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ABSTRACT 
The knowledge of hydraulic conductivity is important in the determination of natural flow of water through the ground 

formations in the study of groundwater sources. This study, therefore estimated the hydraulic conductivity of Otukpo 

and Environs, Benue State, Nigeria using statistical grain-size analysis. Twelve different soil samples were collected 

from boreholes and analyzed using statistical grain methods for the estimation of hydraulic conductivity. The result of 

particle size distribution shows that medium sand has 55.33%, coarse sand 24.92%, fine sand 13.92% and gravel 5.83%. 

The statistical grain size methods gave hydraulic conductivity values ranging from 2.01 x 10-4 m/s to 7.06 x 10-4 m/s. 

The acceptable empirical formulae for the estimation of hydraulic conductivity in the study area is Kozeny-Carman 

method. The result aided the classification of the soils as clean sand in the study area. The hydraulic conductivity values 

of the soil materials indicate permeability of silty sand to medium sand which is an indication of moderate permeability. 

This type of soil allows free movement of water through its formation to recharge groundwater for easy abstraction by 

the communities. 
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1. INTRODUCTION 
 

Groundwater flow take place through the spaces between 

the soil particle size distributions, therefore, grain size 

distribution of a soil is one of the soil properties that affect 

the hydrogeological conductivity. The ease with which 

water can flow through a rock mass depends on a 

combination of the size of the pores and the degree to 

which they are inter-connected. A sorted sediment with 

larger grains has a high hydraulic conductivity. If a 

sediment contains a mixture of grain sizes, a more multi-

graded soil, the porosity will be lowered, and thus the 

hydraulic conductivity (Fetter, 2001). This is as a result of 

the voids between the larger grains been filled up with 

smaller grains. Well-rounded grains may be almost perfect 

spheres, but grains can also be very irregular. Different 

grain shapes create different ways for the water to move 

through, in theory, grains are usually assumed to be 

spherical, which can become a source of error in 

estimations of hydraulic conductivity if the grains are very 

angular (Fetter, 2001). According to Uma et al. (1989), 

accurate estimation of hydraulic conductivity in the field 

of geohydrology is limited by the lack of precise 

knowledge of aquifer geometry and hydraulic boundaries. 

Above all, hydro-geologists always look for reliable 

techniques to determine the hydraulic conductivity of the 

https://www.bayerojet.com/
mailto:ankidawa03@yahoo.com


                                                                                                                                ISSN: 2449 – 0539    
BAYERO JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) VOL.15 NO.2, May, 2020  pp 84- 96 

Also available online at https://www.bayerojet.com                           85 
 

aquifers with which they are concerned, for better 

groundwater development, management and 

conservation. Many different techniques have been 

proposed to determine its value, including field methods 

(pumping test of wells, auger hole test and tracer test), 

laboratory methods and calculations from empirical 

formulae (Todd and Mays, 2005). 

Hydraulic conductivity can be estimated by using 

the method of grain-size analysis or determined by the use 

of experimental in-situ or laboratory methods. The grain-

size methods use coefficients that are estimated from 

empirical formula, as well as some kind of representative 

value of the grain size. Numerous investigators have 

studied this relationship and several formulae have 

resulted based on experimental work. Kozeny (1927) 

proposed a formula which was then modified by Carman 

(1937, 1956) to become the Kozeny-Carman equation. 

Other attempts were made by Terzaghi and Peck (1964), 

Hazen (1892). The applicability of these formulae 

depends on the type of soil for which hydraulic 

conductivity is to be estimated. Moreover, few formulae 

give reliable estimates of results because of the difficulty 

of including all possible variables in porous media. 

Vukovic and Soro (1992) noted that the applications of 

different empirical formulae to the same porous medium 

material can yield different values of hydraulic 

conductivity, which may differ by a factor of 10 or even 

20. 

Vienken and Dietrich (2011) compared many different 

methods to evaluate hydraulic conductivity from grain 

size analyses with slug tests, Grain size analyses were 

performed on the samples and factors like porosity and 

shape factor used in the Kozeny-Carman equation were 

estimated with formulae derived from the grain size 

analyses. Ishaku et al. (2010) worked on the Evaluation of 

empirical formulae for the determination of hydraulic 

conductivity based on grain-size analysis Jimeta - Yola 

area. The result revealed that the overall mean hydraulic 

conductivity values estimated by the different statistical 

grain size methods were in the order of Terzahgi is greater 

than Kozeny-Carman is greater than Hazen is greater than 

Breyer is greater than Slitcher is greater than USBR. The 

mean conductivity values reveal by the different methods 

indicate the hydraulic conductivity of clean sand to 

gravelly materials based on Todd (1980) classification. 

