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QUESTION 1

a)

The equipment cooling water (ECW) return goes to cooling tower in which
the hot water return from the heat exchanger is cooled down by direct
contact with air flow.

i. Draw a typical diagram of ECW system. (5 marks)

ii. Explain how to start the ECW system. (5 marks)

Deionized water produced in boiler water treatment plant is further treated

physically and chemically in deaerator before being fed to boiler.

i. Draw a simplified schematic drawing of this system. (5 marks)
ii. Explain these processes before industrial water can be used in boilers.
(5 marks)

Calculate the nominal pipe thickness of a process pipe for the following
condition:

e Design & = 700°F.

e Design P = 1500 psig.

e Pipe outside diameter = 12 in.

e Material: ASTM A335, Gr. P11 (1% Cr - % Mo), Seamless.

e Corrosion allowance = 0.0625 in.

PxD
Formula: f=——
2(SE + PY)
t,=t+C4
t
tan = -
0.875
Tables and data are attached in Appendix 1. (5 marks)
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d) Recommend the class rating for a flange for the following parameters:
* Pipe Material: 1% Cr - %2 Mo
« Design Temperature: 300°F
« Design Pressure: 600 psig

Tables and data are attached in Appendix 2 (5 marks)
QUESTION 2
a) i Give two ways to avoid overpressure in a pressure vessel.
(2 marks)

ii. Locate three places where safety or relief valves are mandatory.
(3 marks)

i Explain why a safety or relief valve is needed for blocked-in section
of cool liquid-filled lines which are exposed to heat such as heat

exchanger. (2 marks)

b) Describe how to ignite the following premix burner as shown in Figure 1.

Secondary
Air Ré‘i{:ﬁ@f Refractory Carbon Dioxide
Gas N S04 g /]
Premix / Water Vapor
\ / Mater Vapor
j‘ Chamber o TS

v
r OXygen
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Primary ) ; )
Air Registar \\ \ PP Combustibles
Burner {CO + Hy)
Tip A )
o
Nitrogen

FIGURE 3 - PREMIX BURNER WITH PRODUCTS OF COMBUSTION
Figure 1: Premix burner
(7 marks)

c) Produce the procedure of hydrostatic test for a pressure vessel in order to

determine the ability of the pressure vessel to hold pressure.
(7 marks)
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d) Show the procedure to prepare the pressure vessel for safe entry of

personnel. (7 marks)

e) An operator is going to start up the process heater diagram as shown in
Figure 2 below. Explain the procedure to start up the process heater
safely. iy

136 344 NCkH

oooooo

T 4031 NeAm ) waruraL
X3 GAS

PROCESS GAS HEATER

Figure 2: Process Heater
(8 marks)

QUESTION 3

a) Explain how cavitation may damage a centrifugal pump and suggest three
ways to avoid cavitation.
(2 marks)

b) Three important rotating equipment in chemical plants are pump,
compressor and turbine. Differentiate pump, compressor and steam
turbine.

(3 marks)
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c) Sketch a schematic diagram of a single centrifugal pump with the following
fittings and instruments: butterfly valves for suction & discharge pipe, a
check valve, drain & vent valves, strainers, flexible joints for suction &

discharge pipes, and pressure gauge. (3 marks)
d) Show the steps to start a standard centrifugal pump. (3 marks)

e) You are required to start the stand by pump and stop the running pump for
repair work. Prepare the procedure to change over the operation of the
operating pump without interrupting the rest operation of the chemical

process. (3 marks)

QUESTION 4

Figure 3 is a simplified diagram of benzene production plant. The raw material to
the plant is hydrogen and toluene. Table 1 shows the start-up schedule of the

plant.

a) O2 content inside the system must be reduced to less than 0.5% by N2
purging, before starting-up the plant. The purpose of N2 purging is to avoid
internal explosion hazard. Explain how to carry out this activity.

| (5 marks)

b) To eliminate the explosion hazard outside the system, leak test or
tightness must be carried out for piping and pressure vessels. Show how
to carry out the leak test activity.

(5 marks)
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c) All the above are parts of activities prior to start-up. Propose 3 more
activities before starting up.

(3 marks)

d) Prepare the details start-up of this plant.
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Figure 3: Benzene Production Plant
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Table 1. Start-up Schedule of Benzene Production Plant

At the Radiant | Temperature Flow S1, Flow S3, | Pressure | Temperature | Product,
end of | Chamber S6, (°C) {kmol/h) (kmol/h} | S6, (bar) $13, (5C) 515
time (h} | Temperat {kmol/h)
ure of H
101, (°C)

0 30 50.3 2.5

1 80 90.3 2.5

2 130 90.3 2.5

3 180 90.3 2.5

4 2i0 90.3 2.5

5 260 90.3 2.5

6 310 90.3 2.5

7 360 90.3 2.5

8 410* 300* 90.3 2.5

9 350 90.3 2.5

10 400 90.3 2.5

11 450 90.3 2.5

12 500 90.3 2.5 Start 7101

13 550 32.6 90.3 13.8

14 600 32.6 90.3 250 112 31.7

15 600 47.8 1325 25.0 112 46.4

16 600 63.0 174.7 25.0 112 61.2

7 600 78.2 216.9 25.0 112 76.0

18 600 93.4 259.1 25.0 132 90.7

19 600 108.7 301.1 25.0 112 105.6

20 600 108.7 301.1 25.0 112 105.6

* Approximation only.

