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ABSTRACT 
 

The iintroduction iof isalt/saline iwater iinto iboreholes ihas ibeen ia imajor iissue iin igroundwater iutilisation 

iin ithe iNiger iDelta. 

 Aim: iThe istudy iwas iaimed iat idetermining ithe idepth iof isaline/saline iwater iand ifreshwater iaquifers 

iin ithe iregion. i 

Study IDesign: i iThe istudy iwas idesigned ito iuse icombined igeophysical iborehole ilogs ito idelineate 

isaline iwater iand ifresh iwater iaquifers iby idetermining ithe idepth iof isuch iaquifers.  

Place iand iDuration iof iStudy: iResearch itook iplace iin i7 ilocations iwithin ithe iSouthern iNiger iDelta 

ibetween iMarch i2021 iand iNovember i2021. i 

Original Research Article 
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Methodology: iThis iinvolved ithe iinterpretation iof idownhole ielectrical iresistivity, inatural igamma iray 

iand ispontaneous ipotential ilogs iusing ithe idifference iin itheir ivalues iin idifferent ilithologic iformations. i i 

Results: iTwo ilevels iof ifresh iwater izones (a ishallow iunconfined iaquifer ibetween i0 iand i<150m iand 

ibeyond) iwere irevealed. Both iare iseparated iby ia izone iof isaline iwater. The ifreshwater iaquifers iare 

imainly isand iand igravel, iwhile ithe isaline izone ihas iclay, isandy iclay, iand isilt imixed iin ivarious 

iproportions. However, isome iareas ihave imultiple ifreshwater iaquifers iwhile isome ido inot ihave ia 

ishallow ifreshwater izone. The ivariation iin idepth iat ivarious ilocations icould ibe idue ito idifferences iin 

ilithology iand ithe irate iof iabstraction.  

 

 
Keywords: iGeophysical iborehole ilogs; igroundwater; icoastal iaquifers; isaline-fresh iwater iinterface. 

 
1. INTRODUCTION i 

 
Because ifreshwater iis ia ibasic inecessity iof 
ilife, imen ihave iworked ithroughout ihistory ito 
ilocate and develop iit. Human icivilization ihas 
ibeen icentred ion ithe iavailability iof iwater 
iresources. Water occurs ieither as isurface 
iwater ior igroundwater. Over ininety ipercent iof 
ithe ifreshwater ithat iis available iat iany igiven 
imoment ion ithe iearth ilies ibeneath ithe iland 
isurface [1]. Groundwater iis the most iimportant 
isource iof ifresh iwater resources ifor idomestic 
iand iindustrial iuses iin icoastal regions [2]. 
However, iits iavailability iis hampered by a ilot 
iof ifactors, isuch as isubsurface structural 
conditions, imovement iof iwater iwithin geologic 
iformations, ithe ienvironment, iand climatic 
conditions. Groundwater iis ifound iin 
sedimentary iaquifers iand iin ithe icracks iand 
ifissures of irocks. An iaquifer iis a iwater-bearing 
formation ior istratum icapable iof itransmitting 
iwater through its ipores at a irate isufficient ifor 
economic iextraction by iwells [3,4]. Because 
groundwater iis widespread and iless prone ito 
ipollution, iit ihas ibecome a imajor isource iof 
iwater supply. More ithan i90 ipercent iof the 
population iin ithe iNiger iDelta idepends ion 
igroundwater ifor iits iwater isupply [5]. This iis 
ibecause of ithe iavailability iand icost iof 
ideveloping iand itreating iportable isurface 
iwater. The irapid ipopulation increase iand 
iurbanisation ihave iput iso imuch ipressure ion 
ithe iwater iresources iof ithe iarea, especially iin 
ithe icoastal iareas. This ihas ioffset ithe 
ifreshwater-saline iwater ibalance, iresulting iin 
the imovement iof isaline iwaters iinto icoastal 
iaquifers [6,7]. 
 

