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FOREWORD BY THE PRESIDENT
OF THE RUSSIAN ACADEMY OF SCIENCES

To readers of the issue devoted to the anniversary
of the Chernobyl NPP accident

Dear readers,

Forty years ago, the Chernobyl nuclear power plant accident occurred that followed by
unprecedentedly large-scale consequences for the nuclear energy, economy, environment and
surely for millions of people.

The science had to answer numerous questions related to overcoming the emergency
consequences. As early as 1986, the USSR government decided to initiate a large-scale
research to study the consequences of the accident and to develop the science-based solutions
for protecting the population and the environment. The Interdepartmental Coordination
Council for Scientific Problems of Chernobyl under the Presidium of the Academy of Sciences
of the USSR led and coordinated the research. Also, new research centers were established
in our country, including the Nuclear Safety Institute within the Academy of Sciences of the
USSR.

Today, IBRAE RAN is a well-established research institute whose scientific work is in
demand by the country. The work of the IBRAE team allowed understanding the lessons of
the accident, and the research results made a significant contribution to the development of
radioecology, public health, and other fields. The formation of a new regulatory and safety
paradigm in nuclear energy is crucially important. This paradigm is implemented in the two-
component nuclear energy system with a closed fuel cycle and development and enhancement
of a modern emergency response system.

I would like to stress that the views and opinions of scientists and specialists presented
in the report are the result of decades of their work on Chernobyl issues. I am sure that this
publication, prepared at the initiative of the Nuclear Safety Institute of the Russian Academy
of Sciences, will provide the reader with a comprehensive and objective understanding of the
scientific and practical problems resolved in previous years, the remaining environmental and
social risks, and the current challenges that our scientists are facing yet.

President of the Russian e =
Academy of Sciences, " e Academician G. Ya. Krasnikov



FOREWORD BY THE SCIENTIFIC LEADER
OF IBRAE RAN

The establishment of the Nuclear Safety Institute in 1988 was directly related to the Cher-
nobyl accident. The scientists were tasked with conducting fundamental research in nucle-
ar safety, starting from an in-depth analysis of the physical processes and development of
modeling methods up to the system approach to analyzing the entire combination of safety
factors.

After a few years since its establishment, the Institute began serving as the lead organi-
zation provided the information and analytical support to state programs on mitigation of
the emergency consequences. The first National Report of the Russian Federation on the
problems of overcoming the consequences of the Chernobyl accident was published on the
10th anniversary of the accident and it was presented at the IAEA international conference
"Chernobyl — Ten years after." It demonstrated, for the first time, a common view of gov-
ernmental agencies and scientific organizations on the Chernobyl issues.

Later, the similar reports were regularly prepared under the auspices of the Russian
Ministry of Emergency Situations (EMERCOM) in 2001, 2006, 2011, and 2016. The last
Russian program on mitigation the consequences of the accident was completed in 2015.
We believe this situation is justified, since the radiation situation has essentially improved,
the need for special measures in agriculture and forestry has significantly decreased, the
emphasis in remediation of territories has shifted to the usual tasks of intensifying the
agriculture and forest management; the specialists continue to address these issues. The
healthcare infrastructure has been significantly improved, and specialized medical centers
are functioning in contaminated areas. The radiation and epidemiological studies contin-
ue. Research and developments in the field of safety and emergency response are rapidly
advancing, being no longer related to the Chernobyl accident.

The history of foundation of the Institute obliges us to continue a systematic analysis of
the consequences of the accident in the context of ongoing changes. Our initiative to pre-
pare the report in 2026 was supported by interested ministries and agencies. The structure
of the report has changed significantly compared to the report published in 2021. Now, the
issues related to the implementation of protective measures in previous years are given in
the first section, and other sections present the current data on various issues. The appen-
dix to the report includes a list of organizations and an expanded list of specialists who
made significant contributions to addressing the consequences of the Chernobyl accident.

In conclusion, I would like to note that this report attempts to give a clear summary view
of the situation. The key points that are essential for understanding the current situation in
the contaminated areas and the results of the implemented activity are highlighted at the
end of each major section.

Scientific Leader of IBRAE RAN,
participant of the emergency response

.. : Academician L.A. Bolshov
activity at the Chernobyl NPP in 1986
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Emergency response
to minimize the consequences
of the accident in 1986-2015

1.1 Chernobyl Nuclear Power Plant Accident

On April 25, 1986, the preparations to shut down the Unit 4 of the Chernobyl Nuclear Power
Plant for scheduled maintenance were underway. It was planned to conduct an experiment
during this maintenance aimed at improving the performance of the unit safety systems.
The reactor shutdown was postponed several times because of dispatcher restrictions, which
caused certain difficulties with reactor power control. The causes of the accident and the
sequence of events leading to the emergency situation have been examined numerous times
in official reports and scientific publications [1.1-1.10], including some exotic versions. At
present, the most authoritative work is [1.10].

On April 26, at 01:24, an uncontrolled power increase occurred leading to explosions and
partial destruction of the reactor facility (Fig. 1.1). This resulted in the release of a significant
amount of radioactive material into the environment all at once. The intense release continued
for more than two weeks, though most of the activity released into the environment within
the first two days. During this period, the territories of many countries were contaminated
(section 2).

Figure 1.1.

The Chernobyl
NPP site with the
destroyed power
unit
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The reactor destruction was unexpected for the Chernobyl NPP personnel and management.
As the result, the plant's management took actions inappropriate for the scale of the accident
and provided insufficient information to government agencies during the first hours after the
accident. Later, when the scale of the accident became evident, the Soviet leadership failed
to inform the population of the country and neighboring states in due time. In spite of the
possible serious radiation consequences near the plant due to exposure and the evidence
of transboundary transport, the first official announcement of the accident was made only
on the third day. Sometime later, measures were taken to classify some data on the real and
predicted consequences of the accident.

Immediately after the explosion, fragments of the reactor core blasted-out from the
reactor caused a fire on the roof of the turbine hall and inside the reactor hall. Firefighters
arrived quickly and had to work in extremely high radiation fields. Thanks to their dedicated
and coordinated efforts, the fire was completely extinguished within five hours. All 69
firefighters were exposed to very high doses, and many suffered extensive burns. Despite the
intensive treatment, including bone marrow transplantation, 28 Chernobyl plant workers
and firefighters died within the first 100 days after the accident. The heroism of firefighters
was recognized with high state awards. Monuments and memorials were later erected to
commemorate the fallen heroes in many cities of the former USSR.

Figure 1.2

Upper photo:
Monument to the
liquidators of the
Chernobyl accident.
Poklonnaya Hill,
Moscow.

Memorial to the
liquidators of

the Chernobyl
accident at the
Mitino Cemetery in
Moscow.




The subsequent analysis of the causes of the Chernobyl accident revealed their system nature:
the imperfect reactor design coupled with a lack of interdepartmental and intradepartmental
reporting of operational violations at other nuclear power plants' and disregard for safety
rules and regulations at all levels of nuclear power plant management?.

The catastrophic nature of the accident and the global radioactive contamination did not
immediately lead to a deep rethinking of the way to share information within the country
and internationally. It was very hard for the leadership of the country to make decisions on
providing the detailed information about the accident to the IAEA. In August 1986, at the
IAEA expert meeting, the Soviet specialists presented a report on the causes of the accident
and prognosis of its consequences, including the public health consequences [1.1], though the
access to these materials was restricted in the USSR. Despite the transparency (glasnost) and
openness announced by the Central Committee of the Communist Party of the Soviet Union
(CPSU) in early March 1986, the information on the radiation consequences of the Chernobyl
accident remained classified until 1988.In June 1988, the first open all-Union conference
"Radiation Aspects of the Chernobyl Accident" was held in Obninsk. More than 530 leading
scientists and specialists from the State Hydrometeorological Committee, the Academy of
Sciences, the Academy of Medical Sciences, the Ministry of Health, the State Agro-Industrial
Committee, Ministry of Atomic Energy of the USSR, and others participated in the conference.
The reports presented the results of research into the radiation consequences of the Chernobyl
accident during the first two years after the accident (1986-1988) [1.11].

1.2 Emergency mitigation management

In accordance with the established Soviet practice, a Governmental Commission, headed
by B. Ye. Shcherbina, the Deputy Chairman of the Council of Ministers of the USSR, was
established on the morning of April 26 to investigate the causes of the accident. The same
day, members of the Commission arrived at the accident site and headed the investigation.
Primarily, the efforts of the Government Commission were directed to developing operational
measures to limit the accident and protect the population residing in the vicinity of the
nuclear power plant.

From the very first hours and days, the work of the Governmental Commission revealed
profound contradictions in organization of emergency response activity. Following the
recommendations of scientists and specialists, the Governmental Commission made critical
decisions regarding shutdowns of Units 1, 2, and 3 of the Chernobyl NPP, emergency
evacuation of Pripyat® residents, injection of stabilizing materials into the destroyed reactor,
etc. At the same time, the task to resume the Chernobyl NPP operations was defined as the
strategic one, and the subsequent decisions regarding a fast decontamination of the site (by
autumn 1986), restart of Units 1, 2, and 3 (1986-1987), completion of the Shelter facility, and
a number of other decisions were made at the highest governmental level without adequate
scientific analysis. The understanding of the absolute need to attract the scientific community
to decision-making on specific issues related to elimination of the accident consequences was

! The positive reactivity effects that physically caused the Chernobyl accident were observed at reactors of this type
before, including the Leningrad NPP in 1975, Unit 1 of the Chernobyl NPP in 1982, and the Ignalina NPP in 1983.

2 In 1966, nuclear power plants were transferred from the Ministry of Medium Machine Building to the Ministry of
Energy of the USSR, and later, in 1978 (except for the Leningrad NPP),- to the All-Union Industrial Association for Atomic
Energy "Soyuzatomenergo’, where priority was given primarily to production indicators. In 1986, nuclear power plants
were moved under the new Ministry of Atomic Energy, and in 1989 they were transferred to the Ministry of Atomic
Energy and Industry [1.12].

> Afew days later, the population was also evacuated from the nearby (10-kilometer) zone of the Chernobyl NPP,and
a decision was made to evacuate the population from the 30-km zone of the NPP and a number of populated areas
outside this zone [1.13].
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lined up with a lack of scientific expertise in defining the priorities and long-term goals that
became so evident in the following years.

On April 29, 1986, the Task Force of the Political Bureau of the CPSU Central Committee,
headed by N. I. Ryzhkov, Chairman of the Council of Ministers of the USSR, began functioning.
Also, republican commissions, regional headquarters, and task forces of the Ministry of
Defense, the Ministry of Civil Defense, and the Chief of the Chemical and Engineering
Troops, were formed. The Party leadership determined goals and objectives based primarily
on political considerations. In many cases, this led to determination of unreasonably strict
operation deadlines and deployment of unreasonably large number of untrained personnel to
operations in radiation-hazardous conditions. On May 29, the CPSU Central Committee and
the Council of Ministers of the USSR issued a resolution on intensification of decontamination
work within the 30-kilometer Chernobyl zone as a top priority that is important from the
socioeconomic and political points of view. The mass recruitment of military reservists was
authorized for this purpose*.

A significant challenge for identifying the radioactive contamination and predicting doses
was the diversity of physicochemical forms of precipitations and their spatial heterogeneity
as in the immediate vicinity of the emergency power unit and at large distances from it [1.15].
The novelty, long-term, and complex nature of these and other issues arising during the
emergency mitigation required a significant scientific and technical support. The same year,
1986, the Council of Ministers of the USSR made decisions to initiate large-scale scientific
studies of the consequences of the accident and to prepare scientifically based decisions to
protect the population and the environment. The Interdepartmental Coordination Council
on Scientific Problems of the Chernobyl under the Presidium of the Academy of Sciences of
the USSR, headed by Academician A.P. Alexandrov, was entrusted to lead and coordinate the
research program. Special working groups and research centers were also created to study the
specific problems, e.g. the All-Union Center for Radiation Medicine in Kyiv. Leading scientists
and managers were involved in this activity; they identified the priority tasks and formed
several research areas and established scientific schools to solve the problems.

The unprecedentedly large scope of work accomplished in 1986 was partially dismissed
because of strategic mistakes and miscalculations, the long-term consequences of which, in
many ways, became more serious for the society than the accident itself. These include:

= unjustified intensification of activity on decontamination and restoration of Chernobyl NPP
infrastructure and involvement of unprecedentedly large workforces in the Chernobyl zone;

= delays in protective measures to prevent thyroid exposure;

= absence of information of the population in contaminated areas and the general public,
including the scientific community.

Prior to 1989, the management of the Chernobyl accident mitigation activity was centralized
and reflected the hierarchy of government bodies in the USSR. The Task Force of the Political
Bureau of the CPSU Central Committee was at the top of the hierarchy, and followed by the
Governmental Commission for Emergency Situations, and commissions of the industrial,
republican and regional levels. The scientific support was provided by the special Scientific
Council of the Academy of Sciences of the USSR, as well as specialized scientific commissions,
including the National Commission for Radiation Protection (NCRP of the USSR). In late 1989,

4 “Considering the large scale of decontamination work, accelerate the deployment of the relevant units, formations,
and subdivisions, call up the required number of military personnel from the reserve for special training sessions for
a period of up to 6 months, and attract vehicles and other equipment from the national economy in accordance with
the established procedure for the duration of the operations. The call-up of military personnel shall be carried out in
excess of the limits established for the Ministry of Defense by the Resolution No. 795-236 of the Council of Ministers
of the USSR dated August 20, 1985” [1.14]



the Union Committee for the Liquidation of the Chernobyl NPP Accident Consequences was
formed as part of the State Commission of the Council of Ministers of the USSR for Emergency
Situations. The Union Committee developed the state program to overcome the consequences
of the Chernobyl accident, and it was launched. A distinctive feature of the program was a
special section for information and analytical support for the program, which was carried out
by a newly established academic research center — the Nuclear Safety Institute. In the later
period, the role of republican governing bodies and scientific organizations rapidly increased,
and by the end of 1991 it became prevailing.

