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Abstract

The phenomenon of deflection of flow of water in porous media of different
porosities with porosity ratio Y/ , is similar to the jauct that there is deviation in fluid
Jlowe i a pair of media of different densities. Theoretically, the relationship
between  preferred direction of flow of water, €, and the sand layers of porosity
ratio, Y/ was found to be €COS 0= ny swhile experimentally it was obtained o
he cos@ =198 Iny + 113 (D.53951<y<0.9634). Thereafter, when the theoretical
cquation was compared with the experimental result, the value of n ranging from )
to I were found to be appropriate for the theoretical equation (o be valid.
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introduction:
TR greatest danger of groundwater pollution is fromsurfice sources. including sewage sludge. leaking sewers. and

polluted water from refuse disposal sites. Wherever any groundwater supply well is constructed. a viable groundwater measure
must-be taken to prevent contamination by pollutant | 14]. One approach is to control the rate of Tow (or seepage) or change the
airection of the Tow of contaminated Muid by using appropriate sand layers of variable porosities {15, 17].

it should be appreciated that soil ftsell serves asa filter, and its ability to do so depends on its physical attributes such as
permeability and porosity [13]. Natural filiers have been used as Land il Hiners 1o reduce the movement of contaminated {luid
from solid waste land (Gl and waste water disposalinto subsurface, (2. 3.4.60. 7, 12013 and 16]. However. a graded filter serves
Better: it consists of layers of porous materials of different porosities or permeabilities in which the soil particles ina particuli
fayer are coarser than that in the preceding layer (91, 1t should be noted that the selection of a good graded filter as a protective
layer or wscepage control medium depends on its properties. which can only be determined experimentally. Thus. there s ¢
peed for better understanding of the law which governs the flow of fTuid through these media which are used as graded filier.

The aimy of this work is (o model the most preferred direction flow of water across media ol dilferent porosities by
comparing the theoretical result-and experimental result.

The cquation obtained carlier by Cedergreen is based on permeability. however. the permeability obtained by Daicy’s T
for linc-grained sand® varies avith hydraulic gradicnt, which makes the Taw invalid for material within this range. Apart (roy
this. the equation was abtained theoretically and therefore can not be seen as true picture ol the real pattern of Muid deflection i
non-homaogenous medium. Also the range of angle of deflection that can be obtained Trom the above cquation is very smal
Thus. there is a need for another parameter which does not vary or change with hydraulic gradient. Porosity was chose
because it does not change with hydraulic gradient for soils or materials of different grain sizes. especially when the grains
of the same size: and it is casily determine in the laboratory [5]. Therelore, we can now determine experimentally the actus
relationship between the angle ol deflection and the porosities of the media that made up of the heterogencous medium,

In this rescarch, riverbed sands were used as porous media for the experimental work and their porosities were determing

in the laboratory by volumetric approach after necessary processing.
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Theoretical Background

In somc insjances, a great deal can be learned by studying scepage patterns in cross-scetions with soils of more than one
permeability vis-a-vis porositics, and such studies have revealed important shortcomings in some commonly accepled belicls
about scepage and drainage [9)

When water flows across a boundary between dissimilar soils, the flow line bend in such a way that light rays arc refracled
in passing from air into water or from air into glass [9]. The law of conservation of energy forces all natural phenomena to Lake
the finc of lcast resistance. Thus, when water {lows from a soil of high permeability into a material of lower permceability, the
paticrn develops in such a way that the {low remains in the more permeable material for the greatest possible distance:
Likewisce, if the flow is from a material of low permeability into onc of higher permeability, it dellects as soon as possible into
the material of higher permeability [9]. To conserve encrgy, water sceks the casiest paths to travel.

Another way of looking at the behaviour of seepage in scctions with more than onc permeability is the concept that, othe
factors being cqual, the higher the permcability, the smaller the arca required to be passed by a ~given volume of waler
Converscly, the ower the permeability, the greater the arca required.

fn refation to the amount of energy needed to foree water through porous media, the higher th permeability, the lower the
cnergy needed and vice-versa. In'scepage, the rate of loss of encrgy is measured by the stecpiess of the hydraulic gradien,
steep hydrautic gradient should be expected in the zones of low permeability and flat gradicnts, in zoncs of high permeability
19]. A