The mean hydraulic conductivity estimated by USBR 

method however indicated the hydraulic conductivity of 

fine sand. Based on the conditions stated under each 

method, the different statistical grain size methods are 

suitable for the determination of hydraulic conductivity of 

aquifer materials in the study area. Hussain and Nabi 

(2016) worked on Empirical Formulae Evaluation for 

Hydraulic Conductivity Determination Based on Grain 

Size Analysis Lahore, Pakistan. The results showed that 

the hydraulic conductivities calculated by the USBR and 

Slitcher methods are in all cases lower than from the other 

methods. And also according to Vukovic and Soro (1992) 

and Cheng and Chen (2007), these methods are always 

considered inaccurate. Likewise, Terzaghi method gave 

similar low values, may be due to the use of an average 

value of sorting coefficient in the formula. Breyer method 

is most accurate as compared to the other above four 

methods. The research aimed at estimation of hydraulic 

conductivity using statistical grain size analysis of the 

study area. 

 

1.1 Geology of the Study Area 

The study area is part of the Benue Trough. It is underlain 

by the Cretaceous sediments of the Benue Trough; located 

in the Southern area of Benue valley. Lower Cretaceous 

sediments are presumed to overlie Precambrian basement 
rocks unconformable along the Benue valley (Carter et al., 
1963; Ogah, 2014). The Benue Trough was originated 

from rift faulting and the folding of the Cretaceous 

associated with a basement flexuring is seen as direct 

consequences of the opening of the South Atlantic Ocean 

(Carter et al., 1963, MacDonald, 2011). According to 

Offodile (2002), the area is made up of the Arufu 

limestone and the Awe formation consisting mostly of 

fine sandstones with carbonaceous shales. The following 

geological formations are outlined in the investigation 
carried out in Otukpo area. They are namely: Asu River 
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formation, Eze-Aku formation and the Awgu formation 

(Figure 1). Much of Benue State falls within the intra 

cratonic sedimentary basin known as the Benue Trough 

which is believed to be structurally developed. The Benue 

Trough is a linear sedimentary basin which is filled with 

Cretaceous rocks whose ages range from Middle Albian 

to Maastrichtian. It is bounded on either side by granite 

and gneisses which make up the crystalline basement 

(Cratchley and Jones, 1965). Najime (2010), described the 

Benue Trough as a NE – SW trending intracratonic basin 

ranging between 150 km wide and 800 km long. 

Lithologies identified in the Benue Trough include; the 

Ezeaku shale, the Makurdi Formation, the Ajali 

Formation, the Agwu Formation and the alluvial deposit. 

The deposition of the Ezeaku Formation is attributed to 

the beginning of the marine transgression in the 

Cenomanian (Obaje, 1994). The Ezeaku Formation 

consists of thick flaggy calcareous and non-calcareous 

shale, sandy or shally limestone and calcareous 

Sandstones. Outcrops of this occur in the area south of 

Otukpo (Egede - Oju area). It is reported to be 304.8 m 

thick in this region and ranges up to 609.6 m towards the 

south of the state (Offodile, 1989).

 

Figure 1. Geology of the study
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3. METHODOLOGY 

 

3.1 Study Area 

The study was conducted at Otukpo local 

government areas of Benue State in north central Nigeria.  

Otukpo is in Benue south senatorial district in the lower 

Benue trough. The area is bounded by longitude 8° 00’ E 

to 8° 30’E and latitude 7° 00’ N to 7° 30’N respectively 

(Figure 2). The local government area has a total land area 

of about 3,025 Km2 and has 13 council areas (Ogah, 

2014). The state is endowed with a tropical climate. The 

rainy season starts from April and lasts till October while 

the dry season begins from November and ends in March. 

The mean annual rainfall is between 1500 mm to 1800 

mm. Temperature fluctuates between 25°C to 33°`C most 

of the year (Ogah, 2014). Geographically the area is 

generally a low-lying plain with few hills that reach a 

height of 275m above mean sea level. The plains range 

from 58 to 153m and are gently undulating. As the tropical 

maritime air mass advances northwards, Otukpo starts 

receiving rainfall in small amount in the month of April. 

The north-east trade wind influences the dry season and 

harmattan weather experienced within the area. The 

period of dry season is about five months and starts in the 

month of November and last till the month of March. Both 

winds are controlled by North and south advances of the 

inter-tropical convergence zone (Olu and Bogda, 2002). 

