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ttitroduclion: 
'(ll?! gwulrsl ilaligcr ol' g~'out~tl\vala- pol lut ior~ is ~ J I I I  surl':icc s t~~~rccs .  i l lc lut l i l~y sc\v;igc slutlgc. Icaki~lg \c\vcrs. alal 

pllulctl \vaIcr l'ri1111 rclilsc tlispusal sites. W l ~ ~ c v c r  aay g~ 'o t~~~ i l tv : i~cr  supply \vcll is co~istr t tc~al .  ;I v i i~k lc  ~ r i t i ~ ~ ~ c l \ v a ~ ~ r  I l I ~ i l h l l ~ C  

pli~l~khc lake11 111 prc\.c~ll ~ t ~ ~ ~ t i t t i ~ i ~ l i t ~ i o ~ l  by po l l~ t ta l~ t  I 1-11. 011c opp~.oi~cll is to c o ~ ~ t r o l  t l ~ c  ntlc o f  Ilo\v (or hccpayr-) clr cli:lliyc IIlc 
~~RY'II~III ol'tlic Ilci\v ol 'con~a~it i~~:t~ccI I lu id hy  ~tsilkg appn~printc snnd layers ol' v;~ri;lhIc p) ros i~ ics  1 15. 17 1. 

It should Ile ,ctppr~ciit(cd that soil ilscll' serves ;is i t  I'iltcr. nlnl i ls ;thility to tio si) i lcpc~ti ls 1111 its pllysical ;III~I~UICX soclt ;IS 

~ ~ ~ w a l > i l i t y  311il pon)sity ( 1  31. Nalui-al l i l lcrs hirvc h c c ~ ~  usctl us Iiurtll'ill liltera l o  rctlucc the ~ l t o v c r ~ i c n ~  01' co~ i t ; i ~~~ iaa~c i I  Iluitl 
@IIII solitl \v;tste lu~iill'ill ulltl Ivaslc \v;rtcr tlispusitl ilttit st~hsurliicc: (2. 3. 4 . f ~  7. 12. 1.7 i t l l t l  16 1. I lo\vevcr. ;I p'utlcil filler \cr\c: 
kua :  il cor~sisls III' layers (11' poroits 111i11~ri;il~ of iIil'li'rc111 porosilics or ~1cr11ie;1l>iIiti~')r i t 1  \vl1icI1 tI1c soil ~l;tr~iclch ill ;I I>;I~I~CIII~II 
j!l~cr u.c co:tlacr 111:\1i 111:tl ill lI\c ~ ~ r c c c t l i i ~ g  Ittycr 10 1. II slrotlltl hc 11o1ct1 1l1a1 ~ l i c  sclccl it111 ol' ;I gooil pit t lct l  I'iltcr us a ~~r i t l cc t iv i  
I y t r  or a sccpugc colilvol ~~ tc t l i u t l l  i lcpe~ii ls 1111 ils propcflic!. \vltich cutt i111Iy he i l e l c r ~ t ~ i ~ ~ e i l  e . ~ j ~ c ~ ~ i ~ ~ l e ~ ~ ~ i t I I ~ ~ . , ' l ' l ~ ~ ~ ~ .  111c1.c I\ i 
IKPJ liw kcllcr u ~ a l c r s l u ~ ~ i l i ~ t g  o f  l l ic I;r\ir tvliicli goverla Ilic Ilo\v 01' Ili~itl t l i rr~ugli  Ihcsc ~ l lc r l i ;~  \vh ic l~  urc uhctl ;I> gr;alctl I'illcr. 

'1'11~ ;ti111 01' Il l is ~vork , is  l o  ~ t ~ o i l c l  l l ~ c  11tos1 prcScrtci1 i l i ~ v c t i i ~ ~ ~  Ili l\v 01' \v;11er ; I~I -~I~s 111ciIi;1 01' i l i ~ f c r c ~ t ~  l x ~ r i ~ s i ~ i c s  11: 
tcotl~pwi~ig llic ~l icorcl ici i l  rcsull aliil capcr i~~ict l ta l  rcsull. 

