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I [Introduction

1.  The daNUbs[project

Theacronym[1'daNUbs" [represents[the researchproject['Nutrientr Management[in[the
DanubeBasinlandfits Tmpaction(theBlack[Sea", whichlis @ partlofthe EU's[Sthframework
programme [(EVK11220000603). TheprojectdealsWwith[the[ProgrammeEnvironmentand
SustainableDevelopment((1.1.4),[@nd covers thefhematic Priority [0f[Strategic[Planningand
integrated anagement, methodologiesand fbolsontheldatchment(scale[(1.1.1).

daNUbsaims[at[providing[Scientifically[Soundldand Sustainablelsolutions(fo [the problemlof
mismanagement[ofnutrientslinthe DanubeBasin. Tothis[énd, [differentTesearchlactivities
areforeseen:

[.dmprovement(ofiprocess tinderstanding:

Thisl[tesearch, including[literatureand[datalteview[in[combination[Wwith [additional [field
work, willladdress

(a)[thelhutrient[balancelin[the[catchment3vith (mainémphasis on[diffuse pollution(e.g.
agriculture,air (pollution) Cand [the“transport, [ retentionJand [losses Cofnutrientsin[the
catchment((nutrientbalancesin[dase(study regions),

(b)theltransport, retention [and Tosses[ofdutrients(and(silicaldlongthe ManubeRiverland
(c)[thefunctioning[oflthe[WesternBlack[Sealécosystem[concerning[the [directlinfluence[df
riverinemutrient(@nd(silicaldischarges.

II. Mathematical thodels:

Based bn[anlimproved[processunderstanding, mathematical ‘models[Wwill (be improved,
combined, [and [@ppliedfoquantitatively[dssess mutrient[fluxes(from theMDanube Basindlong
the[Danubeland[the[Deltaltothe[Western[Black [Sealand to[quantify[the impactoflthese
fluxes(onthe mixing Zoneof[Danube Riverlinlthe WesternBlack 'Sea. This[partiwill iise

(a) theMONERIS [émissionodelbased (0n(aGIS [database,

(b)(the[Danube [ Water[Quality Model (DWQM)(for[the[description[ofl thetransportland
transformation [processes/(in [the river(system,

(c)(the[Danubel Deltal Model ((DDM)[for[the[quantification of nutrient transport[in[the
DanubeDeltaland

(d)the[ShelfModel for odelling theimpact[0fthe Danube Toad [0n the WesternBlack [Sea.
BasedldnlthesemodelstheWholelsystem[can Belconsidered ds(d[complex [unitl@nd[Scenarios
canbeldeveloped(dsiabasisforisScenarioldvaluation.

II1.[Strategicplanning:

Consequently[theprojectWwill (be [oriented fowards[élaboration(éfladvice [forfuturelstrategic
planning on(thedatchment(scale. This partiwill include

(a)@methodolestablishicomparable, basinWwide, Periodic mutrientBalancesconsideringthe
national/datadvailability [and

(b)theJevaluation CofTdifferentJsolutions for [ future (nutrient’management[Istrategies
considering(Socioléconomic/developments(inthe DanubeBasin.
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Forlfurtherldetails Wwe tefer[fotheDescription ofTWorkofTthe daNUbsproject (daNUbs,
2000).

1.2 The[present[feport

The daNUbsprojectlislorganisedfin(different Work [Packages. Thetodelling work is[divided
inlthemodelling[ofltheDanubel¢atchmentlarealand the modelling[ofthe Black[Sealshelf.
TheWworkon[theDanubecatchment(is Situated in Work[Package [5:["Danube Water[Quality
Model(incl.Delta)/ MONERIS)".

Infthis Work Ppackage3 todelsplayakeyTole:

[.00 themodel MONERIS (M OdelingMutrient[Emissions [ih RIver Systems);
II. Othe MWQM [(Danube Water[Quality Model);
I11. the DM [(Danube MeltaModel).

Theldifference between[MONERIS lonone hand[and D WQM/DDM [ontheother Tandlis[a
conceptual [one: [the [formerfocuseson[the Wwholel¢atchment[(both[land[and [Wwater)[and [the
emissions[offnutrients[stemming from human [dctivities, While[thelatter [focuses[on the Hiver
system[and[thelfate[oflthe hutrients onceltheyteach[thelSurfaceWwaters. Thel[difference
between[the[DWQM [and[the[DDMUislalgeographical Cone:[the[DWQM/tunsup[tolthe
upstreamlend[0flthe Manube Delta, Wherethe DDM [takesover.

Thelcurrentreportconstitutesiapart(ofideliverable ID5.9[("Revised MDanube WQ Model™). It
isfdrafted (by (WLI[[Delft[Hydraulics, Delft,[The Netherlands. Datalhavebeenincorporated
from(severallother [partners Wwithin daNUbs, in[particular:

e ViennaUniversityofl Technology, [Institute [for[Water (Quality fand[Waste[Management
(IWA),Austria;

e ForschungsverbundBerlinle.V., Institute[for[Freshwater [EcologyandInland [Fisheries
(FVB.IGB), Berlin, Germany;

e Danubel Delta National [Institute for[ ResearchJand[Development[ (DDNI), Tulcea,
Romania;

e National (Institute[Jfor[IMarine[]ResearchJandIDevelopment J(NIMRD), IConstanta,
Romania;

e  Water[Resource Research[CentrePlc., [Vituki[Plc., Institute [for (Water Pollution [Control
(VITUKI), Budapest, Hungary.

| —2 WL [Pelft[Hydraulics
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2 Problem|[description[and[dbjectives

2.1 Problem[description

Theproject daNUbslinvestigates[inldepth(the pathwaysloflhutrients fromtheirsourcesto
their($inks[in[thelsea.[Thus,[importantlaspects[oflthe daNUbsproject areltheltransport,
retentionland [losses[ofThutrients[in[the Wwater ¢ourses. Floodplains, damsandimpounded
river [Meachesplayan [important@ole [in Mutrient Tetention[and [/or Helease{mobilisation).In
this Tespectodelslikethe Manube Water Quality Model {DWQM)@ndthe DanubeDelta
Model (DDM)playakeyTole. Only fhis [fypeofimodelling@llowsthe characterisation [0fthe
nutrient(fransportlinfloodplains,Teservoirsand [inimpoundedSections in the Manube[TWiver
basin.

Theproject daNUbsalsolaims[dtlanalysingtheleffectlofTthe mutrient(misymanagementlon
theeécologylofltheBlack [Sealshelf.[Tolthisénd, Mmathematical nodelslare prepared which
need[tolbeldrivenby[dataltegarding[the[Danubeloutflow[{dischargelandconcentration).
Theseldatameed tobelavailableonld[dayby[daybasis.Again,odelslikethe DWQM and
the IDDM [are suited for[suchl@nalyses.

Thelpresent[teportisintended to[support(thedevelopment ofltheFrevised[Danube[Water
Quality[Model”[(deliverableD5.9[0flthe daNUbs[project). [ This[tevisedmodellislin[many
respects(similar(fo the firstversion[ofthe [DWQM [(van[Gils,[1999). Thelapplication[0fthis
firstversionhowever, revealed[Some Significant[(knowledge(gaps. The daNUbsprojectidims
atlclosing(these(gaps, thusakingthe MWQM [@more reliablelfool forpolicy making.

Onelbiglimprovement[is the development ofl better[émission[data, especially [for[diffuse
sources[dflpollution. [To [thisend, theproject daNUbs providesthelcoupling ofthe [GIS [based
emissionmodel MONERIS and(the(DWQM. [The[Set uplaswell as[the[implementation[of
this(couplinglis[discussed by van(Gils(2001)andConstantinesculda.(2001).

2.2 Objectives

Thelpresent reportprovides(and(discusses(the(dataforthefurther(refinementand calibration
oflthe MWQM. [Specific[questions[fo belanswered|are:

1. WhatlaretheDanubeloads/dofmitrogen, phosphorusandsilicalintherecentyears,@ndis
therealtrend(inthese loads?

2. AreltherelspecificlareasalongtheDanube tiverCandits[mainltributaries Wwherelthe
retention(ofMitrogen, phosphorus Or(silicalislexceptionallystrong?

3. ToWhatléxtent(doesthelorganicfractionlofMitrogen influence the mitrogen tassbalance
offtheManuberiverlandfits thain fributaries?

4. Tolwhatlextentldoesthefrequencyoflsamplinglinfluencelthe ¢omputed Tiverloadsof
especially [phosphorus?
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5. Tohwhatléxtent/does(the factthat’samplinglisiisually [done(atithe Wwater(surfacelaffectthe
computedriverloadsdfigspecially [phosphorus?

Questions[1and 2 ¢anlbeltranslated as the[setmploflalbasin[wide mass balance oflthe
nutrients mitrogen, phosphorus/andsilica.[Apparently, thesequestions mieed fo Belanswered if
alsuitableMWQM s [fo beldeveloped.

Question[3[islespeciallytelated [fo[the fatelofmitrogen. Theldifferent[Speciesoflinorganic
nitrogenare[ sampled more [ frequently CatCmore[locations[than[theorganicfraction Jof
nitrogen. [For(thisMeason itlis[dftenassumed [thatfotal IN[is[accurately [tepresented [by [fotal
inorganicN.[Consequently,fherelis[@possibleSource orisink[inthe dbservedmassbalance
of(inorganic) (hitrogen: [there[¢ould [be[amet [flux [fromlor fowards [thelorganicpool.[This
needsfo(be clarified.

Questions[4land[5[are telated [folthe fate[dof[phosphorus. Duelfo thefactthatalsubstantial
fraction Coflthetotal Cphosphorus Tinsurface Twater Cis[presentinthesuspendedsolids
(adsorbed, Cmineral CorCorganic), [it[is [important[that[theloadsof suspended [solids "are
computedlaccurately. [t[sknown[that[floodscarry[almorethanproportional (partCof the
annual (suspended(solids[load. By sampling[12timesperyear, the[thanceexists[that[a
relevantflood[is Mot Mcaptured”@nd [fhelannual Toad [6fTSuspended [solidsis iinderestimated.
It[isMalsoknown [that[thereusually [lis[alIvertical Cigradientin[the [suspendedsolids
concentration: [the[doncentrations [increase/going [from [the Water [Surfacefowards [the [Bottom.
By[Isampling[at[the [water[Csurface Conly, [ the[lchance[exists [ that[ithe Cprofile “averaged
concentrationland[donsequently(the Tiverload[0flsuspendedsolids/isinderestimated. These
two [factors [werein[the[pastsuspected[fo ¢auselan inderestimationofTthe[¢omputed(tiver
loads[0fiphosphorus(offalfactor(ofl2.Thismeeds o Be verified.

2.3 Overview|oéf[information[$ources

DataThavelbeen(c¢ollected from[Various[Sources. Eachldatalset[has itsfown[¢haracteristics
withrespect[to[spatial land [ temporal[ toverageand[theanalysed[ parameters. Table 21
provides(abriefloverview. Moreldetails are(given(inthe following [chapters.

Table21:0] Overviewdflsources/oflinformation.

Datalset Period Frequencylof | Spatial Profile Completeness
covered by sampling coverage coverage oflanalysed
dataset parameters

TNMNIICPDR)[]| 1996[cont. >[12/year Basinlwide, LMR [at +

61I[stations surface

NIMRD 19807cont. daily Station[Sulinal]| atlsurface O

(Constanta)

DDNI(Tulcea) 19961(cont. ~[8/year StationReni atlsurface(?)[] | O

daNUbssurveys:

Vienna 10[days 4/day 1[station at/surface ++

Gabcikovo 3x7(days daily 3[stations LMR,05m +

Iron(Gates 3x7[days daily 3[stations LMR,05m +

Delta S5x4(days daily 1[station LMR,05m +

2—2 WL [Pelft[Hydraulics
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Datalset Period Frequencylof | Spatial Profile Completeness
covered by sampling coverage coverage ofianalysed
dataset parameters
IDS Aug(Sep20010]| 1isample Basinlwide, LMR [at ++
about100 surface
stations
Reschke June1995 1 sample km072fo 3pointslin [M(only[SSfand
Black(Sea vertical composition)
EAWAG 2001 weekly Iron/Gates 3pointslin
area:[several vertical
stations
Unesco 195611985 variable 20/(stations unknown annual [SS
alonglthe loadsonly
Danube

WLI] [Pelft[Hydraulics

Itlis[obvious(thatthe[TNMN [constitutesthe mostrelevant datalset/in[view [0f(the[objectives
oflthe present(report. [This[datalSetWill[thereforebeldiscussed (first. [ The [other(data Sets[will
follow, [and [their(resultswill be discussed With the TNMN [datalds d[reference.
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3 The[Transnational[Monitoring[Network

3.1 Description[6f(the[data

The[TransNational Monitoring Network (TNMN)is[the [fegular Water[quality (monitoring
network Coperated CbyCthe[IDanubeCcountries JunderCthe CumbrellaCofTithe [international
Commission(fortheProtection[0fthe[Danube River (ICPDR).Itlis[operational [Since1996.
Detailsdanbefoundinthe TNMNYearbooks (ICPDR, 1998, Seelalsowww.icpdr.org).

Theavailable[data‘cover[the period 11996[2001. The[datafor[11996 2000 Thave [been
downloaded fromthe [ICPDR Gweblsite. [Thedatafor[2001 Chavebeenlobtained [from[the
PermanentSecretariat/6flthe TCPDR.

Preliminaryas(yetiinverifieddatalhaveBeen[obtained forthe [Romanian part[0fthe TNMN
network [for[2002[2003.[We have inade [limited (ise Lof [ these [data, (and [(WheneverWwe[uised
themtheiristatushasbeen clearly indicated.

Up {02000, sampleswerefaken@t[61 [stations[on the DDanubeland its [Targer, [fransboundary

tributaries.[At[¢achloflthe stations up[fo[threesampling[locationslare[defined:[on[the left

banklofTtheldiver[(L),in[the middle ofltheriver (M) and onlthe[rightBank [(R) of the Tiver.

Appendix[ICprovidesan[Joverview.In[12001, 118 [stations [were[Jadded [ ifrom[ISerbial’
Montenegro. Thesestations[dre Wery [relevant, [Since [they are situated [On[the Towerreaches [0f
the[twollargest[tributaries[TisalandSavaland[on[theDanubeteach[Wherethese[twotivers

join[the Manube, justtipstream 0flthe Tron (Gatesarea.

Thelistlofldeterminants[consists[oflabout50 water[quality [parameters(inthe Water[samples.
Outlofl these[ 50, the most[televant for[the turrent project are:[discharge,l temperature,
suspended [solids, [‘total [nitrogen, “ammonium, nitrites, nitrates, lorganic[ nitrogen, [ total
phosphorus, [phosphates, [dissolved(0xygen, chlorophyll[aland silicates.

Thefrequency [ofl Ilsampling[land[Janalysis[is[lvariable[for[the ldifferent[stations[Jand
determinants. [For(the[Wwater [quality [parameters(the [ TNMN [fargets alsampling[and[analysis
frequency [0ffatleast[12/year.

Sincel2000(the[ TNMN [Yearbooklincludes(altiver(loads analysis, for[a limited humber of
stationsand[determinants. For(load[¢alculation [purposes, thetarget frequency oflsampling
andlanalysisis[24/year.

Forthecomputationof the[Tiverloads,Cit[isCat[leastnecessary [tohave simultaneous
measurements[ofTtheTiveridischargelandthe Water(quality [parameters. Tolallowthe ise[of
accurate[load ¢alculation[inethods, [dailyobservationsofTthetiver dischargelaretequired.
Since1998, theseldre(dollected in the [ TNMN [for the main(stations.

WLI] [Pelft[Hydraulics 3—1
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3.2

Presentation[0f[the[data

Theldatafrom TNMN Have been€laborated before presentation:

Atlsomeloccasionstheldischarge Was[given[for morethanlone location in the profile (L,
Mland[R), and[the[humbers[ere[not[identical. [Sometimes,[there[Wwerel clear[typing
errors. [ TheseWwerecorrected (SeeAppendix (A for(details).

