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ABSTRACT 

Sediment inflow and deposition depletes much required storage capacity, decreases the useful life and alter the beneficial uses 

of dam reservoirs. This hydrologic research was carried out to quantify the total annual fluvial sediment transported and 

deposited into the Gurara dam reservoir in order to improve on the effective management of the Gurara Reservoir. Sediment 

sampling method and Colby unmeasured sediment empirical relationship approach were used. Total annual sediment inflow 

of 25,725,000kg year⁄  was estimated. The 25,725,000kg year⁄  is broken down into 21,522,000 kg year⁄  of measured sediment 

load and 4,203,000kg year⁄  of unmeasured sediment load. Gurara River is the major source of sediment into Gurara reservoir 

with the highest annual sediment load of 8,281,000 kg/year and highest inflow of 20,963,080m3 year⁄ . Integrated watershed 

management, good environmental practices in agriculture etc. are the engineering measures recommended as actions to be 

taken to forestall sedimentation in the Gurara reservoir. 
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1.0 INTRODUCTION 

  

Several dam reservoirs formed on natural water channels 

are prone to fluvial sediment inflow and deposition 

(Ugbala, 2021) [10]. The Fluvial sediment results from 

series of processes such as erosion, transportation and 

deposition of silts by water. Hence, fluvial-sediment 

studies are crucial which include determination of the 

sediment discharge of rivers, surveys of reservoirs, studies 

of channel morphology, research in basic processes, and 

interpretation of sediment data. The continuous growth of 

these sediment deposits into reservoirs affect water 

resources structures, threaten their performances and 

depletes the available storage capacity thereby reducing 

the benefits such as domestic and industrial water supplies, 

hydro power generation, irrigation, navigation, etc. [2,3,9]. 

Such devastations would continue as long as the reservoir 

continues to have its storage capacity rapidly depleted 

unless workable remedial plans and actions are put in place 

(Otun and Adeogun, 2010) [8]. To effectively manage this 

sedimentation problem in any reservoir, relevant and 

accurate data such as those obtained from fluvial 

measurements derived from quantification of fluvial 

discharges into a reservoir are necessary (Adeogun, 2008) 

[1]. 

 

 

2.0 MATERIALS AND METHODS 

      2.1 The study Area. 

    The Dam is situated on the Gurara River between 

Latitudes 9°13'N and 9°39' and Longitudes 7°26'E and 

7°42'E (Figure 1). The study area is bounded to South by 

Niger state, to the North by Kachia Local Government 

Area, to the East and West by Kagarko Local Government 

Area respectively as indicated in Figure 1. Some basic 
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parameters for the Gurara dam reservoir are   summarized 

in Table 1. 

 

Table 1: Parameters of the Gurara Dam Reservoir 

Dam Parameters Parameter Values 

Catchment Area 

I. Catchment Area at Izom 

ii. Catchment Area at Jere 

Total catchment Area  

 

16,650k𝑚2 

4,016k𝑚2 

20,666k𝑚2 

Catchment Area at Dam Site     2,150k𝑚2 

Average Yearly Inflow into reservoir  1,730Mm3 (55𝑚3/sec)   

Average Rainfall  1,415mm 

Reservoir Area 62.8k𝑚2 

Storage Capacity (Volume) 800 million 𝑚3 

Volume of fill 7,335,000𝑚3 

Probable maximum flood 4200𝑚3/𝑠 

Height and length of the Dam 53m and 3.1 km respectively 

Normal Water Level (NML)  624.9m amsl 

  Maximum Water Level (MWL)  627.5m amsl   

Minimum Operating Level (MOL) 605m amsl 

Embarkment: Dam Crest Level 624m 

Dam Crest Width 6m 

 Height 55m    

   Crest Length          3040m 

Altitude       290 

Dam type Earth fill + Rockfill dam 

Category Large 

River Gurara 

Purpose Irrigation, water supply and Hydro power 

Hydrological zone 2 

Embarkment 8.2 million 𝑚3 of embarkment 

Right bank of lake 1.16𝑘𝑚2 

Intake 42m high intake tower equipped with hydraulic valves that transfers raw water through a 75km 

long conveyance pipeline of 3m diameter to Lower Usma dam, Abuja 

Spillway Located on left bank at the and consists of 34,000𝑚3 concrete lined ogee and rocky channel 

