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AfriWatSan Project

Contribution NContribution N°° 16 16 –– 6 of the 6 of the AfriWatSanAfriWatSan five five 
years research project funded by the years research project funded by the Royal Royal 
Society and UK government (DFID) Society and UK government (DFID) during during 
period 2015 period 2015 -- 2020 2020 

“Sustainable low“Sustainable low--cost, urban water supply and cost, urban water supply and 
sanitation systems in Africa”sanitation systems in Africa”

ConsortiumConsortium partnerspartners ::
UniversitéUniversité Cheikh Anta Diop, Dakar Senegal  (Cheikh Anta Diop, Dakar Senegal  (UCAD)UCAD)
MakereMakere University,University, UgandaUganda (MUK)(MUK)
UniversityUniversity ofof Nairobi,Nairobi, KenyaKenya ((UoNUoN))
UniversityUniversity CollegeCollege LondonLondon (UCL)(UCL)

Network of Urban  Groundwater Observatories in AfricaNetwork of Urban  Groundwater Observatories in Africa

ObjectiveObjective
Scientific evidence required to inform policies Scientific evidence required to inform policies 
and practices that sustain the quantity and and practices that sustain the quantity and 
quality of urban low cost water supply and quality of urban low cost water supply and 
sanitation systems exploiting the subsanitation systems exploiting the sub--surface in surface in 
SubSub--Saharan AfricaSaharan Africa
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üüObjectiveObjective:: ThisThis contributioncontribution presentspresents previousprevious researchresearch applyingapplying hydrochemicalhydrochemical andand isotopesisotopes
tracerstracers toto identifyidentify thethe originorigin andand sourcessources ofof thethe urbanurban groundwatergroundwater;; thethe rechargerecharge zoneszones inin thethe
ThiaroyeThiaroye aquiferaquifer andand characterizecharacterize groundwatergroundwater flowflow regimeregime ((ii.. ee rechargerecharge andand discharge)discharge)
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ForFor planedplaned researchresearch underunder AfriWatSanAfriWatSan

ProvideProvide frameworkframework forfor ::

üüMoreMore detaileddetailed aquiferaquifer andand dynamicsdynamics characterisationcharacterisation;;
üüModellingModelling investigationinvestigation studiesstudies (groundwater(groundwater flowflow andand contaminantcontaminant transport)transport) underunder
AfriWatSanAfriWatSan project,project, thatthat seeksseeks toto informinform aa newnew adaptiveadaptive strategystrategy ofof usingusing pollutedpolluted urbanurban
groundwatergroundwater forfor irrigationirrigation needsneeds inin periperi--urbanurban areasareas ofof DakarDakar..
üüContributionContribution fromfrom thethe differentdifferent rechargerecharge sourcessources toto thethe urbanurban groundwatergroundwater budgetbudget
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±127m

±105m

Elevations of the Cap-vert peninsula (SRTM-USGS / NASA)

üGeology / Geomorphology 

Depressed area Depressed area between the between the 
Extreme westward peninsula Extreme westward peninsula 
with an uplift of the with an uplift of the 
sedimentary deposits (sedimentary deposits (105m105m) ) 
and tand the cliff of  Ndiass (he cliff of  Ndiass (127m127m) ) 

üHydrogeology
studied hydraulic system is the Thiaroye studied hydraulic system is the Thiaroye unconfined quaternary sand unconfined quaternary sand 
aquifer, located between Dakar and Kayar on approximately 300 Kmaquifer, located between Dakar and Kayar on approximately 300 Km22

SenegalSenegal--Mauritanian Mauritanian 
sedimentary basin : Tertiary sedimentary basin : Tertiary 
igneous rocks covered by igneous rocks covered by 
Quaternary sedimentsQuaternary sediments

qq 1414°°2525’’ etet 1515°°55’’ NN
qq1616°°5555’’ etet 1717°°3232 WW

Study area
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üEnvironmental setting

Thiaroye peri -urban area

« Niayes » : Agricultural practices  

Coastal zone & Lac Retba
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Rainwater Rainwater 
• 1.5 to 2.8 ± 0.7 UT