The prevailing climatic conditions are adequate and 

favourably. The rainfall distribution has shown that the 

study area is adequately served with rainfall during the 

rainy season and as such the groundwater is resources are 

adequately recharged. The vegetation of the study area is 

Guinea Savanna (Agbidye and Hyamber, 2015). 

.
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Figure 2. Topographic map of the study area showing soil sample locations for sieve analysis 
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3.2 Methods 

Twelve different soil samples were collected from 

wells across the study area. The wells depth ranges 

between 80 m to 120 m. The samples were 

collected in container and taken to the laboratory 

for sieve analysis to determine the size distribution 

of particles, Equipment used include, the samples, 

sieve shaker, BS410 Standard sieves, 0.1g accuracy 

balance, oven, porcelain dish and spatula, receiving 

pan, cleaning brush and clock. The sieves were 

cleaned using brush to remove any particles stuck 

in the openings. The weight of each sieve and 

receiving pan were recorded. 500 g of the sample 

was weighed and recorded. The sieves were 

arranged in order starting from the sieve of the 

smallest openings to the sieve of the largest 

openings at the top. 500 g of the sample was place 

on the top of the sieve and the complete sieve stack 

were place on the sieve shaker. The shaker worked 

for 5 -10 minutes. The sieve stack was removed 

from the shaker and each sieve and receiving pan 

were separately weighed and recorded. 

 

3.3 Statistical Grain Size Analysis Methods 

Hydraulic conductivity (K) was estimated 

using statistical grain size analysis methods of the 

sediment of interest, using empirical equations 

relating either K to some size property of the 

sediment. Vukovic and Soro (1992) summarized 

several empirical methods from former studies and 

presented a general formula. 

 K =  g v⁄  C. f(n). de2                             1 

here K = hydraulic conductivity (m/day); g = 

acceleration due to gravity (m/s2); v = kinematic 

viscosity; C = sorting coefficient; f(n) = porosity 

function, and de = effective grain diameter. The 

values of C, f(n) and de are dependent on the 

different methods used in the grain-size analysis. 

According to Vukovic and Soro (1992), porosity 

(n) may be derived from the empirical relationship 

with the coefficient of grain uniformity (U) as 

follows: 

 n = 0.255(1 + 0.83U)                          2 

where U is the coefficient of grain uniformity and 

is given by: 

 U =  (d60 d10⁄ )                                         3 

Here, d60 and d10 in the formula represent the grain 

diameter in (mm) for which, 60% and 10% of the 

sample respectively are finer (Odong, 2007). 

Hazen Method 

Hazen formula was originally developed for 

determination of hydraulic conductivity of 

uniformly graded sand but is also useful for fine 

sand to gravel range, provided the sediment has a 

uniformity coefficient less than 5 and effective 

grain size between 0.1 and 3mm. 

K =  g v⁄  × 6 × 10−4[1

+ 10(n − 0.26)]d10
2           4 

Kozeny-Carman Method 

The Kozeny-Carman equation is one of the most 

widely accepted and used derivations of 

permeability as a function of the characteristics of 

the soil medium. This equation was originally 

proposed by Kozeny (1927) and was then modified 

by Carman (1937, 1956) to become the Kozeny-

Carman equation. It is not appropriate for either 

soil with effective size above 3 mm or for clayey 

soils (Carrier 2003). 

 𝐾 = 𝑔 𝑣⁄ × 8.3 ×

10−3(
𝑛3

(1−𝑛)2𝑑10
2  )                              5 

Breyer Method 

This method does not consider porosity and 

therefore, porosity function takes on value 1. 

Breyer formula is often considered most useful for 

materials with heterogeneous distributions and 

poorly sorted grains with uniformity coefficient 

between 1 and 20, and effective grain size between 

0.06mm and 0.6mm (Cheng and Chen 2007). 
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 K = g v⁄ × 6 × 10−4log500 Ud10
2⁄           6 

Slitcher Method 

This formula is most applicable for grain size 

between   0.01mm to 5mm. 

(Cheng and Chen 2007) 

 K = g v⁄ × 1 × 10−2n3.287d10
2             7 

Terzaghi Method 

Terzaghi formula is most applicable for large-grain 

sand (Cheng and Chen 2007). 

 K =

g v⁄  . Ct [
n−0.13

√1−n
3 ] d10

2                                          8 

Where the Ct=sorting coefficient and 

6.1×10-3<Ct<107 ×10-3. In this study, an average 

value of Ct is used.  