' I l c  cquatiolt ohtuiticil cnrlicr hy  C:cdcrgrccn is hascd OII ~~er~~ic; th i l i ty .  I lo \~cvcr.  tllc ~wr~ l lc i th i l i l y  ohtoillctl I>\. 1)arcy's la\ 
[or l'i~w-grdi~icil ~it11i1 ~ u r i p s  \ v i t l ~  l ~ y t l ~ ~ i ~ l i c  g ~ t i l i c ~ ~ t .  \vIticl~ 11~1kcs tlic I:i\v i~lv:~Iicl l'or 111;11eri;1l \ v i ~ l ~ i ~ l  111is KIII~~. /\p;lr~ ~'IUI. 
,this. tlic cqueliol~ was ohlai l~cti  t l tcorc~ic i~ l lg alii l l l lcrc l i~rc c;ui 11o1 he scc l~  ns true ~>ictul-c 01' 1l)c real p11crl1 ol' l l t ~ i t l  tlcllcctictr~ i 
IUIII-~I~~IIIO~~II~~L~S 8)1cilii1111. Also t lw rlttlge OS :111gIe ol' i l c l l c c t i i ~ ~ ~  tllitt C~I I  l jc o l ~ ~ i i i ~ ~ c t l  l'r111!1 111c :IIIII\.~ CL~I~:II~~II is very \III;II 
'Ilius. tlwrc is 'a llcctl (br :ulollicr paritrilctcr \vliicli docs ~ t o l  or cllarlgc \ v i l i ~  liytlrit~rlic grittlicll~. I'orosi~y \\.;IS cllctw 
hccuusc il tlocs rlilt e1r~11gc \vill i I iytIrut~l ic g ra i l i c~~ l  l i ~ r  soils or n~i~ccrials ol' tl i l ' l 'crc~~l gr;~irl si/ch. especially \vl lc~) tltc yrail~s ;II 
ul' ~ l i c  suttlc size: :II~ it is c:lsily d c t c r l ~ ~ i l l ~  ill ll ic 131~1riitory 151. 'I'I1crcli1rc. ivc C i t l l  IIOI~ ~ICIC~II~~IIC CXI)C~~I~ICIII~III\. 11ic ;IL-III; 
rclnlio~iship hcl\~cc11 Ihc :laglo o l ' t l c l l cc l i c~~~ urlil the port~sitics ol'tlic ~ l ~ c t l i ~ t  111;11 III:ICI~ 1111 trl '  III~ J 1 c 1 ~ ~ 1 ~ c l ~ ~ ~ ) ~ ~ ~  1 ) 1 ~ ~ l i ~ ~ l ~ t .  

III tliis rcscorcll. rivcrl.lctl sunils were used us pi)n)us ~ l ~ c t l i a  litr tlic c x l > c r i ~ ~ ) c ~ ~ t n l  \\-ork a1111 ~ l l c i r  11orosi1ic.s \\ere t l c ~ o . ~ ~ ~ ~ ~ ~ c  
ill ~ l l c  Ii~lrorittory hy volu~ilctr ic i~pprouch i ~ l i c r  Ilcccssary pruccssing. 
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Modelling tile Itlow of Watcr in Stralificd 1,aycrs of Sand. l'opooln, Adegoke and Alahi. J of NAMP 

Tl~coretiml Background 
In son~c i ~ ~ s i a ~ s c s ,  it p i l l  dcal can bc lcariiccl by sludying sccpagc ppattcrns in cross-scctions with soils of morc than onc 

pcrmcabiliiy vis-ill-vis porosities. atid such sludics have rcvcalcd important shortcomings in some commonly acccplcd belids 
about sccpegc and clrainogc 191 

Wllcn WilIcr llows itcross a bol~ndary bctwccn dissimilar soils, lhc flow line hend in such a way that light rays arc rcfractul 
in p;lssiag from air into watcr or from air inlo glass 191. Thc law ofconscrvation of cncrgy forccs all natural phcnomcna to tnkc 
Lhc linc or Iciut rcsis~lmncc. Thus, whcn walcr flows h m  a soil of high pcr~ncahility into a rnalcrial of lowcr pcr~ncabilily, Ihc. 
paltcrn dcvclops in such a way rhat tlic llow rctnains in the more permeable malcrial Ibr lhc grcatcst possible distanm 
I.ikcwisc, il'thc now is from a ~natcrial of low pcrmcability into onc of highcr pcrmcability, it dcilccts as soon as possihlc inlo 

thc matcrial of highcr pcr~ncahility I9 1. 'l'o comscrvc mcrgy, watcr sccks lhc casicst pslhs to travcl. 
Anothcr way of looking at thc hchaviour ol'sccpagc in scctions with lnorc than onc pcrmcability is lhc conccpt that, 0th. 

factors hci~ig cqual, thc Iiiglicr lllc pcrmcabilily, tlic smnllcr the itrci\ rcquircd io bc passcd by a givcn volumc of wulcf 
Convcrscly, llic lowcr the pcmicobility, lhc grcalcr thc ilrca rcquircd. 

