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nuclear power plants Kazakhstan is rich in natural resources, including coal, oil, natural gas, and uranium,
and has significant potential for renewable energy sources, such as wind, solar,

greenhouse gases hydropower, and biomass. Nuclear energy is often considered an alternative source of
energy, capable of reducing the impact on the environment compared to traditional

nuclear fuels fossil sources such as coal and natural gas. There are currently no operating nuclear
power reactors in Kazakhstan. In this context, the potential impact of the planned

radioactive waste nuclear power plant in Kazakhstan on the territory and environmental situation of

Kazakhstan is considered. However, like any method of energy generation, nuclear
energy has its own environmental aspects. NPPs emit almost no other pollutants, such
as sulfur (SOx), nitrogen oxides (NOx), and solid particles, which are characteristic of
burning fossil fuels. Low carbon emissions: nuclear power plants produce large
amounts of electricity with minimal greenhouse gas emissions, which can help combat
climate change. High-efficiency nuclear reactors are able to produce a large amount of
energy from a relatively small amount of fuel. Uranium-235 and plutonium-239
radioactive elements are often used as reactor fuel. Used in nuclear reactors, they have
high energy density. Kazakhstan’s uranium production is carried out exclusively by
underground well drilling, which is the most environmentally friendly and least
expensive method. Given that Kazakhstan accounts for 40% of global uranium
production, it is assumed that transporting reactor fuel could be cost-effective. Stable
electricity supply: nuclear plants provide reliable and continuous production of
electricity, which makes them important for maintaining the stability of the energy
system. Reducing dependence on fossil fuels, the development of nuclear energy can
reduce the consumption of coal, oil, and gas, which in turn helps to reduce the negative
impact on the environment associated with their extraction and combustion. Long-term
energy: nuclear reactors can operate for several decades, which makes them convenient
for providing long-term energy needs. The development of waste disposal technologies
and research and development in the field of nuclear waste disposal create
opportunities for safer handling of them and reduction of negative impact on the
environment. These aspects make nuclear energy in Kazakhstan an important part of
solving problems in the field of energy, ecology, and economy.
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1. INTRODUCTION

Kazakhstan is an independent state that emerged after the collapse of the Soviet Union in 1991. It is
currently a middle-income country with a population of about 21 million. The total area of the
country is 2.7 million km?2. 47% of the population lives in rural areas. Kazakhstan is located in Central
Asia and consists of steppe and pasture lands in the north and desert and semi-desert areas in the
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central and western parts. The southern part of the country is surrounded by water resources of
national importance, surrounded by the Caspian and Aral Seas and the high mountains of the Tien
Shan and Pamir ranges. Kazakhstan has a good economic situation, benefiting from its natural
resources (especially oil, gas, and uranium), heavy industry (ferrous and non-ferrous metals), and
agricultural sectors [1]. There are currently no operating nuclear power plants in Kazakhstan. A
nuclear power plant is planned to be built on the shores of Lake Balkhash in southeastern
Kazakhstan. Nuclear power plants are planned to be built from 2024 to 2035.

Pro-nuclear groups advocate the use of nuclear energy as a solution to the problem of anthropogenic
climate change and the reduction of fossil fuel reserves, while some groups of environmentalists and
various experts disagree, arguing that the rapid expansion of nuclear energy will increase the risk
of accidents and long-term problems with waste disposal [2]. In article [3], a survey of the attitudes
of the different countries” populations was analyzed, and the factors contributing to the formation
of a positive or negative attitude of citizens toward the nuclear industry were identified and
described. As part of the study, four countries were selected: the USA, France, and Russia, which
are leaders in the production and use of nuclear energy in their regions, and Japan.

As part of the research, we studied a survey of the population of the USA, France, Russia, and Japan
for 2019; the results are presented in the diagram (Figure 1).
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Figure 1. The public's perception of nuclear energy in several nations in 2019*
* was put together utilizing information [3]

Based on these sources of population surveys for 2019, the vast majority of the population of the
USA, France, and Russia has a positive attitude towards nuclear energy production and supports
the industry's development, while in Japan, only 16% of recipients have a positive attitude towards
nuclear energy.

Currently, the nuclear power plant is developing rapidly, and its application is involved in many
aspects, including life, the military sphere, industry, and many other important spheres that benefit
people’s lives. However, the nuclear power plant has a relatively special structure. After a safety-
related accident occurs, the consequences will be unimaginable, and the cost of its operation and
maintenance will be relatively high. Therefore, how to effectively diagnose the state of health of a
nuclear power plant is an urgent problem that needs to be solved. The state of health allows you to
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make an approximate diagnosis and provides a guideline for the development of a strategy for
operation and maintenance [4].