The imovement iof isaline iwaters iinto icoastal 
iaquifers saline iwater iinstruction iinto ithe 
icoastal iaquifer ihas ibecome a imajor iconcern 
as iit iconstitutes ithe imost icommon iof iall 
ipollutants iin ifreshwater iin ithe icoastal iareas 
iof ithe iNiger iDelta. Saltwater iintrusion icould 
ibe idescribed as ithe imovement iof isaline 

iwater iinto ifreshwater iaquifers. It iis a iprocess 
by iwhich isea iwater infiltrates iinto icoastal 
iaquifers, ileading ito icontamination iof iwater 
isources ifor ivarious iuses. iA major icause iof 
isaline iwater iintrusion iis iexcessive iextraction 
iof iwater ifrom icoastal iaquifers. Other icauses 
iinclude ichanges iin ithe isea ilevel idue ito 
idredging iand iother ihuman iactivities. 
Overpumping ireduces ithe ihydraulic ihead iof 
ithe iaquifer, ithus islowing ior istopping ithe 
isouthward iflow iof ifreshwater, iwhich iallows 
isaltwater ito imove ifurther iinland [8]. Excessive 
iextraction iof igroundwater iinduces iupconing, 
iwhereby ideeper isaline iwaters ifrom ithe 
iunderlying isaltwater iwedge idrain itowards a 
ipumping iwell. A ireaction iin ithe irecharge irate 
iof ian iaquifer idue ito iprecipitation ior ian 
iincrease iin isea ilevel ioften ileads ito ia 
ichange iin ithe isaline iwater/fresh iwater 
idynamics [1,5]. A idetailed ihydrogeophysical 
istudy iis itherefore inecessary ito iunderstand 
ithe isaline iwater iand ifresh iwater idynamics iin 
ithe iarea iand ialso ito idetermine ithe idepth iof 
ifreshwater iaquifers iand ithe isaline iwater 
iinterface. This iis iwith ia iview ito iproviding 
igood-quality iportable iwater ifor ivarious iuses 
iin ithe iarea. 
 
In ithis istudy, igeophysical ilogs (electrical 
iresistivity iand igamma iray) iwere iused ito 
icapture ithe isalinity isituation iin isome icoastal 
iaquifers iin ithe iNiger iDelta, iNigeria. Based ion 
ithe iresistivity ivalues iof ithe iformation, 
idetailed imapping iof isaline iwater iand 
ifreshwater iboundaries iwas icompleted. 
Geophysical ilogs ihave idistinctive 
iconfigurations ifor icertain ibeds ior ihorizons 
iwhose icharacteristic iforms icorrespond ito 
ilithologic ichanges, ihence ielectrical iresistivity, 
ispontaneous ipotential (SP), iand igamma iray 
ilogs. 
 
Resistivity ilogs imeasure ithe ieffect iof an 
iartificial ielectric icurrent iproduced iand 
itransmitted ito ia isubsurface ithrough 
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ielectrodes. Several istudies ihave iused 
ielectrical iresistivity ilogs ito iinterpret irock 
itypes, iaid iin icorrelation, iand iestimate ithe 
ichemical inature iof ia ideltaic ienvironment 
[9][10][2]. The ielectrical iresistivity igeophysical 
imethod ihas ithe iadvantage iof isub-                
surface ielectrical iproperties. Also, ithe 
iinterpretation iis straight-forward, iand ithe 
iequipment iis isimple. However, ithe 
imeasurement iis inot an iintrinsic characteristic 
iof ithe imaterial isince iit iis inot ipossible ito 
idetermine ithe ilength ior icross-sectional iarea 
iof ithe icurrent [4][11]. 
 

1.1 Geology of the Area i 

 
The iNiger iDelta, iwhich iis iEocene ito iRecent 
iin iage, iis a iregion iof iredistribution iof iwaters 
iof ithe iRiver iNiger iinto ithe iGulf iof iGuinea. 
The idevelopment iof ithe iNiger iDelta ihas 
ibeen idependent ion ithe ibalance ibetween ithe 
irate iof isedimentation iand ithe irate iof 
isubsidence, iresulting iin a isuccession iof 
itransgression iand iregression iof ithe isea, 
igiving irise ito ithree imain isubsurface 
ilithostratigraphic iunits. These iunits, iin 
iascending iorder, iare ithe iAkata, iAgbada, iand 
iBenin iformations i[13][14]. 
 

The iAkata iformation iis imade iup iof imarine 
ishale. The iAgbada iformation iis icharacterized 
by isandstone iand isand ibeds ialternating iwith 
ishale. The isands iare isalt iwater-bearing iwith 
iformation iresistivity iup ito i2 iohm, iexcept 
ithose icontaining ihydrocarbons [6][1]. The ithird 
iin ithe isequence iis ithe iBenin iformation, 
iwhich iis ipredominantly isand iand igravel iwith 
ilocal ishale iintercalations. The isands iare 
ihighly iporous iand ipermeable, iwhile ithe 
ilocalized ishales iare iimpermeable. Quaternary 
ideposits iof iabout i100 im iin ithickness 
icomprising irecent ideltaic isediments imade iup 
iof isand, isilt, iand iclay ibeds ioverlie ithe iBenin 
iFormation iin ithe iswampy ideltaic iareas 
i[5][15]. 
 

