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INTRODUCTION

The report

Thisreporton thehydrologyof theKadunaBasin,Nigeria,was
commissionedby ParkmanConsultantsLimited,to formpartof a
pre-feasibilitystudyof theagriculturalpotentialof thearea.

Theaimsof thehydrologicalstudyhavebeento appraisethe
hydrologicalnetworkandrecordscollected,toreviewtheratingcurves
forriverflowgaugingstationsandthusthedischargerecordsandto
collateandanalysetherainfallrecords.Thispreliminaryanalysisis
thenusedina generalstudyof therunoffof theKadunaBasin,andin
relatingthemeanannualrunofftocatchmentcharacteristicslikearea,
slope,meanannualrainfallandlandtypesothatthemeanannualrunoff
at othersitescaninturnbe estimatedfromcatehmentcharacteristics.
Thevariabilityof theannualrunoffbetweenyearsandtheseasonal
variationof runoffarealsostudied.Recommendationsaremadeforthe
hydrometricnetworkrequiredforsubsequentinvestigations.

Chapter1 describesthesourcesofdatausedduringtheinvestigation.
TherainfalldataareassessedandanalysedinChapter2,whileChapter3
andAppendixaredevotedto a reviewof theavailablerunoffdata. The
processedrunoffdataarethenusedtoproducetherequiredregression
relationshipsinChapter4.

Waysof improvingtheexistinghydrologicaldatacollection
proceduresaresuggestedinChapterS. Studyof theavailablehydrological
recordshashighlightedtheveryrealneedformoreattentionto be paid
to thecollectionof thebasichydrologicaldata. Mostof thehydrometric
authoritiesvisitedwerecarryingouttheirdutieson a minimalbudget,
withinsufficientmanpowerandequipment.Thefullrealisationof the
waterresourcesof theKadunaBasinreliesuponlongandaccurate
hydrologicalrecords,whichareonlypossiblewithan adequatelysupplied
andmaintainedhydrometricnetwork.
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The KadunaBasin

TheareastudiedcomprisestheKadunaBasinaboveitsconfluence
withtheNiger,coveringan areaof about66,000squarekilometres.From
a hydrologicalpointof view,thecatchmentisdominatedby theJos
plateauat thesouth-easterncornerof thebasin,wherehigherelevation

- andslopeandheavierrainfallresultinrunoffwhichishighbothas
a depthandas a percentageof rainfall,andwherethevegetationis
relativelythick.To thewest'oftheJosplateau,thecountryismuch
flatterwithoccasionalinselbergs,though:thebasinhas,morerelief
southandwestof Kadunawitha number, ofmassivegraniteoutcrops.
Thetopographybecomesflatteragainon sandstoneat thesouthernpart
of thebasin,withsomeflatplateauxstandingabovetheplain.The
vegetationvariesfromthornscrubwithsomebroaderleavedtreesnorth
of Zaria,thoughbroad-leavedtreesandbushto thickforestinmany
rivervalleysandin thesouth-westof thebasin.

Summaryof results

,Themeanannualrunoff-atsitesintheKadunaBasin(exceptfirthe
NupeSandstone)canbe estimatedusingtherelationship:

MAR= -1057 1.004x (RAIN)+ 7.065x (SLOPE)+ 5.170x (LAND)

WhereMARis themeanannualrunoffinmillimetres

RAINis themeanannualrainfallinmillimetres

SLOPEis a catchmentslopeparametergivenby the
differenceinheightof theupperendof thetributary
andthegaugingstation(inmetres),dividedby the
squarerootof thecatchmentarea(insquarekilometres)

LANDisa weightedlandtypecoefficientthatcanbe
calculatedfromtheequation:

LAND= 0.35Sla+ 0.251+ 0.15S2 + 0.153

whereSlais thepercentageof thecatchmentcovered
by landtypela,andso on.

Theminimummonthlyflowcanbe estimatedusingtheequation:
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Minimumflow(=Month) = 2.836+ 0.1825x (SLOPE)- b.3269x (LAND)

Thedecayof theflowthroughoutthedryseasonis givenby the
relationship:

whereCis minimummonthlyflow

K is therecessionconstant(obtained-fromFigure3.3)

t is thetimeindaysbeforetheassumedendof thedry
season.ForthecatehmentaboveKadunaSouthgauging
stationthisis takentobe 1 March,belowbeing15March

Estimationof theseasonalvariationof flowwithintheGalma
sub-catehmentmustbemadeby comparisonwiththeavailablerecordsfrom
theRibakoandthetwoZariagaugingstations.

Theannualvariationof themeanannualrunoffcan.beexpressedas ,
a seriesofgrowthfactors- forestimatingeither'higher-than-average
or lower-than-averageflows.

MeanAnnualRunoff- GrowthFactorsforVariousReturnPeriods

ReturnPeriod(years)

2 5 10 50

Lawflow 1.01 0.77 0.68 (0.45)
Highflow 0.99 1.20 1.34 (1.7)

wherethegrowthfactor= (runoff) (meanannualrunoff)and
figuresinbracketsaretobe treatedwithcaution.

Thereductionof theminimummonthlyflowforvariousreturnperiods
canbe similarlyexpressed:

ReturnPeriod(years) 2 5 10
Reductionfactor 1.0 0.55 0.4
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CHAPTER1

INFORMATIONAVAILABLEANDPREVIOUSSTUDIES

Thereliabilityof a hydrologicalinvestigationdependson the

availabilityandqualityof thebasichydrologicaldata,in thiscase

rainfalland.streamflowrecords.Duringthisstudyitwasnecessary

tovisita largenumberof agenciesfortheriverflowrecords,and

thequalityof therecordsvariesconsiderably.Anymoveto centralise

thehydrologicaldatastoragefacilitiesandto standardisethequality

of thedatathroughoutthecountrywouldbe of considerablebenefitto

futurewaterresourcesStudies.

1.1 RAINFALLDATA

RainfallrecordsforallstationsthroughoutNigeriaareheldat

theMeteorologicalOfficeinLagos.Becausedelayswereencounteredin

retrievingtheserecords,mostof therainfallinformationavailable

foruseduringthecurrentstudyhadbeencollectedby MRTConsulting

Engineers(Nigeria)fortheirstudyof thewaterresourcesof Kaduna

State.ThismeantthatmoredatawereavailableforanalYsisin Kaduna

Statethanin.NigerState.

Ithasalsobeenfoundthattherainfallrecordsheldat Lagosare

. muchmoreintermittentinrecentyears,withlittledataavailable

after1975. As mostof thestreamgauginghasbeencarriedoutin the

lastfewyears,thismadeitdifficultto comparerainfallandrunoff.

1.2 CLIMATEDATA

Therearea numberof synopticclimatologicalstationsin the

catchment;again,therecordsareheldin theMeteorologicalOfficein

Lagos.However,theAgroclimatologicalAtlasproducedat theInstitute

ofAgriculturalResearch(1AR),Samaru,effectivelysummarisesall

availabledataup to thetimeofpublication(1972).
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1.3 RUNOFFDATA

RunoffinformationfortheKadunabasinisheldby theWaterBoards-

of Plateau,KadunaandNigerStates,theNationalElectricPower

AuthorityandtheInlandWaterwaysDivision(IWD)of theFederalMinistry

of Transport.Additionalinformationforneighbouringcatchments,was

obtainedfromWaterResourcesandEngineeringConstructionAgency(WRECA),

KanoState.Theinformationobtainedfromthesedifferentagencies

variedinbothformandquality.WRECAhadcarriedoutcomparatively

sophisticatedanalyseson theirstreamflowdata,whileKadunaState

WaterBoard(KSWB)hadproducedmeandailydischargeestimatesformost

of theirgaugingstations.TherecordsfromNigerStateWaterBoard

consistedof gaugereadingsanddischarge-measurements.ThePlateau

StateWaterBoardwasnotapproadhedforinformationfromitsoneor two

insignificantgaugedcatchments.

Nbstof theinformationusedcamefromKadunaStateWaterBoard,

andtheirtwobooksof publishedstreamflowrecords,dated1972and1975.

AdditionalinformationwasalsocollecteddirectlyfromtheWaterBoard's

officesinKaduna,whichenabledus tomakean objectiveappraisalof

thequalityof therecords.

TheNigerStateWaterBoardhaveonlyrecentlybeenestablithed

followingre-organisation,andratingcurvesanddailydischargeshad

notyetbeencalculatedfromthegaugereadingsanddischargemeasurements.

As therewereno photocopyingfacilitiestocopybasicdataforprocessing

elsewhere,onlythemostsignificantstationswereanalysed.

InformationcollectedfortheIWDgaugingstationatWuyaBridge

consistedofmeandailygaugeheightsandcalculatedmeandailydischarges.

Inorderto supplementtheinformationobtainedwithintheKaduna

catchmentsomeadjacentcatchmentswerealsoexamined.Meandaily

dischargeswereobtainedfromWRECAfortheKanoandChallawacatchments

to thenorth,andtheGuraraandChanchagacatchmentsto thesouth.