1.3 Priority measures to protect the population and the environment
(1986-1989)

1.3.1 Measures to localize the radioactive release in the 30-kilometer zone of
the Chernobyl NPP

The mitigation activities were implemented by several stages. The first stage lasted
approximately two weeks (from April 26 to May 6-9, 1986). About 100,000 residents (from
Pripyat and 30-kilometer zone around the Chernobyl NPP) were evacuated during this time,
using, among other routes of evacuation, the pontoon bridge built on April 30 across the
Pripyat River., The intensity of the radioactive release had significantly decreased by the end
of the second week, three undamaged reactors of the Chernobyl NPP were shut down, and
the first data characterizing the scale of the accident were obtained and analyzed. A massive
recruitment of scientific personnel and Ministry of Defense personnel (including reservists)
was initiated along with attraction of the economic and industrial potential of the country.

The second stage lasted from May to the end of December 1986. The main work of this stage
included:

= a cooled concrete shield was constructed under the NPP Unit 4, preventing the fuel-
containing materials from entering under the reactor building;

= the bubbler pool tanks were emptied;

= a slurry wall was constructed to prevent radionuclides from migrating with groundwaters
out of the Chernobyl NPP site;

= the banks of the Pripyat River were embanked; hydraulic structures were constructed to
prevent water contamination in the Dnieper Cascade reservoirs;

= the Shelter, originally known as the Sarcophagus, was constructed. This complex
engineering structure, over 50 meters high with the external perimeter of 200 x 200
meters, covered the Unit 4 of the Chernobyl NPP and significantly reduced the release of
radioactive elements into the atmosphere® .

The level of nuclear and radiation safety achieved at the damaged reactor and surrounding
area by the end of 1986 allowed the commissioning of Units 1 and 2 of the Chernobyl NPP.
A subsequent assessment of the effectiveness of the implemented protective measures,
including the construction of a slurry wall and other water protection measures, did not
confirm their effectiveness [1.16, 1.17].

During the third stage (1987-1989), an extensive decontamination was completed at the
plant itself and in the surrounding area, and the Unit 3 of the Chernobyl NPP was also
commissioned. Under the public pressure, the earlier made decision to complete construction
of Units 5 and 6 was reconsidered. The city of Slavutych was built for the NPP operating

> The Shelter was functioning until 2019, when a new safe containment was commissioned, which completely
covered the previous structure.
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Figure 13.

First winter.

Shelter is constructed.
Photo by V.. Obodzinsky

personnel. The area selected for the city and its surroundings contained patches of excessive
radioactive contamination that required additional decontamination measures. A large scope
of radioactive waste management activity was also implemented during these years.

At all three stages, the work was carried out with the extensive involvement of military
equipment and personnel from the Ministry of Defense: career soldiers, conscripts, and
civilians called up from the reserves.

It became clear by the late 1980s that the consequences of the accident within the 30-km
zone could not be remedied within the next few years, or even several decades. During
this same period, the negative consequences of some protective measures, such as water
protection measures (including flooding of significant territories, etc.) began to manifest
themselves [1.16, 1.17]. The emphasis was shifted from eliminating the consequences of the
accident to minimizing them, and the task of ensuring the population safety at contaminated
areas assumed a primary importance.

1.3.2 Medical care to victims and radiological examinations of the population

The challenges of providing medical care to the victims from the very first hours of the
accident were basically resolved successfully, primarily thanks to the unique experience of the
specialists of the Institute of Biophysics, gained in providing medical care to victims of other
radiation accidents. Within two days, 237 people with a primary diagnosis of acute radiation
sickness were transported to specialized clinics in Moscow and Kyiv. Most of the seriously
suffered patients were treated at Moscow Clinical Hospital No. 6, based at the Institute of
Biophysics (see Section 3). A few days later, specialists of the Institute of Biophysics and
the Leningrad Research Institute of Radiation Hygiene began assessing doses and exposure
pathways for the population in the most contaminated areas of Belarus (Gomel and Mogilev
Regions) and Russia (Bryansk Region). Specialists of the Institute of Medical Radiology of
Academy of Medical Sciences of the USSR (Obninsk) organized thyroid gland dosimetric
measurements in the western districts of the Kaluga Region, and later initiated the creation



of the All-Union distributed medical-dosimetric register of persons affected by the Chernobyl
accident (see section 3).

1.3.3 Measures for radiation protection of liquidators and the population

During the first month after the accident, a dosimetric monitoring system for liquidators
was established. The permissible limits for the personnel exposure, operating procedures for
numerous sanitary checkpoints, and procedures for recording doses and actions in the event
of their exceed were defined. Dosimetric monitoring measures were implemented in various
organizations and departments with different degrees of reliability. This work was most
effectively carried out by organizations of Ministry of Medium Machine Building of the USSR.

From the end of May 1986, the intensity of population-oriented protective and remedial
measures was organized on the basis of the territorial zoning in accord with the data
obtained from radiation surveys in populated areas, including measurements of the density
of soil contamination by various radionuclides (see Section 5). Data on the contamination of
forest and agricultural lands and manufactured products were used for organizing activity in
agriculture and forestry.

Mass health examination of the population was conducted in May 1986 using instrumental
methods for determining radioactive iodine levels in the thyroid gland. A high thyroid exposure
was confirmed in many cases. During the same period, research organizations in local medical
institutions developed the methodology of measuring cesium-137 accumulation in the body
using the equipment purchased abroad. Later, the mass screening of the population was
conducted using whole-body counters® . Really danger high levels of cesium radionuclides in
the human body were detected very rarely.

Until 1988, the major activities were limited to the so-called strict radiation control zone,
where the cesium-137 soil contamination density exceeded 15 Ci/km?. The zone covered
a total area of 10,340 km?. Approximately 273,000 citizens of three Soviet republics lived
within this zone including about 100,000 - in the RSFSR. To reduce the radiation exposure of
residents in the strict control zone to the dose limit of 100 mSv established for the first year of
the accident, the sanitary restrictions were applied, areas were decontaminated, and residents
were relocated in some cases.

As the radiation situation became clearer, the activity zone was expanded, and the scope of
remediation activities was also increased. These measures led to a significant reducing of the
doses and their permissible levels: the dose limit for the population was lowered to 30 mSv
in the second year, and to 25 mSv in the third year. The established dose limits were never
reached practically, however, the numerous restrictions disrupted seriously the usual way
of life. At the end of 1988, based on the scientific recommendations and taking into account
the negative social and economic and medical-hygienic consequences of the introduced
restrictions, the National Commission for Radiation Protection (NCRP) of the USSR developed
a concept, according to which resettlement was required only in those areas, where the
predicted additional dose over a 70-year lifetime could have exceeded 350 mSv in the absence
of countermeasures. The criterion proposed by the NCRP was three times more stringent
than the internationally accepted level for relocation (1000 mSv per lifetime); nevertheless,
for many residential areas, it allowed canceling the restrictions within the next few years and
beginning of a gradual transition to normal life. In other parts of the strictly controlled zone,
the intensive protective and remediation measures were to be implemented in order to cancel
most of the restrictions with time. Residents were planned to be relocated to other districts
in those areas, where the lifetime expected dose exceeded the 350 mSv criterion over 70 years.

¢ Whole-body counter is used for human radiation spectrometry diagnostics to determine the content of gamma-
emitting radionuclides in the human body, an incorporated component of human internal irradiation.
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In November 1988, the NCRP Concept was approved by the Ministry of Health of the USSR,
however the decisions made were unable to be implemented because of the growing political
crisis in the country.

1.4 Development of the protective measures strategy in the context of
political crisis (1989-1991)

With the development of the transparency policy (glasnost), information about measures to
classify the data about the accident became the subject of harsh public criticism. Soon, the
mistrust spread to the entire scope of post-accident cleanup efforts, including decisions made
by the management bodies and recommendations given by the Soviet and foreign scientists
[1.13, 1.15].

Despite the significant reduction of doses and improvement of the radiation situation in
contaminated areas, the public attitude toward the Soviet leadership's decisions became
more and more negative, and protective measures were perceived as insufficient. A fierce
dispute started over the NCRP USSR concept. Residents and local authorities believed that
resettlement to "clean" areas was the only adequate protective measure.

In this situation, the USSR government requested the IAEA to conduct an independent peer
review. The International Chernobyl Project, which involved approximately 200 experts from
a dozen countries, was initiated to conduct this review. The international experts confirmed
the adequacy, and in some cases - excessiveness, of the implemented protective measures.
At the same time, they did not support the NCRP USSR concept, mostly because it relied not
on the averted dose, but on the cumulative lifetime dose. Another important finding of the
International Chernobyl Project was the excessive conservatism in dose assessment, which
led to dose overestimation by a factor of 1.7-3 at that time. The specialists of the Project, like
their Soviet colleagues, relied on the objective radiological situation and were unable to fully
appreciate the role of social, psychological and political factors.

On the fifth anniversary of the accident, the Council of Ministers of the USSR, taking into
account the public expectations and not waiting for the final results of the international
review, approved an alternative concept for living in contaminated areas, where the average
additional dose was limited to 1 mSv/year [1.18]. This socially oriented concept was
intended to form the basis of the USSR Law "On the Social Protection of Citizens Affected
by the Chernobyl Accident” adopted in September 1991 [1.19]. However, in addition to the
annual additional dose, another criterion was also used in the law, i.e. the density of 137Cs
soil contamination with limit values of 1, 5, and 15 Ci/km? (37, 185, and 1480 kBg/m?),
without taking into account the migration characteristics of soils. It was the density of soil
contamination that became the criterion of the practical zoning.

In this regard, the origin of the limit value of 1 Ci/km? should be clarified. Initially limited
to 5 Ci/km?, the zone, where additional payments were applied, was expanded in 1988
and included settlements where the excess of the radioactive cesium levels in milk above
the maximum permissible level were recorded. To increase the "fairness" of the payments,
newly incorporated settlements were differentiated by the soil contamination density as
zones with a lower limit of 1 Ci/km?. This basic reason was later forgotten, and only the soil
contamination density remained in the criteria.

As a result of the adoption of the USSR Law "On the Social Protection of Citizens Affected
by the Chernobyl Accident" of May 12, 1991, the population affected by the intervention
measures increased to approximately 7 million residents. The law defined the status of
territories affected by the radioactive contamination, the procedures of life support in these
territories, and the categories of affected citizens, and guaranteed them the appropriate



amounts of benefits and compensations. The NCRP USSR and many authoritative experts
warned already at the time that the state obligations to the population affected by the
accident were unfulfillable in full extent in the existing social and economic situation. The
experts draw attention to several important circumstances. First, when the law was adopted,
the number of residents living in contaminated territories, as well as the contaminated
territories themselves, was not precisely defined. Second, the majority of the population
covered by the benefits and compensation system lived in conditions where additional doses
were significantly lower than 1 mSv/year. And third, the excessive simplification of the criteria
for classifying citizens as eligible for benefits for emergency mitigation activity (ignoring the
time of stay in the 30-km zone, actual location, and received dose) significantly increased the
number of this welfare beneficiary category.

Following the adoption of the Union law, similar laws on social protection of the affected
population were adopted in the Soviet republics affected by the accident. The first Russian
list of populated areas classified as radioactively contaminated zones (approved by RSFSR
Government Order No. 237-r of December 28, 1991) included 6,884 populated areas in 14
constituent subjects of the Russian Federation with the population of to 2.2 million.

The State Union-Republic Program of Urgent Measures for the period of 1990-1992
(Resolution No. 1452-1 of April 25, 1990) created the necessary preconditions for the
implementation of a comprehensive set of targeted measures to address the consequences
of the Chernobyl accident and ensure the social protection of the population. However,
the changing political situation in the country, which led to the USSR collapse, prevented
the implementation of all planned measures. It became necessary to solve the Chernobyl
problems in the former Soviet republics independently. In 1992, the Russian Government
approved the first State Program for Overcoming the Consequences of the Chernobyl
Accident. The State Committee on Chernobyl Accident (Goskomchernobyl) of Russia
coordinated its implementation. In early 1994, the functions and powers of Goskomchernobyl
were transferred to the Ministry of the Russian Federation for Civil Defense, Emergencies, and
Elimination of Consequences of Natural Disasters (EMERCOM of Russia).

1.5 State programs in 1992-2015

The state programs addressing the consequences of the Chernobyl accident in the Russian
Federation were implemented from 1992 to 2015. There were five federal target programs,
four programs to protect children, and two programs to provide housing for liquidators. Since
1998, in addition to the national programs, four Russian-Belarusian joint programs to address
the consequences of the Chernobyl NPP accident were implemented.

The state programs, unlike the individual social guarantees established by law, were
aimed at implementing collective protection measures in the most contaminated areas. The
intensity and scale of program measures were determined on the zoning basis, taking into
account residential area size and number of residents.

The total federal budget funding of these target programs amounted to over 15 billion
denominated rubles in the prices of the corresponding years. Additional funds were also
allocated from the budgets of the Russian Ministry of Agriculture, the constituent subjects
of the Russian Federation, and extra-budgetary sources. These large investments were
used to establish an effective healthcare system for the population in contaminated areas,
implement protective measures in agriculture and forestry, and construct social facilities and
infrastructure.

In total, from 1992 to 2015, residential buildings with a total floor area of above 1.3 million
square meters, comprehensive schools with over 19,000 student places, hospitals with 3,953
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beds, clinics with over 10,000 visits per shift, gas and water pipelines with a total length
of approximately 5,000 km, roads with a total length of approximately 800 km, etc. were
commissioned (Table 1.1). However measures to improve the social infrastructure failed to
attract many of the professionals and young parents with children who had left. The children of
those who remained tried to migrate to the cities, partly due to the lack of adequately paid jobs.

Table 1.1. Commissioning of social facilities and infrastructure in contaminated areas,
1992-2015

Residential

buildinas Schools, Hospitals Clinics, Gas Water
Years 95 | aducational PItals. | yisits per | pipelines, | pipelines, | Roads, km
thousand beds :
places shift km km
Sq. m

1992—-1995 1226.7 15,500 1,550 5,245 18312 128.6 784.8
1996—1997 384 799 162 290 6524 215 1.1
1998—2001 493 1292 1231 2500 561.5 1.8 23
2002—-2006 392 2,289 856 1920 3520 154 -
2007-2010 — — — 250 652.0 135.2 —
20112015 - - 154 364.8 240.2 -
Total 1353.6 19,880 3953 10,205 44139 552.7 794.8

As the radiation situation improved and the planned objectives were achieved, the priorities
of the state programs changed. During the first two years after the USSR collapse, an
unprecedently large number of construction projects were launched in order to implement
previously approved relocation plans; many of the objects were never completed. By 1994,
a clear understanding of the limited resources and impossibility and irrelevance of mass
relocation was formed.

