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ABSTRACT 

Hydraulic infrastructures and institutional aspect of watari irrigation project were assessed. The 

research techniques employed include; maintenance performance indicators (relative change of water 

level-RCWL, effectiveness of infrastructures-EI, dependability of duration-DD and sustainability of 

irrigation area-SIA), questionnaire and field observation. The results of maintenance performance 

indicators of the project were: for RCWL – the water level reduced by 34%; for EI – only 70% of the 

infrastructure found to be working properly while 30% got damaged; for DD – remains same (100%) 

while for SIA – 7.83% of the irrigable area (downstream) left uncultivated due to water allocation 

problems. The information generated from questionnaire revealed that, there were lot of institutional 

irregularities and complains from the farmers in respect to water allocation among the water users. The 

results obtained from field observation revealed that; most of the canals were infested with weeds 

(vegetated) and silted-up which reduces conveyance capacity of the structures. There were also many 

canal breaches which caused excessive conveyance losses through seepage. Therefore, there is need for 

all stakeholders (Government, WUAs, Farmers and NGOs) to actively participate in operation, 

management and maintenance of the project.  
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1.0 INTRODUCTION 

The importance of irrigation today cannot be 

overemphasized particularly in arid and semi-

arid regions of the world. The need for survival 

additional food supply are necessitating a rapid 

expansion of irrigation throughout the world. 

Even though irrigation is a top priority in the 

arid and semi-arid regions of the world, it is 

becoming increasingly important even in 

humid region. (Shanono, 2011). Irrigation 

system has tremendously increase agricultural 

production through expansion of land areas 

under cultivation. It also provides opportunity 

through which certain types of crops which are 

not cultivated or which cannot grow well in the 

rainy season to be cultivated in the dry season. 

In addition, it provides room for many people 

to become employed both direct and/or 

indirectly (Rufa’i, 2011). According to Brady, 

(1999) from the Sudan to Sahel region of 

Nigeria, land is traditionally cultivated once in 

a year due to the short duration of rainy season. 

The need to feed and improve the standard of 

living of the ever-increasing human population 

led to the cultivation of the same land twice or 

more in a year which has improved the 

farmer’s standard of living. Irrigation system is 

designed purposely to improve the supply of 

water to the farm either through traditional 

means such as shaduf, canals etc. or by means 

of modern irrigation system such as pumping 

machine, sprinkler, drip etc. The success of 

irrigation project depends to a large extend on 

the proper functioning of water conveyance 

and distributions system (Kazaure, 2003). 
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Availability and efficient distribution of 

irrigation water is one of the key constraints to 

irrigated production worldwide (Tya, 2011). 

Head-tail problems, excessive seepage and 

malfunctioning structures due to poor 

maintenance lead to low water use efficiency 

and low productivity. These are some of the 

commonly expressed problems in most 

irrigation schemes in Nigeria. A large part of 

low performance may be due to inadequate 

water management at system and field levels 

(Beyribe et al., 2004). Poor distribution and 

management of irrigation water are some of the 

major factor contributing to this situation. 

Assessment and evaluation of system 

performance both institutionally and 

technically are needed to properly operate and 

maintain an irrigation system (Sarma and Rao, 

1997).  

Many researches have been conducted on soil 

and water quality in the effort of improving 

irrigation farming in the study area but little or 

no attention was paid to infrastructures and 

institutional aspect. The study intended to 

assess and evaluate performance of watari 

irrigation project structurally and 

institutionally. 

 

2.0 MATERIALS AND METHODS 

2.1 Study Area 

Watari Irrigation Project is located at Bagwai 

Local Government Area in Kano State within 

the Sudan savannah belt of Northern Nigeria. 

The project is situated along Bichi - Gwarzo 

road north-western part of Kano about 50 km 

from Kano city. It is located within latitude of 

12
o
6’ – 12

o
10’N, and longitude 8

o 
09’ – 8

o 
16’E.  

The area has altitude of about 490 m in a valley 

of the Watari River, a tributary of Challawa 

River which is also a tributary of Kano River. 