1.4 PREVIOUSSTUDIES

TheRiverKadunaanditstributarieshavebeenthesubjectof a
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numberofreportsin thepast. Thesehavemostlybeenconcernedwiththe,
hydro-powerpotentialof themainriver,especiallyat theShiroroGorge
site. Thestudiesof-particularrelevance:to thisprojectareoutlined
below:-

ShiroroHydro-electricProject- feasibilitystudyby CharlesT Main

Thisreportdescribesthemeteorologyof theKadunaBasin,andgives
an estimateof theprobablemaximumfloodat Shirorobasedon
probablemaximumprecipitation.Theconsultantshave,in addition,
produceda seriesofmonthlyflowdurationcurvesfortheKadunaat
Shiroro.An examinationof theseproducesan estimateof theannual
runoffat thissitesome25%greaterthanthatgivenby thedata
availableforthisstudy,whichcovertheperiod1955-1961.

TheMainanalysiswasbasedonmeasuredflowsfrom1962to 1974
extendedbackto 1939usinga rainfall/runoffcorrelationmodel.The
flowrecordsusedbyMainfortheanalysiswerenotavailableforthis
study.

PlanforElectricalPowerSystemDevelopment- MotorColumbus

Theprincipalinterestin thisreportliesin theflowestimatesmade
fbrtwositeson theKadunaRiver(ShiroroGorgeandZungeru)andmaps
showingthevariationofpotentialevaporationandannualrainfall
throughoutNigeria.Theestimatedannualrunoffat Shirorois some
11%smallerthanthatcalculatedduringthisstudy.

ThereportalsocontainsmonthlyflowsfortheKadunaRiveratboth
KadunaandWuyaBridge.Thesedatamainlyagreeclosely-withinformation
collectedfromKSWBandIWD,butwithsomedifferences.Therecordat
Kadunacompletessomegapsin thedataavailablefromKSWB,andthe
WuyarecordisoccasionallyquitedifferentfromtheIWDcalculated
flows.Ithasnotbeenpossibletoestablishthereasonforthese
discrepancies.

Investigationof LowFlowsintheRiverKadunaatKaduna,Nigeria-
HydraulicsResearchStation,UK

Thisreport,andtheassociatedworkingfiles,Tirovideda goodbackground
to theproblemsof estimatinglowflowsin theKadunaBasin,as wellas
supplementarystreamflowdatafortheKadunaRiveratbothKadunaand
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KirminGurmana.

A ReviewofHydrologicaI.DataandAnalysesfortheGongola_Catchment
toNuman--InstituteofHydrology-,UK

Thisreportcorrelatesrunoffwithcatchmentcharacteristicsinan
adjacentcatchmentandthusprovidesthebasisfortheapproachused)?
in thisstudY.

TheLandResourcesof CentralNigeria- LandResourcesDivision,ODM

DiscusSionswiththestaffof'LRDinvolvedin thepreparationof the
report,andthereportitself,providedmuthbackgroundinformation
forthepreparationof the"landtype"map,usedto locateareasof
differingrunoffpotential.

KangimiIrrigationScheme- DetailedFeasibilityReport- EnplanGroup

Enplaninvestigatedthefeasibility-ofusingwaterfromtheKangimi
to irrigatea stripof landalongtheRiverKaduna.Thehydrologyof
theRiverKangimiformedpartof theirstudyandEnplanproduceda
revisedestimateof theflowsforthegaugingstationlocatedon the
Kangimi3 milesupstreamofRihogiVlllage.

WaterResturcesandEngineeringConstructionAgency,KanoState(WRECA)

WRECAareregardedas theleadinghydrologicalauthorityinNorthern
Nigeria,andas suchhavebeenaskedtoundertakestudiesoutsideKano
State.Ofparticularinterestto thisinvestigationaretheirstudies
intotheRiverChallaWaandof theRivers GuraraandChanchaga.

InstituteofAgriculturalResearch,Samaru

TheAgroclimatologicalAtlas,producedby_IAR,providesa valuable
summaryof theavailableclimatologicaldataofNorthernNigeria.
An interestingstudyof therunofffroma smallcatchmentat Samaru
wasalsocarriedoutat IAR.
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alAPTER2

RAINFALLANDEVAPORATION

2.1 METHODOF RAINFALLANALYSIS

Althoughrainfalldatawereavailableas-dailyvalues,theaimof

therainfallanalysiswastoproduceestimatesof theaveragerainfall

overanysub-catchmentwithintheKadunaBasin.TheanalysiSwas therefore

basedonmonthlyandannualrainfallvalues,

Rainfallrecordsarecommonlyveryvariablein ternsof gauge

distributionandperiodsof record;theseproblemsareparticularly

acutein theKadunaBasin,The-availablerainfalldataweretherefore

reducedtoa common,long-termmeanforuseinan isohyetalmap.

Selectionof stations

Allreadilyavailable,relevantrainfalldatawerecollected.Sone

of therecordsareveryshort;someappeartobe unreliableandothers

areveryintermittent.Thesestationswerenotanalysedunlesstheywere

in an areaSparselycovetedby rain-gauges.

Theselectionof long-termstationsfortherainfallanalysis

dependedon completenessof recordfortheselectedSOyearperiod

1926-1975.By fillinga fewgapsfromadjacentstationscompleterecords

wereobtainedforfourlong-termstations:

JosAerodrome

KadunaJunction

NhiganaAgriculturalStation

KanoGovernmentFarm

Eachshort-termstationwasallocatedby Thiessenpolygonsto the

nearestlong-termstationforadjustment.Thelocationof thestations,

andthepolygons,areshowninFigure2.1.
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Ethtensionof data

Therainfallaveragefroma short-termrain-gaugewasreducedto the
common,long-termperiodaverageby directcomparisonwithan adjacent

rain-gauge.Theratioof therainfallat theshort-termstationto the

rainfallat thelong-term-stationduringthecommonperiodwasmultiplied

by theaverageat thelong-termstationoverthewholeperiodof record.

2.2 RESULTSOFANALYSIS

Foreadirainfallstation,boththestraightforwardannualaverage
rainfallfigureandthevalueadjustedtothelong-termperiodaregiven

inTable2.1. Theisohyetalmop (Figure2.2)wasconstructedusingthe

adjustedannualaveragefigures.Extrapolationof theisohyetsinto

areassparselycoveredwithrain-gaugeswasnecessarilysomewhat

subjective;theisohyetsoverKadunaStatearemorereliablethanthose

overthewesternpartof thecatchment.

Duringa studyof theChallawacatchment,WRECAdetecteda significant

dropintheannualrainfallinrecentYears. Forthe10yearsto 1976the

rainfallat KanoAirportwas81%of thelong-termmean,andZariawater-works

experiencesforthesameperioda dropto 87%of thelong-termmean. This

couldimplythattherunoffrecords(taken,forthemostpart,duringthe

last10years)mightseriouslyunderestimatethetrueaveragerunofffrom
thecatchment..Forthecatchmentto theChallawaGorgegaugingstation
itwasestimatedbyWRECAthattherunoffin therecent10yearperiod

wasonly66%of thelong-termaveragerunoff.

Thedatafromthefourlong-termstations,togetherwithdatafrom
KatsinaAerodrome,wereexaminedforthistrend.Theresultsare

summarisedinTable2.2.

Thestationssignificantlyaffectedby thistrend(KanoandKatsina)
lieto thenorthof theKadunacatchment.Itappearsthattheannual

runoffassessedby theavailablerunoffrecordsshouldcorrespondreasonably

withthelong-termaverages.
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TABLE2.1.

RAINFALLSTATIONS

Reference
Number StationName Lat Long Elevation

(ft)
AverageAnnual
Rainfall(m)

Extended
Average(mm)

1 KeffiJunPrySchool 8-50 7-52 1500 1390' 1403
2 GudiMinofWorks 8-53 8-15 1300 1619 1553
3 AlushiEKASSchool 8-53 8-21 1200 1393- 1399
4 AkwangaAgricSchool 8-55 8-23 1200 1475 1484
5 WambaDO 8-55 8-31 1050 1664 1659
6 ArumNA School 9-08 8-39 2000 2119 2126
7. DikoSIM 9-15 7-12 1775 1500 1528
8 AbujaNA 9.-10 7-10 1600 1606 1640
9. liwariJunPrySchool 9-17 7-23 1900 1505 1466
10 TayuNA School 9-17 8-36 3000 1627 1633
11 KwoiECWASchool 9-27 8 00 2400 1722 1739
12 JagindiJunPry 9 20 8-12 1600 1605 1633




School






13 Dogon-KurmiForRes 9-20 8-20 1600 1653 1729




Stn






14 KafinJun.PrySchool 9-32 7-05 2000 1554 1485
15 Kurmin-MUsaJn Pry 9-34 7-59 2200 1467 1476




School






16. KafanchanMedical 9-36 8-18 2500 1655 1640




Dept.-






17 KagoroSIM 9-36 8723 2700 1633 1658
18 RiyomAgricDept 9-38 8-46 4050 1350 lthl
19 BarakinLLadiATMN 9•-33 8-50 4300 1211 1206
20 RoppNorthATMN -9-30 8-55 4400 1270 1270
21 ZonkwaAgricStation 9-44 8-23 2750 1466 1488
22 VomVetDept 9-44 8-47 4150 1376 1400
23 KutaSIMDispensary 9-52 6-43 •1200 1342 1325
24 ShiroroGorgeNEPA 9-58 6-51 1100 1330 1292
25 KachiaSnrPrySchool 9-52 7-57 2400 959 980
26 MiangoSIM 9-51 8-46 3700 1537 1524
27 MiangoKentAcademy 9-51 8-40 3900 1517 1544