By the tenth anniversary of the accident, due to natural processes and the implemented
measures, the radiation situation turned to normal in the areas of the Belgorod, Voronezh,
Kursk, Lipetsk, Leningrad, Nizhny Novgorod, Penza, Ryazan, Tambov, and Ulyanovsk regions,
Mordovia, and Chuvashia that had been contaminated weakly. The state strategy was
directed towards the gradual termination of state programs in such regions. Under significant
economic difficulties, the government focused its efforts on implementing practical measures
in the four most contaminated regions—Bryansk, Kaluga, Oryol, and Tula. The major part of
the federal budget expenditures during these years was the social benefits and compensations.
An administrative attempt was made in 1997 to reduce the list of settlements affected by
radioactive contamination, which could have significantly reduced the size of the privileged
status zone. However, this caused the protests from regional administrations and residents
who had lost a part of their income.

During the period of 2001 to 2005, the state obligations under federal target programs were
significantly reduced, but their implementation became much more efficient; the country
implemented significant social reforms (monetization of benefits, etc.), and an economic
recovery began. From 2006 to 2015, the economic situation in the country and the regions
under consideration significantly improved. In the most parts of contaminated areas, the
radiation and hygienic situation returned to normal and did not require additional radiation
protection measures. Problems remained in the most contaminated areas of the Bryansk
and Kaluga regions, where the situation had significantly improved, but, according to the
law, some protective measures in agriculture and forestry were still required. The strategy
of federal target programs was changed to creating conditions that allowed making further



EMERGENCY RESPONSE TO MINIMIZE THE CONSEQUENCES OF THE ACCIDENT IN 1986-2015

solutions related to radioactively contaminated areas management to the regional level. By
2015, the rejection of milk produced in private farms in the most contaminated southwestern
districts of the Bryansk region did not exceed 10% (Table 1.2). A full transition to agricultural
production without radiation restrictions became a topical issue.

Table 1.2. Percentage of samples exceeding SanPiN norms - results of spectrometric mea-
surements of the *’Cs content in milk produced in private farms in the southwestern
districts of the Bryansk region, %

10 2 2

Gordeevsky

Klintsovsky 33 8 7
Klimovsky 13 4 =
Krasnogorsky 22 1 4
Zlynkovsky 27 17 9
Novozybkovsky 26 7 1

In 2015, the fifth and final program was completed. Life in all radioactively contaminated
areas returned to normal, except some aspects of social well-being related to radiation risks
perception. Local authorities started implementing the protective measures in local areas
in the southwestern districts of the Bryansk region. Social obligations towards the affected
residents in accordance with the legislation as well as a number of other tasks requiring
centralized management and budgetary funding remained at the federal level.

1.6 Conclusions for the section

1. During the first five years, an unprecedented amount of work was completed to stabilize
the situation in the 30-kilometer zone and in the contaminated territories of Belarus,
Russia, and Ukraine due to the dedicated efforts of hundreds thousands of specialists.

2. The Chernobyl Nuclear Power Plant accident occurred on April 26, 1986. It became the
first severe accident in the global nuclear energy history with a large-scale release of
radioactive substances into the environment that required a full-scale implementation of
protective measures outside the NPP site, and at large distances. Destruction of the large
power reactor was unexpected to nuclear industry specialists, in spite of the fact that
severe radiation accidents had occurred at nuclear facilities before, including accidents in
the USSR (e.g. the accident at the Mayak Production Association in 1957).

3. The implemented measures led to significant reduction of the radioactive release from
the damaged reactor into the environment within the first two weeks, and practically
stopped it after six months. A timely evacuation prevented deterministic effects among
the population within the near Chernobyl zone. However, due to the lack of adequate
public notification during the first weeks, it was not possible to prevent or limit thyroid
exposure in remote areas.

4. Along with the effective measures that were taken to solve complex engineering and
technical challenges, some strategic issues considered at the level of the CPSU Central
Committee were misguided that led to a number of fundamental mistakes. The unique
situation, public expectations for decisive measures to protect the population from
radiation, excessive confidence in the ability to eliminate the consequences of the
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accident in short time, and political considerations led to making decisions to classify
information for the public, establish unreasonably strict deadlines for the work, and
recruit unjustifiably large numbers of people who were not prepared to work in
radiation-hazardous conditions. This information policy inconsistency resulted in the
development of negative public attitude to the accident. After declassification of data
on the consequences of the accident, the residents started to expect health deteriorating
due to radiation exposure. Protective measures that had significantly reduced the public
radiation and improved the radiation safety in the most of contaminated areas were
regarded as insufficient, and life normalizing was deemed impossible until additional
radiation risks were completely eliminated.

. Inthe situation of the acute social and political crisis, the USSR government questioned the

approach of the Soviet scientists and asked IAEA for expert support. Later, the government
rejected the approaches proposed by Soviet specialists and the recommendations of
the International Chernobyl Project. Simplified and socially appealing actions became
prevailing. The criteria for normalizing life in contaminated areas in accordance with
the USSR Law on Social Protection of Affected Citizens of 1991 expanded manifoldly the
scope of the state social and economic obligations without indication of time frames.

. Linking protective measures and social support measures to the characteristics of

radioactive contamination, including the density of soil contamination by radionuclides,
was justified during the acute phase of the accident. During the recovery phase, this
practice did not consider the important radiological and social and economic factors,
whose impact on doses was much greater (by a factor of several times or even orders).
Being stated in the law, this practice prevented the risk management in contaminated
areas from a necessary flexibility and led to conflicting revisions of the lists of settlements
(both reductions and expansions), whose residents were covered by the social protection
measures.

The state social and economic development programs in the areas affected by the accident
were implemented in the period 1992 through 2015. These programs were aimed at
social development, including construction of housing, schools, and healthcare facilities.
Specialized protective measures were implemented in agriculture and forestry in the
most contaminated areas. Establishment and operation of a specialized medical center in
St. Petersburg that provided support to workers involved in the cleanup efforts following
the accident was an important part of activity (The Federal State Budgetary Institute
«The Nikiforov Russian Center of Emergency and Radiation Medicine» of the Ministry
of Russian Federation for Civil Defense, Emergencies and Elimination of Consequences
of Natural Disasters, see Section 3.2). Payments, benefits, and compensation to the
population and workers involved in the cleanup efforts were provided within the general
social security system and were often accompanied by conflicts due to their complexity
and unclear criteria.

The accident prompted a thorough analysis of the methods and concepts and the basic
approaches to the safe operation of nuclear power plants at the national and international
levels. Implementation of new approaches is still under way (see Section 6).



Current radiation situation
in the territories of Russia
contaminated after the
Chernobyl NPP accident

The Chernobyl accident caused a large-scale and long (over 10 days) release of radioactive
substances that contaminated large areas of European countries. The nature of fallouts was
uneven; it was determined by the composition of the release, which varied over time, as well
as by weather conditions and terrain. The issues of radioactive contamination of the USSR
territory and the main changes of the radio-ecological situation in contaminated areas of the
Russian Federation up to 2020 are examined in detail in the report for the 35th anniversary of
the accident. This report includes data on the radiation situation changes by 2025.

2.1. Radioactive contamination after the accident

The long-term consequences of the accident were associated with the fallout of 137Cs. The
BB7Cs release was estimated as 85 PBq, of which approximately 19 PBq (22%) fell on the territory
of the Russian Federation [2.1, 2.2]. The fallout of '3*Cs with a half-life of approximately two
years also had a significant impact on the radiation situation in the first years. The **Cs
release was estimated as 47 PBq.

From the first months after the accident and for many years, efforts were made to map
radioactive contamination. Based on the results of multiannual research, an Atlas [2.3] was
published in 2009. It contains maps of contamination levels in the regions of the Russian
Federation most affected by the accident with forecasts of the radiation situation changes up
to 2056 (70 years after the accident, Figs. 2.1 and 2.2).

Monitoringofradioactive contaminationinthe Russian Federationis conducted permanently;
the radionuclide content is recorded in ground-level air, atmospheric fallout, soil and surface
water and agricultural and forestry products. Long-term observations confirm the stability
and predictability of the reduction of environmental radioactive contamination along the
accident trace area. This reduction is presently caused by the natural decay of radionuclides
and, to a much lesser extent, by the secondary radionuclide transport [2.4].

2.2. Number of settlements in the contaminated area

The Federal State Budgetary Enterprise “NPO Typhoon” of Roshydromet specifies annually
the parameters of the radiation situation in the Chernobyl territory settlements based on
measurement data and calculated estimates [2.5] (Table 2.1).

As of beginning of 2025, the number of settlements with '*’Cs soil contamination density
levels above 37 kBg/m, in the Russian Federation decreased by 4.4 times compared to 1986;
the major part of them (90%) are located in the zone with a contamination density of 37-185
kBg/m? (1-5 Ci/km?).

2]
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Figure 2.1. The density of the
area contamination with ®'Cs
resulted from the Chernobyl

NPP accident as of 1986
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Table 2.1. Distribution of settlements depending on the *’Cs soil contamination density
(as of 01.01.2025) [2.5].

Number of Contamination density, kBg/m?

RF regions | settlements
> 37 kBq/m? 37-185 185555 555-1480 > 1480

Central Federal District

1 Belgorod 2 2
2 Bryansk 462 314 141 6 1
3 Voronezh 6 6
4 Kaluga 163 161 2
5 Kursk 4] 41
6 Lipetsk 2 2
7 Oryol 258 258
8 Ruyazan 67 67
9 Tula 570 560 10
Privolzhsky Federal District

10 Penza 2 2

Northwestern Federal District
11 Leningrad 2 2
Total as of 2025 1575 1415 153 6 1
Total as of 2020 1974 1770 189 14 1
Total as of 1986 6884

Change in the situation by 2025. Compared to 2020, in 2024 the number of settlements
in areas with soil contamination levels of 37-185 kBgq/m? and 185-555 kBg/m? (1-5 Ci/
km? and 5-15 Ci/km?) decreased by 20% and more than halved in the zone of higher
contamination (555-1480 kBg/m? (5-40 Ci/km?).

From the point of view of spatial distribution, the density of contamination of territories
with *’Cs features a significant heterogeneity; within a single settlement, the maximum
values of soil contamination density can exceed average levels by 2-3 times, and in separate
local areas by 6-25 times [2.5].

Forecast. An almost fivefold reduction is predicted by 2056 (from 43 thousand km? in
1986 to 8.9 thousand km? [2.3]) in the total area of the Bryansk, Kaluga, Oryol and Tula
regions contaminated at the levels above 37 kBg/m? (1 Ci/km?).

After 2049, there will be no areas in the Russian Federation with soil contamination
levels above 1480 kBg/m? (40 Ci/km?) due to radioactive decay. There will be no areas in
the Bryansk region with contamination levels above 555 kBg/m? approximately 100 years
after the accident, no areas with levels above 185 kBg/m? approximately after 150 years
hence, and no areas with levels above 37 kBq/m? approximately 220 years after the accident
(Table 2.2 [2.3]).
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Table 2.2. Prognostic years when the high *’Cs contamination of areas in the Russian Fed-
eration settlements caused by the Chernobyl accident will decrease below certain values

Levels of radioactive contamination, kBq/m?

RF regions
Bryansk region 2049 2092 2139 2209
Kaluga region 2042 2112
Oryol region 207
Tula region 2029 2099

2.3. Content of 1*’Cs in the surface layer of the atmosphere

Soil contamination in a number of regions of the Russian Federation is a source of minor
B7Cs contamination of air resulting from wind uplift. Note that the average annual values of

37Cs content in the atmospheric air are approximately 6 orders of magnitude lower than the
permissible levels (27 Bg/m3) [2.6].

According to monitoring data, the volumetric activity of *’Cs in 2014-2024 varied in the
range of 0.5-1.4 pyBg/m?® in Kursk and 0.3-1.1 uBg/m? in Bryansk, which was 1.4-1.9 times
higher than the values typical for the background area (Petrozavodsk) [2.7, 2.8] (Fig. 2.3).

Variability in values is determined by specific conditions, primarily weather. In April 2020,
an increase in '*’Cs activity concentrations to 1.6 uBg/m® in Bryansk and 3.2 puBg/m? in Kursk
was associated with the release of radionuclides into the atmosphere caused by severe fires
in the Chernobyl zone.

2.4. Content of ¥’Cs in water bodies

Systematic monitoring of radioactive contamination levels of Russian rivers at the
Chernobyl trace was started in the spring of 1987 (occasional measurements were conducted
in 1986). Observations showed a decrease of the 137Cs volumetric activity in the water of the
Oka, Plava, Zhizdra, and Upa rivers from 0.4-0.7 Bg/L in 1987 to 0.07-0.13 Bg/L by the early
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CURRENT RADIATION SITUATION IN THE TERRITORIES OF RUSSIA CONTAMINATED AFTER THE CHERNOBYL NPP ACCIDENT

1990s [2.9], which is significantly lower than the intervention level (IL) for this radionuclide
(11 Bg/L). In the early 2020s, contamination levels of water in rivers flowing through
contaminated areas of the Bryansk region and in wells located in the most contaminated
settlements were two to three orders of magnitude lower than the IL established by NRB-
99/2009. There were several exceptions, namely, the stagnant water bodies located near the
most contaminated settlements (for example, Lake Kozhanovskoye in the southwest of the
Bryansk region) [2.10]. In consequence of the bottom sediments contamination, the elevated
specific activities of *’Cs above the current standards were still recorded in caught fish.

2.5. Consequences for agriculture

Contamination of agricultural lands

As a result of the Chernobyl accident, more than 2.3 million hectares of agricultural land
were contaminated. The highest levels of contamination were recorded in the Bryansk, Kaluga,
Tula, and Oryol regions. The Russian Ministry of Agriculture launched a detailed mapping
of contamination of agricultural lands by radionuclides at the level of separate fields and
strips (Fig. 2.4) in May 1986. In parallel, scientific and research and production organizations
developed and tested survey methods, because there was no such an experience with a large-
scale ¥’Cs contamination prior to the Chernobyl accident [2.11].

The maximum densities of *’Cs radioactive fallout (over 1480 kBg/m?) were detected in
the Bryansk region, where 17.1 thousand hectares of agricultural land were temporarily
withdrawn from land use (transferred to reserve lands), including 9.8 thousand hectares of
hayfields and pastures and 7.3 thousand hectares of arable land (Table 2.3).

Table 2.3. Dynamics of reduction of agricultural land area contaminated with *’Cs in the
most contaminated regions of Russia, hectares

Density of soil contamination with ®'Cs, kBq/m?

