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Abstract
Sediment yield and basin area relationship in a watershed is a very crucial factor in Best Management Practices (BMPs) and reservoir sustainability. Therefore, the study was conducted to examines the suspended sediment concentration (SSC) of the four sub-watersheds of Kaduna watershed north-central Nigeria to aid the dam sustainability and BMP within the watershed. Water samples were collected bimonthly for 8 months (March-October 2018) and subjected to laboratory analysis for SSC and turbidity measurements. With the aid of ArcSwat2012, the watershed was delineated into four sub-watersheds, soil and land-use were classified for a proper understanding of the watershed. The findings demonstrated an inverse relationship between the size of the sub-watersheds and SSC. The smallest Dinya sub-watershed (1%) contributes approximately 25% (3781.5mg/l) of the SSC while the largest Kaduna (80%) contributes approximately 26% (3889mg/l), Sarkinpawa (11%) and Gutalu (8%) contributes approximately 26% (3844mg/l) and 23% (3444mg/l) of SSC respectively. The highest average turbidity was recorded in Sarkinpawa sub-watershed, followed by Dinya, Gutalu, and Kaduna. The SSC and turbidity results followed the rainfall pattern while the regression results for the four sub-watersheds shows a good level of linearity between SSC, rainfall and turbidity, Therefore, it is recommended that sediment management practice is to be carried out along sub-watersheds Dinya and Sarkinpawa and Gutalu to reduce the high rate of sediment influx into the reservoir from these smaller sub-watersheds. Also, detail study of the smaller sub-watersheds is highly recommended for a better understanding of the factors responsible for high sediment generation in these sub-watersheds.
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Introduction
Watershed management intervention is a process of curbing soil erosion and sediment yield through the introduction of Best Management Practices (BPMs) (Adeogun et al., 2018). Therefore, a good understanding of the relationship between basin area and sediment yield is very important, because it gives considerable information about erosion prone area that will guide the authority concern in the development of Best Management Practices that will reduce sediment yield generation within the watershed. Studies have established a relationship between the basin area and sediment load generation in a watershed. Basin area is the total geographical extent or area drained by a river and its tributaries. While sediment yield, according to Morris and Fan (1998), is the volume of sediments exported by a basin over a time period, which is also the amount that will enter a reservoir located downstream limit of the basin.

Studies have shown that basin area is one of the physical factors that control the amount of suspended sediment yield (Summerfield & Hilton, 1994; Williams, 1975; Walling, 1994; Toriman et. al., 2009). Literatures has revealed both positive and negative relationship between sediment yield and basin area. Positive relationship if the sediment yield increases as basin area increases (Karaushev, 1977; Owens & Slaymaker, 1992) and negative (inverse) relationship if the sediment yield decreases with increase basin area (Schumm, 1977; Karaushev, 1977). Over the years the inverse relationship has become the generally accepted norms as far as basin area and sediment yield relationship is concerned (Milliman & Syvitski, 1992; Dedkov, 2004; Birkinshaw & Bathurst, 2006). Some of the reasons advanced for these submissions is that increase in basin size led to decrease in transporting energy giving room to increase deposition in channel bars and valley floors, because of the increase in hillslope sediment source distance and the channel, making erosion of less spatial consequence (Dedkoy, 2004). 

However, it was established that basin area relationship with sediment is best defined in a region similar in land use, runoff and geology in order to get a good result (Morris & Fan, 1997; Dunne & Leopold, 1978; Birkinshaw & Bathurst, 2006). Milliman & Syvitski (1992) confirmed that the topography and basin area have a dominant influence on sediment yield. As sediment yield becomes transport limited due to topographical complexity that associated with drainage basin increase. This inverse relationship was corroborated by Dedkov (2004) that total suspended sediment yield increases downstream, but not as fast as the basin area increases, therefore, specific suspended sediment yield decreases as basin area increases. Birkinshaw & Bathurst (2006) reported both direct and inverse relationships based on the principal source of sediment in transport like Dedkov (2004). Ichim (1990), also confirmed inverse relationship in small basins and attributed it to relief, higher precipitation and higher erodible rock as a factor that can lead to high sediment delivery ration.

However, a positive relationship has been observed in some rivers by Karaushev (1977); Owens & Slaymaker (1992) between specific sediment yield and drainage basin area, these are usually considered to be a deviation from the general prevailing trend. Authors like Milliman & Syvitski (1992), Romero Díaz et. al., (1992), and Wasson (1994), have identified that a relationship exists between sediment yield and the drainage basin area, in the sense that the more extensive the surface area to be drained the greater the yield. Therefore, the major aim of this study is to ascertain the type of relationship that exists between the four sub-watersheds that supply water to Shiroro reservoir and sediment yield in Kaduna watershed. The objectives seek to determine the average monthly suspended sediment concentration (SSC) and turbidity of the four sub-watersheds reaches that constitutes Kaduna watershed and identify the sub-watershed that requires urgent BMP for the Shiroro dam sustainability.
Method and Study Area

The material used for this study includes 30 m resolution DEM of the study area acquired from Shuttle Rader Topography Mission (SRTM). The land use and the land cover map was extracted from West Africa: Land Use and Land Cover Dynamics 2013 produced by U.S. Geological Survey Earth Resources Observation and Science (USGS EROS), and Soil map of Nigeria (soil types and texture), from FAO Soil database 2009, of 1 km resolution and the sites selection for water sample collections was based on Singhal et al., (1981) recommendations. The reconnaissance team after careful consideration and deliberation identified and selected four sites within the watershed area that nearly met specified sampling criteria (Table 1).
Table 1.  Geographic location of sample points in each sub-watershed
	S/n
	Sample points
	Sub-watershed
	Latitude
	Longitude

	1.
	Reach Kaduna
	Kaduna
	10.100509
	6.883008

	2.
	Reach Sarkinpawa
	Sarkinpawa
	10.062851
	6.93419

	3.
	Reach Gutalu
	Gutalu
	9.902773
	6.883824

	4.
	Reach Dinya
	Dinya
	9.893015
	6.853076


SWAT model divided the watershed into basins using the DEM, subsequently, the basins were divided into several Hydrologic Response Unit (HRU) using the land-use, soil and slope. Kaduna watershed was divided into four sub-watersheds (Kaduna, Sarkinpawa, Gutalu and Dinya) based on the ArcSWAT model stream network delineation. The soil, land use and land cover data obtained were reclassified into five (5) and eight (8) classes respectively to suit SWAT model format. The soil data were complemented by additional information of twenty (20) soil samples collected from two different layers (0-30 cm and 30-100 cm) within the study area watershed and analyzed in a soil laboratory. The study area slope was classified into two levels slope using the multiple slope option, the first class with a lower limit of 0 and an upper limit of 5 while the second class has a lower limit of 5 and upper limit of 9999. 

Suspended sediment sampler used in this study was the USDH-2A sampler (Figure 1A), a version of depth-integrating sampler that traverses the complete depth of the stream and back at a uniform rate (USDH-2A 2013). Figure 1B shows the sampler assemblage. The sampler was lowered from the surface to the bottom of the stream and returned to the surface at an almost same constant rate to ensure that the sampler did not hit the bottom of the stream to avoid bed disturbance that might introduce sediment into the nozzle thereby altering the concentration of the sample (Figure 1C). 


[image: image2]
Figure 1. A) US-DH-2A sampler, B) US-DH-2A sampler assemblage, C) Water samples collections at sampling points, D) Laboratory analysis of SSC and Turbidity.

Sediment sampling was done twice in a month starting from March 2018 to September 2018. Upon collection of the samples, it was poured in a clean container and labelled appropriately and transported to the laboratory for analysis (Figure 1D). The suspended sediment concentration in the water samples was determined in the laboratory using Bartram & Balance (1996) and APHA (1992) described methods. A known volume (100ml) of raw water was filtered through a pre-weighed 0.45 µm pore diameter filter paper. Water samples were filtered through the filtering apparatus and the resulting residue in the filter papers were dried at room temperature. The Total Suspended Solid (TSS) was then calculated in mg/l using the following equation:
	TSS = [image: image4.png]4-5)
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Turbidity measurement of the samples was carried out using the Secchi Disc method (Zhen-Gang, 2017). There is a weight centrally placed to facilitates the sinking of the disc, the disc was lowered in the water and the depth (cm) at which it disappeared was noted, the disc was then slowly raised and the depth at which it reappears was also noted. Thus, the calculation is as follows:
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Where, A = depth at which disc disappears (cm); and B = depth at which Secchi dis reappears (cm).
The study area, Kaduna watershed is located in north central Nigeria, West Africa geographically is located between latitude 9.35°N and 11.28°N and Longitude 6.45°E and 8.55°E with an estimated land area of 32,124.63 km2. The elevation range of the watershed is between 377 m to 1544 m and mean elevation of 683 m above sea level. The four major rivers are Kaduna (550 km) Sarkinpawa (88.6 km), Gutalu (104.3 km) and Dinya (16.7 km) in length, these rivers and their tributaries traverse the study area watershed (Figure 1).
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  Source: Author’s Field work and analysis (2019).
Figure 1. Map of Nigeria Showing Kaduna Watershed
The region experiences a single maximum of rainfall that lasts for about six months, from April to September followed by a dry season (Areola et al., 2014). However, based on the available records sometime the rainfall duration is about eight to ten months (March to October) (Mohammed 2014). Rainfall in March is mostly less than 20 mm and October less than 100 mm. The mean annual rainfall declines from 1200 mm in the south to about 1000mm in the north, the northern part of the watershed is a little drier than the south (Areola et al., 2014). The rainfall pattern in the study area exhibits the monsoon characteristics movement, the seasonal wind shift produced by thermodynamic contrast between the Atlantic Ocean and the land (Bello et al., 2012). The Saharan heat low and southwesterly wind bring moisture inform of rainfall to the continent (Thorncroft et al., 2011; Peyrillé & Redelsperger, 2007). 