1.2 Hydrogeology iof ithe iArea i 
 
Groundwater irecharge iis imostly ithrough 
iinfiltration ifrom iprecipitation iand 
irivers/lagoons iat ithe isurface. The iBenin 
iFormation iis ithe idominant ifreshwater iaquifer 
iin ithe iNiger iDelta. It iconsists imostly iof isand, 
clay, iand isilt. These imaterials iare ibelieved ito 
ihave ibeen ideposited iin a ifluviatile ito ideltaic 
ienvironment. The iclays iare iof ivarious 
ithicknesses, iup ito iabout i20 im. 
  

 
 

Fig. i1. iWorld iMap [12] 
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Fig. i2. Location Imap 
I 
Logging iof iexisting iboreholes ishowed ideep 
sandy iunits iin iparts iof ithe iarea iwith isome 
unconfined iand confined iaquifers. The ideltaic 
aquifers iare iclassified as iunconfined ibecause 
they iare irecharged idirectly by iinfiltration ifrom 
precipitation iand ibase iflow. Their iwater itable 
is ivery ishallow, ibetween i0 iand i90m below 
ground ilevel. They ihave ilittle ivariation idue ito 
heavy irainfall iranging ifrom i2400 imn ito i4800 
mn iall year [6][16].iThe iconfined iaquifers 
consist imainly iof ivery icoarse-to imedium-
grained isands. They iare iconfined by a iclay 
layer iup ito i40 im ithick. Their iaverage 
thickness iis iabout i100m. The iaquifers 
increase iin ithickness itoward ithe icontinent 
while ithe iconfining iclay ithins iout i[2] i[17]. 
 
There iis iobserved iirregular ialteration iof 
iaquifers iand iaquitards iwhich imake iup ithe 
iaquifer isystem. They ioccur iat ivarious idepths 
iand iare iof ivarying ithicknesses. The iaquitards 
iare imainly ishale ior iclay iand iare iusually i3–
15m ithick, icapping ithe iaquifers. 
 

2. MATERIALS IAND IMETHODS I 
 
Data ifor ithe istudy iconsists of ilithostratigraphic 
and idown-hole igeophysical ilogs ifrom irecently 

idrilled ideep water iboreholes. The iwells iwere 
idrilled iusing a irotary imethod icommonly iused 
iin ithe iNiger iDelta. The down-hole igeophysical 
ilogging iwas icarried iout iusing imount isop 
iequipment iin i8 iwater iboreholes iin Ndoni, 
iNLNG–Amadi iCreek, iBonny iand iOnne, iall iin 
ithe iNiger iDelta (see iFig. i3). The ispontaneous 
potential (SP), iresistivity, iand igamma iray ilogs 
iwere iused ifor ithe istudy. 
 
The iresistivity ilogs igave iinformation ion iboth 
ithe irockiunitsiand ithe iquality iof ithe iwater 
icontent iin ithe iinvaded izone, iwhile ithe SP 
iand iGamma ilogs iprovided iinformation ion ithe 
idifferent irock unit penetrated iin ithe iboreholes. 
Spontaneous iPotentiali(SP) iand iElectrical 
iResistivity i(ER) ilogs ialso ienabled ithe 
idemarcation iof isaline iand ifresh iwater izones 
ipenetrated iin ia iborehole. 
 i 
The ielectrical resistivity (ER) is interpreted 
ibased ion ithe ifact ithat ihigh iER iindicates ithe 
ipresence iof ifresh iwater, iwhile ilow iER iis an 
iindication iof isaline iwater ior ibrackish iwater. 
The iER iand ithe ilithologic isamples iwere 
imatched ito imap iout ifresh iwater ihorizons 
iand ilikely isaline iwater iaquifers.  A ideflection 
iof iER ito ithe iright i(high iER) iindicates ifresh 
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Fig. i3. Sample iLocation iMap i 
 
iwater; ia ideflection ito ithe ileft i(low iER) 
iindicates isaline ior isalt iwater ihorizon. This 
iwas icorrelated iwith ithe ilitho-log ito iknow ithe 
itype iof iformation, iwhether isand, iclayey isand, 
igravel, iclay, ietc.). This iway, iareas ilikely ito 
ihave ifresh iwater, isalt ior isaline iwater iwere 
idemarcated. 
 i 