1987 401,400 186,600 97,600 17,106 702,706
2007 260,400 125,400 30,900 5450 422,150
Bryansk 2015 235,200 110,600 21,900 4,600 378,300
2019 238,931 91,630 19,836 1614 352,011
2020 233,000 91,700 19,800 1600 346100
2025 232900 84,800 22,100 3,200 343,000
1987 111,700 33,100 700 - 145,500
2007 107,531 12,599 = S 120,133
Kaluga 2015 93,733 5397 - - 99,130
2019 92416 3,532 - - 95,948
2025 43,406 579 43,985
1987 652,086 16,668 - - 668,754
2007 414,660 7362 - - 422,022
Oryol 2015 286,367 4944 - - 291311
2019 238,330 4,785 - - 243115
2025 126,894 764 - - 127,658
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Density of soil contamination with ®Cs, kBq/m?

-

1987 653,000 125,700 718,700
2007 502,100 55,000 - - 557,100
Tula 2015 488,050 24910 - - 512,960
2019 371,900 800 - - 372,700
2025 342,600 900 343,500

Note: data were provided by the agrochemical service units of the Bryansk, Kaluga, Oryol and Tula
regions of the Russian Ministry of Agriculture

By 2020, the radiation situation had improved significantly. Compared with 1987, in the
four most ¥’Cs-contaminated regions of the Russian Federation, the area of agricultural land
classified as contamination zones has decreased by two or more times as a result of radioactive
decay, and by an order of magnitude in the Bryansk region [2.4]. At the same time, the most
part of lands were contaminated with a level of !3’Cs contamination density below 185 kBg/m?:
67.9% in the Bryansk region; 96.3% in the Kaluga region; 98.0% in the Oryol region and 99.8%
in the Tula region. The area of lands located in the exclusion zone in the Bryansk region (**’Cs
contamination density over 1480 kBg/m?) has decreased and now is 1,600 hectares.

The situation by 2025. The radiation situation in agricultural lands is assessed during
four-year agrochemical survey cycles. Compared to 2019-2020, as a result of radioactive decay
and land redistribution between zones with different '3’Cs contamination densities, the area
of contaminated agricultural lands has decreased in the four most affected regions: by 9.1
thousand hectares (2.6%) in the Bryansk region, by 51.96 (54.3%) in the Kaluga region, by
115.5 thousand hectares (49.32%) in the Oryol region, and by 29.2 thousand hectares (7.8%)
in the Tula region. In the Kaluga and Oryol regions, the change in the situation is related to
a decrease of area with a contamination density of 37-185 kBq/m?.

For the Kaluga, Oryol, and Tula regions, there are survey data for individual years and/or
for individual districts, which provide a more accurate picture of the situation in the most
contaminated areas. In the Kaluga region, a survey conducted in 2022 showed that in the
Ulyanovsky district, one of the most contaminated districts, the area with a contamination
density of 37-185 kBg/m? was 75% of the surveyed lands, while the area of lands with
higher contamination levels was 0.5% (278 hectares). The reduction of the area of the most
contaminated lands is also characterized by an increase of the area of arable land with a
contamination density below 37 kBg/m? (from 10.6% in 2005 to 16.3% in 2022). In arable lands,
the weighted average density of '*’Cs contamination in 2022 averaged 59% of the 2005 levels.

In 1987, the area contaminated with *’Cs >37 kBg/m? in the Oryol region amounted to 669
thousand hectares, while the share of lands with a contamination density of 37-185 kBg/m?
reached 97.5%. By 2020, the area of contaminated land had decreased by a factor of 2.75, and
by 2025, it amounted to 127.6 thousand hectares (19.1% of the 1987 data). The background
radiation in the region ranges from 0.08 to 0.16 uSv/h, which corresponds to the values
prevalent before the Chernobyl accident. According to Rospotrebnadzor, 411 studies of food
samples (milk, meat, fish, bread, potatoes, wild mushrooms and berries) were conducted in
2023. All products met hygienic standards for radionuclide content.

In the Tula region, the area of agricultural lands contaminated with *’Cs was 779 thousand
hectares in 1987, herein the share of lands with a contamination density of 37 to 185 kBg/m?




reached 84%. By 2020, the area of lands with a soil contamination density of *’Cs below
185 kBg/m?was 99.7%. As of January 1, 2025, there were 343.5 thousand hectares of agricultural
lands contaminated with '3’Cs, of which 342.6 thousand hectares had a contamination density
of 37-185 kBg/m? and contamination level of 0.9 thousand hectares was above 185 kBg/m?.
A recent study of '*’Cs and *°Sr content in 328 samples revealed no excess of permissible levels
of the radionuclides content in locally produced food products and food raw materials.

In the Bryansk region, the highest levels of radioactive contamination in Russia were detected
in six southwestern districts: Gordeevsky, Zlynkovsky, Klimovsky, Klintsovsky, Krasnogorsky,
Novozybkovsky, and Starodubsky. Soil contamination monitoring of agricultural lands was
systematically conducted at 177 farms with forage land contamination densities ranging from
17 to 3800 kBg/m?. The first round of surveys was conducted in 1986, and the second round
was conducted in 1993-1996 in order to clarify the situation. The third round of surveys
(1998-1999) was carried out due to stricter sanitary and hygienic standards for radionuclide
content in food products. Subsequently, sampling was carried out as part of an agrochemical
soil survey.

By 2020, the area of lands with a contamination density over 1 kBq/m? was 50.7% compared
to 1987. The area of lands within the exclusion zone has decreased by almost an order of
magnitude (Table 2.3). By 2025, the area of contaminated lands has decreased by 3.1 thousand
hectares (0.8% compared to 2020), mainly due to lands with a contamination density of 185-
555 kBg/m? (6.9 thousand hectares, 7.5%). The share of lands with a density of 555-1480
kBg/m? (2.3 thousand hectares, 11.6%) and more than 1480 kBg/m? has doubled due to the
increase in the volume of activity carried out by the agrochemical service on radiological
survey of lands for return to economic use.

Return of agricultural lands to practical use is a priority task at the current stage of the
accident management. In 1990, by order of the Bryansk Regional Executive Committee, a part
of agricultural lands was transferred to the state reserve and temporarily withdrawn from
land use. Under the federal target program for 2011-2015, 997 hectares of lands were returned
to economic use, and a possibility to return 2929 hectares to 23 farms in the Gordeevsky,
Zlynkovsky, Krasnogorsky, Novozybkovsky, and Klintsovsky districts after remediation action
was justified.

In 2020, the Bryansk branch of the FSBE “RosAgrokhimsluzhba”(Agrochemical Service of
Russia) conducted a radiological survey of lands in the territory of the collective farms named
after 24th Party Congress and Kirov in the Krasnogorsky district upon request of a potential
investor. This survey aimed at clarification of the radiation situation for the subsequent
return of lands with a contamination density below 1480 kBg/m? to economic use. Based
on the survey results, 3.119 hectares of lands (!"'1 hectares and 1408 hectares of the two
farms, correspondently) were classified as contaminated with 555-1.480 kBg/m? and, after
remediation action, were returned to economic use. The lands of the Kirov collective farm,
over 80% of which (262.5 hectares) with overgrown trees and shrubs, were transferred to the
category of state forest fund lands.

According to the forecast of the RIRAE” specialists, by 2056, 42% of lands with a current
contamination density of <555 kBg/m? can be fully returned to economic use and agricultural
production without radiation restrictions.

Contamination of agricultural products

In the first year after the accident, radioactive fallout levels across a significant portion of
the Bryansk, Kaluga, Tula, and Oryol regions were so high that they prevented the production

7 FSBE “Russian Research Institute of Radiology and Agroecology” is currently the part of the National Research
Center “Kurchatov Institute”.
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of products according to the temporary permissible levels (TPLs)8. In five most contaminated
districts of the Bryansk region (Gordeevsky, Novozybkovsky, Krasnogorsky, Klintsovsky, and
Klimovsky), up to 80% of grain, milk, and feed produced did not meet TPL-86. In the Kaluga
region (Zhizdrinsky, Khvastovichsky, and Ulyanovsky districts), 70% of grain exceeded TPLs,
and in the Tula region (Plavsky district), up to 15% of agricultural products exceeded TPL-86.

In the Tula region, the TPL excess in crop products were only observed in 1987, while in the
Oryol region, all crop production was almost entirely within the permissible limits. In the
Kaluga region, the TPL excess was observed in crop products (grain and potatoes) until 1988,
in feed until 1995, and in plant stand of natural hayfields and pastures until 2000.

Measures to reduce product contamination were planned based on *’Cs monitoring data. In
the Bryansk region, protective actions were carried out most intensively. As a result of their
implementation, *’Cs contamination of grain and potatoes decreased by 20-30 times by 1990,
and that of hay by 5-6 times. Beginning in 1995, the rate of '*’Cs reduction slowed, which was
largely due to a sharp reduction in the scope of protective actions. The main problem was the
production of feed and livestock products (Fig. 2.4). In 2014, the share of feed exceeding the
standards varied from 9 to 39%, which determined that the standards for 1*’Cs content in milk
and dairy products were exceeded in 4-12% of samples; in meat and meat products — in 5-8%
of samples. In 2017-2019, the proportion of samples exceeding SanPiN 2.3.2.2650-10 in meat
and meat products was 3.6-4.8%, and in milk and dairy products — 2.2-4.2%.

The dynamics of 137Cs content in products after the Chernobyl accident largely depended
on the specifics of the agrotechnical and agrochemical remediation action. The *’Cs levels in
livestock products are in fairly good agreement with the data on the radionuclide content in
feed. Remediation actions on forage lands had a prolonged effect, so an observed significant
reduction in ¥’Cs levels in feed lasted until the mid-1990s.

Subsequently, the dynamics of ¥’Cs content decrease in agricultural products was
characterized by multidirectional processes: an increase of the 137Cs entry into plants as
a result of a decrease in soil fertility was partially compensated by a natural decrease in
the biological availability of radionuclides in soils as a result of geochemical processes and
radioactive decay.

The dynamics of agricultural product contamination reduction varied significantly in
zones with different contamination levels. The rate of *’Cs reduction in the zone with
contamination density below 185 kBg/m? remained virtually unchanged over the past decade.
In the zone with hayfield contamination density between 185 and 555 kBg/m?, the rate of
reduction slowed.

2.6. Impact on forestry

Contamination dynamics of forest areas

Radioactive contamination of forests as a result of the Chernobyl accident was observed
in 15 constituent subjects of the Russian Federation [2.4; 2.11]. According to the results of
the initial quarterly radiation survey of forestlands (1991-1996), approximately 1 million
hectares of forests were identified with '*’Cs soil contamination density exceeding 37 kBg/m?.

8 The emergency TPL-86, adopted on May 30, 1986, limited the content of all beta emitters in food products (370-
3700 Bg/L for milk, 3700 Bq/kg for meat, fish, potatoes, vegetables, and root vegetables). Subsequently, the TPLs
were adjusted to become more stringent (TPL-88, TPL-91), until the introduction in 2003 of SanPiN standards in
contaminated areas, which were in effect throughout the Russian Federation. SanPiN standards are set at 100 Bq/L
for milk, 200 Bg/kg for meat and meat products, 130 Bq/kg for fish, and 100 Bq/L for potatoes, vegetables, and root
vegetables.
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Figure 2.4. (s concentration in agricultural products produced in the southwestern regions of the Bruyansk region

Repeated surveys revealed previously not studied contaminated areas within forests that were
managed by agricultural enterprises until the mid-2000s.

As of 2025, the area of Russian forests with soil contamination levels above 37 kBg/m?

was 603.9 hectares. Contaminated forests remain in 11 constituent subjects of the Russian
Federation (Table 2.4). Forests in the Leningrad, Smolensk, and Tambov regions and the
Republic of Mordovia were withdrawn from the list of radioactive contamination zones. Since
2020, the total area of radioactively contaminated forests has decreased by 8.8%.

In the Bryansk region, 212.5 hectares of forest lands remain in radioactive contamination
zones, including areas with '*’Cs contamination densities exceeding 1480 kBg/m?2. Areas with
densities of 555—-1480 kBq/m? remain in the Bryansk and Kaluga regions, those with densities
of 185-555 kBg/m? also exist in the Tula, Belgorod, and Kursk regions. In the remaining
regions, all forest areas are within the zone of less than 185 kBg/m?.

Between 2021 and 2025, the excess of 137Cs permissible levels in wood were detected only
in the Zlynkovsky and Klintsovsky forestry districts of the Bryansk region, which is only about
5.5% of the surveyed wood-cutting areas. Forestry workers remain at risk of receiving elevated
radiation doses: external radiation doses of 1 mSv/year can be achieved with continuous
employment in forest areas with soil contamination densities of approximately 450 kBq/m2
or higher.
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Table 2.4 - Distribution of the contaminated forest area by regions and contaminated
zones as of 2025, thousand hectares and changes over the past 5 years (in %)

The area of

Contamination density, kBq/m?

RF regions contaminated
forests 37-185 185-555 555-1480 > 1480

Belgorod 13.2 (-10.5) 13.2 (-7.4)
Bryansk 2125 (-6.3) 135.2 (6.4) 69.7(-7.2) 13 (-50.7) 0.3 (-62.8)
Voronezh 7.6 (3822 7.6 (382
Kaluga 1436 (-6.9) 1311 (-6.1) 12 (-15.6) 0.5 (0)
Kursk 8.1 (-125) 8 (-12]) 0.1 (-44)
Lipetsk 2.7 (-64.5) 2.7 (-64.5)
Oryol 43 (-32) 43 (-32)
Penza 746 (-3.6) 74.6 (-3.6)
Ryazan 183 (-0.2) 183 (-0.2)
Tula 613 (-2.4) 60.4 (-0.8) 0.9 (-52.)
Ulyanovsk 19 (-44) 19 (-44)
Total: 603.9 (-8.8%) 512.9 (-5.9%) 828 (-17.9) 7.8 (-49) 0.3(-62.8)

The density of ¥’Cs soil contamination in forests is characterized by high spatial
heterogeneity, due to both the nature of radioactive fallout during the accident and the
redistribution of radionuclides within spatially complex forest ecosystems. However, the
vertical distribution of the radionuclide across the soil profile is quite stable: the maximum
specific activity of 137Cs is found in the forest litter and in the upper 10 cm of the mineralized
root zone. Small traces of 137Cs are found deeper than 20 cm, with the exception of forested
areas on peat soils, where 137Cs can be detected at depths of 40-50 cm.

