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ABSTRACT 

 

The study examined performance of water conveyance system at Watari Irrigation Project, Kano. Six metering sections were 

selected along the main canal; A, B, C, D, E and F. Current meter was used to determine the velocity of flow at each station. The 

highest conveyance loss was 0.225m3/s/Km. The hydraulic efficiency was 27.2% at section D likewise for all the sections the 

hydraulic efficiencies were low except at section A whose efficiency was 71%. The Manning’s Roughness Coefficient in the 

canal was highest at section D with value of 0.092. Hence, rehabilitation of the main canal is strongly needed. 

Key words: Seepage; Current meeter; Hydraulic radius; Friction; Manning’s roughness coefficient; 

 

 

1. BACKGROUND TO THE STUDY 
 

Irrigation schemes have no doubt contributed tremendously to 

increase food production in order to meet the demand of the 

world population. The primary reason for irrigating crop is to 

supplement water available from natural source of water such 

as rainfall, flood, dam and ground water, which seep into the 

root zone. Irrigation is needed in areas where water from 

natural source is inadequate for crop production or is 

insufficient in some part of the year. A well-designed and 

operated irrigation project requires periodic appraisals in order 

to assess the level of its functionality (Sarma and Rao, 1997). 

Evaluation of performance of the project appraisal was aimed 

at evaluating the water conveyance networks to determine the 

associated problems and suggest solutions in order to obtain 

reliable discharges (Kusule et al., 2009).  

 

The objective of irrigation practice is to achieve the economical 

use of available water and ensuring equity for distribution over 

time and space (Jimoh, 1991). The success of any irrigation 

project depends on the proper functionality of water 

conveyance and distribution system (Kazaure, 2003). Hence, 

there is need to be checking the system performance from time 

to time so as to ascertain the level of system performance for 

judicious water conveyance to achieve high production with 

limited water resources. Therefore, this project was undertaken 

to evaluate the performance of conveyance system of Watari 

Irrigation Project in Kano State, Nigeria. 

 

2. STATEMENT OF THE PROBLEM 
In gravity irrigation system such as Watari Irrigation Scheme, 

there are potential problems associated with irrigation water 

distribution, such as inadequacy and inequity. These problems 

often lead to excess supply to some parts and shortage in other 

parts with potential consequences of water logging and salt 

build-up.  

 

 

 

 

Generally, the problems are caused by poor system 

performance of irrigation infrastructure and system 

operation/maintenance. In Watari Irrigation Project, there were 

no bench-mark indicators to show the level of water 

distribution system performance. Consequently, it is very 

difficult to ascertain the system performance without evaluating 

the performance indicators. 

 

3. OBJECTIVE 
 

The main objective of this research is to evaluate the general 

performance of water distribution system at Watari Irrigation 

Project 

 

4. METHODOLOGY 

 

4.1. Study area 
Watari Irrigation Project (W.I.P.) is located in Sudan Savanna 

belt of Northern Nigeria situated at latitude of 12.20N and 

Longitude of 8.30E in the valley of Watari River Kano State, 

Nigeria. The area has average maximum and minimum 

temperatures and relative humidity of 14.5oC; 32.2oC and 

33.5%; 74.5% respectively (Karaye, 2002). Surface irrigation 

method is being practiced in the developed area through gravity 

system. The main canal is 12km length with secondary canals 

branching out to convey water to sectors. 

 

4.2. System Operation and Managements 
The project area has being receiving the irrigation water from a 

dam which has a design capacity of 105 million m3 with an 

active storage capacity of 93 million m3 (Karaye, 2002).The 

irrigation water flows through one meter diameter orifice into 

the main canal which is 12km Length and conveys water to 

sectors mentioned above.  
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The system was operated by surface irrigation method through 

gravity irrigation system. The system has night storage 

reservoir at sector I and III used to collect and store irrigation 

water at night so that it can be used by the farmers during the 

day 

 

4.3. Determination of Performance Indicator 

The main canal of Watari irrigation project was constructed in 

form of a trapezoidal shape and lined with concrete. The cross-

sectional area of the canal was determined from equation of 

area of trapezium (Eq.1) 

 

                     (1)  

 

Where; A = area (m2), B= width of canal (m), C = width of 

canal (m), H = mean depth (m) 

 
1.1. Determination of discharge through the main canal 

Current meter was used to determine the discharge through the 

canal.  It operates by recording the number of impulses 

(revolution) per 10 sec. The calibration equation for the current 

meter is given by the manufacturer (eq. 2) used to calculate the 

velocity of flow at any selected station. The velocity of the 

flow was taken at three different points along the width of each 

section and at each point the depth at which the impulse is 

taken was 60 percent of the overall depth at that particular 

point. After the velocity has been calculated, the discharge was 

then determined   using continuity equation (eq. 3) 

 