SIM






28 JosAerodrome 9-52 8754 4215 1410 NA
29 NaragutaSchoolof 9-57 8-53 3800 1382 1387




Forestry






30 RayfieldMines 9-51 8-54 4260 1342 1356



TABLE2.1

RAINFALLSTATIONS(Continued)

Reference
Number StationName Lat Long Elevation

(ft)
AverageAnnual.
Rainfall(mm)

Extended
Average(m)

31 LamingoHydroStation 9-54 8-56 4200 1368 1383




Dam





32 TeginaSIM 10-04 6-12 900 1325 1317

33 BassaCFC 10-06 6-37 1000 1368 1339
34 SerkinPawaRailway 10-02 7-06 1400 1443 1399




Station





35 Kurmin-BiriRailway 10-02 8-01 2300 1438 1418




Station





36 Tugan-BakOBaptist 10-18 6-14 1250 1237 1237




School





37 GwagwadaRailway 10715 7-14 1800 1283 1273




Station






38 JengreSDAMission 10-15 8-48 3100 1192 1194..
39 ShangaJunPrySchool10-14 8-55 4400 1228 1239
40 KadunaJunction 10-29 7-25 1920 1291 NA

41 KakuriFederal 10-28 7-24 2000 1440 1418




Prisons






42 AfakaForestReserve 10-37 7-17 2000 1233 1211
43 KadunaAerodrome 10-36 7-27 2116 1281 1291
44 KadunaHydro-Station10-30 7-26 1940 1334 1326
45 KauruJunPrySchool.10-35 8-10 1950 1172 1102
46 KudaruNanof Works 10735 8727 2500 1320 1313
47 BirninYeroRailway 10-48 7-31 2200 1187 1203




Station






48 RiriwaiMining 10-44 8-44 2890 1365 1341.




Station






49 SabonBirniJunPry 10-50 7-18 1950 1011 1075




School






50 Dutsin-WaiBCGA 10-50 8-15 2150 1100 1136
51 Dutsin-WaiJunPry 10-50 8-15 2150 1169 1108




School






52 TakalafiaPO .10-57 8-22 2300 1153 1148
53 KontokoraNA 11-01 5-57 1570 1178 1171
54 ZariaAerodrome 11-08 7-41 2150 1087 1064

55 ZariaWaterworks 11-05 7-46 2141 1100 1078
56 MaiganaAgricStation11-02 7-56 2200 1140 NA

57 BurraJunPrySchool 11-01 8-59 3000 1160 1160

 - . 



TABLE2.1

RAINFALLSTATION(Continued)

Reference
Number StationName Lat. .Long Elevation-(ft) Average-Annual.

kainfall(no)
Extended.

Average(rn)

58 KayaJunPrySchool 11-15 7-14 2200 1154 1090
59 ShikaAgricResearch 11-13 7-33 2100 1047 1048
60 SamaruAgricStation 11-11 7-38 2250 1073 1081
61 IkaraPrimarySchool 11-15 8-12 2300 1030 1115
62 Tudan-WadaJunPry 11-15 8-25 -2020 $38 948




School





63 DandumeJunPry 11-27 7-08 2300 1071 983




School





64 DanjaJunPrySchool 11-23 7-33 2200 1035 958

65 DaudawaGovtFarm 11-38 7-09 2300 1051 1029
66 DaudawaJunPry 11-38 7-09 2100 1017 937




School






67 FuntuaJunPry
School

11-32,7-19 2100 1051 1031

68 FuntuaCAPGinnery 11-32 7-19 2100 1179 1129
69 BakoriLA School 11-34 7--26. 2100 991 910
70 KafurJunPrySchool 11-39 7-39 2000 1051 977
71 DangoraJunPry 11-33 8-09 1850 797 818




School






72 RanoSnrPrySchool 11-33 8-35 1590 941 966
73 FaskariJunPry 11-44 7-01 2100 1107. 1022




School•






74 MalumfashiJunPry 11-47 7-38 2150 993 932




School






75 MahutaJunPry 11-44 7-47 2050 970 922




School





.




76 KankaraElementary 11-56 7-26 1900 964 904
School






77 KaboGirlsSchool 11-51 8-10 1500 886 952
78




11-59 8-32 1650 833 NAKanoGovtFarm



TABLE2.2

RECENTRAINFALLTRENDS

Station AverageAnnual

1926-75(a)

Rainfall(m)

1966-75(b)

Ratio/a

JosAerodrome 1409 1410 1.001
KadunaJunction 1296 1289 0.995
MaiganaAgricStn 1141 1113 0.976
KanoGovtFarm 837 724 0.865
KatsinaAerodrome 706 576 0..816



2.3 EVAPORATION

Detailedclimatologicalrecordsfor-thebasinaregivenin.the

AgroclimatologicalAtlas.Monthlyandannualevapotranspirationtotals',

estimatedby thePenmanmethod,aregiveninTable2.3forthestations

in theKadunabasin,Thereis littlevariationovertheareaof.the

Kadunacatchment.Becausea 25%reflectioncoefficientforvegetation

wasusedtoestimatetranspiration,anda 5%coefficientwouldbe more

appropriateforopenwater,theopenwaterevaporationwillbe about

25%higherthanthesetranspirationestimates.
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TABLE2.3

AVERAGEPENMANEVAPOTRANSPIRATIONFORSELECTEDSTATIONS

INKADUNABASIN.(mm)




Bida Jos Kaduna Minna Samaru

January 117 117 141_ 133 116
February 121 121 138 140 121
March 139 148 154 155 147
April 122 123 141 142 153
May 107 115 134 134 154
June 86 101 110 106 125
July 79 84 ,96 87 108
August 72 78 84 86 97
September 77 95 99 93 107
October 96 116 115 113 120
November 111 119 119 117 109
December 110 115 123 112 106

Annual 1237 1332 1454 1418 1463



alAPTER3•

RUNOFFANALYSIS

3.1 REVIEWOF GAUGINGSTATIONS

Mbstof thegaugingstationsintheKadunaBasin,andmostof the
runoffdataavailable,aretheresponsibilityof theKadunaStateWater
Board.As a result,thereisa consistentapproachto theproblemof
gaugingrivers.BecausethehydrometricnetworkinNorthern.Nigeria
wasestablishedin theearly1960sby oneorganisation,a similar
approachismaintainedby theotherprincipalgaugingauthority,the
NigerStateWaterBoard.

Mitchof theavailablehydrometricinformationis inWaterBoard
publicationsin theformof dailyflows.However,a closescrutinyof
thepublishedflowsraisedsomedoubtsasto theiraccuracy,especially
duringperiodsof lowflow. TheWaterBoardswerethereforevisited
andsomeof therawdataobtainedto enablethecalculationofmean
dailyflowsto be.,repeated.

Itwasfoundthatbeforethelowflow-regimeof anyrivercouldbe
examined,therecordsfromeachstationhadto be carefullycheckedfor
consistency.Somestationsweremuchmorereliablethanothers,anda
twotiersystemofanalysiswasidopted.TheanalysiswaSbasedon
recordsfromthirteenprimarygaugingstations,andcheckedagainstdata
fromanotherthirteenstationswhichwereconsidered,of secondary
importance.Twostations,gaugingrunoffwhollyfromtheNupeSandstone,
hadverydifferentflowcharacteristicsandthesestationswereanalysed
separately.Thelocationsof allthesegaugesareshownin Figure3.1.
Effortwasconcentratedonyerifyingandadjustingdatafortheprimary
stations;thisworkisdescribedinan appendix.

Theapproachadoptedwasto fita straightlineon logarithmicpaper
throughthedischargemeasurements,withthestagezeroadjustedto
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correspondwithzeroflow.Oncethisbasicstage-dischargerelationship,
hadbeenderived,shiftcorrectionswereadoptedtobringthedischarge
measurementsduringperiodsbetweenindividualfloodsbackto thebasic
curve.

3.2 FLOWESTIMATIONPROBLEMSGENERALTOTHEKADUNABASIN

Calculationof meandailygaugeheight

WRECAhavefound,duringtheirstudiesof thehydrologyof Northern
Nigeria,thatsignificanterrorscanarisefromtheassumptionthatthe
averageof theobservedgaugeheightsinanyonedayequalsthemean
dailygaugeheight.