The project was initiated and constructed from 

1987 to 1991 by Kano State Water Resources 

and Engineering Construction Agency 

(WRECA) under Kano State Ministry of 

Agricultural and Natural Resources, sponsored 

by Kano State Government. The project was 

handed over to Kano State Agricultural and 

Rural Development Authority (KNARDA) by 

Ministry of Agricultural and Natural Resources 

in 1991. The Watari Irrigation Project (WIP) has 

an area of 4,575 ha of which only 2,601 ha is 

suitable for irrigation out of which 1073 ha has 

been developed (Karaye, 2002). The developed 

project area was intersected by eight tributaries 

which created major obstacles for the 

construction of the irrigation main canal. 

Therefore, the main canal was crossed over the 

tributaries through inverted siphons and bridges 

(Hasconing, 1991).  The meteorological data 

obtained from the area indicated an average 

maximum and minimum temperature of 38.2 
0
C 

and 14 
0
C respectively. It has an average 

relative humidity of 74.5 % during wet season, 

and 33.5 % for the dry season. It also has an 

average annual rainfall of 813 mm (Haskoning, 

1991).                         

2.2    System Network and Operation 

The project has a dam located at upstream, 

which serves as the source of irrigation water.  

The dam has a total design storage capacity of 

105.1 million m
3
, it has active storage capacity 

of 93 million m
3
, and the reservoir surface area 

is 1959 ha. It has a drainage catchment area of 

653 km
2
 with outlet at the southern part of the 

dam of 1m-diameter orifice in which water flow 

into the main canal. The southern reservoir 

outlet comprises of hydraulic system (Howell 

Bunger Valve) which is used to control the 

amount of irrigation water to be applied. The 

main canal is initially 12 km long with 

distributaries canals branching out to convey 

water to four sectors (sector 1; 160 ha, 2; 168 
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ha, 3; 217 ha and 4; 72 ha). There is also a 

northern reservoir outlet supplying irrigation 

water to sector 8; (72 ha) using a distributary 

canal of about 0.8 km. There is also an 

overlapped area of 112.5 ha. In 2010 the main 

canal was increased by 4 km and sector 5; (273 

ha) was increased making main canal to be 

16km and six sectors were developed out of 

eight sectors  and 1072.5ha out of  2691 ha that 

are initially intended to be developed. Surface 

irrigation method is practiced in the developed 

area. Irrigation season at Watari Irrigation 

Project (WIP) last for about 16 weeks between 

(January – May) and categorized into three 

stages. Early stage, middle stage and late stage 

with water releases from release gate of 40, 80 

and 60% of the total gate (1 m diameter orifice) 

respectively. The water conveyance system is 

operated through gravity system from the dam 

located at upstream to the downstream. The 

system has two night storage reservoirs located 

at sector 1 and 3 which are opened to collect and 

store the irrigation water at night for use by the 

farmers in the day time. The irrigation water is 

slowly released at the beginning of the irrigation 

season because most of the farmers are yet to 

prepare their plots for irrigation. At the middle 

of the irrigation, water is released at the highest 

discharge, and at the end of the irrigation season 

toward the start of the wet season, the irrigation 

water is reduced gradually.   

2.3 Field Work    

The materials used were: Maintenance 

performance indicators, Questionnaire, 

interviews, camera, meter rule, measuring tape 

and design documents. 

. 

2.3.1 Maintenance performance indicators 

2.3.1.1 Relative change of water level 

(RCWL) 

It was computed by taking the actual water 

depth from the canal bottom and comparing it 

with the design water depth at same position in 

main canal, i.e. changes of water depth from the 

design depth (Boss, 1997; Kloezen and Garces-

Restrepo, 1998) 

100d

d

C
RCWL x

I
 …………………2.1 

Where:  Cd
 

= Change in depth (m);                      

Id = Intended depth (m)     

2.3.1.2 Effectiveness of infrastructure (EI) 

EI was measured as the ratio of the number of 

functioning structures to the total number of 

structures initially installed (Boss, 1997; 

Kloezen and Graces-Restrepo, 1998). 

