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Terms and definitions:

Impact - means any effect caused by a proposed activity on the environment, 
including human health and safety, flora, fauna, soil, air, water, climate, landscapes 
and historical monuments or other physical structures, or interactions among these 
factors; it also includes effects on cultural heritage or socio-economic conditions 
resulted from changes in these factors.

Beyond design basis accident - is an accident resulted from the initiating 
events not considered for the design basis accidents, or accompanied with 
additional, as compared to design basis accidents, failures of safety systems 
beyond the single failure, or implementation of personnel wrong decisions.

NPP abnormal operation - is a disturbance in the NPP operation accompanied 
by deviation from specified operating limits and conditions. At the same time, 
other designed limits and conditions can be violated, including the safe operating 
limits.

Normal operation - is the NPP operation within the designed operating limits 
and conditions.
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1. Introduction

The project of “Belarusian NPP post-project analysis program” was
developed on the basis of international documents and acting normative documents 
of the Republic of Belarus in the area of environmental protection, the 
scientifically grounded practical instruction, the implementation of which will 
allow the competent authorities and public of the affected Parties to make 
independent assessment of Belarusian NPP transboundary impacts.

When developing this document, the authors were guided by the provisions of 
the Articles 7, 8, 9 and Appendices V, VI of the UN ECE Convention on
Environmental Impact Assessment in a Transboundary Context (hereinafter
referred to as the Espoo Convention).

The documents used for this project preparation are as follows:
-  preliminary safety assessment report. Chapter 1. NPP general

description, 2013;
-  Belarusian NPP EIA report (as of 06.07.2010), 2010;
-  Conclusion No.98 of the State Ecological Expertize by the Ministry of 

Natural Resources and Environmental Protection of the Republic of Belarus on the 
Belarusian NPP Project Documentation, approved by V.V. Kulik, the First Deputy 
Minister on October 23, 2013;

-  other normative documents listed in References.
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2. General provisions

The Belarusian NPP post-project analysis program is implemented by the 
Republic of Belarus in cooperation with the affected Parties in accordance with the 
Article 7 of the Espoo Convention.

The implementation of the post-project analysis program is carried out under 
the National Environmental Monitoring System (hereinafter referred to as the 
NEMS) by relevant organizations in accordance with the legislation of the 
Republic of Belarus out of the funds allocated to these organizations for 
observations making within the NEMS.

The operating organization RUE “Belarusian NPP” implements the post
project analysis program through the local monitoring within the framework of the 
Belarusian NPP surveillance zone within the NEMS.

The surveillance zone radius of the Belarusian NPP in accordance with the 
developed and approved project documentation for the Belarusian NPP 
construction is 12.9 km.

The data presented in the present post-project analysis program will be 
ascertained in the course of the post-project analysis implementation.

The grounds for this program implementation are the relevant writing requests 
submitted by affected Parties:

Austria -  BMLFYW-YW.l.4.2/0032-V/1/2011, dated April 29, 2011;
Latvia - letter No. 1/3781, dated April 4, 2011;
Poland - letter No. DOOS-tos.442.11.2011 JA, dated February 5, 2014;
Ukraine - discussion protocol dated June 29, 2010, Lutsk City.
Lithuania - Findings and recommendations of the implementation Committee 

related to the submission by Lithuania with regard to Belarus (EIA/IC/S/4), V. 
Recommendations, paragraph 74.(i),(j).

The post-project analysis is the mechanism available for the affected Parties 
to control the Belarusian NPP project implementation. The post-project analysis 
includes:

-  monitoring whether conditions specified in the project are met and 
measures aimed at mitigating the environmental impact are effective;

-  analysis of impacts for the purpose of implementation of appropriate 
measures and elimination of uncertainties;

-  verification of forecast correctness and use of gained experience for 
similar works in the future.

The post-project analysis is carried out for normal operation mode (NOM) 
and for abnormal operation mode (AOM) as described in the project

In accordance with the article 2, paragraph 8 of the Espoo Convention, the 
post-project analysis shall not affect the matters being within the scope of national 
laws, regulations, administrative provisions or accepted legal practices protecting 
information the supply of which would be prejudicial to industrial and commercial 
secrecy or national security.
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If  the risk of a beyond design basis accident exists or if such an accident 
occurs, the post-project analysis shall be carried out by the Republic of Belarus and 
affected Parties within the scope of bilateral agreements:

The Agreement between the Government of the Republic of Belarus and the 
Government of the Russian Federation on cooperation in the field of nuclear safety 
came into force on July 4, 2013;

The Agreement between the Ministry of emergency situations of the Republic 
of Belarus and the State nuclear regulatory inspectorate of Ukraine is planned for 
signing;

The Treaty between the Government of the Republic of Belarus and the 
Government of the Republic of Poland dated October 26, 1994, on prompt 
notification about nuclear accidents and cooperation in the field of radiation safety, 

The Proposal on conclusion of the intergovernmental treaty between the 
Government of the Republic of Belarus and the Government of the Republic of 
Latvia on prompt notification about nuclear accidents, information exchange and 
cooperation in the field of nuclear safety and radiation protection (the proposals 
were sent to Latvia in 2011).

The Proposal on conclusion of the intergovernmental treaty between the 
Government of the Republic of Belarus and the Government of the Republic of 
Lithuania on prompt notification about nuclear accidents, information exchange 
and cooperation in the field of nuclear safety and radiation protection (the 
proposals were sent to Lithuania in 2011).

In accordance with the article 6 of the Espoo Convention, the final decision 
with regard to the Belarusian NPP project is the Decree of the President of the 
Republic of Belarus, dated 2 November, 2013, No. 499 “On construction of the 
Belarusian NPP”; therefore, the EIA report discussion procedure in a 
transboundary context within the scope of the Espoo Convention is completed, and 
this project of the Belarusian NPP post-project analysis program is the next step in 
the subsequent EIA procedure that will accompany the project throughout the life 
cycle.
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3. Characteristic of analysed object

3.1. Basic information about the Belarusian NPP.
The Belarusian NPP is a two reactor units NPP with the reactor system B-491. 

Basic specifications of the NPP reactor unit are presented in the table 1 [1].
Table 1 -  Basic specifications of the NPP reactor unit with the WWER-1200

reactor.
Characteristic description Value

1. Reactor unit structure integrated unit

2. Service life, year:
reactor unit 50
reactor system 60

3. Reactor unit power, MW:
electrical (gross power), for guaranteed conditions 1 194
thermal 3 200

4. Reactor unit heating power, MW 46,6
5. Installed capacity utilization factor 0,9
6. Auxiliary electric power consumption (including 

consumption for the circulating water supply and site- 
related consumption) %

7,0

7. Unscheduled automatic reactor shutdowns, less than 1 
year

0,5

8. Average annual scheduled shutdowns (reactor 
refueling, scheduled maintenance, preventive 
maintenance(PM)), not more than one day

25

9. Operating personnel for the first reactor unit, 
persons/MW

0,97

10. Fuel assemblies (FA) in the core, pieces 163
11. Fuel assemblies with the regulating elements of 

control and protection system (RE CPS), pieces 121

12. Maximum bum-up fraction, average by fuel 
assemblies (MWday / kg U)

60

13. Fuel lifetime, year 4
14. Refueling interval, month 12
15. Coolant parameters: 

first circuit:
core inlet temperature, °C 298,2
core outlet temperature, °C 328,9
coolant warming at the core, °C 30,7
coolant consumption through the reactor (m3/hour) 86000
core outlet pressure, MPa 16,2
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second circuit:
steam pressure at the steam generator (SG) outlet, 
MPa
steam generator capacity, tons/hour
feed water temperature, °C
steam humidity at the steam generator outlet, not
more than %

7,0 
1602±21 
225±5 

0,2

16. Turbine unit K-1200-6,8/50
17. Turbine unit design 2 low pressure 

cylinders (LPC)+ 
high 

pressure cylinder 
(HPC) +
2 LPC

18. Regenerative heating circuit 4 low pressure 
heaters + motor + 2 

high pressure 
heaters

19. Main feed pumps number and type Tentatively: 5 
submersible electric 

pumps (SEP) 
(electric 

drive)
20. Generator T3B-1200-2
21. Generator cooling type Complete water 

cooling
22. Circulating water supply system for the turbine unit Circulating system 

with evaporative 
cooling towers

23. Technical water supply for systems critical in terms 
of safety

Circulating system 
with spray ponds

24. Safety means (structure):
active safety systems (emergency core cool-down 
system (ECCS), heat removal from reactors etc.) 
emergency electric power supply system 
supplementary equipment for the beyond design basis 
accident (BDBA) management (system for passive 
heat removal by steam generators (SPHR SG), system 
for passive heat removal from the containment 
(SPHR C) etc.)

4x100% (4x50%)

4x100%  
4x33 %, 
1x100%

25. Double containment for the reactor building 
outer protective containment (reinforced concrete) O 

<N
o' o't"-

inner diameter, m 
dome top height, m
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thickness (cylindrical part / dome), m 
imier tight containment (reinforced concrete)

0,8/0,6

inner diameter, m 44,0
dome top height, m 67,6
thickness (cylindrical part / dome), m 1,2/1,0
design excessive pressure, MPa 0,4
design temperature, °C
emergency system for air cleaning
in the inter-containment space removes radioactive
leakages, with the cleaning characteristics not less
than:

150

elemental iodine, % 99,9
organic iodine, % 99
aerosols, % 99,99

3.2. Siting.

The Belarusian NPP (see figure 1) is situated in the north-west part of the 
Republic of Belarus in the center of Ostrovets district, Grodno region.

