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ABSTRACT 

An investigation on the trend of perched water table fluctuation was carried out in the 

inland valley of Gidan Kwano Niger State Nigeria. An integral portion of 12,330 m2 of 

the field across the valley was considered within which three piezometers were installed 

and the water table was me'asured each week. The measured values were plotted to 

observe the water table trend. From this investigation a peak value of 45 .33 cm depth and 

a low value of 128 cm were found. These values could be used to determine the type of 

crops that can fit the site, the amount of water to be drained if necessary. In addition, 

comparison was made between the water table depth for year 2001 and 2002, which gives 

almost the same trend. 
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CHAPTEn ONE 

INTnODUCTION 

helwcen SlIll:lce alld ~Iollnd \Valcr \,cronles increasinglv illl"I"I;1I11 sillce Ihc disllihllliull 

,,1;111110 IIlilill~ appell'S 10 he a Ilion: Cllicinilillliiniioll Ihilll I Ill' 1111;111;lilll:11I 

111 stich 1111 l'mimI1I11l'1l1 illl IIIHIc!slalldillg or Ihe \\illl'l IIses IS pilllielll,,!I\' 

il1lpollillll 1'01 roinlillllal,llilllilgelllclli sl!nll'gies all' 10 be Itlllllllhled, IOIIl(lllilor illHI'llUll' 

1IIIIIIl'dinkl\' 1ll'1\l\\' lire SIIII:1CC, lite sllil PIlIl'S f.'lllllaill IlIllh \\;111'1 ;11111 ;111 III 

"a"'ill!! nlllOlIllls !\I1cr a Inill, illlilll<lled wHler IlIil)' 11111\ '-' clll\\ lI\\ald Ilrl(lllgh Ihi~; !.(llle Ill' 

aeralioll or vndme I.OIIC. SIlIIIC \ValeI' is dispcrsed Ihrollg ll Ihe Sllil alld held hy eilpillary 

I(!lces ill Ilrc ~lIlall pores or hy IIlolccular (lllracliull allllllld Ihc soil 1""licks Walel , ill 

Ihis upper IaYCI ulilte l .lIlIC Ilraclillioll is hllmvlI (IS soillllllisllllc . 1I' lhe Iclclllillll ("parily 

or (he soil ill Ille 7.11l1C or acrnlillll is snlisfied. \vIlle! IlHl\TS dOWIl\\'iltd illill legioll ",here 

lite pOles or lite soil or lOck are Clllllpkiely filled \villt "iller '1 he \V;ller ill Ihis wile or 

saluraliol1 is called the ulOtllld \valcr . 
'-

waleI' lahle. lis loralioll is dclcllllillnic hy Ille c1ev(1lioll III \\hielr \v;rlci lises ill IIIIPlllllpcd 

\vells just pellclralillg lite lop (II' lite !.OIlC (lr Ilrc sall.II"lioll 

To he clr('l;Ii\'c wilholll snitllisly n~slrir.lil1g gl'\l\\lh. "'illr:r shollid IH~ m:nr hU11l 

belll\V Ille dcpll,' liolll which Ihe IIlaillr Pl'llillll Ill' Ihl' pl;\l11 IIccd:; ;tf'I .. ~ c.'<ll':J cl('d If ' gllllllld 



water IS too ncar the surface, the land ability to economically produce most crops 

becomes almost nil. The optimum depth of water tahle is that depth which gives the 

maximum economic' return . Preferred drainage practices could allow water at a depth, 

which will supply water by sub-irrigation for crops but not so shallow that root aeration 

becomes a problem (Denz et ai, 1985) 

It should be notcd that the optilllulll water tablc varies from crops to crops. Its 

location is found by sinking borehole into the ground water body. Water from the 

surrcunding soil will now into the hole and fill it into the water tahle level. The records 

of this water table level fluctuations or piezometric heads arc used to analyze the ground 

water occurrence, storage, movement, recharge and discharge as well as the direction of 

now. 

Man's activities, movlIlg vehicles, time lag features and some natural 

phenomenon affect the water table nuctuation such factors as well as hydrographs, water 

table profile and contours are .used for water table fluctuation analysis . 

1.1 JUSTIFICATION 

I. Possible relationship bet ween surface water and ground water. 

2. To advise on irrigation periods and frequency, from seasonCllllux of water table. 

3. To advise farmers on the amount of water to be drained fro111 the estimation of the next 

water requirement. 

4. To investigate the availability and rate of contribution of ground water to the net water 

requirement of field crops during growth stage, maturity and pre-harvest. 

5. To advise farmers on the best possible irrigation system layout. 

2 



1.2 OB.JECTIVES 

I. To identiry pattcrn or fluctuation in inland valley or Gidan KWClno (F U.T pcrmancnt 

site). 

2. To identifY period of rcchargc and discharge. 

3. To identify direction or ground water flow 

.1 



CIIAPTEH TWO 

LITEnATUnE nEVIEW 

2.1 (;U)1.0(;lC\1. H)J{i\It\TION 

Thc gC\1logy \11' NigcI sl;lle is divided illio 1"11 disll ici )!.colo)!.ical wiles. Ihe 

III: Hi~c l slalc rcgiollal plilllllillg . Thc dividillg lil1l~ IIII1S applo:\ilnalci)' st laighl lille 1\1 11 -

\V sc. Orielltali(lllli(l111jllsl sOlllh orkolliagoia 10 jllsl NOllht'lil (lrl .apai (SCl' appclldi\) . 

The othn sigililicaili. hili 111I1Ch sillallcr, WIlC is Ihl' ;lIra or li\\'r allll\·illill which is 

mainly IlHlnd along Ihc lower rca che:; or Ihe bdllila IIlId Ilhlll'O I i\'l'lS as Ihe)' !lo\V over 

the NIIIJC sandstolles wne ill\1ll!!. Ihe ri vers Nigcr ilS il IIIIlS alotit~sid(' thc sl ale s(llllhc1l1 , "- '- \. 

boulldary . Each gcological ['olll1alioll exhihits dilfcrcill topographic"I, hydrnlo,!!ical alld 

sllilll~alurcs \Vhich (lrc hiehl)' illflllelllial in dCICrllIillillg c\islill!.! SCIl!c..'lllCIlI dis tl ihllt ion. '- . ...., .. 

n. Till' hns(,JII('lIf ('ol1lpln 1.011(' 

The grcaler pill I PI' the illtil 'Il1tlcilim; by the hilSl'IllCI11 IS C(lnlpllScd Ill' hillldcd 

gneisses alld Illigillallill's Thr 1l1l.:lit -Sl'dillll.' lll s CIllllpllse sc hi sl (lltillyll's . qll ;lIllil c alld 

IlwIIlles Thc 1I11.: lallllll(llt(lscd 1l'(lI\.'sc lllali vcs Ill' itlll 'iclll sellilllt'lll. SIII' II ;I S clays. 

sillall ilrcas or plain Il\loligh lal)!.\' ;lIeilS or 1111dllialillg I;IIld senpl' 10 sC\'l'r;dl}' sn;lI1l'd 

cowpea. Soya-heans alld pi)!.coll pea arc ,,1;lIllcd In Il'picllisit Iht' soil, COlllPIc\ territin 

cxhihil a /;lirly dCllse pClll clil or li\l' IS . Ilo\\T \Tr. Ihey ;11(, 0" Oil" ilia rgi II;) I vallll' ill Ihal 

Ihe IlIa,ioi ilies nrc SCilSllIlill illld SOIllC VCI)' shill I livcd . Il1decd \lilly Ihose "ilh i1 vcr\ l;1I!:!l' 

.\ 



cnlchllll'lIts aren alc !,Clcllilial The SlIlci:I , !';li cll , i\lillll :I, \(lIla , I\agara , l'aIHI;II!ari;IIHI 

I{ijall illca illC C<lIISpiClltllIS l'\;lIllpks urllH'sl' kllllll'S 11\1:1\ 1(1('1 glll"p Ni)!l'li:llld , II))-:()\ 

II , '111(' Nil P(' Sa IIt1~ I 011 (' 

The Nllpe s;\Ilt!slollc ellilsisl or \\ r;d,'" Ct'IIIl'lIlcd lillC to Cllal sc-waillrd el;I\'s, 

sillslllill's <1l1d S;!lldsllllll'<' \\ illi ItH';"" illl( '1 Iwddcd llii" Iwd -, III' ( '; 1111(111;)('( ' 1111<; sli:"(' 

I,CII ~;l'S (11' C(1l1gllllllClalt' ;llId pl'hhk S; lIlil sllllIl' ;Ihn (In'lIl p;lIlind;lIh' 111..' ;11 IIIl' Clllllacl 

\vit h t he 1I11(krl~: illg hasclllclll r'lcks 

(icllerally lhe tClTaill or Nllpe IS 1l11lch IlllllC hospilahle lliall Ihe haseilicill 

cOll1picx Topography. Ihcrcrllrc PICSt' llls rcw c(lllsirailils Till' a!!lindI11l;d p(lll'llIiillllr 

Ihc lalld is higher (hall Ihal or thc lalld is classilict! lhe II\TIS lIelwork ill Ihe Nlipc 

SlIlldslollC wile is closely Icl:iled to the penllcahilitv or Iht' gcolngic:lI lilllllaliulI , ,,·hieh 

varies Ihllll high ill Ihe 1100th \\eslelll ClOSS tn low ill the 1<1Itigi -Hida-l\gilic aIC;IS lhe 

l110re pel111I..'ahlc, the less I iH'rs il call Gil ry II\'ClS ill e less Cllllll111l1l oil Ille Ntlpc 

salldstollC IOIiC Ih;1I1 ill Illc hascllll,'lIl cOlllplc.X hilt ;11 C II slla"" pl'rClIlli;d fill IIlllsl Ilrlheil 

course river dellsily hl)\\,c\Tr \ill ies CIlOlIIHlllSly 1'10111 allll() sl 111111 ill 1\\llla ilild \\'estclli 

Mashegll districl to a density equivalellt t\) that or the haseilicill ClIlllplcx ill (iha\.;o alld 

\vestern Agaie I ,CiA (1\lax Lock glOlip J.ld Niu.cria LId . t l)XO) 

2.2 IIYDHOLO(;ICAL (,Y(,LV 

1\11 stre;II11S l1o\V illin the Sl..'a, yet the sea is 1101 liill Iholl,~,dl Ihe SIIC;11I1S <lrc still 

l1()\villg (I :cclesiaslics I :7) Tile cxplalwlioll or Illis Cllilllll:1 is so \\'clI kll\l\\11 loday evell 

10 IIII..' sellool cllild thai we ollell l(lIgcl Ihal 1111..' roic play hy I'vall()I(llioll ;lIld llililspilali()11 

is nil' IiOlll nln'il'HIS alld il W;1.<; 1101 !idlv IlIlClcISI()()d tlillil Il1odt'1Il lilllt's Till' ()Ii!.!.ill :1<1 
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movement of ground water was even less obvious to the ancients . Today we can visualize 

t ii " ~vt;r-changing l11igratioll of atmospheric, surface and ground water as a complex 

interdependent called collectively the hydrological cycle. Figure (2. I) . Although the 

hydrologist is concerned chielly , with ground water, all aspects of the hydrological cycle 

must be understood at least in general way before an accurate picture of the subsUlface 

portion orthe cycle can be achieved . 

