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Abstract

Sand sample of different porosities from riverbecerg used as porous
media. A modeled experiment was set up to deterntireevolume of water
flowing across a unit cross sectional area per utitne in these saturated
sand samples packed in a vertical transparent cglfical tube of radius
1.85x10°‘m. Values of volume flux rate were determined forydraulic
gradient between 1.875 and 30.000 by using vertitalv form of Darcy’s
equation. The plot of hydraulic conductivity (K) ainst porosity¢ and that
of permeability (k) against porositg give relation K = 0.03428'% (R* =
0.925) and k = 0.0351&'?% (R°= 0.925) respectively. While the plot of
hydraulic conductivity (K) against grain size dianez (d) and permeability
(k) against grain size diameter {dgive relation K = 0.395&*°%(R?= 0.96)
and k =0.4027&°%%(R?= 0.96) respectively. From the i; k-¢, K-ds and k-
ds curves, it shows that there is a strong correlatibetween grain size and
hydraulic conductivity vis-a-vis permeability reiaely to porosity and that
irrespective of the grain size diameter or porositiie value of permeability
and hydraulic conductivity can never be zero
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1.0 Introduction

The expression for flows in porous medium is knasrDarcy’s law. It states that the velocity of fleav is proportional to
the hydraulic gradient. It holds when the watetipkr moves in a smooth, orderly procession indiection of flow that is
laminar flow [1].In this study, the fluid is assuthéo be Newtonian and behaves a continuum whilefltve is laminar
steady, fully developed and incompressible. It basn found that the presence of appreciable cley porous medium
appears to be associated with deviation from Daraiv [2]. He later made a generalized conclusiat percentage of a
surface-active material such as clay in porous anddiermines the extent of this deviation.

The purpose of this research is to consider a edadimon property of soils which can be easily deteed in the laboratory
and from which this measure of permeability canrélated with. Thus, porosity and grain size weresem. This is
necessary because other porous media apart fronwitla smaller grain sizes can also be a surfateeenaterial. It has
been found that permeability of porous media egfigotiay soils decreases with increase in time T3je permeability —
time (k-t) curve for three different samples ofyclgith porosity 0.25, 0.36 and 0.46 given the fielaghip to be k = 0.9216t
0164 "\ = 7.805309" and k = 9.7788t**®respectively [3].

The determination of seepage velocity of fluid lie fporous media, which is one of the major paramstapplication of
Darcy’'s Law in solving environmental problems depatrongly on porosity media [1, 4]. Therefore thex a need to look
at effect of porosity on the deviation from Darci/aw.

A porous medium is any material with interconnegbedes, which allows the passage of fluid such atefw The rate at
which fluid can flow in a porous medium (or a ma&Brdepends on the material’'s porosity. Porosédy be defined as the
ratio of void space (or pores) in a material tolik volume of the material. Porosity is a frantipom 0 and 1, although it
may also be expressed in percent by multiplyingfthetion by 100. It depends on particle size, sigtribution, packing
configuration, shapes, continuity and tortuosityofes [5].
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A porous medium is said to be saturated if all fhees are completely filled with water under hydatis pressure. If the
pores become filled with air instead of water, Ha¢uration decreases. A porous medium is said teobsogenous if the
permeability in a given direction is the same frpoint to point, while it is heterogeneous if thameability varies from

point to point. The term anisotropy is used to dbsca material where permeability or conductiviydirection dependent
but when permeability is the same in all directicth® material is isotopic. Isotropy and homoggnaie often assumed in
the analysis of groundwater problems.

The purpose of this research is to determine a ftepermeability — porosity and permeability-grasize. This is

necessary in order to obtain a simple model tordéte the permeability at any time for a particyjarosity.

Theory: hydraulic conductivity k, is the specific discgarper unit hydraulic gradient. It expresses theeegith which a

fluid is transported through a void space. It dejseon the solid matrix and fluid properties .thenpeability k, of a porous
medium is its fluid capacity for transmitting aifluunder the influence of a hydraulic gradient B]depends solely on the
geometrical structure of the material (that is,gsdy, grain size distribution, tortuosity and centivity).

