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ABSTRACT 

The twin problem of waterlogging and salinization in irrigated lands remains a serious challenge around the world. 

This study was conducted to provide a solution in combating the effect of waterlogging and salinization along the 
command area of Hadejia valley river basin. Soil samples were collected from the study area using stratified random 

sampling techniques to identify the extent of salinity or sodicity in the study area. Nineteen observations wells were 

drilled randomly in the study area to measure the water table depth and the depth of impervious layer. The result 
obtained from the soil test indicates that Calcium was generally the dominant base in the exchange complex. 

However, the levels of exchangeable sodium was high in some areas and increase with soil depth ranging from 0.2 to 
8.1 cmol (+) kg-1 and 0.3 to 12.4 cmol (+) kg-1 for topsoil and subsoil respectively. The ESP mean values ranged 

from 14.8% and 17.5% for the top soil and subsoil, respectively. Soil pH varied from 5.6 to 9.9 in the top soil and 4.8 

to 9.8 in the subsoil. Values for Electrical Conductivity (EC) of the soil saturation extract were generally very low, 
indicating that the soils are generally non-saline. Strong evidence shows that Soil sodicity was the most serious 

problem in the area. Results from observation wells indicated that the study area has a shallow impervious layer of 

2.6m. Seepage from adjacent River Hadejia contributes to the high water table (WT) and subsequent waterlogging. 
For optimum use of the land, a subsurface drainage was designed and the drain depth was calculated as 1.6m, drain 

diameter of 20cm and drain spacing of 14m and 10m using Hooghoudt’s and Glover Dumm’s conditions 
respectively. However, the WT was lowered to 1.1m suitable for most agricultural activities in the area. The overall 

pre-construction and construction cost was calculated as ₦635,000 and ₦1,520,000 respectively for a hectare of 

land.   

KEYWORDS: Subsurface drainage; Waterlogging; Hydraulic conductivity; Water table depth; Salinity/sodicity; 

Design, Irrigation 

1. INTRODUCTION 

Salinity and water logging, two manifestations of salt 

affected soils, are a serious threat to food and fibre 

production in the world.  An agricultural land is said to be 

water logged when its productivity gets affected by high 

water table and productivity gets affected when root zone of 

plant gets flooded with water. More than 33% of the worlds 

irrigated land is affected by salinization and water logging 

(Pandey, 2013). Water logging is mainly the result of 

increased water table and it occurs due to excessive or 

intensive irrigation in poorly drained soil where water can’t 

penetrate deeply and enters the soil faster than it drains 

away. It occurs even worse where there is compaction of 

subsoil layers, where water quickly enters the topsoil but is 

then blocked by water resistant clay layer, which may occur 

naturally or may be induced through excessive use of 

agricultural machinery. There are many ways which 

increases the water table like water from canals may seep 

through beds and sides of canals reservoir etc or seepage of 

water from adjoining high lands into subsoil of affected 

land or because of inadequate drainage system. Soil having 

less permeable substratum below topsoil will not be able to 

drain water deep into ground causes high water table. The 

elevated water tables result in mobilization of the stored salt 

and when this saline water table comes close to the soil 

surface, soil salinisation and water logging result, with 

detrimental effects on agricultural production. Agricultural 

practices often result in a mismatch between land quality 

and land use leading to soil fertility decline and general land 

degradation (Batjes, 2001; UNEP, 2002). The 

environmental costs of such mismatch are usually 

significant, such as water logging and the build-up of 

salinity and/or sodicity, depletion and pollution of 

groundwater and increase in pests and diseases (Hartemink, 

1997; Datta and de Jong, 2002; Bationo et al., 2004).  

Since all crops require good root aeration in order to 

produce optimum yield, high water table conditions, even 

for relatively short periods can adversely affect both crop 

yield and quality. High water table conditions result in total 

failure for nearly all crops. Water logging of the entire root 

zone for a period of two or three days is likely fatal if it 
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occurs at the crop germination stage, but crop can survive if 

it is during the active growing stage. Since most crops have 

a large proportion of their roots in the top soil, a significant 

proportion of their required water and nutrient (40 percent 

from the upper 25% of the rooting depth) is taken from the 

zone. Approximately 90-95 percent of the plant’s water and 

nutrient uptake comes from the top 75% of the root zone. 

Maintaining good root aeration in this part can help to 

optimize crop production. 

The need to grow more food to meet the demands of the 

population in Nigeria has led to intensification of land use, 

especially around irrigated and fadama (small scale 

irrigation system) areas. In the study area, adjacent farms 

from River Hadejia have been flooded by water due to 

excessive irrigation and seepage from the river. Farmers in 

this area have raised the cropping intensity by planting three 

different crops at a time thereby increasing the irrigation 

intensity and also, traditional crops like millet and sorghum 

grown during the wet season have been replaced by high 

water-and nutrient-demanding crops, such as rice and 

maize. The negative impacts of the changes in cropping 

pattern and land and water management practices are 

reflected in the declining crop yields and the appearance of 

water logging and signs of soil salinity/sodicity in many 

parts of the area (HJRBDA, 1999; Abubakar et al., 2004).  

