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Introduction
Integrated Water Resources ManageniBfRM) has been defined by the Technical

Committee of thé&lobal Water Partnership G WP ) as n a process w
coordinated developmerand management of water, land and related resources, in order to
maximize the resultant economic and social welfare in an equitable manner without
compromising theustainabilityo f vi t al ecosystemso.

IWRM is based on the following three principles:

Socid equity means ensuring equal access for all users (particularly marginalized and poorer
user groups) to an adequate quantity and quality of water necessary to sustain human wellbein
The right of all users to the benefits gained from the use of watemaksds to be considered
when making water allocations. Benefits may include enjoyment of resources through
recreational use or the financial benefits generated from the use of water for economic purposes
Economic Efficiencymeans bringing the greatestniedit to the greatest number of users
possible with the available financial awdter resources. This requires that the most
economically efficient option is selected. The economic value is not only about piriskeould
consider current and future sdc@d environmental costs and benefits.

Ecological Sustainabilityrequires that aquatic ecosystems are acknowledged as users and tha
adequate allocation is made to sustain their natural functioning. Achieving this criterion also
requires that land usesdulevelopments that negatively impact these systems are avoided or
limited.

Operationally, IWRM approaches involve applying knowledge from various disciplines
as well as the insights from diverse stakeholders to devise and implement efficient, equitable an
sustainable solutions to water and development problems. As such, IWRM is a comprehensive
participatory planning and implementation tool for managing and develogitey resources
a way that balances social and economic needs, and that ensuregetbiiop of ecosystems for
future generations. Watéies many different useis for agriculture, for healthy ecosystems, for
people and livelihoods demands coordinated action. An IWRM approach is an open, flexible
process, bringing together decisiorakes across the various sectors that impaater
resources, and bringing all stakeholders to the table to set policy and make sound, balance
decisions in response to specific water challenges faced
(https://www.iwapublishing.com/news/integratecterresoucesmanagemenbasicconcepts).

The goals of thevork packagd of this project are the following:
1 comparison of available data and identification of differences in monitoring and data
availability in Ukraine, Russia and the EU parts of the river basins
assessment of the consistency of data in transboundary regions;
identification of data gaps and monitoring deficits;
development of case studies for exemplary transboundary analysis of data;

E N

upgrading of water quality monitoring statiomsWestern Dvinaiver;



1 comparison of methods commonly used for river basin analysis in the three countries;
1 deficit analysis about the minimal additional data needs for the development of a
science basel¥WVRM concept.

Basically, the stages of IWRM implementation canllostrated as it is showon Figurel.

Development Objectives

National
' Goals ‘

Monitoring and Water Resources
Evaluation of Issues Assessment
Progress IMPLEMENTATION

Enabling Environment
Institutional Structures
Management Instruments

Infrastructure Development
Actions of Water Resources

Implementation Policy/Strategy

N e W

Implementation
Plan

Figure 1: Stages of IWRM implementation (http://www.un.org/waterforlifedecade/iwrm.shtml)

Consideringthe concept of IWRMthis work is aimed at an improvement of water
resources management in three studied transboundary river basins considering the best Europe
practices and national legislations and experience.



Chapter I. European Directives, National and Transnational Lgislation for an IWRM

1.1 European Directives

The European Water Framework Directive (WFD 2085 the following key aims:
1 Expanding the scope of water protection to all waters (surface waters and
groundwater).
T Achieving fAgood s teaandigoad pdtential ofahkalily maalified r
water bodiegHMWB) by 2015 (may be extended to 2021 or 2027 at the latest).

The main principles of EWFD concerning assessment of the quality of natural water and water
resources management could be summaasadadllowing:

1 Ecological, chemical and quantitative criteria (groundwater without ecol. criteria)
Ecological means biological, hydromorphological and physlwemical quality
A water body fails in achieving the goal by missing only one of the criteria
Exemptions are possible if justified.

= =4 =4 A

Water management based on river basins; for transboundary river basins: one
international River Basin Management Plan (RBMP)
1 A combined approach of emission limit values at the source and quality standards in the
environment
1 Pricing policy and economic instruments:
ofinrecovery of costs for water service
costs
o polluterpays principle
0 incentive pricing
0 cost effectiveness analysis for measures in Program of Measures (PoM)
1 Public partcipation:
o balancing the interests of various groups
o increasing liability, enforceability, transparency
0 enabling, and allowing for, consultation and complaints procedures/courts
0 involving citizens, interested parties, NGOs
1 Streamlining legislation and estehment of a common and coherent framework:
0 getting rid of old, now redundant or outdated legislation.



What are the key actions that Member States need to take? (EC 2003)

T

To identify the individual river basins lying within their national territory asdign them

to individual River Basin Districts (RBDs) and identify competent authorities by 2003
(Article 3, Article 24).

To characterize river basin districts in terms of pressures, impacts and economics of
water uses, including a register of protectezha lying within the river basin district, by
2004 (Article 5, Article 6, Annex I, Annex IlI).

To carry out, jointly and together with the European Commission, theaalieration of

the ecological status classification systems by 2006 (Article 2 Azidex V).

To make the monitoring networks operational by 2006 (Article 8).

Based on sound monitoring and the analysis of the characteristics of the river basin, tc
identify by 2009 a PoM for achieving the environmental objectives of the WFD cost
effectively (Article 11, Annex III).

To produce and publish River Basin Management Plans (RBMPs) for each RBD
including the designation of heavily modified water bodies, by 2009 (Article 13, Article
4.3).

To implement water pricing policies that enhance the saidity of water resources by
2010 (Article 9).

To make the PoM operational by 2012 (Article 11).

To implement the PoM and achieve the environmental objectives by 2015 (Article 4).

Other pieces of legislation must be coordinate@BMPswhere they formthe basis of

the programs of measures, this concerns:

T

EU-Floods Directive(Directive 2007/60/EC)Flood Risk Management Plans (FRMP)
shall considerthe relevant environmental objectives of the WHe first cycle of
FRMP endsby 2015.

Council Directive 9/676/EEC of 12 December 1991 concerning the protection of waters
against pollution caused by nitrates from agricultural souNitsites Directive

Council Directive 91/271/EEC of 21 May 1991 concerniniganwastewatetreatment
Drinking Water Directie (Council Directive 98/83/EC of 3 November 1998 on the

guality of water intended for human consumption) concerns the quality of water intended
for human consumption. Its objective is to protect human health from adverse effects of
any contamination of wat intended for human consumption by ensuring that it is
wholesome and clean. (http://ec.europa.eu/environment/waterwater
drink/legislation_en.html).

Bathing water DirectivgDirective 2006/7/EC of the European Parliament and of the

Council of 15 Februar006 concerning the management of bathing water quality and
repealing Directive 76/160/EEC) (http://eurlex.europa.eu/legaiontent/EN/TXT/?uri=
CELEX:32006L0007).



1 The Baltic Marine Environment ProtectionCommission (HELCOM) is an
intergovernmental orgaration governing the Convention on the Protection of the
Marine Environment of the Baltic Sea Area (Helsinki Convention). HELCOM works on
protection of the marine environment of the Baltic Sea. Contracting parties of HELCOM

are, among others European Unibatvia, Poland and Russia.

1 The Commission on th&rotection of the Black Sea Against PollutiBlack Sea
Commission). The Black Sea Commission comprises one representative of each of the
Contracting Parties (Bulgaria, Georgia, Romania, Russian Fedgrafiorkey and
Ukraine) to the Convention on the Protection of the Black Sea Against Pollution.
Concrete activities are based on the Convention on the Protection of the Black Ses
Against Pollution, The Black Sea Strategic Action Plan, coordinated withnahtamd
regional projects/activities, International Financing Agencies, and national and regional
policy measures and overall efforts of the countries to restore and preserve the
environment of the Black Sea.

For a wide and common policy for the WFD erfement a Common Implementation
Strategy(CIS) wasdeveloped.

1.2 Poland
As a member of the EU, Poland falls under jurisdiction of European laws. The national

regul ations on the management of water resc
version of 2001, Poland failed to transpose certain provisions of tR&/ED (Tomasik2016).
TheNew Water Law(2017) has changes in:

1) Water Fees (for water intake):

1 many exemptions abolished,;

1 increagd fees;

7 introduces fixed and variable fees for water services;

1 calculation and collection done by Polish Waters (as opposed to calculation by the users
themselves).

2) Fundamental restructuration of public institutions:

T Nati onal Wat er Hos di fPaG&GPowWowd Waspodar
Polskie), instead of local governmental bodies;

1 one unified organizational unit;

{ focus on various water management issues, e.g. 4@aepermit issuanceTpmasik
2016), water law assessments i nspecti ons, operation of
Wat er Registry) (Robakowska and Wagkowsk

3) New wateflaw assessment mechanisms (ocena wodnoprawna):

1 more comprehensive environmental impact assessments (also for smaller investments the

terded to be exemptomasik2016);



T additionally, the St at emplionédransactipns mmlvigs t
|l and covered by inland standing waterso
the respective starosfae. county executives/local governments) to prevent certain real
estate transactions with potentially negative outcomes for the environment.

4) New nitrate limits and reductioof obligations for all agricultural producerS¢ r z a g k o w
2017).

Basic planning documents required by the WFD and the Water Law (2017) include the
National Water and EnvironmentBrogram (NWEP) as well as RBMRSWEP defines basic
and complementary activities aimed at improving or maintaining gester status in individual
river basin districts, including actions aimed at promoting effective and sustainable use of watel
in order to prevent the threat of environmental goals and to optimize the principles of shaping
water resources and condition§ their use, including actions to control water abstraction.
NWEP is reviewed every 6 years and updated if necessary. The summary of the NWEP is a ke
element of the RBMPs.

The National Wat er Management Aut hor it
coordination, preparation and production of the NWEP and RBMPs. The first NWEP of the
country was approved in 2010. The NWEP update was approved in 2016. Furthermore, Polisl
Waters provides advice on flood and drought control. Regional Water Management &eards
responsible for reporting, public information and consultation. The responsibility of
implementation of WFD is split between a large number of national and regional authorities. The
Regional Water Management Boards for Vistula is the RZGW Warsaw.

According to the Regulation of the Council of Ministers of January 12, 2018, all matters
related to water maagreement were transferred to the Ministry of Maritime Economy and
Inland Navigation. In the past, at the Ministry of the Environment (Source: z Razpdd z e n i
Rady Ministr- -w z 12 stycznia 2018 r. Z mi e
Mi ni sterstwa Gospodar ki Mor ski ej i teglugi

The first RBMPs for the planning cycle 26@809 were drafted in line with the WFD in
2009. Wrresponding to WFD and Water Law, RBMPs have to be review and updated every 6
years. The RBMPs for the second planning cycle 2015 aimed at reaching or maintaining at
least good status of waters and ecosystems that depend on them, improving thoef staters
resources, improving the capability of using the waters, decreasing anthropogenic pressures ar
their impact on the status of waters and improving flood protection. Poland has drafted the
second update of the RBMPs (202®21), however, publicain in the Polish Official Journal is
pending.

The Ministry of Environment created a special group for public participation at the
national level, which is responsible for coordinating the public participation process and for
preparing and publishing relevainformation. A National Water Forum will be organized twice
a year with the task of promoting a dialogue between public and private stakeholders with &
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strategic impact on water management issues. For further relolestt laws and regulations in
thewater sector seénnex 1.

To sum up, AThe Polish water management
of basic principles and instruments. In addition, the systems of spatial planning and water
managementra well integratedHedinet al. 2007).

1.3 Belarus
Belarus is not a member of the EU, but EU directives progressively play a role in the

field of water management. Water resource use and protection is regulated by three differen
types of legislative documents:
a) constitutional norms,
b) legislative acts adopted by the President and the Parliament and
c) regulatory acts issued by the executive authorities (Council of Ministers, the Ministry
of Natural Resources and Environmental Prabectand the Ministry of Finance
etc.).

Water legislation is based on the Constitution of the Republic of Belarus and on the law
on Environmental protection. The main legislation concerning water management is the Watet
Code.

Law of the Republic of Belars =~ IX9uBu as of November 26,
of the Environmento is an integral prerequi
and economic development of society. It stipulates the bodies undertaking state administration il
thesphere of environmental protection. Among them are:

1 President of the Republic of Belarus;

1 the Council of Ministers of the Republic of Belarus;

1 the Ministry of Natural Resources and Environmental Protection and its territorial

bodies;

1 other specially empvered Republican bodies of state administration and their

territorial bodies;

1 local Councils of Deputies, executive and regulatory bodies within the scope of their

competence.

The new Water Code of the Republic of Belarus (2014) replaces the 1998 Ctateel
since May 2015, it is the principal legal act for pursuing state policy for sustainable
devel opment , and protection and rehabilita
resources. It introduces the following main innovations:
1 Advisory rivers basin councils apply a River Basin Management Approach. Before,
responsibility for the rational use of water and its protection was administrated within

11



the boundaries of administratiterritorial units of the Republic of Belarus and the
catchmengareas.

RBMPs are developed for the integrated water resources management of the mair
river basins.

Ecological state of surface waters is assessed using hydrobiological, hydrochemical
and hydromorphological indicators as part of the National Environmeraaitdfing
System NEMS.

Belarus puts particular effort into harmonizing its watdated legislation with EU

legal acts, which is among the goals of the Water Strategy until 2020. There are a
number of recently adopted technical regulatory legal act$alaw the relevant EU
regulations but need to be made applicable for the conditions of Belarus through
implementing various administrative, technical, capaoiijding and other measures

National policy documents and state programs are:

T

=4 =2 =4 -4

National Plan ofActions on rational use of natural resources and environment
protection in the Republic of Belarus for 26810 years.

Water Strategy until 2020.

National Sustainable Development Strategy for the period up to 2020.

Main environmental policies of the Rdpic of Belarus for the period up to 2025.
State Programme for water supply and s
State Programme for Development National Monitoring System of Environment in
the Republic of Belarus for 2032015 years.

The Ministry of Natural Resurces and Environmental Protection (MNREP) is
responsible in particular for:

T

the development of a common state policy on environmental protection and the
rational use of natural resources and also on hydteorological activities;

the coordination othe activities of other state authorities, local relevant executive
and controlling authorities;

the control of the activities in environmental protection, guaranteeing information on
the state of the environment, and ensuring that protection and semitegasures are
taken UN 2003.

MNREP develops draft environmental legislatioonsideringthat Belarus aims for an
adaptation onto European Unionds body of en
UN (2005 assessed that o remains to be done to harmonize the national legal acts

wi t h

the EU body of environment al | aw. Furt

declarative and does not set forth concrete mechanisms to enable individual citizens to asse
their night to obtain environmental information, to take part in decisnaking and to be

12



compensated for damage suffered as a resul
Law on Environmental Protection has no priority over other laws (like legislat land, water,
forestry, mineral resources, flora, and fauna). Therefore, it cannot play its role of framework law.
This creates uncertainty and possible inconsistencies in the implementation of the legislation
ANone of t he | aws albow thes nuildern, the lenatchyyand ghe eympiosal
procedure of secondary legal acts. The consequences are that the implementation of th
| egi sl ation might be delayed and fl awed. 0

1.4 Latvia
Latvia joined the EU in 2004. The National Water Management was adopted to

comply with WFD in 2002. The primary national river basin authorities in Latvia are the
Ministry of Environmental Protection and Regional Development (MEPRD) and the Latvian
Environment, Geology and Meteorology Centre (LEGMC).

MEPRD is respnsible for the transposition of the WFD into national legislation and
ensuring the implementation of WFD. It develops the river basin management plans, coordinate
the implementation of the PoM, and ensures the work of the RBD advisory couDellgava
river basin distric(EC 2012b). A schematic overview givieggure2. LEGMC is responsible for
the implementation of the specific tasks set out in the Water Management Act and other lega
acts such as:

1 EnvironmentaProtection Law (Latvia).

1 Law on Water management (2002).

1 Law on Water management Servic&xists theproblem, that only part of water and
wastewater services is regulated by the Public Utilities Commission (problems with
tariffs, proper maintenance amivestments). Since 2016, water consumption has to be
metered in all households.

1 Fishery Law.

1 Forestry Law.

=

Law on Environmental Impact Assessment (Latvia) (2005). These documents are
harmonized with the respective EU Directives.

Law on Environmental Protéon (Latvia).

Law on Pollution (2001): implementation of Council Directive 96/61/EC.

Waste Management Law.

Regul ation No. 118 (2002): ARegul ati ons
Groundwaterso.

= =4 4 A

1 Regulation No. 34- "Regulations regarding Disahge of Polluting Substances into
Water" (2002).

1 Regulation No. 736 "Regulations Regarding a Permit for the Use of Water Resources";
(2003).
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1 Regulation No. 857- "Regulations regarding Procedures for Ascertaining of
Groundwater Resources and CriteridQufality” (2004).

f "Regul ations on the Protection of Water
Agricul tur al Sourceso, Cabi netA MihistmMof ni s
Agriculture in cooperation with the Ministry of Environment develbpet he A Ac
Programme to protect water and soil against pollution caused by nitrates from
agricultural S 0 u-progeasiralLatvia2nirdiedeductomrdoc)AA Code 0 n
of Good Agriculture Practice (GAP) (I part, Il part) (for details see:
http:/www.varam.gov.lv/eng/darbibas_veidi/industrial_pollution/). GAP Code is a part
of the harmonization of the Latvian legislation with both the EU legislation and
HELCOM recommendations.

T "Regul ations Regarding Util i s atudgeandth&oni
Compost thereof o, Cabinet of Ministers F

develops N reduction » | diffuse pollution
programmes i

Ministry of Agriculture |~

/' \ / —— maintance —»| drainage system

monitors rivers, lakes - \ participates Ministry of Health
' dinat -
- and groundwater prepares coordinags participates Health Inspectorate canole-p: drinking water quality
\ / N

develops and coordinates \ participates monitors
monitors coastal and / Bathing water
transitional waters River Basin Management Plan | ¢——— reyiews —
\ Advisory Council of RBD ) ¢ participates
Monitoring programme /

participates \ el
/ \ Ministry of Economy |— ;‘ﬁigfs—b hydropower

participates participates

pervises implementation / \
State Environmental Service and R : drinking and sewage
——organise ——p»
[their Regional Environmental Boards (CA for permiting)] TR ge water systme

apply for water or waste

approves

approves

\

[Ministry of the Environmental Protection ]

and Regional Development

(CA for WFD) issues or rej& water treatment permit
_plpermi]
__requests © K.Veidemane
a developer/applicant

Figure 2. Responsibilities in the water sector

The RBMPs were approved by the Order of the Minister of Environment 2010PRBM
and PoMs are planning documents which are approved by resolutions. They are legally binding
but cannot contradict existing laws. They are binding to all institutions subordinated to the
Ministry of Environment and have to lsensideredvhen adopting iternal legal acts. However,
the plans are not binding to individuals. The RBMPs are linked with the other sectoral plans, of
which the most important are: Environmental Policy Strategy iZ2@Bb, National Flood Risk
Management Strategy 20@®15, National Development Plan 2007013, Regional
development plans (depending on a RBD), HELCOM, and EU directives.

Article 10 of the National Water Management Law specifies international cooperation in
RBDs. It distinguishes between RBDs shared with EU member stdpsctively candidate
countries, on the one hand, and countries outside the EU, on the other hand. In the former cas
the MEPRD fAshould cooperate with the <comp
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establ i sh and man a gHedirehal 2007). & tha latter case, ahe MEPRID 0
Ashould cooperate with the competent aut h
achieving the objectives of the | aw for the

There is a clear link beten spatial planning and water management issues by setting up
relevant requirements in the Governmental Regulations on Local Spatial Plans and District
Spatial Plans adopted in 2004 and 2005, respectively.

1.5 Russian Federation
In RussianFederationthe water legislation consists of the Water Code, other federal

laws and laws of the constituent territories of the Russian Federation adopted in accordance wit
the Code and applicable federal law$he Ministry of Natural Resources and Environment
(MNRE) is responsible for public poliesnaking and regulation in the field of the study, use and
conservation of natural resources, including the subsoil, water bodies, forests, fauna,
hydrometeorology, wastewater, environmental monitoring and pollution condiRE
coordinates and supervises the Federal Water Resources Agency, the Federal Superviso
Natural Resources Management Service, the Federal Service on Hydrometeorology an
Environmental Monitoring and the Federal Subsoil Resources Management Agency. The
Russian Water Association (RWA), establ i sh
joint efforts to improve the performance of the Russian water enterprises through reform and
modernization, to liaise with the international water community, andéopr e sent t he
waterrelated interests abroad. The Federal Supervisory Natural Resources Management Servic
is responsible of nature management. Amongst dtimetions,it controls and supervises the use
and protection of water bodies. The Fetl&earvice on Hydrometeorology and Environmental
Monitoring carries out the functions of state property management and provision of public
services in the field of hydrometeorology and monitoring of environmental pollution.

Basin districts are the primannii of management in the field of the use and protection
of water bodies. They consist of river basins and associated groundwater sources and seas. The
are 20 basin districts in the Russian Federa#lanong them is Dnepr and Baltic basin districts,
which cover territories of case study river®esna and Western Dvina rivers respectively. On
the water basindevel, it is obligatory to formulate Basin Schemes of Integrated Use and
Protection of Water Resources (SKIOVR in Russiatgwever it is also posble to formulate
Afwater management s che.BEIGUR isfdone fortthle eatctiRnerg and ia n
obligatory. Some regions can do additionally water management schemes.

All data related to the water use agreements, decisions to grant wates fmydihe use,
assignments of rights and obligations under water use agreements and terminations of water u:
agreements is hold through the National Water Body Register which is a structured domain of
documented information on water bodies owned by th@eral government, constituent
territories of the Russian Federation, municipalities, natural persons or legal entities, on their use
on river basins and basin districts.

15



According to Water Code (2006), the following main principles are applidabléhe

water legislation system in Russia:

T

Significance of water bodies as the basis of human life and activities. Water relationships
are governed based on the understanding of water bodies as an essential environment
component providing habitat for animalnd plants, including aquatic biological
resources, as a natural resource used by humans for their personal and domestic needs
well as for economic and other types of activity, and also as an object of property and
other rights.

Priority of the pro¢ction of water bodies over their use. The use of water bodies shall not
have an adverse impact on the environment.

Conservation of specially protected water bodies; the use of which is restricted or
prohibited by federal laws.

Intended use of water badi. Water bodies can be used for one or more purposes.

Priority of the use of water bodies for drinking and domestic purposes over any other
purposes of their use. Water bodies can be allocated for other purposes only if water
resources are sufficient.

Paticipation of public and social groups in resolving issues related to the rights in water
bodies as well as to their duty to protect water bodies. Citizens and social groups have the
right to participate in decisiemaking process where the implementatioh such
decisions may have an impact on the use and protection of water bodies. Governmen
authorities, local selfjovernment, parties involved in economic and other types of
activity shall ensure such participation in a manner and in accordance witlo¢eeyres
established by the laws of the Russian Federation.

Equal access for natural persons and legal entities to the right to use water bodies exce|
as provided by the water legislation.

Equal opportunities for natural persons and legal entitiegdai ownership of water
bodies which can be owned by natural persons or legal entities under this Code.
Regulation of water relations within the boundaries of basin districts (a-lhasad
approach).

Regulation of water relations with account taken atex regimes in water bodies, their
physiography, morphometry and other features.

Regulation of water relations based on the interrelationships between water bodies anc
waterworks which form a water utility system.

Transparency of watarse issues. Decigig regarding the grant of water bodies for the
use as well as water use agreements shall be made available to any person except for su
information, whichis classified as restricted under the laws of the Russian Federation.
Integrated use of water bodié/Nater bodies can be used by one or multiple water users.
Use of water bodies on a fee basis. Water bodies shall be used for a fee except a
otherwise provided by the laws of the Russian Federation.
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1 Economic incentives to promote conservation of watelids. A fee for the use of water
bodies shaltonsidemwwat er user s0 expenses related t

1 Use of water bodies in areas of traditional residence of small indigenous peoples of the
North, Siberia and Far East of the RussianeFatibon for their traditional water uses.

In case of transboundary rivers, additional legislation is developed using bilateral and
multilateral agreements which regulate the water policy. In case of Western Dvina River, the
following international enviromental agreements are applicable:

1 The Convention on the Protection and Use of Transboundary Watercourses and
International Lakes, 17.03.1992, Helsinkihttp://www.unece.org/env/water.

1 The Protocol on Water and Health to the Convention on the Protectiotssaf
Transboundary Watercourses and International Lakes, 17.06.1999,
Londonhttp://www.unece.org/env/water/text/text_protocol.html.

