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ENERGYE AND ENVIRONMENT 
I.N.STAMENOV 

Abstract. Energy production and environmental consequences are the 
border topics in frame of the satisfaction of the energy needs of the society 
and their use. The present paper discusses only the energy sources and 
the correspondent processes to obtain energy and mainly electricity. The 
human health and all elements of the environment are studied in connection 
with some waste production or their influences. 

Nevertheless the main energy source for our Earth is the Sun and the 
exotic processes connected with energy production as well their spatial in-
fluence to the Earth are not taken into account. The terrestrial energy is on-
ly partly analyzed and hazards excluded.  

The basic information used are based on publications of IAE, NRA, and 
the position paper of NPB of EPS[1]. 

1. INTRODUCTION

The satisfaction of the energy needs all the citizens became et pre-
sent a very important condition for the positive or acceptable estimation of 
the quality of life. This is now the basic condition and guarantee for social 
freedom and worldwide prosperity. Usually this complex of conditions is un-
derstood as basis for the sustainable development, providing a solid basis 
for satisfaction of the needs of the present and future generations. [1] This 
situation requires precise analysis of the consequence of each possible en-
ergy fuel their wastes after reproduction (fig.1) shows the large scale prima-
ry energy sources devoted to total production of primary energy: NPP 
(31%) Coal fired P.S. 20.4%, Natural gas 18.9%, Hydropower 10.6% Lignite 
fired 9.1%, OIL FIRED PS 4,5%; Biomass fired [2,1 Wind turbines 1.8%, 
other power products 1,5%. [2] Primary sources fuel satisfied the need for 
concentration energy for industry, transportation and private home uses. 
For the main of the uses the small scale energy production is preferable. 
From Fig.1it becomes clear, that the nuclear energy provides an essential 
part of the of the world energy consummation at the present time. 

The next essential energy provider is the combustion of fossil fuels, 
hard cool, crude oil obligatory accompanied with CO2 emissions, which are 
75% of the anthropogenic greenhouse effect. Towards to push down the 
contribution of anthropogenic greenhouse effect it becomes important to 
reduce the influence of: methane (CH4) 13%, nitrous oxide N2O (6%). The 
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largest effect wherever of the reduction of CO2 is the generation of electrici-
ty in the transport sector and in economic uses by serving of energy. 

 

Fig. 1. Electricity generation by fuel used in power stations, EU-25, 2004 

 
The production of electrical energy from nuclear, hydro-, biomass, 

wind turbines (1.5%) from geothermal (0.2%), the contribution of photovol-
taic is negligible. No one of this sources emitted CO2 during its operation. 
Nevertheless, the rest of the primary energy sources, shown on fig.1, emit 
in totality 52.9% of the electric energy production. 

Summarizing the situation, it is well seen that the main part of the 
European electricity supply is in the stabile base load or at peak loads. Re-
duction the nuclear power electricity supply will cause a serious lack of elec-
tricity in Europe, but in the same time all sources of electric required to be 
built quite sophisticated technically plants, involving extraction, processing, 
conversation and transportation, contributing themselves to  CO2 emission. 
Together they form the upstream and downstream fuel cycle. In the case of 
Nuclear Power Plants (NPP) the retention of sulfur dioxide SO2, un burnt 
Carbon and in ideal case the storage of CO2 [3] to avoid emission in the 
atmosphere. However the technique of long term storage are not enough 
known. 
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The decommissioning of a power plant is a part from down stream 

Fuel cycle. In the same time both up- and down Stream fuel cycles involved 
CO2-emission. However, the process of electricity generation could be only 
discussed in the case of the whole life cycle. The amount of CO2 emitted 
for 1 kWh of electric energy produced, sometimes called the “carbon foot-
print”, can be calculated as a by-product of life-cycle analyses [4].   

In this connection according to the Global Emission Model for Inte-
grated Systems of the German Oko institute [4] a power plant burning coal 
still emits 29-37 times more CO2 than a NPP. The conclusion following is 
that the nuclear electricity power generation 31% of 3,2 PWh avoids emis-
sion of 990-1270 tons of CO2 every year. The renewable energy sources all 
together (14,7% of 3,2 PWh) save less of the half. The nuclear saving is 
more than the 704*10^6 tons CO2 emitted by all European cars each year 
4,4 Tkm [2] 1 Tkm = 1 000 000 * 1 000 000 km with 160 g/km [1]. The 
worldwide emission of CO2 is about 28 billion tons [3] and would increase 
by 2,6 – 3,5 billion tons per year if the nuclear fuel will be replaced by fossil 
one. The consequence of these examples of different lifecycle analyses 
shows that the nuclear electricity is a negligible contributor to the green-
house emissions and this result is independent from the institution respon-
sible for the analysis. 