3. RESULTS IAND IDISCUSSION i 

 
A icareful ianalysis iand iinterpretation iof ieach 
ilog iwas idone ito iseparate isand ifrom iclay, 
ifresh iwater-bearing isand ifrom isaltwater-
bearing isand. With ithis, ithe iinterphase 
ibetween ifresh iwater iand isaline iwater iwas 
idetermined iin ithe iarea. Representative 
geographical ilogs iof ithe iboreholes iand ithe 
istrata ilogs iwere ipresented iin iFigs. i4-
i7.iBelow iis ia idetailed idescription iof ifour 
iboreholes iconsidered irepresentative iof ithe 
istudy iarea. 
 
Both ithe igeographical iand ilithologic ilogs 
ishow ithat ithe isubsurface istratigraphy iof ithe 
iarea iconsists iof various ithicknesses iof 
ialternating ilayers iof isand iand iclay, 
isometimes icombined iin ivarious iproportions 
(Figs. i4-7). This iis iin iline iwith iother istudies 
iin ithe iNiger iDelta i[13,14,5,11]. Following ithe 

imethod iof Jimoh iet ial. i[14][19], ithick isand 
iunits ithat iare iseparated iby ithin iclay/clayey 
isand/sandy iclay ilayers iare merged iand 
iconsidered ias ia isingle iuniform iand 
icontinuous isand iunit i(Fig.i5). Furthermore, 
iwhere ithere is ino ithick icontinuous isand 
ilayer, iclayey isands iand/or isandy iclay iare 
ithe iprimary iwater-bearing iunits (Fig. i4). 
 

3.1 Borehole i1 i(BH1) 
 i 
Between i0–20 im iand i40 im ito iabout i165 im, 
ithere iis a ihigh iresistivity ivalue (> i100 iohms). 
These regions icorrespond ito ifresh iwater-
bearing ilayers. From i20m ito i40m iand i165m 
ito i195m, ithe resistivity iis imuch ilower (80 
iohms). These icorrespond ito isaline/brackish 
ibearing ilayers, iwhile ifrom 20m ito i40m, ithe 
iresistivity iis ibetween i80–100 iohms. This 
iindicates ithe isalt/saline iwater ito ifresh water 
iinterface. 
 
Looking iat ithe isubsurface istrata, i0 i– i20 iis a 
isand ilayer iwith iminor iclay iintercalations; 
ialso, ithe interface iof i30 i– i40m icorresponds 
ito ithe isandy iclay/clay isand ilogs as ishown iin 
iFig. i4. The freshwater-bearing istructures iare 
ithe isand iunits, iwith iintermittent iclay iunits iat 
ivarious ipoints. 
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Table i1. Summary iof istudied iboreholes iin ithe iNiger iDelta 
 i 

S/N i BH iNo i Location i Depth i 
(m) i 

Depth i 
logg 
ED i(m) i 

  i i i i 
iCoordinates i 

 

 i  i Northing i Easting i 

1 i 1 i Ngo iAndoni iLGA i 220 i 200 i 5.3998
o i

 6.6211
o i

 

2 i 2 i WACT iyard iFOT iOnne i 200 i 200 i 4.7238
o
 i 7.1516

o i
 

3 i 3 i Onne iFLT/Prodeco i 165 i 156 i 4.6872 i 7.1547
o i

 

4 i 4 i ONNE iFOT i 200 i 190 i 4.74434
o i

 7.035316
o i

 

5 i 5 i Coca iCola iPlant iPort 
iHarcourt i 

300  300 i 4.81351
o i

 7.0443
o i

 

6 i 6 i Onne iFLT/New iJETTY i 214 i 211 i 4.71803
o i

 7.15412
o i

 

7 i 7 i IMT/OSB i 350 i 350 i 4.76997
o i

 7.06438
o i

 