Figure 1 -  Belarusian NPP construction site location
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The distance from the site center to the borders of neighboring states:
The Republic of Lithuania - 25 km;
The Republic of Latvia - 110 km;
The Republic of Poland - 200 km.

NPP site is limited to the north by P45 republican motor road Polotsk -  
Glubokoye -  Lithuanian border (Kotlovka); to the east by N-6210 local motor road 
Mikhalishki -  Gervyaty - Izobelino; to south and west by Voleikuny and Goza 
settlements (respectively)

The double-track railroad, Ukrainean border -  Gomel -  Minsk -  Lithuanian
border, is 30 km further south from the Belarusian NPP site.

3.3. Natural initiating events in the area and at the site of the Belarusian NPP
which are taken into consideration in the project.

Natural initiating events in the Belarusian NPP area and at the site to be taken 
into consideration in the project for the purpose of emergency situation response 
planning (SP 11-103-97) are presented in table 2 [1].
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Table 2 -  Summary o f natural initiating events in the Belarusian NPP area and at the site to be taken into consideration in the 
project for the purpose of emergency situation response planning.________________________________________________________

No. Processes,
events,
factors

Parameters considered in the 
project backgrounds

Parameter amounts or impact 
characteristics

Frequency NPP site affected or 
not (or hazard degree)

1 Hydrometeorological processes and events
1.1 Flood Maximum flow rates and 

levels in the Viliya - 
Mikhalishki river

Highest recorded level: 
125,32 m (Baltic elevation 
system), 131,00 m (Baltic 

elevation system). 
Maximum flow rate: 4420 
m3/s

1958; 0,01 % 
occurrence

0,01 % 
occurrence

Not affected

1.2 Ice events on 
watercourses

a) Ice thickness
b) Ice phase periods

Average: 40-50 cm 
Max: 0.77 m 
Ice formation 
Ice clearance

88 days 
117 days 
30.12 
31.03

Not affected

1.3 Variations of 
water 
resources: 
extremely low 
flow, abnormal 
water level 
drop

Minimum flow 
Minimum water level, 
maximum variation 
amplitude for many years

17.5 (daily, in winter)
118,62 m (Baltic elevation 
system)
6.5 m

97%

1.4 Tornado 
In accordance 
with RD-022- 
01, the 
territory of 
Belarus is in

a) Design intensity class, 
Fujita F scale
b) Annual probability
c) Maximum horizontal 
speed of Tornado wall 
rotation

2,58

30 10'4 
72 m/s

Hazard degree: I
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the zone A: 
higher risk of 
tornados

d) Tornado advance speed
e) Pressure difference 
between the rotating funnel 
center and periphery

18 m/s 
64 GPa

1.5 Wind, a) Maximum wind speed II
hurricane (V). Vaverage annual = 3,7 m/s year
(hurricane, Vmax for the NPP area Vmax = 12 m/s year
V>32 m/s, (covered by observations) Vmax = 20 m/s 20 years
Beaufort b) Strong wind, V > 15 m/s Vmax = 24 m/s 50 years
scale). The Vmax = 54 m/s (gust) 10000 years
NPP area is Vmax = 30 m/s 1969
classified as < 1 day a year
the wind area
I, the rated
wind pressure
is 0,23 kPa

1.6 Precipitations a) Atmospheric Average: 650-750 mm/year Average time: Not affected
precipitations, precipitation 1200 hours
depth August
Recorded maximum 322 mm/month July
Recorded minimum 0 May
One-day maximum 101 mm
b) Fogs
Average number of days 70 days/year
Maximum 117 days/year
c) Sandstorms no
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1.7 Extreme 
snowfalls and 
snowdrifts

a) Snow cover thickness: 
Average
Maximum
Minimum
b) Snow cover 
existence 
period
c) Snow cover 
pressure

40 cm 
77 cm 
10 cm
111-120 days 

1,2 kPa/m2

7-14.12
-13.04

Not affected

1.8 Air
temperature

a) Maximum and 
minimum temperatures 
Average annual °C 
Maximum (abs.) 
Minimum (abs.)

+5,2 - +5,4 °C
+34,6
-39,8

1.9 Icing Ice wall thickness (10 m 
over the ground surface)

Once in 5 years 5 mm

1.10 Lightning
strikes

Lightning days
average
maximum

22 days/year 
38 days/year

2 Design
seismic
impacts

Design-basis earthquake
(DE)
intensity
Maximum design-basis
earthquake
(MDE) intensity

6 (MSK-64 scale)

7 (MSK-64 scale)
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Maximum accelerations 
(50% occurrence):
MDE - horizontal component 
MDE - vertical component 
DE - horizontal component 
Maximum vertical 
acceleration

67,22 cm/s2 (0,069g) 
44,81 cm/s2 (0,046g) 
54,29 cm/s2 (0,055g) 
Assumed to be 2/3 of the 
maximum horizontal 
acceleration
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4. Radiation and ecological standardization

4.1 . Standards.

Ecological standards are normative technical documents specifying some 
ecological requirements. This term is applied to maximum permissible 
concentrations (MPS) of pollutants in the environment (air, water, soil) and 
maximum permissible levels (MPL) of harmful physical impacts affecting the 
environment. Basic provisions of the standards system; constituting the complex of 
interrelated documents are presented in [2]. Environment quality standardization is 
one of the key provisions stipulated by the Law of the Republic of Belarus “On 
Environment Protection” [3].

The environment quality is the set of parameters of environmental ecological 
systems condition ensuring uninterruptable and continuous adequate processes of 
substance and energy exchange within the nature and between the nature and 
humans, as well as the conditions for life reproduction. The environment quality is 
ensured by the nature itself, through self-regulation and self-cleaning of substances 
harmful for it.

The following sets of norms are used to control the environment quality:
- sanitary and hygienic norms;
- industrial and economic norms;
- integrated norms.

4.2. Sanitary and hygienic norms without regard to radiation impacts.

The purpose of sanitary and hygienic standardization is to develop the 
scientifically reasonable criteria of safety or harmfulness, in terms of human 
health, of the human habitat factors and life activity conditions. This scope of 
standardization covers the environmental, industrial and housing aspects of human 
life. One of the key principles of standardization consists in the threshold impact 
concept.

The backgrounds used to set the numerical values of maximum permissible 
concentrations (MPC) are as follows:

-the concentration is recognized to be permissible if it does not result, 
directly or indirectly, in harmful or unpleasant impacts for a human and his or her 
workability, well-being and mood;

- any addiction to a harmful substance is impermissible;
- the impact affecting humans shall be assessed in accordance with effects for 

the most sensitive human organs, with two- or three-times margin;
- the human organism response must be assessed in accordance with the 

objectively measured data.
Air environment. The biological impact mode, reflex-related (organoleptic) 

and resorptive (toxic), is used as a background for assessment of harmfulness in air 
environment.
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There are several types of MPC for air environment:
-  MPC of harmful substances in working zone air (MPC working zone);
-  MPC of the same substances in the atmospheric air (MPC atmospheric air)-
MPCwoHdng zone is subject to occupational monitoring, so, it is beyond the scope

of the monitoring system.
If  air contains several (n) harmful substances having similar effects (i.e. the 

substances impacting an organism in a cumulative harmful way), their 
concentration must meet the condition as follows:

(Q/M PQ) + (C2/MPC2) +... + (Cn /MPCn) < 1

See [4] for MPC almo6phericair values.
Aquatic environment. The MPC of a substance in aquatic environment is the 

concentration of the particular harmful substance that, if exceeded, makes water 
unusable for respective type of water use. The types of water use are as follows:

- for domestic and drinking purposes;
- for sanitary purposes;
- for fishery.
When surface waters are assessed within the scope of the National 

Environment Monitoring System, the strictest MPC norms are applied for water 
bodies used for fishery. Quality of surface water in the river Viliya shall be 
assessed in accordance with these norms. To set the norms for concentration of 
harmful substances in water, three major criteria must be taken into consideration:

- general sanitary mode of the water body;
- organoleptic properties;
- human health.
See [5] for MPCs applied for drinking water; [6], for water bodies used for 

domestic and drinking purposes as well as for cultural and sanitary purposes; [7], 
for water bodies used for fishery.

Soils (land plots). Maximum permissible concentration of a substance in soil 
is the maximum concentration of the particular harmful substance that does not 
result in direct or indirect impacts affecting the environments being in contact with 
soil, human health and soil capability to clean itself and to maintain vegetation, i.e. 
growth and development of plants.

In accordance with the ways of migration of chemicals from soils, the 
following MPC types are considered:

- translocation MPC, characterizing the transfer of substances from soil, 
through the roots of plants, into herbage and fruits;

- airborne migration MPC, characterizing the transfer of substances from soil 
into the atmosphere;

- waterborne migration MPC, characterizing the transfer of substances from 
soil into ground waters and water sources;

- general sanitary MPC, characterizing the impacts of substances affecting the 
soil self-cleaning capability and microbiocenosis.
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If there are no valid MPCs, provisional permissible concentrations (PPC son) 
may be specified. The following formula is used to calculate provisional 
permissible concentrations:

PPC son — 1,23 + 0,48xlg MPC foodstuffs

See [4] for MPCs applied for harmful substances in soils.

