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I [Introduction

Inlthis[Final report, CanCoverview [is[given0fl thelactivities [in[the present project. [ The
following [fopics WillBelsummarized:

e hydrologylofithe WigerRiver(and @specially [the InnerDelta

e approach6fithelStudy

e schematization[ofltheregion [Gf(study(inthe RIBASIM model

e datalcollectionland validation

e assessment(oflthe(geometry(ofithe InnerDeltafising GIS coverages
e derivationloflthelinflowlydrographs6fithe thodel (Guinee)

e implementationof RIBASIM

o calibration[ofithemodel

e results[offthelsimulationsWith RIBASIM

e courselih[the@pplicationof RIBASIM to staffimembersiof DNHE

e finallcoursesonWater fesourcesmanagement/and(thetise'df RIBASIM in WRM.

ThesefopicsWwill(Bediscussedinlthe followingchaptersofTthisreport, Withtheléxceptionlon
thedetailsloflthe courses/givenat DNHE.Alsummary 0f’the first'courselis[givenin[Annex [E.
Thefinal[Gourses[areplanned o Belield in the iddle6f{MDctober2004.

1.1 Setting[bf{the[Project

Thelfollowingdescriptionlhas[been(takenfrom theProjectldescription(on(thelinternet(sitelof
RIZA:

Malilislinhabited by @pprox.[10million[peopleliving(in(dBasically [agricultural[community,
allarge[partlofiwhichlexists(datthesubsistencelevel.[Almosttheentire[population(livesinthe
semilarid[south, with [ the[exception[ofl one million[people wholdependonlthelhatural
resources oflthe Inner[Delta,[anlinlandtiverine[floodplainalongthe[southernédgeloflthe
Saharaldesert.[Thehain@conomic(activities inlthe InnerDeltalarelagriculture, cattle farming
andfishing. Duelfolthehigh(fish [productivity [of[theInnerDelta, Malilis[onelofthe Targest
fishproducers/in[sub[Saharanwest[Africa.[Beside hundredsoflthousands[oflAfrican[birds,
theInner[Deltalharbours (millions[oflmigratory [and [wintering [Water [birds Which[breed[in
Europeland(Asia.[TheseWaterbirds providelamajorsource0fproteinand [@additional income
for(thellocal people.

Thelnatural [tesources[of(the Inner[Deltafully[dependlonthe[presenceloflwater.[Without
water [thelareaWwouldbelaldesert, [Sincelocal fainfall [is[limited[and [is[highly[variable[from
year[folyear. Thus, (the[écological [and[économic(significance [0fthe[InnerDeltaldependson
thelinputlofltiver(Water[upstream. Consequently,[eachlinterventionlinfluencing[the[tiver
discharge upstream(hasfanimpactlon(theInnerDelta. [ Together With its [partners [((Wetlands
International Cand[twoDutch ¢ompanies: [Alterraland [Altenburg[ & 'Wijmenga), RIZA has
launchedaprojectiproposal [dimed at(collection[oflquantitativeldataon(the hydrologyofTthe
riverfand[thelsocioléconomiclandlecological Values ofTthematural [tesources oflthe Inner

WLI] [Pelft[Hydraulics | — |
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Delta, following[onfrom thelongoing Mali[PIN projectléxecuted by Wetlands International,
Alterra, RIZA and[Altenburg[& Wijmenga[(funded by fheDutch Ministry [for[Agriculture,
NatureManagementand Hisheriesand the Dutch Ministry forDevelopment[dooperation).

Onelofthelobjectivesoflthe hew projectlisfo determine theleffectlofTthe fwoldams mear
Sélinguéand Markalalon thehiydrology [6flthe Niger. [Sincelitfis[also fheintention b [quantify
thelFelationship[between [annual ‘tiver[dischargeand thesocioléconomic[andecological
functioning [ofTthe Inner Delta, [itMmust bepossible Toindicatethe [économicandécological
impact[ofTthefwoldams on theInner[Delta.[Thelcollected datalWwill[also[beisedasbasic
information[in$several CotherThew [projectsCof T WetlandsInternational,[Alterra, RIZA and
Altenburg & [Wijmenga((e.g. mational inventory ‘6f[Malian Wetlands, anagementplanning
ofCwetlands Gwithinthe [Inner[Delta, fincluding [regeneration “bfT floating [grass [Vegetation
(bourgou)andforestslintheihundation Zone 0fthe Tnner Melta).

1.2  Aim[6f{the[project
Infthe[Technical Rroposal,the @im offthe Projectfas beendefined [as:

Thelprojectformspartioflalargerprojectiandlasisuchlitsigenerallaimlisthe provisionof
specificlinformationlon[theimpactlofchanges(in(the Ovater Fesourceslinfrastructurelon
theBvaterresourcesSituationldownstreaminthe[NigerRiveridelta. Thelémphasis Willbe
placedlonlthelimpact of thelexistinglandpossibly TnewlylintroducedTeservoirsinthe
upper partloftheFiverbasinlontheflowFegimeloflthe Niger.[ThisinformationOvillTbe
usedlbylotherpartieslinlthelproject {e.g.lecologists) Jor furtherCanalysisLof theltotal
integrated|systemof'theNigerdelta.

ThelsecondCaim"of thelprojectlisthelintroductionCbfUstatelofthelart techniquesfor
modellingCofTwaterTresources [systemsCandthe training[of thellocallagencies(inlthe
applicationldfisuchfechniques.

The tesults[ofltheaim (0f(the[projectlare [presented in this [Final [Report.[AlSummary [0flthe
training (in[theise0f RIBASIM atlthe office(0f DNHE at[Bamakolis[givenin[Annex .

1.3 Review[Foregoing[$tudies

In[the[first[ phaseofl the[ project, alliterature[ survey [ was[ made[ofl the[most[relevant
publications(on(thehiydrologyofithe Wpper Nigerand [éspecially [the impact(ofireservoirson
theInner(Delta. The most[televantinformation fromthis[Surveylis[given[in[the Inception
Reportlin[Annex[3[and[4.[Annex[3 [deals[specifically[with[al¢ompletemodel [of[the [ Inner
Deltalthatlis[stilll@vailable on(line [0n fhelinternet. [The[Annex 4 [discussesother publications.
Thelinformation summarized [in[these annexesare[used [inthis[reportCasbackground
information[onthedegion(of studyand[domparison Between the [various [fypesofmodelling
appliedfotheTnnerMDelta.

| —2 WL [Pelft[Hydraulics
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2  Hydrology[é6f[the[lnner[Delta

2.1 Niger[River[Basin

Therelis@lready (@ TotofTiterature(available [on[the[general hydrology [0fthe NigerRiver[in
Africa.lAs[can[BelseenonFigure(l the Niger[Riverbasinbelongs(folthe Targest(tiverbasins
inlAfrica.The[fotal Tength[sabout4200km. TheTiverf¢covers7.5%[ofthe[¢continentand
spreadslover(fen¢ountries. Rising[in[Guinea, Theltiver flowsmortheastlintoMali. [East[of
Timbuktu, fithendsfotheSoutheast, flowinglacross Wwestern Nigerand forming partofTthe
international boundary (between INiger [and [Benin. [From there,[tThe INiger [éntersINigerialand
flows [predominantly [South, finally lentering the/Atlantic[Ocean throughlanléxtensive delta.

Nile
River
Basin

Congo/Zaire
[River Basin

Zambezi
River
Basin

1000 a 1000 2000 3000 Kilometers
e

Figure[l1[Major[AfricanRiver Basins/(Source: Maidment)
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AlcloserbokattheNiger Riverbasinfis[givenlinFigure2, withanindication 0fthelbcation
ofTthe nner Delta. Tn this[study, Which focuses [on[the (hydrology [of this [deltaltegion, [only
that[part0fithebasin ipstream from theInner Deltalisincluded. From(this figurelitfisievident
thatthisfsonlyalsmall (partfof the [fotal (basin, Whichhas amajorbasin arealin (Niger[in
which/itflowssouth fowardsthe Atlantic Dcean.

s

Niger Watershed

Locationof [Mauritania
InnerDelta

Watershed m [ 200 00 500 000 Kiktmkaarh
» Chies Wm - 1mlm) e e e —— ]
A Ramaar Sttes
Puiiticel Bounderies (Intl.)
./ Politicl Boundaries (Nt}

Rivews
Mocifled Landacape

Figure 2 Map 0flthe Niger[River Basin{(Ref. Revengaatfal., 1998 ')

InCFigure[BCalmoreldetailed imagelisCgivenoflthe full InnerDelta, showingalsolthe
extension[ofTthelinundatedlareal(lightBlue)@ndthe[principal waterbodies(dark Blue, Tives
and(Takes).[Thelirrigated [arealofTthe [Office[duNiger, With[an[intake[onfhe Niger River(at
MarkalaWweir, [is [shown[in the [far(West [0fthe Tap. Inthe morthernregion, [downstream [from
the Tocation[0fDiré, [@miumberoflakesfisvisiblefhat/doonly havelaWweak iconnectionfo [the
InnerDeltaandwhichhavebeenIeftloutdfthe presentlanalysis.

![Revenga'etial, (1998, Watershedsof the World = Ecological Valueland Vulnerability, World
Resources!Institute.

2—2 WL [Pelft[Hydraulics
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Le Delta intérieur du Niger (Mali)

fovie goudronnés

Plare principalks

£one inordée en salion humide
I3 idmarin W11

Figure 3 [Further(detail (6f’the Tnner Deltawith[éxtension 0f ihundated arealand [principal Wwater bodies (Source:
MarieLaurelde Noray,2003)

Thel¢limate[ofTMalilis[in[general[semilarid [folarid, Withlal¢lear[dryseason[(December[=
May)land [@rainy [Season With most6fthe Tainfallin July/August.[As Gan(be(seen(in [Figure4
this(overall patternis [presented [dverthe full Tength(oflthe ‘dountry, butWith Very[significant
differences fin rainfall [depth between [the [South[West (relatively Wwet) fo the North[East[(very

dry).

Profil meéteorologique du MALI =k R =

Moyennes sur 30 ars (1961-19807% zgg M zg
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Figure4[ Meteorology [6fMali[(source: [FAOlinternet site)

2.2 Hydrologicalltegime[éf[the[Niger[River

InformationlontheNiger[River[Basin[provided[by FAO indicates that[most[ofTthe[Niger
River(basinfis TocatedlinNigeria[(25.7%), Mali[(25.5%)@and WNiger((24.8%).[Table[2 1 gives
general [information [on[the extentlofTthe Niger[River[Basinland[the Various[¢ountries that
form partofithe bBasin(source: FAO internetsite).

WLI] [Pelft[Hydraulics 2—3
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Table21 Summary(ofibasin(characteristics/oflthe Niger river
COUNTRY TOTAL AREAOF AS% OF AS % OF
AREA OF THE TOTAL | TOTAL |AVERAGEANNUAL
THE COUNTRY | AREA | AREAOF | RAINFALLINTHEBASIN
COUNTRY | WITHIN OF COUNTRY | AREA(MM/YEAR)
(KMZ) THE BASIN BASIN (%)
(KM?) (%)

min. max. mean
Guinea 245.857 96.880 43 394 1240 2180 1635
Coteld'Ivoire 322.462 23.770 1.0 7.4 1316 1615 1466
Mali 1.240.190 578.850 25.5 46.7 45 1500 440
BurkinaFaso 274.000 76.621 34 28.0 370 1280 655
Algeria 2.381.740 193.449 8.5 8.1 0 140 20
Benin 112.620 46.384 2.0 41.2 735 1255 1055
Niger 1.267.000 564.211 24.8 44.5 0 880 280
Chad 284.000 20.339 0.9 1.6 865 1195 975
Cameroon 475.440 89.249 39 18.8 830 2365 1330
Nigeria 923.770 584.193 25.7 63.2 535 2845 1185
Nigerbasin 2.273.946 100.0 0 283 1625 697

Thelarealoflthe Niger River Basinlin [Guinealis[dnly 4% ofthelfotal [Areadflthe basin, butlthe
sources[oflthe WNiger[River(arelocated(inthis[¢ountry. The[quantity [0f[water[éntering[Mali
from [Guinea (about 40 (km®/yr)lis[greater than[the [quantity [of water éntering Nigeria from
Niger((36 km®/yr), @bout 1800 km further[downstream. [This [is [due among other feasons fo
thel@normous reduction(in funofffin the InnerDeltalin Mali through [Seepageland [@vaporation
combined[withalmost[hotunofffrom[the Wwholelofltheleft bank[inMaliland[Niger[(the
Sahara/desert(region).

TheNiger RiverlentersMalithrough(warious fributaries[from [Guinea, which comefogether
inMali. In(Figure (5 the[various|tributaries [in[Guinealdre(shown. [Onthe Borderwith [Guinea
themost[important/teservoir[Sélinguélislocated [on[the Sankaraniltributary [oflthe Niger

River.

WL [Pelft[Hydraulics



Integrated[Water[Resources[Modelling[¢f[the[Upper

Niger[River{(Mali)

Q3254

February,[2005

Fomi
reservoir
(planned)

Sélingué
reservoir

Border
with
Guinea
(green
line)

Figure[S [Tributaries (0flthe NigerRiverin [Guineawith[(planned) reservoirs

InMaliltherelare[four[climateZones[inthe[Basinlareaandrainfall fanges from 1500 mmin
theSouth[fo Tess [than (50 mm inthe Morth. The Water(in the NigerRiveris[partially fegulated
throughdams.[The[S¢linguéldam(dn [the [SankaraniRiver(ismainly tised for liydropower, (but
also[permitstheirrigation0fTabout[60,000 haunder[double¢ropping. [Two[diversion[dams,
onelat[Sotubalat(thel¢ity[of(Bamako,land[onelat[Markala, (justildownstream[0f[$égou, are
used(tolirrigate(thearea0flthe [Office[duNiger((equipped(drealoflabout(34,000 ha).[Some 0f
themain(characteristics0flthe [Sélingué/damaregiven(in Table2[2.

Table212Main(characteristics [0fithe[Sélinguédam

CHARACTERISTIC VALUE
Basinlarea 34,200 km’
Crestllength 2600
Height 23im
Totallstoragevolume 2166.7MCM
Effectivelstoragevolume 1928.7MCM
Dead(storage volume 238 MCM
Design/flood[discharge 3600(m’/s
Minimum workingTevel 340m
Normal(level 348.5m
Exceptional lowlevel 339.5im

WLI] [Pelft[Hydraulics

Sélingué Wwas[putlinto(servicelin 1981 [and lits ain functions are:

e ProductionofThiydropower[(#X11.9Mw)
e Irrigation(oflan(area0f1500 Maldirectly downstream from thedam

e Regulation/dflthelriver(dischargeon/the[Sankarani [fributary (0flthe Niger[River

e Providing/[fishery
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ItismotclearWhat(aretheprioritiesthat(areSet(at thisTeservoir, Butlin Practicelitfis[evident
that[theproduction’ofThydropower s the [activity Which[dictatesthe [operation[ofTthe[dam.
This(isl¢lear[fromFigure[6 whichshows [for(the[year1999the progressive lowering[ofTthe
waterlevel at[$élinguédam[duelfo¢ontinuousloutflow [for(hydropowerproductionandlthe
sudden(droplin(dischargelatKoulikoroloncethelstorage[volume(teaches[dead Storageldtthe
end0fMay1999.
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Figure[6[ Flow [at Koulikoro (bluelinewith tharker)(and Water level @t [Sélinguéin[1999

Another¥erylsmallThydropower [plant[is Tocated directly iipstreamfrom MBamakolat[Sotuba.
This[structurefis motimportant for thisStudy Becausethe storage Wolumelisfoo [Small foThave
anymoticeableimpacton/thefydrology(oflthe NigerRiver.

ForlthelirrigationinMali, [the MarkalaWeiris (hore important(as This[is[fhe Tocation[ofTthe
water[intake [forthelareamamed Office[duNiger. [However,herelonly [the[amountlofWwater
thatisfakenfrom thetiver(is importantforthehydrology oflthe InnerDelta.[AsWill[be
discussed aterlin[the[description[oflthe [input filesforthemodelling[oflthe Upper[Niger
River[system, theMarkalaWeir(itself(hashardly[any [impaction[thehydrology(as/[its [Storage
volumel(is[very[small. This[is[duefo[the[Smallpossible[¢hangelin[waterlevel [(onlylabout
30dm)landlthelabsence0flalstorage reservoir(the Waterlis [Only[stored inthe tainbed[oflthe
river, [Confined bydikes).

ThellrrigationCpotential Thasbeenestimated[at[1556,000halby FAO, oflwhichabout
200,000Mhafully[¢ontrolledland [thetest[for[partially[controlled[Schemes.[At[present[about
187,000(halareequipped inlthe Niger(basin, But/oflthis(37,000 Mhalare@lready [@bandonedland
offtheltemaining 130,000 halactuallyirrigated (imorethan[60% [heed [to[beltehabilitated.
Irrigation(water [fequirements (for[double [fice [¢roppinglin the INiger [Rivervalley range from
over[30,000(th’/haper year (in the [southwest(to nearly (50,000 t’/ha[per [year in[the northern
partlaccording to thelinformation [provided By FAO.

2—6 WL [Pelft[Hydraulics
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Figure[7Monthly(discharges [for(the period 1990 21998 [((and averagevValue) @t Koulikoro

In[Figure 7 themonthly[dischargelatKoulikorolis[shown [fortheyears 199021998, fogether
with[thelaveragelobver[this[period. [ Thelyear[1993[islaltypical [dry[year[(yearly average
728m’/s)[and 1994 a fypical wet[year((1445m’/s), whilethe yearly [dverage is[in the order
0f 1000 [m’/s.[ The[tremendous difference in[monthly[discharge between the dry[season
(December [[Muly)and [the wetseason[((August HNovember)lis[évident.

DifferencelinimonthlyvolumelatKoulikoro

Volume (10°m°)

777777777 L | —m—1904

777777777777 =®=Average

Months

Figure[8[ Monthly Wolumeofldischarge at Koulikoro forldry year((1993),wetlyear(1994) and @verage
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In(Figure[8themonthly volumelofflow is[shown [forla dryyear[(1993),a[wet[year((1994)
and[forldverageconditions(intheperiod 1990=1998.Thisllustrateslagain Veryclearly [the
marked[differencebetween[dryland Wwetyear(conditions[during the [flood [season. However,
inlthe(drySeason therefshardly [@ny[difference.

Theloverall@verage [dischargeloftheNigerRiver dlonglits[coursefrom [Guinealfo the [point
ofldutflowlinto ftheAtlantic[Dceanlisshownlin[Higure©.
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Figure 9 [|Averageldischarge of'the NigerRiverlalong/itsicourse

Aslcan(belseen inthis[figure,[dfter alrapidlincreaselin discharge[due(tolabundantrainfall [in
Guinea, [teaching valuesin the order 6f 1000 m’/s at Koulikoro, the passing[of the Inner
Deltalresults(inlal gradual[decrease in[thel discharge, despite[the entering[ oflthe major
tributary [0fltheBaintiver. [For[dlong(stretchlafterwards therelis[hardly [any[inflowand[the
dischargeremains rather(stable, until [another(Wwet[region [is [passed(in(the lower(teach[ofTthe
Niger[River/shortly [Before(entering[theAtlanticDcean.