The oceans are the immense reservOIr from which all water returns . This 

statement is somewhat simplistic because not all water particles are in the process of 

completing the hydrological cycle at all times. They are built in loops for example when 

water evaporates and so on . But in it's most evaporate cycle from the ocean forms cloud, 

which moves inland and condense to fall to the earth as precipitation. From the earth 

through river and underground waler nJlls 00-' 10 the ocean . There is slow addition or 

water from magmatic metamorphic sources but there is also a constant subtraction of 

water I hat is incorporated in the structure of minerals within sedimentary deposits . 

Geologic evidence strongly suggests that the volume of water in the oceans has 

remained reasonably constant during the past 500,000,000 years, so the total amount 

within the hydrologic cycle must have also remained nearly constant. (Stanley Davies 

and Roger 1966). 
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2.4 "YI)Jt,\ t II.lC ("ON IH ICTI \TIY 

lhe h~' lllalllic condllcli\il\' k. as ,lPl'lied 10 all aqllill-r. is defincd ;lS lite I<lle or 

!low ul'waler illlilrcs pCI' lIll\' 111I(1I1gh a I1lllillllltnl nllss sectiol1 .llea IlrIlIH' squall' il1cter 

pe!" ll1ete!" at thc lirc\,ililillg.tclllpclatlllc ur waler 

The rate or Ihe I1mv or f:!.IOIIIHlwaICi in It'StHlI1SC 10 :I giV<'11 hyd',11liic !!,:I<iil'111 IS 

dcpclldelll IIplllllhc h~·dr;lIdir rCllldlll'li\ 'ily (Il'lhl' aqllili:! (1\t<l/I"lldt'l I'lX3) 

2,5 I'I':HI\I Jo:t\ HI LIT)' 

I'enllcabitily is deti11cd as Ihe re.)(lillcss wilh which H soil Ir;lIlslllils tluid . 

Gencrally. \VilICI" I1lnVCS sl\l\VI~1 do\VI1\\-;1I d Ihlo\lgh il highh' dispnsl'd soil hccl1llsl' Ihe 

swellil1g or dispcl;scd clay clogs I hc micro pllles . 

Suil perl11cahility also dcpcllds Oil s()il te.\llIIe SllllCll"C (lnd deplh or \\iller tahle 

(David. I':aglc ;llld Fillilcy 1<)Xh) 

2.6 'N ,,,,, .THATION 

lite Il'rlll illlillialil1l1 !"rlCls sl'ccilicilily 10 ellll\' (II' \\;lIcl il110 Ihe suil slII'lilcc . 

Illlilimlillll lall' has Ihl' dillH'llsillllS ul" \'oltlllll' pl'! '"lil Ill" ;lIl';) I hc<;l' ,,,,ils I edlin' 10 

deplh PCIIIIlil limc. Il1lillralioll is Ihe solc S(lUrce or S(lillllOi';IIIIC 10 slIslail1 Ihe glOwlh or 

vegelaliol1 ill1d or Ihe glOllIld \Vain sllpply or \Vclls . SP' illg.s ;'Ild sl !t':lIlIS 

The 111(l\'ClllCIl\ or \\';ller il110 the soil 11\' il1lilllillil1l1 l11ilY he limiled hy allY 

rt~stricti()11 to Ihe !low III' \viller Ihmllgh Ihe soil pllllik, f\lIl1!11lgh slIrh Icsllirtiol\ nlh:11 

ocelli's (II Ihe ~oil sllrlilCC. il Ill(l~' ocelli al SOIlIC "oillis ill I"~~ 10\\,('1 );1IIgl'S or I Ill' wo1ik 

The IIlllst illlpOllallt ilellls illlltll'lIl'ill!llhc Iiltc (lr jlllilll(lli(l1l have 10 do \\ it" 'hl' physical 



characterislics or Ihe soil alld Ihe (mcr 011 Ihc soil sllll;lce. hili such 1;lclms as soil 

l1Ioislurc. le111perallllc. alld railll;1I1 illlrllsily rlllC also il1\'ohcd (~li(h;ll'l. I<)XI)) 

2.7 I'EIH:OI,ATJ()N 

The ler111 pelcolalioll IdelS 10 Ihl' dO\\ll1\YIIl(1 Ill(l\'Cllll'1I1 or \\I1Ift'r Ihrough 

saltlntled or l1e(1fI~' sat\ll'aled s()il ill IC:;POIISC 10 Ihe lim:c ()r I1.lavilv Pcn:olaliol1 ()CCllrs 

whell \\'(Ii~r is tlllder preSS\ll't' ()I whell the lellsioll is Slll(1lkl Ih;11l the allll()Sphell' 

Sl:rpagc is Ihe illliliralit1l1 (\'Crrllically) dmvl1\val(\ ,111(\ lalclaIIlHI\'CIlH,'llls \11' Willer 

illio soil or sllala 110111 a sOlllce or supply stich ns n lescl\oir 01 irrigalioll ('ll1al. Stich 

\v;llcr lila)' reappear al Ihe sllrliKe as \Vet spol or seeps or 111(1;; pcrcolalc 10 ,joill Ihe 

ground wnler or 11 HI V j()ill Ihe slIi>smlilcc I1mv 10 sprillgs or sln'illllS Sccpage mil' dcpl:llcis 

1 011 Ille wClled pl'rill1clcrs or Ille resCI'voir or rrllwl illllllhe ci1paril~ ' or Ihl' s\lillo cOllducl 

waleI' hOlh verlically alld Inlerally (Vaul!,ul1. 191H» . ,~ 

2.9 HIINOFF 

RlIl10lf is Ihal pOllioll \ll" Ihl' plccipilalioll Ihal l11a~l'S if)ls \VII\' 1\I\\,l1d SIICll111 

clia!lIJ1.'I, lakcs, or ocealls as SllIlilCC or SUhSlllnlCC l1ow, The ICIIll " llIIIOIl" tlslIally 111cailS 

slIIlilCC limy. 

Ikf{)f'C rlll'lOll' call OCClll', prccipililliol1 111 II sl salisl\, the dl'II111llds or ('\ 'IIPOI':IliOI1 , 

illlcrccpliol1, illlillrllliol1, slirlilcc slOlilgC, slllf~cc dcl<,'nliull Hlld Chilllll\;1 dcl(,llli()Il,(Orsn 

alld (llclI. 1<)80) 

() 



2.10 SOII,-I'I,ANT- \\'ATI':1t HEI ,ATIONSIII PS 

Soil-plnlll willer rclalit11lships relale 10 Ihe pruperly Ill' suil alld plnlll Ihill liner! Ihe 

1ll0Vl'llll'1l1. retelliioll alld lise or \Vain Soil pl()\idcs Ihl' ((1011' l(lIlhis wnler 10 be uSl'd by 

plilllt IIHoligl1 Ihe r(Jols prcsl'1l1 ill Ihe S;\111C Ill('(\illill . \\';llel , ;IS slIch "lid also ;1It' (I carlier 

or larg.c allUlIlIII of" 111111iel11 is IcqllilCd ill 1;lIgc 111('aSIII(' fill Ihe slIcccssfid ~r(l\vlh spall or 

a ClOp, il beClllllcs l'sselliial III apply' iltldiliollal walel 10 Ihe sllil fill plalll lise ill Ihe filllll 

or irrigatioll . The rate or enllY Ill' \valer illto Ihe soil illld ils n:Il'lllioll, IIHI\'l'llll'1l1 alld 

availabllily 10 plal1l mols ille physical pmpellies or soil ill Ihe lelaliol1 lu waler n·0111 

cllicicl1ll1wnagclllcnl orirrigalioll agricullure. (~Iichacl I()!{~) 

Such SUrI~lt"c \viller availahle lill devcloplllClI1 is lIurf1l;lll~' rerclrcd 10 as grP1IIHI 

water, (illlllild Willer pl'edolllillal1lly lesllits lillll1 lllecipiialioll Ihill has le;tched Ihe mne 

orsalul'flliol1 inlhc c(1rtlt Ihrough illliitialioll "lid pCleol;llioll 

III IlHlIl~' areas where !-!I (Hllld \ValeI' is ;111 illlpollaill S(l\lll'l' Ill' \\ alL'1 slIppl\', il is heill!!-

willldnl\vl1 Illllch I:lslcr IlIal1 il is heillg replenished n01l1 illlillnlliull alld percolaliol1 or 

pn.',<.:ipil n lioll . 