4.3. Sanitary rules and regulations, hygiene standards, establishing radiation 
safety requirements.

In accordance with the Sanitary norms and rules [8] being in force in the 
Republic of Belarus, three types of radiation exposure situations are considered:

-  planned exposure situation;
-  emergency exposure situation;
-  existing exposure situation.
Annual radiation intake limits and permissible average annual volumetric 

activities are calculated in accordance with the limit exposure doses, 20 mSv/year 
for personnel and 1 mSv/year for population, and are specified in separate hygienic 
normative documents approved by the Ministry of Public Health of the Republic of 
Belarus [8, 9].

The average risk factor used to set the limit exposure doses for personnel and0 1population is assumed to be 5 x 1 O' Sv' .
For the mode of normal operation of ionizing radiation sources, the limit 

annual exposure doses are set in accordance with the individual lifetime risk: for 
personnel, l,0 x l0 ‘3; for population, 5,0xl0‘5.

The negligible risk level separates the risk optimization zone and the 
unconditionally permissible risk zone; this level is 10‘6.

For the mode of normal operation, free of deviations from such operation, the 
norm specified in annex [9] and paragraph 114 [8] are used for surface water 
quality assessment.
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5. Conditions listed in the permission [10]

5.1. Process water supply system.
At the NPP the circulating process water supply system shall be used:
- the primary cooling water system (PA) that shall deliver cooling water and 

remove heat to the chimney-type evaporative cooling towers from the turbine 
condensers;

- the auxiliary cooling water system (PC) that shall remove heat to the cooling 
towers from the intermediate cooling circuit used for nonessential services and 
from the chilling machines condensers;

- the cooling system for essential services (PE) that shall remove heat to the 
spray ponds from the systems located in the safety building.

During normal operation, the total water flow rate in the PA system (water 
flow through the cooling towers) for two reactor units is 300000 m3/hour. The 
design of water catchers accepted for the cooling towers is capable to reduce the 
carryover of droplets to 0.002% of the total flow rate at the cooling tower. The 
annual average water loss resulting from evaporation and carryover in the cooling 
towers shall not exceed 4630 m /hour (for two reactor units).

The annual average total amount of regular fresh water makeup shall not 
exceed 2,54 m3/second (for two reactor units).

The river Viliya is assumed to be the primary source to make up the 
consumptive water use.

5.2. Effective use of water resources.
For the purposes of effective use of water resources, waste water originating 

from the NPP site is predominantly reused. The reused water includes treated 
waste water as follows:

- sanitary waste water from the free-access zone (FAZ);
- process waste water and runoff rain water;
- process waste water contaminated with petroleum products;
- non-radioactive sanitary waste water from the controlled-access zone 

(CAZ).
Treated waste water is used as makeup water for the circulating process water supply 

system.
Due to the treated water reuse, water consumption from external sources is 

reduced by 2270 m /day, not including runoff rain water use.
In accordance with the project, container-type modular water treatment 

facilities shall be used to purify the sanitary waste water from the free-access zone 
(FAZ). These facilities shall provide mechanical and biological treatment as well 
as disinfection.

The project also provides for the system of facilities to treat process waste 
water, runoff rain water and waste water contaminated with petroleum products.
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5.3. Radioactive emissions and discharges.

To avoid population exposure exceeding the limit for population exposure 
resulting from industrial sources, the population exposure quota specified for the 
NPP is 100 pSv/year, including 50 pSv/year resulting from gas and aerosol 
emissions and 50 pSv/year resulting from liquid discharges (SP AES-2010). This 
quota is specified for the total exposure impacting the population from all sources 
of radioactive gas and aerosol emissions into atmospheric air and liquid 
discharges into surface waters, for the NPP in total, irrespective of the number of 
reactor units at the NPP site. The quotas for population exposure from radiation 
factors (emissions and discharges) for normal NPP operation, are specified in the 
Hygienic standard (SP AES-2010).

Maximum permissible emissions and discharges of radioactive substances are 
the upper limits for gas and aerosol emissions and for liquid discharges of 
radioactive nuclides into the environment when the NPP is operated in the normal 
mode.

The minimum significant exposure dose, 10 pSv/year, is assumed to be the 
lower exposure dose limit for the purposes of population protection against 
radiation when the NPP is operated in the normal mode.

Annual permissible emissions (Bq/year) of the most significant radioactive 
nuclides are presented in table 3.

Table 3 -  Annual permissible emission of radioactive nuclides into the atmosphere, 
for the NPP with WWER reactors.

Radioactive nuclide Permissible emission

Inert radioactive gases (IRG) 690 TBq
131 j 18 GBq
60Co 7,4 GBq
1J4Cs 0.9 GBq
137Cs 2,0 GBq

Sanitary rules, regulations and hygiene standards “Sanitary requirements of 
design and operation of nuclear power plants” (SP AES-2010)

Technical solutions and organizational arrangements are applied for treatment 
of sanitary waste water to prevent radionuclides from penetration into the 
environment with treated sanitary waste water.

The controlled-access zone’s (CAZ) sanitary sewerage system receives 
sanitary waste water from water closets and shower rooms. Waste water from the 
special laundry and sanitary checkpoints is delivered to the special sewerage
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system tanks. After radiation measurements, this water is discharged to the 
controlled-access zone sanitary water treatment facilities. If the level of activity 
found in waste water exceeds the permissible level, water is removed for special 
treatment.
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6. Impact type analysis

6.1. Norms of maximum permissible levels (MPL) for physical impacts.

Emission of pollutants. Maximum permissible emission (MPE) is a 
permissible mass emission of substance per unit time (g/s or t/year), creating, in 
accordance with the development prospects of adjacent enterprises and dispersion 
of matter in the atmosphere, the surface concentration that does not exceed the 
maximum permissible concentration for the population, flora and fauna.

Thermal impact. The most significant type of environmental physical impact 
produced by the NPP is thermal impact. The thermal pollution MPL for the river 
Viliya is limited in accordance with [8, 9]. Water temperature must not be raised 
by more than 5°C above the natural temperature of a water body, with the resulting 
temperature not exceeding 20°C in summer and 5°C in winter for water bodies 
being the habitats for (Salmonidae and Coregonidae) fish species.

Radiation impact. The limits for annual intake with air and food, the 
permissible average annual volumetric activity for inhaled air and the response 
levels in case of intake of radioactive nuclides with water are specified in [13] for 
population. The republican permissible concentrations of radioactive nuclides in 
foodstuffs and drinking water are specified in annex 9 [9] and paragraph 114 [8].

6.2. Water intake impact forecast.
The forecast of water intake for the NPP from the Viliya River demonstrates 

that, for two reactor units:
-  in case of water flow in the river approximately equal to its mean annual 

flow estimated for many years, water intake shall not be greater than 2,2% of the 
water flow in the river;

-  in case of a year with low water, and water flow rates in Viliya 
approximately equal to the minimum average monthly rates in summer, autumn 
and winter low-water periods, the consumptive water intake shall not be greater 
than 6% of the river flow rate.

After water intake from the river Viliya for the NPP operation processes, with 
the above-listed hydrological conditions, water flow rate in Viliya shall not be less 
than 24,12 m /second, i.e. it shall remain higher than the minimum flow rate 
necessary for the aquatic ecological system existing in the river.

The estimated water consumption for the NPP utilities and drinking purposes 
(including hot water supply) is 1315 m3/day.

The estimated water consumption for the NPP processes (not including the 
makeup water for the circulating water supply system) is about 876,4 m /day 
(process water).

6.3. Thermal impact.
6.3.1. Cooling towers [10]
The thermal impact on the environment results from use of evaporative 

cooling tower and spray ponds in the circulation water cooling system.
22



The thermal environmental emission from one WWER-1200 reactor unit is 
about 2000 Gcal/hour. The total overheat of the steam-air mixture is about 30°C as 
compared with the ambient atmosphere. Water and droplet carryover from the 
cooling tower nozzle results in precipitations at the leeward side. The additional 
amount of precipitations falling on the soil, as a result of emissions from cooling 
towers, is about 0.3 mm/year or less than 0.05% of the natural level of 
precipitations. Intensity of precipitations and the area affected by them depends on 
the wind speed and direction. When the wind is weak or moderate, the intensity of 
precipitations near the cooling tower becomes maximum but sharply drops at a 
distance. At 1-3 km, only weak precipitations or their traces are observed, and 
there is practically no thermal impact.

The calculations were carried out for two WWER-1000 reactor units 
(analogues) for summer and winter climatic characteristics.

In summer, the estimated maximum additional water vapor content resulting 
from the cooling towers emissions is about 135,7 mg/m3; it is about 22 times less 
than the background vapor content, and it cannot impact any moisture-related 
atmospheric processes (such as dew, fog or mist).

In winter, the maximum water vapor concentration is 120,71 mg/m3; it cannot 
significantly affect any moisture-related processes, such as aerial conductor icing. 
Under real conditions, maximum water vapor concentration in winter will be much 
less because the evaporated water consumption rate is about 3 times less than in 
summer mode.

The cooling tower’s flare impacts the distribution of gas and aerosol 
emissions from the NPP resulting in their more intensive vertical dispersion when 
they are distributed near the flare. However, at 5 km from the cooling tower, there 
is practically no flare-related effects; for longer distances, reduction of gas and 
aerosol release impact on the off-site territory is observed.

6.3.2. Waste water discharge [10]
As a result of waste water discharge into the Viliya river, water temperature in 

the reference cross-section in the warmest month during the summer period (July) 
will be 1,1 °C higher than the initial water temperature in Viliya, and it is estimated 
to be +23,0°C; in the warmest month during the winter period (October), it will be 
0,9°C higher than the initial water temperature in Viliya, and it is estimated to be 
+7,8°C.