As forested areas transition to normal living conditions, actions aimed at reducing the
population external and internal exposure remain relevant for forests with soil contamination
densities exceeding 185 kBg/m?. These actions include restricting access to the most
contaminated forest areas, limiting work time in contaminated areas, and mandatory radiation
monitoring during wood production, etc. Certain types of non-timber forest products require
mandatory radiation monitoring even in contaminated zones of 37-185 kBg/m?2.

Forest fires pose a particular problem. Forest fire detection methods using distributed video
survey systems based on IP cameras, unmanned aerial systems, and mobile forest patrol
systems based on all-terrain vehicles are widely used.

A promising area is the development of radiation-safe forest planting. In highly contaminated
forest areas, due to physical and geographical conditions and economic feasibility, it
is advisable to establish reforestation and afforestation sites with a predominance of
pedunculate oak. Oak stands are characterized by lower (3-5 times) rates of 137Cs transfer
from the forest soil to forest vegetation compared to pine stands. Oak groves form long-
lasting stands with high biological and fire resistance, biodiversity, and provide favorable
habitat for many animals and birds. Oak matures at 120 years, which is equivalent to four
half-lives of 3’Cs. After this period, the wood becomes suitable for use without radiation
restrictions. Since 2016, Rosleskhoz subordinate organizations in the southwestern districts
of the Bryansk region systematically have carried out this activity.




Improving forestry and radiation safety legislation remains a pressing issue. The unified
system of state environmental monitoring should be supplemented with a forest radiation
monitoring subsystem. This requires appropriate amendments to the Forest Code of the
Russian Federation, Federal Law “On Environmental Protection” No. 7-FZ of January 10, 2002,
Resolution No. 681 of the Government of the Russian Federation “On State Environmental
Monitoring (State Environmental Monitoring) and the State Data Fund of State Environmental
Monitoring (State Environmental Monitoring)”, of August 9, 2013 (as amended on November
1, 2023) and other necessary regulatory and methodological documents.

2.7. Exposure of living objects

A characteristic feature of the radio-ecological situation formation in the Chernobyl trace
area is a relatively slow decrease of the concentration of 137Cs in a number of environmental
components (soil, forest and lake ecosystems). In contaminated areas of the Bryansk region,
the permissible levels of '*’Cs content excess is observed in mushrooms (40% of the studied
samples), wild berries (55%), muscles of wild animals (50%), and fish from local waters (18%)
[2.12]. In contamination zones of 185-555 kBq/km?, the content of '*’Cs in mushrooms can
reach 2000-13000 Bg/kg, and in the muscles of wild animals 1500-5600 Bg/kg.

The Chernobyl accident resulted in long-term contamination of lakes and closed water
bodies, including those located at significant distances from the Chernobyl NPP [2.8, 2.9, 2.10].
In the immediate post-accident period, *’Cs levels in the muscles of lake fish (perch, pike) in
the Bryansk region stagnant lakes exceeded 50 kBg/kg fresh weight. Currently, 1*’Cs levels in
fish in local waters have decreased by two orders of magnitude and range within 70-460 Bg/
kg. Although doses to aquatic organisms are several orders of magnitude below levels that
allow detecting radiation effects, they remain significantly above background values.

The long-term dose rate dynamics in terrestrial biota organisms is characterized by a gradual
decrease (Fig. 2.5), due to the natural decay of these radionuclides and their migration deep
into the soil. Estimates of doses to biota in contaminated areas of the Bryansk region outside
the exclusion zones are, on average, an order of magnitude lower than the maximum radiation
load. Even lower dose loads to natural biota are observed in other regions of Russia [2.7, 2.8].

Genetic processes in populations of major tree species in areas of high radioactive
contamination require further study. Research into the behavior of radionuclides in forest
communities, their accumulation in the organs and tissues of trees, and their seasonal
redistribution is necessary to improve radiation monitoring of forests, forecast radiation
conditions, and ensure radiation safety during the economic use of forest timber and non-
timber resources.

The dose rate of terrestrial biota (moose, mouse-like rodents, pine trees, etc.) inhabiting
contaminated areas of the Gordeevsky district of the Bryansk region has decreased by 20-30
times over 40 years, and doses to living organisms were significantly below levels that would
guarantee the absence of serious accident consequences for living organisms. Elevated level of
mutagenesis, recorded over many years in populations of the Chernobyl zone of the Russian
Federation, did not affect enzyme activity, the frequency of morphological anomalies, or the
reproductive capacity of plants. At the same time, elevated dose rates of chronic exposure may
presumably lead to selection of organisms in natural populations and affect the performance
of reparative systems. In other Chernobyl areas, doses to living organisms are even lower and
are within the uncertainty limits of background level estimates [2.7, 2.8].
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Figure 2.5 Dose rate of terrestrial biota organisms in contaminated areas of the Gordeevsky district of the Bryansk
region (1986*-2025). 1986* - according to data for May-December 1986 [2.7]

Conducted studies have shown that the levels of radioactive contamination in the territories
of the Russian Federation have not worsened the situation with regard to environmental
risks: the highest values of environmental risk are tens of times lower than the established
safe levels of biota exposure, and in less contaminated areas these risks are even tens of times
lower.

2.8. Conclusions for the section

One of the accident most severe consequences was the radioactive contamination of
vast territories. In the most contaminated areas, part of the land was withdrawn from
cultivation, while in others, restrictions on agriculture and forestry were imposed. These
actions significantly reduced the public exposure between 1986 and 1989; however, their
implementation, along with other processes, negatively affected the social and economic
situation in the territories, particularly in the agricultural sector.

By the mid-1990s, the production of agricultural products that did not meet current
sanitary and hygienic requirements had significantly decreased. The implementation of
protective actions in the agricultural sector prevented up to 30% of the collective dose
to the population. However, in the mid-1990s, the reduction of the remediation action
implementation caused a slowdown of the rate of product contamination decrease, and in
some areas, an increase of '3’Cs levels in agricultural products was observed.

Over the past 40 years, the radiation situation has improved significantly, and the area
of contaminated agricultural lands has been significantly reduced. Cases of production
exceeding regulatory requirements are rare and involve small volumes of output in several
farms in the Bryansk region. This makes it relevant to return to agriculture without
radiation restrictions, as well as to return temporarily withdrawn land to agricultural use.

. For forest areas with contamination densities >185 kBq/m?, actions aimed at limiting work

hours in contaminated areas, mandatory radiation monitoring during wood production,



and other actions remain relevant. Occasional excess in standards is observed in non-
timber resources and game in forests of the southwestern parts of the Bryansk region.
The tasks of obtaining forest products that meet regulatory standards and preventing
secondary contamination from fires remain urgent.

Surface and groundwater contamination levels in the Bryansk region are currently two to
three orders of magnitude below the acceptable limits. Only in a few stagnant waterbodies
in the southwest of the region, there are elevated *’Cs levels in fish due to contaminated
bottom sediments.

. Long-term studies have shown that the maximum environmental risks in the most
contaminated areas of the Bryansk region are tens of times lower than the safe levels of
biota exposure.
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Doses and medical consequences
for russian participants of the
accident mitigation action

3.1 Cohorts of participants of the accident mitigation action
and dose assessments

In total, about 300 thousand people were involved in the mitigation activity within the
30-km zone around the Chernobyl NPP in 1986-1987. About 2 thousand people worked near
the damaged reactor during the first five days after the accident, including plant personnel and
firefighters. The largest contingent during the first two years consisted of military responders
(approximately 125 thousand people). In total, up to 600 thousand people® participated in
emergency response efforts within the 30-km zone in 1986-1990 .

Personnel of the Chernobyl NPP and firefighters received life-threatening acute doses
(up to 16 Gy) during the first 24 hours of the accident. After April 27, with rare exceptions,
exposure was protracted (portioned) and did not result in acute radiation injuries.

There was no comprehensive individual dosimetry monitoring (IDM) during the first weeks
in the Chernobyl zone, and it was the period, during which the maximum release occurred,
mostly consisting of nuclides with short half-lives, particularly iodine isotopes. Respiratory
protection was inadequate, although studies have shown that inhalation exposure was not
significant.

The systematic assessment of doses of the emergency responders began only after July
1, 1986. It became possible to plan working conditions in compliance with the accepted
emergency dose for personnel of 250 mSv. Clearing-up operations in the territory and
constructing a shelter for the damaged power unit were completed on the whole by November
1986. Thus, another, a third dose group of emergency responders was formed, for the
overwhelming majority of whom the accepted emergency dose allowed them to work at the
industrial site sometimes for a significant period of time (usually up to 2 months) [3.4].

By the end of 1986, employees from over 600 organizations of 49 ministries and departments
of the USSR were under IDM, the largest number being from subdivisions of the USSR Ministry
of Energy. In June 1986, the USSR Ministry of Health established the All-Union Distributed
Register (UDR) at the Research Institute of Medical Radiology of the Academy of Medical
Sciences of the USSR (Obninsk) to collect and analyze medical and dosimetry information
on participants in emergency response operations and residents of the most contaminated
areas. The bulk of the data was transferred from the ministries of health of Belarus, Russia,
and Ukraine.

° There is still no precise answer to the question about the number of emergency responders due to on-going

change of the criteria for obtaining emergency responder status, as well as due to organizational problems in the
first years of the accident. According to earlier estimates, approximately 226 thousand [3.1] people were involved in
emergency response operations in 1986-1987, and according to more recent estimates - approximately 310 thousand
people [3.2]. The total number of responders in 1986-1990 varies in different sources from 526 thousand [3.3] to 600
thousand people [3.1].



DOSES AND MEDICAL CONSEQUENCES FOR RUSSIAN PARTICIPANTS OF THE ACCIDENT MITIGATION ACTION

After collapse of the Soviet Union, UDR was reformed into the National Radiation and
Epidemiological Register (NRER). Today, its parent organization is the Medical Radiological
Research Center (MRRC) in Obninsk.

At the end of 1987, a Departmental Sub-Register of UDR was created in Moscow at the
Institute of Biophysics (now SSC Burnazyan FMBC of FMBA of Russia), which included
employees of nuclear industry enterprises and organizations exposed to radiation as a result
of the Chernobyl accident.

3.1.1 Cohort of liquidators in NRER

As of January 1, 2025, the total number of the Chernobyl emergency responders (hereinafter
referred to as “liquidators”) registered in NRER is 200,707 persons. The largest number of
liquidators are registered in the Central, Privolzhsky, and Southern Federal Districts (24%,
19%, and 16% of the total number of liquidators, correspondently).

The personal data on liquidators include information on the results of medical monitoring
of health status changes, conducted in the regions by various medical specialists, and data
on the individual doses of liquidators, which are registered in accordance with an official
certificate issued immediately before exit from the 30-kilometer zone.

Approximately 70% of the liquidators (142,663 persons) have documented external doses.
Table 3.1 presents the main characteristics of the NRER cohort of liquidators.

The “official” doses vary widely, reaching 1000 mGy or more. Less than 2.5% of registered
participants in emergency response operations received doses above the emergency standard
(250 mGy). The liquidators working in 1986 year had the highest average external dose (~150
mGy), while the doses of others did not exceed 100 mGy.

Table 3.1. Main characteristics of the cohort of the Chernobyl liquidators registered
in the NRER

Year of entry into the Number of registered in Average dose, Average age at entry,
Chernobyl zone the NRER mGy years

1986 92364 1503 334
1987 64,329 89.8 341
1988-1990 44,014 36.7 349
The NRER entire cohort 200,707 106.0 34.0

3.1.2 Cohort of liquidators in the Departmental Sub-Register of the Federal
Medical and Biological Agency of Russia

As of 2025, the Departmental Sub-Register database contains information on 21,607
liquidators — employees of nuclear industry enterprises and organizations. The data have been
obtained from 64 healthcare institutions of the Federal Medical and Biological Agency of Russia,
to which nuclear industry employees are assigned. There is confirmed information on the date
of entry into the 30-km Chernobyl zone for 21,568 liquidators; the majority of the contingent
(~88%) is liquidators of 1986/87 years. The official “Chernobyl” doses are known for 13,922
people (~65%). The average dose received at industry enterprises is approximately 3.3 times
higher than the average “Chernobyl” dose (Table 3.3). The values of total doses (Chernobyl +
occupational) vary widely from 0.1 to 1800 mSv and more. For approximately half of liquidators
(~53%), the total doses do not exceed 100 mSv; doses above 500 mSv are recorded for 5% of
liquidators.
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Table 3.2. Distribution of doses depending on the place of work, mSv

Place of receiving the dose WW

Chernobyl NPP 1478.50
Enterprises and organizations of the nuclear industry 180.8 0.1 1832.40
Weighted sum of doses (13,922 people) 70.5 0.2 1847.72

3.2 Medical and radiological consequences

According to radiologists, participants of the emergency response actions at the Chernobyl
NPP can be divided into three groups with varying degrees of involvement in the emergency
situation, general dose levels, and post-accident health dynamics [3.5].

The first group includes witnesses to the accident (Chernobyl NPP duty shifts and operating
personnel, workers in various workshops and repair services, and firefighters). Their effective
doses could have significantly exceeded the threshold levels for deterministic exposure
effects (~1.0 Gy).

The second group consists of the liquidators of 1986 year, particularly those, who worked
in the first two months and could have been affected by the excessive exposure (0.25 Gy, but
no more than 1.0 Gy). The possibility of radiation sickness is excluded for them; they are
considered to be at high risk due to possible development of tumors. Stress factors associated
with participation in emergency response operations may play a significant role in the
development of pathological conditions.

The third group consists of liquidators who worked later at the Chernobyl NPP (with the
exception of a very limited group of scientists inspected the Shelter). In terms of exposure
level, they can be considered as a control group (no more than 50-100 mSv in total over their
entire service). This group typically spends longer periods at the plant, sometimes in rotation
teams. The psychological factors of the accident are of the primary importance for them,
affecting their mental and emotional health.

3.2.1 Medical assistance to victims in the first days of the accident

In the first hours after the accident, the emergency medical assistance was provided to the
victims by the on-duty staff of the Chernobyl NPP medical center and by ambulance crews
from Medical Unit No. 126 that arrived from Pripyat. Over three days, more than 350 people
were examined.