2. STRUCTURE AND PRINCIPLE OF NPP’S OPERATION

The NPP works on nuclear fuel, the most common of which are uranium-233, uranium-235, and
plutonium-239. The nuclear reactor is the main difference between NPPs and other power plants.
At a nuclear power plant there are three mutual transformations of forms of energy: nuclear energy
is transformed into thermal energy, thermal energy is transformed into mechanical energy, and
mechanical energy is transformed into electrical energy [5].

A nuclear power plant is a complex of buildings in which technological equipment is located. The
main building, which houses the reactor hall, is the main and most important building. It houses a
reactor, a storage pool for nuclear fuel, and a transshipment machine. The main element of the
reactor is the active zone - this space in which a controlled chain reaction takes place. It is usually
placed in a concrete shaft. The most important component of any reactor is the control and protection
system. It determines the optimal course of the chain reaction or stops it in the event of an
emergency. A separate building is allocated under the turbine hall, where the steam generator and
the turbine are located. Next, there are capacitors and high-voltage power lines that go outside the
NPP site (Figure 2).
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Figure 2. Scheme of NPP’s operation

3. POSITIVE ASPECTS OF ATOMIC ENERGY: LOW EMISSIONS OF GREENHOUSE GASES

In the process of producing electricity, nuclear power plants (NPPs) emit significantly less carbon
dioxide (COy) than coal and gas plants. This makes nuclear energy more attractive from the point of
view of combating climate change. Atomic energy has several positive aspects that make it an
important element of the global energy system [6].

Nuclear energy is a low-carbon energy source that plays an important role in preventing CO:
emissions. Over the past 50 years, the use of nuclear energy has allowed us to reduce global
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emissions of CO, by approximately 74 Gt, which is equivalent to the total volume of global energy-
related emissions in almost two years. Only hydropower has played a more significant role in
reducing emissions in the past period [7-8].

4. HIGH ENERGY PER UNIT OF FUEL

Nuclear fuel has a much higher energy density than coal or gas. This means that for the production
of the same amount of energy, the nuclear power plant requires a significantly smaller amount of
resources. The generation of electricity with the help of nuclear energy is becoming more and more
important in the light of growing concern about global climate change [9]. Nuclear energy is one of
the most important sources of energy in the modern world, providing electricity to millions of
people around the world. However, the construction of nuclear power plants on rivers has become
the subject of intense debates due to potential risks. Although nuclear power is an efficient and
reliable source of energy, it is extremely important to understand the potential risks and benefits
before building power plants on rivers.

As of May 2024, 440 nuclear reactors were operating in 32 countries of the world (Figure 3). At that
time, the largest number of nuclear reactors in operation was in the USA-94. Active nuclear reactors
are reactors connected to the grid [10].
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Figure 3. Operating nuclear power reactors in the world in 2024, by country
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5. INNOVATIONS IN THE FUEL CYCLE

Fast neutron reactors can increase the amount of energy obtained from uranium mines up to 6000%,
increasing the ratio of reserves to the level of more than 4000 years. Among the Asian countries,
Kazakhstan operates 4 reactors for the production of uranium raw materials used as nuclear fuel
[11]. In Russia, there are two operating fast neutron reactors with a sodium coolant, and it is planned
to develop a reactor with a sodium coolant with a capacity of 1200 MW (BN-1200) along with a
project of a reactor with a lead coolant with a capacity of 300 MW (BREST-300) (Figure 4). The
development of fast neutron reactors is being resumed in the USA, where it was recently announced
that the state financing of the fast reactor Natrium with sodium heat carrier, which will be developed
by the companies TerraPower and GE Hitachi,. Other countries have also built and operated fast
neutron reactors in the past [12].
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Figure 4. Production of nuclear energy
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Nuclear power reactors can be used to produce useful radioisotopes for civilian applications. This
can be done by processing spent fuel to extract useful materials, for example, americium-241, which
is used as a radioisotope energy source for space flights. In addition, useful radioisotopes can be
obtained by irradiating materials placed in the active zone of the reactor. Reactors of the PHWR type
are especially suitable for this purpose. Thus, the CANDU reactor in Canada is used for the
production of cobalt-60 and molybdenum-99 for medical purposes [13-14].