1 The Convention on the Protection of the Marine Environment of the Baltic Sea Area,
17.01.2000, Helsinki, http://www.helcofi.

The last IX meeting of joint RussidBelorussian commission on transboundary water
resources protection and management was held in May 2017 in Moscow (Russia).

1.6 Ukraine
I n February 1997, the Parl i amentfor®hiproUk r g
Basin Rehabilitation and | mprovement of, Dri

the first national environmental programme in Ukraine based on a water basin approach. A
similar environmental program is being considered by Belarus.

Wa er relations in Ukraine are regul ated
Nature Environment Protectiono and the ot he
is already adopting an integrated basin approach (Cf. Art.Xpbygideringi awat er s 0 wi
Ukrainian territory, specifies the ownership of groundwater and surface waters and regulates thi
management, the conservation and use of the water resources. It also regulates the institutior
competencies between governmental stakeholdersvater sector. The last edition from
28/12/2014 together with the amendments passed on October 4, 2016 has completed tf
harmonization with the WFD.

The current legal framework for EUkraine relations is provided by the Association
Agreement (AA), whichreplaced the Partnership and-Queration Agreement (PCA) in 2014.

The signing of the political part of the agreement on March 21, 2014 made a step forward to the
implementation of the results of 10 years work of Ukraine on harmonization/approximation of
environmental legislation to the EU legislation, particularly the EU WFD. Under this AA,
Ukrainehasto transpossix water related directives:

1 Water Framework Directive 2000/60/EC,
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EU Floods Directive 2007/60/EC,

Marine Strategy Framework Directive BJB6/EC,
Urban Waste Water Directive 91/271/EEC,
Drinking Water Directive 98/83/EC and

Nitrates Directive 91/676/EEC.

There is an implementation plan for all of these directives. Most importantly, the Water

Code was revised on 4/10/2016 to transposeD\WFloods Directive and Nitrates Directive. In
addition, there are working groups constituted for drafting of secondary legislation, with the
support of Elfunded APENA project.

In 2009, the State Program on Water Sector Development up to 2020 was attopted

addresses climate change adaptation issues, and the implementation of river basin managems
principles. The main directions of the National Water Program are:

1

Development of water management and faralioration by improving ecological status

of draned and irrigated areas.

Providing rural population with centralized watarmply.

Protection rural settlements and agricultural land from negative water influence.
Integrated flood control and protection areas within the Tisza, Dnister, Prut and Siret
river basins.

Ecological enhancement of the Dnipro river basin and drinking water quality
improvement.

Implementation of integrated river basin approach in water management.

As it has already mentioned, Ukrainian national legislation in water sector hafiaomonised
with European oneonsideringhe AA and requirements of related EU directives. However, for
the time being the following laws and normative acts are still in force:

A. Normative acts establishing rules and basic principles or characteristicsf different
hydrometeorological and Environmental monitoring activities or results of such
activities.

1

Law of Ukraine AO0On Hydr oMb/t 18.62c1890 gn faree) A
current version of 07.03.2018). The law establishes basic legal, eoorsmuial, and
organisational principles of hydrometeorological activity in Ukraine; among others, the
legal status of the National Hydrometeorological Service and staff.

Law of Ukraine AO0On Envi r-Xln 250619 (in forcep t e «
current version of 18.12.2017). The law establishes legal, economic, social, and
organisational principles of environmental protection on favour of today and future
generations.
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T Order of the State Hydrometeor!| oginelygl S
high pollution of the Environment which are used in the system of Hydrometeorological
Serviceo (75, 31.05.1993.

1T Decree of the Cabinet of Ministers of Ul
Environment al monito3lPA8)y systemo (-~ 391,

T Decree of the Cabinet of Mi ni sters of U
monitoring of watero (- 815, 20.07.1996)

T AProgram of i mpr ovement o f the quaaity
pollution and monitoringo. Approved by
Nat ur al Resources of Ukraine (- 57, 08. |

basic observations network of the Hydrometerological Service of the Ministry of Ecology
and Natural Resources of Ukraine.

T Order of the State Emergency Service of
operational and regime information conc
23.12.2013).

1 Order of the State Emergency Servicelbk r ai ne A On changes t
preparation, processing and submitting by hydrometeorological organisations, institutions
of the State Emergency service of Ukraine the regime information concerning pollution
of the EnvironmenChbafhgée51l1toléheoOz2de6) -

B. Hydrology

T Water Code of Ukraine. Decree of 2003198 Su
BP (current version 04.06.2017). Water Code promotes the forming ot&ctiegical
order and providing of ecological safety of tpeople of Ukraine as well as more
effective, scientifically proved use of water resources and prevention of water resources
from pollution and exhaustion.

1T Decree of the Cabinet of Ministers of L
water cadastrma nage mdid B3¢ (O 8).Cardent tedsidroof 07.06.2017.

T Order of the State Emergency Service o
recommendati ons on the state water cada
watere®9,( 03.12.2015) .

1 Orderofthe Min st ry of Ecol ogy and Natur al Re s
List of polluting substances for determination of chemical status of surface and ground
water bodies and ecological potential of artificial or heavily modified surface water
body d506.02.2017).

C. Water quality
T Law of Ukraine AONn assess neOnBtdl, 28/05.2B17 Mni 1 O T
force). Law establishes legal and organizational principles of Environmental assessmen
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aimed at prevention of harm to the Environment; progdiacological safety,
Environmental protection, rational use and rehabilitation of natural resources. Law takes
into account decision making process regarding industrial activity which can significantly
influence Environment and considers state, publicpaivéite interests.

AMet hodol ogy of ecol ogi cal assedsment ep
(approved by the Order of the Ministry of Environmental Protection and Nuclear Safety
of Ukraine ~ 44, 1998) .

Nor mati ve document AEnvironment al prote
Organization and performing of observations of swfe water pol | u
211.1.1.1062003). This document sets up requirements for organization and performing
of regime observations of surface water pollution on physical, chemical, hydrobiological,
and toxicological indicators.

ALIi st of méabbe concenmatiens dnd raumhly safe levels of impact of harmful
substances for the fishery water obpect
USSR (03-111,209.08.1990). Legal status of this document is prolonged by the Order
of the Ministry of Emergency Sitwuations

1.7 Transnational legislation and working groups
An agreement on collaboration in the spherevafer resources management on transboundary

waters between the Government of Ukraine and Government of Republic of Poland has bee
signed on 10.10.1996 (in force in Ukraine since January 1999). According to Agreement
UkrainianPolish collaboration coverké following main activities:

T

= =4 4

Conducting of hydrological, hydrometeorological, and hydrogeological studies,
observations and measurements and providing assessments of the results; data exchang
Joint studies aimed at identification of the quantity andityuaf water resources taking

into consideration of radioactive substances.

Working out of water management balances taking into account of water resources
guantity and quality; harmonization of joint assessments and water quality classifications.
Agreemat of water abstraction for population, industry and other water consumers.

Water redistribution between transboundary water objects and other basins.

Surface and ground water protection; providing of water quality control and prevention of
water overabstaction.

Construction on transboundary water objects and development of hydro technical
facilities with the aim of water resources utilization.

Regulation and saving of water; protection of river channels and lands between the dikes.
Flood and dangerouse events protection.

Prevention and mitigation of consequences of transboundary water pollution.

Agreement of technical conditions for the construction of new and reconstruction and
exploitation of existing bridges, flood protection and other hydroieahfacilities, as
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well as pumping stations, water abstraction units, sewage water discharge units, irrigation
objects, pipelines, electricity and communication grids, etc.

1 Materials excavation from rivers and reservoirs.

1 Joint use of facilities and egument located on transboundary water objects; their proper
maintenance; agreement of technical conditions for their exploitation.

1 Construction of hydrotechnical installations preventing fish passes to the water
abstraction units.

1 Conducting of the joihexpertise of industrial and otheuctivities, whichcan affect
transboundary water objects.

The XVI Meeting of UkrainiasPolish Commission ohoundary waters affairs took place
on 14.09.2017 itdoczew, Poland. Protocol envisages further tight colkziimn of the Parties to
the agreement aimed at improving of transboundary water objects quality by the mean of
resolving water management issues at the basis of -geigibourliness and mutual
understanding.

Exists an agreement between the Cabinet of Mirgsof Ukraine and the Government of
Republic of Belarus on joint use and protection of transboundary waters (signed 16.10.2001
approved by Decree of the Cabinet of Minist
Ukraine 03.06.2002).

In 1992 an agreement between Ukraine and Russian Federation on joint use and
protection of boundary water objects was signed by the Government of Ukraine and Russiar
Federation (in force since 19.10.1992). Cooperation covers the basins of Dnipro, Desna
SiversykyyDonetsy and rivers of the Sea of Azov region.

According to the Agreement, the 19th Meeting of Commissioners of the Parties was held
on June 1214 2013 in Slovyansyk (Donetsyk Region, Ukraine). It was envisaged to organize the
next 29" Meeting on Il quater of 2014 in Russian Federation.

The aims of UkrainiaiBelarusian and UkrainiaRussian Agreements are basically the
same as for UkrainiaRolish Agreement.

Basin Councils
A) Western Bug Basin Council
Western Bug Basin Council was established on32@D6. Three meetings of the Basin Council
took place since:

1 1tMeeting: 17.03.2006 in Lutsyk;

 2"9Meeting: 30.11.2006 in Lviv;

f 39Meeting: 12.06.2012 in Lutsyk.

International collaboration in Western Bug Basin is coordinated and implemented by

WesternBug Basin Water Resources Authority of the State Agency of Water Resources of
Ukraine (main office is in Rivne, Volyny Region).
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The key aspects of international collaboration are the following:

1 joint work in groups and commissions on collaboratiorboandary water objects with
Republic of Poland and Republic of Belarus in the sphere of water quality control and
joint use of water resources;

1 joint work with the Regional Authority of Water Management in Warsaw (Poland) and
Brest Regional Committee of &ter Resources and Environmental Protection (Belarus);

1 participation to international basins organizations;

i participation to international projects and coordination of fund raising activities and
investments aimed at improvement of the Basin ecologidaissta

B) Dnipro Basin Council

In 1995, the Ministers of Environment from the Republic of Belarus, Russian Federation,
and Ukraine signed the Memorandum on Cooperation for the Dnipro Basin Rehabilitation
expressing their intention to work together and ptiwir resources. On the basis of this
document, financial support and technical assistance was sought from the Global Environmen
Facility (GEF) for the development of the international programme for environmental
rehabilitation of the Dnipro Basin.

The self-standing GEF Program was approved by the GEF Council and launched in
December 1999 in order to provide financial support and technical assistance to the Republic c
Belarus, Russian Federation, and Ukraine. The main goal of the programme was tp ttevelo
Strategic Action Program for the Dnipro Basin and the mechanisms for its implementation. The
Program consisted of two stages: i) the first stage-2008; ii) PDF B Stage 2008008.

One of the output activiti e ®thed counthes wilPr o
have a functioning International Dnipro Basin Council to include representatives of all Dnipro
Oblasts, representatives of relevant ministries, the project implementation unit and various
representatives from the civil society indlugl scientific institutions, private sector and NGO
representatives. The Council shall have specific functions assigned by the SAP and shall meet .
|l east annuall yo.

Coordination Meeting to establish the Basin Council of Dnipro River took place on
09.12.2@9 in Energodar (Zaporizyka Region, Ukraine). No further official information
concerning activities of the Council is available. It was reported that'tideéting of Dnipro
Basin Council was heldn 22.11.2012n Cherkassy region (Ukraine).

It was plamed to conclude a trilateral agreement between the governments of Latvia,
Belarus and the Russian Federation concernirgperation in the Western Dvina river Basin in
2003. The Latvian government approved a draft agreement, but it was not signed iAf603.
joining the EU on the 1st of May 2004, water quality became a topic of shared responsibility
between the Member States and the EUoferation agreements were on the list of topics to be
discussed during higlevel meetings of the EU and Russiamewer, this has not led to renewal
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of the negotiations concerning river basin management agreement. Latvia has no frameworl
agreement with Belarus and Russia oroperation in river basin management and therefore it is
not possible to plan joint activiseor develop management plans with smo@mber countries.

Between Latvia andelarus,the following agreements exist:

1 Agreement between the Government of the Republic of Latvia and the Government of the
Republic of Belarus on Cooperation in the field ofiemnmental protection (1994).

1 Agreement between the Government of the Republic of Latvia and the Government of the
Republic of Belarus on basic principles for transboundary cooperation (1998).

1 Agreement between the Ministry of the Environment of the Rigpob Latvia and the
Ministry of Natural Resources and Environmental Protection of the Republic of Belarus
on cooperation in protection and sustainable use of protected transboundary nature
territories (2010).

Between LithuanialLatvia, the following ageements exist:
1 Agreement on Transfrontier Cooperation between the Government of Lithuania and the
Government of Latvia (1999FA0 2016)
1 Technical Protocol between Lithuania and Latvia on the implementation of river basin
managemet of three international river basin districts (Venta, Lielupe, Daugava) (2003)
A exists a commission.

Between BelarusRussia, thefollowing agreements exist:
1 Agreement between the Government of Republic Belarus and the Government of the
Russian Federiain about cooperation in nature protection (signed in 05.07.1994).

1.8 Résumé

Resuming the information of chapterrdye 1 was setup, partly based on the informatioriedin
et al. (200). The assessment is based on information that was published some years ago. Curre
activities, e.g. in Belarus and Ukraine, head in a direction that converge to the WFD.
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Tablel Principles of the WFD ahthe fulfilment in different countries).
(signs:- weakly applied; + partly applied; + applied)

WED principle Belarus Latvia Poland Russia Ukraine

River basin as unit - + + + +

International RBD/ + .\ . + +

cooperation - - ;
. . e +

River basin authorities - + + +

Water quality objectives, . . +

good ecol. & chem. status -

Economic analysis of wate . . +
use -
Combined approach fo . .\ +
point and diffuse sources -
Management plans fo . .\ + +

RBD - -

Public participation - + + - +




Chapter Il. Monitoring programs

The design of appropriate measures to achieve environmental objectives can only be don

on the basis of adequate knowledge of the pressures, impacts and status affecting the wat
bodies. The WFD planning process is destyto deliver this knowledge base. Article 8 of the
WFD defines the requirements for the monitoring of surface water status, groundwater status an
protected areas. No environmental objectives are set for wetlands. However, wetlands that ar
dependent onrgundwater bodies, form part of a surface water body, or are Protected Areas. The
WED requires the establishment of two primary monitoring programmes:

)l
)l

the Surveillance MonitoringSM) and

the Operational Monitoring[OM) for surface waters and groundwatér the case of
groundwater monitoring, a separate quantitative monitoring programme is required.

The role ofInvestigative Monitorings also outlined as appropriate within each water
category section. These programs had to be operational by 2006.

Sunweillance Monitoringhas to provide information for:

T

)l
T
il

supplementing and validating the impact assessment procedure,

the efficient and effective design of future monitoring programs,

the assessment of long term changes in natural conditions and

the assessmeat long term changes resulting from widespread anthropogenic activity.

At least for a period of a year, the parameters indicative of all biological,

hydromorphological parameters and general physi@mical quality elements have to be
monitored.

The operational monitoringerves:

to establish the status of those bodies identified as being at risk of failing to meet their
environmental objectives, and

to assess any changes in the status of such bodies resulting from the programmes ¢
measures.

It is highly focused on parameters indicative of the quality elements most sensitive to the
pressures to which the water body or bodies are subject.

In specified cases, anvestigative monitoringnay be required:

M

e.g. when the reason for any exceedances of BEmaeatal Objectives are unknown,

1 where surveillance monitoring indicates that environmental objectives for a body of water

are not likely to be achieved and operational monitoring has not already been established
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The WFD allows Member States to tailor theionitoring frequencieaccording to the

conditions and variability within their own waters. These are likely to differ greatly from
determinant to determinant, from water body type to water body type, from area to area and fron
country to country, recogging that a frequency adequate in one country may not be so in another.
However, the key is to ensure that a reliable assessment of the status of all water bodies can |
achieved, and the reliability of that assessment in terms of confidence and preuisibie
provided. The lattelhas tobe published in RBMP3.able2 provides a guideline for the frequency

of sampling for various qualitative elements.

Table2. Guicklines for sampling frequency according to WFD, Annex V

Quality Element River Lakes Transitional/coastal
Phytoplankton 6 month 6 month 6 month

Other aquatic fauna, flora,

macroinvertebrates, fish 3 years 3 years 3 years

Morphology 6 years 6 years 6 yeas

Hydrology Continuous 1 month

Physiachemical (temp.,

oxygen, salinity, nutrients,

acidification) 3 month 3 month 3 month

Priority substances 1 month 1 month 1 month

Laszlo et al. (2007) state that the minimum frequency of sampling suggested byn\V¥pare

and time may not be adequate for a precise and accurate characterization of water quality. T
estimate the pollutant load which is transferred across Member State boundaries, and which i
transferred into the marine environment an enhanced sanfifkquency is necessary. The
legally binding requirements in WFD on transboundary river basins seem to be weak.

2.1 Latvia

The assessment for the first RBMPs was based on the Monitoring prograr2 6

Exist complains about insufficient monitoringograms:

1 EC (2015: Gaps in monitoring and assessment methods for surface water (e.g. biological
quality elements). Good Ecological Potential (GEP) needs to be established.
Improvements are needed in the pressures and impactsigralgsin particular for

hydro-morphology.

1 EC (2012b) There are significant shortcomings in the monitoring network, and
monitoring data is not available for the assessment of all water bodies. There are alsc

shortcomings on thdassification of chemical status.
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1 Not all of the relevant quality elements required for the surveillance monitoring included
in the design of the monitoring program are monitored, because of lack of the relevant
national assessment methods and a laclataf t establish quality class boundaries.

1 Monitoring of four priority substances (metals) and several other chemical pollutants
mainly metals and oil hydrocarbons. The selection of hazardous substances and priority
substances monitored was planned hose water bodies only: 1) where significant
amounts of such substances were discharged according to the permits issued by th
regional environmental authorities; 2) which are strategically significant for Latvia, for
instance, tranboundary water bodies.

1 In addition to that, selected water bodies were monitored in 2006 and 2007, to identify
prospective concentrations of several organic pollutants, for instance, polyaromatic
hydrocarbons PAH, monoaromatic hydrocarbons BTEX, and several organochlorine
subsances (solvents, pesticides etc.).

1 There was no separate operational monitoring for groundwater in Latvia within the
monitoring program for the period of 2006 2008. A quantitativegroundwater
monitoringprogram has been established. There has been nodyvater chemical status
monitoring to detect significant and sustained upward trends in pollutants.

1 In the vicinity of Riga and Liepaja upward trends of chlorides, sodium, potassium and/or
other ions indicative of saline intrusion or infiltration have rbeketected in the past.
These processes started in the 1970s due to intensive water abstraction; today they a
decreasing. Another area is identified where pollution of shallow grouedvgacaused
by numerous poingources; the monitoring network alloflowing up these processes
as well.

In 201Q a new Monitoring program was approved by the Minister of Environment for
20092014. There are several monitoring systems coordinated by LEGMC, which include
surface and groundwater as well as soil qualitynibeoing. These monitoring programs are
determined by th&lational Environmental Monitoring Program (20@hdNational Action Plan
for Environmental Monitoring (2002)

Several largescale screening projects have been implemented since 2009 in order to
assess water pollution and to obtain sufficient information for the improvement of the monitoring
programme. During these projects, the presence and concentrations of more than 20
substances/groups of substances (including sediments, wastewaters, sedggeastl fish)
have been examined. These studies significantly extended knowledge about surface wate
chemical quality in Latvia. The results of these studies also provide assurance that there are r
reasons for concerns about surface water chemical quality

Hydrological observations are carried out at 70 hydrological stations on Latvian rivers, lakes anc
reservoirs. LEGMC claims at its webpage that density of observation stations network is optimal
to ensure a sufficient base for the analysis of lakesriarats. Stations are fully equipped with
automatic devices.
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Operational monitoring in the parts of groundwater bodies considered as being at risk in the firs:
RBMPs was included in the monitoring program for 2002014 and is operated by the State
Geologcal Service.

Monitoring of marine waters is performed by the Hy&wology Institute of the University of
Latvia.

Agricultural runoff monitoring stations are established in tHomations (Dobele, Saldus and
CUsis Districts, (not in Daugava district))

2.2 Poland
Water quality monitoring is carried out under the State Environmental Monitoring

(SEM). SEM is a system of measurements, assessments and forecasts of the state of tl
ervironment and the collection, processing and dissemination of information about the
environment. The method of conducting research and assessment of water status is regulated
the Act of 18 July 2001 Water Law in Chapter 6a.
The implementation of the BD in the Polish legal system (since 2005) entailed many
changes in existing monitoring. The most important of them are:
1 monitoring planning and assessment of water status refers to uniform water body, not to ¢
river or measuring and control point,
1 introduction of new quality indicators (mainly biological),
1 the condition of waters is defined as ecological state and chemical state, not as clas:
quality,
1 new types of monitoring (diagnostic, operational, research and protected areas) and
1 monitoring planmg in cycles consistent with the cycles of RBMPs.

The assessment of the first RBMPsHB@ (2012ayevealed significant shortcomings in
monitoring. For the second update of the RBMPs (28016) monitoring of ichthyofauna and
hydromorphological elements was implemented and the reference conditions for all types of
rivers were supplemented, which allowed for a full assessment of the ecological status of waters
Since 2011, a fivstage classification of the ecological status ofamgr water bodies has been in
force, introduced by the ordinance of the Minister of the Environment of 9 November 2011 on
the classification of ecological status, ecological potential and chemical status of surface wate
bodies. According to this classifitton, the ecological status of waters is divided into very good,
good, moderate, weak and bad. AccordingEtd (2015, there are still significant gaps in
monitoring and assessment methods.

Monitoring of the Western Bug River married out under the SEM in the following
network:

1 Surveillance Monitoring at 13 control points (cp) (including monitoring of dangerous
substances1 cp).
91 Border monitoring 9 cp.
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1 Eurowaternet networks2 cp.

Currently, surface water monitoring is dgeed with reference to uniform water bodies
measurements. The Western Bug section is located in the province Lubelskie and includes 1
uniform water bodies and in the province Mazovia 5 uniform water bodies. Monitoring is carried

out on the basis of reqtions number 10 and 11 fromnnex 1 According to lhese regulations,

monitoring of Western Bug is carried out [
Horodgo, Dorohusk, Kuzawka, Kuzawka/ Kuk
K-zki, Drohiczyn, Nur, Br pNowaKBniaaE&s zczyk, Wy

In relation to the whole Bug basin, the Provincial Environmental Protection Inspectorate
(WI OS) established a Surveillance Monitorir
54 cp on uniform water bodies which: a) possibly fail¢hiave the environmental objectives, b)
belong to the monitoring of protected areas (Natura 2000 areas, which are sensitive to municipe
eutrophication) and c) are exposed to contamination with nitrogen compounds from agricultural
sources. The network isgsented ofrigure3 andFigure4.

Gnojno

’1.. Krzyciew
A AKumwkn/Knkm'_\,'ki

' Wiodawa
A iego w Orchéwku (387,1)

Dorohusk
A,

Legend
@ control points befor 2005
.. control points after 2005

w— Bug River

—— tributaries

[ water basin

Figure 3. Location of control points in the Western Bug river basin in Lublin Prov\iscerce:
WI O$ in Lublin)
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Legend

€@ control points befor 2005

control points after 2005
rivers

reservoirs

urban ares

Figure 4. Location of control points in the Western Bug river basin in Mazovian Province
(source: W OS in Warsaw)

2.3 Russian Federation
Water monitoring is regulated by the Wa€ode (2006). Monitoring includes the sectors

visualized onFigure 5. Surface waters monitoring; Hydromorphological monitoring (@hks
and bottom) and water protection zones and-skare protective belts moaiing; Ground
water monitoring; Water use and water supply system monitoring.

Water bodies monitoring

4 Surface waters\ nydromorphoIogical \ 4 N[ Water use and
monitoring and water protection water supply
zones and near Ground water systems
shore protective monitoring monitoring

belts monitoring

_ VAN L AN

Figure 5. Structure of water resources monitoring in Russia
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According to monitoring purposesggular, emergency and special types of monitoring
could be recognized.

Regular monitoring of surface waters includes monitoring of hydrological parameters
(water level and discharge, sediment concentration, temperature, ice phenomena and wats
quality), hydromorphology, water supply and use and conditions of water protection zones.
Regular monitoring at catchment level consists of hydrometeorlogical parameters (precipitation,
snow, temperature, soil humidity). Emergency monitoring is done during extratee level,
water quality and ice events.

