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ABSTRACT 

The aim of the research is to design suitable basin irrigation system for the downstream of Girei earth dam, for 

efficient use of the available water for the dry season farming activities. An effective irrigation system requires the 

determination of the slope of the field, the infiltration rate of the soil and the textural classification of the soil. All 

these parameters were used to design the basin irrigation for the downstream of Girei earth dam. The percentages of 

sand, silt and clay were determined using the hydrometer method and the result was found to be 78.4%, 5.2% and 
16.4% respectively. The textural triangular chart was used to interpret the result which showed that the soil is a 

sandy loam soil which is suitable for irrigation of rice farming. The double ring infiltrometer was used to determine 

the soil infiltration rate and result shows the moderate intake rate of the soil. The infiltration rate was 7.72 mm/min. 
The slope of the area was determined using the grid method of leveling and was found to be 0.0017 which is suitable 

for basin irrigation system. A trapezoidal channel was design based on the slope and soil type in the research area. 

Keywords: Irrigation system; Basin; Infiltration rate; Soil texture; Earth dam. 

 

1.0 INTRODUCTION 

Irrigation as practiced in many parts of the world to 

provide water for crop growth. Surface irrigation 

system is the most widely used method due to its low 

initial capital and maintenance costs, and low energy 

requirements (Singh and Bhallamudi, 1997). Basin 

irrigation system is one of the first irrigation techniques 

used (Clemens, 1998). In dry areas of the world such as 

the Middle East, India etcetera there is little or no 

rainfall and irrigation provide the total water needs of 

the crop production. In humid and temperate areas such 

as parts of west and central Africa, South East Asia and 

Europe, although crops can be grown under natural 

rainfall it is often insufficient and unevenly distributed. 

Additional water is sometimes applied to supplement 

rainfall in order to improve crop yields and quality. Out 

of the total area of 1,000 mha being cultivated in the 

world, only 200 mha are irrigated (20%). This 

produces more than 40% of the world’s agricultural 

output. The need to produce more food will thus 

depend to a large extent on enlarging the area under 

irrigation and improving existing schemes (Melvyn, 

1990). 
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The surveyed land downstream of Girei Earth dam was 

measured to be 100 hectares, which fall between the 

dam embankment and the main road. The farming 

practices in the available land include rice, maize and 

vegetables which are cultivated during the rainy 

season. With the dam, it is intended to utilize the land 

for farming by growing rice twice a year. An irrigation 

release gate incorporated to the dam is to convey water 

through a pipe of 12 inch diameter with control valve 

to a headwork with a still basin from where the water 

flows in to main canal and to the basin. Irrigation 

schemes are designed with the intention of producing 

some desirable pattern of plant growth. Such as 

vegetables, rice, maize etc. Maximum vegetative 

growth does not necessarily correspond to maximum 

yield, the best for the particular circumstances. It is a 

function of all the operations which go into the 

production of a crop and could be defined as the yield 

at which the benefit/cost ratio is maximum, though 

there are situations in which social rather than financial 

considerations are of greatest importance. If one of the 

resources, such as land or water, were severely limited, 

then optimum yield might be defined in terms of that 

alone. The important step is that the purpose of an 

irrigation development be clearly decided before the 

design begins. 

The Girei earth dam, despite the availability of land has 

not been fully utilized for dry season farming. In view 

of this, the idea of carrying this study comes into play. 

The study is be carried out because there was no record 

to show that the farmers in the area have made any 

effort towards utilization of the dam and the irrigable 

area for irrigation farming. The practice of irrigation 

farming is expected to help the farmers in the area to 

achieve a sustainable food production. The aim of this 

research is to design a mini surface basin irrigation 

system for Girei earth dam to boost the dry season 

farming in the research area. 

The research area is in Girei (Figure 1) which falls in 

the tropical climate of the country, it falls between 

(Latitude 9
° 

20
′
 to 9

°
 27

′
N and longitude 12

°
 23

′
 to 12

° 

27
′
E). It has monthly mean sunshine of about 220 

hours from January to April, this decrease to a mean 

207 hours between May to September due to increasing 

cloud covers. The mean sunshine hours increases again 

to about 255 hours for period between October and 

December. The average sunshine hours for the year 

stand at about 2750 hours approximately (Adebayo, 

1999). Upper Benue Valley has a tropical climate 

characterized by two distinct seasons. The two seasons 

are influenced by the inter tropical convergence zone 

(ITCZ). The movement of the ITCZ either to the north 

or South determines the occurrence of the rainy and 

dry seasons. The rainy season starts from April and 

ends September. Rainfall in upper Benue Valley starts 

from March and ends in October which implies that 

rainfall in Upper Benue lasts for eight months with 

peak rainfall in August and September; while March, 

April and October has low rainfall data (Adebayo, 

1999). The minimum rainfall data is 671.4 mm, while 

the maximum total rainfall data is 1,055.9 mm. 
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Figure 1: Map of Girei Local Government Area showing the study area 