Also, water temperature in the reference cross-section of the river Viliya in 
August is estimated to be +21,0°C.

According to the requirements specified in [7], water temperature in water 
bodies used for preservation and reproduction of salmonidae and acipenseriformes 
fish species shall not be raised by more than 5°C above the natural temperature of 
a water body, with the resulting temperature not exceeding 20°C in summer and 
5°C in winter.

The total growth of water temperature in the reference cross-section of Viliya 
(500 m downstream from the Belarusian NPP waste water discharge location) in
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July and October results from background temperatures in the river (21,9°C in July 
and 6,9°C in October); these background temperatures are higher than those 
specified in the Decision of the Ministry of Natural Resources and Environmental 
Protection and the Ministry of Public Health of the Republic of Belarus No.43/42, 
08 May, 2008 (20°C in summer, 5°C in winter).

According to the requirement of the Ministry of Natural Resources and 
Environmental Protection and taking into consideration the concern declared by 
Lithuania in the course of discussions with regard to the EIA Report, the measures 
as follows are provided for in the project documents for the Belarusian NPP 
construction: for the most unfavorable period (in terms of thermal impacts), the 
supplementary facility shall be used to cool waste water discharged from the NPP. 
This facility is an open pool with the nozzles used to spray water over the tank 
surface for cooling (similar to the technique used in spray ponds). The pool 
dimensions are 31 x 172 m, the depth is 3 m.

Due to this after-cooling facility, the discharge water temperature can be 
reduced, before discharge into Viliya, to 20°C in July and August and to 5°C in 
October; as a result, it will meet the quality requirements for relevant seasons specified for 
water bodies used for fishery. In July and October, discharged water temperature 
will be even lower than the natural water temperature in Viliya.

6.4. Pollution impact.
6.4.1. Atmospheric air [10]
The NPP environmental impact includes atmospheric emissions from the 

starting and standby boiler plant, diesel generator plants, vehicles, gas electric 
welding works, exhausts from chemical laboratories etc.

The primary fuel for the boiler plant is natural gas. Diesel fuel is used as 
emergency fuel.

For diesel fuel storage, three vertical ground tanks shall be built, 300 m each 
(one tank is a standby unit).

As for the time of commissioning and adjustment procedures, the boiler plant 
shall operate 24 hours a day.

In accordance with the boiler plant design four steam boilers of Danstoker, 
TDC-40/OPTI 4000 providing 40 tons of steam per hour shall be installed.

Total maximum heat generation capacity of the designed boiler plant is 104,4 
MW (89,763 Gcal/hour). In accordance with the design, the emissions from the 
boiler plant shall be within the limits stipulated in [12].

The consumption of the primary fuel at the boiler plant is as follows:
- maximum hourly consumption - 12444 m /hour,

■j

- annual consumption -  46332,72 thousand m /year.
The pollutants originating from natural gas burning in the boiler plant are as 

follows: nitrogen dioxide, nitrogen oxide, carbon oxide, benzpyrene, benzapyrene.
When the boiler plant consumes the emergency (diesel) fuel, appear 

pollutants such as: black carbon (soot) and sulfur dioxide.
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The combustion gas is removed through individual chimneys with the 
opening diameter of 1,1 m. The height of chimneys is 45 m from the ground.

As per the design, the total atmospheric emission from all designed stationary 
facilities shall not exceed 93,77 tons/year (including the emissions from the boiler 
station during the commissioning and adjustment procedures).

The standardized atmospheric pollution calculation software, “Ecolog PRO” 
(version 3.0), designed by “Integral” Company (the Russian Federation), was used 
to calculate the surface concentrations of pollutants in an atmospheric air.

According to calculation results the surface concentrations of pollutants at the 
site boundary shall not exceed 0,1 of the MPC

6.4.2. Discharge into surface water [10]
To reduce concentrations of chemicals in the discharged waste water to the 

levels meeting the maximum permissible concentrations, the design provides for 
partial removal of waste water into the sludge disposal sites (tanks for sludge 
clarifiers), with a view of their subsequent return to the water conditioning circuit.

The concentrations of the most significant chemicals in the reference cross- 
section are presented in table 4.

Table 4 -  Major pollutants concentration.

Characteristic
Concentration (mg/dnf), С  measured MPC 

(mg/dm )
Capacity, 
MPC-C measuredsummer winter

Solid residue 334,9 318,4 1000 673
Suspended materials 6,7 7,4 0,25 from the 

background
power o f  hydrogen, 
pH

8,0-8,5 8,0-8,5 6,5-8,5

Calcium 70,98 73,72 180,0 107,65
Sodium 80,5 92,5 120,0 33,50
Petroleum products 0,01 0,02 0,05 0,035
Sulfates 68,6 79,3 100 26,05
Chlorides 130,6 148,5 300 160,45

The waste water discharge into the Viliya River is implemented as a dispersing 
release.

6.5. Radiation impact.
To avoid population exposure exceeding the limit for population exposure 

resulting from industrial sources, the population exposure quota specified for the 
NPP is 100 pSv/year [11].

The minimum significant exposure dose, 10 pSv/year, is assumed to be the 
lower exposure dose limit for the purposes of population protection against 
radiation when the NPP is operated in the normal mode.
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Annual permissible emissions of the most significant radioactive nuclides are 
presented in table 3 (section 5.3).

6.6. Transboundary impact forecast.
The analysis of natural conditions in the Belarusian NPP siting area 

demonstrates that:
- the major transboundary watercourse is the river Viliya (Nyaris), used to 

provide the Belarusian NPP with water for the process purposes and, also, to 
discharge the blowdown and process waters from the Belarusian NPP;

- the maximum water level drop in the river Viliya transboundary cross- 
section, with two reactor units and if the water flow in the river is approximately 
equal to its mean annual flow estimated for many years can be up to 5 cm, or up 
to 6 cm, if the water flow is minimum;

- the forecast for Viliya speed parameters during the Belarusian NPP Siting 
demonstrates that the mean flow speed will slightly drop (by 0.04 m/s max) 
downstream the water intake facility, and the flow speed drop in the 
transboundary river section will be insignificant.

- the wind direction repetition data collected for many years demonstrate that 
western and northern winds prevail in the Belarusian NPP site area;

- the research results demonstrate that no conditions can be observed at the 
major part of the 30-krn zone for initiation and transit of underground water in 
Dnieper-Sozh and Berezina Dnieper aquifer complexes and in the combined pre- 
quaternary aquifer complex from Belarus towards Lithuania;

- analysis of migration of radioactive substances from site-related and local 
sources demonstrated that penetration of radioactive pollution into the river 
network in the 30-km zone is practically impossible, and that the impact zone of a 
local source, if it is in the NPP site, will be restricted within the areas where 
ground water seeps towards the day surface.

The summary characteristic of possible Belarusian NPP impacts affecting the 
neighboring states is presented in table 5.

Table 5 - Possible impac ts of the Belarusian NPP.

Distance
(km)

Impact ways
Country

Surface water Ground water Atmospheric
transfer

Lithuania 25 yes no yes
Poland 200 no no yes
Latvia 110 no no yes
Russia 200 no no yes
Ukraine 318 no no yes
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In accordance with the Appendix II of the Espoo Convention, relevant 
forecasting models listed in table 6 were used to forecast possible environmental 
impacts of the Belarusian NPP.

Table 6 -  Mathematical models used.
Object Model used

Atmospheric air Automated system for radiation situation analysis 
and forecast, RECASS NT (Federal Service for 
Hydrometeorology and Environmental Monitoring of 
Russia (Roshydromet), Federal Information Analytical 
Center (GU NPO “Taifun”).

Surface water 
Thermal pollution

Chemical pollution

Frolov-Rodziller method and Roshydromet 
recommendations, MIKE 21 software.

Frolov-Rodziller formula; Karaushev method was 
used to calculate the turbulence diffusivity coefficient 
(D).

Ground waters Unified generalized multi-chamber model of mixed cell 
(MULTIBOX).

Agricultural products Compartmental mathematical models based on the 
system analysis method.

Population INTERRAS software (The International Radiological 
Assessment System).

EMISSION SOURCE -  DOSE model (ST-DOSE - 
Source Term To Dose).

The conducted comprehensive assessment, using modern modeling 
techniques demonstrates that, both during normal operation and in case of 
abnormal operation, the Belarusian NPP will not produce transboundary impacts 
affecting the territories of neighboring states.
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7. General information about radiation ecological monitoring program 
within the framework of the post-project analysis

7.1. Ecological monitoring of atmospheric air, surface water, ground water, 
soils (lands).

The environmental ecological monitoring purposes are as follows:
-  to find the levels and trends of pollution affecting atmospheric air, water, 

components of terrestrial and aquatic ecosystems;
-  to find the contribution of emissions and discharges from the NPP in 

pollution of environmental components.
The objects of monitoring include atmospheric air, surface water, ground 

water, soils (land plots), flora and fauna.
The atmospheric air condition observation intervals shall be chosen, taking 

into consideration the nature and intensity of human-induced impacts affecting the 
atmospheric air; as a rule, 4 times a day. Snow cover condition observations 
including snow sampling and measurements of necessary meteorological 
parameters, shall be carried out once a year, during the period when maximum 
total amount of water has been accumulated in the snow cover (as a rule, at the end 
of February).