Stilling basin USBR Type III 

Discharge 2,715𝑚3/ seconds 

Power house Equipped with 3x10 megawatts of turbine 

Comments (Irrigation) 2000 ha irrigation 

Source: Gurara Dam Pamphlet (2007) 
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Figure 1:  

Location of Gurara Dam Reservoir 

 

 

Figure 2: Watershed of the study Area 

 

Figure 3: Tributaries to the study area and the Gauging stations 

2.2 Annual Sediment Load Estimation 

 Fluvial discharge measurements were carried out to 

determine the total annual fluvial sediment inflow and to 

obtain other related parameters needed for efficient 

monitoring, planning and management of fluvial sediment 

inflow into Gurara reservoir. US Army Corps of Engineers 

[11] stated that the total sediment load consists of 
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measured and unmeasured sediment loads, hence, 

methodologically, the study is divided into two aspects 

namely: estimation of annual measured sediment load and 

estimation of annual unmeasured sediment load. 

2.3 Estimation Of Annual Measured 

Sediment Load 

 The measured load is mostly the suspended sediments. 

The depth integration method (US DH 48 suspended 

sediment sampler) was used in the verticals of the six 

inflowing rivers because it measures the actual amount of 

sediment in the samples taken, even though the sampler 

disturbs flow, Ho Kyung, 2018 [6]. The samples were 

taken from three divided sampling verticals ¼, ½, and ¾ 

of the river width and the average of the mixture was taken 

as a representative sample for laboratory analysis to 

determine the sediment concentration in the sample in 

accordance with the procedures in the Guide to Hydrologic 

Practices, {WMO [13]} as stated by Otun  and Adeogun 

[6]. The equation (1) below established by US Army Corps 

of Engineers, 1995 [11], presented by Ongley, 1996 [7] 

and Otun and Adeogun, 2010 [8] for estimating the 

measured suspended sediment load Qs in kg/day, from 

sediment concentration was used. 

𝑄𝑚𝑠  = 86.4C𝑄𝑤 − − − − − (1)  Where,  𝑄𝑚𝑠  = Measured 

sediment discharged (kg/day), c = Sediment concentration 

(mg/l), 𝑄𝑤= water discharge (𝑚3 𝑠⁄ ), 𝑄𝑤 is obtained from 

rating curves for the gauge stations established and 

coordinated in each of the inflowing rivers as shown in 

Figure 2 and 3 where sediment transport parameters such 

as river depths (stages), velocity, discharges, cross- 

sectional area and sediment samples were carried out. 

 

2.4 Estimation of annual unmeasured 

sediment load. 

The unmeasured loads are the not estimated suspended 

load, within the lower O.15m depth portion of a sampled 

water column and the entire bed load. The study applied 

the Colby’s empirical approach Colby, 1957 [4] as 

presented by Otun and Adeogun, 2010 [8] and Daryl et al, 

1976 [5] simplified with the use of Figures 3, 4 and 5. The 

steps involved are:  

1. Figure 4 was used to obtain the unmeasured 

sediment discharge per unit of width (𝑞𝑢) for the 

given mean velocity. 

2. Figure 5 was used to obtain the relative 

concentration of suspended sands 𝐶𝑟 (in ppm) as 

a function of mean velocity and flow depth.    

3. The availability ratio 𝐶𝑚 𝐶𝑟⁄  was calculated 

where 𝐶𝑚 is the measured mean suspended 

sediment discharge concentration.   

