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1.

a. 
(i) 

Initial flow rates: (clockwise as positive)

Node 1 

June 6, 2021 958 PM

0.05 +Q1 = Q2 +Q4 ⇒ 0.05 + 0.05 = 0.07 + 0.03 ⇒ valid

Q1 = 0.05m /s,Q2 =3 0.07m /s,Q3 =3 −0.05m /s,Q4 =3 0.03m /s,Q5 =3

−0.12m /s3

0.1 = Q1 +Q3 ⇒ 0.1 = 0.05 + 0.05 ⇒ valid
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Node 3 

Node 2

Node 4

(ii) (iii)

Table Q1

Pipe L (m) D (m) K Q H_L |H_L/Q| Delta Q (m3/s)

1 1000 0.25 1299.3 0.05 5.091 101.82

2 700 0.25 909.51 0.07 6.641 94.87 0.012

3 1000 0.25 1299.3 0.05 5.091 101.82

Untitled

4 2500 0.25 3248.3 0.03 4.947 164.90

5 1500 0.25 1949.0 0.12 38.574 321.45 0.037

2 700 0.25 909.51 0.07 6.641 94.87

Untitled

(iv)

Energy conservation for loop: 

Hence: 

b.

Hence: 

Q3 +Q2 = Q5 ⇒ 0.05 + 0.07 = 0.12 ⇒ valid

Q4 +Q5 = 0.15 ⇒ 0.03 + 0.12 = 0.15 ⇒ valid

Q2 =new 0.07 + (−0.012) − 0.037 = 0.021m /s3

ΔE = h −∑ L E =∑ p 0

h =∑ L E =∑ p 3m
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https://www.notion.so/1-214ce77df45746acb336b9f98b38a45c
https://www.notion.so/2-7f71968f3d0b42d1944700649f471043
https://www.notion.so/3-15c150cfdb614d56bc4fb761d55f22db
https://www.notion.so/82b7668a4a9c431a9938139d20a194f7
https://www.notion.so/4-4db583bd31154aa7a2aad03738632839
https://www.notion.so/5-57ba4a790203457b8103a7dd42c16e0a
https://www.notion.so/2-0b668a1f23f441dda1b72423ba1dc3a5
https://www.notion.so/89924894516546b0adc4c782529d005b
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2.

a.
(i) Since there is no settling of particles during flocculation, /omega is constant

(iii) The amount of time required in part (ii) is much smaller than in part (i). The 
difference is due to the addition of coagulant. The coagulation process destabilizes 

Ω = N d =
6
π

I I
3 ×

6
π

(10 /L) ×7 (2 × 10 m) =−6 3 4.19 × 10−8
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colloidal particles, which makes them more unstable in water. Consequently, the 
flocculation process will group destabilized particles into larger flocs more easily. 

b.
(i)

(ii) Aluminium sulphate can react with water alkalinity. Hence, if adequate alkalinity is 
not present in water, the coagulant will react with all of the alkalinity, causing the 
lowering of pH.

(iii)



AY20/21 paper 5

C.
Advantages of a compartmentalized flocculation basin:

High efficiency

Less detention time

Smaller tank volume

3.

a.
(i)
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(ii)

(iii) If the depth of the tank is too shallow, particles can be resuspended due to high 
horizontal velocity

b.
(i) 
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(ii) Removal efficiency can be calculated as

when water flow rate is increased to 1.5Q, SOR would also increase by 1.5 times. 
Hence, the removal efficiency is

The efficiency drops by 33%

(iii) Higher temperature in the summer induces smaller water viscosity. Since the 
settling velocity is inversely proportional with viscosity, the settling velocity will be 
larger. Consequently, removal efficiency is higher

c.

X =r
vo

vs

X =r,new =
1.5vo

vs 0.67Xr
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4.

a.
(i) 

240
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The initial clean water head loss exceeds the design guideline

(ii) When the temperature increases, water viscosity decreases. Since Reynolds 
number is inversely proportional with water viscosity, Re will subsequently increase. 
Thus, drag coefficient reduces, which results in lower clean water head loss

b.
(i ) 

Replace conventional filtration unit

Used as pretreatment of RO and NF

(ii) for inorganic fouling, we can use citric acid to dissolve precipitation of less soluble 
inorganic species. For organic fouling, base can be used to reduce the adsorption of 
organic molecules on surface

C.
Free chlorine is a more powerful disinfectant because for the same disinfection 
efficiency of 99%, the C×t value of free chlorine is much lower than that of chloramine. 
This means for the same concentration, free chlorine will need less time to reach the 
required efficiency.

d.
(i) 

Re = =
v

ϕV ds p =
1.003 × 10−6

0.8 × × 0.5/10001000×60
240
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0.0042

0.94m
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(ii) CH175 mg/L as ; NCH = 255 - 175 = 80 mg/L as 

(iii) 

Ion exchange:  and  are removed and replaced with sodium by a cation 
resin (solid beds)

Nanofiltration: the membrane rejects multivalent ions from passing through.

CaCO3 CaCO3

Ca2+ Mg2+