V = 0. 11n + 0.0403   (2) 

 

Where; V = flow velocity (m/s), n = number of pulses per 

second.  Hence; 

 

Q = V A              (3)  

 

Where; Q= discharge through a point (m3/s), V = Velocity of 

flow (m/s), A= cross sectional area (m2) . The discharge Q 

through a given section is assumed to be uniform through an 

elemental area . Hence the total discharge through a section 

was determined by summation of all discharges at the points 

within the section as reported by (Douglas and Matthews, 

2004) 

Q =     (4)  

 

Where; Q = total discharge through section, (m3), A= cross-

sectional area (m2), n = number of points selected in a section 

 

The conveyance loss in the canal was therefore obtained by 

taking the difference of discharges between two sections (Eq 

5). 

 

QL   = Q1 – Q2     (5) 

Where; QL = conveyance loss (m3/s), Q1 = discharge at first 

section (m3/s), Q2 = discharge at second section (m3/s) 

 

 

4.5. Determination of Conveyance Efficiency 
Conveyance losses in the canal comprised of seepage and 

evaporation, but seepage is more pronounced, for the purpose 

of this study only conveyance loss due to seepage was 

considered, thus the amount of water seep from the canal 

depends upon the performance of the canal. The method used 

to determine conveyance loss from the canal was inflow-

outflow method. The technique involved in the discharge 

measurement was velocity-area method. The British Standard 

(B.S.) 3680 part 3A recommended that, the velocity area 

method is suitable for computing discharge from canals. 

 

Thus, the conveyance efficiency of the canal could be 

determined as the ratio in percent of the amount of water 

delivered by the canal to the amount of water received by the 

canal as reported by Jimoh, (1999). 

 

       (6)  

 

Where; Ec = Conveyance loss in (m3), vco = Volume of water 

delivered by the canal (m3), vci = Volume of water diverted in 

to the canal (m3) 

 

4.6 Determination of Canal Hydraulic 
The canal Hydraulic Efficiency was determined by taking the 

ratio of measured discharge at depth of flow to the designed 

discharge at the depth of flow (eq. 8) as adopted from Jimoh, 

1999. 

 

        (7) 

 

Where; EC = Canal hydraulic efficiency, Qm = measured 

discharge (m3), QD= designed discharge (m3/s) 

 

4.7. Determination of Manning’s Roughness Coefficient (n) 
The Manning’s roughness coefficient describes the level of 

roughness on a canal lining (Douglass and Matthews, 1996; 

Sharma and Sharma (2007). This entails the force opposing the 

fluid flowing in the canal and it increases with the roughness on 

the canal surface.  

Mathematically; 

        (8) 

 Where; v = velocity of flow (m/s), n = manning’s roughness 

coefficient, R = hydraulic radius, S = bottom slope 
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5. DATA PRESENTATION 
 

From the experimental results, the conveyance loss and 

manning’s roughness coefficient of discharge were determined. 

Also the hydraulic efficiency of the canal was calculated.  The 

results are presented and discussed in the subsequent sections.  

 

 

 

 

5.1. Conveyance Loss 
The conveyance losses in the canal between section A and F 

was computed and presented in table 1. The discharges were 

measured at following sections; A (canal upstream), B (2km 

away from point A), C (diversion to night storage reservoir I), 

D (diversion to sector 2), E (diversion to night storage reservoir 

II), and F (canal downstream) along the main canal for both 

early dry season (low release) and mid dry season (high 

releases). 

 

Table1. Conveyance loss in main canal from section A to F   (Length = 12km).   

Dry Season Inflow (m3/s) Total 

Diversion 

(m3/s) 

Excess Flow through 

drains (m3/s) 

Conveyance Loss 

(m3/s) 

Loss Per unit length 

(m3/s/Km) 

Early  0.92 0.69 0.09 0.14 0.0117 

Early  1.12 0.73 0.12 0.27 0.0225 

Early  1.32 1.01 0.18 0.13 0.0108 

Early  1.45 1.09 0.22 0.14 0.0117 

middle 1.36 1.18 0.03 0.15 0.0125 

middle 1.33 1.10 0.08 0.15 0.0125 

middle 1.52 1.31 0.11 0.10 0.0083 

middle 1.48 1.29 0.10 0.09 0.0075 

Late 1.32 1.15 0.07 0.10 0.0083 

Late 1.22 1.02 0.05 0.15 0.0125 

Late 1.14 1.00 0.06 0.08 0.0067 

Late 1.12 0.98 0.06 0.08 0.0067 

Average seasonal conveyance loss for the canal = 0.0091 m3/s/Km 

 

5.2. Manning’s Roughness Coefficient 

Evaluation of conveyance system at Watari Irrigation Project showed remarkable increase in Manning’s roughness coefficient 

along the main canal under consideration. The increments were expressed as a percentage of the designed coefficient (0.015) as 

presented in table 2. 

