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PREFACE

WL | Delft Hydraulics has been invited by the UNDP–GEF Danube Regional Project to provide an
update of the Danube Basin Alarm Model (DBAM), to utilise the outputs from the Danube Water
Quality Model (DWQM) to identify any significant gaps in data that could assist the review of the
TNMN, and to participate in the DRP Nutrients Workshop. The present document provides the
results of this assignment.

The Danube Water Quality Model has been designed and refined over many years and is an
important tool for use in the Danube countries and to be available for the ICPDR. The outputs
from the model have also been utilised in a number of research projects (e.g. daNUbs). The
users of the model may also have identified deficiencies in the current Trans-National Monitoring
Network (e.g. gaps in monitoring stations, data frequency etc.) which if addressed could provide
improvements to the model output. This information will be of benefit to the ICPDR’s review of
the monitoring network to reflect the needs of the EU WFD. This review presents an opportunity
to address any gaps in the TNMN data needed to improve the quality of the output from the
DWQM. The DRP has a current project to assist the ICPDR undertake an assessment of the
TNMN against the requirements of the EU Water Framework Directive and other drivers.

The Danube Basin Alarm Model has been used by the ICPDR for a number of years to assess the
impact of any accidental pollution events in the basin and there is a wish to up-date the MS
Windows compatibility of this software.

Because WL | Delft Hydraulics participated in a chain of nutrient related projects focusing on the
Danube River Basin, the institute was invited to participate in the DRP Nutrients Workshop,
which was held in Vienna, 16 May 2007. In order to efficiently represent also the relevant
experience on North Sea nutrients management, an expert from the Dutch National Institute for
Coastal and Marine Management (RIKZ) also participated in this workshop.
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ABBREVIATIONS

AEWS Accident and Emergency Warning System of the ICPDR

daNUbs Acronym for research project, titled: “Nutrient Management in the Danube Basin and
its Impact on the Black Sea”

Chlf- Pigments in phytoplankton (water quality parameter)

CORINE Coordination of information of the Environment (land cover database)

DBAM Danube Basin Alarm Model

DIN Dissolved Inorganic Nitrogen (fraction of N)

DO Dissolved Oxygen (water quality parameter)

DRB Danube River Basin

DRP Danube Regional Project

DWQM Danube Water Quality Model

EG Expert Group

EU European Union

EU WFD EU Water Framework Directive

GEF Global Environment Facility

ICPDR International Commission for the Protection of the Danube River

MONERIS Modelling system “MOdelling Nutrient Emissions in RIver Systems”

MS MicroSoft

N Nitrogen

P Phosphorus

PO4 Phosphates (fraction of P)

QA/QC Quality Assurance and Quality Control (of sampling and analysis)

RIKZ National Institute for Coastal and Marine Management (The Netherlands)

Si Silicates (water quality parameter)

SS Suspended Solids (water quality parameter)

TNMN Trans-National Monitoring Network

UNDP United Nations Development Programme

WB World Bank

WFD Water Framework Directive
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EXECUTIVE SUMMARY

The Danube Water Quality Model (DWQM) has been designed and refined over many years and
is an important tool for use in the Danube countries and to be available for the International
Commission for the Protection of the Danube River (ICPDR). The outputs from the model have
also been utilised in a number of research projects (e.g. daNUbs). The users of the model may
also have identified deficiencies in the current Trans-National Monitoring Network (e.g. gaps in
monitoring stations, data frequency etc.) which if addressed could provide improvements to the
model output. This information will be of benefit to the ICPDR’s review of the monitoring
network to reflect the needs of the EU Water Framework Directive.

The Danube Basin Alarm Model (DBAM) has been used by the ICPDR for a number of years to
assess the impact of any accidental pollution events in the basin and there is a wish to up-date
the MS Windows compatibility of this software.

The two objectives of this assignment are:

> To upgrade the DBAM (to ensure compatibility with Windows XP operating system)
and;

> To review the adequacy of the TNMN data sets with regards to the DWQM output and
to make recommendations on improvements to data collection.

The first objective has been successfully achieved by the release of version 3.00 of the DBAM.
This version can be obtained via Danubis.

With respect to the second objective, the key recommendations are (1) to monitor all species of
the pollutants under investigation, and to ascertain that complete data sets are generated, and
(2) to strengthen the QA/QC of the sampling and analysis process. Furthermore,
recommendations with respect to the selection of stations and the sampling frequency have
been formulated.