2.3 Hydrological[ftegime[bf(the[lnner[Delta

The total [inundated Carealcovered [bythe[Inner[Delta, Which[is[ahetwork [ofltributaries,
channels, swamps(dandTakes, [¢anTeach@bout[30,00035,000 'km?(in flood Season [(Hassane,
1999).Theldeltalarealis[swampyandthe[soil [Sandy.[Consequently,[theTiverloses'mearly
two [thirds[ofTits [potential flow between [Ségoul(at @00 kmfrom[its [Source)and [Timbuktu(at
1500km)[duelfolseepagelandlevaporation,[the(latter[beingaggravated by the factthat(the
river(fere[fouches(theSouthern flanks 0flthe Saharadesert.

AllTthe[water[from[the[Banitributary, which[flows[into[the[Niger[Riverat[Mopti[{at
1150&km), doesmotlcompensate for the'losses'[in theinnerdelta, [asthefotal flow further
downstream/still [decreases ratherthanfincreases((Figure@).Theldaverageloss'is[@stimated(at
31 km’/year, but(varies[¢onsiderably [according to[the years: (it Was (46 [km’[duringthe [wet
year[0f[1969 and about (17 km’*(during thedry year6f1973.

WL [Pelft[Hydraulics
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Thehydrologicaltegimeloflthe TnnerDeltalis[determined By the eéxtension[ofthe floodable
area.(The InnerDeltaldfthe NigerRiverhas(athajorfinfluencelonthe formlofthe flood Wwave
coming (from(the Upperbasin(in Guinealand from(theBani tiver.[Theflood Wwavehaslan
initial fime Dasis[0f[2[3 monthsthat/changes/downstreamlinlan dttenuated flood Wwave Wwith @
basisloflabout[7 imonths[(seeFigure [10from [T Versdnelgestionconcertéeldell eauldans(le
bassinldulfleuve. Niger'Marcel Kuper,[AdamouHassane, [Didier Orange”).
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Figure[10Floodpropagation fromKoulikorothroughthe Inner Delta(Doré)fo Niamey.

Asldan[belseen inlthis[figure, theldriginal [form 0f’the floodatKoulikoro, with(aldischargelin
the order[0f[5000(%[6000 m?/s, [is attenuated (completely [in (the Inner(Deltaland atDiré[the
maximum/discharge (isin[the order [6f12000/=2500m’/s. Further[attenuation (occurs further
downstream,[as[¢an[belseen(for(the hydrographldrawn at[Niamey, but(the main¢hangelin
flood wavelis (duelfo theInner[Delta. The(factthattheflood WwaveBecomes veryflat, ile.the
water has/aldelatively long(tesidence fimelin(the[delta,[alsolimplies[thata major[volumelis
lostbylévapo(transpi)ration.

More[detailsCon[thelayoutoflthe Inner Delta and[its Cintricated [systemofllakes[and
connectingchannels(are(giveninChapter!S.

2.4 Foregoing[$tudies

24.1 GHENIS[Project

Thelmost[important $tudythat[hasbeenmadethusfar[oflthe Niger River[system[is[the
GHENIS project.ThisprojecthaddVery[widelscopeland forthepresentstudythel¢hapters
on[hydrologyand Cmodelling Cinthe report[ofTthe GHENIS projectCprovide [important
information.
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InCAnnex[J(p.[B1[40)ofTthe teportCoflthe GHENIS project,anexcellentChydrological
databasehasBecome available, hichlallowdirectlaccess fohydrological, heteorological @s
wellldsHydrolecological@andhydrolchemical [data. Tn[the [Annex Tfo the report, Wwith the fitle
‘Modelisation’,falsummary [is[given[oflthehydrodynamicmodellingofTthe[Niger[River,
includingthedeservoirs. Interesting [in[this [¢hapter[is[especially [the study [oflthe impactof
new [feservoirs,[among Which [Fomi,0n[thehydrological Tegime 6f theriveratBamako. Use
isfmadeloflthelconceptual Thydrological model NAM and(thehydrodynamic model MIKE11
for(the[Sélinguéland Markala Teservoirs.[Amumber(ofiScenarios lave beenstudied:

o themew Fomilreservoirwith multiple purposeOperation:flood(dontrol, Hydropowerand
irrigation

e alternativeloperation(0fMarkala: hydropowerlanddischarge(control[downstream

e alternativeOperation[oflSélingué Tmultiple purposeldperation: flood [Gontrol,
hydropowerland[irrigation

e hydropowerproductionatKénié

e increaselih[water(intake by the Officeldu Niger

InftheFinal Reportofithe GHENIS project, iot(all fesults 6fthe modelling(are Presented, (but
inthis[Annex[threelinterestingresults [@rereproduced:
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Figure11[0 ImpactofithelexistingSélinguéland mewly [planned K éniéland Fomilon the dischargeatBamako
inld wetlyear
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Figure12[ Impactiofitheexisting[Sélinguéland mewly (planned Kéniéland[Fomion/theldischargelatBamako
inla dryyear

ItfsMnteresting [foSeethat for[aWwet[yearthe[impactof theléxisting [and mew [Teservoirs s
visiblelin the(start[0f the floodperiod,butlthe effectlis Zerodthigher(discharges. This[is[due
tolthelfactthatlat[that[stage[thelteservoirslhavelbeen(filled[and[the[Wwater[enteringthe
reservoirs[is[passed Withoutlany[$ignificant[changes over[thelspillways. Therelis[a ¢lear
impact, though, for[drier[years, especiallyWwith[the[Fomilteservoir thatThas alteservoir
volumethatfisore than'doublethe Wolume0fTSélingué.

2.4.2 Impact[éfithe[teservoirs[on[the[hydrology[6f[the[lnner[Delta

In(their(study, [Hassane ¢t (dl.” [state clearly (that(the filling [0f Sélingué Teads [fo a delay(in the
occurrence[0fTthe floodat[Sankarani{directly [downstreamlofTthedam).OnceltheTdeservoir
hasbeen(filled, There[is hardly [an(effect/dsfthelspillwaysofTthe[Sélinguédampassionlallthe
flood (water.[This[éffectlis alsomotable[at[Koulikoro land[at[Ké[Macina, [(but[the effect[of
Sélinguélis@vidently mhorepPronounced during Tow flow [periods.

* Hassane(d., M. [Kuper!D. Orange: Influenceldes aménagements hydrauliques|étihydrolagricoles
dulNigerlsupérieursur(l’ondeldellalcrueldudeltalintérieurduNigeriauMali.
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Figure(13[0  Contribution[df'Sélinguéat Koulikoro(in1995(in%).

The maximum volume 0f Sélinguélis 2,2 (km® @nd [the dverage flow volume [at [Sankarani for
the (period 19821998 lisabout(7.0 km’, liLe. [the volume [0f the feservoir is @bout[30% oflthe
yearly linflow. (The linflow [from the other tributaries, heasured ‘at Banankoro(is[20 km’/year,
while[ the[ total[at[ Koulikorol[is[28.6 km’. This[implies[ that the average volume oflthe
Sélingué Teservoirrepresents ‘dbout[7.6%[0fthe yearlydverage flow [at Koulikoro.

Thelduthors[donclude [fhat:
1. thelimpactldfiSélingué(during low[flow is Wery [iimportant

2. thelimpact[during[floods[is[limited, because[the maximum[3rolumeloflthelteservoir
represents @tithetost[7.6%oflthe(fotal flowatKoulikoro
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3  Approach[éf(the[$tudy

Inforderfomakelanlassessment[oflthe impact6fléxisting Teservoirs@ndthe implementation
of mewly[planned deservoirs,the RIBASIM modelhasbeenused. This[modelisbasedonla
waterbalance@pproachiisinglalfimestep between10(days[fo0onemonth@andlallows forthe
simulationJofTivarious[typesCofstructures [(intakes, diversions, reservoirs, run ofldiver
hydroplants,(étc.)land/alarge iumber dfldemand hinits such(as Public Water[Supply, ihdustrial
wateruse[and, especially, Clirrigation Cdemand. "The[latter Ciscalculated TusingCalspecial
agricultural odule./Anlimportant(@spect6fitheise[0flthe RIBASIM modelfisthepossibility
tolincluded Verydetailed Teservoiroperation[schedule Wwith(all thedetails [0flthe structureds
well(@s different(fypes(dfidutlets.

The RIBASIM modelmakesiseloflalschematization[0fTthe Tegion[0f’studyina[combination
offmodes[(representing [physicallitemssuch(as [feservoirs, intakes, [étc.) and Tinks[(essentially
connectingtheCvariousnodes). [ ThisCschematization[lincludes "all presentCand “planned
infrastructurelin[orderfolallow [for[¢omparisons [between todel[simulations.Aist[ofTthe
existinglandplannedfinfrastructural itemslih [this[studylis[given [Below:

Existing:

e Sélinguélreservoir

e Sélinguélitrigationlintake

e Sotubalintake

e Bamako PWS intake

e Markalalitrigationfintake

o Inner(Deltalakes/(several)

Planned:

e Fomilreservoir
e Talolreservoir

In[Figure14anldverviewisigiven oflthe WpperNigerRiver[system[(upstream from [the Inner
Delta)wwith [theTocation[ofltheexistingland[planned structures.
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Figure14 Overall(outline 0f'the Upper Nigersystem with locations[dflreservoirs

Thefull RIBASIM schematizationthat[isusedlin thisC$tudyis[Shownin[Figure[15, with
detailslon[Figure16[andFigure7.

Oncelthelschematization[oflthe [tegionhasbeencompleted, [the Various[types[oflinputidata
need[to[belprepared. Al ldistinctioncan[be‘made[between[ time[Iseries (e.g. [ Jinflow,
precipitation)land fixeddatalSuchlds(size 0freservoir, [Capacity [oflintakes, [Stc.

Forlthelapplication[0f[the RIBASIM modellaltimel$teplofl15[dayslis[used.[Alperiod[of
20lyears[isised[(1980=12000).

Theldnalysisis[done[bymaking[changes(foléither(the Tayoutldrthelinput/datalanddompare
theTesults. [Changes(in[the Tayoutrefer fo [theladdition [ofTa future [feservoir fo the [Simulation
and[¢ompare[folthelSituation [Without[the [teservoir. [By[¢hanging[theinputidatal(e.g. Water
demand), [thelimpact(ofidther future(situations(can be simulated.

WL [Pelft[Hydraulics
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Onlthebasisoflthese [simulations, conclusions ¢an Beldrawnon(the Behaviour0flthe [System
and[the feasibility [of future implementations[oflinfrastructural works. dtlalso[allows forthe
assessment[oflthe impact[ofl¢ertain[¢hangesinboth thelinternal [and[éxternal Situation, [.e.
thelchangeslinfirrigation/conditions [orthe [¢hangesin[climate((e.g. [decreaselinTainfall).[An
important[outcomelisCoftenthe judgmentWhether[orhot[alcertain developmentplan(is
feasiblel(e.g. thelincreaselinlirrigation(area).

Inrthis Study, thelemphasisisplaced[on theassessment[ofTthe impact[ofTthe[existing[and

newlyplanned(surfaceWwater (teservoirs onthe hydrological (behaviourfofTtheInnerDelta,
with@mphasis(dn/thedccurrenceland [@xtension 0fthe flooding[ofthe region.

WLI] [Pelft[Hydraulics 3—3
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4 Data[Collection[and[Yalidation

Inlorder foBuild hip [the model (0fTthe InnerDeltaland [Subsequently [dalibratethe model, fitfis
necessaryfolc¢ollect[Various [fypes[ofldata.[Theldatalcollectionhaslincluded thefollowing
typesdfidata:

e hydrometeorological(series(mainly monthlyvalues):
— precipitation
— evaporation
— water(levels
— discharges
e characteristics(ofleéxistinglandplannedreservoirs
o geometrydffthelinner(delta
o cxistinglandfuture valuesofwater/demand (irrigation, PWS)

4.1 Precipitation

Forlthe(precipitation[is[itmoreldifficultfo [obtainSeries for[the period[of[1980F12000ras
DNHE hasmolaccessfothis[data. Monthly precipitation for[Malil¢an be[dbtained fromthe
meteorological [0ffice, butforaldertainprice. ThelSameldpplies forldatalin[Guinea, butthen
oflcoursetherelis[the problemoflobtainingtheldatafrom Conakry. [Astheprecipitation/data
arelless crucial [thanltheldischarges, [theldata’have beenl[obtained fromlinternet[Sites that
publishmonthly Falues forfany ¢ountriesin [the Wworld,Although For[adimited mumberlof
stations.

Thelrainfall[on[the InnerDeltalitselflis based 0n theStation (0fMacina. dtlis[eévident[that(this
islonly[@minorinputfin fhisarid fegion. Thelfotal Wolumeofrainfall [duringthe flood [Season
islin [the[Order6f 100’ /s, Which is Tess than 10% oflthe fotal inflow linto the Tnner Delta.

4.2 Evaporation

Evaporation[lismeeded¢.g. [forTossesfromthe [teservoirs(and the InnerDelta. [Aslindicated
earlier, [for[the eévaporation [Values, iselis[tadeloflan[daverage [ value[permonthasthis[value
variesOonly slightly [over [the years/ih[Comparison [fo[precipitation. Thelgvaporation values(are
givenlin[graphical form by BrunetMoret(&t(al.[(11986)for fourdocationsinltheInnerDelta:
Kenie, Koumbaka, Tin[AdjarlandM’Bouna. Moreover[they ention[d[fotal ‘évaporation [for
Tin[Ajar, which(has(aldry thicro[¢limate, [0f[3 170 mmm,and forM’Bouna, Wwhich Has[@lumid
microl¢limate, [0f12500 m. Based[on[this[information[daily @and[ftonthly évaporation[was
determined[(SeeTable(4[1).
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Table41 Evaporation(dtM’Bounaland Tin[Adjar[(values/in hm)

M’BOUNA TIN/ADJAR

MONTH Averageldaily Monthly Average|daily Monthly
January 4.5 139.5 7.5 232.5
February 5.5 154 7.5 210
March 6.5 201.5 8 248
April 7.5 225 10 300
May 9 279 10.5 325.5
June 10 300 11.3 339
July 8 248 9 279
August 5.5 170.5 6.8 210.8
September 6 180 7.5 225
October 7 217 9.5 294.5
November 7 210 9 270
December 5.5 170.5 7.5 232.5
Yearly [ 2495 O 3166

Thelévaporation[at[M’Bounalisuised [forfallnodeslin[the [InnerDelta, [éxceptfor[Diré, [for
which[theleévaporation of[ Tin[Adjarlis[taken. The[samemonthly[évaporationFalueslare
repeated [for(all years[oflthe simulation.

4.3 Water[levelsand[discharges

Water(level (and[discharge[valueslare meeded [forthe ¢hosenperiod[oflsimulation[1980=+
2000.[Thelserieslaremeededforlstationsbothin[Malifandin[Guinea.[Ofl¢courseseries of
monthly[Values[in[Malilareleasily [obtainable[from[the DNHE andlhave been[provided(by
them [for(theltequired[period.[For(stations[in[Guinealdatal¢an e¢ither[belobtained [from[the
hydrologicalservicelin [Conakry[dr by [Sources[in[internet. [Within[the[context(oflthe [present
study, “alvisit[to[ Conakry[for[tatal tollectionhasnhot[ been[ tonsidered[ given[thel[tosts
involved. [Another(reason(is that monthly [discharge Values(are availableon variousinternet
sites. [The main [problemWwith this[Source(is datareliability. [Forlthisreason(datahiaveonly be
collected(from [official’(sites[such(ds(the FRIEND (UNESCO)[database.On [this[internetsite,
allargellistlofistations ik [@vailable(in [Guinea. An[dverview [is[providedin[Annex B.[Although
thisfis[dvery iimpressivellist, not(all lofthe stationshave[dataland formany the[datalSeries are
rather(short((i.e.Tess fthan(the period 1980 =12000).

4.3.1 Locations[6f[the[$tations

TheNiger[River originates from Guineaand Forthis Teasonlit[is mecessary [fohave [inflow
hydrographsforthe Warious Tocations [in[Guinealthatdan (Beised [in[the RIBASIM model./An
importantfactor[is theeéxistence[0fda planned Teservoirin[Guinea, the [FomiTeservoir, Which
forces(thelintroductionoflinflow hydrographs (for[the [tegion pstreamand[downstream of
thisdocation.

4_2 WL [Pelft[Hydraulics
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ForltheBani tiver,molinflow Thydrographslare(tequiredfor the ipper(tegionin[Guinealas
therelarelothereasuring[stations further[downstreamWithinMali. [However, fheéxistence
offalplanned(reservoir((TaloTeservoir) onthe Banilforces ftheise 0ffwo ihflow hiydrographs,
forltheBasin areaipstream fromhis[dam @nd the region[downstream fromthedam.

Intheorylitfislalsomecessary [foldistinguish in fegions ipstream [and [downstream from @ river
intake, [suchlasthose[placed [in[the[model[forlirrigation areas. (However, (most[oflthose
regionsareVery[small[and[do motmoteworthy [influencelthe hydrology[oflthe NigerRiver.
This[doesmot[@pply [fothe[Office duNigerlitrigation@rea, With thelintakelat Markala, Butin
thislcasethelinflow [fo The Niger River[downstream fromMarkalalcanbe meglected [((actually

theTiver is(Tosing Waterlin this[@each, especially By évaporationfin thelinundated(dreas)land
thus molextralinflowliydrographfsrequiredHere.

In[Summary the following locations Tequireinflow hydrographsfor the RIBASIM model:

OnftheNiger:

o Sélingué
NigeratBanankoro(borderwith Mali)
Upstream from Fomi

e Downstream/from[Fomi
Onlthe Bani:

e Upstream(from[Talo
e Downstream[from(Talo

Thelocation(0ftheHeservoirs is[shown on(the map [0flthe ipperNiger basin[(Figure[5)and
inlthe(general [Schematization(oflthe WigerRiver(Figure(14).

4.3.2 Sources|ofldlata

Dischargelhydrographs foronthly waluesfin[Mali Wwereprovided by DNHE.[Anléxample[is
shownfih [Higure 18 fordmMumber 6flstations @long the Niger River.

Time Series Niger Discharge Stations
(Period 4-1999 - 12-2001)
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Figure[18Time/(series ofldischarge stations[on the Niger(inMali
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Forlthelinflowfo the[S¢linguéteservoir, [datalarealavailablelon the onthly [averagelinflow
tothelFeservoir,[together with[olumethangesover[the imonth, power[generation and
irrigation [water [provision.[Thelinflow[and[outflow [hydrographslare[shownlin[Figure[19.
These dataiwill belcompared [fb [@vailable thonthly Rydrographs 6fipstream stations.

Inflow and outflow Selingue
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Figure(19 Inflow [and loutflowcomponents/at the [Sélinguéreservoir(198232003)

For(thelinflow hydrographloflthe Nigerlat(theMali‘border, uiselis[inadeloflthelavailable
monthlyhydrographsatthelstationofBanankoro.

Inlordertolarrivelatlalreasonablelestimatelof(the [inflow[oflthe[Various[fributaries[ofTthe
NigerRiverlin[Guineafor[thefegion(dround the [FomiMeservoir, [it[is Mecessary [fo hake Tise
oflthelsparse[dataltesources(availablelon(thisregion. The main[source(ofldatalis thelinternet,
wherethe FRIENDS (UNESCO)[databasel[provideshydrographsCofl somel[key[stationsin
Guineal(seeFigure20).
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Figure20Hydrologicalstations(onthe Niger tributaries in[Guinea

However, (theldaily datalthemselvesare not[freelylavailable,only[graphs[¢an[beproduced.
Therefore[the monthlydischargeshavebeen[derived from[the[dailyhydrographs by an
estimation(dflthe @verage monthly Walues/directly from(those(graphs((seeFigure21).

