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| [Introduction

I.I General

OnM250July 2006 [ContractRI[4598/4500045718was[signed by [Rijkswaterstaat 'RIZAland
WLI[[DelftHydraulics, wWhich[¢ommissioned[the Tatter[fo [¢arry [out[the Study FWaterbalans
MaxaulRijntakken”.[TThe [study[concernsanalyses Cofwater[balances between 115 main
hydrometricstations[6fthe Rhine from Maxau o L obith for Tow, thediumand high flows[in
theperiodJuly 1993 [andJuly2004. The TermslofTReferencelofthe Project(as specifiedlin
the RIZAldocumentBI0O/1994,dated 1 May 2006 [and [the Proposal 0f WL[IDelft Hydraulics
of 122 MMay Dwith Creference [IZWST18383/Q423 1/tkJand [itsCsupplement Cwith Creference
ZWST118688/Q4231/1j,[dated 2 [Tune2006 form [an integral [part[dftheabovelagreement.

Thelexecution6flthe Projecttakes placein three phases:
e Phasel(l:Dataldollectionand description/ofthethods
a) thelkickloffieeting,
b) theldescriptionlandidollectionoflthe Tequiredl@ndlavailableldata,
¢) development(offa/databaseloffhourlydischargesioffthe Rhine[downstream[ofMaxau
(measured'and[HB Vigenerated) [covering[the period [July[19933F+July[2004; the
dischargeseries’should be[SufficientfoHunthe [SOBEK model (between Maxau [and
Lobith,
d) descriptionofithe methodfofill[inthemissing/data,
e) datalvalidation,land
f) descriptioniofithe method folcompare(discharge fime(series.

e Phase2:Waterbalanceldnalysesbetween [the ain iydrometric[stations
g) analyses/oflobservedland(derived(discharge(series;
h) analysesJofl discharge[series using['[SOBEK,“andanalysesJofT dischargeseries
obtained Withthe[HBVimodel.

e Phase(3:[Analysis/0flsources(oflerrors(in(the Wwaterbalances
i) comparison/dfidischargeanalysesbetween(the ainhydrometric stations,
j) sensitivity [dnalyses dt/catchmentTevel o [identify [the Mmostimportanterror [Sources,
and
k) recommendations/onfimprovementsofithe funoftforecasting.

This[documentldescribes thelactivities carried ‘outlinPhase[1 [ofTtheProject. [ TheProject
background, objectives/andphases/are/describedinthe following[sub[sections.In[Chapter2
thelFEWS[Rijnnodellisldescribed o [identify [the [data Hequirement, Followed in Chapter3
bylapresentationloflthe[developmentlofTtheldatabase, [includingldatalc¢ollection, lentryand
validation. Thelextentofithe missingWaterleveland[dischargedataland [Pprocedures o fill lin
thelgaps/areldealtWithinChapter4.Tn[Chapter(5 theproposed Water Balance@analyses o be
carried/outfinPhase2 @reldescribed.
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Thefirst[steplofPhase1, the Kick [offimeeting[ofTthe [Project, fook placelon 7 [July, 20064t
RIZATAmhem [Cand TwasCattended by [Crepresentatives [of TRIZA,BfGand WL [Delft
Hydraulics. Inthismeetingthe Backgroundlandobjectives[ofithe[Project were reviewed, the
extent/and(delivery [0flthe Tequired [datadiscussed@nd actionsd@greed ipon[for theléxecution
offPhase(T.

1.2 Background

Forloperational [informationConWater[levelsfand [discharges "oftheRhinelise[ismade of
coupled[SOBEK Rhinelsectionmodelsl[downstreamofMaxau(SOBEK fnodel FEWSRijn
version2.05[as described [in[MemoWRR20057024,2005)fed withobservedstagesand
flowslintheRhineDasin. [For forecastingdlso mseis adeoflinflows/generated By the [HBV
hydrological model.

The[SOBEK modelsCofTvarious[Rhinelsections Wwere[calibrated [$eparately.[These[$ection
modelsCwere[later Con[extended Cwith Cmodels Cof the maintributaries, butwere never
recalibrated thereafter, Morhasthe ¢oupled model [downstream[0f[Maxaubeen calibrated[in
itsléntirety.[It[Seemsthatlérrorsfinfhesectionthodelsareddditivelin[downstream direction.
Unacceptableldifferenceswerelobserved/inlthe Tow [flowreach, Wwhich[led [fothe[dddition [of
groundwater[¢omponent, (but(still biases[dre[€ncountered.Similarly,[foo large[deviations(dre
observed forlhigh[flow[¢onditions.Possible deasons for these[érrors Wwereldiscussed [during
the Kick [offimeeting, [like:

e thelapplied[dischargeltating curvesandomission[ofThysteresis[effects(inthe[stagel]
discharge(relations.

e crrors/introducedforlow flows, Whenthe[water(levels[oflmajor(fributarieslike[Mosel,
Neckarland Main[arelcontrolled. In[SOBEK [thenise [is [still heing Made[ofTdischarges
derivedfromvaterlevels and theldischargetating[curve, incorrectedfor[thel[$tage
control.[However, [for[these conditions alsoimeasured [ dischargeare[available from
AcousticDoppler Meter (ADM), whichdouldbeisedlinstead.

e inlthel[pastlthere[were doubts aboutlstation[ Kaub:[differences existed[inlthe water
balances[for[thelsections[Mainz(Kaubland[Kaub[Andernach, whereas[for[thel[$ection
Mainz[Andernachlal¢lose[match[Wwaslobtained. [However,laccording[toBfG[$incelthe
introduction [0fTAcousticDoppler [Current[Profiler (ADCP)[Tbased[discharge(tatings, the
water(balances MainzKaubland KaubAndernachmatch Better.

o thelfactorslapplied[in[HBVimodel (for iingauged areas(are taken[similartfo the[gauged
areas;[thevalidity [ofithesefactorsfis[questionable.

1.3 Objectives

Thelanalysis(of’the [possible€rror(sources(ismot/anobjective0flthe [Project, [@ssuchlanalyses
will (e fakenpinsubsequent[studies. Thelsolelobjectiveoflthe Projectlis o Visualisethe
discrepancies(in(the Wwater(balance between(the[15 (key[Stations between Maxau and [Lobith
using[SOBEK, [Wherethehydraulic[imodel Tboundaries [are[ ¢ither[measured Values orlare
generated [ by theTHBV [ model.[TheClienthas[specifiedthe following[periods[tobe
considered between 1993 [and2004:

e Lowl(flow:2003
o  Medium{low: periodistillfo Belselected
e Highflows: floods6f1993,[1995,1998,1999 ((UpperRhine),2002and 2003.

| —2 WL[] [Pelft[Hydraulics
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2  Data[requirement

2.1 General

Thelgoal0fTthe WaterBalance @nalysisfis[folidentify [and[detectl@rrorsfinthelihput(datalofTthe
modelling¢hain[(water[level measurements[derived discharges [HBVISOBEK)thatlislalso
beingmisedin[FEWSRijn.In[FEWSRijn, [HBV[dalculated/discharges((smallfributaries’and
areas[close(foltheMmain(tiver)andldischarges oflthelarger [fributariesderived fromwater
levellmeasurements(using[al$tageldischargeltelationship)providelinputfor the [SOBEK
models.InthisStudy the SOBEK modelTefers [fothe lcoupled [SOBEK model MaxauRhine
delta,called[FEWSIRijn[¥ersion[2.05.[AnalysesWwill (becarried Cout between[$ubsequent
measurement(pointsfih[downstream[order[(14 [infotal)ihthe Rhinelcorresponding o 13 river
sections.

InTthisCchapterfirst[theltiver sections GwillCbespecified. [Next, [the[tomponents oflthe
SOBEK model FEWS[Rijnversion[2.05[dnd [the Tayout[ofTthe [HB Vimodel, [Supplier[oflpart
ofl(the[SOBEK [tnodel boundaries, [(will[be[presented. [Finally, (the[datatequirement for[the
waterbalance[dnalysis(isspecified based[dn thel@pplied boundaryconditions in FEWS[Rijn
version[2.05.

2.2  Rhine[River[$ections

Thel13 [Miver(sections[forWwhich[Water balances(will [be hadeldre[specifiedin(Table[21.[The
averagelsection[lengthlamounts[35.7km[and[the total (basinareal draining[to[the[Rhine
betweenMaxauland Lobith laccording to the(tablelis 108,371 (km®. The latter [arealis Based (6n
basinand[subbasin(sizes usedinthe (HBVImodel; thisvaluelis[2,086 km?[or[2%/$maller
than[the[basinlareal presented[ by the[KHRI(IKHR,[1986). Thelsection[between Kaub/]
Koblenz((section(5)@and Koblenz[Andernach((section(6)[is[taken as[one(sectionbecause the
gauging|stationofKoblenz(islbcated justupstream(dfiwherethe Mosel eénters the Rhineland
is[thereforeunreliabledueltobackwater(effects. [ Notelthat Wweltefer(tothelsection[Kaub(]
Andernachl(as(section(5/6/in(Table2(1.

Anloverview(0flthe fributaries/draining [tothe Rhinelin thelspecified river(sectionsincluding
theirkey measuring(stationfis[given(in(Table 2[2./Aswill[beshown(in[Sub[section2.5 for(the
tributaries [Only the[datalof'theStations[putlinbolddre(generally [received in ‘the[Operation [0f
FEWSRijn. Ttlimpliesthat(91,897 km?[of the[fotal intermediate basin [area 6f 108,371 km?
betweenMaxaulandLobith[(i.e[85%)[s[covered by [ineasurements. Datalof(the Temaining
stations/havebeentisedforicalibration [purposes.

WL[] DelftfHydraulics 2—1
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Table2[1 [Overview[dfriverisections [in the water (balance analysis

River River Km Contributing Upstream Downstream

Section Areal(km?) station station

1 362.337400.61 2,828 Maxau Speyer

2 400.611443.37 15,548 Speyer Worms

3 443.371498.27 28,783 Worms Mainz

4 498.27(546.23 5,075 Mainz Kaub

5/6 546.231591.49 7,362 Kaub Koblenz
591.491613.78 28,823 Koblenz Andernach

7 613.78[654.78 1,366 Andernach Bonn

8 654.781688.00 3,427 Bonn Kéln

9 688.00744.20 3,273 Kéln Diisseldorf

10 744.201780.80 4,977 Diisseldorf Ruhrort

11 780.801814.00 916 Ruhrort Wesel

12 814.001837.38 5314 Wesel Rees

13 837.381851.96 596 Rees Emmerich

14 851.96(862.22 Emmerich Lobith

Table22[Overview Oftributaries [6fthe[Rhinedrainingbetween Maxau [and Lobith, Wwith key measuring station
and(basinlarealipstream[0flthe easuring station

Rhine Section Tributary Station Areal(km®)

Section

1 MaxaulSpeyer Alb Ettlingen 151
Pfinz Berghausen 236
Erlenbach Rheinzabern 100
Queich Siebeldingen 194
Speyerbach Neustadt 303

2 Speyer[Worms Kraichbach Ubstadt 161
Neckar Rockenau 12,616
Leimbach Wiesloch 115

3 Worms[Mainz Pfrimm Monsheim 196
Weschnitz Lorch 393
Modau Eberstadt 92
Schwarzbach Nauheim 135
Main Raunheim 26,604

WL[] [Pelft[Hydraulics
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Rhine Section Tributary Station Area’(km?)
Section
4 Mainz[Kaub Selz Oberingelheim | 371
Nahe Grolsheim 4,013
Wisper Pfaffenthal 174
5/6 Kaub(Koblenz Lahn Kalkofen 5,298
Koblenz[] Mosel Cochem 27,262
Andernach Nette Nettegut 368
Wied Friedrichsthal | 678
7 Andernach(Bonn Ahr Altenahr 754
8 Bonn(Kdln Sieg Menden 2,876
9 KoInDiisseldorf Wupper Opladen 607
Erft Neubriick 1,595
10 Diisseldorf{Ruhrort[! | Ruhr Hattingen 4,124
11 Ruhrort[Wesel Emscher Konigstrasse 773
12 Wesel[Rees Lippe Schermbeck 4,860
13 Rees[Emmerich O O 0
14 Emmerich(Lobith 0 0 0
2.3 SOBEK[model[FEWS[Rijn[version[2.05
The[SOBEK model FEWSRijn[version2.05 Gk [@[doupled Wersion [0fTthe following[SOBEK
models:
1. Fews RijnRheinMaxauMainzI{withprefix MM1),
2. Fews_ RijnRheinMainz[Andernach(withprefix RM1),
3. Fews_ RijnRheinAndernachLobith{(withprefix/AL1),
4. Fews_RijnRijntakken2004.2 stuwen ™Y D Gontrol ((with prefix RT2),
5. Fews_RijnNeckarRockenau™uendungstuwenHY DIdontrol (withprefix WE1),
6. Fews RijnMainRaunheimMuendung[stuwenHY D[control (with[prefix MA3),
7. Fews_ RijnlahnKalkofenMuendungstuwenHY DIdontrol (with(prefix ILA1),@and
8. Fews RijnMosellCochemMuendung((with(prefix MOT1).