The draft recommendations have been discussed at the Monitoring and Assessment Expert
Group meeting in Bratislava on 25 May 2006. The results of the discussion have been
incorporated in this final report.
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1. INTRODUCTION

1.1. Background to the Danube Regional Project

The Danube Regional Project (DRP) has been established to contribute to the sustainable human
development in the Danube River Basin (DRB) through reinforcing the capacities in the basin to
develop effective co-operation to ensure the protection of the Danube River. The objective of
the DRP is to complement the activities of the International Commission for the Protection of the
Danube River (ICPDR) to provide a regional approach to the development of national policies
and legislation and the definition of actions for nutrient reduction and pollution control in the
DRB.

The tasks of the ICPDR are mandated by the "Convention on Cooperation for the Protection and
Sustainable Use of the Danube River" (Danube River Protection Convention, DRPC). From this
Convention also derive the responsibilities of the ICPDR directed to ensure its implementation
and to enhance the cooperation of the Contracting Parties fulfilling their respective obligations.

The DRP’s overall objectives, achievements and future programmes are given on its web site
www.undp-drp.org.

1.2. Background to this Assignment

The Danube Water Quality Model has been designed and refined over many years and is an
important tool for use in the Danube countries and to be available for the ICPDR. The outputs
from the model have also been utilised in a number of research projects (e.g. daNUbs). The
users of the model may also have identified deficiencies in the current Trans-National Monitoring
Network (e.g. gaps in monitoring stations, data frequency etc.) which if addressed could provide
improvements to the model output. This information will be of benefit to the ICPDR’s review of
the monitoring network to reflect the needs of the EU WFD. This review presents an opportunity
to address any gaps in the TNMN data needed to improve the quality of the output from the
DWQM. The DRP has a current project to assist the ICPDR undertake an assessment of the
TNMN against the requirements of the EU Water Framework Directive and other drivers.

The Danube Basin Alarm Model has been used by the ICPDR for a number of years to assess the
impact of any accidental pollution events in the basin and there is a wish to up-date the MS
Windows compatibility of this software.

1.3. Objectives

The objectives of this assignment are:

> To upgrade the DBAM (to ensure compatibility with Windows XP operating system)
and;

> To review the adequacy of the TNMN data sets with regards to the DWQM output and
to make recommendations on improvements to data collection.

In addition the assignment includes the participation of a river basin nutrient management
expert in the DRP Nutrients Workshop (Vienna, 16 May 2007).

http://www.undp-drp.org.
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2. UPGRADE OF DANUBE BASIN ALARM MODEL

2.1. Introduction

The Danube Basin Alarm Model (DBAM) is one of the tools under the Accident Emergency
Warning System (AEWS). Its role is to compute the travel times and the concentration levels for
a cloud of pollutants expected to cause trans-boundary effects on the water quality. The DBAM
is supposed to do so quickly, based on simple and available input data. The DBAM was designed
during a pre-study (WL | Delft Hydraulics, 1996), carried out during the system design phase of
the AEWS. The DBAM concepts were based on the experience gained in the Rhine River Basin,
where a similar model had been operational since 1988, following the Sandoz spill in 1986. The
first version of the DBAM was developed in one of the Phare Applied Research Programme
Projects (Vituki, 1996), and commissioned in 1998.

The Phare project “Strengthening Sustainability of Water Quality Management in the Danube
Basin” provided the upgrade to version 2 of the DBAM in 2000 (HKV et al., 2000).

The current project provides a minor upgrade to version 3 of the DBAM, with the aim to allow
the installation and use of the DBAM under the Windows-XP operating system.

2.2. Modifications

The following modifications were implemented to the existing version:

> The calculation module was modified to run under Windows-XP.

> The set-up procedure was modified.

No functional modifications have been carried out.

2.2.1. Installation of the new version

The new installation consists of two install programs:

> NetterSetup4.0.860.exe

> Setup_DAM_v3.00.1.EXE

Both install programs need to be run. That can be done interactively, after starting both
programs, e.g. with the “Run …” command on the Taskbar. The programs provide instructions.
The order of installation of both programs is not relevant.

The programme is distributed with the documentation developed under version 2 and a short
explanation regarding the installation. It can be obtained via Danubis.