 

2.0 MATERIALS AND METHODS 

2.1 Land Leveling 

The field was divided into square grids of 20 by 20 

meters. At each grid point, the Global positioning was 

determined to obtain the longitude, latitude and the 

relative elevation to sea level. The distance from the 

offset at the dam embankment to the edge of the main 

road was the horizontal distance and the differential 

height above sea level between the two points is the 

vertical interval: 

 

Gradient =  
Vi

Hi
                  …                    (1) 

 

Where: Hi = horizontal interval (m) and Vi = vertical 

interval (m). 

2.2 Soil Texture Classification 

The hydrometer method of soil textural analysis was 

used to determine the percentage of sand, silt, and clay 

(Beretta et al., 2014). 51 g of air-dried soil was put into 

a clean 600 ml beaker and about 300 ml of water was 
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added. The soil was placed in a water bath and warmed 

for 15 minutes; it was then transferred into boiling 

water for 5 minutes for complete destruction of organic 

matter present in the soil. The content in the beaker 

was allowed to cool down to room temperature. 50 ml 

of sodium hexametaphosphate (calgon) was added to 

disperse the soil. The dispersed content was transferred 

into a 1,000 ml cylinder, all the adhering particles were 

rinsed into the cylinder and more water was added to 

make the volume of 1,000 ml. the content was mixed 

and hydrometer was immersed into the suspension. 

After 40 seconds, the first hydrometer reading and the 

temperature of the suspension were recorded. After 2 

hours, the hydrometer was immersed the temperature 

and hydrometer was read. Using the result obtained the 

percentage of sand, silt and clay were computed as 

shown below: 

Sand = 100.0[H1+0.2(T1 - 68) -2.0] 2 … (2) 

 

Clay = H2+ 0.2 [T2 -68)-2.0] 2 … (3) 

 

Silt =100.0-(%Sand +%Clay) … (4) 

 

Where: H1 = first hydrometer reading; H2 = second 

hydrometer reading; T1 and T2 = temperature 1 and 2 

from the first and second hydrometer readings 

respectively.  

 

The soil textural triangle was used to determine the 

textural class of the soil. 

2.3 Determination of Infiltration Rate 

The double ring infiltrometer was used to determine 

the infiltration rate. The double ring infiltrometer was 

driven into the soil leaving about 15 cm of the 

instrument outside. This was done by first driving the 

smaller diameter cylinder into the soil before the larger 

diameter cylinder. Water was poured into the outer 

cylinder first, whose function was to take care of the 

lateral movement of water from the inner ring, when 

the wetting front has penetrated below the bottom of 

the ring. Water was then gradually poured into the 

inner cylinder until it reaches the height of about 3cm 

to the top of the cylinder. The stop watch was then 

operated for a certain period of time and the depth of 

water lowered was measured. The experiment was 

continued for time intervals 0-5, 5-10, 10-15, 15-20 

and 20-25…70-75 minutes each case, the 

corresponding depth was measured and recorded. The 

infiltration rate was then calculated in each case from 

the relationship below: 

𝐼 =  𝐷
𝑇⁄                                                        (5) 

Where: I = infiltration rate, D = depth in mm,  T = 

time in min. 

 

2.4 Design of water supply canal 

Open channel design involves determining the amount 

of water the channel must convey to the field. The 

following channel properties were determined: 

Channel capacity: This was estimated from: 

 

𝑄 = 𝐴 𝑥 𝑉                                                      (6) 

 

Where: Q = the channel capacity (m
3
/s), A = the area 

of the channel (m
2
), V = the flow velocity (m/s). 

 

Velocity of flow: The velocity of flow in a channel 

should be high enough to prevent the deposition of 

suspended particles but low enough to prevent the 

erosion of channel beds and sides. The velocity of flow 

was calculated from the Manning’s Equation in the 

form: 
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𝑉 =  
𝑅2 3⁄ × 𝑆1 2⁄

𝑛
                                        (7) 

 

Where: V = flow velocity (m/s), S= slope of the field, 

R= Manning’s roughness coefficient, n= Manning’s 

constant. 

