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SECTION A - Answer TWO from Three Questions 

Question 1 

a) With the aid of diagrams, briefly explain what is meant by the term “unit
hydrograph” and discuss its use in flood prediction. 

(10 marks) 

b) Estimate the peak flow during a 15 year flood event for the river Irwell using a
synthetic, 10mm – 1 hour, unit hydrograph analysis with the data listed below.
The base flow in the river is 9m3/sec.

TB = 6 hours 
TP = 2 hours 
QP = 17m3/sec 

The hourly depths of rainfall, for the chosen 5 hour event, are shown in the table 
below. Unit hydrograph table Q1 is also provided. 

1st hour 2nd hour 3rd hour 4th hour 5th hour 

3.6mm 7.4mm 13.4mm 8.2mm 4.1 

 (15 marks) 

Total 25 marks 

Question 2 

a) Discuss the types of sediment related problems facing the civil engineer.
(5 marks) 

b) With the aid of diagrams describe the mechanics of sediment transport in rivers.
 (8 marks) 

c)  A trapezoidal channel is to be constructed in a slightly angular coarse gravel,
where d50 is 25mm, at a gradient of 1 in 900. The channel has a base width of
3.0m and sides which slope at 2.25H:1V. Using the tractive force method,
determine the maximum permissible flow rate in the channel. Table Q2c and
Graph Q2c are provided.

(12 marks) 

Total 25 marks 

PLEASE TURN THE PAGE…. 
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Question 3 

a) Sketch a flow chart identifying the sequence of processes used in a typical raw
water treatment works.                   (8 marks)

b) Sketch and briefly explain the purpose and operation of the following water and
wastewater treatment processes:

i) A first stage rapid sand filter (4 marks) 
ii) A DAF unit (4 marks) 
iii) A storm tank (4 marks) 

c) Briefly explain the principles behind a ‘consent to discharge’ from a sewage
treatment works.                  (5 marks)

Total 25 marks 

END OF SECTION A 

PLEASE TURN THE PAGE…. 
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SECTION B:  Answer TWO Questions from three 

Question 4 

a) Explain, using suitable diagrams, what happens across a broad crested weir in
terms of ‘specific energy’ and ‘momentum function’ assuming a hydraulic jump
forms just downstream of the weir.

(8 marks) 
b) Sketch the water surface profile for a S2 flow

(5 marks) 

c) A stilling basin, utilising a hydraulic jump to dissipate energy, is to be designed
for a dam spillway. The maximum flood flow over the spillway is to be 54m3/sec,
the spillway can be assumed to have a Manning 'n' value of 0.016. Choose
what you consider to be an appropriate width and slope for the spillway and
then determine a suitable weir height, above the stilling basin apron, to ensure
the formation of a hydraulic jump.

(12 marks) 

Total 25 marks 

Question 5 

a) Outline the objectives that an effective Combined Sewer Overflow should
satisfy. Describe the design features which you would incorporate so as to
optimise the performance of the overflow structure.

(12 marks) 

b) A stilling pond overflow (CSO) chamber, breadth 3.6m, serves a population of
11,200 and receives a peak storm flow of 2.5m3/s. A 270mm diameter orifice is
used to control the flow passing to the downstream sewer which is 450mm in
diameter, has a ks value of 1.5mm and is laid at a gradient of 1 in 125. The
overflow weir crest height above the centre of the orifice is 2.2m. Using the
information given below check the adequacy of the control and determine the
peak flow passing to the downstream sewer. HRS tables are provided.

G = 240 l/h/d 
I = 40 l/h/d 
E = 250,000 l/d 

(13 marks) 

Total 25 marks 

PLEASE TURN THE PAGE…. 
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Question 6 

a) With the aid of a suitable sketch describe the performance gained by using
pumps in series.

(8 marks) 

b) Water is pumped from a treatment works to a service reservoir through a
225mm diameter pipe which is 720m in length and has a roughness value kS of
1.5mm. Three pumps connected in parallel are installed in the pumping station
at the works. Each pump has the characteristics given below.

Q (litres/s) 0 10 20 30 40 

H (m) 32 30 26 19 10 

E (%) 0 61 66 56 36 

P (kW) 15 15.4 15.8 16.1 16.3 

The difference in water levels between the tank at the treatment works and the service 
reservoir varies from 12m to 14m. Determine: 

i.) The maximum possible flow to the works. 
(14 marks) 

ii.) The efficiency of the pumps and the total power consumed 
at this flow rate. 

(3 marks) 

Table Q6 is provided. 

Total 25 marks 

END OF QUESTIONS 

Tables and formula sheets over the page….



Page 6 of 11 
School of Engineering 
BEng (Hons) in Civil Engineering 
Semester One Examinations 2018/2019 
Water Engineering and the Envirorment 
Module No: CIE6012 

Time 
Period 

Rainfall 
(Relative to 

UH) 

Unit hydrograph ordinates 
Surface r/o 

+ 
baseflow 

U1 = U2 = U3 = U4 = U5 = 

1 P1 = 

2 P2 = 

3 P3 = 

4 P4 = 

5 P5 = 

6 

7 

8 

9 

Table Q1 To be handed in with answer booklet Student ID No……………………………… 

PLEASE TURN THE PAGE…. 
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Table Q2c 

 
 
 

PLEASE TURN THE PAGE….
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Graph Q2c 
 
 

PLEASE TURN THE PAGE….
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Flow (l/s) 

H for one 
pump alone 

H for three 
pumps in 
parallel 

hf for one 
pump 

hf for three 
pumps 

HT for one 
pump 

HT for three 
pumps 

Table Q6. To be handed in with answer book    Candidates ID............................................ 

PLEASE TURN THE PAGE





Page 11 of 11 
School of Engineering 
BEng (Hons) in Civil Engineering 
Semester One Examinations 2018/2019 
Water Engineering and the Envirorment 
Module No: CIE6012 

Formula sheet 






2

2

sin

sin
1  bs

y  =       b                or       y   =             s            . 

 9810 x SO           9810 x 0.76 x SO

Formula A = DWF + 1360P + 2E 

DWF = PG + I + E 

DMin = 0.815 Q0.4 

QO = 0.6 AO(2gHO)1/2 

QW = 1.7 B HW 3/2

Chamber width = 2.5 DMin

Chamber length = 7 DMin

Weir height = 1.2 D 

y2 =
y1

2
(√1 + 8Fr1

2 − 1)

END OF PAPER 