The simplified form of fluid flow through a porowmsaterial of a permeability k, by Darcy’s law is [7]

Kk
v, :—;D(P—pgz) 1)(
The negative shows that the suction is towardgtineus medium. Eqg. (1) can be written as
k(dp dz
v.= -~ 9P g2 ®)
® ,u( ds = ds]

S = Distance in the direction of flow, always positive;

V= Volume flux across a unit area of the porous mmedin unit time;
z Vertical coordinate, considered downward;

0 = Density of the fluid;

g= Acceleration of gravity;

d

—— = pressure gradient along s at the point to pointhat v refers;

d
M = viscosity of the fluid;
K = permeability of the medium;

VH _ P

From —=

—+ pgsing
Q
Then for vertical flow, we have

k[ﬁ + 1)
L 3)

K =y @)
U

Where

K= hydraulic conductivity (m$)
Kk = permeability ()

U = viscosity of fluid (Nsrif)
0 = density of fluid (kgri?)

H_ kinematic viscosity (for water) = 1xPe’s*

Yo

The hydraulic conductivity contains properties ottbmedium and fluid with unit rifsand characterizes the capacity of a
medium to transmit water, whereas the permeabilith unit nf characterizes the capacity of the medium to trénany
fluid. The two properties are related by Eq. (4).

By using Eq. (4) in (3), Eq. (3) becomes

h
=kl —+1 5
oo :
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Vs = q :9: K(£+1j
A L
Where,

Q= Volumetric flow rate (1fs?)
A= average cross-sectional area perpendicularetdiria of flow (nf)
q = Volume flux (m3)
h= Head constant (or hydraulic head) (m)
L= Flow path length of the sample (m)
Thus, Eq. (6) can be written in simple form as [9]

a=k{+1 @
g=Ki )

(6)

Where
. h . .
I = E+1 = Hydraulic gradient

While the volume flux g, has the units of the ailp, it is not the velocity of the water in thergs. The matrix takes up
some of the flow area. The average pore water itglsctermed the seepage velocity, v and thislwamritten as [10]

V= g = g (9)

Ap ¢

v= seepage velocity (¥
g=Volume flux (ms)
= porosity of the media
The maximum pore velocity is a function of the pgeometry and cannot be easily predicted excepsifople shapes.
However, it can be determined in the laboratorydymetric method.

2.0  Material and Methods

Sand samples were collected from the riverbedvef riSizeable quantities of these samples wereeadashd rinsed in order
to remove organic particles and unwanted grainsiditoto the laboratory. Thereafter, the sand sasngl@ dried and later
placed in an oven. After, the samples were alloteedool down, stony particle and pepples were regdo¥ive different
sieves were used to sieve the available and sanmpasger to obtain samples of different grain siZEhe porosity of each
sample was determined by volumetric approach inaberatory. The porosity of each sample was deterdnby volumetric
approach. In the laboratory.

In an experiment set up in the laboratory, voluoe fate g, for each sample at different hydragliadients, a saturated
sand sample was transferred to the transparemtdeidal tube of cross-sectional area 2.69 Xrii®) To ascertain uniform
compaction throughout the sample, the screenedavasdlocked so as to prevent the water passingghravhen the sample
was being transferred. A continuous steady supplyater was fed through the sand samples of lehgihd at height h a
hole was drilled; this enabled the height to bentaaned, as excess water got drained through arflowearrangement. The
volume of water discharged, Q through the samplefperiod of 60 sec after steady state has bégined at constant head
was measured by measuring cylinder. It must bedntitat the length L is varied in order to obtaiffedient hydraulic
gradient, i. measurement were made at hydraulidigmés of i= 1.875, 3.750, 7.500, 15.000 and 30.6f0each samples

Tablel: Experimental determined values of volume of disgha for samples at various hydraulic gradientsfbsec