4.  The mean line in Figure 6 and the availability ratio 

were used to obtain the correction factor 𝐶𝑓 

5. The unmeasured sediment discharge, 𝑄𝑢𝑠 is 

expressed as Equation (2) according to Otun and 

Adeogun, 2010 [8]  𝑄𝑢𝑠 = k 𝑞𝑢𝐶𝑓B----- (2) 

Where, 𝑄𝑢𝑠= unmeasured sediment load (kg/day) 

across the stream, 𝑞𝑢 = unmeasured sediment 

load per unit width, 𝐶𝑓 = correction factor and B 

= breadth of the cross section, k = 907.18. The 

total annual fluvial sediment inflow (𝑄𝑇𝑜𝑡) into 

the reservoir is quantified by equation (3) as 

shown below                                                                                   

𝑄𝑇𝑜𝑡 = ∑ [𝑄𝑚𝑠 + 𝑄𝑢𝑠]  𝑛
𝑖=1 ------------ (3) Where, 

𝑄𝑚𝑠 = measured suspended sediment load 

(kg/day) across the stream and n is the total 

number of days water flow in a year. 
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Fig4: Uncorrected unmeasured sediment discharge versus mean velocity        Fig 5: Relative concentration of suspended sands versus  

                                                                                                                                                               mean velocity and flow depth  

                                                                   (Source: US Army Corps of Engineers, 1995 [11])             

 

Figure 6: Correction factor versus availability ratio in Colby 1957 method (Source: US Army Corps of Engineers, 1995 [11]) 

    

3.0 RESULTS AND DISCUSSION OF   RESULTS 

3.1 Stage, Discharge and Sediment 

Concentration                                                                                                          

Plots of some of the hydrological data obtained in this 

study are shown in Figures 7 -12. The stage, discharge and 

sediment concentration records for six inflowing rivers are 

shown in Table 2. The plot of the sediment concentrations 

(𝑚𝑔 𝑙⁄ ) against the water discharge (𝑚3 𝑠⁄ ) for each of 

these rivers are respectively shown in Figures 13-18. As 

displayed in Figures 7-12 and Table 2 below, Atara River 

has a lowest peak discharge value of 1.660 𝑚3 𝑠⁄  whereas 

Gurara has highest peak discharged value of 8.785𝑚3 𝑠⁄ . 

This implies that Gurara River is the major tributary of 

Gurara Dam Reservoir. Likewise, a lowest maximum 

sediment concentration of 310 𝑚𝑔 𝑙⁄   for Akwana station 

is shown in Figure 14 while a highest maximum value of 

1290 𝑚𝑔 𝑙⁄  for Gurara station is shown in Figure 13. This 

indicates that Gurara River is the major source of sediment 

load into Gurara Dam Reservoir

.  3.2 Total Sediment loads of Gurara, Akwana, Awam, Igoh, Apela and Atara Rivers Depositing 

into Gurara Dam Reservoir.                                                                                                                                                                        

The sediment loads of six inflowing rivers depositing into 

the Gurara Dam reservoir are as given in Table 4a and 

Table 4b. As clearly shown in this Tables, Gurara River 

has the highest measured sediment loads of Gurara 

reservoir of 7,109,000 kg/year and highest annual water 

inflow of 20,963,980 𝑚3 𝑦𝑒𝑎𝑟⁄ . Hence, Gurara river is the 
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major source of sediment load deposited into Gurara Dam 