Thelsethip [0fTthe modellis[describedin[RIZAMemo[WRR 20051024 [([Van[der[Veen,2005)
and RIZAMemo24/07/06 (Lammersen, 2006).[Alsummary(is/given below.

WL[] [Pelft[Hydraulics
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Re.[][Fews_Rijn[Rhein[Maxau[Mainz

TheSOBEK modelRheinMaxauMainzwas[developed [in[2001 [in[the frame oflthe
LAHoR [projectby M. Weiand inder(the(guidancelofTthe BfG..[The [SOBEK [¢ross[Sections
were(generated With BASELINE[in20002001.Theodel lias beenladapted for FEWS [Rijn
tolallow[¢oupling [with models for[the Neckar[and Mainland[the$Schematisationhasbeen
‘updated forthe2002[donditionsinthe frameofthe Niederrheinstudie.

Re.2[Fews_Rijn[Rhein[Mainz[Andernach

The[SOBEKmodel Rhein[Mainz[AndernachWwasldevelopedin[2001 [in[theframelofTthe
LAHoR projectbythe BfG.[The[SOBEK [crosssectionsWwerelgenerated with BASELINEin
200072001.Themodelhasbeenlddapted For FEW S RijnToldllowdoupling With hodels for
theTLahnlandMoseldndthe[SchematisationhasBeen tipdated Forthe 2002 [¢onditionsfinthe
frameloflthe Niederrheinstudie. Theleéxternal [groundwater interactionhas beenTeplaced by
the SOBEK groundwatermodule.

Re.[3[Fews_Rijn[Rhein[Andernach[Lobith

The [SOBEK[model Rhein[AndernachLobith[was[developed[in[1997 [(by (HKV jiin in water S
commissioned (by[RWSIRIZAland[guided [by[the[BfG..[The [SOBEK ¢ross(sections[Wwere
generated (with[an[older[¥ersionoflthe (GIS application for(TSOBEK [¢rosssections.[The
modellhasbeenadaptedfor[FEWS [Rijnland the[Schematisationhas[beenuipdated for the
2002[conditions(inthe framelofthe Niederrheinstudie. The[éxternal [groundwater [interaction
hasBeenreplaced By the [SOBEK [groundwatermodule.

Re.[4[Fews_Rijn[Rijntakken[2004.2[stuwen[HYD|[¢ontrol

The[SOBEK [model (for[the Rhine (branches was(developed in[2004 by [RIZA. In[themodel
theltiverbed[is[basedon[2002/2003 "tonditions, Whereas[ the[ flood[plain[ describes/ the
situation[0f[1995.[The[SOBEK [¢ross(sectionshavebeenl generated[with i BASELINE. For
FEWSIRijn(thecontrol(0fthe Barrages has beenladapted [fo reducelinstabilities.

Re.[5[Fews_Rijn[Neckar[Rockenau[Muendung[stuwen[HYD[¢ontrol

The[SOBEK [model Neckar[PlochingenMiindung[was[developed[in[2003 [by (WL[J[Delft
Hydraulicsand [Bjornsen B, [¢ommissioned [by [the[BfG.[The[SOBEK [¢ross(sectionshave
been(generated withBASELINE. For[FEWS [Rijnthe model(reachhasbeen Heduced(folthe
sectionRockenauMiindungandthelcontrolCoflthe[barrageshas[beenadaptedto[teduce
instabilities.

2—4 WL[] [Pelft[Hydraulics
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Re.[6[Fews_Rijn[Main[Raunheim[Miindung[stuwen[HYD[¢ontrol

The[SOBEK modelMain[Wiirzburg Miindung[Wwas[developed[in[2001 by [Meander[inthe
frameloflthe[LAHoR Project, [commissioned by [RIZA.[The [SOBEK [¢ross(sectionshave
beengenerated with BASELINE. [For[FEWSRijn[themodel deachhasbeenteduced fothe
sectionRaunheimMiindungand(thelcontrol[ofTthelbarrageshasbeenladaptedtolreduce
instabilities.

[Re.[T[Fews_Rijn[Lahn[Kalkofen[Miindung[stuwen[HYD[¢ontrol

The JSOBEK model [Lahn[Giessen Miindung[was[developed [in 2004 by WL TDelft
HydraulicsfandBjornsenBI,[¢commissioned [by[the [BfG.[The[SOBEK [¢ross(sectionshave
been(generated with BASELINE. [For[FEWS [Rijnthe odel teachhasbeenHeducedfolthe
sectionKalkofen Miindungandlthetontroloflthe barrageshas[beenladaptedtolteduce
instabilities.

Re.[8[Fews_Rijn[Mosel[Cochem[Miindung

The[SOBEK modelloflthe[Mosel (between [Cochem[and[the fiver[iouth[Wwas developedlin
2001 by Meanderlin[the[frame of[the IRMA[Sponge/DEFLOOD[Project.[ The[SOBEK
cross(sectionshavelbeenlgenerated Wwith [ BASELINE.[For[FEWS[Rijn[thelcontrol oflthe
barrageshasBeen@dapted fo reducelihstabilities.

Abovepartial inodelsare[coupled by [funning[program (COMBINE. [For[simulations iseis
madeloflboundary[¢onditions[¢onsisting[ofldmixturelofimeasurements [(pointlinflows)and
HBV [ generated[ lateralinflows[ (point[or[ diffuse), whereas[ for[ forecasts[ the[ boundary
conditionslare[fullybased[on[HBV [data. Thetneasurementsand[HBV [datalare [multiplied
with[d[factor[folcorrect(for[basinldrealand/or biaslin[the flowslandwherelapplicablela[fime
shiftlislintroduced(to[correct[for[ travel[time[from[thelmeasuring[station/HBV [sub(basin
outflowlocationto therivermodel. Theltimelstep ised in FEWS[Rijn/is[1 hour.

2.4 HBV model

TheHBVI[modelloflthe[Rhine[between[Basel ‘and[Lobith, used by [FEWS[Rijn, hasbeen
describedlinldetaillin[Sprokkereeflét.[al.[(2001).[ The(HBVImodellisla ¢conceptual [$emil
distributedprecipitationtunoffimodeland[¢overs[101 [sublbasins(tanging in[size between
500[and (2,000 km®. Elevation|zones[in[the sub[basins are based on[the digital ¢levation
model[oflthe US Geological [Survey, Whereasthe land ise(datahaveBeen(derived from(grid
basedGISTlandsat[TM [satellite[data.

Inputlarehourlylandldaily [precipitation Values, [dir femperature [and ean monthly [potential
evaporationvalues. Hourly [JdischargeJdataThavebeenused[for Ccalibration Cpurposes.
Ungaugedlsub(basinsalongthe[Rhine[Wwere ¢alibrated by [comparison[with dischargesof
smaller(fepresentative Tributaries. Calibration/verification Wwas done [for the period 1990 o
1999, whereas(the dalibration [period TorfheMosel [coveredthe [period 19900 1998. Best
calibration results were [0btained [for [the Ruhr, Mosel [and (ILahn.
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Inthemext[sublsectionthe [HBV [subbasins[drepresented [foldescribe the FEWSRijn[HBV
based boundaryconditions.

2.5 Boundary[¢onditions[Uused[in[FEWS[Rijn

Waterbalances will beldstablished[for(the13 riversectionsTisted inTable 2[1.Thehipstream
boundaryisleitherCaldischarge$eries (derived fromwater[levelsCandalstageldischarge
relation)[or alwater(level Series[(tolaccountforhysteresiseffects). [For[thelateral inflows,
onelcanleither[¢hoosemeasuredldischargeslorTHBVsimulated[discharges.[In[TFEWS[Rijn,
forfalmostlall'smallfributaries iselis Mmadeloflthe (HBV [simulated[dischargesasmeasured
dischargesfor(these(fributariesaremotloperationallylavailable[dtthe oment. Tables2 3 o
2 60givelanoverview ofTthe ipperand Tower[boundaries,[inflows (HBV [or measurement)
andloutflows ([SOBEK) [0flthe SOBEK model[for[éach Miver[Section. Inthe[fablesHold [font
indicateswhat[is normallybeingmsedin[FEWSRijn.Inthe fables(the etter Qrindicates
discharge, HlindicatesWwaterTevel.[The fetentionlareas follow the¢onvention asdescribed
below:

e  VoIXX:modelledlarea's/dikeloverflow [@berrhein

e  name:[retentionmeasuresOberrhein

e O XXX:Modelled@rea'sdikeldverflowAndernachLobith

_ D XXX:modelledlarea'sdike breach/AndernachLobith

e Y XXX dX:modellinglofiflow/ihsidelthe/dikes/Andernach(LLobith

Italic fontlihdicates thattheldischarge 0f that/drealis Mot easured. [The fables will Betised fin
Sub(section[2.6[tospecifythe[dataltequirement. Figures[2[1to[2[12show[the[spatial
distribution 0fthe BV sub basins [fhat(arelinputfo the[SOBEK model.

River[$ection[]:[Maxau[Speyer

Referencelis ade(to Figure21 for[an[dverview [0flthesub (basin[definitions(and theasuring
locations.[1t[isCbbservedthatCapart[from[station Maxaul for thesel$ections generallyho
measurements(arelintheldperation Of [FEWSRijn.

Table23[0Overview ofupperand Tower boundaries, inflows[(HBV(ortheasurement) @nd outflows (SOBEK)6f
the[SOBEK model forRiver(Section(1.

RiverSection1[]| Measurement HBV Area SOBEK
(km’)

UBMaxau QlorH 50,627.1001 | HlorQ
lateral[] inflow | Q,Ettlingen
(point) Q,Berghausen Q,[AlbPfinz 386.62

Q,[Siebeldingen

Q, Neustadt/Wst. | Q,QueichSp 496.95
lateral[] inflow Q,UpRhinel 1,944.01
(diffuse)
lateral Q,MM1 Voll
discharges Q,MM1 Vol2
modelled[] as Q,MM1 Vol3
retentionareas Q,MM1 Vol4

Q,MM1 Flotzgruen

LBSpeyer H 53,454.6700] Q

2—6 WL[] [Pelft[Hydraulics
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River[$ection[2:[Speyer[Worms

Referencelismadelfo Figures2[1and 22 for[anldverview [ofthe Subbasin[definitionand
measuring Tocations. In(this Section theRhinelis joined By [the Neckar, [whichouth[forms
partofthe [SOBEK odel./Apartfrom(station Rockenaudn'the Weckar Mo easurement/data
arelobtained fromtheSection forthe loperation Gf (FEWSRijn.

Table24[Overview [df ipperand lower Boundaries, ihflows[(HBV [or theasurement) l@and[dutflows (SOBEK) lof
the[SOBEK model [for[River[Section2.