END OF QUESTIONS

Criteria Marks

All questions answered will be marked according to answer scheme /100
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Stresses in Tension

Spec. No/Grade

B31.3 Allowable

Basic Allowable Stress . ksi. &t Metat Te mperatiere, °F,

Materfal 00260 300 400 00 60D 00 SO0 900 1000 1100 1200 1300 400 1500
Carbon Stes! Alee B 200 200 200 200 189 173 185 I0&) 65 25 |0
C- o ANS P 183 183 175 169 183 I57 IS0 jas|27 4 24
144 - 1Mo AZS P 200 187 188 175 132 167 156 150 128 63 28 12
18Cr - 8N pipe A3 TPI04 200 260 200 18T 173 164 160 152 146 138 | 97 6p 37 23 14
16Cr - 12N1-2Mo A3L2OTPRIE 2000 260 200 193 179 170 163 159 155 153|124 34 40 234 14
pipe
8pea. Class {or Tyag) Desgoription E¢
N,
Carbon Stoel
APL Scamless pipe 1.00
&L Bletrde resistancs welded pips .85
Eleotric fusion welded ppe, doubls butl, streight cr PR
spdral goam
Furnace bust welded
& 53 Type 8 Seamlese pips
Type B Electsriv resistance welded pipe
Type F Furnace butt welded nipe
A 1065 v Beamleas pips 1.00
Low and Intermediate Alloy Steol
A E33 Beamnlogs pipe 1.00
Elestac resistance welded pipz .85
A 335 “ Seamless pipo 100
Stalnless Steel
A 212 Seamless pipe L.00
. Eleetric fusion welded pipe, doubls butt 2cam 0.85
- Eleciric fusion welded pipe, single butt seam O.80
A 258 1,3, % Eleetric lusion weldsd pipe, 1000 radiographed A R]
) Electiie fusien welded pipe. spot radiograpled Qo0
2 Electric fugion welded pipe, double butl 2cam 0.85
Hickel and Nickel Alloy
B 161 Seamicaz pipe and abe 1.00
BS5ls . Wekded pips O.80
B 675 All Welded pise ugn



PLANT OPERATIONS (BCE 2174)

CONFIDENTIAL

Temperature, oF

Materials GO0 & fower | 950 106G 1050 a0 SO & up
Jerritic 0.4 A 0.7 047 17 (4.7
Steels
Austenitic 4 04 4 04 iy 3 (3.
Steels
Other 0.4 04 0.4 i 4 0.4 (3.4
Ductile
Metals
Cast iron .6
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APPENDIX 2

Material Specification List

Mnaterial Groupe Prodvuct Farme
Material | Nowminal Designation
Group Steet Forgings Castings Plates
Number
Spec. No. | Grade | Spec. Ho. | Grade Spec. Ko. Grade
1.1 Carbon AIDS -- A216 W AS1S 70
A350 LEZ -- .- AS1A 70
CoMn-5i - - - = AS3T cli
1.2 Tarbon - woc -- -~
-- Lec - --
Q1% Ni - Lo ACN3 B
3 K4 A350Q L2 ALD3 £
Y PN g .. S ) R
Tl et TN T o
1.9 1Cr - ¥l AlB2 -- - -
1% Cr—¥lo - WCE - --
1% Cr — ¥bic - i AlBD - A3ST 11
110 2% Cr—1Mo AlB2 wee AZBT 27

Pressure - Temperature Ratin gs

Ciranep M, L& L9 110
Classes 150 1300 1400 |50 300 (400 1150 ] ao0 400

Temp., °F

30 o 100 235 620 | 825 200 TR0 1000 | 290 750 | 1000
200 220 576 | V65 260} TS0 11000 | 260 750 | 1000
300 215 355 | T45 | a3 | 720 | 065 230 | 730 | @vo
400 200 555 T4 200 695 885 200 705 430
500 170 HA3 740 170 695 805 170 H6:5 RBE5
GO0 140 746 14} [$1855 78S 140 605 203
650 125 749) 125 | 590 | 85 125 1 500 | 785
700 110 | 545 | 735 | 1o | 570 | 710 | 110 | 570 755
750 95 515 | 685 B 530 | 675 a5 530 | 710
B0 80 510 | 675 £0 510 | 650 &0 510 | 675
850 65 185 | 650 | 65 G485 | 600 65 485 | 650
900 50 4 GO0 50 AH) | 425 30 450 | 600
950 35 320 | 428 35 320 | 200 35 375 | a05
1600 20 215 | 290 | 90 [ 2153 [ 190 | 20 | 260 | 345




