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INSTRUCTIONS TO CANDIDATES:            
                          There are SIX questions on this 

paper. 
 
      Answer ANY FIVE questions. 
 
      All questions carry equal marks. 
       
      Marks for parts of questions are 

shown in brackets. 
 
      This examination paper carries a 

total of 100 marks. 
 
                   Formula sheet / supplementary 

information is provided at the end 
of question paper. 

 
       All working must be shown.  A 

numerical solution to a question 
obtained by programming an 
electronic calculator will not be 
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Q1  

a) Describe the procedure for the prediction of open channel flow profiles and 

outline the problems associated with profile evaluation in natural channels.  

(7 marks)  

b) A long rectangular earthen channel 3.25m wide has a uniform flow depth of 2.5 

m when the flow rate is 12m3 /s. The channel has a sluice gate which causes a 

hydraulic jump just downstream of the sluice gate. The depth of flow just 

upstream of the sluice gate rises to 3.0m and the depth of flow just downstream 

of the gate lowers to 0.85 m. Identify the profiles which exist upstream and 

downstream of the sluice gate in the above scenario. Use suitable sketches 

and specify the characteristics of profiles. 

(13 marks)  

Total 20 marks  

Q2 

a) Briefly explain the purpose and operation of the following treatment process 

units: 

(i) Rapid Sand Filter 

(4 marks) 
(ii) Activated Sludge Process 

(4 marks) 
 

b) A water treatment plant receives soft upland water. Sketch a flow chart 

identifying the sequence of water treatment processes used in this scenario. 

                                       ( 8 marks) 
c) Briefly explain the principles behind a ‘consent to discharge’ from a sewage 

treatment works. 

(4 marks) 
Total 20 marks 

 
PLEASE TURN THE PAGE….. 
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Q3  
 

a) With the aid of sketches, describe and annotate the Specific Energy (E-Y) graph 

and illustrate on how it can be used to explain alternate depths. 

 (8 marks) 
 

b) A rectangular channel of 12 m wide has a flow rate of 75m3/sec at a depth of 

2.3 m. A bed hump is located in the channel. Determine the height of hump that 

would cause critical depth flow over the hump. 

 (12 marks) 

 

Total 20 marks 
Q4  

a) An unlined trapezoidal irrigation channel is to be constructed in slightly rounded 

gravel with d50 21 mm, at a gradient of 1 in 1200. The channel has a base 

width of 1.75m and sides which slope at 2H:1V. Using the tractive force design 

method, determine the maximum permissible flowrate in the channel to avoid 

erosion. Use Table 1 and Figure 1 provided on page 9. 

 (12 marks) 
 

b) Describe the function of energy dissipators in spillways and compare the 

different types by explaining the suitability of each. 

 (8 marks) 
 

Total 20 marks 
 

PLEASE TURN THE PAGE…… 
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Q5  
 

a) Critically evaluate the solid retention mechanisms used in a Combined Overflow 

Sewer System (CSO). 

(8 marks) 
 

b) A stilling pond CSO chamber of breadth 4.25m is designed for a combined 

sewerage system serves a population of 11200 and receives a peak storm flow 

of 3.2 m3/s(Hydroworks). A 325mm 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 133. The overflow weir crest height 

above the centre of the orifice is 1.9m. Using the information given below, check 

the adequacy of the control and evaluate the peak flow passing to the 

downstream sewer. HRS tables are provided under the supplementary 

information. 

   Assume G = 210 l/h/d, I = 40 l/h/d. E = 1,27,000 l/d 

         (12 marks) 
 

Total 20 marks 
 
 
 
 
 
 
 
 
 

PLEASE TURN THE PAGE….. 
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Q6 
 

a) Estimate the peak flow during a 20-year flood event for a river with ungauged 

catchment characteristics using a synthetic, 10mm – 1 hour, unit hydrograph 

analysis with the data listed below. The base flow in the river is 10 m3 /sec.  

TB = 5 hours 

TP = 2 hours  

QP = 18 m3 /sec.  

The hourly depths of rainfall, for the chosen 5-hour event, are shown in the 

Table 2 below. Complete the Table 3 provided on page 10. 

Table 2 Rainfall data 
Time(hour) 1 2 3 4 5 

Rainfall (mm) 3.8 7.6 12 8.5 4.3 

 

 (14 marks) 
b) Describe the procedures for ‘Design flood estimation’ using the unit hydrograph 

method. 

(6 marks) 
Total 20 marks 

END OF QUESTIONS 
 

PLEASE TURN THE PAGE FOR FORMULA SHEET… 
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Formula sheet 
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SUPPLEMENTARY INFORMATION CONTINUED OVER THE PAGE 
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Supplementary Information continued 

 
SUPPLEMENTARY INFORMATION CONTINUED OVER THE PAGE 
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Supplementary Information continued 

 
 
 

SUPPLEMENTARY INFORMATION CONTINUED OVER THE PAGE 
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Supplementary Information continued 

Table 1. 
 

 
 

 
 

Figure 1. 
SUPPLEMENTARY INFORMATION CONTINUED OVER THE PAGE 
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Supplementary Information continued  

Table 3 

Time Period 
 Rainfall (Relative to UH) 

Unit hydrograph ordinates Surface runoff 
+Base flow 

u1= u2= u3= u4=  

1       
 

2       
 
 3       
 
 4       
 
 5       

6       

7       

8       

       

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

END OF PAPER 


	OCD030
	UNIVERSITY OF BOLTON