RiverSection2[1| Measurement’] | HBV Area SOBEK
(km’)
UBI[Speyer QlorH 53,454.67(] HlorQ
laterall]  inflow | Q,Rockenau Q,Neckar4 12,616.50 | H
(point) Q,Meckesheim | Q,[Elsenz 538.50
lateral[]  inflow Q,UpRhine2 855.22
(diffuse) Q, UpRhine3 826.12
Q,Neckar5s 711.70

lateral[discharges Q,MM1 _Vol5
modelled [’ as Q,MM1_Vol6
retention [areas Q,MM1_Vol7

Q,MMI1 _Vol8

Q, MMI1 Kollerinsel
LB Worms H 69,002.71[] Q

River[$ection[3:[Worms[Mainz

Referencelisadelfo Figures2[1and 23 [for[andverview [of the subbasin[definitionand
measuring [locations. (Inthis(SectiontheRhinelis joined by [the[Main, (Which fmouth forms
part[ofthe[SOBEK odel.[Apartfrom(station[RaunheimontheMainmo Measurement(data
arelobtained fromtheSection forthe loperation Gf [FEWSRijn.

Table25[Overview [df ipperand lower Boundaries, ihflows[(HBV [or theasurement) land [dutflows (SOBEK) lof
the[SOBEK model [for[River[Section(3.

RiverSection3 Measurement[ ]| HBV Area SOBEK
(km’)

UBWorms QlorH 69,002.71[| HlorlQ

laterall]  inflow | Q,Ilorsch H

(point) Q,Eberstadt Q, WeschMod 484.88

Q,Raunheim | Q,Main8[(totmean) 26,604.00
Q,Main8(locmean)

lateral (] inflow Q, UpRhine4 1,694.51

(diffuse)

lateral[]discharges Q,MM1 Vol9

modelled (] as Q,MM1_Voll0

retention(areas Q,MM1 Volll
Q,MMI1_Voll2
Q,MMI1 Voll3

LB Mainz H 97,786.09C] Q

WL[] DelftfHydraulics 2—7
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Water[balance[[Maxau[Rhine[branches

Phase[]

River[$ection[4:[Mainz[Kaub

Referencelismadelfo Figures 2[4 and 2[5 {for[anldverview [ofthe subbasin definitionand
measuring Tocations. /Apart[from station Grolsheim[onMNaheRivermo theasurement(dataldre

obtained fromthe(section [for the Operation[0f [FEWSRijn.

Table2[6[Overview [0fipperand lower Boundaries, inflows[((HBV [or theasurement) and [dutflows[(SOBEK) (0f
the[SOBEK model for[RiverSection 4.

RiverSection4[1 | Measurement HBV Area SOBEK
(km’)
UBMainz QlofH 97,786.09(] HioflQ
laterall]  inflow | Q,[@beringelheim | Q,Selz 370.96 H
(point) Q, Grolsheim Q,Nahe3 3850
Q,Pfaffenthal Q, Wisper 174.36
laterall[]  inflow Q,MidRhinel 679.41
(diffuse)
lateral [ discharges Q,MM1 Voll4
modelled as Q,RM1_Voll5
retentionlareas Q,RM1 Voll6
Q,RM1 _Voll7
Q,RM1 Voll8
LBKaub H 102,860.80] Q

River[$ection[}/6:[Kaub[Koblenz

Thelsectionbetween Kaub Koblenz[(section[5)@nd Koblenz[Andernach((section[6)[isfaken
aslonelsectionbecause(thelgaugingstation[0f Koblenzlislocated justhipstream [0f[where[the
Mosel lenters the Rhine(and fis therefore inreliabledue o Backwater(effects.
Referencelismadelfo [Figures2[4and 27 for[anldverview [ofthe subbasin definitionand
measuringlocations. [Inthis $ectiontheRhine[is joined by the Lahn,[Which downstream
partsfarelincludedlinthe ¢oupled (SOBEK tnodel. For[this [fributary ineasurement[datalare
received forthedperation 0f [FEEWSRijn.

Table2[7[Overview [0fipperiand lower Boundaries, inflows[(HBV [or theasurement) land [dutflows [(SOBEK) (6f
the[SOBEK model forRiver(Section (3.

RiverSection5[1 | Measurement HBV Area SOBEK
(km’)
UBIKaub QlofH 102,860.8(] HioflQ
lateral linflow Q,Kalkhofen Q,Lahn4(totmean) 5,298.000] H
(point)
lateral inflow Q, MidRhine2 1,083.24
(diffuse) Q,ILahn5 (locmean) 592.94
lateral(discharges [J Q,RMI1 _Voll9
modelledlas Q,RM1_Vol20
retentionlareas Q,RM1 Vol21
Q,RM1_Vol22
Q,RM1 Vol23
LBKoblenz H 137,4851] Q

WL[] [Pelft[Hydraulics
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River[$ection[b/6:[Koblenz[ Andernach

Referencelis(madefo Figure[2[4[and[2[6for[an[overview ofltheSubbasinldefinitionand
measuring [locations. In'this(section theRhine is joined by the Mosel, Netteland Wied [rivers
offwhichlonly [for[the Mosel land[Wied imeasurement[dataare[tegularly [teceivedfor[the
operation 6f [FEEWS [Rijn.

Table28[Overview[df ipperand lower Boundaries, ihflows[(HBV [ortheasurement) l@and[dutflows (SOBEK) lof
the[SOBEK model for[RiverSection[6.

RiverSection 6 Measurement HBV Area SOBEK
(km’)
UBKoblenz H 137,485(] QlorH
lateral inflow Q,Cochem Q,Umos3 27,262.16 | H
(point) Q,Saynbach 515.02
Q,Friederichsthal | Q,Wied 677.53
Q, Nettegut Q,Nette 368.33
lateral linflow Q,Umos4 387.88
(diffuse)
lateral(discharges [J Q,RM1_Vol24
modelledas Q,RM1_Vol25
retention [areas Q,RM1 Vol26
LB[Andernach H 139,045.91] Q

River[$ection[7:{Andernach[Bonn

ReferencelismadeltoFigure2 4 for(dn[overview [oflthe[subbasindefinition[and heasuring
locations.In(this[section[theRhinelis[joined [bythe[Ahr[for[Which tegularly (measurement
datalarereceived fortheoperation G [FEEWS Rijn.

Table219.Overview 0fupper(and lower Boundaries,inflows (HBV lor theasurement) land [dutflows (SOBEK) lof
the[SOBEK model forRiver(Section 7.

River Section(70) | Measurement HBV Area SOBEK
(km’)

UBlAndernach Qlor[TH 139,045.90) QlorH

laterall]  inflow | Q,/Altenahr Q,[Ahr 753.65

(point)

lateral[]  inflow Q, MidRhine3 612.18

(diffuse)

lateral [discharges Q,/AL1_ W _101_103

modelled /] as Q,Al1_O 001

retention (areas

LBBonn H 140,411.71] Q

WL[] DelftfHydraulics 2—9
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Water[balance[[Maxau[Rhine[branches

Phase[]

River[$ection[8:[Bonn[Koln

Referencelismadelfo [Figures2[4and 2 [8for[anldverview [of[the subbasin definitionand
measuringlocations.Inlthis(section[the[Rhinelisjoined [by[theSiegfor[whichtegularly
measurement(dataldre received fortheoperation GfIFEW S Rijn.

Table210Overview ofipper(andlowerboundaries, inflows (HBV [or theasurement) [and [dutflows (SOBEK) [of
the[SOBEK hodel forRiver(Section (8.

River(Section (8]

Measurement

HBV

Area
(km’)

SOBEK

UB[Bonn

Qlor[TH

140,411.7(]

QlorH

lateral(]  inflow

(point)

Q,M™Menden

Q,Unsi

2,876.27

lateral ] inflow

(diffuse)

MidRhine4

550.28

lateral [ discharges
modelled ] as
retentionlareas

Q.AIl_103
Q,All_1031
Q,All_1032
Q,All_O 002
Q,All_O 003
Q,[All_O_004
Q,[All_O_005
Q,[All_O_005_dl
Q,All_O_005_d2
Q,All_O_006
Q,All_O_006_d1
Q,All_O_006_d2
Q,All_O_006_d3
Q,All_O_006_d4
Q,[All_O 008
Q,All_O 008_dl
Q,All_O_008_d2
Q,[All_O_009
Q,All_0 010
Q,All_0 011
Q.All_ 0 012

LBKd6In

143,838.3 ()

Q

2—10
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December,[2006

River[$ection[9:[KoIn[Diisseldorf

Referencelismade(fo Figure2[9and 210 forlanloverview [0f the[subbasindefinitiondnd
measuring [locations. [(In[this$ectionthe Rhinelis joined by the [Erftland [(Wupper tiversfor
whichregularly measurement(datalare received for the [Operation Gf[FEW S Rijn.

Table21 1.[Overview[oflipperland TowerBoundaries, inflows (HBV [dr theasurement) land [dutflows (SOBEK) [of
the[SOBEK model [for[River[Section9.

RiverSection9[]

Measurement

HBV

Area
(km’)

SOBEK

UBKodIn

QlorH

143,838.3(]

QlorH

laterall  inflow

(point)

Q,Opladen
Q,Neubrueck

Q, Wupperl
Q,Erft2

607.06
1,595.43

lateral]  inflow

(diffuse)

Q,LowRhinel
Q,Erft3

860.01
210.19

laterall discharges
modelled as
retentionlareas

Q,/All_Mohne d1
Q,/All_Mohne d2
Q,[All_O 013
Q,All_O 014
Q,All_O 014 d1
Q,All_O 014 d2
Q,All_O 015
Q,All_O 016
Q,[All_ O 016 dl1
Q,[All O 016 d2
Q,[All_ O 017
Q.,[All_ O 018
Q.[All_O_021
Q,[All_O 021 dl1
Q,All_O 021 d2
Q,[All_O_021 d3
Q,All_O 021 d4
Q,All_O 022
Q,All_O 024
Q.,[All_ O 025
Q.,[All D 019
Q,[All D 019 d1
Q,[All D 019 d2
Q,/All_D 023
Q,/All_D 023 dl
Q,/All_D 023 d2
Q,/All_D 023 d3
Q,/All_D 023 d4
Q,All_O 026
Q,All_O 027
Q,/All_ O 027 b
Q,[All_ O 027 dl1
Q,[All O 027 d2

LB Diisseldorf

H

147,111

Q

WL[] [Pelft[Hydraulics

" Erft3, locmean(ismot used in FEWS Rijn
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Water[balance[[Maxau[Rhine[branches

Phase[]

River[$ection[] 0:[[[Piisseldorf[Ruhrort

Referencelismade(fo [Figure2[9and[2 11 [for[anloverview oflthesubbasin[definitionand
measuringlocations. (Inthis $ectiontheRhine[is joined by the Ruhrfor[Whichtegularly
measurement(dataldre received fortheoperation GfIFEW S Rijn.

Table212Overview ofipper(andlowerboundaries, inflows (HBV [or theasurement) [and [dutflows (SOBEK) [of
the[SOBEK hodel for[River(Section10

RiverSection10[] | Measurement HBV Area SOBEK
(km’)

UB Diisseldorf Qlor[TH 147,111 QlorH

lateral[] inflow | Q,Hattingen Q,Ruhr3 4,124.00

(point)

lateral[]  inflow LowRhine2 492.24

(diffuse) Q, Ruhr4 360.76'

lateralldischarges Q,[AL1_O 030

modelled[] as Q,/AL1 D 031

retentionlareas Q,/AL1 D 031 d1
Q,;/AL1 D 031 d2
Q,/AL1 D 033
Q,/AL1 D 033 d1
Q,/AL1 D 033 d2
Q,/AL1 D 034
Q,/AL1 D 035

LB Rubhrort H 152,088 Q

" Ruhr4, Tocmean is fot[used/in FEWS Rijn

River[$ection[] | :[Ruhrort[Wesel

Referencelis[madefo[Figure[29and 212 [forlan[overview [oflthelsub[basin[definitionand
measuringlocations. [In[this[$ection[the[Rhinelis[joined [bythe [Emscher[tiver for[which
regularlymeasurement(datalarereceived forthe Operation Of [FEWS[Rijn.

Table213 [@verview (ofipper and lowerBoundaries, ihflows (HBV or theasurement) and ‘outflows (SOBEK) [6f
the[SOBEK thodel forRiverSection11.