(Hydraulic gradient)  Discharge Discharge Discharge Discharge Discharge
volume volume volume volume volume
Q*10%(m?)A Q*10°(m?)B Q*10°(m?C Q*10°%(m%D Q*10°%(m?)E
1.875 1.79+0.02 3.16+0.02 3.60+0.04 4.74+0.06 D4aE
3.750 3.19+0.03 6.19+0.04 7.10+0.03 9.71+0.05 180930
7.500 4.19+0.07 12.00+0.03 13.20+0.05 19.68+0.12 136.06
15.000 8.20+0.11 23.4040.10 25.60+0.04 39.4740.04 6.390.10
30.000 22.80+0.14 50.41+0.12 55.60+0.14 79.15+0.13 152.93+0.15
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Table 2: Experimental determined values of volume flux pfer samples at various hydraulic gradients

hydraulic gradient Volume  flux Volume  flux Volume  flux Volume  flux Volume  flux
rate rate rate rate rate
gq*10*msHA  g*10*(ms'B g*10*mshHC  g*10*msHD  g*10*msE

1.875 1.11+0.02 1.98+0.02 2.23+0.04 2.94+0.06 5033 #
3.750 1.98+0.03 3.84+0.04 4.40+0.03 6.02+0.05 1070
7.500 2.60+0.07 7.44+0.03 8.18+0.05 12.20+0.12 £28)806
15.000 5.08+0.11 14.51+0.10 15.87+0.04 24.47+0.04 7.36&0.10
30.000 14.14+0.14 31.25+0.12 34.47+0.14 49.07+0.13 94.81+0.15
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Fig 2: Graph of q against i
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Table 3: Values of porosity, hydraulic conductivity and peability for various samples

Sample grain size porosity Hydraulic Permeability
(um) Conductivity ~ (m?)
(ms?)

A 63 0.250+0.010 0.46%10 0.47x10"

B 150 0.333+0.002 1.04X10 1.06x10"

C 212 0.364+0.001 1.14%10 1.16x10"

D 300 0.400+0.001 1.63%10 1.67x10"

E 425 0.420+0.010 3.16%10 3.23x10"

K =0.0345e101136 ¢

2 _
R*=0.925 %
L 4
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Fig 6: Graph of hydraulic conductivity ( K) against patgg )
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Fig 7: Graph of k againgp
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Fig 8: Graph of K againstd
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Fig 9: Graph of k against.d

3.0 Results and Discussion

Table 1 shows the values of discharge volume, €aeh hydraulic gradient for each sample A-E. Tab#hows the values
of volume flux rate, q at each hydraulic gradieoimputed from the values of discharge volume, Q &imaiEq. (6), the
volume flux rate, q was determined knowing that@A, where A=71 (d/2f and d is the diameter of the cylindrical tube
used given as 1.85xT.

Using Eq. (7), the slope of the graph of volumeflate, q against hydraulic gradianéquals hydraulic conductivity, K.
Thus from the equation of the volume flux rate-geatl curve for each sample (Figs. 1-5), the val@iehydraulic
conductivity is determined and presented in Tabl@&meability was determined from the respectiakiaes of hydraulic
conductivity by using Eq. (4).

A further analysis was done on this work to deteemmodels for permeability — porosity and permégbil grain size
diameter relationships. This is necessary in otdesbtain a simple model to determine the permiglzit any time for a
particular porosity.

The plot of hydraulic conductivityK) against porosityp and that of permeabilit¢k) against porosityp give relationK =
0.0342¢e"*1% (R? = 0.925) andk = 0.0351e'*** (R>= 0.925) respectively. While the plot of hydrautionductivity (K)
against grain size diametais| and permeability (k) and grain size diametis) (give relationk = 0.395e”°* (R*= 0.96)
andk = 0.4027e>%%* (R?= 0.96) respectively.

4.0 Conclusion

At the end of the study it was found that thera &rong correlation between grain size and hydraeinductivity vis-a-vis
permeability relatively to porosity. This is verypwous from theK-@, k-¢, K-ds and k-ds curves (Figs. 6-9). Furthermore,
these equations show that irrespective of the gsae diameter or porosity, the value of permegbitind hydraulic
conductivity can never be zero.
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