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Question One (25 Marks)

Referring to the pE — pH diagram of iron shown in Figure Q1 below, answer the following questions.

1A. Sketch on the figure, the areas of corrosion, immunity and passivation. ........[12 Marks]

1B. Discuss the corrosion protection measures available for iron and state the advantages and

disadvantages of each option............coevmiiiiiiii i s [13 Marks]
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Question Two (25 Marks)

2A. Analysis of water gave an alkalinity of 350 mg/L, Caicium of 150 mg/L (both expressed as CaCO;)
and a pH of 7.3. Compute the Langelier Index and the Ryzner Stability Index. Comment on these
values and the stability of the water. Assume a water temperature of 5°C and an ionic strength of

0.012M. Use the formulae and tables provided below.
........................ {13 Marks]
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pHs = pK: +pCa~™ -Bky -Log(2{ALK]) - Log(’=)

logs(¥,) = —0.5102« 2% (

Table VIIL.  Values of pK; and pK; at 25°C for Various
fonic Strengths snd of the Difference
(pK; - pK,) for Various Temperatures®

Total B'C

Dis e pKi-pK®
fonic  solved pK;-
Strenpth Solicts pK; pK; pK, 0°C 10°C 20°C 30°C 60°C W°C 80°C %°C

0.0000 0 1026 832 194 220 2.09 1.99 1.7} 1.65 158 151 La4

0.00035 20 1026 B.23 2.03 2.29 218 208 1.82 1L.74 1.467 1.60 1.5}
0.001 403 10.26 8.19 2.07 233 2,22 212 186 178 171 164 .57
0.002 80 10.25 814 211 237 226 216 190 LB2 175 168 1.6)

0.003 120 1025 810 245 241 230 220 154 1.8 179 172 165
0.004 160 1024 8.07 2.17 243 2,32 222 196 1488 18! 1.74 1.4
0.005 200 1024 8.04 220 246 235 228 199 L 184 17T LM

0.006 240 10.24 B0l 223 249 238 228 203 144 1.87 180 1.73
0.007 280 10.23 .98 225 251 240 230 2.05 196 189 182 1.75
0.008 320 1023 7.96 2.27 283 242 232 .07 198 1M1 L& 1LVT

0.009 360 10,22 7.94 228 2.54 243 2,33 208 199 192 185 118
0.010 A0 10,22 T92 230 2.56 245 2,35 2,10 2.0 1.94 187 18D
0.011 440 1022 790 232 258 247 237 212 203 1.9 1.8% (.82

0.012 450 10,21 7.88 233 239 249 239 213 2.4 197 190 1.33
0.013 520 10,21 7.86 2.35 2.6 .50 240 2145 2.06 1.99 192 1.8%
0.014 S60 10.20 7.85 236 2.62 251 241 216 2.07 2.00 1.93 1.86

0.015 600 1020 T.B3 2,37 263 252 242 217 208 201 194 1.87
0.016 640 10.20 7.81 239 268 2.54 244 0% 20 2.0 1.9 .89
0.017 680 i0.19 780 2.40 2.66 2.55 245 220 2.4 2.04 197 190

0.018 720 10,19 7.78 241 267 236 246 221 212 2,05 198 1.9t
0.019 60 1008 .17 243 267 257 247 221 212 205 198 1.5l
0.020 B0O  10.18 7.76 2.42 2.68 2.5 248 222 243 06 199 192



INGEX

0 ‘;;,m 00 ,.'. 00

STAgtLItTY

MLRUSTATION L

e
//

V.

b HEAYY SCALE AT 150°F

- HEAYY SCALE AT 60°F

F HIAYY SCALE iIN HOY WATER HLATLRS
| HEAVY SCALE N HEATESS AMD COILS
P SCALE TN MEATERS
fw{t R MEATENRS

F SCALE e HEATIRS

- SCALE 4 HEATEH COWLS
- SOME SCALE AT 60° €

FSCALE 4 HEATER UNLESS POLYPHOSPMATE ADGED
L SLIGHT SCALE ~ CORROSION HIGH TEMP. - POLYPHOSPHATC, PRESENT
f 4O DFFICULTIES CXPLRIENCED
COMPLAINTS MEGLIGIBLE l