River(Section11] Measurement HBV Area SOBEK
(km’)

UBRuhrort QlorH 152,08801 | QlorH

lateral’l  inflow | Q,Ko6ningstrasse | Q,[Emscher 772.85

(point)

lateral[]  inflow LowRhine3 680.93

(diffuse)

lateral [ discharges Q,[AL1_O 037

modelled[] as

retentionareas

LB Wesel H Q

2—12
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December,[2006

River[$ection[] 2:[Wesel[Rees

Referencelishade(foFigure2 9 forlandoverview [0flthe Subbasin(definition. dn(this Section
theRhineis joined By the ILippe fiver for Which regularly measurement(datalare received for
theloperation 0fTFEEW S Rijn. ILateral inflow fo(this[Section [is motMmeasured (LIPPE!!)@and is
thereforederived By the[HBV modelforthe Gperation 0f FEWSRijn.

Table214Overview [6fipper(and Tower boundaries, inflows (HBV [or theasurement) [and [outflows (SOBEK) lof
the[SOBEK model for[RiverSection12.

RiverSection12]

Measurement

HBV

Areal(km?)

SOBEK

UBWesel

Qlor™

QlorH

lateral [ inflow

(point)

Q,Schermbeck

Q,[Lippe3

([TITITTITT14,859.68

lateral (] inflow

(diffuse)

LowRhine3

see(Table2.13

lateral( ldischarges
modelled as
retention (@reas

Q.ALI_107

LBRees

H

158,401.4

Q

River[$ection[] 3:[Rees[Emmerich

Referencelismade(fo [Figure (29 [forlanloverview of(the[sub[basin[definition. Lateral inflow
tolthis[section[is motmeasured @ndfis [therefore[derived by [the HBV odel fortheoperation

of FEWS[Rijn.

Table2115Overview [6fipper/and Tower boundaries, inflows (HBV [or heasurement) [and loutflows (SOBEK) lof
the[SOBEK model forRiverSection13.

RiverSection13[] | Measurement HBV Areal(km?) SOBEK
UBRees QlorH 158,401.4 QlorH

lateral [ inflow

(point)

lateral[] inflow LowRhine4 596.40

(diffuse)

lateral[] discharges Q.,[AL1 O 39
modelled(] as Q,/AL1 O 40
retention [areas Q,[AL1 O 41
LBEmmerich H Q

WL[] [Pelft[Hydraulics

2—13
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Water[balance[[Maxau[Rhine[branches

Phase[]

River[$ection[] 4:(Emmerich[Lobith

Referencelisthadefo Figure2[9 Forlanoverview [0flthesub[basindefinition. Tateral inflow
to(thissectionlis MotMmeasuredandfistherefore/derived by the HBV Thodel [forthe[operation

of[FEWSRijn.

Table216Overview ofipper(andlowerboundaries, inflows (HBV [or theasurement) [and [dutflows (SOBEK) [of
the[SOBEK hodel forRiverSection14.

RiverSection14] | Measurement HBV Areal(km?) SOBEK
UB/Emmerich Qlor[H QlorH
lateral ] inflow

(point)

lateral ] inflow LowRhine4 see(Table2.15

(diffuse)

laterall] discharges

modelled [’ as

retention [areas

LBILobith H 158.997.8 Q

2—14
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WL[] [Pelft[Hydraulics
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Figure2[1.Mapofisubbasins(thatlare inputiinto the[SOBEK model Between Maxauland Mainz.
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Phase[]

Jagst
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l Meckar3

Plockitngen
Meckar
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Rliver
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151 - 300
301 - 450
451 - 800
501 - 800
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1201 - 1500

Meckari

L
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Figure(2(2. Map[ofisubbasins[dflthe Neckar that(are inputlinto the[SOBEK hodel between Speyerand Worms.
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Figure(2(3. Map(ofisub[basins[ofithe Main that(are(input(into the[SOBEK model Between Worms and Mainz.

WL[] [Pelft[Hydraulics
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@.
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Figure2[4. Mapoffsubbasins[thatlare inputinto the [SOBEK model between Mainzland Koln.
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Grolsnalm

."/ D Subbasin
| / ¥  (Gauwging station
Fiver

levation Zones [masl]
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Figure2(5.Map of(subbasins[ofithe Nahe [thatlare inputlinto the SOBEK odel between Mainzland Kaub.
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Mledatdor?
¥
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W Renheim

Witiringen ¥

D Subbasin
¥ Gauwging station
Fivar
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78- 150
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6801 - 800
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1201 - 1500
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Figure2(6. Map ofisub (basins(ofithe[Mosel that(are inputlinto the[SOBEK hodel between Kaubland Koblenz.
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Phase[]

25

[ susbesin

¥
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301 - 450
451 - &0
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Figure2[7. Maplofisub(basins[dfithe ILahn[that(areinput/into the[SOBEK [hodel between Kauband Koblenz.

WL[] [Pelft[Hydraulics
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'@ D Subbasin
¥  Gauging station

Fiver

Elzvation Zones [masl]
L] 1-75
] 78-450
H 151 - 300

301 - 450
] 4s1-800
E 01 - 00D

@01 - 1200
B 1201 - 1500

25 a 25 Kilameter

Figure2(8. Map (0flsub (basins [6fthe[Sieg that@relihput(intothe[SOBEK model between Bonn[and Koln.
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Figure2(9. Mapofisub (basins that(are(inputlintothe[SOBEK model between Kdln(and LLobith.

WL [DelftHydraulics 2—23



Q4231.00 Water[balance[[Maxau[Rhine[branches

December,[2006
WRR[ATB[10027563 Phase[]
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Figure2110. Map(ofisub basins 6fthe [Erftthat/are inputlinto the [SOBEK hodel Between Bonnand Koln.
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D Subbasin

¥  Gauging station

Fiver

Elevation Zones [m a.sl]
1 1-75
H 76- 150
151 - 300
301 - 450
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@01 - 1200
B 1201 - 1500

25 Ju] 25 Kilometer

Figure2(11. Map [6flsubbasins [0fthe Ruhr that(are ihput into the[SOBEK thodel between Diisseldorfland
Rubhrort.

WL[] DelftfHydraulics 2—25



December,[2006 Q4231.00 Water[balance[[Maxau[Rhine[branches
WRR[ATB[10027563 Phase[]

Subbasin

Gauging stsfion

«

River

Elevation Zones [m a.s1]
= 1-75
L1 78-10
151 - 300
H o
] 451-@00
L | &01-200
B 801-1200
B 101 - 1500

Schermbeck

Lippe3

25 0 25 Filometer

Figure2(12. Map (6fsub (basins [6ftheLLippe(that@reinputlinto tThe SOBEK hodel between Ruhrortiand Rees.

2.6 Specification[bf{data[fequirement

Forthe Dwater[Cbalance[study [Cthe [following boundary [conditions CforTFEWSRijnCare
meaningful:

1. atfhenipperfandTowerboundaries0flthe(13 riverisectionsWaterlevel@nddischarge fime
series, as(discussedin[Sublsection2.5

2. water(levelland(discharge(fime Seriesfor the Neckar, Main, TLahnlandMosel (houndaries

atlresp. Rockenau, Raunheim, Kalkofen/and Cochem

allimeasured inflowsMised(ih[fhe(calibrationofTthe Partial SOBEK models

4. alllinflow[datafisedlin(thedperation [0f [FEWS[Rijnpriorfoldforecast. This[comprises
basicallylall[bold[typed[inflows[presentedin the Tables[2 3 to[2[16,3vhich tonsist
mainly Cof CTHBV [generated (flows Csupplemented Cwith Tmeasurementsofthe “major
tributaries;

5. Inladdition[fotheflowldatal$pecified inder[4,[HBVgenerated flowdataforthekey
Rhinelstationsandthemajor fributaries feplacing [fhehistoricaldischarge(Series.

W
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With(theldatalSets[specified inder[1,[2,[3,[4and (5 [thelquality [ofTthelinputdatalfor[the
SOBEK modeldanbeassessed. TheldatarequirementlisWworked[outlin Table 218 kinder(the
heading"Measurements”.[Only [Some [ateral [inflow [inthe Tower feach [ofthe [Rhineld/s[of
Andernach(stemsfrom/the(HBVinodel.[Theldatatequirementhasbeenlderived [fromthe
annexes [fo(the hemo’sdf Van(der Veen (2005)and I.ammersen(2006).

With(theldatalsets[Specified iinder[1,2[and[4 the[quality lofTthelinput/dataloflthe SOBEK
model FEWSRijnl¢anbeldnalysed. TheTisthasBeen derived from(the Tables 23 To2[16.
TheldatafequirementhasBeen Worked [GutfinTable2 18 tinderthe hieading SFEWSRijn”.

Byl¢ombiningtheldataltequirements of(4and 5 [FEWSRijnAnputlisCobtained, Wwhichlis
solelylderived from fhe[HBVimodel. Theladditional rfequirementfis Tisted inTable 2(17. Bya
comparisonoflthese[HBV generated flows Withfhe easured [dischargesthequality [0fTthe
HBVimodelcanbelassessed.

[Table2(17HBV loutput(atlocations [FEWSRijnmormally Feceives measurements

River Section Measurement HBV

1 MaxaullISpeyer Maxau UpRh23+

2[SpeyerWorms Rockenau Neckard+

3 Worms[[IMainz Raunheim Main8+

4 Mainz[lKaub Grolsheim Nahe3+

5/6[Kaub(Koblenz Cochem Umos3+
Kalkofen Lahn4+

[IKoblenz[[Andernach | Friedrichsthal Wied

7[Andernach [MBonn Altenahr Ahr

8 Bonn[[Ko5In Menden Unsi+

9KoInIDisseldorf Opladen Wupperl+
Neubriick Erft2+

10/DiisseldorflMRuhrort[| Hattingen Ruhr3+

11RuhrortMWesel Konigstrasse Emscher

12[WeselllRees Schermbeck Lippe3+0]

13ReesEmmerich O 0

14 Emmerich([Lobith(] | [] 0

WL[] [Pelft[Hydraulics

Thelabovespecificationleads(to(3 [datasets:

1. ANFEWSI[Rijnlinput/from[ieasurements (as used[during[¢alibration oflthe[SOBEK
model)

2. Normal FEWS[Rijnlinput,and

3. AIFEWSIRijnlihputfromHBVimodel

Theldatalseriesshould (atleast/coverlthe period July 1993 fo July 2004.
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December,[2006 Q4231.00 Water[balance[Maxau[Rhine[Branches
WRR[ATB[]0027563 Phase[]
Table2[18[Dverview[0fldatafequirement
River ID River/ Measurements[] | Factor Shift FEWS Rijn Factor Shift Datalreq.
Section Tributary hydro. (hr) hydro. (hr)
1 MM1 3037 Rhine Maxau 1.00 0.00 Maxau 1.000 0.00 H,IQ
Maxau MM1 3039 Alb Ettlingen 1.00 4.35 AlbPfinz 0.390 4.35 Q
Speyer MM1 3040 Pfinz Berghausen 1.00 7.04 AlbPfinz 0.610 7.04 Q
MM1 3042 Queich Siebeldingen 1.00 5.35 QuiechSp 0.390 5.35 Q
MM1 3043 Speyerbach Neustadt/Wst. 1.00 4.74 QuiechSp 0.610 4.74 Q
MMI1 3044 Erlenbach Rheinzabern 11.02 0.00 UpRhinel 1.000 0.00 Q
O Rhine Speyer O O O O O H,IQ
2 O Rhine Speyer O 0 0 O O H,IQ
Speyer MM1 3045 Kraichbach Ubstadt 2.48 0.00 UpRhine2 0.341 0.00 Q
Worms NE1 5615460 Neckar Rockenau 1.00 0.00 Rockenau 1.000 0.00 H,IQ
NE1 24114 Elsenz Meckesheim 2.10 2.96 Elsenz 1.000 0.00 Q
NEI1 24115 Itter Eberbach 1.66 1.39 Neckar5 0.227 0.00 Q
NEI1 24116124121 Neckar [lat Eberbach 3.72 0.00 Neckar5 0.773 0.00 Q
MM2 3046 Leinbach Wiesloch 2.03 0.00 UpRhine2 0.659 0.00 Q
MM1 3049 Pfrimm Monsheim 4.24 0.00 UpRhine3 1.000 0.00 Q
O Rhine Worms O [ [ O O H,Q
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Water{balance[Maxau[Rhine[branches Q4231.00 December,[2006
Phase[] WRRIATB[] 0027563
River ID River/ Measurements[] | Factor Shift FEWSRijn Factor Shift Datalreq.
Section Tributary hydro. (hr) hydro. (hr)
3 O Rhine Worms O 0 0 O O H,Q
Worms MMI1 3053 Rhine/(lat Monsheim 2.09 0.00 UpRhine4 0.370 0.00 Q
Mainz MM1 3051 Weschnitz Lorch 1.00 2.50 WeschMod 0.810 2.50 Q
MM1 3052 Modau Eberstadt 1.00 2.78 WeschMod 0.190 2.78 Q
MM1 3054 Schwarzbach | Naunheim 5.98 0.00 UpRhine4 0.630 0.00 Q
MA3 15910 Epstein 0.624 2.60 Main8[(sub[basin) 0.082 0 Q
MA3 58596 Main Raunheim 1.00 0.00 Raunheim 1.000 0.00 H,[Q
O Rhine Mainz O [ [ O O H,Q
4 O Rhine Mainz O [ [ O O H,Q
Mainz RMI1 2148 Selz Oberingelheim 1.03 0.00 Selz 1.000 0.00 Q
Kaub RM1 2149 Rhine/(lat Pfaffental 1.79 0.00 MidRhinel 0.710 0.00 Q
RM1 2150 Nahe Grolsheim 1.01 0.00 Grolsheim 1.01 0.00 Q
RMI1 2151 Wisper Pfaffental 1.23 0.00 Wisper 1.000 0.00 Q
RM1 2153 RhineTat Pfaffental 0.77 0.00 MidRhinel 0.290 0.00 Q
O Rhine Kaub O 0 0 O O H,[Q
5/6 O Rhine Kaub O N N O O H,[Q
Kaub RMI1 2154 Rhine Tat Pfaffenthal 2.16 0.00 MidRhine2 1.000 0.00 Q
Koblenz LA1 5365 Lahn Kalkofen 1.00 0.00 Kalkofen 1.000 0.00 Q
LA1 1489 Gelbach Weinéhr 1.03 0.49 Lahn5 0.348 0.00 Q
LA1 3563 Weinéhr 1.12 0.00 Lahn5 0.381 0.00 Q
LA1 1490 Miihlbach Schulmiihle 1.18 1.25 Lahn5 0.271 0.00 Q
O Rhine Koblenz O N N O O H,Q

WL[] [Pelft[Hydraulics
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December,[2006 Q4231.00 Water[balance[Maxau[Rhine[branches
WRRIATB[] 0027563 Phase[]

River ID River/ Measurements[] | Factor Shift FEWSRijn Factor Shift Datalreq.
Section Tributary hydro. (hr) hydro. (hr)
Koblenz O Rhine Koblenz O 0 0 O O H,[Q
Andernach | MO1_ 409 Mosel Cochem 1.00 0.00 Cochem 1.00 0.00 H,Q

MO1 1815 Mosel [at n.a.[(Umos4) 1.00 0.00 Umos4 1.00 0.00 Q

RM1 2158 Nette Nettegut 1.01 0.00 Nette 1.010 0.00 Q

RM1 2157159 Wied Friedrichsthal 1.35 0.00 Friedrichsthal 1.35 0.00 Q

RM112160 Rhine/(lat Friedrichsthal 0.18 0.00 Saynbach 0.570 0.00 Q

O Rhine Andernach O O O O O H,[Q
7 O Rhine Andernach O [ [ O O H,Q
Andernach | AL1 6 Ahr Altenahr/Rhoven | 1.00 5.00 Altenahr 1.00 5.00 Q
Bonn AL1 1402 Rhine Tat n.al(MidRhine3) | 1.00 0.00 MidRhine3 1.00 0.00 Q

O Rhine Bonn O 0 0 O O H,Q
8 O Rhine Bonn O 0 0 O N H,Q
Bonn AL1 8 Sieg Menden 1.00 1.50 Menden 1.00 1.50 Q
Koln AL1 1403 Rhine Tat n.al(MidRhine4) | 1.00 0.00 MidRhine4 1.000 0.00 Q

O Rhine Koéln O 0 0 O O H,Q
9 O Rhine Koln O [ [ O O H,Q
Koln AL1 10 Wupper Opladen 1.36 1.00 Opladen 1.36 1.00 Q
Diisseldorf | AL1 11 Erft Neubriick 1.15 2.00 Neubriick 1.15 2.00 Q

AL1 1404 Rhinelat n.al(LowRhinel) | 1.00 0.00 LowRhinel 1.000 0.00 Q

O Rhine Diisseldorf O [ [ O O H,Q
10 O Rhine Diisseldorf O [ [ O O H,Q
Diisseldorf | AL1 13 Ruhr Hattingen 1.09 10.00 Hattingen 1.09 10.00 Q
Ruhrort AL1 1405 Rhinelat n.al(LowRhine2) | 1.00 0.00 LowRhine2 1.000 0.00 Q

O Rhine Ruhrort O 0 0 O O H,Q
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Water[balance[Maxau[Rhine[branches Q4231.00 December,[2006
Phase[] WRRIATB[] 0027563
River ID River/ Measurements[] | Factor Shift FEWSRijn Factor Shift Datalreq.
Section Tributary hydro. (hr) hydro. (hr)
11 O Rhine Ruhrort O 0 0 O O H,Q
Ruhrort ALl 4 Emscher Konigstrasse 1.11 2.00 Konigstrasse 1.11 2.00 Q
Wesel ALI 1 Rhine n.al(LowRhine3) | 0.210 0.00 LowRhine3 0.210 0.00 Q
O Wesel O O O O O H,[Q
12 O Rhine Wesel O [ [ O O H,Q
Wesel AL1 1407 Rhine!lat n.a O O LowRhine3 0.79 0.00 Q
Rees O Rhine Rees O [ [ O O H,Q
13 O Rhine Rees O 0 0 O O H,[Q
Rees ALl 1408 Rhine/(lat n.a O O LowRhine4 a 0.00 Q
Emmerich | [J Rhine Emmerich O 0 0 O O H,[Q
14 O Rhine Emmerich O 0 0 O O H,[Q
Emmerich | AL1 1408 Rhine/(lat n.a O [ LowRhine4 1la 0.00 Q
Lobith O Rhine Lobith O 0 0 O O H,Q

WL[] [Pelft[Hydraulics
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3 Database[development

3.1 General

Infthis[chaptertheldevelopment(ofithedatabaseloflobservedWaterlevelsland [dischargesland
HBVTgenerated[dischargelserieslat[thellocations between Maxauland[Lobith[specified[in
Chapter2is(dealtiwith,including:

e Dataldollection,

e Dataléntry,

e Series(availability, [@and
e Datalvalidation.

Identification[oflmissingdata’and procedures o filllin the missing[datalarediscussedin
Chapter/4.

3.2 Observed[water[levels[and[discharges

3.2.1 Dataf¢ollection

Observed[Wwater[level anddischarge data’wereTeceived Con[CDland[byenail fromthe
followingsources:
* BfG:
a) HourlyldischargedatalandhourlyWwaterlevels[for[15main(stationsin the Rhine
from Maxaulfo[Emmerich
b) Hourlyland15minuteldischargeldndwaterIevel[datalofNeckar,Main,TLahn, Mosel
and[fributaries, including@lsolADM[(Ultraschall)(data
¢) Non'lequidistant[] discharge[] datal] of(J stations] Menden, ] Opladen,[] Neubriick,
Konigsstrasseland[Schermbeck
e RIZA
d) Hourlyldischargeldataland hourly WwaterTevels forILobith.

Anloverview[bfl thedelivereddatalispresentedin[Table B2.[Theldatalare[presented
accordingto(the(13 Tiver(sections(as/definedinTable2 1. Thefollowing(data [fypedefinition
isiised, [donformable o the(series fypesdefinedinthe(database:

e HH=historical Waterlevels

e (QH=Mistoricaldischarges((i.e. dischargedderived from Water Tevels)

o HU=istorical Water Tevelsfrom/ADM (Ultraschall) heasurements

e QU =Historicalldischargesmeasuredby[ADM

o HA=historical waterlevelsasiised in FEEWS[Rijn

From[Table[3[2[itlis[observed that[datalare[generallyavailable[forthe period [ November
1989(till[December[2004. [ Though(the[analyses[will (be [limited to the period [July 1993 o
July[2004,the BfGlhas[tequested fo[develop the[database [@sfrom November[1989 [onward.
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Water[balance[[Maxau[Rhine[branches
Phase[]

In(the ast column oflthe [fable the [fime [interval [of the [Series s indicated; INE (ineans[mon(]

equidistant[data.

Table31 [Overview[dficollected 0bserved water levelanddischargedataMaxaulLobith.

RS River Station ID Typ period from To At/(min)
e
1 Rhine Maxau QH 111111989[0:00 3101212004123:00 60
HH 11111198910:00 3101212004123:00 60
Alb Ettlingen QH 11111198910:00 3101212004123:00 60
Erlenbach Rheinzabern QH 10111198910:00 3101212004123:00 15
Pfinz Berghausen QH 111111989(0:00 3101212004123:00 60
Quiech Siebeldingen QH 11111990(0:00 3101212004123:00 15
Speyerbach Neustadt QH 1111199010:00 310121200423:00 15
2 Rhine Speyer QH 111111989(0:00 3101212004123:00 60
HH 111111989(0:00 3101212004123:00 60
Krachbach Ubstadt QH 111111989[0:00 3101212004123:00 15
Neckar Rockenau QH 111111989[0:00 3101212004123:00 60
HH 111111989[0:00 3101212004123:00 60
QU 18106120010:00 3101212004123:00 15
Itter Eberbach QH 11111198910:00 3101212004123:00 60
Elsenz Meckesheim QH 11111198910:00 3101212004123:00 60
Leimbach Wiesloch QH 11111198910:00 310121200423:00 15
Pfrimm Monsheim QH 111111989(0:00 3101212004123:00 15
3 Rhine Worms QH 111111989(0:00 3101212004123:00 60
HH 111111989(0:00 3101212004123:00 60
Weschnitz Lorsch QH 111111989(0:00 3101212004123:00 15
Modau Eberstadt QH 111111989(0:00 3101212004123:00 15
Schwarzbach Nauheim QH 111111989(0:00 3101212004123:00 15
Main Raunheim QH 111111989[0:00 3101212004123:00 60
HH 111111989[0:00 3101212004123:00 60
QU 181061200110:00 3101212004123:00 15
HU 11111198910:00 3101212004123:00 15
HA 151121200010:00 2910912005123:00 60
Main Frankfurt QH 111111989(0:00 3101212004123:00 60
HH 111111989(0:00 3101212004123:00 60
Schwarzbach Eppstein QH 101111198910:00 310121200423:00 15
4 Rhine Mainz QH 111111989(0:00 3101212004123:00 60
HH 111111989(0:00 3101212004123:00 60
Selz Oberingelheim QH 11111990[0:00 3101212004123:00 15
Nahe Grolsheim QH 111111989[0:00 3101212004123:00 15
Wisper Pfaffental QH 111111989[0:00 3101212004123:00 15

