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AUGUST, 2024 EXAMINATION SERIES

COURSE: DWSET
LEVEL: Y2S2

SUBJECT: Design of Wastewater Collection and Treatment Infrastructure

SECTION A: ANSWER ALL QUESTIONS

	1. 
	Explain the rationale of leaving an ample margin in design of sewers.
	(2marks)

	2. 
	Sketch and label a continuous flow oxidation ditch
	(5marks)

	3. 
	State any data required in design of waste stabilization ponds system
	(4marks)

	4. 
	State any FOUR measures that can be taken to prevent exfiltration in sewers 
	(4marks)

	5. 
	Sketch a flow diagram of a waste water treatment plant that has the following units:

i. Sludge digester

ii. Primary settling tank

iii. Screening chamber

iv. Secondary settling tank

v. Grit chamber

vi. Sludge drying beds

vii. Trickling filter

viii. Flow measuring device

ix. Recycling system
	(5marks)

	6. 
	State the tools and equipment required to collect design data for designing a wastewater treatment infrastructure with Trickling filter as a biological treatment unit
	(4marks)

	7. 
	State FOUR Mandatory Kenyan legal requirements for the approval of design drawings for wastewater infrastructure
	(4marks)

	8. 
	A lagoon receives a flow of 1,200 m3 /day. What is the organic loading rate in kg of BOD per day per hectare if the pond has a surface area of 3.5 hectares and the influent BOD is 212 mg/L?
	(4marks)

	9. 
	Differentiate between the following terms as applied in sewer design and state the limit for a concrete sewer.

i. Self-cleansing velocity

ii. Non scouring velocity

	(4marks)

	10. 
	The drainage area of one sector of town is 36 hectares. The classification of the surface of this area is as follows:

Type of surface

Percent of total area

Runoff coefficient

Paved streets

15%

0.85

Roof surface

25%

0.80

Unpaved street

15%

0.20

Garden and lawn

30%

0.20

Wooden area

15%

0.15

Assuming a 80% waste water generation from the water consumed, calculate the amount of waste water generated considering the area has a combine sewerage system given the following data:

Rate of water supply = 180l/c/d

Time of concentration =20

Design flow= 2DWF

Population = 80,000

	(4marks)

	
	SECTION B (40 MARKS)

ANSWER ANY THREE

	

	11. a
	The average flow rate at a small municipal wastewater treatment plant is 20000m3/day. The highest observed peak flow rate is 50000m3/day. 

i. Design a rectangular primary clarifier with a channel width of 6m; use a minimum of two clarifiers. 
	(6marks)



	12. 
	ii. Calculate the scour velocity, to determine if the settled material will become re-suspended given particles of diameter 0.02mm, with specific gravity of 1.25. Assume k=0.05, and f= 0.025.
	(4marks)

	13. 
	iii. Estimate the BOD and TSS removal at average flow. Use an overflow rate of 40m3/m2/day at average flow and a side water depth of 4m
	(4marks)

	b)
	A circular sewer of 2 m diameter carries a certain discharge while flowing full. Determine the depth of flow if the discharge is reduced to one fifth of the value. Take N to be constant at all states of flow 0.013

	(6marks)

	14. a


	Determine the size of a two-stage trickling filter using NRC formula. Assume both filters have the same efficiency of BOD5 removal and the same recirculation ratio. Other conditions are as follows:

Waste water temperature

200c

Wastewater flow Q

3785m3/day

Raw waste water BOD 5
300mg/l

BOD5 removal at primary sedimentation

35%

Design effluent BOD 5
20mg/l

Depth of each filter

2m

Recirculation for filters 1&2 , 

1.8

Hint : E1+E2(1-E1)= E
	(8marks)



	b)
	Design a waste stabilization pond system incorporating anaerobic, facultative and maturation ponds given the following information:

· Design population =200,000

· Water consumption = 220l/c/day

· BOD5 of raw sewage =500mg/l

· Design temperature = 220c

· Faecal coliform in influent sewage = 5.7x 107 FC/100ml

· Detention in maturation ponds =5days

· Depth of facultative pond = 1.5m

·  Required effluent standards 

- BOD5<25mg/l

-FC < 700/100ml

Assume any other relevant data


	(12marks)

	15. a
	An average operating data for conventional activated sludge treatment plant is as follows:

Waste water flow rate

35000m3/day

Volume of Aeration tank

10900m3
Influent BOD

250mg/l

Effluent bod

20mg/l

Mixed Liquor suspended solids (MLSS)

2500mg/l

Effluent Suspended Solids

30mg/l

Waste sludge suspended solids

9700mg/l

Quantity of Waste sludge

220m3/day

Determine:
(i) Aeration period (hours).

(ii) F/M kg BOD per d/kg MLSS.

(iii) Percentage efficiency of BOD removal.

(iv) Sludge age (days).


	8marks

	b)
	Design a rectangular bar screen and calculate the head loss using the following data. 

· Peak design flow = 0.631m3/s

· Velocity through the rack at peak flow = 0.9 m/sec

· Velocity through the screens at maximum design flow = 0.6 m/sec

· Angle of inclination for the screen = 600
· Upstream depth of sewer = 1.12 m

· β factor for rectangular shape = 2.42

· Width of the rectangular bars = 10 mm

· Clear spacing between bars = 25 mm


	8marks

	c)
	Using the design parameters from question 13(b), draw a screen unit. 
	2marks

	16. a
	Draw the flow chart of a conventional activated sludge treatment process.
	6 Marks

	b)
	Determine the terminal settling velocity of the grit and scour velocity of the grit and the organic matter. Assume the grit particles have a diameter of 0.2mm and a specific gravity of 2.65; and the organic material has the same diameter and a specific gravity of 1.20. Given CD =10, β=0.06, f=0.03
	(6marks)

	c)
	Design a aerated flow grit chamber for treatment of municipal waste water. The average flow rate is 0.65m3/s and the peak factor is 3. Assume a detention time of 3min, and two grit chambers operational at any given time and one stand by. Assume relevant information given the design criteria below


	(8marks)


USEFUL INFORMATION:


[image: image2.emf]
Typical Design Information for aerated Grit Chamber

	
	Range
	Typical Value

	Depth of Chamber (m) 
	2 - 5
	

	Length 
	7.5-20
	

	Width
	2.5 – 7.0
	

	Depth to width ratio
	1:1 – 1:5
	1:2

	Detention Time (Sec)
	2 - 5
	3

	Air Supply m3/min/meter length 

Grit Quantities (m3/103 m3)
	0.25 – 0.4

0.004 – 0.200
	0.3

0.015


APPLICABLE FORMULAE
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DESIGN VALUES

BOD; Percentage

Temp (°C) loading BOD
(g/m? day) removal
<10 100 40
10-20 20T -100* 2T + 20*
20-25 10T + 100* 2T + 20*
>25 350 70

* Linear interpolation (T = temperature, °C)
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