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1.  (a). The capability of a water sample to neutralize acids or hydrogen ions is 

measured by its alkalinity. It is measured by titrating a water sample with 

a standard acid solution, most commonly H2SO4. In terms of water 

quality, there are two forms of alkalinity. By giving appropriate examples, 

explain the differences between the two forms of alkalinity. 

[6 marks] 

 

 (b). Table 1 shows the concentration of the selected compound from a 

sample of river water. 

 
Table 1: River water characteristic 

Ca2+ = 16 mg/L HCO3
- = 54 mg/L 

Mg2+ = 8 mg/L SO4
2- = 5 mg/L 

Na+ = 10 mg/L Cl- = 20 mg/L 

K+ = 15 mg/L CO3
2- = 22 mg/L 

 NO3
- = 4 mg/L 

 

Based on the given data in Table 1, determine the total, carbonate, and 

non-carbonate hardness in mg/L as CaCO3. Justify the answer for the 

carbonate and non-carbonate harness.  

[14 marks] 

 

 (c). After identifying sources of water to be used for water supply, it is 

important to study the factors that may influence the selection of water 

resources. Discuss briefly the influencing factors in the selection of water 

sources. 

[5 marks] 
 
 

2. (a). Explain one of the main mechanisms in coagulation-flocculation process 

for portable drinking water treatment. 

[4 marks] 
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 (b) Treatment of 40,000 m3/day of water requires 20 mg/L of alum as a 

coagulant. The natural alkalinity of the water is equivalent to 5.5 mg/L of 

CaCO3. Determine the required quantities of quicklime (containing 85% 

CaO) and alum in kg/day. 

  (Note: [Ca2+] = 40.1 g/mol, [C] = 12 g/mol, [O] =16 g/mol) 

[6 marks] 

 

 (c). Head loss through an upflow and downflow baffles of a flocculation tank 

is 0.48 m when the output is 30 MLD at a temperature of 27oC (Please 

refer Appendix 2).  At this flowrate, the detention time in the flocculation 

chamber is 32 minutes. Calculate the velocity gradient and Camp 

number when the flowrate is changed to 15 MLD at a temperature of 

27oC. 

[6 marks] 

 

 (d). For mechanical flocculation process, three flocculation tanks are required 

to be constructed in series. The design velocity gradient for the first, 

second and third tanks are 80 s-1, 60 s-1, 30 s-1, respectively. The flowrate 

for each tank is 2.5 MGD and water temperature is 25oC. Detention time 

in each tank is 2.0 minutes. From the data given, determine the 

dimensions of each flocculation tank. 

 [9 marks] 

 

3. (a). Horizontal roughing filters (HRF) using limestone media have been 

promoted and constructed by Universiti Sains Malaysia (USM) for the 

benefit of bottom billion communities at Kg Orang Asli, Kg Langkor, Sg 

Siput (U) and at a remote Malay village Kg Sg Air Jernih, Ijok, Selama, 

Perak. The filters were developed through laboratory findings by the 

researchers from the School of Civil Engineering and put into practice 

for the benefit of the community. 
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  i) Sketch a diagram of a typical HRF. Describe the advantages and 

disadvantages of HRF for community water supply in terms of 

removal of turbidity and coliform organisms. 

[7 marks] 

 

  ii) Discuss the sustainability of the HRF system in terms of 

maintenance, community empowerment and ownership. 

[6 marks] 

 

 (b). A horizontal sedimentation tank has a capacity of 3.8 MLD, a detention 

time of 3.1 hours, and a surface loading of 1.5 m/hour. The tank is 

designed with length to breadth ratio of 4:1. Determine the dimensions of 

the tank and the length of the outlet weir.  

[8 marks] 

 

 (c). A sodium silicofluoride solution is prepared by dissolving 6.5 kg of 97.5% 

commercial powder in 86 kg water. Determine the feeding rate of the 

solution into a water being treated to increase the fluoride ion content of 

0.92 mg/L. Give your answer in gram of solution applied per cubic meter 

of the treated water. 

[4 marks] 

 
4. (a). Water pipeline system is classified according to their layout. With the 

help of sketches, explain THREE (3) types of water pipeline system.  

[6 marks] 

 

 (c). Figure 1 shows a water reticulation system. Estimate the flow rate in 

each pipeline using Hardy-Cross Method and Hazen-William formula up 

to two iterations. Adopt Hazen-William coefficient, C, as 100. Use initial 

flowrate of 70 litres per second (L/s) from point A to B. The lengths and 

diameters for pipes AB, BC, CD, and AD are as follows: 

[19 marks] 
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Figure 1: Reticulation system 

 

Pipe AB: length= 900 m and diameter = 250 mm 

Pipe BC: length = 650 m and diameter = 200 mm 

Pipe CD: length = 1000 m and diameter = 200 mm 

Pipe AD: length = 550 m and diameter = 250 mm  

 

This formula might help in your calculation: 

 

𝐻
12.25 10

𝐷 . 𝐿
𝑄
𝐶

.
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APPENDIX 1 
 
Equations related to water supply: 
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Appendix 2 
 

  
 