• Mean  = 2.25 UT (considered as Input signal)

Groundwater Groundwater 
• 1.1  <  3H  <  3.5 UT                          78%  

• <  1 UT                                               7% 

• 4  <  3H  < 5.3 UT                              15%           
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3H contents measured in groundwater and rainwater (2008)

üü 93% of the sampled groundwater have a modern component  93% of the sampled groundwater have a modern component  

üüWhile  7% appear not to have been affected by While  7% appear not to have been affected by recent rechargerecent recharge

Groundwater dating by Tritium 3H

Results

Groundwater replenished by Groundwater replenished by 
rainwater prior to the  1960’s is  rainwater prior to the  1960’s is  
supposed to have very low supposed to have very low 33H values : H values : 
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Evaporation trend 

Moyenne pondérée des 
précipitations 

CorrelationCorrelation betweenbetween 1818O/O/22HH withwith δδ22HH == 77,,4040δδ1818OO ++ 55..8282 closeclose toto thethe LMWLLMWL δδ22HH == 77,,9393 δδ1818OO ++ 1010,,0909
((TraviTravi,, 19871987)) whichwhich isis quitequite similarsimilar toto thethe GMWLGMWL.. ThatThat reflectreflect thethe oceanocean originorigin ofof vaporvapor whichwhich
condensecondense inin thethe SenegaleseSenegalese coastcoast
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Recharge source identification through stable isotopes (18O ; 2H)

ØØ GroundwaterGroundwater :: DistinguishDistinguish trendtrend andand datadata deviatedeviate significantlysignificantly fromfrom thethe GMWLGMWL withwith δδ22HH ==
44..0202δδ1818OO -- 1515..8989 SlopeSlope ((44,,0202)).. AnAn evaporativeevaporative enrichmentenrichment ofof 1818OO occursoccurs andand groundwatergroundwater
samplessamples havehave beenbeen subjectedsubjected toto evaporationevaporation;;

Results
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EquationEquation nn

Data range (Data range (‰)‰)

Min (Min (δδ1818O,  O,  δδ22H )    Max (H )    Max (δδ1818O, O, δδ22H )H ) Spatial distribution Spatial distribution 

δδ22H = 4.73δH = 4.73δ1818O  O  –– 12.35 ( R=12.35 ( R= 0.94)0.94) 1111 ((--5.35, 5.35, --37)                 (37)                 (--1.51, 1.51, --18.9) 18.9) SouthSouth--western part (western part (PeriPeri--urban urban 
area)area)

δδ22H = 4.22δH = 4.22δ1818O  O  –– 14.81( R=14.81( R= 0.83)0.83) 77 ((--5.09, 5.09, --38.1)              (38.1)              (--2.21, 2.21, --25.2) 25.2) Coastal zoneCoastal zone
δδ22H = 2.82δH = 2.82δ1818O  O  –– 20.37( R=20.37( R= 0.73)0.73) 1414 ((--5.01, 5.01, --36.2)              (36.2)              (--2.34, 2.34, --26.7) 26.7) ••““NiayesNiayes””
δδ22H = 3.25δH = 3.25δ1818O  O  –– 19.12( R=19.12( R= 0.64)0.64) 1212 ((--4.90, 4.90, --38.3)              (38.3)              (--2.78, 2.78, --26.6) 26.6) ••NorthNorth--eastern  part (Sand eastern  part (Sand 

dune)dune)

GroundwaterGroundwater isotopicisotopic signaturessignatures dodo notnot regressregress toto thethe weightedweighted meanmean compositioncomposition ofof rainwaterrainwater
andand suggestsuggest thatthat groundwatergroundwater isis notnot thethe meanmean productproduct ofof allall rainfallsrainfalls butbut preferentiallypreferentially derivesderives
fromfrom isotopicallyisotopically depleteddepleted heavyheavy rainfallsrainfalls

ØØWideWide isotopicisotopic rangerange inin SouthSouth--westernwestern partpart ofof thethe systemsystem coincidingcoinciding toto thethe PeriPeri--urbanurban areaarea
comparedcompared toto thethe restrest ofof thethe systemsystem;; suchsuch aa largelarge variationvariation maymay bebe consistentconsistent withwith contributioncontribution ofof
rechargerecharge sourcessources otherother thanthan rainfallrainfall