The watershed vegetation is mostly guinea savannah which is mainly characterized by tall grasses and scattered trees. The vegetation follows the rainfall pattern of the watershed. The economic activities of the people living within the watershed are farming, fishing, hunting, trading and weaving. Majority of the people in the area are farmers and their concentration are mainly on subsistence farming. The study area geology consists of basement complex also known as pre-Cambrian rocks (Figure 2) formed over 1,500 million years ago and regarded as the oldest and most stable rock in Nigeria (Areola et al., 2014). The soil in the study area is predominantly sandy loam soil which constitutes about 41.94% of the total soil.
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                Source: Igwe & Adepehin (2013).
Figure 2. Geological Map of Nigeria.
Results and Discussion

In this study data analysis can be categorized into two i.e. laboratory analysis of the water samples and SWAT model analysis of watershed delineation, land-use and soil classifications. This corroborates Toriman (2012) that the combination of data and modeling analyses can be used to evaluate sediment characteristics for short and long-term periods.
ARCSWAT sub-watersheds delineation

Kaduna watershed was divided into four sub-watersheds based on the ArcSWAT model stream network delineation (Figure 3A & B). These comprise of the Kaduna river and its stream network with 67 basins and the largest sub-watershed with 80% total land area, followed by Sarkinpawa river and its stream network, it comprises of 7 basins and 11% total land area, Gutalu river and its stream network comprise of 7 basins with 8% per cent of total land area and Dinya river and its stream network comprises of only 1 basin and constitutes 1% of the total land area.

[image: image8]
Source: Author’s Analysis and Compilation (2019).
Figure 3. A: Kaduna Watershed DEM. B: Sub-watersheds Delineation and Stream network
The analysis revealed Kaduna sub-watershed to be the biggest among the four sub-watersheds with 25,674.65 km2 land area followed by Sarkinpawa (3,412.96 km2), Gutalu (2,671.79 km2) and Dinya (365.22 km2) respectively. Ordinarily, Kaduna sub-watershed been the biggest would have been expected to have the highest sediment yield contribution to the reservoir (Milliman and Syvitski 1992; Romero Díaz et al. 1992; Wasson 1994). But the result in (Table 3.4) revealed otherwise, indicating reverse relationships between basin area and sediment yield in Kaduna watershed. The SSC decrease with increase basin land area corroborating Griffiths et al., (2006) and Oyebande, (1981).
Land use and Land Cover (LULC), Soil and Slope Classification

The study area watershed land-use land cover map was reclassified by the SWAT model into eight (8) land-use classes from the initial twenty-five (25) classes as shown in Figure 4A.
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  Source: Author’s Analysis and Compilation (2019).
Figure 4. Kaduna Watershed, A) Land-use and Land Cover, B) Soil Classification, C) Slope Classification and, D) % Soil watershed classification
Table 2 shows the land use approximate percentage area coverage of the watershed. Agricultural land use types constituted the highest percentage within Kaduna watershed with 57.55%, followed by Range-Grasses 33.2%. Wetlands-Forested 3.93%, Forest-Mixed 2.24%, Residential land use 1.46%, Wetlands-Mixed 0.69%, Water 0.57% and Barren land use constituted only 0.38% and the lowest of all the land use types. 
Table 2. Land use land cover classification of the study area watershed
	Land use Land Cover Types
	SWAT Code
	Area
(ha)
	Area
(acres)
	% Watershed Area

	Range-Grasses 
	RNGE
	1066467.2
	2635293.775
	32.73

	Agricultural Land-Generic 
	AGRL
	1848911.895
	4568753.739
	56.7

	Barren 
	BARR
	12070.7517
	29827.431
	0.61

	Residential 
	URBN
	46746.2108
	115512.2242
	1.78

	Wetlands-Mixed 
	WETL
	22091.7579
	54589.8384
	1.01

	Forest-Mixed 
	FRST
	71832.8666
	177502.605
	2.44

	Wetlands-Forested 
	WETF
	125877.9664
	311050.7488
	3.93

	Water 
	WATR
	18464.2243
	45626.0215
	0.81


These classifications validated CILSS (2016) of West Africa landscape classification. The land-use is principally agriculture 57.55% the results corroborate Arowolo, & Deng (2018) the authors confirmed land-use conversion to agricultural land to the detriment of grassland, forest and shrubland in the study area. Range grasses constituted 33.2% (Abbas, Bello & Abdullahi 2018; Arowolo, & Deng 2018; CILSS 2016). These two land-use (Agriculture and range grasses) constituted 90.75% of the watershed land-use types. However, these two land-use types have different impacts on sediment yield generation. Land surface change plays an important role in runoff (Dong et al., 2012; Jiang et al., 2015). Increase or decrease in surface runoff will have an impact on sediment yield generation. 

The soil map of the study area watershed was reclassified by the SWAT model into eleven (11) soil types (Figure 4B). The dominant soil in the watershed is sandy soil classes it consists of 98% (Sandy-Loam and Sandy_Clay_Loam): Sandy-Loam has a total watershed land area of 51.97%, followed by Sandy_Clay_Loam 46.38%, Loam 1.64% and Loamy_Sand 0.01%. (Figure 4D). Table 3 shows the soil types approximate percentage area coverage for the watershed.
Table Error! No text of specified style in document.. Kaduna watershed soil classification
	Soil Class
	SWAT Code
	Area

(ha)
	Area
(acres]
	%Watershed

Area

	SANDY_LOAM
	Lf42-1a-1470
	321040.1472
	793306.2557
	9.99

	SANDY_LOAM
	Lf49-1a-1476
	1345603.031
	3325052.369
	41.89

	SANDY_LOAM
	Lf41-1-2a-1468
	2984.3024
	7374.3605
	0.09

	SANDY_CLAY_LOAM
	Lg26-2a-1511
	607316.4238
	1500709.249
	18.91

	SANDY_CLAY_LOAM
	Lf8-1493
	808879.9539
	1998782.81
	25.18

	LOAM
	I-60
	25565.4848
	63173.5913
	0.8

	LOAM
	I-c-99
	18572.6467
	45893.9387
	0.58

	SANDY_CLAY_LOAM
	Af12-2b-1020
	46821.4064
	115698.0363
	1.46

	LOAM
	I-bc-1324
	8479.9465
	20954.3717
	0.26

	LOAMY_SAND
	Ao43-1b-1056
	390.2588
	964.349
	0.01

	SANDY_CLAY_LOAM
	I-Lf-1255
	26809.2722
	66247.0522
	0.83


Two levels slope categories were defined for the study, the first class with a lower limit of 0 and upper limit of 5 while the second class has a lower limit of 5 and upper limit of 9999 (Figure 4C). The minimum elevation of the study area is 369 m, while the maximum elevation is 1516 m above sea level, mean elevation of 675.993 m and a standard deviation of 133.975. The percentage watershed area of slope area of between 0-5 is 94.78%, while 5-9999 constituted 5.22%. Percentage of watershed area elevation between 369 m to 500 m, 501 m to 999, and 1000 above is 7.27%, 89.35% and 3.41% respectively (Table 4).
Table 4. Study area watershed slope classification
	
	Slope 0-5
	Slope      

 5-9999
	Elevation 369-500
	Elevation 501-999
	Elevation 1000 & Above

	Area(ha)
	3044929
	7524171
	
	
	

	Area(ha)
	167534.1
	413985.2
	
	
	

	%Watershed Area
	94.78
	5.22
	7.27
	89.35
	3.41


Substantial parts of the watershed slope definition fall within 0-5, and an elevation range of 501 to 999, making it more homogeneous in terms of slope definition and elevations considering the percentage watershed area of slope 0-5 (94,78%) and elevation 501-999 (89.35%).