Discharge measurements at Russian gauging stations are done at large rivers durin
spring floods. Between four and five measurements are performed before peak flow anc
between 88 times after peak flow. Smallvers are monitored-2 times at flow rising limb and
2-3 times at the descending limb. During ice conditions, discharge measurements are done evel
10-20 days, and during ice breakiipas often as possible. The frequency of water quality
measurement is ratated by RosHydroMet protocol éble3) based on gauging station level.

The list of hydro chemical measures is regulated by international standards. There are 3:
obligatory parameters measured plus additional pmamds: PAH, PCB, DDT, arsenic,
hydrargyrum. The following criteria of chemical matters assessment (MPC) differ due to
different economic activities are used: water pollution index (WPI) and specific combinative
water quality index (WQI).

1
WPl = —
nZ’MACi ,

where: C; T concentration of i pollutantMACi - maximum allowable concentration of i
pollutant.
WQI is being calculated iterative:
PR
ij ,
where:bmeanT mean value of multiples of MAC exceeding,icn u mber of [ ¢bgi e x c

MAC of if-compnents.
Sﬁ’.r: =$;+0.025+3

whereSyi i local assessment factor of MAC exceeding multiplescoimponent.
SI = Sal * Sﬁ[ ’

whereS - generalizecassessment score for few water bodies.
SA = ZS.,:,
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Table 3. Requirementsdr water quality monitoring at RosHydroMet stations

Monitoring Frequency
station rank Daily Each ten days Monthly Each hydrological seasons
(category)
1 Temperature, | Temperature, pH, | Temperature, pH, Temperature, pH, DO,
DO, DO, conductivity, | DO, conductivity, conductivity, sediment
conductivity, | sediment sediment concetrations, BOD, COD,
visual concentrations, concentrations, BOD| main ions, trace contaminants
observations | BOD, COD, main | trace contaminants | concentrations, visual
(2-3) trace concentrations, visual observations, nitrogen (nitrites,
contaminants observations nitrates, ammonia), phosphoru
concentrations, silicium, petrochemicals, SSAS
visual observations phenols, pesticides, heavy
metals
2 Visual Temperature, DO, | Temperature, pH, Temperature, pH, DO,
observations | conductinity, visual | DO, conductivity, conductivity, sediment
observations sediment concentrations, BOD, COD,
concentrations, BOD| main ions, trace contaminants
trace contaminants | concentrabns, visual
concentrations, visua observations, nitrogen (nitrites,
observations nitrates, ammonia), phosphoru
silicium, petrochemicals, SSAS
phenols, pesticides, heavy
metals
3 na na Na / available only | Extended program: temperatur
during high water pH, DO, conductivity, sdthent
events concentrations, BOD, COD,
main ions, trace contaminants
concentrations, visual
observations, nitrogen (nitrites,
nitrates, ammonia), phosphoru
silicium, petrochemicals, SSAS
phenols, pesticides, heavy
metals
Short program (allowed):
TemperaturepH, DO,
conductivity, sediment
concentrations, BOD, trace
contaminants concentrations,
visual observations
4 na na na Temperature, pH, DO,
conductivity, sediment
concentrations, BOD, trace
contaminants concentrations,
visual observations
whereSa - combinative water quality index.
S
wQl = Zf

where WQI - specific combinative water quality index for-nnumberof measured quality

components.
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2.4 Belarus
Observations of the state of the environment are conducted under the National

Environmental Moitoring System (NEMS). Monitoring is coordinated by the Ministry of
Natural Resources and Environmental Protection of the Republic of Belarus (Minprirody). An
overview givesFigure 6.

Overall management

Ministry of Natural Resources and Environmental Protection

Coordination

Inter-Ministerial Coordinating Board ‘

Institutions responsible for specific monitoring

Minustry of Natural Resources Ministry of Education Ministry of Forestry National Academy Commuttee of Land
and Environmental Protection of Sciences Resources, Geodesy
} } and Mapping
Atmospheric Radiation Groundwater Ozone Forest Geophysical Plant-life
Aur Monitoring Monitoring Monitoring Monitoring Monitoring Momitoring
Monitoring
[ | Land
Surface water Animal-life Local Monitoring
Monitoring Monitoring Monitoring

Source: Mimstry of Natural Resources and Environmental Protection. 2004

Figure 6. Responsibilities for Monitoring in Belarus

The main list of monitored parameters is providedAimnex 2. For each type of
monitoring there is an Information and Analytical Centret Blso,the Main Information and
Analytical Centre of the NEMS provides information. The NEMS program is heavily
underfinanced but its network is being expanded and the quality of measurements improved (
2005).

Monitoring of surface waters

Hydrological, hydrochemical and hydrobiological parameters are regularly observed.
Most observation points are near large urban areas and industries with a significant adverse impa
on the water environment. Since 2003 water sampling angisss\alas started at 11 transboundary
gauges. Since 200%vater quality has been monitored at 35 observation points on transboundary
rivers (Figure 7). There is no automatic monitoring station to ensure continu@isrvguality
monitoring in Belarus.
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Figure 7. Surface Water observation network (UN 2005)

Monitoring of the hydrological regime of the rivers and water bodies takes part at 8 am
and 8pm local time (waterdischarge according to water level, water temperature and
phenomena, and suspended and bottom sediments at some points). The Republica
Hydrometeorological Centre (http://hmc.by, http://www.pogoda.by/) implements hydrological
monitoring. Data are padf the State Water Cadastre.

The State Institution Republican Centre of Analytical Control in the Sphere of Protection
of the Environment (http://analitcentre.by/ru) monitors the state of surface waters using
hydrochemical parameters. Surface water quadiports use a watg@ollution index for chemical
quality and three indices for biological quality. For chemiqgahlity, the index is based on six
parameter$ dissolved oxygen, BOIB, ammonia, nitrite, oil products and zinc.

The State Institution Repubdn Centre of Radiation Control and Environmental

Monitoring (http://rad.org.by/) monitors the state of surface waters using hydrobiological
parameters (phytoplankton, phytoperiphyton, zooplankton and zoobentos, 3 times per year).

Monitoring of ground waers
Groundwater represents 93% of total drinking water supply in Belarus and its quality

generally meets drinkingiater standardsHowever, in some areas, groundwater quality is
compromised due to leaching from landfills, pesticide disposal sites, madotagessites and
abandoned military bases. At present, nitrate concentration in water in 70% of groundwater wells
exceeds the limit value. Monitoring of ground waters is organized and conducted by the
Republican Unitary Enterprise The Belorussian Rese&eblogical Exploration Institute
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(http:// geol ogy.org. by/) and CentraFigurel dr o
shows the locations of the monitoring stations.
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Figure 8. Geaecological stations

Sampling frequency of physical and chemical parameters is once a year, whereby grounc
water levels are measured 3 times a month (additionally: 101 automated gauges, four in Westel
Dvina). The Maximum Permissible Coentrations of Chemical Substances in Water Bodies for
Domestic Use and Amenities are used to assess the state. In natural and lightly disturbe
conditions, evaluation of ground waters quality is conducted according to Sanitary Norms and
Rules (SanPiN 1024 RB Drinking Water. Hygienic requirements for water quality in
centralized systems of water supply. Quality control). As a result, 94.4% of the samples comply
with sanitary and hygienic norms.

The Department for Hydrogeology and Monitoring of Ground \gaté the Republican
Unitary Enterprise Belarusian Research Geological Exploration Institute

(http://geology.org.by/otdel8.html) is the Information and Analytical Centre of Ground Water
Monitoring.

Monitoring of land (soils)

Legend

Monitoring points:

Agricultural lands:

© water erosion;

Aww]d erosion; o ;

® pollution with pesticides residues;

® compositional analysis of soils cover;

Lands in populated and transport areas:

@ concentration of heavy metals in soils of settlements;
® concentration of heavy metals in soils of road sides;

m Background territories.

Figure 9. Monitoring points for agricultural lands, populated and transport areas and
background territories

The InformatiorAnalytical Centre of Land Monitoring of the NEMS operates on the
basi s of RUE Al nf or Aadtaisotnr a ICe nDtartea oafn d L alLn
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(http://www.iczem.by/index.htm) of the State Committee of Property of the Republic of Belarus
(Figure 9).

Local environmental monitoring

Exist 23 points where sewage discharge surface water bodies in Western Dvina basin
is measured (development of the network started in 2000). Over 90% of sewage waters ar
discharged into water bodies (of them 60% municipal, 16% industrial and 24% agricultural).
Ground waters and soils are nitoned in areas, where identified or potential sources of pollution
are situated (since 2005 and 2007, resp.).

Conclusions

The number of surfae&ater observation points on lakes and small rivers is very limited.
Diffuse pollution of water bodies is nohonitored. Belarus has improved its monitoring of
transboundary rivers but decreased significantly the number of groundwater observation point:
(UN 2005). The existingmonitoring system for surface waters in Belarus does not mé& W
criteria, in particular in the area of biological sampling and the assessment of the
hydromorphological parameters of lakes.

There is no comprehensive observation network for land monitoring in Belarus.

The local monitoring provides information aboue thollution load of major pollution
sources and their compliance with environmental regulations. Furthermore, it helps in creating ¢
national register of pollutant releases and transfers.

2.5 Ukraine
Surface water monitoring system in Ukraine is in prece$ reorganization according to

Association Agreement and requirements of EU legislation. Formally, in the sphere of
Environment al monitoring, t he Decree o f t
30.03.1998) is still in force, indicating 11 agenciesponsible for the monitoring of different
components of the Environment. Most of listed agencies and ministries do not exist anymore ol
were transformed/renamed. In fact, currently there are 2 main agencies providing monitoring of
surface water.The State Agency of Water Resources of Ukraine (SWAU) and the State
Emergency Service of Ukraine (SESU). SWAU, among others, has the following tasks related tc
the surface water monitoring:

1 to provide water quality monitoring at control sites within main water rattsbn
facilities of complex functioning, water management systems of-ssetoral and
agricultural water supply;

9 to ensure functioning of the state system of environmental monitoring, specifically by
providing of radiological and hydrochemical obseimas at water objects of complex
use, transboundary watercourses, water management systems efeatbeal and
agricultural water supply, within the zones of nuclear power plants influence;
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1 to provide emergency monitoring of water objects;

1 to provide wagr quality assessment and inform of the state executing bodies and
municipal bodies;

1 to develop of operational and long term prognosis of the change of ecological status of
water objects and meliorated lands.

Functioning of the SWAU is directed andoedinated by the Cabinet of Ministries of Ukraine
via the Minister of Ecology and Natural Resources.

The SWAU, with the main office in Kyiv, includes a number of regional water
management organizations (basin water resources authorities, regional meatagement
bodies, etc,). Organizations responsible for the Western Bug basin and Desna basin are Weste
Bug Basin Water Resources Authority (Lutsyk) and Desna Water Resources Authority
(Chernigiv).

The SESU functioning is directed and coordinatedhieyCabinet of Ministers of Ukraine
via the Minister of Interior. Area of the SESU responsibilities is quite broad dealing mostly with
emergency situations (preparedness, prevention, control), mitigation of the consequences c
emergency situations, rescugperations, etc. However, as it is stated in the SESU legal
provisions, activities in the sphere of hydrometeorology are also related to the SESU. Structura
unit of the SESU which is responsible for hydrometeorological activities (including monitoring)
is the Hydrometeorology Office.

The main task of Hydrometeorlimgl Office regarding monitoring is formulated as
Aconducting of hydrometeorological, gel i opt
observations on Environmental pollutinStrudural scheme of surface water monitoring is
presented ofigurel10.

Cabinet of Ministers of UKraine

Missater af E€alogy and Minkiter al lnterior
Matirn] Besaurees

Sxate Agency of Watler
Eesnireid of Lkrmlas

Stte Emergemcy Service
aff Uksaini

Hydromete srlogy (e
Rasin Water Regional Water [ pimmesareiegs Office
Hesources Management |
Amthorities Fodin J Hydomstesrsbegical Contr
’ Central Geophysical Faegional Druryy Bam
Sursre Water Manitoring N etwark Ciervatory Hyidr lagaal Hydr Jogical
CeneTs Cihservaters

| Surfice Water Mondtoring Metwork |

Figure 10. Surface water monitoring in Ukraine
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Currently, both SWAU and SESU perform sg# water monitoring based on their
monitoring programs which are basically the same to those of the Soviet Union time. The
SWAU does sampling quarterBnalysinggeneral physicehemical parameters, heavy metals
and radionuclides. There are 13 monitorsigs (7 of those are transboundary with Poland; 1 is
transboundary with Belarus) in Western Bug basin, and 20 monitoring stations in Desna basin (¢
of those are transboundary with Russian Federation).

Surface water monitoring programs of SESU for WesBirg and Desna basins are presented in
Table4.

Table4. SESU surface water monitoring program

Mo Station name River Sl e Frequency
{category)
Western Bug basin
1 Bus'k Western Bug I 12 times a year
2 Kam'yanka-Buzka Western Bug T 12 times a year
3 vil Lytovezh Western Bug T 4 times a year
4 Volodymyr-Volynskyi | Luha IV 4 times a year
5 Bus'k Poltva T 12 times a year
6 Lviv Poltva T 12 times a year
7 wil Mezhyrichchya Rata IV 4 times a year
3 Chervonohrad Solokiya IV 4 times a year
Desna basin
1 Novgorod-Siversykyy | Desna IV 4 times a year
2 Chernigiv Desna IV 12 times a year
3 Litky Desna m 12 times a year
v .
4 Pokoshychy Golovesnya 4 times a year
Iv .
5 Mutyn Seym 4 times a year
. Iv .
6 Schors (Mosivka) Snov 4 times a year
IV .
7 Kozelets (Oster 4 times a year

Notes: Parameters are listed in the Annex (Metadatabase). Frequensiand list of parameters may vary depending on
actual financial capacity of respective regional hydrometeorological organizations.

Assessment of surface water quality is made based on the values of Maximal Allowable
Concentration (MAC) for certain hydroemical parameters. Lists of the MAC values are
presented in two documents:

T ASummari sed | i st of maxi mal all owabl e co
har mf ul substances for water of fishery
f4Jted ydJ dz ftcj HJ dz' dzts HsY EMmisd di3d ~ Ctdzyd dzls
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BJLBY OMde n [ Izucks)o dzpj Hdz" = o jh jMmise HdzW 9 [
o BHB ] @Bse. [ Mo O, 1990 @6.)

T AnSanitary rules and norms of surface wal
880, Mi ni stry of Heal th of USSR, Mos co
tsn tc Odz i so jotds-HAzSHB)ls dzil ©G teW L dzj dzd8'8 . u Ofda] dgqd Mis § 1
LHicOo ssntcOdzj dzdv dwwuwt, [BMCo0O, 1988 ¢.).

It should be noted that MAC for fishery water objects in general are more strict compare to MAC
for water objects of other types of use. However, this approaalrfece water assessment and
classification is not in line with WFD requirements.

In orderto harmoniz Ukrainian national surface water monitoring system with WFD
requirements and European practices the draft Decree of the Cabinet of Ministers of Ukraine
AOn approval of the Order of the state mon
involvement of all stakeholders and respective agencies. This document sets up three types
monitoring (surveillance monitoring, operational monitoring, anestigative monitoring) and
designates responsible agencies. They are: Ministry of Ecology and Natural Resources o
Ukraine (coastal waters: biological parameters, general phghmmical parameters,
morphological parameters); the SWAU (rivers and lakescisic pollutants, priority substances;
monitoring of water bodies where water abstraction for drinking water supply is taking place);
the SESU (rivers and lakes: biological parameters, general prolsérnical parameters,
hydromorphological monitoring). Currently, the draft Decree is under consideration and
approval by the Cabinet of Ministers of Ukraine.

2.6 Transnational monitoring/data exchange

2.6.1 Western Bug
The transboundary water management agreement has a long history. The agreement

betweerPoland and Soviet Union, signed in 1964 (https://treaties.un.org/doc/Publication/lUNTS/
Volume%20552/volumé&521-8054 English.pdf) regulates the system of monitoring the pre
border part of the Bug River.

Nowadays the transboundary cooperation in West&ug basin is performed by the
Western Bug Basin Water Resources Authority. iRstancethere was an international project
entitl ed NnDevelRelprossiardkr af ni Roml i swht er pol i c
http://docplayer.pl/1506462Rrojektwytycznychdo-opracowaniamapy-hydrograficznej
zlewnibugu.html). The main results of the project are:

1 preparation of the documents for establishing and functioning of trilateral Ukrainian

PolishBelorussian Basin Commission;
1 working out of methodology for the assessitnef the basin water resources;
1 development of the entire basin hydrographical map, database, information exchange.
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2.6.2 Desna
Desna Water Resources Authority is responsible for transboundary cooperation and

transboundary data exchange in Desna b&Bmever, because of current situation in relations
between Ukraine and Russian Federation joint sampling and information exchange has bee
terminated since the"®half of 2014. Transboundary sampling sites were moved to the territory
of Ukraine.

2.6.3 Western Dvina
Exchange of data and information is very limited in Western Dvina river basin, because

there is no framework agreement between LV, BY and RU. Monitoring network on Western
Dvina basin is presented &igurell.

~.' li‘jjj 63: Ludzaez (Iake)
il il Tauns(lake) 61: Mezitis (lake)

54: Nedzis (lake)
i00s gt {55 inests ave) _ \
;,,,),4 hlic o | 15: Ku;a ariva (rlver) "\

bl v-..‘

”

(
Ota ez (lake) [¢ i
- & 110: Silaez. (Iak

Eats ; :
5 Sen kovo (nver one time for two month)
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3: KASPLYA SURAZH ( m) (nver) transboundary with Rus

‘~,)_JJJ;;, Flithua

>\ 541: Slrveta(nversurvecllanceextenswe) ||

Figure11. Surface water monitoring network ingg¥ern Dvina river basin

Nevertheless, Belarus has actively cooperated witteighboursover the past few years
to monitor transboundarywers. Watemmonitoring network were optimized on the Belarusian
stretches of the rivers Dnepr, Neman, Pripyat, Western Bug and Western Dvina. The ripariar
States have agreed on monitoring parameters and sampling methods and analysis as well as
upgradinglaboratory equipment and training monitoring experts (funds from EU/Tacis, the
Global Environment Facility (GEF), the United Nations Development Program (UNDP) and the
Governments of Canada and Sweden).
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Chapter lll. Transnational data consistency

3.1 Cansistency check of runoff of Western Bug
Hydrological runoff data are essential for all hydrological, hycltemical and hydro

biological investigations as well as water management tasks. Mostly, the water level is measure
at a hydrological station andless frequently the runoff. With the help of the water level
runoff- relationship, it is possible to determine runoff out of the water level observations. The
water level- runoff relationship is not constant over time. Floods and low flows can héer t
riverbed, which changes the water levelunoff relationship. Therefore, a frequent control of
this relationship is essential. Maintenance of the stations and control measurements diffe
nationally, which can cause quality problems of the data. Tciigate, if such problems occur

at the Ukrainian Polish border, three runoff stations are investigated)(

Table5. Runoff and precipitations stations

Station Parameter  Country Long Lat Code km from Area (km?2 )

mouth

Lytovezh Runoff UA 24,1881 50.6514 - 602 6740

Wlodawa Runoff PL 23.5500 51.5500 151230040 378 14410

Wyszkow Runoff PL 21.4584 5259278 PL01S0701_1220 34 39119
Lviv Precipitation  UA 23.9650 498075 33393 ﬁlrg m
eight
. S 212 m
Kamianka Buzka Precipitation UA 243400 50.1146 33288 height
Siedlice Precipitation  PL 2225 5225  \WMO 123850 149 m
height
S 146 m
Brest Precipitation BY 23.8965 52.1086 WMO 33008 height

3.1.1 Methods
An Artificial Neural Network (ANN) serves here as a model for runoff prediction of the

station Wlodawa. Neighbouring runoff and precipitation stations are used as explaining
variables. Large simulated deviations from observed runoff in Wlodawa can give hints to
erroneous data.

TheRpackage fineuralnet (version 1.33)0 wa
backpropagation, resilient backpropagation with (Riedmiller, 1994) or without weight
backtracking (Riedmiller and Braun, 1993) or the modified globallyvement version by
Anastasiadis et al. (2005).

Based on the Wi kipedia entry AArtificial
based on a collection of connected units called artificial neurons. Each connection betweer
artificial neurons can transt a signal from one to another. The artificial neuron that receives the
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signal can process it and then signal artificial neurons connected to it. In common ANN
implementations, the signal at a connection between artificial neurons is a real numblee, and t
output of each artificial neuron is calculated by a-hoear function of the sum of its inputs.
Artificial neurons and connections typically have a weight that adjusts as learning proceeds. The
weight increases or decreases the strength of the sagjrealconnection. Typically, artificial
neurons are organized in layers. Different layers may perform different kinds of transformations
on their inputs. Signals travel from the first (input), to the last (output) layer, possibly after
traversing the layensiultiple times.

Figure12 shows a feedforward thréayer ANN: In our case constitute the neighbouring
runoff and precipitation stations the Input layer. The Output layer is the runoff of Wlodawa (only
one neuron) The number of hidden layers and the number of nodes in each hidden layer are
usually determined by a tri@nderror procedure. A training process, also called learning, is
employed to find optimal weight matrices. Baatopagation is applied for tramy the ANN. To
minimize the network error function, a gradient descent technique is applied. Each input patterr
of the training data set is passed through the network from the input layer to the output layer. Th
network output is compared with the desitatget output, and an error is computed. This error
is propagated backward through the network to each node, and correspondingly the connectio
weights are adjusted.

Hidden

N
II.“ b

Figure 12. Feedforward thredayer ANN (By Glosser.ca- Own work, Derivative of
File:Artificial neural network.svg, CcC B¥A 3.0,
https://commons.wikimedia.org/w/index.php?curid=24913461
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3.1.2 Results
After a first viswal inspection, the runoff station Lytovezh is suspected to have erroneous

runoff values. Therefore, an ANN was set up to test, if the runoff of Wlodawa is determinable
from the upstream station Lytovezh and the precipitation stations Lviv and KanBazka.
Coefficient of determination (R?) between modelled (ANN) and observed runoff of Wlodawa is
low (0.48), which means that uncertainty of predicting runoff in Wiodawa from the mentioned
three variables is still high.

Therefore, further explaining variaklevere included in the ANN: the downstream runoff
station Wyszkow and the precipitation stations Siedlice and Brest. The result of the ANN (two
hidden layers with 5 and 3 neurons) shows very good results (R2=0.84). Congruence betwee
observed and modeledirroff is high until a runoff of 12t3/s §igure 13 and Figure 14).
Simulation of higher runoffs is more uncertain, mostly simulated values are too low.

100 150 200 250 300

runoff Wlodawa-sim (md/s)

50

T T T T \
0 100 200 300 400

runoff Wiodawa-obs (m®/s)

Figure 13. Scatterplot of simulated and observed runoff of Wlodawa

Figure 14. Hydrograph of simulated (red) and observed (black) runoff of Wlodawa
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To check, if single ruoff values are not plausible, all three observed and the simulated
runoff time series were plotted. Over longer periods, measurements seem coriSiieald).
Upstream runoff (Lytovezh) is lower than Wlodawadathis - on his part- is lower than
Wyszkow. Only in May 1991, runoff of Lytovezh seems too high. Simulated runoff matches
quite well the observed runoff in Wlodawa. This indicates consistent runoff values of these three
stations. Greatest uncertaintiey lin the simulation of higher runoffs. Apparently, still not all
influencing variables were captured in the model.

= B Wilcdaws-obs
o — B Wilodawa-sim
= B Lytovezh
O Wyszkow
(o]
O
(b ]
)
)
=
g =]
5 8§
= (8]
=
-
[}
o —
s
o —

Figure 15. Hydrograph of simulated (red) and observed (black) runoff of Wlodawa rend t
upstream station Lytovezh (green) and downstream station Wyszkow (grey)

However, onFigure 16a andFigure 17a, several runoff values of Lytovezh (green line)
are remarbly higher than the runoff of the downstream station Wlodawa, especially values
above 120m3/s (grey horizontal line). In these periods, congruence between modelled and
observed runoff in Wlodawa is lower. The model (ANN) could not reproduce theseosituati
well. There are different explanations for this:

1 Upstream of Lytovezh there is the instream reservoir Dobrotvir, which serves as cooling
pond for a thermal power station. Furthermore, the reservoir Skomorokhy (downstream
of the reservoir Dobrotvir) iapparently only managed for flood control. The very similar
shape of the flow peaks indicates that the reservoirs were opened for a short time tc
relieve them during high water flows.

