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Since 1979, when the construction of Ignalina NPP
started, a group of scientists from Lithuania's research
and academic institutions have been engaged in a study
of both the state of Lake Druksiai - the future cooler of
the power plant and the surrounding area. The study was
aimed not only at the assessment of impact of the plant
upon the changes in the ecosystems. There was a need to
initiate a research programme to study the region of
Ignalina NPP as a comprehensive nature complex, not
limited by the interests or potential of one institution. The
implementation of such programme could provide
scientific conclusions vital for formulating the strategies
of nature management, nature and health protection
under the conditions of normal and emergency
operational regimes of Ignalina NPP.

The programme has been designed by the scientists of
the following research and academic institutions:
Institute of Botany, Institute of Ecology, Institute of
Geography, Institute of Geology, Institute of Physics,
Lithuanian Energy Institute, Lithuanian Centre of
Oncology, Institute of Pedagogic, Vilnius Pedagogical
University, Vilnius University and National Centre of
Hygiene. The programme was designed in 1991-1993 and
it will be carried out by 250 members of 13 research and
academic institutions and will continue from 1993
through 1997.
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Preface
Development of economy brings to the surface problems related to

negative effects upon nature. It is obvious that v/ith a decline of a self-
regulating potential in natural ecosystems, the danger of finding oneself on a
brink of an ecological catastrophe is becoming a reality. It is unrealistic tc
expect that people will need less energy or natural resources in the nearest
future. Therefore, there is a pressing need to seek ways for a rational use of
the available resources and, at the same time, to create a viable strategy of
nature management and protection as well as to reduce the harmful effect of
industrial activities on environment and man. On the other liand, a biased and
inadequate forming of public attitudes towards major industrial projects may
cause unnecessary economic losses. It is, tiij.efore, of vital importance that in
an effort to find the least harmful ways for meeting its needs, the public
should rely on the conclusions and realise that they are based on scientific
facts.

Even after the Chernobyl accident when the illusion of the harmless
nuclear power was crushed, it still remains the most promising branch of
energy. Ignalina NPP continues to play an important role in Lithuania's
economy. It is the largest industrial object of its kind in the Baltic region. In
case of a big accident, however, radioactive pollution of the environment
would occur and the ecosystems would be subjected to a chemical impact.
This calls not only for a continuous monitoring but also for joint efforts of all
the scientists involved in the investigation of the interaction between large-
scale industries and the environment for the solution of the emerging
problems. A comprehensive research programme would help to explain in a
consistent manner the patterns in the response of the ecosystems to such
manifold effects. At the same time it will provide a possibility to present and
implement scientific recommendations which would take into account
environmental protection, energy, health and other needs of the society.

Support for preparation of this programme came from the Lithuanian State
Agency for Higher Education, Research and Development. The programme
was edited with assistance of Dr. Olof Sandstrom ( Swedish Institute of
Coastal Research) whose professional comments and valuable suggestions are
gratefully acknowledged. Moreover, a large number of anonymous reviewers
helped with the revision of individual manuscripts. It was a pleasure to work
with Gintaras Lesmskas, who did a careful job in all matters of technical
editing. Thanks are due also to Jolanta Digriene for drawing the figures.

Dr. R. Paskauskas and Dr. K. Sadauskas, editors
Vilnius, December 1993
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Introduction

The construction and operation of Ignalina NPP has caused many
ecological, environmental and social problems. Without their solution,
any further development of nuclear energy in Lithuania is impossible.

Since 1979, when the construction of Ignalina NPP started, a group
of specialists from Lithuanian research and academic institutions began
to investigate both Lake Druksiai - the future cooler of Ignalina NPP and
the neighbouring area. The investigation was aimed not only at
monitoring the environmental consequences of Ignalina NPP but also at
forecasting changes of the ecosystems. The results and scientific
conclusions of the investigation might be useful in designing and
operating other energy objects of a similar type. It was the first
comprehensive investigation of the consequences of anthropogenic effect
upon nature in the history of construction of nuclear plants in the former
SU, USA, Sweden, etc. Already before commissioning the first energy
units of Ignalina NPP, considerable changes connected with the
construction were noticed in the quality of the water of Lake Druksiai
and in the structure and function of its biocenoses. It was already at that
time the estimates and conclusions of competent specialists resulted in
adopting a revised version of the operating conditions of the NPP in
order to prevent damage not only to nature but also to people.

It is obvious now that a great number of environmental problems
related with the operation of Ignalina NPP could have been avoided or
minimised if the results of scientific investigations had been considered
in good time and due attention had been given to the recommendations.
Regrettably, various bureaucratic obstacles hampered the co-ordination
of work and an effective use of the scientific potential. The major portion
of the results of the long time investigation of the region of Ignalina NPP
have been brought together in the numerous volumes of the publication
"Silumine energetika ir aplinka" (Thermal Power Generation and
Environment, Vilnius, Mokslas Publishers), as well as in scientific
reports to various institutions, in research papers and in popular scientific
publications.

At present, there is an ever-growing need to create a research
programme of the Ignalina NPP area as a nature complex, a programme
that would not be limited by the interests or potential of an individual
institution. The implementation of such a programme could give results
of both theoretical and practical value and provide scientific conclusions
needed in working out strategies of nature management, nature
protection and human health not only under the normal operating
conditions of Ignalim NPP but also in the event of an accident.

Firstly, a comprehensive scientific research programme has to
provide an assessment of consequences of prolonged thermal, chemical
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and radiological impact on nature, to prognosticate changes in the
ecosystems and suggest stabilisation measures.

The world practice indicates that the operation of such large-scale
energy objects inevitably involves major or minor accidents. Therefore,
it is essential to work out organisational and technical safety measures
based on scientific research and to foresee the consequences of such
happenings.

Within the context, problems related to human health protection are
especially pressing. It is obvious that the effect of Ignalina NPP on
human health is not only restricted by direct radioactive or chemical
contamination alone. Emerging social, psychological and demographic
problems cannot be ignored or underestimated in trying to optimise the
situation of the nuclear energy in Lithuania.

For the implementation of the present programme it is vitally
important to work out strategies for the assessment of anthropogenic
consequences on the ecosystems. Application of the principles of
ecological monitoring in the area of Ignalina NPP could be used
effectively in other nature complexes (or projects) experiencing similar
anthropogenic effects not only in Lithuania but also in other countries. In
view of the type of Ignalina NPP reactors, their size, and their siting in
the vicinity of the unique Lake Druksiai, this region might be qualified
as a testing range of an international rank.