2. CLIMATE CHANGE 

Since of the beginning of the industrialization the world has shown a 
rise in average temperature due probably to the manmade application of 
the natural greenhouse effect by the increased emission of greenhouse 
gases [5]. The carbon dioxide is (fig. 2) the main contributor to the anthro-
pogenic greenhouse gasses in the atmosphere. The carbon dioxide (ppm) 
[2] has increased to a level not reached before for several hundreds and 
thousands of years. The science is obliged to agree that the further rapid 
increase of CO2 in the atmosphere will have very heavy consequences for 
the quality of live on the earth [5]. Following this in the Kyoto protocol [6] is 
agreed that the increased emission of the greenhouse gases steaming 
mainly from the burning of the fossil fuels must be strictly controlled. 
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Fig. 2. CO2 concentration (parts per million, ppm) in the atmosphere during the last 
10,000 years; inset panel: since 1750 

3. WORLD PRIMARY ENERGY SOURCES

 There are many scenarios for future of primary energy sources in 
development. Taking into account different starting conditions here is taken 
the scenario of the IEA/QECD studies [7] and shown on fig. 3 in Gtoe 
(1Gtoe oil equivalent – 11,63 PWh) with the world population growing from 
6.5 to 8.7 billion in 2050. After 2030 fossil fuels starts to contribute less en-
ergy because adopted greenhouse gas limits. Nevertheless according to 
World Energy Outlook 2004 of IEA [8] both energy demand and energy re-
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lated CO2 emission will increase up to 2030 and the possible rate is 1,7% 
per year. 

Fig. 3. Scenario of world primary energy sourcesfor a sustainable future 

In the same time the main renewable source of electricity is the hy-
dro power with a contribution which could be not essentially change for Eu-
rope [9] the same remains true and for geothermal sources. Since 1990 big 
windmill farms for electricity generation have been built but it is difficult to 
understand now how wind will replace electricity generation by gas, oil and 
coal (53% in total) or NPP (31%). 

The most ambitious plan of EU is to reduce CO2 emissions by 20% 
in the period 1990-2020 mostly from transportation sector and most flat 
growths of photovoltaic and windmill. Taking this statement in to account 
the windmills have to increase by a factor of about 17 to reach the level of 
nuclear electricity moreover here has to be incorporated the usual 1,7% an-
nual increase of energy demand. Additional electricity production of windmill 
farms and photovoltaics arise serious difficulties with the weather condi-
tions. Moreover, that they are not effective technologies for electricity stor-
age for acceptable time. 
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Analyzing the problems connected with the primary energy sources and 
the levels of technologies to produce electricity, the NPB of the EPS came 
in its position paper [1] due in December 2007 to the following conclu-
sions: 

1. Replacing NPP by coal burning plants is not an option because
world significantly increase of CO2

2. Renewable sources will not grow fast enough to replace nuclear
power in the near future.

3. In order to meet the growing demand for electricity, the choice is not
nuclear or renewable sources but nuclear and renewable sources.

4. NUCLEAR POWER GENERATION NOW

Nuclear energy is already used in large scale NPP and its presently 
based on fission of Uranium 235 and Plutonium 239. By this way is pro-
duced about 5% of the world’s total energy amount about 16% of the world 
electricity (2,6 PWh) [10]. At May 2004 435 nuclear power plants (NPP) are 
in operation. From them 196 in Europe [10] using various types of reactivity 
(table 1). 264 Pressured Water Reactors (PWR), 94 Boiling Water reactors 
(BWR), 43 Pressured Helium Water Reactors (PHWR or CANDU), 18 Gas 
cooled reactors (AGR@Magnox), 11 Lite Water Graphite Reactors (RBMK 
are in operation in Russia and Lithuania) and 4 Fast Neutron Reactors 
(FNR) in Japan [10]. There were declared 37 new reactor sunder construc-
tion mostly in East European and Asian countries which will produce de-
clared power of 32 GWh. The reactor capacity of the present NPP (table 1) 
are technically well elaborated and this is the reason to remain in the next 
future with how essential upgrades mostly such connected with some life 
extensions. Countries like Belgium, Germany (table 1), Netherlands and 
Sweden are planning a gradual face outs of nuclear energy: Austria, Den-
mark, Ireland, Italy, Norway – the nuclear energy use is prevented by law. 
The situation in the Far East, South Asia and Middle East is rather different, 
there are about 90 reactors in operation. 

