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1.Introduction

 This paper is part of the Life Diminish project (LIFEO3 ENV/RO/000539:
Development of an integrated basin management system in order to
correlate water quantity and quality analysis with socio-economical
analysis, using Open-GlIS technology) having the main purpose to develop
and implement an action program, able to forecast nutrient pollution using
different approaches :

> an on-line emission monitoring aimed at improving water quality in
areas subject to nutrient pollution,

> polluters have to be discouraged to maintain emissions regardless of
the allowed maximum values;

> public implication on the,basin management plans must be increased
before the adoption of final _decisions concerning the environmental
: measures. -
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1.Introduction

Economical methods for the monetary valuation of environmental costs have
been developed and integrated into the system.

Scenarios regarding the decrease of the pollution have been designed, such
as the upgrade and the construction of sewage plants regarding point
source pollution and rotation of crops or changes of land use concerning
diffuse sources (according to the WFD).

The consequences of the nutrient pollution are discussed from two points of

> the effects of point o se pollut|on for surface and groundwater, on
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2. Study area

The Bistrita River (283 km length) is one of the main tributaries of the Siret
River, which is the second affluent of the Danube River in terms of discharge
and basin surface. The Bistrita River Basin has an area of 7039 km2 and its
contribution to the Siret discharge represents more than 30% (65 m3/s). The
mean altitude of the basin is 919 m.
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2. Study area

*The Bistrita River Basin has a population about 550 000 inhabitants, from which
some 55% live in urban areas.

*43% are connected to the centralized water supply or sewage system.

For nutrient balance calculations, the estimation of diffuse sources originated from
the population is important, taking into account that only 10 agglomerations among
a total of 375 localities have wastewater treatment plants.

Localities distribution within the Bistrita Basin
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2. Study area

 Environmental problems:

» High concentrations of ammonium, organic matter, nitrates and
suspended matter at the basin outlet.

» Human activities, such as discharge of wastewater have disturbed the
natural fluxes between the nitrogen and phosphorous, resulting in
iIncreased nutrient levels in surface waters.

» A great percent of the total wastewater stations (> 50%) function
improperly.

» The groundwater quality is also affected by agriculture through water
infiltrations from the surface waters.

» The increase of the onium, nitrates, organic matter and phosphates
concentrations especiallyain two areas: Bacau and Piatra Neamt cities,
due to human activities.
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3. GIS Database

The on-line Diminish system allows the establishment of a complex database
developed in the GIS environment and provides the possibility to bring
together different types of information into the same reference system.

The structure of the dedicated GIS database has been planned for the study of
the evaluation and management of information (related to water quality
management), as well as for the assessment of damages produced by
pollution effects.

Therefore, the database represented by the spatial geo-referenced information

ensemble (satellite images; thematic maps, and series of the meteorological

and hydrological parameters, other exogenous data) is structured as a set of
ikilbuted quantitative and qualitative data.
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3. GIS Database

The GIS database contains info-
layers in a relational structure, that
are: sub-basins and basin limits; land
topography (15m cell size DEM);
hydrographic and canal networks;
transport network (roads,. railways);
localities; administrative boundaries;
meteorological and  hydrometrical
- gat ations; points of intere
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3. GIS Database

« GIS database was created using different cartographic documents at the
scales 1:25 000, 1:50 000, 1:200 000. Most of the thematic layers have been
extracted from this classical mapping support.

 GIS database was updated on the basis of the recent satellite images (e.g.
satellites: LANDSAT ETM+, TERRA/ASTER, SPOT 5 images: the
hydrographic network, land cover/land use) or by field measurements
(several measurement campaigns were organized using GPS technology,
necessary to set up the points sources, wells location, etc.).

« data used for the modelling approaches, both to define the constraints of the
system and to validate the simulations (e.g. discharge and water quality
data, piezometric level or data on urban and industrial waste water).

2mentary data were obtal g from _our-own surveys carried out, in the
determination of diffuse P, N sources

Res Into percentages of forests,

({0

is be stribution of the lanc
pasture agncultural and arable land (Corine"and Cover database) and our
own meas nents made in areas of different geolegical units and land-use
types, | nd middle part of the basin, upstream of the
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3. GIS Database: Land topography (15 m
DEM)
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3. GIS Database: Geology
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3. GIS Database: land cover/land use

7 classes:

- Forest
- Infield

- Pasture
- Urban, mine, industry
- Arable

- Water

- Wet land
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3. GIS database: sub-basin and basin limits
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3. GIS Database: Administrative boundaries
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3. GIS Database: Localities
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3. GIS Database: communication ways network
(roads, railways)
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3. GIS Database: different point of interest
(pollution sources, water quality control
sections etc.)
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. pef the river are the results rather of

4. Mathematics tools - surface water
model

« The surface water model is one of :
=R =BV 1| 1o ] [SR=Te o [(e I s (s |gl Structure of the RIVERSTRAHLER model

modelling nutrient cycling and Hydrostrahler + Rive
ecological functioning In the river e
catchments. | Hydrometecrologicd constraints
. . . 1 Morphological constrants
« The model consists in coupling a 3 Input from tervestrial system

hydrological model (Hydrostrahler)
with an ecological model (Rive).

e assumption fundamental of the
modelling approach: the specific
features of the ecological functioning

differénees,..._in the constraints
(geomorphology, hydrology, climate
and input of elements from diffuse ] _
and point sources) than of S L
differences in the kinetics of the utriens retention

microbiological processes that are insmpebas S

the same from headwaters to

downstream sectors.
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4. Mathematics tools - groundwater coupled

model

Models have a modular structure in order to be used independently, in function
of the analyzed problem.