 
Table i2. Data isummary ifrom ithe istudied ilocation's ilogs 

 i 

S/N 
i 

Location i Borehole i 
depth i 
(cm) i 

Types iof ilogs i Depth irange 
iof isurface 

iaquifer i(1g) 
i 

Saline/fresh i 
water i 
interface i 

(1g) i 

Confine i 
fresh i 
H2O i 
depth i 

1 i Ngo, iAndoni iLGs i 200 i EP iGamma iSP  0 i– i20 i 20 i– i40 i 40 i– i165 i 

2 i Wact iYard, iFOT,  
Onne i 

200 i EP iGamma iSP  0 i– i3 i  i  i 

3 i Onne, iFLT/Prodeco i 165 i EP iGamma iSP  0 i– i70 i 70 i– i98 i ≥ i115 i 

4 i IMT/OSB, iBonny i 350 i EP iGamma iSP   i  i  i 

5 i Coca-cola, iPH iplant  300 EP iGamma iSP      i 

6 i Onne iFOT i 200 i EP iGamma iSP  0 i– i28 i 60 i– i125 i 150 i– i 

 
3.2 Borehole i2 i(BH2) i 
 
The iresistivity ivalue ifrom i0 i– i30m iis ivery 
ilow iand ifalls ito iabout i0 i– i10 iohms. This 
iregion itherefore corresponds ito ithe isaline 
iwater-bearing ilayer. There iis, ihowever, 
ishallow ifresh iwater ibetween i30 iand i50 
metres ideep. Between i50 iand i70 im, ithere iis 
ia izone iwhere ifresh iwater imeets isalt iwater. 
This iis iindicated by ithe inear-zero ivalues iof 
ithe iresistivity. Another isaline ilayer iis iidentified 
iat a idepth ibetween i75m iand 125m, iwith ia 
iresistivity ivalue iof iabout i10 iohms ias 
iindicated iin iFig. i7. From iobservation i(and 
iconfined iby istrata ilog), ithese iregions 
icorrespond ito iclay iand isilt/sandy iclay ilayers. 
iSand/silt iunits iwith iintermittent iclay iunits iat 
ivarious ipoints iform ithe isaline iwater-bearing 
istructure. 
 

3.3 Borehole i3 (BH3) i 
 

There iis ia ihigh iresistivity valuei(about i250 
iohms) ibetween ithe iupper i15 iand i70. From 
70 ito iabout i98 im, ithe iresistivity ifalls ito iabout 
i5 iohms. From i98 im ito i150 im, ithe resistivity 

iis imuch ihigher (See iFig. i6). These iregions 
icorrespond ito ithe ifresh iwater bearing ilayer, 
iwhereas iresistivity ibetween i8 iand i10 iohms 
iindicates ithe isalt/saline iwater to ifresh iwater 
iinterface ibetween i70 iand i98 im. Observing 
ithe isubsurface istrata, ithe i0–70m iare isandy 
iclay iand iclay isand ilayers. Also, ithe iinterface 
iof i70 ito i98 im iis a isandy clay ilayer iwithout 
iclay iintercalations ias ishown iin iFig. i6. The 
ifresh iwater-bearing istructure iis ithe isand iunits 
iwith iintermittent iclay iat idifferent ipoints. 
 

3.4 Borehole i7 (BH7) i 
 
The iresistivity ivalues ibetween i15 iand i19 
iohms iand ifrom i40 ito iabout i80 im iare ivery 
ilow (betweeni0 iand i10 iohms). This iindicates 
ithat ithe iregion icorresponds ito isaline iwater-
bearing ilayers.iThis iis ibelow a ihigh iresistivity 
isurface ilayer iof iabout i500 iohms. From ithe 
istrata ilog, ithis iregion icorresponds ito iclay 
iand isilty iclay ilayers i(Fig.i7). Three iother 
isalt/saline ito ifresh iwater iinterphases iwere 
irecognized ifrom ithe ilogs iat i110 iand i120m, 
iand iabout i150 iand i190m. This iis iconfined by 
ithe iresistivity ivalues iof i40 iohms ias iindicated 
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iin iFig.i7. There iis itherefore a ishallow isurface 
iof ifresh iwater iup ito a idepth iof i15m. The 
isaline iwater-bearing istructure iis ithe 
iintercalated isand iwith iclay iunits iat idifferent 

ilocations. Fresh iwater izones iare iindicated 
ibetween i100 iand i110m, i120m iand i150m, 
i155 ito i190m iand iat idepths iof i190 ito 
i>240m. 