Mostof thegaugingauthoritiesrecordthegaugeheights3 times
daily(at0700,1200and1700),andmorefrequentlywhentheWaterlevel
is changingrapidly.However,on smallercatchmentsfloodpeakswill
be missedby thismethodofmeasurement.In addition,ithasbeennoted
thatinpartsofNigeria(mostparticularlyin thenorth-west)the
yainfalloccurspredominantlyatnight,andso a significant.proportion
of thetotalrunoffcouldbe missedin thisway. Iftherainfallfollows
anypatternsignificantlydifferentfroma randomdistributionthrough
theday,theaveragingof 3 gaugeheightvaluesto obtaina meandaily
figureintroducesa consistenterror.WRECAhaveovercomethisproblem
by usingautanaticwaterlevelrecorderswhereverpossible,andby
computingmeandailyvaluesfroma plottedhydrograph.Porthepresent
studythistypeof errorisunlikelytobe important,butinlater,more
detailed,studieswillbecomemoresignificant.

The estimationof low.flows

Mostofthegaugedriversin theKadunaBasinhaveshifting,sandy
beds;thismeansthata newstage-dischargeratingcurveshouldbe
producedeachyear. Insomecasesthisbecomesdifficultas discharge
measurementsarerequiredduringthedryseason,whenfewmeasurements
appeartobemade. Whenno dischargemeasurementsaretakenin a dry
season,thereliableestimationof thelowflowsbecomesimpossible.

Thewholepatternofdischargemeasurementsby theWaterBoardscould

- 17-



be improved.At themoment,theprincipalinterestin theregion's
waterresourcesisconcentrateduponthesupplyofwaterfordomestic

use,irrigatedagricultureandhydro-powerneeds. In allthesecases

thelowflowregimeinthedryseasonisimportant.To establish

accurateestimatesof theseflowsrequiresregulardischargemeasurements

tobe madeduringthedryseason- perhapsonceor twicemonthly;At the
moment,disproportionateeffort. being:expendedinmeasuringdischarges

onceeverytwodaysduringthewetseasonat somestations.

Abstractions

Theinformationavailableforthisstudyprovidedthematerialfrom
whichriverdisChargescouldbe estimatedatvariouspointsthroughout

thecatchment.Itwasassumedthatallrunoffpassedthesegauging

points.However,in anydetailedwaterresourcesevaluationitwould

be necessaryto estimatethetotalrunofffromthearea,whichwould

includeallwaterabstractedfromtheriverfordomesticwatersupply,.

agriculture,industry(ifany),andsoon. Thisisparticularlyimportant

whentheabstractionshaveincreasedappreciablyduringthehistoryof the
flowgauges.

Thereareindicationsthatsomeof thetributariesof theKaduna

arebeingsignificantlyaffectedby abstractionsduringthedryseason.
Ina moredetailedstudythiswouldneedtobe checked,andifnecessary

allowedforin thecalculations,

3.3 ANALYSES

Relationshipswererequiredbetweenmeanannualrunoff,minimumflow,

variabilitYof annualrunoffandcatchmentcharacteristic's.ThederiVation

of theflowindicesisdescribedin thefollowingsection.

Meanannualrunoff

Themeanannualrunoffwasbasedon a yearstartinginJanuaryand

endinginDecember,inpreferenceto thenormalhydrologicalyearusedin
NorthernNigeria(ApriltoMarch),to simplifytheminimumdischarge

computations.TheJanuarytoDecemberyearensuredthatbothmaximum

monthlyflowsandminimummonthlyflowsin anyoneyearshouldbe

- 18 -



independentof thevaluesof theprecedingandfollowingyears. Inan
ApriltoMarchyearconsecutivemonthsmightbe theminimummonthly

dischargeforconsecutiveyears,andtheeventswouldnotremain
independent.

Foreachgaugingstationan annualflowwas calculatedforall

yearswitha completerecord.Inmanycases,dataweremissingforonly
oneor twomonthsof thedryseason,andan averagemonthlyfigurewas
addedto enabletheannualflowtobe computedwitha fairaccuracy.
Themeanannualrunoffwascalculatedfromthearithmeticmeanof all
annualflowsso computed.Thisfigurecanbe expressedeitherinterms
of discharge(nVs)or as a depthofwateroverthecatchmentarea

(mmiyear).

Minimummonthlyflow

Forsimplicity,thetimeperiodselectedforusewhenestimatingthe
lowflowparameterwasa calendarmonth.Foreachdischargestation,the
smallestmonthlyflowineachyearwasextractedwhenevertheavailable
recordincludedthecompletedryseason.

Itwasdecidednottocomputea directarithmeticmeanof these
dataforeachstation,as thedatasometimesincludedonevalueanorder

ofmagnitudegreaterthantherest,whichwouldunrealisticallybiassuch
a mean. The"average"figureselectedfortheparameterwastakento

correspondto themedianvalueof thedata.

Recessionanalysis

Inordertodescribethemonth-to-monthvariationin flowof the
riversof theKadunaBasin,someformof recessionanalysisseemed

essential.Thesimplestassumptionisthattheflowin thedryseason
canbe describedby therelationship:

Q = Q0Kt

whereQ is theflow

Qo is theflowat timet = 0

K is therecessionconstant

t is thetime(indays,usually)

- 19-



TABLE3.1

KADUNAAT KADUNASOUTH
ANNUALFLOW- LOWFLOWANALYSIS(0/s)

Distribution:




ReturnPeriod(years)




2 5 IO 50
Normal 166 132 115




Gumbel 163 129 114




Log-Gumbel 163 123 103 69
Log-normal 161 131 117




TABLE3.2

KADUNAAT KADUNASOUTH

ANNUALFLOW- HIGHFLOWANALYSIS(0/s)

Distribution:




ReturnPeriod(years)




2 5 10 50
Gumbel 164 200 222 271
Log-normal 161 199 222 269



If therecessiondoesfollowthispattern,thena plotof the
logarithmof theflowagainsttimeshouldgivea straightline

relationship.

Thisanalysis,whenappliedto theavailabledischargerecordswas,
in general,veryencouraging.A numberof stationsproduceda

jelationshipapproximatingcloselyto a.straightline(forexample,the
KaramiatSaminaka,Figure3.2),whilstothersdidnot (forexample,
theTuboatMile20,Figure3.3).

TheTuborecordwasexaminedfora morecomplexrecessionpattern.
An attemptwasmadeto fittherelationship

Q0e-Krtn

whereK',nareconstants

e is thebaseofnaturallogarithms

However,thisprovedno moresuccessfulthanthefirstmethod.
Consideringthepurposesof thisinvestigation,itwasdecidedthatthe
singleparameterapproachto therecessionanalysisshouldprove

adequate.

Therecordsof alltheprimarygaugingstationsuereexamined,
anda'valuefortherecessionconstantK wasdeducedforeach.

Variationof annualrunoff

• Thevariationsof theannualrunoffwasexaminedto estimateboth
highandlowflowratescorrespondingtovariousreturnperiods.The
analysisconcentratedon thestationwiththelongestgauginghistory-
theKadunaat KadunaSouthWaterworks.

Forthelow-flowanalysisa number'ofdifferentdistributionswere
fittedto thedata,andtheflowscorrespondingto variousreturnperiods
estimated.Thereareno fullyconvincingtheoreticalargumentsto justify
Selectinganyonedistribution.Theresultsobtainedby fittingthe
variousdistributionsareshowninTable3.1.
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FIGURE3.2
Recession Curve - Karami at Saminaka
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Forourpurposes,thediscrepanciesbetweenthedifferentmethods ,

areinsignificant.Forsimplicity,theanalysisof datafromother

stationswith,a shorterrecordwas:basedon a logrnormaldistribution.

Itwasfoundthatthereductionof theannualrunoffforincreasing

.return•periods•couldbe expressedin theform.of a generalcatchment

J.'reductionfactor"tobe appliedto themeanannualrunoff.The.

appropriatefactorsarecontainedin thesummarytable,Table3.3.

Theanalysisof theannualflowrecordsfortheKadunaat Kaduna

Southcontinuedby reversingtheanalysis,andexaminingthevariationin

thehigherannualflowsforvariousreturnperiods.Thistime,botha

Gimbelanda logrnormaldistributionwerefittedto thedata,toproduce

virtuallyidenticalresults,Table3.2.

Onceagain,log-normaldistributionswerefittedto thedatafrom

othergaugingstations,andcatchmentgrowthfactorsdeduced,Table3.3.

Variationof minimummonthly- flow

Thebasicanalysisof thevariationof theminimummonthlyflowrate

wasagaincarriedouton theKadunaat KadunaSouthrecord.Again,a

numberOf differentdistributionsweretried,withthelog-Gumbel

distributionhavingprobablytheclosestfit. Theresultsarecontained

inTable3.4.

Theextensionof theanalysistocovertheothergaugingstations

didnotproveverysatisfactory.Onceagainthelog-normaldistribution

wasusedforeaseofcalculation.However,thistimethegrowthfactor

variedappreciablyfromstationto station,particularlyforthose

stationswitha largervariationbetweenwetanddryseasonflowrates.

As a result,anycatchment"growthfactors"aregoingtobe,atbest,

approximate.Ourbestapproximation,withoutmoredetailedstudy,is

containedinTable3.5.