2.2.2. Operation of the new version

The Danube Basin Alarm Model is started from the Taskbar, under the name that was provided
during installation. A map of the catchment area appears. From that point onwards, user
instructions are available under “Help” (F1). The program is intended to run under an MS
Windows XP operating system. To ensure a sufficient performance, we advise the use of a PC
with at least a Pentium 90 Mhz micro-processor.
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2.2.3. Test Programme and Test Report

The new upgrade has undergone a test programme which was based on the previous, major
upgrade. The tests documented in (HKV et al., 2000) were used as a starting point; where the
limited scope of the current upgrade did not require an extended test programme, the test
programme was shortened. The test plan and test report are provided in Annex 1.
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3. ASSESSMENT OF TNMN AND IDENTIFICATION OF DATA
GAPS

3.1. General

The first version of the Danube Water Quality Model (DWQM) was created during the GEF
Danube Pollution Reduction Programme Project, in order to quantitatively assess the fate of the
nutrients N and P in the Danube River and its main tributaries (GEF, 1999). A special objective
was to quantify the transboundary nutrient loads, and to assess the impact on these loads of
the implementation of a Pollution Reduction Programme.

The Danube Water Quality Model was significantly modified during the research project daNUbs
"Nutrient Management in the Danube Basin and its Impact on the Black Sea", which is a part of
the EU's 5th framework programme (EVK1-CT-2000-00051). The more significant modifications
were:

> The coupling of DWQM to MONERIS (for the calculation of point sources and diffuse
sources).

> The assessment of additional field data from different sources (including the TNMN).

The results of the daNUbs project are compiled in two modelling reports (Constantinescu et al.,
2001 and van Gils, 2004a). The analysis of the available data is compiled in a separate report
(van Gils, 2004).

The daNUbs report concluded in relation to the TNMN: “The value of the TNMN data set as a
basis to carry out research in support to the development of sustainable water quality
management options can not be stressed enough”. The modelling exercises carried out in
daNUbs provided a good insight in the strengths and weaknesses of the TNMN. The current
report builds on these findings to formulate recommendations for future optimisation of the
TNMN.

3.2. Objective of the assessment

The current assessment has the following objective:

On the basis of existing information and results from the DWQM, to identify any gaps in
data from the current TNMN and to make recommendations for addressing these gaps.

The assessment will not be restricted to using the DWQM, but will be dedicated to a systems
analysis in general. In this framework, a systems analysis is an analysis aiming at obtaining an
insight in where pollutants are coming from, where they are going to, and what processes they
are undergoing, on a basin-wide scale. Such an analysis includes an assessment of emissions,
transport processes as well as transformation and degradation processes. In other words, such
an analysis aims at compiling basin-wide mass balances. The most important instrument in this
respect is data analysis, which is why we are discussing TNMN data, but modelling can also play
a role (e.g. MONERIS and DWQM).

The ultimate goal of the systems analysis is to establish cause-effect relations, in order to carry
out prognoses of effects (efficiency) of measures. This is highly relevant to the implementation
of the Water Framework Directive (WFD), especially when measures will be developed to arrive
at a Good Ecological Status. In other words, the WFD is the rationale behind the
recommendations which will be formulated in the remainder of this report in relation to the
TNMN, not so much to assess pressures or to evaluate the current status, but to create know-
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how on how the water system is functioning, in support to the development of measures to
improve the status where necessary.

3.3. Scope of the assessment

The current assessment applies to pollutants which satisfy the following conditions:

> They are to a significant degree determined by diffuse emissions.

> They are persistent or slowly degrading.

> They are optionally transported in particulate form (attached to suspended matter).

The current assessment is less relevant for pollutants which can be described as follows:

> They are determined mainly by point sources.

> They are short living (e.g. BOD, coliform bacteria).

Obviously, the current analysis applies to nitrogen and phosphorus, but also heavy metals and a
range of organic compounds are inside the scope. This means that most of the priority
substances are addressed by this report, insofar as their release into the aquatic environment is
not the result of a limited number of point sources.

Note that the DWQM and MONERIS deal with N and P only. Their concepts however can be
expanded to all pollutants satisfying the criteria listed above.

A final remark with respect to the scope of this report: our experience with the TNMN results is
based on data from 1996-2001, and selected information from 2002-2003. We have not studied
in detail the more recent data.

3.4. Results

An evaluation of the TNMN has been carried out, in particular of the:

> Parameters;

> Stations;

> Sampling frequency;

> QA/QC procedures.

Details are presented in Annex 2.