For productive agriculture to continue, adequate leaching 

and drainage is necessary to remove salt left in the root 

zone after evapotranspiration of irrigation water (Hoffman, 

1985). The natural drainage capacity of the soil and the 

groundwater system in irrigation areas is often insufficient 

to remove water in excess of the crop requirement, 

engineered drains are necessary to prevent water logging 

and salinisation in the crop root zone (Tanji, 1990).  

This study therefore determined the extent of 

salinity/sodicity in the study area and provides suitable 

solutions to remedy these problems. A subsurface drainage 

system and an interceptor drain were designed to lower the 

water table in other to maintain good aeration in the root 

zone of crops. However, the construction cost was 

determined for effective installation in actual field 

condition. 

 

2.0 Materials and Methods 

2.1 Study area description 

The study was carried out along River Hadejia, Hadejia 

town in Jigawa State, Nigeria. The study area is located in 

the Sudan Savanna of Nigeria with coordinates of 

(12.432856ºN, 12.430470ºN, 12.428143oN, 12.420906ºN) 

latitudes and (10.044677ºE, 10.044324oE, 10.042611ºE, 

10.036630ºE) longitudes with elevation ranging from 

357.145 - 359.051m above sea level and an average annual 

rainfall of about 884mm increasing from north to south 

(Liman et al., 2013). The region is characterized with 

marked wet and dry seasons. It has been described as one of 

the most economically vibrant parts of Nigeria making huge 

contributions in agricultural production. The climate of the 

region has the dominant influence over most of the 

agricultural activities with millet, sorghum, cowpea, rice as 

the major crops grown in the state. Hadejia town where the 

study area is located has a major river with a catchment area 

of approximately 32,900 km2 which is a sub-catchment of 

the Hadejia-Jama’are-Komadugu-Yobe Basin (HJKYB), an 

inter-state and trans-boundary basin in Northern Nigeria, 

covering an area approximately 84,000 km2, before 

discharging into Lake Chad. The average water table depth 

ranges from 0.1 – 2.0 m below the ground surface. The area 

needs and everlasting solution to tackle this twin problem of 

waterlogging and salinity/sodicity. 

 

 
Figure 1: Location of the Study Area 
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2.2 Watershed delineation 

 
The watershed of the study area was delineated and 

analyzed with GIS software (ArcGIS 10.2). The software 

was used to delineate the watershed from projected DEM 

and raster data operation, and topographic features were 

derived (Chang 2008).   

However, contouring was done using spatial analyst tool in 

ArcGIS in the study area to know the points of equal 

elevation. Contour interval of 5m was used. The 

groundwater contour mapping was done using spatial 

interpolation in Arc tool box and Kriging method was used 

to interpolate the raster data.  

 
2.3 Soil analysis and data collection 

 
Soil samples were collected from the entire project area 

using stratified random sampling technique. Soil samples 

from 0-20cm and 20-40 cm depths were taken with soil 

auger. Particle size analysis was carried out by the 

hydrometer method (Day, 1965). Soil pH was determined in 

water and in 0.01 M CaCl2 at a soil/solution ratio of 1:2.5 

(weight/volume) with a glass electrode pH meter. 

Exchangeable acidity was determined by shaking the soil 

with l N KCl and titrating with 0.5 N NaOH (Juo and 

Kamprath, 1979). Exchangeable bases were displaced with l 

N NH4OAC buffered at pH 7.0. Cation exchange capacity 

was determined using the NH4OAC (pH 7.0) method. Void 

ration and porosity where determined by taking in a co-

sampler and volume of void and solid were analysed. The 

diameter corresponding to 10% finer in the particle-size 

distribution (D10) was also analysed.  

  

2.4 Soil characteristics 
 

Auger hole method was used to measure the saturated 

hydraulic conductivity (K) of the area at 150cm below the 

water table and a radius of 4cm at a time when the water 

table was below the soil surface. The raise of water in the 

hole was bailed out and was repeated eight consecutive 

times with 15 seconds interval (Kumar and Singh 2013). 

Two co-samplers were used to take a sample of soil in the 

study area, their moisture contents at saturation and at field 

capacity were determined. The difference of these soil 

moisture contents gave the drainable pore space. However, 

Void ratio was estimated using the ratio of the volume of 

voids to the volume of the solids and subsequently the 

capillary rise of the soil in the study area was determined 

using the equation developed by (Terzaghi and Peck 1948). 

The expression for the capillary is shown in equation 2.1.  

ℎ𝑐 =  
𝐶

𝑒𝐷10
                      …                               (2.1).  

Where, 

hc = capillary rise (mm) 

e = void ratio 

C = coefficient ranging from (10mm2 to 50mm2) 

D10 = effective size of soil particle (mm)  

The void ratio e was calculated as; 

𝑒 =
𝑉𝑣

𝑉𝑠

                   …                                        (2.2) 

Where; 

Vv = volume of void (m3) 

Vs = volume of solids (m3).   

  

 

2.5 Water table depth and depth of impervious layer 

 
During the summer (April-May) the water table of the study 

area was at its lowest. Points were selected randomly in the 

study area to determine the water table depth in the area. 