Relationship of basin area and sediment is best defined define in a region similar in land-use, runoff and geology in order to get a good result (Morris & Fan 1997: Dunne & Leopold 1978; Birkinshaw & Bathurst 2006). This important information led to the examination of the watershed land-use, soil and geology of Kaduna watershed. The analysis revealed that the soil, land-use and geology of the studied watershed shows a very high percentage of homogeneity. The watershed soil types were majorly of the sandy class which constituted 98% (Sandy_Clay_Loam and Sandy_Loam), while loam constituted on 2% (Loam and Loamy_Sand). The sandy nature of the watershed could equally contribute to the sediment yield generation (Ichim, 1990).

The geology as explained by Igwe & Adepehin (2013) and Areola et al., (2014) the north central geology of Nigeria where Kaduna watershed is located consisted of Precambrian basement, Therefore, the geology is of the same origin and similar in nature. The watershed slope classification majorly fell within the same category i.e. between 0-5 is 94.78%, while 5-9999 constituted 5.22%. While the elevation ranges as follows 369 m to 500 m, 501 m to 999m, and 1000 above is 7.27%, 89.35% and 3.41% respectively. The elevation majorly fell between 501 m and 999 m these categories constituted 89.35%. Examination of the above results (land-use, soil geology and slope) revealed a good level of similarity in the aforementioned factors, hence, sediment yield comparison can be made between the four-sub-watersheds that constituted Kaduna watershed.
Spatial-temporal variations of sediment along selected reaches within the watershed
Spatial-temporal variation of suspended sediment concentration of the selected Rivers in Kaduna watersheds is as summarized in Table 5. 
Table 5. Spatial-temporal variation of suspended sediment concentration of Kaduna watershed (mg/l)
	Month
	Sarkinpawa
	Kaduna
	Dinya
	Gutalu

	March
	17.5
	14.5
	53.5
	13.5

	April
	15.5
	13.5
	64
	11.5

	May
	42
	76
	58
	52

	June
	116
	136
	178
	125

	July
	283
	268
	368
	386

	August
	1374.5
	1366
	1452.5
	1196

	September
	590
	515
	350
	370

	October
	405
	500
	255
	340

	Total
	3844
	3889
	3781.5
	3444


The average SSC of Sarkinpawa sub-watershed increased from the lowest in March (17.5 mg/l) to the highest in August (1374.5 mg/l) and declined in the month of October to 405 mg/l, having average total SCC of 3844 mg/l for the eight-month period. Kaduna sub-watershed increased from the lowest in March (14.5 mg/l) to the highest in August (1366 mg/l) and declined in the month of October to 500 mg/l, having a total average SCC of 3889 mg/l, for the eight-month period. Dinya sub-watershed SSC increased from the lowest in March (53.5 mg/l) to highest in August (1452.5 mg/l) and declined in the month of October to 225 mg/l, having a total average of 3781.5 mg/l for the eight-month period. Gutalu sub-watershed increase from the lowest in March (13.5 mg/l) to highest in August (1196 mg/l) and declined in the month of October to 290 mg/l, having average total SSC of 3444 mg/l within the eight-month period (Figures 5).
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Figure 5. Monthly average of suspended sediment concentrations in the four sub-watersheds.
The spatial variation of SSC seems not to be too pronounced among the four sampling points because the SSC in the four locations shows little difference in values. However, the temporal variation is obvious in all the sampling points. The months of July, August, September and October recorded high values of SSC with August having the highest in all the sampling, and August happened to be a month with the highest rainfall value in the watershed.

The analysis exposed the inverse relationship between the size of the sub-watersheds and suspended sediment concentration (Figure 6), Dinya sub-watershed with 1% land area contributes approximately 25% (3781.5mg/l) of the SSC at the entry point into the reservoir while the largest Kaduna sub-watershed with 80% land area contributes approximately 26% (3889mg/l). Sarkinpawa (11% land area) and Gutalu (8% land area) sub-watersheds contributes approximately 26% (3844 mg/l) and 23% (3444 mg/l) SSC respectively. In totality Kaduna basin with 80% of the total land area of the watershed i.e. four times larger than the remaining three sub-watersheds area contributed only 26% (3889 mg/l), while other smaller sub-watersheds (Sarkinpawa, Gutalu and Dinya) with total land area of 20%, contributed 74% of the Kaduna watershed SSC (11.069.5 mg/l ) (Karaushev, 1977; Schumm, 1977; Oyebande, 1981).
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Figure 6. Percentage sub-watershed land area and percentage sub-watershed reaches SSC
The analysis established Kaduna sub-watershed to be the biggest among the four and ordinarily, it is expected to have the highest sediment yield contribution to Shiroro dam. However, reverse is the case, sediment yield in Kaduna watershed decrease with increase basin land area (Griffiths et al., 2006; Oyebande, 1981). The analysis indicated the inverse relationship between size of the sub-watersheds and suspended sediment concentration. These figures corroborate Adediji & Fashae, (2014) findings on urban river Awba catchment Ibadan, that revealed variation in suspended sediment yield concentration that varied between 636 mg/l in May and 3641.5 mg/l in September. 

Studies have attributed inverse relationship to many factors such as steeper slopes and stream gradients in smaller watershed compare to larger basins (Umit, 2015), topography (Milliman & Syvitski, 1992), sediment sources like hillslope erosion and bank erosion sources can lead to increase or decrease in sediment yield (Birkinshaw & Bathurst, 2006). While, Ichim, (1990), attributes inverse relationship in small basins to relief, higher precipitation and higher erodible rock as factor that can lead to high sediment delivery ratio. These factors by Ichim (1990) better explain the reasons behind the inverse relationship in the smaller Kaduna sub-watersheds, because the smaller sub-watersheds were located in the southern part of the watershed and received more rainfalls than the northern parts (Mohammed, 2014; Areola et al., 2014), with easily erodible sandy soil.
Rainfall and Suspended Sediment Concentration

Suspended sediment concentration of the study area followed the rainfall pattern of the area, an indication that rainfall is a major determinant of sediment concentration within the watershed (Adediji & Fashae 2014; Roudier et al., 2014). The SSC increased in values as rainfall increase progressively from the month of April and reached its peak in August and started to decline by September (Areola et al. 2014; Mahmud et al., 2012). The SSC trend in the watershed follows the same pattern with the rainfall, having the highest values in the month of August in the watershed under study (Table 6).
Table 6. Rainfall and sediment concentration pattern of the study area
	Months
	PPT Shiroro 
	PPT Kaduna
	SP
	KD
	DY
	GUT

	Mar
	0
	0.055
	17.5
	14.5
	53.5
	13.5

	Apr
	21.6
	32.503
	15.5
	13.5
	64
	11.5

	May
	152.8
	165.905
	42
	76
	58
	52

	Jun
	226.85
	275.95
	116
	136
	178
	125

	Jul
	352.5
	182.436
	283
	268
	368
	386

	Aug
	443.0
	290.228
	1375
	1366
	1455
	1196

	Sep
	289.07
	241.53
	590
	515
	350
	370

	Oct
	77.9
	77.9
	405
	500
	255
	290


Suspended sediment sample analysis results and rainfall data (Table 6) were used to establish the relationship between SSC in each of the sub-watersheds (Kaduna, Sarkinpawa, Gutalu and Dinya) and rainfall. The regression analysis shows that given the percentage of the variability of the dependent variable (SSC of Kaduna, Sarkinpawa, Gutalu and Dinya) is highest in Gutalu (65%), followed by Dinya (59%), Sarkinpawa, (56%), Kaduna (51%), has explained by the in-depended variable (rainfall). The regression results for the four sub-watersheds shows a good level of linearity between rainfall and sediment concentration (Figure 7). The regression results for the four sub-watersheds shows a moderate level of linearity between rainfall and sediment concentration. These further established the importance of rainfall on the temporal variations of the study area SSC and sub-watersheds. These established existing literature on rainfall and SSC pattern in Nigeria (Adediji & Fashae 2014; Adeola et al., 2014; Roudier, Ducharne & Feyen, 2014).
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Figure 7. Regression analysis of rainfall and sub-watersheds suspended sediment concentration
Spatial-temporal variation of turbidity along selected rivers within the watershed
Variation of watershed reaches turbidity of the four sub-watersheds that constituted Kaduna watershed (Table 7).

