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2020/2021 IIA 3D5 - Water Engin1eering Dr D. Liang 

1.  

 

(a)  

 Total infiltration during the first two-hour period is:  

  ∫ 𝑓 ⋅ 𝑑𝑡
௧మ
௧భ

= 𝑓௖(𝑡ଶ − 𝑡ଵ) −
ଵ

௄೑
(𝑓଴ − 𝑓௖)൫𝑒

ି௄೑௧మ − 𝑒ି௄೑௧భ൯ 

  = 2(2 − 0) −
ଵ

ଵ
(10 − 2)(𝑒ିଶ − 𝑒଴) = 10.92 mm 

  The total excess rain in the first two-hour period is: 10×2-10.92 = 9.08 mm 

   

 The total infiltration during the second two-hour period is:  

  ∫ 𝑓 ⋅ 𝑑𝑡
௧మ
௧భ

= 𝑓௖(𝑡ଶ − 𝑡ଵ) −
ଵ

௄೑
(𝑓଴ − 𝑓௖)൫𝑒

ି௄೑௧మ − 𝑒ି௄೑௧భ൯ 

  = 2(4 − 2) −
ଵ

ଵ
(10 − 2)൫𝑒ିସ − 𝑒-2൯ = 4.94 mm 

  The total excess rain in the first two-hour period is: 10×2-4.94 = 15.06 mm 

 

 The total volume of the excess flow in the first two-hour period is:  

    m3 

 The total volume of the excess flow in the second two-hour period is:  

   15  m3 

 The volume distribution of the excess flow due to the four-hour rain is:  

Time (h) 0-2 2-4 4-6 6-8 8-10 10-12 12-14 

First 2-hour rain (%) 5 20 30 40 5  0 

First 2-hour volume (m3) 454 1816 2724 3632 454  0 

Second 2-hour rain (%)   5 20 30 40 5 5 

Second 2-hour volume ( m3)  753 3012 4518 6024 753 0 

Total volume (m3) 454 2569 5736 8150 6478 753  

Total flow rate (m3/s) 0.063 0.357 0.797 1.132 0.900 0.105  
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(b) 

 The flow rate in the first one-hour period (2.5 m3 s–1) is entirely due to the first-hour 20 mm 
h–1 rain.  Then, the second-hour 40 mm h–1 rain must produce a flow rate of 5.0 m3 s–1 in the second 
one-hour period.  

 The recorded flow rate in the second hour is 8.6 m3 s–1, so the contribution from the 1st-hour 
rain to the 2nd-hour flow rate must be (8.6-5.0) = 3.6 m3 s–1 .  

 Similarly, the discharge in the third one-hour period generated by the 20 mm h–1 rain 
occurring in the first hour is (9.3-3.6×2) = 2.1 m3 s–1.  

 

 

Examiner’s comments:  

The question could be answered by directly superposing the given 2-hour hydrograph to construct 
the required 4-hour hydrograph. A few candidates first plotted the S-curve and then derived either 
the 1-hour or 4-hour hydrograph. It is OK to use the derived 1-hour or 4-hour hydrograph, but the 
solution in this way is quite time-consuming. 
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2.  

(a)  

 𝑅௛ =
ହ×ଶ.ହ

ହାହ
= 1.25 m  

 For the river section:  

  𝐶 = 7.8 𝑙𝑛 ቀ
ଵଶ.଴⋅ோ೓

௞ೞ
ቁ = 7.8 𝑙𝑛 ቀ

ଵଶ.଴⋅ଵ.ଶହ

଴.ଶହ
ቁ = 31.9 

  𝑆𝑏 =
௱

ଵ଴଴଴
 

  For the cut-off channel: 

  𝐶 = 7.8 𝑙𝑛 ቀ
ଵଶ.଴⋅ோ೓

௞ೞ
ቁ = 7.8 𝑙𝑛 ቀ

ଵଶ.଴⋅ଵ.ଶହ

଴.଴଴ହ
ቁ = 62.4 

  𝑆𝑏 =
௱

ସ଴଴
 

 

 According to 𝑈 = 𝐶ඥ𝑅௛𝑆௕ 

 The ratio is: 
଺ଶ.ସ×ටଵ.ଶହ×

భ

రబబ

ଷଵ.ଽ×ටଵ.ଶହ×
భ

భబబబ

 = 3.1 

(b)  

𝑑ℎ

𝑑𝑥
=

𝑆௕ − 𝑆௙

1 − 𝐹𝑟ଶ
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(c) 

 

t 

t = 100 s 

h0 = 2.25 m, U0 = 0.5 m/s 

O 

x 
t = 0  

A 
 

O1 

A1 

Hydro Plant 
 
Water depth 

t 

200 m 
 

 

 We can easily prove that A1 is in the disturbed zone. Hence, A must be on the vertical axis.  