RunofffromNupeSandstone

FewgoodstationsmeasuretherunofffromNupeSandstoneareasin

andaroundtheKadunaBasin.Enquiriesat theNigerStateWaterBoard's
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TABLE3.3

ANNUALFLOW-GROWTHFACTORS'-FORVARIOUSRETURNPERIODS

ReturnPeriods(years)




2 5 10 50
Lowflow: 1.01 0.77 0.68 (0.45)2
Highflow: 0.99 1.20 1.34 (17)2

TABLE3.4

KADUNAAT KADUNASOUTH

MINIMUMMONTHLYFLOWFREQUENCYANALYSIS(m1/s)

Distribution:, ReturnPeriod(years)

251050

Normal




3.85 2.35 1.56




Log-normal




3.42 2.19 1.73 1.15
Gumbel




3.75 2.40 1.80




Log-Gumbel




3.71 2.34 1.72 0.86
HRSReport,(1962)




1.10. 0.35

1 Growthfactor- flow/meanannualflaw

2 Figuresinbracketstobe treatedwithcaution



TABLE3.5

MINIMUMMONTHLYFLOW- REDUCTIONFACTORSFORVARIOUSRETURNPERIODS

ReturnPeriod(years) 2 5 1.0

Growthfactor 1.0 0.55 0.4

wheremgrowthfactor"= (flo1N)(averageminimumflow):



officesinMinnaprovidedtwostationsgaugingrunofffromthesandstone,
namelytheRiverBakogiatAgaieandtheRiverYikoat Guzan.

Thestationshavea similarhistory,describedin theappendix.
However,therecordsdisplayedsomewhatdifferentcharacteristics.The
Bakogiisa muchsteepercatchmentthantheYiko,andisbetterdefined
on Contourmaps. ThedrYseasonrecessionis steePer,andthemeanannUal
runoffis aboutdoublethatof theYiko. Duetothisdissimilaritya
generalanalysisof runofffromsandstoneareaswasnotpossible,andit
wasdecidedmerelytorecordtheflowcharacteristicsforthesestations.

- 27 -



CHAPTER 4

RUNOFFRELATEDTO CATCHMENTCHARACTERISTICS

•Theobjectiveof thisstudyhasbeentoprovidea meanswhereby
therunofffromanycatehmentin theKadunaBasincanbe estimated.The.

- approachadoptedwasthatemployedin theDiGongolaReport,wherethe
principalrunoffparametersarecorrelatedwithcatchmentcharacteristics
suchas rainfall,landtype,slopeandarea.

4.1 MEANANNUALRUNOFF

Becauseof thebrevityof someof thestationrecordsforthemean
annualrunoffregressionanalysis,attemptsweremadeto extendthe
recordsby directcorrelationwithoneof thestationswitha longer
history.However,theannualrunofffigureswereverypoorlycorrelated,
andtheregressionanalysiswascontinuedusingonlyrecordeddata. The
catchmentcharacteristicsemployedintheanalysiswereas follows.

Land type coefficient

An attemptwasmadetoestablisha hierarchyof runoff- producingland
types,takingaccountof suchaspectsassoiltype,rocktypeanddoMinant
slope.Geologicalandtopographicalmapswereexaminedtoproducea
firstestimateof thelocationof thevariouslandtypes,andthesewere
thendiscussedwiththeLandResourcesDivision,ODM. Thelandtypemap
(Figure4.1)wasrevisedafterthisdiscussion.The landtYpesweresplit
broadlyalongthelinesof theGongolaReportbeing:

Typela Steep,rockyareas

Fairlysteep,rockyareas
2 Dissectedbasementcomplex

3 Undulatingbasementcomplex

5 Floodplain

6 NupeSandstone

- 28 -



butthesegroupingswereadjustedin thelightof localknowledge.

Thecoefficientcalculatedfromthelandtypemapis givenby the

relationship:

Landtypecoefficient- 0.35Sia+ 0.2S + 0,15S2t 0.1S3

whereS.laisthepercentageof theareacoveredby typela.

Thisisidenticaltothecoefficientquotedin the.Gongolareport,

anditremaineda usefulindex.However,it is apparentthattheassump-
tionof zerorunofffromlandtypes5 and6 isnotvalidforthesandstone

areain theKadunaBasin;thedecisionto treatthesandstonepartof the

catchmentseparatelymakesthisdiscrepancyacademic.Forallprimary.
gaugingstationstheestimatedsub-divisionof thecatchmentareainto

landtypesisshowninTable4.1.

Slope index

TheindexemployedfortheGongolareportwasmaintainedinthis

analysis,mainlyforitssimplicity.Theindexis calculatedusingthe

relationship:

Slopeindex B

IN

whereHI istheelevation,inmetres,of thehigheStpointon

a markedstreamon the1:250,000scalemapping

H2 istheelevation,inmetres,of thegaugingstation

A is thecatchmentareato thegaugingstationin

squarekilometres

Rainfall

Thecatchmentaverageannualrainfallwasestimatedfromthe

isohyetalmapdescribedandreproducedin section2.2.
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Results

A regressionrelationshipwassoughtbetween.thevaluesof the
calculatedmeanannualrunoffandvariouscatchmentparametersforthe
thirteen"primary'gaugingstations.Themostsuccessfulrelatedmean
annualrunoff(MAR),inmillimetres,to thelandtypecoefficient(LAND),
theslopeindex(SLOPE)andtherainfallMIND. The relationship
producedwas:

MAR= -1057+ 1.004x (RAIN)+ 7.065x (SLOPE)+ 5.170x (LAND)

Thedatausedin thisanalysisaresummarisedinTable4.2.

Valuesof MARcalculatedforeaehstationusingthisrelationship
areshownplottedagainstthemeasuredvalueinFigure4.2.

Amore detailedbreakdownof thestatisticsof theregression
relationshipis giveninTable4.3. Theratioof thevariationof
MARexplainedby therelationshipto thetotalvariation,.R2,indicates
theclosenessof fit. Inthiscase,almost99%of thevariationis
explained.

Attemptswerealsomadeto correlatetherunoffcoefficient(RO)
withthecatchmentparameters.A goodfitwasalsoobtainedforthis
regressionrelationship,butit remainedinferiorto theadopted
relationship.Detailsof thebestrunoffcoefficientregressionare
containedinTable4.4.

4.2 MINIMUMFLOW

Attemptsweremadeto correlatetheaverageminimummonthlyflowwith
thevariouscatchmentparametersdescribedpreviously.Themostsuccessful
of theseproducedtherelationship:

Minimumflow= 2.836+ 0.1825x (SLOPE)- 0.3269x (LAND)

where"minimumflow"isexpressedinmillimetrespermonthoverthe
catchmentarea. ThedatausedaresummarisedinTable4.5.

Detailsof theregressionrelationshiparecontainedinTable4.6.
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TABLE 4.3

REGRESSIONOF MAR ON RAIN, SLOPE, LAND

Name Coefficient. StandardError "t"




Constant -1057 158.7 -6.658 0.9941 0.9882

RAIN 1.004 0.116 8.652




SLOPE 7.065 1.585 4.458




LAND 5.170 5.854 0.883






TABLE 4.4




REGRESSIONOF RO ON RAIN, SLOPE, LAND





Coefficient StandardError fIttl




R2

Constant -0.6791 0.106 -6.401 0.9921 0.9843
RAIN 0.0006306 0.000078 8.136




SLOPE 0.002565 0.00106 2.422




LAND 0.009652 0.00391 2.467
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TABLE4.6

REGRESSIONOFMINQON SLOPE,LAND

Coefficient StandardError

Constant

SLOPE

LAND

2.836

0.1825

-0.3269

0.4454

0.00834

0.04476

6.229

21.889

-7.304

0.9937 0.9874



4.3 RECESSIONANALYSIS

Therecessionconstantdeducedfoteachoftheprimarygauging
stationswasverypoorlycorrelatedwitheachof thecatchmentparameters
outlinedabove.Themostsatisfactoryrelationshipis a geographical
one,andthisis showninFigure4.3.

Therecessionconstantcanbe usedinconjunctionwiththeaverage
minimummonthlyflowto obtainan indicationof dryseasonflows.The
runoffrecordsof theKadunaBasinshowthat,in general,thedischarges
decreasefromearlyDecemberuntiltheendofMarchon averagein a
mannerthatcanbe representedby therelationship:

Q = QoKt

whereQ is theflowat timet

Qo is theflowattimet = 0

K is a recessionconstant

Anyrainfallduringthisperiodwillupsetthepatterntemporarily.March
is,intheffajorityofcases(70%of thetime)themonthwiththelowest
discharge.Therefore,assumeMarchdischargeis theaveragendnimum
monthlyflow,say(1• A Februaryfigurecanthenbe deducedas:

Qf =

K"

TheJanuary(Qil)andDecember(74)figurescanthenbe calculated
from:

QJ Qm ; "I'D Qm

K6° Ka°

Theapplicationof thismethodto thedatafromthegaugingstations
revealedsomeinconsistencies.Theaveragemonthlyflowcomesfromseveral
years,withtherecessionsbeginningandendingatdifferenttimes.Thus,
theaverageMarchflowis,ingeneral,largerthantheminimummonthlyflow.
Theaccuracyof thismethodcanbe improvedby adoptinga different
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"endingdate"fortherecession.By splittingthecatchmentat theKaduna
Southgaugingstation,thecatchmentabovethestationcanbe assumedto
havea recessionending,on I March,thelowercatchmenta recessionending
on 15March. Inotherwords:

Forthelowercatchment:

= minimummonthlyflowfigure

QF = 17E,'

K9° K" K9°

Fortheuppercatchment(excludingGalma)

.111= minimummonthlyflowfigure

= QM ; = QM ; QD = Qm
K15 K45 K75

• Forthegaugedcatchmentsthis.method,withthreeexceptions,
producedestimateswithinSO%of themeasuredflowfigures,andso it
remainsa veryapproximateguideto theflowvariation.Thenoticeable
exceptionscamefrominterferencewiththenaturalflawregimeby farmers,
whichhascausedtheestimationof thesmallestmonthlyflowsthemselves
tobe veryapproximate.