For[the[variableJtotal phosphorus, Jsometimes JunrealisticallyThigh[values Jwere
encountered, While [Sometimes [theMinit[wasmentioned(as thg/kg rather than mg/l.[These
werelcorrected[(SeeAppendix [Alfor(details).

For[OthelvariableJortho [phosphates,Jsometimes Junrealistically [Thigh[ values[Jwere
encountered. TheseWereorrected (See/Appendix [Aforidetails).

Forlthevariable mitrites, [Sometimes [inrealistically high Values[Wereléncountered. These
were[corrected (SeeAppendix [Afor(details).

The[parameters[Total[Inorganic[Nitrogen (TIN)[and[Total "Oxidised[Nitrogen[ (NOx)
havebeenlc¢alculated forthoselocations[and[dates Wherelall[¢components[ofltheseSum
parameterswere actually [@nalysed.
Forlthosellocationsand[dates[Wherethe[ortho[phosphates[concentrationeéxceeds the
total phosphorus(doncentration, the latter hasBeen tade€qual o the former.
ForlstationsWithmultiple[samplingTocations (L, MandR),thelaverageconcentrations
havelbeen(c¢alculated. The[tesults for[sampling [days[on[Whichmotl[all[locations in[the
profilewere(actually [sampledhavebeen[omitted fromthe [@nalysis.

Thelresults(are [presented [for[@mumber(oficharacteristiclocations(seeTable3[1).

Table301: TNMN stations used for(data [presentation
Station Locations River Distancefrom | Comments
inprofile mouth((km)
Jochenstein (D)7 M Danubel | 2204 ds(Inn,
Jochenstein[(A) M more[datafor[Austrian station
Wolfsthall(A) 7] R Danubel[1| 1874 dsMorava
Bratislava(SK) M 1869
Medvel(H)7 M Danubel[1| 1806 insideGabcikovolarea
Medvedov(SK) M
Komarom[(H) 7/ M Danubel[1| 1768 ds[Gabcikovolarea
Komarno((SK) M
Szob[(H) LMR Danubell | 1708 ds[Vah, Nitra, Tpel, Hron
Dunafoldvar((H) LMR Danubel]| 1560 dsBudapest,
onlydataforM allow @nalysisfor
wholeperiod

WL [Pelft[Hydraulics
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Station Locations River Distancefrom | Comments
in[profile mouth((km)

Hercegszanto(H) /) LMR Danubell | 1435 usDrava,(Tisa,Sava,

Batina[(HR) M 1429 more[datafor[Hercegszanto

Bezdan(SM) L 1427

[l Dravaszabolcsi(H)/ | M /Drava 78 Important|tributary,

[0 D.Miholjac[(HR) M More(dataforDravaszabolcs

Bogojevol(SM) L Danubel1| 1367 dsDrava

Borovo(HR) R 1337

NovilSad(SM) L Danubel 1] 1258

[0 Tiszasziget[(H) LMR /Tisa 163 Important(fributary

1 Martonos((SM) R /Tisa 152

[J  NoviBecej[(SM) L 66

[l Titell(SM) M 9

Zemun/(SM) R Danubel1]| 1174 ds(Tisa
(from(discharge(data:(alsolds/Sava!)

[J  Zupanjal(HR) MR /Sava 254 Important(tributary, limited
information(available, [station(is
situated is[oftheDrinafributary

[J  Jamenal(SM) L /Sava 195 dsDrina

0  S.Mitrovical(SM) L 135

1  Sabac((SM) R 104

Pancevo(SM) L Danubel1| 1155 ds[Sava

BanatskaPalanka(SM) L Danubel1]| 1077 us(Iron[GatesBackwaterlarea

Bazias[(RO) LMR 1071

Tekijal(SM) R Danubel1] 955 inside[MronGates Backwater(area

Radujevac[(SM) R Danube[1| 851 dsron(Gates,

NovolSelo(BG)[7 LMR 834 moreldataforPristol

Pristol (RO) LMR 834

Silistral(BG) !/ LMR Danubel1| 375 ds[joint BG/ROManube stretch,

Chiciul(RO) LMR moredatafor[Chiciu

Reni LMR Danubell| 132 ds[Prut, (Siret, is[Delta

dsl] =[] downstream

usll =[] upstream

3.2.1 River[discharges

TheTNMNdatabasecontains(dIotloflinformation Wegardingthe riveridischarges. For[1996
1997 thedischargedatalareusuallyavailable[at[the C(sampling [daysonly. [From[11998
onwards, theldatabaseContainsdaily [discharge records(for(alsignificant mumber(dfistations.
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Theseldatahave beenisedfo [produce annual [discharges for(selected stations/dverthe Period

19962001.

Figure3(1and Figure 3 2 presentlthe results.[Sincethedischargedata for1996 1997 [are mot
collectedConaldaily [basis, theumbers presented Tor 19961997 Care[notlreally yearly
averages. [Thesize[oflthe [€rrorfisismall, See/Appendix B.
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Figure3(1:0J Annualidischargesatiselected stations/along/the Danube.
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3.2.2 River[¢oncentrations

InlCorder(toldetect spatial "andtemporal [trends, the available[datalWwereused[to[¢alculate
yearlylaveraged(concentrations:

o thelcalculations[were[basedon[the[profile[averagel concentrations[for[thoselstations
where 3 Tocations fin the [profile (L, M(andR) are(defined;

o theldverageswerecomputedlinfwo[Steps: first’amonthly[{discharge Weighted)average
wasdomputed,andmextthe monthlyvalues Wereldgain [@veraged;

o theltesultsWerelaccepted [iforethan9SamplesWwerelavailableinone[particular(year,
whilemo [TestrictionsWwereimposed [on fhe[distribution [0f these @ [Samplesloverthe [year
(consequentlyin/someldases(theyearlyloadslare[computed [évenlif 'Sampling[Wwas[done
in{essthan[9[calendarmonths).

Total[Inorganic[Nitrogen[{sum[dflammonium,[hitrites[and[hitrates)

Figure(3(3 [shows[that(thehighest[valuesareléncountered [in[the ipperDanubel(Jochenstein
andWolfsthal).[The concentrations become [substantially [Tower [fowards [the Iron[Gates[(up
to[Pristol), folincreaseagain[in[the Mower[part[(Chiciu,[Reni). The minimum/(inthe[tiddle
partl¢ouldbelduefolalconversionfolorganic mitrogen duelfolalgaeblooms, orlduelfo the
inflowl[oflwater (from[theDravalSavalTisa.[Figure[3 [4[shows[telatively [low[¢oncentrations
in[these(fributaries.Thelinformationfrom[2001 [for[the[sStations [from[SerbiaMontenegro[is
consistentwith[the information [from [the[dther[stations, €xceptforthe[Sava. Theldatafor(the
Savalstations/in/Serbia[Montenegroin 2001 indicate(aldecrease in the Tower Sava.

Organic[Nitrogen

Organichitrogen[is[not[sampledfrequently [enoughlat[alsufficient humberofl $tations to
providelaltoherent[ picture oflthelspatial [ gradients. [ Moreover,[large[ discrepancies exist
between[the[ Slovak[and[Hungarian[stations[along[their[common[border[ stretch[ofl the
Danube. Figure(3[5(andHigure 3 [6[providelanoverview oflall [@vailable/data.

Total[Nitrogen[(sum[éf[Total[Inorganic[and[Organic[Nitrogen)

Total Mitrogen [is mot[sampled frequently [énoughat@/sufficient mumber(dfTstations fo [Provide
aldoherent(picture[dfthe(spatial [gradients. [Again, [significantdiscrepanciesexistbetween [the
Slovak(and Hungarian(stations [@long their[Gommon border stretch 0f the Manube. Therefore,
thedatalaremot/presented.

Total[Phosphorus

Figure[ 3 [7 shows[that[theconcentration Jofl totalphosphorustends[tolincreaseina
downstream[directionip [fothelstation Hercegszanto [(situated lipstream [6fTthe '[confluences
ofltheDravalTisal$ava). Further[downstream, [from[the[Tron[Gates onwards[fo [the MDanube,
theconcentrations'drop markedly. The[‘concentrations[lin[the TTisaJat[Tiszasziget["are

WLI] [Pelft[Hydraulics 3—5
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significantlyHigherthantheconcentrationsintheDanube (Figure 38). Theldata fortheTisa
stationsin[SerbiaMontenegroin[2001 [indicatea strong [decreaselinthe Tower[Tisafolevels
similar(fo thoselintheDanube. Thelimiteddata for the[Savalindicate thattheconcentrations
in[this[fributary[¢ould[belsignificantly higher [fhanthe[¢oncentrations [in[the Danube. The
differencebetween[Bazias and[Pristol[(Iron[Gates[section)[is[$mall,[suggesting falsmall
overall [retention in the Tron[Gates.

Thelinformation from[2001 [for [fthelstationsfrom[Serbia[Montenegro [is[consistent With [the
information from(thelother(stations,(@xceptfortheSaval(asmentioned@bove).

Suspended[Solids

Figure3M@(showslaltelatively low[averagel¢oncentration TipfoHercegszanto, with [higher
values(in [Some [years[at'Some(stations./AtBaziastheGoncentrationssuddenlylincrease, While
theyldecreaselagain[fowards[theDelta.Figure 3 10shows[Veryhighl¢oncentrations[in the
Tisa,[Whichl[touldGwellTbeltesponsiblefor the suddenlincreasein the Danubebetween
Hercegszanto landBazias.[Thel¢oncentrations[in[the DravalandSavalare(telatively [$mall.
Theldifference betweenBaziasland [Pristol [(Iron[Gates[section) [is[small, [Suggestinglalsmall
overall retention ih the Tron[Gates.

Thelinformation from 2001 [for [fhe sStationsfrom[SerbialMontenegro[is[consistent With [the
information from[thedtherStations.

Chlorophyli[&

Chlorophylllafisbotisampled frequent(énough(atld[sufficient mumber[oflstations[to [providela
complete[picture[oflthelspatial [gradients. Nevertheless[somel0bservations[can[bemade.
Figure 311 shows[“algradual Cincreasel from[the (German[part[Jofl the Danubeupito
Dunafoldvar[(from[5[fo[25ug/l). [(Figure[3 [12[illustrates that[the[Dravaltiver[shows[Small
concentrations[(about[5 [ig/l)[and[the[Tisalmoderate[Values[(about15ug/l). Inlthelower
Danube(Section[few[datalarelavailable. From[Chiciulonwardsthe[valueslare[Wwell (below 5

ug/l.

Silicates

Silicatesare[hot[sampled[frequent[enoughlat(alsufficientthumber[oflstations[to providela
complete picture(of’the(spatial(gradients. Data dreldvailablefor(the stationBorovolin[1998(]
1999((8.9111.5mg[Si0,/1)[and fora humber of Romanian(stations[in[2002(7.7(10.3 g
Si0,/1).

3—6 WL [Pelft[Hydraulics
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Figure3(9:[] Yearlylaveragediconcentrations oflSuspended Solids(at(selectedstations [@longthe Danube.
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Figure[3110:[J Yearlylaveraged/concentrations0f[Suspended Solids(at(selected (stations[dlongthemain
tributaries.
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Figure3[11:[] Yearlyaveraged(concentrations[0f[Chlorophyllaat(selected(stations along the Manube.
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Figure[3(12:[] Yearlyaverageddoncentrations/ofChlorophylld atselectedstations(@longthe tain fributaries.

3.2.3 River{loads

Thelavailable[datalwere[used(fo¢arry (outload[calculations. Themethodlused[Wwas(thelone

agreed by theDanubelcountries underthe imbrellaloflthe TCPDRI(ICPDR,2000). The
following@ssumptions Weretade:
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o thelloadlcalculationsWwere bBased on(the [profiledverageconcentrations forthoselstations
where 3 Tocations fin [the [profile(L, MandR) @re(defined;

o thellbad[calculations werecarriedloutperyear;

e thelload[calculations Cwere[Jaccepted Clif Cmorethan19 Csamples wereavailable,mo
restrictions Wwereimposed howeveron(the distribution [0flthese9 [samplesover(the [year:
consequentlylin/some(cases the yearlyloads/are/domputed(@venifiSampling Wwas[donelin
lessthan@dalendarmonths.

There arefwoWwaysfolcomputetheTiver Toads: [oneWising [thediverdischargedata’on(fhe
sampling[daysConly,fand[oneluising daily[dischargetecords.Although[theatter[is[more
accurate,[itCcanhot[beapplied for theyears[19961997sincelfor[those yearsholdaily
dischargetecords[arelavailable. Becausefemporal¢overage is[important,Wwe haveTisedthe
formermethod. Forreference however, wehavecompared [the Tesults(ofbothmethods {see
AppendixB).[Thel¢onclusionlis(that(the[fesults fromboth methods(dorrelate wery [Wwell for
total [P, TINand[$uspended(s$olids L(r2 [>>[0.99).[The differencesbetween(the imethods[are
usuallysmallerthan53%, Wwith The Highest(differencesdccurring forSuspended Solids.

Theresults(are [presented [for @ mumber 0ficharacteristicTocations[(seeTable31).

Nitrogen[loads[(TIN)

Figure313[and[Figure314presentthe/calculated TiverToadslinthe Manubeldandfinfits thain
tributaries.Thediver[TINloadsshow[a spatial [gradient[verySimilarfolthediver(discharge.
Therelis[hiowever(alarger year(fo yearVariation, [@€speciallyih The TowerDanube.

Phosphorus[loads[(TP)

Figure3[15andFigure3[16[presentthelcalculated riverloads(in the Danubeland in(its(thain
tributaries. [Theriver [TPloads/show(adifferent(spatial (gradientfrom [the riveridischargeland
the [hutrientloads. [ The[loads show[almaximum[downstream[oflthe inflowing[tributaries
Drava,[Tisaldnd[Savaland(decrease[over[the Bulgarian[RomanianDanube(stretches.[Again,
therelis[dVery[Substantial [year(fo[yearMariation.

Thelspatial [distribution[oflthe phosphorusToadsishows(a[stronganomaly[in 200012001 : the
loads(in[ChiciulandReniare dramatically [Towerthan theloads(ofTthe [preceding years. This
drop(doesmotloccurldtithe upstream stations. In[otherwords:[in[2000[2001 [there is[d[strong
decrease ofl thel talculated triver[load[ downstream[ of[ Pristol.[This decrease can[hot[be
observed(inthelyears199611999.

Loads[6f[$uspended[solids

Figure(3(17(and[Figure(3[18[present(the/calculated riverloads(inthe Danubeand(in[its tain
tributaries.[Thelriverload(oflsuspended solids[showsa[Very[stronglincrease[downstream of
thelinflowing|fributaries IDrava, Tisaland[Sava. Figure(3 [18[shows(thatthe Tisalmay well be
responsiblefor(thesudden increase ‘@fTthe MDanube Tiverload inthe[middlelsection.Again,
there(is[aVerysubstantial(year(fo [year [Variation.
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Thelspatial (distribution CofT the [suspendedsolids[loadskhowsalstrongdecrease oflthe
calculated(diverload [downstream [0fPristol[in[1997,12000and 2001.[This[decrease[can not
belobservedlinthedtheryears.
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Figure(3(13:[] Annualloads[of(Total Tnorganic Nitrogen (at(different(stations/alongthe Manube.
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Figure3(14:] Annual Toads(of(TotalInorganic Nitrogen @tdifferent stationsa@longthethainfributaries.
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Figure3(15:[] Annuallloads/of(Total Phosphorus at/different/stations along/the Danube.
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Figure[3(16:] Annualloads[of(Total Phosphorusatidifferent/stations(dlong/themainfributaries.

3— 14

WL [Pelft[Hydraulics



Revised[[Panube[WQ[Model R3460 Final[Nersion,[July[2004

Data[Report Deliverable[$.9a

SuspendediSolids

14000 m1996
12000 01997
10000 - 001998
g 8000 - m 1999
k" -
~
®
o 6000 — — {2000
-
4000 - M 02001
2000 = —t 02002
0 A
2 N e 3 2 S
] 2 3 @ s -
Jochenstein[(A)| Wolfsthal (A) Szob((H) Hercegszanto | Bazias/(RO) Pristol (RO) Chiciul(RO) Renil(RO)
(H)
Figure3(17:[] AnnualToads[oflSuspendedSolids(at/different/stations/alongthe Danube.
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Figure[3118:[] Annual Toads(ofiSuspendedSolids/at/different(stations@longthe ain fributaries.
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3.3 Discussion[¢f[the[data

3.3.1 Sampling[and[analysis[6f{totalphosphorus

During(thelanalysis ofTthe dataWwefound With fegardfofhesamplinglandlanalysisoffotal
phosphorus:

ItCcouldCnotbeverified [ that[the[Janalysisof total [IP[lisdone[lonunfiltered “and
homogenised samples.