 

 
 

Fig. 4.  Summary of Stratigraphic Logs 
 

 
 

Fig. 5. Geophysical Log of a Borehole at Ngo, Andoni LGA 
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Fig. i6. iGeophysical iLog iof ia iBorehole in Wact Yard iFOT iOnne i 

 

4. DISCUSSION i 

 
The icoastal iplain isands iof ithe iBenin 
iformation iare iindicated as ithe imain iaquifers 
iin ithe study iarea iand ithe iNiger iDelta iat 
ilarge. There iare i100-meter-thick iquaternary 
ideposits iof recent ideltaic isand isediments. 
[1][2]. The imeasurement iof ielectrical iresistivity 
ishows values that ivary iwith icertain iaquifer 
icharacteristics. iClean isand isaturated iwith 
ifreshwater ishows relatively ihigh iresistivity, 
iwhile idirty isand, ishale, iand iclay ishow ilow 
iresistivity. Those variations iin iresistivity ivalues 
iof ivarious iearth imaterials iwere iused ito 
iidentify ivarious formations iand iwater 
iboundaries. As a iresult, ihigh-resistivity isands 

iand iwater iboundaries exist. Thisihigh-        
resistivity iclay igravel iwas idifferentiated              
from ilow-resistivity iclay iand ishale. In isome 
iway, ifreshwater ihorizons iof ihigh iresistivity 
iwere idelineated ifrom isalt i/saline water 
ihorizons. 
 
The iaquifer isystem iand igroundwater itypes 
iwere iestablished by an integrated 
iinterpretation of ithe ilithologic iand idownhole 
igeophysical ilogs (gamma iand ielectrical 
iresistivity ilogs). The number iof iaquifers 
iappears ito iincrease ifrom ithe iuplands 
itowards ithe icoast. They iare iof varying 
ithickness iand ioccur iat idifferent idepths iwithin 
ithe iregion. 
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i  
 

Fig. 7. Geophysical Ilog iof ia Iborehole iat iOnne iFlt/Prodeco i 
 
iThe ifirst ifreshwater izone iis ithe ihigh-
resistivity iunconfined isurface iaquifer, iwhich iis 
shallow and iat ivarying idepths (from iabout i0 
ito i50m). This ishallow, iunconfined isurface 
aquifer iis not idetected in isome iareas       
(Figs. I5,6). This imay ibe a iresult iof a ilack iof 
isuitable water ibearing iaquifers, ibearing iin 
imind ithe ipresence iof inumerous iaquitards 
iand   aquicludes iin ithe ideltaic isands iand 
iBenin iformation iof ithe iNiger iDelta. Such 
iaquitards are mainly ishale ior iclay iand iusually 
i3–15 im ithick; ihowever, ithey iappear ito ibe 
ilocalised as they iare inot ilaterally icontinuous 
iover ilong idistances [10]. Many iauthors [8][10] 

ihave cautioned iagainst igroundwater iextraction 
ifor idomestic iuses ifrom ithis ishallow isurface 
aquifer, iciting ithe ipotential irisk iof 
icontamination ithrough ihuman iactivities iand 
isaltwater infiltration ias ireasons. 
 
The isecond ifreshwater ihorizon iis iindicated 
ibetween i90 iand i250 imeters, idepending ion 
location, iwith an iincrease iin iresistivity ivalues. 
Here, ithe iresistivity ivalues iare ihigher as one 
moves iup, iindicating a seaward imovement iof 
ifreshwater ibecause iof ithe ihydraulic ihead 
difference. This iis iin iline iwith ithe inatural 
igeodynamic iequilibrium ibetween freshwater 
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iand salt ior isaline iwater [18][11][10]. In 
ibetween ithese itwo ihorizons iof ifreshwater iis 
a itransition zone iorian iinterface iof isaline i/ 
isaltwater iand ifreshwater, iwhose ithickness iis 
variable depending ion ilocation. The iresistivity 
ivalues iin ithis izone iare ibetween i50 iohms 
and i100 ohms. This icontact ibetween ithe 
ifreshwater iand isaline iwater iinterfaces iis inot 
sharp ibut gradual. The iinterface ifluctuates idue 
ito itidal iand ipotentiometric ilocal ichanges. As 
a iresult, mixing iof isaline iand ifreshwater 
ioccurs iprimarily idue ito ideposition iand iless 

isignificantly due ito imolecular idiffusion iin ia 
ilimited izone inear ithe iinterface. Numerous 
istudies ihave focused ion ithe imovement iof 
isaline iwater iin icoastal iaquifers iof ithe iNiger 
iDelta [10][9][13]. Some iof ithe ireasons iare ian 
iincrease iin igroundwater iabstraction iin icoastal 
areas, ichanges iin isea ilevel, iand ithe iabsence 
iof ia ishallow iunconfined iaquifer iin isome 
locations (Fig. i5), iwhich imay ibe iattributed ito 
ichanges iin isea ilevel, iwhich ican ilead ito 
changes iin ithe idirection iof igroundwater iflow 
iin ia icoastal iaquifer i[16][8][20]. 