III1IIlcdialcl~1 belo\V Ihe grolllld SlIll;,C(.' tht' soil cOIII"ill both \\illel alld ;lII' .This 

pOllioll is called 1.(lllC oracla!illl1 alld m('1 hel a salll1;llcd /lll1l' "ltt'le Ihe sllit !,(lles ale 
,I " t., ; ." 

filled wilh waleI' tlllder hydrpst(llic PIt'SSlIIC 
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1\ller a laill illliliialcd \\aler Illay ll1()ve dO\\'l1\villd IIHough Ihe Will' or acralioll or 

vadose /.\llle . SOllIe \\·alel dispel sl'<1 Ihlllllgh Ihc s(lil Cllld hcld hv rilpill,lIv lillt"l'S ill Ihe ill 

Ihl' Sillallci !lIllCS III by Ill(lkl'ltlilr allr;lrli(l1l allllllld Ihe s(lil l';lIlirirs \\'Clll'l ill Ihis uppcr 

1(l~'CIS or Ihe /.\llle oj' (Il'l (llillll klll)\\l1 (IS 11111is\UIC II' Ihl' It'lt' llliUll C(lp(lcilv (II' snil ill Ihe 

Will' or aeralillll is sillislied, w;lIel 1l11IVCS d(l\VIl\\illd iliin rC!,!iolis \vhnc Ihe pmcs (II' Ihe 

soil mc colllpJclely lillcd wilh Ihe gloulHI Willer will appCilr Oil Ihe SUr!:1Cl' ill if seepage 

7.0111..' or as a sprinp, . il is equally possihle lin a ground \v(lin a<Jtlikl s 10 hl'C(lllll' O\Tr lillc 

by illlpcrllle(lhie Illalclial alld ~() he IIlldcr pll'S~IlIl' stich itll ;lquill'l rcd rrpill il disli1llCt' ,is 

called a cOlllillcd aquilcr alld SIIIIillT to ",hieh Ihe \\ jlln would rise it wuld is called Ihl' 

picl.Ol1lclric slIlI:lCe. 1\llolhcr 1l,1I11l', used 1(11 well dlilled illto such ('olllllled aquilcl, ils 

allesiall wills, alld Ihe \vold illiesiall is slllllelilllcs ilpl'lil'd a\soIII IIH' aqllili-r 

2.13 W"TJo:HT"III.1': 

The boulldalY betweclI the vadose WIlC alld the wile or sallllatioll is lellllcd the 

waler t(lhlc (1ig.2 .2). lis Inc(lti(lll is delermincd hy elev(llioll III "hich ·waler rises in 

1I1lpUIllpcd wdls jusl pClletrnling the Inp or Ihe Will' or sallll'llillll . The \\'alcrlahle is oncll 

described as a suhducd rcplica or Ihc SUI n,CC Illpogrill'hv . II is C()llll11ollly highn umler 

hills thall IIlldcl .valleys, alld a colllolll llIap or Ihe \Vall'! lahle ill arca llIay I()ok 1l1liCh like 

the SlII!;ICC iopography. The watcr is Ihe sllll:1rc Ill' a \\aln h(ld~' Ihal is conslallily 
• • 1 ••• 

" \ I ' 

adjustillg itself towards "'I equilihriulIl colldilioll . I I' thl'l c \Verc 110 rechargc to or \lut 

(1\lll1mv /i(lm Ihe gIllIlIHI\\,;lln ill II hllSill , Ihl' \vllin tahle I\(lldd l'\Tlllllall" heenlll!: 

hOli/.lllllnl. Fc\\' ba:;ills have IIlli/ilrtlll'd Icchalgc C(lllllilinll:; ill Ihe stll/ill.T . :~()lllC aleas 

receive l110rc raill IIlan ()thcr~ . SOI11C portiolls or Ihe \l,lsill have 1ll00C pcnllcahte soil. 

II 



Thu s, 'vvh<': 11 i,nl<.:rmittelll recharge OCClIrs, IlltHlllels Clild ridges fixill III the waleI' table 
~ ~ 

Illldcr Ihe arc;1 or glc<1lcsl recharge. SlIhseqllclll recharge crcales iHIdiliollClI IllOlIllcis 

l".'!h:lps (II (Jlher poillis ill tlt e basill, ,1I1d lite flo w pilllcrn is Itlilher Ch;l llgcd . Super impose 

IIpOIl liti s li lirly simpic picture 01';1 willer table cO llst;1I1tly adjusting toward equilibriulll is 

rareiy allailled bcf()rc additional distllriJallces occlIr 

1I11111cdiat c ly "hovc the w(llcr t(lhle there is oneil H C<lpill(lry rringe or tellsioll -

siltllratcd wile. III this regioll lhe pnre space is cOlllpletely ·fj"ed with water, but ca pillary 

, 
alld Illolecu lar forces arc sigllifiC<lIlt so thal the prcssure ill the wa ler is less thall 

atmospheri c (Lillsley, 1()\}2) 

I 

1111 pc rlll<!<'llJle 
strllta 

------1--------

Willer 
T<lIJIr. 

CnJlli _Jlill~' 
S I r ;.lll 1111 

Fj~ 2.2 : scheillalic di(1gralll showing the water table 
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2.14 CItOliND W,\"lLIt I.I:\TI, 

pressure or thc aquircr , 1\11)' phCI10111CIlOIl Ihal produccs CI chClI1~e ill prcsslIIe Oil glOlIlld 

waler will callsc Ihe grolilld ' walel bello \ill\' lJill"clcllce hel\vccll supply tIlld 

withdrawal or groulld waici callsc InTis to IIllctuatc StlCilll1 110\\ ' \illiatilllls arc closely 

relaled 10 woulld '"aiel' levels, ()t hl'! di\crsc iIlIIIiCIlCt'S Illl UIOlliHI watn lewis illcludc 
~ ~ 

1l1l'Icnrol(lgicai illld lidal phCllIlIllel1;l . III halli/,atiol1 ealllHI'lakes iliHll'\lclI1allnad 

2.tS '1'11\11': ""HL\TION OF I.I':\Tt.S 

Sl'("1I1:1J' , 'aJ'ialions: seclliar \,illialiollS or groUlld \\illl'r k\'Cls all' Ihosc exlclldillg mel 

pcri(lds scvclill ycars 01 I11Il1C , /\IIClllillillg. sClies ()r \\cl alld dl\' ~T;lIS . ill whirh lililll:11I is 

ahove alld helow lire Im'ilIl, will produce 10llg peliod Illlclualioll or Ic\cls 

S":I.~oll:11 variations: l11allY g.loulld \Vaici levels show il scasollal pallc", (II" lIucluillioll , 

This Icslill liolt! illl1l1cltccs such as rail1liill al1d illigilli(l11 Plllllpil1g Iltal lilllll\\ \\'clI-

deli lied scasol1nl cydcs , 

2.16 SOUHCES OF (;HOIlNJ) W",n:R 

The 111i1111 SOU Ice of J!.l<l1l1HI \\alel is precipilali(lIl , which Illay pellellale Ihe soil 

dilectly to the ground \Vatel or Illay l'lIll'1' surlilcc SIII: ;III1S ;1I111 percolatc 1'10111 Ihcsc 

challileis 10 lite ground waler , II should he Clllphilsi/,ed Ihill the glOulld willcr typically Itas 

Ihe Imvcst pliorit~1 fill Ihe waler 110m plecipilalioll IIlICICl'p'lioll. d('pressioll storage alld 

soil l1loistUlC I11l1st he satisfied hl'lllll' illl)' Inrge ill1Hllll1! or \Viller Cilll pCfTfllnle In Ihe 

gronlld wiltel'. This low Plilllily is nil illlpoll;1I11 1:ICI(lI ill lilllilill!! Ihe ralt: ill \Vhirh 

1.1 



grolllHI\\'alcr Illay he Illili/cd F'(ccpl " ,here s;tll<ly sllils (l(Tllr , Illlly prlllllll !-!l'd periods Ill' 

hcavy precipilalioll «Ill sllppl\' lill ge qualllilies Ill' \\ilter f(1l glllul1d \\iller rechinge. 

(holilld waler rcchnrl.!c is :lIl illl(,lIllill(,1I1 ;llId il rt'l!lll ill PllltTSS 
~ ~ 

licologic cOllditiolls ddellllillc Ihe palh by which \\alcr 1'10111 prccipilalioll ICilches 

Ihe Will' or saluraliol1 . II' Ihl' \\aler Iilhlc is lIeilr I Ill' SIll 1;1('(' Iheir 1I1i1~' hl' cOl1sidl'fahlc 

pcrcolal ion I hrough I he st)i I I~cla I i "ely i l11pcllllcahlc laycrs (JIH 1\ C I he \Va I l'f I nhlc Illil)' 

prcvellt such direct percolatiol1 . Stlealll chal1l1e1s Ihal cut tlllou!!h perl1leahle alluvial 

deposil oller a path fill water to rcach the glOlll1d wiltel (figlIH') 

Other sources or water il1c1ude \Vater liolll deep il1 the eillth that is carried lIP\V;lld 

ill intrusive rocs Hnd waler lrapped ill sedil1lclllary rocs dUlil1!!, Ihl'ir filllllalioll 

Gcologic formaliol1s Ihal CPlllaill ;lIld Irallsillil gnllllHI w;ller arL' kl1\l\\ll HS 

aquilers, t\qtlilcr,'i arc gel1crally classilinl as ("ilhtr CIlnlilll'd or IlllClll1lil1ed , 1\ (,'Pl1lil1cd or 

nrl<.!sian aquifer is hOIlIHlcd aho\'c ill1d hdo\\' hy rcllllivc iI11jll'IIIH:;lhlc slilrler, so Ihal Ihe 

pressure ill Ihe aquilCr Illay he 111i1illlailled alHHc flllllOSph L' ric plcssure III Cllllirasl all 

Ul1col1fined (phreatic \\iater-tal,lc) aqllifer is houllded ahove solely hy thc waler table alld 

typcs arc well eslflhlished , 

Afillidlltlr.: ;\ snlunilcd al1d relative impelllleahlc l1Iaterial Ihat docs 110t yield apprcciilblc 

qllantities or waler to wells. clil~1 is ;111 e:\al11plc 

A(ll1irll~(,: ;\ saturClled il11jlL'll1H.'able 1(11 111:11ioll l1eilher u1lltaillil1)!. 11tll' Iral1slllillillg waler, 

solid I.!l"illlilc hcl()IH~S to this CiltCI~ory 
\.. '- . \.. . . 



