 372 3.77 382 3.87 392 19% 4.01 4.05 4.08 412

20 4.16 419 4.23 4.26 429 433 4.36 439 4.42 445
30 4.48 4.50 453 4.56 459 4.61 4.04 4.67 4.69 4.72
40 475 477 4.80 4.82 4.85 4.87 4.90 492 4.95 497
50 5.00 5.03 5.05 5.08 510 5.13 5.15 518 5.20 33
60 5.25 5.28 531 5.33 5.36 5.39 541 54 547 3.5
70 552 555 558 5.61 5.64 5.67 5N 574 577 S.81
80 5.84 5.88 592 5.95 599 6.04 6.08 6.13 6.18 6.23
50 6.28 6.34 641 6.48 6.55 6.6 6.75 6.88 705 7.33

% i) 0.1 0.2 0.3 (0,4 0.3 0.6 0.7 8.8 09

99 7.33 .37 741 7.46 151 7.58 7.65 775 7.88 -8.09

'D. } Finney. Probit Analvsis, (Cambridge: Cambridee University Press. 1971}, p. 25. Reprinted by permission,

TABLE A-4: Atmospheric stability classes for use with the Pasquill-Gifford
dispersion model

Wind Day radiation intensity Night cloud cover

sg)ne/e;c)i Strong  Medium  Slight Cloudy C:Il:;r&
<2 A A-B B F F
2-3 A-B B € E E

3-5 B B-C C D E

5-6 C C-D D D D
>6 (6 D C D D

A : Extremely unstable D : Neutrally stable

B : Mederately unstable
C . Slightly unstable: -
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TABLE A-5. Equations for Pasquill-Gifford Dispersion Coefficients for Plume

Dispersion
Pasquill-Gifford
stability class . oy (m) o, (m)
Rural conditions
A 0.22x(1 4 0.0001x)""? 0.20x
B 0.16x(1 + 0.0001x)"7? 0.12x
C 0.11x(1 + 0.0001x)~*? 0.08x(1 + 0.0002x)
D 0.08x(1 + 0.0001x) "2 0.06x(1 + 0.0015x) 72
E 0.06x(1 + 0.0001x)"1? 0.03x(1 + 0.0003%)!
14 0.04x(1 4 0.0001x) ™" 0.016x(1 + 0.0003x)*
Urban conditions
A-B 0.32x(1"+ 0.0004x) 2 0.24x(1 + 0.001x)*1?
C 0.22x(1 + 0.0004x) "2 0.20x
D 0.16x(1 + 0.0004x) 0.14x(1 + 0.0003x) 12
E-F 0.11x(1 + 0.0004x)™" 0.08x(1 + 0.0015x) 12
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Figure A-1 Correlation between scaled distance and explosion peak side-on
overpressure for a TNT explosion occurring on a flat surface. Source: G. F. Kinney
and K. J. Graham, Explosive Shocks in Air (Berlin: Springer-Verlag, 1985).
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