The entire study area has shallow water table depth, and the 

lower side of the area has completely saturated soil due to 

its low elevation. The selected points were at the upper side 

of the field. Nineteen observation wells were drilled to 

approximately 15cm radius up to a region of compacted 

clay which was considered as the depth of impervious layer 

(D). The observation wells were left for three days to allow 

the groundwater to rise for subsequent measurement of the 

water table depth. Rods were coated with chalk and were 

deepened into the wells and noting the points up to which it 

has been wetted. A measuring tape was used to measure the 

length of the wetted region on the rod which serves as the 

water table depth (WTD). 

 
2.6 Design parameters for subsurface drainage 

system 

2.6.1. Drain diameter 
The drain diameter (d) is dependent on the volume of the 

water to be removed per unit area per day and the gradient 

(SCS-Enineers, 1971).  The maximum amount of water the 

drain pipe carried depends on the pipe inside diameter, the 

grade or slope at which it’s installed and the ‘n’ value of the 

product that was used. Having known the ‘n value of the 

PVC pipe, the drain diameter was chosen in available 

tables. 
 
2.6.2 Drain depth 
The drain depth (H) lies between the depth of the 

impervious layer of the soil and the designed water table 

depth. The depth considered came about from the capillary 

rise of the soil from the designed water table depth and the 

depth of deepest rooted crop. 

 
2.6.3 Drain grades and velocities 
Subsurface drains were designed at uniform depth. The 

topography of the land indicates the range of grades 

available. The grade selected was sufficient enough to result 

in a non silting velocity which is about 0.4m/s (SCS-

Enineers, 1971).  

 
2.6.4 Drain envelop material 
Permeable filter material was selected for the design for the 

purpose of preventing fine grained materials in the 

surrounding soils from being carried into the drain by 

surrounding groundwater (SCS-Enineers, 1971).  

 
2.6.5 Drain spacing 
Drain spacing (L) depends on the hydraulic conductivity of 

the soil, crop or pasture requirements and the drainage 
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coefficient (Murty and Jha 2013). The length between two 

drains was calculated using available equations. In this 

design, equations developed by Hooghoudt and Glover 

Dumm were used for steady and unsteady state design 

respectively. 

 
2.6.6 Calculation of equivalent depth 
The actual depth (D) of the impervious layer was replaced 

by a smaller equivalent depth (d) representing an imaginary 

thinner soil layer above the impervious layer through which 

the same amount of water will flow per unit time as in 

actual situation. The expression for the equivalent depth is 

shown as Equation 2.3. 

𝑑 =
𝐷

8𝐷 
𝜋𝐿  

ln
𝐷
𝑢  

 + 1
                    …                 (2.3)  

Where, 

d = equivalent depth (m), L = pipe spacing (m), D = actual 

depth of the impervious layer (m) 

u = wetted perimeter (u = πro) (m) , ro = radius of pipe (m) 

 

2.6.7 Calculation of pipe spacing using Hooghoudt’s 

formula (steady state) 
Considering the steady state one dimensional flow by 

assuming parallel and horizontal stream lines, water table 

remains constant, homogeneous and isotropic soil and rate 

of recharge of groundwater was uniform and steady and it’s 

equal to the discharge through the drainage system, 

Hooghoudt’s formula (Equation 2.4) was used to calculate 

the drain spacing for steady state condition (Kumar and 

Singh 2013). Thus, 

𝐿2 =
8𝐾𝑏𝑑ℎ + 4𝐾𝑎ℎ2

𝑞
                     …             (2.4) 

Where, 

L = pipe spacing (m), Ka and Kb = hydraulic conductivity of 

soil in different layer (m/day) 

d = equivalent depth (m), h = height of water table above 

the water level in the drain (m), q = discharge requirement 

in depth of water removal (m/day) 

 

2.6.8 Calculation of pipe spacing using Glover Dumm 

Equation (unsteady state) 
Equation 2.5 was used in this design for the pipe spacing in 

situations where the water table rises sharply during 

application of water and then recedes due to instantaneous 

recharge in the case of application of water through 

irrigation or high intensity rainfall (Kumar and Singh 2013).          

L = π [ 
𝐾𝑑𝑡

𝜇
 ] ½ [l n1.16

ℎ0

ℎ𝑡
]-1/2                  ...           (2.5) 

Where,  

L = drain spacing (m), d = equivalent depth of soil layer 

below drain level (m), K = hydraulic conductivity (m/day), t 

= time of instantaneous recharge (day), µ = drainable 

porosity (%), ho = initial height of water table at t = 0 (m), 

ht = height of water table at time t (m)  

  
2.6.9 Manholes 
Manholes were designed after each 10m length of laterals. 

1× 1×1m was used as the designed size for the manhole for 

ease of accessibility with a concrete mix ratio of cement: 

sand: gravel as 1:3:4 (Murty and Jha 2013). Concrete 

thickness of 5cm was used, the cover of the manhole was 

buried at least 50cm below the surface of the soil and 

referenced. 