In rclulion to lhc alnounl of c~~crgy  I I C C ~ C C I  10 force wntcr through porous mcdia, tlic highcr 111 pcrmeabilily, lhc lowcr tha 
cncrgy nccdcd and vicc-vcrsil. In'sccpagc, the rule oS loss of energy is mcusurcd by thc slccpncss oS thc hydraulic gradit$ 
slccp hytlraulic gradicnl slioulrl bc cxpcctcd in thc zones OF low pcr~ncabilily and 1'Iai grildicntq, in zones ol' high pcrmeahilily 
191. 

:I'hc way flow liiics dcllccl wlicn thcy cross Lhc boundsrics hctwccn soils of difrcrcnl soils of dil'fcrent pcrmeabilities O 
shown in ligilrc I .  Thc flow li~lcs hcntl to conlir~n thc rclationship givcn as 

tan a - k ?  -- 
tan ,B kl 

191 

k,  = perrneubility of medium 1 
k, = permeubility of medium 2 
a = unyle between the flow line in medium 1 und the bo~cndury 

, 

j3 = angle belween the flow line in medium 2 und lhe boundury 
Simultaneously, lhc arcas formcd by thc intcrsccting linc eilhcr elongatc or shortcn, depending on thc ratio of the lwr  

pcrmcahilitics n d  confirm thc rclationship givcn as 

whcrc, 
c = lenglh of lhe ureu Pormed in lhe mediun12 
d = breudlh of the ureu formed in the medium 2 

In llic figurc 2a, lhc sccond pcnncabilily is lowcr than the first, hcnce shortened triangles are lbrmeil in the secod 
mcdii~tn. I11 tlic I'igurc 2b, thc sccond pcr~ncability is grcatcr than thc first, so clongatcd rcctangles arc formcd in the s e e d  
~ncdium. The deflection rclatio~iship is cxprcssed by equation I while the equation 2 is extremely useful. as it provitlcs an exad 
chcck of thc accuracy of Ilow ncls for scclions with morc than one pcrmeahility. 

In a similar work carried out hy I I O j  for soil laycr of different tcxlrlre, a similar explanation was givcn in their rcsulls.T 
wus obscrvcd that if a liner textured soil layer overlying a coarser-textured layer (Fig. Za), particularly if the boundary bet- 
thc two lilycr is fairly sharp, it will hold more watcr against drainage than if it is undcrlain by material of its own textttreo@ 
finer tcxturcd laycr (Fig. 2b and 2c). This is very noticeable if the coarser-textured layer is a sand. It is evident from above& 
explanations that lhc volilmc of water dischargcd and volume flux can be affected by changes of texturn vis-&vis porosity& 
lhc soil profilc. 

Fig. 3 shows Urn caw whcn thc porosity of soil 2 (A)  is greater than the porosity of soil I (4,). The flow lines gel deflecld 
away from lhc normal al'tcr crossing Uic interface. Thc phenomenon of deflection of thc flow lines is somcwhat sirnilair 
refraction of light rays from a dense medium lo a sparse medium [ I .  8 and 91. 

Ixt  a! hc thc angle which the flow line in soil I makes with the interface, be the angle which the flow linc ind 
2 ~nakcs with thc intcrkc and Icl 6 bc thc anglc which the flow line in soil 2 makes wilh the normal (angle of defleclion).M 

I, and I ,  bc thc dislancc lravcllcd by fluid in soil I atid soil 2 respectively. 
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Modellinjig tllc Plow of Watcr in Stratilied 1,aycrs of Sand. I'o~puola, Adegoke and Abbi. J oJNAMIJ 

Fig. 1: Transfcr conditions at boundaries bclwccn soils of diffcrcnt pcrmcabilitics 18.91 

