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Abstract

Knowledge of mode of transport of fluid in soil isthe basis for soil environmental
engineering especially in transport of contaminants in groundwater. The study
investigates the possible minimum and maximum angle of deflection of water through
media of different porosities for the purpose of environmental pollution control. An
established eguation which relates angle of deflection with porosity ratio was used to
determined angle of deflection. The minimum and maximum deflection angles were
found to be 17.8° and 53.5° respectively for sandswith porosity ranging from 0.25-0.42,
while for sands categorized under fine and medium, the maximum angle of deflection
was found to be 69.1°%
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1.0 Introduction

Laboratory experiments on layered heterogeseqporous media (otherwise known as interatediscale
experiments, or ISES) have been increasingigdelupon by hydro-geologists for the study sditurated and
unsaturated groundwater system [1]. Among the mamyoing applications of ISEs is the study of fldidw and
transport of conservative solutes in correlatedngability fields.

Deflection is easily understood on the laborataales. However, the deflection observed in real sifse soils and
rock is much larger than that measured in the ktooy [2]. In fact it is very difficult to predictieflection in real
geological material. Moreover, experiments to suea deflection in the field are time congugn because
groundwater often moves as slowly as a few cenényaedr day.

Indiscriminate construction of sewage tank or sepdink in homes without considering the effect lofnf of
contaminated fluid to the source of water supplpne of the major environmental pollutions in mohan areas. A
broader focus in soil Physics research and morehasip on soil physical properties and processes ianvironmental
engineering perspective is needed to provide thessary solution to this problem.

The link between angle of deflection of fluid andture of porous media (selective material) is &agpractical
importance in controlling environmental pollutioFhe flow of fluids in porous permeable mediums haen studied by
many investigators with varying degrees of succBsscy’s law describes the situation very wétdr many flow
systems in which the medium is homogeneous andptires are relatively small, such as flow aferin a sandstone
orin a filter bed [3-6].

However if the fluid flows through two or more nigaf different permeability, even though each medis of the
same permeability in all directions and from potat point, the law no longer holds in #&snple from and the
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patterns of flow vis-a -vis deflection of fluidrough these media must be examined [7].

It is the objective of the present work to detemnthe minimum and maximum deflection angles wheameths a
flow through layers of porous media of differentgsities. This will be of help in designing a sage control to prevent
contaminated fluid from reaching the source of watdhomes.

2.0  Theoretical Background

Fig.1 shows the case when the porosity of soip,? i€ greater than the porosity of soil ¢)( The flow lines get
deflected away from the normal after crossing ttierface. The phenomenon of deflection of the flows is somewhat
similar to refraction of light rays from a densediugn to a sparse medium [2, 8.

Angle @ is the angle which the flow line in soil 1 makehwthe interface,S is the angle which the flow line in
soil 2 makes with the interface, and is the angle which the flow line in soil 2 makeg&hathe normal (angle of
deﬂection).l1 and| , are the distances travel by fluid in soil 1 and 8okespectively
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|1 = distance travel by fluid in soill of porosity

|2 = distance travel by fluid in soil 2 porosify

a = angle between fluid flow line in soil 1 and
the interface

b

F ﬁ = angle between fluid flow line in soil 2 and
Rormartiie 4 > b the interface

l

. . . . 6= angle of deflection from the normal in soil 2
Fig. 1: Fluid flow in non-homogeneous soil mass [2].

It has been [9] established that angle of deflectics related to porosity ratig by equation

cosd=ny, W=¢/¢) (1)

Equation (1) shows the relationship between anflgeflection @ and porosity ratio((/) of the soils 1 and 2.

This implies that as porosity of the soil(%) increases relatively to porosity of soil 1, potpsatio ((/) decreases; and

as the porosity ratio decreases, the angle of atifte & increases. This is true because cosine of afjldecreases
with increasing anglé .