Furthermore, this report presents recommendations for the future TNMN, derived from using the
1996-2001 TNMN data for a basin wide systems analysis and modelling exercise. The ultimate
goal of such an analysis is to establish cause-effect relations, in order to carry out prognoses of
effects (efficiency) of measures. This is highly relevant to the implementation of the Water
Framework Directive (WFD), especially when measures will be developed to arrive at a Good
Ecological Status.

Draft recommendations have been discussed at the Monitoring and Assessment Expert Group
meeting in Bratislava on 25 May 2006. The results of the discussion have been incorporated in
this final report.
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To establish a sound basis for similar future exercises we recommend:

1. To monitor all species of the pollutants under investigation. For nutrients sampling,
parameters like organic N and particulate P need to be included on top of the more
commonly monitored inorganic dissolved nutrient species, as well as supportive
parameters (like DO, pH, SS, Si, Chlf- ). It should be noted that these parameters
are already formally part of the TNMN, but for some of them the resulting data sets
are far from complete.

2. The stations should be selected to monitor in more or less equal parts the
emissions and thus the increasing river load. When capturing the emissions by
parts of e.g. 5%, a list of 20-25 stations remains, which mostly consists of already
existing TNMN stations (see example in Annex 3).

3. The sampling frequency should be at least 24/year. Optionally, a varying sampling
frequency could be considered for (partly) particulate pollutants like phosphorus
and many heavy metals and hydrophobic organic compounds.

4. The present QA/QC of the sampling and analysis process needs to be strengthened,
in order to guarantee an accurate and consistent data set.

On the basis of our experience in using the TNMN data during the daNUbs project, we would like
to stress that recommendation 1) regarding the completeness of the TNMN data sets and
recommendation 4) regarding the accuracy and reliability of the sampling and analysis should
not be overlooked.
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4. DRP NUTRIENTS WORKSHOP

WL | Delft Hydraulics river basin nutrient management experts have been active in a series
of Danube related projects over the period 1995-2005. It concerns projects related to
transboundary nutrient management in the Danube River Basin, culminating in the daNUbs
project, where Delft Hydraulics was responsible for co-ordinating all catchment related
research and all modelling work. On this basis, an expert of Delft Hydraulics participated in
the DRP Nutrients Workshop, which was held in Vienna, 16 May 2007. In order to efficiently
represent also the relevant experience on North Sea nutrients management, an expert from
the Dutch National Institute for Coastal and Marine Management (RIKZ) also participated in
this workshop.

For an overview of the achievements of the daNUbs research project we refer to the Study
Report (Kroiss et al., 2005).

Annex 4 provides some possibly relevant observations on the North Sea nutrients
management, in the perspective of the Danube and Black Sea nutrients management. This
information was prepared for the workshop, but due to time constraints and the course of
the discussions, it could not be presented.
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ANNEX 1

TEST PLAN AND TEST REPORT OF THE DBAM
UPGRADE
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TEST PLAN AND TEST REPORT OF THE DBAM
UPGRADE
The new upgrade has undergone a test programme which was based on the previous, major
upgrade. The tests documented in (HKV et al., 2000) were used as a starting point; where the
limited scope of the current upgrade did not require an extended test programme, the test
programme was shortened. The test plan is provided below.

Tests to be performed

Test C:

C1: Try installation on Windows XP
Installation prescription clear
Installation successful
C2: Try installation on non-default directory:
Installation successful
C3: Try de-installation:
De-installation prescription clear
De-installation successful

Test A:

A1: Run a DBAM simulation based on one of the example hydrological data files (1c):
Help-facility should describe how to do this
 (4c)
run should be made without problems
A3: Modify the hydrological input table (1b):
Help should be available (4b)
A5: No malfunctioning of the program may be encountered:
No problems found.

Test B:

B1: Check if the Help file describes how a sub-region needs to be created
Description available (4d)
B2: Load an example for a sub-region application
Example available,
Help available (4c)
Loading possible and clear
B6: No malfunctioning of the program may be encountered:
No problems found.

Test E:

E1: Run map presentation on test A1:
Inactive sections visible (5a)
Performance improved (5d)
E3: No malfunctioning of the program may be encountered:
No problems found (5b)

Test G:

G1: Run graphs presentation on test A1:
Graphs presentation should work properly
G3: No malfunctioning of the program may be encountered:
No problems found

The results of the tests performed are documented below.
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Test C

The installation was carried out on two different PC’s satisfying the system requirements
reported in the User Manual. The installation was tried in the default directory and in a non-
default directory. The de-installation was carried out.