But, 

𝑅 =  𝐴
𝑃⁄                                                        (8) 

𝐴 = 𝑏𝑑 + 𝑧𝑑2                                               (9) 

 

Where: b = bottom width (m), d = depth of the channel, 

z = the side slope, P = the wetted perimeter (m); b = 

bottom width (m). 

 

𝑃 = 𝑏 + 2𝑑√𝑧2 + 1                                      (10) 

 

Channel shape: A trapezoidal channel was chosen for 

the purpose which is the most efficient section. The 

cross sectional area and the wetted perimeter of the 

channel area used was determined from equations four 

and five above. 

Slide slope: this was determined primarily by soil 

texture and stability 

Bottom width: the bottom width was estimated from 

equation 9 below; 

 

𝑏 = 2𝑑 tan(𝜃 2⁄ )                                  (11) 

 

Where: b = the bottom width (m), d = the depth of the 

channel in (m), ø = the side slope angle in (degrees) 

Top width:  the top width of the channel was 

estimated from: 

𝑇 = 𝑏 + 2𝑑𝑧                                               (12) 

 

Where: T = top width in (m), b = the bottom width (m), 

z = the side slope. 

 

2.5 Basin design 

In the design of basin, the various equations used were 

based on equating the volume of water applied to a unit 

width basin strip during the time period of water 

advances from the head to the end of the basin strip 

(Kishan et al., 2016). As a basis for design, the 

designer must know the intake characteristics of the 

soil. The following variables are important in basin 

design (Singh and Bhallamudi, 1997). 

Opportunity time: The opportunity time 

required for intake of the selected application depth 

was estimated from cumulative intake equation: 

 

𝑇𝑛 = (
(𝐹𝑛 − 𝑐)

𝑎
)

1

𝑏

                                     (13) 

 

Where: Tn = opportunity time (minutes), Fn = 

application depth (millimeters), a, b and c are constants 

based on the intake time. 

 

Advance time:  The advance time was 

estimated from equation 13: 

𝑇𝑡 = 𝑅 𝑋 𝑇𝑛                                                (14) 

 

Where Tt = advance time (minutes), R = efficiency 

ratio (percentage), Tn = opportunity time (minutes) and 

R can be obtained from table. 

 

Basin length and inflow rate: The mass balance 

equation below was used to estimate the length of the 

basin strip as a function of unit inflow rate and advance 

time. 

𝑇 =
6 × 104𝒬𝑈𝑇𝑡

𝑎𝑇𝑡
𝑏

1+𝑏
+ 7.0 + 1798𝑛

3
8⁄ 𝒬𝑢

3
16⁄

            (15) 
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Where: L = basin length (m), Qu = inflow rate (m
3
/s), n 

= Manning’s roughness coefficient; a, b and c are 

constants based on the intake time. 

 

Inflow time: This is the time required to apply the 

gross application onto the basin strip, this was 

computed using the formula. 

𝑇𝑎 =
𝐹𝑛𝐿

600𝒬𝑢𝐸
                                            (16) 

 

Where: 𝑇𝑎 = the inflow time  

 

Maximum depth of flow: The maximum depth of flow 

is the maximum depth the water is restricted to attain; 

it was calculated from the Jensen’s equation below: 

 

𝑑 = 2250𝑛
3

8⁄  𝒬𝑢

𝑎
16⁄

𝑇𝑎

3
16⁄

                       (17) 

 

Where: d = the depth of flow at the inlet of the basin 

strip. 

2.6 Irrigation water requirement 

This is the amount of water needed for the irrigation. 

According to FAO (2009) the total growing period of 

rice are 90-150 days and the water needs range from 

450 – 700 mm. 

Readily Available moisture (RAW): This is the depth 

of water that is always present at the root zone of the 

plant (Michael, 1978), this was estimated from 

 

RAW =  Sa + P                                          (18) 

 

Where: Sa = available soil for sandy loam, P = 

fractional available water for rice on soil. 

 

Net Water Requirement (NWR): was estimated from 

NWR = RAW x 50% water depleted      (19) 

 

Gross Water Requirement (GWR) was estimated from 

 

GWR =  
NWR

System efficiency
                            (20) 

 

3.0 RESULTS AND DISCUSSION 

The land leveling result (Table 1) was used to find the 

slope of the field using equation 1. The calculated 

slope was 0.00107, which shows that the land is 

relatively flat and suitable for basin irrigation system 

which requires the land gradient to be less than 0.02% 

(Bruce and Stanley, 1974). 

Using the textural triangle, the soil in the study area 

was found to be sandy loam. The study area was found 

suitable for surface irrigation scheme. 