Special projects are foreseen by China India, Pakistan, Japan and 
South Korea. 
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Table 1. European nuclear power reactors. 

4.1. The main conclusions for the world now are:  

- NPP produce 60% of the world electricity. 
- 31% of  European electricity supply  
- Only a few NPP construction are foreseen for Europe 
- Significant expansion of NPP numbers in South Asia and in France 

4.2. Risk and Safety problems 

Basically the electricity production is connected with some risks. The 
scientific institutions developed already different procedures of risk estima-
tions, it means the development of tools to quantify the level of the risk.  

Well known risk oriented computer analysis was carried out by team of  
Paul Scherrer Institute, Vilingen Switzerland [11] 

Another choice was undertaken by Dr B. Cohen used new quality of 
life expectancy. His conclusion is that the risk by the electricity generation is 
far less than the risks of daily life [12]. There is frequently a significant dif-
ference between the risk of a separate event and the actual chance of this 
event happening. The difference between small risk of major accident and 
large risk of minor accident remain in competition.  
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Radioactivity is spontaneous disintegration or transformation of 
atomic nuclei into another, accompanied by the emission of α, β, γ radia-
tion. [1] The relative quantity of Th in the Earth crust is 7.2 mg/ kg crust and 
2.4 mg for W. [13] The decay of both elements produces radium and radon. 
Natural radioactivity is found both in flora and fauna. One very impressive 
example is C14 which is produced by the intense flux of cosmic radiation, 
present on the Solar system. In the body of an average person in an age 25 
and 70 kg weight 9.103 radioactive decays occur per second.  

In the same time many countries (Germany) have regulations about 
the exhaust of ionizing material or emission into environment keeping these 
parameters under strict surveillance. The exploitation of NPP is monitored 
usually by governmental agencies that are authorized to shut down the 
plant in case of violations. However, it should be pointed out that both imis-
sion and emission is well within the spatial fluctuation of the background ra-
diation [13]. In the same time the coal fuel power plants emit radioactive 
materials as coal contains 0.05-3 mg/kg uranium. Because U and its radio-
active decay products cannot be retained by standard filters, they are emit-
ted again in the environment. 

 Another wide discussion is the high frequency of leukemia and cancer 
in the regions near the NPP. The investigations of World Health Organiza-
tion Geneva [14] show that this supposition is not confirmed by the facts.  

 The safety of nuclear power plants is often criticized because the 
Chernobyl accident related with a Light Water Graphite Reactor (RMBK) is 
type still used in Russia. In this connection we have to point out that such 
an accident is impossible because quite different nuclear technologies are 
used. Usually the new reactor generation, West and East production are 
constructed with high level of internal natural physical safety. 

4.3. Nuclear Wastes 

Yearly 104 tons of nuclear spent fuel are discharged from all NPP in 
the world. The spent fuel must either be reprocessed or isolated from the 
environment for hundred and thousand of years in order to prevent the bio-
sphere. In the same time all radioactive waste nuclei will decay with the time 
in the stabile nuclei. However, some of waste nuclei are nuclides with high 
radiotoxicity such as the long lived isotopes of plutonium, minor actinides 
(MA) mainly americium and neptunium. The waste regulatory International 
Material signed by all is the “Joint Convention on the Safety of Spent Fuel 
Management and on the Safety of Radioactive Waste Management”[15]. 

 The handling of waste and specially spent fuel is a special area and is 
used to short and long term procedures. This activities are carried out since 
the construction of the first short spent fuel storage is usually under water 
towards to allow short lived radioactive nuclei to decay. Following this, spent 
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fuel is either reprocessed so that uranium and plutonium are chemically re-
moved and reused as reactor fuel or in the once through spent fuel cycle 
packed (mainly by nitrification) for future long term storage in deep under 
ground repositories.  

