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Abstract 
This study determined the temporal variation of suspended sediment 

concentrations along selected rivers within a watershed situated at 

the upstream of Jebba dam at North central, Nigeria. Suspended 

sediment samples were taken bimonthly over a period of 8 months 

(May-December 2013) using depth integrating sampling technique. 

Samples were collected at low and high flows period using sediment 

sampler USDH-2A. Results obtained showed a significant 

difference in the temporal variations of suspended sediment 

concentrations along the selected rivers within the watershed. 

Suspended sediment samples obtained from the confluence of river 

Niger and Kontagora have the highest average sediment 

concentration of 104.8mg/l (lowest 22.5mg/l in December, highest, 

255mg/l in September). This was followed by River Awunwith  

average value of 75.4mg/l (lowest, 2.2mg/l in December, highest 

value of 230mg/l in October) and River Eku with average 

concentration value of 26.2mg/l (lowest, 0.7mg/l in December, 

highest value of 93.5mg/l in November). Also, the study revealed 

that sediment samples from river Niger/ Kontagora has the highest 

turbidity value of 77.7NTU. For sediment samples collected at river 

Awun and Eku sampling locations, average turbidity value of 

50.39NTU and15.8NTU were estimated respectively during the 

sampling period. The relationship between sediment concentration 

and turbidity were also established and regression equations for the 

three sampling locations showed a higher level of linearity between 

sediment concentration and turbidity.  
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1. Introduction 
The knowledge of the quantity, quality and dynamics of sediments 

in a watershed is very important when planning sustainable 

management of water resources systems at watershed level. 

Sediment observations inrivers and streamsare necessary to obtain 

certain information which might be useful in proffering solutions to 

major water management problems. This is for the purpose of 

ensuring that water resources are used to the best advantage and at 

the same time protected against negative effects (Bartram and 

Ballance, 1996).In recent years, the study of river suspended 

sediments is becoming more important, nationally and 

internationally because of the increasing need to assess fluxes of 

nutrients and contaminants to lakes, oceans and across international 

boundaries (Kiragu et al, 2011).  

 

Sediment movement in streams and rivers takes two forms: these are 

the suspended sediment and bedload(Morris and Fan, 1998). 

Suspended sediments are the finer particles which are held in 

suspension by the eddy currents in the flowing stream and which 

only settle out when the stream velocity decreases, such as when the 

streambed becomes flatter, or the stream discharges into a pond or 

lake while the bedload are the larger solid particles which are rolled 

along the streambed (Spreafico,2001).The methods and equipment 

used for sampling suspended sediment are quite different from those 

used for deposited sediments. Also, sampling methods for 

measurements of the quantity of sediment in transport are different 

from the one used for measuring sediment quality. This is due to the 

fact that sediment quantity must include the sand-size fractions 

which are unequally distributed in depth, whereas sediment quality 

focuses on the proportion of silt and clay fraction in the sampled 

water which is not depth-dependent(Spreafico,2001) 

 

Based on literature, several methods are available for taking 

suspended sediments from rivers and streams and notably among 

these is grabsampling method by Hudson(1993). It involves dipping 

a bucket or other container into the stream, preferably at a point 
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where it will be well mixed such as downstream from a weir or rock 

bar. The sediment contained in a measured volume of water is 

filtered, dried and weighed. This gives a measure of the 

concentration of sediment and when combined with the rate of flow 

gives the rate of sediment discharge (Hudson, 1993). Depth 

integrating sampling is another method of sampling suspended 

sediment in water. The use of integrated samplers in taking sediment 

samples allow for variations in sediment concentration at different 

points in the stream, that is, one which gives a single sample 

combined from small sub-samples taken from different points 

(Hudson, 1993). A typical integrated sampler consists of a glass 

bottle inserted in a fish-shaped frame mounted on a rod when 

gauging small streams or suspended on a cable for larger streams. 

