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INSTRUCTIONS

· Answer question ONE and any other TWO questions in the booklet provided.
· Use neat sketches where appropriete.

· Observe instructions in the answer booklet
QUESTION ONE (30 MARKS) 
a) Discuss the role of the THREE main processes of water erosion 

(6 marks).

b) Explain how the following factors affect soil erodibility

i) Wind affected area                                                           

(2 marks)

ii) Soil water content






(2 marks)

iii) Surface roughness                                                       

(2 marks)

iv) Aggregate stability





 
(2 marks)
c)  A watershed of 4 km2 receiving an average precipitation of 50mm per day is under three different uses. A third of the watershed consists of agricultural lands with crops planted in straight rows under good condition, half of the watershed consists of residential area with 40% of impervious surface from houses and paved driveways, and the rest of the watershed is under woods with dense litter cover. Table 1 shows the curve numbers for the selected surface conditions for different hydrological groups. Estimate the runoff amount that is produced by the watershed given that the soils are part of the hydrologic group B.


 (6 marks).
Table 1: Runoff curve numbers for selected surface conditions for different soil hydrologic groups (Adapted from USDA-SCS, 1986)
	Surface condition
	Hydrologic condition
	Hydrologic soil group

	
	
	A
	B
	D
	C

	Urban Areas
	
	
	
	
	

	Impervious areas (roofs, streets, parking lots, and driveways
	
	98
	98
	98
	98

	Pervious areas (lawns, parks, golfcourses, etc.)
	Good
	39
	61
	74
	80

	Gravel streets and roads
	
	76
	85
	89
	91

	Compacted soil surface (roads and

streets and right-of-way)
	
	72
	82
	87
	89

	Agricultural Lands
	
	
	
	
	

	Fallow: Bare soil
	
	77
	86
	91
	94

	Fallow: Crop residue cover
	Poor
	76
	85
	90
	93

	
	Good
	74
	83
	88
	90

	Row crops 1. Straight rows
	Poor
	72
	81
	88
	91

	
	Good
	67
	78
	85
	89

	2. Straight rows + residue cover
	Poor
	71
	80
	87
	90

	
	Good
	64
	75
	82
	85

	3. Straight rows + contoured terraced + residue cover
	Poor
	65
	73
	7980
	81

	
	Good
	61
	70
	77
	80

	Non-Cultivated Lands
	
	
	
	
	

	Pasturelands, grasslands, and

rangelands
	<50% ground cover
	68
	79
	86
	89

	
	50% to 75% cover
	49
	69
	79
	84

	
	>75% cover
	39
	61
	74
	80

	Woods
	Grazed or regularly burned
	45
	66
	77
	83

	
	Grazed but not burned
	36
	60
	73
	79

	
	Ungrazed
	30
	55
	70
	77


d) Differentiate  between the following terms as used in soil erosion:
(i) Gross erosion and sediment yield





(2 marks)

(ii) Tillage erosivity and landscape erosivity




(2 marks)

e) Physical factors such as shape, size of a watershed and soil properties influence soil erosion in different ways. Explain how these factors particularly contribute to the occurrence of gully erosion.









(6 marks)
QUESTION TWO (20 MARKS)
a) The Universal Soil Loss Equation (USLE) predicts the long term average annual rate of erosion on a field slope based on rainfall pattern, soil type, topography, crop system and management practices. Outline the USLE equation and discuss the functions of each of the five major factors which are used to calculate the soil loss for a given site. 



(5 marks )
b) Discuss  tillage erosivity as  a factor that affects tillage erosion


(6 marks)
c) Estimate the time of concentration for a 1.5 km2 watershed with soil hydrologic group C that has an overland slope length of 90m with a slope of 4.5%. The channel length is 4 km with a slope of 0.7%. The Manning’s coefficient of roughness for the watershed is 0.17 and that for the channel is 0.011. 