1 After Lytovezh, the river Western Bug becomes very natural, with lome&nders,
backwaters and forests (see for exantppure 18). Flood plains are wide, so that high
flows are effectively retained and hydrograph flattens. Furthermore, no large tributaries
enter Western Bug betweégtovezh and Wlodawa.
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Figure 16. Hydrograph of simulated (red) and observed (black) runoff of Wlodawa and the
upstream station Lytovezh (green) and downstream station Wyszkow (grey),20e0@&D03
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Figure 17. a) Hydrograph of simulated (red) and observed (black) runoff of Wlodawa and the
upstream station Lytovezh (green) and downstream station Wyszkow (grey), PeB&D200

b) precipitation sums of two stations in the basin of Lytovezh, c¢) hydrograph of Lytovezh and
Krygow
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1 However, it is questionable if retention can be so effective. For example, in July/August
2001, runoff of Lytovezh exceeds (1lifi#/s) significany the values in Wlodawa and
Wyszkow some days later (95 and 188s, resp.; se&igure 16). Misreadings or
outdated water levelunoff relationships can cause such erroneous runoff values. Based
on the available necipitation stations Lviv and Kamianf&uzka (which are situated in
the river basin), it is not possible to judge, whether observed runoff in Lytovezh is
plausible. In many occasions, there are no hydrologic reactions onto high precipitation,
and in otheroccasions, high runoffs occur without precipitation at these two stations.
Probably, these two stations are not representative for the basin until Lytovezh. An
indication of having erroneous data gives the comparison of the hydrographs of Lytovezh
andKngow, a station with only Eigrelkcd | i near

Suspicious values of Lyt ovezh Figut i7dd ghow higheO 3 .
values than Krygow, which should be the con

Google

Figure 18 Googl e Map s picture of t he Reser vi
Ukrainian/Polish border

Summarizing, the consistency analysis rewdl@at some of the higher runoff values of
the station Lytovezh seem to be erroneous. Especially in periods with high runoff, the
transboundary exchange of reliable data is vital to manage possibly problematic situations
properly (control of water masseasdapollutions).

To find out, if more values or other stations are effected, a more detailed analysis is
necessary. Management data of the reservoirs and more precipitation stations are necessa
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Furthermore, an insight into the applied water level rurgttionships would help to discover
wrong values.

3.2 Consistency of water quality data of Western Bug
Water quality occupies a key role for the ecological state and the resources managemer

of rivers. The state of water quality comprises of multiplaafisions. Regular monitoring aims

at the identification of pressures and control the success of implemented measures. Ukraing
Pol and and Bel arus, the three countries t
independent water quality monitoring prams. As described in chapters 1 and 2, legislative
requirements and resulting monitoring network differ among these countries.

Due to legislative and institutional changes as well as the intersecting responsibilities on
regional and national level, sewérinstitutions conduct monitoring programmes in surface
waters. For more than 3®@n of its course, Western Bug is a boundary river between the
adjacent countries. The central line of the rivers serves as dividing @amkequentlyin these
sections theiver belongs to both countries and is monitored on both sides.

For our study, we want to assess the consistency of water quality datasets in space ar
time surveyed by the different institutions. We compile the data into a common database anc
compare th@annual mean values and annual standard deviations.

3.2.1 Material and Methods
The Table6 lists the data sources available for a consistency comparison in the part of Western

Bug catchment located in Lviv OblastThe Environmental Inspectorate (Envins),
Hydrometeorological Service (HMS) and Western Bug River Council (WBRC) are institutions
in charge of legally appointed monitoring tasks. Western Bug rehabilitation project (WQ80) was
conducted to establish statefrastructure planning office in the late Soviet Union period.
International Water Alliance Saxony IWAS was a research project from 202013
implemented in five regions around the world, including one in the Ukrainian part of the
Western Bug basin. Amortge monitoring stations, four were covered in all data sets: Western
Bug in Busk upstream and downstream of the confluence with Poltva River, Western Bug in
Kamianka Buzka and Poltva upstream of the confluence with Western Bug. We selected
Kamianka Buzkaampling site for the consistency check. For the years 1990, 1995, 2001, and
2011, means and standard deviations of the data from different institutions are compared. The
test assesses equality of means, while-tiestfis applied for equality of varies.
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Table6. Sources of water quality monitoring data in upper Western Bug catchment 2075

Abbreviation Long title Number of Number of Monitoring  Monitoring
monitoring parameters period frequency
stations [a] [aY]
WQ80 Western Bug Rehabilitation 10 36 19771 12
Project 1990
Envinv Lviv oblast Environmental 48 39 20001 2008 0.251 6
Inspectorate emission contrc
monitoring
HMS Hydrometeorological Service 11 11 199071 2011 12
WBRC Western Bug Rive€ouncil 5 23 19931 2015 4
IWAS International Water Alliance 8 11 20091 2012 168*

Saxonyi Western Bug
regional project
*in total four weekly measurement campaigns with hourly resolution throughout the project

It was chosen to assess the consistencgetghbouringwater quality sampling sites.
Data were wailable from four institutionsTable 7 gives a short summary of the sampling
layout. The stations cover the entire length of Western Bug, from Buddm 2tbwvnstream of
the source, to Barcice, Km upstream of the confluence with Narew River. Two Ukrainian and
Polish institutions provided data respectively, while no data were available from Belorussian
institutions. 2011 is the year with the widest spatialecage of dataTherefore, it is used for the
analysis.

Table7. Institutions in charge of water quality monitoring in Western Bug river 2011

Abbreviation Long title Number of  Number of  Monitoring
sampling parameters  frequency
sites [aY]
HMS HydrometeorologicaServici 4 11 12
WBRC Western Bug River council 5 23 4
WIOSL WIOS Lublin 8 31 3-4
WIOSW WIOS Warsaw 6 31 1*

*only annual means were available for these stations
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3.2.2 Results

Comparison betweeblkrainian data sources

Figure 19 exemplarily concludes the numbers of water quality samples per year taken
from different monitoring institutions upstream of Kamianka Buzka discharge gauge (Ukrainian
part). The figire illustrates the varied history of water monitoring and management in the region.
During Soviet times, data sampling was conducted in the context of a river rehabilitation project.
Although the project perused a consistent program, in terms of pararaatkisampling sites,
the number of samples varies strongly throughout the years. From 1990 on, data from the HM:
of the Ukraine could be obtained. The HMS conducts the most consistent sampling program ir
this study, with continuous sampling sites and peters. The times of political change in 1992
and economic hardship in the late 1990s resulted in reduced sampling intensity. The WBRC
provides sampling data since 1994, it is active with only one sampling site and quarterly sample:
in the region. For th@eriod 2000i 2008, data from the Envinsp was included. The samples
represent reference measurementsefaissiorbasedpolluter control. The number of samples
per year varies strongly.

Table 8 concludes the results of the consistency assessment of beathexygen
demand in five days concentrations BOD5 at Kamianka Buzka water quality sampling site. The
means and variances of HMS and WQ80 in 1990 are compared wisidea tests. For both
aspects the hypothesis of same means and variances cannotteel rgj@ing weak indication,
that the descriptive properties of samples from both institutions are consistent. In the comparisol
for 1995, the hypothesis of equal means is rejected. For 2001, none of the institutions provide
comparatively consistent satap in both distributional aspects.
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Figure 19. Numbers of water quality samples per year upstream of Kamianka Buzka gauging
station in the Period 19802010.

Figure 20 provides a synoptical view on tBOD5 concentration time series of the
different data sources. It confirms the results from the statistical consistency assessment. Son
overall tendencies appear through all data sources: mean and variance of BOD5 concentratior
are decreasing over timespecially in the period 19902005.
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Table8. Consistency assessment for mean and variance of annual biochemical oxygen demand
in five days concentrations BOD5 at Kamianka Buzka water quality sampling sitdifferant
institutions. RPvalues in red indicate rejected hypothesis of same means or variances

Year Institution  compare No. of Mean St. Coeff. of P(t-test)  p(F-test)
with observa [mo/l] deviation vari.
tions [mg/1] []
1990  HMS WQ80 5 11.1 5.4 0486 5084 0.057
WQ80 13 18.8 12.5 0.664
1995  HMS WBRC 9 3.8 1.1 0.289 (004 0.933
WBRC 3 7.7 0.8 0.103
2001  HMS WBRC 13 3.7 1.4 0378 4010 0.040
WBRC Envins 4 6.4 0.3 0.046 5029 0.004
Envins HMS 4 12.9 2.9 0224 4009 0031
2010  HMS WBRC 13 37 1.1 0297 219 0.501
WBRC IWAS 3 5.1 1.1 0215 5063 0.012
IWAS HMS 10 8.6 11.6 1348 (o023  >0.001
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Figure 20. Biochemical oxygen demand in five days (BOD5) concentrations at Kamianka Buzka
waterquality sampling site in the period 1972013
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Table9. Consistency assessment for mean and variance of annual oxygen concentrations at
Kamianka Buzka water quality sampling site from different institutienalues in red indicate
rejected hypothesis of same means or variances

Year Institution compare No. of Mean St. Coeff. p(t-test)  p(F-test)
with observa [mg/l] deviation of
tions [mg/1] vari.
[-]
1990 HMS WQ80 5 5.6 1.6 0.286 0.108 0.0152
WQ80 13 52 2.8 0.538
1995  HMS WBRC 9 10.0 25 0.250 0.309 0.155
WBRC 3 8.9 0.6 0.067
2001 HMS WBRC 13 5.0 1.0 0.200 >0.01 0.140
WBRC Envins 4 8.4 0.3 0.036 >0.01 0.983
Envins HMS 4 6.3 0.3 0.048 0.02 0.135
2010 HMS WBRC 13 6.8 1.8 0.265 0.829 0.263
WBRC IWAS 3 7.2 24 0.333 0.212 0.021
IWAS HMS 41 4.2 1.3 0.310 >0.01 0.076

Table9 concludes the results of the consistency assessment of oxygen concentrations &
Kamianka Buzka water quality sampling siter Both, mean value comparisons of 1990 and
1995, the hypothesis of equal means is not rejected. In contrast, 1990 variance compariso
suggests a difference in variance. All comparisons for 2001 result in strong indication of
differing means but similar viences. For 2011, comparison of the IWAS data with HMS results
in differing means, while comparison of IWAS and WBRC indicates differing variances. The
time series representation of O2 concentratiorFyure 21 visualizes similameans of data
sources in the 1990s. In contrast, in the 2000s systematic differences prevail in the data sets.
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Figure 21. Dissolved oxygen (O2) concentrations at Kamianka Buzka water quality sampling
site in the period 1977 2013

Table10. Consistency assessment for mean and variance of annual ammonia nitrogen
concentrations at Kamianka Buzka water quality sampling site from different instit(tR913)
P-values in red indicate rejected hypothesis of same means or variances

Institution compare No. of Mean Standard Coeff. of p(t-test) p(Ftest)
observations deviation vari. [-]

HMS wWQ80 4 5.9 2.6 0 0.108 0.869
WQ80 13 9.3 34 0

HMS WBRC 9 4.4 25 0 0.263 0.288
WBRC 3 3.1 0.9 0

HMS WBRC 13 1.2 1.8 1 0.500 0.012
WBRC Envins 4 15 0.3 0 0.096 0.352
Envins HMS 4 0.9 0.5 0 0.638 0.069
HMS WBRC 13 0.9 0.5 0 0.048 0.093
WBRC IWAS 3 1.7 0.3 0 0.337 0.031
IWAS HMS 41 2.0 1.0 0 >0.00 0.017

Among the three water quality constituents assessed in detail, ammonia nitrogen, in
Table 10 shows the best agreement among the data sources. For the datasets from tla#i 1990s
equality hypothesis are not rejected and for 2001 only equality of variance among HMS and
WBRC is rejected. For 201@qual means for HMS and WBRC are rejected. The IWAS data set
again shows the strongest dissimilarity of statistical properties, compatrexidther data sets.

The station specific comparison of three wastewater related pollutants permits insight into
the challenge of consistent water quality monitoring. The patterns of dissimilarity differ among
the water quality parameters, years and mstihs. A specific challenge of the data set seems to
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originate from the underrepresentation of variance in data sources with low sampling frequency
Mostly, the coefficient of variation is higher in the data sources with higher sampling frequency.
The IWAS data set was not collected throughout the year but during intense sampling
campaigns, this limitation is reflected by the fact that it is most dissimilar from the other data
sets. But in particular the distributional properties confirm the value of hegblution
monitoring.

With a retrospective perspective there seems little potential for a data processing tha
increases the consistency among the data sets. The patterns of dissimilarity are to variable. F
future monitoring efforts, regular interladalibrations, common sampling and analytical
procedures and common sampling exercises could improve the comparability of the different
data sets.

Comparison between Ukrainian and Polish data sources

The second task of consistency analysis refers to datparability along the course of
the river. Due to location as a boundary river and divided monitoring responsibilities, different
institutions take samples from Western Bug in close spatial distance. Table$3lgive the
distance in kilometers flow patietween the stations compared.
Highest oxygen concentratiofBigure 21 and Figure 22) are detected by WBRC at Kamianka
Buzka upstream station. Igeneral,Ukrainian institutions register lower oxygen levels than
Polish institutions but the differences are not significant at a 5% significance level. For the only
exception, the difference between Lytovezh and Krylow no major influential emission sources
are known. Local boundary conditions e.g. aeration by weirsnorphologically induced
turbulence could play a role. Standard errors from institutions with higher sampling frequency
are generally lower than from those with lower frequency. This finding suggests, that low
frequencies underrepresent the variabilitated the data.
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Tablell Consistency assessment for mean and variance of annual oxygen concentrations at
neighbouring sampling points in Western Bug 20MaRies in red indicate rejected hypothesis
of san@ means or variances

Station Institution  River compare with  Distance No.of Mea St.dev. p(t- p(F-test)
km [km] observ. n [mg/I test)

Kam. Buzka WBRC 690 Kam. Buzkaus O 4 7.88 1.14 0.152  0.556
Kam. Buzka us HMS 690 Kam. Buzkads 2 13 6.71 1.69 0.713 0.894
Kam. Buzka ds HMS 688 Kam. Buzka 2 13 6.46 1.63 0.090 0.605
Sokal WBRC 617 Lytovezh 15 4 7.13 1.83 0.747 0.889
Lytovezh WBRC 602 Krylow 24.9 4 6.71 1.68 0.045 0.275
Krylow WIOS L 577 Sokal 39.9 4 8.88 2.65 0.325 0.562
Ustyluh WBRC 525 Zosin 1.4 4 6.78 2.55 0.261 0.804
Zosin WIOS L 523 Horodlo 8.6 4 9.22 2.98 0.993 0.977
Horodlo WIOS L 514 Ustyluh 10 4 9.21 293 0.259 0.827
Krzyczew WIOS L 269 Gnojno 46.7 4 8.47 2.26 0.747 0.932
Gnojno WIOS L 222 Kozki 27 4 9.00 214 0.282 -
Kozki WIOS W 195 Krzyczew 73.7 1* 104 - 0.187 -
* annual mean value provided
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Figure 22. Longitudinal profile of mean annual dissolved oxygen (O2) concentrations and
standard errors of means in Western Bug 2011

The relations for BOB concentrations are less consistent.

Table 12 and Figure 23 conclude the analysis. Lowest concentrations are measured
upstream of the inflow from Poltva tributary. Downstream of this point concentrations range
from 2 to 10mg/l for the whole flow path. With lower concentrations measured by the Polish
institutions in the commonly monitored river sections. Equality of variance cannot be rejected
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for all neighbouring stations. In contrast, equality of means is rejected in soases.
Neighbouring stations Kamianka Buzka upstream and downstream of the dwelling show
significantly different annual mean concentrations, with 2.8 versusi@/5 As both stations are
monitored by HMS, analytical and sampling related errors shouidgpkubordinate role. The
inflow of Kamianka creek, which carries the outlet of Kamianka Buzka wastewater treatment
plant and industrial effluents, is located between both stations. With a mean annual discharge ¢
15.5 m3/s at Kamianka Buzka hydrologicaluge, the concentration difference corresponds to a
load increase of 57.4 g/s or 1800 t/a. This increase cannot be plausibly explained by the activitie
in the settlement. Possibly, the downstream sampling point is not representative for the meal
concentrdon at this site. Other significant differences in means occur at the stations in Krylow
(WIOS L) and Sokal (WBRC) at 4m distance, Ustyluh (WBRC) and Zosin (WIOS L) at 1.4

km distance, and Gnojno (WIOS L) and Kozki (WIOS W) atk@v distance. Notablyall
significant differences, except the case of Kamianka Buzka, result from the comparison of
samples from different institutions. Differences in the sampling and analytical approaches shoulc
be assessed and, if possible harmonized.

Table12. Consistency assessment for mean and variance of annual biochemical oxygen deman
in five days concentrations BOD5ragighbouringsampling points in Western Bug 2011 P
values in red indicate rejected hypothesis of same means or variances

Station Institution  River Compare with Distance No.of Mean St.dev. p(t- p(F-
km observ. [ma/l test) test)
Kam. Buzka WBRC 690 Kam.Buzkaus O 4 3.94 1.04 0.117 0.873
Kam. Buzka us HMS 690 Kam. Buzkads 2 13 282 1.05 <0.001 0.143
Kam. Buzkads HMS 688 Kam. Buzka 2 13 6.46 1.63 0.006 0.496
Sokal WBRC 617  Lytovezh 15 4 465 0.343 0.453 0.142
Lytovezh WBRC 602  Krylow 24.9 4 424 0914 0.092 0.961
Krylow WIOS L 577  Sokal 39.9 4 292 0943 0.029 0.131
Ustyluh WBRC 525  Zosin 14 4 5.09 0.29 0.06 0.184
Zosin WIOS L 523  Horodlo 8.6 4 295 069 1 1
Horodlo WIOS L 514  Ustyluh 10 4 295 0.695 0.005 0.184
Krzyczew WIOS L 269  Gnojno 46.7 4 2.7 0.616  0.9237 0.701
Gnojno WIOS L 222  Kozki 27 4 265 0.785 0.008 -
Kozki WIOS W 195  Krzyczew 73.7 1 505 - 0.005 -

* annual mean value provided
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Figure 23. Longitudinal profile of mean annual biochemical oxygen demand in five days (BOD5)
concentrations and standard errors of means in Western Bug

Table 13 and Figure 24 givbe statistical and graphical consistency assessment of chemical
oxygen demand concentrations in Western Bug. A general decrease of concentrations i
observed in the 200 km flow path downstream of the inflow of Poltva river from aroumd/40

to 7mg/l. In the Polish inland sections of the stream, below river km 200, an increase to around
15mg/l occurs. Despite of smadkale variability, nossystematic differences in mean
concentrations are observed by the different institutions in the commonly moniieesd
sections. Inconsistency of means occur in the Kami@hwkka and Sokal to Krylow river
sections especially among different institutions. The reasons are similar to the ones discussed f
BODS5 above.

Table13. Consistency assement for mean and variance of annual chemical oxygen demand
concentrations at neighbouring sampling point$\fiestern Bug 2011-alues in red indicate
rejected hypothesis of same means or variances.

Station Insti- River Compare Distance No.of Mean St.dev. p(t-test) p(F-test)
tution  km observ.
with [km] [mg/l] [mg/l]

Kam. Buzka  WBRC 6 Kam.Buzka O 4 149 1.73 0.066 0.066
Kam. Buzka HMS 6 Kam.Buzka 2 13 329 5.97 0.324 0.324
Kam. Buzka HMS 6 Kam.Buzka 2 13 329 8.00 0.028 0.028
Sokal WBRC 6 Lytovezh 15 4 6.06 0.54 0.541 0.541
Lytovezh WBRC 6 Krylow 24.9 4 15.0 0.796 <0.001 <0.001
Krylow WIOS L 5 Sokal 39.9 4 247 345 <0.001 <0.001
Ustyluh WBRC 5 Zosin 14 4 6.83 1.44 0.411 0.411
Zosin WIOS L 5 Horodlo 8.6 4 7.34 244 0.598 0.598
Horodlo WIOS L 5 Ustyluh 10 4 7.61 1.75 0.76 0.76
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The longitudinal profiles of the nutrients ammonia nitrogen, nitrate nitrogen and phosphate
phosphorous are illustrated fiigures &1 27. Due to their varying emission sources and spatial
distribution, their prevalence in the river differs. Nitrate is a mostly dissolved compound with
comparatively low reactivity. For nitrate, the values measured by the different institaitems

a similar range and means éighbouringsampling points are mostly consistent. Ammonia is
more reactive and more absorptive than nitrisgighbouringstations and different institutions
deliver less consistent means. With Polish station showsmager means in the common
monitoring sections. The same pattern occurs in phosphate but even more pronounced. Fc
ammonia and phosphate, a joint monitoring approach would contribute to more consistent
results.

The evaluation of 6 water quality variablesghasizes the challenges in developing consistent
water quality data bases. Due to the variability in concentration patterns an individual evaluation
of consistency and comparability are required. Future research could direct towards grouping o
clusteringof compound with similar inconsistency patterns in order to identify potential causes.
Monitoring institutions should prioritize common sampling exercises, increase comparability in
sampling and analytical approaches and coordinate monitoring points aaxngther.
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Figure 24. Longitudinal profile of mean annual chemical oxygen demand (COD) concentrations
and standard errors of means in Western B0g1
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3.3. Data consistency check for Western Dvina Basin
Hydrological gauging network in Wesh Dvina Basin is covered by Russian,

Belorussian and Latvian stations. Water level, temperature, discharge, ice regime and rive
hydromorphology is monitored. There is evident discrepancy between gauging stations
distribution between different countri@sigure28).

M Russia

M Belar.

W Latvia

Figure 28. Total number and distribution of ongoing hydrological gauging stations in Western
Dvina Basin

Hydrological measurements in Western DviBasin have started at the end of XIX
century (in 1906 in Latvia), Table 14.

Tablel14. Total number, parameters and period of station operation in Western Dvina Basin

Russia Belarus Latvia
Number of gauges in the catchment on the 10 19 29
Parameters measured at gauge HT1,Q0S HTILQS HTILQ
Start of measurements 1878 1876 1906

H-water level, Qdischarge, fitemperature,-ice thickness, Snow depth

Discharge is measured on approxinmatealf of stations in Russia and Belarus. Latvia
has more stations and all are operatiRre 29). Belarus also has 5 stations on lakes with
Level, Temperature and Ice thickness measurements. Latvian gaugespraisde the
information about water olgé situation.
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Figure 29. Number of ongoing and closed discharge stations

Water quality observations in Western Dvina Basin have been initiated in the middle of
XX century. Most of these stations are located in BelaFigufe 30). In Russia there are 4
gauging stations in progress, 2 of them are monitoring water quality at Russian outlet of WD anc
are situated upstream addwnstream of Velizh town.

23

Russia

Belar.

M Latvia

Figure 30. Number of water quality control stations in Western Dvina Basin

Datasets on daily discharge and water levels are available in Russia and Belarus only a
subject of payment. In Latvia the situation is opposite and can be requested for free, but
calculated continuous datasets are available with cbaldg15).
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Table15. Datasets on daily discharge and water levels
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Water quality is measured with 2 sets of chemical parameters. Most part of chemical
gauging stations operate with Set 1 and Set 2 chemilaide(16).

Table16. Measured chemical elements (Setl and Set2 chemicals)

Setl Set2
Transparency Phosphates
Temperature Conductivity

Sulfates Total phosphorus
Salinity Iron total
Stiffness common Copper
Hydrocarbonates Zinc
Sodium Nickel
Potassium Chrome General
Calcium Lead
Dichromate oxidation
(COD) Cadmium
BOD5 Manganese

Ammonium nitrogen

Phenols total

Nitrogen nitrite

Mineral oils

Nitrate nitrogen

Detergents (synthetic

surfactants)

The important aspect of data consistency, besides discrepancies and mismatches i
monitoring program, are related to methods applied for different elements andbisies 7). In
some cases, due to loasting period of degradation of hydrometeorological monitoring service
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in postsoviet union countries, some of the still accepted methods are outdated and inconsister

with the novel approaches.

Tablel7. Examples of discrepancies in hydrological parameters monitoring

Parameters

Russia

Belarus

Latvia

Discharge, Q

Current meter method,
acoustic Doppler
current profilers (rare)

Current meter method

Automatic gauging
stations

Water olject
situation and
ice conditions

Visual estimation of ice
conditions classified by
ice event types (about
10 classes),
measurements of ice
thickness and snow on
ice.