The different specialised research laboratories, equipped with
necessary facilities and data processing systems, and the team of highly
qualified personnel that have emerged during the long years of
ecological monitoring of Lake Druksiai, could and should be employed
for promoting education in ecology, nature management and rational
nature use among school children, students and various groups of
specialists.
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Lake Druksiai, the biggest lake in Lithuania, lies on the north-east
border of Lithuania with Byelorussia at an altitude of 141.6 m above the
level of the Baltic Sea. It covers 49 km^; the deepest place reaches 33.3
m, and the average depth is 7.5 m. The lake volume is 368.9 mln. m^.
Lake Druksiai is a part of the Dysna-Daugava basin, 1404 km^ of which
belongs to Lithuania. The geological environment of the lake has formed
by the ice-caps of the Quaternary period. The crystal basis of the rocks
of the lake is at the depth of 750 m. The Theological environment of the
lake region is not stable - a characteristic feature of such areas of
dislocation of tectonic breakdowns in the Earth's crust.

As a result of natural evaporation during warm period of the 3,'ear
(according to the data of 1974-80) in May-October, the lake would lose
538 mm or 26.3 mln. m^ of water. Hydrological basins of the
surrounding area of the lake and precipitation feed the artesian basin of
the Baltic region, creating a pressure. As a result, the surface water of
the basin seeps into subterranean horizontal layers and spreads there.

Prior to 1984, Lake Druksiai was characterised as oligotrophic-
mesotrophic with a characteristic composition of the biota where bodies
with a characteristic composition of the biota where cryophilic and
eurythermic organisms dominated. When water temperature increased,
the Cyanophyta decreased strongly, while the thermophilic
Baciollariophyta began to proliferate. The only relict from glacial period
Limnocalanus macrurus disappeared. The present condition of lake's
biota is unstable, and it is adapting itself to the new conditions through
its generic composition. Trophic status changes take place in the lake.

The cooling water raises the average temperature by 3-4 degrees and
increases the evaporation of water up to 64.8 mln. m^. The
radioecological situation of the region has also experienced an adverse
effect. Though the concentration of the investigated radionuclides in the
lake sediments have not yet reached the maximum permissible levels,
they are quite close. Due to the geological and hydrological environment
peculiarities, a rapid migration of contaminants, particularly of
radionuclides, can occur. This should be taken into consideration when
estimating the impact of the NPP on nature.



Lake Druk&iar scheme and sampling places

Industrial and
municipal waste
water purification
station

© - Regular research areas
A . - Research places of natural and artificial inflows and outflows:

A - Visaginas industrial and rain water sewer - pipe Nr. 1
B - Visaginas industrial and rain water sewer - pipe Nr. 2
C - INPP industrial and rain water sewer - pipe Nr. 1,2
D - INPP water intake canal
E - INPP industrial and rain water sewer - pipe Nr. 3
F - INPP heated water outflow canal
G - Drainage pipe of INPP subsidiary zone



The state of the ecosystems in the
region of Jgnalina NPP and prognoses
of their development

The thermal, chemical and radiological impact of Ignalina NPP is
concentrated on Lake Druksiai and the shoreline landscape. The
temperature increase leads to more intense evaporation, bigger
fluctuations in the seasonal water levels and changes in the
hydrochemical properties. The lake microclimate also undergoes
changes.

Lake Druksiai and the ecosystems of the neighbouring area are
exposed tobiogenic and toxic organic and mineral substances from the
industrial and urban areas, also causing eutrophication of the water body.

In distinction from other industrial objects, NPP discharges
radioactive substances into the environment. Through their migration in
the atmosphere and water, radionuclides get into the soil, lake bottom
sediments, and can accumulate in various organisms, posing a threat to
people via fish and agriculture products. NPP consequently can change
the structure and function of communities and organisms. Disruptions
may occur in the natural succession of land and water biocenoses. Such
multiple effects bring about changes in the genetic and phenetic structure
of the populations. If large amounts of radionuclides migrate, genetic
changes in the organisms may be produced.

The primary production of organic substance and its destruction are
especially important biological processes. This determines the gas
regime in the water (above all, the proportion of oxygen and carbon
dioxide in various water strata), the balance between calcium and
carbon, pH and the oxidative reductive properties (Eh). A large amount
of organic substance produced during photosynthesis, together with the
organic substance from the surroundings, leads to the formation of zones
without oxygen in the water strata near the bottom of the lake. At the
same time, the products resulting from anaerobic mineralization of
organic mater - ammonium ions, methane, nitrogen monoxide and
hydrogen sulphide, increase. They not only change the general quality of
the medium but are also harmful for other hydrobionts.

Hence, in forecasting long-term changes in the qualitative and
quantitative characteristics of Ignalina NPP area ecosystems and in
suggesting a system for nature protection, it is necessary to consider the
influence of abiotic factors as well as the opposite effect of living
organisms upon nature. Co-ordination and optimisation of complex



ecological research programmes would facilitate the creation of a
representative data system. In its turn, it would contribute to an improved
monitoring of Ignalina NPP region. Projects of this kind could serve as
models for similar surveys of other nature objects experiencing an
analogous anthropogenic effect.

HPP impact on the environment

Chemical
%%>„ compounds

Evaporation

ENVIRONMENT
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Principal goals of investigations

• To investigate the impact of Ignalina NPP on hydrological regime of
Lake Druksiai and its catchment basin. To establish water and heat
balance of the basin. To estimate changes in the microclimate of the
lake.
• To investigate changes in the chemical regime of the water and bottom
sediments, taking into account the influence of the waste water
discharges from Ignalina NPP and the settlement of Visaginas. To
determine chemical properties of the surface, subsoil and underground
inflows and outflows, to present conclusions on the migration and
sedimentation of biogenic and polluting substances in the lake.
• To investigate the discharge to the atmosphere of radioactive elements
from Ignalina NPP. To investigate their migration and accumulation in
the components of the ecosystems and the effect of ionising irradiation
on organisms.
• To investigate changes in the physical, chemical and trophic conditions
of Lake Druksiai caused by the combined effect of Ignalina NPP and
how it effects on structures and function of biocenoses.
• To estimate the influence of phytocenoses, zoocenoses and
bacteriocenoses on the quality of water in Lake Druksiai.
•To investigate the effect of Ignalina NPP on the landscape, flora and
fauna of the region.



the cooler of Ignalina NPP

Since 1984, when the first* energy units of Ignalina NPP were
commissioned, the natural hydrological regime of Lake Druksiai has
been disrupted.

The hydrological regime of a natural water body, its hydrodynamic
and hydrothermal processes are determined by morphometric parameters
and morphological and hydrometeorological conditions. An additional
amount of artificial regulation of the water level as well as other
anthropogenic factors modify the basic abiotic properties of a water body
- the water temperature, intensity of evaporation, the seasonal change of
water level, the circulation of currents, etc. It has not been established so
far which of the above aspects of the anthropogenic effect has the
strongest and irreversible influence on ecosystems.

The findings of surveys of many years in Lake Druksiai and other
coolers have shown that changes in the hydrological regime affect the
chemical composition of water, its gas regime, transparency and colour
and cause acceleration of the overgrowth of macrophytes and other
processes of eutrophication. The sanitary quality of water deteriorates.
This change in the quality of water has an adverse effect on the function
of the cooling facilities at the NPP. Therefore, setting of ecologically and
hydrotechnically motivated standards for the operation of the plant is
important.