Criterion Checked by Date

Installation successful on Windows-XP Jos van Gils 4-10-2006

Installation in non-default directory Jos van Gils 4-10-2006

De-installation successful Jos van Gils 4-10-2006

Test A

A simulation was carried out by means of the "step-by-step description of a simulation"
paragraph in the Help File, using an example hydrology file.

The hydrology input was modified and the activity of a range check verified. The presence of
information about the entering of water levels and/or discharges was checked.

Criterion Checked by Date

Help File provides step-by-step description of a
simulation.

Jos van Gils 4-10-2006

A simulation could be carried out according to this
description (see also tests E and G!)

Jos van Gils 4-10-2006

Import of a hydrology file successful Jos van Gils 4-10-2006

Help File provides a description of how to modify
the hydrology input data

Jos van Gils 4-10-2006

Range checks active on hydrology input data Jos van Gils 4-10-2006

Information about entering water levels and/or
discharges available?

Jos van Gils 4-10-2006

No malfunctioning encountered during the
complete test

Jos van Gils 4-10-2006

Test B

A sub-region (customisation) was created using the relevant description in the Help File.
Afterwards it was loaded, and the proper functioning of the software was verified. Available
example sub-regions were loaded as well.

Afterwards, test A was repeated.

Criterion Checked by Date

Help File provides a description of how to create a
sub-region

Jos van Gils 4-10-2006

A sub-region could be created Jos van Gils 4-10-2006

Example sub-regions are available Jos van Gils 4-10-2006

A sub-region could be loaded Jos van Gils 4-10-2006
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A simulation could be carried out according to this
description (see also tests E and G!)

Jos van Gils 4-10-2006

Import of a hydrology file successful Jos van Gils 4-10-2006

No malfunctioning encountered during the
complete test

Jos van Gils 4-10-2006

Test E

Test E implies a few extra checks in tests A and B.

Criterion Checked by Date

Map presentation working properly with improved
performance in test A

Jos van Gils 4-10-2006

The network as a whole is visible, and it is clear
which sections are active (carrying pollution) and
inactive (not carrying pollution)

Jos van Gils 4-10-2006

Test G

Test G implies a few extra checks in tests A and B.

Criterion Checked by Date

Graphs and tables presentation working properly
in test A

Jos van Gils 4-10-2006
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ANNEX 2

EVALUATION OF THE TNMN
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EVALUATION OF THE TNMN

A2.1 Selection of parameters

As discussed in Section 3, the compilation of mass balances is a key element of a systems
analysis. Therefore, the river discharge is always the first parameter to be measured.

If we want to obtain a complete overview of the fate of a certain pollutant, it is important that
all different forms (“species”) of a pollutant are included in the sampling and analysis. This
includes organic and inorganic fractions, and dissolved and particulate fractions. Specific
examples of relevant species of nitrogen and phosphorus which are not commonly included in
monitoring programmes are:

> The organic fractions of nitrogen (dissolved as well as particulate).

> The particulate fractions of phosphorus (organic and inorganic).

For nutrients sampling, also certain supportive parameters are relevant, such as dissolved
oxygen (DO), pH, suspended solids (SS), dissolved silica (Si) and chlorophyll-  (Chlf- ).
Phytoplankton is an important driver for transformation and retention processes in the aquatic
environment, and dissolved silica is an important nutrient for phytoplankton. Therefore, also
dissolved Si and chlorophyll-  (pigments in phytoplankton) need to be sampled and analysed.
Similarly, DO and pH are indicators for transformation processes and need to be included.
Finally, SS is a parameter which also determines the light availability for phytoplankton;
however, it is also an important parameter in itself, because a significant number of pollutants
is present in particulate or adsorbed form inside what we call suspended matter.

Although the TNMN formally includes organic N, particulate P, dissolved Si and chlorophyll- , in
practice only a small percentage of the samples taken is actually analysed for these parameters.
During the daNUbs project, the completeness of the TNMN data set with respect to the
abovementioned parameters turned out to be an important shortcoming of the TNMN.

A2.2 Selection of stations

In view of compiling basin-wide mass balances, the monitoring stations should be selected in
such a way that the gradual build-up of the river load of pollutants can be monitored. This can
be guided by the distribution of the emissions over the basin. Because these are not always
known, it is also possible to look at factors determining the emissions, such as population
numbers, catchment size, run-off, land use (CORINE database), etc. For N and P, the estimated
emissions by MONERIS could be used.

