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1. a)  Explain what is meant by the terms órough pipe turbulenceô and ólaminar 
flow velocity profileô.  

(5 marks) 
 
 b) Sketch out the general shape of the Stanton (or Moody) diagram for 

flow through pipes and briefly explain the factors which affect the value 

of the Darcy friction factor  in each of the zones.   
(8 marks) 

 

 c) Water with a coefficient of dynamic viscosity  of  1.0 x 10-3m2/sec, 
flows through a 225mm diameter pipeline at a rate of 50 litres/sec. The 
pipeline is 530m long and has a surface roughness ks of 0.9mm. Using 

Barr's equation, determine a value for the Darcy friction factor  and 
then determine the friction head loss across the pipeline. If the pipeline 
falls by 2m over its length, determine the pressure change between the 
two ends of the pipeline.   

(12 marks) 
 

Total 25 marks 
 

2. a) Explain the term óSustainable Urban Drainage Systemô, giving some 
examples of the technique.     

(8 marks) 
 
 b) A foul sewer, with a pipe roughness value kS of 1.5mm is to be 

designed to serve 600 houses. Using the information given below 
select a suitable pipe diameter and gradient.  Explain the factors which 
have influenced your selection. HRS tables are provided.   

 

 Housing occupancy - 3.1 persons per dwelling 
 Water consumption ï 230 litres/head/day 
 Infiltration ï 30 litres/head/day 
 Design factor ï 6 
 Ground gradient 1 in 200 

(5 marks) 
 

 c) Using the Rational Method of design complete the design table (Table 
Q2) and hence select a suitable pipe diameter for pipe 1.2. The rainfall 
return period is 10 years, the time of entry is 6.0 minutes and the pipe 
roughness ks is 1.5mm. HRS tables and a rainfall table are provided.  

                              
(12 marks) 

 
Total 25 marks 
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3. Two pipe networks, system A and system B, are shown below in Fig Q3a and 
Fig Q3b. Using the information given in Table Q3 (which applies to pipes in 
both networks): 

 

a) State the basic hydraulic principles which apply in water network 
analysis.    

(5 marks) 
 

b) Make a sensible first estimate for the flows in system A and the head at 
the pipe junction in system B.  Briefly explain the reasons for your 
selections.      

(6 marks) 
 

 c) Ascertain a first estimate of the level of error in your initial assumptions 
using Tables Q3a and Q3b. Explain how you have determined the 
errors, what the errors mean, and what you would be looking for in a 
correct solution.   

(14 marks) 
Total 25 marks 

 
 Fig Q3a System A     Fig Q3b System B 
 

Pipe Length 
(m) 

Diameter 
(mm) 

Roughness 
(mm) 

 Reservoir Water 
level  

m (AOD) 

A 720 300 1.5 1 305 

B 560 200 1.5 2 289 

C 650 200 1.5 3 284 

 
Table Q3 
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4. a) A water pipeline, with a roughness, ks of 1.5 mm is required to deliver 

31 litres/sec over a distance of 1680 m.  The existing pressure and pipe 
level at the inlet are 380 kN/m2 and 292m AOD respectively. The 
pressure and pipe level at the outlet are 330 kN/m2 and 289 m AOD 
respectively.  Using the HRS tables provided, determine the required 
pipe diameter.   

(7 marks) 
  

b) Water flows through a 225mm diameter pipe at a rate of 55 litres/sec. 

The pipe is 500m long and has a Darcy friction factor  of 0.021. It is 
proposed to increase the flow through the pipeline to 70 litres/sec, 
without increasing the friction loss, by the addition of a parallel pipeline. 
Determine the length of parallel pipe required: 

 

i) of the same diameter and  value as the existing pipeline  
       

(9 marks) 

ii) of 300mm diameter pipe with a  value of 0.018. 
       

(9 marks) 
 

Total 25 marks 
 

END OF QUESTIONS 
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Formulae Sheet 
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 Pipe 
length 
ref No 

    
 Pipe 
length 

 
  (m) 

    
Pipe 

gradient 
  

 (1 in ) 

    
 Vel 

 
 

(m/s) 

    
 Time  
  of 

 flow 
 (min) 

    
 Time 
  of 

 Conc. 
 (min) 

 
 Rate of 
rainfall 

   i 
(mm/hr) 

    
 Imp. 
 Area 

 
 (ha) 

    
Cumulative 
Imp. Area 

   AP 
  (ha) 

  
 Flow 
  Q 

 
(l/s) 

   
Pipe 
dia. 

 
 (mm) 

1.0 

 
95 83     0.07   150 

1.1 

 
69 67     0.13   225 

2.0 

 
150 83     0.16   225 

2.1 

 
120 56     0.10   225 

1.2 

 
76 53     0.14    
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Pipe 

  

Length 

  (m) 

Diameter 

(mm) 

Q  

(litres/s) 

SO 

(1 in) 

hf  

(m) 

 Pipe hf across 

Pipe (m) 

SO  

(1 in) 

Q 

(litres/s) 

 
A 
 

 
720 

 
300 

    
A 

   

 
B 
 

 
560 

 
200 

    
B 

   

 
C 
 

 
650 

 
200 

    
C 

   

 Error in hf 
 

  = 

   

 Error in Q 
 
 = 

 
   Table Q3a.    Table Q3b.    
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