ThemethodsioflanalysisaremotalwaysTeported.

Thelanalysismethods teported [fobeMsedlin the[CzechRepublic,[Slovakia,[Bulgaria,
Germany, Moldova,SlovenialandUkraine " tdohot[mention"anexplicit digestion"or
mineralization[Step, Whichlimpliesthatpossibly[dertain(Species[6fPldre motlincludedlin
thelanalysis results.

Noreferencelismadefolthe desorption(dfisorbed [fraction.

Thel ] analysis[1methods[reported (] are[]in[]all[] occasions[ ] ofl]al]spectrometric[]or
spectrophotometric ] nature, ) except[] those[] used[] in[J the[] Romanian[J laboratories
(colorimetry).

3.3.2 Water[and[hutrient[balances

Thelavailableldatarhavebeen usedfo produce Water[and mutrientbalances for [the metwork
sections/listed[in [Table3 2.

Table3[2:[] Rivermetwork(sectionsfised fo[calculate Water(and mutrientbalances.

Networksection Method of[computation

Upperland middle Danube From(dataatHercegszanto(km1435)

(German, Austrian, Slovakian(and

Hungarian/stretches)

Dravalriver Froml(datalatravaszabolcs((km[78)

Tisalriver Froml(datalat Tiszasziget((km[163)[,Isupported by [datafrom/Serbian
stations[for2001

Savalriver((+[VelikaMorava) Dischargelcomputed [from(awater (balance(Bazias, hinus Upper/Middle

Danube, inusDrava, thinus Tisa)

NutrientIbads(éstimatedfromthe river(dischargeand theconcentration
estimated from(dataatZupanjalsupported by [datafrom [Serbianstations

for2001

Serbian(section(km([1430(1070) Dischargeldssumed(Zero

\;V;Stz finflows(0fDrava, Savaldnd Nutrientbalancesfrom fhedifference BetweenBazias (km[1071)land
Hercegszanto[(km(1435)

Iron(GatesIsection Fromfthedifference between Pristol (km[834)landBazias(km1071)

LowerDanube((Bulgaria, Romania)[| From the[differencebetween Renil(km132)andPristol(km834)

Figure[3 19 [presents(the [tesults[from (the[Wwater[balancelinabsolute lamounts,[while[Figure
320[presents [the results relative fo thelaverageoverthe period 19962001.
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Figure[3(19:[] Dischargesfrom[different(sectionsof’the river metwork[(absoluteValues).
Discharge compared toaverage(1996:2001)
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Figure3120:] Discharges(from(differentsectionsoflthe riverMetwork [(valuesirelative fotheaveragedver 1996
2001).

ThelaverageDanubeldischargelis[68423/s.[Compared folthe Tong fermyearly @veragelof
6550 m3/s[teported by Stancik[ea.[(1988)[1996[2001 [is[altelatively [ wet[periodlinlthe
Danube Basin. Thehipper(and hiddle anube [@nd its [fributaries, lipstream [0fthe Hungarian [
Croatianborder[¢ontribute[35% [(roughly1/3),thelarge [fributaries [Drava,[$ava,Tisaland
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VelikalMoraval contribute #8% [(roughly [}%)[Whilethelower Danubel contributes[17%
(roughly1/6).

ForltheDanubelasa[Whole,the individual [years deviatelessthan10% fromthelaverage,
exceptfor1999, whichhas(a16% higherflow than(thelaverage.ILooking[atthelsub[sections
welseeldifferencepictures. [ The ipperland middle Danubehaslower[discharges[in[1996
1998and Mhigher(dischargesin199912001.TheDravaland[Savalshow[similar(characteristics:
the[years[1996and1999havelthelhighestflows.The[Tisaland the TowerDanubeldlsohave
similarcharacteristics: theHighest[dischargesOccurred in199711999.

Figure[3121,Figure322andTable[3 3 presentthebalancesfor Total Inorganic Nitrogen
and(Total Phosphorus.

Table373:[] Resultsfromthe Water@and nutrientBalancescomputations.

River(section Water balance((m3/s) Balanceof TIN (kt/y) Balancelof TP(kt/y)
(199612001) (19972001) (199712001)

Upperlandmiddle Manube 2392 157 11.7

Drava 536 20 2.1

Saval(reconstructed) 1725 701095 8.4

Tisa 1021 49 5.2[f07.8

Serbia 0 13fo+12 8.4to=11.0

Iron(Gates 57 18 0.4

LowerDanube 1110 134 1.7

WholeDanube 6842 460 16.9

3—18

Thel[TIN balanceldemonstrates(alconsistent[picture(ofthe(datchment. The[contributionsfrom
the TUpper/Middle[Danube[Jand [ifrom[the[largetributariesreflect [ Jmore[or[lesstheir
contribution o [theriver flow. As[éxpected,the[contribution[ofTthe Tron[Gatesarealis [Small.
Thefactthatlitlis[positive should mot[begiven foo (muchlattention: [theValuelis [probably
insignificantin[ iview [oflthe[limited [Jaccuracy [lofithe lcomputedloads. 'The[laverage
contribution from(the Tower(catchment(is[telatively (high[¢ompared [to its[Gontribution[fo [the
river[discharge. This[is[¢onsistent[withthe observation[that[the¢oncentrations[increase[in
this[part’oflthe tiver.[Thebalancelover[the[Serbian section[does ot presenta significant
result,[duetolthe Targe incertainty [in the[Savallbad.
Thelc¢ontribution[fromthelowerDDanube[varies very[strongly between [theindividual [years.
This[¢ontribution[is[computed [as[the[difference betweenthe [computed(tiverloads/at[Reni
andlat[Pristol,land [is[influenced by [errorslin[the[¢computedloads at[both[stations. These
errors[probably Thavelatandom ¢omponent. [ Therefore,the[Variation[between theyears[is
probablyanfartefact’'sStemming from(the limitedlaccuracy [0ffthe Tesults [@t[Reniland Pristol.

! Thevalue95is 0btained by adopting the averagelconcentrationlat Zupanja, \the Value 70is obtained
byladoptinglaldoncentration 0.5 mg/llower than thelconcentrationdat Zupanja(assumptionbased(on
Serbian|datalfor2001, see Figure(3(4).

’(Thevalue|7.8lislobtained by adopting (thelload at Tiszasziget, the Value3. 2 islobtained by lapplyinga
reduction ofl1/3(based|on thelobserved|doncentration'decreaseloverthe Serbian stretchlofthe Tisa
inl2001, seelFigure(3(8).
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The[TPbalancelshows[aVery[¢onfusing [picture. Thelcontributions from(the Wpper/Middle
Danubeland from(theTarge(fributaries reflectmore orless [their[dontribution [fo the Tiver flow.
InTthisl¢ase,theSerbian sectionlistesponsiblefora substantial Tetention [(about[1/3 [ofTthe
incomingToad). The ronGates[Section/doesmot[show[@lsignificant/change[oflthe riverToad.
Thislisinexpected inView [0flearlier(studies reporting [the Tron [Gatesdrea o Belaajorsink
ofCphosphorus(van[Gils,[1999).[The averagelcontribution[from[thellowertatchment[is
negative.(Thisfis difficultfotinderstand. TtWwill Bestudied in[detail below.

Many [parts 0fTthe balance[Vary [Strongly (between(thelindividual [years. This[is the [fesult/of
theTimited[dccuracy(dflthe Toad [Gomputations.
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Figure(3(21:[0 Nitrogen/loads[from(differentisectionsoflthe rivermetwork.
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Figure3([22:[] Phosphorusloads from(different/sections [0fthe river metwork.

3.3.3 Detailed[analysis[¢f{the[Gabcikovo[$ection

ThelGabcikovoSection[ofltheDanube(between Bratislavaland[Komarno/Komarom)[isof
specificlinterest. MDuefo [the[construction[ofla[dam [and[a[power(station With[inlet[and [outlet
channels, [the [river[(hasbeen[altered and["apotential [ retention[site[ fornitrogenand
phosphorusrhasbeenl¢reated.[Thelsectionhasbeenstudiedby[¢heckingthe datalfor[the
stationslistedinTable34.

Table(34: Stations(analysed(alongthe Gabcikovo(section.

Station Locations/in River Distance frommouth Comments

profile (km)
WienNussdorfl(A)[J| R Danube 1935
Wolfsthal [(A) /] R Danube 1874 dsMorava
Bratislava(SK) M 1869
Medvel(H)/) M Danube 1806 ds[partlofiGabcikovo area
MedvedovI((SK) M
Komarom[(H)(/I M Danube 1768 ds/Gabcikovo
Komarno[(SK) M
Szob(H) LMR Danube 1708 ds[Vah, Nitra, Ipel, Hron

Themitrogen lbads(do mot[show[d[consistentfrendlover(the [Gabcikovolsection. Probably,the
spatial [changes[bfl theload[are[$mall[ compared[to[the inaccuracieslintroduced byl the
samplingland@nalysisandthelload(calculation.
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Whileldnalyzingthephosphorus(data, dfemarkabledifference Wwaséncountered (between [the
computed Joadslat[thelstationsBratislava, [Komarnoland[Medvedov onlonelhand, andthe
stations[Wolfsthal, [Komarom[and Medvelonthelotherhand. [Figure3 [23 [demonstrates(this
difference. Thelaveragelloadldver(thelyears[19972001 [is[about[1/3 Towerlatthe[Slovakian
stations "as[¢ompared o theAustrian/Hungarian(stations. [Figure3 23 [alsoShows that[the
annual[dischargesalsoshow[some[differences, "but[that[these are[much[smaller.[The
differencesin[the[computed[loads[thereforehaveltobelthetesultlof differencesinlthe
observeddoncentrations.
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Figure(3123:[0 Computed riverloadslofitotal phosphorus/and computed [@nnual river(discharges/alongthe Danube
(km[1935(1708).
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Figure[3124:[] Relationbetween observedconcentrations @t MedveandMedvedovin 1999 (dates 6fl[sampling
arelidentical).

Figure(3 24 [illustrates(thedifferencesin[the[observed[concentrations[in[1999[atthe stations
Medvel(H)landMedvedov[(SK).[According[to[the[TNMN [database, both [stations take their
sampleslat(the[middle[oflthe tiversection, While[in[1999 even thelsampling[dates[Wwere
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identical.Theldveragedoncentration/dtMedvedov(is[Substantially Tower than(that'dtMedve,
whilethecorrelation Between the fwo s poor.

Theldatafrom[Viennaland[Szobhave beeniised o furtherlanalyse theproblem.
AcceptingtheValues from[theAustrian/Hungarian(stations would [imply [accepting a[Small
decrease[(about[10%)[of the fiver P loads between [ Wolfsthalland Komarom[dand[aldistinct
increase {about[30%) between Komarom(and[Szob. Thelsmallldecrease ¢ouldbelcaused by
retentionlin[the ((Gabcikovolarea, Wwhile[thelincrease[can(belattributed [fo [the inflow [Of [P from
some(smaller[fributaries (from[Slovakia, Which ¢auseldnlincrease [0ftheannual [discharge[of
about10%.

Accepting[the[Valuesfrom[the Slovakianstations would[imply “accepting[alsubstantial
decrease{about[35%)loflthelriverload (betweenVienna and [Bratislava,fal$malldecrease
(about[10%)CofTtheltiverloadsbetweenBratislavaland[Komarno[and[aldistinctlincrease
(about[100%!!)[between Komarnoand[Szob. Therelisholexplanation for the decrease
betweenViennaland Bratislava. Thelincrease0f[100% [duefothelinflow [ofTthe Slovakian
tributaries, Whichdause@nincrease 0flthe @nnual [discharge6fdnly [10%, is Mot realistic.

From[thecurrentanalysis Cwelderivethe “conclusionthat[the Cconcentrations CofTtotal
phosphorusmeasured(at/theIDanube(stations [0f[Bratislava, Medvedov(and (Komarno[dremot
representative [for[the MDanube. We expectthatthis(is[the fesultlofTthe [Samplingland analysis.
Possibleléxplanations[are[the[filtering [dr[homogenisation[oflthesamples, or[theldigestion
step(during thelanalysis.

3.3.4 Detailed[analysis[of{the[lron[Gates[and[the[Lower[Danube[$ections

Abovelelhaveldiscussedthat[somelof thelavailablelinformationfor(the LowerDanube
section/doesmnotSeem [fo Beldonsistent: [fhere[Seemstobelavery[smalllorlévenmegative load
ofltotal (phosphorus[from thissection. Tofurtherlanalyselthis, We[¢hecktheldatalforthe
stations/listedin[Table 33

Table3[(5:[] Stationstised[for(the analysisofithe ILlowerManubesection.

Station Locations River Distancefrom | Comments
in[profile mouth((km)

Novo(Selo(BG)/ LMR Danubel 1| 834 ds{Iron(Gates

Pristol (RO) LMR

Svishtov((BG) MR Danubel1]| 554

Russel(BG) MR Danube(Tll] 503

us/Arges(RO) LMR Danubel1] 432

Silistral(BG)(/| LMR Danubel1] 375

Chiciul(RO) LMR

Reni LMR Danubel1] 132

Welwill[focus on[the analysis[oflthe[concentrations, [$ince theselare[tesponsible for the
possiblelinconsistencies. [ Figure B[25][Figure[B26and[ Figure[ B[27 show[the[yearly
averaged[concentrations[0fTIN, TPland(suspended(Solids.
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Figure(3(25:[] Annualaverages/ofithe concentrations0f TIN along(the TLowerDanube.
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Figure3126:] Annual@verages(ofitheconcentrationsof TPdlongthe TLowerDanube.
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Figure3[27:[] Annuallaverages(ofithe doncentrations 0f[Suspended [Solids/along(the llower Danube.

Theldatalfor[TIN [Seem [feasonably[consistent. [The[datalat/theopposite StationsPristol (RO)
andNovo Selo[(BG)[dremoreor(less[equivalent. [However, theconcentrations measured [at
Silistra[ (BG)Care[ systematically [lower[than[those[at[thebpposite Chiciul[{RO)[station.
Lookinglatlthewhole[profile[downstream [0f[Pristol/Novo[Selo,lit[¢ould belargued thatlthe
Bulgarian[stations Svishtov, Russe[and[ Silistral providelower[ concentrationsthan[the
Romanianstations[us[Arges, Chiciuland[Reni.[The[stationusCArges[ shows[¥very[high
concentrationsin2000.

Theldatafor[Suspendedlsolidslalso[seem[teasonablyl¢consistent, éxcept for thelstation us
Arges, which[shows[eéxceptionallyhigh[concentrations(in[199912002.[Thesehighvalues are
notlobserved at/any [other(station. This fime(thedatalatthe (Opposite[stations Pristol (RO)and
NovoSelo(BG)show [systematic [differences, [While(theldataldtthe[opposite[stations[Chiciu
(RO)land Silistra[(BG) are thore[or(lesséquivalent.

The datalfor total phosphorusshow significantlinconsistencies. The[stationus/Arges[shows
exceptionally (high[concentrations(in[19992002.[Again, thesehigh Values[arenot/dbserved
atlany[other(station.[Theldatalat[the [0pposite(stationsPristol (RO) [and Novo [Selo(BG) are
equivalent.[Therelare[Very[strong[systematic[differences howeverlat the[opposite[stations
Chiciu/(RO)[and Silistra[(BG), for(the [years200012001 when [sufficient[SamplesWwere[taken
at[both[stations.[Thellatter[ $hows[yearlyaverage[ concentrations Wwhichlare[4[to[5 times
higher((!) thanthe former.