3.0  Model Configuration

A simplified two- dimensional model iseas shown in Fig.2.The inlet pipe is 1.085 m lonthvdiameter 4.66 x
10%m of inlet pipe while each of the outlet pipes Hasmeter of
6 x 10° m. The outlet pipes were joined to the centrthefcircular plastic plate on the end of the intépe at different
anglesd of &, 2, 50, 7 and 98 from the normal. The inlet pipe was filled wihsample of a particular porosity
while the outlet pipes were filled with anathsample of different porosity.

The volume of water discharged from each outletafperiod of 60 seconds was measured directly measuring
cylinder. The volume flux g or specific discharfgem each outlet for each case was then computed fhe volumetric
flow rate Q by dividing it with the cross-sectioraea 2.83x1®m? of the outlet pipe. The equation obtained frons thi
modeling is now used in this work.
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Figure.2: Schematic model configuration [9]

40 Results

Table 1 presents the porosities for sample A, BDCand E as determined in the laboratory byumetric approach.
The porosities ranged from 0.250 to 0.420. Samgiagthe highest value while A has the lowest value

Tables 1:Porosities of the samples

S/No Sample Porosity
1 A 0.250
2 B 0.333
3 C 0.364
4 D 0.400
5 E 0.420

Table 2 Porosity ratios of the media and their
respective deflection angle.

Porosity ratio Deflection angle *0
v O/degree W= 14.192 +79.760 + 46.11
0.9523 17.8 S | a0 | RE=0999
0.9148 23.8 % 30 |
0.9100 24.5 e
0.8667 29.9 P 20 -
0.8325 336 g | 10
0.7929 37.5
0.7508 41.3 0 ' ' ' ' '
0.6868 46.6 0 0.2 0.4 0.6 0.8 1
0.6250 51.3
0.5952 53.5 Porosity Ratio

Fig.3:Plot of deflection angle against porosity ratio
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Table 2 presents the ten different porosity ratitamed from the five samples and their respediielection angle as
determined from already established equation. gddresity ratio ranged from 0.5958(¢s) to 0.9523 @/¢s). Fig. 3
shows the relationship curve fitting between amjldeflection and the porosity ratio with corretaticoefficient of 0.99.
Thus, if water flows through layers of sand of eliffint porosities with porosity ratig,the preferred direction of flow at
angle,@in the second layer could be obtained with thisatign as shown on the graph.

5.0 Discussion

The established equation, 6os ny was used to determined angle of deflectiprwhere n is taken as 1, as
determined for correlation between theoretical antpirical equation [9]. The aim of this work is determine the
possible minimum and maximum angles of deflectibrwater in permeable aquifer. From the set of psrmaterial
(sands) used, the minimum and maximum angle oédedin were found to be 17.8nd 53.8 respectively. These angles
could not be taken as the generalized value fosalld because of experimental limitation. For aifipecase, sand
categorized under fine and medium, with porosityges from 0.25-0.44y(= 0.5682) [10], the angle of deflection will be
69.1°.This could be taken as real case, and this valueloser to the maximum boundary deflection a8@fewhich
could be obtained if porosity ratip is zero. However, porosity ratio of zero could betachieved for any permeable
medium except for impermeable media. On other haten porosity ratio is 1, angle of deflectiohviill be obtained.
This minimum boundary condition could be consideasda case for a homogeneous aquifer. However, jeneous
aquifer is not possible in real case. It is usualigumed for easier modeling.

6.0 Conclusion

From these results, it is reasonable to concltii® a stratified porous media of a knoporosity ratio can be
used to control the flow direction of contaminatdliid. This can be done by backfilling thecavated region
between the source of water and contamiwihtstratified porous media (or layered soits) known porosities.
However, for the set of porous material (sandsgus this work, the minimum and maximum angle eflection were
found to be 178and 53.8 respectively, while for sands categorized undee find medium, with porosity ranges from
0.25-0.44 ¢ = 0.5682), the maximum angle of deflection will @& L.
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