 

 
 

Fig. i8.iGeophysical iLog iof a iBorehole iin iIMT/OSB i 
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Amechi iet ial [1] attributed ithe isaline iwater iin 
ithe icoastal iarea iof ithe iNiger iDelta ito 
connate iwater (water itrapped iduring ithe 
itransgressive iphases iof ithe idelta iformation) 
iThe reason ihas ibeen ithat igroundwater 
idevelopment iin ithe iNiger iDelta iis iin iits 
iinfancy, iand there iis ino iover development iof 
ithe iaquifers ithat icould ihave iled ito irecent 
isaltwater iintrusion. 
 

Salt iin ithe igroundwater iof icoastal iaquifers 
imay icome ifrom inatural iand ianthropogenic 
sources, ibut isignificant icontamination iat  
levels ihigh ienough ito iimpair iits iusefulness  
often comes ifrom inatural isources [17][18]. 
Natural isources iinclude isaline seawater 
intrusion, itidal ioscillation, iand iinduced  
enlargement iof isaltwater izones ileaching ifrom  
saline iconfining ibeds [1]iUnder inormal  
condition, ithe iinland iextent iof isalt iwater iis  
controlled iby ithe ihigher ipressure iexerted iby  
the ifreshwater icolumn. Groundwater iextraction  
often ilowers ithe ilevel iof ithe ifreshwater itable,  
allowing ithe idenser isaltwater ito imove iinland  
laterally. This ican ialso icontaminate ithe  
groundwater iwell iby icausing ithe iupwelling iof  
saltwater. 
 

5. CONCLUSION i 
 

Using igeographical iand ilithostratigraphic ilogs,  
the isubsurface istratigraphy iof ithe istudy iarea  
was delineated. iAlso, ithe ivarious iaquifers iand  
their ideptidemarcated iusing ielectrical  
resistivity (ER), ispontaneous ipotential i(SP),  
and igamma iray i(GR) ilogs, iaided iby ithe  
strata ilogs. Two ifresh iwater zones i(0–70m  
and i150m), idepending ion ilocation, iwere  
delineated iusing itheir iresistivities. In ibetween 
these izones iare ithe itransition izones iof ithe  
fresh iwater/salt iwater iinterface. The ifirst  
freshwater izone iis shallow iand iunconfined  
and iis irecharged idirectly ifrom iinfiltration.iIt iis  
therefore ialienable ito isurface contamination. 
The isecond ifresh iwater iaquifer iis iconfined  
and iis itherefore irecommended ifor ifresh iwater 
extraction. It iis ibelieved ithat ithere iare ideeper  
aquifers iin ithe iarea. This icalls ifor ifurther  
studies. The findings iof ithis istudy ihave  
provided ian ieffective istrategy ifor ireducing ithe  
number iof iabandoned iwater wells iin ithe  
study iarea iand ithe iNiger iDelta ias ia iwhole. i i 
 i 

THE FUTURE i 
 

Geophysical Ilogs Ihave Iproven Ito Ibe Ivaluable 
Itools Iin Iwell Idesign Ibecause Ithey Ican 
Ipinpoint Ithe Iexact depths Iand Ithicknesses Iof 

Ithe Iright Iaquifers (permeable Izones) Iwhere 
Iquality Igroundwater Iis Iavailable and 
Isubstantial Ienough Ito Ibe Iscreened Ifor 
Iextraction. IThe Ifindings Iof Ithe Ipreceding 
Istudy Ishould Ibe taken Iinto Iaccount Iin Iany 
Iground Iwater Idevelopment Iprogramme Iin Ithe 
INiger IDelta Iand Ibeyond. IWhen studying 
Icoastal Iaquifer Icharacteristics Iof Isaline I/ 
Ifresh Iwater Iinteractions, Ia Idetailed 
Ihydrological Istudy is strongly recommended. 
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