For the bottle to fill smoothly and evenly when below the surface, it 

is necessary to have one nozzle or orifice for entry of water and a 

second pipe through which the displaced air is ejected. The entry 

nozzle is usually designed with a slightly expanding cross-section 

behind the point of entry in order to reduce the risk of back pressure 

which could interfere with the flow into the bottle. In operation, the 

sampler is moved from the surface down to the bed and back up to 

the surface while sampling continuously (USDH-2A,2013). 

 

 Point-integrated sampling methodentails that the sampler is dipped 

into the river and remains at a fixed point in the stream and samples 

continuously during the time it takes for the bottle to fill. Opening 

and closing of the valves of the sampler are controlled from the 

surface electrically or by cables. Samples should be taken at a 

number of depths at each of several vertical sections (Pirner, 

2005).Suspended sediment samples can also be collected from rivers 

through manual or automatic pumping (Hudson, 1993). Over the 

years, automatic samplers have been available which can pump a 

small sample into a series of bottles, either at predetermined times 

and intervals, or as triggered by predetermined flow conditions, 

usually depth (Hudson, 1993).Suspended sediment loads are often 

estimated by sampling concentration at fixed intervals. This type of 

sampling is promoted by the widespread use of pumping samplers 

which can be set to sample at regular intervals. Sampling intensity is 

sometimes increased during periods of high water discharge 

(Thomas, 1991).  
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Measurement of bed load is extremely difficult due to the fact that 

most bed load movement occurs during periods of high discharge on 

steep gradients when the water level is high and the flow is 

extremely turbulent. Such conditions also cause problems when 

making field measurements (Bartram and Ballance, 1996).  

 

In this study, sediment sampling programme was established along 

some of the tributaries within the watershed in order to monitor, 

collect and assess the suspended sediment samples. Samples 

collected were analysed in the laboratories to obtain suspended 

sediment concentrations and turbidity values of the 

samples.Observed sediment data collected can be useful in the 

determination of the level of suspended sediment loading at the 

upper catchment of Jebba Lake. Apart from this, suspended 

sediment data acquired can be employed in the estimation of 

sedimentation rate and trap efficiency of Jebba reservoir 

downstream. It can also serve as observed data during calibration 

and validation of hydrologic models using the watershed as case 

study area.  

 

2. Methodology  
2.1 Description of Study Area 
The study area (see Figure 1) is located at the upstream of Jebba 

Lake in north central Nigeria. It is located between Lat 10.31 Long 

5.01 and Lat 8.99 Long 4.79.  The watershed has a perimeter of 

about 567km and an estimated area of 12,992km
2
 and forms a sub-

basin in the existing lower Niger River basin. Majorriver in this 

watershed is river Niger with tributaries such as riversAwun, 

Moshi,Eku, Kontagoraand Wuruma. The range of elevation of the 

watershed is between 114m to 403m above sea level and the average 

monthly discharge at Jebba station situated at the outlet of the 

watershed is 1053 m
3
/s for the period of 1984-2008, with a 

minimum value of 378m
3
/s in February 1984 and a maximum value 

of 3,636m
3
/s in October, 1998 (Jebba, 2012). The watershed area is 

sandwiched between two main hydropower reservoirs in Nigeria, 

namely Kainji and Jebba reservoir both situated in north-central 

zone of Nigeria.  
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Figure 1:Location map of the study area showing the stream 

network within the watershed area 
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2.2  Selection of Sampling Sites 
The first stage of collection of suspended sediment sample in rivers 