 
2.6.10 Drain arrangement 
Parallel arrangement of drains was used for this design. 

Single arrangement was done throughout the entire length 

and connected to a manhole. 

  
2.6.11 Drain outlet 
The drained water contains dissolve nutrients and high salt 

level, the outlet was designed to dispose in a ditch 

constructed along a tarred road. The discharge through the 

drain was calculated using Hooghoudt’s approach of steady 

state condition. The maximum rate of flow per unit length 

of the drain used was given by Equation 2.6 (Murty and Jha 

2013). 

𝑄 =
𝐿𝑞

2
                                …                             (2.6) 

Where; Q= flow rate (m3/s), L = length of pipe (m), q = 

drainage coefficient (m/day). 

 
2.7 Design of interceptor drain  
A trapezoidal ditch section with side slope 1.5 horizontal: 1 

vertical was designed as an interceptor drain to prevent 

seepage from adjacent river Hadejia to the study area. The 

designed parameters considered for this design are as 

follows;    

2.7.1 Determining the amount of water seeping towards 

the study area  
The quantity of water seeping towards the study area was 

determined using Equation 2.7;  

𝑄 = 𝑘
∆ℎ

𝐿
𝐴                             …                         (2.7) 

From equation (2.5), k
∆𝐻

𝐿
 = V   (Kumar and Singh 2013). 

Using Darcy’s law;  

Where; Q = flow rate through the seepage area m3/s, A = 

the cross-sectional area of the seepage area (m), V = 
apparent velocity (m/s), K = hydraulic conductivity (m/s) 

Δh = head loss (m) (elevation difference from the river and 

the water table of the study area), L = length of flow (m) 

(from river to study area). 

 

A certain flow rate was assumed during the design in case 

of flooding for a certain return period. The total flow rate to 

the interceptor drain was the summation of the assumed 

flood rate and the seepage flow rate. The designed channel 

was lined with concrete at the side lying with the study area 

and the bed, whereas the side lying adjacent to the river was 

unlined with a suitable grass (blue grass) planted along the 

slope of the unlined surface to reduce scouring and to resist 

erosion.  

 
2.7.2 Manning’s equivalent roughness coefficient 
The ditch consist of two different lining, an equivalent 

roughness coefficient (ne) was determined for use in 

Manning’s formula (Equation 2.8). Horton formula was 

used to determine the equivalent roughness. 

 ne = [
1

𝑃
∑ (ni

2/3 Pi)]2/3                 ...                   (2.8) 
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Where; n = Manning’s roughness coefficient, p = lengths of 

side (m) 

 
2.7.3 Cross-section of interceptor drain 
Trapezoidal cross-section has side slope of 1.5:1, top width 

t, base width b, design depth d and free board. 

The best hydraulic section for the trapezoidal channel used 

is given by Equation 2.9  

 𝑏 = 2𝑑 𝑡𝑎𝑛
𝜃

2
            …       (2.9)  

Where d = assumed depth.  

The length of the sloping side is given by Equation 2.10. 

𝑑√𝑛2 + 1                               …                           (2.10)   
The wetted perimeter of the trapezoidal channel is given by 

Equation 2.11                       

P 𝑏 + 2𝑑√𝑛2 + 1                        …                       (2.11)  

 The area of the cross-sectional area is given by Equation 

2.12 

A = (bd + nd2)          ...           (2.12) 

Where n = the value of the horizontal slope. 

 The hydraulic radius (R) was calculated as given by 

Equation 2.13  

 𝑅 =  
𝐴

𝑃
                      …                 (2.13) 

The average velocity of the channel was estimated using 

Manning’s equation (Equation 2.14) as; 

𝑉 =
𝑅

2
3

 𝑆
1
2

𝑛
                         …                             (2.14) 

Where; V = mean velocity of flow in the channel (m/s), 

R = hydraulic radius (m), 

S = Longitudinal slope of the channel (m/m), 

n = Manning’s roughness coefficient 

Using the average velocity, the discharge capacity of the 

channel was calculated as Equation 2.15; 

Q = AV                          ...                            (2.15)   

Where; Q = discharge capacity (m3/s), 

A = area of the channel cross-section (m2), 

V = average velocity of flow (m/s) 

 

 

 

3. Results and Discussion 

 
Reconnaissance survey shows that there was evidence of 

waterlogged and high salty soil in the area which makes 

cultivation impossible. Whitish deposits of salts have been 

observed in the area during the dry season when the water 

table was below the ground surface. Obviously, the high 

concentration of salt in the soil was mainly due to the 

excess use of fertilizers and over irrigation in the past. The 

main cause of waterlogging was seepage from adjacent 

River Hadejia. Lands were allowed to lay fallow during 

raining season due to rise in water table. To reclaim this 

land, subsurface drainage system was found to be suitable 

for the lowering of the water table in the study area as well 

as enabling leaching of salt present in the soil.  

3.1 Contour and water table map 

  
The contour map (figure 3.1) shows the elevation of the 

study area with lower elevation in the southern part of the 

study area at 357m above sea level. Water flows from River 

Hadejia at the nothern side at 358m above sea level of the 

area towards the southern region having lower elvation. 