The impact of heated water of Ignalina NPP on the heat balance of
the Lake Druksiai is established by identifying the depth zones of
"thermal pollution" under various hydrometeorological conditions. The
effect of the artificial changes in the temperature of the water is
especially great on the hydrobionts of the lake. Some of their species can
tolerate an additional amount of heat, while for others this presents a
threat to their existence. Accordingly, in estimating the tendencies of the
changes in the lake's thermal regime and in establishing the permissible
heating norms, it is vitally important to consider the limits of thermal
tolerance by the hydrobionts.

One of the key elements of the hydrological regime is the balance of
water established according to the intensity of evaporation and the
amount of precipitation and run-off. Since the chemical composition of
the inflowing water varies greatly, it is important to determine the run-
off and to estimate seasonal changes and amplitudes in the water level.
Studies in the water balance in Lake Drukisiai are necessary for the
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optimal operation of Ignalina NPP in relation to the available water
resources.

The operation of Ignalina NPP has changed the internal
hydrodynamic processes of Lake Druksiai, resulting in a new circulation
of water. In order to understand the regularities in transport, mixing,
distribution and transformation of heat, passive admixtures, and chemical
components, as well as the passage of organisms into the cooling system
of the plant, it is necessary to know the circulation system in the lake
itself.

Hydrolaglcaf regime components of tafte DrukSiai
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Temperature
differentiation
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Major tasks of hydrological investigation

To study the impact of Ignalina NPP on the thermal regime of
Lake Druksiai and to determine its thermal balance:
4 to study the distribution of temperature in the surface stratum of the
water in Lake Druksiai, to determine the patterns in the thermal
differentiation of the water strata, to determine the size of different
thermal zones expressed by water volume units;
• to establish the boundaries of "thermal pollution" in Lake Druksiai;
•to model changes in the thermal regime of Lake Druksiai with account
of the conditioning factors;
•to calculate the thermal balance of Lake Druksiai;
• to work out a scheme of operative thermal control of the monitoring of
Lake Druksiai.

To determine and assess the water balance of Lake Druksiai:
• to determine the surface and ground run-off of Lake Druksiai and its
basin, also its seasonal and annual rate;
• to determine the amount of precipitation and intensity of evaporation in
Lake Druksiai;
•to determine the level and volume of water in Lake Druksiai and their
seasonal and annual changes.

To draw up a scheme of the circulation of currents in the water
of Lake Druksiai:
•to study the effect of heated water from Ignalina NPP upon the
circulation of water in Lake Druksiai;
•to make projections about changes in the circulation of water in
connection with a possible reconstruction of Ignalina NPP cooling
system;
,^to assess the impact of the circulation of water masses on the thermal
regime and the distribution of passive admixtures and chemical
components in the lake.

To make recommendations for optimising the maintenance
conditions of Ignalina NPP, with account of the regularities in the
formation of the thermal regime, heat, water balance and circulation
of currents.
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1.2 Hydrochemical investigation
of Lake Druksiai -
the cooler of Ignaiina NPP

In natural water bodies, with a constant inflow and outflow of
chemical substances, a dynamic equilibrium is established to which
hydrobiont communities adjust actively or passively. A hydroecosystem
cannot be protected, nor can water resources be used rationally without
knowing the hydrochemical regime.

Among Lithuanian lakes, Lake Druksiai is subjected to the most
powerful anthropogenic influence. Since 1984 its water has been used
for cooling the reactors of Ignaiina NPP. Enormous amounts of heat and
chemical compounds of diverse origin have entered the ecosystem with
industrial and municipal waste waters and changed the chemical
composition of the lake water and its bottom sediments.

Detailed hydrochemical investigations of Lake Druksiai were started
in 1979, soon after the beginning of construction of Ignaiina NPP.
Observations there have shown that the chemical composition of the
water, gas regime and the amounts of biogenic elements had undergone
changes even before the first energy unit started operating.

It should be noted that the impact of various chemical substances
(macrocomponents, pollutants and especially biogenic elements and
sulphur compounds getting into ecosystems with industrial and
municipal waste water) influence biological processes. Also it might
result in unwelcome technological changes in the cooling system of the
reactors.

Therefore continuous survey of the hydrochemical regime of Lake
Druksiai is essential in predicting water quality changes and the
subsequent ecological effects and for the working out of nature
protection and technical standards. It should be conducted in three
directions: "

- to study the chemical composition and general hydrochemical
regime of the lake water and its sediments;

- to provide a quantitative and qualitative assessment of discharges of
biogenic elements (nitrogen and phosphorus) into the ecosystem, their
transformation and accumulation;

- to investigate in what way the main pollutants (oil products, heavy
metals and other toxic compounds) enter the lake and distribute
themselves in the hydrosystem.

The hydrochemical indicators which characterise natural processes
are subjected to seasonal variations within definite limits. Therefore,
sudden and pronounced changes indicate that the overall hydrochemical
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regime is effected by anthropogenic impact. To this group of indicators
belong, above all, the amounts of dissolved salts in the water and gas
regime (the amounts of dissolved oxygen and carbon dioxide). These are
closely connected with the pH and the balance of carbonates and
calcium. In this way, the basic conditions for the existence of the
ecosystem organisms are determined. In their turn, these conditions
depend upon the activity of the organisms. Biogases CH4, N2O, N2,
H2S and other types which are released as a result of microbiological
anaerobic processes are vital not only for creating the general gas regime
in the ecosystem but also in the global geochemical processes. Besides,
other water quality variables define the hydrochemical regime, such as
the biochemical oxygen demand (BOD), permanganate and biochromatic
oxidation, transparency and colour of the water.

Another group of indicators directly connected with the speed of lake
eutrophication is the circulation of nitrogen, phosphorus and sulphur.
These substances participate in biological processes in a natural way.
However, large amounts enter Lake Druksiai with waste waters. The
circulation processes of biogenic substances are accelerated in an
artificially heated water. Therefore a survey of these indicators is of vital
interest. In addition, bottom sediments accumulate biogenic substances
and pollutants which later may become a source of secondary
contamination and fertilisation. For this reason, investigation of bottom
sediments is increasingly important.

From various sources of pollution the hydrosystem also receives
toxic, genotoxic or cancerogenic substances. Toxic substances
participate in the food and other biological cycles and differ from one
another by their accumulation at various stages of the ecosystem and by
their self-purification capacity. It is consequently necessary to select
substances that have a priority impact on hydrobionts.