AquilaI'd: A saturated but poorly permeable stratum that impedes ground water 

movemellt and does not yield water freely to well , but that may transmit appreciable 

waler to or from adjacent aquifers and, where sufficiently thick, may constitute an 

important ground water storage zone: sandy clay is an example. 

Aquifers that are completely confined or unconfined occurred less frequently than 
t 

leaky, or semi confined aquifers these are a common feature in alluvial valleys, plains or 

former lake basins where a permeable stratum is ?verlain or underlain by semi pervious 

aquitard or semi confined layer. 

7 7 77-777 7777 7 7 7 

Water Table 

______ I-'ie.l:olllPlr!!!..§QrfacQ... ___ ---

A(1l1ilard 

Leahy Aquifer 
7/7777/777 77 777 777// /-y-

rig 2.3: sketch of a leaky, impermeable strata or semi confined aquifer 

Pumping from a well in leaky aquifer removes water into two ways; by horizontal 

flow within the aquifer now and by vertical now through the aquitard into (he aquifer. 
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For lllathcIlwtical calcliialioli s or thc sloragc (lr !l0\V (11' gJtll1lHI \Vater , aqllirers arc 

licqllcntly llSSUllICd to he hUnl()gclH1l1s ilnd isollopie a IH1IIHlgl' IHlIIS aqllikr possesses 

hydrological properties thilt all' l'\cry\\hL'l'c idt'l1liral 

/\11 iSlltopi<.: ilqllil'n is 0111..' \\i1y \\illl ils pmpt'lti\'s il1d\'pl'l1d~'l1t Ill'dilcclioll Such 

ideali/nl iHl'liiCls do nlll <..' :>; isL IH)\\C\ CI g()(HI qllillllilali\l' aPl'lmilllilliollS ( jIll hc 

obillillcd by t hest.: asslIIllpl il11lS part iClllar\y "helc a\ CI il .l!.C aqllirL'1 cOl1dil il1l1s al C 

~'ll1ploycd (111 ;1 ,1argc SI.'(l\c ;\11 i ~; (llll1pi r aquili: l . \" IIieil posscsscs dill' l' liollal 

chalil cl":l istic (Jacob ci al I <J7 .1) 

2.t8 (;I{OtJNI> "';\'1'1':1{ IL\SINS 

i\ groulld watcr hasill Illay he dclil1ed as a hy-dlo gcologi c lInit col1taining onc 

IlIrge nq\1ill~ r 111' sevel al c(lnf1l'ctl~d lind inler-relaled 1I<\llilcf' Stlcll n hnsin lI1ay Of' lIIay nut 

coincide wilh physiogrnphic lInil . 

The concept or \valcr tahle \wsil1 becomes illlP(1II(1111 becau sc or the hvdl (Iulic 

condllrti\'it y Ihal ,('\ist lill lire contail1 glOlllHI \valn 1('SOII1(,(,S III ol<in 10 l'1I "ll1e ('()nlilil1 

availallilily I1rSlllfi lCC \"atel, hasill "ide 111illlil)lel11cl1l 01') .'.1 (11111t\ "all'l hl'CI111l l' cssl'l1lial 

2.19 SPI{IN(;S 

A spring IS cOllcenlralcd discharge or glound \\- nll'r appealing aI, ,Ire glOund 

Sll1l:lCC cis n current or flowing walcr . To be distinguished rrl111 I Spl il1gS arc seepagc areas, 

which indicalcd i1 slowcr IlHl\T.fl1C1I1 (II' WO\l1ld \vtlln to Ihe gnllllHI surli\Cc . Wilter ill 

Sl~l'pagc arca ll1a y p()lId alld evapmflles or flow depcnding Oil I he 111;lglliIIH\t: or Sl'epage. 

Ihe c1illlate Hlld Ihe topogmphy 

~, I ; . 



Most sprlllgs Ihlctllalt: ill thcir rate or dischillgc . I' luctuiltiolls arc ill rcspollsc to 

I 

variatioll ill lale or rccil;IIge \\ill1 pCli()ds rilllgllig to IIlilltlles III years dcpclldcnl lin 

2.20 IHHJ(;ATlON 

III igalioll gellcrally i" dcli11cd as Ihe applic<lli011 or \\'alrr 10 soil l(lI Ihe purpose or 

supplyi11g Ihl' l11\listl1lc esselltial for Ihe plalll !~Ill\\ 111 IIll\vl'\TI. a hlOadcr alld 1111l1e 

illclusive defi11itiol1 is that irrigatiol1 is the applicatiol1 (II' \\<lln 1(1 Ihl' soil f'()r a 11l111lhn of 

the lilllolVillg. eighl pili P()scs . 

!. Til add waleI' 10 sllil.lo sllppl" Ihe 1l1l1isI1IIC l'ssellliililill pl(1111 glo\\lh 

2. To prm'ide crop illsurallCl' agaillst short dill nlioll dlOlIghls 

J . To cool Ihe soil alld illl1111Sphell'. Ihell'hv 1t1i1kill!! IIIUll' 1;I\(llllilhle l'11\irl1l1lt1l'lIl 

., T(1ICdlln.: Ihe hi\l.iud (1rsoil pipillg . 

) . To \Vash Ollt or dilutc salts ill Ihe soil. 

() , To reduce the 11(1l.nl(l Ill' fills!. 

7. Tu sollcll lillage pails alld cl()gs , 

X, To tlelay hlld fillll1alillll by eVilpolalive CIIolill)!, 

Irrigalilll1ll1ay be accolllplishcd ill five dilll'll'lIl Wily'S 

I , By lIootiillg 

2. By 1I1CilIlS or Ii III Il\\,S . 1;11 gl' 111 SIIl;dl 
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J, By applying waleI' lIlldclI1Cill1I Ihe lalld stlililce 111IIlll12-11 Sll" ilrigaliollllllls (illising 

lire \villCI 'able III I iSl' 

<I. By sprinklillg. 

,\ Or t rick Ie sysl tillS 

\Vatn III slipplY' 1I10isIlil e esst'lltial lill' pl;1111 glll1lP III;IY ('(llll(' f'101l1 live SOIIll'CS, 

110lle Or which should hc igll(1fed "hcll inigntioll watcr rcqllirclllcllts mc estimated , 
i 

I , Plecipitalioll , 

2, t\llllosphcric olher Iltilll prccipitalioll 

J, l"Iood \villcl' , 

II. (iroulld Will cr , 

), In igill i011. 

Failurc to collsider ;tli li, 'c sO\llecs altd the PIOIHlItiol1 or water that eaeh stlpply 10 
" 

IP\ iri phliit Iteeds Illay restllt ill lilttlt)' dcs il:!l1 or (111 irri)..!atioll svstelll III sOllle alcas Illtt of' 

lite live sOll/ces lllilY sllppl:.-' tlte Illa,im pOltiolt or plaltt Itecds 111 Illher alca s t\\01l 01 Inore 

\vill col1tributc appreciable nl1HHlIlt I~)f plal1t growth (Villlgllll . Orsolt ;tllli Glell 19XO) 

2.21 DHAINt\(a: 

t\(\cqualc dmil1age of cmll pmducil1!:,!. I,Hlld Icqltit es n grllctallo\\nill!:,!. or shallow 

waleI' .Iahles Expcriellce has c!ellHlIlslraled rtllly' thc IllTd Illl drailwgc or inigalcd lalld . III 

SOIllC valleys tlte higher lalld ncver rcqtlil cd drainage. htlt the need rilr drainage or thc 

Imvcr laltd is IiCqllClllly it resull Ilrlhc ini{!,illillll Ilrlltc lti~hr_'II"lld hOIll 2() III .'() pnccnt 

or the irrigated lawl is arid rcgions Iteed drail1age tll pl'l'petuatc their Pllldllcti, ·ily. The 

IX 
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reclamation of saline and alkali so ils has many important phases, but adequate lowering 

of the water table by drainage is a first and basic necessity. 

Irrigation and drainage in aerial regions are complementary particles, the 

necessity for drainage being increased by low etliciency in the conveyance and 

application of irrigation water. 

Adequate drainage improves soil structure and increases and perpetuates the 

productivity of soils. Drainage is the !lrst essential in reclamation of water logged saline 

and alkali soils. 

Drainage benefits irrigation agriculture and the public in many ways for example, 

adequate drainage. 

I. Facilitate early ploughing and planting 

2. Lengthens the crop-growing season. 
, 

3. Provide more available soil moisture and plant food by increasing the depth of 

root-zone soil. 

l 

4. Helps in soil ~Ientilation . 

) . Decrease ortlle soil erosion and gulling, by increasing waler infiltration into soils. 