The MA recovered need to be transmitted into short living fission prod-
ucts.  

The long term exclusion of water is the main problem in the deep un-
derground repositories.  

4.4. Proliferation and extremists threat problems 

Nuclear warheads are built by the nuclear powers from high en-
riched uranium (HEU) and from weapons grade plutonium, last time not 
more produced in civil NPP, but extracted from spent nuclear fuel does not 
have the right composition for environment and efficient warheads. The 
possibility to develop a nuclear weapons program depends practically only 
on availability of reprocessing or enrichment facilities.  

The fissile material application by extremists is quite separate issue. 
The fissile material chemically extracted can be used to build a extremists 
nuclear device towards to disperse radioactive materials, moreover the safe 
guarded reactors will produce far less plutonium compared to the existing 
operating reactors. It is not to avoid that nuclear could produce nuclear 
weapons direct by the dismantling.  

4.5. Fuel cycles 

The most of operating nuclear reactors now are fission based and 
thermal neutron bombarded. The real process occurs for Pu-239 and U-
233, which thermal reactors via neutron capture by U-238 and thorium-232. 
Other thermal reactors are Molten Salt Reactor and CANDU, cooled  and 
moderated with heavy water and able to be exploited with natural uranium. 

Fast reactors can even breed more fuel (PU) than they consume (fast 
breeder reactors). In addition to other reactor types can be distinguished 
with respect to their fuel cycles: the once- through cycle and the closed cy-
cle. 

Conventional uranium resources are estimated above 14,8 .106 tons. 4, 
.106  tones are real identified and real cost 130 USD/kg [16]. Additional 106 

tons is an estimate given by only 43 countries, really underestimated. There 
are other resources from thorium and very low grade uranium. Temporary 
the price of uranium, thorium and others is not changing. The very large es-
timations show, that U ore reserves are enough for several hundred of 
years even if U is used in open cycle. 
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4.6. Open cycle 

After usual mining U is converted to uranium hexafluoride UF6, isotopi-
cally enriched to increase the concentration of fusible U235 nuclei to as rich 
as 4.6%.  

The concentration of U235 in natural Uranium 0.72% is too low for 
use in most reaction except CANDU – type, which can run with natural Ura-
nium.  

The UF6 is usually converted U-oxide UO2 from which reactor fuel 
elements were produced, remaining up to 3-4 years in reactor after. 

The spent fuel rods cannot be used for effective weapon production. 
This the major advantage of the open cycle regarding proliferation.  The 
dies advantage of this process is the production of other wests, which hot to 
be stored hundred or thousand years. 

4.7. The closed cycle 

Following first approximation the same steps as in the open cycle. 
The main difference is that the spent fuel is chemically processed and Plu-
tonium and Uranium are recovered cut further as (MOX) fuel used. MOX is 
routinely produced in La Hague (France), Mayer (Russia), Sellafield (UK), 
Rokkasho (Japan). In this case the MA minor advantages are the main 
constitutes of the large – lined radioactive waste.  

An advantage of the closed fuel cycle is a much smaller demount for 
uranium ore. 

With the present uranium supply for fission closed cycle the world 
wide distributed and effectively work more for more than 5000 years. 
Transmutation schemas, based on transmutation on Accelerator Drive Sys-
tem have been studied in the last decades [17]. 

For the future the basic idea is to use a hybrid reactor combining a 
fission reactor with a proton accelerator. Such hybrid system could trans-
mute radioactive wastes into short even wastes and simultaneously produce 
energy. A project with the 6 FPEC will design the first experimental facility 
to demonstrate the feasibility of transmutation with ADS, as combination of 
a conceptual design and industrial level realization, with an upper time limit 
2020 for effective estimation. 

The ADS systems are in strong competition with Generation IV reac-
tors designed for effective burning of MA. 

4.8. Open and closed cycle nuclear reactors 

 Nuclear energy source is not free from hazard. The safety of NPP, dis-
posed of waste, possible proliferation and extremist threads are all matters 
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of serious concern. Haw far the associated risks can be considered accep-
tors?   

4.9. Nuclear power generation in the future advanced nuclear 
reactors 

The energy scenarios for the next 50 years show that it is necessary 
to keep the nuclear option for electricity generation. 