WL[] [Pelft[Hydraulics
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Phase[] WRR[ATB[] 0027563
RS River StationID Typ period from To At((min)
e
5/6 Rhine Kaub QH 11111198910:00 31012(2004123:00 60
HH 11111198910:00 31012(2004123:00 60
Lahn Kalkhofen QH 111111989(0:00 31012(2004123:00 60
HH 11111198910:00 31012[200423:00 60
Muehlbach Schmuehle QH 1111199010:00 31012[200423:00 15
Gelbach Weinaehr QH 1111199010:00 310121200423:00 15
Rhine Koblenz QH 11111198910:00 31012[200423:00 60
HH 101111989(0:00 31012[200423:00 60
Mosel Cochem QH 101111989(0:00 310121200423:00 60
HH 101111989(0:00 310121200423:00 60
Mosel Alken QU 10111199910:00 3101212004 123:00 15
HU 11111199910:00 3101212004 123:00 15
Nettegut QH 1111199010:00 31012(200423:00 15
Friederichstal QH 1111199010:00 31012(200423:00 15
7 Rhine Andernach QH 111111989(0:00 31012[2004123:00 60
HH 111111989(0:00 31012[2004123:00 60
Ahr Altenahr QH 11111992(0:00 310121200423:00 60/15
8 Rhine Bonn QH 111111989(0:00 31012[2004123:00 60
HH 11111198910:00 310121200423:00 60
Sieg Menden QH 31010198910:00 310121200423:00 15
9 Rhine Koéln QH 11111198910:00 31012[200423:00 60
HH 101111989(0:00 310121200423:00 60
Wupper Opladen QH 310101198910:00 310121200423:00 15
Erft Neubriick QH 101111989(0:00 310121200423:00 15
10 Rhine Diisseldorf QH 101111989(0:00 310121200423:00 60
HH 11111198910:00 3101212004 23:00 60
Ruhr Hattingen QH 11111198910:00 310121200423:00 15
11 Rhine Ruhrort QH 10111198910:00 31012[2004123:00 60
HH 11111198910:00 3101212004 123:00 60
Emscher Koenigstrasse QH 1111119891(0:00 31012[2004123:00 15
Lippe Schermbeck QH 111111989(0:00 31012[2004123:00 15
12 Rhine Wesel QH 11111198910:00 31012(2004123:00 60
HH 111111989(0:00 31012(2004123:00 60
13 Rhine Rees QH 11111198910:00 31012(2004123:00 60
HH 11111198910:00 31012(2004123:00 60
14 Rhine Emmerich QH 11111198910:00 31012(2004123:00 60
HH 11111198910:00 31012[200423:00 60
Rhine Lobith QH 1111199010:00 31012[2005123:00 60
HH 1111199010:00 31012[2005123:00 60
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3.2.2 Dataléntry

Allmhistoricalldatahavebeen [fransferredfo theMaxauLobith[database inder lTHY MOS.[At
theCendCofphase[ 1 'theTHYMOS [databasehas[also to[beltonvertedintofalMS[Access
database.[HYMOSTisaldatalstorage and processing [System [for[hydrometeorological [data
developed by [WL[Delft(Hydraulics.Prior[fothefransfer[fo(HYMOS, [theldelivered ‘data
filesChavebeen[screened [and[correctedtoallow [errorfree transfer [toTHYMOS. TThe
followingadjustments Wwere thade [fo make [the[original [datalSetsavailablefor HYMOS:

o Inltheloriginal(dataset[time tanges from[01:00(to[24:00. In[HYMOS time [fanges from
00:00[t023:00.Tomakelitthatch,24:00[in[the[original [Set[is €qual [to[00:00 [0f[the mext
daylinYMOS.

e Thelmissingldatalvalue[in[(HYMOSis sett0[1999.99. In(theloriginal (files[the [tnissing
data¥aluelwas(doded by (119, [—,[[777.0°,[9999’[or 'RWLuecke’. [These[values [Were
replacedby1999.99.

o ThelSeriesfor[Eberbachtnissed themonths[Augustland[September2000;consequently,
thelgap (wasfilled[in With themissingdatalvalue.

e Station[Raunheim on Main misses[all flow([Values <500 m’/s(in the period 1993 to
2004.Thiss[caused by thelstage[dischargel¢urve,[whichlismot[Valid [for[flow [Values
<500m’/s.

e Forlstation Rheinzabern/the period(01 0712003 to06[07[2003 [appeared(twice, solone Set
was[faken out. [Similarly, for[stationMonsheimthe doubled valuesfor[1 1122003 [were

taken(Out.

Beforeltheldataltransfer, [the[characteristics[0flthe[stations[in[Table 3 [1 have [been(defined [in
HYMOS withtheir[geographicalteference, see[Figure[3.2.[All[equidistant[fime[Series are
stored[in[the database Wwith[theiroriginal [time[interval. CAggregatesare[also ktored to
facilitate[datavalidation.

Forlthelstations[Menden, Opladen, "Neubriick, ' Konigsstrasse and[Schermbeckhonlequil]
distantldataThasbeenldelivered. InTHYMOS functionslarelavailable tolquicklytransform
theseldatalintolequidistant[data. Oflthe transformationoptions the[linear interpolation’
optionThas[beensed. It impliesthat[thelseriesVvaluesatChourly [timel$tepslareallinear
interpolationbetween [surrounding fionéquidistantiseries Walues. In[Figure 31 [@result0fthe
transformation for(station [Schermbeckis [presented, showing/its Walidity.

Graph of Discharge historical

]|

]
i

— SchermbeckQH  — Schermbeck QH (00)

Figure(3(1 [Historical discharge series [0flstation[Schermbeck, [green(line [shows (original (nonlequidistant)data,
red line'shows[the [Same datatransformed(to Hourly [(equidistant) values.
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TheTayout/ofithelstation selectionScreenin[HYMOS [developedforthis [Projectis [presented
in[Figure32ishowing[the/gaugingstations(inthe RhinelcatchmentfromMaxau fo ILobith.
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Figure(32 LLayout(of'station/selection/screen/in HY MOS [for the Maxau[Lobith waterbalance database

3.2.3 Series[availability

Thelobservedwaterlevels[and dischargesas(fransferred [fothe[Maxau[Lobith[databaselin
HYMOS ¢over theltequired [Series [for(the Waterbalance[analyses [fully;theldvailable[Series
includeltheltequired (period July[1993 to[July[2004.OnlytheCTADMdischargeseriesfor
Rockenau, [Raunheim@nd [Cochem [(site[Alken), hichare intended foreplacethedischarge
seriesderivedfrom Water Tevels [by(d[discharge Wating[durve for(controlled[flow [donditions,
onlypartly coverltherequired [period:

e Rockenaulasfrom18[62001
e Raunheim/(asfrom(30(12003,and
e Cochemlasfrom(1[11[1999onward.

Notehowever, [thatwhen[the[year[ 2003 [isselected[ for[thelanalysis ofl low[flows[(as

suggested (by[the[Client) thelavailablelTADM [series[areSufficient. [For[theidentification of
missing(datalih thelavailable(Series feferenceismade [fo [Chapter4.

WL[] DelftfHydraulics 3—5
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3.2.4 Datalvalidation

Alllavailable/dataliavebeensubjected folthe following Primary Walidationprocedures:

e Inspectionlofisingle lydrographs(ontheir matural[developmentin(particularly [0flthe flow
recessions/and(oflanomalies(in(the low [flow behaviour(inh[successive years, @and

e Comparison[JofTJhydrographs JmeasuredJat[neighbouringCstationsConCtheir Joverall
resemblanceland(occurrence@ndtiming[oflthedevelopmentlofifloodpeaks.

e Stageldischarge telations[of stations, for[Which[water[level land[discharge[Series are
available,havebeenlinspected Onltheir Variation from year o year.

TheTirstCanalyses showedthatthe[datalare generally [consistent. TATreview ofCobserved
anomalies(is presented Below.

River[§ection[] :[Maxau[Speyer

e Thelow flowsforstation NeustadtTiftlds from1995 dnward, see Figure3.3.

Graph'ofDischarge historical

Discharge historical fm3/s]
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Figure(3.3 Historical [dischargefor(station Neustadt

River[§ection[2:[Speyer[Worms
o Differenceslin[low[flow[$eries[QH[(rating[ curve)and[QU[(ADM [$eries)[for[station

Rockenau, before2004. The Tesultfor 2003 may [beindicative forthelquality [0fTthe Test
ofTthe Tow flow Walues(inthe (QH [Series; historical Tow flows tay [be foo high.
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Waterlevel historical fcm]

Graphlof multiple parameters
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Figure(3(4 [Comparison(dfidischargelseries0f type QH [and [QU for[Rockenau.

River[$ection[3:[Worms[Mainz

Station Nauheim: value(for(154 2003 [fo bereplaced by linterpolation.
TheQHflow[$eries[for[station[Raunheimis[very[incompleteandimisses all[ flows
<[300m3/sCas[from[ 1994 onward, seel Figure[ B[5.[TheADM series (QU)[is only
available[8ince2003. Thel[peak [flows[at[Raunheim[show[good[tesemblance[With(the
series Of [Frankfurt((seeFigure3(6), though the low flowsshow [the [Same[anomaly [as for
Rockenaulin[domparison(to the/ADM(QU)(series((see Figure3(7).

Dailyflows at/Raunheim QHiand QU'series

Discharge (m3/s)
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Figure[3[5[Availableflow [Series 0f fype[QH [(rating) land QU [(ADM) for[station Raunheim
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Daily flows at'Raunheimiand|Frankfurt

——

Discharge (m3/s)

| [
| i 4 ‘ i
400 1
300 |
|

N alb | | |
100 u g W

[ |

011990 011991 011992 0111993 011994 011995 0111996 0111997 01

998 0111999 0112000 0112001 012002 012003 012004

— FrankfurtQH — Raunheim QH— Raunheim QU

Figure3[6 Comparison offlow series (0fstations[Raunheim [and (Frankfurt
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Figure 37 [Comparison offlow [series (0fIstations[Raunheim (QU) [and (Frankfurt (QH) for low flows

River[s$ection[4:[Mainz[Kaub

e FlowlSerieslofPfaffental linrealisticlih January, Marchland July 2002

River[$ection[}/6:[Kaub[Koblenz[&[Koblenz[ Andernach
e Anomalousvalueslinwater(level land(discharge [Series forKalkofen in[@ctober1997.

e Anomalyin/QHIserieslof{Cochemrelativefo[QU [series.
e Somelspikesinfthewaterlevel series[6f Koblenz.
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Figure[3[8 [Comparison6f[QH and QU flow [series (6fIstation[Cochem

River[$ection[] 4:(Emmerich[Lobith

e Anomalous(discharge(tecordfor[lLobith[between 182003 [3[1512[2003. dt[Seems that
the@pplied rating/curve[for Wwater levels<(8 m meedsadjustment.

Discharge[fating[¢urves

From[an(analysis oflthe(stage+[dischargetelationshiplas/derivedfromthelavailable[water
levelland[discharge(series it[dppears [that[d [Varying[mumber of(ratings havebeen applied in
theperiod1989 22004, [@s [presentedin Table3 (2.

WL[] DelftfHydraulics 3—9



December,[2006 Q4231.00 Water[balance[[Maxau[Rhine[branches
WRR[ATB[10027563 Phase[]

Table[32[Number(discharge ratings uised for Rhine stations between(1[111989ad311212004

Station Nr[J of | Station Nr of

ratings ratings
Maxau 5 Koéln 1
Speyer 2 Diisseldorf 2
Worms 1 Ruhrort 3
Mainz 1 Wesel 3
Kaub 1 Rees 3
Koblenz 1 Emmerich 3
Andernach 1 Lobith 5
Bonn 1

[Additional[¢omments

Aldatal¢orrectionteport onldischargeseries[of[Somelkey[Stations[Wwas[available from[the
BfG,¢overingtheldatafill[31312001.Theldocument statesthat Validations Were donelon
dailyflowvalues. [Fromthis[reportthe followinglis revealed forlour(period [0flinterest:

e Maxau:[discharge[Seriesfor[1111997331312001 havebeen(tecalculated uisingthe
officialrating(curve

e Cocheml(dischargelseries for[1861999+412[1999havebeen tecomputed for water
levels =241 cmMising(thelofficial rating/durve

e Andernach:herelyoulalso finddatalcorrection [forthe fimeperiod[offinterest!

Alsolalfile[TKorrektur 19902000 Riza.xls”[Wwas(obtained[from[theBfG[¢ontaining[partly
corrected[daily[flow[series oflthelstations[Andernach, (Cochem[andMaxau(for the[period
11111989(+311312001. The[Maxaulseries Wwerel correctedas[from[1[1[1997 onward.[A
comparison[was made[ with[the newly[teceived flow[dataand[ particularly[ for[ Maxau
significant(differenceswere Observed, [as[presented [in the following [figures.