Visual estimation of ice
conditions classified by
ice event types (about
10 classes),
measurements of ice
thickness and snow on
ice.

Water situation
description (9 types),
ice development
conditions (100 classes
ice width (5 classes),
closeness, form of ice
cover (15 classes), ice
development stage (45
classel measurements
of icethickness, snow
on ice (9 classes)
(https:/lwww.meteo.lv)

Water quality

4 categories of stations
with daily (only 3
general componenisto
several times a year
observation and
sampling with 35
chemical components
analysis.

Near pollution sources
¢ monthly, far fom
pollution sourceg
every 10 days (1in 2
years) for chemicals to
annual for biological
characteristics.
Analyzed components
main ions, gases,
organic components,
nutrients, metals,
biological conditions.

http://www.nsmos.by

Chemical quality elements
(45 priority pollutants with
European-wide consistent
ecological quality
standards)

For priority pollutants
in the water phase: 12
times p.a.; at least 1in €
years (SM), at least 1in
3 years (OM);

For priority pollutants in
biota: 1¢2 times p.a.; at
least 1in 6 years (SM),
at least 1in 3 years

(OM)

[Arle, Mohaupt, Kirst,
201§

Sediment
concentration

gravimetric analyses
performed

on waer sediment
samples collected

YIydzhf & 6,

52.08.1042002)

physical principles of
turbidimetry or
nephelometry (see e.qg|
[Brils 2008)

* in bracketsg links to guide standard

The example of the outdated methods can be seen in methodology of sediment
concentrations still applied at the outlet station in Russian part of Zapadnayadaichanent
(Vel ezh gauging station). | R200R)utsesgradmetaiccfittrationd i n
is based on the olstyle pumpsandsoal | ed fAwhite papero filter
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pores). Vice versa, the EU monitoring service is based on coasmecords of SSC which are
obtained by monitoring the turbidity of the river water, provided there is a close relationship
bet ween puctuations in sediment concentrat
turbidimetry or nephelometry are respe ed when cali brating the
([Belozerova, Chalov, 2013 The similar approach was used during monitoring experiment
conducted at WD pilot study site (Velesa River station) using $GIB instrument, which
conduct NTU measurements during summer season ZIXé&.regional regression model
mg/I=f(NTU) [Belozerova, Chalov, 2013yas used to recalculate obtained turbidity values (T,
NTU) to sediment concentrations (SSC, mg/l).

Methodological drawback induces significant inconsistency in the results obtained at
different hydrological stati® We analysedsediment concentration dataset obtained from
Roshydromet (provided by Smolensk branch of Roshydromet), Western Dvina River, Velezh
station Figure31). Observation period is 1992004, 2017, 1112 per annum. We found that the
Velezh station SSC observations are not consistent with other observations in the area in terms
the absolute values of monitored SSC (which are less than 10 mg/l). The long term averages c
Velezh monitoring station for theepod 19922017 was 3.13 mg/IT@ble 18) , and maximal
valuei 10.3 mg/l. The observed values are contradictive to the regional estimates of sedimen
transport (e.gfDedkov, Gusarov, 200h The mostecent estimate of average regional SSC lay
in the range 125 mg/I[Bobrovitskaya, Kokorev, Lemeshko, 2003e reported average value
for the period of Mantra station operation in 2017 (31 Ma9ctober) was around 7 mg/l, and
the maximal valué 152mg/I.

12

SSC, mg/l

10

SSC(average) = 3,1 mg/|

2, % 2 7 ‘s % 2 %, %, 2 2,

g . ?, ? g ?
%, ) V’oov NS *’oog 2

Figure 31. Sediment concentrations at Roshydromet Velezh station (provided by Smolensk
branch of Roshydromet), Western Dvina River
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Table18. Annua averages of the sediment concentrations at WD gauging stations

Station

Results of raw data analyses

Published long-term

[mg/l] average (calculated
from data)
[Dedkov,| Milim
an
Gusarov, 2@0]
20 g**
2000 | 2001 | 2002 | 2003 2004 2017 | Average
(2000-
2017)
Russia
Velesa River, Mantra station - - - - - 7.95 - - -
Velesa River, Rudnya station - - - - - - - 8.13 -
WESTERN DVINA, Velezh 3.2 3.4 3.2 3.2 2.1 3.10 3,13 18.06 -
WESTERN D/INA,Western Svina - - - - - - - 14,41 -
station
Belarus
WESTERN DVINA),5 km upper | 6.00 | 8.14 | 6.40 | 5.10 | 3.40 na 4,52 - -
from Surazh*
WESTERN DVINAL,3 km below | 7.30 | 10.12 | 8.40 | 5.40 | 4.70 na 5,72 - -
Vitebsk
WESTERN DVINA2 km below 6.40 | 7.2 | 7.70 | 6.20 6.20 na 5,85 - -
Vitebsk
WESTERN DVINAL,3 km upper | 7.70 | 8.77 | 8.00| 9.50 | 8.30 na 8,01 - -
from Polotsk
WESTERN DVINAL,5 km below | 9.70 | 830 | 790 | 9.90 | 9.20 na 8,31 - -
Polotsk
WESTERN DVINA2 kmbelow | 6.90 | 8.07 | 7.40 | 10.00| 9.90 na 8,29 - -
Polotsk
WESTERN DVINA15,5 km below| 6.90 | 8.19 | 7.60 | 9.50 | 9.50 na 8,19 - -
NovoPolotsk
WESTERN DVINA, Rm upper 780 | 865 | 6.30| 9.90 | 9.20 na 8,13 - -
from Verhedvinsk
WESTERN DVINA,5 km below | 8.40 | 849 | 7.50 | 9.60 - na 8,15 - -
Verhedvinsk
WESTERN DVINA),5 km bebw - - - 10.60| 5.30 na 4,87 - -
Druya
Latvia
WESTERN DVINA, Daugavpils - - - - - - 8,81
WESTERN DVINA, Ekebpils - - - - - - 14,97
WESTERN DVINA, Lipshi 18,26 20,4

* - the average values for station from Belarus were downloaded from

http://old.cricuwr.by/gvk/default.aspx

** _period of observations (years) before 1984 indicated in brackets
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Table19. Maximal values of the sediment concatitns[mg/l] at WD gauging stations

Station 000 00 00 00 004 2017

WD, Velezh 4.8 9.6 6.1 9.5 4 10,3

WD, 0,5 km upper from Surazh* 7.60 15.50| 8.80| 7.60| 9.10 na
WD, 1,3 km below Vitebsk 12.50 17.40| 15.00| 6.80| 8.50 na
WD, 2 km below Vitebsk 13.90 15.40| 1450 8.20| 25.10 na
WD, 1,3 km upper from Polotsk 11.20| 16.80| 13.40| 18.00| 10.10 na
WD, 1,5 km below Polotsk 26.50 21.90| 13.20| 13.40| 11.40 na
WD, 2 km below Polotsk 13.90| 15.60| 12.30| 14.30| 14.40 na
WD, 15,5 km below NovoPolotsk 12.60| 14.70| 1140| 12.80| 14.60 na
WD, 2km upper from Verhedvinsk | 26.00 17.10| 9.80| 15.00| 12.90 na
WD, 5,5 km below Verhedvinsk 28.10| 15.70| 14.00| 14.10| - na
WD, 0,5 km below Druya - - - 14.30| 12.70 na
Velesa River, Mantra station 152

* - the average values foraion from Belarus were downloaded from
http://old.cricuwr.by/gvk/default.aspx

Mean annual sediment concentratiofialle 19) indicate lower values at the repexf
period at WD Velezh gauging stationwG mg/l) compared to other sediment concentration
value SO for the similar perioe.g.2017 by MANTRA station at Velesa iRer) or other time
laps (e.g. reported fibedkov, Gusarov, 200k The late was evaluated using simple difference
factor coefficient:

Ki = Soi / Swoi

where iT7 either mean annual (i=1) or maximal (i=2) observed sediment concentratbte (

20). The K values lay within the range of 2t6 5.8 for mean annual SSC, and from 2.9 for 14.8
for maximal values. Comparison with the downstream gauging stations should also assume, thg
since the "Ténfurythedonsttuttien of2ie cascade of dams on the Daugava river
has essentiallyeduced the amount of river sediments reaching the most downstream of the river.
All dams are located below Russian part of the catchment (below Velezh station), and the
sediment load decline should be more evident there then in the relatively stablparppéithe
catchment. Vise versa, the results indicate drastic decline of the sediment load at the downstrea
stationi this also support the idea that the observed values at Velezh gauging station (after 1992
are reduced due to methodological drawbacks
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Table20. Differencefactor of ongoing state monitoring data (Western Dvina River, Velezh
station) compared to other sediment concentrations datasets in the Western Dvina Basin

Velesa River| Velesa Riverl WESTERN DVIN| WESTERN DVIN
Mantra staion Rudnya station Western  Dvinal 10 stations located
[Dedkov, Gusaro\ station in  Republic of
2004 Belarus (See Table
1,2)
Period 31 May16 6 years (before 6 years (before 20002015
October 2017 1984) 1984)
Observational methods / Nephelometry, Gravymetric Gravymetric Gravymetric
reference RGB solo turbidity analyses analyses analyses
meter
Compared to observational 2017 19922004, 2017 | 19922004, 2017 20002004
period at Velezh station
Meanannual SSC 25 5.8 4.6 2,60
Maximal yearly SSC 14.8 na na 2,93

The most significant differences are related to the maximal values of SSC, which are
much smaller in the datasets from Velezh station compared to other dataseigye3d). This
induce significant discrepancies in the frequency cuRigufe 32), which is in case of the
Velezh station is shifted to low values of SSC (< 10 mg/l) with only 1 value imatigeer> 10
mg/l, whereas the observed dataset at Mantra Velesa station in 2017 iden#fi@&b &6 of the
values > 10 mg/llt is also important to note that observed interannual variability is contradictive
to the fact that over 50 % of the sedimentsha tivers of forest zone of European plain are
transported during spring flood (e.[Bobrovitskaya, Kokorev, Lemeshko, 2003}Iso this
variability do not indicate any relationship to water dischargegute 33), which is also might
be considered as an evidence of mistakes associate8 3@tassessment at Velezh station.
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Figure 33. Relation plot between measured sediment concentration and daily discharge for
Velezhstation

The observed trends between the annual values are in general wiithilabservations in
Belarus for 10 gauging stations where SSC measurements, but also characterized by lowe
consistency. We proceeded with correlation analyses between mean and maximal annual valu
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of Swo (mg/l) and similar values ¢Sfor each of theBelarus where SSC measurement are
performed (Tables 18, 19) u s whmch compares twaatio 6 S
variables
= C(xlyyy) /0
wherelix and (v are standard deviationsf each of the pair of SSC annual variabfesan or
maximal respectivelyX andY for each ofl stations used in the analyses (i=10§(x,y) i
covariance, which is defined as
g (X, yImx)my;

where M is the expected valu®perator,ex and ey are expected valuesf both SSC
annual valuesvariables The revealed matrixesT@ble 21 and Table 22) revealed very few
significant correlations between pair of SSC datasets for each of the analyzed stations. At th
same time, in the whole group there is no SSC mean annual variable which has significan
correlations @ > 0.95 atp <0,05)with RussianNestern Dvina Velezh station.

Table21. Correlation matrix of the SSC annual mean values between WD station in Russia
(Velezh) and Belarus (20a¥D04)

Means |Std.Dev. | wp, 0,5km | WD, 1,3 km WD, 2 km |WD,13km | WD, 15km | WD, 2 km |WD, 15,5 km |WD, 2 km upper (WD, 5,5 km |WD, Velezh
upper from |below Vitebsk |below Vitebsk | upper from below Polo below Polo below from below
Surazh* Polotsk NovoPolotsk | Verhedvinsk  |Verhedvinsk

WD, 0,5 km upper from Surazh* 6.410000 1.275042 1,000000 0.971696 0.620524 | -0.164807 = -0.698135 -0.392797 -0.280093 -0,218833 -0.427679 | 0.904545

WD, 1,3 km below Vitebsk 7.805000 1,979251 0971696 1,000000 0,765765 | -0,348439 = -0,808557 -0,551396 -0,435345 -0,442833 -0,629051 | 0,779756
WD, 2 km below Vitebsk 6.680000 0.702567 0.620524 0.755765 1.000000 | -0.360278 | -0.992308 -0.453921 -0.325055 -0.743453 -0.840199 | 0.322627
WD, 1,3 km upper from Pelotsk  |8,4925000,808842 -0,164807 | -0,348439 -0,360278 1,000000 0,288754 0,970894 0,984031 0.842411 0,803495 0,228722
WD, 1,5 km below Polotsk 6.950000 0.998332 -0.698135 @ -0.808557 -0.892308 | 0.288754 1,000000 0407718 0.271483 0.666421 0.786552 | -0.434057
WD, 2 km below Polotsk 8,092500 1,359004 | -0,392797 = -0,551396 -0,453921 0,970894 0,407718 1,000000 0,988983 0815312 0,829777  -0,011037
WD, 15,5 km below NovoPolotsk | 8.047500 | 1,1025684 -0.280093 | -0.435345 -0,325055 | 0.984031 0.271483 0,986983 1,000000 0.768409 0758587 | 0.086161
WD, 2 km upper from Verhedvinsk |8,1625001,511828 -0,218633 | -0,442833 -0,743453 | 0,842411 0,666421 0,815312 0,768409 1,000000 0,975264 0,214971
WD, 5.5 km below Verhedvinsk 6497500 0.860247 -0.427679 = -0.629051 -0.840199 | 0.803495 0,786552 0829777 0.758597 0.975264 1.000000 | -0,005812
WD. Velezh 3.250000 0100000 0.904545 0.779756 0.322627 0.228722 | -0.434057 -0.011037 0.086161 0.214971 -0.005812 | 1.000000

Marked correlations are significant at p< 0,050
N=5 (Casewise deletion of missing data)

Table22. Correlation matrix of the SSC annual maximal values between WD station in Russia
(Velezh) and Belarus (20€2D04)

" Means |Std.Dev. |wo, 0,5km| WD, 1.3km | WD, 2 km [WD, 1,3km | WD, 1,5km | WD, 2 km [WD, 15,5 km |WD, 2 km upper WD, 5,5 km |WD, Velezh
upper from |below Vitebsk |below Vitebsk | upper from below Polo below Polo below from below
¥ Surazh* Polotsk NovoPolotsk | Verhedvinsk  |Verhedvinsk
WD, 0,5 km upper from Surazh* 9,72000 3,30257| 1.000000 0697117 0174179 0.366029 0,262515 0.645278 0.620978 -0,062967  -0,149447 0,493463
WD, 1,3 km below Vitebsk 12,04000 440715 0,697117 1,000000 -0,001369  0.079100 0,501462 0,024321 -0,017041 0,077389  -0,441977 0,168438
WD, 2 km below Vitebsk 15,34000 6.13050 0174179 -0,001369 1,000000, -0,721783 -0,266588 0,118959 0,555506 -0,241240)  0,892285 -0,656338
WD, 1,3 km upper from Polotsk 13900000 343511  0.366029 0,079100 -0.721783  1,000000 -0,033456 0,334663  -0.004641 -0.154788  -0,703378 0.986291
WD, 1,5 km below Polotsk 17,28000 6.56940  0.262515 0,501462 -0.266588  -0.033456 1.000000 0,316397 0,055598 0,898740| -0,378689 0048511
WD, 2 km below Polotsk 14,10000 1.18954  0.645278 0,024321 0,118959  0.334663 0,316397 1,000000 0.886001 033207 0.144515 0,445981
‘WD, 15,5 km below NovoPolotsk 13,22000 1.41138  0.620978 -0,017041 0,555506 -0.004641 0.055598 0.886001 1,000000 0,082517) 0536163 0,112223
WD, 2 km upper from Verhedvinsk | 16,16000| 612642 -0,062967 0,077389 -0.241240 -0.154788 0,898740 0,332071 0,082517 1,000000 -0,155652 -0,102791
WD, 5,5 km below Verhedvinsk 34,58000) 37.59331  -0,149447 -0,441977 0892285 -0,703379 -0,378689 0,144515 0,536163 -0,155652 1,000000 -0,677090
WD, Velezh 6800000 2.62011)  0.493463 0,168438 -0.656338  0.988291 0,048511 0.445981 0112223 -0.1027911  -0,677090 1.000000

Marked correlations are significant at p <0,050
N=5 (Casewise deletion of missing data)

To compare consistency SSC observations obtained from Velezh station (Russia) and 1
station at Western Dvina River in Belarus average A¥{or each of the i statioriTable 23).
The results also confirmed that mean annual values of the observed SSC are better fitted to tt
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other datasets, whereas maximal mean values are not in line with observation at downstreatr

station.

Table23. Average correlations ratios between average and maximal SSC values fe&2(RDO
in the list of gauging station in Russia and Belarus where SSC measwanegoerformed

wD,0,5| WD,1,3 | WD,2,0 | WD, WD, WD, 2 WD, 15,5 WD, 2km | WD,55km | WD,
km km km 1,3km | 1,5km | km km below | upper from below Velezh
upper below below upper | below | below | NovoPolotsk| Verhedvinsk| Verhedvinsk
from Vitebsk | Vitebsk | from | Polotsk | Polotsk
Surazh* Polotsk
0,65 0,69 0,65 0,42 0,52 0,70 0,66 0,64 0,56 0,58
0,46 0,30 0,26 0,09 0,39 0,48 0,52 0,26 0,12 0,19

The possible explanation of the reported error in Velezh station SSC data can be relate
to both sampling location and procedure and analytical meffelnlg18). Regarding sampling,
the significant drifts in the measured quantities may arise due to the absence of integratin
sampling technique, which do not allow to take a representative water withirseatgss of
the rivers Horowitz, 1997). The detailed study of the associated error is provided within Mantra
pilot study at Velesa River, but as recently discussed by (Chalov et al., 2018), associatec
uncertainties may reach 50 %. Another important methodological aspect is the fijiee ased
for sedi ment partitioning from dissolved |
filter with pore size 5 um is used. Comparison with grain size distribution measured at Western
Dvina tributary Velesa River indicate, that up to 12 %hef sediment load is associated with <5
um fractions which can be lost during pumping through filtBigure 34).

Harmonization of the transboundary water resources monitoring is focus of research
efforts. It ams at improving comparability of the assessment of the ecological status of waters,
and thus also to more coherently activate action programs of measureg\le.gMphaupt,

Kirst, 2014. Both with differences in monitoring apprdes applied in different countries,
monitoring inconsistency originates from methodological uncertainty of river monitoring. In the
present study, we focused on suspended sediment monitoratems, whichis usually
associated with considerable highemgéing uncertainties than soluble concentratioRede

Suhr, 2007]. Uncertainty components associated with the automatic pumping procedure
discharge measurement and turbidityu ct uat i on at the short ti
characterized by the greatest uncertaintidsvfatil et al 2011]. A literature review was carried

out both with detailed statistical analyses of suspended sediment m@ndonsistency between
international gauging stations located in transboundary Western Dvina River in Russia anc
Belarus. The study further continued with additional experimental data of the Western Dvina
tributary’ Velesa River, to provide uncertainty &ss of estimate accuracy and precision of
water quality components accounting types of river material (suspended particulate matter
nutrients, heavy metals), the sampling strategies and the reporting period (Thomas and Lewis
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1993; Littlewood, 1995;Robertsonand Roerish, 1999), iii) and seasonal variability (the role of
transport regime).
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Figure 34. Possible @Al ost o o fnsuffitieat filerupsre eseddfar datet o a
samples pumping at Western Dvina Velezh station (number indicate samples collected at pilo
study reach)

Analyses of water monitoring consistency in transboundary river reveals important
methodological problem, relateto outdated methods applied at various gauging stations. In
particular, the study was focused on the suspended concentrations data from most downstrea
gauging station located in Russian part of Western Dvina Basin (Velezh station) on the perioc
from 192 to 2004 and 2017. The various statistical approaches revealed that recent obtaine
datasets are not consistent both with current observations in the downstream part of Wester
Dvina Basin (in Belarus and Latvia), as well as with historical datasetgpoRséle explanation
of the error indicate that the largest uncertainty can be related to the applied method, type o
filters (<5 um) and pumping procedure, as well as (possibly) insufficient sampling frequency.
As far as Velezh station since'®® theonly one station in Russian part of Western Dvina Basin
where sediment load monitoring is proceeded, the data demonstrate thevidasgap in the
transboundary river monitoring. It also highlights the importance of existed methods and
techniguesheck, vhich should be the part of monitoring harmonization.
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Chapter IV. River Basin Analysis and management in the three case study
basins (current practices)

The WFD establishes a framework for sustainable water management through the
development of RBMPs arféloMs, with the objective of preventing deterioration of the aquatic
environment and of achieving good status of all water bodies by 2015. The RBMPs and PoMs
have to be updated every 6 years.

River basin planning as set out in the WFD should ensure thatater management is
based on a better understanding of the main risks and pressures in a river basin. As a resu
interventions should be cost effective and ensurdaigterm sustainable supply of water for
people, business and nature. The differéaps of the planning process have to be linked:
Information on pressures and risks should feed into the development of monitoring programmes
information from the monitoring programs and the economic analysis should lead to the
identification of costeffedive programs of measures and justifications for exemptions.
Transparency on this whole process within a clear governance structure will encourage public
participation in both the development and delivery of necessary measures to deliver sustainabl
watermanagement.

RMBPs consist of 8 chapters, which contain information required by the national legal acts

and the Water Framework Directive 2000/60/EC:

1. acharacterization of a river basin district;

2. information regarding the most important anthropogenic laaus$ impact of human
activity on the status of surface water and groundwater;

3. information regarding protected areas;

4. information regarding the monitoring network and results of the implemented monitoring
programs;

5. a summary of the economic analysis;

6. the qudity objectives determined for water bodies and protected areas;

7. information regarding the planned measures in order to prevent or reduce emission of
pollutants, as well as to achieve the environmental quality objectives (Program of
measures);

8. information regarding other programs related to the management of the river basin
district;

9. a survey regarding public information and consultations performed when developing and
updating the plan.

Further important directives from the EU which are closely linked thghWFD are:
1 The EU-Floods Directive ELFD (EU, 2007) &kes place also in the river basins (flood
risk and river basin management plans). Physical flood protection infrastructure can
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determine the ecological status of water with regards to hydmphologcal quality
elements; many measures for flood risk reduction which has multiple benefits for water
quality, nature, biodiversity etc. The HED is highly relevant in the context of
adaptation to climate change impacts (EEA 2009).

1 The EUNitrate Directive(EU 1991) aims at a reduction of water pollution from nitrates
used for agricultural purposes and to prevent any further pollution. It is closely linked to
other EU policies which address air and water quality, climate change and agriculture.
EU members mst establish action programs for vulnerable zones and monitor the
success of the programs. Furthermore, they must draw up a code of good agricultura
practice which farmers apply on a voluntary basis.

As a planning tool for management tasks, models erguéntly used. Options in
management and changing boundary conditions (climate change, demography, economy) can |
considered and impacts onto the system (e.g. quantity and quality of water in a river basin]
estimated.

For the three basins, the status mBnagement plans and exemplary modelling
approaches are presented.

4.1 Western Bug
A lot of transboundary collaboration and coordination took part in projects, some of them
are mentioned:
1 Development of transboundary-operation on water quality monitag and assessment
in the Bug river between Belarus and Poland (TACIS 2002).
1 Water Management in the Bug and Latorits/Uh river basins (2004, accomplished in the
Ukrainian part of théasin withinTACIS CBC).
1 Creation of the PolisBelarusiarUkrainian WaterPolicy in the Bug basii the
Neighbourhood program PolaigelarusUkraine INTERREG IIlif TACIS CBC (2009).
1 Sustainable Use and Protection of Groundwater Resourc&€sansboundary Water
ManagementBelarus, Poland, Ukraine (NATO 2009).

4.1.1 Poland
Watermanagement

The European Commission assessed the first RBMPs (EC 2012) and found:

1 Inconsistency of the planning process (no integrated approach on water management an
no evidence of an integrated policy approach between water management and othe
relatedpolicy areas such as navigation, energy production, flood protection, agriculture,
etc.).
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Monitoring programs do not include all the required quality elements. The ecological
status assessment methods are not fully developed for all required biologiliyl qua
elements.

Some of biological methods need to be intercalibrated.

Methods for the classification of ecological status were not fully compliant with the
requirements of the WFD.