Basedl[on[thesel[observations, [ Welconcludelthatthe[¢computedTiverloads[ontheDanube
stations fromBazias o Renilare possibly [foo Tow. This tay Bedaused By the Tactthatlone or
more fractions 0ftotal phosphorus(are motincluded inthe mumbers, [due [fo the [Sampling [and
analysis/process.
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Next,Wwelconcludethat(it[ishighly inlikely [thatthe[Serbian Section tetains [dnlamount[ofTP
inlthelorder[ofl10(kt/y. IfWweldssume(that(the[dverage[¢omputed TiverToadlinBaziaslisfoo
low By 9.7 kt/y(34%), it follows[thattheretention/is[dctually [faking [place in the TronGates
section. [Theatter lypothesis istore Tikely.

Furthermore, Welconclude thatlitfis highly unlikely [thattherelis mo metlinflow [0f[phosphorus
alongtheTLower[Danube. TfWwelassume thatthe computedTiverlbadsin Chiciuland Renilare
toolow by (7.6 kt/y[(31%), it [follows(thatfhe I.owerIDanube contributes(aishare proportional
tolits[ontribution [to the river flow [to the Danube Pload.

Finally, therelis(@sharp/decrease0flthe ¢omputed Ploads(at Chiciuland Renilin 200012001
(seelFigure315).Tookingat[fheldoncentrations(Figure 3 [7)fitfurns[Outfhatthedecreaseis
morelorless¢ontinuouslover[19962001.Thelapparentsharpldrop from 199910 2000s
partially (the TesultloftheThigh[discharge[in[1999.§tillthereSeemsfobelalmajor sink [of
phosphorusfdownstreamlofTthe Iron[Gates, WhichgraduallyTdeveloped in[1996[2001.TAs
longfasSuch@sink hasmotbeenlidentified, Wwe Considerthisldecreaselanartefact.

Following(theseliypotheses, Thefadjusted”Pbalancelis Tisted in[Table 36

Table3[6:[] “Adjusted”balancelofiphosphorus.

River(section Adjusted balancelof TP((kt/y)
(199712001)

Upperlandmiddle Danube 11.7

Drava 2.1

Saval(reconstructed) 8.4

Tisa 6.5

Serbia 0

Iron[Gates 10.2

LowerDanube 5.8

WholeDanube 24.5

This(ddjusted [P[balance representsmo morelthan(dan [€stimate Based [0on[éxpert judgement. [We
willinvestigate thedatafrom(other(information(sources [to firmip [the [estimate.

3.3.5 Relation[between[discharge[and[$uspended[$olids

Tolinvestigate theeéffect/oflthe frequency [0flsampling (On [the [computed loads ofiphosphorus,
welhavelchecked[ the[Trelation[ between[the river discharge‘and[the[lconcentration[ of
suspended(Solids at(different(stations dlong the[Danube. [Thishas been[donelafter[temoving
outliers (very Chigh[valuesatCmoderate "discharges). CAlinear[regressionbetweenboth
parameters/hasbeen[carriedoutandthe ¢orrelation¢oefficientThas[beenldetermined.[The
resultiis summarised in(Table3 7.
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Table3[7:[1 Relationbetween theriver(dischargelandthedoncentration(ofiSS [for(different/stations dlong/the

Danube.

Station 0SS/0QI(g.s) Correlationbetween(SSand (Q(R?)
Jochenstein 0.011 0.16

Wolfsthal 0.023 0.48

Hercegszanto 0.007 0.27

Bazias 0.002 0.04

Pristol 0.001 0.03

Chiciu 0.003 0.04

Reni 0.001 0.01

Table[3[7¢learly [demonstratesthat(the ¢orrelationbetween[SSand[the tiver dischargelis
weak[fo monexistent.Thismay beldaused by [thefactthatdpparently Mo éxtremedischarges
haveldccurredlin(thelanalysedperiod. [(The Tange offlows[in(the[datalset’doesmotlinclude
values higherthanheTbcal 1% eéxceedenceValueloverthelyears[199872001.) Therefore, the
dataldomotlallow fhelanalysislafltheléffectlofTthe frequencyoflsamplinglonthe computed

loadsdfphosphorus.
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4 Data[¢ollected[at[Sulina[by[the[NIMRD,
Constanta,[Romania

4.1 Description[6f(the[data

TheNational [Institute for(Marine[Researchand 'Development (NIMRD)[Gs[apartnerCof
daNUbs.INIMRDhas(collected[aTongfimeSeries [0f[water[quality [datalatthe(station[Sulina
(see daNUbsteports fromWorkPackage 7). Thesamplingis[donednWeekdays. Theresults
arefreported dsmonthlylaveragesoverthe Period 199012002. Wpto2000,0nly Fhelihorganic
nutrients are analysed: fammonium, [nitrites, (hitrates, (phosphatesCand silicates.[From 2001
onwards, [also fotal (phosphorus[isfanalysed, while[in 2003 theanalysis [0f(fotal mitrogen [is
started. [Sampling[is[donelatthe Water Surface. Further[details[0f(the[Samplinglandanalysis
aremotlexactly known.

4.2 Presentation[bf[the[data

Figure(4[1 [fo[Figure[4[4[showthemonthlylaverageslofithelobserved doncentrations[0fTIN,
phosphates, [silicatesand TP.
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Figure41:[1 Observediconcentration(ofTINat[Sulina/(datafrom WIMRD, thonthly @averages0fidaily Walues).
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Figure4[2:[] Observed/concentration(ofphosphates/atSulina(datafrom NIMRD, thonthly[@veragesofldaily
values).
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Figure4(3:[] Observed/concentration (oflsilicates(at[Sulina(datafrom NIMRD, thonthly[@verages ofldaily
values).
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Figure4[4:[] Observeddoncentration(ofTfotal phosphorus/at/Sulina(data from NIMRD, thonthly [@veragesof
daily(values).

4.3 Discussion[¢f{the[data

Thelconcentration [of T TINCat[Sulinalshows[alstrong[andcontinuous decrease during the
period199012002. The yearlydverages[(computed(ds thelaverage[oflthe Mmonthly[@verages)
show @ reduction0fmorethan@factor[7(!) Between1990@nd 2000.

Theltause bflthis[strong decreaseis(hotlimmediatelyevident. [ 1fwe Supposethatthe
concentration [Of[TIN Followstheldoncentration [0ffotal Mmitrogen [@andthatthe [Concentration(at
Sulinaltresemblesthe concentration “bfthe Danubeipstreambfthe[ DanubeDelta, the
Danube Tiver(loadofnitrogen mustshow(alsimilar(decrease. From[theTesearch¢arried[out
aboutldiffuselsourcesofmitrogen(inlarge[Tiver basins Weknow that[this ishighly minlikely.
Large(stocks/ofmitrogen/areformedfintheground Water[during Periods[dfhigh Fertilizeriise.
InTtheDanubebasinsuch[aperiod “existed Cup toabout11990, before thekuccessful
implementationCofThitrogen pollutionreductionmeasures [in[Germanyand"Austrialand
beforelthe eéconomic¢ollapselinlthe[Centralland [Eastern[Europeanl¢ountries.[Dueltolthe
existence oflthesestocks, [the(trendsinthe riverloads follow the [frends(inthefertiliseruse
withaldelay of7atTeast/ddecade(Elbe, Rhine).[Andléven(then,the decreaselinthe riverToads
isiisuallymot(as strong(as(theldecreaseobservedlin/Sulina.
Consequently,fit[¢annotbelexcludedthat[the [0bserved[concentrations[0f[TIN [at[Sulinalare
notla[validlindicator [for the [Danubenitrogenload.Locall[¢onditions of[the Wwater[System
and/or[thesampling andlanalysis(imay beltesponsible[for theldecreasing frendlin thellocal
TINconcentration.

Alfinal[observationis[that(the fypical yearly [dycle0flthe[doncentration [0f[TIN[(governed By
thelyearly[¢cyclelofluptake by plantsfand[denitrification)[is hard [foldbserve [during[1998[]
2003.
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Theconcentration/offphosphates(at’Sulinalshows a[strongdecrease[during[199011992(and(d
morelor(less[¢onstantlevel[afterwards. This[¢an[be[telatedfo therapid[decrease of[point
sources ofRiafter[the/dconomicidollapsefin the Central ‘@nd Eastern [European [Gountries.

Thel¢oncentrationlofTsilicateslat[Sulinalshows[alstrong Variation[over[fime.[Generally, the
summer [Values [are Tower [than the Winter[values, [probably [duefo the uptake oflsilicates By
phytoplankton. [The Winter thaxima [vary from[yearfo year, [probably 'due(fo the[variation [0f
theThydrological Cconditions. TheyearlyCaverage shows[aldistinct[increasing[trend.[The
averageValuelover(theperiod 19962000 (équalslabout400 Kkt/y.
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5 daNUbs[$urveys

5.1

Description[of(the[data

InTthel¢ourseloflthe daNUbsproject, $pecificlwater[quality [datal¢ollectionlactivities have
takenplace.Theylinclude:

e samplinglatViennalduringlanlextreme flood@évent(in 2002;
e sampling/atidifferent/locationsinthe (Gabcikovolarea,duringthreeperiods(ofione week;
e sampling/at(differentlbcations(infhe Tron(Gates area, during fthree[periods [0fldne Wweek;
e samplinglatIsacceal(upstream 6flthe[Danube(Delta)duringdifferentperiods0fl4[days,
preceding the marineSampling(cruisesdarried [Gutlin(Work Rackage7[0f daNUbs.

Table[3 [providesmore(details.

Table30:[0  Overviewof daNUbs[surveys.

Vienna Gabcikovo Iron(Gates DanubeDelta
Station(s) Vienna Bratislava(km(1869), Baziasi(km([1071) | Isacceal(km[101)
Hrusov reservoir, Orsoval(km954)
Medvel(km1806) Gruial(km(849)
Sampling surface, middle left, thiddle, right,(at[0 left, middle, right, | left,middle,right,
locations(in the and(Sm(depth at(0land/Sh at(0(and (S mh(depth
profile depth
Sampling 818[August2002 7Iday(periods/startinglon: | 7[dayperiods 4[day(periods
period(s) 9 August 2002 startingon: starting[on:
4 November2002 237April2002 2[October2001
25 November 2002 24Tune2002 7November2001
28[August2002 4(June2002
6/August2002
8Dctober2002
Sampling about40(samplesfin | daily(samples dailysamples dailysamples
frequency 10(days
Determinants pH, femperature, dischargetemperature, discharge discharge
DO, TOC,DOC,all | DO,TOC,allPspecies, temperature,[[DO, | temperature, DO,
Pispecies, @llN all Nispecies,[Si02, TOC,@ll® allP(species,[allN

species,[Si02,
suspended/(solids,
conductivity, [Cl,
SO4

suspended/solids

species,allN
species,[Si02,
suspended/solids

species,[Si02,
suspended solids
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5.2 Presentation[6f[the[data

TheldatafromthelstationViennalduring[the [peakflood ofTAugust[2002[are[presentedin
Figure[501,[Figure 5 2and[Figure[5 3 (TUVienna, 2003). Theylare[compared With[data
from(the first(GabcikovoSurvey, Which fook placeduringthesameflood Event.

Theldataforthe Gabcikovoland TronGates/surveys [@represented by Mlaszlo(2004).
TheTesults fromtheTsaccealsurveyswill hepresentedgraphicallylin¢onjunctionWiththe

dataffromother(sourcesfinparagraph8.1.[Thelanalysislofthesedatawill bepresentedinlthe
same[paragraph.
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Figure3(1:00 Simultaneouspresentation 6fTtheriver(discharge, theconcentration (0fSS [@ndlthedoncentration0f
phosphates/andfotal (R, heasured [t Viennaduring the [August2002 flood.
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Figure(52:C] Simultaneous [presentation 0fthe[river(discharge, the concentration 0f(SS [dnd[theConcentration[of

total[P, mheasured(at Vienna/and (atBratislavalduring [the/August 2002 flood.
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Simultaneous [presentation(dfithe concentration 0fISS [and theconcentration 6fldrganic (N,
measured(atViennaland(atBratislavalduring/the[August 2002 flood.
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5.3 Discussion[éf(the[data

5.3.1 Vienna[$urvey

From(thelpresentation [6flthe Viennaldatalsome[observations/dan e thade.

e aslaxpected,[duringthe(flood[theconcentration(oflsuspendedisolidsshows(d[sharp [peak,
withldmaximum Value[0f2179 ig/l;

e theldoncentration[dflfotal[phosphoruslalsolshowslalsharppeak,Wwith[@dMnaximum(value
of 2 mhg/1[(1), Wwhichcoincideswith [the [peak [ih[thesuspended(solids/concentration;

e theldoncentration[0flortho phosphatesfis(d[smallfraction0fthe fotal,[@anddoes Mot[show
alpeak;

e theldoncentration(oflorganicmitrogen (total thinus(inorganic)shows@lsimilarsharppeak,
withTalmaximum [valueofTB.90mg/l, Cwhich[againcoincides (withthe [peak[inlthe
suspended solids/doncentration;

o the[Pl¢ontent/oflsuspended(solids((computed(as((TPPO4)/SS)lis telatively [low, mostly
below(1000mg/kg, [duringthelhighWwaterperiod, Whilelafterthe highWater[period this
concentration fincreases o Walues0f1500 2000 mg/kg.

Theltotal (phosphorusloadlat[Vienna during[the surveyperiod[(8 CAugustto[17 August)
equals(4.7kt[(note[that[thelaverage annual Toadatthe [ TNMN/stationlin ViennaMNussdorf
overltheyears199712001 [équals8.5Kkt!).

Comparing(theldataldat[Viennawith[theldataforBratislavafrom(the first[Gabcikovolsurvey,
someladditional [0bservations(danBe made:

o theldischargepeak arrives(in[Bratislavalat(leastlalday(later(than[Vienna, and[the[peak
valuelisCevenlhigher[(unfortunately[the$urvey[in[BratislavaWwas[stoppedbefore the
discharge(started [fo[decrease,[sothelactual [peak Value[Wasmotmecessarily [Gaptured and
theWwaterquality [atthe Back 0fthe flood Wave Wwas mothonitored);

o thelconcentrationloflsuspended(Solids[showslalsimilarpeak[in[Bratislavalaslit[does[in
Viennal(notethe lower(sampling [frequency);

e theldoncentration[0flfotal P(max.0.32mg/l)[doesmotshowa@peak Similarfofhelonelin
Viennal(2 thg/1), formo [@pparent(reason;

e alsimilar(observationholdsfor(drganic Mitrogen, where the Bratislavapeak [(1.44 thgN/1)
is[Substantiallysmallerfhan(the Viennapeak (3.9 thgN/l).

WithTegard(fo ftheTow concentrations (0fldrganic N and [fotal P [atBratislava, e Suspect(that
theVvalues[observedat[Bratislavalare[eérroneousbecauseofpoor homogenisation bflthe
samples.

5.3.2 Gabcikovo[§urveys

From[thepresentation[oflthe datalsomeldbservations[¢an[belade.Duelfothehigh[flow
conditions[during(all [three[surveysand/due(to the Telatively [Small[size[of[the[studylareal(63
km), lthe [travel time [from[the first(tothe last[station isin [the[order(ofioneday only.
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During(the(first/surveyalhighfloodoccurs.ThelotherfwolSurveysldrelalso carried[dut
under(relatively high(discharge(conditions((local@verage flow(is[2020m3/s). Therefore,
thesurveys(do motprovide(alcomplete picture (0fithe Mariability [0f the Water [quality Wwith
theHydrologicalldonditions.

Theldischarge[atiMedvelis substantially TowerthantheldischargelatBratislavaland(the
Hrusovreservoir. Theldifferencedoncerns the flow [through(parallel Branches.

TheWater femperature feflects [the [Season0fTthe surveys.

Thelconcentrations0fDO [dregenerally high [(>9 mg/1) Wwithhigher[values inder(dolder
conditions.Thesaturation ias motBeen determined.

Theltoncentrations[of [ TOClareltather[Variable. The highest[valuesare observed[in
August, [possibly [duefb [phytoplankton(activity.
Thelconcentrations0f[SSTarelextremelyhighlduringthelAugustfloodleévent. Therelisa
substantial [fetention [0f[SS[dlong[the Weservoir.[This(is[probablyduefolsedimentationin
thefloodplains.

