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QUESTION ONE (25 Marks)

A. Describe the following sewer systems:

.  Vacuum sewerage

............................................................. [1.5 Marks]
il.  Pressurized sewerage ... [1.5 Marks]
i.  Small bore SEeWerage. .............cooooeviiveovieioi [2 Marks}
B. Describe the factors that can lead to
1. Sanitary sewer overflows. .............oooovmeee 1.5 Marks]
11. Combined sewer overflows. ...........cocovvveee [1.5 Marks]
1. Indicate the steps needed to minimize these overflows. |2 Marks]

C. What are the factors that should be explored in the geotechnical investigation for the

design and construction of sewer systems?
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E. Describe the factors that should be taken into account in the layout of sewer systems.
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QUESTION TWO (25 Marks)

A.Describe with the help of a sketch inverted siphons showing the necessary

appurtenances. State for what condition inverted siphons may be provided and the

arrangement for handling the flows in inverted siphons.

B. If a valley crossing appears too deep for the provision of an inverted siphon, discuss how

the sewer should be laid and what kind of sewer pipe would be suitable for such

crossing.

C. List the advantages of backfilling sewers as quickly as possible. Also list the steps
(activities) of backfilling

.................. [5 Marks]
D. Describe the techniques used for the detection of leakages in manholes
coreseenneee[S Marks]
E. Describe the techniques used for the cleaning of sewer pipes
....................................................................... |5 Marks]



QUESTION THREE (25 Marks)

A multi-family housing project is being developed on 1.4 Km? of rolling to flat ground. Zoning
regulations establish a population density of 7500 persons per Km®. The average daily sewage
flow 1s 375 liters per person per day. The peak flow is 160% of the average flow. Infiltration
allowance is 460 m’ per square km per day. Circular concrete pipe with n=0.013 will be used to
flow with a minimum velocity of 0.45 m/sec at minimum flow which is 1/3 of the peak flow.
The minimum velocity at peak flow is 0.6 m/sec. The maximum spacing between manholes is

150 meters. Using equation 3.1 and the partial flow diagram of Figure Q3.1 provided below:

. Determine the diameter of the sewer pipe for the final 150 meters between

1.  Check if the minimum velocity of 0.45 m/sec is satisfied at minimum flow and

suggest improvements to the design of the sewer. .................. | 10 marks]
0.312 8 1/2
= - * D3 = S (Eq. 3-1)

Where Q = sewer flow in m®/sec
D = Sewer pipe diameter in meters
n = Manning’s coefficient = 0.013

S = Slope of sewer pipe (m/m).
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Figure Q3-1 Partial flow graph for Sewer flow calculation



QUESTION FOUR (25 Marks)

A. Discuss the effects of urbanization on catchment hydrology ................. [5 Marks]

B. There are certain factors omitted from the traditional cost-benefit analysis of sewerage

systems which will make sewerage system a less favorable alternative. State these

factors and indicate how they may be incorporated in the cost benefit analysis.

C. Discuss the advantages and disadvantages of providing open channel drainage systems.

Indicate also how some of the disadvantages of open channel drainage systems may be

OVCICoIne. ...........

............................................................... veereen|d Marks]

D. List the main contents of a master drainage plan. ............cecevveveneirenerunnennns 5 Marks]

E. Discuss how the following factors influence the provision urban drainage system;

1.
11.
111.

1V.

Technical
Socio economic
IFinancial and institutional factors

Operation and maintenance



QUESTION FIVE (25 Marks)

L] ] » & S a
Th tangular channel shown in Figure Q5.1 below is nearly horizontal, and it carrie o
o Ice gate is 1.
disch er unit width of q = 1.20 m*/sec-m. The flow depth upstream of the sluice g
1scharge p .

A hydraulic jump occurs on the downstream side of the sluice gate.
m.

0NS B o | 9 Marks]

1. Determine the flow depth at Sections B ....ooovoveneni o

1. Determine the flowdepthatD ... N
1.  Determine the head loss due to the hydraulic 111000 o R
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Hydraulic jump equation:

v f - ) I Eq. 5.1
P'E — _;:' (4\:1 -+ 8F T — 1; ................

Energy loss due to hydraulic jump