The input data in the groundwater model concerns: monitoring wells database;
geological database; hydrological database; hydrochemical database.

The outputs data of the groundwater model that could be used by the decision-
makers are the piezometriques maps and the pollutants (nutrients)
concentrations maps.

i i GEOCOU
I I l
soographicaldata | definition of the hydrologic system structure and description of the

cal characteristic of the aquifer and the river basin
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MODSUR i
hydrological budget and discharge D
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Flow in unsaturated zone using
“functions of production "

NOMSAT- discharge in unsaturated zone

Hydrological budget using MODCOU
“functions of production " surface - groundwater flow
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5. The cost-environment methodology

 Environmental costs methodology consists of the environmental damage
costs of aquatic ecosystem degradation and depletion caused by a
particular water use, such as the emission of pollutants (European Water
Economics Working Group - Wateco, 2002).

« The role of environmental costs in the context of selecting a cost-effective
program of measures (Article 11 and Annex Ill of WFD) is to signal to what
extent existing or new environmental standards are met or not and what are
the associated costs, including environmental damage costs and any costs
arising as a result of an inefficient allocation of water and pollution rights.

the costs of measures for reachlng the good status are related to two
important types of measurespapplied to the chemical pressures:

or the urban and ind lal sources, related to the wastewater

ducing pollution from ag e.
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5. The cost-environment methodology

« Concerning the point sources, the costs for applying the above mentioned
measures were established on the base of the available categories of
sewage and wastewater works, for each human agglomeration, according
to the Complementary Position Paper of Romania (Annex 3 of the
Document European Integration Department — Ministry of Environment and
Water Management, Romania).

« The economical approach is based on the knowledge of the costs of
iInvestments, of the operation and maintenance of investments; these costs
have been evaluated using unitary costs — Euro/population equivalent —
obtained in Great Britain (Euroconsult EUROPEAID/114902/D/SV/RO) and
taking into account the investment costs from ISPA projects.

: 3 nculture the economical approach
e flcatlon of the available measures for reduction of
uncontrolled outflow of nitrogen compounc h as: reconversion of the
arable -_-—_--= 0 Intensive grasslands; app the good agricultural

practice mposting the animal manuréfrom.farming and
mant re; creatlo E al wastewater
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5. The cost-environment methodology

The corresponding costs have been evaluated on the basis of the french
unitary cost and on the proportion of Gross Domestic Product (GDP) of
agriculture between Romania and France.

Classification of measures is needed as a basis for the selection of cost-
effective combinations of measures.

The cost/effectiveness analysis has the role to identify the most efficient
measures from the cost/effect point of view.

The effect of the measures is estimated by mathematical modelling like a
difference between the nutrient loads simulated in both cases, before and
after the implementation, of the measure and on the basis of the user
experience.

1alyzed measure can be an

individual measure or a combination of

nutrient o
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6. DIMINISH ON-LINE SYSTEM

 The DIMINISH on-line system is web-based with a distributed architecture and
consists in a core server, which handles the interactions between the various
modules, the end-users management, the display and manipulation of data.

*The web interface was designed to obtain a simple and friendly environment for
spatial data management and scenario creation, taking into account the end-user
needs:

»process data for specific computations,

»change the inputs for.the mathematical models,

»browse the mathematicéi"els outputs in a GIS environment,

le.the multisource proeessed information in order to better
und he pollutic humans and environment,
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6. DIMINISH ON-LINE SYSTEM: Web
Interface

acquisition, validation, storage,
spatial analysis and data interpretation

management and exchange of raster and
vector graphic information, and also of
related attribute data for the water
pollution monitoring activities

DIMINISH on-line GIS system flow-chart

handling and preparation
for a data rapid access

information updating (temporal
modification)

data restoring, including the elaboration
of thematic documents

generation of value-added information

distribution of the derived products to the
interested authorities, medlia, etc.

GIS Database

AHM server IN HGA server

GiS enabled web interface

1.

{custom ESRI ArciMS application) Surface water quallly modal

Ground water quality model
Models outpus as:
GiS database visualization i

Spatial query builder

Environmental costs
Adjust models inputs

End-users
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6. DIMINISH ON-LINE SYSTEM: Web
Interface

DIMINISH on-line GIS system key components

HTTF Requast

Care Server (wehserver, database,
server, mapserver),GIS Database,
Water pollution models Water Pollution Models, User Interface

Environmental costs
GIS database

ArcXML Request

Mapserver application structure (ESRI ArclMS)
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5. DIMINISH System data flux dynamic - 1
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5. DIMINISH System data flux dynamic - 2

Editing scenarios

Modify models input Environmental costs estimation
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6. Conclusions

e Our GIS system, focusing on nutrient management in the Bistrita river
basin, is the first reported GIS on-line system which integrates a
hydrological, geological, environmental land economical data base, by using
an open web-based interrogation and analysis informatics tool, such that
the basin management evaluation are made available to remote users.

« The study has proved that outputs of the developed system can be used for
the assessment of ecological cause/effect relationships and ultimately for
the selection of measures.

* Nutrient budget calculations and cost — effectiveness analysis have shown
that the measures in the field of “upgrading the wastewater treatment plant”
tend to be more cost intensive than measures that aimed at reducing
nutrients from agriculture.

Measures dedicated to réd,uce point source pollution could be generally
supplemented by improving the structural quality of the hydro system, e.qg.
eation of wetlands to redilee diffuse sources, which couid increase
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Contact addresses:

vasile.craciunescu@meteoromania.ro

argentina.nertan@meteoromania.ro

cris.trifu@hidro.ro

Thankwyou for your attention!

0 iwww lifediminish.ro
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