or canal is the selection of a suitable sampling site.  According 

toSinghalet.al.(1981), the  selected sampling site should satisfy 

certain criteria among which is  that the site  should  be in a straight 

reach of length at least 4 times the width of the channel, but not less 

than 150 m.  Also, the chosen reach should be stable, that is, neither 

silting nor scouring and normal section should be located in the 

middle of the selected reach. The sampling site should also not be 

adjacent to hydraulic structures and should be accessible, and 

preferably located near a village or town. In the process of selecting 

the sampling sites for this study, a reconnaissance survey of the 

proposed locations was carried out with technical staff from 

National Centre for Hydropower Research and Development 

(NACHRED) and Jebba hydropower plc. This comprised of 

engineers, surveyor, hydrologist, geologist and technicians (speed 

boat operators). After careful consideration and deliberation by the 

team, the identified sampling sites within the catchment area that 

nearly meet most of the sampling criteria as specified by Singhal et 

al.,(1981) were as stated in Table 1. Major rivers and streams within 

the study area and the location of the sampling sites were as 

depicted in Figure 2. It should be noted that sampling at the 

confluence point of river Niger and Kontagora involved the use of 

speed boat to convey the equipment and technical team to the 

sampling point. However, at the other two locations (along rivers 

Awun and Eku), the sampler was deployed into the river through the 

use of rope from the top of the bridge deck into the rivers. Figure 3 

shows sediment sampling   on the bridge deck along Mokwa-Kainji 

road for Awunriver and at the confluence point of river Niger and 

Kontagora. 

 
Table 1Location and Description of Sampling Sites of the study area 

River Description of site Coordinates 

Awun 
on a bridge deck along 

Jebba-Adeniran village Lat 9.290N,Long4.545E 

Eku 
on a bridge deck along 

Mokwa-New-Bussa road Lat 9.901N,Long4.658E 

Niger/Kontagora 
at confluence point of river 

Kontagora and Niger Lat 9.287N,Long4.749E 
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Figure 2  Stream networks and sampling locations within watershed 

 

  
(a)     (b) 

Figure 3 Sampling locations within the study area: (a) bridge deck along 

Mokwa-Kainji road for Awunriver, (b) confluence point of river Niger and 

Kontagora 
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R.Eku 

R.Kotongora 

R.Awun 
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2 .3 Description of Equipment 
The suspended sediment sampler used in this study is USDH-2A 

sampler (Figure 4). It is a version of depth integrating sampler that 

traverses the complete depth of the stream and back at a uniform 

rate and collect a sample which has a concentration equal to the 

average concentration in the vertical (USDH-2A, 2013) The sampler 

is 50.8cm long, weighs about 15kg, and uses a bag as the sampler 

container which can accommodate about 1-litre of water.   The 

relatively small size and weight of the sampler allows it to be raised 

and lowered by hand line or rope.  However, if multiple samples are 

to be collected the use of a bridge board and reel, or crane and reel, 

is recommended(USDH-2A, 2013).  
 

The streamlined body of the sampler is fitted with four vanes, which 

orient and stabilise the sampler in flowing water. Three different 

sizes of nozzles may be used when sampling. The diameter of the 

nozzles are 0.36, 0.48 and 0.64 cm.  The nose and tail are made up 

of plastic materials. The plastic nose supports the nozzle and nozzle 

holder and key in into the sampler’s body with hand pressure.  The 

nose is furnished with a monofilament line attached at the bottom 

while the opposite end of the line is attached to the sampler body to 

prevent accidental loss of the nose, nozzle, and nozzle holder.   

 

Figure 4: USDH-2A Suspended Sediment Sampler 
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The US DH-2A was designed and fabricated to meet the protocols 

for water-quality sampling as outlined in the USGS National Field 

Manual for the Collection of Water-Quality Data. 

 

2.4  Sediment Sampler Assemblage and Sampling 

Procedure 
The US-DH-2A sampler was designed to collect representative 

flow-weighted samples in streams with velocity from 0.6 

to1.8m/sec. The sampler has to be lowered and raised through the 

water column at a predetermined transit rate. The maximum transit 

rate for any depth integrating sampler is 0.4times the mean stream 

velocity (US-DH-2A, 2013). Information on the mean stream 

velocities of selected rivers within the catchment was obtained from 

the hydrology department of Jebba Hydro Plc prior to sampling and 

used to estimate the transit rate of the sampler. 