NO SCALE OR CORROSION

LrRACHICALLY MO RED WATLR COMPLANIS

FOMLY SLIGHY CORROSION AT 150" £
F SCALE TN MAINS

P PRACTICALLY NO COMPLAINTS

F CORSIOSION

GUMTE CORROSIVE AT 150* ¢
-CORROSION I HOT WATER HEATCRS
P CORROSION N COLD WATER LINES

l'

10

SEVERE CORROSKON « RED WATER

 SOME COAROSION 1M COLD WATLR MAINS'
b 32 ALD WATER COMPLAIMTS N ONE YLAR
- CORROSION 1M COLD WATLR JRAINS

= CORROSION N COLD WATER MAMINS

- NUMEROUS COMPLAINTS OF RTD WATER

- RED WATER 4

- SERIDUS CORROSION AT 140% F

- 234 RED WATER COMPLAINTS IN OME YEAR
- VERY CORROSIVE AT 150" F

 SEVERE CORROSION -« RED WATER

R

|- CORRQSIVE AT &0* T

T

- CORROSIVE TO COLD WATER WANS

« VERY CORROSIVE AT 60° AMD 150° F
- CORROSION ml ENTIRE svstr_s;

12

-

- SEVERELY CORRUSWVE TO MAINS AND IMSTALLATIONS

K Scate Kaporied
@ Compisinis Negigiie

13




2B. Determine the acidity and alkalinity (both in milli-equivalents per liter as well as mg/L as

CaCO;) of water sample that has the following characteristics:

Parameter pH COy™ HCOy H,CO;
Concentration
8.9 30 180 10
(mg/L)
......................................................................... [ 12 marks]




Question Three (25 Marks)

3A. Define a false bottom and its function. State the requirement of providing false bottom for:

3B.

3C.

3D.

3E.

3F.

3G.

i) horizontal flow roughing filter .............coiiiiiiiiii [ 1.5 Marks ]
ii} vertical flow roughing filter............ooviiiiiiniii [ 1.5 Marks ]

Explaih the dominant mechanism for solids removal in roughing filtration.
.................................... [ 4 Marks ]

Compare the extent of occurrence of short circuiting in plain sedimentation tanks with

that of roughing filters. ..........ooiiiii i [ 4 Marks ]
Compare the impact of sudden change in flow rate on the performance of horizontal flow

roughing filters with that of vertical flow roughing filters. .......................... [ 3 Marks ]
Describe the design variables that affect the efficiency of removal of solids in roughing

L3110 14 0e) o DR USRS ORI PU TP [ 4 Marks }

Explain the mechanism by which flow disturbance caused by the outflow of water in plain

sedimentation tanks can be minimized. ..........oooviiiiiiiiini [ 3 Marks ]

Explain how the depth of water in sedimentation tanks affects the efficiency of solids
1021114371 1R O U RPTPPT TS [ 4 Marks }



Question Four (25 Marks)

4A.

4B.

4C.

4D.

4E.

4F.

4G.

State the dominant mechanisms for the formation of hydrophilic colloids in

Describe the mechanisms by which hydrophobic colloids may be stabilized in
L L= R P PP PP PP PRRN [ 3 Marks ]

Describe the four major mechanisms of destabilization of colloids in

Compare the advantages and disadvantages of i) hydraulic rapid mixing and ii)

mechanical rapid mixing. .....cocoooiiiiiiiiii [4 Marks ]

Differentiate between i) perikinetic flocculation and ii) orthokinetic flocculation. In each
case explain the dominant mechanism responsible for the formation of flocs
wreeemmrescemenennne | 4 Marks]

State the formula used for calculation of velocity gradient and indicate how the velocity

gradient may be varied to achieve a desired rate of flocculation.



Question Five (25 Marks)

5A.Show that for a given flow rate Q, the minimum settlement velocity of a particle removed in

a sedimentation tank of surface area A is given by:

...............................

[10 Marks]

5B. For a flow in a sedimentation tank, assume that the water temperature is 10°c and the depth

of the settling tank is 3.0 m. Calculate the theoretical settling velocity (in m/sec), surface

loading rate and detention time required for the removal silt particles with a relative

density of 2.65 and diameter 0.001 cm. Take kinematic viscosity (v} of water at 10 °C as

1.306*10°° m*/sec and density of water (py) = 999.1 kg/m’,

...............................
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[15 Marks]