6. NEGATIVE ASPECTS OF ATOMIC ENERGY: WASTE NUCLEAR FUEL

One of the main environmental challenges of nuclear power is the management of radioactive waste.
Storage and disposal of spent nuclear fuel require reliable and safe solutions, which have not yet
been fully implemented.
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It is known that radionuclides are released during normal operation of nuclear power plants.
Sources of radioactivity and environmental pollution are analyzed in the article, for example,
Khmelnytskyi NPP in Ukraine. According to the content of radionuclides in emissions into the
atmosphere, the highest concentrations were found for nitrogen-16, krypton-83m, argon-41, tritium,
and xenon-131m [15-16]. Of the non-radioactive chemical substances, only the concentration of
nitrogen dioxide in the air is below the permissible limit. The highest concentration of suspended
particles in the air near the Khmelnytsky NPP was measured in the range of 3.4-7.7 mg/m3. Up to
90% of non-radioactive emissions into the atmosphere are generated in the boiler room. The main
contribution to the gas-aerosol emissions of the Khmelnytskyi NPP is made by inert radioactive
gases that either migrate directly or migrate through the food chain in the ecosystem. The expected
contribution of iodine radioisotopes and activated corrosion products to the total emission is very
small. Pollution of agricultural crops with aerosol radionuclides from nuclear power plants was
analyzed. Contamination of agricultural production with aerosol radionuclides in the case of the
maximum predicted accident at the Khmelnytsky NPP (Ukraine) is calculated [17].

Nuclear power plants emit various wastes (Kamboj, 2019) [18], including gaseous and liquid forms
of radioactive materials (Delgarm et al., 2020) [19]. Gaseous waste usually consists of noble gases,
such as xenon and krypton, as well as tritium, in the form of hydrogen (Kong et al., 2017) [20]. Liquid
waste usually contains radioactive isotopes such as tritium (Hirao and Kakiuchi, 2021 [21]), as well
as metals such as cobalt and strontium (Kang and Cheong, 2020) [22]. Solid emissions consist of
particles such as dust and ash containing radioactive isotopes.

7. RISK OF ACCIDENTS

Although major accidents at nuclear power plants are rare, the consequences can be catastrophic for
the environment and human health (e.g., Chernobyl and Fukushima). The possibility of such events,
even at low probability, requires stringent safety measures. Every nuclear power plant in Canada
has several robust safety systems designed to prevent accidents and reduce the consequences if they
occur. All of these systems are regularly maintained, inspected, and upgraded as necessary to ensure
that the plants meet or exceed the strict safety standards set by the Canadian Nuclear Safety
Commission. The systems perform three primary safety functions: reactor control, fuel cooling, and
radiation containment [23].

8. IMPACT ON HUMAN HEALTH AND THE ENVIRONMENT

Today, there are no 100% reliable energy facilities and systems. The impact of NPPs on the
environment begins from the beginning of construction, continues during operation, and even
continues after its completion. Significant factors of NPP impact on the environment include:

- Change in the landscape of both the construction site itself and the adjacent territories;
- Change in vegetation and animal habitats;

- Change in the flow of surface and ground waters that contain chemical and radioactive
components;

- Release of radionuclides into the environment;
- Climate change in adjacent areas.

Nuclear power is associated with its own inherent risks, such as radiological accidents and
radioactive waste management, but comprehensive life cycle assessments show that when assessed
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across a wide range of environmental indicators, the impact of nuclear power is one of the least in
terms of impact among all energy sources.

Air quality is one of the most important issues facing the global community in the field of health
and environmental protection. The World Health Organization reports that outdoor air pollution
kills 4.2 million people worldwide each year, with much of this pollution related to energy
production and use. Household pollution from exposure to smoke during cooking causes 3.8 million
deaths each year. Nuclear power plants do not contribute to air pollution, and the use of this
technology over the years is believed to have saved more than a million lives. [24] The two most
serious nuclear accidents were the Chernobyl accident in 1986 and the Fukushima Daiichi accident
in 2011. [25] They caused significant public concern, led to long-term evacuations, and were the basis
for political decisions to close the facilities, as noted above. Lessons learned from these accidents and
other incidents at nuclear facilities are shared with countries around the world and are taken into
account in the design of new reactors and in operational practices.