Fig. 2 Fluid flow in soil layers of diffcrcnt tcxlurcs 19, 10) 

Fig. 3: Fluid flow in non-homogcncous soil mass (Adapted from 191) 

By geometry, if ao = qb and cr > ,B which implies that I ,  > 1, 

'1 = distnncc travel by fluid in soil l of porosity.), 

'2 = distance trawl by fluid in soil 2 porosity k ' 
a = anglc bctwccn fluid flow line in soil 1 and the interface 
f l  = angle bctwcen fluid now line in soil 2 and the interface 

9 = mgle of dcllcction from thc normal in soil 2 
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Modcll i~~g thc Flow of Watcr in Stratified 1,ayci-s of Sand. IJopoola, Adegoke and Alnbi. J ofN/LMID 

(oh = oh') 

q1 is 1l1c rate of fluid llow per unit rinic in soil I wliile 42 is thc ratc OF fluid flow per unit tinic in soil 2 
'l'hus. 

' 11 Cfl =- 
I 

When: 
t = lravcl Limc, which arc cqual for fluid to travel in soil I and 2. 
Fquntion 6 dividdd by cquition 7 givcs 

91 'I -=- 
Y:! 12 

'I'llis i~nplics that the rntc of fluid flow pcr unit dmc is proportional to distmutcc vavcl by fluid. 
13y using cqulllion 8 in cqualion 5, wc can wrilc 

sill a qq7. -- 
sinp g, 

(9) 

Thc rate of' fluid ilow is proportional lo prosily, and if the constanl of lhc proportionality is dcnolcd by n, thcn. 

For laminar itnd s lcdy flow in soil I, angle a will be 90°.~hus anglc acan  be assumed to bc 90'. (Fig. 3). 
'I'hen cquation (8) b o n ~ c s  

< (8 + p) = 90" 
Thcrclorc. 

p=90"-s 

(Fig. 3) 

13y using equation 42 in equation I 1, then equation I I becoines 

1 - $2 - n- 
cos 6 4 

whicli can bc wrillcn as 

C O S O = ~ V .  ( w = Q ~ / @ ~ )  (13) 
lkliuation 13 shows llic rdlcItionship bctwccn anglc of deflection 8 and porosity ratio (ly) of thc soils I and 2 while. 

lllc constanl of pmportionnlity."Tliis implics Lllat xi porosity of the soil 2 (&) increases relatively to porosity of soil I, 

ratio (v) dcc~~ascs;  and as tlic porosity ratio dccrascs the angle of deflcction. 8 incrcascs. This is true because cos 

. anglc 6 dccrcascs with incrcilsing angle 6. 
Equation 13 can thcrcforc bc seen as tlic basis which shows that there is existence of a definite relatiotisliip between the: 
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the Plow of Water i n  Strutiticd I,aycrs of Sand. IDopoola, Adegoke and Alahi. J (flN/LIWIS 

io of LC soits in  which tlic fluid is flowing through and thc anglc of dcflcction; wlicn it flows from onc soil lo thc 
tud cxprcssio~~ slii~ll hc dctcr~niticd cxpcrinientally. 

imcnlal scl-up consistcrl of a big Lransprcnt cylindrical pipc 108.5~ I@' n~ with radius 2.23~ 10-%I m~s an inlct p i 6  
cqual transptucnl cylindrical pipc of radius 0 . 3 ~  l U b  much as outlets (I'ig. 4). Ihch of thc oi~ilct pipcs W;LS 

ccnlrc of lhc circulur plmtic platc on llic Lop or lilc inlct pipc at diffcrcnt anglcs Oof oO, 2oU, 5d1,70' and 90' from 
or linc. Wutcr wuri nllowcd to [low throitgl~ lhc cmpty inlct pipc into outlct pipcs for a period of 60scconds and 
r control cxpcrimcnt. 'Shc discl~irgc vohi~mc of water at cach oiltlct was collcctcd with bcakcr and mcasurcd with 
ndcr. Tliis wus donc ut diffcrcnt tilting or inclination angle a o F  0'. 5; 10'. IS0, and 20'. 'l'hcrcultcr, thc inlcl 
t pipcs wcrc 1711cd with lhc sunc sumplc at a timc and thc volurnc of watcr dischnrpd through cnch outlet pipc 
for din'crcnl anglc of inclination a, This was repented For nll thc samplcs. 'l'hcn, all thc Iivc oiillcls wcrc l'illcd 