Patients with severe forms of acute radiation sickness (ARS) were quickly sent by special
flights to the Moscow Clinical Hospital No. 6 of the Ministry of Health of the USSR (at the
Institute of Biophysics, now SSC Burnazyan FMBC of FMBA of Russia) and several other clinics
in Moscow and Kyiv. A preliminary diagnosis of ARS was given to 237 patients; this diagnosis
was confirmed for 134 patients as a result of the following thorough clinical and laboratory
examination. The distribution of these patients by ARS severity and doses is shown in Table
3.4. During the first 100 days, 27 people died at the Institute of Biophysics clinic, and one
more person died in Kyiv. The number of those who recovered was almost four times higher:
in some cases, the implementation of a range of therapeutic measures allowed saving the
lives of victims whose doses were higher by 1-1.5 Gy than levels previously considered lethal.

To provide medical assistance to other emergency responders without obvious symptoms
of ARS, health centers were established in their temporary residences and at the Chernobyl
NPP during the first weeks after the accident. At the same time, efforts were made to



ensure sanitary and epidemiological safety at workplaces, decontamination and laboratory
monitoring.

Following the completion of the basic activity in the 30-kilometer zone of the Chernobyl
NPP in 1990, and the adoption of the Law “On the Social Protection of Citizens Exposed
to Radiation as a Result of the Chernobyl NPP Accident” in the spring of 1991, liquidators
working in the period of 1986 through 1990 and their children born after the accident were
guaranteed free medical care and mandatory special medical observation (medical checkup)
throughout their lives. By government decision, prevention and treatment medical facilities
started providing the medical care for liquidators at their residence locations, as well as the
regional and provincial institutions, and clinics of 25 leading specialized research institutes
of the Russian Ministry of Health and the Russian Academy of Medical Sciences. In 1991, the
All-Russian Center for Environmental Medicine (now the Federal State Healthcare Institution
"All-Russian Center for Emergency and Radiation Medicine" of the Russian Ministry of
Emergency Situations) was established in St. Petersburg, which soon after establishment
became the lead organization for providing medical care to Russian liquidators.

3.2.2 Remote effects of exposure

Patients with ARS

The severe radiation burns, requiring repeated surgical interventions, were the main
consequences for the patients with ARS in the late post-accident period that caused. In
cases of significant visual acuity loss due to radiation cataracts, lens replacement surgeries
were performed that restored vision completely. According to Russian specialists, out of 106

patients who had previously suffered from ARS, 26 persons died from various causes by 2016.

An increased incidence of malignant neoplasms of the blood system (5 deaths out of 26)
was also recorded for this group. Detailed information on the health dynamics of liquidators
injured during the acute period is presented in [3.5, 3.6].

After the USSR collapse, 10 participants of the accident who suffered acute radiation

sickness resided permanently in the Russian Federation and were under medical observation.

Forty years after the accident, two people are alive; both suffer from late effects of local
radiation injuries, ranging from severe to extremely severe cases, and a cancer. The remaining
eight people died over the years from various causes, including acute cardiovascular failure
(three cases), leukemia (two cases), solid tumors (two cases), and liver cirrhosis (one case).

Activity of expert councils to establish cause-effect relation

According to the Law on Social Protection of Citizens of 1991, the most significant social
support measures are provided for individuals suffered radiation sickness and disabled as a
result of the Chernobyl accident. Interdepartmental Expert Councils (IEC), military medical
commissions, and other bodies designated by the Government of the Russian Federation and
operating in all federal districts determine the causal relation between illness, disability, or
death and service in the Chernobyl accident zone.

It is difficult to make correct conclusions of a causal relation not only because of scientific
uncertainty of low-dose effects, which makes it virtually impossible to refute a possible link
between exposure and the illness discovered for a person among a broad class of diseases, but
also of the high motivation of those claiming to establish such a relation. In the first years
after the accident, the Medical and Social Expertise Commission linked virtually all illnesses
among the 1986/87 liquidators to the exposure effects. Decisions in favor of a patient were
made, for example, in the case of the progression of certain cardiovascular diseases within
two to three years after participation in the accident response activity, since the entire range
of risk factors associated with service in the accident zone was taken into account. At the
same time, diagnoses of acute and chronic radiation sickness were often made based on
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radiation history data that ruled out the accumulation of doses above the threshold for the
development of corresponding tissue reactions [3.7]. In this regard, a significant number
of liquidators were later re-examined, and for all classes of diseases (with the exception of
neoplasms), the number of positive decisions decreased significantly.

The number of applications to the Medical and Social Expertise Commission (MSEC) is
decreasing. In 2022, the number of applications submitted was half that in 2010. Between
2016 and 2022, more than a third of all applications (36%) were related to oncological diseases,
with the percentage of positive decisions exceeding 70%. For cardiovascular diseases, a causal
relation was recognized if the dose, confirmed by objective methods (cytogenetic analysis, etc.),
was at least 0.5 Gy. For other nosology groups, a negative decision was predominant [3.8].

Establishing a causal relation during medical support of liquidators who do not have an ARS
diagnosis

In the first decades after the accident, various medical research institutions, previously
inexperienced in radiation epidemiology, were drawn into the problem of establishing a causal
relation between morbidity/mortality and emergency exposure. As a result, all deviations in
general health and even individual laboratory parameters discovered by these researchers
were unconditionally attributed to the exposure consequences from any exposure level.

Following the reduction of funding for the Chernobyl state programs, this research was
continued by specialized scientific and practical centers (SSC Burnazyan FMBC of FMBA of
Russia, the SSC RF FSBE “All-Russian Research Institute of Civil Defense, Emergencies and
Elimination of Consequences of Natural Disasters of the Russian Federation”, and the Russian
Scientific Center for Radiology and Nuclear Medicine of the Ministry of Health), which house
federal Medical and Social Expertise Commissions, as well as some regional medical and
preventive institutions that provide targeted medical care to liquidators (the Bryansk Clinical
and Diagnostic Center, etc.).

The Nikiforov All-Russian Center for Emergency and Radiation Medicine of EMERCOM
of Russia (FSBE “Nikiforov ACERM”) is the lead organization for providing medical care to
persons involved in the mitigation of the Chernobyl accident consequences and to persons
resettled from areas of Russia contaminated by radionuclides. This multidisciplinary
medical institution also provides a high-tech medical care. Advanced medical equipment
and highly qualified personnel (54 doctors of science, over 200 candidates of science) allow
treatment and differential diagnosis of various somatic pathologies, identifying the earliest
stages of oncopathology, cerebrovascular disorders, genetic disorders, etc. Approximately
1000 Chernobyl victims seek treatment at ACERM annually. From 1991 to 2025, more
than 35,000 patients (including persons involved in the mitigation of the Chernobyl NPP
accident consequences and residents (who lived or are living in contaminated areas of the
Russian Federation) underwent a comprehensive diagnostic examination, treatment, and
rehabilitation as part of Russian federal programs and Union State programs. Additionally,
treatment for a number of oncological diseases was provided at the Tsyb Medical Research
Scientific Centre (Obninsk).

In the regions, special medical examinations of Chernobyl victims are carried out in
multidisciplinary consultative and diagnostic centers equipped with state-of-the-art
medical instrumentation and staffed by personnel more qualified than the national average
(for example, the Bryansk Clinical and Diagnostic Center, Voronezh Regional Clinical
Hospital No. 1, etc.).

In recent years, specialists from these organizations have noted a significantly higher-
than-expected incidence of various diseases among liquidators, as well as a significant
increase in morbidity rates for various nosology cases and primary disability, mainly due to
the circulatory system diseases. These changes are no longer interpreted as unconditionally



as before. In addition to exposure, the effect of the aging of liquidators and the influence of
psychologic traumatic experience associated with participation in emergency response in
the Chernobyl zone are mentioned. The existence of specific medical consequences for the
observed contingent and the need to maintain and develop the existing system of specialized
medical support for liquidators are also noted [3.9, 3.10, 3.11]. However, without objective
quantitative data comparing with checks, the conclusion about specific medical consequences
cannot be considered scientifically proven. As for maintaining a targeted medical care and
social support for liquidators, these issues are addressed based on knowledge recognized by
the international scientific community and established long-term practice.

Cohort methods of epidemiological studies

Cohort studies are conducted using the National Register (NRER) and the Departmental Sub-
Register of Liquidators from the employees of Nuclear Industry Enterprises. In the National
Register, official doses are known for 142,600 liquidators. The Departmental Sub-Register
set is an order of magnitude smaller (13,900 persons), but the quality of dosimetry data
and clinical observation is higher. The two sets have different age and gender distributions,
as well as other characteristics, so directly comparing the quantitative results of the two
registries is inappropriate. However, conclusions about the exposure role in the identified
health problems of the liquidators can be compared.

NRER research results

Based on the analysis of large arrays of medical and dosimetry data on liquidators health
changes accumulated over 40 years, NRER specialists attribute the following effects to
radiation-related consequences for liquidators who entered the accident zone in 1986-1987:

= 30%-increase in the incidence of leukemia over the spontaneous level in the first ten years
after the accident, while in the following 30 years (up to the present) the radiation risks of
leukemia were not statistically significant;

= 8%-increase in the incidence of solid malignant neoplasms over the spontaneous level over
the past 40 years, with a possibility of this trend to continue in future years;

= 5%-increase in the incidence of the circulatory system diseases (primarily ischemic heart
disease) over the spontaneous level, both in the past 40 years after the accident and,
possibly, in subsequent years with a downward trend.

On the basis of assessments, NRER specialists conclude that the problem of minimizing
medical consequences and increasing the effectiveness of medical care for persons belonging
to high radiation risk groups will remain relevant not only in the coming years, but also in
subsequent years.

Departmental Sub-Register research results

Over the same 40-year observation period, no cause-effect relation was found between
increased morbidity/mortality across all nosology cases (including malignant neoplasms of
individual organs and tissues) and emergency doses at the Chernobyl NPP among liquidators
registered in the Departmental Sub-Register of the FMBA of Russia. Such a relation was
established only for total doses (accidental and occupational) across the main nosology cases.

Specialists at the SSC Burnazyan FMBC of FMBA of Russia believe it is important to continue
research on a selected cohort of liquidators to determine the relation between radiation risk
and parameters such as occupational dose for all liquidators, medical dose and natural dose.

Uncertainty of the results of epidemiological studies

Increased incidence of certain stochastic effects can be reliably attributed to exposure
at moderate and high doses. At lower doses, confidence decreases. In the low-dose range
(€100 mSv), even a reliable excess of stochastic effects cannot be attributed to exposure, since
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the natural variability of these effects caused by non-radiation factors significantly exceeds
any expected increase due to exposure [3.12].

Therefore, it is crucial to differentiate between different dose ranges when conducting
epidemiological studies. However, dosimetry data in national register databases is incomplete,
and the doses recorded therein are not always confirmed. Therefore, register data shall be
supported by information from other sources and verified by other methods.

The RADRUE method is recognized by the international community as the best one. It
reconstructs doses based on time-and-motion analysis for specific contingents of liquidators
(Fig. 3.1). The initial data are information from interviews with participants of the study;
expert dosimetrists with personal working experience at Chernobyl NPP are involved to
interpret the information [3.13, 3.14]. On average, reconstructed doses are lower than the
“official” dose values, but the proportion of doses exceeding the emergency dose limit (250
mGy) is higher than for the “official” doses, due to a wider distribution (Fig. 3.2) [3.2].

Health effects depend on the total dose, so in addition to accidental doses, it is important
to consider doses from other sources of radiation (occupational, medical, and natural) in
epidemiological studies. For example, due to X-ray examinations during special medical
examinations, the doses of liquidators are higher than those of common population and
vary among liquidators, which can significantly distort the results of epidemiological studies.
Equally important is the problem of accounting for other, often more powerful, risk factors
(smoking, alcohol consumption, etc.). It is also important to consider that morbidity/mortality
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Figure 3.2 - Distribution of individual doses of liquidators: on the left - calculated by the RADRUE method, on the
right - "official" doses from the liquidators' questionnaires [3.15].

rates among liquidators are usually compared with spontaneous levels in reference population
groups. Targeted screening and a wide range of diagnostic techniques during special medical
examinations of liquidators may result in earlier and more frequent detection of changes in
the cardiovascular and other body systems compared to the common population.

These and other limitations and shortcomings of cohort studies are systemic and difficult to
overcome, which is why the debate about the objectivity of national register results continues.

3.3 Conclusions for the section

7. Chernobyl NPP personnel and firefighters who were near the accident epicenter during
the first 24 hours received life-threatening doses (up to 16 Gy). Of the 134 patients
with a confirmed diagnosis of acute radiation sickness, 28 died and 106 were rescued.
Thirty years after the accident, 80 of the ARS survivors were still alive. The main long-
term consequences for them were radiation-induced skin damage and cataracts, and an
increase in the incidence of malignant neoplasms of the blood system was also noted.

8. Within a few days of the accident, new cases of acute radiation sickness had largely
eliminated. A month later, a system of medical and sanitary support for radiation safety
during service in the Chernobyl zone was established, preventing mass overexposure
of responders. According to official records, less than 2.5% of Russian liquidators who
worked in the 30-kilometer Chernobyl zone from 1986 to 1990 received doses above the
emergency standard (250 mGy). Most liquidators received low doses (less than 100 mGy).

9. According to the Russian National Radiological and Environmental Monitoring Service,
the radiation-related consequences for the liquidators, who entered the accident zone in
1986-1987, include:

— 30%-increase in the incidence of leukemia over the spontaneous level in the first ten
years after the accident, while in the following 30 years (up to the present) the radiation
risks of leukemia were not statistically significant;

— 8%-increase in the incidence of solid malignant neoplasms over the spontaneous level
over the past 40 years, with a possibility of this trend to continue in future years;

— 5%-increase in the incidence of the circulatory system diseases (primarily ischemic
heart disease) over the spontaneous level, both in the past 40 years after the accident
and, possibly, in subsequent years with a downward trend.
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Currently, the average age of male liquidators is 73 years, with 52% of this cohort
having reached this age. However, according to Russian statistics, only 41% of the male
population of the Russian Federation has reached this age, indicating that liquidators live
somewhat longer than the reference male population of the country.

According to the Departmental Sub-Register of the FMBA of Russia, no consequences
were identified for the observed cohort of liquidators that could be directly linked to
exposure at the Chernobyl NPP.