(4 marks).
d) Outline FIVE impacts of sedimentation on water resources 



(5 marks)

QUESTION THREE (20 MARKS)
a) A survey was carried out in a large watershed to determine soil loss. The watershed was delineated into 6 areas with different land covers and soils as shown in the table 2 and table 3 shows m-values for various slope percentages.
Table 2: Characteristics for the various watershed areas

	
	
	
	
	
	
	

	Area
	1
	2
	3
	4
	5
	6

	Slope (%)
	2
	3
	4
	4
	6
	6.5

	Land cover (%)
	No appreciable canopy, 20% grass ground cover
	25% tall weeds canopy cover, 40% ground cover (weeds)
	25% tall weeds canopy cover, 60% ground cover (weeds)
	50% canopy of bushes, with 80% ground cover (grass)
	75% canopy of trees, 80% grass cover
	75% canopy of trees, 100% grass cover

	Type of soil
	Alluvial soils
	Brown soils
	Brown soils
	Brown forest soils
	Brown forest soils
	Reddish-brown soils

	Slope length (m)
	60
	30
	45
	60
	25
	20

	Management practices
	contouring
	contouring
	Contour strip cropping
	Terracing for erosion control planning
	Terracing for prediction of sediment load
	Terracing for prediction of sediment load


Table 3: m-values for various slope percentages

	Slope (%)
	≤ 3
	= 4
	≥ 5
	
	
	

	m-value
	0.3
	0.4
	0.5
	
	
	


LS = (X/22.1)m (0.065 + 0.045 S + 0.0065S2)………………………Equation 1

Where X = slope length (m) and 

  S = slope gradient (%)

Given equation 1 above, and the rainfall erosivity is 300,

(i) Assuming no support system in the area calculate the total soil loss from the catchment obtained using equation 1. 








(3 marks).

(ii) Suppose the farmers in the area decide to carry out various management practices as shown in the table above. Calculate the change in soil loss.




(4 marks).

If only 75% of this soil loss reaches the reservoir downstream, determine the sediment delivery ratio.











 (3 marks).
b) List any FOUR application of the USLE equation.
.



 (4 marks)
c) Discuss any THREE measures that can be applied to control wind erosion on agricultural lands.    

(6 marks)
QUESTION FOUR (20 MARKS)
a) Discuss the advantages of using the following measures in the reduction of soil erosion.
(i) Intercropping







  (2 marks)
(ii) Contour farming






  (2 marks)
(iii) Multi-storey cropping





   (2 marks)
b) Differentiate between the following terms:

(i) Rainfall erosivity and soil erodibility                                                           (2 marks)
(ii) Suspension and saltation                                                                               (2 marks)
c) Discuss how the following factors affect time of concentration as an influencing factor of runoff erosivity.


(i) Surface roughness







(2 marks)
(ii) Watershed slope







(2 marks)
(iii) Length and shape of the channel





(2 marks)

d) Explain how the following factors affects tillage erosion

(i) Landform  erodibility







(2 marks)
(ii) Soil erodibility







(2 marks)
QUESTION FIVE (20 MARKS)
a) Not all material removed through soil erosion is transported by the streams into reservoirs. Describe the causes of variations in sediment delivery between watersheds.
(6 marks)
b) The rainfall records of a certain catchment are tabulated below.

	Intensity (mm/hr)
	Amount (mm)

	0-25
	30

	25-50
	25

	50-75
	15

	>75
	10


Calculate the rainfall erosivity






          (6 marks)

c) Outline any TWO activities that may lead to vegetation degradation. 

(2 mks)
d) Describe the processes  of  wind  erosion                                                                   (6 mks)
Table 4: K factor value
	Alluvial Soils 
	0.15

	 Chestnut Soils 
	0.22

	 Hydromorfic Alluvial Soils 
	0.15

	 Brown Forest Soils
	0.20

	Bare Rocks, River Bed etc. 
	0.001

	 Brown Soils 
	0.13

	 Reddish – Brown Soils 
	0.04

	 Kolluvial Soils 
	0.18

	Noncalcic Brown Forest Soils 
	0.29


***END***
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