samplc of liighcr porosity rclnlivcly to thul tlic inlet pipe to constitute llnycrcd l~etcrogcncous mcdia. 'l'hc volume of 
ischarged linn~ cuch'oullcl was mcllsurcd. This wns also donc ik1 diffcrent tingle ol' inclinalion a in ordcr lo know llic 
f mglc of inclinaiic~n o n  lluid flow ralc for cacll samplc and cross-section of samplcs. 'l'lie samplc in 1Iic inlcl pipe wus 
angcd in tun1 in ordcr to c;ht;tin diffcrcnt porosities ratios anti thc V O ~ L I I ~ C  of walcr discliargcd from thc outlcts in 

nt.citscs wcrc ~ncas~~rccl dircclly with mciuring cylinder. Thc volurnc Ilux y(~ii-l) or spwific clischargc was thcn 
from thc volumclric Ilow laic ~ ( ~ i i ' i ' )  hy dividing it with thc cross-sccliond nrca, 2.83 x 10-'mbf thc outlcl pipe. 
ic scllcnlalic diagram 111' Lig. 4 to show thc cxpcrinicntnl sct up clcarly. 

Pig. 4: Experimental sctup for dctcminalion of volume 
flux at diffcrcnl ouLlct angles 
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Modelling the Row of Water in Stratified 1,ayers of Sand. I'opocrla, Adegolce atzd Alahi. .J (?fNAM13 

+fii$-+ 
iamete 

Outlet pipe 
i 

Id/ pipe cylindrical 

!@&: 

As h is varied 
-. ... :I1 &.,. 

! 60c 
I ! 

I 
t a = angle of ind~ination. a = oO, soJ 
'7 v 

' the normal lool 15' and 20' 

Pig. 5: Scliemalic diagram of cxperimental set up to dctcrniine volume flux at different anglcs of inclination 

Results and Iliscussion 
rablc I prcscnts tllc vali~c of' watcr discharge, V, li-om cach outlct pipcs at various anglcs of inclination of thc sccond 
experi~ii~ital setup; when both the inlet and outlct pipes wcre free of porous material. This scrves as a control cxpcrinlcnt to 
verify if the setup is in ordcr: Thcse valucs wcrc obtaincd in a very dircct way. by collecting thc values of watcr discharged for' 
60scconds fro111 each outlet simultaneously. Thcrcaftcr, tlic votunictric flow ratc and volumc flux for this control cxpcrimcn! 
wcrc detcrmined and prcsclitcd in Table 2 and 3 respectively. 
The volt~tnc flux of watcr discharged through cach outlet for differcnt porosity ratios wcrc dctcrmined and prcscntcd in Tahlcs4 
7 I3 for porosity ratios 0.5952,0.6250,0.6868,0.7508,0.7929,0.8325,0.8667,0.9 100,0.9 148 and 0.9523 rcspccdvely. 

Table 14 is an extract from thc valucs of volumc flux presented in Tablcs 4 - 13. This was donc in order to show ate 
gla~icc, outlct anglcs with ~i iaxi~i i~~ni  volumc flux with respccl to each porosity ratios, which indicates tlic anglc of deflection (4 
prcl'crred direction of flow) ol' water through that mcdia. In addition, this will be of' hclp in eslablishing the relationship h a t  
exist between the porosily ralio and angle of detleclion. 

In ordcr lo establish tlic relationship between preferred direction or flow and the porosity ratio, imglc or rlcllcction was 
plottcd against porosity ratio. This rclationship was cstablisli by curve fitting Fig. 6) with correlation coefficient of0.97. 