The atmospheric air condition observation shall cover the parameters as 
follows: concentration of solid particles (dust/aerosol not differentiated in terms of 
components), sulphur dioxide, carbon oxide, nitrogen dioxide, phenol, ammonia, 
volatile organic compounds, lead, cadmium, meteorological parameters (air 
temperature, atmospheric pressure, relative humidity, wind speed and direction) 
and weather condition.

The analysis of snow cover samples shall include the most significant salts 
(sulphates, nitrates, chlorides, hydrogen carbonates, ammonium nitrogen, and 
cations of potassium, calcium, magnesium and sodium) and heavy metals (lead, 
cadmium); also, specific electrical conductivity and pH shall be measured.

Hydrochemical observations at watercourses shall be carried out seven times 
a year, in accordance with periods of major hydrological phases: during rise, peak 
and decline of high water; at the time of maximum and minimum water flow rate 
during the summer low-water period; in autumn, prior to freezing; during the 
winter low-water period. Observations for heavy metal concentration monitoring 
shall be carried out four times a year.

The monitoring program shall include observations covering the parameters 
of physical properties and gas water content (temperature, clarity, pH, suspension 
concentrations, dissolved oxygen concentration, specific electrical conductivity), 
most significant ions and mineralization (chlorides, sulphates, hydrogen 
carbonates, magnesium, calcium, sodium, potassium, mineralization (in terms of 
dry residue), water hardness), organic substances (BOD5 CODcr, petroleum products, 
anionic synthetic surfactants (SS), phenols), biogenic substances (ammonium 
(expressed in terms of N) nitrates (expressed in terms of N ), nitrites (expressed in 
terms o f N), total nitrogen expressed in terms of Kjeldahl method, phosphates
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(expressed in terms of P and as total phosphorus), heavy metals (total iron, 
manganese, copper, zinc, nickel, total chromium, lead, cadmium).

Samples for measurements of these pollutants concentrations in the aquatic 
environment shall be taken from discharge channels of industrial facilities and 
from rivers in drainage basins. A continuous observation station (COS) shall be 
arranged to monitor the background condition of a water body; this station shall 
be located in a point not affected directly by factors impacting water quality, such 
as discharges from industrial or agricultural facilities, water course inflows, 
dredging operations etc.

At transboundary monitoring stations, surface water chemical pollution 
observations shall be carried out in accordance with the list of substances for 
which, if their threshold concentrations in water are exceeded, prompt information 
exchange is required in accordance with the international obligations of the 
Republic of Belarus.

The list of parameters subject to monitoring at transboundary cross-sections is 
presented in table 7.

Table 7 - Parameters and their threshold values for water at transboundary cross- 
section of river Viliya with the Republic of Lithuania for prompt information 
exchange in accordance with the international cooperation obligations.
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Parameters Units o f  
measurement Content thresholds

Water physical 
properties and gas 

concentration parameters

pH unit < 6-9 >

Dissolved oxygen mgCVdm3 < 2 ,0

Organic substances BOD5 mgCVdm3 23
CODa

•j
mgCVdm 100

Petroleum products mg/dm3 0,7
Anionic synthetic 
surfactants

mg/dm3 1,0

Phenols (total) pg/dm3 10

Biogenic substances in 
water

Ammonium nitrogen mg/dm3 3,9
Nitrate nitrogen mg/dm3 12,0
Nitrite nitrogen mg/dm3 0,2
Phosphate phosphorus mg/dm3 1,0
Total phosphorus mg/dm3 1,5

Elements (total 
concentration in non- 

filtered sample)

Copper pg/dm3 50
Zink pg/dm3 1000
Nickel

■»

pg/dm 50
Chromium pg/dm3 50
Lead pg/dm3 100
Cadmium pg/dm3 10
Mercury pg/dm3 5,0

Radioactive nuclides Cesium-137 Bq/dm3 10
Strontium-90 Bq/dm3 0,37

Soil sample analysis shall cover pH, concentrations of heavy metals 
(manganese, copper, zinc, nickel, lead, cadmium), sulphates, nitrates, petroleum 
products.

7.2. Radiation monitoring of atmospheric air, surface water, ground water, soils 
(lands).

Radiation monitoring shall result in acquisition of information necessary to:
- assess the contribution of gas and aerosol emissions from the Belarusian 

NPP into the exposure doses for population;
- assess the contribution of water discharges from the Belarusian NPP into 

the exposure doses for population;
- reveal the areas of maximum impacts resulting from radioactive nuclide 

emissions and discharges making the major contribution into the pollution of 
environment components;

- reveal the long-term trends of environment pollution resulting from the 
Belarusian NPP operation;
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- reveal the external and internal exposure doses for population and the 
radiation-related risk for population resulting from the environment pollution.

Within the scope of radiation monitoring covering atmospheric air, surface 
water, ground water, soils (lands), components of terrestrial ecosystems including 
agricultural ones, forest ecosystems and aquatic ecosystems, the activities shall 
include observations, measurements in laboratories, and information collection, 
systemized arrangement and analysis with regard to the environment pollution.

Models verified by the environment monitoring in the particular region shall 
be used to analyze the dispersion of radioactive nuclide emissions and discharges 
into the environment. This information shall be stored, analyzed, presented and 
updated in accordance with applicable requirements.

Equipment and procedures used for radiation monitoring of the environment 
surrounding the NPP shall be adequate to control the environment components in 
order to identify both low (background) concentrations of radioactive nuclides, 
corresponding to the global fallouts, and extremely high concentrations resulting 
from accidents.

The environmental radiation monitoring objects are as follows:
- atmospheric air (natural fallouts from the atmospheric layer near the ground 

surface, radioactive aerosols, atmospheric precipitations), surface waters and 
bottom sediments in water bodies, ground water, drinking water, soil (lands);

- components of agricultural and forest ecosystems (perennial herbs, 
conifers, moss, mushrooms, berries, forest litter, arable and virgin lands);

- components of aquatic ecosystems in rivers and lakes within the observation 
zone.

The list of radioactive nuclides to be analyzed in the environment components 
shall be made in accordance with the range of radioactive nuclides existing in the 
NPP emissions and discharges, both for normal and abnormal operation (NO and 
AO) (14C, 3H, radioactive inert gases, 137’134Cs, “ Co, 54Mn, 131I, 89’90Sr), artificial 
radioactive nuclides existing in depositing components of ecosystems after accident 
at radiation-related facilities (137Cs, 90Sr, 239,240Pu), and radioactive nuclides being the 
components of the natural radiation background (49K, 2l0Pb, 232Th, 226Ra etc.).

7.3. Biological monitoring.
The biological monitoring includes observations covering the condition of 

biological systems at various levels: populations of indicator species, biocenoses 
(in terms of trends of their structural and functional characteristics).

The biological monitoring goal is to assess and forecast the changes in the 
condition of terrestrial and aquatic ecosystems.

For terrestrial ecosystems, monitoring is based on comprehensive field 
surveys covering their condition, including the current condition and trends 
characterizing the changes in agrocenoses, soil cover, vegetation (phytocenoses) 
and fauna, measurements of concentrations of radioactive nuclides, heavy metals 
and other possible pollutants in components of terrestrial ecosystems.
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Surveys shall be carried out during three years at the chosen continuous 
observation stations and reference areas in order to prepare finally the observation 
procedures and the scope of parameters to be monitored. During the first three 
years, observations covering the hydrobiological parameters of water bodies shall 
be arranged and carried out at hydrochemical parameter observation stations. Also, 
observations shall be arranged to monitor the parameters of bottom sediments in 
water bodies. Morphological characteristics, NPP waste water impacts, and data 
characterizing the water usage system and other related scopes of economic 
activities shall be taken into consideration in order to select the locations for 
continuous observation stations.

Hydrobiological monitoring shall cover the quantitative characteristics of 
aquatic biocenoses (phytoplankton, zooplankton, bacterial plankton, benthos, 
periphyton, macrophytes, fish fauna), characteristics of hydrobionts in terms of 
migration, sanitary and hygienic condition of water bodies.

Bottom sediment samples shall be taken layer by layer to assess their current 
chemical composition and variations of this composition. The samples shall be 
analyzed for artificial and natural radioactive nuclides and heavy metals. Samples 
of suspensions and bottom sediments shall be taken once in 4-5 years.

To describe the composition of the surface layer and the bottom sediment 
profile in mechanical terms, the measured parameters shall cover grain-size 
characteristics, skeleton volume weight, natural humidity, density and thickness of 
layers comprising the bottom sediments. Concentrations of suspensions for various 
hydrometeorological conditions, distribution of suspensions throughout the water 
depth and the water area, and their variation within a year or season shall be found 
in order to assess the rates of sedimentation and deposit accumulation processes in 
water.

In accordance with the results of observations carried out during the first three 
years after the NPP commissioning, final observation procedures and the scope of 
parameters characterizing the condition of natural environments, components of 
terrestrial and aquatic ecosystems to be monitored shall be prepared.

In addition to these activities within the scope of ecological monitoring of 
terrestrial and aquatic ecosystems, observations covering the amounts and trends of 
ground water pollution by radioactive nuclides and chemicals shall be carried out 
in the NPP site area.
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8. Continuous observation stations

8.1. Most vulnerable critical areas.
The environmental monitoring will be carried out in the most radiation and 

ecology vulnerable areas. For these purposes, within the Belarusian NPP 
observation zone, the areas were outlined where the migration of radionuclides (90Sr 
and l37Cs) is especially high, and protection against chemical pollution is minimal.