Figure21 Examples(ofidaily liydrographs for key stations(in (Guinea: @) Mandiana(19961997) b) Kankan (1996

1997)
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In[Table[42thelstationsare given[for Whichldischarge ThydrographsCofldaily Valueslare

available.

Table42[Listlofldischarge theasurement stationslandlavailable series 0fldata

NAME RIVER BASINAREA PERIOD[(STARTING 1980)
Baranama Dion 590 1996212002
Baro Niandan 12,600 1999=12002
Faranah Niger 3,180 198022003
FifalAmont Tinkasso O 1996412001
Kankan Milo 9,900 1997112001
Kouroussa Niger 18,000 198022001
Mandiana Sankarani 21,900 1995122002
Tinkisso Tinkisso 6,400 1996512001

Thelinformation"ofl these[stations was[ised [ for[the[derivation[ bfl the ‘imonthlyinflow
hydrographs(for RIBASIM bylaveraging[theldaily[Valuesfrom[graph. Anléxample[oflthe

resultsisshownlin Figure22.

Monthly discharge values for stations in Guinee
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Figure22[  Examplelofimonthly(dischargevaluesofistationsinGuinea, Withlin/outflow Sélingué

Thelinformation[from(theriver(stations(in [Guinealcanonly (be used [forlinflow (hydrographs
thatbelong(fo the[same(river (basinas(the station.[Forlother((nearby)locations, [@[dorrection
has[to[ belmadel for[ the[differencelin[trainfall[volume. This[is[‘done[ by[calculatingla
relationship between(themonthlyaverage rainfall(in(the[¢orresponding (basin oflthe[station
and[theltegion[that tepresents/the[Vvariablelinflow hodel[of RIBASIM.[Forlthis[purpose,

monthlyrainfallldatalhavebeen(obtained (seeTable43).
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Table43 Listlofrainfall [stationsised[in the[study
STATION SERIES LONG. LAT. ALTITUDE
Boke 192221996 [14.32 10.93 69
Dabolo 19211990 1.1 10.7 438
Kankan 192121996 9.3 10.38 384
Kissigoudou 192121996 10.1 9.18 525
Siguiri 192221997 9.17 11.43 366

WLI] [Pelft[Hydraulics

Thelaverages(are[calculatedfor(the [period1980=1997.This[¢orresponds Toughly Withthe

simulationperiod [6ffthe RIBASIM calculations(1980=32000).

InTthe(following pages[(Figure23),[someléxamples(are(givenoflinflow hydrographs(on(the
Nigerltributaries(in[Guinea. [The final inflow [Series lised[inthethodelling [dre(given(in fables

inAnnex(C.
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Figure[23 Discharge hydrographs ofithe Wiger tributaries(in[Guinea for(the years 199652000
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4.4 Characteristics[¢f(éxisting[and[planned[teservoirs

4.4.1 Physical[¢haracteristics

Fortheliimplementation 6f RIBASIM, [the characteristics(are fequired (0fboth The existing and
newly [ plannedJreservoirs.[J The [ following [ reservoirs [ have [l been[] included J in[J the
schematization[ofTthe thodel:

NAME STATUS
Sélingué Existing
Fomi Planned
Talo Planned
Tossaye Planned

WLI] [Pelft[Hydraulics

ThelreservoirlofiMarkalalhasmotbeenincludedlin[the[schematization, becauselthe [possible
variationlin[volumelis[negligible[compared[tothe average[dischargeland, eéspecially, the
volume [0f(the[storage Variation[intheInnerDelta. This(is[due(tfo the Wery limited [possibility
oflwater(level [variation[at[Markalal(30[¢m)[and[telatively [small inundation(drea (only [fiver
bed,noflood plains).

ThelTossaye[teservoirlislocated [downstream [from[theInnerDeltaland[thereforelitlhasno
directlinfluence onthe hydrology[ofltheDelta. 1fTthe tonstructionoflthis[teservoirlis
effectuatedlin(the [future, [itmay [belinteresting [fo[¢ontemplate the [Operation [0fTthe [feservoir
for(ensure the minimum flow fequirements(at(the (border(of[Malil/[Niger[at[Gao. At present
the(reservoir(is motlincluded(in the [Simulations, ‘partly [also (because ‘there(dreyet Tardly [any
datalavailable(on fits [future(characteristics.
Therelarelalso[plans[forlalfDjennélteservoir’,linl[the lower[teachloflthe[Baniltributary,
upstream [0f(the InnerDelta.[However, therelis molinformation/about(theseplans,(although
the Wolumeseems to Be in the order(6f 400 Mm’.

Thefollowing[characteristics(dfthe reservoirs(areintroduced(inthe hodel:

e physicaldharacteristics0ftheldam((height, Tail Tevel, [€tc.)

o relationship Waterlevel ZWolume = surfacelarea

o relationship waterlevel #0utflow (bottom gates, [Spillway, [furbines, [€tc.)
e characteristics0flthe[power(generation

e precipitation, Seepage, [€vaporation, €tc. [dn[/[from(the Take

e operationtules

Especiallytheatter[canbelised for simulations Ivith[Various $cenarioslin[order[tofind
better[/[optimum Ways [0f[operation [0f(thefeservoirlin View [0f[power generation, [rrigation
water/demand[d@ndlécological [(low [flow) Tequirements. TheTatterfincludefhe impacton the
InnerDelta,[.e. Whether[it[s[possibletolinfluence the Thydrology [oflthe Inner[Deltalby
changing(theloperation[tules[oflthe teservoir[withoutlaffecting[hegativelythe otherwater
users.
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ForlSome 0flthe miewly [planned Meservoirs, mot(dll the[datalare Weadily [dvailable. [In[fhat[case,
estimations[havebeenmade [either[from Cother Csources(e.g. (topographical [imaps) Cor
estimated from [theother(characteristics.

Detailsonthereservoiricharacteristics(are(givenin[Annex C.

4.4.2 Net[évaporation

Forlteservoirslalfixed[time[$eries for[the netleévaporationlis(uised, eéxpressedin[inm/day.
Fixedmeans(that(thelseries[isthe[sameforlall[years.[Thehet[évaporation s thetesult of
average [precipitationandlevaporation[atthe Wwater(surface[oflthefeservoir.[Onlthebasisof
thelactual Water(surfacedrealin @ [fime step, RIBASIM[dalculates(the Toss[duefo[€vaporation.
The[Series inthe table in [Annex [C 15 forBamako; it Wwas hised [for all reservoirs.

4.4.3 Hydropower

TheCexisting [Sélinguéreservoirand [the Oplanned FomilreservoirCcontainhydropower
equipment. [Theldatafisedlin the modellarelgiven[in[Annex[C.For[Sélinguémoreldetailed
informationWas [provided By DNHE, Whichis feproduced ih[AnnexD.

Asnoldetailedlinformationfis[available forthe hydropoweréquipment, theefficiencylandlthe
applied(dapacities for lower heads @relestimates.

Fomipower(plant

Details[forthis [future [power [plant(arelalsogivenin [Annex [C.[AsMoldetailed [informationis
available[for[the hydropowerléquipment, thelefficiencyand(the [dpplied[capacities [forlower
headsarel@stimates.

Sotubapower plant
At[Sotuba,lopposite[the ¢ity lof(Bamako, altrunlofltiver[power[plant[is operational [since
1920.Ithas(alcapacity [0f(5.2 MW.[Thelestimated Head between lintake [and[outlet ik 4 (.

4.4.4 Operation[tule[¢urves

For(the/simulation(ofltheOperation(ofireservoirs fule(durves(dpply. In RIBASIM[threelcurves
are[used.Asmnolspecificlinformationabout/the(operation(0fthe Niger[reservoirs(isdvailable,
thecurves(are set(at[“standard’ values: [respectively [full [feservoir[or lowest [gate level (=dead
storagellevel).

Flooddontrolicurve

Theflood ¢ontrol[curvelindicates thefhaximum/ Storage [(per month)ln (order(fo (keep [space
forfaccommodation(ofTfloods,So thatfloods[¢an belstored [in[stead [oflspilled,[and[¢ausing
floodingproblems[downstream. For[all[Feservoirs[the[flood controlturveis[set at[full
reservoir(storagelevel.

410 WL [Pelft[Hydraulics
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Firmlstorageldurve

Thefirm[storagelcurvelindicatesthe@mount[of Water [that[should e keptlin the Feservoirfo
satisfythe firm[downstream [demandsthroughout(a(critical [dry [period. [For(all Feservoirs [the
firmstoragecurvelis(set/atthe Towest/gate level.

Target|storagecurve

The fargetstoragelcurvelapplies for maximumhydropower[énergy [generation. Itlindicates
theloptimum Balancelover fime BetweencreationofThead landlavoidancelofTspilling. Ttwill
bellocated Between the flood control[curvelandthe firmstoragecurve. [For/dllteservoirsthe
targetistoragel(durvefisset(atfull reservoir(storage level.

4.5 Geometry[bf(the[lnner[Delta

There s hardly [any [teliable (published [informationavailable[onthe[geometry [of The Inner
Delta,file.the[relationship between Water Tevelsland volume(/surfacelarea. Thislinformation
is,[however, [¢rucial for[themodel[simulations "and [therefore[a[$eparatelactivity [has[been
undertaken fo(derive thisfypedflinformation. ThisWill Beldiscussed/separatelyin [Chapter(5.

4.6 Water[demand

Therelarelseveral [types ofl water[demand. Thel[imostlimportant[distinctioncan[belinade
between [donsumingand Mon ¢onsumingWwaterdemand.

Consuming Wwater(demand [Mefers(fo(¢.g. [rrigation and (public[Wwater[supply, [for Wwhich Wwater
isldctually [faken from[the riverland((partly) [Gonsumed.@nlyalsmall [percentage [0flthe ihtake
islreturnedlagain o the(river.

Nonlconsuming [Water demand iay [prove[very [important(inthe[¢ase[ofthe InnerDelta. Tt
refers(folcertain minimum(flow [values[(sometimes(levels, but Moreloften[discharges). This
can(bebasedlonlécological [values((i.e.thaintenanceloflcertain [@nvironmental [characteristics)
orllegal requirements((e.g. the flow [passed [the borderfromMali o Niger).

4.6.1 Consuming[Water[demand

In[Mali(the[iain consuming [water demand/(is[irrigation,followed [by public Wwater[supply
(PWS).

Irrigation

Thefollowinglitrigation[systems @relincluded [in[the model [Schematization:

o Périmétre[Sélingué,operational[Sincel1981, [Supplied [vialalWater [intakein[the [Sélingué
reservoir.

o Périmétre[Officelduiger, Operational Since1943

e PérimétreBaguinéda, [Operational since[1920.

o Périmétre(Talo, planned, to belserved from(Taloreservoir

o  Périmétre(@fficelduRizMopti

4—11
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Thefollowing[systemsarelincluded [in[the[schematization,[butlaremotWised [in thepresent
modellingactivities[:]

e PérimétreDjenné, served By the Barrage deDjenné
e PérSeégoul
e PérSégou2

Detailsonlthelirigation(areas, eéfficiencies/anddeturn flowsarelgivenin[Annex [C.[Theldata
were[supplied(by DNHEBamako, unless otherwise btated. "Water[demandsforinputTin
RIBASIM areltrop Dwater demandsexpressed[in[imm/dayandtobe supplied fromthe
irrigation metwork, [Sofinfadditionfothe fixed [amounts [0f Water [that[the ¢ropsare Supposed
to[teceiveldirectly [fromtain.[In RIBASIM[terms[this[is[simulated[bylalsol¢alled Fixed
IrrigationNode.[The Waterldemand o theTiver(or Meservoiris higher: [demand(atfield Tevel
dividedbythelirrigation efficiency.[Forlall[irrigatedareas[an[irrigation efficiency [0f[50%
wasusedlinthesimulations.

Thelmain[irrigationlarea belongs[totheOffice[dulNiger, with[thel[intakelat[the[Markala
barrage.Notlonlylisthis[themajor irrigation[arealofiMali, Butltherelarealsomany [plansfo
extend[thel[irrigatedareal substantially. [Whether[suchextensions[are[ feasible imight[be
determinedising [the [presentmodelling [System [0ncemore [details[On[the[planned [€xtensions
becomelavailablein the future.

Itshuchmore difficultfolestimatethe Wwater[demand [0flthe PWS. Major(cities(like Bamako
and[Ségoulobtain [their[drinking (Wwater (from(the INiger River, (butmo reliabledatahavel(yet)
been(0btained. Inthepresentmodel,0nlythe PWS forBamakoislincluded. Justhipstream of
Bamakoa[Public[Water Supply mode [Mepresentsthepublicldnd [industrial Wwater [demands[of
the(Bamakoarea. The demand (isset(at(5 (m’/s; the teturn(flow fo(the Niger!is assumed at
75%.

Diversions

Thelirrigated[areasare[suppliedVialintakes[from[the[tiverfor[the[teservoir.[ The[Sélingué
irrigated[arealtakes Water[from[an[inlet[directly[at[thelteservoir. Its[lowest[inlet level is
assumed [fb Belequal [fo the [firm [storagelevel 0flthe[S¢lingué reservoir, which is #339 .
Atlthelintakeforthelirrigated [arealoflthe [Office[duNiger, the Niger[isfried [fobekeptlatla
minimum level 0f#300.5 m by [the MarkalaWweir.[ThisWeir [creates [asort G freservoir With @
spilling(Tevel 6f+300.5 . However, diverting 100 m*/s (the “official’[Gapacity of the intake)
for(1(month ¢ontinuously Gorresponds fo(a volume of about260 Mm®. The storing capacity
of ' the[ Markala [ weir will probably (not be[larger[than 50100 Mm”.[If the demand to a
reservoirlin[one[time[Step (s several [times its[Volume, al$imulation with RIBASIM[onla
monthly (basisfismot[suitable,land meitherond halffmonthlyor[10[day basis. [Thereforethe
regulatingCeffectof the[Markala[Wweir[is[simulated [Vialaltelationbetween tiver flow[at
Koulikourolandlactually "diverted flowsfotheOffice[duNiger[between 1990 and1997.
(Hassane,1999).
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Figure24 River(discharge [waterintake relation @t Markala

In[Table 4[4 therelationshiplisgiven between [the river(dischargesinlthe Niger river(and(the
diverted water(atMarkalalintake.

Table 4[4 Relationshipriver flow Z(divertible flow(at Markala

River flow Divertible flow
m3/s m’/s
0 0
100 80
1000 100
4000 130
10000 130

From[Hassane[(1999)(it[appears[thatforlhighl[tiver[discharges imorelthan[the[fofficial’
capacity [of the intake[of[ 100 in’/s can beltaken. However, a field Visit to this location
indicated[that[this[is[doubtful [given[the[deterioratedtonditions ofl thelintakes and[the
widespread(growth 0fvegetation inlthe[Canals.

4.6.2 Non[tonsuming[Water[diemand

Asltemarked(earlier, mon[¢onsuming[water[demand includes both[environmental [flows[and
legallyagreed(flows.

Theldssessment/oflénvironmental ((minimum) (flows[is[still[inlits[infancy (and[therelare (many
mainly[empirical (imethods[tol¢alculatelsuch flows. For[theNiger[River[therelare[yet[ho
values(available,[so@ssumptions had o (be made.

Legallylagreed(values(ofiminimum [flows dre éstablished(for(the border ofMaliland [INiger.
Here [aminimum flow[0f(50 /s Has been established [and this is ised in (the modelling (s (d
low flow [fequirement at(this location. [Although this[demand tay have[consequences/for(the
hydrology[ofTthe InnerDelta, [in[practice therelis hardly [any [telation @s[thereismo[control
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mechanism((suchlas(flow[gates)fo[dontrol the [flow through(theldelta.(AsTemarkedearlier,
the[implementation[ofTthe[Tossaye Tfeservoir (may belinstrumental [in[theprovisionofTthe
required minimum flow [atthe Wiger Border.

Inlthepresentsetuploflthemodelthefollowing[estimated Tminimum[flowslarelincluded
(either(dctivelorfihactive):

e Minimum flow/atGutflow 6f Niger from Mali fo Niger (50 h’/s).

e Minimum flowldownstreamofTMarkalaGveir, theinlet[fothe OfficelduNigerirrigated
area(40m’/s).

e Sanitaryflow [downstream[6f Djenné reservoir((5m’/s).

e Sanitary(flow/downstream(0f Talo reservoir((10n’/s).
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5 Assessment[of[Geometry[éf{the[Inner[Delta

Thelmostldifficulttaskslin[theassessment[oflinput datafor[the RIBASIM modellarelthe
geometry [0flthe Tnner[Deltaland the derivation[ofthe inflow hiydrographs.

5.1 Lakes[in[the[lnner[Pelta

ThelassessmentofTthe geometrylof theInnerDeltalismecessary[folbelablefoModelthe
hydrological "behaviourCofTthedeltaliwith[the RIBASIM model. Inlordertosimulatelthe
inundation[processfand[the Volumelstoragelofwater[in[the delta, altelationshiphas[folbe
derivedforthe Wwater Tevels 3 Volumes = [Surfaceareas (0fthe[delta. dt[s important[fo tealize
that(the inundationprocess(ofltheldelta’dccursloverialperiod (of Several months, Startinglin
thepstream [Megionpassed KéMacinalandslowlyfnovingdownstreamfowardsAkkaland
finallyiré. [For this reason(it[is Miecessary [fo distinguish between Various Zones[inthedelta,
preferablyZonesinWhichthelihundation [process[occurs @bout/simultaneously.[On @ map [0f
the Tnner [Delta, Wariousmain Zones [an bedistinguished (Figure 25).
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On[this(maplitlisCclearthat[the[Niger[River already branchesinto twoiajor[channels
downstream 6fKeMacina: [theDiakalandthe Niger.[The Niger(is joined further downstream
by the BaniTiver. Ttfisinfthe region(oflLacDebo [([Akka)Where thefwo Branches teet/dgain.
Thiswillrieed o e modelled@ssuchlin RIBASIM, butlitfis[also iimportant o Moticethatlthis
distinctionBetween branches gets Obliterated [in [the Tater stage0fithe ihundation process.

Figure25Map [0fithe InnerDelta

Inforderfolderivethegeometryandthus(thedequired Telationship Hetween Water Tevelsland
volume/[Surfacearealofithe warious parts0fthe(delta, [it[is Mecessary [fo Makeise0fSatellite
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images/(ds[therelare o [Teliable bathymetric[surveysoflthe degion. [Thefopographic tapsof
theTegions,available[dnalscale(df(1:50,000 are Telatively [0ld [(from the[1950es).[Although
thegeneral CoutlinesofTthelakesseemto havechangedonly[little, there[isno depth
informationdn(themandftfis also mot[clear fo WhichWater level the [Gutlines refer. Given the
majorl¢hangelinlinundatedareaduring [the Wetlseason, [this[iakes the ise df[fopographic
maps[forthelgeometrydfithe deltalonly Walid for[general reference purposes.

5.2 Schematisation[6f[the[Inner[Delta

The fact(that(several [differentdegions¢anbeldistinguished Within[the InnerDeltalimplies
thatftls iseless, [e.g.[folderive[suchaltelationship Wwaterlevel wolume [forthe [fotal fegion
betweenMoptifandTAkkalasthispartloflthe deltalisfhotChomogeneous,i.e. theydohot
inundateat(the samefime. Therefore @ miumber6fiZones hiave Been distinguished intheldelta.