From the water table map (figure 3.2), it is noticeable that 

the southern area has a shalow water table depth at the 

surface of the soil as a result of the gradient. However, the 

depth of water table in the nothern side is 18cm below the 

soil surface. 

 

 
Figure 3.1: Elevation of the study area 
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Figure 3.2: Study area water table map

3.2 Soil analysis 

Analysis of various physic-chemical parameters, Electrical 

conductivity (EC), acid-base scale (pH), Cation Exchange 

Capacity (CEC), Exchangeable Sodium Percentage (ESP), 

soil texture and bulk density, hydraulic conductivity of soil 

overlying the impervious layer, extent of capillary rise in 

the soil of project area and ground water required for 

subsurface drainage design were estimated.  

3.2.1 Soil tests and analysis  

The levels of exchangeable bases, Cation Exchange 

Capacity (CEC) and pH are shown in Table 3.1 and 3.2. 

The CEC varied widely but was generally moderate with 

mean values of 14.4 and 14.8 cmol (+) kg-1 for the topsoil 

and subsoil, respectively. Calcium was generally the 

dominant base in the exchange complex. However, the 

levels of exchangeable sodium are somewhat high in some 

areas and appear to increase with soil depth ranging from 

0.2 to 8.1 cmol (+) kg-1 and 0.3 to 12.4 cmol (+) kg-1, 

respectively in the topsoil and subsoil. The relatively high 

level of exchangeable Na is reflected in the high 

Exchangeable Sodium Percentage (ESP) values (Table 3.2). 

The ESP values ranged from 1.9% to 30.6% and 3.1% to 

40.6% with mean values of 14.8% and 17.5% for the top 

soil and subsoil, respectively. Soil sodicity is therefore a 

potential problem in the project area. Sodic soils exhibit 

structural problems such as crusting, hard setting and water 

logging associated with poor infiltration (Naidu and 

Rangasamy, 1993). Visual evidence of sodicity, such as 

crusting and water logging abound on many farmers fields 

in and around the study area. Values for Electrical 

Conductivity (EC) of the soil saturation extract were 

generally very low, indicating that the soils are relatively 

non-saline. Soil pH varied from 5.6 to 9.9 in the top soil and 

4.8 to 9.8 in the subsoil. Under normal soil condition (non 

saline/sodic) the solution or fluid within the plant roots is a 

stronger solution than the soil moisture, and a pressure  

 

differential (osmotic pressure) is always present. When this 

exists, the plant roots receive inflow of water or soil 

moisture sufficient for growth. When soil becomes salty, 

the concentration of salt in the soil moisture increases and 

approaches the concentration in the plant fluid, thereby 

reducing the inflow of water to the plants. If the soil 

moisture solution becomes too strong, osmosis slows down 

to the point where the plant wilts. This explains the 

condition where plants are wilting even though virtually 

submerged in water. In this situation, subsurface drainage 

will provide solution to the problem by providing means for 

leaching the soil.  

3.2.2 Soil physical properties 
Textural triangle was used to determine the soil texture. The 

soil contains a mixture of sand, silt and clay in different 

proportions. Clay being dominant with 48%, silts 25% and 

sand 27%.  The soil was generally clay loam in texture. 

The ratio of the volume of void to the volume of solids was 

used to the determined the void ratio of the soil as 0.59.   

The soil moisture content at saturation and at field capacity 

was taken, and the difference between the two moisture 

contents gave the drainable porosity of the soil as 5% (at 

volume basis cm3/cm3). Generally the value ranges from 1-

3% (Kumar and Singh, 2013) for clay loam soils. Drainable 

porosity represents the volume of water that can be drained 

from a unit volume of soil when the soil moisture suction is 

decreased from atmospheric pressure to some specific 

negative pressure (Kumar and Singh, 2013). 
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The drainage coefficient was estimated to determine the 

discharge rate of designed subsurface drainage (Murty and 

Jha, 2013). The coefficient is related to the climatic and 

infiltration characteristics of the soil. Water enters to the 

groundwater in the area through deep percolation, seepage 

or conveyance losses from watercourses and canals and 

rainfall.     

Drainage coefficient for the study area was calculated as 

0.0047m/day. This value represents the discharge of the 

subsurface drainage system.  

3.2.3 Hydraulic conductivity 
Hydraulic conductivity (K) of the study area was 

determined as 0.2m/day, while assuming a homogeneous 

soil profile. The value of the hydraulic conductivity was 

relatively higher than the ranges of clay loam soils given by 

Kumar and Singh (2013); Murty and Jha (2013) as 0.024-

0.012m/day and 0.001-0.005m/day respectively. However, 

the value was similar when compared to Clapp and 

Hornberger (1978). The reason behind the high value 

depends on the soil grain size, structure, porosity of the soil 

and the proportion of silt and sand in the soil.  

3.2.4 Capillary rise 
The capillary rise of the soil in the study area was 

calculated as 0.4m. The rise of water in the pore space of 

the soil is high due to the clay content of the soil. To 

provide good aeration at the root zone of plants and to 

prevent excess upward of salt movement in the root zone of 

crops, capillary rise was considered as a major parameter in 

the design of the subsurface drainage.  