No evidence that the PoM has been coordinated with other countriesgalthdiolish
Ukrainian commission on the management of ttamsndary/international water exists.
Limited number of measures in relation to chemical pollution and no monitoring of the
effectiveness of the measures.

Climate change issues were only supefigisentioned.

No complete monitoring of surface water (e.g. priority substances were not being
extensively monitored, therefore 92% of water bodies were reported with an unknown
chemical status).

Not possible to assess how the designation of Heavily Madivater Bodies HMWB

has been done.

A current assessment of the implementation of the WFD, performE€§2017a)found:

T

Improved implementation of the WFD required in the areas of governance and strategic
planning of projectsn navigation, hydropower, flood defense and any other economic
activities likely to have significant negative effects on the water environment.

Further preparation and implementation of investments in urban waste water treatment
infrastructure requireda§ per the Urban Waste Water Treatment Directive).

Poland is recommended to apply new approaches such as green infrastructure to manag
flood risk. This could be measures like restoration of floodplains and wetlands.

Poland contributes significantly to tleeerall nitrogen load in the Baltic Sea, whereby a
large part of it comes from agriculture. Poland is not complying with the Nitrates
Directive (http://curia.europa.euljuris/liste.jsf?language=en&jur=C,T,F&num=C
356/13&td=ALL). The designation of nitrateailnerable zones is not appropriate and
does notconsiderthe criteria set of the WFD. Furthermore, established action programs
are insufficient.

2nd RBMPs (2012021) were adopted by the Government on 18 October 2016. Publication in
the Polish OfficidJournal is pending.

Floods

A flood management plan according to all aspects of theFEUor the Western Bug

River is not available. The EBD is already in line with the existing Polish water policy and

73



therefore it is expected that no substantial geanregarding the Polish policy are necessary
(FLOOD-WISE, 2012).

Modelling
Using models as a tool for water management task is widely used in Poland. Some
examples are given:

1 Climate modelling is performed toanalysepossible future projections of thdincate.
Downscaling from global conditions to regional (Polish coastal zone) was performed
under the KLIMAT project (Mietus et al. 2009)

1 For water balancenodellingthe widely used model SWAT is applie@gtojski et al.

2014)

1 Nitrogen and phosphorous loads to the Baltic Sea originate mainly from agricultural
diffuse sources (HELCOM 2011), hence European leaders have shifted their focus to
agriculture with a number of research programs executed recently (e.g., Baltic Deal,
Baltic Compass, Baltic Manure, BERAS Implementation, etc.).

1 The hydrological model SWAT was applied to simulate nitrogen and phosphorous flows
under a changing climate (Piniewski et al. 2014).

1 SWAT was applied for the dimensioning of buffer zones around suviater bodies
(Brzozowskiet al. 2011).

1 Geochemicamodellingof groundwater was performed with PHREEQRbétmaet al.

1991)

4.1.2 Belarus

Water Management

RBMPs are developed for the integrated evakesources management of the main river
basins, based on data of the State Water Cadastre, of the State Cadastre of Mineral Resources
the surface andround watemonitoring and of the Basin Councils recommendations.
About how do they comply with th&FD, no information was found so far.

Floods

A management plan according to all aspects of theFBUor the Bug River is not
available. Pilot implementation of the WFD and 4D has begun only. The new wording of
Water Code of the Republic of BelarudlvdonsiderEU directives and experience in the field of
transboundary river basins management. TheFBEUs already in line with the existing Belarus
water policy but not in line with existing Belarus legislatidherefore,it is expected that some
subsantial changes regarding the Belarus legislation are necessary.

Exist flood risk plans from the ARepubl i
from floods for population and agriculture for 2603 1 0 0 focusSlohtkis Program lies on
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technical masureson safety against floods for the main towns, villages, rural, industrial and
agriculture lands in Polesye Region in Belarus (Pripyat River Basin), and partially for the Bug
River Basin.

4.1.3 Ukraine

Water Management
Water management issue in S%ern Bug basin is under responsibility of the SWAU.
Activities of the water management are regulated by the National target program of water
management development and ecological rehabilitation of the Dnipro River for the period up to
2021 (approved by h Law of U k-Y1,a24.052012).4T&i8 @rogram envisages
implementation of IWRM based on the basin principle; development and realization of river
basin management plans; implementation of economic model of-targeted financial support
for the measures undertaking in river basins; establishment of basin councils, etc.
According to Decree of the Cabinet of Mi
river basin management plan developmento (°
Ukrainian part of Western Bug basin has been finalized. Currently, the process of Western Bug
basin management plan development is ongoing.

Floods

A management plan according to all aspects of theFEUor the Bug River is not
available. The EU Flood Bective is already in line with the existing Ukrainian water policy.
Approximation of Ukrainian national legislation in water sector to European one is being
performed with technical and expert support of EU project APENA (http://env
approx.org/index.phprd).

The Cabinet of Ministers of Ukraine has approved the Order of development of Flood
ri sk management pl an (Decree ~ 247, 04.04. 2
development of Flood risk management plans (in cooperation with the MiofsEgology and
Natural Resources of Ukraine, SWAU, other respective central executive authorities) for the
certain territories within the River Basin Districts where the high risk of floods exists.

Specialists of Ukrainian Hydrometeorological Institutéhe State Emergency Service of
Ukraine and National Academy of Sciences of Ukraine in cooperation with specialists of SESU
and APENA experts have worked out the Methodology of preliminary flood risk assessment
(approved by the Order of the Ministry oftlrer i or - 30, 17.01. 2018
Methodology and time plan of EBD preliminary flood risk assessment for all River Basin
Districts of Ukraine has to be finalized by the end of 2018.

Modelling
A comprehensive system analysis, using a compiexcauplednodellingapproach, was

done within the project International Water Science Alliance Saxony IWAS
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(http://www.ufz.de/iwassachsen/index.php?en=18108). The complexity of the IWRM process
was successfullgnalysedoy a model cascade which encomgalssodels of climate, land use,
hydrology, hydrobiology, hydrochemistry (surface and groundwater) as well as Urban sewage
models Figure 35). Moreover, this trandisciplinary approach was set into a context witéa t
analysis of governance and capacity development aspects to integrate political and institutione
issuesFischeret al. (2014) andPavlik et al. (2014) investigated climate effects on hydrology at
different scales and presented projections of decreasing water availability especially in summer
How to overcome data scarcity problems was showRlbyitkeet al. (2014) for surface water
modelling by Blumensaatt al. (2012) for urban water infrastructure, TavaiNahrenet al.

(2012) for nitratemodellingandKérneret al. (2014) for groundwater rechargedelling

CCLM
Regional climate model
PWF-LU 4
Land use parameter model
ASM l J
Wastewater treatment plant model
=) v SWAT, MONERIS ] OGS
SWMM | Water and matter balance models [~ Groundwater model
b
Urban sewage model l
t RWQM1, SALMO
Hydrobiologicalmodels

Common GIS database
(e.g. topography. land forms, soil types, river network, watershed)

Figure 35. Model cascade in Western Bug basici{anzet al. 2012)
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4.1.4 Transnational approaches
Crossborder hazard and risk maps with compliance to EU FD were generated within

FLOOD-WISE project FLOOD-WISE 2012). An example is presented leigure 36.

BELARUS

POLAND
Legend
[ ] Zone with 1%-probability
Zones, m
UKRAINE
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Figure 36. Example of flood hazard map for the Western Bug pilot district

4.2 Western DvindDaugava

Someof the projects that dealt with water management in the region are:

T
T

Management of water resourceghe Western Dvina river basin (TACIS 2002).
Information management system and infrastructures for the transboundary Daugava/
Zapadnaya Dvinand Nemunas/Nemaiver basins (Swedish EPA 2007).

Transnational River Basin Districts on the Eastern Side of the Baltic Sea Network
(TRABANT).

European neighborhood and partnership instrument, Towards environmental
information system (ENPSEIS).

From treory and plans to eeefficient and sustainable practices to improve the status
of the Baltic Sea (WATERPRAXIS).

Information management system and infrastructures for the transboundary
Daugava/Western Dvina and Nemunas/Neman river basins (DATABASIN).

SKIOVO and NDV (document likdntegrated watemresourcemanagement and
protectioni IWRM).
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4.2.1 Russian Federation

Water management problems and plans for Russian part of WD basin are described in SKIOV(
and NDV. This document is prepared by MoseDwa basin Department of Federal Water
Resources Agency. liomts to main problems in water management and collects solutions. Main
goals of SKIOVO and NDV are:

ensuring sustainable operation of the system in the Western Dvina river basins,
conservation of biological diversity;
prevention of negative impact asesult of economic and other activities;

= =4 4

preservation and improvement of the state of the system within water bodies or

their sites;

1 conservation and improvement of the state of the ecological system within water
bodies or their sites;

1 minimizing the impactof anthropogenic impacts creating a risk of irreversible
negative changes in the ecological system;

1 ensuring sustainable and safe water use in the process of social and economi
development of the territory;

1 identification of water resources needs infitere;

1  ensuring the protection of water bodies;

1 definition of the main directions of activities to prevent negative impacts of water.

According to SKIOVO main problems of WD river basin are:

T

Water resources management, usage and protection (pollutidrersf and catchments

by sphere social and agriculture).

Negative effects of water (floods, ground water level rise, and erosion).

Water supply problems (high water consumption by economics and transportation
losses).

Water management

SKIOVO contains sexral points on water management strategy for Western Dvina

catchment:
1 achieving the longerm targets, corresponding to natural concentrations at reference
water bodies;
1 ensuring the safe operation of hydraulic structures;
1 achieving the state of water,¢cha ct er i zed as fAslightly con
9 close to 100% provision of the population with drinking water.
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Floods

According to SKIOVO and Russian Federal Legislation (Decislon3600f the
Government of the Russian Federatidated 18 April 2014) in every settled area flood zones
should be delineated until 2019. The benchmark figures of imegtvod consequences are
zones of flooding by high water levels with different probability (1%, 3%, 5%, 10%, 25% and
50%). These flood zones are prepared for the State Cadastre of Estate and should be used
new construction, waste location managena@at monitoring of water bodies.

4.2.2 Belarus
The project AEnvironment al Protection

(http://www.blacksedaiverbasins.net/en/pildbasins/uppedniepetriver-basin) aimed at an
improvement of the water quality of trsboundary rivers in the Black Sea region. The principles
of IWRM in accordance with the EU WFD was promoted.

Water management

Draft RBMP was developed within the project EPIRB for the Upper Dnieper River Basin
according to the approaches and methodekgf the WFD and the national water legislation of
Ukraine and Belarus. WRDompliant monitoring programs were prepared.

Floods

A management plan according to all aspects of theFBUor Western Dvina is not
available. Exemplarily for the city Dobrush flood risk assessment and mapping was performed
within the project EPIRB.

Modelling
Flood riskmodellingwas exercised with-D hydraulic calculations and mapping with GIS.

4.2.3 Latvia
Water management

River basin analysis and practices base on Ekéctives and national laws and
regulations. The river basin and groundwater management approach has been introduced
surface and groundwater management in Latvia. It has been approved by the Cabinet o
Ministers and it is binding to everyone who is udingse resources.

The first national RBMPs were developed and approved in 2010. The transboundary
pressure was evaluated based on the total load of N and P coming framighbouring
country. No water bodies were identified which are considered asisigniy affected from the
transboundary pollution pressure.

Stakeholder groups were involved (farmers, foresters, local municipalities, Regional
development agency, Ministry of Environment, NGOs and community representatives).
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The RBMP is linked with theother sectoral plans, of which the most important are:

Environmental Policy Strategy 2008015, National Flood Risk Management Strategy 2008
2015, National Development Plan 20013, Regional development plans (depending on a
RBD), HELCOM, and EU directes.

Consultative RBD boards exist, which are an effective panel for the discussion of the

RBMP issues.

2012).

An assessment of the first RBMPs was performed by the European Commission (EC

Later on,EC (2017h compiled an Environnmgal Implementation Review. The main points are:

il
)l

The RBMPs define clear goals and propose measures towards good water quality.
Generally, Latvia exhibits a good level of environmental protection and a good water
quality.

As regards drinking water, Latvi@aaches very high compliance rates.

There are certain deficiencies in RBMPs. In particular the methods to assess the status c
water bodies, the pressure impact analysis, and the setting of ecological objectives are nc
fully developed.

Measures to redudde hydromorphological pressure in river basins should be reviewed
and improved.

Many exemptions were applied, without proper reasoning.

Some significant shortcomings exist in the monitoring (e.g. river basin specific
pollutants, monitoring of designatétMWBs, and biological quality elements).

Definition of the ecological potential of each HMWB type needed.

Although nitrate levels from agricultural sources have been slightly decreasing in the
period 2008011, eutrophication of the Baltic Sea remains ssue for Latvia. More
appropriate measures for nitrate reduction in agriculture should be applied.

With regard to the implementation of the Urban Waste Water Treatment Directive, Latvia
reaches overall high compliance rat8sll it is necessary to imprevthe situation of the
physical connections to theastewatecollection systems.

Waste management should be improved particularly increasing recycling.

Resource efficiency, particularly in waste management and in water resources
management, should be mamcouraged.

For the first planning period (200D 2015), transboundary issues have not been
coordinated, and international RBMPs have not been developed.

Climate change is mentioned as a possible pressure to water bodies. As there is n
methodology develped within the framework of RBMP, results of the KALME project
(http://kalme.daba.lv/en/) were used. No water bodies were identified which are
significantly affected from climate change. Therefore, it has not been considered in the
PoM.
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The second updateof RBMPs (20162021) was adopted on December 22, 2015
(http://ec.europa.eu/environment/water/participation/map_mc/countries/latvia_en.htm), but no
assessment of the EC was done until now.

Floods
National flood hazard maps were produced in the scale D20 2005.

Modelling
Applying models for a system analysis and for planning and management issues is &
widely used concept in Latvia. Some examples are mentioned:

1 Hydrologicalmodelling

o For rivers: with the conceptual rainfalinoff METQ model, velsn
METQ2007BDOPT.
o For groundwater simulations: Model METULguvaet al. 2012).

1 Water quality modelsRuskule2011).

1 Hydrogeological Model of Latvia (https://ortus.rtu.lv/science/lv/
publications/15353/fltext): In general, the groundwater resources in Latvia are in good
condition. However, shallow groundwater is poorly protected from surface sources of
pollution (waste dumps, territories of former military bases, oil product storage,
agricultural activites, etc.). Incorrect and excessive use of groundwater has resulted in
worsening of its quality (in Liepaja sea water intrusion took place; in Jelgava the quality
of artesian groundwater is worsening, the well field Baltezers is endangered by economic
actiities in its vicinity, etc.).

1 Riga Technical University (RTU), upon the assignment of the former State Geological
Survey established the HM LAMO for the whole territory of Latvia. It was used for
management of potable groundwater resources and for @mglutheir recovery
measures.

4.3 Desha
Water Management

Water management issue in Desna basin is under responsibility of the SWAU. Legal
background of Desna basin management is the sameWestern Bug (refer to sedection
4.1.3). However, no delingan of water bodies for Desna has been done yetplarmed within
the development ofthe Dnipro Basin Management Plan (Desna basin is abssin to the
Dnipro basin) will be done during implementation of EUWI+ project
(http://www.euwipluseast.eu/evaut/projectdescription). The main objective of the project is
to improve the management of water resources, in particulardoamglary rivers, developing
tools to improve the quality of water in the long term, and its availability for all. One of the
specific thematic areas of the project is development and implementation of River Basin
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Management Plans, including: organization of joint field surveys in -tvanadary rivers;
development and strengthening of national databases on water related isgpes; t® river

basin management institutions in the implementation of management plans; establishing :
system for regular monitoring of the implementation of management plans.

Floods
A management plan according to all aspects of theFBUfor Desna Rivers not
available. The process of EED implementation is described in sséction 4.1.3.

Modelling

The SWAT model (Soil & Water Assessment Tool, https://swat.tamu.edu/) is used for
Desna basin by the specialists of Ukrainian Hydrometeorological testiihe SWAT model
was tested to simulate the water flow of a large plain river with a predominant snow supply.
River discharges (12 gauges), snow cover depth (13 stations), and the soft data, includin
graphically defined surface runoff and MODIS evapuggration, were used to calibrate the
model. The calibration flowchart, along with a detailed source data description, is proposed tc
aid with streamflow simulation for the snowmdhven watersheds and fill the existing gap of
distributed hydrologicamodellingin the region.
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Chapter V. Pilot study in Western Dvina Basin

5.1. Introduction
Riverine fluxes, which represent the amount of chemicals transported along the river, is

an important subject in transboundary rivers, being responsible for polld&isry from the
upstream to the downstream country. At the same time, the measurement and calculation c
riverine material fluxes are subject to significant statistical errors which should be evaluated anc
made clearly visible to the users of flux dasach as watequality managers and users of
riverine waters Nloatar et al., 2012)As concentration samples are usually infrequent (from
weekly to monthly), only a minor part of the daily river flux population is known, representing
the first source of fix uncertainties Rode et al., 2007). Significant drifts in the measured
guantities may arise due to the location of the sampling in the river section, because suspende
sediment concentration varies within the river cresstionsthus necessitating a series of depth

and widthintegrated measurementsdqrowitz, 1997). Accuracy and precision of flux estimates
depend on: i) the type of river material (suspended particulate matter, nutrients), ii) thegampli
strategies and the reporting perigtittlewood 1995; Robertsonand Roerish 1999)iii)
catchment chaicteristics such as basin size, and iv) the role of transport régifBegandet al.
2011;Moataret al. 2013)

Estimates of water, sediment and tracers fluxes, which are crucial for the transboundary
rivers management, are widely known to have large uncertainty due to discrete (infreguent an
irregular) concentration da{@loataret al. 2013) location of the sampling in the river system
and sectior(Horowitz 1997) drawbacks in methodology (both sampling and calculati@ojle
and Suhr 2007)The transboundary rivers also face problems related to spatial inconsistency of
stations location due to discrepancies in monitopnggram in different countrieAlso, in
many places of the world, particular parts of transboundary river are rather poorly stidied. T
latter is being the main cause of significant uncertainties and gaps in knowledge on water quality
of Western Dvina (WD) Basin, which is the case stofithis project.

Russian part of WD Basin is approximately@0 km?, annual runoff is about 1% of
total inflow to Baltic Sea. Gauging network is sparse and has a lot of gaps in data, especially
related to water and sediment qual{tyhalov et al. 2017) Within the MANTRA project a
multidisciplinary ecohydrological study has been established in the Ryssiaof WD basin
which represents a poorly gauged segment of the transboundary river basin. The study is base
on a novel fieledbased campaign documenting the origin and fluxes of water and chemicals in the
WD catchment. This approach is treated as guaddor assessing potentials and uncertainties of
the existing monitoring strategy of water and sediment quality and the river fluxes.

According to the general objectives of the MANTRA project, the main goals of the pilot
study were set:

1. To introduce a masuring andnodelling concept for investigating water and sediment
transport and quality in transboundary river basins.
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2. To quantify water and sediment rates and quality along the Russian part of WD through
intensive monitoring (snapshot and regular) amatielling of water runoff and quality
during period of project implementation.

3. To estimate accuracy and precision of water quality components accounting for the types
of river material (suspended particulate matter, nutrients, heavy metals), the sampling
strategies, the reporting period and seasonal variability (the role of transport regime).

The study aims at general improving of knowledge on river fluxes in the upper part of the
MANTRA case study WD River, in particular water and pollutants, as well @adimg an
insight into the transboundary river monitoring strategy.

Il n this report, we aim to present the <c
met hodsd contains methodol ogi cal aspects o
resut s6, the main outputs achieved wuntil now

5.2. Data and methods

5.2.1. Measuring andmodelling concept
An integrated conceptual approach of water and sediment transport and quality is appliec

for WD catchment. The approach is based on iateyy independent field and numerical tools
(hereafter Work packages, WP) to develop a comprehensive conceptual model of the sources at
transport of water, sediment and tracdrao principal research scales are concerned: sources
(A) and hydrological p&ways (B) Table24).

The development of the procdsased water, sediment and tracers dynamic integrated
approachfor pilot study in Western Dvina Basinvolved several fieldbased (I) or numerical
and remote ensing (Il) working packages. Théeld-based studies consisted of Field
reconnaissance, water and sediment sources sampling, experimental study on streamer flow
bed mass exchange (all related to Al, Table 1) aater flux assessment from regular tage
datasets, spatitemporal assessment of water quality in the WD catchment, sediment and tracers
(total dissolved load) flux assessment from regular discharge datasets obtained (all related to Bl

The numerical working packages (1) included fiblased and remote sensing monitoring
program to determine the principal factors of water, sediment and tracers dynamics, adoption o
an existing distributed hydrological model (SWAT) based on climatic reanalysis antdssd
GIS catchment inventory, dewgiment of soil erosion, sediment transport and deposition
modules for channel and hillslope areas separately using statistical model LOADEST and
integration of these modules with SWAT consistentlal{le 24). The nodel calibration
additionally uses results of fielhsed catchment land cover and soils description and
classification. Each of the work packages was numberedligiBformat (A, Bi research scope
(sources or pathwaysl, Il T type (I7 field-based; IIT numerical and remoteensing) 1,2,3,4,5
I exact tool). Altogether, the integrated approach is aimed to provide a full quantitative
description of river fluxes and sedimentamater quality in poorly gaugezhtchments.
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Table24. Integrated approach for pilot study in Western Dvina Basin: model chain

Research scope Work package
Type * Water Sediments and tracers
A. Sources I 1. Field reconnaissance and land cover classification

N

Water and sediment sourceammpling
3. Experimental study on stream flekiver bed mass exchange
Il 1. Discriminating runoff | 2. Discriminating sediment sources

sources using end | using fingerprinting techniqusediment
merlnb(_ar mixing concentrationc water discharge
analysis (EMMA) hysteresis rating curves analyses

B. Hydrological | | 1. Water flux assessmern 2. Spatietemporal assessment of wate
pathways from regular dischargq quality in the WD catchment
datasets

3. Sediment and traceffux and
associated uncertainty assessment frg
regular measurements datasets

Il 1. Long term data for flow 3. Long term data for sediment
discharge (Q) from discharge (S) from downstream statiof
available gauges (daily an| (Velezh) (event based) using statistica
monthly) sediment load model (LOADEST)

2. Large scale serdistributed | 4. Semidistributed erosional model
hydrological and erosion | using hydrological SWAT model
model (SWAT):

2a. meteorological ERterim
reanalysis

2b. catchment delineation

2c. lard cover and soil
classification

3. Small scale detailed semi
distributed hydrological
model (SWAT)

Work package type:il field-based; Ii numerical and remote sensing

The following chapters represent methodology used for each Working package in Pilot
study.
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5.2.2. Description of modules

Al-1. Field reconnaissance and land cover classification

Development of pilot study work packages was based on the field reconnaissance, whict
includes routes in the WD basin to identify possible pilot study plots. Based on the preliminary
overview of the catchent, the representative case study area was chosen in the Velesa River
one of the left tributaries of the WD within the Russian part of its basin. This is typical river for
the WD River catchment which flows through plain marshy areas of the Tver régieriotal
catchment area of the river 18120 km2 The gauging station water regime is monitored at the
Rudnya gauging station (catchment are898 knt). The main strategy for water and sediment
sources inventory, as well as key pilot study channel fdotwater quality monitoring
uncertainties study was developed during reconnaissance surveys.

Reconnaissance included field investigation of catchment land cover description which
consisted of geobotanical descriptions of main significant land classelse o€atchment.
Geobotanical descriptions consist of textual vegetation type description, precise coordinates an
photo pictures of the surrounding for the following types of vegetation: mixed forest, deciduous
forest, wetlands, bare ground, pine and spriacests, sand quarries, abandoned and cultivated
lands. Obtained data were used for an automated image interpretation as landscape standal
classified on the image.

20 wsD12

Legend

Vegetation survey points

Figure 37. Example of vegetatiomssey point location and landscape

Collected standards (training datasets) and pictures during fieldwork in May 2017 were
used to define standards for main land cover classes inside the catchmerkiigarnea3)).
Homogeneous land cover type sites were chosen with at least 90x90 meters to use with Lands
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Imagery. Geobotanical descriptions for vegetation survey sites and pictures were collected fo
the centresof these sites to help the supervised image classificdliescriptions include general
landscape information, species composition for tree, shrub layers and understory vegetatior
vegetation density, site coordinates and comments for picteiges€38).