The stations are positioned to capture the basin-wide emissions (100%) in more or less equal
parts of for example 5%. The choice for 5% leads to a number of stations around 20. This
choice should be considered a minimum number of stations to more or less realistically
represent the complex Danube River. A more ambitious approach is possible if the interval is
chosen smaller (e.g. 2%) which leads of course to a higher number of stations and higher
operational costs. From the basin wide perspective however, it is more important to have a
complete and high quality data set, than to have high spatial resolution. Data gaps can create a
high degree of uncertainty.

From the present perspective measuring exactly at state boundaries is not of particular interest.
Furthermore, monitoring by different states at their mutual state boundaries, as it is done in the
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current TNMN, is not of particular interest either; in the best case it means a double effort for
the same result.

The current practice of monitoring in three different locations over the cross-section (L, M and
R) is in principle useful for river load assessments, in order to avoid artefacts due to lateral
concentration gradients. Despite this practice, it is worthwhile to avoid stations immediately
downstream of large tributaries. If this suggestion is implemented, it might be useful to check if
monitoring in three locations per cross-section is still cost-effective; does the additional
accuracy justify the additional costs?

In Annex 3 we present a tentative set of stations which could be used to set up a basin-wide
systems analysis.

A2.3 Sampling frequency

For carrying out accurate load calculations it is generally accepted (also by the TNMN, see
ICPDR 2001) that the minimum required frequency of sampling is twice per month (24 to
26/year). This value is therefore recommended as a minimum frequency for basin-wide systems
analysis purposes. It should be used for all measured parameters.

The TNMN has been operating stations where the discharge is measured daily. Theoretically,
this increases the accuracy of the load calculations. The daNUbs project has demonstrated that
the results from load calculations using daily discharges do not deviate significantly from those
using only the discharges at the water quality sampling days only. Therefore, we consider daily
discharge measurements not of key importance.

For pollutants (partly) attached to suspended sediments, such as phosphorus, it has been
demonstrated that a more than proportional share of the annual river load is transported during
flood periods when the river concentration of suspended solids is high. For example, the river
phosphorus load at Vienna during the flood of 8-17 August 2002 equalled 4.7 kt, whereas the
average annual load at the TNMN station in Vienna/Nussdorf over the years 1997-2001 equalled
8.5 kt. For such pollutants it is therefore interesting to work with a variable sampling frequency
which is higher in wet periods and lower in dry periods. For example:

> The sampling is once per week in wet periods.

> The sampling is once per three weeks in dry periods.

In this respect “wet” and “dry” periods can be derived from long term hydrological data, so that
the sampling can be planned in advance. It is probably not feasible to make the sampling
frequency dependent on the actual river hydrology.

If such a variable sampling frequency is implemented to capture better the loads of particulate
substances, it is anticipated that in larger river sections the overall frequency does not need to
be more than 24/year. In larger rivers the flood waves last long and the wet period frequency
does not need to be very high to capture them. In smaller sections however, the flood waves
are shorter, the wet period sampling frequency needs to be higher and the overall frequency will
probably end up to be higher than 24/year.

Prior to implementation, the practical feasibility of such a variable sampling frequency needs to
be investigated.
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A2.4 QA/QC

It is evident that if a large amount of money is spent to carry out a sampling and analysis
programme, it is necessary to have state-of-the-art QA/QC procedures in place in order to
maximise the efficiency of the monitoring programme. In the case of a basin-wide systems
analysis, QA/QC deficiencies might be more problematic than in the case when the monitoring is
done to evaluate water quality objectives. In the latter case, only the samples/stations suffering
inaccuracies are affected, while in the case of a basin-wide systems analysis one station with
QA/QC problems can undermine a substantial part of the analysis. During the daNUbs project,
the accuracy and reliability of the data turned out to be the most pressing shortcoming of the
TNMN. In particular:

> In some cases, different stations within the TNMN proved to be internally inconsistent
(e.g. with respect to the data for P).

> In some cases, the TNMN data turned out to be inconsistent with data from other
sources (e.g. with respect to the data for N).

Examples are provided by van Gils (2004).