Daily/flowsMaxau:(difference between BfGland RIZA series
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Figure3 9 Differencelanddccumulateddifferences between(discharge series for Maxau

DailyflowsMaxau:(difference between BfG and RIZA series
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Figure3[10MDifference betweenldischarge Series for Maxau asfunction (0flthe flow rate.

Itlislobserved thatfrommid[1999onwardthe[RIZA [Series[are[donsistently (Targer[than[the
BfGlseries [for[Maxauloverthefull fange0fldischarges. Nolinformationfis[availablelas o [the
application[bfTthedischarge[series.[Thelfiguresare[ shown[as[anlexample[ ofl effective
graphical [presentation[dfwaterBalanceresults, [proposed(to berised [in Phase 2.

3.3 HBV[data

3.3.1 Datalavailability

In[FewsNL[Rhine, the[laterals(in [the [German part(of(the (SOBEK [modellarel[derived [from
HBV modeltesults. [ Tol¢alculate(theselaterals [input(data forthe (HBV [modellisnecessary.
Thelinputldatal¢onsistoflsynoptic [(SYNOP)meteorological [data’and[ineteorological ‘data
fromclimate[ stations[ (TTRR)data. [ The [SYNOP[datalis[available[ from[ March[11996
onwards.[TTRR [datalislavailable[from[1990[onwards. The[HBV [simulations[have[been
made (from[March[1996[onwards. [Because[oflinitial [¢onditions 0fTHBYV, [these[datalcan(be
usedfrom[September1996 dnwards.

3.3.2 Dataféntry

TheTaterals0fTSOBEK Mavebeen(dalculated using[FewsNL. Theresultshave been €xported
to[XML [files(andateron these(fileshave bBeeniimportedin the[HYMOS [database. Table 3.x
providesanloverview[oflthe laterals, their 1d[inTHYMOSand the corresponding1d[in
FewsNL.
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Water[balance[[Maxau[Rhine[branches
Phase[]

Table3.x.[Overview 0f[FewsNL Rhine [SOBEK lateralslihthe database.

FewsNL Id FewsNL SOBEKid HYMOSId HYMOS
parameter Parameter
HIRN10689 Q.uah MMI1_ Maxau Maxau Qhbv
HIRN[0659 Q.uah NE1_NelOPRockenau Rockenau Qhbv
HIRN[1027 Q.uah MA3_ Raunheim Raunheim Qhbv
HIRN0908 Q.uah MO1_Cochem Cochem Qhbv
HIRN0888 Q.uah LA1 _La0O5Kalkofenneu Kalkofen Qhbv
HIRN0913 Q.uah RMI1_ Nahe Grolsheim Qhbv
HIRN1026 Q.uah AL1 Emscher Koenigs Qhbv
HRN[0847 Q.uah AL1 Erft Neubrueck Qhbv
HIRN0900 Q.uah AL1 Lippe Schermbeck Qhbv
HIRN0957 Q.uah ALl Ruhr Hattingen Qhbv
HIRN[0984 Q.uah ALl Sieg Menden Qhbv
HIRN1025 Q.uah AL1_ Wupper Opladen Qhbv
HIRN0808 Q.uah AL1_Ahr Altenahr Qhbv
HIRN0038 Q.uh MMI1_Alb Ettlingen Qhbv
HIRNI0028 Q.uh MMI1 _Pfinz Berghausen Qhbv
HRN0031 Q.uh MMI1_Speyerbach Neustadt Qhbv
HRN[0024 Q.uh MMI1_ Weschnitz Lorsch Qhbv
HIRNI0039 Q.uh MM1_Modau Eberstadt Qhbv
HIRN0029 Q.uh RMI1_Selz Oberingelh Qhbv
HIRN[0026 Q.uh RM1_Wisper Pfaffenthal Qhbv
I[RN[0089 Q.uh RM1_Saynbach Saynbach Qhbv
HIRN0052 Q.uh RMI1 _Nette Nettegut Qhbv
HIRN0053 Q.uh RM1_ Wied Friedrichs Qhbv
I[RNI0012 Q.uh NE1 Elsenz Elsenz Qhbv
IIRN[0013 Q.uh NE1 Itter Itter Qhbv
I'RN[] Q.uh LA1 Gelbach Gelbach Qhbv
0037_Gelbach
IIRN[) Q.uh LA1 Muehlbach Muehlbach Qhbv
0037_Mucehlbach
IIRNI0080 Q.uh MM1 ZWE Maxaull UpRhinel Qhbv
Speyer

3—12
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FewsNLId FewsNL SOBEKIid HYMOS1Id HYMOS
parameter Parameter

I'RN[0081a Q.uh MMI1_ZWE Speyerl] UpRhine2a Qhbv
47616

IIRN[0081b Q.uh MMI1 _ZWE 47616(] UpRhine2b Qhbv
Neckar

IIRN[0082 Q.uh MM1 _ZWE Neckar(] UpRhine3 Qhbv
Worms

IIRN[0084a Q.uh MM1 ZWE L Worms!(] UpRhine4a Qhbv
Main

I[RN[0084b Q.uh MM1 ZWE R Worms[J | UpRhinedb Qhbv
Main

I'RN[0087a Q.uh RM1 ZWE Mainz_Nahell| MidRhinela Qhbv

IIRNI0087b Q.uh RM1 ZWE Nahe Kaub[l | MidRhinelb Qhbv

ITRNT0088 Q.uh RM1 ZWE Kaub Lahn MidRhine2 Qhbv

IIRN10089 ZWE[]| Q.uh RM1 ZWE Mosel Ander | Saynbach ZWE[] | Qhbv
nach

IIRN10063 Q.uh MO1_ZWE Cochem!] Umos4 Qhbv
Muendung

IIRN[0093 Q.uh AL1 ZWE_ Ande Bonn MidRhine3 Qhbv

IIRN[0094 Q.uh AL1 ZWE Bonn Koel MidRhine4 Qhbv

ITRN10096 Q.uh AL1 ZWE Koel Dues LowRhinel Qhbv

IIRNI0097 Q.uh AL1 ZWE Dues Ruhr LowRhine2 Qhbv

I[[RN[0099a Q.uh AL1 ZWE Ruhr Wese LowRhine3a Qhbv

IIRN10099b Q.uh AL1 ZWE Wese Rees LowRhine3b Qhbv

IIRNI0100 Q.uh AL1 ZWE Rees Lobi LowRhine4 Qhbv

TIRN[] Q.uh NE1_ZWES/II NeckarZWEIII Qhbv

0013 ZWE 111

IRN[J Q.uh NE1 ZWES/IV NeckarZWEIV Qhbv

0013_ZWE IV

IRN[J Q.uh NE1 ZWES/V NeckarV Qhbv

0013 ZWE V

IIRN[J Q.uh NE1 ZWES5/II Neckarll Qhbv

0013 ZWE 11

IIRN[J Q.uh NE1 ZWES5/1 Neckarl Qhbv

0013 ZWE 1

IIRN10037 ZWE[] Q.uh LA1 ZEG4 Lahn5 Qhbv

IIRNWAAL Q.uls RT2 WAAL 1 RT2 WAAL 1 Qhbv

IIRNTWAA2 Q.uls RT2 WAAL 2 RT2 WAAL 2 Qhbv

WL[] [Pelft[Hydraulics
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FewsNL Id FewsNL SOBEKid HYMOSTd HYMOS
parameter Parameter
IIRNPANK Q.uls RT2 PANKAN RT2 PANKAN Qhbv
I'RNINED1 Q.uls RT2 NEDR 1 RT2 NEDR 1 Qhbv
I[RNINED2 Q.uls RT2 NEDR 2 RT2 NEDR 2 Qhbv
I[RNINED3 Q.uls RT2 NEDR 3 RT2 NEDR 3 Qhbv
IIRNILING Q.uls RT2 LINGEI RT2 LINGEI Qhbv
I[RNILEK1 Q.uls RT2 LEK 1 RT2 LEK 1 Qhbv
IIRNILEK2 Q.uls RT2 LEK 2 RT2 LEK 2 Qhbv
ITRNJS1 Q.uls RT2 YSSELI1 RT2 YSSELI1 Qhbv
IIRNIJS2 Q.uls RT2 YSSEL2 RT2 YSSEL2 Qhbv
IIRN1JS3 Q.uls RT2 YSSEL3 RT2 YSSEL3 Qhbv
IIRNJS4 Q.uls RT2 YSSELA4 RT2 YSSELA4 Qhbv
IIRNIJSS Q.uls RT2 YSSEL5S RT2 YSSELS Qhbv
IIRNIJS6 Q.uls RT2 YSSEL6 RT2 YSSEL6 Qhbv
IIRNIJS7 Q.uls RT2 YSSEL7 RT2 YSSEL7 Qhbv
ITRN1JS8 Q.uls RT2 YSSELS RT2 YSSELS Qhbv
HIRNIOIJS Q.uls RT2 OUDEYS RT2 OUDEYS Qhbv
HRNIALME Q.uls RT2 TWENTK RT2 TWENTEK[]| Qhbv
HRNREMS H.ut RT2 eindketdi Eindketdi Qhbv
HIRNRAMS H.ut RT2 eindkatdi Eindkatdi Qhbv
HIRNKRIM H.ut RT2 KriLekMSW KriLekMSW Qhbv
HRNIWERK H.ut RT2 WerkenMSW WerkenMSW Qhbv
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4  Filling[in[inissing[data

4.1 Overview[of[nissing[data

The'missing[datalencountered lin[the “observed Cwater level Jand[dischargeseriesJare
summarized(in(Table4 1.

Table @ [Overview 0fthissingdatalinobserved water level @nddischarge(series With filling[in thethod

RS River Station ID Type Missing(values Filling
1 Rhine Maxau QH 2310211993 Linear
interpolation
HH 23102(1993 Linear
interpolation
2 Neckar Rockenau QH Jul92 Linear
interpolation
HH Jul92,Oct04 Linear
interpolation
Itter Eberbach QH Augl00 Linear
interpolation
Elsenz Meckesheim QH Feb(1990,Decl] | Regressionldn
1993, Junel] Wiesloch QH
1994,Feb[1997,
Oct[1998,Febl]
1999, Mar[J
2002, May[2003
3 Rhine Worms QH Jan[1999,Feb] | Regressionlon
1999,Nov[1999 | Speyer(QH
andMec(1999
Weschnitz Lorsch QH Parts(0f2002 Regressionlon
and2003 Eberstadtland
Eberbach
Modau Eberstadt QH Parts(0f2002 Linear
and (1991 interpolation
and[regression
on(LLorsch(QH
Schwarzbach[ 1| Nauheim QH 1510412003 Linear
interpolation
Main Raunheim QH 199312004 Regression
usingwater
levelsland
Ultraschall
discharge '
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RS River Station ID Type Missing(values Filling
4 Rhine Mainz QH 23102(1993[and | Linear
1112004 interpolation
HH 2310211993 Linear
interpolation
Wisper Pfaffental QH parts[6f2002 Linear
and(Jan(2003 interpolation
5 Kalkofen QH Jul1992land Linear
Oct[1997 interpolation
HH Jul19921and Linear
Oct[1997 interpolation
Mosel Cochem QH Jul92 Linear
interpolation
6 Rhine Koblenz QH Parts(0f(1993, gh(telation
1995,1998,
1999,12000,
2001,2003 land
2004
HH Parts(0f(1993, Regressionlon
1995,(1998, Andernach
1999,12000,
2001,2003 [and
2004
10 Ruhr Hattingen QH Jun(94 Linear
interpolation
11 Rhine Rubhrort QH Jan[93 Linear
interpolation
HH Jan[93 Linear
interpolation
Emscher Koenigsstrasse[] [ QH Jul90 Linear
interpolation
14 Rhine Emmerich QH Dec91 Linear
interpolation
HH Dec91 Linear
interpolation
Rhine Lobith QH Oct[2003 ghltelation

'For Raunheim the[following procedure has Been followed: (A relation has been made between water
levels[(HH)[and[Ultraschall [Discharge[(QU)[data for[the [period[01[03[2003. This telation and the
HHISeriesarelused (to fill in [themissing[values(inthe [(QH [series fortheperiod 1993 [2004.