The association of nuclear energy with Chernobyl and Fucushima 
accidents and nuclear industry has in many countries strong opposition. 

The Generation III reactors [18] have been developed such as Euro-
pean Pressurized Reactor (EPR) presenting a further step in the nuclear 
safely. Improved accident control will ensure that extremely unlikely events 
as melt dome all radioactive material is retained inside the containment sys-
tem and that consequence of such system remains to the plant itself. There 
will be an improved resistance once to direct impact of aircraft.  

In 2001 over 100 experts from all over the world began to work on 
GEN IV [19] project selecting and evaluating most promising concepts with 
a key requirement is the exclusion of an accident like Chernobyl. An addi-
tional possibility has to be assured of using uranium – thorium cycle and re-
duction of radio toxicity by a factor 1000. On can be optimist to expect the 
first GEN V reactor operational in 2030. Moreover is relative too early to an-
alyze the application competition ADS and GEN V [20].  

4.10. Nuclear fusion reactors 

A further option for nuclear energy generation is the well knows nu-
clear fusion process. In 2005 was taken the decision to field International 
Thermonuclear Reactor (ITER) [21] in Cadarache, France. In this reactor 
deuterium and tritium are fused to form helium – 4 and a neutron that car-
ries 80% of the energy set free. He-4 is non-radio oxide ash of the fusion 
process. Once in operation, such a reactor breeds the tritium needed as 
fuel form lithium. The world resource of lithium is estimated ~ 12.106 ton. 

The construction of a fusion power plant is going to use materials for 
which after the hard activation by neutrons, the activity decrease relativity 
quickly to the hands.  

However, nuclear fusion might become a substantial energy supplier 
et the earliest in the second half of this century because technology of fu-
sion reactors needs considerable further elaboration.  
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4.11. Gen IV 

New reactor accepts (GEN V) will new stringed criteria for sustaina-
bility and reliability of energy production and those for safety and non-
profited.   

Nuclear fission and fusion have the potential to make a sustainable 
contribution to uncurtaining future electricity needs. 

4.12. Nuclear Sector in Bulgaria 

Finishing the overview of the electricity generation in Europe and in 
the world we are obliged to have a luck in the development of this sector in 
Bulgaria. The relative limited natural resources of Bulgaria and the strong 
willness to become modern country required and of 60 ice of the lust centu-
ry the solution of the problem of electricity generation using modern tech-
nologies. The Bulgarian government decided the construction of 6 NPP of 
total capacity 37.6 Mw: 

1970-1975 Units 1 and 2 by 40 MW PWR, standard first generation 
Soviet design; 

1978-1982 Units 3 and 4 by 440 MW PWR, enhanced first genera-
tion Soviet design; 

1982-1991 Units 5 and 6 by 1000 MW PWR, standard second gen-
eration Soviet design. 

The operation of the Kozloduy NPP power units is based on the long 
term licenses where the scope of activities and the conditions thereof are 
determined. 

 The functional tests of the safety related structures, systems and com-
ponents conducted after planed outage and during operation confirm the 
proper performance of the safety functions. The repair and maintenance ac-
tivities as implements for assume of the equipment operation life provide for 
the required reliability and safety for the next fuel cycle. The equipment reli-
ability is ensured by the non-destructive inspection program and by efficient 
chemical control of the primary coolant and in the secondary circuit. 

 The power units 1 and 2 with WWER 440 reactors belong already to 
since October 2010 the new State Enterprise Radioactive wastes are 
scheduled for decommissioning [22] in this condition the all reactors pools 
do not contain nuclear fuel. Preparatory actions on decommissioning were 
underway. The equipment for the second WWER 440 is dismantled. 
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The units 3 and 4 with WWER 440 reactors, which are cooled down, 

the nuclear fuel is withdraw from the cores and stored in the SF pools on 
the lower. According the operating licenses, the operation periodic tests, 
technical security and maintenance and supervision of the main SS is lim-
ited to the activities ensured a proper storage of the spent fuel in the SFP.  
The period the license validity for unit 4 is up to 26.02.2013 and the license 
from unit 3 was extended by NRA – on 22.05.2011 for other 3 years [22]. 