Theschematisation[bf theInlandDeltalis[based “on[5satelliteC[images whichshow[the
inundation[oflthelarealatldifferentfimes duringtheyear.[ Table 51 [ShowsWhichsatellite
images[(resolutionapproximately [30in) Were available [forthe projectforTespectively [the
rising[{crue)andtheTowering parti{décrue)ofthe floodhydrographlintheDelta. InTable
52 thevariouslimagesthatwerelavailablepermonth [@re[summarized.

Table(51 Dates ofltheVarious satellite images(available fortheInnerDelta

RISING WATER RECEDING WATER

(CRUE) (DECRUE)
06081984 100111984
2511011984 261101984
081071985 131011985
131091986 1410211985
021011987 161011986
1811011987 160111986
2801111999 030101987
261082000 191011987
271092000 201021987
101062001 1910312000
2810712001 2801111999
1611012001 020212001

Table[52[Availablelsatellite images per thonth[(décrueinredland(cursive)

MONTH DATEIOF THE IMAGE

January 1310111985 1610111986 0310111987 1910111987
February 1410211985 2010211987 0210212001

March 1910312000

April O [ O [
May O O O O
June 1010612001

July 0810711985 2810712001

August 0610811984 261082000

September 1310911986 2710912000

October 2501011984 0211011987 1811011987 1611012001
November 2801171999 1011171984 261171984 1611171986
December 0 O 0 O

WL [Pelft[Hydraulics
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From/(this(tablelit(is [clear that the Tise [0fthe (flood [0ccursih the months [June = [Octoberdnd
the ToweringofTthe [flood [{décrue)in[the months November[ZFebruary. [The Tatter months
and[datesldreihdicated in[Table[3[2 ihred[cursive.

Analysis[ofltheselsatellite[images[tevealed[eight[zones which[areinundated [$eparately.
Therefore, [the[InlandDeltalis[schematised ising[eight[distinct(hodes[(SeeFigure[26 and
Figure27).

Akka-lakes o
o )

Kouakourou

Figure[26 Regions(distinguished for(thelderivation[ofthe geometry [6fithe Inner Delta

Now(thattheInnerDeltahasBeensubdividedlinto [@ightZones, this Schemelcan[besedin
thesetup [0fthe final [Schematization [6fithe RIBASIM model, Whichfis[showninFigured5.In
Figure28(the details6fthe Schematization Gflthe TnnerDeltalare/given.

Itfslévident from [the Mmaps0flthe InnerDeltathat Thereldre éxtensive Wolumesdownstream
fromDiréWhichlaremotlncludedlinthe present odel. [Themostlimportant’éxamplelisthe
Lac[Faguibinelat(thefar[downstream énd [0f(the[InnerDelta, Whichlis[¢onnected mowadays
bylalcéanalfoltheNigerRiver. DuefoitsTocationthe impactlonthe TnnerDeltaflooding is
onlymoticeablefinfhe Wegion ofDiré, butlit[s important WhenfheTossayedamisincluded
inthelanalysisCas[thefwollakes[Will (mutually [influenceeachlother.[The[Lac[Faguibine,
locatedatCabout150 km[fromTombouctou, Thasal$urface farealof (650 km? [and[is[very
important(as(alsource(oflfishery.
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ForOeachofJthese JinundationJzones [link (storage [modes [are lused [in[(the RIBASIM
schematization.[Although RIBASIM is[a[1‘0(D”Cimodel,linkstoragehodes [ provide[the
possibility [fo$tore Wwater[inallink. ThisWway[thetelationship [between[depth, Wwidthand
discharge ofTthe differentihundationZones [danBe takenlinto @ccount. Tn(theprojectthe €ight
zones Have the followingmames[(in[downstream(direction):

Kouakourou
UpperDiaka
Mopti

Mayo Kotia
LowerDiaka
Bouna
Akkalllakes
South0fDiré

Therelare(fwo [offfakes[ofTtheNiger: [the[DiakalandtheMayoKotia.[TheDiakalandthe
Mayo Kotiajoin before feaching theAkkallakes. The Niger(itselfl[donfluences with theBani
aftertheifurcations,and[joins[againthe DiakalandMayoKotiaat[the[AkkallLakes, While
onebranchofithe Wwater [0fTthe Niger(andBanilcontinues(fo Diré¢and[dutofitheDelta. Based
on[the(satellite[imagesloneeéxtralbifurcationlislincludedatthe Banilshortlybeforeéntering
theDelta. 'Water[flowstothe KouakouroulinundationZoneafter[which it flows[intolthe
Niger.

Infthelderivation6fithefiydrology6flthe TnnerDelta,d iumberloffhydrological StationsHave
beenlused, [Summarized[in[Table[5[3.Most stationshavelonly waterlevel (datalds theylare
located [dtlake sides wheredischarges [are very[difficult[to @ssess.

Table53 Measuring stations6fiwaterIevel in the Tnner Delta

Measuring|station Referencellevel
(m)
Akka 258.38
Mopti 260.12
Diré 256.85
Tilembeya 266.32
Kara 267.16
Sofara 262.76
Niafunké 257.66
Saraféré 259.00

WLI] [Pelft[Hydraulics

Thelinundation[zonesthatCare[used(in[the RIBASIM modelare givenlin[MTable8{(in
downstreamorder). Thisfabledlsoshowstheldischarge(stationsWith daily Water(Tevelsthat
were[isedto[determinethe torrespondingwater[level[ineachCofTthelsatellite images.
However, for[Some0flthe stations, the(datelinthe¢hosenfime Period[oflSimulation (1980
2000)7isdacking.
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Table[54Summary[oflthe ihundationZones(and their representation in RIBASIM

Name Referencelevel Water levelstation ised [in the
(m) analysis

Kouakourou 266.32 Tilembaya, Kara

Diaka Haut 267.16 Tilembaya, Kara

Mopti 260.12 Mopti, Sofara

Mayo Kotia 260.12 Mopti

DiakaBas 258.38 Akka, Mopti

Bouna 258.38 Akka, Mopti

Lacs/Akka 258.38 Akka

Diré[Sud 256.85 Niafunké,[Saraféré, Korientze,[Akka,

Diré

This[distinction(in egions hasbeenused forthe[derivation [0fTthelevel 4 [arealrelationships
using(the GIS files.[The[results[for the[eightregions dre[shownlin Figure(29.For(thelregion
of [ Diré[Sud notlall the[images[arel complete and[some missing[values[occur.[This[is,
however,[only [@minor [part(0fithe total ihundated (area.

Itlis@vident(that for'somelofltheregions, sSuchds/Akka, the relationship between Water levels
and[surfaceldrealis Very(good. Theldoefficients0fregressionvary Between0.85d@nd0.97.

Using[thelinformationon[the [Water [level (-[surfacelarealtelationship,[it[is[éasy[folderive a
similar(relationship for(the Waterlevels 3 Volumesin@ach6flthe regions.

ForfallltheTegions, therelis[a[relationship forthe Tising[and falling [limb[ofthe hydrographs
(crueletldécrue).Inlthelpresentiproject, theTising [imb [{crue)lis the ostimportant[as this
represents [therelationship(that[isValid[When[theInner[Deltalisbeingfilled.[AsThas been
remarkedlearlier,[it[is Very [importanttolestablish[the [impactloflthelinitial [filling[ofTthe
existing[(Sélingué)land mewly planned((Taloldnd [Fomi) Weservoirs dnltheonset(ofthe flood
wavelenteringthe TnnerDelta. Therefore The relationshipsfortherising TimbHave beentised
infthe RIBASIM model.

5.3 Interconnections[between[the[lakes

Aslhasbeenmentioned[earlier, several (branches canbeldistinguished [intheInnerDelta.
This[GsCanfdmportantCissuelas thisCdeterminesthe actual [flowpatternbetweentheleight
regions(distinguishedin{theInnerDelta. [It[sevident[that[theactual flow processis[Very
complicated[andsCoftenlof aldiffuselcharacter[throughlthelextensive Vegetationplains.
However,[someajorichannelsdanBeldistinguished. [TheTevel@ativhich the channelsstartfo
functionl¢analsobelderivedfromthelsatellite images and[thislinformation[will[(be used fo
make[ approximaterelationships JofCiwaterlevel [-[discharge[capacity [ffor eachCoflithe
connections.
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Figure[29 Waterlevellinundated(area(relationships(for[the [@ight regions [distinguished [in the InnerDeltabased (on satellite images.
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6 Calibration[¢f[the[iInodel

Thelcalibrationof RIBASIM hasbeenl@ccomplishedlinfiwo(steps:
1. delayloffhighwaterWavelthroughidelta
2. inundated(surfaceloflregionsfinidelta

6.1 Delay

Comparison offfotal inflow(and [Qutflowdischargedatafevealed ddelay6fthe flood Wave of
approximately 2 ‘months. Literature[mentionedaldelaybetween KéMacinaland[Diré[of
23 monthsfinfavetperiod ([19621966)and1 2 months duringlaldryperiod [([19821986)
(Quensiére,[1994).

Toldbtainthecorrectdelay [themhodel Was(calibrated By [varyingtheldischargethroughéach
ofTtheTink [Storage modes. Theldischarge Was calculated by multiplying [afixed [Gross[section
by ¥aryinglaverageflow elocities. Finally[dndverage flow Welocity [6f10.08 /s Tesulted in
aldelayloflca. 1.5 months.[Suchl@dlow flowvelocity(is reasonable[giventhelarge flow[cross[
sections[ofthe Takes.

6.2 Inundated[3$urface[bf[fegions[in[delta

Inflow [from[the[Niger[is diverted fothe Diakalandlater[fo[Moya[Kotia, after[Which[the
remaining[flow[confluences(folthe Bani. [From[the satellite[images(it[is mot[completely[clear
fromWhere[the water[inundating [the (Kouakouroulareas(domes. Finallyfit[Wwas[decided[fo(let
partlofitheflow(derive from[the Bani fributary. A fter [Kouakourouthis water flows(again[into
theBani.

The first(step Was [fo [find [the [Optimal (bifurcation(ratios. The[final Bifurcation ratios(aregiven
in(Table[6(1.

Table6[1 Bifurcation[ratios for[the differentriver(reaches

RIVERREACH PERCENTAGE OF FLOW
BIFURCATED

UpperDiaka 25%

MoyaKotia 30(%

From Bani [to[Kouakourou 20%

WLI] [Pelft[Hydraulics

Themextistep Wwas/tolchange(therelationship between [depthand width ofthe [fiver[stretches.
Thiswas[done [without[¢hanging[the [fotal [¢ross[section[(i.e.[the[total[discharge),[and (hence
theldelay [through(the(delta, Would femain [the [same.
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Figure 30 Inflowhydrographs/at Koyoume

Finally [the ihundated [area dflthelihundation ZonesWas ised forthecalibration. To[Obtain[the
correctlinundated [arealthe Telationship between Water Tevel [(H)[and width (W) Wwas[dltered.
ThisWwas[done by [dividing[the Water(Tevels tised[in[the first[calculation By alcertain factor,
after[which[the[Wwidth Svas[¢alculated.[Thelfotal [¢ross[$ectionarealtemained [the [Same by
theselcalculations(inlorder motfolchangeQ, @ndthus(delay.Thefinal [factorsandlinputdata
canBefoundin/Appendix TI.

Twoltypesioficomparisons/oflinundated(areas Weremade(for(dalibration:

1. thelabsoluteldifference[Wwas determined (betweenthel¢alculated Valuelin RIBASIM and
the(satellite[image [0fithe[Same(date. RIBASIM gives(dnly 1 valuepermonth attheendof
thefimelstep, What[is[faken[intoaccount[in[the[¢omparison. The Sumlofltheabsolute
differencelofldifferentsimulations Was/compared o find [the best[simulation.

2. thelaveragelinundationper[monthlover(thelentire period (of[simulation Wwas[¢ompared
with[averagemeasuredinundation(in(the(satellite[images.[Since RIBASIM gives(Values
atlthelénd oflthemonth, [the[averageihundationdf'thesatellite images[oflthe [periodfrom
the 15" of that[month fill (the 14™ [0f the mext Mmonth Were ised for comparison. [For the
period (between 15" [of Aprilland [14™(of[May (no datalare available. The tesult[of this
steplis[shownlin Higure31.
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7 Model[simulations

7.1 Definition[of{the[$imulations

TheBasiclquestionBy ecologistslandéconomistsfofhe RIBASIM simulationmodelfis: hat
isfthelinfluencedfléxistingland [planned(reservoirson/the Water levels @ndinundated [areaslin
the TnlandMelta, [@nd(specificallyonfhelocations Moptiland Akka.

Thelsimulationmodelis[dapablefol@answer thisquestion. [However, Some atters [Shouldbe
keptfinmind. Thewalidity [6flthelanswerdepends [first[0fTall[on theléxactitudeofthe Model,
whichlismecessarily imperfect,[given[its[discrete schematisation lofTthe [complicatedTeality
in[dmMetwork [dfModesland Tinks, @[fime[step [0f 1 month, @and hydrological [fime Series thatlare
partly Cconstructed’[due [fo Tack [ofTieasureddata. [Further(there [is fhefnanagementofTthe
water [resources [System(and thefiydraulic ihfrastructure.[Thelquestionon/the influence6fthe
reservoirs‘on[the Inner[Delta¢annot[belseenloosefrom theMainpurposeforWhichthe
reservoirs(are Built: [Ssupply[ofwater (o litrigation [@nd [generation [ofhydropower. In Wwhat Way
are[the[reservoirs[(existinglor[planned)operated: [is[the operation[dictated by firm [power
generation? [Is[the [ water [demand oflthelirrigation[at[Office [duNiger[at[Markala fransferred
upstream(fol¢orresponding teleasesfrom[Sélinguéland [Fomi, [orldoes[theOffice[duNiger
only[take[from[theNiger ‘what[is available’,[SoWwithout[or[Wwith[minorlinfluencelon[the
operation[dftheipstream[reservoirs? (It/seems thatlin the pastthe Tatter hasbeenlthedase for
many years.

Thelsimulationodel canonly work With Clearly[specified hanagement[options for[@awhole
simulation[period: [Office[dulNiger[asks[Wwater[from[8élinguélor[it doeshot,[alspecified
quantity [0f[power(generation [dt[Sélinguélis firm [dnd [for the [rest[Secondary [(that[is by ising
water releases forfirrigation(or[otherusers) or(it[isMot.

In[¢onsultationwith RIZA themumber[oflsimulation(tunsWwas(determined.As[éxplainedlin
Chapter(4.4[Markalalis(mot[a(teservoir, o therelis mo situation [With[or[Wwithout.[Office[du
NigerandBaguinédahave[for{longtimesbeenoperational, [and[take[Wwater from the Niger
which(doesmot(teach(theldeltalanymore. Solit(is/includedlinmearly all (the tuns, however,
withoutldirect!demand(to(the ipstream (teservoirs, [i.e. [they simply [teceive [water [ifthere is
sufficient[discharge(at(theintake[point. [ The [périmétres[Sélinguéland Taloarelactive[When
thel¢corresponding(teservoirs arelactive. Therelis[nospecificlirrigation areal¢oupled(tolthe
future[Fomi(teservoir.[This[teservoir[will primarily [(he hised [for[power[generation. Neither
areminimum flow Tequirements @ctivated.

The[Table[71 Below [showsthelSpecificdonditions [for [fhe [Six funs. [All funsWere made With
thehydrologicalfime(series for theyears[1980M2001 (see/Annex T).
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Table7[1 Overview oflsimulations(rhade with[the RIBASIM model

Reservoirs
Sélingué
Talo

Fomi

Firm(power
Sélingué
Fomi

Irrigation
Irr.[Sélingué
Irr.[Officedu(Niger
Irr.[Baguinéda
Irr.[Talo

[rr.Mopti
Irr.[Djenné
Irr.[Ségoul1
Irr.[Ségoul2

Minimumflows
Exit(Mali
Markala

Djenné

Talo
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" o o o[ o 0
- o] o] o] © 0
" o o o[ o O
" o o o[ o 0
il I G G O
x[Factive
[MT=lihactive

Runir. 3 [danBeregarded as the [presentsituation.

Some(fypical WesultsofltheSimulations(are[shown Below. [For(the Takes Thelinundatedarealis
shown(forMoptifand[Akkafortheldryyear1984, For[Run2{onlySélinguélisoperational)
andRun(5[(Sélingué, [Fomiland Talooperational).Togetldnidea0fTthe Thagnitudeofthe fiet
evaporation[ofTthe teservoirsfand[the Supply [folirrigation[Somelgraphsfon theselitemsare
presented. Theirthagnitude,and fheirinfluencein the Niger basin, [dan Be compared Withthe
flowslinKéMacinaland [Koryoume,Tocated Tespectively ipstream[and [downstream[oflthe

delta.

OnelspecialrunWas thadeWith mione 0fthe structures orWater([demands(dperational (Run(8).
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Figure[32[0  Netlreservoirlévaporation forrunfir. S (all feservoirs(active)
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Figure(33[]  Water[supply [folitrigation[for runmr. 5((all reservoirsactive)
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From[Figure32Mtlslevident[thatthefeservoir[evaporation from[the mewly plannedTalo
reservoirlis(tather small. (However, [the [ Values [for the(teservoirs[Sélinguéand [Fomiteach
maximalofltesp. 38 and(42[in%/s, i.e. altotal loss of about 80 m*/s. These are(significant
losses,[comparable o [theirrigation [Water[shown [in [Figure[33,[althoughinavoidable[lifthe
reservoirs meed[fo e filled [in [order o aximize the [power generation(which lis[in(general
themain(objective). Intheflood[Season,[such Tossescanbemeglected, though, [@sthelinflow
tolthe reservoirs|isin[the Grder 612000 /s,

7.2 Simulations[éf{the[impact[bf{the [Fomi[teservoir

TheFomiTeservoirfis [probablythe Mostimportant(structurelinthe Wpper WNiger [Riverthat
willbeBuild inthe Mear Future. [For this Teasonlitisimportant foldssess thePossible impact
ofTthisTeservoirlonlthe hydrology[0flthe TnnerDelta. Thereforesimulations WerethadeWwith
RIBASIM forsituationswithandWwithoutthe mew reservoir((run2 [@andrun3).Thelresults @re
shownihthe following figures(Figure 35 [MFigure38).

This[differencelininflow[is [Shown[in[Table[7 2 [forthe Tiver[station[dt [KéMacinaWwerethe
differencelin[flow [isleévidentinfhe onthofTJuly whentheteservoirsarestill filling, (hut
afterwardslin thethonths[df[Augustland [duringl@utumn the(differencelin flowisMegligible.
Inlthe(dry honths, [éspecially [February [fo [April,the €xistence [0fthe Fomi feservoirresults [in
alsignificantlylincreased[flow, whichlimplies[that[the [Fomilteservoir[¢anbeused for low ]
flow[eénhancementlifltequired. [It[shouldbelstressed, though, [that[the [actual [dutflow [from
Fomi[will[(probably[beldetermined[by[the[power[generationandany[positive[or hegative
effectlon[the[flow[tegimelin[this[partloflthe Niger tiverislonlylaccidental.[Ttwould[be
required [fo[designlafullylintegrated [Water[tesourcesinanagement[plan[oflthe Niger[tiver
system (o [Optimize [thetise[0flthelavailableresources, mot just for [power[generation, [butfor
allithedtherWaterfisers, ihcludingthe@cology [0flthe Tnner Delta.