Table 7: Spatial-Temporal Variation of Kaduna Watershed Reaches Turbidity
	Month
	SP(Turb)
	KD(Turb)
	DY(Turb)
	GUT(Turb)

	March
	19.5
	20
	22.5
	10.5

	April
	18
	19
	29
	10

	May
	18
	25.5
	35
	14.5

	June
	92.5
	92.5
	95
	120

	July
	137.5
	117.5
	129
	125

	August
	150
	132.5
	130
	132.5

	September
	92.5
	95
	90
	115

	October
	50
	39
	46.5
	42.5

	Total
	578
	541
	577
	570


The average turbidity of Sarkinpawa reach increased from the lowest in March (19.5 NTU) to highest in August (150 NTU) and declined to 50 NTU in October, the basin has a total average turbidity of 578 NTU for the eight-month period, Kaduna reach increased from the lowest in March (20 NTU) to highest in August (132.5 NTU) and declined in the month of October to 39 NTU, with average turbidity of 541 NTU. Dinya reach increased from the lowest in March (22.5 NTU) to highest in August (130 NTU) and declined in the month of October to 46.5 NTU, the basin has total average turbidity of 577 NTU. Gutalu reach increased from the lowest in March (10.5 NTU) to highest in August (132.5 NTU) and declined in the month of October to 42.5 NTU, the basin has total average turbidity of 570 NTU for the eight-month period (Figure 8).
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Figure 8. Turbidity variation of the four sub-watershed reaches
The turbidity analysis also followed the same pattern with rainfall and SSC, having the highest values in the month of August (Adeogun et al., 2014). The temporal variation is more pronounced than the spatial variation. Turbidity increase progressively as the rainfall increases, these further confirmed rainfall as the major factor of erosion in the watershed.
Relationship between suspended sediment concentration and turbidity
Sediment sample analysis results of SSC (Table 5) and turbidity (Table 7) of the four sub-watershed reaches: (Sarkinpawa (SP), Kaduna (KD), Dinya (DY) and Gutalu (GUT)) were used to establish the relationship between SSC and turbidity. The regression analysis shows that given the percentage of the variability of the dependent variable (turbidity) is highest explained by sediment (independent) variable in Sarkinpawa, with r2 of 56%, followed by Dinya (49%), Kaduna (46%), and Gutalu (43%). The regression results for the four sub-watersheds shows a moderate level of linearity between sediment concentration and turbidity (Figure 9). 
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Figure 9. Relationship between SSC and Turbidity
Spatial-temporal variation of reaches turbidity in the four sub-watersheds that constituted Kaduna watershed show the highest turbidity in reach Sarkinpawa (578 NTU) followed by Dinya (577 NTU), Gutalu (570 NTU) and Kaduna (541 NTU) in that order. These results reflect the suspended sediment concentrations of the reaches. The regression analysis shows a moderate level of correlations between suspended sediment and turbidity in the study area. These confirmed that the smaller sub-watersheds yielded more sediment into the reservoir than the giant Kaduna sub-watershed. More also, the turbidity results based on the regression results are pointing to other factors such as industrial and wastewater pollution that may be partially responsible for the reaches turbidity outside sediment yield.
Conclusion 

The study established that small watershed in the study area generates more SSC than the larger one. Therefore, the outcome of the study could guide Shiroro dam management and other authority concern on the best management practice that is more suitable for the three smaller sub-watersheds of Sarkinpawa, Gutalu and Dinya, for sustainable watershed and dam management in order to curb soil erosion, sediment yield and reduce sediment load into the reservoir. The study also revealed the SSC peak period to be between the months of July to October following the rainfall trend of the study area, this foreknowledge will give room for adequate provision ahead of time that will curb the impacts of sediment influx in the reservoir. This information generally will provide good information at national level and aid government policy decision. More also, details study of the entire Kaduna watersheds is highly recommended to have a better understanding of the factors responsible for high sediment generation in the sub-watersheds of Dinya, Gutalu and Sarkinpawa. 
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Chart1

		March

		April

		May

		June

		July

		August

		September

		October

		Total



KD

KD SSC

14.5

13.5

76

136

268

1366

515

500

3889



Raw Result

		SSC

		Month		KD & SP1		KD & SP2		Av KD&SP		SP1		SP2		Av SP		G & D1		G & D2		AV G&D		KD1		KD2		Av KD		DY 1		DY 2		Av DY		GTL1		GTL2		Av GTL

		March		0.022		0.021		0.0215		0.018		0.017		0.0175		0.02		0.019		0.0195		0.015		0.014		0.0145		0.055		0.052		0.0535		0.014		0.013		0.0135

		April		0.02		0.019		0.0195		0.016		0.015		0.0155		0.018		0.017		0.0175		0.013		0.014		0.0135		0.063		0.065		0.064		0.012		0.011		0.0115

		May		0.084		0.08		0.082		0.064		0.02		0.042		0.076		0.048		0.062		0.056		0.096		0.076		0.092		0.024		0.058		0.052		0.052		0.052

		June		0.144		0.23		0.187		0.072		0.16		0.116		0.116		0.23		0.173		0.092		0.18		0.136		0.116		0.24		0.178		0.1		0.15		0.125

		July		0.224		0.39		0.307		0.256		0.31		0.283		1.1		0.56		0.83		0.196		0.34		0.268		0.356		0.38		0.368		0.352		0.42		0.386

		August		1.59		1.721		1.6555		1.152		1.597		1.3745		1.624		1.685		1.6545		1.288		1.444		1.366		1.396		1.509		1.4525		1.188		1.204		1.196

		Sept		0.69		0.64		0.665		0.94		0.24		0.59		2.56		0.22		1.39		0.53		0.5		0.515		0.47		0.23		0.35		0.44		0.3		0.37

		October		0.58		0.56		0.57		0.42		0.39		0.405		0.35		0.33		0.34		0.59		0.41		0.5		0.26		0.25		0.255		0.3		0.28		0.29

								3.5075						2.8435						4.4865						2.889						2.779						2.444

				Turbidity

		Month		KD & SP1		KD & SP2		Av KD&SP		SP1		SP2		Av SP		G & D1		G & D2		AV G&D		KD1		KD2		Av KD		DY 1		DY 2		Av DY		GTL1		GTL2		Av GTL

		March		18		22		20		16		19		17.5		13		18		15.5		18		20		19		25		23		24		9		8		8.5

		April		19		23		21		18		18		18		12		20		16		17		21		19		28		26		27		10		10		10

		May		30		40		35		15		21		18		17		30		23.5		21		30		25.5		40		30		35		15		14		14.5

		June		75		150		112.5		50		135		92.5		125		160		142.5		50		135		92.5		80		110		95		115		125		120

		July		150		135		142.5		145		130		137.5		150		150		150		120		115		117.5		128		130		129		125		125		125

		August		150		150		150		150		150		150		150		150		150		130		135		132.5		130		130		130		135		130		132.5

		Sept		110		90		100		95		90		92.5		105		110		107.5		90		100		95		90		90		90		120		110		115

		October		40		40		40		51		49		50		45		45		45		40		38		39		48		45		46.5		45		40		42.5

								621						576						650						540						576.5						568





Turbidity

		Month		Sarkinpawa		Kaduna		Dinya		Gutalu

		March		17.5		19		24		8.5

		April		18		19		27		10

		May		18		25.5		35		14.5

		June		92.5		92.5		95		120

		July		137.5		117.5		129		125

		August		150		132.5		130		132.5

		September		92.5		95		90		115

		October		50		39		46.5		42.5

		Total		526		501		530		525.5





SSC

		Month		SP		100		1000		KD		100		1000		DY		100		1000		GTL		100		1000		KD&SP		100		1000		GUT &DY		100		1000

		March		0.0175		1.75		17.5		0.0145		1.45		14.5		0.0535		5.35		53.5		0.0135		1.35		13.5		0.0215		2.15		21.5		0.0195		1.95		19.5

		April		0.0155		1.55		15.5		0.0135		1.35		13.5		0.064		6.4		64		0.0115		1.15		11.5		0.0195		1.95		19.5		0.0175		1.75		17.5

		May		0.042		4.2		42		0.076		7.6		76		0.058		5.8		58		0.052		5.2		52		0.082		8.2		82		0.062		6.2		62

		June		0.116		11.6		116		0.136		13.6		136		0.178		17.8		178		0.125		12.5		125		0.187		18.7		187		0.173		17.3		173

		July		0.283		28.3		283		0.268		26.8		268		0.368		36.8		368		0.386		38.6		386		0.307		30.7		307		0.83		83		830

		August		1.375		137.5		1375		1.366		136.6		1366		1.455		145.5		1455		1.196		119.6		1196		1.6555		165.55		1655.5		1.6545		165.45		1654.5

		September		0.59		59		590		0.515		51.5		515		0.35		35		350		0.37		37		370		0.665		66.5		665		1.39		139		1390