The results from the control experiment of the setup shows that the volume flux, q for outlet pipcs of diffcrcnt nnglb 
at a givcsl angle of inclination are liiore less equal (Table 3). This implies [hat irrespectivc ol' the angle of outlet, wliea water 
llows through cnipty inlet and otitlels pipes, tlic voh~me flux will be thc same. Thus, thcrc would not bc dcflcction of fluid whcR 
thcrc arc no matcrial medium in the inlct and outlet pipes. Also, this indicates that there is perfectness in the model or setupfa! 
thc work. IIowcvcr, it was noted that volumc 11ux increases with increasing angle of inclination. This is in order, because angb 
of inclination can bc likcncd lo hydraulic'gritdicnt in Darcy's law. 
Wlicn tlw pipcs wcrc I'illcd with siind, Lhc voli~mc Ilux follow similar pattern but there was uniforni fractional dccro~ncnt in 
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ttic M o w  oC Water in Stratil'kcd I,ttyers oTSt~nd. P90poolaj Adelpoke and Alabi. J of NAMP 
-p aux xi co~nparcd to when tlic sand wcrc ahscnt. This is so hccilusc thc prcscncc of thc mutcrial ~ncvlittrn (sand sr~nplc 

inlpcda~lcc' Sor,Srcc llow of Iluid. 't'hus, likc control cxpcrimcnt, thcrc wlrs no indicalio~l oS any dcllcction whcn thc 
wlqpf thc malia in Ixttli inlcl and outlct pipcs arc thc samc. 

'jltc wdo of thc porosity 01' thc sumplc in tlic inlct to that of sn~iiplc in autlct pipcs is callcd porosity ratio. Thc rcsull: 
m#n scts ol'pomsity rittios consicicrcd shclw ihat vi>lumc flux.urc 11ot tlic sanlc in all thc outlct pipcs fl'ablcs 4. . 13). 'l'hcsl 
ml@ arc ~ont r iy  to that of tlic control cxpcrimcnls und whcn thc porosities of samplc in inlct pipe and outlct pipcs llrc ti11 - P.w;ts ohscrvcd that lhcrc is a dcfinitc paltcrn for outlct anglc that produccs highcst vollmnlc flux with rctipccl to porosic 

~hicli indiciilcs thc rlircction of dcllcclion of wutcr in thc scco~id malit~m with rcspcct to porosity ratio of thc two nlcdia. 
11 is elciuly shown llla tlic outlet anglc with tho iiigliesl vohtmc Ilux varics Sor dillcrc~,~ porosity ratios. Ibr thc Icu 

w j u  ratio (0.5952), tllc oullct of tingle 90" prodiiccs higlwst volunic l l i~x  whilc highest volumc Ilux was obtilincd h r  Righcs 
mi~Yyr;rtio (0.9523) at outlct >I .  anglc (8 ('l'ahlc 14). 'l'liis implics that UIC anglc of dcllcction, 0 of thc watcr ~ C C ~ C ~ E C S  a 

g~&j iy  ratio i~lcrciscs. This can also hc statcd in this form that, as thc pornsity of. thc mcdium thc watcr f l o ~ s  into i 
=musing, [hc lowcr lllc porosity ratio and llic grciltcr thc dcllcction a~iglc, 0 in that mctlium. If thc pclrosity ralio dccrcxscs, i 
@&spilnr to thc fact tlii11 densities of a pair ol' riicdiu very shi~rply and it is cxpcctcii that dcviittion should be ~norc. 'l'his rcsul 
f@$mbntcs with clrrlicr rcsulls ohtaincd by 19, ilOl which sllowcd that whcn Iluid low lion1 a matcrial of flow pcrnicahility inti 
mfihighcr pmcahility, it dcllccLs us soon as possihlc into malcrial of higlicr P~r~ncahilit) 10, 101. 

In ordcr to cstahlisli thc rclationship hctwccn dcllcction angle 0 oF thc fluid flow and thc porosity ratio. Bc cosinc o 
mgfc 0 wits conipulcrl antl' plotlcd agai~isl pclmsity ralio. 'l'lic crpialion of dlc graph was given Lo hc cos 0 = 1.98 In(y) + I. 1%: 

atfvc fitting, lirom this cquulion, lhc niilxi~num anglc ot' dcllcc~iol~ in s~ntil'icd porous mcdium madc up of linc mid ~iicdiun 
m,d will hc 89.4". this is lruc hcca~tsc thc milxi~nt~~n vduc of tlic pomsity ratios will bc 0.5682 (0.2510.44) for sand 
&tcguri~cd udcr finc and ~ncclium salids (l'rccic and Chcrry, 1979). 

Also, this cquation i~nplics that filr a rung of porosiry ratios 0.565 1 to 0.9364, llic rlcflcction a~iglc 0" lo 90.0' cm b 
obtained. 