The location of typical critical areas most vulnerable in case of accidental 
emissions during the NPP operation is presented on figure 2.
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Figure 2 -  Map depicting the selected typical areas most vulnerable in terms
o f  a set o f  natural factors  

Area No.l is situated in the floodplain of the river Viliya, near Malye 
Sviryanki, Muzhily, Ryten, Matskely villages, 9 km from the Ostrovets NPP site. 
Peaty boggy soils and sod-podzol soils with thin podzol layer prevail; subsoil 
consists of medium-grain sand. The ground water level depth is 0,5 m.

Area No. 2 is situated at the Lithuanian border, near Vomyany village, 8 km 
from the Ostrovets NPP site. Sod-podzol soils with thin podzol layer prevail; 
subsoil consists of fine-grain sand. The ground water level depth is 1,0 m.

Area No.3 is situated in the area that was formerly covered by a bog. The area 
is near Dailidki, Yuzulino and Klochki villages, 20 km from the Ostrovets NPP 
site. Peaty boggy soils and sod-podzol soils (with thin and moderate podzol layer)
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prevail; subsoil consists of fine-grain sand. The ground water level depth is 
0,2-0,5 m.

Area No.4 is situated in the ameliorated territory, in the valley of the river 
Sruna, where this river inflows into the river Stracha, near Olshevo, Strachinki, 
Kareishi villages, 24 km from the Ostrovets NPP site. Sod-podzol soils (with thin 
podzol layer) prevail; subsoil consists of fine-grain sand. The ground water level 
depth is 0,7 m.

8.2. Continuous observation stations for hydrological regime of water bodies.
The river Viliya has been studied quite well. Now, gauging stations are in

operation near Steshitsy village, Mikhalishki settlement and Vileika town. 
Mikhalishki gauging stations is near the NPP site; this station is in use for 
observations since 1946. Water level and flow rate measurements and observations 
of ice conditions and thermal characteristics are carried out at all stations.

Two gauging stations are in operation at the river Oshmyanka: Soly (since 
1953) and Velikiye Yatsyny (since 1955) gauging stations. Also, observations of 
water flow, thermal characteristics, ice-related events and ice thickness are carried 
out. Water samples for chemical composition analysis are taken at Oshmyanka - 
Velikiye Yatsyny gauging station seven times a year.

Also, to provide complete hydrological information, several more gauging 
stations and hydrological stations are planned to be arranged at rivers Viliya 
(Muzhily settlement), Stracha (Olkhovka settlement), Gozovka (Goza settlement), 
Polpe (Chekhi and Markuny settlements); they shall be used for hydrological 
monitoring observations, including water levels, water temperatures, ice-related 
events, turbidity, and water flow rate measurements with calculations of daily 
discharge. To meet the post-project analysis requirements, the complete range of 
hydrological, hydrochemical and radiation-related observations must be carried out 
in the transboundary section of the river Viliya, Bystritsa settlement.

8.3. Weather parameters observation stations.
Oshmyany weather station, in operation since 1962 as a complete Grade 2 

station in accordance with the classification used by the World Meteorological 
Organization, is 44 km south from the NPP site area. Lyntupy weather station, in 
operation since 1945 as a complete Grade 2 station, is 170 km east from the NPP 
site area.

To study the conditions at the Belarusian NPP site in terms of microclimate, 
the automatic weather station shall be installed in Valeikuny or Chekhi settlement; 
this station will be used to measure air temperature and humidity, wind direction 
and speed, precipitations and atmospheric pressure in the real-time mode. To make 
the pollutant transfer forecasts more accurate including those for radioactive 
pollutants, for various distances and heights, the remote measurement equipment 
intended to measure meteorological parameters (wind speed and direction, first of 
all) shall be installed in the NPP observation zone.
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8.4. Continuous оЬм 
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Table 8 -  Radiation ecological monitoring stations.
(*automatic measurement sites (AMS) of gamma-radiation dose rate and meteorological parameters).

Location

Monitoring object Control type
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AM
S 

*

Mikhalishki + + + + + + + + + + + + +
Gervyaty + + + + + + + + + + +
Trokeniki +
Goza + + + + + +
Chekhi + + + + + +
Vomyaty + + + +
Podoltsy + + +
Valeikuny + + + +
Shulniki + + + +
Bystritsa + + + + + + +
Ostrovets + + + + + + + + +
Oshmyany + + + + +
Svir + + + + + +
Malye Sviryanki + + +
Dovnarishki + + +
Sviryanki + + +
Markuny + + + + + + +
Litvyany + + + + +
Bolshye Sviryany + + +
Novaya Ves + + + + +
Novye Filimony + + + + +
Sarochanskaya Lakes Group + + +
NPP site + + + + + + +
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8.5 . Radiation monitoring and control stations

8.5.1. Automated radiation situation monitoring system.
Observance of norms and rules with regard to radiation safety must be 

controlled at a territory where population can be impacted by internal or external 
radiation exposure.

The automated radiation situation monitoring system (ARSMS) is designed to 
ensure radiation safety of population and environment in the NPP site area during 
normal NPP operation and in case of emergencies. The system collects and 
processes the gamma-radiation dose rate data and meteorological data necessary to 
control observance of population safety norms with regard to radiation in 
accordance with applicable norms and legislation. The ARSMS continuously 
controls radiation in the environment and informs the general public about the 
current radiation situation at the NPP and in the neighboring areas.

Now, the automatic measurement sites (AMS) of gamma-radiation dose rate 
and meteorological parameters are in operation in Gervyaty, Mikhalishki and 
Trokeniki settlements. In the region of Belarusian NPP siting at least 20 automatic 
measurement sites, including 5 automatic measurement sites in border areas 
(Belarus-Lithuania) will be installed. In addition a gamma survey using a mobile 
laboratory of radiation and environmental monitoring shall be annually held on 
border areas. A preliminary list of settlements, where automatic measurement sites 
location is planned, is presented in table 9.

Social and economic factors (such as population density, availability of access 
ways and electric energy sources, conditions for protection of automatic 
measurement sites against damage) and meteorological conditions in the NPP site 
area estimated in accordance with the data resulting from many years of 
observation are taken into consideration for selection of locations for automatic 
dose rate measurement stations.

Information display boards shall be installed in the locations where the 
equipment of automatic measurement sites is mounted; these boards shall be used 
to display current radiation background in local points. Also, large-size display 
board shall be installed in Ostrovets for the same purposes.

8.5.2. Radiation monitoring observation stations.
The NPP is a nuclear facility, hazardous in terms of radiation. Taking into 

consideration that the NPP attracts special interest as a source of radioactive 
pollution of environment, the project of the radiation monitoring system has been 
prepared, covering the 30-km zone near the NPP on the territory of the Republic of 
Belarus. The proposed list of observation stations, parameters to be controlled and 
related observation procedures are presented in table 9.
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Table 9 -  Proposed list of observation stations, parameters under control and observation procedures.

Env Monitoring
points

Geographical
Monitoring

objects

During NPP construction During NPP operation

compon
ent

coordinates
Parameters to 
be monitored

Observation
interval

Parameters to be monitored
Observation 
interval ***

1 2 3 4 5 6 7 8

Mikhalishki
54°48'22,7"
26°09'16,4" EP, y, including

•Ы

Chekhi 54°44'36,3"
26°09'23,0"

precipitations
aerosols SP,Y once in 10 days **

51Cr, 137Cs, 134Cs, 54Mn, 58Co, 
60Co, 95Zr, 95Nb, 59Fe, 131I,

dailycd
Ostrovets* 54°36'56,9"

25°57'30,8"

7Be, 40K 
As well as 

90Sr, 228Th, 226Ra,
Oshmyany* 54°25'39,9"

25°56'04,1"

<3
£
<u

River Viliya 
(Bystritsa 
village)

River Viliya 
(Mikhalishki

54°47'16,1"
25°53'30,2"

54°48'56.91"

water Y, 9°Sr, EP 4 times a year

Ер, у, including

5lCr, 137Cs, 134Cs, 54Mn, 58Co, 
60Co, 95Zr, 95Nb, 59Fe, 131I, 
40K ,3H

as well as 
90Sr,

12 times a 
year during 

normal 
operation

ЙSh
village) 26°09'54.01" Y, including

<Л
Viliya

(Muzhily
village)

54°49'57,1"
26°04'37,8"

bottom
sediments У, 9°Sr once a year

51Cr, 137Cs, 134Cs, 54Mn, 58Co, 
60Co, 95Zr, 95Nb, 59Fe, 131I, 
90Sr, 228Th, 226Ra, 7Be, 40K, 3H

once a year 
during normal 

operation
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aquatic
vegetation - -

137Cs, 134Cs, 54Mn, 60Co, 95Zr, 
95Nb, 90Sr, 228Th, 226Ra, 7Be, 
40K

once a year 
during normal 

operation

River Polpe 
(Markuny 

village)

River

54°46'24.78" 
26°1 Г53.27"

54°46'41.97"
26°2'23.24"

54°41'09.4"
26°08'45.7"

water Щ у ,  90Sr 4 times a year

ZP, y, including

51Cr, 137Cs, 134Cs, 54Mn, 58Co, 
60Co, 95Zr, 95Nb, 59Fe, 131I, 
89Sr,90Sr, 40K, 3H

12 times a 
year during 

normal 
operation

Gozovka 
(Goza village)

River Losha 
(Gervyaty 

village)