As theGalmacatchmentisgaugedat threeprimarystations,thebest
indicationof theseasonalvariationinrunoffis likelyto be obtained
by comparisonwithoneormoreof theprimarystationsrecords.

4.4 RUNOFFFROMNUPESANDSTONE

Recordswereobtainedfromtwogaugingstationson streamsflowing
offtheNupeSandstone- theYikoat GuzanandtheBakogiatAgaie.
Analysisof theavailablerecordsis summarisedinTable4.7.

Becauseof thedifferentrunoffcharacteristicsof thesandstoneand
therestof theKadunaBasin,thisareawasnotincludedin thegeneral
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TABLE4.7

RUNOFFFRCMNUPESANDSTONE

Yiko-atGuzan•

CatchmentArea(1c112)530

AverageAnnualDischarge(m3/s)0.92

•BakogiatAgaie

519

1.76
MeanAnnualRunoff(mm) 55 107
Averageminimummonthlydischarge(m3/s) 0.5 0.1




2-.5 0.5Averageminimummonthlyrunoff(mm)

Recessionconstant 0.997 0.994
Catchmentslopeindex(m/km) 0.4 6.15
Catchmentrainfall(mm) 1250 1200



catchmentanalysis.Becausethedatafromthetwostationsaredissimilar,
no attemptwasmadetoestimategeneral"sandstone"runoffcharacteristics.
If flowestimates:havetobe madeforcatchmentswithintheNupeSandstone,
personaljudgementmustbe usedto estimatewhichof thegaugedcatchments
is themoresimilarfroma hydrologicalpointofview,andapproximateflow
estimatesmadeaccordingly.

4.5 CHECKONMEANANNUALRUNOFFREGRESSION

Datafromthe"secondary"gaugingstationsprovideda independent
checkon theprincipalregressionanalysis- to calculatemeanannual
runoff.

However,thedatafromthesecondarystationswererejectedin
preparingtheregressionrelationship- andso disparitiesbetween
"recorded"and"calculated"valuesaretobe expected.Theresultsof
thisexercisearecontainedinTable4.8.

Theseresultsarefairlyencouraging.TheResarunoffwasexpected
tobe grosslyover-estimatedasno allowancewasmadeforplantedforest,
andtheKorigarunoffdataarelimitedtooneyearonly. Theestimates
to thenorthof theareaaredisappointing,withtheKano,dallawaand
Shikaallbeingunder-estimated,butthesestationsareoutsidethe
rainfallrangeusedintheregression.Whenestimatingmeanannual
runoffusingtheregressionequationinareasof lowrainfall(say< 1050mm),
thetendencytounder-estimatetherunoffshouldbe borneinmind. With
theseexceptions,themeasuredandcalculatedmeanannualrunoffagree
quiteclosely.

However,cautionshouldbe exercisedwhenapplyingtheseequations
to siteswithcatchmentcharacteristicsoutsidetherangeusedin the
regressionanalysis.Inotherwords,theseestimatesshouldbe checked
by runoffmeasurements,especiallyforsmall,steeporparticularlywet
or drycatchments.
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TABLE4.8

CHECKONMEANANNUALRUNOFFREGRESSIONANALYSIS




,"RAIN". _"SLOPE", I ILANDII MeanAnnualRunoff(mm)

CalculatedMeasured

KusherikitoBirninGwari 1175 20.8 10 321 383
ResatoAfakaForest 1225 8.0 10 281 85
KorigatoMale56 1175 6.82 11.5 230 366
Chabaeto ZangonKatab 1500




10




850
Challwaato ChalIawaGorge 975 3.81 10 0.5 162
Kanoto Chiromawa 1050 4.28 (10) (79) 175
KauratoMile7 1215 7.70 10 269 245
Kubanito Zaria 1075 9.30 15 166 209
ShikatoHankuyi 1000 2.99 10 20 74
Jamnato Soba 1100




10




GuraratoKitikwal 1460 5.85 10 502 550
Gurarato Izom 1470 7.56 10 524 490
Chanchagato Chanchaga 1425 8.52 15 511 520



CHAPTER5'

RECOMNENDATIONSFORFURTHERMEASUREMENTSAND INVESTIGATIONS

5.1 RAINFALLMEASUREMENT

Inrecentyearsthereseemstohavebeena rapid.declinein the
numberandcompletenessof theavailablerainfallrecords.At present
allrecordsarecollectedcentrallyinLagos,whichisinconvenientfor
regionalstudies.Muchtimewouldbe savedifallrecordswerecollected
togetherat theStateWaterBoardHeadquarters,copied,andthenpassed
on toLagos.

TheraingaugenetworkintheKadunaBasinis farfromuniform,
withthegaugesconcentratedwithinthemoredenselypopulatedregionsof
theJosplateauandtheKaduna-Zariaarea.A minimumdesirableraingauge
densityfortheregionis aboutonegaugeper2000squarekilometres.To
achievethiseverywherewithinthebasinwouldrequirea further21
stations,locatedforthemostpartto thewestof the7°00'Emeridian.
Thegaugesmustalsobe sitedwheretherearegood,reliableobservers.

Futuredevelopmentof thewaterresourcesof theareawillbe
aidedby theestablishmentof autographicstationstomeasurerainfall
intensityaswellas dailytotals.A minimum,representativecoverage
wouldbe to locateautographiCgaugesatJos,KadunaandMinna.

Theexistingnetworkof gaugesshouldbe inspected.Allsites
shouldbe visitedtomakesurethattheraingaugesarecorrectlypositioned,
andthereliabilityof theobserversshouldbe confirmed.

5.2 DISCHARGEMEASUREMENT

Theexistingnetworkof flawgaugingstationsis centredaroundthe
roadandrailsystemswithinthebasin.As a result,coverageis far
fromuniform.Anyextensionto thenetworkmusttakeintoconsideration
theneedforallgaugingstationstobe accessiblethroughouttheyear.
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Thedevelopmentof thenetworkshouldthereforebe basedon theplanned
roadsystem.

Studyof the1973-1980roadplanfortheareahas identifieda
numberof promisingsitesforgaugingstations.Establishmentof stations
at thefollowinglocationsis consideredessentialto completea basic

netWorkwithintheKaduna.Basin(seeFigure5.1)-

On theRiverKodoko,wherecrossedby theexistingZungeru-Bida
road(sitea). At present,thereareno gaugedleftbanktributariesof
theKaduna,andtheKodokoseemsrepresentativeof thelowerones.

On theRiverBeiri,wherecrossedby theexistingTegina-Kontagora
road(siteb). Thisstationwouldmeasure•runofffromtheKontagoraarea.

On theRiverEba,wherecrossedby theproposednorth-southroad
fromBarito theBida-Mbkwaroad(sitec). Thisprovidesan opportunity
to gaugea riverflowingfromNupeSandstone.

Theestablishmentof these3 stations,togetherwiththeexisting
stationon theMarigaatMarigashouldprovidean adequatenetworkfor

thelowerpartof thebasin.

Twolargetributariesof theKadunathatrequiregaugingarethe
DinyaandSarkinPawa. At themoment,theonlymeansof accesstopossible
gaugingsitesisby railway,andso it is recommendedthatsomearrangement
isenteredintowiththerailwayauthorityto facilitateregularaccess
to thetwosites(dande). Itispossiblethata newroadfromKaduna
to thenewFederalcapitalwillbe constructedacrossthearea,which
mightprovidealternativelocationsforthegauges.

A thirdareapoorlyservedby gaugingstationsis theupperreaches
of theKadunaitself.Possiblelocationsforfurthergaugesarea

Gyasharion theKoginKurisite(f),whichwouldbe a cablewayinstallation,
andwheretheproposedRahama-Zangon-KatabroadcrossestheMarinisite(g)
andtheKadunasite(h). Thesestationsprovidetheonlymeansof gauging
runoffintheupperKadunabasin.

Thelocationsfornewgaugingstationsoutlinedabovecanbe no more
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thansuggestions.Fieldvisitswillbe requiredto locatetheoptimum ,
sites.It isrecommendedthatstationsat sitesa,b, d ande,which
areaccessible:atpresent,shouldbe establishedas rapidlyas.possible.
Theotherstationsshouldbe establishedas soonas access.is-possible.