TheldoncentrationsdfTotN [partly Teflect the iormalseasonal [Cycle Wwith Tower Waluesin
the Summerandhigher Walues(in(the Winter.[Atthe[énd [of(the [AugustSurveyhowever,
the NTcontentoflthe Suspended Mmatter Mmakesthe concentration[0f TotN lincrease. This
effect/can/alsolbelclearlyobservedin OrgN, @nd ihlammonium(duefothe mineralization
ofOrgN. Thelconcentrations[ofmitrates[and [TIN Weflectthe mormal [Seasonalldycle With
lower(waluesin/the[summer(andhighervalues(inthe Winter. [The concentration [0f{OrgN
isisually Tow((0.4fo[0.6thgN/l)[dnd[doesmotishow(alseasonal Fariation.

The ¢oncentrations[of TotP Vary (between[0.1and[0.2[mgP/l7and [Show Toldlearfrends,
except[duringthepeakflood period. Theconcentrations ‘of phosphates Varybetween
0.047@nd[.12mmgP/llandshowmoClearfrends.

Thedoncentrations [0f(Sildre(in(a tather marrow [ange[of(7[9mgSiO2/1[(or 3 [4 mgSi/l).
Therelismolspatial [frend. The[August values(fend[fo be @ ittle higher,[Seemingly [duefo
thefloodConditions.

Table[5 2 Summarises the average changeof the[toncentrationofl tertainkey [Variables
between[the[lastCand[the[first[station. Thesenumbers arelindicative[for[theltetention
characteristics[0fthe(study [area/during(thethree(cruises.

Table5312:[1 Relativelchangelofithe doncentrations(ofkeyVariablesover theGabcikovo Section/during the

daNUbs cruises.
Balance TOC SS TotN TotP Si02
mg/l mg/l mg/l mg/l mg/1
91812002 1% 60% 5% 24% 2%
401112002 3% 16% 4% 8% 3%
2501112002 8% 3% 5% 8% 4%
Average 5% 24% 5% 13% 3%

WLI] [Pelft[Hydraulics

Theltesultsindicatelalsignificanttetention [of[SSand [P.[Theltetention[of (SSTis[¢learly[the
strongest[during[theflood survey. Thisléffectlis[also[visible[for[TotP.[Theltfetention [df[Pis
consistentWith thelretention found from(the TNMN (data [(which Wwas@bout10%!).
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.3 The[lron[Gates[$urveys

From[the[presentation[ofTthe datalSomelobservations¢anbemade. Duefo [thesize oflthe
study [@rea (222 km), Thefravel lfime from [the first [fo the last(stationVaries from dbout4[days
(at[7000m3/s) folabout(8 days(at4000m3/s), See paragraph 7.1 For@furtheréxplanation.

ThelfirstCsurveylislcarried underlhigh[flow[tonditions, the[$econdunder low[flow
conditions [and[the third tinderhigh to hediumflow [donditions (the local l@verage flow [is
5700[m3/s).Therefore, thesurveys providelalteasonably [good picture[0fthe[Variability
oflthewater[quality with the hydrological onditions.

Theldischarges/at(the threestations/do Mot[show systematic(differences.
TheWwaterfemperatureTeflects [theseasonofTtheSurveys, Whilethe Junefemperatures
canBbelcharacterised s WVery ligh[(indicating stratification?).

Thel¢oncentrations[of{DO [are moderate [fo [high [{always 35 ling/l) [WwithThigher[Values
underl¢older(¢onditions. Wndersaturationis[common, lindicating[thatthe mineralization
processes/dominate [Primary production.

Thelconcentrations 0f (" TOC[are[tather[Variable. Thelhighest[values are[observedlin
September. Ttlis Motlimmediately [clear why [this[should Bethe[dase.

Theldoncentrations [0f[SS [show[dremarkably[small Wariability.

ThelconcentrationslofTall N [Species [show[extreme [ Variations betweenthe stations[and
between[the[different[Sampling[days.[Therelaremo[clear[Systematic [differencesbetween
thelindividual cruises.

Thelconcentrations Cof TotPivary [between 0.1 Cand[70.45mgP/l.There[is[(alclear
longitudinal [frend. [Thelconcentrations [ofTphosphates Vary[strongly (between[0.01 and
0.18ThgP/Iland show Mo clear [frends.

Thelconcentrations[of[Si[vary[strongly (between(the[stationsandbetween [the[different
sampling(days. While[thefirst[and[second(druises show @ [Substantial increasedlongthe
reservoir, the(third druise[shows [anopposite [frend.

Table 5 (3 summarises the average thangelof the[concentrationofl certainkey [ Variables
between theTast[andthe(first[station.[These iumbersare partly [indicative [for[the Hetention
characteristics(0flthe study(area/during thethree(cruises. It[should be Moted liowever thatlthe
retention[fimeoflthe studyarealis[oflthe samelorder as(theldurationloflthe Surveys, Which
makes it[difficult®o donsidertheldatalin[Table53 [@s[dreal thass Balance.

Table(573:[] Relativelchangelofithe concentrationsofkey Wariablesoverthe TronGates[section [during the

daNUbs/cruises.
Balance TOC SS N(Total PTotal Sio2
mg/l mg/l mgN/1 mgP/1 mg/l
23.04.02 2% 14% 30% 48% 226%
24.06.02 51% 3% 0% [42% 118%
28.08.02 7% 0% 3% 38% [66%
Average 23% 6% 1% [43% 92%

Theldesultslindicatelalsignificant(tetention [of[TOC[and [P,[and [fo[a[lesser extent[0f[(N.[The
retention [0f[TOCis probably[¢onnected folthe fact that[mineralization[processes dominate

WL [Pelft[Hydraulics
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primary [production. The$trong[Tetention "of Plin[combinationWwithho[Tetention[0fTSS
suggeststhatthe[retention mechanism[in(the[Iron[Gates arealis different fromthat[in[the
Gabcikovolarea. Thestrongvariationsof theinorganicandorganiclspecies of [N, of
phosphates(andloffsilicates[demonstrate d[strong Biological ctivity [in[the drea. This hasan
effection(theBalance 0f N, Butmuch morelon P, Which is[apparently retained [éffectively. Ttfis
very [wellpossiblethatCorganic[particlesCdropto[the $ediment, (Where[their P[tontent[is
mineralised[@ndsubsequently fixated ds(@precipitatelinthe[sediment. Note that the Tetention
ofPlis[donsistentWith the@djusted retention dstimate fromthe TNMN [data(about35%!).

Figure[543hows[simultaneously[fthelobservations[oflthe [TotP[concentrationfrom thelron
Gates/surveyslandfhe TNMN [datalinthe(secondandthirdquarter 6f2002.
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Figure(S(4:[1 Simultaneous/dbservations ofithe/doncentration(ofltotal [P atithe lentrance(Bazias)land[thelexit
(Gruia) 6fTthe TronGates reservoirduringthe daNUbssurveys((lines)and from regular TNMN monitoringdata
(points). ItishouldBe Moted (thatthe [ TNMN [data are [preliminary inverified [data.

Thefigure¢clearly[$howsthat(thelsurveytesults[Supportthelassumptionthat[the [ TNMN
concentrations/atfhesestationsarefoo low. Theldifferencelis Targerat(Bazias, @nd/smaller(at
Gruia. Thelsurvey(datalshowdlclearretention, Whiletheoriginal TNMN[dataldoTiot’show[a
similar[phenomenon. Theseltesultshavebeenusedin[support[folthe adjusted[Pbalance
discussedlinparagraph(3.3.4.
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6 The[Joint[Danube[Survey[(JDS)

6.1 Description[éf{the[data

Between[13TAugustland[19September2001 [alSurveyalongthe[DanubeWwas[¢arried[out.
FromNeu[UIlm(km2581)Mp fo theMDanubeDeltaltheSurface Wwater, [the 'Suspended(solids
and[thelsediments[Wwere[$ampledandanalysed.[The[$urveylincluded anlextensivelist[of
biological/ecological andchemical Tparameters, Cincludingthe Thutrients “which[Care Cimost
interestingfrom(thepointiofViewof daNUbs.

DueltolthenaturelofTtheSurvey, theldatafromJDS providelongitudinal (profilesCofTall
parameters[oflinterest.[Thefemporal [variationWwas[mot[aSubject[oflstudy. [ TheSurveyWwas
carried[dutlin [fhe Warmest[part[0f’the Vear, [Sothat tThe0Observations [@recharacteristic [forthat
particular(period.

6.2 Presentation[¢f[the[data

Theldatalare[presented(in(da(Technical Report[((ICPDR,2002). Werefer[to [that[Keport forthe
relevantgraphs(showing longitudinal pProfiles (0fwater@ndSediment[quality [parameters.

6.3 Discussion[¢f[the[data

ThelIDSteport(clearly[discussed the methods[oflsampling [and[analysis. Theldnalysisof(the
surface(Wwater[samples[Wwas[c¢arried [out[after(filtration, [ while[the[suspended [Sediments [Were
analysed(separately. Therefore,the[parameters(total [phosphorus(and[organic Mitrogen [dre Mot
immediately ‘¢omparable(fo[those[parameters from(the[other[datalSources mentioned [in this
report, sincelthese [(aresupposedto) [@nalyse linfiltered[dnd homogenised [samples.

Thediver(dischargelis Tow [during the JDS. The(discharge(at(theriver ihouth @mounts 5460
m3/s.

Thelmacrochemical (water [quality [parameters(are [presented [in[figures[C2.11 [to[C2.2[11[in
(ICPDR,[2002).[The phytoplankton results((figure PPL[1/PPL[2in (ICPDR,2002)),lindicate
alsmaller(peak(dflabout40(png/lichlorophylllalin the German partofithe WpperMDanubeldnd(a
large [peak oflabout[120[pg/1[chlorophyllfalin/the Hungarian Danube stretch. Elsewhere the
concentrations [6f[chlorophyll [alare Very [Tow, 0ften[§Smallerthan10ig/l[dand [dlways[smaller
than20Cug/l. [This[Very[distinct profileCof phytoplankton biomass[influences or[rather
dominatesthechemical Water[quality [as Well. Tn[particular:

e thelpHlandDO[profilesshowtheriveristretches Wereldlgaegrow: [CO2is[consumed [(pH
increases)andDOlis[produced;

o the(pHAnd DO profiles’showthelriveristretches Wwerelorganicmaterial is[decomposed
downstream[ofl thelalgaebloom[Zzone: CO, is[produced (pH decreases)and[DOlis
consumed;
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thelsuspended(solids [profile shows[amaximum [on[the HungarianIDanube[stretch, fhich
is[probablydueltothe[presencelof algae, (Whilelthe[content[oflSuspended (matter[ofla
mineral Mature(is Tow [due [fothe Tow [flow [donditions;
the[¢concentrations[offammoniumanditrites[showamaximumlin[theTiverlstretches
werelorganic[material [is[decomposed [downstream[of thelalgaebloom[zone: [theselare
intermediate [products(dfthe thineralization oflorganic Mitrogen(fo mitrates;
thel¢oncentration [ofnitrates [decreases in(thedlgaeBloom[Zone, [indicating [the [possible
uptake by lalgae, @ndlincreases [downstream [afterthe mineralizationlofTorganicmitrogen
tomitrates;

theconcentration[ofldissolvedlorganic nitrogen [((DON)(doesmot[show(al¢lear(telation
withthe phytoplankton profile: [apparently [this MDON s [6fld monalgae Mature;
thelconcentration[oflorganicnitrogenlin[suspended[$olids[(PON)[¢tlearly[teflects the
phytoplankton profile;

the¢oncentrationofTorganicmitrogeninlthe Sediment(showsthehighest[Valueslinthe
areas Where[the [phytoplankton profile[showsblooms: [this[could belanlindication [fhatlthe
phytoplankton[profileCmeasured during[the (JDS[ls[representative for[ the average
phytoplanktonprofile;

theconcentration of phosphates[decreasesinthealgaebloom[zone, indicatingthe
possibleiptakebylalgae,landlincreases downstream [after(the mineralization[éfTorganic
phosphorusto phosphates;

bycomparingtheprofile ofltotal [(dissolved!)[phosphorusandphosphates,lit[¢anlbe
observed(that(therelis[an@mountlofTother[dissolved phosphorus”inthe water[¢olumn
whichfisdertainly motmegligible;

thelconcentration[ofl phosphoruslin(suspended(solids[(PP)[teflects[the phytoplankton
profile, Butlesspronouncedds in thedase O fTPON: [@pparently [in [fhe [Case [0f PP material
other(than(dlgaehavelalstrongeréffecton thelsolid phase, like@dsorbed [phosphates and
phosphorus minerals;

thelconcentration[ofphosphorus(in(the sedimentshows[somewhat[higher[valueslin(the
areas Wherethe[phytoplankton profileshowsbBlooms, But(lesspronounced(as/inthelcase
of[PON;

theTatio[0fTN:PlinSuspended [SolidsinlthedreaWwherephytoplankton blooms0ccurfis [in
thelorder(0f(6:1fo[8:1, Butloutside this(Zzone [ds Wwell[ds(ih the [Sediments [the ratio [0f (IN:P
dropstomuchlowervalues,[say2:1;

thelconcentration [ofTdilicates[decreaseslinfhelalgae bloom Zone, lindicatingfhe [possible
uptake(bylalgae,[@andlincreases downstream(aftertheMineralizationloflorganic(Silicalfo
silicates.

Notelthatlaccording[tolthe Iron[Gates surveys|the mineralization[processes[systematically
dominateprimary [production [inthe Tron[Gates [@rea. Thislis[consistentwith theJDS(data!

ThelIDS[teportidoes[not[present(alprofilelofltotal (nitrogenand phosphorus/including[the
fractionslin[Suspended(solids. [ Therefore, Wwehaveldonstructed[Such profiles((seeFigure(6[1
and(Figure(6(2). Thelparticulate [fractionshavebeenreconstructed asfollows:

PartMN=[SSxNSS
Part P=[SSxPSS

WL [Pelft[Hydraulics
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with:

SS suspended solids (img/1)
NSS nitrogenconcentration[0f[SSI[(gN/g)
PSS phosphorusiconcentration 0f'SS [(gP/g)
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Figure6(1:[] Profileloficumulative(concentrations 0fN [species@long the Manube(JointManubeSurvey).
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Figure[62:0 Profile/ofildumulativeloncentrations[0f P [Speciesa@longthe Manube(JointManube Survey).
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Figure(601 fillustrates thatthe[difference Between TN and DINfis[substantial: [it[consists [0fTd
fractionDissolvedOrganicNitrogen [(median[0.7mg/1,[34%[ofTfotal N),[and [afraction[of
Particulate[OrganicNitrogen [(median[0.07 g/1,[3% [offotal IN). The Formeris Mot [directly
related(fo phytoplankton Blooms, While(the Tatterfis.

Figure[62shows[that[therelis(a substantial (fraction[0f[P[(median46%)Whichlis[dissolved
andmotlincluded[in[phosphates, (Whilethe[¢ontribution [ofparticulate P[is Telatively[small
(median[13%):(hote[that[this[is[theTesultCoflthe[summer[§ituationWwith[lowinorganic
suspendedthatter(and thereforeTow@dsorbed P.

Figure[63 [Shows that(the(silicalé¢ontent[ofthe Tiverseems(fo belaround 4 g/l mp fokm.
1700.Towards[km[1500,fhe¢oncentrationdrops folabout[zero.[Towards the [downstream
sectionthe¢oncentrationtecoversfolaValuebetween 2 mg/Iland[4mg/l. The[sectionof
lower[$iValues[¢oincides With[aphytoplankton bloom [With[Valuesofl¢hlorophyllfaup [fo
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Figure[6(3:1] Observed profilelofidissolvedisilicalduringthe JDS
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7  Additional[literature

7.1 Datal¢ollected[by[Danube[Delta[National[lnstitute

TheDanubeDeltaNational [Institute[inTulcea, Romania[(DDNI), Gs alpartnerfof daNUbs.
The DDNIhas[madeavailablethetesults fromtheir[water quality Cimonitoring[at[the
upstream(énd [0fthe Danube Delta.