Stracha
(Olhovka
village)

bottom
sediments Y, 9°Sr 4 times a year

y, including

51Cr, 137Cs, 134Cs, 54Mn, 58Co, 
60Co, 95Zr, 95Nb, 59Fe, 131I, 
90Sr, 228Th, 226Ra, 7Be, 40K, 3H

12 times a 
year during 

normal 
operation

54°48'22.2"
26°13'56.0" aquatic

vegetation - -
137Cs, 134Cs, 54Mn, 60Co, 95Zr, 
95Nb, 90Sr, 228Th, 226Ra, 7Be, 
40K

once a year

Sm<D
l

Markuny

Mikhalishki

54°46'38,2"
26°11'13,0"
54°48'32,1"
26°09'12,3" 4 times a year 

during normal 
operation

43с3оVhОй

Goza

Ostrovets

54°46'35,7"
26°02'22,9"
54°25'40,2"
25°56'44,5"

water in wells SP,Y, a, 90Sr once in 3 years Zp,y, a, 90Sr, 3H
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Mikhalishki
54°48'53.31"
26°10'03.05"

Gervyaty
54°40'55.9"
26°09'55.3"

So
il

Goza
54°46'44.27"
26°02'21.64"

soil l37Cs, 90Sr once in 3 years 137Cs, 134Cs, 54Mn, 60Co, 95Zr, 
95Nb, 90Sr, 228Th, 226Ra, 40K

once a year

Chekhi
54°44'50.15"
26°09'14.84"

Bystritsa * 54°48'22.4"
25°52'14.9"

Automated radiation situation monitoring system (ARSMS)

00с
Trokeniki 54°45'03.6"

25°54'07.6" Acting gamma- 
radiation dose 

rate, 
meteorological 

parameters

S-h
О4-> Mikhalishki 54°48'45.7"

26°10'37.2"
automated

measurement 10 min

о
e

Gervyaty 54°4Г40.6"
26°09'26.6"

stations (AMS)

о  ^
1 1
5  &  
й <

Kamelishki transboundary

Kotlovka transboundary
gamma-radiation dose rate,

10 min£  4--'
.2 a
ta В

Gudogay transboundary meteorological parameters

a ^5-h
Oshmyany transboundary

Planned AMS - -

T3<u
ta

Ostrovets transboundary

sо Podoltsy
•4—*
ей Rytan

Muzhily
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Litvyany
Vorona
Vamiany
Rymdyuny
Bolshye
Yatsyny
Chekhi
Shulniki
Markuny
Olhovka

* observation stations are located behind the Belarusian NPP observation area
** measurement is started a year before the NPP commissioning
*** during first year o f  operation will be specified with reference to Article 5.8 o f RS-G-1.8 IAEA Safety Standard 

Symbols:
£a,/3- total alpha-beta activity o f radionuclides; y- activity o f radionuclides emitting gamma radiation.

41



Activities for collection of samples of radioactive aerosols and natural 
atmospheric fallouts at fixed observation stations should be launched one year 
before the NPP commissioning, in order to collect data describing the background 
radioactive pollution of the atmospheric air typical for the NPP site area, including 
seasonal variations of the total beta activity and concentration of radioactive 
nuclides emitting gamma radiation in air. The observation stations for atmospheric 
air radiation monitoring shall be commissioned stage by stage, in accordance with 
the NPP reactor units commissioning schedule.

See Figure 4 for the map depicting the locations of radiation monitoring 
observation stations in the NPP observation zone.
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9.1. General information about organization implementing the activities for 
analysis of pollution of environmental components.

The analysis of chemical and radioactive pollution of environmental 
components is carried out in the Republican Center for Radiation Control and 
Monitoring (hereinafter referred to as RCRCM). The quality management system, 
meeting the requirements listed in STB ISO/IEC 17025, is in force in this 
organization.

The quality control system used by the RCRCM is capable to control 
regularly the instrumentation calibration, to control regularly the test procedures 
and to control the stability of test results. Control charts are used for the purposes 
of statistical control covering the stability of test results; these charts are 
appropriate tools to control and maintain the uncertainties of measurements within 
the required level, and to control and maintain the intralaboratory precision in 
terms of repeatability and reproducibility within the required level.

The technical competence RCRCM is regularly confirmed by participation in 
interlaboratory verification procedures, including those organized by the 
Belarusian certification authority and international verification procedures.

9.2. Devices and equipment for detection of radioactivity in environment 
components.

An approximate list of devices and equipment applicable for detection of 
radioactivity in environment components is presented in table 10.

Gamma-spectrometers, ADCAM-100, NOMAD, DAVIDSON (manufactured 
by ORTEC, USA), with GEM or GMX detectors made of ultrapure germanium, 
can be used for measurements. These gamma-spectrometers must be certified for 
the range of recorded emissions 50-3000 keV, with the basic relative error less 
than ±10% in terms of the efficiency detection (for the confidence level 0,95). 
Samples, prepared for gamma spectrometry analysis, shall be put into measuring 
vessels (Marinelli vessels, 1000 ml, 100 ml cup). Measuring vessels shall be 
placed on the detectors; the detectors shall be in the protective casing made of 
lead, the wall thickness shall be 100 mm. Measurements shall be carried out and 
results shall be processed in accordance with valid procedures and standards [13, 
14]; GAMMAVISION-32 software shall be used for these purposes.

The procedure used for measurements carried out by the gamma-spectrometer 
shall be appropriate to measure the activity of radioactive nuclides in samples with 
the relative error within 10-25%.

If the activity of 90Sr and plutonium isotopes must be measured in environment 
components, the radiochemical method must be used in accordance with 
procedures and standards specified in [15, 16].

9. General information about research methods, procedures and equipment
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Table 10 - Instrumentation recommended for radionuclide content
measurements.

Instrumentation or equipment 
description Specifications (range and error)

Atomic absorption spectrophotometer Range: (190-E580), (38(H865) nm; 
sensitivity for Sr: 55 pg/litre; 
error: 10%

Alpha-beta-radiometer Beta-radiation: range: 0,1^3000 Bq; 
sensitivity: (0 ,117-Ю.161) 
pulses/(Bq-s); error: 15%. 
Alpha-radiation: 
range: (0,01-G000) Bq; 
sensitivity: 0,265 pulses/(Bqs); 
error: 15%

Beta-radiometer Beta-radiation range: 13-1300 Bq; 
sensitivity: 0,11±0,02 s'1 Bq-1; 
error: 25 %

Electronic analytical balance Range: (0.01-E210) g; 
resolution: 0,1 mg

Electronic analytical balance Range: (0,5-^510) g; 
resolution: 10 mg

Gamma spectrometer Gamma-radiation range: 40-3000 keV; 
error: 20%

Gamma spectrometer Gamma-radiation range: 50-3000 keV; 
error: 30%

Dose meter - radiometer Ambient dose rate (X-ray and gamma- 
radiation):
range: (0 ,1-G0,0) mSv/hour; 
error: 20%.
Beta-particle stream density: 
range: (10-Ч04) particles/minutexs2; 
error: 20%

Muffle furnace Range: 10-1100°C; 
error: 4°C
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Measured concentrations of pollutants and radioactive contamination in 
environment components under control shall be compared against the standardized 
pollution levels in order to check whether the Belarusian NPP operation conditions 
listed in permission documents are met.

For these purposes, annual “Belarusian NPP Ecological Safety Reports” shall 
be submitted to the affected Parties. These reports shall be prepared in accordance 
with the results of implementation of the radiation ecological environment 
monitoring program. The report sections shall be as follows:

1. General description of Belarusian NPP;
2. Ecological policy and radiation safety policy of Belarusian NPP;
3. Major activities of Belarusian NPP;
4. Basic documents regulating the activities for nature protection with regard 

to the Belarusian NPP an the activities for implementation of the radiation 
ecological environment monitoring;

5. Ecological management and quality management system;
6. System for technical solidity and independence of laboratory control in 

accordance with ISO-IEC 17025;
7. Industrial ecological control;
8. Environmental impacts:

water intake from water sources; 
discharges into open water bodies; 
emissions into atmospheric air; 
wastes;
polluted territories and reclamation;

9. Ecological policy implementation in the reporting year;
10. Information and educational activities with regard to the radiation 

ecological monitoring.
The mechanism of the affected Parties informing on the part of the Republic 

of Belarus is based on the commitment of our country in the framework of 
international conventions, including the Espoo Convention, the Aarhus Convention 
and the Convention on Nuclear Safety, as well as in terms of cooperation with the 
IAEA.

The results of environmental monitoring of the Republic of Belarus are 
available in the media and at the web sites of the Ministry of Natural Resources 
and Environmental Protection, the Department for Nuclear and Radiation Safety of 
the Ministry for Emergency Situations and RUE “Belarusian NPP” :

10. Information for discussion within the scope of the post-project analysis
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http://www.minpriroda.gov.by, http://www.gosatomnadzor.gov.by,
http://www.dsae.by/.