Table[72Riverflow @t KéMacinal(im3/s) for(situationwith[@nd without Fomilreservoir

River(flow at Ké Macina (m’/s)
Sélingué+ | Sélinguélonly
Fomi
198411 15 28
2 6 19
3 1 6
4 1 2
5 34 48
6 97 139
7 534 574
8 2198 2161
9 2161 2146
10 1665 1682
11 413 445
12 68 102

7—4 WL [Pelft[Hydraulics
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InFigure34 boththelinflow(station KéMacina=Ted [dine) [dnd[outflow [(station Koryouma
—[blueine) fromthe Inner[Deltalare[shown for thelsituations Withland[without[the Fomi
reservoir. Ttisdlear from(this figurethat(theéffect0fTthe Fomi Teservoiris Werysmall forthe
outflow(dat[Koryoumelandonly moticeableat(the(start[0ftheihundation period[(increased Tow
flow)and[at[theleénd[ofTthe Wwet[Season[(later[start[oflthe Towering [ofltheWater levels by
about2 [weeks). t[s importantfo Stressthat[the [fiming [0flthe peak [ofthe [inundation,d@nd
thereforethe fravelling fime(ofthe flood Wave through(the Tnner [Delta, [is Motlaffected by [the
Fomilreservoir.

KéMacinaZIRun(2[1I$élingué

— =— KéMacinaZIRun(3[1I$élingué+Fomi
Koryoume :[Run(21IS€lingué

= = = . Koryoumel:IRun3$élingué+ Fomi

Flows KéMacinal/l[Koryoume
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2400 ~
2200 +
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0

River flow((m®/s)

198411

Figure34[1  River{low(discharge)atKéMacinaland KoryoumelwithandwithoutFomi reservoir

In(Figure35andFigure[36[thelinundated(arealis[shown [for[fespectivelythe [Sections[oflthe
Inner[DeltalatMoptiland Akkalfor(the(situations Wwith[Sélingué teservoirlonlyland Wwith [both
Sélinguélandthe mewlyplanned [Fomireservoir. Itlis [@videntthat[the impact[of[(Fomildnthe
Inner[Deltalisnegligible. Thelinundated[arealis(nearly[theSamefor the[situation[with[and
withoutthe Fomilteservoir.[It[ismot[possible[yet[tomake anylassumptions(tegardingthe
possibleleffectlof(changes/in[operation[oflthe Fomilreservoirlds(theinformation(oflthe dam,
whichisin(design(stage,[does Moticontainany(datalon[futureOperation[strategies.
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Figure35[0 Inundatedlarealofithe InnerDeltalat Moptilfor situation With and WithoutFomi reservoir
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Figure36[1 Inundated (arealofthe Inner(DeltalatlAkka for situationwith(dnd Without Fomireservoir
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7.3 Simulations[éf{the[impact[of{the[¢ombined[hew
reservoirs

Apart[fromthe[Fomi[eservoir,[dnother reservoir, the Talo, lis[planned[on[the Bani fiver,[0one
ofTthe(mnain [fributaries[0flthe WNigerRiver(thatjoins the WNigerlat[Mopti. [ This Teservoirhas
beenlincludedinlthelanalysisfogether Withthe mewly planned [Fomilteservoir, becauselthe
latterfisfalreadyinanladvanced(state[0fTdevelopment and(its implementation s Very ikely.
In[Table711 theselare fun2@and run5.

InFigure(37dnd Figure38theTesultsare[shownofthe @nalysisfor the Tocations [ 0f Mopti
and/Akka.

Aslcanbelseenlin(thesefigures, therelis(a[slight[delay[in the(start[ofltheinundation6fTalso
about[twoweekslat[theConset[of the Svet[period, butConceltheinundationlincreases the
differenceBecomesmegligible.This[is duefothetelatively [small volumelofboth [fhe Fomi
andthe(Talo Teservoirs[compared o the Wastfinundation ¥olumedfthe TnnerDeltalas well [ds
thelarge flowdischarges(oflthe Nigerand [Banirivers(during the wetlseason.

R Run21Sélingué
Mopti - - - .Run/5mSélingué® Fomi* Talo

60000

50000 -

40000

30000 ~

Inundatediareal(ha)

20000 ~
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11

19841

Figure37[0  InundatedlarealatMoptifor(Situation Wwith[and Wwithoutthe [Fomiland[Talo[reservoirs.
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Figure38[1 Inundatedarealat/Akkalfor(situation withand Wwithout(the [Fomiland(Talo reservoirs

7.4 Sélingué[with[Firm[Power

Asfltherelishardly[anylinformationlonthelactual [dperation Tulesofthe[$élingué Teservoir,
most[ofTthe Todel Tuns have Beenhade With [Tules,[le. The Teservoiris Teft[fofilllaccording
to[thematural [inflow Minus [fhe(évaporation Tosses [@nd [outflow [only[dccursoncethe Wwater
levelhas(reachedlthe(spillwaydevels.[However, [@Visit[fothe[Sélingué reservoirmadeiticlear
thatlingeneral [power[generationfis[given[dbsolute priority [Over(any 0ther Wwater liser [(in[fact
downstream [uisers[arehardly [faken[into[account)and[therefore it[isinterestingfomakela
simulation for[d[situationin[Whichanoperation(rulelis ised [for Whichthe[power[generation
isloptimizedising[dfirm power rulelin themodel. ThisHas Beenincluded @srunimr.2A.The
results,[éxpressed[as[inundatedarealintheInner[Deltalat Moptiland[Akka, are[Shown[in
Figure[39[and Figure[40. Thefigures[show[that[the application[oflanloperation(tulethat
assumes/power[generation(at[Sélinguéresultsin[change [0fthe form[oflthe yearlycurve, With
alhigherinundation(drealin(the[dry[seasonbecausethe Meservoir[continues [to [Spill [Wwater for
power[generation,[despite[thefact(thatlit[is[still[filling up.In(the[flood[season, the total
inundated(arealis [Smaller, [Because [the [flood Wwater Wolume [@vailable[from [Sélingué would be
smaller(as(part[ofltheWwaterwas[already [Spilled[earlier.[The[differencelin[operation[oflthe
reservoir(hasmolinfluencelonthefimingand(the(duration[0flthe floodinginthe InnerDelta.
This(conclusion lapplies forboththelbcations Moptiland [Akka.
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Figure[39 [hundation(arealatMoptifor(runs with[Sélingué reservoirwith [@nd Wwithout firm énergy operation rule
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Figure40Ihundation(arealat/Akkaforruns With[Sélingué reservoir With land without firm[energy [Operationtule
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7.5 No[reservoirsjand[$élingué[with[Firm[Power

Thesimulation [for(thelsituation described in[the foregoing Chapterfon [Sélingué [with firm
power[dan[beldompared(folthesituation [withoutdeservoirs. In(Figure[4 1 [and [Figure42[the
resultsf@re/shown 0fthelinundated d@realdatrespectively Mopti‘and [Akka.
ItGslevident[fromthese[figures [thattheexistence[ofthe Sélinguédam ising[Anloperation
rulelthat[Wouldguarantee power generation Will esult/in(a[smaller inundated [drea, Because
partlofithe Water[available[for[inundationofTtheDeltalisteleasedearlier, [Tesulting [inan
increaselin/storage(drealat[the beginningofthefloodSeasonlandthusSmallerreleaseduring
that(period.Theldecreaselininundateddrealwould e inthelorder0fT1011 5%/n[comparison
withftheSituation WithoutTeservoirs.

. Run(1INoldams
Mopti - = = .Runi2ATISélinguéw ith firmenergy
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Figure41/Comparison(situation without/dams(and with[Sélingué Operated lonfim power eénergy forMopti
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Run1IINoldams
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Figure[42/Comparison situation Wwithout/dams(and with [Sélingué [operated [0n fim [power [energy [for[Akka

7.6 Situation[without[water[éxtraction[by[Office[du[Niger

Inforderfolallow [forfalcomparisonoflthe [éffects [0fthe Teservoirsonthehydrologyoflthe
InnerDelta,alfinalCanalysisWwasadeoflthe situation Ivithoutanyteservoirs,[i.e.[éven
withoutlthelexisting[SélinguéreservoirlandlalsoWithoutldny Water(éxtractionsdtfhe Dffice
dulNiger[(‘no[dams,[nolusers’,[Tun[8).[This[is compared [with[the[situationwith[the
reservoirs, [but[ho [Water[extraction.[Theltesultsare[shown[for[the[Wvater(levelsat Mopti,
Akkaland [for(the flows[at[KéMacinaland [(Koyoume. The[tesults[are[shown[respectivelyin
Figure43, Figure44andFigure45.
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Figure 43 Resultsoflsimulations withoutwater(extraction (with @ndwithout/dams) [t Mopti
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Figure 44 Results/oflsimulations WwithoutWwater lextraction(with and without/dams)at/Akka
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KéMacinal:I[Run8[IINo/dams, nousers
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Koryoume[:TRun(8Nodams, nolusers
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Figure45Results 0flsimulations WithoutWater [€xtraction[(with and Without/dams)at(KéMacinaland Koryoume

Fromtheresults, €specially[forthe waterlevelsatMoptiland [Akka, itfis [Clearthat[the iimpact
ofl[the[treservoirs on[the water[levelsis[$mall, both[in[absolute values[andlin[time[of
occurrence.Theflows(at[Koryoumeldre(alsolonly marginally(affected, with[d[small[decrease
in[thepeak flow[and[fotal Molumeand hardly [any [changein timing[dfTthe flood wave.

Aslalconclusiontoltheselanalyses(theltentative conclusion[can[belmadelthat(the hewly
planned (teservoirs[will Thave nolmajor [ impact on[thehydrology oflthe [InnerDeltaloflthe
NigerRiver.[However,[thisimportant(and farteaching [conclusionshould[be [further(studied
by limproving[éspeciallytherepresentation oflthegeometry (0f the InnerDeltalin(thetodel
and(thelinflow [series[oflthe Niger(and (Bani[tiversuising tore detailedtainfall [datalin(the
upper basins.

Anotherimportant(issuelis[thelintake0flirrigation Water [from [the (D ffice[du Niger [area.

7.7 Other[¢hanges[Wwith[possible[impact[én[the[lnner[Delta

Therelare[yetno(teliable datalon[possiblelincreases oftheWwaterlintake[ofTthe [Officeldu
Nigerat[ Markala, (but[it[isCexpectedthat[imajorincreases[in[the Gwater[demandofl the
irrigationlareasWill have dmoreiimportantfimpact(on the hydrology [0f(the InnerDeltathan
themewly [planned Teservoirs.

TherelareSome[results(onthislissuelalready[@vailable fromthe GHENIS project.InFigure46
thelimpactthe[resultsare Shown [for[alsimulation for[thelsituationsWith[and without the
newly planned [Fomi reservoir.
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Figure[46[0 Intake(ofiwater(atMarkalalinaldry(year forsituationwithandwithoutriew Fomilreservoir(ih[case
irrigation @realis/increased fo230.000 ha.

Thelimportance(ofthe mew [Fomi(reservoir(for theldevelopment ofladditional irrigation drea
inltheDeltaMortregion(Markala)lis[évident: [in[the dry[Seasonthe [Fomil[reservoir(is(ablefo
sustain(amuchhigher tinimum flow ‘than(inthe(situation With[only [the[Sélingué [feservoir.
During[the flood $eason[the maximum [intake[(here: (400 [m’/s instead of the present day
100(m*/s) (can(always be reached, [also without the new Fomi reservoir.

ItCisrecommended to Mmake Cimpactstudies JofCpossible Cscenarios Coflirrigation Carea
developmentfolassessbothlthelimpactloflSuchlincreases as[wellasl[thefeasibility [ofTsuch
changes.With[suchlalstudy fhelsustainable Mmaximum/lintakelat Markala’¢an[bedetermined
and[subsequently [the Mmaximum/(Sustainableirrigated[area for [the [Office[duNiger, Hoth for
the [present(Situation [@nd[for theSituation With the mew [Fomireservoir.

7.8 Improvements[bver[éxisting[inodels

Aslhaslbeenldescribed[inlthe[Annex [to[the Inception Report, another detailed modellis
availablefor(thelInnerDelta.Thisodel MIDIN was[builtlaspartfoffan IRD project. [It[is
interestingfo [compare[the mewly[developed RIBASIM modelandtheéxisting MIDIN model,
whichlsTstillCaccessible[onthelinternet. [AsThas[beenfemarkedlintheldescription ofTthe
model,[the MIDIN modellfocuses bnlthesocioléconomiclaspects bflthedeltalandthe
hydrologylafTtheldeltalSystemlisfincludeda¥erysimple Wwayand Without[the [possibility [fo
calculate(thelhydrologicalSituationCoverfalhumberlofTyears. The ¢construction[ofTdams[at
upstreamlor downstream[sitesisincluded[inthe model,[butConlyalfew[scenario’s[are
possible,(basedlon[Which [water[levels aredetermined [through[¢alculationtules[Withoutla
real [éffort[fo Model The behaviour(6fTthe reservoirs inder(different[Gonditionsand operation
rules.Theatter/cannotbelincludedinthesimulation, WhichSeverely [restrict the possibilities
tomake future studies [0fichanges [in[thestructures(and(theiroperation.
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Forlthehydrological Cinflow, [the Cimodel Cimakes (useCofT threeChistorical [yearswhichCare
considered[representative:

1993=21994:0) badflood[year
1994=21995:00 goodflood[year
199521996:00 averageflood[year

Ithsmotl¢learWhetherthese[yearslare[chosenlaccordingfold[dertain[probability [or Whether
they(simply function(dsanleéxampleofrelatively [dry land Wet years.

Thefime(step [0fTthe MIDIN model(is thesamelasfor RIBASIM (15[days),asbothodelslare
essentiallyalancemodels.[However, fromthe description0flthe MIDIN modelfitlbecomes
clear(thatthemodelis Mot(deally(dWater Balanceodel, butshouldHeldonsidered [ fypelof
‘behaviourmodel’,[.e.[t[producesthelexpected [butputlaccording [fo [preldefined [tules. [In
fact[tfsCdoubtful Whetherthe MIDIN modelldoesTeally taintainaWwater[balance ofTthe
regionlover/a/certain/period 0ffime. According o thedescriptionWatercan Belallocated [and
water Tevelsproduced Without[d[physical Telationshipfofheactuallavailability [6fTthe Water.
ThisGslllustrated by [the[freatmentlofTStorageland [corresponding [Water [levels[inthe [Inner
Delta. Tncaseoflstoragein the tipstreampart/ofithe Melta, fhundation(is supposedfodccurlin
theltotal [Deltalwith[theeéxception oflthe[BanilRiver[and[the[Upperland[Lower Djenné
regions.[Thelcalculationloflthe [Water[levelslin[the[Inner[Deltalis[ corrected [according[to
empirical formulas:

VOLUME OF UPSTREAM CORRECTION OF
STORAGE (*10° M°) CALCULATED
LEVELS
5 10%
10 30%
15 40%

Similar(dorrections(are@pplied fo fwo [Separately [distinguished Takes:

VOLUME OF UPSTREAM CORRECTION OF CALCULATED LEVELS
STORAGE [(*10°M?) Lac Debo Lac Faguibine
5 0.5m O
10 1.25im 0.38h
15 2.0m 1.250m

WLI] [Pelft[Hydraulics

Itlislevident/that[suchfixed fules[cannot[be ised in(all [Situations [dsthe[eéxact[Wwater[levelsin
eachocation[dependConlthe form oflthe floodwavelénteringthe Inner[Deltalandthe
interactionbetween [the Warious [lakes(and [their(onnections.
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In[Ssummaryfit/can beldoncludedthat the MIDIN modelfis¥ery[stronglinthelsocio[économic
aspectsoflthefotal System[oflthe TnnerDelta. These@spects/are Motlincludedinlthe RIBASIM
model, [(which[is[essentially ‘alhydrologic[Wwaterbalance odel,[and meed [fo be assessed by
othermeans 7ldgentson [thebasisofthe[outcomes [6f[the RIBASIM simulations. [Ontheother
hand(thebasis[of theTesults[ofTthe MIDIN model, thehydrology[ofTtheInner[DeltaWwith
especially theléxtension[ofthe inundationdreadand [the dorrespondingWwater [Tevels, [Seem(fo
bellackinglin[physicall¢orrectfreatment[oflthe Water[balance ofthefotal (fegion[ofTstudy.
ThisOmplies(that[thetesults ofTthelsocioléconomicmodule should[behandled Gvith[¢are.
Further(detailsionthe MIDIN modellaveBeengivenlin/Annex 3 [0fthe Tnception Report.
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8

Conclusion[and[Recommendations

Thefollowingdonclusions/dndfecommendations ¢an [be Thadelon(theHasisofTthe[dutcome
ofTthis(study.

Conclusions

themise [of satellite[images [in[¢combination (With [information[on the[Wwater levels[at[the
timethe[imagesare[anlexcellent[source fortheFdecipherment’[oflthe hydrological
system[ofTthe Inner Deltalwhichconsists[oflallargemumberloflinterconnectedlakes,
marshy (areasand/channels

theise[ofltime(Series[0flsuchimagesand Wwaterlevelsmakesit[possible(to[derive Water
levellareaVolumel relationships[ for[various zones[0fl the Inner[ DeltaWwith[sufficient
detail for @lreliable(simulation with d[water resources thodel 'suchas RIBASIM
calibration0fTthe Thodelishampered By [the Tack ofreliable flowdatainthe iipperbasin
oflthe Niger[Riverlin[Guinealandlack[oflinformation[on[Wwaterintakes[along[the tiver
andlin[theInnerDeltafitself

thesimulations With RIBASIM ofthe full Niger/IBani(system/down foGaolindicate(that
anlimplementation[ofmew [Meservoirs/atboth [Fomilonthe Niger[inGuinealdnd[Talo[én
theBanitiver Wwill ThavelalSmallimpactCon(thehydrology[ofltheInner[Delta.[Atlthe
dischargelstation “ofT Koryoumethe flow[is[only Cmarginally Caffected, SwithCasmall
decreaselinlthepeak [Valuesand[fotal WolumelandThardly fany ¢hange[infiming [df[the
floodWave

there(is(d(clearlimpact[oflthe mew Teservoirs in the [fiming 6fthe inundation[dflthe Inner
Delta,Wwith[aldelay[inthe order[ofltwo Wweeks.Therelis[alsmalllimpactfon[the final
extension[0fltheinundation(area’and Wolumefin the TnnerDeltalin[case[0finconditional
release/offwater/atitheSélingué/dam

in[caselit(is[dssumed (that/the[Sélingué [dam [will [try [fo maximize [power[generation [(firm
energy [condition), therefis[@Muchhigherimpact(onthe maximum/ihundated(areafinthe
Inner[Deltal{in[theCorder[of(10TT15% decrease) [comparedtolthelsituation Wwithout
Teservoirs

Recommendations

inlorder(folarrivelatldbetter founded [donclusion [Onthe impact[ofthe mew reservoirs/it[is
necessary[tolimprove[thelinformation on[thelinflow hydrographsand[on[the[ater
demand [/[intake by [0ther[waterusersboth[dlong[the Niger/Baniltivers(aswell@s(in(the
InnerDeltalitself

itfislalsotequired[foextend [themodelling[work fo[the [downstream[partofTthe Inner
Deltal((i.e.[passed (Diré, (including[the(lakes between Diré[dnd [Tombouctou)[in[order [fo
come [folabetterlassessment(oflthe hydrology [0flthe Tnner(Delta. [This(isleéssential [in[¢ase
theTossayeldam[islincluded (in [the[study

itislexpected that(the possiblelincreaselin water[demand [for [irrigationfequirementsof
the Office[duNiger[willThavelalmorelimportant[impactlonthehydrologyofthe Inner
Deltalthan(the Miew reservoirs
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o itlistecommendedfolextend thelpresent[studytolsimulationsoflScenarios[ofpossible
extensions(0flthelpresentwater[demand 0flthe @ fficeduNigerlintake(atMarkala

o atlthelsamelfimelitmayprovelinteresting[fo [Studythefeasibility [ofTsuchléxtensionsof
thelirrigatedarealofTthe [OfficeduNiger[by¢ompensating[thelincreased[water[demand
with[improvedoperation oflthe [eéxisting[Sélingué teservoirand/or[themewly[planned
reservoirs(dat[Fomiland(Talo.

e inforderfolstudy theléffectloflchanges in[the control(structuresonlthe Water quality [of
theNigerriver(system, [itay [prove Very iiseful o includelinlafuturestudy theconcept
ofTifraction[Galculations’, lile.fheStudy[0fTthe[Source[0flthe Water[in[@éachTocationlin[the
system.

e itlisCadvisable[tolincludelin[alfuturel study[the[ groundwater( storage.[ This can[be
combinedWith the“fraction(calculations’lin[order(fo find [the [percentage [of Water[in the
InnerDeltathatdomes from ‘groundwater ioutflow.

e anylnegativelimpactloflthehydrologyoflthe Inner[Delta,Suchlaspossibleldecreaselin
inundated[area,[ imay[ possibly [be[mitigated by[the implementation [ ofl the[ Tossaye
reservoir.[This[feservoir, [dlthough ([downstream (from[the [Delta, may (be [ised [fo (meetthe
minimum [flow fequirement(attheMali/Niger Border(at[Gao[and(dllowing(a mearly Zero
outflow(at[the[downstream(eéndofTthe InnerDeltal{dependinglon écological minimum
flowsland water(quality[aspects).