ThedataCincludeTthe Jfollowing Cparameters: CJammonium, Cnitrates C(including Cnitrites),
suspended[solids,ortho phosphates, [fotal phosphorusfandldissolvedloxygen.[Thesampling
frequencyfismotNery High:[0verthePeriod 19962001 48 Samplesiarel@vailable.

Theldatafrom [this[Source aremotpresented [and[discussed. Inthe first place,dPpreliminary
analysis(showed(that[fthedatalset[doesmot’addalotfofhelotherldatalsets. [Furthermore, the
frequency0fiSamplingis foo low Tolallow Toad [domputations.

7.2 The[llow[Velocity[and[the[traveltime[in[the[lron[Gates
section

Informationtelated fo ‘the[flow [Velocity (hasbeenlderived from[Perisicletlal.[(1990).[The
flowvelocity varies(aslisted ih [Table[7[1.

Table7(1:[1 Flowvelocity(dataforthe Iron Gates section inder different(discharge(conditions

Q=[1900m3/s Q=3300m3/s Q=[9500m3/s Q=11900m3/s

Upper(Section 0.2 0.5 1.3 1.7
MiddleSection 0.2 0.2 0.6 0.8
Lower(Section 0.1 0.2 0.4 0.6

Informationrelated [fothe [fravel [fime[has [been [derived[from [the[APC Expert[Group linder
the ICPDR.[Therelevantlinformation s listed in Table[7 2.

Table7(2:[1 Transportvelocitydfthe cloud(ofipollutants, observed(after(the Baia Mare[spill in2000.

Location KM Passageof peak Discharge Velocity
concentration (m3/s) (m/s)

Bazias((RO) 1071 15002[00114:00 8700

GuraVaii[(RO) 941 170(02[00[18:00 8600 0.69

Timok thouth (BG) 845 19102100109:00 8334 0.68

WLI] [Pelft[Hydraulics 7—1



Final[Nersion,[July[2004 R3460 Revised[[Panube[WQ[Model

Deliverable[.9a Data[Report

Basedlon thisfinformation[Wwelestimated the average[velocity [over the Iron Gates Teservoir
section(duringthe daNUbs[surveys(ds(0.6m/s(at[7000 m3/s) o 0.3 mm/s(at[4000m3/s). For
alfotal[distance0f222 lkm fhismeans(afotal fravel fime[6f4.3 {0 [8.6[days.

7.3 Vertical[¢oncentration[and[transport[gradients[of
suspended[$olids

Alpaperiby[Reschkelea.[(2002)providesinformationaboutlthe Vertical [(andThorizontal)
concentrationgradients ofl $uspended$olids. ThisCinformation[concerns onellongitudinal
survey[carried[out(in[June1995.TheDanube Tiver(dischargewashighlinthisperiod (8300
9800(m3/s).

Theltresults have[been[tollected[and presented [graphically.[Figure[7[1showsthellateral
variation/ofthe[observedconcentrations6flsuspendedSolids @long the T.owerManube.

Theltesults[show [ low[concentrations [of[(8Sinthe Iron[Gateslarea (km[1070850)and
increasingdoncentrations fowards(the Delta. ThislisMotihldgreement Withthe @verages from
the [TNMN datalover(1996(2001.[Thislis[probably[thetesult[oflthe high[flow[¢conditions
duringlthel$survey. [1t[is[striking[that[the[lateral [differenceslare¥ery[large. [ This[strongly
supports[the[TNMN [practice[0f[sampling(atthreelocationsin[one[particular(Crosssection.
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Figurel[7(1:[] Observed(doncentrations(0f'SS [at(differentlocations/in/the cross(section By Reschke(2002).

Thelresults by [Reschkelalsoallow theldnalysisoflthevertical [Goncentration[gradients[ofTSS.
ThisChas[been[donelasl[follows. At[those[locations where[three sampleswereltaken at
differentdepths[(typically mipfolabout[75%/ ofTthe fotal [depth)[the[streamflowvelocity (has

7—2 WL [Pelft[Hydraulics
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beenléstimatedlat/thesethreedepths, Helative [fothe dverage[velocity.[Apower Taw Velocity
profilewasised:

u :(m_’_l)(%j , m=0.15

uaverage

Bymultiplyingthis(telative 3relocity [Wwiththelocal [concentration "ofTsuspended solidsla
vertical [profile ofithesuspended(solids Toad Was[obtained. By[comparing thelintegral [0fTthis
profile[with[thesurface[concentration multiplied With the [@verage Welocity, [an[éstimate [Was
obtained for[thelerror[¢aused by meglectingthe Vertical concentration profile.[Figure[772
shows [the Tesult. TheTesultsshow thatthedorrection factorf@mounts fo1.2 fo1.4.
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Figure(7(2:[] Errorlintroduced by Meglecting(the Wertical [profile[ofithe [SSconcentration and the stream flow
velocity, based on(datafromReschke[(2002).

Finally, ReschkeTeports(that(the dontent[0fTN [0f(the Suspended (Solidsfisin [the Mange [0f10.5
1.5%,Wwhichfranslates [fo 500015000 mgN/kgSS. [Thisis[donsistentWith[thefindings[0fthe
JDS.

7.4 Retention[processes[in[the[lron[Gates[area

Twoltecent[papers by Friedl(¢a.(2003)and by Teodorulea.(2002)[discussand[analyselthe
datal¢ollected[during[2001 by [the [EAWAG(Institute. ' The[data[were[¢ollected [at[different
stations dlong [the TronGates section by Wweekly [Sampling @t [three[different(depths.[As farlas
weknow, Mo lintegral [publication 6ftheseldatahasfaken place.

WLI] [Pelft[Hydraulics 7—3
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Thepapers[concludelthatlthere[is[noltelevant[tetention[(or imobilisation) bfdissolved
nutrients(Si, N, [R), While the [particular matter, including its mutrient Content i5 retained ford
substantial [part.[The[estimate By Teodorulea. is[dbout[50%. This[is fullyinline With older
research [on JwhichOthe Cfirst Cversion Cof the IDWQM [was[lbased [l(van[JGils,11999).
Unfortunately, (this [is[in[apparent[contradiction[With[the tesults from(the daNUbs[surveys,
where [thereis mo retention[0f[SS, [despite the factthat fhe retention [Of P lis [Substantial.

Teodorulét(al. investigated[in[particular(the fate ofidissolved(silicatesin [the Tron Gates[area.
On(thebasis[ofTthe datapresentedinFigure7 3, they [conclude that[therelismo[Significant
retention0fdissolvedsilicalin the Tron (Gates Section.
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Figure(7(3:[J Observedlconcentrations/of'dissolvedisilicalat/the entrance andthe dutlet(ofithe Tron(Gates
reservoir(during2001.

7.5 Silica[toncentrations[bbserved[during[the[Burgund
survey

During(dlsurvey/carried outfin May [dnd [June 1998 [in the iipper(dnd middle Manube stretch,
the Water[quality (Wasinvestigated. [the(inorganic(silicalcontent[0fTthe [fiver Was [found[fobe
between[0[and[1.5[mg/l[(reported[as[SiO,).[Thel¢hlorophylllal¢oncentrationsWwere[in the
range[0f[20fo 70 g/l with[al¢learlinverse[¢orrelation [between(silicaland[¢hlorophyll [Td.
Oxygen[saturationValuesWwere[between[100and[180%,with[al¢lear[¢correlation[between
oxygen[saturation(a@nd(chlorophyll Td.

7.6 Background[§ilica[¢toncentrations[in[the[Panube[River
Basin[$urface[Wwaters

Garnierlet(al. (2002) [present(dmethodology [todstimate [the background silicalconcentrations
in[theDanube [Tiverbasin(on(thebasis[ofthelithology. [ Thelestimatelis(basedon(datafrom
Meybeck. Thelvalueslarelin(theltange[between[ 70 and (105 iM.[Onlthe[basis ofl these
concentrations[and [the Water (balance [presentedin (chapter(3, [the Background[femissions” [0f
silicalintheDanube RiverBasincan belestimated(atS15KktSi/y.

WL [Pelft[Hydraulics
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7.7 Sediment[tegime[6f[the[Danube[river

Alreportiwritten by [the [Danubeldountries(andthe THPoflUnesco (providesanoverview [of
olderistorical [dataTegarding [the [SedimentToad 6fthe Danube(Rakoczi,[1993). [Figure 74
provides(an/overview[0flthe(data. The figure[shows[thedverages[overthe period 19561985
aswelllas(the(averages(over(theperiod[19761985.Inlgeneral, the19761985 [decadeshows
smallerSedimentIoads than/thelaverageover19561985.
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Figure(7(4:[] Longitudinallprofile of/historical Sediment(load(datalalong/theDanube.

Thelsediment[¥ield [of the Whole ¢atchment amounts[tolabout 50 t/km?/y. The sediment
influx [to [the Danube ik Teported [fobelsignificantly [affected (byd mumberlofrelatively [Small
tributaries, [which[featurealvery[large[sediment(¥ield, suchlasthe[Inn[(2800kt/y,[ 108
t/km*/y), (the Velika[Morava (6900 kt/y, (184 [t/km?/y), the [O1t[(6800 (kt/y, 284 t/km*/y!)(and
the Siret[(11800(kt/y, 248 (t/km?/y!). Thelannual Toadshave been derived from observations
at/discretelocations Wwith[ahighfrequency, [especially [duringhigh flow[€pisodes.

Theload/datapresentedlabovehave[been(converted(tofaverage”(doncentrations by [dividing
the(loads by alrepresentative lannual [discharge. (Figure[7 (5 [presents [the fesult. (In(this[figure
weHaveldddedthe[TNMN (dataastheyWere[presented(in [Chapter (3.
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Figure7(5:[] Longitudinal profile(oflaveragesediment(concentration/alongthe Manube.

Assuming[thatboth[datalSources/are[¢omparable, [the desults[Showdramatic[¢hangeslofTthe
concentrations, [@speciallyinthe[downstreampart[ofitheMDanube. Thisis Probablythe Tesult
oflthe ongoingdamming6ffthe Manubelandits [fributaries.

Theltesultsmay[hot[beltomparable, duelto thelfact that[the[Unescoldatalare[basedlon

observations [With[@high frequency(dependingdon(theldischarge, Wwhilethe[ TNMN [data have
alfrequencylofl12/y(dr24/yindependent(oflthe flow[conditions.
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8 Comparison[éf{data[from[different[$ources

InthelparagraphConthe (TNMN [data[Wwelhave alreadydiscussedthe datafrom $tations
operated “byCdifferent countries Contwosidesofl thelTiver,e.g.[Medve/Medvedovand
Chiciu/Silistra. [Atfamumber[ofloccasions(thesedatalfrom [different[Sources were useful [fo
judge(thelquality (0ftheldata.

8.1 Water[quality[data[at[the[$tation[6f[Reni/Sulina

Several (oflthe linformation [Sources herein (provide data for the [stations Reni land Sulina’. The
results @re presented in this[paragraph.

7

[(mgll)

1996 1997 1998 1999 2000 2001
|- TINSulina(NIMRD) —+ TIN'Reni (TNMN)]

Figure8[1:[J Concentrations/of TIN(atReni/Sulinafrom differentlinformation(sources(19962000).

3 This paragraph presents TNMN'datafrom the station'of Reni, ipstream of the[Danube Delta. They
arelcomparedwithldata|from NIMRD [forthe station of Sulina, [situatedat theldownstreaménd of\the
Sulinalbranch, which|carrieslabout20%of thelDanube discharge. It \should|be noted|thatthe
concentrationsldatithe TNMN stationSulinal(not|presented|here)lareldomparablelto those at(the
TNMN! stationReni.

WLI] [Pelft[Hydraulics 8—1
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——TINReni(TNMN) ¢ TINRenil(daNUbs) O TIN[Renil(JDS) ~8-TINSulinal(NIMRD)
A TotNReni(TNMN) & TotN(Reni[(daNUbs) ® TotNIReni(JDS) —- TNSulina[(NIMRD)

Figure8(2:[] Concentrations[0f[TIN @nd TN (atReni/Sulinafrom(differentinformation(sources(20012003).
The200212003  TNMN [datadre[preliminary linverified [data.
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Figure[83:00 Annually@verageddoncentrations GfTIN @tReni/Sulinafrom(differentinformation(sources. The
20022003 TNMN (dataldre [preliminary unverifieddata.

Figure8[1 o Figure[8 3 [showthat[the consistency between the[0bserved[concentrations of
TINfrom [ TNMN Cand[from (INIMRD (s [problematic. [The INIMRDdatal$how[very[low
concentrationsand alvery weak seasonal “variation[in[frecent[years,and[alvery[strong
temporallgradient’over[thepastldecade. Theldata[from(the daNUbs[surveysandfromthe
JDSTarelincludedlinFigure[8 2, Both for[TINand [forfotal IN. [From the[dGomparison Wwith[the
TNMNdatalit[Seems/that[the[TIN[data[fromTNMN [agree[Better With the [fotal N [datafrom

8—2 WL [Pelft[Hydraulics
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the daNUbs[$urveyland[from[JDS.[This[is anlindicationthatthe sampling[andanalysis
procedures(for [TIN may [beless ¢onsistentthanthey Seemedwhenwelonly¢onsidered [the
TNMNdata.

0.35

0.3 A

0.25

0.2

e

0 T
2001 2002 2003 2004

[(mg)

‘{TPFEBuIinaF(WNIMRD)+TPReniF(FI'NMN) ¢ TPReni(daNUbs) @ TPFFReniF(UDS)‘

Figure8(4:[] Concentrations[ofTPatReni/Sulinafrom(differentinformation(sources(20012003).The 20021
2003 TNMN datalarelpreliminary inverified data.
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Figure(8(5:[] Annuallylaveraged(concentrations0fTIN at[Reni/Sulinafrom(differentinformation(sources. The
20022003 TNMN (datalare preliminary inverified[data.
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Figure8(6:[] Concentrations(dfiphosphates/atReni/Sulinafrom [differentinformation(sources((119962000).
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Figure[8(7:[J Concentrations(ofphosphates(atReni/Sulinafrom differentlinformationsources(200112003).The
20022003 TNMN [datalare(preliminary inverified data.
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Figure(8(8:[] Annuallyl@veragedconcentrationsofphosphates/at Reni/Sulinalfrom(differentinformation
sources. The20022003 [TNMN [data [are preliminary inverified [data.

Figure(8[4 [to[Figure[8 (8 [show[that(the [consistence between the dbserved [concentrations[of
total [Pland [phosphates from TNMN [and [from WIMRD [is[again[poor. Especiallyin[tecent
years, the NIMRD(datashow [¢onsistently (higher (concentrations. [The(datafromthe daNUbs
surveysland[fromthe[JDS[¢onfirmthat(the[¢onsistencelof datal from[different Sourceslis
troublesome. (The JDS[datalagree (betterwith the NIMRDIdata, whereasthe daNUbs surveys
matchthe NIMRD (for [total [Rland the TNMN [data [for[phosphates.

The[fadjusted(Pbalance” [presented in(paragraph3.3.4 [@ssumes @[tiver(load at Reni(0f24.5
kt/y.[This(is foughlytheldquivalent/oflanlaverageconcentration 0f0.12 hgP/l. Theldatafrom
the'daNUbssurveys, fromtheIDS, from TNMNin2003 [and from[the NIMRDIindicate fhat
thisfismotlashinlikely@sit'seems fromthe 19962001 TNMN [data.
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Figure8(9:[] Concentrations[dfidissolved silicalduring2001 2002, from [differentsources.The 2002[ TNMN
datalarepreliminary inverified data.
Figure[89showsthat[thelconsistence between thelobserved ‘doncentrations [0fldissolvedSi

from(the(differentSourceslis limited. The JDS mumber(at[the[station [0f[Renilis [dn [Qutlier, the
stationsipstream(and(downstream[show valuesin the(order0f100 M. [This Bringsthe IDS

inlcloserange With thedthervalues.

8.2 Long[term[development[ofithe[Panube[River[loads*

DifferentlinformationSources reportHistorical(dataWith fegard(fotheManube RiverToads 0f
NrandP.In(this[paragraphWetepeat/graphspresented by Van[Gils[(1999),[completed Wwith

themMewlycomputed Toads based[onthe TNMN data.
Figure 81 0o [Figure 813 presentltheTesultsfortheTiverdischarge, fortheToads 0fNand

for(thelbadsOfTP. Theseresultsarediscussedin paragraph.1.2.