Affected Parties may participate in joint expeditions in the area of the 
transboundary cross-section of the river Viliya (Belarus -  Lithuania), in 
discussions on the issues of ecological management and quality management 
systems and other questions stipulated within the scope of existing bilateral 
agreements in accordance with Appendix VI of the Espoo Convention.
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11. Abbreviations

AMS - automatic measurement sites
ARSMS - automated radiation situation monitoring system
PPC - provisional permissible concentrations
CAZ - controlled-access zone
BDBA - beyond design basis accident
FAZ - free-access zone
IRG - inert radioactive gases
MDE - maximum design-basis earthquake
AO - abnormal operation
NO - normal operation
RE CPS - regulating elements of control and protection system
SG - steam generator
MPE - maximum permissible emission
MPC - maximum permissible concentrations
MPL - maximum permissible levels
DE - design-basis earthquake
PM - preventive maintenance
COS - continuous observation station
SEP - submersible electric pumps
PA - primary cooling water system
PE - the cooling system for essential services
PC - the auxiliary cooling water system
ECCS - emergency core cool-down system
SS - synthetic surfactants
SPHR С - system for passive heat removal from the containment
SPHR SG - system for passive heat removal by steam generators
FA - Fuel assemblies
HPC - high pressure cylinder
LPC - low-pressure cylinder

47



12. References

1. Belarusian NPP Unit 2 Preliminary safety report Chapter 1 General 
description of nuclear power plant, BLRLB.l 30.2.01&&&&.01&&&.000.HE.0001, 
Book 1 BL-02065 p m , 2013.

2. STB 17.00.00-01-2008 Environment protection and nature use. Technical 
normative legal acts and manuals in the sphere of environmental protection and 
nature use. General provisions.

3. Law of the Republic of Belarus “On the environment protection” dated 
November 26, 1992.

4. Order of the Chief State Medical Officer of the Republic of Belarus No. 
28 dated February 25, 2004 “On approval of health standards 2.1.7.12-1-2004 
"List of maximum permissible concentrations (MPC) and approximate permissible 
concentrations (APC) of chemical substances in the soil”.

5. SanPiN 2.1.4.1074-01 Drinking water. Health requirements to the quality 
of water of the drinking water supply systems. Quality control.

6. GN-2.1.5.10-29-2003 Maximum permissible concentrations (MPC) and 
approximate permissible concentrations (APC) of chemical substances in the water 
of water bodies for drinking, household cultural and general use.

7. Annex 1, 2 to Decree of the Ministry of Natural Resources and 
Environment Protection of the Republic of Belarus and the Ministry of Health of 
the Republic of Belarus no. 43/42 dated May 8, 2007 “On some issues of water 
quality standardization for fishery water bodies”.

8. Sanitary norms and rules “Requirements to the radiological safety”, 
approved by the Order of the Ministry of Health of the Republic of Belarus No. 
213 of 28.12.2012.

9. Hygienic standard “Evaluation criteria of radiological effect” approved by 
the Order of the Minister of Health of the Republic of Belarus No. 213 of 
28.12.2012.

10. Opinion No. 98 of the state environmental expertise of the Ministry of 
Natural Resources and Environment Protection of the Republic of Belarus on 
project documents “Belarusian NPP”. Approved by the First Deputy Minister 
V.V.Kulik on October 23, 2013

11. STB 1626.1-2006 “Boiler units. Boilers plant working on gas, liquid and 
solid fuel”.

12. MI 2143-91. State uniformity measurement system. Radionuclide activity
in
bulk samples. Gamma spectrometry.

13. STB IEC 61452-2005. Nuclear equipment. Measurement of radionuclide 
gamma radiation. Calibration and use of germanium spectrometer.

14. Methodical guidelines on Sr-90 content determination in soil samples. 
Approved by the Methodical section of Interagency Committee on environment 
radiation monitoring under the State Committee for Hydrometeorology of the 
USSR. 17.03.89

48



elines on measurement of radioactive preparations while 
elide content in environmental samples. Approved by the 

Interagency Committee on environment radiation 
State Committee for Hydrometeorology of the USSR.

15. Methodical guide 
determining the radionuc 
Methodical section oj 
monitoring under the 
17.03.89.

16. Procedure of measurement. MN 1497-2001 “Determination of uranium in 
soil and aerosol filters’

49



■="=ТКлевье 

ЬОР08 0  белое
Страчаака 

СелевичК 

Сорочье ■«"у” "-'" Гурники

ШКИ КуРкули НетькиБол. Туровье Тумское Ядобор 3 „
Горшавичи зирьнище Больковщизна

Пела' •' “  ^ —  Подлипье н Глухое п 5
Дуд P O D O L C Y  Жукой1™ \  г т $ ин°  Страч‘ Лущики ,

Боазиня Kunonuui жукоини д в 5 й ж и щ е  поокостелок оселки Бопьково и \

П о п и ш ки  Г ли ни щ е  Г о л у б и н а  К° Л° ДН°  I
Попишки Пильвины   ел„ I -  Ивановка Ключатки

Ворзя МЫ

Потока

Г  адилуны 

Кореняты

Асташишки Бол. Столпен

Кути шки

Пинанишки Жусины Подюже Посел1щв П о д а й * Т у Д -
Стряпуиы Моргали V ^

А
гипинЖ

'едуне .. .  A  HeKpamyj
Шадюны

1—*. Гдрздикяны
Хмеляны K K M F .L IS H K I

B O L S H IE  S V IR A N Y
Подлипяны

Третьяки Изори Дудка

D O V N A R IS H K I

Ракишки в

Сымонишки
Жарнели

Подваришки B Y S T R IC A
neT ponoj

Михайлово "ШПЧШ9+
Кланишки 

Санакли

Игнацово Рудишки 

Линомарги перкавщизна К|]ыжо0ка V O R O N A  

T R O K E T  п а  1 Сымонели

Слободское А  

Слободка^

Жвирбили

Белая Вода

"Ясен*

Туровейское
Золовское 

Ж  Кайминское

Мал. Столпеняты

Костевичи

Комарово

Ворошилки Богатьки венцевичи

Семки

Лоси
мдоришки

Пашкуны Г убеза

оровые

Мал. Свирянки
Стаскелы Юзефполье Мельница-Сорочье

Маргели Сав^шки M U Z H J L Y  Бабичи Осинкишки

□  ■ • А  заборцы Смолэавод-Сорочье \ Радюши
I  M I H A L I S H K I  Б а р и н о в с ^ _ 7 \

Катеновичи ^  — | \  /  щ  Н  W

Подваранцы Луковые

Легавцы Лозовые д

•  ■ - - ■ А

Засвирь

Борейшиха Воробы 
Ковалевщина Се^юти

O L H O V K A

Мацкелы 

Мельники Мисляны

Нидяны

юДшжи Бер!

Турлы
п- ,,  , , „  _ ДМилайшунЫ' M A R K U N Y  

G O Z A  Ю 7 § + А  „
СкердимыМ 1В,'*+

К О '

Липки 

Волейкишки 

f  Осиновка

V o v k a

Ярошишки
зщизна

Закаришки 

Кондраты
Селище 

Г радовщизна 

Казаки

S I IU L N I K I

Валейкуны
Бобров^ики |  В а л е й к Щ И У

Г роди С П Е Ш

Вашкуны Зеленка

Ка^овщ изна Соколойти ^  
Гайголи с?

Г  ребалы

Древеники

Мишкути Кумпяны

Задворники

Палуши 
Росолы лоше

Лоша

Видюны

Палестина

Лаповойн-я Рос+ шки Шимонели

Буяки Не^танишки

Риду

Недрошз

Кривоносы Завидиненты 

Супроненты I ' X
Позборцы Хведевичи

Шеметово
Корки Сурвилы

Старлыги Хоневичи mew 

Митиненты

Свирь Хмылки
Континенты неверович

С е

Добровляны

Лылойти
Туща 

Леоновичи йизуличи

Сортовцы

Кирели Прльцы

Бол. Яцы нь/А  
Мал. -Яцынь/

РИИШИ1- CO NVEN TIO NS

A I R

Ключники

Митюны Соколойти

ОжуловкаГелюны Беэда^ы Б'огданИ1

Паракити

с
Смилги Чо0

Мали

С
Липнишки

Ковали Ковалевка

O S T R O V & T S
JH А

д

Бодивол}/|

Керняны 

Дирмуны ч ^ овщ ина

G E R V Y A T Y  ГУДеники 
Мернишки А ж л г - | ^  л ■ « >  Заречье

-  1 А « И Т + И +  гудени,
«Г/ Мацки ГапьчУнь|

±0«аР й̂мдюны
'-г

Телефинда

Гири Керплошина

Пуговичи Заветуьцы -

■субёли 

Ольгиняны Субели

С та р .Р

Мал. Янкентаны 

Нов. Якентаны

G U D O G A Y  

Дайновка Вовераны

Каменка

Микли
Лоша

Мацканы

Трайги

Микшаны

Книстушки Виктосина 
„  ..„ мов. якентаны ^
Келеити Мильцеи Валеиковичи

Бояры Боп ЯкещтаньГ 'Куцйшки '

Варакумщизна Березовая Роща

/Бетоны  
Свирщиэна—-'

Юзулина Ашиоойсти Сниаянское

w  SURFACE WATER, GROUNDWATER 

■  AQUATIC ECOSYSTEMS

AGRICULTURAL PRODUCTS 

FLORA, FAUNA, LANDSCAPES

9  RADIATION MONITORING 

^ 1  HYGIENIC

□  SOIL

A  ACTING AUTOMATIC MEASUREMENTS STATIONS 
~ OF GAMMA-RADIATION AND 

METEOROLOGICAL PARAMETERS

A  PLANNED AUTOMATIC MEASUREMENTS 
STATIONS OF GAMMA-RADIATION AND 
METEOROLOGICAL PARAMETERS

Г  руздовщизна

Мертвое 

Рыжее Заозерцы I SITE OF CONSTRUCTION