The way {Tow lincs defleet when they cross the boundarics between soils of different soils of different permeabilities i
shown in figure 1. The flow lines bend to confirm the relationship given as

tana _ ky 19] 0
tan § k,

Where
ky = permeability of medium 1
e, = permeability of medium 2
x = angle between the flow line in medium 1 and the boundary
f = angle between the flow line in mediuwm 2 and the boundary
Stmultancously, the arcas formed by the intersceting line cither clongate or shorten, depending on the ratio of the wo
permeabilitics and confirm the relationship given as

£tz | @

d Iy
where, .
¢ = length of the area formed. in the medium 2
d = breadth of the area formed in the medium 2

In the figure 2a, the sccond permeability is lower than the first, hence shoriened triangles are formed in the seconl
medium. In the figure 2b, the sccond permeability is greater than the first, so clongated rectangles are formed in the seconl
medium. The deflection relationship is expressed by equation | while the equation 2 is extremely useful, as it provides an exad
check ol the accuracy of flow nets for scctions with more than one permeability.

In a similar work carried out by [10] for soil layer of different texture, a similar explanation was given in their results. I
was observed that if a finer textured soil layer overlying a coarser-textured layer (Fig. 2a), particularly if the boundary betwee
the two layer is fairly sharp, it will hold more water against drainage than if it is underlain by material of its own texture o4
finer textured layer (Fig. 2band 2c). This is very noticeable if the coarser-textured layer is a sand. It is evident from above (i¢
explanations that the volume of water discharged and volume flux can be affected by changes of textures vis-a-vis porosity o
the soil profilc.

Iig. 3 shows the casc when the porosity of soil 2 (@) is greater than the porosity of soil | (@;). The flow lines get deflectd
away [rom the normal after crossing the interface. The phenomenon of deflection of the flow lines is somewhat similar i
refraction of light rays from a dense medium to a sparse medium [!, 8 and 9].

Lct & be the angle which the flow line in soil | makes with the interface, [ be the angle which the flow linc in sl

2 makes with the interface and lct @ be the angle which the flow line in soil 2 makes with the normal (angle of deflection). Li
{, and [, be the distance travelled by fluid in soil | and soil 2 respectively.
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tig. 1: Transier conditions at boundaries between soils of different permeabilities (8, 9|

<oy & : (5]

Fig. 2 Fluid flow in soil layers of different textures [9, 10]
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Fig. 3: Fluid {low in non-homogencous soil mass (Adapted from [9])

By geometry, if ao = ob and & > f# which implies that [, >/,
l

I = distance travel by fluid in soill of porosity ¢,

Ly = distance travel by fluid in soil 2 porosity ¢,

2

& = angle between fluid flow line in soil | and the interface
B = angle between fluid Mow line in soil 2 and the interface
A = angle of deflection from the normal in soil 2

From Ab‘oc

: ob’
singy =— (3)
I,
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From Aboc
ob
sin f=— : (4)
Fquation | divided by equation 2 gives
sinx 1,

- ==, (ob=ob") (5)
sinff |,
9 is the rate of fluid flow per unit time in soil 1 while 97 is the ratc of fluid flow per unit time in soil 2
Thus,
I |
g =+ (©)
7
I, |
Gy == (7
f

Where
i = travel time, which arc equal for fluid to travel in soil | and 2.
Eguation 6 divided by cquation 7 gives

= 8
o 1L (8)

This implics that the rate of fluid flow per unit time is proportional to distance travel by [luid.
By using equation 8 in cquation 5, we can wrile

Sin & _ 9y
sin ,H q, ‘
‘The rate of {luid flow is proportional to porosity, and if the constant of the proportionality is denoted by n, then.
sin e,
: = n& (10)
sin @

For laminar and stcady {low in soil 1, angle o will be 90% Thus angle o can be assumed to be 90°. (Tig. 3).
‘Then equation (8) becomcs
1 ?,

- =1 (1)
sin ) '
< (6+03)=90" (Fig. 3)
Thercfore, .
b~ 90° — @ (12)

By using equation 12 in equation | I, then equation 11 becomes
1 _ ¢
sin(90° — 6) @

or
i o ¢_7
cos@ &
whicli can be written as
cos 0 = ny, (w=49¢,/¢) (13)

Lquation 13 shows the relationship between angle of deflection @ and porosity ratio () of the soils | and 2 whilen

the constant of proportionality. This implics that as porosity of the soil 2 (¢, ) increases relatively to porosity of soil |, po i

ratio (W) deercases; and as the porosity ratio decreases the angle of deflection, & incrcases. This is true because costm 5

. angle @ decrcascs with increasing angic 8 .