		October		0.405		40.5		405		0.5		50		500		0.255		25.5		255		0.29		29		290		0.57		57		570		0.34		34		340

		Total		2.844		384.4		3844		2.889		388.9		3889		2.7815		378.15		3781.5		2.444		344.4		3444		3.5075		450.75		4507.5		4.4865		548.65		5486.5

				ARCSWAT 75 Anatysis

		Month		SP  Observed		SP  Simulated		KD  Observed		KD  Simulated		GUT  Observed		GUT  Simulated		DY  Observed		DY  Simulated

		March		17.5		5.626		14.5		0		13.5		9.411		53.5		14.38

		April		15.5		1.248		13.5		0		11.5		2.338		64		10.36

		May		42		23.04		76		27.26		52		36.55		58		32.01

		June		116		48.6		136		128.8		125		53.99		178		59.93

		July		283		88.28		268		159.8		386		162.9		368		132.6

		August		1375		115.4		1366		261.4		1196		208.2		1455		154.4

		September		590		107.6		515		246.1		370		177.3		350		143.5

		October		405		88.89		500		201.7		290		147.2		255		115.9

		Total		2844		478.684		2889		1025.06		2444		797.889		2781.5		663.08





SSC graph

		Month		SP		KD		DY		GUT

		March		17.5		14.5		53.5		13.5

		April		15.5		13.5		64		11.5

		May		42		76		58		52

		June		116		136		178		125

		July		283		268		368		386

		August		1375		1366		1455		1196

		September		590		515		350		370

		October		405		500		255		290

		Total		3844		3889		3781.5		3444
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Chart1

		March

		April

		May

		June

		July

		August

		September

		October

		Total



SP(Turb)

SP Turbidity

19.5

18

18

92.5

137.5

150

92.5

50

578



Raw Result

		SSC

		Month		KD & SP1		KD & SP2		Av KD&SP		SP1		SP2		Av SP		G & D1		G & D2		AV G&D		KD1		KD2		Av KD		DY 1		DY 2		Av DY		GTL1		GTL2		Av GTL

		March		0.022		0.021		0.0215		0.018		0.017		0.0175		0.02		0.019		0.0195		0.015		0.014		0.0145		0.055		0.052		0.0535		0.014		0.013		0.0135

		April		0.02		0.019		0.0195		0.016		0.015		0.0155		0.018		0.017		0.0175		0.013		0.014		0.0135		0.063		0.065		0.064		0.012		0.011		0.0115

		May		0.084		0.08		0.082		0.064		0.02		0.042		0.076		0.048		0.062		0.056		0.096		0.076		0.092		0.024		0.058		0.052		0.052		0.052

		June		0.144		0.23		0.187		0.072		0.16		0.116		0.116		0.23		0.173		0.092		0.18		0.136		0.116		0.24		0.178		0.1		0.15		0.125

		July		0.224		0.39		0.307		0.256		0.31		0.283		1.1		0.56		0.83		0.196		0.34		0.268		0.356		0.38		0.368		0.352		0.42		0.386

		August		1.59		1.721		1.6555		1.152		1.597		1.3745		1.624		1.685		1.6545		1.288		1.444		1.366		1.396		1.509		1.4525		1.188		1.204		1.196

		Sept		0.69		0.64		0.665		0.94		0.24		0.59		2.56		0.22		1.39		0.53		0.5		0.515		0.47		0.23		0.35		0.44		0.3		0.37

		October		0.58		0.56		0.57		0.42		0.39		0.405		0.35		0.33		0.34		0.59		0.41		0.5		0.26		0.25		0.255		0.3		0.28		0.29

								3.5075						2.8435						4.4865						2.889						2.779						2.444

				Turbidity

		Month		KD & SP1		KD & SP2		Av KD&SP		SP1		SP2		Av SP		G & D1		G & D2		AV G&D		KD1		KD2		Av KD		DY 1		DY 2		Av DY		GTL1		GTL2		Av GTL

		March		18		22		20		16		19		17.5		13		18		15.5		18		20		19		25		23		24		9		8		8.5

		April		19		23		21		18		18		18		12		20		16		17		21		19		28		26		27		10		10		10

		May		30		40		35		15		21		18		17		30		23.5		21		30		25.5		40		30		35		15		14		14.5

		June		75		150		112.5		50		135		92.5		125		160		142.5		50		135		92.5		80		110		95		115		125		120

		July		150		135		142.5		145		130		137.5		150		150		150		120		115		117.5		128		130		129		125		125		125

		August		150		150		150		150		150		150		150		150		150		130		135		132.5		130		130		130		135		130		132.5

		Sept		110		90		100		95		90		92.5		105		110		107.5		90		100		95		90		90		90		120		110		115

		October		40		40		40		51		49		50		45		45		45		40		38		39		48		45		46.5		45		40		42.5

								621						576						650						540						576.5						568





Turbidity

		Month		Sarkinpawa		Kaduna		Dinya		Gutalu

		March		17.5		19		24		8.5

		April		18		19		27		10

		May		18		25.5		35		14.5

		June		92.5		92.5		95		120

		July		137.5		117.5		129		125

		August		150		132.5		130		132.5

		September		92.5		95		90		115

		October		50		39		46.5		42.5

		Total		526		501		530		525.5





SSC

		Month		SP		100		1000		KD		100		1000		DY		100		1000		GTL		100		1000		KD&SP		100		1000		GUT &DY		100		1000

		March		0.0175		1.75		17.5		0.0145		1.45		14.5		0.0535		5.35		53.5		0.0135		1.35		13.5		0.0215		2.15		21.5		0.0195		1.95		19.5

		April		0.0155		1.55		15.5		0.0135		1.35		13.5		0.064		6.4		64		0.0115		1.15		11.5		0.0195		1.95		19.5		0.0175		1.75		17.5

		May		0.042		4.2		42		0.076		7.6		76		0.058		5.8		58		0.052		5.2		52		0.082		8.2		82		0.062		6.2		62

		June		0.116		11.6		116		0.136		13.6		136		0.178		17.8		178		0.125		12.5		125		0.187		18.7		187		0.173		17.3		173

		July		0.283		28.3		283		0.268		26.8		268		0.368		36.8		368		0.386		38.6		386		0.307		30.7		307		0.83		83		830

		August		1.375		137.5		1375		1.366		136.6		1366		1.455		145.5		1455		1.196		119.6		1196		1.6555		165.55		1655.5		1.6545		165.45		1654.5

		September		0.59		59		590		0.515		51.5		515		0.35		35		350		0.37		37		370		0.665		66.5		665		1.39		139		1390

		October		0.405		40.5		405		0.5		50		500		0.255		25.5		255		0.29		29		290		0.57		57		570		0.34		34		340

		Total		2.844		384.4		3844		2.889		388.9		3889		2.7815		378.15		3781.5		2.444		344.4		3444		3.5075		450.75		4507.5		4.4865		548.65		5486.5

				ARCSWAT 75 Anatysis

		Month		SP  Observed		SP  Simulated		KD  Observed		KD  Simulated		GUT  Observed		GUT  Simulated		DY  Observed		DY  Simulated

		March		17.5		5.626		14.5		0		13.5		9.411		53.5		14.38

		April		15.5		1.248		13.5		0		11.5		2.338		64		10.36

		May		42		23.04		76		27.26		52		36.55		58		32.01

		June		116		48.6		136		128.8		125		53.99		178		59.93

		July		283		88.28		268		159.8		386		162.9		368		132.6

		August		1375		115.4		1366		261.4		1196		208.2		1455		154.4

		September		590		107.6		515		246.1		370		177.3		350		143.5

		October		405		88.89		500		201.7		290		147.2		255		115.9

		Total		2844		478.684		2889		1025.06		2444		797.889		2781.5		663.08





SSC graph

		Month		SP		KD		DY		GUT

		March		17.5		14.5		53.5		13.5

		April		15.5		13.5		64		11.5

		May		42		76		58		52

		June		116		136		178		125

		July		283		268		368		386

		August		1375		1366		1455		1196

		September		590		515		350		370

		October		405		500		255		290

		Total		3844		3889		3781.5		3444
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		Month		SP(Turb)		KD(Turb)		DY(Turb)		GUT(Turb)

		March		19.5		20		22.5		10.5

		April		18		19		29		10

		May		18		25.5		35		14.5

		June		92.5		92.5		95		120

		July		137.5		117.5		129		125

		August		150		132.5		130		132.5

		September		92.5		95		90		115

		October		50		39		46.5		42.5

		Total		578		541		577		570
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Chart1

		March

		April

		May

		June

		July

		August

		September

		October

		Total



KD(Turb)

KD Turbidity

20

19

25.5

92.5

117.5

132.5
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39
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Raw Result