Radioactive materials are generated during the production of electricity at nuclear power plants.
They require sustainable management methods that protect personnel and the environment, as well
as subsequent disposal at specially designed facilities. Radioactive waste is classified according to
its levels of radioactivity and the length of time it remains radioactive, the latter being determined
by the half-life of the radioisotopes it contains. Very low-level waste (VLLW) and low-level waste
(LLW) are wastes that are suitable for disposal in near-surface disposal facilities. Intermediate-level
waste (ILW) and high-level waste (HLW), including spent nuclear fuel, require disposal in deep
geological repositories. ILW and HLW contain long-lived radionuclides that require disposal depths
of 10 to 100 meters. About 97% of radioactive waste generated in the nuclear industry is classified
as LLW or VLLW based on its radiochemical characteristics. HLW constitutes the smallest share by
volume (less than 0.1%) but accounts for about 95% of the total radioactivity. HLW mainly consists
of spent nuclear fuel or SNF reprocessing materials. There are currently no final disposal facilities
for HLW from nuclear power plants in the world; construction of such a facility is currently
underway in Finland. When commissioned in 2023, it will become the world'’s first final geological
repository for HLW [26].

9. IMPACT ON WATER RESOURCES

Nuclear power plants require significant amounts of water for cooling, which can cause problems
with water shortages and disturbances in water body ecosystems. This paper presents an assessment
of the radiological hazard to humans from a nuclear power plant wastewater discharge into a river
under normal operation scenarios (NOS). A hypothetical study was conducted to estimate the
annual effective dose (AED) received by the population due to the nuclear power plant wastewater
discharge. The results indicate that the radiological hazard to humans from a nuclear power plant
wastewater discharge under NOS is minimal. The estimated AED received by the population was
found to be below 0.1 mSv/year, which is well below the annual dose limit of 1 mSv/year set by the
International Commission on Radiological Protection (ICRP). The detected excess lifetime cancer
risk (ELCR) remained within acceptable limits. These results indicated that nuclear power can be a
safe and reliable energy source when operated in accordance with established safety protocols. The
study found that the concentration of 137Cs in the sediments was higher than that of other
radionuclides studied, leading to an increase in the potential hazard over time. Overall, this study
provides valuable information on the radiological hazard associated with nuclear power plant
wastewater discharge into the river (NOS), which can be useful in developing radiation protection
strategies for nuclear power plants and in informing the public about the risks associated with
nuclear energy [27].
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Since each plant requires a huge amount of water, most nuclear facilities are built on coastlines or,
as in the case of Chernobyl, are surrounded by huge lakes. Water is a critical component of nuclear
power plants as it is needed to cool the reactor core, which produces heat (Panov et al., 2023) [28].
After the coolant absorbs the thermal energy released by the fission of nuclear fuel, this heat is then
transferred through the steam generator to the secondary circuit, promoting steam generation (Qi et
al., 2023) [29].

During accidents, water is contaminated with radionuclides; in order to remove as many
radionuclides as possible, it is necessary to filter and treat contaminated water after storage. For
example, according to R. Bejenar et al. [30], as a result of the Fukushima Daiichi Nuclear Power Plant
(FDNPP) accident, 1.27 million m3 of contaminated water was stored in tanks. The filtered water is
then stored in huge steel tanks or discharged into nearby water bodies. The filtered wastewater can
then be discharged into the ocean or lake after authorities have assessed its safety and confirmed it.
Building nuclear power plants on rivers can provide a reliable source of energy for millions of people
around the world. However, it is critical to understand the potential risks and benefits of such an
approach before building these power plants. Since the volumes of radioactive materials that can be
released as a result of NPP operations are great, there is great concern about the potential risks
associated with the normal operation of NPPs. In addition, it is important to consider the potential
pathways of external and internal exposure and possible long-term effects when assessing the
radiation hazard.

Continuous measurement of atmospheric tritium is important to assess the environmental impacts
of nuclear and fusion facilities and to understand the fate of tritium in the environment. A passive
sampler is a powerful tool for long-term monitoring because it does not require any power source.
This paper demonstrates the performance of a passive sampler for continuous measurement and
characterizes the time history of atmospheric water vapor concentrations around the Fukushima
Daiichi Nuclear Power Plant. The atmospheric concentrations were successfully obtained at two
sampling locations and were within the variation of historical observations, although the
concentration at one of the two locations was slightly higher than the background level in Japan. In
addition, we measured tritium concentrations in soil pore water and free water in pine needles.
These values indicate the reliability of the measured atmospheric tritium concentrations [31].

10. NUCLEAR VS. COAL AND GAS POWER PLANTS: CO; EMISSIONS

While coal plants emit large amounts of CO; and other pollutants, gas plants burn less coal, making
them less harmful than coal, but they still contribute to greenhouse gas emissions [32-33]. Nuclear
plants emit minimal amounts of CO,, making them the greener option in this comparison. Emission
Toxicity: Coal plants emit more toxic substances such as mercury and sulfur dioxide, which have
adverse effects on human health and ecosystems. Gas plants also emit some pollutants, but in
smaller amounts compared to coal. Long-term Effects: Nuclear waste remains radioactive for
thousands of years, and its safe storage is an open question. In contrast, emissions from burning
fossil fuels have more immediate impacts on the environment and health over a shorter period of
time [34].