 

Table 3.1 Exchange cations and CEC level of soil in study area 

Parameter Depth 0-20cm Depth 20-40cm 

  Mean SD Range Mean SD Range 

Ca 4.5 1.96 2.3-9.4 4.9 1.96 2.3-10.9 

Mg 1.7 0.69 0.5-3.2 2.1 0.95 0.5-42 

K 0.4 0.27 0.1-1.1 0.3 0.26 0.1-1.1 

Na 2.2 1.71 0.2-8.1 2.8 2.49 0.3-12.4 

Exchange Acidity 0.1 0.04 0.1-0.2 0.2 0.22 0.1-1.0 

CEC 14.4 5.33 8.4-29.6 14.8 5.61 9.6-30.6 

              

 

Table 3.2: Soil PH, Base saturation, ESP and EC levels of soil in study area 

Parameter Depth 0-20cm Depth 20-40cm 

  Mean SD Range Mean SD Range 

pH (H2o) 7.1 1.4 5.6-9.9 7.1 1.6 4.8-9.8 

pH (0.01MCaCl2) 6.3 1 4.9-8.9 6.2 1.4 4.1-8.5 

Base Saturation 62 13.5 36-92 66 11.2 37-86 

ESP (%) 14.8 8.16 1.9-30.6 17.5 9.1 3.1-40.6 

EC (dS/m) 0.12 0.13 0.003-0.42 0.13 0.139 0.019-0.40 

              

 *SD = standard deviation 

Table 3.3: Calculated values of parameters used for subsurface drainage design 

S/N      Parameters Calculated Values 

1 Hydraulic Conductivity 0.2m/day 

2 Drainable Porosity 5% 

3 Capillary Rise 0.4m 

4 Drainage Coefficient  0.0047m/day 

      

3.3 Depth of water table and impervious layer 

From the observation wells, survey shows that the water 

table fluctuates to different depth throughout the year, 

during raining season, the area is completely water logged 

and saturated during the winter period. The water table 

drops gradually up to about 2m below the ground surface 

during the summer period. Water rises to crop root zone 

during this time through capillary rise.  

The impervious layer was found at 2.6m below the ground 

surface using observation wells. The zone was considered 

as the impervious layer due to the presence of more 

compacted soil (Kumar and Singh 2013). If harden pans  
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exist at 1m below the surface, subsurface drainage will not 

be feasible (Kumar and Singh 2013). 

3.4 Design of subsurface drainage system and 

interceptor drain 

The designed subsurface drainage lowered and maintained 

the high water table and allows plants to develop their 

natural root pattern and establishes downward percolation 

of water in the soil profile and permit leaching of the salts 

present in the soil in the study area. However, the designed 

interceptor drain (an opened ditch) collects both surface 

flow and seepage from River Hadejia.  

3.4.1 Designed water table depth 

The effective rooting depth of selected crop and capillary 

rise was considered for estimating the optimum depth of 

water table for particular cropping pattern. The maximum 

rooting depths of various crops from the selected cropping 

pattern in the study area were studied and deepest rooted 

crop was considered for the design. The designed water 

table was determined at 1.1m below the ground surface. 

The designed subsurface drainage system was based on the 

estimated water table depth.  

3.4.2 Drain diameter 

Drains ordinarily were not designed to flow under pressure 

and the hydraulic gradient was considered to be parallel 

with the grade line. The size of the drain pipe required for a 

given capacity is dependent on the hydraulic gradient and 

the roughness coefficient "n" value of the drain (SCS-

Enineers, 1971). PVC pipes were used for the subsurface 

drainage having “n” value as 0.011. Using the discharge 

0.0047m/day and the gradient of the field as 0.001, the 

drain diameter was traced from the intersection of the 

discharge and the gradient from a drain capacity chart 

(SCS-Enineers, 1971) of n = 0.011. The drain diameter was 

calculated 20cm to carry the designed discharge. This 

diameter was used for the subsurface drainage design.    

3.4.3 Drain depth  

Drain depth and spacing of subsurface horizontal drainage 

system are related and depends on the hydraulic 

conductivity of the soil, cropping pattern, extent of 

waterlogging, outlet conditions and the depth of water table 

to be lowered (Murty and Jha 2013). The depth of drain was 

estimated as depth of water table to be maintained for 

proposed cropping pattern, capillary rise in the given soil 

and ground water quality conditions and the hydraulic head 

(h). 1.6m below the ground surface was selected to maintain 

the ground water level at a designed level of 1.1m below the 

ground surfaces sufficient to provide good environment in 

root zone area of the selected cropping pattern. 

3.4.4 Drain grades and velocity 

The topography of the land was used as the drain grade. The 

slope of the land was 0.1%, thus the pipes were placed 

accordingly with the slope of the area. The slope gave a 

velocity of 0.4m/s which was considered none silting. 

Velocities less than 0.4m/s were considered good for 

discharge (SCS-Enineers, 1971). However, the drain 

discharge was calculated as 0.003m3/s (10.6m3/hr) for the 

entire study area.  