 

Table 2. Manning’s Roughness coefficient of the canal at sections A to F 

                     

Section 

Manning’s roughness coefficient (n) 

n1 n2 nav Designed n % increase n 

A 0.054 0.031 0.043 0.015 187 

B 0.053 0.031 0.042 0.015 180 

C 0.053 0.057 0.055 0.015 267 

D 0.094 0.091 0.092 0.015 516 

E 0.055 0.062 0.058 0.015 290 

F 0.053 0.036 0.044 0.015 197 

 

5.3. Hydraulic Efficiency 
The Hydraulic Efficiencies for various sections along the conveyance system were presented in Table 3. The highest hydraulic 

efficiency (71%) was obtained at section A while the lowest hydraulic efficiency (27.2%) was obtained at section D see (Fig. 2). 

             

Table 3 Canal Hydraulic Efficiency 

Section Depth of Flow (m) Designed Discharge 

(m3/s) 

Measured Discharge 

(m3/s) 

Hydraulic Efficiency 

(%) 

A 0.65 1.30 0.920 71.0 

B 0.62 1.50 0.860 57.3 

C 0.28 0.56 0.159 28.4 

D 0.80 1.42 0.386 27.2 

E 0.27 0.53 0.143 26.96 

F 0.32 0.33 0.096 29.1 
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Where; A= upstream of the main canal, B= section 2km away 

from A, C= diversion to night storage reservoir I, D= diversion 

to sector 2, E= diversion to night storage reservoir II, F = canal 

downstream 

 

6. DISCUSSION OF FINDINGS 

 

6.1 Canal Conveyance Loss 
The highest canal conveyance loss (0.27m3) was recorded in 

early dry season. The amount of water discharge in to the 

upstream (section A) was 1.12m3/s with corresponding total 

divisions of 0.73m3/s. this shows that the conveyance loss 

through seepage was greater than that passed through the drains 

(excess) at section F and the total conveyance loss per unit 

length was found to be 0.022 m3/s/km. similarly, the 

conveyance loss was less in the mid-dry season with value of 

0.08m3/s (table 1). Both discharges had the same magnitude but 

with different conveyance losses. The average seasonal 

conveyance loss was 0.0091m3/s/Km. 

 

6.2 Manning’s Roughness Coefficient 

The highest roughness coefficient (516%) was found in section 

D which corresponds to the lowest hydraulic efficiency in the 

canal (Fig. 1). This was true because the higher the roughness 

coefficient the lower hydraulic efficiency and vice versa This 

showed that there was too much friction against the flow at 

section D which resulted in low velocity compared with section 

A whose manning’s roughness coefficient was 0.043 (187% 

increment). Both the sections above have high roughness 

coefficient than expected when considering the designed value 

(0.015). This seepage was due to deterioration of the canal 

lining and infested weeds were emerged in the canal. It was 

identified that the canal was not properly maintained. As a 

result, the hydraulic efficiency of the canal was drastically 

reduced at all the sections under consideration while its 

Manning’s roughness coefficients at those selected stations 

were also reduced. Therefore, the rate of water supply to the 

main canal of Watari irrigation Project could not satisfy the 

crop water requirement.

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1 and 2. The Percentage increase in Manning’s coefficient (n) and Canal Hydraulic efficiencies  
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6.3 Hydraulic Efficiency 
The Hydraulic efficiency for the lined canal was expected to 

have a value in the range from 95% and above (Othman, 2004). 

Despite the fact that the main canal Watari irrigation project is 

lined with concrete, the hydraulic efficiency was found to be 

very low as shown in the Table 2 except at section A where 

relatively high efficiency of 71% was obtained. These low 

hydraulic efficiencies were attributed to high friction against 

the flow as a result of greater rise in Manning’s roughness 

coefficient in the canal.  Therefore, the main canal of Watari 

irrigation project could be described as inefficient with respect 

to hydraulic performance. 

 

7. CONCLUDING REMARKS 
 

Despite the fact that concrete lined canals were virtually 

impervious, it was identified that a reasonable quantity of water 

seeps out of the canal.  Hence, there is a need for rehabilitation 

of the main canal.  

 

8. CONTRIBUTION TO KNOWLEDGE 
 

In light of the literature review and study evidence, for Wateri 

Irrigation Project to work properly, the following 

recommendation are suggested; 

1. The irrigators should be trained on how to operate the 

turnouts so as to attain designed upstream head. 

2. The Proper Maintenance of the canals is essential, the 

management authority should emphasize on the 

maintenance of the water distribution facilities. 

3. The management authority needs to encourage the 

establishment of block associations for educating the 

farmers on the effect of destructing the water 

distribution structures. The associations should also 

be given status and role in the water Management 

Department. 
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