 The positive line equation crossing A and A1 is  ௗ௫
ௗ௧
= 𝑈 +ඥ𝑔ℎ  

  ଶ଴଴

ଵ଴଴ି௧ಲ
= 𝑈஺ +ඥ𝑔ℎ஺      (i) 

 Along the negative line between A and the intersection point on x axis, we have:  

  𝑈஺ − 2ඥ𝑔ℎ஺ = 𝑈଴ − 2ඥ𝑔ℎ଴ = −8.90    (ii) 

 Then, Equation (i) becomes:  

  ଶ଴଴

ଵ଴଴ି௧ಲ
= −8.90 + 3ඥ𝑔ℎ஺ = −8.90 + 3ඥ9.81 × (1.5 + 0.002𝑡஺)

ଶ 

  ଶ଴଴

ଵ଴଴ି௧ಲ
= −8.90 + 3√9.81 × (1.5 + 0.002𝑡஺) = 0.0188𝑡஺ + 5.19 

  tA = 69.2 s 

 So, ℎ஺ = (1.5 + 0.002 × 69.2)ଶ = 2.68 m,  

 From Equation (ii), 𝑈஺ = −8.90 + 2ඥ𝑔ℎ஺ = 1.35 m/s 

 q = 3.62 m2/s 

 

 

Examiner’s comments:  

In (a), some candidates did not notice the different bed slopes of the meandering reach and the cut-
off channel. In (b), several argued the water depth decrease over a hump, which alone could not 
explain the water surface drop. 
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(3) 

(a.i) Given d = 0.2 mm, then 𝑑∗ = 𝑑 ⋅ ቀ
௚(௦ିଵ)

ఔమ
ቁ
ଵ/ଷ

= 0.0002 × ቀ
ଽ.଼ଵ(ଶ.଺ହିଵ)

ଵ଴షభమ
ቁ
ଵ/ଷ

= 5.06 

 𝑤௦ =
ఔ

ௗ
ቈට10.36ଶ + 1.049 ⋅ 𝑑∗

ଷ − 10.36቉ =
ଵ଴షల

଴.଴଴଴ଶ
ൣ√10.36ଶ + 1.049 ⋅ 5.06ଷ − 10.36൧ 

  𝑤௦ = 0.026 m/s 

 ௖̄(௭)

௖̄(௔)
= ቀ

௛ି௭

௭
⋅

௔

௛ି௔
ቁ

ೢೞ
ഉೠ∗ 

 ଴.଴଴଴ଵ

଴.ଵ
= ቀ

ଷିଶ

ଶ
⋅

଴.଴ଵ

ଷି଴.଴ଵ
ቁ

బ.బమల

బ.రೠ∗ 

 u* = 0.06 m/s = ඥ𝑔ℎ𝑆௕ 

 Sb = 1.23 × 10-4 

 

(a.ii) ௨∗

௪ೞ
= 2.3 , ௨∗ௗ

జ
= 12 

 Using Liu’s Diagram, Transition Zone (between Dunes and Antidunes).  

 

(a.iii)  

 𝑐̄(𝑥, 𝑦) =
ெ̇ ௛⁄

௎ටସగ
ೣ

ೆ
஽೤

𝑒𝑥𝑝 ൬−
௬మ

ସ஽೤௫ ௎⁄
൰ 

  𝐷௬ = 𝐷௧௬ = 0.15ℎ𝑢∗ = 0.15 × 3 × 0.06 = 0.027 

 0.5= 2 ×
ହ ଷ⁄

௎ටସగ
భఱబ

ೆ
଴.଴ଶ଻

𝑒𝑥𝑝(−0) 

 U = 0.87 m/s 

 From 𝑈 = 𝐶ඥ𝑅௛𝑆௕ 

  0.87 = 𝐶√3 × 1.23 × 10ିସ 

  𝐶 = 45.3 = 7.8 𝑙𝑛 ቀ
ଵଶ.଴×ଷ

௞ೞ
ቁ 

  Ks = 0.11 m 

 

(b)  
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Examiner’s comments:  

Some forgot to consider the influence of the image source in (a.iii). The pipe design charts in (b) 
were generally well explained, but a few did not make it clear that the roughness height, fluid 
viscosity coefficient and gravitational acceleration were deemed constants in each chart. 
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4.  

(a) 

 Relative roughness height: ௞ೞ
஽
= 0.0002 

 Assuming hydraulically rough, λ = 0.01375 

 30 = ቀ𝜆
௅

஽
ቁ
௎మ

ଶ௚
= ቀ0.01375

ଵ଴଴଴

଴.ଶଶହ
ቁ

௎మ

ଶ×ଽ.଼ଵ
 

 U = 3.1 m/s 

 Re =
ଷ.ଵ×଴.ଶଶହ

ଵ଴షల
= 7 × 10ହ,  

  Refined friction factor is: λ = 0.0153 

 30 = ቀ𝜆
௅

஽
ቁ
௎మ

ଶ௚
= ቀ0.0153

ଵ଴଴଴

଴.ଶଶହ
ቁ

௎మ

ଶ×ଽ.଼ଵ
 

 U = 2.94 m/s 

 Re =
ଶ.ଽସ×଴.ଶଶହ

ଵ଴షల
= 6.6 × 10ହ,  

 Accept.  

 Q = 116.8 litre/s 

 

(b) When the flow rate is 200 litre/s,  

 U = 5.03 m/s, Re = 1.13 × 106 

 Friction factor is: λ = 0.0148 

 Required pump head: −30 + ቀ𝜆
௅

஽
ቁ
௎మ

ଶ௚
= 54.8 m 

 So, Q2 = 200 litre/s, H2 = 54.8 m 

 From the figure below, Q1 = 184 litre/s, H1 = 46 m 

 According to either ொమ
ேమ

=
ொభ

ேభ
 or ுమ

ேమ
మ =

ுభ

ேభ
మ, where N1 = 1000 rpm, we get N2.   

ଶ଴଴

ேమ
=

ଵ଼ସ

ଵ଴଴଴
  =>  N2 = 1087 rpm 

ହସ.଼

ேమ
మ =

ସ଺.଴

ଵ଴଴଴మ
  =>  N2 = 1091 rpm 
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Examiner’s comments:  

A few simply did many trial-and-error calculations in (a), rather than designing an iterative 
procedure. Most of the mistakes in (b) arose from the wrong homologous operation points of the 
pump. Quite a few plotted the system curve, which was not necessary. 
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