8—2 WL [Pelft[Hydraulics



Integrated[Water[Resources[Modelling[¢f[the[Upper Q3254 February,[2005

Niger[River{(Mali)

WLI] [Pelft[Hydraulics

9 References

BrunetMoret[Y.,[Chaperon[P., Lamagat[J.P.[&[M. Molinier[(1986): (Monographie duNiger. [Deux[Tomes.
Orstom, (Paris.

deNoray, M.1L.[(2003): DeltaInterieur [duFleuve NigerlauMali3[Quand Ta[CrueFaitlalLoi 1’ organisation
HumainelétTePartagedes Ressources(dans tineZoneinondable@fort/contraste. Vertigo 3 ILaRevuelén
Sciences(del'environnement, Vol 4, No 3, Décembre2003

Hassane['A.[(1999):InfluencedesCAménagements Hydrauliques et hydrolagricoles duNiger Supérieur[ sur
L’inondationdul DeltaIntérieur idu Niger[(Mali). [(IMémoire[de[ Fin[ld’études, Ecole[Nationale
d’ingénieurs, Bamako, Mali.

HassanelA.,[M.1[Kuper[&[D.[Orange: [Influenceldes[aménagementshydrauliqueset hydrolagricoles duINiger
Supérieur(sur(l’onde(delaCruelduDeltaIntérieur'du Niger[au Mali.

SoumaguelA. [(1995): Influence[duBarrage(de[Sélingué surleRégime Hydrologique[duNiger. Mémoire[deFin
d’études(présentélau/Centre[Agrhymet, Wiamey, Niger.






Integrated[Water[Resources[Modelling[¢f[the[Upper[INiger[River[({Mali) Q3254 February,[2005

A [Input[data[link[storage[hodes

node ID length(] | referencellevel relationship fromisatelliteimages factor
Kouakourou 16 15000 266.32 y=4338e0.0061™x 3.4
UpperiDiaka 73 100000 267.16 y=2210.4e0.0088™x 1.2
Lower(Diaka 12 50000 258.38 y[=463.07€0.0111*x 25
Mayo(Kotia 29 84000 260.12 y[=1833.9e0.0092x 2
Mopti 28 50000 260.12 y[=13006.6e0.0052*x 1.2
Bouna 15 70000 258.38 y=12599.6e0.0058™x 0.8
AkkallLakes 13 40000 258.38 y=10.2503x2(+[178.74x(+[11553 1.3
Southlof(Diré 14 175000 256.85 y=16636.3€0.0051™x 0.3
Kouakourou UpperDiaka Lower Diaka
Q H w Q H w Q H w
0.0 266.3 9832.8 0.0 267.2 265.2 0.0 258.4 231.5
23.9 266.3 10451.3 1.8 267.2 289.6 0.8 258.4 258.7
135.8 266.5 133394 11.2 267.6 411.9 5.0 258.6 403.3
320.7 266.6 18096.6 28.7 268.0 639.5 13.9 258.8 702.6
571.6 266.8 24550.3 55.9 268.4 992.9 29.3 259.0 1223.8
911.9 266.9 33305.5 98.2 268.8 1541.7 56.1 259.2 2131.8
2024.9 267.2 61296.6 273.5 269.7 3717.0 193.7 259.6 6468.7
4073.2 267.5 112812.1 696.1 270.5 8961.3 611.3 260.0 19628.4
7843.1 267.8 207623.0 1714.9 271.3 21604.7 1878.3 260.4 59559.5
14781.2 268.1 382115.8 4171.3 272.2 52086.7 5722.8 260.8 180724.9
27550.3 268.4 703257.9 10093.4 273.0 125575.8 17388.6 261.2 548384.0
51050.9 268.7 1294298.0 24371.0 273.8 302750.8 52786.6 261.6 1663994.0

WL[] DelftMHydraulics A-1|
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MayoKotia
Q H W
0.0 260.1 198.5
0.8 260.2 217.7
5.1 260.4 314.5
13.2 260.6 498.2
26.1 260.9 789.2
46.5 261.1 1250.2
134.2 261.6 3137.0
354.4 2621 7871.7
906.9 262.6 19752.4
2293.2 263.1 49564.4
5771.9 263.6 124371.6
14501.1 264.1 312084.4
AkkallLakes
Q H W
0.0 258.4 3754.7
24.9 258.5 4343.8
162.8 258.8 6862.6
428.1 2591 10377.3
807.7 259.5 14298.6
1314.2 259.9 18626.7
2764.4 260.7 28503.2
4872.4 261.5 40006.5
7738.3 262.2 53136.9
11462.4 263.0 67894.1
16144.6 263.8 84278.4
21885.1 264.5 102289.5

Mopti
Q H W
0.0 260.1 721.6
4.9 260.2 760.1
27.6 260.5 935.8
63.4 261.0 1213.7
109.8 261.4 1574.1
170.1 261.8 2041.5
352.6 262.6 3433.9
659.6 263.5 5775.9
1176.0 264.3 9715.2
2044.5 265.1 16341.3
3505.5 266.0 27486.5
5962.8 266.8 46233.0
Southlof Diré
Q H W
0.0 256.9 113.8
3.1 257.2 119.7
17.3 258.5 146.8
39.7 260.2 189.5
68.7 261.9 244.5
106.0 263.5 315.5
218.1 266.9 525.4
404.8 270.2 874.9
715.8 273.5 1457.0
1233.5 276.9 2426.3
2095.8 280.2 4040.6
3531.7 283.5 6728.7

WL[] [Pelft[Hydraulics

Bouna
Q H W

0.0 258.4 297 1

3.1 258.5 314.8
17.3 259.0 397.0
40.5 259.6 530.6
71.5 260.3 709.1
112.9 260.9 947.7
244 .9 262.1 1692.7
480.7 263.4 3023.2
901.8 264.6 5399.5
1654.0 265.9 9643.7
2997.4 267.1 17224.0
5396.7 268.4 30762.7
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B [Hydrological[$tations

Hydrological Stations Guinee

OHRADC
GMNOT7S
SMO001
GMNO17E
GMNOT7F7
EMO00Z
EMO003
EMO004
SMO00S
GMO013
SMOO014
GMNOD16

G007
GMO01S
GMOD20
SMOO014
GMNOD1E
EMO01TF
EMO0ZY
EMO0Z2E
SMO030
GO0
GMOD32
GMO034
EMO035
EMO03E
GMO037
GMO043

GrOD44
EMO045
EM0045
G004
SMO05Z2
SMODSY
GMODSS
EMO0G0
EMO0GT
EMO0EZ
SGMO0GES
GMOO7O
SMOD72
GMNOO7T3
GMNO07TS
G007
MO0
GMO0S2
SMODS4
GMNODSE
EMO0ST
EMO03EE
G003
GMO0S3
GMO025
GMNOD32E
GMODSY
EM009Y
EMO7E
GMO105
GrO109
SO0
GrNOT12
G013
G014
G016
GMO120
SMO122
GMNO123
G025
G026
G028
GMNO129
GMO133
SMO147
GMOT4S
EM0T45
EMO150
GMO152
GMO155
SMO159
GMNO1E2
G017
EMO1EE
GrNOTEY
G070
GMO174

HYDROMS
1171200105
1171200205
1171200206
1171200207
1171201805
1171202105
1171202605
1171500110
1171500115
1171500120
1171500130

11715015810
1171501512
1171501524
1171500120
1171500130
1171501510
1171501710
1171501805
1171501507
1171501505
1171501810
1171502005
1171502006
1171502007
1171502105
1171502405

1171502406
1171502602
1171502607
11715025810
11715025805
1171503506
1171503505
11715035809
1171503605
1171503705
1172600120
1172600125
1172601515
1172601519
1172602006
1172605005
1173200430
1173500110
1173700105
1173702010
1173702015
1173702750
1174000103
1174400115
11744015921
1174500105
1174500106
1174500130
1174500141
1178000102
11750001035
1175000105
1178000105
1178000102
1178000110
1178000112
1175001201
1178002206
1178002207
1178004002
1178004003
1178004203
11758004905
1175006310
1175400170
1178501913
1178501921
11785040145
11755045145
11765001135
1176501610
117E5037 16
1178503717
11768504012
117ES06505
1177500150
1178001505

Mom de |a station
Kounsi
Mianou
Téliré

MN'Dossa
Koulountou
Cundou Bac

Matakaou

Dialakoro

Faranah
Kouroussa

Tiguibéry
Serekoraba

Mouveau

Dialoua
Sérékoraba

Balan

Kankan

Férouané
Kaongankaoro

Baro

“arakoura
Sansambaya
Kissidougou

Mandiana
Maorissanako
Sanankoro

Koundiana-koura

Sansambaya

Arnant-
sansambaya

Dabola

Fifa

Tinkisso
Koundehaoun
Baranama
Folédougou
Diamaradou

Kodiana

Sheleba
FPont Km 17
Sokotoro 2

Salouma

Téliko
Eeéhélé
Douréko
Mimba
Cogon Bac

Bac Diani
Kérémenzou

Kaliplita

Sérédou

Bindan

Kromaya

Farela

Badera
Madina Oula

Tassin
Font Kolente
Yekemato

Friguia Pompage

Faont Télimélé
Garafiri
Font De Linsan
Kaleta Bac
Kaleta Crique
Bac De Badi
Kondonboufou
Kaba

Diiawla

Mianso

Diambata

Font De Pellel

Kellico

Yalenzou
Gueckédou

Mongoa

Mongoa

Gueckédougou

Gaoual

Gaoual
Komba Bac
Komba Pont

Kaomba
Bantala Bac

Tan,ne

Fandié

Riviere
Gambie
Dirmrna
Dirmrna
Litti
Foulountou
Cundou
Silame
Miger
Miger
Miger
Miger

Mafou
Mafou
Mafou
kdilo
kdilo
kdila
Mila
Miandan
Miandan
Miandan
Miandan
Sankarani
Sankarani
Sankarani
Sankarani
Balé

Balé
Tinkisso
Tinkisso
Tinkisso

Balé

Dion

Dion

Diion

Kouragé
Ebébaon
Eafing
Bafing
Kiorma
Kioma

Téné
Samenta

Cavaly
Cogon

Diani

Culé

Culé

Ward

Fatala
Kaba
Mongo
Kaolenté
Kaolenté
Kaolenté
Kaolente
Konkouré
Kaonkouré
Faonkouré
Faonkouré
Faonkouré
Kankoure
Kankoure

Badi
Kakrima
Kakrima

Faokaoulo
Faokaoulo

Sala

Sala
Garamhbé

FAani

Makona
Makona
Mafissa
Cuaou
Torning
Kaoliba
Kormba
Kaomba
Duességuélé
Bantala
Tinguilinta
Killy

Bassin
Sambie
Sarnhie
Sarnbie
Garnbie
Garnbie
Garmbie
Sambie

Miger
Miger
Miger
Miger

Miger
Miger
Miger
Miger
Miger
Miger
Miger
Miger
Miger
Miger
Miger
Miger
Miger
Miger
Miger
Miger

Miger
Miger
Miger
Miger
Miger
Miger
Miger
Miger
Miger
Miger
Bafing
Bafing
Bafing
Bafing
Bafing
Bafing
Cavaly
Cogon
Diani
Diani
Diiani
Diani
Fatala
Kaba
kaha
Kaolenté
Kaolenté
Haolenté
Kaolente
Konkoure
Konkouré
Kaonkouré
Kaonkouré
Kaonkouré
Kaonkoure
Kaonkoure
Konkouré
Kaonkouré
Kaonkouré
Kaonkouré
Kaonkouré
Kaonkoure
Konkoure
Konkouré
FAani
Makona
Makona
Makaona
kMakona
Tarning
Tarming
Tarming
Tarming
Tarming
Toming
Tinguilinta
Killy

Altitude
en [m)

517
417

355
337

351
510
416

478
354

369

10

154
267

44
272

228

Surf
bassin en
Km=
a015
77E
127
136
2538
1415
380
71 000
3180
18 000
70 000

3705
9030
9 900
1695
1 000
12 8600

1 260
21 800

1 260
B 400

590

15

775
360
3470
225
244
2845
4 095
1029
2782
19,4
5107
1125
B71
2747
1 455
B 602
541
16 230

10 250
2 480
385
10 336
11 3380
3240
S 500
2730
401
2260

284
a0
179
29680
4G
1 494
2280
33458
9749
2027
2027
820
1 565
153
240
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°
C [DPetails[of[the[model[input
Inflow[$eries[RIBASIM[imodel

Inflows6f'Sélingué reservoir

Sélingué
ma3/s 1 2 3 4 5 6 7 8 9 10 11 12
1980 986 60.4| 39.9 19.6] 39.8/ 68.0] 57.5| 424.0] 1100.0] 565.0] 275.0] 151.0
1981 46.3] 27.0 17.3 11.0 42.7[ 89.3] 314.5| 824.5| 1003.8] 651.8] 236.3] 90.3
1982 41.8] 39.1 36.2| 56.9] 78.7| 142.3| 269.2| 620.4| 1083.6] 534.8] 227.4 93.0
1983 44.7| 424| 337 419] 53.3|] 137.9| 232.1| 614.5| 691.9] 4085| 128.8] 54.6
1984 356| 28.7] 37.8] 38.1 53.8] 76.0] 118.8] 448.0] 612.5| 374.8] 110.9] 45.2
1985| 26.5| 244 33.00 36.5] 46.2] 59.1| 182.7| 746.9| 1082.6] 596.3| 161.8] 47.2
1986] 27.6] 30.2 344 522 59.3] 68.3] 91.0] 367.7| 906.0] 451.2| 184.9] 385
1987] 34.9] 63.4| 26.9| 37.5] 47.8] 52.8] 92.0] 335.0] 608.7| 414.6] 143.1 25.9
1988 30.6] 53.9 19.7] 21.8] 34.6| 51.1] 119.0] 350.2] 656.0] 303.7] 50.6] 20.5
1989 457 31.0] 26.9| 36.1 443 38.4| 949| 422.2| 606.3] 355.4| 99.3] 335
1990] 23.0] 426] 29.2] 28.0] 86.9] 88.6] 213.2| 609.1| 634.9] 423.0] 134.3] 40.1
1991 37.3] 519| 28.3| 26.4 56.2] 80.4] 249.5| 651.4] 778.9] 490.9| 210.5| 735
1992 31.2| 589| 52.3| 25.7] 47.7] 91.2| 207.9] 566.9] 1106.9] 522.3| 167.0 79.0
1993] 26.5| 45.1 69.1 37.3 70.3] 78.9] 138.5] 485.6] 864.9] 544.5| 196.8] 81.0
1994 271 46.4| 67.0] 26.3] 61.1 97.7] 222.0] 419.1] 1004.3| 1145.2| 676.7| 191.1
1995 81.8] 86.4] 476| 51.1 68.7] 69.7] 78.5| 701.7| 1135.1] 859.9] 267.1 82.1
1996] 81.2| 741 711 7201 94.4| 77.2| 88.5| 4329 913.6] 711.9| 216.4 77.3
19971 51.2| 614 59.4] 48.2 76.2] 97.7] 266.9] 687.0f 1191.3] 631.0| 211.0] 87.3
1998 54.3] 53.0 71.8] 47.2] 69.3] 110.2[ 233.7| 1021.8| 1216.1] 992.5| 264.7] 98.0
1999 64.5| 727 69.9| 76.2 77.3] 36.1] 118.6] 429.6| 1094.0] 764.5| 297.4] 97.8
2000/ 83.3] 426] 68.3] 50.3 77.2] 154.3] 209.4] 679.8] 972.4| 768.3] 287.0] 104.0
2001 53.9] 38.8 51.00] 75.7] 66.2] 95.0] 237.0] 735.5| 2369.5| 787.0] 251.5| 113.0

Inflows[0f[Fomi reservoir fromNiandan

Niandan
m3/s 1 2 3 4 5 6 7 8 9 10 11 12
1980 62.3 36.2 20.4 9.4 13.7 35.9] 108.3] 546.7] 947.1] 396.9] 297.7] 148.0
1981 49.4| 28.8 18.5 11.8] 45.6] 95.4| 336.0] 880.9] 1072.4| 696.4] 252.4] 96.4
1982 38.6 20.9 11.3 8.4 28.0] 107.2] 257.3] 581.5|] 842.6| 539.7| 265.7 82.5
1983 33.5 18.7 11.4 6.1 8.9 83.6] 238.9] 543.2] 877.4| 598.9] 188.7 74.9
1984 29.9 13.5 5.0 2.9 14.4 41.8] 180.7] 619.8] 564.1| 494.4| 155.6 58.1
1985 23.1 9.9 3.4 2.1 2.5 6.7] 161.9] 696.4] 1041.1| 685.9| 177.6 59.9
1986 214 8.3 2.3 1.4 2.6 10.0| 79.0] 445.7| 981.9| 633.7| 226.0 67.2
1987 25.5 11.1 2.5 1.0 1.8 64.8] 159.8] 497.9] 759.1] 731.2] 252.1 78.3
1988 28.3 11.7 3.6 1.6 1.1 10.6] 114.9] 567.5] 1009.7| 431.8| 148.7 48.1
1989 18.2 7.8 3.5 2.3 2.5 19.6/ 80.8] 383.0] 748.6] 602.4| 183.8] 73.8
1990 26.0 9.6 3.2 1.4 9.5 21.8] 134.4] 515.3] 783.4| 543.2 199.2 73.8
1991 27.8 9.6 3.7 2.3 3.00 24.9| 1455| 501.4| 724.2| 605.8] 250.0] 81.1
1992 31.7 14.3 4.8 1.7 2.8 38.6] 192.2| 473.5] 779.9] 511.8] 204.0 71.7
1993 27.3 11.6 6.5 3.9 6.7| 26.2] 104.1] 536.2] 675.5| 536.2| 284.8] 102.7
1994 37.6 15.5 7.9 3.8 4.8 77.6|] 252.4| 679.0] 1424.1] 1319.6] 797.4] 192.2
1995 78.0 35.2 16.8 15.6 22.0 48.7] 149.4| 828.7] 1518.1| 1239.6] 435.2| 141.7
1996| 64.1 39.0 16.4 10.9] 215 59.5| 179.3| 647.6] 1239.6{ 1058.5| 372.6] 114.6
1997 49.8 24 .4 9.9 5.3 13.9 61.6] 244.8] 543.2] 1062.0| 814.8| 348.2 117.7
1998| 48.4| 225 12.3 5.2 94| 67.5] 207.9] 807.8] 1173.4| 1058.5] 317.5] 98.9
1999 42.5 16.5 43.6 17.9 4.3 15.3] 127.1] 480.5] 1229.1] 1068.9] 194.6] 504.9
2000 69.3 31.9 14.8 9.1 18.0 82.5| 227.7| 623.3] 1086.4] 1149.0] 487.5] 156.0
2001 64.1 26.0 13.4 9.1 12.8| 25.8| 254.5| 877.4] 1535.5| 846.1| 317.2| 161.6