Liquation I3 can therelore be scen as the basis which shows that there is existence of a definite relationship between the
Journal of the Nigerian Association of Mathematical Physics Volume 18 (May, 2011), 119-
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C ratio of the soils in which the fluid is flowing through and the angle of deflection; when it flows from one soil to the

cxpcx imental set-up consisted of a big transparent cylmducul pipc 108.5x 107 m with radius 2.23x 10™m as an inlet pipe
vsnmll equal lmnspmcnl Lylll]dl ical DIDL of r.\dlus 03xI0 m ca(,h as oullcls (l xg, 4) Yach ol the outlet plpcs was

Tves as a contr ol prcmm,nl The discharge volumc of water at each outlet was collected with bcal\cn and mcasur(_d wuh

v

ing (.yhndm llns was donc at dllluuu llllmg, or inclination angle o of O" 5, lO” l5°, :.lnd 2T huc,altc: lhc inlet

"zm;,cd in turn in order to obtain different porosmcs muos and lhc volume of walcn discharged from the outlets in
fent- cuses were mcasmul duully with mcusunnb Lylll](lCI The vohun(. ﬂux q(m ) or spcullc dmdnug,c was lh(,n

Tt

e
T o P

s
p———

Fig. 4: Experimental sctup for determination of volume
Nux at different outlet angles
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Fig. 5: Schematic diagram of experimental set up to determine volume flux at different angles of inclination

Results and Discussion ) )

lable | presents the value of water discharge, V, from cach outlet pipes at various angles of inclination of the sccond
experimental setup; when both the inlet and outlet pipes were free of porous material. This scrves as a control experiment to
verify if the sctup is in order. These valucs were obtained in a very dircct way, by collecting the values ol water discharged for
60scconds from each outlet simultaneously. Thercafter, the volumetric flow rate and volume flux for this control experimen
were determined and presented in Table 2 and 3 respectively.

The volume flux of water discharged through cach outlet for different porosity ratios were determined and presented in Tables 4
- 13 for porosity ratios 0.5952, 0.6250, 0.6868, 0.7508, 0.7929, 0.8325, 0.8667, 0.9100, 0.9148 and 0.9523 respectively.

Table 14 is an cxtract [rom the values of volume flux presented in Tables 4 — 13. This was done in order to show ata
glance, outlet angles with maximum volume [lux with respect to each porosity ratios, which indicates the anglc of deflection (o
preferred direction of {low) of water through that media. In addition, this will be of help in establishing the relationship that
exist between the porosity ratio and angle of deflection.

In order to establish the relationship between preferred direction of flow and the porosity ratio, anglc of deflcction was
plotted against porosity ratio. This relationship was cstablish by curve fitting (Fig. 6) with correlation coefficient of 0.97.

The results {rom the control experiment of the setup shows that the volume flux, ¢ for outlet pipes of different angles
at a given angle of inclination are more less equal (Table 3). This implies that irrespective of the angle of outlet, when water
flows through empty inlet and outlets pipes, the volume flux will be the same. Thus, there would not be deflection of fluid when
there are no material medium in the inlet and outlet pipes. Also, this indicates that there is perfectness in the model or setup for
the work. Ilowever, it was noted that volume flux increases with increasing angle of inclination. This is in order, becausc anglé
of inclination can be likened to hydraulic gradient in Darcy’s law. '

When the pipes werce filled with sand, the volume [lux follow similar pattern but there was uniform fractional decrement in
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wilunic fux as compared to when the sand were absent. This is so because the presence of the material medium (sand sample
sewossas impedance’ for free Mow of (luid. Thus, like control experiment, there was no indication ol any deflection when th
parosity;of thc media in both inlet and outlet pipes arc the same. ’

‘The ratio of the porosity of the sample in the inlet to that of sample in outlet pipes is called porosity ratio. The result
mm‘-;l‘cnvscls ol porosity ratios considered show that volume flux are not the same in all the outlet pipes (Tables 4 - - 13). Thes:
results are contrary to that of the control experiments and when the porositics of sample in inlet pipe and outlet pipes arc the
same. It was observed that there is a definite pattern for outlet angle that produces highest volume flux with respect to porosit;
alie which indicates the direetion of deflection of water in the sccond medium with respect Lo porosity ratio of the two media.