3.4.5 Drain spacing 

Hooghoudt formula for steady state condition and Glover 

Dumm for unsteady state condition were used to determine 

the drain spacing. The hydraulic head for the study area was 

calculated 0.5m, thus the drain spacing was 14m using 
Hooghoudt method (steady-state condition) and 10m using 

Glover Dumm method (unsteady-state condition). After 

several trials, the results still gave low values of the drain 

spacing in both the conditions. The depth of the 

impermeable layer below the drain depth has a major effect 

on the spacing and clay loam soil has low permeability. 

Murty and Jha (2013) gave the drain spacing for clay loam 

soil ranges from12-21m for a drain depth ranging from 0.9-

1.1m. Moreover, Wright and Sands (2001) also gave the 

ranges of spacing for clay loam soil as 21m, 15m and 10m 

for fair, good and excellent drainage respectively for 

drainage depth of 0.9-1.1m. The calculated drain spacing 

falls within the range above and this is evident that the drain 

spacing was suitable for the design for clay loam soil.  

The summary of result for the drain diameter, designed 

water table depth, drain depth, drain grade, drain velocity 

and drain spacing are shown in table 3.4. 

 

Table 3.4: Calculated parameters for subsurface drainage design 

S/N Parameter Calculated values 

1 Drain diameter 0.2m 

2 Designed water table depth 1.1m 

3 Drain depth 1.6m 

4 Drain grade 0.003 

5 Drain spacing 14m (under steady-state condition)  

6 Drain spacing 10m (under unsteady-state condition) 

7 Drain velocity 0.4m/s 
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3.5 Drain appurtenances 

Manhole/Junction boxes with dimension of 1×1×1m were 

included in the design where two drain pipes meet. This 

dimension is suitable for inspection in case of clogging or 

blockage by rodent. The manholes were included for 

maintenance and flushing purposes.  

Parallel arrangement of the drain pipes was considered best 

for this design (Murty and Jha, 2013). The parallel lateral 

drains spaced at 14m were located perpendicular to the 

main drain. 

Gates, wire mesh and rods were included in the designed 

outlets to exclude small animals and debris. This protects 

the drains from blockages by external agents 

Pressure relief vents / breathers were included in the 

designed to serve for relieving pressure in the line of the 

drain. The relief pipes extended 1 foot above the ground 

surface while the exposed ends of the pipes covered with 

heavy wire mesh and firmly fixed to the pipe. The size of 

the riser pipes were less than the diameter of the drain. The 

vents were located at points where the drain grade changes 

to eliminate the possibility of building up excessive 

pressures (SCS-Enineers, 1971). 

3.6 Selection of envelope materials 

Synthetic envelope materials were used for this design due 

to its availability and its increasing popularity as it 

overcomes many drawbacks (Kumar and Singh 2013). The 

permeable envelope materials was placed/wrapped around 

the drains for the purpose of preventing fine-grained 

materials in the surrounding soils from been carried into the 

drain by ground water and also for the purpose of 

improving flow conditions in the area immediately 

surrounding the drain, and for improving bedding 

conditions. The thickness of the envelope material used was 

0.05m and volume of the envelope material per 10m was 

estimated as 1.5m3. 

3.7 Position of the drain outlet 

Drained water contain a substantial concentration of soluble 

salt and other chemicals (fertilizer) in the study area thus, 

the drain outlet was designed to position at the southern part 

of the study area to discharge its water without causing any 

harm to neighbouring farms. The outlet was designed to 

have sufficient capacity and depth to provide continues free 

outfall.  

3.8 Interceptor drain to check seepage from canal 

The interceptor drain as stated in section 3.4 was designed 

to intercept seepage from adjacent river Hadejia and other 

surface flow from the river. The drain was designed to have 

a concrete lining on the base and the side adjacent to the 

study area, while the side adjacent to River Hadejia was 

designed to have a grass lining to ease seepage. The 

quantity of water seeping to the drain was calculated using 

Darcy’s equation and yielded 0.0036m3/s. A flow discharge 

was assumed (in case of flooding) from river Hadejia of 

1.0m3/s which gave a total flow rate of 1.0036m3/s. Since 

the cross-section of the drain consist of more than one 

material (concrete and grass), an equivalent roughness 

coefficient was determined to be used in Manning’s 

equation. The equivalent roughness was determined as 

0.120. The cross-section of the inceptor has side slope of 

1.5:1, grade of 0.5%, base length of 0.7m, length of side 

2.1m, 1.2m depth, 4.1m top width, freeboard of 0.75m, 

designed velocity of 0.47m/s and designed discharge of 

1.7m3/s. The designed velocity is greater than the velocity 

that can cause siltation (Subramanya, 2009). The designed 

discharge was able to contain the seepage and flood flow 

rate. 