To our opinion the new TNMN urgently needs to address this problem. We see it as a potential
pitfall to have a TNMN with sufficient coverage (stations, parameters, frequency) but with
insufficient QA/QC. We would like to recommend integrating the QA/QC programme with the
operational sampling and analysis, e.g. by including blind standards, blanks, duplicates and
spikes in the operational sampling.
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DESIGN OF A TENTATIVE LIST OF STATIONS
In this Annex we provide a tentative list of stations suited to capture the basin-wide emissions
and load increase in more or less equal parts of about 5%. This effort is based on information
regarding indicators for emissions and river loads of different pollutants, derived from the
baseline MONERIS scenario as it was compiled in the daNUbs project (Schreiber et al., 2005).
The following quantities have been taken into consideration:

> Population numbers;

> Catchment area;

> Run-off;

> River loads of N;

> River loads of P.

Table 1 provides the values for these indicators, derived from the baseline MONERIS scenario as
it was compiled in the daNUbs project (Schreiber et al., 2005).

Table 1: Values of indicators for the larger Danube tributaries

Population
[inh]

Area
[km²]

Discharge
[m3/s]

N-load
[t/y]

P-load
[t/y]

Inn 2344073 26074 712 28278 2033

Drava 3236612 40315 469 22745 1867

Tisza 13456974 151775 898 57099 3477

Sava 8605227 95887 1218 65763 6361

Velika Morava 3476979 33890 171 12676 1167

Siret 3176485 36048 197 14886 916

Basin totals 82158006 802888 6185 423448 31001

% % % % % Max%

Inn 2.9% 3.2% 11.5% 6.7% 6.6% 11.5%

Drava 3.9% 5.0% 7.6% 5.4% 6.0% 7.6%

Tisza 16.4% 18.9% 14.5% 13.5% 11.2% 18.9%

Sava 10.5% 11.9% 19.7% 15.5% 20.5% 20.5%

Velika Morava 4.2% 4.2% 2.8% 3.0% 3.8% 4.2%

Siret 3.9% 4.5% 3.2% 3.5% 3.0% 4.5%
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The criterion used to position one or more stations in the tributaries of the Danube River is that
one of the 5 indicators mentioned above reach a value of more than 4 % of the total (see Table
1). This leads to the following selection of stations in tributaries:

> Inn: 2 stations.

> Drava: 1-2 stations.

> Tisa: 3-4 stations.

> Sava: 4 stations.

> Velika Morava: 1 station.

> Siret: 1 station.

Furthermore, stations need to be positioned along the main River Danube in such a way that the
inflow from the tributaries which are not monitored is again captured in chunks of about 5%.
The resulting list of stations could be as listed in Table 2.

Table 2 demonstrates that 20-25 stations are required if the target accuracy is about 5%. The
list has been compiled using as much as possible existing TNMN stations (based on the 2001
TNMN Yearbook). It turns out that new TNMN stations are required in the Upper Danube
(Germany, Austria) and in the Tisa sub-basin. The new stations are printed in italics and should
be considered suggestions only. The proposed stations can be replaced by others as long as the
distribution remains approximately even.

This tentative list only addresses the basin-wide scale. To obtain a more detailed picture about
the fate of pollutants on the country or region scale the above list should be locally expanded.
To this end, the same method can be used: distributing the stations in such a way that the
emissions are traced in more or less equal parts.

The current assessment does not aim at redefining the TNMN stations list. It only points out
which stations could be used for carrying out a basin-wide systems analysis. Other stations can
of course still be part of the TNMN for other purposes.
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Table 2: Tentative station list for basin-wide systems analysis approach

Nr River Station Distance (km) Catchment (1000 km2)

1 Danube Ingolstadt 2458 20

2 Danube Passau (us Inn!) 2257 48

3 /Inn Kirchdorf 195 10

4 /Inn Passau 0 26

5 Danube Stein-Krems 2003 96

6 Danube Bratislava 1869 131

7 Danube Bezdan 1427 210

8 /Drava Ormoz 300 15

9 /Drava D.Miholjac/Dravaszabolcs 78 40

10 /Tisa Zahony

11 /Tisa Szolnok

12 /Tisa Titel 9 157

13 /Sava Jesenice 729 11

14 /Sava Jasenovac 500 39

15 /Sava Zupanja 254 63

16 /Sava Ostruznica 17 96

17 /V.Morava Ljubicevska 35 37

18 Danube Pristol/NovoSelo 834 580

19 Danube Svishtov 554 650

20 Danube Silistra/Chiciu 432 690

21 /Siret Sendreni 0 43

22 Danube Reni 132 806
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ANNEX 4

OBSERVATIONS WITH RESPECT TO NORTH SEA
NUTRIENT MANAGEMENT
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OBSERVATIONS WITH RESPECT TO NORTH SEA
NUTRIENT MANAGEMENT
These observations concern in particular the Dutch coastal zone, with the river outflows of
Rhine, Meuse, Scheldt and Ems. They are derived from a presentation “Are eutrophication
effects in Dutch coastal waters decreasing?” by Theo Prins & Hanneke Baretta-Bekker of the
National Institute for Coastal and Marine Management (RIKZ).