WLI] [Pelft[Hydraulics




February,[2005

Q3254

Integrated[Water[Resources[Modelling[¢f[the[Upper

Niger[River[(Mali)

Inflowsof Niger fributaries ipstream[ofBanankoro, €xclusive Wiandan

Niger
m3/s 1 2 3 4 5 6 7 8 9 10 11 12
1980 116.7 67.8 38.3 17.5 25.7 67.1] 202.7| 1023.3] 1772.9] 743.1| 557.3| 277.0
1981 92.6 53.9 34.6 22.1 85.4] 178.6] 629.0] 1649.1| 2007.6] 1303.6f 472.6] 180.6
1982 72.4 39.0 21.2 15.7 52.3] 200.8| 481.7| 1088.5| 1577.4] 1010.3| 497.3| 154.5
1983 62.6 34.9 21.2 11.5 16.7] 156.4| 447.1] 1016.8]| 1642.6] 1121.1| 353.3] 140.1
1984 56.0 254 9.3 54 27.0 78.2] 338.3] 1160.2|] 1055.9] 925.6] 291.4| 108.9
1985 43.2 18.5 6.3 3.9 4.8 12.4] 303.1| 1303.6] 1948.9] 1284.1| 332.4| 1121
1986 40.0 15.4 4.3 2.5 4.8 18.8] 148.0] 834.3] 1838.1] 1186.3| 423.0] 125.8
1987 47.8 20.7 4.8 2.0 3.3] 121.2] 299.2] 932.1] 1420.9] 1368.8| 471.9| 146.7
1988 53.1 22.0 6.6 3.0 2.2 19.7] 215.1| 1062.5] 1890.3] 808.2| 278.3 89.9
1989 34.0 14.6 6.5 4.3 4.8 36.6] 151.2| 717.0| 1401.4] 1127.6] 344.2| 138.2
1990 48.8 18.1 5.9 2.7 17.8 40.7] 251.6| 964.7] 1466.6] 1016.8] 372.8] 138.2
1991 52.0 17.9 7.0 4.3 5.6 46.5| 272.5| 938.6] 1355.8| 1134.2| 468.0 151.9
1992 59.3 26.9 9.1 3.3 5.3 72.4] 359.8| 886.5| 1460.1] 958.2| 382.0] 134.3
1993 51.2 21.6 12.3 7.4 12.4 49.01 194.9| 1003.8] 1264.5| 1003.8] 533.2| 192.3
1994 70.4 29.0 14.8 7.0 9.1] 145.4| 472.6| 1271.0] 2665.9] 2470.4| 1492.6] 359.8
1995| 146.0 65.8 315 29.1 41.3 91.3| 279.6| 1551.3] 2841.9]| 2320.4| 814.8| 265.3
1996 119.9 73.0 30.7 20.5 40.3] 111.5] 335.7| 1212.4]| 2320.4|] 1981.5| 697.4| 214.4
1997 93.2 45.6 18.6 10.0 26.0] 115.4| 458.2] 1016.8] 1988.0] 1525.2| 651.8] 220.3
1998 90.6 421 23.0 9.6 17.5] 126.5] 389.1] 1512.2| 2196.6| 1981.5| 594.5| 185.1
1999 79.5 31.0 81.5 33.5 8.0 28.5| 237.9] 899.5]| 2300.9] 2001.1| 364.4] 945.1
2000| 129.7 59.6 27.8 16.9 33.7] 154.5| 426.3] 1166.7| 2033.6] 2151.0f 912.5] 292.0
2001| 119.9 48.6 25.0 16.9 24.0 48.2| 476.5| 1642.6] 2874.5| 1583.9] 593.8] 302.4

Inflowsdf(Talo[reservoir from Baniriver

Bani
m3/s 1 2 3 4 5 6 7 8 9 10 1 12
1980 37.4 17.2 6.4 2.4 2.7 18.2 50.9] 341.6] 896.0] 491.2| 145.6 58.0
1981 33.8 20.7 54 1.9 11.4 16.9 69.7] 638.4] 1136.0] 658.4| 1824 67.8
1982 30.4 14.3 55 2.8 5.8 29.0 67.1] 295.2| 601.6] 332.8] 140.0 56.0
1983 23.3 8.4 2.9 1.3 2.9 16.7 379 112.0f 231.2] 191.2 53.8 18.3
1984 5.8 2.1 0.7 0.2 0.0 43.4 19.4 80.0] 203.2| 230.4 67.4 19.5
1985 5.9 1.8 0.6 0.1 0.0 6.4 84.0] 249.6] 527.2] 412.8] 104.0 32.4
1986 8.7 3.0 1.0 0.3 0.2 1.7 491 174.4| 472.8] 312.8 91.2 30.3
1987 8.6 3.1 1.0 0.2 0.0 6.6 17.8] 120.8] 268.8] 270.4 91.2 23.5
1988 5.6 2.2 0.7 0.2 0.0 50| 136.8] 403.2] 952.0] 645.6] 179.2 49.9
1989 16.1 6.8 2.8 1.0 0.4 1.1 28.6] 300.0f 808.0] 459.2| 120.0 37.2
1990 13.2 5.8 1.6 0.4 0.1 2.6] 100.0] 512.8] 441.6] 303.2 94 .4 34.6
1991 11.2 3.3 0.8 0.2 0.1 32.7 48.3| 433.6] 699.2] 396.0] 179.2 60.5
1992 26.0 10.9 2.9 0.8 0.4 23.2 47.5] 180.8] 563.2] 362.4| 120.8 46.6
1993 18.0 6.2 1.4 0.4 0.1 0.2 75.8] 184.01 551.2| 336.0] 1184 44.8
1994 19.1 6.0 1.3 0.3 0.2 19.8] 101.6] 736.8| 1176.0] 1288.0| 872.0] 264.8
1995 76.4 41.0 19.1 8.2 8.8 32.2 419| 362.4| 713.6] 656.8] 2824 87.2
1996 38.6 14.7 4.2 1.4 1.0 27.8 51.2] 410.4| 654.4] 536.0] 1904 63.7
1997 27.0 7.7 1.7 0.6 5.0 33.3 67.8] 404.0] 793.6] 456.0] 167.2 61.0
1998 25.0 7.4 3.4 5.4 14.2 61.6 82.4| 645.6] 1248.0|] 1200.0| 446.4 96.8
1999 44.6 17.6 46.3 19.0 4.6 8.4| 122.4] 1040.0|] 1696.0] 1272.0| 524.8| 164.8
2000 69.7 38.9 14.1 4.6 2.7 29.0 94.4] 653.6 1008.0] 764.8] 337.6] 108.0
2001 50.2 20.1 5.6 1.4 0.7 10.2] 158.4] 493.6] 928.0] 628.8] 176.8 66.0

WL [Pelft[Hydraulics



Integrated[Water[Resources[Modelling[¢f[the[Upper

Niger[River{(Mali)

Q3254

February,[2005

Inflowsdownstream(ofTalo reservoir

Bani/downstream Talo

m3/s 1 2 3 4 5 6 7 8 9 10 11 12
1980 9.3 4.3 1.6 0.6 0.7 4.6 12.7] 85.4| 224.0| 122.8| 36.4 14.5
1981 8.5 5.2 1.4 0.5 2.9 4.2 17.4] 159.6] 284.0| 164.6] 45.6 17.0
1982 7.6 3.6 1.4 0.7 1.5 7.3 16.8] 73.8] 150.4 83.2] 35.0 14.0
1983 5.8 2.1 0.7 0.3 0.7 4.2 9.5] 28.0 57.8] 478 135 4.6
1984 1.5 0.5 0.2 0.1 0.0 10.8 4.8 20.0 50.8 57.6 16.9 4.9
1985 1.5 0.5 0.2 0.0 0.0 16| 21.0] 624] 131.8] 103.2 26.0 8.1
1986 2.2 0.7 0.3 0.1 0.1 2.9 12.3] 43.6] 118.2 78.2| 228 7.6
1987 2.2 0.8 0.2 0.1 0.0 1.7 45| 302 672] 67.6] 228 5.9
1988 1.4 0.6 0.2 0.0 0.0 1.3 34.2] 100.8] 238.0] 161.4| 44.8 12.5
1989 4.0 1.7 0.7 0.2 0.1 0.3 7.2 75.0] 202.0] 114.8] 30.0 9.3
1990 3.3 1.5 0.4 0.1 0.0 0.6 25.0f 128.2] 1104 75.8] 23.6 8.7
1991 2.8 0.8 0.2 0.1 0.0 8.2 12.1] 108.4| 174.8 99.0] 4438 151
1992 6.5 2.7 0.7 0.2 0.1 5.8 11.9] 45.2| 140.8 90.6] 30.2 11.6
1993 4.5 1.5 0.4 0.1 0.0 0.0 18.9] 46.0] 137.8 84.0] 29.6 11.2
1994 4.8 1.5 0.3 0.1 0.0 5.0] 254| 184.2 294.0]1 322.0] 218.0] 66.2
1995 19.1 10.3 4.8 2.0 2.2 8.0 10.5] 90.6] 178.4] 164.2 70.6] 218
1996 9.7 3.7 1.1 0.3 0.2 7.0 12.8] 102.6] 163.6] 134.01 47.6 15.9
1997 6.7 1.9 0.4 0.2 1.3 8.3 17.0] 101.0] 198.4[ 114.0] 418 15.2
1998 6.3 1.8 0.9 1.4 3.5 15.4| 20.6] 161.4f 312.0] 300.0] 111.6] 24.2
1999 11.2 4.4 11.6 4.8 1.1 2.1 30.6] 260.0] 424.0] 318.0f 131.2] 41.2
2000 17.4 9.7 3.5 1.1 0.7 7.3 23.6] 163.4] 252.0] 191.2 84.4] 27.0
2001 12.6 5.0 1.4 0.3 0.2 2.6 39.6] 123.4] 232.0) 157.2| 44.2 16.5

Reservoir[Characteristics

Sélingué reservoir((existing)

Level(m) Areal(ha) Volume (Mm®)
338.0 0 0.00
341.0 11000 83.60
342.0 13200 203.72
343.0 16500 360.38
344.0 20100 546.52
345.0 25000 762.00
346.0 30000 1049.00
347.0 34000 1383.41
348.0 39000 1670.95
349.0 45000 2135.40

Fomi Heservoir (planned)

Level(m) Areal(ha) Volume (Mm®)
351.0 0 0.00
360.0 10000 1000.00
370.0 20000 1800.00
380.0 45000 2460.00
390.5 50700 6160.00

WLI] [Pelft[Hydraulics

Fullreservoirlevel =#349.00
DeadIstorage(level [(lowest(gatelevel)
=+338.5m
Initiallevel atstart/ofiSimulation
=4349h

Fullreservoirlevel =+#390.5m
Dead/storage(level [(lowest[gatelevel)
=+380mm
Initial Tevel at(startoflsimulation
=390



February,[2005

Q3254 Integrated[Water[Resources[Modelling[¢f[the[Upper
Niger[River[(Mali)

Talo [eservoir((planned)

Level (m) Areal(ha) Volume (Mm"®) Fullreservoirlevel =+274.3m
Deadstorage(level [(lowest[gatedevel)
268.3 0 0.00
269.3 2000 20.00 :&.269% . .
2703 3000 50.00 Initial level lat(start(ofiSimulation
' ' =[{#274m
271.3 3500 78.00
272.3 4000 108.00
2733 4500 138.00
274.3 5000 175.60

Evaporation,[precipitation[@and[het[évaporation[from[the[teservoirs

Month | Evaporation | Precipitation | Netlevaporation Totallannuallevaporation
(mm/day) (mm/day (mm/day) 1932 mm
Jan 6.3 0.0 6.3 S
Feb 71 00 71 Totallannualprecipitation
Mar 72 0.1 72 1009 mm
Apr 6.4 0.7 5.8
May 53 18 35 Total @n?ual met
Jun 4.0 44 04 evaporation
Jul 33 74 a1 19320009 =923 thm
Aug 3.4 9.6 6.3
Sep 4.1 6.6 25
Oct 5.1 2.1 2.9
Nov 5.7 0.2 5.5
Dec 5.8 0.0 5.8

Hydropower[generation[{more[details[in[Annex[D)

Sélingué[powerplant((existing)

Nethead Power(capacity
(m) (MW)
0 0
8 26.0
14 43.0
16 47.6
18 47.6

Max. [Gapacity(at[full head =4 %([11.9=147.6 MW
Intakelevel =[#339mm

Taill[race[level (=331 [m[(assumed[tolapply[forlall
turbineldischarges)

Generating [ efficiencylis[assumed[tobe[ 85 % [forl all
heads(includingead dbsses)

WL [Pelft[Hydraulics



Integrated[Water[Resources[Modelling[¢f[the[Upper

Niger[River{(Mali)

Q3254 February,[2005

Fomilpower plant/(planned)

Nethead Power [capacity
(m) (MW)
0 0
17.0 53.5
18.6 58.5
20.6 64.8
22.6 71.1
24.6 77.4
26.6 83.7
28.6 90.0
Irrigation

Périmétre(Sélingué

Max.Gapacityatfull iead =90 MW

IntakeTevel MM ==380.4 m

Tailmacelevel (13-363.4 M (assumed foapplyforlall
turbineldischarges)
Generating[efficiencyis[assumed[tobel85 % Torlall
heads[(includingheaddbsses)

Month[| Area Waterdemand Irrigation Water/demand
efficiency to(river
(ha) (mm/day) (%) (m3/s)

Jan 1500 5.8 50 2.0
Feb 1500 7.2 50 2.5
Mar 1500 7.2 50 2.5
Apr 1500 7.2 50 2.5
May 1500 4.3 50 1.5
Jun 1500 2.9 50 1.0
Jul 1500 2.9 50 1.0
Aug 1500 4.3 50 1.5
Sep 1500 5.8 50 2.0
Oct 1500 5.8 50 2.0
Nov 1500 4.3 50 1.5
Dec 1500 2.9 50 1.0

WLI] [Pelft[Hydraulics

Thelsurfacewater[deturn [flow [from thepérimetre[Sélinguéisfassumed o be 30 % [dflthe
abstraction from(the[Sélinguéreservoir.



February,[2005 Q3254 Integrated[Water[Resources[Modelling[¢f[the[Upper
Niger{River{{Mali)
Périmetre(OfficelduNiger
Month[| Area Water(demand Irrigation Water demand
efficiency tolriver
(ha) (mm/day) (%) (m’/s)
Jan 15000 17.3 50 60.0
Feb 15000 20.2 50 70.0
Mar 15000 23.0 50 80.0
Apr 15000 23.0 50 80.0
May 60000 7.2 50 100.0
Jun 60000 7.2 50 100.0
Jul 60000 8.6 50 120.0
Aug 60000 8.6 50 120.0
Sep 60000 9.4 50 130.0
Oct 60000 9.4 50 130.0
Nov 60000 7.9 50 110.0
Dec 60000 7.2 50 100.0

The $urfacewaterfeturn [flow [fromthe [Office[duNigeris assumedtobe10 % 0fTthe
abstraction [Vialthelinlet from[the MarkalaWweir. [ The (mm/day [demands[in[JanTTApriseem
highandprobablymeed Correction (or thelareas(c.q. Water demands meed[Some[dorrection).

PérimeétreBaguinéda
Month[| Area Water(demand Irrigation Water demand
efficiency tolriver
(ha) (mm/day) (%) (m%/s)
Jan 2500 10.4 50 6.0
Feb 2500 10.4 50 6.0
Mar 2500 10.4 50 6.0
Apr 2500 10.4 50 6.0
May 2500 10.4 50 6.0
Jun 3500 11.1 50 9.0
Jul 3500 11.1 50 9.0
Aug 3500 11.1 50 9.0
Sep 3500 11.1 50 9.0
Oct 3500 11.1 50 9.0
Nov 3500 11.1 50 9.0
Dec 3500 11.1 50 9.0

ThelsurfaceWwater [teturn [flow [from the Périmetre Baguinédalisdssumed o be 30 % ofTthe
abstraction from[the(diversion(@t/Sotuba.

WL [Pelft[Hydraulics



Integrated[Water[Resources[Modelling[¢f[the[Upper Q3254 February,[2005
Niger[River({Mali)
Périmétre Talo
Month[| Area Water demand Irrigation Waterdemand
efficiency toriver
(ha) (mm/day) (%) (m’/s)
Jan 0 0.0 50 0.0
Feb 0 0.0 50 0.0
Mar 0 0.0 50 0.0
Apr 0 0.0 50 0.0
May 0 0.0 50 0.0
Jun 0 0.0 50 0.0
Jul 0 0.0 50 0.0
Aug’ 20320 10.6 50 50.0
Sep 20320 10.6 50 50.0
Oct 20320 10.6 50 50.0
Nov 20320 10.6 50 50.0
Dec 0 0.0 50 0.0

TheTeturn flow From thepérimetre Talolislassumed o Be 30 %o [dfTthelabstractionfromthe
diversion/ofTthe(Talo.

Périmétre(Office du RizMopti

Month[| Area Water/demand Irrigation Water/demand
efficiency to(river
(ha) (mm/day) (%) (m3/s)

Jan 0 0.0 50 0.0
Feb 0 0.0 50 0.0
Mar 0 0.0 50 0.0
Apr 0 0.0 50 0.0
May 0 0.0 50 0.0
Jun 0 0.0 50 0.0

Jul 0 0.0 50 0.0
Aug 30000 8.0 50 9.0
Sep 30000 8.0 50 9.0
Oct 30000 8.0 50 9.0
Nov 30000 8.0 50 9.0
Dec 0 0.0 50 0.0

Thelteturnflowfromthe [périmetre [Office[dulRizMoptilis‘assumedtobe[40 Y% [oflthe
abstraction from[the Moptillake.