The UN Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) in its 2008
report summarized data from health observations of liquidators registered in Belarus,
Russia, Ukraine, Estonia, Latvia and Lithuania (approximately 530 thousand people) and
attributed 134 cases of ARS among plant employees and emergency responders who
received the highest doses of radiation, and the later consequences of severe radiation
burns, cases of radiation cataracts and increased incidence of oncohematological
morbidity to the radiation-related consequences of the accident.

The UNSCEAR considered the conclusions of national registers on the radiation genesis of
the identified negative deviations in the health of liquidators without ARS diagnosis, to be
insufficiently convincing. Later, the Committee reviewed the results of national registers
several times in connection with general problems of assessing the risk of leukemia, solid
cancers, and circulatory diseases in the low-dose range (2010, 2019, 2020/21) [3.16, 3.17,
3.18] and more confidently supported the conclusions of the American-Ukrainian studies
on the dose-dependent incidence of leukemia in the group of liquidators of 1986 year and
cataracts in the group of liquidators of 1986/87 years. The scientific discussion on the
objectivity of interpreting the results of epidemiological studies in the field of low doses
(< 100 mGy) continues.

The issues of establishing a causal relation between illnesses and emergency exposure, as
well as providing targeted medical care and social support to liquidators are addressed on
the basis of currently available knowledge and established long-term practice.



Doses and medical
consequences of the accident
for the russian population
affected by the accident

4.1. Doses to the population due to the Chernobyl accident
and their contribution to total exposure

4.1.1. Exposure of population of the USSR during the acute period
of the accident

A comprehensive analysis of the collected data on public doses and medical consequences
convincingly demonstrated that there were no cases of acute radiation sickness in this
cohort [4.1]. The greatest danger to the population, primarily children, was posed by internal
exposure of the thyroid gland by radioactive iodine isotopes. Doses from cesium, strontium,
and other radionuclides were relatively low. The highest doses to thyroid were received by
the population evacuated from the 30-km zone: the average dose for this contingent was
approximately 500 mGy, while doses to children under 3 years of age in some cases reached
50 Gy [4.2].

Late public warning of the radiation hazard and the delay in implementing urgent
countermeasures failed to prevent the radioactive iodine intake, primarily through cow milk.
Doses from milk were up to 100 times higher than those from inhalation of contaminated
air [4.3].

In the contaminated areas of the Bryansk region, all preschool-aged children received doses
above 0.05 Gy. Children under 3 years of age received the highest individual doses; they
reached about 10 Gy in 17 settlements [4.4].

As a result of the Chernobyl accident, thyroid doses from short-lived iodine isotopes,
primarily *2I and '**I, for residents who consumed contaminated milk did not exceed (1-2)%
of the dose formed by !l [4.5]. In the case of the Fukushima-1 NPP accident, for residents
for whom oral intake of '3!I was prevented, the contribution of short-lived radioactive iodine
isotopes to the thyroid dose could have reached 30-40% of 3! [4.6].

The accident at the Japanese Fukushima-1 NPP (2011) showed that the early public warning
and the urgent introduction of countermeasures allowed excluding the oral route of 3!l intake
with contaminated drinking water and food: thyroid doses after Fukushima were orders of
magnitude lower than after Chernobyl [4.7].

4.1.2. The current situation in the Russian Federation

From the first days after the accident, public health protection tasks were assigned to
the Ministry of Health of the USSR and the republican ministries. The State Sanitary and
Epidemiological Service of the RSFSR was tasked with studying the radiation situation,
assessing the received and projected doses to the Russian population, and developing
measures to protect the population and recommendations for living in contaminated areas.
Scientific and methodological guidance for radiation monitoring and dose assessments was
provided by the Research Institute of Radiation Hygiene, headed by P.V. Ramzaev, which
became the scientific and methodological center for state supervision of public radiation
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protection issues. Currently, state supervision of radiation safety for the Russian population
is carried out by the Federal Service for Surveillance on Consumer Rights Protection and
Human Wellbeing (Rospotrebnadzor). The St. Petersburg Ramzaev Research Institute of
Radiation Hygiene of Rospotrebnadzor is developing methodological recommendations for
assessing doses in the late period of the accident and performing dosimetry calculations to
determine a set of measures for the radiation protection of citizens and the rehabilitation of
the areas contaminated as a result of the Chernobyl accident. Conservative estimates of the
average annual effective dose (AAED) of public exposure are made in the absence of active
radiation protection measures and self-limitations when consuming local foods (AAED90).
This approach was proposed in 1995 by the Russian Scientific Commission on Radiological
Protection in the “Concept of Radiation, Medical, Social Protection, and Rehabilitation of the
Population of the Russian Federation in case of Accidental Exposure”. The AAED90 value is
used for zoning of the settlements, and decisions are made on social and radiation protection
measures for the population. AAED90 values are determined such that the probability that
the actual average dose to residents of a settlement will exceed the AAED90 is significantly
lower than 10%.

In accordance with the Decree of the Government of the Russian Federation dated
28.03.2023 No. 745-1, starting from 2024, 3792 settlements are located within the boundaries
of radioactive contamination due to the Chernobyl NPP accident. Before 2024, according to
the previous list of settlements, approved by the Decree of the Government of the Russian
Federation dated 08.10.2015 No. 1074, 3855 settlements were included in the contamination
zones [4.8]. 76 settlements of regions of the Russian Federation were excluded from the
previous list, but 13 settlements of the Tula Region were added.

Calculations of the average annual effective dose performed for 2024 in accordance with
the new list (Table 4.1) showed that the current values of the AAED90 for the population are
higher than 1.0 mSv in 88 settlements in the Bryansk region, and in one of them the AAED90
exceeds the dose limit of 5.0 mSv. In 294 settlements, in the four most contaminated regions
of the Russian Federation (Bryansk, Kaluga, Oryol, and Tula regions), the calculated doses
vary from 0.3 to 1.0 mSv, and in 3410 settlements (~90% of all settlements) they do not exceed
0.3 mSv.

The actual average annual effective doses for 2024 year for residents of all settlements on
average across all territories amounted to 0.08 mSv, and only in 8 settlements of the Bryansk
region did they exceed 1.0 mSv (the maximum value was 2.7 mSv)!°. Annual effective doses
for individuals in the critical (most exposed) group of residents of settlements - the criterion
established in the Russian Federation for compliance with radiation safety conditions
regarding man-made public exposure - in 2024 exceeded 1.0 mSv in 61 settlements of the
Bryansk region, of which in one settlement the dose for the critical group was estimated
as 5.4 mSv. Similar estimates were obtained in 2022 based on the results of comprehensive
radiation and hygienic surveys of settlements in the southwestern districts of the Bryansk
region with involvement of the FBSI Ramzaev Research Institute of Radiation Hygiene under
the “Program of joint activities of Russia and Belarus within the framework of the Union State
for the protection of the population and rehabilitation of territories affected by the Chernobyl
NPP accident”, approved by Resolution No. 8 of the Council of Ministers of the Union State
dated August 29, 2019.

10 Currently, the dose assessments based on instrumental measurements (using whole-body counters) are not
performed. All doses (AAED90, actual average annual effective doses, and annual effective doses for individuals in
the critical group of residents of rural settlements) are determined by calculation. Exceedances of regulatory levels in
individual members of the population are due to internal exposure via the consumption of foodstuffs with elevated
137Cs levels (game, fish, mushrooms). Although such cases are isolated, they influence the determination of the number
of settlements with annual radiation doses above 1.0 mSv based on AAED90 and explain the differences in the number
of settlements based on different calculation methods.
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Table 4.1. Distribution of settlements in the regions of the Russian Federation located
within the boundaries of the zones of radioactive contamination due to the accident at
the Chernobyl NPP, by the average annual effective dose for 2024 year (data from the
Ramzaev Research Institute of Radiation Hygiene)

Region of the Russian | Number of AAED30 ranges, mSv AAED30, mSv
Federation | settlements 0310 | 15 | >5 | Gpen | Macc |
7 _ _ _

Belgorod region 0,03 0,06
Bryansk region 749 414 247 87 1 043 5.09
Voronezh region 12 12 - - - 0,04 0,07
Kaluga region 289 256 33 = = 0,15 0,63
Kursk region 153 153 — = — 0,05 0,15
Leningrad region 29 29 - - - 0,04 0,07
Lipetsk region 68 68 = = = 0,04 0,09
Oryol region 819 814 5 - - 0,06 032
Penza region 30 30 - - - 0,04 0,09
Republic of Mordovia 15 15 - - - 0,04 on
Ryazan region 27 27 - - - 0,05 0,22
Tambov region 6 6 - - - 0,03 0,04
Tula region 1209 1200 9 = - 0,08 039
Ulyanovsk region 5 5 — — — 0,05 0,07
Total (14 regions) 3792 3410 294 87 1 0,15 509

Note: AAED90 is the average annual effective dose for a settlement, estimated under the condition of
no active radiation protection measures and no self-restraint by the population when consuming local
food products.

Four decades after the accident, additional exposure of residents of Chernobyl-affected areas
of the Russian Federation gives an insignificant contribution to the total dose, estimated
taking into account regional dose values from natural and medical sources (according to
radiation-hygienic certification data on annual effective radiation doses from natural and
medical sources per capita), no more than 2% on average. Given the increasing use of high-
dose diagnostic methods in modern healthcare, this contribution, in addition to other natural
causes, will continue to decrease (Fig. 4.1). The contribution of natural sources to the total
dose in 14 regions of the Russian Federation in 2024 ranged from 67 to 83%, while that of
medical sources ranged from 17 to 33%. For residents of the most contaminated settlements
in the Bryansk region, annual doses caused by the accident at the Chernobyl NPP may be
comparable to the total dose from natural and medical sources (see Table 4.1).

The average accumulated effective doses (excluding the contribution of iodine radionuclides
to the thyroid gland internal dose) of residents of 3792 settlements in the territories
contaminated after the Chernobyl accident (Table 4.2), assessed for the period 1986-2024,
allowed for establishing that the average dose accumulated by 2024 among residents of the
Bryansk region exceeded the threshold of 70 mSv in 63 settlements (for comparison: in 2016
there were 55 such settlements [4.9]). At the same time, for residents of 16 settlements, the
doses accumulated to date exceed 100 mSv, of which for residents of three settlements in the
Krasnogorsk district of the Bryansk region, where the density of soil contamination with *’Cs
in the territory of the settlement in May 1986 exceeded 2.7 MBg/m? (75 Ci/km?), it was 200 mSv.
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Figure 4.1. Average annual effective doses to the population of the settlement territories located within the
boundaries of contaminated zones due to the accident at the Chernobyl NPP, in 2015-2023, taking into account the
contribution of natural and medical sources of radiation, per resident of the Russian Federation region (according to
data from the Ramzaev Research Institute of Radiation Hygiene)

Table 4.2. Distribution of settlements of the Russian Federation regions classified as
contaminated zones by the value of the calculated average accumulated effective dose
to residents for the period of 1986-2024 (data from the Ramzaev Research Institute

of Radiation Hygiene)

Including in the dose range, mSv

RF region settlements

Number of

Belgorod region 17 17 - - - 8
Bryansk region 749 516 170 59 4 323
Voronezh region 12 12 - - - 9
Kaluga region 289 289 — — — 29
Kursk region 153 153 - - - 14
Leningrad region 29 29 = = = 18
Lipetsk region 68 68 - - - 10
Oryol region 819 819 - - - 33
Penza region 30 30 = — — 1
Republic of Mordovia 15 15 = = = 10
Ryazan region 271 271 — — — 27
Tambov region 6 6 - - - 4,6
Tula region 1209 1205 4 = = 44
Ulyanovsk region 5 5 - - - 12
Total (14 regions) 3792 3555 174 59 4 323



4.2 Medical radiological consequences of public exposure

Scientific analysis of the long-term effects of low-dose exposure requires a large volume of
detailed data on morbidity and mortality statistics in contaminated and reference areas over
a long period of time. In Russia, such an information base has been accumulated within the
framework of the National Radiation and Epidemiological Register (NRER).

For 382,845 residents of the Bryansk, Kaluga, Oryol, and Tula regions (with a '*"Cs
contamination density of >5 Ci/km?) registered in the NRER, the average accumulated
effective dose by 2025 was 0.03 Sy, i.e., the excess over the public doses accumulated due to
natural background radiation was approximately 25%. Due to the fallout of radioactive iodine
isotopes, the absorbed dose in the thyroid gland averaged 0.084 Gy, and for children (at the
time of iodine fallout) it reached 4 Gy.

Thyroid cancer. Thyroid cancer is an indicator disease of human exposure to radioactive
iodine isotopes. A special place in assessing the radiological consequences of the Chernobyl
NPP accident was given to studying the incidence of thyroid cancer in the population of the
most radioactively contaminated areas of Russia. This led to the so-called screening effect: a
significant increase of the observed incidence of thyroid cancer for this population compared
to the incidence of thyroid cancer among the Russian population as a whole. The increase in
thyroid cancer incidence was also due to thyroid exposure to 1.

As aresult of radiation epidemiological studies over the cohort of residents of contaminated
areas of the Bryansk, Kaluga, Oryol and Tula regions registered in the NRER, estimates of the
factor of screening (FS) and factor of excessive relative risk (ERR/Gy) of thyroid cancer for the
population of areas contaminated with radionuclides were obtained.

On average, over the entire observation period, the factor of screening (FS) was estimated
as 5.84 for children and adolescents (under 18 years of age at the time of the accident) and
as 2.11 for adults (18 years of age and older). The analysis of radiation risks for a cohort of
108,435 children and adolescents registered in the NRER at the time of the accident and with
an average thyroid dose of 0.17 Gy caused by radioactive iodine-131 showed that over the
entire observation period (from the accident to the present), 43.3% of thyroid cancer cases
were due to exposure.

Leukemia. According to the NRER, the radiation risk of leukemia for the population of
radionuclide-contaminated areas is statistically insignificant, although the average radiation
risk excess value still exceeded zero and amounted to approximately 7%.

Solid cancers and breast cancer. The statistically significant radiation risk of solid
malignant neoplasms (MN), including the risk of breast cancer for women, for the population
of areas contaminated with radionuclides is not statistically significant. This is due to the
low doses to the population (on average, 0.03 Sv). If we use the conservative predictions
based on ICRP risk models, the excess radiation risk of solid malignant neoplasms among
the population should be expected to be 1% above the spontaneous incidence!!. With such a
small expected risk, its detection requires a longer period of monitoring the health status of
the population in contaminated areas.