Co~~siclcri~ig Ihc cll'cci of thc anglc ol' i~rclinatior~ on the dcflcclion of watcr at various porosity ratios, it was ohscrvcr 
itint nnglc of inclination docs not llitvc a significant clTca on the dcllcclion mglc, 0 Tor anglcs of inclination, a rang= from 0 
l&.2b.0~ t~sul in this work. Ibwcvcr thc vofu~nc llux vis-a-vis scepagc vclocity incrciscs as angle OF inclination incrcascs for al 
pmsity ratios. 

liq~1illi011 13 was proposcd os tlic cquation that shows thc rclationship bctwccn anglc of dcllcction, U and porosic 
ratio, I) . iIowcvcr thcrc is a nccd to dctcrniinc thc value and nakurc of n in the thcorcticol cquition. 'l'hc thcorcticd cquatio~ 
md cxpcri~licnt cquation wcrc cornpllrcd by equating Lhcm to wch otlicr, the ~csult oblaincd shows that rt is not consliltlt, hu 
ranges from 0 to I, and its valuc is dcpcndcnt of porosiry ratio, $J . The cssencc of sccking Ibr thc valuc of rr  is to validatc tb 
apcrirncnt rcsull and lo widen Lhc range of ilcllcction, O for angles that could not hc acco~ii~iiodatcd hy tlic cxpcrimcntal sct up 

l'lic cxpcrimcnt cqt~ittioti Cos 0 = 1.98 In JI .t 1.13 indicalcs Ihal nnglc of. dcflcclion (or prcfcrcd dircction'of flow 
@it11 anglc U dcpcnds on the pi)rasity rutio $J. It is inkresting to notc that as porosity ratio dccrcascs (i-c. thc grcitcr th~ 
diffcrcncc bctwccn lhc porbsitics of thc mcdia) lhc grcatcr tlic anglc, O just as for lheorclical cxprcssion (cqn. 13). 

Tuble 1: Values of volume of water discl~urgc V x lo4 (m3) when both inlet and outlet pipcs were without porous 
~iiedi~~ni 

.. 0tt1h1 imgle 8 
Angle ol' 0" 2ON 50" , 70" 90" 
Inclination. a 
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Tablie 2: Veluccs of vttlt~wetrlc flow PBLC Q x PO" (m%) .vvhe:~ bcltl19nlct elid outlet pipes were withc~i~t poroos 

mcdiktm 

Tablie 3: BIelares of volttxnc Flux a x ll(B'" (ms") when both iaP& \end outlet alnws were withoirl uorclus mcdium 
- - -- - ---- - - - - - 

Outlea angle, b;P 
Angle ol' 0" 20" 50'" 70" 90" 

'L'nblc 4: Vatucs of vo~t~mc [lux q x (~ns-'] for porasity ratio 0.5952 . ( 4 4 

I .46 Ifi 0.07 2.48, 0.12 4.01 5 0.06 5.47 Ifi 0.03 6.27 Ifi 0.09 

Table 5: Vulucs of volumc ilux q x lo5 (ms-') for porosity ralio 0.6250 ( 4 A/ 4 D) 
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Tahlc 6: Vulu& of volumc flux cl x 1 ~ '  (nw-') for porosity ratio 0.6868 ( @*I 4 c)  

Outlei mglc. 

.-. -- Anglu or 01: 20" SO" 70" . - - - - - -- - - - - - + *- 
90" Inclination. a - -- - -- - - . - - 

0" ' 0 0 0 0 0 

$' 0 I.59 r)+ 0.00 0.73 If: 0.03 0 YX * 0.06 0 25 * 0.06 
10" 
1 5" 

0.13 * 0.07 I .02 0.03 0.96 f 0.00 2.7 1 - 0.12 0.35 * 0.06 -t 

20" 
f 0.15 - 0.03 1.26 0.06 + 1.18- 0.03 4.48 * 0.09 + 0.75 - 0.03 

I .70 f 0.03 I .65 f 0.06 6.22 f 0.06 4.60 f 0.03 I .30 + 0.03 

G 

'fable 7: Values of volulnc llux 111 x 10." (ms-') for porosity ratio 0.7508 1 en/ 4 
, 

O ~ I I ~ C I  angle. B 
Anglc of' 0" 20" s(r' 70" 90" 

Tahlc 8: Values or volumc flux q x lo5 (mf ') far porosity ratio 0.7929 ( 4 ,,I 4 ,-) 
. - - - . . - 