 3.9 Construction Cost Analysis  

The construction costs of subsurface drainage system was 

substantial, therefore, cost estimates were made. The costs 

estimate also includes the interceptor drains. The analysis 

was categorized as; a preparation cost which includes the 

cost of feasibility studies, field investigation and design and 

the construction cost. In this analysis, the operation cost and 

maintenance cost (recurrent cost) was not included. The 

costs were made based on market price as at 2017 as shown 

in Tables 3.5 and 3.6. 
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Table 3.5: Preparation and Feasibility Cost Analysis 

S/N Item Unit Quantity Unit Cost 

Nigerian 

Naira (₦) 

Total Cost 

Nigerian 

Naira (₦) 

 Feasibility study:     

1 Time input Person days 5  8,000.00                     40,000.00                          

 Subtotal feasibility study       40,000.00 

 Field investigations:     

 Topographic survey:     

2 Area topography ha 1 100,000.00                 100,000.00                      

3 Alignments km 1 50,000.00                   50,000.00                          

 Pre-drainage soil survey:     

4 Area soil survey ha 1 20,000.00                    20,000.00 

5 Laboratory analysis No. Of samples 5  5,000.00                     25,000.00 

 Subtotal surveys        I95,000.00                      

 Design:     

6 design of subsurface network ha 1 200,000.00 200,000.00 

7 Design of associated work unit 4 50,000.00                    2,00,000.00 

 Subtotal design       400,000.00 

 Total pre-construction cost:        ₦635,000.00              

 

 

 

Table 3.6: Construction Cost Analysis 

No. Item Unit Unit  cost 

Nigerian Naira 

(₦) 

Total Cost Nigerian 

Naira (₦) 

1 Manual    

1.1 Trench excavation (wet or dry soil) 5days 30,000.00                   150,000.00 

1.2 Trench backfilling  2 days  10,000.00  20,000.00 

1.4 Excavation and lining of interceptor 

drain 

1 day 200,000.00 200,000.00 

 Subtotal manual     370,000.00 

2 Staff     

2.1 Field manager 5 days 20,000.00 100,000.00 

2.2 Labourers (5) 5 days 5,000.00 25,000.00 

 Subtotal staff     125,000.00 

3 Drainage materials    

3.1 Drain pipes (20cm diameter) 10m 5,000.00 350,000.00 

3.2 Envelop materials 10m 3,000.00 210,000.00 

3.3 Connectors 70 250.00 17,500.00 

3.4 Breathers 25 500.00 12,500.00 

3.5 End caps 20 250.00 5,000.00 

 Subtotal for drainage matarials     595,000.00 

4 Other structures    

4.1 Manhole (excavation, concrete,and rod) 1*1*1m 5,000.00 350,000.00 

 Subtotal for other structures     350,000.00 

5 Field preparation 1ha 30,000.00 30,000.00 

6 Quality control Unit 50,000.00 50,000.00 

 Subtotal     80,000.00 

 Total cost of construction     1,520,000.00 
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4. Summary and Conclusion         

 

The study was aimed to help in sustaining crop production 

and improving the overall standard of living of farmers in 

many districts of Hadejia. 

Waterlogging and salt deposit hinders crop yield if not 

properly controlled. In the study area, most of the rural 

inhibitors are farmers and they leave their lands fallow as a 

result of waterlogging because there is no proper control put 

to place. As a result, this research was meant to offer a 

better appreciation of the use of subsurface drainage 

systems as a solution to combat waterlogging and to control 

both water table and concentration of salts at the root zone 

of plants. 

For effective functioning of the system, drain spacing were 

designed using Hooghoudt equation and Glover-Dumm 

equation to ensure that the water table was maintained at the 

desirable depth based on their cropping pattern. An 

interceptor drain was also designed to intercept seepage 

from adjacent river Hadejia to check further waterlogging 

and runoff flow towards the study area. 

The following conclusions were drawn from the study: 

1. Seepage from the Hadejia River and runoff after 

the rainfall is the main reason of waterlogging. 

2. The depth of impervious layer is at 2.6m and thus 

no deep percolation is taking place which results in 

the further rise of ground water level especially 

during the rainy season. 

3. Agriculture is almost impossible at existing 

conditions due to high ground water level and salt 

in the soil. 

 

4. Interceptor drains were designed to protect the 

study area from seepage of adjacent River Hadejia.   

5. The hydraulic conductivity of the clay loam soil of 

the study area was estimated to be 0.2 m /day using 

the auger hole method.  

6. To lower the ground water table to the designed 

depth to make agriculture possible, subsurface 

drainage system was designed and drain pipes 

were installed at 1.6 m depth and 14m spacing 

from the ground surface maintaining the hydraulic 

head at 0.5m.  

7. The designed subsurface drainage system will be 

helpful to keep the designed depth of the water 

table at 1.1m below the ground surface suitable for 

the selected cropping pattern. The designed system 

was also helpful to reduce the concentration of the 

salt in soil of the study area through leaching and 

discharging it at safe outlet. 

The above conclusions clearly shows that the designed 

horizontal subsurface drainage system, when installed, at 

the designed parameters in the waterlogged area of the river 

basin of Hadejia river will lower the ground water level to 

the desired depth, reduce the salt concentration in the soil 

and enhance the productivity of crops. It will also help to 

upgrade the financial and social condition of the farming 

community living in that area. 
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