6. Favors the growth of soil bacteria. 

7. Leaches excess sa il 1'·0111 soil , and 

8. Assures higher soil temperature. 

Drainage also improves sanitary and bealth condition and rural life more 

attractive. (Vaughn, Orson and Glen 1980) 
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2.22 SOl L W"TI·:n BA LANeI': ST' II)Y 

OI1l:e Ihe exl elll or ilnd ilt\uikr hi\ ~ hecll e ~ l;lhli ~ ht'd illld il~ \1(111 lid;" ie ~ idenlilied . 

il should he possihle 10 <I" ;lIlliry Ihl' \ 'Olllnlc \lr,,;llel Ihal all' passing Ihwllgh Ihl' grolilld 

,valer SyslClll , Thc lIl1Hllllll of' Icch;lI!!e «Ill he asscssed IIsill!! illfilllllalioll alHltl1 lainl;"1 

1)1CaSlll'Cll1CIII. sllealll gnllges alld ;lI1HHlIll or ",nil'! PlllllPl~ d 1'10111 local \Vcll , This stagc or 

illvesligalioll collslilllics a Sllll1l1HII\ ()r all pft"'iolls "'(Ilk illld is Ihe poilll al which il 

hCCOlllCS possihle 10 slart to allS\Vl'I Ihosc qllesliolls. which cau sed \0\1 to illiliale Ihe 

illvestignlioll ill Ihc lilsl place , This lllily illclude Ihe il\ 'nil;,bilily or gnllllld walel 

rcsollfces alld the suilabililY or Ihe resources ahslrnclioll, or Ihe Ireal or P(lIiUlioll nOI11 Ihe 

proposed wasle disposal opclaliolls 

Groulld wnlcr rcchnrge to ;111 aqllilCr cnllllol he I11casln'Cd, din.' cll~ · hul olll y, 

illll~lTed li'OIll other meaSlIrel11Cllts, As glQund watcr is pint of the hydrological cyclc, 

1l1CaSlll'elllellis or other COII1IH)llellls orlhe cycle C;lI1 he used 10 eslilllale Ihe vallie or Ihe 

resources. lIsing il Icchniqllc (ailed i1 wnlcr balallce, 111 Ihis I~' pl' or ralrllialiofl, il is 

aSSlllllcd Ihal nil Ihc wnter \cavillg 1111 arca, plus or millllS all~" changc ill slorage, This cnll 
, : I 

he wriltclI more Illily ilS ill Ihe eqllillioll helow (Ballsilllltoll , I I)() ,l) 
I f • t"'" 

III flows: 

Thc additioll : (or railll;II1, rechalge l'nllll SIIlI;ICC ,valcr, sea \"atel illlrll sioll , illl10w 

fI'ol11 other aqllirers, leakage, illlificial recharge) eqltal 10 (ahslraclion. spling !lo\\', basel 

110w ill rivers, disc\tmgc tll sca, l10ws 10 other aqllifi:rs, c\ 'apOlatioll pillS 01 milllls 
. " 

(challgc ill ilqllifl.,- storagc), 
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Type or flow: 

<l. Illllows 

I. Rainfall: this is the IllOSt signilicant recharge component and consists of that 

proportion of rainfall , which percolates into an aquifer. Some rainfall is lost 111 

evapotranspiration or run-off. Estimates are based on rainfall and 

evapotranspiration data and the consideration of the geology and ground water 

levels. 

2. Recharge from surface water: when stream, nvers, lakes or ponds have a 

permeable boltoll1 or sides, water call percolate into all aquifer when the groulld 

water levels are lower. This recharge is estimated using Darcy's law by 

• 
considering of the geology and diflerence between Stu-face and the ground water 

levels. 

J . Sea water intrusion: when the water levels in coastal aquifers are lowered by 

pumping, the potential exists for sea water intrusion apply Darcy's law to 

calculate inflows from information 011 ground water levels and aquifer hydraulic 

conductivity. 

4. Flow /i-Olll the aquifers: ALL aquifers, which are adjacent to the study area, 

should be examined as the potential sources of recharge. Geological information, 

ground waler levels and chemical evidence will help to decide if now is taking 

place across boundaries. Estimate innow using Darcy's law. 

5. Leakage: this is an artificial type of inflow caused by leakage from water supply 

reservoirs, water pipes and sewers_ resulting n'ol11 dal1lage or deterioration . 
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Leakage is estimated by measuring inflows and outflows of the water supply or 

sc\,vers system. 

6. Artificial reoharge : III some aquifers, actual recharge is artificially supplemented 

by water being recharge through special lagoons or boreholes. This component of 

recharge can be easily quantified frorn direct readiJlgs. Sewage disposals may 

sometimes also be, another source of recharge water. 

b. Outflows 

I. Abstraction Use metered records wheJlever possible otherwise estimate fi'om the 

pump capacity and hours run or fi'om the water requirement of crop. 

2. Spring flows : Ground water discharge from springs can be assessed by measuring 

each of separately or from stream How measurements, which will include the flow 

from a number of springs. 

3. Base flow: The ground water component of surface water now dm be estimated 

!I'OIll stream flow records. 

4. Discharge to the sea: Ground water may discharge dircctly illto the sea . Sometimc 

this forms a spring-line between high and low watermarks which may be 

identified from the observation, temperature or conductivity measurements. Apply 

Darcy 's law to estimate quantities involved . 

5. Flow to other aquifer: Use ground water level information and flow net analysis 

to estimate quantities. Discharge to other aquifers may occur along boundaries, 

and these should be estimated in the similar manner. Used geological information, 
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ground water level records and chemical information to decide if such (low can 

occur. 

6. Evapotranspiration : in areas where the water table lies close to the ground surface, 

plants taking water up through their leaves may remove ground water. Generally, 

however, evapotranspiration removes water from the soil, thereby creating a 

deficit, which is made good by the following precipitation. This process reduces 

the quantity of rainfall for recharge. Evaporation also takes place from bare soil, 

with water (lowing upwards under capi llary forms to replace losses. 
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CIiAPTEn TlinEE 

l\lATI~ IUALS AND METIIODS 

The project site was IIlC:llcd at the illialld valley or the P(,1111<111(,l1t silc or (iuidall 

k J" I ' lOt II N I ' I cO ,," , . 'W:l110, i' Igena ( 011glllll e R - () , ililltil e .' " ) 

Tile clil11(1te or Nigclia is chillilcleril.cd hy dislillcl \\cl (llld dl)' seaS()Il~ Ihe \Vel 

SCilSlIll sialis ill Aplil illld ellds ill OcllllJl'I wilh il I11 C;11l Ill il \ illlll111 lililll idlrccunl ill 

august. 1\ Illa xillllll11 1l1l'\illl 1l'1l1pL'ralllle is l ('cIlId ill ~'al r lt ;11 III 1\ II ,!.! II sl Icspccli vc ly, alld 

relati ve ail hlll11idil y hi )1. ltes t ill Allgllst hili lea sl ill .I a 11 1I ill y 

3.2 1': :\ PElti 1\ II ': NT 1,'\ YO 11'1' 

The sile \Vas (Ill :lrea sprcadillg (lcross (I valley 1111111;11 iOll, \\hi r h IS 100111 111 

breadlh illld 20111 widlhs . 

Ollly all illlegral porlillll or lite lield was cOllsidered ror Ihe purpose or Ihi s \ VOI \..: . 

This was dtle In sOl11e lillliialiolls :1I1d scnpe urlhis \VOl\..: . 

Tile il1legral portiol1 c()l1sidncd covel cd all al Cil or ~ ()O() 111111 Til l' illcn \\'ns 

divided illio sectioll according 1\.1 Ihe !,;Iupe~ Ihe upper pnrl alltilhc Itl\\'cr pari urlhe s\L)pe. 

Three poillt s A B alld (' ,vhell' Ihe \\,ell s \\'(1111<1 he dlillcd ' ''C II' I\lcalnl ;dullg Ihe slupe: " 

al lite upper parI, B al Ihe illlerl:lce bclweell Ihe Iwo secliolls alld (' al lite lower parI 

plecisdy (II Ihe Ileek ur,he va lley Tlte poillls werc localt'd al Ihc di slallce urlOl11 aparl al 

lhe middle of lite collsidered illea , 

3.3 I\IATli: HIALS ,\NJ) I\JIi:TIIOJ) 

The ll1illl'rials used arc halld dlivcl1 nll~er pvc pipes, cUllass, dlllllPY Ic\'C1 pegs 

alld slan~ 



3.3.1 I'II'J,O[\ 1 1':"1" I': H 1 NSTA I ,I,,\TION 

Iialld drivl'1I llll!-!l'r or II 2111 lOll!! alld ~ c,\ I () ·'111 sell'\\' dia11lcler "'ilS usnl In III ill 

oul \Vclls al Ihl' specilied 1(l(illillllS /\. B alld (' to Ihl' dcplh or 2.7.1. 2(J(, ;111(1 12(i11l 

rcspecli\'cly, The pipes \Vcrc buried \\'ilh their pCll'llraled elld below Ihc groulld sllIl'acc. 

t\( the lleck Ilrlhe pipe oilihe !!IIl1IIHI SIIII:lce Ihe clcalfllllT . hct\vccn the \\l'11 ,11111 thc pipe 

was scaled up usillg COllcrcte Illi\ til disallow the \'CltiCill 11m\' nl' watci inl,n the \\'ell, hy' 

rUIl 011' or 1)1 ccipitat iOll lig J . I 

3.3.2 INVI'SrU;;\TION I\IVTIIOI)S 

The plpCS WCIC illslalled Oil the (Jill ~1;lIch 20tJl (llld lile Il'(ldill)!s \\CIC I(lkillg 

subseqllclllly Oil ollc-\veck illierval h~1 lIsillg f1 gradllaled \v(lod . The w(HHI \ViIS iIlSl'rll,.~d ill 

I he illsi :dled pipe The 1 catlill)! \1; hich is dl't Cll11ill('<1 Oil III!' \\ (lod is I he hl'ighl Ill' \\ ';lln 

li·ll111 Ihe hO((Olll llr \\ellio \\oillcr lable . Sublraclill)!, Ihc 'lcadill1:! 1'111111 Ihe !!i\ ell piUlllllCIl'1 

gets t he level or \V(Iler hellea t h !!1ll11lId SUrl:ICC 
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" .2m 

y 

,-
---~ StOlll 

x x )( )( x x x 
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----,.~ We II 

AuU er 
End 

' '' ig 3.1: Iland drive- :lIIgl'" tls(~d 10 drill 0111 well 

y~ Lr.nUlh hnllnnlh 
Iho Goll But/ileo 
(l.7J, 2.1l1 p"d 1.20111) 

···--... 1 l-c·--- Ueplh 01 pipe h u low urolllld ~lIrf;l c e == X 
111!i!JIlI of w ;,lors ill w(dl = Y 

z 

d'lplh of willer Iwll;w ! II"!HlIld surfa cc = 7. 
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• 
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--.., __ . •. __ -. ____ If~·~----- W a ter Level ill We ll 

x 

y 
~_ l' I !I for;lliull s 

Fig 3.2: Cross s('.d ion of pipe in well 
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3.3.3 DETUti\IINATION OF I\IOlSTliHE CONTENT. BIILJ\ DENSITY ANI> 

POHOSITY 

Core lillg \V:lS IIscd 10 lakc 1I11di sllllhcd soil S<lI11Pics The cylilldl'l' or Ihl' C(lle 

salllplel. v,.hich has ils Cllllillg cdge. \ViIS dlivell illiu Ihe soil alld all IIlHlislulhcd soil 