Outlet nnglc. B 
Anglc of 0" 20" SO" 70" 90" Inclhation. LX 
0" 0 0 0 0 0 

Tabla 9: Values of volumc flux q x 1w3 (ms-') for porosity ratio 0.8325 ( 4 d (b o) 
- -- .-- - - - - - --- - - - 

~ u t t c ~  anglc f91~1egrce 
Angle of 0" 20" 50" 70" 90" 
iticlinaliotr; (X , 

0" 0 0 0 0 0 
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TaUe 10: Nllucs or volumc flt~x q x 10-' (nis-I) for portwily ratio 0.8667 ( # (.I 4 E) 

OUIICI angle. 6 
Angle uC lr' 20" 50" 70" 90" 
iwlimlinn. a 
0" 0 0 0 ' 0 . 0  

'ISil~lc 11: Vtllucs ol' velumc flux cl x 10'J (ms") I'OI- porosity ratin 0.9100 ( 4 4 n) 
I 

Oatlet angle, 6 
Anglc of 0'' 20'' 50" 70" 00" 
iaclia;~lion. a 
0" 0 0 0 0 0 

'Iirble 12: Values or volumc flux q x 10*~(ms-') for porosity ratio 0.9148 ( 4 J 4 c) 
. . - -. . - - - - - - - - - - --- - . . - - . - - - . - . - 

OIII~CI anglc. 6 
Angle or (Y' 20" 50" 70" 90" 

Tahlc 13: Volncs of volumc llux q x 10" (ms") for porosity ratio 0.9523 ( $ d @ 

Andc of 0" 20" SO" 70" 90" inclination. a 
0" 0 0 0 0 0 
5" 7.88f 0.09 2.43 0.06 1.26 f 0.03 0 0 
1w' 0.20 + 0.06 0 
IS" ll.(K$ 5.35 * 0.06 4.29 f 0.06 

0.06 2.48 f 0.12 
0.12k0.03 

20" 8.41 * 0.03 7.19 + 0.06 

I (1.82 2 6.01 0.07 
0.16 * 0.03 

8.57f 0.12 8.3 1 f 0.09 
0.03 
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WLtlli'ng the Flow of Water h Strtltificd 1,uycrs of Sand. lDupoula, Adeg-oke and Alabi. J o f N M I J  

'I'~~hlc 14: Valo~w or porwilies ratio, t811glc of dellcclion and cortiac d n~lgle of dcllcclion 
I'orwily ratio A~tglc d llellrelio~~ Cad 

Porosity Ratio 

Fig. 6: Plot of CosO against porosity ratio y 

Conclusion 
If water Bows througlt layers of sand of dilTerenr porosities with porosity ratio, y , the relationship bclwecn the preferred 

dircctioa of flow at angle, Oin the second laycr was found to-be cos 0= f.Y811z(y) + 1.13, for porosity ratios within 0.5651 lo 
0.9364. Thc prcfcrrcd dircction of llow of anglc 89.4' was obtaincd whcn watcr flows from fine graincd sand or minimum 
porosity 0.25 to medium graincd sand of moximiu~n porosity 0.44 .'l'he was obtained for sands cat~gorizcd undcr fine and 
medium grained hecause the porosity ratio for this media is 0.5682(0.25/0.44). 

This ~nodcl could he uscf~~l  in the process whereby the conta~niniltcd fluid is to bc directed to unwanted portion or land 
raliler than reducing the seepagc. When a material or sand of lower porosity or pcrlncability is used as protective laycr, it is 
possihlc for thc soil or surro~rndin~ to bc contaminated due to low seepage. The nltcrnativc option is to dcflcct the contarninnted' 
water kom lhc sourcc of watcr. It' lhere is n need for this; porous muterials of appropriate porosities can arranged in layers to 
&sign a stratified pmtcctivc iitycr to dellect Lhc contn~ninated fluid to a specified directions. Also, the modcl could be usefill for 
selective irrigalion, whcrchy dill'crcnt crops requiring different quantities of water can be irrigated from a single source of water 
supply. l'his can bc clonc hy sclccling appropriate sands of known porosities to constitutc a layered medium Ibr deflecting the 
incidcnt water nl ciil'l'crcnt an$lcs frc~m tl~c original direction. 
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