Units 5 and 6 are operated in compliance with the conditions of the 
licenses to year 2017 for unit 5 and to year 2019 are operated mainly in 
basic mode.  

During the planed annual outage of unit 6 to toward resolve the 
problems with the protective of the reactor control and protection system of 
control rods. This activity has been accomplished. The same will be done 
for unit 5 during planed outage in 2012. 

The reliable and safe operation of the units is confirmed by the safe-
ty indicator WANO “Number of unplanned activations of reactor scrams for 
7000 h”. The average value of this indicator for reactor type WWER 1000 is 
approximately 1 scram in 2 years.  

An indicator for water chemistry efficiency is the so called chemical 
index, whose allowable upper limit value is 1. 

According to the Regulation on procedures informing the nuclear 
Regulatory agency for events in nuclear facilities and sites with sources of 
ionizing radiation in year 2011 in total NPP Kozloduy reported 7 events: 6 
events related to units 5 and 6, 1 with № 4 [22]. There is no event evaluated 
higher than of level 6, according INES. 

Keeping so high level of exploitation safety NPP Kozloduy has dur-
ing the years essential contribution to the NET electricity generation in Bul-
garia. 

This exploitation results are obtained preserving high status of radia-
tion protection in Kozloduy NPP. On fig. 4 is shown the trend and the 
measuring results of the annual limit dose. It is well seen that the annual 
limit dose within 50 msV is consequently limited each year during long time 
in level 2002-2011.  
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Fig. 4. The maximum individual exposure dose in Kozloduy NPP, 1996-2005 

4.13. INRNE and the Reconstruction of the Experimental 
Reactor IRT-2000 

Operating power reactors in NPP for electricity generation, which is 
essential part of the total energy production of the country, it is necessary to 
develop and keep relative high, internationally remarkable level of the nu-
clear science. Understanding well this situation according to the govern-
mental decision from 2001 the existing research reactor of the Institute for 
Nuclear Research and Nuclear Energy of the Bulgarian Academy of Sci-
ence is in reconstruction into reactor with low level power 200 kW - IPT 200. 
Fig 5 show all main application fields of the reconstructed reactor, as very 
society important is the IE (JRC) – INRNE project BNCT channel (fig.6) 
connected with the reactor will be the basic for the development of a new 
trend in the Nuclear Medicine -  Boron Neutron capture therapy, giving the 
possibility to treat successfully brain tumors. Around the reconstructed reac-
tor facility was already organized Nuclear Experimental Centre with well de-
velopment of: gamma spectrometry, Radioecology and Control of illicit traf-
ficking of nuclear materials (fig.7). Towards to fulfill the reactor 
reconstruction the existing fresh and high enriched spent fuel hed to be re-
transported to Russia, using the direct financing from DoE of USA. These 
operations were of a big and complicated international project required fine-
ly many serious changes in different infrastructure elements of the Reactor. 
The retransport of the nuclear fuel elements from reactor area to Russia 
solves not only the local problem, but problem of the citizens from big parts 
of Sofia, avoiding totally the previous situation of potential danger to the 
spent fuel cassettes.    
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Fig. 5. Future  utilization of the research of the reactor IRT in Sofia 

The INRNE BAS is the leading complex center in Republic of Bul-
garia for research in the field of nuclear science, nuclear methods and 
technology and their impact on environment.  

Towards to realize to control in real time the impact of all this activi-
ties on environment in small and large scale parallel to the specialized local 
monitoring systems the Basic environmental observatory was constructed in 
frame of HIMONTONET and BEOBAL EC projects starting [23] thier opera-
tion on peak Moussala 2925 masl in September 1999 (fig.8). The BEO Mis-
sion is: observing, complex monitoring and studying of global change, cli-
mate, aerospace and terrestrial environment, natural hazards and 
technologic risks [24, 25]. The geographical position makes BEO Moussala 
very important for the region between Slovakia and Armenia. The detectors 
of the more than 25 measuring devices are placed mainly outside the build-
ing (fig. 9) towards to avoid some biases by the measurements, which are 
fully automatic, computer regulated, data accusation and in depended ac-
cusation system are the basic for sure data transfer (fig.10) the measuring 



Faculty of Mathematics & Natural Science – FMNS 2013 

18 
 

devices in BEO permit to fulfill precise measurements and investigations in 
the field of Research: Complex Environmental Monitoring, Control of Long 
Range Radionuclides and Toxic Elements Transport, Atmospheric Physics, 
Atmospheric Chemistry, Sensor and Detector Development, Complex Ele-
mentary Device Design. 