River loads and concentrations in coastal waters

> The total water discharge of the Dutch rivers is less than 50% of the Danube River
discharge; however the nutrient loads are a bit higher than those from the Danube
River. The nutrient concentrations are therefore significantly higher in the North Sea
Rivers. The reasons are partly natural (higher specific run-off than in the Danube
Basin) and partly socio-economic (higher emissions than in the Danube).

> The historical trends of the N and P loads are comparable in both the North Sea Rivers
and the Danube River, for different reasons however. The anticipated possible increase
of the N and P loads in the Danube River is not relevant in the North Sea Rivers.

> The decrease of the river loads over the period 1985-2005 of the North Sea Rivers is
about 65% for P and about 40% for N (see Figure 1). This has been achieved
predominantly by reducing domestic and industrial loads (50-75% for N, >75% for P).
The reduction in agricultural loads is significantly smaller (<25%).

> The nutrient concentrations in the North Sea coastal waters are judged by the winter
values of inorganic nutrients (in particular DIN and phosphates), because (a) such
data are more abundant than total N and P data (in spatial and temporal perspective),
and (b) during the winter period the biological activity is low and the concentrations of
inorganic nutrients are not affected by phytoplankton.

> In some cases, these winter concentrations in the North Sea coastal waters are
normalised to a constant salinity (30 ppt), see Figure 2. It would be interesting to
investigate the possibility to also analyse the existing Black Sea data by this method.

> The winter inorganic nutrient concentrations in the Dutch North Sea coastal waters
clearly respond to the decreasing river loads, and so does the N:P ratio: the winter
concentrations of PO4 have decreased by 60% in 20 years, and the winter
concentrations of DIN by 20%, normalised at salinity 30 ppt (see Figure 3).

Ecological effects in the coastal waters

Contrary to the Black Sea, the Dutch coastal waters are characterised by a high turbidity which
limits the availability of light for phytoplankton.

> Despite strong decreases in P and N loading of the North Sea Rivers and the winter
concentrations of inorganic nutrients in the Dutch North Sea coastal waters, there is no
clear trend in the chlorophyll- , nor in the nuisance species Phaeocystis bloom levels;
there is no correlation between algal biomass and nutrient loads or winter
concentrations.
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> In the river plumes of the Dutch North Sea coastal waters, there is still an abundance
of N and P, despite the decreasing loads. Fast internal cycling of PO4 possibly
counteracts the decreasing load of P.

> More offshore (at intermediate salinities) in the Dutch North Sea coastal waters there
is an increased probability of P limitation in spring and N limitation in summer after
1995.

> Far off-shore in the Dutch North Sea coastal waters (at high salinities) the impact of
the rivers is anyhow low and so is the effect of changed nutrient loads.

> The Dutch North Sea coastal waters have a relatively high assimilation capacity for
nutrients. The reducing river loads have probably reduced the transboundary effects
(export of surplus of nutrients) to more sensitive areas (German Bight), which is
probably important.

Figure 1: Riverine discharges of water, N and P to the Dutch coastal waters
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Figure 2: Nutrient salinity mixing diagrams

This figure shows nutrient–salinity mixing diagrams for different periods. The horizontal axis shows the ambient

salinity, the vertical axis shows the concentration of PO4, Si, DIN as well as the N:P ratio. The data are separated in

different periods indicated by different colours (see legend). The graphs show data from 9 stations along 3 different

transects. Changes over time can be clearly observed for PO4,  DIN  and  the  N:P  ratio.  No  time  trend  can  be

observed for Si.

Figure 3: Temporal trend of salinity corrected nutrient concentrations

This figure shows time trends of nutrient concentrations, corrected to a salinity of 30 ppt. This correction has been

done with graphs as shown in Figure 2. The data stem from the Rhine transect (near the mouth of the river Rhine).
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