 

Before deployment of sampler into the river, thesampler has to be 

properly assembled through insertion of hanger bar in the slot at the 

top of the sampler and secured with a bar pin. Then the hanger bar is 

to be connected to a cable or hand line. For this study, a nozzle size 

5.715cm which has a maximum sampler depth of 6.1m was selected. 

Selection of the nozzle size was based on the mean stream velocity 

againstdepth table available in the manual supplied with the 

equipment. Prior to nozzle and nozzle holder assemblage, they are 

properly checked for damage and we ensure that the nozzle entrance 

is round without burrs and deformation. Sample bag was properly 

flattened to remove as much air as possible from the bag.In addition, 

the bag was secured to the adaptor by cinching it with a hook and 

loop strap. 

 

 At each sampling, the USDH-2A sampler was lowered into the 

water surface. The sampler’s lower tail fin will hang below the 

bottom of the sampler while the nozzle will be pointed upward at an 

angle of around 20-30 degrees. This allows the tail fin to enter the 

stream first and orient the sampler and the nozzle into the flow. To 

enhance the quality of the samples collected, the sampler was 

lowered from the surface to the bottom of the stream and returned to 

the surface at almost the same constant rate. We also ensured that 

the sampler did not hit the bottom of the stream to avoid disturbance 
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of the bed and introduce sediment into the nozzle thereby distorting 

the concentration of the sample (see Figure 6). Sediment samplings 

were done twice in a month starting from May to December, 2013. 

In all, 51 samplings were carried out. This translates to 18 samples 

per each of the rivers Eku, Awun and Niger/Kontagora over the 

period. At the end of each sampling, the samples were poured in a 

clean container and properly labelled before transporting them to the 

laboratories for analysis.    

 

  
(a)   (b) 

Figure 5: Suspended sediment samples collection at (a) River Eku (b) the 

confluence point of River Niger/Kontagora 

 
2.5  Sediment Samples Transportation and Data Analysis 
Sediment samples collected for this study were transported and 

analysed at two different laboratories.  The determination of 

suspended sediment concentration and total suspended solids in the 

samples were done at chemistry department of the University of 

Ilorin. The turbidity measurement of the samples was carried out 

using the turbidity meter supplied with water quality laboratories 

equipment at the NACHRED laboratory, University of Ilorin (see 

Figure 7). The concentration of suspended sediment in the water 

samples was determined in the laboratory using the method 
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described in Bartram and Ballance (1996)and APHA 

(1992).According to the procedure, a known volume (say 100ml) of 

raw water was filtered through a pre-weighed 0.45 µm pore 

diameter filter paper. The filtering apparatus were then connected by 

inserting the shaped filter paper into the funnel appropriately and 

filtered to a conical flask. Water samples were filtered through the 

filtering apparatus and the resulting residue in the filter papers were 

dried at room temperature.Total Suspended Solid (TSS) was then 

calculated in mg/l using: 

 

              𝐓𝐒𝐒 =
[(𝐲𝐠−𝐱𝐠)∗𝟎.𝟎𝟎𝟏]

𝐦𝐥𝐨𝐟𝐬𝐚𝐦𝐩𝐥𝐞
∗ 𝟏𝟎𝟎𝟎     (1)

     

whereyg is the weights of the dried filter paper containing residues 

measured by a chemical balance and xg is the weight of dry filter 

paper before experiment.  

 

  
Figure6:  Estimation of turbidity of  collected samples at NACHRED 

laboratory using Turbiditimeter. 
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3. Results and Discussions 
3.1 Variations of Suspended Sediments Concetration  
The temporal variations of suspended sediment concentration of the 

selected tributaries into Jebba Lake are as shown in Figures 7-9. The 

results showed that the sediment concentration for River Awun 

ranged from the lowest value of 2.2mg/l in the month of December 

and has the highest concentration of 230mg/l in October 2013. In the 

case of River Eku, the lowest sediment concentration value of 

0.7mg/l was recorded in the month of December while highest value 

of 93.5mg/l took place in the month of November, 2013. Sediment 

concentration values at the confluence of River Niger and 

Kontagora ranged from the lowest value of 22.5mg/l in the month of 

December to highest value of 255mg/l in September, 2013.  