~alllple \Vas oblailled wilhill Ihe lube II \Vii S thcll ICIl1l1\'<.'d gelltly by placillg a cutla ss 

UIHJrI the COli..' SilJllpkl. alld Ihl' lI Ihe soil \Vii ,S I Iii liS Ii., II cd illio a IllOi slllI(, C;1I1 ;111(1 covcll'd 

illll11cdialcly<so ;IS 1\1 a\ 'oid 1lilli sllliC loss 01 gaill hv cV;'IIlI1;llioll (II cOllti( 'IlSillioll The 

sallic PII)CCdUIC \ViiS Ihclllcpcal ed lill (20-, 10) Cili. ( /IO-f10) Clll, (()t) -XO) Cill ;111(1 (X() - IOO) 

CI11 soil dcpl h al I he upper ilild lowel pallor I he sllIpc 

The calls wcre clenrly Inhcled tu di slillgllish Ihl' Sill11PIc dcplh <1I1d localioll thcll 

conveyed 10 thc lilboriltolY wherc they \\erc wcighed II sillg (111 electrol1ic weighing 

b,11al1cc alld dlied ill i1l1 O\,(.~ 1l at I()~ "(' lill' ahuut 2·1 hOlli S IIlllil all the 1110is1t1iT \\'ilS drivl'11 

oil' nlld Ihe sBlllple \ViiS wcighcd ,lgain , The illilial and lillal \\ eight. the VOIU111l' illlU 

\\·cighl or Ihc call salllplel \\crc t<lkCIl , Thc IlHlisllliC COlilelll , hulk -dell silY. alld pOlosily 

wCle thcll ca!cllialcd (lahle ·1 I) 

Thc soil saillples \Verc OVCI dried ,1Ild thcll leady lill glilill si/,e <1llalysi s Thc ll1i1ill 

Illaj(lr equipilleilis used hcre ale "l'alll balal1cc (aholll () I g sellsili vily). t\1cchalliCill SIC\C 

smallcr mctal IrilYs sci or sic~' C, IIl1d hillsh lill' t:lcHnil1g Iht' SICWS , lht' SIl'VCS Wl'IC 

arrallged ill mdl'l' or reducil1g apcIllIlc Sl7,es, A kll()\.\'11 IllaSS or each Dr the soil sClll1plc 

(I ku\\'as lIsed IhroughoUI Ihe plojl'cl) \ViIS placed ill Ihl' tipper lllo sl sicvcs The sci or tht' 

sicw werc allowcd lill shakillg njll'l'illioll IiII' live Illillllles lill' pWPl'l' Si1\'lf)g or Ihl' soil 
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~al\1plc , Allcr this pelioli or tillll~ the l11all'li,,1 Il'tilillCd Oil l'ill'h sic\'{' is IliIllsll-lrl'li ill till'll 

SlIlllple retaillcd on cilch sic\T ,lie Icwrdcd il!!;liIl SI Ihl' sie\l~ ilpl'IlllIT Sill' Thl' dalil 

oblilillcd is presented illlilhic ( · l~) 

3.3.5 II YJ) ,\I II.IC CONDIICTI\TI'Y 

1\ pl(ll or lalld (":'; ,") Ill " "'ilS Ill;llked (1111 al lilt' "1'1H'1 iIlHIICI\\'\ '1 p:lll ClI" 1111' <; IClpc: l{idl',l' s 

waleI' (ill' Iwo days 10 allow Ihe Willel 10 sillk 10 iI deplh Ill' 1111 , Thc pl(ll \H'IC Ihl'll 

Illlllchcd illld covcred wil h polyl hCllc sheel s 10 prevelll l'\aplll ill iOll , 

Suil S HI1II'Ie \\'Clc collected hourly at deplhs (O -20) Clll, (~() - I()) rill 1I11d (l{() - IOO) CI11 1\11' 

six hUllls 011 the lirst day al1d Ihcre .1Iler. dail~1 I()!' Ihe nexl six t\(lVS 

Thc soil samplcs were colkcll'd ill lills 1I covered \Vilh \lolylhclll: sheet 10 pre"cllt gain or 

loss or llloisllIIC , Thc lillS .lIld Iheir COlllellls wcrc cOl1\'eyed to laholilt(ll y, "herl' Ihl'Y 

were wcighcd alld ovell dl ied (ill ' 2,1 hOlliS. allcr which the" welc reweighed Thc 

volumetric IllOistlllC contcllt (il!' each dept \Vns detcllllincd i1l1d the h\t!r.lldic cOlHhlcli\'ily 

was calculaled as ill lable4 ,J , 

3.3.6 J)I~TEHI\IINATI()N OF INFILTHATION HA 'n: 

Thc infiltraliol1 rillc \Vas delellllillcd hy usil1g Ihe c~' lillder illlillrolllctcr Illelhod 

The cylinders Wtle "bou( 2."CI11 deep al1d wcrc IClIIl1cd or 2111111 rolled steel thil1cI1U11!,d, 10 
I I; 

clllcr Ihe soil with (1 lllillilllllll1 IlrdistlllhallCC, Thc illlll'r illld Illitcr c)'lilldcrs \verc ,10 illld 

(JOClll diillllt'll'r rt'spcrlivt''',' , TIll'V "Til' inslalled il l aholll I()Clll dcplh in Ihe snil ('ilrc 

should he lakell 10 kcep Ihc ill:;lallilliClI1 deplh '1IIis \V;IS ;ll'CCIllIplislrl'(1 by 11Iill"ill~ II'l' 
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outside or thc cylinder at the clcsirQd level and driving the cylinders lip to the mark by 

using it filliing weight type hammer striking on a wooden plank placed 011 the top of the 

cylinder The water was poured in the inner and outer cylinder on a small grass placed lo 

avoid pudding. 

Sillluitancollsly the stopwatch was started . An ordinary plastic ruler measures the waleI' 

level ill inner cylind~r at an interval 01'20 l11inules. 

Aller each reading the cylinders were IIlIed back to the referential level, which IS 

II Clll(see table 4.4) 
IJo , .. ---
Oi 

,~ -,..---------- .. . -- .. ~ , 

1 ~. ollwhjG V;(·~W of I,,'illrnomlm 

!'Ii ~ n'~mclcl 01 """" c.ylindc ' = pOt;m) 
I)" ~ Ill:""cl", 01 ""Iel ey'lr"'''' ~ (HOc",) 

~, 

.A 

'11" " " 

, 

\ 

,~ ------.. -~.- .-.. ,...1 

CIOr.~ ~r.di(l11 01 ItI~lilllnt.l COIf! 3ntl1ph!f 
'1 ('-": Ilc lull1 of r.mn Srtmplcr (' r,, :m) 
o '= !! Di;lfHClCf or r.orr! S illl1JllfH (7 50n) 
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CHAPTER FOLIH 

IU:SlJLTS AND DISClITIONS 

lhe 1(ICUS or this chaptci is 1111 or the lesults or dilkrellt c\pel illlCllt callicd (lut 

rilll/;illg ['rolll licld 10 \;rhor;llol \' C\PCl il11Cll1 as \\ell as I ill' tiiSCllssiollS pI" IIH .. 'scs rcsulls 

Thc l11cchallical allal\sis or the soil S:llllPIc collcctcd both at the llpper alld In\\CI 

pari of'llrc slnpc ;111..1 at dilklcl1l (It-plh \ViiS lah,rlall'd ill tilhk (.11) 

Fmlll litis lahle holh Ihe IIPPCIIIl\vCI pill I h;ld altllllsl Ihe Silllle prrcelltilg.e Ill' salld, sill illld 

clay rlact iOIl . 

While Illeaslllil1g Oil the Icxtlllal triallgle, it was tlisc()"l'Ictl thaI (hc saillpics l1ilted illto 

loa111Y class ill Ihe deplh oC(O 1020 Cl11). 11l;tlllY elil)' al Ihe deplh (20 III ,to elll) illid clav 

class a( depth (,10-1 O()Clll) . 

Tahle (/12) COl1tnillS lite paraillctcis obtaillcd 1'01 soil 1l111isturc COil (ellt allalysis 

c:lnied Ollt Oil the licld illlll ill tlte laholfllory rvloistllfc colltenl \Vas ohsclved to he Itig.hcl 

at the \lpper palt of the slop. This could hc itS a lesull Ilf'PlllldilH! Ihal \lsuall" titke place ill 

the mea as a lesult or depressio/l stolage precipitatioll . The lo\\' Illllistlil C cOlllcllt I CCOI tied 

at the lowel part or tlte siopc cmlld he as a lesult or tire seasollill stleam cltallllci siltwled 

n( (hc uutlOIl1 or (he slope which serves as a poillt or disdtillge or draillage challilel I'm Ihe 

watcr ill the lower part or tire slope I\t both tire upper ;ll1d tire lower pill! or thc slope, lire 

l1toisllll'cs cOIII~1l1 decreased wilh il1clease ill deplh lip 10 (l(kllt Ihll liolll(IOCIlI. Ihe 

l110istlllc cOlltellt stalted incleasillg lip to IOOcll1 This cOllld be altlihllted (0 capillal\' lise 

abnve water tilhlc (IS Ihe wittel tahles \\TIC :II. it deplh (I'" ithoUI IO()cllt 1'00(lsily alld 



available moisture holding capacity were observed 10 increase with increase in moisture 

content. On the other hand both wet bulk density and dry bulk density varies from depth 

to depth . 

The hydraulic conductivity difTer from 1.25 to 0.0 I cll1/h at the upper part of the 

slope and /i·om 1.92 to 0.01 cm /h at the lower part. The low hydraulic conductivity 

nature of clay soil was responsible for the low value obtained. 