Thepresenthydrometricnetworkcanbe improvedin otherways. The
problemofhumanfallibilityinmeasuringwaterlevelscanbe overcome:by
usingmechanicalwaterlevelrecorders,whichprovidea continuous
hydrographwhichrecordsallpeaks.Localobserverswouldneedtobe
retainedtoprovidea checkon theautomaticrecorders.

Morecareisalsorequiredinthecollectionandprocessingof
streamflowdata. Someof thedataobtainedfromthewaterboardswere
obviouslyinaccurate,andsomorecareisrequiredoverthequalitycontrol:
checksandprocedurestoensurethatgaugereaderspresentreliable
information.Dischargemeasurementsshouldbe madeat eachgauging
stationat leasttwicea monthto ensurea reliableratingcurve.The
zerolevelsof allgaugeboardsshouldbe checkedagainsta fixedbench
markat leastoncea year. Finally,allcurrentmetersmustbe sent
regularlyformaintenanceandre-calibrationas recommandedby the
manufacturerstoensureaccuratedischargemeasurements.

5.3 SEDIMENTMEASUREMENT

Fullutilisationofwaterresourceswillinvolveriverregulation
withassociatedproblemsof sedimentdeposition.Becausetheoretical
knowledgealoneis inadequatetoproduceestimatesof sedimentload,the
onlymeansof ensuringadequate,economicaldesignis to institutea
networkof stationsatwhichregularmeasurementsof sedimentloadaremade.

In theKadunaBasintherequisitemeasurementswouldbe mademost
convenientlyat thesametimeandplaceas dischargemeasurements.A
depthintegratingsampler,usingeitherwadingrodor cablesuspension,
shouldbe usedinaccordancewiththeUS GeologicalSurveypublication
"FieldMethodsof FluvialSedimentMeasurement"(1970).

Untilan adequateandeconomicalmeansof measuringbedloadhasbeen
devised,calculationof thetotalsedimentloadof riversshouldbe based
on themeasuredsuspendedsedimentandempiricalformulae.
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APPENDIX

Primary'gaugingstations- reviewof data

Thedepthto whichthereviewcouldbetakenforanystation
wasdependentupontheinformationavailable;thefilesandarchives
of theKadunaStateWaterBoardheadquarterSinKadunaweremade
freelyavailable.However,itwasfoundthatdueto limitedstorage
space,muchof theolderinformationhadnotbeenkept.

Tenof thethirteenprimarystationsaretheresponsibilityof
KadunaStateWaterBoard(KSWB).OnebelongstoNigerStatehaterBoard
andno recordshavebeenpublished;thereviewattemptsto convertall
availablegaugelevelstomeandailyflows:Thetworemaininggauges
belongto theNationalElectricPowerAuthority(NEPA)andtheInland,
WaterwaysDivision(MD);theirdatacouldnotbe checked.

Karamiat Saminaka(KSWB)

• Thisstationunderwentthemostdetailedexamination,becausethe
stationhadbeenvisited,seemedto sufferbadlyfrominconsistenciesinthe
publishedflowsandalsobecausemuchadditionalinformationwas
available.Itwasthereforetreatedas a testcaseandillustratesthe
problemsof flowmeasurementin thesandyriversof theKadunabasin.

Theactualdischargesmeasurementswerefirstusedto constructa rating
curveforthesite. Dueto thesandynatureof theriversectionat
Saminaka(whichis typicalof thevastmajorityof gaugingsitesvisitedand
docuMented)thevariationsof thedischargemeasurementswereallmedfor
by applyingshiftcorrections.Thisapproachassumesthatalldeviations
fromthebasicstage-dischargerelationshipcanbe explainedby movementsof
thestreambed.

Itwasassumedthatbedmovementsoccurduringhighflows.Thus,
thebasicstage-dischargerelationshipcouldbe obtainedfromalldischarge
measurementsmadebetweenoneperiodof highflowsandthenext. Enough
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informationwasavailableforthissiteforthisto be repeateda
numberof times.

A furtherassumptionwasmadeaboutthenatureof theratingcurve.
WhereasKSWBplotthedataon arithmeticscalesandfita paraboliccurve
throughthedischargemeasurements,itwasassumedin thisstudythatthe
relationshipcouldbe representedby a Straightlineon doublelogarithmicpaPer
withthelevelof zeroflowcorrespondingto zerostage.

A consistentsetofcurveswasproduced_foreachyearcf analysis,
An averageline(FigureA.1)wasconstructedandfoundto representthe
relationship

Q = 50H2

The 'shifts'or apparentmovementsoftheriverbedwerethen
computedfromthedischargemeasurements,on a monthlybasis.These
areshowninTableA.1 .

Themeandailyflowswerecomputedusingtheseshifts.Themean
monthlyflowswerethendeduced,andcomparedwiththosepublishedby the
KSWB;thiscomparisonis summarisedinTableA.2.

Thetwoestimatesof themeanannualrunoffaresimilar.Themajor
differencesbetweenthetwoestimatesareinthedryseasonflows.Comparison
of thedailyflowestimatesandtheactualdischargemeasurementssuggests
thattheKSWBapproachis lessreliablethanthecurrentapproach.

Thestudyof thisstationshowedthattheshiftingnatureof the
riverbedsintheareacouldbe allowedforsimplyin constructingrating
curveswithreasonableresults.Theproblemsof estimatingflowsduringthe
dryseasonwerebroughtoutandthereviewof theothergaugingstations
concentratedonthisaspectof theflowregime.

Kadunaat KadunaSouth(KS&B)

Thisstationisthemosthnportantflowgaugingstationin the
catchment,havinga relativelylonggauginghistory,a reasonablystable
crosssectionandeasyaccessforthegaugingauthorityin Kaduna.The
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Kadunaflowrecordhasbeenstudiedby a numberof consultingengineers
andothers.

Itwasthesubjectof'aninvestigationin1962-by theHydrological
ResearchUnit,thenpartof theHydraulicsResearchStation.Thisstudy
wascommissionedbyMessrsScottWilsonKirkpatrickandPartnersin
connectionwitha schemeto supplywatertothetownof Kaduna.Theobject
of thestudywasto investigatethelowflowsin theRiverKaduna.There
iscloseagreementbetweentheflowsdeducedforthisreportandthose
publishedby theKSWB.

Therearesomeanomaliesinthepublisheddataafter1972.A rating
curvefortheKadunawasestablished(FigureA.2)and 'shifts'computedfor
theperiod1972-77,as fortheKaramiatSaminaka.Thedryseasonflow
estimateswerethenreviewed,andinmanycasesaltered,to producethe
revisedmonthlyflowsgiveninTableA.3.

Kadunaat KirminGurmana(NEPA)

A gaugewasinstalledat KurminGurmanaon theRiverKadunawhen
ShiroroGorgewasbeingstudiedforitshydro-powerpotential.Theflow
informationforthissiteisdifficulttoobtain.MotorColumbus,during
theirstudy,wereunableto findanydata. We haveobtained,by courtesy
of SirAlexanderGibbandPartners,meandailydischargeestimatesforthe
period1955to 1961. Thisinformationcouldnotbe cross-checkedrigorously
butseemsto be consistentandiscompatiblewiththedatafromstations
bothupstreamanddownstream.Themonthlyflowestimatesproducedarein
TableA.4.

Kadunaat NuyaBridge(IND)

TheRiverKadunaisgaugedatWuyaBridgeby theInlandWaterwaysDivision
of theFederalMinistryofTransport.TheMbtorColumbusReportcontains
a monthlyflowsummaryforthisstation,whichdiffers,inplaces,fromthe
flowsestimatedby IUD. Itappearsthatthepresentratingcurveemployed
by IWDwasconstructedin1952,whichprobablyexplainsthevariationin
dry-seasonflows.MotorColumbushavealteredor omittedtheseflowsin
theiranalysis.

As thebasicdischargemeasurementsarenotavailable,thesummarytable
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ofMotorColumbuswasacceptedforthisgaugingstationandis
reproducedasTableA.5.

Tuboat Mile 20, Kadunato Lagosroad (KSWB)

• Thisstationhassufferedmorethanmostfromthelackof storage
spacein Kaduna,and.veryfewof the•basicdischargemeasurementssurvive.
Thisgaugingstation,visitedduringourfieldvisits,is saidto be oneof
thebetteronesoperatedby theKSWB,andan examinationof thecomputed
dischargesseemstoconfirmthis..Wherecomparisonbetweendischarge
measurementsandcomputedflowswaspossible(1975to 1977)theflows
weresomewhatoverestimatedandthiswasallowedforwhenconstructing
themonthlyflowsummarytable(TableA.6).

Marigaat Mariga (NSWB)

Alltheinformationobtainedforthisstationcamefromworking
filesheldat theWaterBoard'sofficesinMinna,intheformof
dischargemeasurementsandgaugelevels.