		SSC

		Month		KD & SP1		KD & SP2		Av KD&SP		SP1		SP2		Av SP		G & D1		G & D2		AV G&D		KD1		KD2		Av KD		DY 1		DY 2		Av DY		GTL1		GTL2		Av GTL

		March		0.022		0.021		0.0215		0.018		0.017		0.0175		0.02		0.019		0.0195		0.015		0.014		0.0145		0.055		0.052		0.0535		0.014		0.013		0.0135

		April		0.02		0.019		0.0195		0.016		0.015		0.0155		0.018		0.017		0.0175		0.013		0.014		0.0135		0.063		0.065		0.064		0.012		0.011		0.0115

		May		0.084		0.08		0.082		0.064		0.02		0.042		0.076		0.048		0.062		0.056		0.096		0.076		0.092		0.024		0.058		0.052		0.052		0.052

		June		0.144		0.23		0.187		0.072		0.16		0.116		0.116		0.23		0.173		0.092		0.18		0.136		0.116		0.24		0.178		0.1		0.15		0.125

		July		0.224		0.39		0.307		0.256		0.31		0.283		1.1		0.56		0.83		0.196		0.34		0.268		0.356		0.38		0.368		0.352		0.42		0.386

		August		1.59		1.721		1.6555		1.152		1.597		1.3745		1.624		1.685		1.6545		1.288		1.444		1.366		1.396		1.509		1.4525		1.188		1.204		1.196

		Sept		0.69		0.64		0.665		0.94		0.24		0.59		2.56		0.22		1.39		0.53		0.5		0.515		0.47		0.23		0.35		0.44		0.3		0.37

		October		0.58		0.56		0.57		0.42		0.39		0.405		0.35		0.33		0.34		0.59		0.41		0.5		0.26		0.25		0.255		0.3		0.28		0.29

								3.5075						2.8435						4.4865						2.889						2.779						2.444

				Turbidity

		Month		KD & SP1		KD & SP2		Av KD&SP		SP1		SP2		Av SP		G & D1		G & D2		AV G&D		KD1		KD2		Av KD		DY 1		DY 2		Av DY		GTL1		GTL2		Av GTL

		March		18		22		20		16		19		17.5		13		18		15.5		18		20		19		25		23		24		9		8		8.5

		April		19		23		21		18		18		18		12		20		16		17		21		19		28		26		27		10		10		10

		May		30		40		35		15		21		18		17		30		23.5		21		30		25.5		40		30		35		15		14		14.5

		June		75		150		112.5		50		135		92.5		125		160		142.5		50		135		92.5		80		110		95		115		125		120

		July		150		135		142.5		145		130		137.5		150		150		150		120		115		117.5		128		130		129		125		125		125

		August		150		150		150		150		150		150		150		150		150		130		135		132.5		130		130		130		135		130		132.5

		Sept		110		90		100		95		90		92.5		105		110		107.5		90		100		95		90		90		90		120		110		115

		October		40		40		40		51		49		50		45		45		45		40		38		39		48		45		46.5		45		40		42.5

								621						576						650						540						576.5						568





Turbidity

		Month		Sarkinpawa		Kaduna		Dinya		Gutalu

		March		17.5		19		24		8.5

		April		18		19		27		10

		May		18		25.5		35		14.5

		June		92.5		92.5		95		120

		July		137.5		117.5		129		125

		August		150		132.5		130		132.5

		September		92.5		95		90		115

		October		50		39		46.5		42.5

		Total		526		501		530		525.5





SSC

		Month		SP		100		1000		KD		100		1000		DY		100		1000		GTL		100		1000		KD&SP		100		1000		GUT &DY		100		1000

		March		0.0175		1.75		17.5		0.0145		1.45		14.5		0.0535		5.35		53.5		0.0135		1.35		13.5		0.0215		2.15		21.5		0.0195		1.95		19.5

		April		0.0155		1.55		15.5		0.0135		1.35		13.5		0.064		6.4		64		0.0115		1.15		11.5		0.0195		1.95		19.5		0.0175		1.75		17.5

		May		0.042		4.2		42		0.076		7.6		76		0.058		5.8		58		0.052		5.2		52		0.082		8.2		82		0.062		6.2		62

		June		0.116		11.6		116		0.136		13.6		136		0.178		17.8		178		0.125		12.5		125		0.187		18.7		187		0.173		17.3		173

		July		0.283		28.3		283		0.268		26.8		268		0.368		36.8		368		0.386		38.6		386		0.307		30.7		307		0.83		83		830

		August		1.375		137.5		1375		1.366		136.6		1366		1.455		145.5		1455		1.196		119.6		1196		1.6555		165.55		1655.5		1.6545		165.45		1654.5

		September		0.59		59		590		0.515		51.5		515		0.35		35		350		0.37		37		370		0.665		66.5		665		1.39		139		1390

		October		0.405		40.5		405		0.5		50		500		0.255		25.5		255		0.29		29		290		0.57		57		570		0.34		34		340

		Total		2.844		384.4		3844		2.889		388.9		3889		2.7815		378.15		3781.5		2.444		344.4		3444		3.5075		450.75		4507.5		4.4865		548.65		5486.5

				ARCSWAT 75 Anatysis

		Month		SP  Observed		SP  Simulated		KD  Observed		KD  Simulated		GUT  Observed		GUT  Simulated		DY  Observed		DY  Simulated

		March		17.5		5.626		14.5		0		13.5		9.411		53.5		14.38

		April		15.5		1.248		13.5		0		11.5		2.338		64		10.36

		May		42		23.04		76		27.26		52		36.55		58		32.01

		June		116		48.6		136		128.8		125		53.99		178		59.93

		July		283		88.28		268		159.8		386		162.9		368		132.6

		August		1375		115.4		1366		261.4		1196		208.2		1455		154.4

		September		590		107.6		515		246.1		370		177.3		350		143.5

		October		405		88.89		500		201.7		290		147.2		255		115.9

		Total		2844		478.684		2889		1025.06		2444		797.889		2781.5		663.08





SSC graph

		Month		SP		KD		DY		GUT

		March		17.5		14.5		53.5		13.5

		April		15.5		13.5		64		11.5

		May		42		76		58		52

		June		116		136		178		125

		July		283		268		368		386

		August		1375		1366		1455		1196

		September		590		515		350		370

		October		405		500		255		290

		Total		3844		3889		3781.5		3444





SSC graph

		



SP



Sheet3

		



KD



		



DY



		



GUT



		



SP

KD

DY

GUT

SSC



		Month		SP(Turb)		KD(Turb)		DY(Turb)		GUT(Turb)

		March		19.5		20		22.5		10.5

		April		18		19		29		10

		May		18		25.5		35		14.5

		June		92.5		92.5		95		120

		July		137.5		117.5		129		125

		August		150		132.5		130		132.5

		September		92.5		95		90		115

		October		50		39		46.5		42.5

		Total		578		541		577		570
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Chart1

		March
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		May
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		Total
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Raw Result

		SSC

		Month		KD & SP1		KD & SP2		Av KD&SP		SP1		SP2		Av SP		G & D1		G & D2		AV G&D		KD1		KD2		Av KD		DY 1		DY 2		Av DY		GTL1		GTL2		Av GTL

		March		0.022		0.021		0.0215		0.018		0.017		0.0175		0.02		0.019		0.0195		0.015		0.014		0.0145		0.055		0.052		0.0535		0.014		0.013		0.0135

		April		0.02		0.019		0.0195		0.016		0.015		0.0155		0.018		0.017		0.0175		0.013		0.014		0.0135		0.063		0.065		0.064		0.012		0.011		0.0115

		May		0.084		0.08		0.082		0.064		0.02		0.042		0.076		0.048		0.062		0.056		0.096		0.076		0.092		0.024		0.058		0.052		0.052		0.052

		June		0.144		0.23		0.187		0.072		0.16		0.116		0.116		0.23		0.173		0.092		0.18		0.136		0.116		0.24		0.178		0.1		0.15		0.125

		July		0.224		0.39		0.307		0.256		0.31		0.283		1.1		0.56		0.83		0.196		0.34		0.268		0.356		0.38		0.368		0.352		0.42		0.386

		August		1.59		1.721		1.6555		1.152		1.597		1.3745		1.624		1.685		1.6545		1.288		1.444		1.366		1.396		1.509		1.4525		1.188		1.204		1.196

		Sept		0.69		0.64		0.665		0.94		0.24		0.59		2.56		0.22		1.39		0.53		0.5		0.515		0.47		0.23		0.35		0.44		0.3		0.37

		October		0.58		0.56		0.57		0.42		0.39		0.405		0.35		0.33		0.34		0.59		0.41		0.5		0.26		0.25		0.255		0.3		0.28		0.29