The toxic impact of the priority pollutants should be investigated by
means of biotesting and bioindication alongside with the traditional
hydrochemical and geochemical studies. Since the dominant pollutants
from Ignalina NPP are oil products and heavy metals, investigations
should focus on the geochemical cycle of sedimentation of these
substances. Methods of assessment and interpretation of the analytical
data should make it possible to separate the natural (background)
component from the technogenic contribution. As the previous
hydrochemical studies have demonstrated difficulties to reach reliable
data, there is a need to upgrade facilities and methodology of
investigation.
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Major tasks of hydrochemical investigation

To investigate the hydrochemical regime and determine the
balance of chemical substances in Lake Druksiai:
•to establish the change patterns of general mineralization, the
development of balance of gaseous regime, carbonates and calcium, also
to assess other vital hydrochemical indicators reflecting quality of the
water and bottom sediments;
•to evaluate the impact of chemical mineral substances from the
tributaries upon the development of the overall hydrochemical regime of
Lake Druksiai.
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To investigate the exchange of biogenic substances (nitrogen and
phosphorus) in Lake Druksiai, to establish their balance:
•to establish the migration and accumulation of various forms of
nitrogen and phosphorus in the water and bottom sediments of Lake
Druksiai;
• to estimate the incoming and outgoing quantities of nitrogen and
phosphorus compounds in Lake Druksiai and to assess their balance.

To investigate the impact of priority pollutants of the ecosystem
of Lake Druksiai:
•to establish the major sources of incoming pollutants;
• to establish the migration and transformation of the polluting
substances and the potential of self-purification of Lake Druksiai;
• to establish the patterns of differentiation of sediments and of
accumulation of pollutants in the bottom sediments;
•to draw up a sedimentological system of evaluation (observation) of the
technogenic load upon Lake Druksiai, to develop recommendations for a
comprehensive monitoring programme of Ignalina NPP.

To provide recommendations for the optimisation of the
maintenance of Ignalina NPP, the stabilisation of the ecological
situation of the region with account of the changes in the
hydrochemical regime resulting from the impact of mineral, biogenic
and polluting substances on the ecosystem of Lake Druksiai.
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1.3 Radioecological investigation
of Lake Bruksiai and the environment
of IgnaSina NPP

The existing levels of permissible radionuclide emissions into the air
and the lake are aimed at protecting the man from the harmful effect of
the direct ionising radiation. These standards were set without
considering the overall migration of radionuclides in the actual
ecosystem. Complex processes affect the migration of radionuclides in
the environment. Radioactive substances, after getting into the
environment, under impact of environmental factors (meteorological,
hydrological, biogeochemical, hydrogeological, anthropogenic etc.) take
part in the geochemical dispersal and distribute themselves among the
ecosystem components.

Radionuclides as well as other elements disperse in the air, fall out
on the surface of the ground and into the lake, are washed out by
precipitation, migrate horizontally in the components of the landscape,
and vertically into the zone of aeration. Plants play especially important
role in the migration of radionuclides because of their large biomass,
extensive concentration of chemical elements and because they
constitute the first stage within a food chain. No less important is the
exchange between the water, bottom sediments and organisms. The
migration of radionuclides, their dispersal in a water body and their fate
in the ecosystem is connected with the changes they undergo. These
relations have not yet been investigated sufficiently.

The migration of radionuclides in water and on land takes place in
accordance with the regularities of interphase dissemination. In
modelling the migration and investigating the parameters of those
models "in situ", a systematic measuring of radionuclide concentrations
is necessary. The composition and concentration of the radionuclides
found in the environment of the NPP show that they are of anthropogenic
origin. A comparison of the experimental data with the mathematical
models of the migration of radionuclides has revealed mathematically
precise links between the natural objects of known masses in nature and
flows of the nuclides. The given scheme offers a rational simplification
of the processes and helps to prognosticate the distribution of
radionuclides. A similar method was used to estimate the migration of
tritium that got into the environment of Ignalina NPP in 1989.

Radioecological investigations were started in 198C and data are
available on the distribution of the radionuclides (of corrosive origin too)
in the atmosphere, depositions, fall-out, ground water, in Lake Druksiai
and on land. Changes in the concentrations of radionuclides over a
period of time have been measured, which is necessary in modelling.
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The air ionisation effect within "the torch" of Ignalina NPP has been
theoretically based. However, a detailed analysis of the effect on nature
and people is necessary. For this reason, concentrations of radionuclides
in the components of the ecosystems (water, bottom sediments and
hydrobionts) and their distribution in the biotopes of Lake Driiksiai are
being monitored continuously. Stiidies are also being conducted on the
physical and chemical forms of radionuclides in the bottom sediments,
the influence of natural and anthropogenic factors on the processes of
accumulation of radionuclides in ihs water plants (at the population,
organism and cell levels). The genetic effects of ionising irradiation also
are being investigated.

The radioecological assessment of Ignalina NPP region requires
studies on the processes of migration and accumulation of radionuclides
in the atmosphere, on land, in ground waters and Lake Druksiai. Account
should also be taken of the flow of radionuclides from the atmosphere to
the surface of the land and the lake, their run-off to the lake via the waste
water pipes of Ignalina NPP and the ground water, and the most severely
contaminated sites should be determined.

RadkmueUde migration \n Lafce Drukiiai and the fgnaltma

l zooplankton]<a-
water ^

| phytoplankton |

ichthyofauna

macrophytes

±_Hl
bottom sediments
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Major tasks of radioecological investigation

To investigate the discharge of radionuclides from Ignalina NPF
into the atmosphere and their migration in the air, water and land:
• to establish Ignalina NPP as a source of radionuclides and to evaluate
the link between the rate of radionuclide emissions and their
concentration in the environmental objects;
•to evaluate the characteristics of the flow of radionuclides from the
atmosphere to the surface of the earth and the lake;
• to measure continuously concentrations of radionuclides and register
doses ratio of ionising irradiation in the air and the depositions;
• to investigate the dispersal of radionuclides in the unsaturated zone, the
ground water and to evaluate their vertical hydrogeochemical migration;
• to establish the run- off of the radionuclides to Lake Druksiai through
the waste water system of Ignalina NPP and ground water.

To investigate the processes of radionuclide migration in the
aquatic and terrestrial ecosystems and the effects of their impact:
• to measure concentrations of radionuclides in the air and the
components of the ecosystems to characterise the radiological condition
of the environment of Ignalina NPP;
• to study the peculiarities of radionuclide surface dispersal and their
accumulation in Lake Druksiai and terrestrial ecosystems;
• to establish how hydrological, hydrochemical and other impact on food
chains affects the radionuclide migration in the ecosystem of Lake
Druksiai.

To study variations in the amounts of tritium and radiocarbon
and their migration in the atmosphere, in the water of Lake Druksiai
and in the biota of the water and land:
• to investigate the concentrations of tritium in the atmosphere, humidity
and precipitation within the region of Ignalina NPP and Lake Druksiai,
in the water of its tributaries and outflows, also to create a mathematical
model for the description of these processes;
• to measure the concentrations of radiocarbon in the atmosphere of the
Ignalina NPP region as well as in the elements of the lake and land
bodies;
• to investigate the migration of the radionuclides - tritium and
radiocarbon in the ground and artesian water of the Ignalina NPP region
and analyse the properties of their subterranean migration.