Recharge source identification through stable isotopes (18O ; 2H)

Results

Characteristic isotopic equation of groundwater and their distribution zones

ØØContributionContribution ofof salinesaline sourcessources whichwhich shouldshould bebe hydrochemicallyhydrochemically detecteddetected ifif itit hashas takentaken placeplace isis
notnot ruledruled outout;;
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§ Saline waters High EC  (1100 ˂  CE ˂ 4480 µS/cm)

üRelative abundance of ions : 

üCations: Na+ > Ca+ > Mg+ > K+ ; 

üAnions: Cl- > SO4
2- > HCO3

-

ü High NO3 content up to 500 mg/L Represented in the peri - urban area 
impacted by anthropogenic effects, 

üNa-Cl  or Na/Ca-Cl Water types 
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ECEC: significant variability 222 to 4480 µS/cm which differentiate : : significant variability 222 to 4480 µS/cm which differentiate : 

üSaline waters enriched in both Cl and SO4 in the coastal zone 

Hydrochemical zones

Results

§ Fresh waters EC  (222 ˂ CE ˂ 884 µS/cm)

üGroundwater is predominantly  Ca – HCO3 facies and correspond to the discharge 
zone  
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Planed research under AfriWatSan project   

üüMultilevelMultilevel groundwatergroundwater monitoringmonitoring
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SoilSoil andand groundwatergroundwater monitoringmonitoring stationstation

ObjectiveObjective::

üüEvaluateEvaluate thethe migrationmigration processprocess forfor NONO33
compoundscompounds andand otherother pollutantspollutants

üüModelingModeling ofof thethe reactivereactive transporttransport ofof
sanitationsanitation relatedrelated pollutantspollutants (NO(NO33;; NONO22;; NONO44))

üüEstimationEstimation ofof rechargesrecharges fromfrom septicseptic tanktank
leakageleakage

üü InIn thethe futurefuture researchresearch thisthis DesignDesign andand
installationinstallation willwill bebe setset soso thatthat interstitialinterstitial waterwater
willwill bebe collectedcollected toto monitormonitor waterwater andand pollutantpollutant
migrationmigration toto shallowshallow groundwatergroundwater;;
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Summary & Conclusion

üü 33HH activitiesactivities ofof GroundwaterGroundwater reflectreflect predominancepredominance ofof modernmodern componentcomponent ofof groundwatergroundwater inin thethe
ThiaroyeThiaroye systemsystem;; OnlyOnly 77%% ofof sampledsampled groundwatergroundwater appearappear notnot toto havehave beenbeen affectedaffected byby recentrecent
rechargerecharge

üü ResultsResults onon rechargerecharge sourcesource identificationidentification throughthrough stablestable isotopesisotopes ((1818OO ;; 22H)H) areare cconsistentonsistent withwith
meteoricmeteoric waterwater asas sourcesource ofof rechargerecharge inin DakarDakar regionregion;; butbut preferentiallypreferentially groundwatergroundwater derivederive fromfrom
isotopicallyisotopically depleteddepleted heavyheavy rainfallsrainfalls;;

ØØ IsotopicIsotopic compositioncomposition ofof groundwatergroundwater andand theirtheir spatialspatial distributiondistribution showshow widewide isotopicisotopic rangerange inin
thethe PeriPeri--urbanurban contextcontext ;; comparedcompared toto thethe restrest ofof thethe aquiferaquifer;; suggestsuggest contributioncontribution ofof

rechargerecharge sourcessources otherother thanthan rainfallrainfall ;;

ØØAdditionalAdditional hydrochemicalhydrochemical datadata showingshowing highhigh nitratenitrate concentrationsconcentrations ((500500 mg/L)mg/L) clearlyclearly indicateindicate
thatthat correspondscorresponds toto significantsignificant contributioncontribution ofof leakageleakage fromfrom septicseptic tankstanks improperlyimproperly buildbuild inin thethe
areaarea asas sourcesource ofof rechargerecharge;;
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