 

Table 1: Results obtained from hydrometer analysis 

S/NO. Soil Particle size (%) 

1 Sand 78.4 

2 Clay 16.4 

3 Silt 5.2 
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The values of infiltration rates were used to plot the 

graph of the cumulative intake rate against time (Figure 

2). The graph assumes a curve which falls from the top 

downwards and hence the infiltration rate was 

determined when the graph assumes a constant value of 

infiltration. 

The equation for the design of the open trapezoidal 

Irrigation channel were adopted from manning 

equations and continuity equations and also standard 

tables were used to determine the required variables in 

the channel cross section (Figure 3).

 

Figure 2:  A graph of average infiltration rate against time for the research area 

                                                                                 

 

                                                                                 

                                                                                                                                          

 ____ 

 

                                                                       

                                                                                                                         

                                                                      

Figure 3: Cross section of the designed channel of the research area 
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The gross water requirement is GWR = 49 mm as calculated from equation 18, which. 

According to FAO (2009) the total growing period of 

rice is 90-150 days and the water need is from 450-700 

mm and also the irrigation depth per application is 

approximately 50 mm. 

The irrigation water need of 700 m/ha is adopted for 

the design (based on the low humid conditions of the 

dry seasons). The land area is about 5 hectares. A 

maximum of 140 days growing period was adopted for 

the design (the remaining 10 days is for harvesting). 

The stream flow was calculated to be 0.07 m
3
/s. A bed 

width of 0.2 m adopted for the design. The bed slope 

was determined as 0.001, while the manning’s 

coefficient is 0.015. The side slope for the canal is 

1:1.5. The depth was obtained by trial and error 

method which yields a reasonable depth of 0.24 m 

which is adequate for the flow. A free board of 0.11 m 

was estimated and the total depth was computed as 

0.35 m. The opportunity was estimated to be 96.2 

minutes, the advance time was estimated as 55.7 

minutes, and the basin length was computed as 12 m. 

The inflow time was estimated to be 69 minutes and 

the maximum depth of flow was estimated as 56 

minutes. The irrigation water requirements were 

computed as follows: Readily available water to be 78 

mm, Net water requirement was computed as 39 mm, 

this was too adequate for irrigated maize as 

recommended in the literature. The Gross water 

requirement estimated as 49 mm this value was also 

found adequate for irrigated maize. 

Different types of tests and analysis were carried out 

on the land which ranged from topographic survey, soil 

infiltration test and textural classification and land 

leveling to enhance accurate design of this research. 

Global positioning satellite survey was carried out on 

the land, and the reduced level of key locations of the 

area under study was produced which indicated the 

slope of the area is 0.00107 which is suitable for basin 

irrigation. The hydrometer analysis confirmed that the 

soil under study is sandy loam which consists of 78.4% 

sand, 5.2% silt and 16.4% clay. The characteristics of 

sandy loam include moderate intake rates, average 

water holding capacity which makes the soil suitable 

for basin irrigation system. The moderate intake rate of 

the soil was established. The width chosen for the 

channel design was 0.2 m which is not too deep or 

shallow for the design. The depth was estimated to be 

0.24 m in the design. It was confirmed to be 

appropriate for basin irrigation. The velocity was 

confirmed to be non-erosive but it is high enough to 

prevent deposition of suspended substances inside the 

system that can convey enough water for the irrigation 

system. All the parameters obtained were found 

suitable for the design of a surface basin irrigation 

system. 

After the design of the channel was carried out 

successfully, the basin was then designed by evaluation 

of the inflow time, advance time, basin length, 

opportunity time and maximum depth of flow. The 

values obtained were observed to be reasonable for this 

design of basin irrigation system of the area. The 

irrigation water requirement was determined and this 

result seems to be adequate for the project and hence 

every variable was calculated using the right data 

standard tables. The layout of the project area shown in 

Figure 6, and was in accordance with the natural 

topography of the area. The direction of the flow of 

water is towards the main road close to the area. 
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4.0 CONCLUSION 

The slope of the field, the infiltration rate of the soil 

and the textural classification of the soil were all 

determined and used to design the basin irrigation 

system for the downstream of the Girei earth dam. The 

slope of the land was found to be 0.0011 which is 

suitable for basin irrigation system. The intake rate of 

the soil is moderately low to moderately high based on 

the values obtained from the experiments carried out in 

the study area, which indicates the suitability of the soil 

for basin irrigation design. The design of the basin was 

in relation to the soil type and the water requirement 

for rice which is the most commonly cultivated product 

in the research area. A trapezoidal channel was design 

based on the slope and soil type in the research area. 
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