USBR Mothed 

U. S. Bureau of Reclamation (USBR) formula 

calculates hydraulic conductivity from effective 

grain size (d20) and does not depend on porosity; 

hence porosity function is a unity. The formula is 

most suitable for medium-grain sand with 

uniformity coefficient less than 5 (Cheng and Chen 

2007). 

 K = g v⁄ × 4.8 × 10−4d20
0.3 × d20

2          9 

4. RESULTS AND DISCUSSION 

The quantitative analysis of grading characteristics 

of soils in the study area using some empirical 

formulae was done through the aid of sieve analysis 

using grain size distribution curve (Figure 3). As 

can be observed from the curve the grain size 

distribution shows a representative aquifer material 

in the research area. The average result of particle 

size distribution shows that medium sand 55.33%, 

Coarse sand 24.92%, fins sand 13.92% and gravel 

5.83% (Table 1). Similar was observed by 

Ankidawa (2015) and Ankidawa and Tanko (2015) 

along River Benue Floodplain, Adamawa State, 

Nigeria. The analysis reveals that Imogidi sample 

comprised of 13% fine sand, 59% medium sand, 

22% coarse sand and 6% gravel and hence 

classified as medium-grained sand (Table 1). 

Ogobia comprised 20% fine sand, 55% medium 

sand, 22% coarse sand and 3% gravel and hence 

classified as medium-grained soil.  Otobi sample 

comprised 12% fine sand, 60% medium sand, 25% 

coarse sand and 3% gravel and hence classified as 

medium-grained sand. Edikwu comprised 10% 

fine sand, 60% medium sand, 24% coarse sand and 

6% gravel and therefore classified as medium-

grained sand. Aune comprised 16% fine sand, 55% 

medium sand, 22% coarse sand and 7% gravel; it 

classified as medium-grained sandy soil. Otukpo 

Icho comprised 17% fine sand, 37% medium sand, 

43% coarse sand and 3% gravel it is classified as 

coarse-grained soil. Amula comprised 13% fine 

sand, 67% medium sand, 17% coarse sand, and 3% 

gravel; it is classified as medium-grained soil. 

Ojomo comprised 13% fine sand, 58% medium 

sand, 5% coarse sand and 24% gravel; it is 

medium-grained soil. Ugana comprised 15% fine 

sand, 39% medium sand, 40% coarse sand and 6% 

gravel; it is coarse –grained soil. Igbeji comprised 

14% fine sand, 61% medium sand, 22% coarse 

sand and 3% gravel; it is medium-grained soil. 

Otukpo comprised 10% fine sand, 60% medium 

sand, 28% coarse sand and 2% gravel; it is 

medium-grained soil. Edikwu 2 comprised 14% 

fine sand, 53% medium sand, 29% coarse sand and 

4% gravel; it is medium-grained soil. The result of 

the percentage particle size distribution shows that 

the soils in the research area are medium sand this 

allows free flow water to recharge groundwater for 

easy abstraction by the communities. 
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Table 1. Percentage particle size distribution in the study area 

Sample locations Fine sand (%) Medium sand (%) Coarse sand (%) Gravel sand (%) 

Imogidi 13 59 22 6 

Ogobia 20 55 22 3 

Otobi 12 60 25 3 

Edikwu 10 60 24 6 

Aune 16 55 22 7 

Otukpo Icho 17 37 43 3 

Amula 13 67 17 3 

Ojomo 13 58 5 24 

Ugana 15 39 40 6 

Igbeji 14 61 22 3 

Otukpo 10 60 28 2 

Edikwu 2 14 53 29 4 

Average 13.92 55.33 24.92 5.83 

 

Figure 3. Grain size distribution curves of representative aquifer materials 
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The result of the sieve analysis and the hydraulic 

conductivity of the aquifer materials using the 

empirical formulae are summarized in the Table 2. 

Figure 5 shows the range of values of hydraulic 

conductivity and permeability. The average 

hydraulic conductivity values obtained using the 

six different statistical grain size methods ranges 

from 2.01 x 10-4 m/s to 7.06 x 10-4 m/s which 

corresponds to the hydraulic conductivities of clean 

sand (Freeze and Cherry, 1979). Among the 

statistical grain size methods, Kozeny-Carman 

gave the highest values followed by Hazen, Breyer, 

Terzaghi, Slitcher, and USBR have the least values 

(Figure 4). Overall results show that the hydraulic 

conductivities calculated by USBR and Slitcher 

methods are in all cases lower than the results from 

the other methods. This consistent with results by 

Vokovic and Soro (1992) and Cheng and Chen 

(2007). Breyer method is most accurate for Imogidi 

2 and Ogobia (Table 2). Slitcher method yields the 

most accurate results for Otobi, Edikwu, Otada, 

Otukpo Icho, Aune, Ojomo, Ogodumu, Aturukpo, 

Asa, and Edikwu2 samples. The other methods viz 

a viz Kozeny-Carman, Hazen in all cases over-

estimated the hydraulic conductivity values. 