100
fs

ts

N
EI x

N
 ………………………2.2 

Where: Nfs
 
= Number of functioning structure; 

Nts = Number of total structures               

2.3.1.3 Dependability of duration (DD) 

The DD was estimated as the ratio of the actual 

duration of water delivery to the intended 

duration of water delivery (Boss, 1997; Kloezen 

and Graces-Restrepo, 1998) 

 100dwd

dwd

A
DD x

I
 …………………..2.3 

Where: Adwd= Actual duration of water delivery 

(hr); Idwd = Intended duration of water delivery 

(hr) 

2.3.1.4 Sustainability of irrigation area (SIA) 

The SIA was measured as ratio of current area 

under irrigation to the initial total irrigation area 

(Boss, 1997; Kloezen and Grace-Restorepo, 

1998.) 

ia

ia

C
SIA

I
 …………………………2.4 
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Where: Cai= Current irrigable area (ha);                                                

Iai = initial irrigable area (ha). 

2.3.2 Questionnaire Design and 

Administration  

A questionnaire was designed and used for data 

collection from the farmers in the study area. 

Fifteen (15) respondents were selected 

randomly each from the three (3) sectors (sector 

1, 2 and 3) visited in the study area making a 

total of fourty five (45) questionnaires. 

3.0 RESULTS AND DISCUSSION

3.1 Maintenance Performance Indicators 

3.1.1 The relative change of water level 

(RCWL) 

From Table 3.1 as per the design documents, 

the water depth in the main canal is 0.95m 

whereas the average measured water depth 

from this research was found to be 0.63m, 

indicating 34% decrease in water level in the 

main canal (figure 3.1). This showed that the 

siltation in the canal is up to 0.27m depth. 

Hence, less discharge was delivered to the 

farms forcing the farmers either to increase the 

irrigation time or decrease the irrigated area.   

3.1.2 Effectiveness of infrastructures (EI) 

Table 3.1 shows that, from the design 

document, the total number of structures 

constructed so far was 90, but only 63 of them 

were functional. As a result, the value of 

effectiveness was calculated to be 70% (figure 

3.1). It means almost one-third of the structures 

have been destroyed. Hence, there is need to 

reconstruct the destroyed structures for proper 

usage of the whole system. 

Table 3.1: Design and Measured values of the maintenance performance indicators 

PI Design Value Measured Value % Working % Not working 

RCWL (m) 0.95  0.63 66 34 

EI (Structures) 90  63 70 30 

DD (Hours) 12  12 100 0 

SIA (ha) 1,072  988.40 92.2 7.8 

Note: MPI = Maintenance Performance Indicators 
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Figure 3.1: Design and Measured values of the maintenance performance indicators 

3.1.3 Dependability of duration (DD) 

The intended duration of water delivery in the 

design document was 12hrs (table 3.1) 

irrigation time per day (7:00am – 7:00pm). 

However, farmers maintained the same 12hrs 

per day, the calculated dependability of 

duration was 100% showing that, the 

anticipated time remain the same. 

3.1.4 Sustainability of irrigation area (SIA) 

Table 3.1 also shows that the initial total 

irrigable area was 1,072.5ha, but the current 

irrigable area is 988.4ha. As a result, the value 

of sustainability was 92.17%.   This showed 

that about 7.83% (Figure 3.1) of the total 

irrigable area were abandoned. 

 

 

3.2 Farmers Responses 

3.2.1 Current Irrigable area 

Figure 3.2 indicated that about 8% of the total 

developed area was abandoned due to the 

shortage of water delivery. This problem was 

commonly found at down streams. This 

problem is expected to encroach continuously 

with time. Hence appropriate solution has to be 

put in place through proper distribution and 

equitable share of water among water users. 