I (Irrigationiat Talo Ustartsat 20/ August and énds at 20 November

WLI] [Pelft[Hydraulics



February,[2005 Q3254 Integrated[Water[Resources[Modelling[¢f[the[Upper
Niger{River{{Mali)
PérimétreDjenné
Month[| Area Water(demand Irrigation Water demand
efficiency tolriver
(ha) (mm/day) (%) (m’/s)
Jan 0 0.0 50 0.0
Feb 0 0.0 50 0.0
Mar 0 0.0 50 0.0
Apr 0 0.0 50 0.0
May 0 0.0 50 0.0
Jun 0 0.0 50 0.0
Jul 0 0.0 50 0.0
Aug’ 85000 10.6 50 208.6
Sep 85000 10.6 50 208.6
Oct 85000 10.6 50 208.6
Nov 85000 10.6 50 208.6
Dec 0 0.0 50 0.0

TheTeturn flow [from [the [périmétre Mjenné is[assumed To He40% [ofthe@bstractionfrom

Bani.

Périmetre Ségou (1

Month[| Area Water(demand Irrigation Water demand

efficiency tolriver
(ha) (mm/day) (%) (m%/s)

Jan 0 0.0 50 0.0
Feb 0 0.0 50 0.0
Mar 0 0.0 50 0.0
Apr 0 0.0 50 0.0
May 0 0.0 50 0.0
Jun 0 0.0 50 0.0
Jul 0 0.0 50 0.0
Aug 30000 7.0 50 48.6
Sep 30000 7.0 50 48.6
Oct 30000 7.0 50 48.6
Nov 30000 7.0 50 48.6
Dec 0 0.0 50 0.0

TheTeturn [flow from [the [périmetre[Ségoull [is[assumed[to e 30% [ofthe[dbstraction from

the Niger.

‘[Irrigationat Djenné|starts at' 25 Augustland\ends|at'1 December

WL [Pelft[Hydraulics



Integrated[Water[Resources[Modelling[¢f[the[Upper Q3254 February,[2005
Niger[River{{Mali)
Périmétre(Ségou (2
Month[| Area Water demand Irrigation Waterdemand
efficiency tolriver
(ha) (mm/day) (%) (m’/s)
Jan 0 0.0 50 0.0
Feb 0 0.0 50 0.0
Mar 0 0.0 50 0.0
Apr 0 0.0 50 0.0
May 0 0.0 50 0.0
Jun 0 0.0 50 0.0
Jul 0 0.0 50 0.0
Aug 30000 7.0 50 48.6
Sep 30000 7.0 50 48.6
Oct 30000 7.0 50 48.6
Nov 30000 7.0 50 48.6
Dec 0 0.0 50 0.0
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TheTeturn flow fromthe Périmetre[Ségou2isl@assumed ToHe30% [of Theabstraction from

theMNiger.
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D [Hydropower[generation[$elingue

DNHE provided(fime [Series[0fhydropower generation(at[SélinguéforJan 1982 MMJul2003.
Thisprovidesinsightlintotheactually[generated [énergy[compared with firm énergy and

theoretical power(dapacity.

Theffirstfigure below [showsfhe relationbetween thel@verage onthly furbine flowsandfhe
average[monthly(teservoirllevel.[Apparently [fhefurbines @perate ip folateservoirlevel [of
+349m, [althoughinSome[publicationsthe ormal haximum Water Tevel [0f(the Teservoirlis

stated [ds#348.5m.
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FigureD.1TS¢élingué: turbine flow Wersusreservoirlevel

Thelsecond(figure(shows(therelation between [the furbine[flows[dand [the (monthly[generated

energy.
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FigureD.2S¢lingué: @verage [furbine flow Wersusmonthly [generated energy.
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Theoretically [thelinstalled[capacity [6f747.6 MW couldproduce34.8[GWhperonthinder
theld¢ondition[that(all four [furbines(are[availableand[the[available head[is (maximum, [or[in
otherwords: theTeservoirfis full. [Thefigure[shows thatthe Mmaximum(generated [énergy Was
around 25 [(Gwh/month,Solaround 70 % [ofTthe theoretical (value.[TheSpecified firm[énergy
ofl18 MW corresponds [folabout 13 [(GWh/month. Tnlabout(50% (0fthe mhonthsthe firmeénergy
is[generated [Orléxceeded.

ThelastfigureshowstheTreservoirlevel versus/the monthly [generated(énergy.
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E [Courselin[the[application[6f[RIBASIM

InFebruary 2004 @Coursewas[given(datithe Officelof DNHE inBamakolin the@pplication(of
RIBASIM in[water[tesourcesmanagement. The[CourseWwas[given by Mr[Rob[Maatenof
WLIDelftHydraulicsland fook 3 [days. AlSummary[ofthe [Courselis[given[in[the following
Memo.

From[71ill[15 [February [2004 almission wasindertaken toMali, Cas[part[oflthe project
‘Integrated[WaterResources[Modelling[ofTthe UpperNiger[River[(Mali)’.[Thelaim[ofTthe
missionwasto[givepersonnel CofltheDiréction Nationale[de[1’Hydraulique[{DNHE)[in
Bamako@nfintroduction(and Tirstfraining[in [the ise0f[the[WL[TDelftHydraulics’[Software
package RIBASIM (RIver[BAsin SIMulation). RIBASIM willCbeluisedtoldeterminelthe
possiblelimpacts 6f'developmentsintheipstream part[ofthe Niger[on the Deltalntérieurof
thisfriver.

As[partloflthe Course, anlofficial (CDvith[the RIBASIM program[Wwas[given[to DNHE,
togetherWwith [threeHardcopiesofthe hanual.

Activities[per[day

Saturday (7 February 2004

Travelfo[Bamako WiaParis[with[Air[France. ArrivallatBamako[@t[20h30. TimeetIleo[Zwarts
of RIZA,wholis[dlsoin[the[plane, Wwho is[on[its Way [fo heetings with Wetlands International
in[Mopti.Welare both picked tip By WNavon[Cisséland theproject(driver. ILeo is[taken By [the
projectidriver,[dndNavon [Cissé bringsme [folthe KempinskiHotel, whichlis[¢losefo DNH
office.

Sunday 8 February2004
DiscoverBamakoland [preparemy [presentation [fo the DNH team.

Monday 9(February2004

Pickedip[by DNH car[for[first(visit[to DNH.[It[appears(that DNH is(at[only[10[minutes
walkingdistance [from the Hotel, [so [for [the Test0fithe week Mo [further [fransport mieeded.
Discussion[with[Navon[Cissélabout[the ‘projectland[my [programmefor(this[week.[Course
hours(setto[9+[12:30(and (14 [+16hours. Introduced[to[the DNH team[imembers[in[the
computertoom.[ Courtesy[Visit[to[Mr[Sidi[ Touré,[the [Cheflde(1alDivisionInventaire des
RessourcesHydrauliques.Installation[of RIBASIM (version[6.32)[on[fwo DNH computers.
Handover[of3 Sets[oflthe RIBASIM manuals (2 Wolumes).

Tuesday(10February 2004

Start/dffthe RIBASIM course.Four DNH staffimembersparticipate:
e MrNavon(Cissé

e  MrBréhimalCoulibaly

e  MrDounankéCoulibaly

e Mr(TambaKanouté

WLI] [Pelft[Hydraulics E—-1
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StartCwithCa[PowerPoint[presentation “on RIBASIM: Clintroduction,field Cof“application,
principles.

Thepresentationlis followedbylaldemonstration[of RIBASIM onlonepc{exampleNile
basin): How [fo (build[dMetwork, filllitWithihput(data, mhake(d[Simulationand(analyseresults.

Infthelafternoonthe DNH team/starts/éxercisingWith RIBASIM onfthe fwo DNH computers.

Wednesday (11 February 2004

Thelteam[starts[toconstructCa RIBASIM network "ofltheNiger[in[Mali, whichshould
compriselallThecessary[élements[0flthe basin:[Teservoirs,[irrigation‘areas, ‘minimum [flow
sections, "etc.Discussions on"how[to represent the reality withthestandardtoolsof
RIBASIM.

Thursday(12[February 2004

Refiningloflthe RIBASIM schematisation.[Concentrationon[thelinput’datameeded by each
elementlinlthe metwork [{reservoir[volumes, (rrigated areas, [flows,[étc). [Further[datafobe
sentlater(fo Delft.

Friday(13February 2004
Courtesy visit[fo Mr[Amadou[Guindo, Dirécteur mational [@djoint[0f DNH.
Make(the [FrenchMidinmodel [0flthe Melta Intérieuroperational [@tl@a DNHPC.

Fieldtripinthe Bamako region with Wavon[Cissé[and [ TambaKanouté:

e Prises/d’eauipstream0f(Bamako(north(bank), visit(fo the facilities With d[staffimember
ofMaliEnergie.

o  Weirlat[Sotuba, Bamako [(south[bank), inlet[to the[¢anal fothe itrigation [@reaBaguineda
(3000ha)andthe TunlofTiver hydroelectric[powerplant.[As[it[is [dry [Season mow, [the
river[danbelcrossed herelover(the dam [(which[is[Submerged(inthe WetlSeason). Visit[fo
theMorth(sideofithe weir(barrage Damandal1928).

Last[discussions[iin[the DNH office “withtheteam. Explanationonhow[to produce
hydrological fimelseries [for RIBASIM. Copy[ofTthemostdetailed RIBASIM schematisation
tothelother DNH pcland oy Taptop, for further’Gompletion ihDelft.

Saturday(14 February 2004
Further(discoverylofiBamako.Picked iparound2 1hbyMNavon CisséFor [fransfer fo[@irport.
DeparturefoPariswithl@bouthalflanfouridelay.

Sunday 15 February (2004

Arrivaldn[Parisat[6:30h[(on[time). Transfer[and arrival (in[Amsterdam[at[9.00h. (End[of
mission.
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F [Final[Course[RIBASIM[and[Integrated
Water[ResourcesManagement

From6[ill24[October2004 MrRob Maaten 0fTW L [IDelft Mydraulics tindertook [a[second
mission[foMali, dspart’ofTthe Project “Integrated Water[Resources Modelling [0fTthe Wpper
NigerRiver((Mali)’.[Theldim [6f(the missionWas:

o Tolgivelpersonnel(dfithe MirectionNationale(de (I’ Hydraulique (DNH) lin[Bamako [further
training[intheMise[of the[WL[J[Delft Hydraulics’[software[package RIBASIM (RIver
BAsin[JSIMulation).JRibasim wasJused Jto[ determineJthe I possible limpacts[]of
developments(in(the tipstreampart/ofitheNiger(on theDelta Tntérieur(ofthisriver.

e Toldiscuss thetesults[oflthelstudylasldescribedlin[Delft’sfinal [feport. [Commentsof
DNH, [theDutch[émbassyand [Wetland (International[are(still[welcome before Delft[will
produce the [final(eédition [6fTthe Teport.

o TolgivepresentationsJonJtheJstudyCresults Jand Jonintegrated Jwaterresources
management[in[general[fo DNH staftfloflthe[Bamako [office, [fo[tegionalstafflin[Ségou
andMopti,[and[folarepresentative[0f'Wetland International.

Activities[per[day

Saturday 16 October2004

Travel[to[Bamako Via[Paris [ with[Air[France. Arrival (at[Bamako[at[20h20.[Navon[Cissé
welcomes(melatthe(dirport. In(spite[0fhaving[taken(an [earlier flight AMSICDG myluggage
doesmotlappear(onthe belt.[Air France(says [thatlit Will [Surely [Gome Wwithfomorrow’s flight.

Sunday17October2004
Walking through(Bamakoand[preparing[things [forthe Hest ofthe (week.[At[19h[Air[France
informs|thatmy Tuggagelislin(this(day’s flight. A fter thidnight/it finally [arrives in [the Hotel.

Monday 18 Qctober2004

Discussion[WwithNavon[Cissé about[thelast developmentslin[theprojectlafterhis[Visit[fo
Delftlin[June,@andon iy [programme(for this Week. [t[is the firstweek [6f(Ramadan, Navon
warns(that[dttention[0f(the DNH stafflwill fall acklin thelafternoonhours. Ilgive Navon[a
copy [0flourfinalrfeportland ihvitelim [fo [give[comments Before We ake the final [edition.
After(this T continueWith [thelinstallation[6f RIBASIM [(iversion[6.33)[and [the TastVersion[0f
the[Niger[basin$chematisation[on[two DNH computers. Handover oflarhew$set[oflthe
RIBASIM manuals (2 Wolumes, mow [for[6.32 Wvith(an@addendum for(6.33).
InTFebruaryallCeffortwas[in[preparingalmetwork, mow 1lexplain[the DNH staff[(Navon
already (knows [from [hismission[foDelft) how [fo thake calculations @ndanalyse the Fesults.
Welmake fest runs folexplain How [prioritiesand Sourcesin RIBASIMI[dan(belapplied.
MrlAlMoustaphaFofanalattendsthewholelday. [Heis Werylinterested. Wnfortunately [for(the
restloflthe Weekhe[will[continue Withhis[durrent fask: theyearlydurrentmeasurementslin
the WpperNiger(to check therating/curves.

During(thethany [festruns MrCoulibaly becomes/aware thatyoushould work With[dlear fun
identifications/andmake(dlsoMotes[on[paper(to Keepfrack (0f“what[is in Wwhat[run’.
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Tuesday 19 October2004

Courtesy [wisit[to Mr[SidiTouré, the Cheflde1alDivision Inventaire[des[Ressources
Hydrauliques. JContinuation[Iwith[Jthe RIBASIM exercises.[JTwo DNH staffCJmembers
participate:

e MrNavon[Cissé

e  MrBréhimalCoulibaly

Twolimembers[oflthe Februarycourse dohot[participate 'how: Mr[Dounanké[Coulibaly
cannot[attend [becausehis[ father[has[died, Mr[Tambal Kanoutéhas[ other[tasks[at[this
moment.

More1uns With RIBASIM: [éxtension[0f[OfficeduNigersimulated, while[demanding[yes[or
noltoupstream [teservoirs.[Alsolexplanation[of RIBASIM’s CAT (Casel[Analysis[Tool)land
how [folexport RIBASIM [fesults[toExcel[(vialcsv[Ior[dbflfiles). Inthe afternoon Ilinstall the
last RIBASIM version[on(thetwo DNH laptops.

Wednesday20October2004

A DNH car(takes[me(tol[the[Dutch[embassy[for[almeeting[Wwith[Peter[de Vries[(Cheflde
Mission[Adjoint) [and[Jaap[van[der[Velden[(Premier[Sécrétaire, [DéveloppementRural). 1
explain(theresultsoflour(studydndhandover(the final report(to [de[Vries, With [a request(that
anylcomment/is Welcome(viallLeoZwarts[0f RIZA) Beforewe make the final [édition.
Backlat DNH Il¢ontinue[working[Wwith[Coulibaly and(Navonlon RIBASIM options: firm
energy, the different(outlets (0flareservoir,[and fuleGurves.

Thursday21 Qctober2004
From913hrithe GIRE course{GestionIntégréeldesRessourcesénEau). For[programme:
see/Annex (1. IListloflattendants(ds below:

1.MrNavon[Cissé, DNH, Bamako

2.MrModibilSidibe, Hydrologist DRHE in[Ségou

3.MrIbrahim'Sidibe, Hydrologist DRHE in Mopti

4. MrMoryDiallo, Wetland International [in Mopti [(I[give him el ft’s eport for MrKone)
5.MrN’TjieCoulibaly, Hydrologistlat DNH, Bamako

6. MrBréhimalCoulibaly, Hydrologistlat DNH, Bamako

7.Mr(TambaKanouté, Hydrologistiat DNH, Bamako

8.MriSeydouMaiga, Hydrogéologue, DNH, Bamako

Mr(Sidil[Touré, ChefldellalDivision Inventaire[des[Ressources Hydrauliquesopens[the
course. [The(firstpresentation[isheld by Mr[Housseini[AmadouMaiga, ¢chefldelalCellule
GIRE at DNH. [Helis thekey[personion GIRE at DNH and has frequent(dontacts With the[GWP
(GlobalWaterPartnership)land(thedonors. 'World[Bankdand CIDA (Canada)(seemfo [be[the
main[fundinglagencies for GIRE activities(in[Mali. Therelis(a[Codelde1’Eau[2002 [in Which
GIRE already(gotisomeplace.

Up(tillnow![ thelefforts/are concentrated [ on[ organisational [ aspects[ and[ the[process’.
MrMaigalgetstnany[questionsfrom DNH, [in[particularfrom(theltegion. Therelis allively
discussion. [Everybody lis[quitelinterested. This[continues|after my presentations. Apparently
thecourse lalsolserves @s(aplace forregionalland Bamako DNH to meet.

My [presentation[on RIBASIM is(alsolattended by Mr[Touré. It[seems/thathenowtealises
what RIBASIM islandwhatwelare[doing.
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Friday22October2004

From[9[+12thelsecondpart[ofTthe GIRE course.[Presentationofltheltesults oflthe mow
finished[Jstudy by 1 Delft.[IMy[Jsecond[JpresentationJtreats['the GIRE analytical Jand
computational [framework. Examples[ofl other RIBASIM [$tudies shownand shown[wvhat
otherDelft[softwarelis[ised[in GIRE studies: HYMOS, SOBEK.[Thelsession[énds[Wwithla
discussion(onitems(that’shouldgetlattentionlinlafollow p [ofTthe [Present(study [(see[Annex
atCendofTthis summary[for[thesuggestions). Thelgeohydrologiststrongly Cadvises[that
groundwatermustalso(getalplacethen.

AfterCalphotolistaken[ofl theparticipants, everybody[leavesforTRamadan[obligations,
departure(fo fheregion, [€tc.

Inftheafternooniget[a phone call from Jaap Wan[der VeldenofTthe Dutch[Embassy. Helisin
almeetingWith people from CDP and[Ecoryslon(theOfficelduNiger. [HeWwouldTike e fo
show Something [On(the Delftstudy. With[afaxillgo [fothe €mbassyand@xplainlsome Tesults
ofCTourstudy Cand [show[something[of RIBASIM.[Themain[subjectlof the meeting[is
institutional [@spects 0D ffNiger, [So Tldo Mot furtherparticipate(and [go back o The Hotel.

Saturday (23 Qctober 2004
LongGvalklin™Bamako.[Visit[the[Zoo[onthehill horth[ofTBamako. Prepare[thismission
report. Departure(to Parislat23:00with[AF791.

Sunday 24 October 2004

Arrivallin[Paris[at[6:30[(on[time). Transfer[and arrival in[Amsterdam[at[11:00h. Endlof
mission.

ramme [ﬂor1 [22Octobe

r_[2004

e

Gestion[Intégrée[dles[Ressources[én[Fau
Bamako,[21[22[6ctobre[2004

Programme

Jeudi

* GestionlIntégrée'des'Ressources’enEau:[Cas/duMali(Maiga)
* Présentationides principes/généraux/de(la’GIRE (Maaten)

* Lelogiciel RIBASIM(Maaten)

Vendredi

* RésultatsdeT’étudesurile/Nigerau'Maliravec/RIBASIM(Maaten)

« Cadre/d’analyse’etiinformatique,autresiprojetsietiiogiciel (Maaten)
* Suivildelalprésentelétudel....?(Désirs,.[recommandations,L.....
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Suggestions[pour[duivi(du[projet

+ Eaulsouterraine

* Modélisation plusidétaillée(del'irrigation(prendreen
comptellalpluie)

* Modélisation/dulsystémelinterne/de ’ON

e Qualité/del’eau

+ Prévision/des/crues, systémeld’alerte

* Hymos? Equipement/pourbackup

+ Languelfrancaise

* Hauteurs/d’eau/dansilesilacs/dudeltala’inclure/enRibasim
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