To create a mathematical ecological model for the assessment of
the radiological situation of the environment, to forecast the
situation and to suggest measures for its stabilisation.
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Structural scheme of made! $e$cris»tfori of migration
processes of radioactive substances•of tgnalina HPP.

Note: migration within the limits of one medium is not presented

M - mass of object
Qij - coefficient, indicating radionuclide flow

i - reservoir donor
j - reservoir acceptor
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1.4 Hydroblological investigation

In the historical development, communities of the organisms of the
fresh water ecosystems are shaped by various abiotic factors of the
environment - features of the landscape, the climate, the morphometric
indicators, the hydrological regime, etc. Iv. each specific case, biological
structures with a characteristic species variety of organism and
functional relations develop in a water body. Recently, however, human
activities are increasingly causing marked and even fundamental changes
in the ecosystems.

Two aspects of the anthropogenic impact upon fresh water
ecosystems can be distinguished. The first is eutrophication leading to
increased biological production. The other one is toxic pollution. In both
cases structural and functional links undergo changes on various levels
of the organisation of the ecosystems - the cell, the organism, the
populations and the biocenoses. It is obvious that one of the most urgent
tasks of investigation at present is to elaborate a methodology for the
assessment of qualitative and quantitative changes of the ecosystem. It
has been lately recognised that a very potent anthropogenic influence is
exerted upon water bodies which have become coolers of nuclear and
thermal power plants, especially those that have a small run-off.

Large-scale hydrobiological and other investigations of Lake
Druksiai were started in 1979, soon after the construction of Ignalina
NPP began. At first, qualitative and quantitative characteristics of the
background condition of the ecosystem were studied in order to establish
at a later stage the effects of power production. The research programme
included comprehensive studies of the structure and function of
organism communities in natural and experimental conditions. At first,
data were collected on species composition, number and biomass of
macrophytes, plankton, benthos organisms and fish, on the processes of
primary production and the destruction of organic matfer, alongside with
the other physical and chemical indicators characterising the water
quality. Lake Druksiai could be characterised as a mesotrophic water-
body with features of oligotrophy.

Three principal stages of ecological changes were distinguished as a
result of the anthropogenic impact. The first stage began immediately
after the construction of Ignalina NPP started. It was at that time that
large amounts of biogenic substances entered the water together with
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terrigenic particles, activating markedly the development of
autochthonous cryophilic algae and cyanobacteria and speeding up the
primary production. This, in its turn, affected the microorganisms and
zooplankton in the other stages of the trophic chain. Intensive
sedimentation led to a fast accumulation of organic matter and biogenic
elements in the bottom sediments. The high microbiological activity
resulted (already since 1981) in zones without oxygen in the water close
to the bottom. At the same time, products of the anaerobic activity,
methane and ammonium, markedly increased, producing unfavourable
conditions for other organisms, the cryophilic ichthyofauna first at all.

The second stage began after the plant started operating in 1984.
Though only one energy unit was in operation, the heated v/ater
activated the processes which continued to modify the structure and
functional relations of organism communities. The destabilisation of the
natural environmental conditions in the lake caused a decrease in the
diversity of plankton organisms. Their seasonal changes of quantity and
biomass became very pronounced. These changes were evident every
year. Only 19% of phytoplankton species remained in comparison with
the period preceding 1984. Accordingly, the primary production of
organic substances was reduced five to ten times. A pronounced change
in the diversity of metazooplankton and protozooplankton was recorded -
their number and biomass were reduced by 2.6 times. It was noted that
species of euryphilic organisms adapted themselves more easily to the
new unstable conditions and their numbers increased. The cryophiles
reacted negatively with decreasing abundance.

The third stage in the change of the ecosystem started when the
second unit was put in operation, which was followed by a period of
stable working regime at the plant in 1987. New conditions developed
and stabilised themselves in the Lake Druksiai ecosystem. The diversity
of plankton organisms began to be restored but now the thermophiles
dominated. Their numbers and biomass and the primary production,
particularly during the warm season, now resembles what is seen in
eutrophic water bodies.

Though Ignalina NPP has been functioning in a rather stable manner
for a number of years, very obvious successive processes are still evident
in Lake Druksiai. The experience of monitoring various coolers in the
world indicates that it takes a long time for an ecosystem to stabilise.
Most often stable conditions never seem to be restored.

The intensity and direction of successive and other changes of the
ecosystem of Lake Druksiai is affected not only by a higher temperature
but also by other changes in water quality caused by the operation of
Ignalina NPP. The organisms and their communities are affected by
biogenic, toxic (organic and mineral) and radioactive substances. The
results of hydrochemical and radiological investigations are an obvious
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proof that more than two-thirds of the polluting effluents get into the lake
via industrial and municipal waste water. Because of their combined
effect, genetic changes in the animal and plant populations are
inevitable, affecting the growth rate and rhythm and disrupting the
multiplication system. Investigations of these changes have to be
expanded alongside with studies into the overall toxicity, genotoxicity,
as well as into the sensitivity of organs and their resistance to various
pollutants. By now a fairly detailed analysis has been conducted into the
sanitary standards, i.e. the water temperature, the concentration of
pollutants causing unfavourable changes or even destroying the species
and populations of organisms. However, one more major research
problem has not yet been tackled, i.e. no ecologically sound standards of
the permissible impact upon the ecosystem have been worked out.

It should be born in mind that until recently the biological production
of the organism communities in the ecosystem of Lake Druksiai
prevented changes in the chemical composition and other quantitative
and qualitative properties of the water. Though an increase in the overall
quantity of dissolved salts in the water of the lake was expected owing to
intensive evaporation, it was not evidenced because the concentrations of
ions of calcium and hydrocarbons decreased. They were affected by an
intensive development of macrophytes (occupying at present close to
20% of the lake area) and a recent proliferation of mollusc (Dreissena
polymorpha). They have consumed calcium and hydrocarbons from the
water phase.

A continuously increasing amount of sulphates in the water of Lake
Druksiai is a cause of great concern. During the operation of Ignalina
NPP, the average annual concentration in the water has doubled and
reaches at present nearly 20 mg/1. It is known that given a sufficient
quantity of organic substances and an adequate redox potential (Eh), an
additional amount of sulphates in the ecosystem stimulates the
microbiological reduction of sulphates. The toxic effect of the emergent
compounds (hydrogen sulphide and various other sulphides) can
suppress the vital activities of organisms, like zooplankton and the fish,
but it will also stimulate corrosion in the cooling system of Ignalina
NPP, causing a threat to the maintenance safety. Besides, the sulphate
reduction process is competing with the other anaerobic microbiological
processes destructioning organic matter - denitrification and
methanogenesis. This weakens the biological capacity to reduce nitrogen
and organic compounds. Further research will be needed to identify the
different sources of pollution and to establish the biological self-
purification capacity limits of the ecosystem.