 

 

 

Figure 4. Plots of hydraulic conductivity versus grain size methods 
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Figure 5: Range of values of hydraulic conductivity and permeability (Freeze and Cherry, 1979) 
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Table 2: Soil particle size distribution and hydraulic conductivity values computed from the statistical grain size method 

Project 
d10  

(mm) 

d20  

(mm) 

D60 

(mm) 
U n 

Kozeny-arman 

(m/s) 

Hazen 

(m/s) 

Breyer 

(m/s) 

Slitcher 

(m/s) 

Terzaghi 

(m/s) 

USBR 

(m/s) 

Average 

(m/s) 

Imogidi 0.22 0.27 0.43 1.95 0.43 9.57E-4 7.63E-44 6.81E-4 2.94E-4 5.18E-4 2.30E-4 5.74E-4 

Ogobia 0.18 0.25 0.41 2.28 0.42 5.77E-4 4.92E-4 4.43E-4 1.82E-4 3.20E-4 1.93E-4 3.68E-4 

Otobi 0.2 0.26 0.42 2.1 0.43 7.91E-4 6.31E-4 5.55E-4 2.43E-4 4.28E-4 2.11E-4 4.77E-4 

Edikwu 0.22 0.25 0.43 1.95 0.43 9.57E-4 7.63E-4 6.81E-4 2.94E-4 5.18E-4 1.93E-4 5.68E-4 

Aune 0.2 0.24 0.43 2.15 0.43 7.91E-4 6.31E-4 5.53E-4 2.43E-4 4.28E-4 1.75E-4 4.70E-4 

Otukpo Icho 0.19 0.23 0.55 2.89 0.4 5.19E-44 5.06E-4 4.72E-4 1.73E-4 3.03E-4 1.59E-4 3.55E-4 

Amula 0.2 0.25 0.42 2.1 0.43 7.91E-4 6.31E-4 5.55E-4 2.43E-4 4.28E-4 1.93E-4 4.73E-4 

Ojomo 0.2 0.26 0.42 2.1 0.43 7.91E-4 6.31E-4 5.55E-4 2.43E-4 4.28E-4 2.11E-4 4.77E-4 

Ugana 0.2 0.28 0.6 3 0.4 5.75E-4 5.61E-4 5.19E-4 1.92E-4 3.35E-4 2.50E-4 4.05E-4 

Igbeji 0.2 0.25 0.4 2 0.4 5.75E-4 5.61E-4 5.60E-4 1.92E-4 3.35E-4 1.93E-4 4.02E-4 

Otukpo 0.21 0.24 0.42 2 0.4 6.10E-4 6.18E-4 6.18E-4 2.11E-4 3.70E-4 1.75E-4 4.34E-4 

Edikwu2 0.18 0.27 0.43 2.39 0.42 5.77E-4 4.92E-4 4.39E-4 1.82E-4 3.20E-4 2.30E-4 3.73E-4 

Average      7.09E-4 6.07E-4 5.53E-4 2.24E-4 3.94E-4 2.01E-4  
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5.0 CONCLUSIONS 

The average result of particle size distribution shows 

that medium sand has 55.33%, coarse sand 24.92%, fine 

sand 13.92% and gravel 5.83%. this type of soils allows 

free movement of water through its formation. The sieve 

analysis result aided the classification of the soils as 

medium sand for the soil samples in the study area. The 

average hydraulic conductivity values obtained using the 

six different statistical grain size methods ranges from 

2.01 x 10-4 m/s to 7.06 x 10-4 m/s which corresponds to the 

hydraulic conductivities of clean sand. It can be inferred 

that Kozeny-Carman empirical formula for the 

determination of hydraulic conductivity is better used in 

the study area. It can be concluded that the result of the 

percentage particle size distribution shows that the soils in 

the research area are clean sand, this type of formations 

allows free flow of water to recharge groundwater for easy 

abstraction by the communities. It can be recommended 

that high pressure pumping should be avoided to maintain 

the life span of the boreholes.    
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