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ABSTRACT - Two different soil samples (sharp and medium) sand of (100% sharp to 0% medium) and (0% sharp to 100% medium) sand 
were used for this research work and gotten from a sand dredging site at Amassoma community, Bayelsa State, Nigeria. These soil samples 
were heated differently in an oven to a temperature of 120oc to remove moisture and allowed to cool to room temperature of 30oc. The soil 
samples were sieved with suitable sieves of about 1mm for medium sand and 2mm for sharp sand respective. Mixtures were then grouped 
into seven (7) groups with different percentages by weight in this order (100% sharp to 0% medium), (80% sharp to 20% medium) down to 
(0% sharp to 100% medium). Each soil samples were poured into a transparent P.V.C. pipe with a sieve attached at the bottom of the pipe. 
800ml of water was allowed to flow through these soil samples and the time of first drop was timed (Tf), using a stop watch. Volume of 
water received (Vrc) and volume of water retained (Vrd) were determined using a measuring cylinder. Also, the average flow rate (Uav) was 
obtained. The results from this experimental work shows that water flows through different soil samples at different flow rate as indicated in 
(fig.1 to fig.7.). Figure 2 shows an increase in volume of water with respect to time. As the percentage of medium sand increases (thereby 
leading to a decrease in the pore spaces), the volume of water retained and time of first drop increased as well as shown in (fig.3 to fig.7). 
Figure 8 shows an Histogram indicating a marginal difference between the flow rate in the dry and wet soil samples. The marginal difference 
between the wet and dry curve is most significant at the percentage composition of sample (60% sharp and 40% medium sand). 
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INTRODUCTION 

Soil is the top layer of the earth’s crust. It is any non-cemented 

or weakly cemented particles formed by weathering of rocks. 

Soil is also the mixture of minerals, organic matters, gases, 

liquids and the countless organisms that together support life on 

earth. Soil is a natural body known as the pedosphere and which 

performs four important functions. It is a medium for plant 

growth. It is a means of water supply, storage and purification. 

Soils are formed by either physical or chemical processes. Soils 

are made up of different combinations of sand, silt and clay 

particles which are classified based on the proportion of their 

sizes. Soil pore sizes are important when estimating the rate of 

fluid flow through the soil. Fluid moves through the soil pores 

either as a result of different in elevation or varying pressure. 

Therefore, the ability of pores to conduct water is controlled 

mainly by pore sizes, continuity and distribution of void in the 

soil (Amer, 2002). The physical properties of soil such as soil 

texture, structure, porosity, permeability and chemical 

properties such as soil reactions and buffering action, colloidal 

properties of soil particles etc. are mostly influenced by grain 

sizes which are important in determining the soil hydrologic 

quality (Adesunloye, 1989). 

In order to make good use of soil water resources, it is necessary 

to understand the percolation mechanism of the soil water for 

surface soil layer to deep soil layer.  

The objectives of this research include: 

 To determine the rate at which water can flow through

the mixture of two different soil sample

 The soil retentive capacity.

BASIC THEORIES 

Porosity 

Porosity is defined as the percentage of voids to the total 

volume of soil, given as: 

�∅ =  
������ �� �����

����� ������ �� ����
(%) 

2



Hydraulic Conductivity 

Hydraulic conductivity is also known as the coefficient of 

permeability. It is the ease at which fluid passes through the 

fracture of soil which is also the measure of permeability of the 

media that is an important constant in the flow equation. 

Hydraulic conductivity mathematically is denoted by: 

� =  
��

��ℎ

where, 

K = Hydraulic conductivity 

V = Flow volume 

t = Time taken 

A = Area of sample 

h = Height of water 

L = Height of sample 

Specific Yield 

This describes how much water can be drained away from the 

soil under gravity and how much water the soil actually holds. 