								3.5075						2.8435						4.4865						2.889						2.779						2.444

				Turbidity

		Month		KD & SP1		KD & SP2		Av KD&SP		SP1		SP2		Av SP		G & D1		G & D2		AV G&D		KD1		KD2		Av KD		DY 1		DY 2		Av DY		GTL1		GTL2		Av GTL

		March		18		22		20		16		19		17.5		13		18		15.5		18		20		19		25		23		24		9		8		8.5

		April		19		23		21		18		18		18		12		20		16		17		21		19		28		26		27		10		10		10

		May		30		40		35		15		21		18		17		30		23.5		21		30		25.5		40		30		35		15		14		14.5

		June		75		150		112.5		50		135		92.5		125		160		142.5		50		135		92.5		80		110		95		115		125		120

		July		150		135		142.5		145		130		137.5		150		150		150		120		115		117.5		128		130		129		125		125		125

		August		150		150		150		150		150		150		150		150		150		130		135		132.5		130		130		130		135		130		132.5

		Sept		110		90		100		95		90		92.5		105		110		107.5		90		100		95		90		90		90		120		110		115

		October		40		40		40		51		49		50		45		45		45		40		38		39		48		45		46.5		45		40		42.5

								621						576						650						540						576.5						568





Turbidity

		Month		Sarkinpawa		Kaduna		Dinya		Gutalu

		March		17.5		19		24		8.5

		April		18		19		27		10

		May		18		25.5		35		14.5

		June		92.5		92.5		95		120

		July		137.5		117.5		129		125

		August		150		132.5		130		132.5

		September		92.5		95		90		115

		October		50		39		46.5		42.5

		Total		526		501		530		525.5





SSC

		Month		SP		100		1000		KD		100		1000		DY		100		1000		GTL		100		1000		KD&SP		100		1000		GUT &DY		100		1000

		March		0.0175		1.75		17.5		0.0145		1.45		14.5		0.0535		5.35		53.5		0.0135		1.35		13.5		0.0215		2.15		21.5		0.0195		1.95		19.5

		April		0.0155		1.55		15.5		0.0135		1.35		13.5		0.064		6.4		64		0.0115		1.15		11.5		0.0195		1.95		19.5		0.0175		1.75		17.5

		May		0.042		4.2		42		0.076		7.6		76		0.058		5.8		58		0.052		5.2		52		0.082		8.2		82		0.062		6.2		62

		June		0.116		11.6		116		0.136		13.6		136		0.178		17.8		178		0.125		12.5		125		0.187		18.7		187		0.173		17.3		173

		July		0.283		28.3		283		0.268		26.8		268		0.368		36.8		368		0.386		38.6		386		0.307		30.7		307		0.83		83		830

		August		1.375		137.5		1375		1.366		136.6		1366		1.455		145.5		1455		1.196		119.6		1196		1.6555		165.55		1655.5		1.6545		165.45		1654.5

		September		0.59		59		590		0.515		51.5		515		0.35		35		350		0.37		37		370		0.665		66.5		665		1.39		139		1390

		October		0.405		40.5		405		0.5		50		500		0.255		25.5		255		0.29		29		290		0.57		57		570		0.34		34		340

		Total		2.844		384.4		3844		2.889		388.9		3889		2.7815		378.15		3781.5		2.444		344.4		3444		3.5075		450.75		4507.5		4.4865		548.65		5486.5

				ARCSWAT 75 Anatysis

		Month		SP  Observed		SP  Simulated		KD  Observed		KD  Simulated		GUT  Observed		GUT  Simulated		DY  Observed		DY  Simulated

		March		17.5		5.626		14.5		0		13.5		9.411		53.5		14.38

		April		15.5		1.248		13.5		0		11.5		2.338		64		10.36

		May		42		23.04		76		27.26		52		36.55		58		32.01

		June		116		48.6		136		128.8		125		53.99		178		59.93

		July		283		88.28		268		159.8		386		162.9		368		132.6

		August		1375		115.4		1366		261.4		1196		208.2		1455		154.4

		September		590		107.6		515		246.1		370		177.3		350		143.5

		October		405		88.89		500		201.7		290		147.2		255		115.9

		Total		2844		478.684		2889		1025.06		2444		797.889		2781.5		663.08





SSC graph

		Month		SP		KD		DY		GUT

		March		17.5		14.5		53.5		13.5

		April		15.5		13.5		64		11.5

		May		42		76		58		52

		June		116		136		178		125

		July		283		268		368		386

		August		1375		1366		1455		1196

		September		590		515		350		370

		October		405		500		255		290

		Total		3844		3889		3781.5		3444
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Chart1

		March

		April

		May

		June

		July

		August
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		October

		Total



DY

DY SSC

53.5

64

58

178

368
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Raw Result

		SSC

		Month		KD & SP1		KD & SP2		Av KD&SP		SP1		SP2		Av SP		G & D1		G & D2		AV G&D		KD1		KD2		Av KD		DY 1		DY 2		Av DY		GTL1		GTL2		Av GTL

		March		0.022		0.021		0.0215		0.018		0.017		0.0175		0.02		0.019		0.0195		0.015		0.014		0.0145		0.055		0.052		0.0535		0.014		0.013		0.0135

		April		0.02		0.019		0.0195		0.016		0.015		0.0155		0.018		0.017		0.0175		0.013		0.014		0.0135		0.063		0.065		0.064		0.012		0.011		0.0115

		May		0.084		0.08		0.082		0.064		0.02		0.042		0.076		0.048		0.062		0.056		0.096		0.076		0.092		0.024		0.058		0.052		0.052		0.052

		June		0.144		0.23		0.187		0.072		0.16		0.116		0.116		0.23		0.173		0.092		0.18		0.136		0.116		0.24		0.178		0.1		0.15		0.125

		July		0.224		0.39		0.307		0.256		0.31		0.283		1.1		0.56		0.83		0.196		0.34		0.268		0.356		0.38		0.368		0.352		0.42		0.386

		August		1.59		1.721		1.6555		1.152		1.597		1.3745		1.624		1.685		1.6545		1.288		1.444		1.366		1.396		1.509		1.4525		1.188		1.204		1.196

		Sept		0.69		0.64		0.665		0.94		0.24		0.59		2.56		0.22		1.39		0.53		0.5		0.515		0.47		0.23		0.35		0.44		0.3		0.37

		October		0.58		0.56		0.57		0.42		0.39		0.405		0.35		0.33		0.34		0.59		0.41		0.5		0.26		0.25		0.255		0.3		0.28		0.29

								3.5075						2.8435						4.4865						2.889						2.779						2.444

				Turbidity

		Month		KD & SP1		KD & SP2		Av KD&SP		SP1		SP2		Av SP		G & D1		G & D2		AV G&D		KD1		KD2		Av KD		DY 1		DY 2		Av DY		GTL1		GTL2		Av GTL

		March		18		22		20		16		19		17.5		13		18		15.5		18		20		19		25		23		24		9		8		8.5

		April		19		23		21		18		18		18		12		20		16		17		21		19		28		26		27		10		10		10

		May		30		40		35		15		21		18		17		30		23.5		21		30		25.5		40		30		35		15		14		14.5

		June		75		150		112.5		50		135		92.5		125		160		142.5		50		135		92.5		80		110		95		115		125		120

		July		150		135		142.5		145		130		137.5		150		150		150		120		115		117.5		128		130		129		125		125		125

		August		150		150		150		150		150		150		150		150		150		130		135		132.5		130		130		130		135		130		132.5

		Sept		110		90		100		95		90		92.5		105		110		107.5		90		100		95		90		90		90		120		110		115

		October		40		40		40		51		49		50		45		45		45		40		38		39		48		45		46.5		45		40		42.5

								621						576						650						540						576.5						568





Turbidity

		Month		Sarkinpawa		Kaduna		Dinya		Gutalu

		March		17.5		19		24		8.5

		April		18		19		27		10

		May		18		25.5		35		14.5

		June		92.5		92.5		95		120

		July		137.5		117.5		129		125

		August		150		132.5		130		132.5

		September		92.5		95		90		115

		October		50		39		46.5		42.5

		Total		526		501		530		525.5





SSC

		Month		SP		100		1000		KD		100		1000		DY		100		1000		GTL		100		1000		KD&SP		100		1000		GUT &DY		100		1000

		March		0.0175		1.75		17.5		0.0145		1.45		14.5		0.0535		5.35		53.5		0.0135		1.35		13.5		0.0215		2.15		21.5		0.0195		1.95		19.5

		April		0.0155		1.55		15.5		0.0135		1.35		13.5		0.064		6.4		64		0.0115		1.15		11.5		0.0195		1.95		19.5		0.0175		1.75		17.5