The rate of infiltration decreases with tillle and was faster at the lower part of the 

slope than at the upper part (see table 4.4). This could be as a result of the presence of a 

seasonal stream channel at the lower part of the slope, which serves as means of drainage 

in the area . 
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TABLE~SOME SOIL PHYSICAL PROPERTIES (MOISTURE CONTENTS, BULK DENSITY POROSITY . . , , 

AVAILABLE AT THE PROJECT SITE) 

I II I III I IV V VI VII ! VIII I IX 

Sections Depth Weight of Weight of Moisture Wet Bulk Dry Bulk Porosity Available Available 
(cm) wet soil dry soil content (%) Density Density (%) moisture moisture 

(g) (g) (II-III) x 100 (glcm 3
) (g/cm 3

) 1-v x 100 holding holding 
III vi capacity capacity 

- (cm/m in root 
. '- - - IV x V) I zone 

, . (cm/m.) 
0- 20 1360.90 1299.50 1 20 .50 .. 11. /6 12 .12 16.98 [ 36.08 I -

! 
Upper 20-40 1334 .00 1280.10 119.20 1.65 

1
1.96 

1
15.82 1 31.68 

1 I 

part of 40 -60 1351 .30 1295.20 1
19.00 1 1.74 

1 2 .07 15.94 33.06 
1 

The slope 60- 80 1352.00 1288.50 122.00 1.70 
1 2 .07 17.87 I 37.40 

1 

80-100 1371 .00 1298.50 124 .50 11.75 
1 2 .18 

1
19.73 42.88 181 .10 

0-20 1365.14 1307.10 18.90 1 1.81 
1 2 .15 15.81 34.21 I 

Lower 20-40 352 .66 1297.60 18.50· 1.75 12 .08 
1

15.87 32.38 

part of the 40 - 60 1353,13 1299.01 1
18.10 

1
1.76 2 .08 15.39 31 .86 I 

slope 60-80 345.52 1285 .51 121 .02 
1

1.68 12 .03 17.24 
1

35.31 
1 

80-- 100 36 /. 63 1297.80 1 23.45 
- -

1
1.75 

1
2 .16 ._~ ~8~~8 _____ 141 .04 1174.80 

N.B. VOLUME OFCQRE SAMPLER = 170.00cm3 

I 
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TABLE4.g:CLINDER INFILTROMETER TESTATF.U.T PERMANENT SITE (PROJECT SITE) 

UPPER PART OF THE SLOPE 

I TIME i 
I (Min ) 

I 
10.0 
I 
1 

i 10.00 

1 20.00~ 

40 .00 

60.00 

1 80 .00 

1 

\ 100.00 

120.00 

/ 140.00 
I 
/ 160.00 

1S0.00 

Water 
Level 
(ern) 

1
11

.
00 

I 11.00 
I 

I 
I 11.00 .' 
! 

1 11 .00 
. 
i 11.00 
i 
! 11.00 
I 

I 
\ 1 LOO 

\11.00 

1 11 .00 
I 

1 11 .00 
• ! 

i "11.00 
I 

! Readings 1 Difference I Accumulated r Average I 
i (em) Depth (em) Infiltration Infiltration I 
I (cm) I Rate 

(cm/hrs) 

i 11.00 I -. 
i l - I I- " 1 . 

~ 9.80 

j 9:80 
I 

1 10.10 
! 
I 

~ 10.00 
i 

1 10.20 
I 
! 10.20 
I 

1
10

.
21 

1
10.20 

: 10.20 
! 
I 

1
10.40 

11 . .20 

1
1.20 

10.9? 
. ' 

1 1 .00 
i 

i 0.80 
i 

I 
1 0.80 
! 
1

0 .79 
I 

1
0

.
80 

" 1
0

.
80 

1
0 .60 

I 

I 1.20 
1

7
.
20 

1 
I 

\ 2.40 \ /.20 "-

1
3

.
30 \ 2.70 

1 4 .30 1.3.00 
! 
i 5 .10 1

2 .40 

i 5.9~ 1
2

.
40 

1
6

.
69 \ 2.37 

1
7 .49 . 1 2 .40 

IS.29 12.40 - ! . 
! 

Is.S9 /
1

.
80 

... ..., 
J.) 

LOWER PARTOFTHE SLOPE 

I Re~~~gS Difference Accumulated I Average 
Depth (em) Infiltration Infiltratic 

(cm) Rate 
(cm/hrs 

i 11.00 I- I- I· I 
1

9
.
65 

1
1.35 

1
1

.
35 18.10 

I I 

. 0 r'7 I 1'.33 
1

2
.
68 i 7. 98 I ~.O 

I 1 I 

1
9

.
81 

1
1

.
19 i 3.87 

1
3

.
57 

I 
1

9
.
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TABLE4-3:CLINDER INFIL TROMETER TEST AT F.U.T PERMANENT SITE (PROJECT SITE) 

UPPER PART OF THE SLOPE 

TIME 

I 
Water I Readings Difference 

(Min) Level I (cm) Depth (cm) 

I 
(cm) \. 

I 

0.0 
1

1 1.00 i 11.00 i I-I 

I 

10.00 111 .00 ; 9.80 
1

'
,.20 

I i 

20 .00 ! 11.00 9.80 
1

,

.
20 , 

! 
40 .00 ! 11.00 10.10 I O_9~ I 

I , 

150 .00 1~i .OO 

I 
~ 10.00 , \ ,.00 

I 

80.00 i 11 .00 i 10.20 10.80 
I I 
I i 1 , ' 

100.00 
1
'1 .

00 I 10.20 ! 0 .80 
I , 

120.00 
1

,1
.
00 10.21 

1
0 .79 

140.00 1 ,1 .00 10.20 
1

0
.
80 

i 
t oO_QCL f 1 L OU , 10.20 

' 1
0

.
80 

, 
I , 

180.00 i 11.00 11 DAD 0 .60 
I 

Accumulated Average I 
I11fi Itrati 0 n Infiltration I 

(cm) Rate 
(cm/hrs) 

I- I- I 
.... I ' 

1
,
.20 1

7 .20 
, 
I 
I 
I , 

1
2 .40 1 ,·20 "- i 

i 
! 

13.30 _~1 2.70 . I I i 

! 4 .30 
I 

: 5 .10 
I 
: 

i 5.90 
I 

1
6 .59 

I 

/7 .49. 

1
8

.
29 

1
8

.
89 

\ 3.00 

1
2 .40 

1
2 .40 

1
2

.
31 

1
2 .40 

1 2 .40 -

1
1

.
80 

! ' 
! 

, 
, 
, 

i 
I 
I 

! 
I 
I 

I . 
I 

I 

Readings 
(cm) 

1
,1

.
00 

1
9

.
65 

i 9.67 
I 
1

9
.
81 

1
9

.
80 

1
9

.
85 

/ 9 .84 

1
9

.
95 

I ~. 95 

., 1 9 ,97 

19 . ~6 

LOWER PART OFrrESLOP~ 

Difference I Accumu2Q I Average 
Depth (em) Infiltl<iful ! Imiltration 

I (cmj Rate 
'. icm/hrs) 

I -
1

,

.
35 

i 1-.33 
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1
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1
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1
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T.-\BLE 4~4 HYDRUALIC CONDUCTIVITY (1JNSATLTRA TED) OF SOn.. WITHL'" LXPERThfENTAL PLOTS AT FEDER..~L 
lil'ilVERSITY OF TECHNOLOGY, :MINNA PERMA1'\""ENT SITE FARM (PROJECT SITE) 

Lower part of the slope 
I t(h) . I U9(Cm, ~t(h) 1 K(S) (cmfn) 

\0 
1 1 ' 1'- 11 1'- , I I - --, --, I V') 

I , I r-') . - -- - I -+ I -1.09 I 3 0.36 

! 18 I -1.8 I' 14 - I 0.13 
, I 

i 42 I. -1.58 I ?' 
I -~ 

I I 
1 0.06 

! 66 ' -D .., - , ,~ 
! 

I __ I I -~ 
i 

1 0.0 ] 

8 = A veraQe water content 

L = Tnickness of ;he profile = 100cm 

= Time (h) 

K(8) T-' 1- d - - L.6.8 ( mIh = iivaraL!uC con UCi:JVITV = - --- CI ) 
- - ilt 

, 



' 4.2 TREND OF \VATER TABLE FLUCTUATJON 

The water table measurement below the ground surface was shown in appendix I. 

It was observed that the three wells fluctuate in deferent manner. Some areas receive more 

recharge and discharge more than the others. It was also observed that well A was flooded 

from July to October with its peak being reached in July. Thi s is due to depreciation, which 

usually store precipitation :water (appe,nciix 8). 

Well [3 had the highest water table which rose rrom Augusl to October with peak 

being reached in September. This could be as a result of its evolution compare to other 

wells . The ri se of water table If-olll August to October is due to the recharge water from 

nooded areas around A and £I'OIll the seasonal stream. 

l3ut well C flu ctuation depends more 011 the seasonal stream, which affect the well 

In two ways: 

I. The well is discharging to the stream when its level is higher than the water level 

in the stream.( from march to may). 

II . The stream recharges the well during the period of August to September, because 

I he sl ream was fill ed up that time. This explains the constant level of water 

Ihrough this period in the well. 
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PRECIPITATION 

o ,'---.----r---,--.----.---,---.----.---r--.----.---,---.----.--,---.----.---,---.---,,--.-----------~ 
APRI 

-50 

-100 

-150 

-200 

-250 

-300 

~ o I IL_~-
APRJL P 

L50 
H 
-1 00 

-150 

-200 

-250 

-300 

JUNE JULY UGU SEPTEMBER OCTOBlR NOVEMBER 

~ o <> 
C>...:: 

AUGUST SEPTEMBER 

-<>- WELL A -0-WELL B ~ WELL C 
r=< - - .- ··-------l 
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4.3 WATER TABLE DEPTHS COMPARISION (2001&2002) 

The comparison of the data of 200 I and 2002 consists of doing the diflerence 

between the two data (see appendix3) 

From fig 4.2 it can be easily observed that the water table for 2002 is higher than 

the wa ter table of 200 I., The statistical test shows the significant difference between the 

two e1ata. This was due to the high rainfall recorded in 2001 (1 363 .2) compare to 2002 

(1IS2 .R) . This proof that well A depends directly on the rainfall since it is located in 

water logged area 

ror well f3 and c, the wa ter table depend s mostl y to the recharge from the streal11 

chanllel and the upstream areas. This explains the crossing of the curves at different 

points (see (ig4 .3 & 4.4) . 