About 56.56% of the farmers received 

insufficient water during irrigation season and 

this was commonly found at down and mid-

stream. Whereas 44.44% got sufficient water 

most of which are situated at up and mid 

streams this revealed that, there were excessive 

conveyance losses due to faulty structures. 
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Figure 3.2: Farmers’ response to some questions 

Note: UA = Uncultivated area; WS = Water sufficiency; IDD = Irrigable during design 
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About 66.67% of the farmers experience 

inadequate water supply toward the end of the 

season, this was attributed to the fact that, the 

crops were at the peak water requirement.  

 

 

Another reason was high rate of water loss 

through seepage and evaporation. All farmers 

(100%) were aware that, there is need for their 

contribution in operation and maintenance of 

the project, yet they do not participate in the 

maintenance of the project. (little or no 

contribution from the farmers). 62.22% of the 

farmers irrigating their plot twice or more in a 

week, which was commonly found at up and 

mid streams. Even though there is relationship 

between crop growth stage and irrigation water 

requirement but availability of water supply at 

up and mid streams make farmers to over 

irrigate their plots while shortage supply 

necessitated farmers at downstream to under 

irrigate or abandoned their plots completely. 

About two-third of the farmers were not aware 

of considering crop growth stage before 

deciding how much amount of water to be 

applied. This is a very crucial issue which need 

to be properly addressed by agency staff by 

guiding farmers on when and how much water 

to be applied. 84.44% of the farmers decided to 

irrigate their farm plots whenever they wish. 

Hence, farmers in the upstream may use too 

much of water ignorantly compared to those 

located in the midstream and downstream.  

 

82.22% of the farm plots were considered 

irrigable during design, whereas about 17.78% 

of the farmers illegally breaks the main canal to 

siphoned water to their farm plots considered 

non-irrigable area during design. This might 

led to inadequate water supply to the areas 

considered irrigable during design. More than 

two-third (68.89%) of the farmers wants the 

water allocation system to remain the way it 

has been practiced, most were those situated at 

up and mid streams but only 31.11% want the 

system to be change, most of these were those 

farmers situated at downstream. About 88.89% 

of the farmers believed that, they are the ones 

to open or close the gates. This was one of the 

biggest problem in the study area. If that was 

the case, there is need to change the current 

water allocation system (continues flow 

allocation system) so that even those 

downstream can receive the required amount of 

water to irrigate their plots. Therefore, rotation 

allocation system is recommended. 

3.3 Physical Condition of the Hydraulic 

Infrastructures 

3.3.1 Failure of conveyances structures 

One of the identified problems related to 

hydraulic structures at Watari Irrigation Project 

was leaky structures (ie. canal breaches). It was 

observed that, there were many broken slabs 

along the main canal. This led to excessive 

conveyance losses as a result of high rate of 

seepage through the breakages. However, the 

status of the main canal, distributaries canals 

and the water control structures showed that no 

proper maintenance has been put in place for a 

long period of time.  

3.3.2 Siltation of the irrigation canals 

Most of the canals were silted up. The water 

flowing in canal contained silt particle which 

keeps on accumulating with time to the extent 

that it reduce the carrying capacity of the 

canals. This is also another alarming problem 

which need to be properly addressed. 

3.3.3 Weed infestation 

It was observed during the field work that, 

canals are poorly maintained. Most of the 

canals both at primary and secondary levels 

were infested with weed (vegetated), which 

reduces the carrying capacity of the canal and 

increases its roughness coefficient.
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4.0 CONCLUSION 