Figure 38. Examples of wooded wetland, abandoned pasture and coniferous forest

The best opesource image covering the most part of the catchment is Land3ht 8
obtainedon 17 September 2014. Others contempoimages are highly clouded and not
appropriate for land cover classification. The best result of automatic image classification was
obtained using the Isodata method based on 20 user defined classes and standard bas
Maximum Likelihood Methods. Theseaslses were generalized and reclassified into NLCD92
land use/land cover classification.

Three Landsat images were used (Landsat 4 TM of July 26, 1992, Landsat 5 TM of July
27, 1992 and Landsat 8 OLI of 17 September 2014) in order to estimate the p#streood
the WD watershed land cover/land use.

All images were classified separately using Maximum Likelihood supervised
classification and then merged into mosaic. The training datasets were derived from Landsa
images. We chose them on the base of figlth points with vegetation descriptions. Initially 45
classes were produced that were further grouped manually into 12 classes according to NLCD 9
classification.

Several NLCD92 classes (21, 23, 32 and 61) were produced from OSM vector layers (as
of Juy 2017) and incorporated to the initial Landsat classification. This allowed increasing the
quality of the classification as these classes are usually mixed and are difficult to distinguish
from Landsat images.
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The final classes were assigned with stathdditCD92colours
For presentlay classification of the WD watershed land cover/land use we used the same
algorithm but Landsat 8 OLI images of 17 and 26 September 2014.

Al-2. Water and sediment sources sampling

Water and sediment samples were collectedwben May and October 2017 and
February and June 2018. A total of 90 water samples were collected, covering all the majol
terrestrial sources of water to river and the water in the riigufe 39). Various hydréogical
seasons (from wet to dry season, both with upper and lower limbs of the hydrographs, as well a
ice- and icefree conditions) were surveye&igure39).
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Figure 39. Sampling location for discriminating runoff sources in the Velesa river catchment

(WD tributary)
Sediment sampling involved two main stagewainly following recession of the spring

snowmelt floods in May 2017 and 2018 with limited additicsehpling between those. In total,
29 source samples and 42 thngegrated suspended sediment samples (TISSS) (21 from main
channel bars and 21 from fresh piebd over bankdeposits) were taken in May 2017. At the
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same time, 4 timéntegrated suspendeskdiment samplers were installed to collect integral
samples over the summer lovater period since May 2017 to October 2017. The May 2018
sampling campaign involved sampling of freshly deposited spring flood sediments including 7
samples from main channears and 15 samples from overbank deposits. Except for the 4 time
integrated samplers, at each sampling location 3 subsamples were taken that were packed a
labelled separately in order to assess possible local variability. In the laboratory, sameles wer
ovendried (105°C), sieved to separate >2 mm fraction. Representative subsamples were take
for determination of: 1) mobile forms of selected elements by atabsorption spectrometry;

2) total concentration of selected elements bya¥X fluorescence; )3selected radionuclide
activity by gammaray spectrometry; 4) particle size by laser diffraction.

The following potential sediment sources have been considered: 1) channel bank erosiol
(undercut floodplain and terrace banks); 2) tributary channel besiangi3) small temporary
tributary streams located in gullies; 4) cultivated areas; 5) active timber harvesting territories; 6)
unpaved road erosion. Each of them was investigated during the sampling carfjgriggv0).

Figure 40. Main considered sediment sources (see in the text explanations)

Al-3. Experimental study on stream flenwer bed mass exchange

Experimental fieledbased stdy was initiated at the Velesa case study reach to define the
numberof organic compounds (C) and biogens (P, Fe, Mn) which is released or stored in the
river water due to mass exchange of hypogeic zone. At the border between "water anc
sediments” theresia constant exchange of suspended and dissolved material. Sediments cal
absorb different substances, and thereraaeychemical and biological processes there. In water
objects, such as lakes and some reservoirs, bottom sediments have a significaoh efiec
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hypolimnion zone. In rivers with higher stream velocities, influence of bottom sediments in
usually neglected in the mass exchange. Due to this, field studies documenting chemical
exchange in sand rivers are rare. In this project, an experimeakelique was used to assess
longitudinal variability of chemicals due to exchange in #®#tom wateichannel interface.

The experiments conducted on the Velesa river channel withirppof pe mor phol o g
document inchannel sources of orgaritompounds (C) and biogens (P, Fe, Mn) in the river.

The experimental set up is based on the balance equation for the selected particulat
forms to define the ratio between botteva t e r exchange @&C and |
sediment transport W&/1 basedon the Kuznetso\Romanenko tube methofRomanenko
1985)

kC/ (W2W1) Q)
where W2i the flux of the element in the downstream section (pool) and W& flux of the
el ement i n the upper section (riffle). Ass
chemicals in the water column. For this bottoadisents were sampled in glass tulegyre
41) . Further exposition of the glass tube w

define matter flux from bottom area during time of installation (Mgenday):
F (mg/mz*dl) = Zuﬂe‘gidTe)’(Llﬂ}, (2)

where F is the flow of the substance twge be
a n dade Taconcentration of substance in a tube with a ground and a blank (control) tube, mg/l; L
I height d the water column above the ground in the tube, dnthé exposure time, ko

Samples of bottom sediments were taken at two locations of the study reach of Velese
river, both representing sandy material. Further experiment of oxygen consumptiondoy bott
grounds rate (by the consumption of oxygen in tube in exposal time) was made. The total
destruction of OM in muds was determined by the amount of H&@ed from the column of
sediments during the exposure time. The transition from the amount ofrogggeumption to
aerobic degradation of OM through the carbon concentration was carried out based on the
respiratory coefficient (Sakharova, 1974). Anaerobic destruction was calculated as the difference
between total and aerobic destruction of OM. Flowphafsphorus, ferrum and manganese from
bottom sediments and the content of organic matter (OM) in the upper layer of the bottom
sediments (loss on ignition) and hygroscopic soil moisture as a difference in-tirg amd
absolutely dry weight of the soilere also determined. The destruction of OM in the bottom
layer of water by the bottle method (according to the method of Vinberg) was also evaluated.
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Figure 41. Experimental setup to study bottom seditiievater exchange

All-1 Discriminating runoff sources using eimdember mixing analysis (EMMA)

Study of runoff generation is based on hydrochemical assessment of interaction of water:
from various water sources of a river in the process of mixing wilti@miver basin based on the
samples collected in Working package-Al Various origins and properties of water bodies
associated with the main physical processes involved into runoff generatiater of deep
underground horizons, slope (or soil) watand atmospheric water coming into rivers,
preferentially by surface flow are considered (Voronkov, 1970; Edelshtein, 1992). The water
sources can be estimated on the basis of the-tommponent mixing model with 2 tracers that
were developed on mass &ate equations for water and tracers. The model equations are:

€Q+Q,+Q,=Q
1CiQ +CiQ, +CIQ, =CQ, 3)
[CIQ, +C2Q, +CiQ, =C7Q

where Q is water discharge; C is the concentration of tracers;the current time step; the

superscript is the tracer; the subscript is the component (watszed. The equation system in
general form is represented as follows:

-CG)C -C) G (¢ @

Q= (cl a)C O (G AT G
cG-¢_ ¢-¢

Q2 C]_ 1 C;_ qu (4)
2=Q Q Q
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The equations (3) can evidently be rewritten using the ratio of discharges of components
to the total discharge using the equatior Q /Q,. In this casef, +f #+f; =1. In the selected

ca® study area, the identification of the representative sources of water is based on selecte
tracer smebmbefrenm xi ng a(hapesesal., 4990) The& mdvhAd involves

the graphical plotting of the concentrations of one environmental tracer against that of another
with the constraint that afitreamwatersamples fall within a triangular space bounded by three
endmembers (water sources). The principal design of the study in Western Dvina basin (Velese
river catchment) includes inventory of ground, rain and surface water combined with river flux.
Chamical parameters are measuitiadsitu. temperature, pH, specific conductivity (SPC), total
dissolved solids (TDS), and content of hydrocarbonate ion @JCQGoncentration of the
sulphate ion (S&¥), chloride ion (C), nitrateion (NOs), calciumion (C&*), magnesium ion
(Mg?"), potassium ion (K, sodium ion (N&;and silicon (Si), phosphorus (P), organic
characteristicgcolour, chemical oxygen demand) were additionally determined in the
laboratory.

All-2 Discriminating sediment sources using fingenting technique

Similar to the water sources study, a combination of geochemical, radionuclide and
physical sediment fingerprinting approa@@ollins et al., 1997was conducted to evaluate the
sources of suspended sediments. Mbédelling procedure involves the use of the Krusiadllis
test, to identify those fingerprint properties capable of discriminating between the potential
sources. A stepwise multiple discriminant analysis was performed to determine the optimum se
of propertiesfor the composite fingerprint. For eaelement,the Goodness of Fit (GOF) was
estimated as a statistical model describes how well it fits into a set of observations to summariz
the discrepancy between the concentration in sediments values and thernvalsesrce The
composite fingerprint was used in a mixing model, which was optimized by minimizing the
objective functionR (5), based on the sum of squares of the deviations from the measured
concentrations of the concentrations estimated for indivilaeér properties, for given relative
contributionsP from them individual sources,

2

n Cssi _(Z Csi IDS ]
R, = (5)
C o C

ssi

where:Csiis the concentration of tracer properiy the suspended sediment samglssiis the
mean concentration of tracer propeirtyy source grous ard P is the relative proportion from
source grou.
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B I-1. Water flux assessment from regular discharge datasets

During summefautumn season 2017, a gauging station was operating on the Velesa river
at the case study reach (56.161412N, longitude 3311A@8). Two data logger§igure 42) were
i nstalled at 50 c¢cm under the water surface
NTU (Nephelometric Turbidity Unitme asur ement s and the ASol in
seves for water level and temperature measurements. The logging interval was set to
10minutes. For the analyses, precipitation and air temperature data were collected from the
nearest meteorological station (Toropec).

Figure 42. RBR solo and Solinst Levelogger sensors (data loggers) used to monitor sedimen
concentrations and water levels, respectively

Additionally, for purposes of water level records calibration, during field work several
series of disecarge measurements in Russian WD catchment were performed
1. Winter 2017 (February-8)
2. Spring 2017 (May )
3. Fall 2017 (October 223)
4. Spring 2018 (May 4)

Measurements were made using the current meterl(MRand the SONTEK Acoustic Doppler
Profiler (ADP) in May 2018 Figure 43, Figure 44, Figure 45andFigure 46).
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Figure 43. Velocity measuremenitgth propeller current meter

Examples of a discharge profile made with the ADP are presenkéglure44, Figure45
andFigure46.
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Figure 44. Velesa riveii Mukhino central cross section, 5 May 2018, Qmean=6.6 cms.
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Figure 46. Western Dvina river WD (bridge), 6 May 2018, Qmean=33.4 cms.

B-1-2. Spatiotemporal assessment of water quality in the WD catchment

For the first time in the regiorextensive fielebased study was done to assess the
variability of the water quality parameters in the WD catchment. The location and frequency of
the snapshot sampling campaigns focused on a characterization of most diverse conditions. Tt
following methals were used for analytical procedures to process with sampled water:

1 Pmin - determined by the method of the MorpRiley (GOST 183022014)
1 P tot-determination of total phosphorus was carried out according to the method of

Morphy-Riley scheme Sugawara

1 Sii Photometric method in the form of yellow H4[Si(M0o3010)4]. (PNDF 14.1:2:4.215

06)

1 Alk - The method of volumetric titratiof5OST 31950 2012)

1 Salt composition, NO3 method of capillary electrophais (Practice guidelines for the
use of capillary electrophoresis systems

1 Organic matte(GOST 318680120).
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B I-3 Sediment and tracer fl®sand associated uncertainty assessment from
datasetsof regular measuements

Togetherwith water level recording, turbidity and conductivity of the Velesa river was
monitored. The main aim of this study is to discuss uncertainties in sediment and water quality
transport monitoring related to temporal resolution of the samstrategy, e.g. impact of big
events etc. (Thomas and Lewis, 19%8tlewood, 1995; Robertsonand Roerish, 1999). To
understand role of particular hydrological conditions on sediment monitorogygm, river
hydrographs were divided into separate hydrological events within which further analysis was
introduced. The separation was carried out based on the identification of the base runoff usin
the local minimum metho{Sloto and Crouse, 1996jvhich is a mathematical interpretation of
the graphical method of B.V. Polyak¢¥946) The local minimummethod verifies each value
to determine whether it is the lowest level per one half of the interval rbtioge unit before
and after the considered one. If so, then it is a local minimum. A hydrological event will be the
change in water runoff over a pma of time between adjacent local minima.

For each hydrological event, the contribution of optical turbidity fluctuations within one
hour was evaluated using the following method. Each hour, the difference between the maximun
and minimum turbidity for a igen period of time @7 was calculated and referred to the
difference in turbidity for the hydrological eveip {e):

AT; = Tinax — Tmin =2, (6)
whereTmax Tmin @are the maximum and minimum turbidity value fqueriod of time, NTU. The
authors suggedteindicating the ratio of the range of variationsgo¥ to go Fie as Tl (turbidity
indexi the optical turbidity index):

ATyg (7)
Thus, the calculation of the coefficient characterizing the mean contribution of urgent turbidity

fluctuatiors for the entire series of observations was carried out using the following formula:

_ X Tlye

whereTlxe is the index of optical turbidity fluctuations for a hydrological event, no measure;
Tlav is the index of fluctuations of optical tudity for the whole series of observations, no
measuren is the number of hydrological events.

Here, uncertainties associated with estimating water quality parameters attributing data
pilot monitoring program at WD with an emphasis on different spatidltamporalscales are
assessed. We consider sampling uncertainties associated with representative samples at

T"IHE =

sampling location and given river cross section and sample frequency. Sampling location was
therefore was characterized by x coordinate (x, mj eepresent length between various
sampling sitesKigure 47) . Variabilitydés within the <c¢ro
characterized by y (width y, m) and z (depth z, m) coordinates. At the end, regulaling and
samples in duplicates was used to estimate uncertainties associated with time (t, sec). Th
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seasonal variations of nutrients and metal concentrations in particulate and dissolved mode bast
on the data obtained for the same point during diffethydrological seasons. Uncertainties
related to baskwide variability of water quality parameters will be studied based on data from
the same hydrological season obtained from different locations within WD catchment.
Uncertainties due to sampling cotidins will be examined based on the cresstional (the

same depth within one cressction at the certain sampling time) and depithe (through the

water column at different depths) variability. For all datasets using standard procedures in
Microsoft Excel 2010 average (M), varie@ (D, dispersion of the data around the mean),
standard devi at i on vafiationC¥=D Ua nd M oweafFgjuiets.teinnma to

Figure 47. Scalef uncertainties studies at MANTRA pilot study plot

B I1-1 Water flow (Q) assessment from available gauges (daily and monthly)

The pilot study also includes statistical analyses of -tengn series of water flow
changes. Discharge data for the Velesarris based on water level and discharge observations
for the Roshydromet gauging stationRudnya (1250 sg.km). This gauging station is located
30km downstream to Sosvyatskoe pilot study outlet. Daily discharges are available since set uj
of until 2004. Daily water levels are available from 1965 until 2014. For Russian outlet of
Western Dvina catchmeiitVelezh (17250 sq.km), daily runoff and water levels were obtained
until 2014. Daily discharge data were aggregated into monthly and annual rtiablé 25).

Daily discharges were used for SWAT model calibration, and annual rurfoff long term
runoff analysis and to choose a representative period for runoff modelling.
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Table25. Available water discharge datasets for WD river catchment (Russian part)

Gauging River Gauging station name | Available daily discharges datase
station
code
73108 |Western Dving Zapadnaya Dvina Before 1993
73110 |[Western Dving Velizh Before 2004, 2002014
73182 Velesa Rudnya Before 2004
73186 Toropa Staraya Toropa before 2004, 2002014
73190 Mezha Ordynok Before 1996, 2002014
73196 Obsha Beliy Before 1996

B-11-2. Semidistributed hydrological and erosion model (SWAT)

For thedevelopment of a hydrological model for WD catchment experiences with other
models in the region were used. For a Russian sub catchment (Velizh outlet) the hydrologica
model HYDROGRAPH was applied, which simulated mean and extreme flow. The most well
known similar approach was done for Western Dvina by SHMI (Sweden) using HYPE model
(Arheimeret al. 2012) but it is calibrated for whole catchment and does not focus on water
runoff in the upper part of WD basin.

In this study a hydrological model based on Su@dter Assessment Tool SWAT
(Gassmaret al. 2007)software wagprepared (Terskii, Kuleshov, 2018). Two thsiep models
were developed separatelyigure 48). The general approach ofodellingincludes collecting
and processing of input data, preparing the catchment mo@glaforg land surface dataseéts
topography, land use, soil). Initial runoff calculation is divided into test of model performance
due to catchment components and inner features of model setup. Then finding the sensitiv
parameters, developing of calibratiapproach and thei using the model. Model is based on
open source spatial data (details see below). A meteorological database was prepared ft
monthly time step, based on global datasets.

The calibration of parameters is based on hydrological obsersa@@mtinuous series of
hydrological measurements were available for the gauging stations Velesai Riuginya,
Toropa Riveii Staraya Toropa and WD RiveNelezhfor the period 1992004. It was decided
to the following periods for the daily and monthdyscharge model: 19899921 warmup
period, 19921998i calibration period, 19920041 validation period.

A SWAT-intern intersection of land use map, soil map, and slope classes resulted in
creation of 172 Hydrologic Response Units (HRUS).

The list ofthe most sensitive modelling parameters depends on the genesis of river flow,
the size of the catchment and temporal resolution of the model (daily, monthly or annually), and
on the modelling approaéhlumped or distributed (for the distributed paramster
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Figure 48. The conceptual framework of the study: water balance model flow of Western Dvina
catchment

B II-2a. Meteorological input data

Free available station data from NOAA (https://www.noaa.gng from the European
Climate Assessment & Dataset project (https://www.ecad.eu/) were used as well as gridded re
analysis data from th&RA-Interim. Recipitation, temperature and relative humidity were
obtained from weather stations. Because no stat@ba were available for wind speed and solar
radiation ERAInterim were used for the period 192916 (https://www.ecmwf.int. Two
weather stations near the Velesa catchment with continuous and public open observation
(ToropecandBeliy) were usedKigure49).

N Toropec
®

rivers

| | watershed
e [e—
‘" 5 ® weather stations

. hydroposts

Beliy
@

048 16 24 32
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Figure 49. Scheme of the Velesa river catchment
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B II-2b. DEM and catchment delineation

To construct the model ohé¢ Velesa river catchment, watershed data of low resolution
was used both with nebulky reliable spatial data. Monthly tinstep model is based on
mediumresolution DEM- ALOS PALSAR (Digital Elevation Model (DEM), resolution 12 m)
https://www.asf.alaska.edurlerrain model was realized using the ArcSWAT software package.
This DEM has been used for automatic catchment delineation and its division into-47 sub
catchments.

B-11-2c. Land cover and soil classificano

For further characterisation of the investigation area, the global dataset GlobeLand30
(LandCover/LandUse layer (https://landcover.usgs.gov/classes.php), resolution 30 m. Lanc
cover classes include the following types (based on NLCD92 classificatidtiyated lands,

forest, pasture shrublands, water bodies and artificial landscape
http://globallandcover.com/GLC30Download/index.gswas used.
To characterize the soil conditions the B F AO s oi | ma p (reso

http://www.fao.org/soilgportal/soitsurvey/sodmapsanddatabases/harmoniz&erid-soil-
database/12/er) was used. Soil cover of the Velesa catchment contains two clagsassic
Podzoluvisols (PDe) and Gleyic Podzoluvisols (PDg) based on Food Agricultural Organization
global classification.

B I1-4. Long term data for suspended sediment dischargdrdm downstream
station (Velezh) (event based) using statistical sediment load model (LOADEST)

Runoff (Q) and suspended sediment concentration (SSC) observations at the outlet statio
Velezh were used to study sediment transport in the WD river basinwékée looking on
extrapolating scarce sediment concentrations data from -20@2 and 2017 (%12
measurements per annum) using calibration regressions constructed with daily discharge dat
(Figure 50). The obtainedegression will be used to extrapolate fluxes over the entire whole
period of discharge observations. For SSC=f(Q) analyses, the statistical regression mode
LOADEST (Runkel et al. 2004yvas used to construct a calibration regression, which is then
applied to a continuous daily discharge record to obtain daily sediment loads (mass per day). The
LOADEST calibration equation is chosen from a suite of predetermined multiple regression
model s wusing Akai kebdbs informati on edincludedr i o
discharge and seasonality as independent variables, with discharge aragrineelto avoid
multicollinearity. We excluded all models containiegg-termtime functions because our short
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data series did not lend itself to detecting such sewéke used the adjusted maximum likelihood
estimator to fit the calibration equation.
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Figure 50. SSCQ dataset for calibration model of sediment load for Western Dvina Velezh
gauging station

B 11-4. Semi-distributed erosional model using hydrological SWAT model

The chosen model for WD catchment is intended to be freely used and has the
mathematic framework with sediment and nutrient load calculation, and with high sensitivity to
the catchment conditioftopography, soil and land use data). We chose the hydrologic model
SWAT v.2012(Gassmaret al. 2007) The advantages of the SWAT model are the availability of
reliable and helpful documentation, absence of limitations on catchment areatibditypwith
GIS software (ArcGIS, QGIS, MapWindow), the opmsurce module of auto calibration
SWAT-CUP (Atkinson et al. 2010) and also the opeaccess library of publications and
scientific communy.

The assessment of erosion and sediment yield was performed based on the HRUs and ¢
the results of the calibrated hydrological model. Water flow is routed through the channel
network using the variable storage routing method or the Muskingum rivengonethod. The
peak runoff is an indicator of the erosive power of a storm and is used to predict sediment loss
SWAT calculates the peak runoff rate with a modified rational method. Based on that, sediment
yield in SWAT is estimated with the modified ilksdoss equation (MUSLE) developed by
Williams & Berndt(Williams and Berndt 1972)modification of standard USLE (Universal Soill
Loss Equation{Wischmeierand Smith 1960Q)

i )0.56

Y =11.8 (@ QQ

whereY is soil losses in tons per a studied periQd;is the total volume of discharge in the
studied period (f); Qmaxis the maximum water discharge during the studied peridt)rK is

K 08 ©F, 9)
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a soil erodibility factor (h-M3-mm?); LSis a dimensionlesslope length and gradient fact@;

is a dimensionless land management factor; Rumsl a dimensionless erosion control practice
factor (in our case this parameter is equal to 1). The MUSLE approach and its modified version:
have been widely applied inftirent river basingWilliams and Berndt 1977Erskine et al.
2002;Chalovet al. 2016)

5.3. Preliminary results
The integrated approach is used to assess water flows, water and sediment quality an

associated uncertaintigsat exist in river monitoring for the WD River basin. The following
results were achieved until now through the implementation of various working packages.

5.3.1. Land use/land cover classification
Land use/land cover maps were produced reflecting tiek daver conditions for 2014

(Figure51) and 1992 Figure 52) approximately in a 1:50 000 scale built on field verification
data. These datasets will be used for SWAT modl¢he Western Dvina catchment to prepare
more detailed land cover input. Most territory of the WD watershed is covered by mixed forest
(NLCD class 23), however wetlands (NLCD class 92), occupy a significant part, and due to the
intensive development ohé territory there are a lot of agricultural lands (NLCD classes 61
Orchards/Vineyards/Other; #1Grasslands/Herbaceous, 82ow Crops).