it is clearly shown that the outiet angle with the highest volume (lux varics for different porosity ratios. lor the leas
potesity ratio (0.5952), the outlet of angle 90" produces highest volume (lux while highest volume flux was obtained for highes
n‘qwsily‘rmio (0.9523) at outlet of angle 0% (rable 14). This implics that the angle of deflection, 0ol the water decreases a
pordsity ratio increases. This can also be stated in this form that, as the porosity of the medium the water flows into i
ancreasing, the lower the porosity ratio and the greater the deflection angle, @ in that medium. If the porosity ratio decreases, i
sgstmilar to the fact that densitics of a pair of media very sharply and it is expected that deviation should be more. "This resul
aviroborates with carlier results obtained by |9, 10] which showed that when fTuid low from a matcerial of [low permeability int
anciofthigher permeability, it deflects as soon as possible into material of higher permeability {9, 10].

In order to establish the relationship between deflection angle 0 of the (luid flow and the porosity ratio, the cosine o
angle 0 was computed and plotted against porosity ratio. The equation of the graph was given o be cos 0 =1.98In(y) +1.13b;
enrve litting, Lrom this cquation, the maximum angle of deflection in stratificd porous medium made up of ine and mediun
sand. will be 89.4% this is true because the maximum valuc of the porosity ratios will be 0.5682 (0.25/0.44) for sund
aitegorized under {ine and medium sands (Frecze and Cherry, 1979).

Also, this cquation implics that for a range of porosity ratios 0.5651 to 0.9364, the deflcction angle 0" 10 90.0° can b
obtaincd. : '

Considering the elfect of the angle of inclination on the dellection of water at various porosity ratios, it was obscrve
that angle of inclination docs not have a significant cffcet on the deflection angle, 0 for angles of inclination, a ranges from 0
10:20.0" used in this work. Iowever the volume flux vis-a-vis seepage velocity increases as angle of inclination increases for al
porosity ratios.

Liquation I3 was proposced as the cquation that shows the relationship between angle of deflection, 0 and porosit:
tatio, 1 . However there is a need to determine the value and nature of n in the theoretical equation. The theoretical cquatior
and experiment cquation were compared by equating them to cach other, the resuit obtained shows that 2 is not constant, bu
ranges (rom O to 1, and its value is dependent of porosity ratio, ¥ . The essence of sccking for the value of 2 is to validate the
experiment result and to widen the range of deficction, 0 for angles that could not be accommodated by the experimental sct up

The experiment equation Cos 0 = 1.98 Inp + 1.13 indicates that angle of deflection (or preferred direction of flow
with anglc 0 depends on the porosity ratio . It is interesting to notc that as porosity ratio decreases (i.c. the greater th
difference between the porositics of the media) the greater the angle, 0 just as for theorctical expression (cgn. 13).

Table 1: Values of volume of water discharge V x 10¢ (m*) when both inlet and outlet pipes were without porous

medium .
- Outlet angle 7]

Anglelor 0 20" s0° 70° 90°

Inclination, a

o ‘ 0 0 0 0 0

N 1227% a3 E 2195 % 250% . 2230%

ot 0.06 007 0.06 0.12 0.09

o1 2.40T 26471 2613 % 2620% 2.07%
0.03 0.12 0.12 0.12 0.06
a0t gt o 7o X oot
0.12 0.15 0.06 0.17 0.15
s2sat s200E s240% s213 % st
0.19 0.12 0.19 0.06 . 0.04
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Table 2: Values of volumetric flow rate Q x 10° (m¥s) when both inlet and outlet pipes were without porous

nredinm

Outlet angle, G

Angle of 0" 20° 50" 70" 90"

inclimation, X

g o 0 ) 0 0

?n s ot 3658 T 3750t .t

ol 0.06 0.07 0.06 0.12 0.09

" 400 ani2E 4355 % 4367E a3asE
0.03 0.12 0.12 0.12 0.06
63.67% s3g8 T 63ast 6317t 6348
0.12 0.15 0.06 0.17 0.15
g1.57F 86.67 & g7.33 % 86.88 & g7.53F
0.19 0.12 0.19 0.06

0.04

Table 3: Values of volume flux q x 10 (ms™*) when both inlet and outlet pipes were without porous medium

Quilet angle, (4

Angle of o 00 s0° 70° 90°

Inclination, OF

0" ’ o 0o N o T 0

?0 13k 130st 293 L 1325t ENEE=

e 0.06 0.07 0.06 0.42 0.09

(8]

a0 1555k 1550 % 15.30 & 543k 15.35E
003 0.12 0.12 0.12 0.06
2.50%E nst 24T nnt nat
0.12 0.15 0.06 0.17 0.15
3004 E 1063t 30.86 £ s070E 3003t
0.19 0.12 0.19 0.06 0.04

'Table 4: Values of volume flux q x 102 (ms™) for porosity ratio 0.5952 . (¢,\/¢|.;)
Qutlet angle, 1) :

Angle of 0" 20" 50" 70° 90"

inclination, & .