Theratingcurve(FigureA.3)wasestablishedandthe 'shifts' ..
werethendeducedfromthedischargemeasurements.Comparisonof thesewith
thegaugeheightrecordsrevealeda numberof anomaliesin thedataafter
1974andthevariationsandsuddenchangesingaugeheightssuggestedthatthese
datashouldnotbeusedintheanalysis.Forperiodsduringthegauge
levelsappearreliable,meandailyflowswerecomputedusingestimated
shiftsandtheratingcurve.Fromthesemeanmonthlyflowswerededuced,
andthesearesummarisedinTableA.7.

Galmaat Ribako (KSWB)

Thissiteis a typicalsandy-beddedriverof theKadunaBasin,located
at a roadbridge.However,themethodof constructinga ratingcurveused
fortheothergaugingstationsfailedin thiscaseto producevery
satisfactoryresults.Thedischargemeasurementsweremorescatteredthan
usual,and,althougha linewasdrawnthroughthedata(seeFigureA.4),
thecalculatedshiftsfromthatlineremaineddependentondischarge.As
a result,thecalculatedratingcurveremaineda compromisesolution.
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The 'shift'calculationsindicateda lotof bedmovement,andfrom
oneyearto thenextthenetchangewas,appreciable.As a result,itwas
difficultto estimatedryseasonflowsforseasonsduringwhichno discharge
measurementsweremade. However,whencomparisonswerepossible,itwas
foundthattherewereno appreciabledifferencesbetweentheflowestimates

. of theKSWBandours,sotheflowsquotedinTableA.8areessentially
thoseofthewaterboard.

GaZma at Zaria (ICSWB)

Thisstationwasconsideredby thewaterboardtobe lessreliable
thanthestationatRibako,andappearstohaverecentlybeenabandoned-
thestationbeingtransferredto thenewdamon theGalmanearZaria.

Dischargemeasurementswereobtainedfortheperiod1971to 1974,
andtheseagreewiththedailyflowscomputedby thewaterboard.The
differences,however,aregreaterduringperiodsof lowflow. Because,
ingeneral,itwasfoundthattheearlierrecordsaremorereliablethan
therecentones,thedischargescomputedby thewaterboardforthis
stationwereacceptedas correct,andarereproducedinTableA.9.

Commentsappearingon thegaugeheightrecordsindicatethatthe
waterlevelsin theGalmaareinfluencedduringthedryseasonby the
dammingof theriverby farmers,presumablyforirrigationor livestock
watering.It is alsonoticeablethattheestimateddryseasonflowshave
decreasedinrecentyears.Thiscouldindicateincreasingdry-season
abstractionsfromtheriver,whichcouldinvalidateourcalculations.
Ifmoredetailedstudiesarerequiredlater,effortsshouldbemadeto
assessthesepastandpresentabstractions.

Shika at Kano - Zaria Rail Bridge (KSAIB)

Thisstationhasbeenwelldocumentedsinceitsopeningin1965but
dischargemeasurementsduringthedryseasonhavebeeninfrequent.This
stationappearsto sufferfromraisingofwaterlevelsdueto localdamming
by farmersduringperiodsof lowflowandtobackwatereffectsfromtheGalma
duringperiodsof highflow.

Theflowrecordscomputedby thewaterboardwerefoundto be
consistentandadequateformostof theyearbutthereremaineduncertainties
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overthedryseasonflows.However,theavailablerecordsdo not
enableus to improve-on thelowflowestimatesproduced.bythewater
board.Theflowestimatesarecontained,in.TableA.10..

Rangimiat Rihogi(KSWB)

TheKanginiisa smalltributaryof theKadunathathasgrown
in importancerecentlydueto theconstructionof a largedamacross
theriver.Thisstationwasinvestigatedandusedby consulting
engineersduringstudiesassociateduiththedam,andtherecords
producedbyEnpIanin theirreporton theirrigationpotentialof
theKangimiwaterresourcesarecontainedinTableA.11.

Kogumat Kagoro(KSWB)

AlthoughthisstationisoutsidetheKadunabasin,itisusefUl
becausethecatchmentishydrologicallysimilarto theUpperKaduna
catchment,andthestationappearsto bereliable.Theadditional
informationcollectedat thewaterboardheadquarterssupported
theflowscalculatedby theboard,reproducedinTableA.12.

Kogumat UngwarRimi (KSWB)

ThisstationisalsooutsidetheKadunacatchmentandpossesses
a stablesection,withtheratingcurvebeingconsistentup to 1974.
Thereafter,significantdeviationsoccurandthewaterboard'scalculations
over-estimatethedryseasonflows.Thesehavebeenamendedandareshown •
inTableA.13.

Guraraat Kachia(KSWB)

Thisstatia4outsidetheKadunacatchmentisvisitedfrequentlyby
thehydrometricstaffof thewaterboardandtherearea largenumberof
dischargemeasurementsrecordedon theheadquartersfile. Thesewere
usedtoconstructa ratingcurve,reproducedinFigureA.S. Theearly
dischargemeasurementsappearedtobe adequatelyreliablebutitwasfound
thatthedischargeestimatesinrecentyearsrequiredoccasional
modification.Thelowflowestimatesappearto be consistentlysomewhat
higherthanthedischargemeasurementsduringthecorrespondingperiods.
ThereviseddischargeestimatesarecontainedinTableA.14. -
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Yikoat Gusan(NSWB)

Thisstation,gauginga smallstreamto-thewest.ofthe.Kaduna
catchment,wasselectedforexaminationbecauseitscatchmentarea
isentirelyon theNupeSandstoneandis likelytohavedifferent
runoffcharacteristicsfromtheothergaugedstreams.

TheinformationobtainedfroththeuaterboardheadquartersinMinna
consistedof allavailabledischargementmeasurementsandcalculated
meandailygaugeheights.Examinationof thedischargemeasurementdata
showedtherivercross-sectionatthe-gaugeto be fairlystable,although
thedataareveryscattered.An averagelinewasdrawntoproducean
approximateratingcurve(FigureA.6)whichshouldbe adequatefor
thisstudy.ThecomputedmeanmonthlydischargesaregiveninTableA.15.

Bakogiat Agaie (NSWB)

A secondstationwitha catchmentareawithintheNupeSandstone
wason theBakogi.Dischargemeasurementsandmeandailygaugeheights
wereobtained,a stableratingcurvewasconstructed(FigureA..7)and
meanmonthlydischarges,computedfromtheavailablegaugeheights,are
reproducedinTableA.16.

Secondarygaugingstations

Inadditiontotheprimarystreamflowstations,therearea number
of stationsforwhichdataarealsoavailable,butwhicharenot
consideredsuitablefortheprimarynetwork.A briefdescriptionof
thesestationsfollows,withthereasonforexclusion.

Kusherikiat BirninGwari(KSWB): onlyoneyear'sdataavailable.Gauge
locateddownstreamof Bagomadam.
Visitedduringfieldvisit.

Resaat AfakaForest(KSWB): a gaugewitha fairlycompletegauging
historybuttheforestedcatchment
producesabnormallylowrunoff,which
isat leastpartlyattributableto
faultsin thestructure.
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Korigaat Mile 56 (KSWB): datawerefoundforonlyoneyear.
Stationvisitedduring,fieldvisit.

ChaZweat ZangonKatab(KSWB):

Kauraat:Mile7 (KSWB):

Kubaniat Zaria(KSWB):

Shikaat Bankuyi(RSPB):.

anotherstationwitha veryshort
history.A smallcatchmentin
theupperKadunaBasinsimilarto
othercatchmentswitha longergauging
history.

a stationgauginga verysmall
catchmentareaina partof the
KadunaBasinwellrepresentedby other
gauges.A stationwitha recordof
moderatelength(4years).

a reasonablylongrecordavailable,
butstationadverselyaffectedby back-
watereffectsfromtheRiverGalma.
Recordintermittentandunreliable.

4 veryincompleterecordavailable.
Riveradequatelygaugeddownstream.

a smallsub-catchmentcontainedwithin
theGalmacatchment.Recordshortand
verypoor.

Jamnaat Soba (KSWB): •

Kanoat Chiromawa(WRECA): a well-documentedstationto thenorth-
eastof theKadunaBasin,witha
relativelylonggauginghistory.However,
theflowregimeof thisriverappears
to be significantlydifferentfrom
thatof theGalma(thenearestgauged
catchmentinsidetheKadunaBasin),with
theriverregularlydryingcompletely.
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Challawaat ChallawaGorge(WRECA):a stationthathasbeenclosely
examinedbyWRECA,andwhoserecords

have,beenextende&back.to 1960.

However,theseasonaldistribution

appearsto be significantlydifferent
fromgaugedKadunatributaries,with

theriverdryingup forabout5months

of theyear.

GUraraat Kitikwa(WRECA):

Guraraat Izom (NSWB/NRECA):

a recentlyestablishedstationto the

southof theKadunaBasin,withonly

oneyear'sdataavailable.

interestinthisstationhasrecently
reviveddueto thelocationof thenew

Federalcapital.URECAhaveestimated
themeandailydischargesfor1976only,

therestof thedataareinfairly
crud&form. Locatedto thesouthof the
KadunaBasin.

Chanchagaat Chanchaga(NSTO/WRECA):a stationina verysimilarstateto
Guararat Izom,to thesouthof the
KadunaBasin.
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