Reservoir.  Figures 13-18 show the sediment rating curves 

(for the unmeasured sediment discharges i.e. the bed loads) 

for the six inflowing rivers. These sediment rating curves 

were further used to compute daily sediment load for the 

obtained daily discharge values, and their summation gave 

the monthly values and then consequently the annual 

sediment load. As shown in Tables 4a and 4b, the annual 

unmeasured sediment loads that was theoretically 

quantified for six inflowing rivers was found to be 

4,203,000𝑘𝑔 𝑦𝑒𝑎𝑟⁄  and with Gurara River with the highest 

value of 1,172,000 kg/year. The corresponding values for 

the measured sediment load are 21,522,000 𝑘𝑔 𝑦𝑒𝑎𝑟⁄  and 

unmeasured sediment load are 4,203,000𝑘𝑔 𝑦𝑒𝑎𝑟⁄ . Hence, 

these values are summed up to give a total annual sediment 

load of 25,725,000 𝑘𝑔 𝑦𝑒𝑎𝑟⁄  in line with equation (3) 

because the six rivers deposit into the Gurara dam 

reservoir.  Again, Table 3 shows the monthly inflow for 

the six stations. The highest inflow was 

15,751,235𝑚3 𝑚𝑜𝑛𝑡ℎ⁄  in September while the lowest 

inflow was 110,095𝑚3 𝑚𝑜𝑛𝑡ℎ⁄  in January that shows that 

inflows were rainfall dependent since rainfall was at its 

peak in September during the period of study as shown in 

Figure 19. The seasonal inflow into Gurara reservoir totals 

54,635,752𝑚3 𝑦𝑒𝑎𝑟⁄ .                                        

                       

                                                                                                                                                                                                                                                                                                                                                                  

Table 2: Range of Hydrological Data obtained 

Gauging station Stage (m) Discharge (𝒎𝟑 𝒔⁄ ) Sediment concentration (𝒎𝒈 𝒍⁄ ) 

Gurara River 0.11 to 2.14 0.304 to 8.785 25 to 1290 

Akwana River 0.22 to 1.86 0.076 to 3.056 20 to 310 

Awam River 0.13 to 1.90 0.147 to 2.09 20 to 550 

Igoh River 0.12 to 2.00  0.050 to 2.00 20 to 430 

Apela River 0.14 to 1.84 0.023 to 2.992 20 to 580 

Atara River 0.21 to 1.87 0.050 to 1. 660                                                                                                                             40 to 700 

                                                                                                                                                                                                                       

                   

Figure 7: Stage Vs Discharge at Gurara River station                                Figure 8: Stage Vs Discharge at Akwana River station 
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Figure 9: Stage Vs Discharge at Awam River station                      Figure 10: Stage Vs Discharge at Igoh River station 

                                                                    

                                                                                                 

Figure11: Stage Vs Discharge at Apela River station                                                     Figure 12: Stage Vs Water Discharge at Atara River station 

                                                                                                  

Fig13: Sediment conc. Vs Water Discharge at Gurara Station                                    Fig14: Sediment conc. Vs Discharge at Akwana Station 
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Figure 15: Sediment conc. Vs Water Discharge  at Awam Station                  Figure 16:  Sediment conc. Vs Water Discharge at Igoh Station                                                                                                                           

                                                                                                    

Fig 17: Sediment conc. Vs Water Discharge  at Apela River Station           Fig 18: Sediment conc.Vs Water Discharge at Atara River Station                                                                                     

Table 3: Monthly Inflow into Gurara Reservoir 

Mon Total monthly inflow (m3/month)        Total  

(m3/month) Gurara River Akwana 

River 

Awam River Igoh River Apela River Atara River 

Jan 60,095  20,000 35,000   95,095 

Feb 100,000  25,000 45,000   145,000 

Mar 160,222  35,100 50,000   210,222 

Apr 300,342  40,200 85,000   385,342 

May 434,786 128,988 135,000 201,000 96,432 98,534 1,094,740 

Jun 556,451 199,118 201,001 254,009 88,249 92,674 1,391,502 

Jul 2,295,376 109,550 110,121 1,212,987 98,342 105,345 3,931,721 

Aug 4,118,688 224,510 230,700 2,342,564 186,876 210,780 7,314,118 

Sep 5,169,872 2,910,765 3,001,118 2,456,784 1,234,121 978,575 15,751,235 

Oct 4,784,400 2,700,939 2,831,000 2,342,654 1,212,112 923,563 12,244,668 

Nov 2,484,640 1,258,848 1,234,675 1,221,000 678,000 897,987 7,775,150 

Dec 498,208 214,877 218,453 2,672,888 107,233 465,000 4,176,659 

Total 20,963,980 7,747,595 8,082,368 11,563,486 3,701,365 3,772,458 54,635,752 
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Table 4a: Monthly sediment load  Discharge (in ton/year) into Gurara Reservoir from Gurara, Akwana and Awam river stations. 