One other aspect of Ignalina NPP impact upon the lake is important
from the point of view of nature protection. Powerful pumps supply the
cooling system of Ignalina NPP with huge quantities of water, carrying
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with it various hydrobionts. Trapped by the blades of the pumps, they are
traumatised mechanically and thermally, and large numbers of them
perish. The scanty data of observations conducted in Lake Druksiai and
other technogenised water bodies suggest that it might be possible to
reduce the unfavourable effect upon the ecosystem of the lake by
choosing an optimal work regime for the pumps. New data should be
provided to support this hypothesis.

At present the hydrobiological investigations in Lake Druksiai should
proceed along the following lines:

- studies on the structure and successions of the hydrobiont
communities;

- investigation of mutual functional relations between the biota and
its environment in the ecosystem;

- determination of the scope of biologically important anthropogenic
effect on the basis of response of the organisms and their communities to
those effects;

It is expected that comprehensive hydrobiological investigations will
help in the assessment of the condition of the ecosystem of Lake
Druksiai, in the prediction of the further trends of its development, and in
the recommendations for establishing the optimal relationship between
the needs of nature protection and the nature management. This will
enable to forecast long-term changes in the plant and animal
communities of the ecosystems both in the cooler of Ignalina NPP and in
other similar receiving waters. A comprehensive investigation could also
provide a realistic basis for the local monitoring of Ignalina NPP region
and could be integrated into the framework of monitoring of the biotopes
of Lithuania at present in the planning stage.
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connections of structural components of
Lake DrukSias biota with abiotic environment

CH NMHAl z o o c e ,n o s e s l

Major tasks of hydrobiological investigation

To investigate changes in the structure of the hydrobionts
communities of Lake Druksiai under the conditions of a long-term
anthropogenic impact:
•to study the composition of species of the phytoplankton and algae
communities., to establish their amount and biomass, to evaluate their
seasonal and long-term changes;
• to study the species composition of macrophyte communities of Lake
Druksiai, to establish their amount and spatial distribution, also their
long-term changes;
• to study the bacterioplankton and bacteriobenthos of Lake Druksiai, to
determine the dynamics of changes in their amount and biomass, also
their major groups;
• to study the species composition of the communities of the zooplankton
and benthos organisms in Lake Druksiai, to determine their amount,
genetic structure, to evaluate their seasonal and long-term changes;
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•to study species composition of the ichthyofauna of Lake Druksiai, to
determine the genetic and phenetic structure of their populations, to
evaluate their long-term changes.

To investigate the functional peculiarities of the organism
communities in Lake Druksiai under the conditions of a long-term
anthropogenic impact:
• to study the seasonal dynamics of the processes of primary production,
to evaluate the changes in the physiological condition of phytoplankton
according to the quantity of photosynthetic pigments in the biomass;
• to study the seasonal properties of the hydrobiont metabolism in Lake
Druksiai according to the amount of exogenous metabolites in the water
and bottom sediments also their qualitative composition and kinetics of
absorbtivity;
•to study the microbiological processes of the exchange of carbon,
nitrogen and sulphur in the water and bottom sediments of Lake
Druksiai;
• to study the productivity of the populations of fish in Lake Druksiai, to
determine their growth rate and the specific features of relations of
nutrition and breeding.

To evaluate the influence of a long-term anthropogenic impact on
the development of hydrobiocenoses and the water quality in Lake
Druksiai:
•to study changes in the water quality of Lake Druksiai according to the
multitude of the indicative
hydrobiont species, to determine the index of saprobity, to evaluate the
overall fertilising capacity, toxicity and the genotoxic effect of the water
of the lake and its inflows;
• to study the effect of the microbiological processes on the quality of
water in Lake Druksiai, to assess its sanitary condition according to the
amount of saprophytic microorganisms and the Coli-index;
•to study the behaviour of the fish in the inflowing and outflowing
canals of Ignalina NPP, to determine the impingement and traumatising
of hydrobionts in the cooling system;
•to study the diseases of the fish and water fowl, of the parasitofauna, to
determine the changes in the parasitologic condition, to assess the
influence of the water invertebrates upon the formation of
helmintological foci.
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1.5 Studies of the landscape and its components
of the region of IgnaSina NPP

The region of Ignalina NPP and the hydrological basin of Lake
Druksiai are dominated by the landscape with fluvioglacial and moraine
drifts typical of the last ice cap. As a result of interaction between natural
and anthropogenic factors, specific geosystem have been formed. Their
natural components (land surface, atmosphere, surface waters, soil, flora
and fauna) are undergoing changes under the impact of anthropogenic
activity and are shaping the cultural face of the country. Geosystems and
ecosystems functioning in the landscape of the region have been
experiencing for a decade the effects not only of the construction activity
around Ignalina NPP but also of its operation.

The major components of the landscape, the features of their
development and interaction have been undergoing changes.
Investigation of these relationships, processes and their changes might
help in projecting changes in the landscape of the region and its
components, in forecasting its consequence and devising the measures of
its stabilisation. It should also be noted that the process of eutrophication
and changes in the chemical and thermal regimes are connected with the
processes of erosion that are occurring in the landscape of Lake
Druksiai basin. For this reason Lake Druksiai and the Ignalina NPP
region should be studied as a single one.

A detailed investigation of the changes within the separate
components of the geosystems and ecosystems of the Ignalina NPP
region has been carried out. However, the lack of a systematic approach
prevented a study of all components of the geosystems and ecosystems
and their interaction, and a representative value of data has not been
determined. There is still no information reliable enough what part of the
territory of the region is represented by former stationary investigation
sites. On the basis of the analysis and experience of the research staff, an
important trend in investigations might be established from both a
theoretical and practical point of view, aimed at a methodical evaluation
of structure and functioning of landscape components of Ignalina NPP
region. First of all, a map of all landscape of the region should be drawn,
and their types should be established, new investigation sites should be
selected, and the old ones should be assessed in trying to determine to
what extent. they represent the whole region. This would enable to
determine and prognosticate the impact of Ignalina NPP on development
of the landscape as well as develop the most effective measures for its
stabilisation and ecological optimisation.
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Main tasks for the investigation of the landscape and its
components:

•to draw a map of Ignalina NPP region's landscape, to define their types
and distinguish their standards;
•to investigate the structure of geo- and ecosystems functioning in
standard landscapes, the regularities of their development and
anthropogenic changes of the processes taking place in them;
• to investigate the components of the geo- and ecosystems, their
changes and patterns in their development;
• to forecast the development of landscape by extrapolation of the
patterns in the development of standard landscapes;
• to revise the trends in the migration of chemical substances and
radionuclides, to specify localisation and programmes of their study;
•to establish the most effective conditions for the preservation of the
landscape of the region of Ignalina NPP and to devise measures for the
ecological optimisation of the landscape.
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OBI people and social processes

2.1 Studies of human biology and health
within the Ignaiina NPP impact zone

The available statistical data on the spread of specific diseases in the
areas adjacent to Ignaiina NPP would suggest that a relative incidence of
those diseases (thyroid disorders in children, first of all) may be
attributable to radioactive isotopes and ionising irradiation. For instance,
the incidence of pathological changes in children's thyroid in
neighbouring regions is twice as large as in Vilnius or even Mazeikiai,
i.e. in the regions getting a heavy load of industrial pollution.