0" 0 0 o ) 0

Tu 0431 0,03 092 % 0,06 1.08 £ 0.03 106 T 0.06 130 0.03

5" 102t o7 102t 0.07 259% 0.03 278% 0.0 342% 006

20" 110000 2.11 % 006 385t 003 452% 0.06 stiXon
146X 0,07 248% 0.12 401t 0.06 547X 003 6271 009

Table 5: Values of volume flux q x 107 (ms™) for porosity ratio 0.6250 (@ »/ @ p)
Outlet angle, @

Angle of o < 20" 50" 70" 920"

Inclination qx 107 qx 10* qx 10* qx 10* qx 107

X [degiee (ms™h) (ms™) (ms™) (ms™") (ms™)

0" 0 0 0 0 0

2N 0241 0.06 0.87% 0.09 126 % 0.03 1.06 X 0.0 035 % 0,03

1 :

) 035 % 0.06 161 % 0.06 130% 0.03 aatorn. 049t 0.03

20" 071 0,03 216t 0.07 314t 006 464E 0.12 071003
075X 0.06 252% 0.06 4831 006 5951 0.06

143t 003
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Table 6: Values of volume flux ¢ x 107 (ms™) for porosity ratio 0.6868 ( ¢ A (15 )

Angie of
o

P

1"

b

20"

o 20"
o
0

0.3t 07
015 0,03
1.70E 003

Outlet angle, g

el
0

059 0.00

102X 0.03
126 % 0.06
165X 0.06

e

0
073t 0.03
0.96 L 0.00
L1st o0
622% 006

90" Inclination,

o

0
0.98 % 0.06
271X 012
448 % 0.09
460F 0.03

0
025 0.06
035 T 0.06
075 0.03
130 £ 003

w

Table 7: Values of volume flux ¢ x 10™ (ms™) for porosity ratio 0.7508 (@ »/ @ g)

Outlet angle, I

Angle of o 20" 50° 70" 20"
Inclination, %
0" 0 0 "0 0 0
f('ﬂ 0.13E 003 071 T 007 074 % 0.03 063 E 0.06 0.12% 003
[AV) 4
e 024% 0.03 075X 0.03 -0.82% 0,03 075X 0.00 020% 003
e 0.61 £ 0.06 075 0.09 2.24% 0,05 146 % 0.06 043% 0,09
0.62% 0.06 082t 0.03 491003 314t 003 075t 003
Table 8: Values of volume flux ¢ x 107 (ms™) for porosity ratio 0.7929 ( ¢ A D)
' Outlet angle, &
Angle of o 20" 50" 70" 90" Inclination, &
o 0 0 0 0 0
To 3_ 016 0.03 436E 006 1.85% 0.00 090t 003
s ke " i 1855 0.03 s.1¥ 006 3.93% 0,06 243% 0,03
20" "26; g 271t 0.06 s11torr s13toos 1.40%E 009
264 -
A6 0,08 341003 ot 10.96 F s70F 02
0.12 0.06
Tahle 9: Values of volume flux ¢ x 107 (ms™) for porosity ratio 0.8325 ( ¢ s/ ¢) o)
Outlet angle g Idegree
Angle of 0 20° 50° 70° 90°
inclination, & i
i3 0 0 0 0 0
?o 8 3 4.01 £ 0.06 1ot £ 003 043 % 003
5 4 4 4.95E 0.06 373E 0.06 1.85F 0.06
. 0.90%F 0.03 102t 003 n + y
20 4 I 507t 012 491 % 006 365 % 0.03
126X 003 2.59F 0.06 4 ,
143 1096 £ 456 £ 0.09
0.15 0.06
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Table 10: Values of volume flux g x 107 (ms™) for porosity ratio 0.8667 ( ¢ o ¢ i)