 

 
Figure 7: Variation of Suspended Sediment Concentrations at River Awun 

Sampling Location 

 
Generally, it was noticed that the average sediment concentration at 

the confluence of rivers Niger/Kontagora (104.8mg/l) are higher 

than that of River Eku (26.2mg/l) andAwun (75.4mg/l).  The higher 

values obtained at this location may be attributed to activities of 

some local inhabitants of the area along river Kontagora. These 

people engaged in searchof precious stones through digging of holes 
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at the embankment of river Kontagora which resulted into 

substantive quantities of dugged soil placed at the river bank.  

 
Figure 8Variation of Suspended Sediment Concentrations at River Eku 

Location 

 

Figure 9: Variation of Suspended Sediment Concentrations at River 

Niger/Kontagora Location 
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The heap of deposited soil could be eroded and taken into 

suspension in the event of increased flow of water during and 

immediately after intensive rainfall at the watershed area (see Figure 

10). There was also evidence of soil and gully erosion in the farms 

around the River Niger and Kontagora and the activities of Fulani 

cattle rearers along the bank of the river may also contributed to 

higher sediment concentration in River Niger/ Kontagora.   

 

  
 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

Figure 10: Activities of local miners at the river bank of River Kontagora. 

Note the heaps of soil excavated during the mining activities at the left hand 

side 

 
3.2 Sediment Concentration and Turbidity Relationship 

Turbidity is a measure of water clarity which depicts  how much the 

material suspended in water decreases the passage of light through 

the water(EPA, 2013). The relationships between the sediment 

concentration and turbidity at the three sampling sites were 

established using the results of sediment sample analysis (Figures 

11-13). The regression equations   for the three sampling locations 

are as written:  
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(a)  River Awun 

Turbidity= 0.5968 *sediment concentration+ 0.2036,       (2) 

      R
2
  =0.7571 

 

(b) River Eku 

Turbidity= 0.6407*sediment concentration+ 2.0551,               (3) 

     R
2
  =0.9638   

 

(c) River Niger/Kontagora 

Turbidity= 0.6407*sediment concentration+ 7.606,             (4) 

     R
2
  =0.8114 

 

The results showed that river Kontagora was the most turbid with 

average turbidity value of 77.7NTU followed by River Awun with 

average turbidity value of 50.39NTU.  Sediment samples from River 

Ekuwas the least turbid of all the three locations with average 

turbidity value of 15.8NTU. However, in terms of their correlation, 

sediment samples from river Eku have the highest correlation 

coefficient of 0.96. This is closely followed by samples from river 

Niger/Kontagora (0.814) and river Awun (0.7571). Since it is easier 

and cost effective to measure turbidity of the samples at the 

locations, the equations derived for each of the tributaries could be 

used to estimate the suspended sediment concentrations of the 

rivers. 
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Figure 61: Relationship between Suspended Sediment and Turbidity at 

River Awun 

 

 
Figure 72: Relationship between suspended sediment and turbidity  

at River Eku 
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Figure 13: Relationship between suspended sediment and turbidity  

at River Niger/Kontagora 

 

4. Conclusion 
In this study, temporal variation of suspended sediment along 

selected tributaries into Jebba Lake. The result showed that River 

Niger/Kontagora has the average sediment concentration of 

(104.8mg/l) during the sediment sampling period followed by River 

Awun (75.4mg/l) and River Eku (26.2mg/l). The increased sediment 

concentration along River Niger/Kontagora may be attributed to 

activities of local miners along the two rivers. The relationship 

between sediment concentration turbidity were also established and 

regression equations for the three sampling locations showed a 

higher level of linearity between sediment concentration and 

turbidity. The developed sediment rating can be used as sediment 

monitoring tools for the three sampling locations.  
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