The available data are not sufficient to determine the causes of these
disorders - a more detailed investigation is necessary. Similar differences
can be expected from the analysis of the incidence of oncological
diseases. During the first stage of investigation, research should be
focused on the spread of oncological and endocrinological pathological
disorders among the population within the Ignaiina NPP impact zone.
Attention should be paid to the obtained and selected date of
radioecological monitoring. Also evaluation of the doses to men
receiving with water and local food products (milk, meet, fish, etc.) is
necessary.

The current structure of human health statistics does not differentiate
the surrounding, though remote., areas where the residents also suffer
from Ignaiina NPP effect. It is importaul to compute the study data on
typical diseases, prevalent directions of migration of the radionuclides as
well as changes in the plant redioecological situation. The data will be
useful to examine psychophysiological and genetic anomalies as well as
to define the immunity and haematological status of the plant workers
and residents of the neighbouring areas.

These investigations will confirm not only the plant's current harmful
effect on people, but they will also be useful for the planning of urgent
steps to take during possible emissions of the radionuclides. The results
of the investigations, therefore, will be of great importance for the public
opinion about Ignaiina NPP influence on human health.
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'gnalina UPP impact on man

Main trends of human health and biology studies:

*to estimate the outward and inward irradiation dosage on the workers
of Ignalina NPP as well as the dose to residents in the neighbouring
districts including the irradiation dose received during radiological
medical investigations;
• to evaluate environmental pollution caused by radioactive iodine
isotopes, and to study their direct link to the pathology of thyroid gland
of children as well as other residents of the neighbouring districts;
•to examine the prevalence of the radioactive isotopes in local
agricultural products and drinking water;
• to survey the range of diffusion of tumour among the workers of
Ignalina NPP as well as the residents of the neighbouring districts; to
study genetic anomalies and their possible link to the radiological effect
attributable to social, communal and endemic aspects;
• to establish immunity and haematological status of the local population
and the workers of Ignalina NPP;
•to establish the psychophysiological state of Ignalina NPP workers as
well as the local population of the surrounding area.
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2.2 Sociological investigations
of Ignalina NPP and within its
surroundings

Ignalina NPP is a powerful industrial centre. Its presence within the
natural environment contributes to the following aspects: ecological,
recreational, demographic, socio-psychological and hygienic.

The residents of the region, where the NPP had been built, differed
widely in a number of sociological aspects from the rest of Lithuania's
population. With the effect of both political and cultural diversities, it
was difficult for them to integrate wivhin the cultural, social and
economic system of the Republic of Lithuania. Ignalina NPP
construction and function caused even more problems. Thus, it is of
special importance to investigate the link between Ignalina NPP and
background social structure as well as social processes within the plant's
community and local population. Sociologists are concerned with both
the relationship between the residents and the Ignalina NPP workers, and
with the problems of the sociopsychological integration within the state
structure. It is important to have in mind, however, that a safety of
Ignalina NPP depends greatly on the psychological climate within the
community and guaranteed protection of the workers, as well.

As Ignalina NPP is the property of the Republic of Lithuania it is of
vital importance to develop a strategy to anticipate minor incidents,
though, at first sight, insignificant. It is also a going concern to evaluate
working conditions and psychological climate inside Ignalina NPP, to
assess operative management, find out what residents think about the
plant and its pollutant effect on their health, surroundings and
environment. The investigation, therefore, would allow to draft the
activity guide to improve the present situation, to compare the objective
data with subjective quiz data.

The continuing sociological research could help to evaluate
tendencies of the demographic development, maintain preventive
prognoses, adapt permanent positive action strategy. To carry out the
research, the following actions should be taken among the workers of
Ignalina NPP:

- to investigate labour organisation and physical working conditions;
- to examine labour relations within the staff of Ignalina NPP and

assess the effect of top management;
- to survey priorities of the workers towards Ignalina NPP, the region

and the state;
- to find out how active the workers are while making decisions

within Ignalina NPP;
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- to assess the interests generated among international groups .of
workers and specialists in Ignalina NPP;

- to examine the professional career opportunities.

Main trends of sociological studies:

• to study the ecological consciousness of the residents, their awareness
of Ignalina NPP function and its related and distant ecological effects on
the region;
• to survey public opinion about Ignalina NPP influence on health and
environmental pollution;
•to find out what the residents themselves think about their state of
health;
•to study peculiarities of communications within the international
workers groups of Ignalina NPP.
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2.3 Ecological education
and environmental protection training
in the Ignalina NPP region

After Ignalina NPP had been built and the settlement of Visaginas
established, a number of problems - demographic, ecological destruction
and pollution - came out, causing public concern. One of the most
effective solutions to these problems would be to educate the society.

Scientific investigations in the Ignalina NPP region has been carried
out for thirteen years and results can be compiled. Data are available
from Lake Druksiai including information on hydrological,
hydrochemical and hydrobiological effects. A number of specialists
work on their research programmes at Druksiai ecological station.
Laboratories and modern equipment provide a base for ecological
education, academic and scientific studies. It will also allow the
specialists of industry and manufacturing as well as ecologists to
improve their practical skills.

Secondary and higher schools can be engaged (incorporating future
teachers) in starting ecological education, and summer schools for
students can be organised. They could become acquainted with the lake
area, its ecosystems and with the function of Ignalina NPP. The goals of
the teaching activities of the Druksiai ecological station are as follows:

- to acquaint with the peculiarities of the influence of nuclear power
plants and its potential consequences on the environment;

- to present the theories on ecosystems, their structures and functions
under the anthropogenic influence;

- to encourage students to study natural biology and examine
changes that are usually the results of the human activities, to inspire to
become dedicated to the environmental problems of other regions, to
school a new generation for scientific research.