The areas of the land cover/land use classes defined during the Landsat classifications c
1992 and 2014 are conmed in theTable26.
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Table26. Changes in area of the WD watershed NLCD land cover/land use classes

NLCD land | NLCD land cover/land use $a | Area in Areain Areain Areain 2014,
cover/land | name 1992, kni 1992, % | 2014, knd % of the
use class of the watershed
number water-
shed
11 Open Water 265.8879 1.51 254.7531 1.45
21 Low Intensity Residential 329.5845 1.87 329.5845 1.87
23 Commercial/Industrial/Transpo| 188.2341 1.07 188.2341 1.07
tation
32 Quarries/Strip mines/Gravel pif 0.2925 0.00 0.2925 0.00
41 Deciduous Forest 1538.6085 | 8.74 1939.4406 | 11.02
42 Evergreen Forest 943.1703 5.36 1230.4836 | 6.99
43 Mixed Forest 5716.9341 | 32.47 9796.7583 | 55.64
51 Shrubland 54099198 | 30.727 1670.7051 | 9.49
61 Orchards/Vineyards/Other 3.6423 0.02 3.6423 0.02
71 Grasslands/Herbaceous 1489.6161 | 8.46 133.8021 0.76
82 Row Crops 684.585 3.89 650.637 3.70
92 Emergent Herbaceous Wetlan¢ 1037.62 5.89 1409.7636 | 8.01

The Table reflectsiot only some remarkable trends in land cover/land use dynamics but
errors and weaknesses of the classification results as well. Thus, grasslands/herbaceous we
hugely overestimated in the 1992 classification due to the big spot of haze in the nathefn p
the 1992 image and several plums of wildfires in the central part. These results are preliminar
and not considered in the model yet. Runoff changes caused by the land cover changes should
tested using calibrated model but it seems to be inggnif in comparison to model
uncertainties.
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VELIZH WATERSHED NLCD92 CLASSIFICATION

VELIZH WATERSHED NLCD92 CLASSIFICATION
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Figure51. Landsat based land use/land cover map (NLCD92) for 1992 Figure 52. Landsat based land usefid cover map (NLCD92) for
modern conditions 2014 and vegetation survey points location
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5.3.2. Water and sediment flux and quality assessment
Flow and sediment transport series were collected at the Velesa River during period of

monitoring station implemeation in 2017 Figure 53 and Figure 54), combined with
meteorological observations at Toropec gadkggure55).
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Figure53. Water level and turbidity (NTU) records during the 2017 summer season
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Figure 54. Daily water level in Velesa River (Sosvyatskoe gauging station) anigifagon in the

meteorological gauge Toropec
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Figure 55. Daily water temperature and mean daily air temperature at Toropec meteorological
station

The basirwide water and sediment flux were assessed basede established MANTRA
monitoring station. Observed water quality results distinguished two groups of river waters by
chemical composition. The first group of samples is river water (Velesa river near Mukhino)
samples and samples of main tributarigs @olotnyi, str. Dorozhnyi). The second group consists
of samples collected from the upper reaches of the river Velesa (Velesa River near farm Kalekinc
and village Semenovskaya) and samples from WD mainstream. Other three greapwplaisare
admittedlypotential enemembers. The spring Lagernyi is specific water mass in Velesa catchment
characterized by a high content of dissolved solids (509 mg/l), which can be explained by watel
from deep aquifers delivery during spring. Two group of soil waters @gepted by samples
collected from hillslope streams. They represent water of surface slope enriched with organic
matter.

Table27. Averages of fiekbased inventory of water quality in WD catchment

Mineralization, salColour ofwater, The content of
Studiedperiod composition and |permanganate y dzi NA Sy G &
pH oxidation, DOC) Si, NO3)
Winter lowwater period (Feb 2017) (43 - 43
The decline of spring snemelting
flood (May 2017) 42 42 42
Autumn rany floods (Autumn 2017) |19 19 19
Winter lowwater period (Feb 2018) |In progress In progress In progress
Spring snovwmelting flood (April 2018)In progress In progress In progress
The decline of spring snemelting In Droaress IN DrOESS In Droaress
flood (May 2018) prog prog prog
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Six snapshot measuring campaigns were done to assess waterpgualitgters oveahe catchment
(Table 27). At the Zapadnaya Dvina gauging station (Western Dvina river) and Velesa river
gauging #ations, the water quality sampling campaigns were accompanied with discharge
measurementd @ble28).

Table28. Results of discharge measurements in the WD Rasan b

Area Mean Vel | Total Discharge

River Location Lat Lon Date
m?2 m/s m?3/s

Mukhino central
Velesa . 56.18394| 32.18111| 27.05.2017| 5.52 0.35 1.94
crossection

Mukhino downstream
Velesa . 56.18388| 32.18079| 27.05.2017| 8.55 0.23 1.99
crossection (pool)

Mukhino central

Velesa crossection 56.16141| 32.18852 07.10.2017) 13.0 0.39 518
Velesa | Rudnya 56.04751| 32.10603| 07.10.2017| 12.0 | 0.45 538
Velesa | Rudnya 56.04751| 32.10603| 06.05.2018| 15.7 | 0.49 767
Velesa | Mukhino upstream | oo oo | 55 10603 05.052018 | 13.1 | 0.43 557
crossection (riffle)
Mukhi ral
Velesa uKnino centra 56.18394| 32.18111| 05.05.2018| 26.84 | 0.25 6.65
crossection
Mukhino central
Velesa _ 56.18394| 32.18111| 05.05.2018| 30.312| 0.19 5.90
crossection
Mukhino central
Velesa 56.18394| 32.18111| 05.05.2018| 25.087 | 0.22 5.63

crossection

Mukhino downstream
Velesa . 56.18388| 32.18079| 05.05.2018| 22.342| 0.25 5.61
crossection (pool)

Mukhino downst
Velesa uKniNo COWNSTeaM| o 1 2388/ 32.18079| 05.05.2018| 23.542 | 0.26 6.05
crossection (pool)

Mukhino downstream
Velesa . 56.18388| 32.18(0r9 | 05.05.2018| 21.436| 0.34 7.18
crossection (pool)

W.Dvina | Zap Dvina bridge 56.23373| 32.07954| 07.05.2018| 69.574 | 0.51 35.1
W.Dvina | Zap Dvina bridge 56.23373| 32.07954| 07.05.2018| 70.715| 0.47 33.1
W.Dvina | Zap Dvina bridge 56.23373| 32.07954| 07.05.2018| 68.478| 0.47 32.1

5.3.3.Statistical basinwide analyses of water runoff
Longterm river flow changes show statistically significant, positive trends for the small

Velesa river and the Russian part of the Western DWimau(e56 andFigure57).
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Figure 56. Annual runoff plot and integrated curve for the Velesa rivRudnya station
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5.3.4. Results of hydrological modelling
Hydrological model (see working package B-2)l aimed to assess water balance

components and process wide climatic data anditenmeaurements with further calculations of
interannual actual evapotranspiration, snowmelt water yiatdjr i v er runof f an
distributionwas build Initial runoff calculation is divided into &@stof model performance due to
catchment componé&n and inner features of model setup. Then finding the sensitive parameters,
developing of calibration approach and thamsing the model.

The initial model shows quite adequate performaincannual characteristics correspond
well to measured evapotramsgion (ET) (MODIS) and river runoff (observed). For parameter
calibration,we have used separate calibration for genetically different parameters, espefally
snowmelt parameters and runoff curve number.

The most sensitive parameter is tAefall-runoff curve number, which is also sensitive to
land cover distribution. It is calibrated separately for forested andfamested lands. Other
sensitive group includes lumped parameters responsible for snow cover generating and meltin
(snowfall and snowmelt temperature, amount of snow decreasing dependent to air temperature, &
snow temperature lag factor dependent to air temperature, maximum snow water content before
melting). Soil water losses calibrated mostly with soil bulk density and available eegiacity,
groundwatetosses’ with groundwateflow delay, groundwateminimum depth, recharge to deep
aquifers. Water flux transformation caused by canopy is calibrated mainly with plant evaporation
compensation factor.

The results for calibration falinto good to very good (and very good to satisfactory
depending on objective function)gble 29). We can recognize, that extreme hydrological events
are performed not very well. For exampleenormous high sprinfood and also enormous low
spring flood following heavy rainfalls. This kind of uncertainty most likely appears because of too
rough soil database.

In the WD catchment,the annual distribution of the river flow is genetically non
homogeneousThe standat approach of the model awutalibration was not successful. In this
study 19 to 21 sensitive parameters (for monthly and daily runoff respectively) were chosen
manually one by one. The parameters affectingsti@vmeltrunoff were grouped together and
calibrated separately from the others.

Rainfall distribution plays a&ignificantrole for this middlesize catchment and should be
prepared vergarefully We recommenadisinginterpolated data against reanalysis. Using detailed
DEM (12.5 m) and land use/lamdver (30 m) improves the results for daily time step, but almost
does not have effect for monthly discharge calculations.



Table29. Results of daily and monthly runaibdelling

Objective function Definition Monthly model | Daily model
R2 Square correlation 0.83/0.78* 0.77/0.78*
NS NashSutcliff coefficient  0.77/0.76* 0.72/0.76*
PBIAS % percent BIAS -11.5/-15.5* | -11.7/-16.5*
KGE Kling Gupta coefficien{  0.8/0.78* 0.8/0.75*
Model quality good good

* - Calibration (1992-1998)/ Validation (1999-2004)
Calculated water balance components illustrate the-ameual variability of river runoff,

ET and snowmelt water yield. Maximum snow water yield absolutelyespondsand exceeds
river runoff, because of storing inside the catchmEigure58).
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Figure 58. Simulated monthly water balance components for the Western Dvina Rusgian s

catchment (at Velezli)Evapotranspiration, snowmelt water yield, and river runoff

Modelling results gave valuable information about optimal input parameters of the river
catchment and the method of defining elementary catchments. The results alsie iteu
estimation of the model parameters sensitivity and their calibration for river runoff calculation with

daily and monthly temporal resolution. Based on the study results, we recontmemsk

interpolated observed weather data against reanalysisp{edoenward solar radiation). Using

detailed DEM (12.5 m) and land use/land cover (30 m) significantly improve resultdddy éme

step, but almost does not have effect for monthly. The most sensitiga@reand groundwater

parameters, and also dibuted rainfalirunoff curve number parameter. Calibration of snow
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parameters should be done separately from others because of different genesis of snowme
processes against infiltration amyapotranspiration That 6 s why al | t ogel
inadequate values of many parameters and unstable result. Separate calibration is being made
only 5 snow parameters setting to naturally adequate range and then implementing the
autocalibration procedure using SWAT CUP software. Evaporation is simwetiédbut snow

water equivalent is slightly overestimated (in comparison to observed). Soil database should b
more detailed for daily time step calculations.

5.3.5 Sediment sources appointment using fingerprinting techniques
The preliminary results ofuspended sediment sources appointment using fingerprinting

techniques (working package A2) within the Velesa River basin provides valuable information

on spatial and temporal variability of the contribution of different sediment sources to the total
sspended | oad. Accordingl vy, a sedi ment sour
spatial sa@uraiemedof( <yi®e em) sedi ments. T€s al
radioactive isotope was used for discriminating sourdesblé 30) to compare it with time
integrated suspended sediment samples (TISSS). The results suggest that the main contributors
y n-grained sediment are the intensively eroded river banks. The results of the sedimant sourc
appoint ment are in accordance with earlier
zone (e.g. Theuring et al., 2015). According to the obtained results, river bank erosion generate
over 70 % odrainedsedimentlbad (Theygirteal., 2013).

The use of a combination of independent statistical tests helps to take account of potentia
uncertainties in source estimates, associated with the use of a single composite signature. We fou
that the application of mobile forms of elemt® for fingerprinting purposes is questionable because
these may not meet the criteria of conservativendstive gullies and river channel erosion
(undercut bank) sections should be determined (based on topographic maps and remote sensing d
with field validation).
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Table30. Summary of deviations estimates for sediment sci&SS relationships in the Velesa
River catchment

Mobile forms of elements

id GOF BE GE RE BankE TE

27 0,558536 0,095274 0,028797 0,216011 0,644274 0,015643
28 0,430266 0,003993 0,004816 0,023474 0,962683 0,005033
29 0,485871 0,017945 0,034456 0,00835 0,340425 0,598824
30 0,531338 0,002806 0,031588 0,714138 0,248757 0,00271
Total elements

27 0,722252 0,000844 0,002112 0,025388 0,958452 0,013203
28 0,511125 0,008679 0,004427 0,040808 0,93245 0,013636
29 0,744127 0,026575 0,006028 0,003915 0,961025 0,002458
30 0,668173 0,003619 0,011489 0,056273 0,92798 0,000639

Sources of sediments: BEbed erosion; GE gully erosion; RE road erosion;
BankET bank erosion; TEErosion on timber cultivated landSOFi goodness of fit.

5.3.6 Experimental study on stream flowriver bed mass exchange
The experimental study waconducted to determine rates of mass exchange at the water

bottom sediments interface in the river channel (working packag®)A |

The concentration of microorganisms normally correlates well with sediment parameters
such as the content of organic reatbM, granulometric composition and hygroscopic moisture of
sediments. The rate of aerobic degradation of OM was very low in the sandy bottom sediments (4
and 37 mgC/m2 s, in the first and second locations, respectively). Moreover, the water temperature
was low (14.4 ° C). The small valuesthe turbidity of the bottom water (8.1 mg / I) and the low
content of OM in the upper sediments layer {0.2%) also do not contribute to an intensive
development of microbiological processes in the ground. Dube aeration of the entire stream
(the concentration of O2 in water is 1.5 mg / ), the anaerobic component of the destruction proces
of OM in the sediments is practically absent, the total destruction occurs predominantly by aerobic
means (the total dé&raction was 45 and 47 n@n? at two sites). Thus, the contribution of bottom
sediments to the process of decomposition of OM is small. The phosphorus flux from the botton
sediments also turned out to be insignificadt3 mg P/rfs (Figure59).
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Figure 59. The ratio of total and aerobic destruction D of organic matter in bottom sediments of the
Velesa river case study reach (lefapper location, righi downsteam location)

5.3.7. Preliminary results of discriminating runoff sources using enemember mixing analysis
The objectives of the eatiember mixing analysis done in the Velesa River basin (working

package WP B-1) were to identify potential sources of wafind hydrological interpretation of
contributing geographical source waters specific to WD catchments. The preliminary results
indicate Figure 60) a significant variability of underground water sources. The atsm
composition of these sourcesdetermined by soilormation processes and the underlying rocks.
The identification and accounting of specific water sources in the ENMNBysis will make it
possible to give an objective assessment of the temporahdgs in dominant runoff sources and
flow paths. The score plot of the Principal Component Analysis PCA shows a spatial differentiation
of water samples. Potential measured-smmbers (vertices of a triangle) form a mixing space.

Stream water samples doeated inside of this are&ifjure60).
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Figure 60. Result of the PCA analysis to discriminate water sources in Velesa Rive catchment

5.4. Conclusions

In this chapter we aim to present the concept of the pilot study, focusing on methodological
aspects of the approach. The results of pilot study will be published in targeted papers. Some of tt
preliminary results of the pilot study have been already presahieternational conferences:

1. Oral pesentation at international confer e
bezpiecze@E&stwo i rozw-j o by-te@®hdgnhnucg of Bverr .
water turbidityo (Pol and, Bydgoszcz, June

2. Oral presentation at the 2nd Baltic Earth Confegefitie Baltic Sea in Transition by Pavel
Terskiil, Al exey Kul eshov: AWat er bal an
subcatchment of Zapadnaya Dvina Rivero (H

3. Oral presentation at the Second International Young Scientists Famugoil and Water
Conservation and ICCE symposium 2018 "Climate Change Impacts on Sediment Dynamics:
Measur ement , Model |l i ng and Management o b
fingerprinting for establishing suspended sediment sources within theaVelési v er b e
(Russia, Moscow, August 2018)

4. Poster presentation at the Second International Young Scientists Forum on Soil and Wate
Conservation and ICCE symposium 2018 "Climate Change Impacts on Sediment Dynamics:
Measur ement , Mo d e | lby P.Ng. TeaskiidA.AMluleshgve SiRe @halov
AWater balance and sedi ment | oad assessme
subcatchment of the Western Dvina Rivero
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Results of the particular working packages of Pilot wtueere published in the following
publications:

1 Sergey Chalov. Consistency and uncertainty analyses of sediment transport monitoring ir
transboundary river: case study of the Western Dvina (Russian Federation, Belarus anc
Latvia) // Proceedings in Earthédinvironmental Sciences.

1 Pavel TerskiiWater balance assessment using SWAT model. Case study on Russian
subcatchment of the Western Dvina River // Proceedings in Earth and Environmental
Sciences.

1 S.R. Chalov, A.S. Tsyplenkov. Shaerm dynamics of rivewater turbidity // Geography
and Tourism, Vol. 6, No. 1 (2018). DOI: 10.5281/zenodo.1314006
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Annex 1

PRINCIPAL INTERNATIONAL AND NATIONAL LEGISLATION IN WATER SECTOR
I. Relevant international laws and regulations in the water sector

1. Directive 2000/60/EC of the European Parliament and of the Council establishing a
framework for the Community action in the field of water pdli¢Wvater Framework
Directive).

2. Directive 2007/60/E®n the assessment andmagement of flood risks (Flood Directive).

3. Council Directive 91/676/EEC of 12 December 1991 concerning the protection of waters
against pollution caused by nitrates from agricultural sources (Nitrates Directive).

4. Council Directive 91/271/EEC of 21 May 1D@oncerning urban wasteater treatment.

5. Council Directive 98/83/EC of 3 November 1998 on the quality of water intended for human
consumptior(Drinking Water Directive).

6. (Directive 2006/7/EC of the European Parliament and of the Council of 15 Febrgy 20
concerning the management of bathing water quality and repealing Directive 76/160/EEC
(Bathing Water Directive).

ll. Relevant Polish laws and regulations in the water sector:
1. Act on inland navigation (2000).
2. Environment protection Law (2001).
. Act onfishing (2004).

3

4. Act on Inland fishing (1985).

5. Act of 18 July 2001 Water Law (Journal of Laws 2015, item 469, as amended).
6

. Act of 20 July 2017 New Water Law (Journal of Laws 2017, item 1566), in force as of 1
January 2018, excluding some provisions, efnéd by the act.

7. Act of 3 October 2008 on Sharing Information and Protecting Environment, Participation of
the Citizens in Environment's Protection and Environmental Impact Assessments, item
1227, as amended).

8. Regulation of the Council of Ministers of 28arch 2013 on detailed scope of River Basin
Management Plans (Journal of Laws 2013, item 578).

9. Regulation of the Council of Ministers of 14 November 2016 amending the regulation on
detailed scope of River Basin Management Plans (Journal of Laws 20189f&n

10.Regulation of the Minister of Environment of 19 July 2016 on the form and way of
monitoring bodies of surface and underground water (Journal of Laws 2016, item 1178).

12C


http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32000L0060
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32000L0060

11.0rdinance of the Minister of the Environment of November 21, 2013 amending the
ordinance on the forms and methods of monitoring of uniform bodies of surface and
groundwater (Journal of Laws of 2013, item 1558).

12.Regulation of the Minister of Environment of 21 July 2016 on the classification of bodies of
surface water and environmentalaljty standards for priority substances (Journal of Laws
2016, item 1187).

13.Regulation of the Minister of Environment of 21 December 2015 on the criteria and
assessment of the status of the bodies of underground water (Journal of Laws 2016, iter
85).

14.Act of 27 April 2001 Environmental Protection Law (Journal of Laws 2001 no. 62, item
627).

15.Act of 16 April 2004 on Nature Protection (Journal of Laws 2004, no. 92, item 880).

16.Act of 7 June 2001 on Collective Supply of Water and Collective Waste Disposal {(Journa
of Laws 2001, no. 72, item 747).

[ll. Relevant Belorussian laws and regulations in the water sector:

1. Law of the Republic of Belarus1 9 &X2uw, 26. 10. 1992.
2. Water Code of the Republic of Belarus (2014).

3. National Plan of Actions on rational use of natural resources and environment protection in
the Republic of Belarus for 2010 years.

Water Strategy until 2020.
National SustainablBevelopment Strategy for the period up to 2020.

State Programme for water supply and sani

N oo o &

State Programme for Development National Monitoring System of Environment in the
Republic of Belarus for 20312015 years.

. Relevant Latvian laws and regulations in the water sector:

Environmental Protection Law (Latvia).

Law on Water management (2002).

Law on Water management Services.

Fishery Law.

Forestry Law.

Law on Environmental Impact Assessment (Latvia) (2005).

Law on Environmental Prettion (Latvia).

Law on Pollution (2001): implementation of Council Directive 96/61/EC.
Waste Management Law.
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10.Regul ati on No. 118 (2002): ARegul ati ons
Groundwaterso.

11.Regulation No. 34 "Regulations regarding Dikarge of Polluting Substances into Water"
(2002).

12.Regulation No. 736 "Regulations Regarding a Permit for the Use of Water Resources”;
(2003).

13.Regulation No. 857 "Regulations regarding Procedures for Ascertaining of Groundwater
Resources and Criteria Quality" (2004).

14 AiRegul ations on the Protection of Wat er

Agricul tur al Sourceso, Cabinet of Ministe
15AiRegul ati ons Regarding Utilisationndth®oni
Compost thereofo, Cabinet of Ministers Re

. Relevant Russion Federation laws and regulations in the water sector:

1. Water Code (2006).

. Relevant Ukrainian laws and regulations in the water sector:

2. Law of UkrameéeedOnl Hy d @43XIX d8.02.499% y 0 ~

. Law of Ukraine AOn Envi-Klbh2b:0e1891.a | protect.i

4. Order of the State Hydrometeorl|l ogi cal Ser
pollution of the Environment which are usedime system of Hydr omet
(- 75, 31.05.1993.

5. Decree of the Cabinet of Mi ni sters of Uk
Environment al monitoring systemo (- 391,
6. Decree of t he Cabi netOn approvalof nhe Otder ofsthe Gthte U |
monitoring of watero (- 815, 20.07.1996) .
7. Order of the State Emergency Service of
operational and regime information <conce

23.12.2013

8. Order of the State Emergency Service of
preparation, processing and submitting by hydrometeorological organisations, institutions of
the State Emergency service of Ukraine the regime information concerninggrobhfitine
Environmento (- 451, 16.09.2016) .

9. Water Code of Ukraine. Decree of 20139%BPSupr-r
(current version 04.06.2017).

10.Decree of the Cabinet of Mi ni sters of Uk
cadast e manage dhd i3t 0 0)8Culet.versto® d 07.06.2017.

11.0r der of t he St at e Emergency Service of
recommendations on the state water cadas
wat ér 09, 03.12.2015) .
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120r der of the Ministry of Ecology and Natu
of polluting substances for determination of chemical status of surface and ground water
bodies and ecological potential of artificial or heavily modified surfagsetwe r D o4y 0

06.02.2017).

13.Law of Ukraine AONn assessmehdbdl®2B.05R0LT, inr o n
force).

l4iMet hodol ogy of ecol ogi cal assessment o f

(approved by the Order of the Ministry of Enviroental Protection and Nuclear Safety of
Ukraine -~ 44, 1998) .

155Nor mati ve document AEnvironment al protec
Organi zation and performing of observatio
2003) . haximunii dllowabte camdentrations and roughly safe levels of impact of
har mf ul substances for the fishery water

t he USSR411,709.0B.2990). Legal status of this document is prolonged by the
Orderoft he Mini stry of Emergency Sitwuations
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MONITORING PROGRAMS

Annex 2

Surface water monitoring program of RosHydroMet (Russian Federation)

Monitoring
station rank

Frequency

Daily

Each ten days

Monihly

Each hydrological seasons

(category)
1

Terperatire,
Do,
conductivity,
visual
ohservations

Teraperature, pH, DO,
conductrity, sedirnent
concentrations, BOD,
COD, main (2-3) trace
contarminanta
concentrations, wisual
chzerations

Terperature, pH,
DO, conducttvity,
sediment
concentrations, BOD,
trace contarninants
concentrations, wisual
ohszerrationg

Terperature, pH, DO,
conductivity, sedirnent
concentrations, BOD, 00D,
toain ions, trace contarminants
concentrations, wisual
ohserations, nitrogen
(nitrites, nitrates, ammonia),
phosphors, siliciurm,
petrochernicals, S545,
phenols, pesticides, heavy
metals

Visual
ohserrations

Teraperature, DO,
conduct ity wisnal
ohaervations

Tetoperature, pH,
DO, conductraty,
gedirnent
cohcentrations, BOD,
trace contaranants
concentrations, visual
ohserrations

Teraperature, pH, DO,
conductriaty, sedirment
concentrations, BOD, 0D,
mmalh 1ons, trace contatninants
concentrations, wisual
ohservations, nitrogen
(rutrites, rotrates, ammonia),
phiosphors, siliciurm,
petrochernicals, 3545,
phenols, pesticides, heay
metals

Ha §lavailable only

during high water
events

Extended program:
terrperature, pH, DO,
conductivity, sedirnent
concentrations, BOD, 00D,
mmaln 1ons, trace contarninants
concentrations, wisual
ohgerations, nitrogen
(nitrites, nitrates, armonia),
phosphors, siliciara,
petrochericals, S58E,
phenols, pesticides, heavy
metals

Short program (allowed):
Termperature, pH, DO,
conductrty, sedirnent
concentrations, BOD, trace
contarmnants concentrations,
wisual observations

Temperature, pH, DO,
conductaty, sediment
concentrations, BOD, trace
contarnnants concentrations,
visual observations

NOTE: surface water monitoring programs and lists of parameters of Poland, Belarus and
Ukraine are presented in Metadatabase file (see separate Excell file attaced)
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