It can be expressed mathematically as: 

�� =  
��

�

Where, 

Wy = Volume of water drained 

V = Bulk of volume of soil (Bear, 1973) 

Specific Retention 

Specific retention is the amount of water or fluid that the soil 

retains during flow. It is the ratio of volume of water soil retains 

after saturation against gravity to its own volume i.e: 

�� =  
��

�

 Where, 

Sv = Volume of water occupied by retained water 

V = Bulk volume of soil (Leaper and Uren, 1993) 

Darcy Law 

Darcy’s law by Henry Darcy in 1956 stated that flow rate 

through porous media is proportional to the head loss and 

inversely proportional to the length of flow path. It is express in 
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terms of the velocity of a purely viscous flow V(x) through soil 

for pressure differential d(p) between faces of unit area and a 

distance d(x) apart is expressed as: 

� =  
−��ℎ�

��

The flow (Q) through a section of area (A) is given as: 

� = ��(�) 

� = �� �
��

��
� 

For vertical flow, the flow rate (Q) is expressed as: 

� = �� �
� + �

�
�

Where: 

K = Coefficient of permeability of hydraulic conductivity 

dependent on the  

properties of both the fluid and porous medium. 

V  = The discharge velocity 

H =   Head of water soil column 

P =   Length of the soil column 

S =   Surface area (Hemanz et al, 2000) 

MATERIALS 

The materials used in this work include; Digital weigh balance, 

water, stop watch, oven (source of heat), thermometer, retort 

stand, measuring cylinder, beakers, transparent P.V.C pipe, 

sieve of 2mm and sieve of 1mm. 

METHODOLOGY 

The research was carried out in the physics laboratory to 

investigate the rate at which water flow through the mixture of 

two soil samples. Two different soil samples (sharp and 

medium) sand were collected from a sand dredging site at 

Amassoma community in Wilberforce Island, Bayelsa State, 

Nigeria. The soil samples were taken to the laboratory and were 

heated in the oven to a temperature of about 120oc for 30 

minutes and were allowed to cool to a temperature of 30oc. The 

two soil samples were sieved using different sieve sizes (2mm 

and 1mm for sharp and medium sandy soil respectively). 
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Percentage by weight of the soil samples were obtained using 

the weigh balance and were mixed as detailed shown by the 

various tables (table 1 to 7) which give rise to seven different 

groups such as (A, B, C, D, E, F and G). The various grouped 

soil samples were poured into a transparent P.V.C. pipe with 

one end close with a sieve. The initial height of the grouped 

sample was taken for each and 800ml was measured with a 

beaker and was poured into the pipe. The time for first drop (Tf) 

for each  

group sample was taken. The time for the volume of water 

received at an interval of 100ml was noted as well, until the 

water stops to flow. The height of each saturated grouped 

sample was taken and another 800ml of water was allowed to 

flow through each saturated group sample and record was taken 

for the different time interval and the corresponding volume of 

water until it seizes to drop. The data obtained were interpreted 

with excel worksheet, by plotting graphs of volume of water 

(ml) against time (sec) using Microsoft Excel, 2013 version.

RESULTS 

The results obtained from the various experiment are presented 

in tabular form and are graphically represented in (fig.1 to fig.7) 

The average flow rate (Uav) for both samples is also presented 

in tables, see details in table 8.  The average flow rates of both 

samples are represented graphically as shown in fig.8 

Table 1: Sample A (100% Sharp and 0% Medium) 

DRY WET 

Volume (ml) Time (Sec) Volume (ml) Time (Sec) 

0 4 100 
6 

100 8 200 10 

200 11 300 14 

300 14 400 18 

400 18 500 23 

500 22 600 28 

600 27 700 35 

700 50 800 81 

730 121 810 
135 
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Table 2: Sample B (80% Sharp and 20% Medium) 

Table 3: Sample C (60% Sharp and 40% Medium) 

Table 4: Sample D (50% Sharp and 50% Medium) 

Table 5: Sample E (30% Sharp and 70% Medium) 

DRY WET 

Volume (ml)      Time (Sec) Volume (ml) Time (Sec) 

0 5 100 8 

100 17 200 12 

200 24 300 16 

300 32 400 22 

400 42 500 28 

500 53 600 35 

600 68 700 43 

700 331 800 60 

720 840 122 

DRY WET 

Volume (ml)      Time (Sec) Volume (ml) Time (Sec) 

0 6 100 11 

100 13 200 19 

200 18 300 27 

300 24 400 37 

400 31 500 47 

500 40 600 59 

600 50 700 73 

700 224 800 164 

810 368 

DRY WET 

Volume (ml)      Time (Sec) Volume (ml) Time (Sec) 

0 7 100 13 

100 15 200 22 

200 21 300 32 

300 28 400 44 

400 37 500 56 

500 46 600 71 

600 58 700 86 

700 189 800 141 

820 300 

DRY WET 

Volume (ml)      Time (Sec) Volume (ml) Time (Sec) 