[ Thisparagraphlis written iinder (the assumption that the data collected in the [framework of the
BucharestiConventionland|the[TNMN aredorrect. Assuch, itldoes notléxplicitly take intolaccount(the

discussions!listedlin|paragraph!8.1.
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Figure(8(10:[] Annual(discharge(dfthe Danube.
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Figure[8(11:[] AnnualMitrogenloadofithe Manubederived from(different/Sources[oflinformation. Thelgraph/also
showsthelannualdischarge/and/theaveragesover198811991@and 199612001 [cespectively.
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Figure[8(12:[1 Annualmitrogenload(ofithe anube,(corrected for the Varyinglannual(discharge. Thelaverages
over198911992@and1996 2001 respectively arealsoshown.
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Figure[8113:] AnnuallphosphorusToadofithe Danubelderived fromIdifferentsources Gflinformation. Thelgraph
alsolshowsthednnualdischarge(and(thelaveragesover19881991@and 19962001 respectively.
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Figure[8(14:[1 Annualloads/ofisilicates/at’Sulina(alsolshownis the[annual WwatervVolume).
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Figure[815:[01 Annualloads(ofsilicates(at[Sulina,dorrected for the Waryinglannual(discharge.

TheNIMRD(datalpresent(thelonlylong[datalseries[for[dissolved[Silica. Figure[814and
Figure[8[15presentthe desults.[Therelis al¢learincreasing trendlin thelast[decade,éven[if
the(datalare(Corrected forthe [Variability [0fthe[@nnual [discharge [0fthe Danube river.
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8.3

Compilation[éf{data[for[érganic[N

The'¢ollectedldata¢ontain imited [information [@boutthe '¢oncentrations[oflorganicN. This
paragraphprovidesasummary.

Chapter3 [providesanloverview[oflthe[dbserved[¢oncentrations oflorganicmitrogen [inthe
TNMNTdatabase. This[informationishot[¢complete[and mot ¢ompletely [¢onsistent. (It does
showhowever[that the concentration oflbrganichitrogenlismot hegligible. Figure 816
shows(theonly(availablerather[dompletefime[seriesfor TowerDanube stations (Silistra’and
Russein2000). Thesedatashow thatialclearseasonalGycle/seems Mot foBe[present.

Organic nitrogen

01/01/2000

01/04/2000

01/07/2000

01/10/2000

m OrganicinitrogenSilistra/Chiciu/L(B @ Organic nitrogen'us. Russe/R/(BG)

01/01/2001

Figure816[] Timelseries oflorganicmitrogen(at(Silistraldand Russein2000(Source: TNMN).

The[datalfrom[other[informationsources[ provide[ estimates[ for organic N[ at[discrete
locations [for(short/periods(ofitime. Table[8 1 [providesldn(overview, wherelthe[concentration
oflorganicNisleéxpressedaslalfractionoflfotal mitrogen and @sgN/1.

Table®81:[1 Overviewoflorganicmitrogen(datafrom Variouslinformation/sources
Station Period Observed[] fraction | Observed
organic[Nlin[total (N | concentration] of
(average) organic[N[in_mgN/l
(average)
Gabcikovosection[(Bratislaval/l | August2002((7[days) 28%1125%7125% 0.731/10.641710.63
H I irl/M™Med
rusovireservoir/Medve) November2002((7idays) | 19%/19%/118% 0.541//0.55(/10.48
November2002((7[days) 17%/117%(/116% 0.511/10.501/10.45

8—10
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Station Period Observed[! fraction | Observed
organicNlin[total N | concentration] of
(average) organic N[in mgN/l
(average)
IronGates[Isection[(Bazias[/ | April2002((7(days) 37%1145%1145% 0.721710.531710.61
Orsoval/iGruia) June 2002 (7 days) 70%7159% 1145% 1.07110.78710.67
August2002((7(days) 48%1/170%7169% 0.501/10.981710.70
August2003 (1 [day) 63%(/151%(/156% 1.331/10.941/11.10
Isacceal(upstream(dfiDelta) October2001 (4 [days) 30% 0.55
November2001 (4 days) 46% 0.57
June2002(4days) 55% 0.81
August2002(4(days) 48% 0.46
October2002 (4 days) 45% 0.54
June2003 [(4(days) 40% 0.87
Isacceal(JointManubeSurvey) 1| 16[September2001 50% 1.1

Thelcoverage oflthe informationinTable8 1 ispoor, bothinfimeandlin(space. Tt/doesshow
howeverthatlthe fractionloflorganic N is Mot megligible.

Thelconcentrations[of [ TIN ipstream [ofT the DeltalareltelativelyThighlin[thewvinter fand
relatively Jow/in [the summer. [Furthermore, the Manube(discharge[shows seasonal [ariations.
Consequently, (themumbers(listed [in[Table[8 1 [aremot[immediately [tepresentative [for[the
annual Danubelbad.

Thelprevious(eéstimate(that(the[fraction[oflthe organicIN [load at[the MDanube outflow [point
equals22%[0fTtheTIN Toad[(van Gils,[1999). Ifwelassumethat[the[Goncentration[oflorganic
Nivaries(sinusoidally [between[0.5[and 1.0 mgN/l, With [the thaximum valuelin[the Summer,
welcancompute(theconsequences(for(the[Danubemitrogen loadat Reni. Thedesultforthe
datalfrom(1996(2001 lis[anlincrease (0f(30[40%[(average0f34%).

8.4 Compilation[bf{data[{or[silicates

Table[8 2 [presents[an[dverview [of(thelavailable[datawith[tespecttothe[¢oncentrationof
silicates.

Table8[2:[1  Overviewoflihorganic silicaldatafromVariousinformationsources

DatalSource[] | Station Period Observed doncentrationin pM
MS[Burgund | Longitudinal[l  profile | May/June1998 Rangef@long Tiver(('):
Survey ii(i)(;l (i \e\ D’;;l:m\lkipper\ and 0205
Garnierletlal. 198811990 Ranges [perstation(('):
(2002) Drava 33100
Saval(fewIdata) 67
Isaccea 02100

WLI] [Pelft[Hydraulics
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Datalsourcel! | Station Period Observed concentrationin pM

Humborg(] et | Sulina recentlyears median: =[60

al.[(1997)

daNUbs, Gabcikovo! section Averages [perstation(('):
November2002[(7days) | ~[120
November2002((7days) | ~120

daNUbs, Iron[] Gates[] section Averages per Station(('):

WP4 (Bazias/[Orsoval/IGruia) April 2002 (7 days) 2683
June2002((7 days) 22[195
August2002((7(days) 2412170

daNUbs, Isacceall (upstream[] of Averages|('):

Wpd Delta) October2001 (4idays) | 132
November2001(4(days) | 147
June2002[(4days) 18
August2002[(4days) 23
October2002(4[days) 125
June2003 (4 [days) 26

IDS Longitudinalprofile August/September20011] | Range@longiver((?):

02143

Teodorulétia. | Iron[] Gates] section, | Annual(] averagel] over | 80

(2002) Bazias 200101 (bilweekly
sampled)

TNMN Annual @verage[(>8 Samples) ():

Borovo 199811999 1501184
LowerDanube 2002 133267

NIMRD Sulina Averagelover19962001 ] 62uM

1 Converted from thgSiO,/1, using 1pM=[0.060 thgSiO2/1.

2 Converted fromhgSi/1, tising 1pM =0.028 mgSi02/1.

Figure[817(fo[Figure[8 19 presentthelsparselavailabledatafromthe[TNMN. Note[thatthe
availablechlorophylllaldatalindicateVery low Values[inthe TowerDanube.Thesilicaldata
showaldlear(seasonal [Cycle, With[alotoflScatter. [Simultaneousobservations[oflchlorophyll[]
aldremotlavailable. Theldbserved concentrations[ofldissolvedoxygen owever, indicate mo
significant[0versaturation.
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Figure[818:[ Selecteddbservations(0f[SiO, inthe LowerDanube(during2002.
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Figure[8(19:[1 Monthlylaverages/during2002 [atlthe[stations [Bazias, Chiciu, Pristol, us.[Argesland Reni

(TNMN).

Dec

Figure820llustrates [thatlalsotheINIMRDldatalshowla ¢learseasonal[¢ycle. The Winter
valuesJduring CrecentCyearsCare [ between 180 Cand 1100 JuM. TThisDis[lin Cline Cwith Cthe

“background” valuesreported by Garnier(gt(al. (2002).
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Figure(8(20:[] Monthly averaged(concentrations(oflsilicates [dt[Sulina.
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9 Conclusions[and[fecommendations

9.1 Conclusions

9.1.1 Sampling[and[analysis

TheTTrans National Monitoring[Network (TNMN)iformsJan[lindispensablesource Jof
information. [This[nitiative[is‘0flkeyimportancefortheInternational (Commission [for(the
Protection/ofTthe Danube River (ICPDR).[GivenltheBriefistory[0fBasinWidelcoloperation
under[the imbrellalofTthe [ ICPDR,fand [giventhe [complexity [ofTthebasin fromlalsocio
economical pointiofiview, Thelachievements Within tThe TNMN have Been liuge.
While[weise[the [ TNMN [datalas[the ¢ornerStoneforthe¢urrentproject, welbelieve e
should Belcritical [@ndlalso thention those €lements6fthe [ TNMN [programme, Which[deserve
improvement.[Since 2001 hew stations[in[SerbialMontenegrohavebeenlincludedinthe
TNMN. Thislishighly relevant, Becausefhe downstream(sections 0fthe Tisaland the[Savalas
well(asthe Tron[Gates backwater @realaresituated [in[Serbia[Montenegro.

Theloverall[picture[oflthe[spatial (andtemporal[distribution[oflthe[river[discharge, Wwhich
emergesfrom[the [ TNMN [datalis[fully ‘¢onsistent.[We therefore[¢onsider[thisinformation
highlyreliable.

Alsimilarfobservation[¢an e made[With[tegardfo[Total [(InorganicNitrogen,belit[that the
accuracy[oflthe[concentrationsand[the ¢computed(tiverloads[isprobablysomewhat[lower.
Thislisogical, [Sincelthe[sampling[and @nalysis[procedures/have[d@nlinherent(inaccuracy,and
since[ thesampling[frequencylis[not[always[veryhigh.Nevertheless, [ these[ldatalare
considered(teliablelinview[oflthe[dbjectivesof daNUbs.[WhenWwelconsider[thedonsistency
oflthe[TNMN [datalas a[wholelin[comparison fo[data from[other[Sources, thepicturelisless
positive.[Significant(discrepancieshavebeen[found, whichlindicates(that the samplingland
analysis[should belquality[controlled with [great(care.

Thelteliability[of the [ TNMN [tesults[ofltotal[phosphoruslis[problematic.[Atla humberlof
occasions[ the [ TNMN [ datal show [ internal [inconsistencies. Moreover,[ there[ exist[kome
inconsistencies between [ the[TNMN [dataland[datal from [other[information[$ources. This
means [that(thedata [for fotal (P[can(only [be lised [after haking certain[assumptions/dboutwhat
datalarelrepresentative.

Thelspatial [and [femporallcoverage[0fthe [ TNMN [data for(Silis Timited. Usingdlso[datafrom
otherlinformationSources, [still (altather[¢omplete[imageémerges. The Minitsuisedare Mot
consistent,[and [in[Some[0ccasionsdonversion[factorshad [to beldssumed.

9.1.2 The[Danube[tiver(loads[6f[N,[P[and[Si

Thelaverage Danube [loadloflinorganicmitrogenlin199712001 [sfabout[460 kt/y. IfTtherelis
any [frendatlall[during[theTast[decade, it[is[anpward[frend[(see Figure[811).Thisfrend
maywell belan(artefacticaused By the[variability [6fTthe Manube annual Wwater(discharge((see
Figure[812).
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Basedlonthe[TNMNTdata, thel[average[Danubeload ofTfotal (phosphoruslin[1997[2001 s
about17kt/y.Tntheldarly mineties[0flthe Tast/century [@[sharp[decrease[dccurred, from@bout
50(kt/yfolabout20kt/y.[The[ TNMN [datalindicate that(aSecondsharpdrop o @bout 10 kt/y
occurredfintheyears20002001.

Wethink [therelis[goodteason[to doubtthe TPldata for[20002001. From[albasin[wide
analysis, [thedurrentDanube [phosphoruslbad(iséstimateddat@bout25 kt/y.

Based/dn/datafrom[the NIMRD, thelyearlylaverage Danube Toad 6fldissolved silicate[shows
aldistinctlincreasing(frend.[Thelaverage Walue[over(the period 199612000 équalsabout400
kt/y.[These Mumbers aredonsistent With Thesparselavailabledatafrom otherSources.

9.1.3 Balances[6f[N,[P[and[Si

Thelanalysisloflthe availableldatalhastesultedintheSynthesis[oflabasinWwide balancelof
(inorganic)mitrogen, [phosphorusfand({linorganic)silica.[These Halances [are[shownlin [Figure
91 foFigure@(3,seeldlso Table3 3 [@ndTable36.

Waterbalancelover19962001 (expressedin'm3/s)

7RG

‘ Upper/middle/Danube:[2392 ‘

Tisa:(1021

Drava: 536

Lower(Danube(1110

Danube(6842

Sava:(1725

IronGates: 0

Figure@Q1:[1 WaterbalanceofitheDanuberiver((19962001).
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TINbalanceover(199712001 (expressed inkt/y)

T e

‘ Upper/middleDanube: 160 ‘

Tisa: (50

Danube460

LowerDanube(135

IronGates: 0

Figure@2:[1 TINDbalancelofithe Danubelriver(199712001).

Estimated(tot.P balancelover19972001 (expressed/inkt/y)

T

‘ Upper/middle(Danube:(11.7 ‘

Danube(24.5

Lower(Danube5.8

Iron(Gates:(10.2

Figure9(3:0] Estimated (TP balanceofltheDanube river(1997(2001).
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Only [forphosphorus(there [dre(clear indications [forthe @xistence[dflimited ‘areas With[strong
retention. [ The Gabcikovolarealtetains[about[10% [oflthelocallload. ThelIronGates area
probably fetainsaboutone third [0fthe ihcoming phosphoruslbad. Thelavailable information
ismot/donsistent(at(thisPoint, [so this[conclusion/could Mot be Teached with @100% [Certainty.

The'sparselavailableldataldoMmot allow(thel¢onstruction 6flal¢omplete silicatesbalancelas
was[done[forMNand[P.[TheFemissions” [0fdilicafolthe Surface Wwatersdreleéstimated atabout
5150kt/y[(chapter[8).[With[the[Danubetiverloadsbeingabout[400kt/y, this(implies’a
retention(0flabout22%.

9.1.4 Role[édfldrganic[hitrogen

Theavailabledatalreveal "that[thereare twolrelevant[formsoflCbrganicnitrogen. The
dissolvedCorganic hitrogen[(DON)CfractionThasho[direct[relation Cwith Cphytoplankton
blooms.Mt[¢onsists Forexample0fThumicacidsandit[originates [fromldrganic atterin[the
soils.[Inlthesummerperiod[it[Feaches toncentrationsof about[0.5to 1.5 mgN/1. [1t[s
unknown How [thisWalue Wariesoverthe[year.

TheOparticularCorganic [nitrogen J(PON) OfractionJconsists Jmainly JofTliveJand [ dead
phytoplankton(andfhereforethis fractionlis[directly [connected [fbthe phytoplanktonbloom:s.
This[fraction[is[related[to"anthropogenic[ tmissions,[ sincethe[ phytoplankton[feeds on
ammonium (and mitrates from [these@missions. The [PON [fraction(is [quiterapidly tineralised
tol@dmmonium [@nd Mitrates. In the summer periodlitfeachesGoncentrations[dfup folabout(0.3
mgN/1(equivalentto[ 15,000 imgN/kgSS)[in[areas of phytoplanktonblooms. Therelare
indications[that[on[average[the phytoplanktonblooms[are[thelktrongest[in the[middle
Danube. Nearthe[deltalthelaverage[phytoplanktondensity [is[small,Sothis[PON [fraction(is
lessrelevant(there. In/general this [fraction(is [Small.