Generally, [gaps (in[the(series [are[small with afew [exceptions:

e Water(levelseries for[Speyer

e Dischargelseries [for[Raunheim
o  Waterllevel(series(for Koblenz
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4.2 Procedures[to[{ill[in[nissing[data

In[Table[4 1 Mastdolumn the Proposed tethodfor(filling[in tissing [or[Teplacing[érroneous
values[Tis Cpresented. JSmall Cgaps Cin[Crecessions[canDgenerally [befilled Cin(by [Clinear
interpolation. [Larger[partsorfor[peaks[Tegressionwithmeighbouring[stationswill Cbe
required. [Following remarks/aretade:

e Tolcomplete thelseries[for[ Raunheim[tegressionlonlstation Frankfurt Swill "be [imost
appropriate. [It[appears [that(till [February 1997 the[discharge(series have[been[derived
from(alsingle discharge(rating[curve,las(shownlinFigure[4[1.Itlis[not[¢lear (whythis
procedurehasbeen@abandonedthereafter.[However, [@pplication 0f thecurve fo[complete
the series fis Mot l@n(option(dtpresent, linWiew [0flthe inreliable(stage Mecord [0flRaunheim
asfromFebruary 1997 6nward.

e TolcompletetheWwater(levellseries for Koblenz(regression with @ppropriate fime[shifton
station[Andernach(is advocated. Subsequently, (by[uising the[Koblenz[stage[discharge
relation(the(discharge(series[¢an[belcompleted. It[is Moted [that (probably [filling[in [0f the
Koblenz/discharge seriesusing [the Water (balance (between [Koblenz/and [Andernachis[to
belpreferred, But(this will invalidate [the [presentwater(balance@nalysis.

Discharge rating(curve[Raunheim(1/2/1991(1/2/1997

N T
b

Raunheimidischarge (m3/s)

100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 6
Raunheim water level (cm '+ datum)

Figure4[1 Mischarge ratingdurvel@dpplied forstationRaunheim from 1121992 #ll112(1997
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5 Proposed[analyses[for[Phase[2

5.1 General

ThelgoalofTtheldnalysis(inPhase2[isfolidentify[and [detect errorsfinthelinput[data(water
level easurements(derived [discharges(and/orMHBV [simulations) (0f[the[SOBEK model that
isCalsobeingsed in[FEWSRijn.[ThisCmeansthatlinPhase2 ho[$olutionsCarebeing
providedbutdnlylérrors will bedetected. Possible[sourcesoflerror are:

o stageldischargelrelationship atithelipstream anddownstream mheasurement point,
e dischargemodel boundaries,

e hysteresis/effectsinthelstageldischargeTelationship,

e errorslin(theTateral ihflows between measurement[points ih the thain Tiver,

e retention(éffects,

e interactionWwithgroundwater((between/AndernachlandLobith),

e riverthanagement(overtheyears

In[FEWSRijn,[ HBV ¢alculated [discharges[(smalltributariesandareas[¢lose[folthe main
river)land(discharges(oflthelarger(fributaries(derived [from[Wwaterlevel measurements [(using
allstageldischarge[relationship) Cprovidelinput[for[the ISOBEK ['models.Most[notable
differencesbetween[the (SOBEK [imodelland (measured[water[levels[occurlduring low [flow
and(duringpeaks.

Water[balancelanalyses[Wwill[bel¢arried [outbetween[14 [Subsequentieasurement[points in
theriver Rhine(leading[tothe13 river[sections(as[presented(ih Table2[1.

5.2  Analysis[and[Simulations

Thelidealoflthelanalysis(is[fo[findperiods Wwhereanomalies[in[the [Water balanceldccur(for

eachloflthe(13Tiver(sections. The Wwater(balancecan(be calculated [using three(scenarios for

determining(the(lateral linflows[into[theRhinelin'¢ombination Wwith[the[derived(discharge [of

thegauging stations/in/theriver Rhine:

1. SOBEK!/{ateral inflows used(during(dalibration|((i.e. only easured [dataland(datalderived
frommeasured(data)

2. SOBEKaterallinflows[used[linoperational [FEWS[Rijn[(i.e.['datalJpartly directly
measured(and [partly [fesulting from HBV [simulations)

3. SOBEK/{ateralinflows(solely(derivedfrom HBYV [simulations

An'exampleoffsuchlanlanalysisfisgivenlintheFigures(5.1[5.7 that[showsthe Wwaterbalance
for[Section2: [SpeyerWorms by fakingise[0fthe[SOBEK Materal inflows ised[during[the
calibration[(Scenariol1). 'Within[the Section[Speyer 'Worms, [the[measurements[fromthe
tributaries are’added fothederiveddischarge theasurements atSpeyer[( WormsQC”).
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Somelofltheldischarge heasurement(series Meed dfactorfoaccountforthelarealfor whichmo
measurement(stations [éxist.[Alsothefime[shiftof(theldifferent(series meeds fo belfakenlinto
account.[Thefactor[andthetime $hiftlarefaken from[the[Memo[FOorspronkelijke[opzet
“SOBEKFEWSRijn”Mersie2.05’.Time shift for Speyer(in[order(tb [fompare fo Worms) is
estimated(dat[0.4[days by HYMOS. Thelseries(drelaggregated o [daily valuesland (Worms [(QH
is[subtracted [from WormsQC.

Inlthebeginning éfPhase(2,d[shortlanalysisoftheleffectloflthedetermination éflthe fime
shiftiwillbemade.[However, [it[is[¢learthat the[fime shiftwill bedetermined ising hourly
values./And[theWwaterbalancewill be Mmadenising[daily(data. Therefore, Whenmecessary [the
hourlyfime Series firstareshifted l@nd [@fterwards(dailydatafisgenerated.

Figure[5.1shows Cthe Owater Cbalance Cforthe Cwhole Cperiod (7199312004 Cincluding Tthe
accumulative [difference 0f (QCIQH. [From [thispicture,[it[canbededucedthatForthe period
1993 MNovember[1999the Wwater[éntering[theSection Speyer[Worms[is[larger [than Wwhat[is
beingmeasuredatrWorms. A fterTNovember[1999theopposite [isltrue. This changelin
behaviouroflthe “difference (QCIQH [duringtheyears s caused (byalchangein[QMH
relationship “and s CfurtherCclarified Tbythe (Figures[5.815.10.CIn[2003 Cand 2004, [this
behaviourichangesldagain Withduticlearcause.

Figure[5.2(5.7[are ¢loseupsof(Figure[5.1and ShowQC,[QHand[QCIQH. Theselfigures
show(that[ during[ most[flood[peaks[therelislaltelatively[largel discrepancyl betweenlthe
derived(dischargeltheasured[atf'Worms[and(what(is[being ¢alculated[0n(thebasis[oflderived
dischargemeasured(dt[Speyeriand(allithelateral inflows[between[Speyer(and[Worms. These
relatively(large(érrorsican(dasily [occurbecause [0flsmall [érrors(in(the fiming[oflthe [peak, (but
shouldbebalanced loutsome[fimelafter(theflood, Whenmnolsystematicbalancelérror(occurs.
Therefore, [SOBEK [simulations[are hecessary[tolinvestigate[ further[Whatlis[going[onlin
detailland[to[seelifltherelare[problems[Wwith[the [SOBEK [lateral [inflows[or(with[the [(QH
relationships[ofigither[Speyeror[Worms.
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Figure5[3.Water(balance for(section2:[SpeyerWorms By haking ise 0fthe[data ised [during thecalibration
(scenario(1)for199511996.

199711998

A
2
8

—_
»
H
8

i
I\ 4
A I
P |
/\A \ IRAY
S Uy | NRW g

[ M [N o N ANV NV New

NN o T \UA N\ I

=

Discharge(m3/s)
e - I R R B N B o ol i ol ]

—
-

—

§
—
=
-
o
Z
8

| I | o
I, | iy MLnl.mnuhlhn,ll‘ | ,,ll.llnujljj.ll....lhllmlhllll r%‘,ﬂl“,l Ilil_nlﬁlrrlr_l.lJl]lnl, ,,,,dlq'l_,.l,u_.,,‘,.,,IWAL,.l,.lth,ul(' ,,J,:,‘JOO

30011997 310311997 30105 1997 290711997 2710911997 261111997 25011998 260311998 25051998 240711998 22091998 2111111998
Time

[l Balance BB —Worms' QC — Worms QH
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Figure[5(10.(a)[Closemip[theQH curve forSpeyer1993 [October 1999 (upper)land November 1999 [January 2005
(lower).[Thelwater level (HH) [in teters.

InPhase2[SOBEK [simulations Wwill bedarried[dutfor
o eachlriverisectionfising(By[Clientspecified[periods
(low{low: 2003, floods:[1993,11995,1998,1999 [{only forthe UpperRhine),
2002[and2003).
o forlselected[periodsusingthelanalysis describedabovewithinlal¢ertain Tiver
section

Forltheipstreamboundary(ofithe[SOBEK model [fwo[@lternatives(exist:

1. aldischargeboundary,[wherelthe[discharge(Series(is[derived [from[Wwater(levelsuising[a
singlestageldischargerelation, [or

2. measuredwaterlevel.

Forlthe lateral inflows, Welcdan(eitherchoosebetween:

e measured/discharges,

e mixedmeasuredandMBV [simulated discharges(as/inthe[FEWS[Rijn[Operating [practice,
as[presented(ihSub(sSection2.5,[0r

e HBViIgeneratedidischarges.
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Tolidentifyand(detect possiblelerror(sources, forthediversectionlthe following[simulations
will Be performed:

1. SOBEKIsimulationwith:
e UpperBoundary:
— thelobserved(discharge
e SOBEKIaterals:
— asfused[during(calibration
— asisedllinloperational FEEWS[Rijn
— iffecessary/usefulSolely[derived from HBV

2. SOBEKIsimulationWith:
e Upperboundary:
— thelobserved waterlevel
e SOBEKIaterals:
— asfised[during(dalibration
— aslusedfih[dperational FEEWSRijn
— iflnecessary/usefulSolely(derived from HBV

3. SOBEKTsimulationbetweenAndernachland[Lobith[with[groundwatermodel switched
off:
e UpperBoundary:
— thelobserved(discharge
e SOBEKI/aterals:
— aslused/ih[dperational FEEWSRijn

Theowerimodelboundary GwillCde determined with[RIZATandthe [ BfG.Note[that[the
simulationsfor[1993and 1995 willlonly (he ¢arried [outWwith[The[SOBEK Materalsasused
during[theCcalibration. CIFor“the Cperiod (711989 Duntil [March 1996 "noCmeaningful THBV
simulationscanbel¢arried[outWwith[FewsNLbecauseloflallack[ofT$ynopticldatafor(this
period. dtfmight[be possiblefoevaluate[the(HBV [Tesults MisingMeasurements[and [Whatis
beingusedlduringthel¢alibration. (IfTthisanalysisis[satisfactory, the [SOBEK [$imulations
withaterals(solely(derived from HHBV Wwill ot bedarried [Qut.

Forleach(tiver(section(the[following analysis, Wising[the abovelmentioned sSimulations, [Wwill

bemade:

o ComparisonlofTtimelseries ofTuipstreameasurements Vs[time[series Tipstream model
results

o Comparisonofl time[series ofldownstream[ measurements[Vs[time[$eries downstream
model results

e Comparison 0f HBVsimulatedlateral [inflow[andmain stream[flows [ with[discharge
measurements((iflavailable)

e EvaluationlofTthe[HBVlaterallinflows Where[tio fneasurements are available[(normally
theldiffuselateral inflows)

Thelgraphical presentation(oflthe results will include the following:
e Timelseries[Comparison
o Differenceltimelseriesland [dccumulated(differences((seele.g. [Figure(5.1(5(7).
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