		May		0.042		4.2		42		0.076		7.6		76		0.058		5.8		58		0.052		5.2		52		0.082		8.2		82		0.062		6.2		62

		June		0.116		11.6		116		0.136		13.6		136		0.178		17.8		178		0.125		12.5		125		0.187		18.7		187		0.173		17.3		173

		July		0.283		28.3		283		0.268		26.8		268		0.368		36.8		368		0.386		38.6		386		0.307		30.7		307		0.83		83		830

		August		1.375		137.5		1375		1.366		136.6		1366		1.455		145.5		1455		1.196		119.6		1196		1.6555		165.55		1655.5		1.6545		165.45		1654.5

		September		0.59		59		590		0.515		51.5		515		0.35		35		350		0.37		37		370		0.665		66.5		665		1.39		139		1390

		October		0.405		40.5		405		0.5		50		500		0.255		25.5		255		0.29		29		290		0.57		57		570		0.34		34		340

		Total		2.844		384.4		3844		2.889		388.9		3889		2.7815		378.15		3781.5		2.444		344.4		3444		3.5075		450.75		4507.5		4.4865		548.65		5486.5

				ARCSWAT 75 Anatysis

		Month		SP  Observed		SP  Simulated		KD  Observed		KD  Simulated		GUT  Observed		GUT  Simulated		DY  Observed		DY  Simulated

		March		17.5		5.626		14.5		0		13.5		9.411		53.5		14.38

		April		15.5		1.248		13.5		0		11.5		2.338		64		10.36

		May		42		23.04		76		27.26		52		36.55		58		32.01

		June		116		48.6		136		128.8		125		53.99		178		59.93

		July		283		88.28		268		159.8		386		162.9		368		132.6

		August		1375		115.4		1366		261.4		1196		208.2		1455		154.4

		September		590		107.6		515		246.1		370		177.3		350		143.5

		October		405		88.89		500		201.7		290		147.2		255		115.9

		Total		2844		478.684		2889		1025.06		2444		797.889		2781.5		663.08





SSC graph

		Month		SP		KD		DY		GUT

		March		17.5		14.5		53.5		13.5

		April		15.5		13.5		64		11.5

		May		42		76		58		52

		June		116		136		178		125

		July		283		268		368		386

		August		1375		1366		1455		1196

		September		590		515		350		370

		October		405		500		255		290

		Total		3844		3889		3781.5		3444
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		March

		April

		May

		June

		July

		August

		September

		October

		Total
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Raw Result

		SSC

		Month		KD & SP1		KD & SP2		Av KD&SP		SP1		SP2		Av SP		G & D1		G & D2		AV G&D		KD1		KD2		Av KD		DY 1		DY 2		Av DY		GTL1		GTL2		Av GTL

		March		0.022		0.021		0.0215		0.018		0.017		0.0175		0.02		0.019		0.0195		0.015		0.014		0.0145		0.055		0.052		0.0535		0.014		0.013		0.0135

		April		0.02		0.019		0.0195		0.016		0.015		0.0155		0.018		0.017		0.0175		0.013		0.014		0.0135		0.063		0.065		0.064		0.012		0.011		0.0115

		May		0.084		0.08		0.082		0.064		0.02		0.042		0.076		0.048		0.062		0.056		0.096		0.076		0.092		0.024		0.058		0.052		0.052		0.052

		June		0.144		0.23		0.187		0.072		0.16		0.116		0.116		0.23		0.173		0.092		0.18		0.136		0.116		0.24		0.178		0.1		0.15		0.125

		July		0.224		0.39		0.307		0.256		0.31		0.283		1.1		0.56		0.83		0.196		0.34		0.268		0.356		0.38		0.368		0.352		0.42		0.386

		August		1.59		1.721		1.6555		1.152		1.597		1.3745		1.624		1.685		1.6545		1.288		1.444		1.366		1.396		1.509		1.4525		1.188		1.204		1.196

		Sept		0.69		0.64		0.665		0.94		0.24		0.59		2.56		0.22		1.39		0.53		0.5		0.515		0.47		0.23		0.35		0.44		0.3		0.37

		October		0.58		0.56		0.57		0.42		0.39		0.405		0.35		0.33		0.34		0.59		0.41		0.5		0.26		0.25		0.255		0.3		0.28		0.29

								3.5075						2.8435						4.4865						2.889						2.779						2.444

				Turbidity

		Month		KD & SP1		KD & SP2		Av KD&SP		SP1		SP2		Av SP		G & D1		G & D2		AV G&D		KD1		KD2		Av KD		DY 1		DY 2		Av DY		GTL1		GTL2		Av GTL

		March		18		22		20		16		19		17.5		13		18		15.5		18		20		19		25		23		24		9		8		8.5

		April		19		23		21		18		18		18		12		20		16		17		21		19		28		26		27		10		10		10

		May		30		40		35		15		21		18		17		30		23.5		21		30		25.5		40		30		35		15		14		14.5

		June		75		150		112.5		50		135		92.5		125		160		142.5		50		135		92.5		80		110		95		115		125		120

		July		150		135		142.5		145		130		137.5		150		150		150		120		115		117.5		128		130		129		125		125		125

		August		150		150		150		150		150		150		150		150		150		130		135		132.5		130		130		130		135		130		132.5

		Sept		110		90		100		95		90		92.5		105		110		107.5		90		100		95		90		90		90		120		110		115

		October		40		40		40		51		49		50		45		45		45		40		38		39		48		45		46.5		45		40		42.5

								621						576						650						540						576.5						568





Turbidity

		Month		Sarkinpawa		Kaduna		Dinya		Gutalu

		March		17.5		19		24		8.5

		April		18		19		27		10

		May		18		25.5		35		14.5

		June		92.5		92.5		95		120

		July		137.5		117.5		129		125

		August		150		132.5		130		132.5

		September		92.5		95		90		115

		October		50		39		46.5		42.5

		Total		526		501		530		525.5





SSC

		Month		SP		100		1000		KD		100		1000		DY		100		1000		GTL		100		1000		KD&SP		100		1000		GUT &DY		100		1000

		March		0.0175		1.75		17.5		0.0145		1.45		14.5		0.0535		5.35		53.5		0.0135		1.35		13.5		0.0215		2.15		21.5		0.0195		1.95		19.5

		April		0.0155		1.55		15.5		0.0135		1.35		13.5		0.064		6.4		64		0.0115		1.15		11.5		0.0195		1.95		19.5		0.0175		1.75		17.5

		May		0.042		4.2		42		0.076		7.6		76		0.058		5.8		58		0.052		5.2		52		0.082		8.2		82		0.062		6.2		62

		June		0.116		11.6		116		0.136		13.6		136		0.178		17.8		178		0.125		12.5		125		0.187		18.7		187		0.173		17.3		173

		July		0.283		28.3		283		0.268		26.8		268		0.368		36.8		368		0.386		38.6		386		0.307		30.7		307		0.83		83		830

		August		1.375		137.5		1375		1.366		136.6		1366		1.455		145.5		1455		1.196		119.6		1196		1.6555		165.55		1655.5		1.6545		165.45		1654.5

		September		0.59		59		590		0.515		51.5		515		0.35		35		350		0.37		37		370		0.665		66.5		665		1.39		139		1390

		October		0.405		40.5		405		0.5		50		500		0.255		25.5		255		0.29		29		290		0.57		57		570		0.34		34		340

		Total		2.844		384.4		3844		2.889		388.9		3889		2.7815		378.15		3781.5		2.444		344.4		3444		3.5075		450.75		4507.5		4.4865		548.65		5486.5

				ARCSWAT 75 Anatysis

		Month		SP  Observed		SP  Simulated		KD  Observed		KD  Simulated		GUT  Observed		GUT  Simulated		DY  Observed		DY  Simulated

		March		17.5		5.626		14.5		0		13.5		9.411		53.5		14.38

		April		15.5		1.248		13.5		0		11.5		2.338		64		10.36

		May		42		23.04		76		27.26		52		36.55		58		32.01

		June		116		48.6		136		128.8		125		53.99		178		59.93

		July		283		88.28		268		159.8		386		162.9		368		132.6

		August		1375		115.4		1366		261.4		1196		208.2		1455		154.4

		September		590		107.6		515		246.1		370		177.3		350		143.5

		October		405		88.89		500		201.7		290		147.2		255		115.9

		Total		2844		478.684		2889		1025.06		2444		797.889		2781.5		663.08





SSC graph

		Month		SP		KD		DY		GUT

		March		17.5		14.5		53.5		13.5

		April		15.5		13.5		64		11.5

		May		42		76		58		52

		June		116		136		178		125

		July		283		268		368		386

		August		1375		1366		1455		1196

		September		590		515		350		370

		October		405		500		255		290

		Total		3844		3889		3781.5		3444
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