Highl¢oncentrations[0f[PON [¢anlalsoldccurlduring[floods: Values up [fo[4[mg/lhavebeen
observedlin[Viennal during[the[August[2002[flood. Suchlpeaksare hot associated [ with
phytoplankton(blooms:theylarel[the[tesultloflérosion. [ Thelspecific[IN[¢ontent[ofTsolids[in
such[peakslisTower: [inthe Viennalcaselabout[1,500mgN/kgSS. This fraction[only [teaches
relevant(oncentrations(during @xtreme floods.

Organiclnitrogen(is[not$ampledfrequentlyénoughlatalsufficient humber ofl $tations(to
providelal¢oherentpicture[oflthelSpatial [gradients. Moreover, [thehandling[and[analysis[of
the collected[ samples[doesnhot[seem[ consistent  enoughlto guarantee[full[comparability.
Underthe [present[conditions, [the [Only way [to[dddressthe N Balanceis[to look [atTIN.
Thelsparseldvailable(dataldflorganic(mitrogenlindicate [that(thefraction (0fldrganic mitrogen(is
certainly (hot[hegligible: [itfamountsto[15[70% ofTtotal (N.[Therelarelindications[that(the
contributionof’organicN [is[smaller [in the ipper Part(6fithe MDanube and higher inthe Tower
part.[This[¢ould[imply [thatthe [TIN fass[balance[presentsaslightly (biased imageofTthe
nitrogenmass(balance:anfincreasing part(ofithe riverload s fransformed o ‘drganic Mitrogen
goinglinld[downstream [direction. Consequently,the [downstream Toad [isfoo[smallfinTelation
tothepstream oad.

Itlcanbelexpected,[iflthelconcentrations “of Nlinthe Danubeldecrease dueltoleémission
reduction measures, thattherelative importance0fthe drganic N fraction/ihcreases.

9_4 WL [Pelft[Hydraulics
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9.1.5 Accuracy[éf[the[¢omputed[fiver(loads[éf phosphorus

TheleffectCbflthe[sampling frequencyonlthe[computedloads ofl suspendedsolids(and
thereforeon(theToads[0f[TotP)is[caused by @ strongly [increasing [¢oncentration [0f S S [ifthe
river(dischargelincreases. [Suchd relation [is [Only Moticeable dthigh foéxtreme floods, wWhen
an[annualsediment[load[is[fransported[inlafew[days. Such[afloodhasbeenldbservedlin
2002MnAustrialandSlovakia.[Unfortunately, the CTNMN [data[for[this[year are hot[yet
available,[$o[that[al¢checkhow far[this[évent[¢ould[be observed ¢ould motlbelmade.Itlis
possible[thatSuchléxtremeleventsonly [occurupstreamofTthe Tisaland[Saval¢onfluences,
sincefurther/downstream the Danubebed(isso Widethatdnlycoinciding flood €ventsonthe
UpperlandMiddleanube, onlthe TisalanddntheSavawouldCausesimilaridonditions.

Under[theconditions Ccovered[in[119962001 Cby CTNMN [data, "there Jis[nosignificant
correlationbetween(theTiver[dischargelandtheSSdoncentration. Therefore, fhefheoretical
effectlofTthesampling frequency onfhe [domputed Toads oflsuspendedSolids[(and therefore
onlthelbads0fTotP)/could motBeldemonstrated @nd[quantified lon [@basin[Wwidelscale.

Theleffectloflsurfacesampling onlylon(theaccuracy [oflthe[¢omputedToadslofSuspended
solids((and therefore[on [the Toads[6fTotP)[couldBe[quantified forthe l.owerDanubeduring
oneparticular[Survey. ItWas/demonstratedthatthe [real Toad [6fTSS s 20 [fo [40%higherthan
the load[computed (based[dn[sSurface samplesonly.[TheleffectlontheTotPloadslis[smaller,
duelfolthefactthatTotPlalsolincludedlaldissolved {fraction Which[¢onstitutes[abouthalflof
theltotal.Thiseaves(an(érror(oflabout10to20%, Wwhilelit(is mot known[ifthese mumbers(are
validinderall¢onditions. [Giventhe[verylimitedaccuracy [0fthe [Sampling[and[analysis(of
TotP, thiserror[seems[to e Mot Very [felevantatithe [presentstate [ofthe fart.

9.2 Recommendations

The [ TNMN [should[belmaintained ‘and[strengthened[as[almain[policy Support[tool oflthe
ICPDR.Itlislimportant(to [toutinely [present(and [analyse[the[data, [for[éxample by ¢arrying
out(load(calculations, [forstations With 'sampling @t [threelocations [in the [profile (LMR).

Atlpresent,[thesampling[programme/is mot(completeand/ormot[donsistent for [amumber of
relevant[parameters.[ The [[TNMN tould[bel ktrengthened[ considerably by[ paying[inore
attentionlto:

e completion(ofiorganic mitrogen[datal(possiblySeparatedin(aldissolvedland alparticulate
fraction);

e improvement[of(total “phosphorusdata(possibly (separated [lin[aldissolved Cand[Ja
particulatefraction);

e completionlandfimprovement/ofisilicaldata;

e completion(ofichlorophyllia/data;

e completionfandfiimprovement(dflsuspended/solids(and(fotal Pldata'collected[duringflood
events.

Samplingatmultiple(depths[is(dertainly [interesting. [However, the[eéxpected [profits [in[ferms

oflthelincreaseloflthelaccuracy (oflthe(load(¢alculationsis(telatively [small,[compared(fo the
possiblelprofitsofiaimoreliarmonised[Ssamplingand(analysis.

WLI] [Pelft[Hydraulics 9—5
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A [Modifications[mmade[to[the[TNMN/[data

Flow[data

Flowat[Vilkova, 1841996, values(0latIL[And R Wereremoved.

Flow@t[Szob, 147511997, value1470(atR Wwas replaced By 2470.
Flow(atTiszasziget,27[81997,Walue640atR Wwasreplaced by 460.

Flow [at[Tiszasziget,[12/19/26(42000,[8/17/31[5[2000Cand (282000, alues[at[ R Cwere
multipliedwith10.

TotalPdata

ForlthelstationsBasarbovo, Karantziland[Silistra[the Winit[ig/kgwasfound [fobeanlerror
andTeplaced by mg/l.[ForfhelstationsBreclav, Dravaszabolcs, Dunafoldvar, [Hercegszanto,
KomarnolandLanzhot[theldatalteported With[the Tinit‘mg/kgWwere found o belsediment
sampleslandthereforelomitted fromtheldata. Thelassessment[Wwasbased[onthe[sampling
frequency of the parameter(and fthe Values0fthe Pparameter.

Total B, [drtho [phosphatesfand mitrites
Unrealistically[high [Walues[wereassumed fobelgiven[in[T)g/l,[and [subsequently multiplied
with[0.001.

Chlorophyllla

Theldatalfor[the [Romanian(stations(in[1996[2000 [dre[giveninthetinitmg/l With inrealistic
numbers. Nodorrection/could Belapplied,andthe iumbershavebeenmeglected.

Theldatafor Hungarian [Stations(are (given(in thg/l[@and[donvertedfo g/l
Theldataforl[Some[Slovak[stations[are(given(inthg/l[andConverted [fo(pg/l.
TheldataforJochenstein (D)werelisted with [the inithg/l,[assumedWwas[that[the Walues(are
nevertheless(given(in(ug/l.
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B [Comparison[éf[¢omputed[tiver[loads, by
different[inethods
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FigureB1:C Comparison(oflaverage dischargeonsampling(days(only (plotted(on(the X [axis[)anddaily
averaged [discharge(plottedonthe[Y axis). Theblueland red lines indicate [differences between both iumbers
larger than25% [and #5% Tespectively.

‘ ¢ Methodusing(daily/Q 5%!(deviation —— +5%!deviation
700
600
*
-
500 *

o

(ktly)

. r-
—

200

100

0 100 200 300 400 500 600 700
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FigureB2:1 Comparison0f TINloadsicomputed By [differentmethods. Theresults from the method tisingonly
theldischarge(atlthe Sampling(dates(is [plotted[0n the X axis, Whilethe[fesult0fthe hethod uisingdaily[discharges
is[plottedonthe Y [axis. The blueland red lineslindicate differencesbetweenboth thethods Targerthan 35%@nd
+5%[respectively.
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¢ Methodusing(dailylQ — [5%!deviation —— +5% deviation
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FigureB(3:[1 Comparison(ofitotal (P loadscomputed by differentmethods. Theresults from themethod ising
onlytheldischarge@tthe[Samplingdates/is plotted [On [the Xaxis, While theresult0fthe hethod isingdaily
dischargeslisplottedonthe[Y [axis. The bluelandredlines indicate differencesbetween Bothhethods Targer than

—5%land*5%[respectively.

\ ¢ Methodlusing(daily(Q — [15%(deviation —— +5% deviation
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FigureB[4:[] Comparison/oflsuspended(solidsloads/computed by differentmethods. Thelresults from/the
method usinglonly [the(discharge(at/thelsampling(dates(is [plotted (on[the X [axis, While the resultoflthe thethod
using(daily(discharges(is[plottedon/the Y [axis. TheBlueland red lines ihdicate[differences between both thethods

largerthan 5% [and #5%respectively.

WL [Pelft[Hydraulics



Revised[[Panube[WQ[Model

Data[Report

R3460

Deliverable[$.9a

Final[Nersion,[July[2004

C [TNMN[3tations[{1996[2000)

Thetablebelow [provides(afulllisting0fthe TNMN istations in [theyears 19962000.

Country River Town/Location Distance | Altitude Catchl] | DEFF | Loc
Code Name Name [Km] [m] ment Code
DO1 Danube NeuUlm 2581 460 8107 L214001| L
D02 Danube Jochenstein 2204 290 77086 L213000| M
D03 /Inn Kirchdorf 195 452 9905 L215001| M
D04 /Inn/Salzac | Laufen 47 390 6113 L21607| L
h
A01 Danube Jochenstein 2204 290 77086 1222000 M
A02 Danube Abwinden[Asten 2120 251 83992 L220007| R
A03 Danube WienNussdorf 1935 159 101700 L2180(1| R
A04 Danube Wolfsthal 1874 140 131411 L217000] R
CZ01 /Morava Lanzhot 79 150 9725 L210001| R
CZ02 /Morava/D | Pohansko 17 155 12540 L212007] R
yie
SKO1 Danube Bratislava 1869 128 131329 L1840(1| M
SKO02 Danube Medvedov/Medve 1806 108 132168 L186011| M
SK03 Danube Komarno/Komarom[] | 1768 103 151961 L187001| M
SK04 /Vah Komarno 1 106 19661 L1960 M
HO1 Danube Medve/Medvedov 1806 108 131605 L147000| M
HO02 Danube Komarom/Komarno[ ! | 1768 101 150820 L1475 M
HO03 Danube Szob 1708 100 183350 1149001 LMR
H04 Danube Dunafoldvar 1560 89 188700 L152001] LMR
HOS5 Danube Hercegszanto 1435 79 211503 L154000] LMR
H06 /Sio SzekszardPalank 13 85 14693 L160417| M
HO07 /Drava Dravaszabolcs 78 92 35764 L1610(1| M
HO8 /Tisza Tiszasziget 163 74 138498 L17000)) LMR
HO09 /Tisza/Sajol]| Sajopuspoki 124 148 3224 L17700| M
S101 /Drava Ormoz 300 192 15356 L139001| L
S102 /Sava Jesenice 729 135 10878 L13300]| R
HRO1 Danube Batina 1429 86 210250 L131500| M
HRO02 Danube Borovo 1337 89 243147 L132007] R
IRO3 /Drava Varazdin 288 169 15616 L1290(1| M
HRO04 /Drava Botovo 227 123 31038 L124000| M
HRO5 /Drava D.Miholjac 78 92 37142 L125007| R
HRO6 /Sava Jesenice 729 135 10834 L122007] R
HRO7 /Sava us.UnalJasenovac 525 87 30953 L115000] L
HRO8 /Sava ds.Zupanja 254 85 62890 L1060 1| MR
BIHO1 /Sava Jasenovac 500 87 38953 1228001 M
BIH02 /Sava/Unal | | KozarskaDubica 16 94 9130 L2290(1| M
BIHO3 /Sava/Vrba | Razboj 12 100 6023 L230000| M
s
BIH04 /Sava/Bosn | Modrica 24 929 10308 L23100]
a
ROO1 Danube Bazias 1071 70 570896 L002001] LMR
RO02 Danube Pristol/Novoll  Selo | 834 31 580100 L009077| LMR
Harbour
RO03 Danube us.Arges 432 16 676150 L0240(1| LMR
RO04 Danube Chiciu/Silistra 375 13 698600 1028011] LMR
RO05 Danube Reni[Chilia/Kilia 132 4 805700 L043001| LMR
arm
RO06 Danube VilkovalChilia 18 1 817000 L045001| LMR
arm/Kilialarm
RO07 Danube Sulina[MSulinalarm 0 1 817000 1048071 LMR
RO08 Danube Sf.Gheorghe!(] 0 1 817000 L049001| LMR
Ghorghe larm
RO09 /Arges Conf. Danube 0 14 12550 L025000| M
RO10 /Siret Conf.[] Danube | 0 4 42890 L038001| M
Sendreni
ROI11 /Prut Conf.Danube 0 5 27480 1042007
Giurgiulesti
BGO1 Danube Novol] Selo | 834 35 580100 L073001] LMR
Harbour/Pristol
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Country River Town/Location Distance | Altitude Catch’! | DEFF | Loc

Code Name Name [Km] [m] ment Code

BG02 Danube us. Iskar[MBajkal 641 20 608820 L078001| R

BGO03 Danube Downstream 554 16 650340 L081001| MR
Svishtov

BG04 Danube us.Russe 503 12 669900 1082001| MR

BGO05 Danube Silistra/Chiciu 375 7 698600 L085001| LMR

BG06 /Iskar Orechovitza 28 31 8370 1£.093001] M

BG07 /Jantra Karantzi 12 32 6860 L099001| M

BGO08 /Russ.Lom[7| Basarbovo 13 22 2800 L101001] M

MDO1 /Prut Lipcani 658 100 8750 1.223001| L

MDO02 /Prut Leuseni 292 19 21890 1225000 M

MDO03 /Prut Conf.[] Danubel 1| 0 5 27480 1227001 LMR
Giurgiulesti

UAO1 Danube Reni [ Kilia | 132 4 805700 L063001| M
arm/Chilialarm

UA02 Danube VilkovalKilia 18 1 817000 L069001| M
arm/Chilialarm

In2001, the following/stations from[Serbia[Montenegro have beenlincluded:

River Town/Location| | Distance/((km)[]| Altitude(m) Catchment DEFF(Code[]| Loc.profile

(km<sup>2</sup>)

Danube Bezdan 1427 83,15 210250 L2350 L

Danube Bogojevo 1367 80,41 251253 L2360 L

Danube NovilSad 1258 74,52 254085 L2370 L

Danube Zemun 1174 70,76 412762 L2380 R

Danube Pancevo 1154,8 70,14 525009 L2390 L

Danube BanatskaPalankal| 1076,6 68,58 568648 L2400 L

Danube Tekija 954,6 574307 L2410 R

Danube Radujevac 851 32,45 577085 L2420 R

Danube BackalPalanka 1287 253737 L2430 L

/Tisa Martonos 152 75,54 140130 L2440 R

/Tisa NoviBecej 66 74,03 145415 L2450 L

/Tisa Titel 8,9 72,55 157147 L2460 M

/Sava Jamena 195 77,67 64073 L2470 L

/Sava Sremska 136,4 75,24 87996 L2480 L

Mitrovica

/Sava Sabac 103,6 74,22 89490 L2490 R

/Sava Ostruznica 17 37320 L2500 R

/Velika LjubicevskiMost[| 34,8 75,09 37320 L2510 R

Morava

/Sava/Drina’ | Badovinci L2520 L

WL [Pelft[Hydraulics