The study was conducted to assess hydraulic 

infrastructures and institutional aspect of 

Watari Irrigation Project. Maintenance 

performance indicators, field observation, 

interviews and structured questionnaire related 

to institutional setup and water management 

were used. Based on the result obtained it can 

be concluded that about 30% of water control 

structures were damaged and found to be 

malfunctioned. There were many canal 

breaches, canal siltation and weed infestation 

(vegetated) which reduced the carrying 

capacity of the canals. Farmers with farm plot 

situated at upstream had available water to 

irrigate their crop while those at midstream and 

downstream receive inadequate amount of 

water to irrigate their plots. About 7.83% of the 

irrigable area at downstream was abandoned 

due to inadequate supply of water. 55.56% of 

the farmers received insufficient water during 

irrigation and this was commonly found at 

down and mid-stream, this revealed that, there 

were excessive conveyance losses due to faulty 

structures. Some of the farmers over irrigate 

their plots among others. These problems need 

to be properly addressed through rehabilitation 

of the main canal, distributaries canals and 

field channels. There is need to change the 

current water allocation system (continues flow 

allocation system) so that even those 

downstream can receive the required amount of 

water to irrigate their plots, rotation allocation 

system is recommended. Therefore, all stake 

holders (Government, WUAs, Farmers and 

NGOs) should actively participate in operation, 

management and maintenance of the project. 

Government should routinely maintaining the 

hydraulic infrastructure especially at primary 

and secondary levels. NGOs and agencies 

should help in enlightens farmers on how to 

participate in maintaining of the scheme at 

tertiary level. 

 

REFERENCES 

Beyribey, M. Cakmak, B. Yıldırım, Y.E. and S. 

Kodal (2004). Benchmarking performance of 

irrigation schemes:   A case study from Turkey. 

Irrigation and Drainage. 53:155-163 

Bos, M. G. (1997). Performance indicators for 

irrigation and drainage. Irrigation and Drainage 

Systems, 11:119-137. 

 

Brady, N. C. and Weil Ray, R. (1999). The 

Nature and Property of Soil, 2
nd

 Edition, T.J 

Publishing Company New York. 17- 175pp. 

Haskoning Engineering (1991). Consultants 

(Nigeria) ltd in coorperation with Haskoning 

Royal Dutch Consulting Engineers and 

Architects. A feasibility study repot.  

 

Karaye, M. I. (2002). Evaluation of Soil 

Erosion in Watari Irrigation Project, Bagwai – 

Kano, Nigeria. A post graduate Diploma in 

Agricultural Engineering Thesis, Submitted to 

Department of Agricultural Engineering, 

University of Agriculture Makurdi-Nigeria. 

 

Kazaure, Y.D. (2003). Organizational aspect of 

water management.  Promotion of Participatory 

Irrigation management in Hadejia Valley 

Irrigation Project, Nigeria: Experiences on 

approaches, Lessons and Prospects. NAERLS-

ABU, Zaria, pp. 81-110.on  

 



ISSN : 1597-5835 

Shanono et al. (JET) Journal of Engineering and Technology Vol. 10 (2) 2015,   44-51 

www.bayerojet.com                                                                     51 

 

Kloezen, W. H. and Garces-Restrepo C., 

(1998). Assessing Irrigation Performance with 

Comparative Indicators: The Case of the Alto 

Rio Lerma Irrigation District, Mexico. 

Research Report 22. International Water 

Management Institute. Colombo, Sri Lanka. 

 

Rufa’i, M.S. (2011). Evaluation of Irrigation 

Farming in Hadejia Velley Irrigation Project; 

Phase 1. Stage 1. Jigawa State, Nigeria. An 

Under graduate Project, Submitted to 

Department of Agricultural Engineering, 

Bayero University Kano. 

Sarma, P.B.S., Rao V.V. (1997). Evaluation of 

an irrigation water management scheme a case 

study. Agric. Water Mgt. 32: 181-195. 

Sener, M., A.N. Yuksel and F. Konuken 

(2007). Evaluation of Hayrabolu Irrigation 

Scheme in Turkey using Comparative  

Shanono, N.J. (2011). Evaluation of Soil and 

Water Quality of Watari Irrigation Project in 

semi-arid Region Kano, Nigeria International 

Journal of Agriculture, Volume 3(4) PP 108-

112. 

Tya, T.S.K. (2011). Assessment of Water 

Allocation Strategies on Adequacy and Equity 

of Water Distribution at Tertiary Level of 

Geriyo Irrigation Project. American-Eurasian 

Journal of Agric. & Envron. Sci., 10(3): pp. 

419-424

 