At times 200 1 data are higher than 2002 data at times lower. Thi s proofs that the water 

table in these areas depends indirectly to the rainfall. 
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CONel,USION AN J) IU~ ( : ( )I\IM EN DATION 

S. I ( .( )N( '1 ,{ ISI()N 

iCCI side lIad il IO,lIl1Y soil and c! ;IYCY Sill! so il "ill, low hyd"lIdic CIlIHltlClivily and high 

IUlld Willer !low rmlll Ihe IIPp\'l pall Ill' Ihe ~dlljl (' 10 1111' 11\ \\1'1 p;lIl /\'1(1 Ihe nla Xillllllll 
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APPENDIX 1 : WEEKLY ~i A TER TABLE MEASUREMENT AT THE PROJECT SITE 
MONTHS MARCH APRIL MAY 

I JUNE 
JULY 

DATES 10m ] 7m 24tn 31111 8m . 16tn 24ill 30Ul 7tn 14m 21th 28U1 5tn 11 111 18tn 25th 200 10th 18th 27th 
-WELLS 

A 151 150 148 150 157 103 100 103 106 103 80 -10 -10 -20 -18 -25 -2 ] 

B 249 251 1252 255 257 252 254 248 241 ]80 140 1123 103 100 101 98 96 
i 

C 126 126 1126 126 124 123 1109 105 120 109 101 182 76 80 75 78 80 • 

---

AUG SEPT OCT NOV 

1 st 9111 16th 25th 1st 

18
th 16in 24m 2na 10m 18th 27 th 4th 11th 18th 25th 

-19 -21 -22 -21 -25 ! -3 -7 -2 -6 0 -4 0 20 34 48 173 
I ~ 

92 59 70 63 50 157 59 63 49 53 7] 104 117 124 260 261 

76 74 80 81 
79 __ l 82 

74 69 60 71 74 72 126 126 126 126 

~--- ~-----



APPENDIX 2 : MEAN MONTHLY WATER TABLE AT THE PROJECT SITE. 

MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBRE OCTOBER NOVEMBER , 

A 15l.0 15l.25 102 40.75 -21 -20.75 -9.25 -2 .50 68.75 

I 

B 249 253.75 248.75 136.50 98.75 71 57.25 69.25 190.75 

C 126 125 .50 114.25 92 78.25 77.75 76 69.25 126 

I ---_._----



APPENDIX 3: COMPARISION OF WATER DEPTH DURING 2001-2002 FOR: '''ELL A, ~lELL B. WELL C 
MARCH APRIL MAY JU1\1E JULY AUGUST SEPT OCT NOV 

Al 143 .3 145 24.8 -18 -24 .5 
1-

25 -21.2 -17 63 - . 

A2 151 151.25 102 40.75 -21 -20.75 -9.25 -2 .5 68 .75 

AI_A2 -8 -6.25 -77 .20 -58.75 -3.40 1-4.
25 -11.95 -14 .50 -5 .75 

MARCH APRIL 

l
1viAY JU1\1E JULy AUGUST SEPT OCT NOV 

BI 257 248.05 226.03 202 96 .08 59.03 55 .04 99 .08 200 

B2 249 253 .75 248 .75 136.05 98 .75 71 57.27 69.25 190.75 

Bl-B2 8 -5 .25 -22.45 65.50 -l.95 -II. 70 -1.85 30.55 9.25 

---- - -.- -------

MARCH APRIL MAY JU1\T£ JULY AUGUST SEPT OCT NOV 

CI 126.00 124 102.50 119.00 79.00 73 .00 70.20 92.50 126.00 
~ 

C2 126 125 .50 114.25 92 78 .25 77.75 76 69.25 126.00 
-

CI_ C2 0 -1.50 -11. 75 27 0.75 -4 .75 -5 .80 22 .95 0.00 

I - . 



APPENDIX 4: STATISTICAL TEST FOR THE SIGNIFICANCE OF THE 

I)IFFEllENCE IN THE DATA OF 200t AND 2002 

This test assumes that 2001 data are the expected frequencies. while the 2002 data are the 

observed frequencies . 

Apply the x2 (chi squared) test 

i.c. x2 = l:1(0-E)2/E] 

o = observe value 

E = expected value 

Level of significance: a = 0.05 or 5% 

Degree of freedom = (r-I) (c-I) 

Where r stands for rows and c for columns. 

Df= (2-1) (9 -1) = 1 *8 = 8 

From the x2 tabJe at a = 5%and Df = 9 a critical value of J 5.51 is obtained (see appendix) 

so x2 = 15 .51 

For wdl A 

.tlyQothesis: 

Ho : there is no statically significant indifference between 200 I and 2002 data of well A 

HI : there is statically significant difference between 200 1 data and 2002 data of well A. 

Decision 

X2 A = L:[(O-E)2/E] = 30.46 (see table 4. 10) 

30.46 > 15 .51 ; Ho is rejected . 
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l'ltel c is it Sigll ili c;lIll. dillc l cll!:e llClwcCIl lite d;l l ;1. 

So II I is ilcccplcd 

I"or \Vdl B -----

L I YP.CJU H .. ~:-; i S:, 

i-I,,: t here is 110 statistically significant difference between the 2001 ancl'2002 data of I 

ell13 

H( there is statistically significant difTerence between 2001 and 2002 data of well B ~ 

.lS ,<J) .> I ~ . ~ I .. I III i ~; rejecled . 

There is sigllilic;lIll dillc lell cc bel\Vcen lilc <I ,lIa . So Ille //1 is acccplcd . 

II(): There i:; ,I 110 s[;lli sli c<iI Sig ililic(lili. diffcrclicc bdwcCll 200 I d"ltl ami 2002 dnla 01' 

wel l c . 

II I: There. i:; sl<llisl.icill Sigilili cilll[ t1ilfcrel1cc betweel1 20() I dilln (lild 2()() ,l d<l[ll or well c . 

l ' I. lOi l '., 15.) I, II" is nc.ccpl cd 
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Interpretation 

There is 110 significant difference between the data so H I is rejected 
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APPENDIX5 :CHI SQUARED TEST TABLES FOR: WELL A, WELL B, WELL C 

~ MARCH I ~RIL MAY JUNE JULY AUGUST SEPT OCT I NOV TOTAl 
, I 

I 

o (A2) 151 151.25 102 40.75 -21 -20 .75 -9 .25 -2 .5 68 .75 460.:5 

E (AI) 143.3 

1

145 24 .8 -18 -24.5 -25 -21.2 -17 . 63 270.4 I 
I 
I 

(O-EY~ 0.41 i 0.26 240.31 -191.75 -0.5 -0.722 -6.73 -12 .36 1
0.52 30.46 

E 
I 
I -

MARCH APRIL MAY JUNE JULy AUGUST SEPT OCT NOV TOTAL 
I 

o (B2) 249 253 .75 248.75 136.05 98 .75 71 57.27 69.25 190.75 1375 
, 

i 
I 

E (B I) I 257 248.05 226.03 202 96.08 59.03 55 .04 99.08 200 1445.01 

(O-EY 0.24 0.11 2.22 21.23 0.039 2.30 0.061 9.35 0.42 35.95 

E 

MARCH APRIL MAY JUNE JULy AUGUST SEPT OCT NOV TOTAL 

o (C2) 126 125.50 114.25 92 78 .25 77 .75 ,- 76 69.25 126 885 

E (C I) 126.00 124 102.50 119.00 79.00 73 .00 70.20 92 .50 ]26.00 912.20 

(O-EY 0.00 0.018 1.34 6. ]2 0.007 0.30 0.47 5.84 0.00 14.104 

E 
- --- -- --
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YEAR JAN 

1992 0.00 

-
1993 0.00 

1994 0.00 

1995 0.00 

1996 0.00 

1997 0.00 

1998 0.00 

1999 0.00 

2000 0.00 

2001 0.00 

2002 0.00 

TOTAL 0.00 

MEAN 0.00 

APPENDIX7 : TOTAL MONTHLY RAIN FALL (mm) (1992-2002) 
FEB MAR APR MAY JUNE JULY AUG SEP 

TR TR 

0.00 0.00 

0.00 I 7.30 

0.00 0.00 

0.00 0.00 

0.00 3.60 

TR TR 

7.90 I 0.00 

0.00 10.00 

0.00 0.00 

0.00 0.00 

7.90 10.89 

0.72 0.99 

1.30 158.20 176.80 162 .90 196.40 231.50 

0.00 174.40 170.50 189.70 271.10 . 178 .30 

72 .50 114.40 239.00 142.50 367.20 261.30 

100.50 123.20 144.50 153 .70 409.00 189.10 

48 .60 164.70 225 .00 259.70 257.00 19l.10 
I 

I 
80.60 238.40 233 .00 172.40 192.90 I 273 .30 

92 .20 22l.20 221.00 155 .50 243.00 261.90 

35.70 102.80 164.20 243 .90 254.70 237 .10 

3.60 135.90 161.00 208.80 308.50 
1

303
.
00 

93.90 139.00 331.70 244 .60 230.20 298 .80 

98.80 42.60 201.00 143 .00 226.50 260 .60 

408 .70 1515 2268 .20 2076.40 2947 .20 2685 .60 

37.15 137.72 206.20 188.76 267.92 244 .14 
-

SOURCE: DEPT OF METEOROLOGICAL SERVICES 
:MINNA AIRPORT, NIGER STATE 

OCT NOV DEC 

230.30 0.00 379.50 

63 .30 46 .60 0.00 

208 .10 0.00 0.00 

135.70 0.00 0.00 

127.90 236.00 0.00 

115.0 0.00 0.00 I 

212.60 6.10 0.00 

212 .20 0.00 0.00 

153.40 0.00 0.00 

25.70 0.00 0.00 

180.30 0.25 0.00 

1664.40 288.45 379.50 

151.30 26 .22 34.50 



APPE~Dl'X 8: TOTAL :\10XTHLY TE!'IPER!\TrRE (oC) (1992-2002) 
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