11. THE SITUATION WITH NUCLEAR POWER PLANTS IN KAZAKHSTAN

Nuclear technology was first developed in the 1940s. During World War 1I, research focused on
bomb production. In the 1950s, attention shifted to the peaceful use of nuclear fission, namely to
generate electricity.
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A landmark event for the world was the construction of the first nuclear power plant. It was
launched on June 27, 1954, in the city of Obninsk in the Kaluga region (USSR). Its capacity was 5
megawatts. Currently, the Obninsk NPP is decommissioned, and a museum of nuclear energy has
been created on its basis.

The world's first fast-neutron nuclear reactor was built in Kazakhstan - in the city of Shevchenko,
which is now called Aktau. On July 6, 1973, it was put into operation (Figure 5).

Figure 5. Mangistau Nuclear Power Plant (MNPP)

In July 1993, its design life ended. After that, the reactor’s operation was extended annually based
on an analysis of the actual condition of the main equipment and systems. And in 1999, a
government decree was adopted to decommission BN-350. This is a difficult process and should
take 50 years, half of which has already passed.

According to the World Nuclear Association, the growth of the world’s population and economy,
combined with rapid urbanization, will lead to a significant increase in energy demand in the
coming years. The United Nations (UN) estimates that the world's population will grow from about
8 billion in 2024 to about 9.8 billion by 2050.

The process of urbanization will lead to the fact that by 2050 about two-thirds of the world's
population will live in urban areas. Therefore, the task of meeting the rapidly growing demand for
energy while reducing harmful greenhouse gas emissions is significant.

From 1969 to 1971, physicists studied the “zero” radioactive background of the area adjacent to the
BN-350 reactor and the entire Mangyshlak Peninsula.

In 1971, the plant’s management ordered the organization of a physical and technological laboratory
(PTL) for BN-350 and the implementation of a set of works to prepare for the physical and energy
launches of the BN-350 reactor.

The installation of the reactor was completed in 1972. The loading of fuel assemblies (fuel assembly
- a machine-building product containing fissile materials and designed to generate thermal energy
in a nuclear reactor - editor’s note) into the reactor began on October 28, 1972, and was completed
on November 28, 1972.
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On November 28, 1972, at 15:00, a chain reaction was registered. The official physical launch of the
reactor was carried out the next day.

“In 1973, the world's first nuclear power unit with a pilot industrial reactor on fast neutrons with a
liquid-metal coolant (sodium), BN-350, was put into operation at MNPP. This unique reactor on fast
neutrons was built in Kazakhstan, as was the world's first cosmodrome,” recalls Nikolai Skorikov.
“The BN-350 reactor was designed to generate electric power, desalinate seawater, and accumulate
plutonium-239”.

12. CONCLUSION

Nuclear power has its pros and cons in an environmental context. It offers the opportunity to reduce
greenhouse gas emissions and reduce air pollution compared to coal and gas power plants.
However, waste management, accident risks, and impacts on water resources require careful
consideration. It is important to consider not only current risks and benefits but also future resource
reserves, technological innovation, and public opinion when making decisions about energy sector
development.

In conclusion, countries that support nuclear power plants should not only focus on producing
alternative energy sources but also pay attention to their economic and environmental aspects. There
are both positive and negative aspects to nuclear energy production. Kazakhstan is not among the
most environmentally friendly countries. Since it ranks 64th in the world in terms of air pollution, it
is known that the amount of waste from old industrial plants and thermal power plants (TPPs) and
greenhouse gases emitted into the atmosphere, as well as harmful oxides that pollute the ozone
layer, exceeds the threshold. The planned NPP complex in 2024 is planned to have a positive impact
on solving a number of such problems. However, given the negative aspects of NPPs, it is known
that there are environmental problems such as the risk of explosions of stations due to technical
reasons, the release of radioactive waste from nuclear fuels into the environment, water, air, and soil
resources, and various genetic diseases of living organisms. In general, since the fall of 2021,
Kazakhstan has been experiencing a shortage of electricity. According to the seven-year forecast
balance of electricity and capacity of the Ministry of Energy of the Republic of Kazakhstan, the
electricity deficit is expected to exceed 3 GW by 2029. Therefore, it is expected that this deficit will
be prevented by building nuclear power plants with high electricity generation capacity.
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