0 9 100 15 

100 16 200 25 

200 23 300 35 

300 31 400 49 

400 40 500 62 

500 50 600 80 

600 64 700 120 

700 300 800 180 

820 336 
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Table 6: Sample F (10% Sharp and 90% Medium) 

Table 7: Sample G (0% Sharp and 100% Medium) 

Table 8: Average Flow Rate Table 

DRY WET 

Volume (ml)      Time (Sec) Volume (ml) Time (Sec) 

0 9 100 14 

100 17 200 25 

200 24 300 36 

300 32 400 50 

400 42 500 64 

500 53 600 81 

600 68 700 102 

690 335 800 155 

820 279 

DRY WET 

Volume (ml)      Time (Sec) Volume (ml) Time (Sec) 

0 10 100 13 

100 18 200 24 

200 25 300 37 

300 34 400 50 

400 44 500 61 

500 55 600 79 

600 70 700 100 

690 277 800 150 

820 270 

DRY   WET 

Samples 
Average Flow Rate 

(Ml/S) 
Average Flow 

Rate(Ml/S) 

A 14 20 

B 12.9 13.2 

C 3.8 9.58 

D 3.6 8.13 

E 2.3 5.83 

F 1.84 5 

G 1.81 4.79 
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Fig 1: Graph of sample A, dry and wet (100% sharp sand and 0%
medium sand)
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Fig 2: Graph of sample B, dry and wet (80% sharp sand and 20% 
medium sand)
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Fig 3: Graph of sample C, dry and wet (60% sharp sand 
and 40% medium sand)
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Fig 5: Graph of sample E, dry and wet (30% sharp sand and 
70% medium sand)

0

100

200

300

400

500

600

700

800

900

0 50 100 150 200 250 300 350

V
o

lu
m

e
 (

m
l)

Time (sec)

Graph of volume of water (ml) against time (sec)

DRY

WET

Fig 4: Graph of sample D, dry and wet (50% sharp sand and 
50% medium sand)
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DISCUSSION 

The results obtained in this work indicate that water percolated 

through the soil samples at different rates. Water percolation 

decreases gradually from sample A (100% sharp sand and 0% 

medium sand) down to sample G (0% sharp sand and 100% 

medium sand) with percentage increase in medium sand. A 

maximum average flow rate of 14.00ml/s was obtained for both 

dry and wet samples respectively for sample A and a minimum 

average flow rate of 1.81ml/s and 4.79ml/s for both dry and wet 
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Fig 6: Graph of sample F, dry and wet (10% sharp sand 
and 90% medium sand)
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Fig 7: Graph of sample G, dry and wet 
(0% sharp sand and 100% medium sand)
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sample respectively for sample G. Consequently, it was 

observed that from fig. 8 that there is a marginal difference 

between the flow rate in the dry and wet sample which suggest 

that there is a large degree of compaction of the different 

mixtures. Also, the time of first drop varies for the dry samples, 

while that of the wet samples was at zero as observed from the 

graph. Consequently, the volume of water received and water 

retained varies for the dry and wet samples. This is due to the 

difference in grain size and particle arrangement. Also, for the 

dry sample, the soil is well disturbed than that of the wet 

sample. This explains why the decrease is not linear but shows 

minimum between the experimented sample A and G in sharp 

and medium sand. The packing arrangement reduces the voids 

because medium sand with relatively small size tends to occupy 

the void spaces between the sharp and medium sand mixture, 

thereby reducing the number of voids and as well as affecting 

the possible connectivity between voids (i.e. permeability). 

Consequently, with increasing medium sand in the mixture of 

both samples, the average flow rate decreases. 

CONCLUSION 

In conclusion, the graphs (fig.1 to fig.7) indicate that the flow 

rate for the wet sample is greater than that of the dry sample. 

This is due to compaction of soil particle, which influences 

permeability, porosity, and hydraulic conductivity of soil. The 

marginal difference between the wet flow curve and the dry 

flow curve is most significant at percentage composition of 

(60% sharp sand and 40% medium) sand. It is easily acceptable 

to presume that this percentage composition indicates a 

substantial compaction and a consequent decrease in porosity. 

This study has guided me to separate the percentage 

composition that has a high rate of percolation and retentive 

capacity. 
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