When considering the strategy of these activities, it is important to
conduct pedagogical tests, adapt teaching programmes, methodical
recommendations and supplementary aids. This activity guide could help
us to create an ecological and nature protection model which might be
incorporated into other Lithuania's districts as well.
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Educational activity structure in the DrukSiai Ecological
Station
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The principle activity guide-lines:

• to adapt programmes on ecological as well as environmental
protection issues, and carry out experimental research at the Druksiai
ecological station;
• to adapt programmes for secondary schools to train experts of broad
specialisation;
• to adapt individualised programmes for specialised groups of school
children, students and teachers;
• to train organisers and instructors as well as tutors for ecological and
environmental activities;
• to adapt and implement methods to assess ecological and
environmental protection;
• to adapt teaching aids for ecological education and environmental
protection training , methodical recommendations, to establish and to test
mobile field laboratories, to launch publications on ecological and
educational issues;
• to organise educational summer schools at the Druksiai ecological
station;
• to develop a state programme of ecological education and
environmental protection training based upon the model of the Druksiai
ecological station.
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Rational nature management
aiid environmental protection
in the Ignalina NPP surrounding area

3.1 Prognoses of the impact of accidents
at Ignalina NPP on the environment and
preventive measures

With the development of Lithuania's energy programme, J.gnalina
NPP becomes an important industrial centre in the country. Its safe
function is impossible without scientific predictions of the probable
pollutant effect on the human and natural resources. It is an ongoing
concern, therefore, to adapt a complex of scientific plan to localise and
eliminate after-effects of possible accidents.

In the event of an accident, a great amount of radioactive substances
would be released into the environment. Turbulent air currents would
carry the radioactive substances over the ground and scatter them over a
wide area of both land and water spreading levels of radiation. The land
surface would spontaneously begin clearing the radioactive substances
because they would be carried and piled within water systems and
organisms. Dangerous irradiation dosage of ionisation would make harm
for human and natural world.

Scientific evaluation and prognoses of after-effects of accidents could
help to decrease the risk. Therefore, it is important:

- to predict the distribution of the radionuclides within the
atmosphere, geosphere and hydrosphere over the Ignalina NPP area;

- to evaluate the increase of the radioactive substances and their
transformation by water systems to distant regions;

- to work out hydrotechnical and other engineering measures to limit
the migration of radionuclides in the hydrosphere as well as their
scattering over the land surface;

- to launch the effective system of communications to inform on the
radioactive situation in the Ignalina NPP area;

- to adapt medical and sanitary prophylactic measures for health
protection of the Ignalina NPP staff as well as of the local population.

A new automatic system has already been launched. It registers the
rate of the distribution of radionuclides in the air. The system records
automatically the amount of Ignalina NPP radionuclides released in the
atmosphere as well as the irradiation dosage of ionisation in the
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environment. A computer handles the information, evaluates the
meteorological data and notes the release of radioactive substances. The
information is then transmitted via telephone lines. The system is
developed for radioecological research. It is effective and can be used for
Ignalina NPP operation. It is of critical importance to guarantee the
system's continuing function.

Moreover, Ignalina NPP radioecological monitoring data and
hydrologic investigations of the river run-off as well as ground waters
will allow establish a plan to limit the spread of radionuclides. Previous
accidents in Ignalina NPP have provided experience and data which
should be studied, summarised and used to adapt a policy on emergency
procedures, to draft a plan on prophylactics, localisation and liquidation
measures for after-effects.

Major tasks of investigation and activity guide-lines

To promote a data bank to forecast the emission as well as the
distribution of radioactive substances in case of an emergency over
the Ignalina NPP area:
• to initiate a system to record automatically and evaluate effectively the
information about the spread and distribution of the radioactive
substances within 30 kilometres zone round Ignalina NPP while taking
into account meteorological data;
•to equip the dosimetric gamma-ray monitoring posts and to set them up
into the system within a radius of 4-6 km round Ignalina NPP; to
compile data and to compute the algorithms to assess emissions;
• to work out a prognoses to predict the pollutant effect of radionuclides
on the Ignalina NPP area and environment in case of the plant's regime
derangement, possible defects, etc.

To compile a prognostic report on the transference of radioactive
substances through water systems to farthest regions:
•to study the transference of radionuclides through the surface and
ground water systems in the Ignalina NPP area;
• to locate barrier-zones of the accumulation of radionuclides and the
potential levels of its concentrations in rivers and other water systems;
•to predict the transference of the radionuclides and their accumulation
in an emergency situation within the Lithuanian water systems.

To adapt hydrotechnic and other engineering measures to limit
the spread of the radioactive substances within both land and water
systems:
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•to develop a scheme of the surface and ground waters formation and
the migration of the radionuclides within the hydrographical network;
•to assess the hydrographicai data of rivers and lakes as well as the
morphometric data of its values, to determine areas of various landscapes
of the river-basins;
• to assess the hydrological data of the rivers and ground waters within
the Ignalina NPP area, to examine the intensity of water erosion as well
as the water balance of Lake Druksiai;
• to evaluate the emergency adjustment possibilities of run-off by
establishing the reservoirs in the upper reaches of the Sventoji and
Zeimena rivers;
• to develop a plan of measures to fight erosion and to draft a green belt
protection scheme to localise the spread of the radioactive substances in
the hydrosphere in case of an accident at Ignalina NPP.

To draft a plan to establish medical and sanitation prophylactic
measures in Ignalina NPP emergency cases:
• to establish a model describing the migration of different elements in
food chains, to fish, grain, milk, meat, etc. as a base for risk assessments
concerning human health.
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Concluding Remarks

Since 1979 when the construction of Ignalina NPP was started a
group of experts from different scientific institutions began research
works of Lake Druksiai and surrounding area. The major moderation of
the quality of Lake Druksiai water as well as of the structure of the
biocenoses were registered even during the plant's construction.
Significant changes occurred in the ecosystem of the lake after it had
been started to use for cooling purposes and other plant water
requirements in 1984. Calculations and research statistics prompted
radical adjustments to the plant's maintenance regulations to prevent
harmful after-effects on environment and human health.

A group of scientists noted the critical need to carry out a research
programme in the Ignalina NPP area, which is a complete natural
setting. The accomplishment of the research will bring out valuable
scientific statistics both-theoretical and practical which will reinforce
the importance to start a measures strategy for the protection of human
and environmental health under Ignalina NPP regular maintenance as
well as in case of an emergency.

The programme is primarily aimed to establish a system for
evaluation of the anthropogenic influence on the ecosystems. The
programme, therefore, would be useful for the other natural areas which
are under similar anthropogenic influence.

In working on the draft of the scientific programme "Ignalina
Nuclear Power Plant and the Environment" attention was paid to both
current investigations and need for forthcoming explorations. From the
three guide-lines drafted in the programme, the first is the most
advanced one; whereas the third one particularly needs engagement of
professional workers. Hence, the given project should not be considered
as final and unchangeable. Many of the suggested subprojects may
easily be given lower priority, and the already existing knowledge
should make it possible to identify the most urgent research and
monitoring.

The authors of the programme hope that this manual will give a
chance for scientists of different fields to find a useful application of
their plans, and to join and extend this programme. The booklet will,
hopefully, pave the way for various organisations and foundations which
are concerned with sensible environmental use. Their help and means
could support scientific investigations.
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