Mon Gurara River Akwana River Awam River  Sub Total 

1 Measured sed. 

Load 

(tons/mon.) 

Unmeasured 

sed. Load 

(tons/mon.) 

Measured sed. 

Load 

(tons/mon.) 

Unmeasured 

sed. Load 

(tons/mon.) 

Measured sed. 

Load 

(tons/mon.) 

Unmeasured 

sed. Load 

(tons/mon.) 

Jan. 32 3   8 3 46 

Feb. 30 4   7 3 44 

Mar. 50 6   8 5 69 

Apr. 80 8 10 4 11 7 120 

May 170 10 12 4 15 8 219 

Jun. 585 12 90 6 124 9 826 

Jul. 920 90 145 20 195 58 1,428 

Aug. 1550 246 510 118 613 135 3,172 

Sep. 1950 369 823 162 956 170 4,430 

Oct. 1250 312 524 124 630 145 2,985 

Nov. 412 98 260 43 280 57 1,150 

Dec. 80 14 37 6 49 8 194 

 7,109 1,172 2,411 487 2,896 608 14,683 

 

 

 

Table 4b: Monthly sediment load Discharge (in tons/year) into Gurara Reservoir from Igoh river, Apela river and Atara river stations.  

Mon Igoh River Apela River Atara River Sub 

Total 2 Measured sed. 

Load (tons/mon) 

Unmeasured 

sed. Load 

(tons/mon.) 

Measured sed. 

Load 

(tons/mon) 

Unmeasured 

sed. Load 

(tons/mon.) 

Measured sed. 

Load 

(tons/mon) 

Unmeasured 

sed. Load 

(tons/mon.) 

Jan. 10 6     16 

Feb. 12 6     18 

Mar 15 7     22 

Apr 40 10 12 5 8 6 81 

May 65 13 25 6 24 10 143 

Jun. 190 15 50 7 54 11 327 

Jul. 480 65 180 35 160 28 948 

Aug 880 205 420 125 486 101 2,217 

Sep. 1450 275 870 168 846 152 3,761 

Oct. 920 228 450 148 483 134 2,362 

Nov 360 62 180 48 235 41 926 

Dec. 110 8 40 6 51 5 220 

 4,532 900 2,227 548 2,347 488 11,042 
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  Figure 19: Monthly Inflow Vs Monthly Total Sediment of 2018 into Gurara Dam Reservoir                                                                                 

4.0 CONCLUSIONS 

       The assessment of fluvial sediments inflow into 

Gurara dam reservoir has been carried out.  The total 

sediment load discharged into Gurara dam reservoir was 

estimated as 25,725, 000kg/year for the year of study. The 

25,725,000kg/year is broken down into 22,259,820 

kg/year suspended sediment and 3,465,180 kg/year bed 

load. Gurara river is the major source of sediment into 

Gurara reservoir with highest annual sediment load of 

8,281,000 kg/year.Integrated watershed management, soil 

conservation and good environmental practice in 

agriculture, which may include contour ploughing and 

terracing should be encouraged within the watershed these 

will help to protect against soil loss and against 

contamination of surface waters. Again, there should be 

periodic surveillances and monitoring in the area to 

checkmate activities that can increase sediment 

detachments into the inflowing rivers. Lastly Debris basins 

or sediment retention basins should be constructed on the 

recharging rivers especially on Gurara River, so as to trap 

and localize sediments from far distances.  
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