J of NAMP

Qutlet angle, e

Angle of 0" 20" 50" 0 90"
inclination, ¥
o o 0 0 0 0
il 1 6.13% 006 189 T 0.03 090E 0.06 0.01 T 003
15 040 N o 9.10E 0.03 aseL oo 271 006 24t 003
207 Batkh I‘"““ 12ast 7.35F 0,06 6.09E 0.00 s3stoo7
307 003 09
S b 1265t 733%E 0.12 609 006
1552t 0.03
0.07

Table 11: Values of volume flux ¢ x 107 (ms") for porosity ratio 0.9100 ( ¢ o (D n)

Angle of o 20"

Qutlet angle, e

50° 70° 90"
inclination, (X
o 0 0 0 0 0
?0 020% 0.07 271 % 003 185% 003 1a3t o7 - °+
15° 243% 0.06 so7E 003 314t 006 146 0.03 o :L Lo
.. ; 003
20 611X 0.09 g40% 0.06 429E 006 260 T 0.06 L . 90
7.19% 0.06 g8.67E 0.03 436X 002 392t 003 LoE =10
Table 12: Values of volume flux g x 10~ (ms™) for poresity ratio 0.9148 (@ o/ @ )
. Qutlet angle, 1)
Angle of 0" 20" 50" 70" 90"
inclination, X
o 0 0 0 0 0
‘I‘U 248F 0,00 090 £ 0.06 0.00% 0.03 075t 0.03 8
15" s13E 006 1.89% 0.06 243 003 189% 0.03 4
ol i 4 . % 0.2t 003
20 831X 003 271 E 003 2.64 % 0.06 243% 0.03 "%
; 0.12% 0.00
g.41E 0.06 735t 0.03 sattoos 429 0.06
Table 13: Values of volume fTux g x 10~ (ms™") for porosity ratio 0.9523 ( ¢ o/ ¢ i)
Quilet angle, g
Angle of 0" 20" 50" 70" 90" inclination, %
o 0 0 0 0 0
:0 788 % 0.00 2.43% 0.06 126 % 0,03 1 8
SN 1ozt 535F 0.06 4290 0.06 %29 N B0g -
20° fba N g.41% 003 7.19% 0.06 wAR ; itz st ues
a8~ 857X 012 8.31 X 0.00 60} =09
0.03 .
17.80%
0.12
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‘Table 14: Values of porositics ratio, angle of deflection and cosine of angle of deflection

Porosity ratio Angle of Deflection Cos@
0.9523 0 !
0.9148 0 f
0.9100 ) 20 0.9397
(1.8667 20 0.9397
0.8325 50 0.6428
{.7929 50 0.6128
0.7508 50 0.6428
{).6868 70 0.3420
0.6250 70 0.3420
0.5952 90 0
1.2 4
g ’ cos0:=1.98In(y)1-1.13
0.8 4 (R*=0.97)
0.6 -
0.4 -
0.2 -
0 [ ] ¥ # ¥ 1
0 0.2 0.4 0.6 0.8 i

Porosity Ratio

Iig. 6: Plot of Cos0 against porosity ratio y

Conclusion

If water flows through laycrs of sand of different porosities with porosity ratio, y , the relationship between the preferred
dircction of flow at angle, 0 in the second layer was found to' be cos 0= 1.98In(y) + I.13, for porosity ratios within 0.5651 to
0.9364. The preferred direction of flow of angle 89.4° was obtaincd when water flows from fine grained sand of minimum
porosity 0.25 to medium graincd sand of maximum porosity 0.44 .The was obtained for sands categorized under fine and
medium grained because the porosity ratio for this media is 0.5682(0.25/0.44).

This model could be uscful in the process whereby the contaminated fluid is to be directed to unwanted portion of land
rather than reducing the seepage. When a material or sand of lower porosity or permeability is used as protective layer, it is
possible for the soil or Surrounding to be contaminated due to low seepage. The altcrnative option is to deflect the contaminated’
water from the source of water. If there is a need for this, porous materials of appropriate porosities can arranged in layers to
design a stratificd protective fayer to deflect the contaminated fluid to a specified directions. Also, the model could be useful for
selective irrigation, whereby different crops requiring different quantities of water can be irrigated from a single source of water
supply. This can be done by selecting appropriate sands of known porosities to constitute a layered medium for deflecting the
incident water ai dfilfcrent angles from the original direction.
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