Fig. 6. BNCT Application of IRT-200 
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Fig. 7. International exercise in combating illicit trafficking of nuclear materials 
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Fig. 8. BEO Moussala 

Fig. 9. Detectors positions of BEO Moussala 
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Fig. 10. BEO Moussala Telecommunication system 

Using the created telecommunication system 35 time depends on 
the chosen environmental parameters could be reached and observed in in-
ternet. In real time with additional information in white and black the clouds 
views in 4 basic directions NSWE.        

For such monitoring device system the sensibility stability of detec-
tors, continues characters of the measure rods and the quality self-control 
of the registered information and its basic statistical treatment in real time is 
from big importance. 

As example of the in real time obtained information on basic scien-
tific fields covered by BEO Moussala it could be seen on the following fig-
ures 11 and 12: 



Faculty of Mathematics & Natural Science – FMNS 2013 

22 
 

  

Fig.11. Gamma Background Technidata Detector 

 

Fig. 12. Gamma Background Technidata Detector 
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Fig. 13. Barometric effect for cosmic rays muons. 

 

 

Fig. 14. The December 2006 Forbush decrease, vertical direction  

– BEO muon telescope 

03/01/2008 23/ 01/2008 12/02/ 2008 03/03/2008 23/03/2008 12/04/2008 02/ 05/2008 22/05/ 2008 11/06 /2008

-8

-6

-4

-2

0

2

4

6

8

685

690

695

700

705

710

715

720

725

730

735

pr
e

ss
ur

e,
 h

P
a

µ
 v

a
ria

tio
n,

 %

Date

 µ variation

 

 

 pressure



Faculty of Mathematics & Natural Science – FMNS 2013 

24 
 

 

 

Fig. 15. Results of the atmospheric gas spectrometry. 

One of the best but not last possibilities for BEO Moussala is to reg-
ister the physical consequences and estimate the nature of very large scale 
nuclear accident consequences. On 11.03. 2011 an earthquake with magni-
tude 9.0 Mw stroke the East Coast of Japan. The Fokushima Daici NPP 
suffered heaviest consequences. The operating 3 reactors were automati-
cally shut down. The maximum height of the waves was 14m. The site pro-
tection was only 5.7 m. The accident caused significant radioactivity release 
into the environment as of April 21. According Japan authorities estimate 
6,3 . 1017 (Bq 1.31) equivalent were released, which is 10 times the less 
than during Chernobyl accident. Out 500 km2 were contaminated with dose 
higher than 20 mSV, 80000 persons were evacuated within 20/30 km zone. 
Up to now there are not confirmed health effects. The effective dose for 
NPP shelf is 100-250 mSV.  

Via EURDEP agency where Bulgaria is member and INRNE contrib-
uting member are of this Data Platform. Together with INRNE, NCRRD, 
EEA, Kozlodui NPP and Sofia University, radiation situation in Bulgaria was 
monitored.  
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26.03.2011 for the first time iodine 131 was detected over Bulgaria ac-
cording the data from BEO Moussala within the range 90-120 µBq/m3 was 
measured at peak Moussala. Opposite to this data the basic numbers for 
radiation protection are 7.3 Bq/m3  also the measured values did not require 
any specific precautions for babies, children et all.  

BEO Moussala was defined after two leading scientific inspections 
as a part from the Transeuropean Scientific Infrastructure what is honor for 
Bulgaria and in 2010 BEO became Regional Station of the   Global Atmos-
pheric Watch Program inside World Program of the World Meteorological 
Organization of and finally standard working facility for online measuring of 
the cosmic rays towards to control and study of the astrophysical aspects of 
the cosmic rays flux at energies 1012 – 1014 eV.  

The BEO Moussala together with several laboratories of INRNE BAS 
is certified for Quality assurance Program of IGNET by certificates ISO 
9001/2000 N 3312/0 , ISO 14001/2004 N 357/0. 

Towards to satisfy the responsibilities to the society the scientific 
programs and industrial developments and solutions have to be supported 
by regular financing and human staff with high professional quality, motiva-
tion and sustainability.  
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