Health consequences for future generations. According to UNSCEAR and the ICRP, there
is currently no convincing evidence for humans that parental exposure to ionizing radiation

1 The negligible calculated risks of developing cancer from exposure to ultra-low doses (<10 mSv) must be assessed

taking into account the impact on health of other sources of radiation (natural and medical), as well as chemical and
biological factors, many of which are carcinogens and the danger of their exposure is significantly higher than the
danger of low doses of ionizing radiation.
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leads to an excess incidence of hereditary diseases in offspring. However, for conservative
(overestimated) assessments of radiation risks for hereditary diseases for humans, the ICRP
recommends using risk coefficients obtained for experimental animals.

According to the NRER, the maximum annual effective doses to individuals from the
population living in areas with contamination of 1-5 Ci/km? (185-555 kBg/m?) did not exceed
1.0 mSv since 1994, and in areas with contamination of 5-40 Ci/km? (555-1480 kBg/m?)
will exceed 1.0 mSv until 2046. In accordance with the ICRP recommendations of 2007, a
conservative estimate of the proportion of radiation-induced hereditary diseases in offspring
born from parents who lived before 2000 in areas of the preferential socio-economic status
with contamination of 1-5 Ci/km? is 0.08%, and for areas of the resettlement zone and the
zone with the right to resettlement with contamination above 5 Ci/km? (37-185 kBq/m?)
— 0.4% of the Russian average!?. The proportion of radiation-related hereditary diseases
for offspring born after 2000 is five times lower than for offspring born before 2000. It is
important to note that among children born after 2000 from these residents, the NRER
system by 2025 did not reveal a statistically significant relationship between the frequency of
congenital malformations and the accumulated dose of their parents.

4.3 Conclusions for the section

1. At the current stage of the Chernobyl NPP radiation accident, radiation parameters and
average annual doses to the population do not exceed regulatory levels in thirteen regions
of the Russian Federation where settlements are located in the territories classified
as radioactive contamination zones, and protective measures are not required. In 88
settlements in the Bryansk region, the annual radiation doses continue to exceed the
regulatory level of 1 mSv. For residents of 63 settlements in the Bryansk region, average
effective doses accumulated over the period 1986-2024 exceeded 70 mSv.

2. The transition of the settlement to normal living conditions for the population'®> does not
imply the discontinuation of measures to monitor the radiation situation. In contaminated
areas, it is necessary to conduct radiation monitoring, assess the annual doses of man-
made public exposure, and monitor the health of residents of settlements where the
accumulated dose due to radioactive contamination of the environment following the
accident exceeds 70 mSv [4.11].

3. During the study of the medical radiological consequences of public exposure, the NRER
specialists:

— detected a high incidence of thyroid cancer among individuals who were children and
adolescents at the time of the accident and lived in areas with a 137Cs contamination
density above 5 Ci/km? (about 43% of thyroid cancer cases were due to exposure to '3!I);
it is possible that the high incidence of radiation-induced thyroid cancer among this
population will continue in subsequent years;

2 Transgenerational effects (i.e., disorders and pathologies for unexposed children of exposed parents) have not

been demonstrated for humans over more than 60 years of research at any dose. In experiments on laboratory
animals without defects in DNA repair and reduced radiosensitivity, these effects begin to manifest themselves only
at moderate doses [4.10]. The risk coefficients recommended by the ICRP for genetic effects for humans are based on
experimental data obtained for animals. These coefficients are several times lower than those for carcinogenic risks.

13 By “normal Llife activity of the population” is meant ensuring that the population complies with generally accepted
radiation safety requirements and the ability to conduct economic activity in the contaminated area without the use of
special measures to reduce the content of radionuclides in products of local production and origin [4.12].



— established that the “screening effect” on the incidence of thyroid cancer among

residents of contaminated areas of the Bryansk, Kaluga, Oryol and Tula regions leads
to a more than 5-fold increase in the detection of thyroid cancer for children and
adolescents at the time of the accident and a 2-fold increase for adults;

identified no statistically significant radiation risks of leukemia and solid malignant
neoplasms (including the radiation risk of breast cancer for women) for the population
of contaminated areas. If we adhere to conservative forecasts based on the radiation
risk models recommended by the International Commission on Radiological Protection
(ICRP), then the excess radiation risk of malignant neoplasms among the population
living in the territories of the resettlement zone and the zone with the right to
resettlement is approximately 1% above the spontaneous incidence rate of malignant
neoplasms;

revealed no significant influence of the radiation factor on the incidence rates of the
population in contaminated areas for all classes and categories of diseases according to
ICD-10 except for thyroid cancer;

found no statistically significant relationship between the frequency of congenital
anomalies (malformations) and the accumulated radiation dose of the parents among
children born in the territories of the resettlement zone and the zone with the right to
resettlement. Significant consequences for the health of future generations of residents
of contaminated territories are not currently predicted [4.13].
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Consequences
of the accident for the
society (1986-2025)

The humanitarian consequences of the accident were widespread and long-lasting. Life
was disrupted across vast territories. The heroic efforts to mitigate the accident at the
Chernobyl NPP left a deep mark on liquidators, their families, and their descendants. There
were casualties among the liquidators and cases of illness among the population. Millions
of people began to fear for their health. The public began to fear a “new Chernobyl” and lost
confidence in nuclear energy for a long time.

By the 15th anniversary of the accident, the international scientific community concluded
that the greatest damage to the population caused non-radiation factors, such as chronic
psychological stress, disruption of the usual way of life, restrictions of economic activity,
and accident-related material losses. The situation was greatly aggravated by the significant
economic and social difficulties experienced by the country population during the USSR collapse
and the subsequent radical transformation of the social governance system in the 1990s [5.1].

The law on social protection of victims, adopted in the situation of an acute political crisis,
instantly increased the population affected by intervention measures by more than an order
of magnitude. The legally mandated desire of residents and authorities to minimize radiation
risks, while ignoring the basic principle of optimizing intervention, quickly led to serious
negative socioeconomic consequences and perpetuated the situation for a long time.

The culture of dependence on state financial support that emerged during that period has
only begun to give way in the last decade to the understanding that the future depends on
personal effort. However, even today, people are unwilling to lose the routine benefits, even if
they no longer mean much economically.

5.1. Social protection policy for victims

In the first years after the accident, the state measures allowed compensating for material
losses at the local level related to the partial exclusion of lands, cessation or repurposing
of agricultural activities, and other physical consequences of the accident. Additional
equipment, fertilizers, and other material resources were supplied to the contaminated areas.
Special supplies of food, durable goods, and medicines at state prices, as well as compensation
payments, free preschool education for children, and school meals amid widespread shortages,
ensured a higher standard of living for residents of the contaminated areas compared to other
agricultural regions of the country.

At the same time, the mass resettlement policy aggravated the negative social trends typical
for the country rural areas. The USSR Law on the Social Protection of Citizens Affected by the
Chernobyl Accident was adopted on May 12, 1991, at a time when the future structure of the
USSR was being discussed, including various options for a new Union Treaty. Belarusian and
Ukrainian political elites demanded compensation from Russia for the accident consequences.
A compromise was achieved at a high cost.



The law guaranteed social protection regardless of actual health damage or even the dose
received. The category of “victims” included residents of areas with 137Cs soil contamination
levels exceeding 1 Ci/km? (37 kBg/m?2), as well as anyone who visited the 30-km zone of the
Chernobyl NPP between April 26, 1986, and January 1, 1990, regardless of their stay duration.
After the USSR collapse in December 1991, the same social protection criteria were legislated
in the Chernobyl laws of Belarus, Russia, and Ukraine.

The amounts of individual compensation and benefits in areas with residual radioactive
contamination were determined in accord with contamination zones and were low dependent
on risk level. Five years after the accident, the federal law increased the population affected
by intervention measures by more than an order of magnitude, from approximately 500
thousand to 7 million people. Moreover, 90% of the areas legally classified as radioactively
contaminated were included in the privileged socioeconomic status zone, with a 137Cs soil
contamination density of 1-5 Ci/km? (37-185 kBg/m?). Additional Chernobyl doses in these
areas were at the level of natural background doses and lower. This zone, the largest in terms
of area and population, received the major part of budgetary funds, while more contaminated
areas received disproportionately less funding per dose unit.

The benefits and compensation for participants of the accident mitigation were determined
in accordance with the calendar year of entry into the 30-km zone. Social protection measures
for liquidators included free medications and medical care, early retirement, paid additional
“Chernobyl” vacation, tax breaks and cash payments, etc. During the economic crisis, registering
as an accident victim became for many people the only way to get income and access to
medical care, including medication. The economic attractiveness of the compensation and
benefits established by law for disabled liquidators triggered a rapid increase in morbidity and
disability among those involved in emergency response operations. Moreover, in most cases,
loss of labor capacity was due to illnesses, for which no direct link to radiation exposure had
been established. According to the National Radiation and Epidemiological Register (NRER),
the life expectancy of Russian liquidators is somewhat higher than that of the national male
reference population (see Section 3).

The Law on Social Protection established mandatory medical monitoring of public health
in contaminated areas. This measure was aimed at improving the quality and accessibility
of medical care, but in practice, healthcare workers focused on identifying evidence of
deteriorating public health. In the public consciousness, real health problems caused by a
sharp decline in living standards and prolonged psychological stress began to be directly
linked to the radiation exposure consequences, including at the level of healthcare authorities.

The Chernobyl benefits quickly became a heavy burden on the state budget. But any attempts
to reduce them provoked vigorous protests from liquidators, residents, and local authorities.
The state began cutting funding for collective protection measures, including social services
and healthcare. This worsened the problems with the implementation of the Chernobyl
victims' special rights and became a source of persistent dissatisfaction with the performance
of federal and regional ministries and agencies.

While the law on social protection greatly expanded the scope of the state socioeconomic
obligations, it did not limit them in time. Forty years after the accident, calculated doses
within the contaminated zones exceed the established annual dose limit for the population
(AGED90 >1 mSv) in 88 settlements in the Bryansk region, and they exceed the dose limit of 5
mSv in one settlement. Actual average annual effective radiation doses in 2024 exceeded the
dose limit of 1 mSv in only eight settlements in the Bryansk region (the maximum value is 2.7
mSv). Meanwhile, 3792 settlements in 14 regions of the Russian Federation are still located
within the contaminated zones. For comparison, at the beginning of 1999, 3703 settlements
were included in the list. Despite the natural decrease of previously registered Chernobyl
victims, the number of citizens eligible for the state social assistance remains unchanged.
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This is due to migration growth in contaminated areas, the addition of children of the first,
second, and subsequent generations to the Chernobyl Register, and other processes. For
example, in 2022, four new regions (the Donetsk People's Republic, the Lugansk People's
Republic, and the Zaporozhye and Kherson regions) were incorporated into Russia, home
to approximately 16 thousand citizens, whose rights were supposed to be brought into
compliance with the Russian law on social protection for radiation exposure victims.

Russian experts believe that the solution to the Chernobyl stalemate lies in revising zoning
principles, defining criteria for transferring areas with residual contamination to normal
living conditions, and clearly recognizing scientific findings that accidental exposure of
parents does not lead to health consequences for future generations. Society's unique attitude
toward radiation risk hinders the practical implementation of this approach.

5.2. Perception of radiation risk and attitude towards nuclear energy

The idea of mass casualties from Chernobyl radiation is deeply ingrained in the public
consciousness. This stereotype was formed primarily in the 1990s, when data on large-scale
contamination was declassified and the topic became highly politicized. Any exposure to
radiation was declared mortally dangerous, and the most dire and incompetent predictions
were entrenched in the public consciousness as either already accomplished or inevitable.

Scientific assessments of the health consequences presented by domestic scientists and
specialists were met with widespread mistrust. The implemented protective measures were
perceived as insufficient. The findings of the international expert review (the International
Chernobyl Project, 1990-1991), which confirmed not only the adequacy but also some
redundancy of the protection measures, provoked a sharply negative public reaction and were
ignored by the government. Attempts by the international community to dispel the negative
expectations of residents of contaminated areas regarding their health and the health of their
children failed. For example, as part of a Russian-German measurement program (1991-1993),
contamination levels of soil, water, and local food were measured in nearly 60 settlements in
the Bryansk, Kaluga, and Tula regions, and more than 160 thousand people were examined
using whole-bode counters [5.2]. Each resident received a personalized certificate with the
results of individual measurements; however, this did not help to dispel people's unfounded
fears about negative health consequences.

It should be noted that in the first years after the accident, scientific predictions regarding
the long-term exposure effects were quite cautious and contained formulations that were
poorly understood by the public and allowed for varying interpretations by specialists in
other disciplines. Broad international consensus regarding the limited nature of the accident
medical consequences and the predominance of humanitarian concerns over medical ones was
achieved only between 2001 and 2005. Since, the public opinion regarding the catastrophic
scale of the accident medical consequences has changed little, largely due to the continuing
ambiguity and vagueness of scientific formulations regarding the long-term effects of low-
dose radiation (see Sections 3 and 4).

Today, in the era of the internet, social media, and artificial intelligence, it's easy to find
virtually the entire spectrum of estimates for the number of people killed in the Chernobyl
accident—from 28 people to 600 —900 thousand. The popular ChatGPT, when asked about the
number of Chernobyl victims, states that “estimating the number of victims of the Chernobyl
NPP accident is a difficult task and is controversial among experts”. Against this background,
it's not surprising that in 2023, as in 2012, in nationwide inquiries, the majority of Russians
responded that tens, hundreds, and even millions of people died from radiation exposure as
a result of the Chernobyl accident (Table 5.1).



CONSEQUENCES OF THE ACCIDENT FOR THE SOCIETY (1986-2025)

Table 5.1. Distribution of responses to the question: “The Chernobyl NPP accident oc-
curred in 1986. In your opinion, how many people died from radiation exposure as a
result of this accident? (One response)”, (% of the total number of respondents) [5.3]

Response options (grouped) 2012*, % 2023**, %

Nobody / a few / dozens of people 1 5
Hundreds/thousands of people 32 31
Tens/hundreds of thousands of people 33 43
Over a million 9 9
| find it difficult to answer 24 0

Notes: * The inquiry was conducted by the Public Opinion Foundation Institute in October 2012
using a standardized interview method at the respondent place of residence (Fomnibus). Participants
included 1500 respondents from 100 settlements in 44 regions of the Russian Federation, including
urban and rural residents aged 18 and older.

** The online inquiry was conducted in mid-April 2023 using the Yandex Vzglyad online service.
Respondents included users of Yandex Advertising Network platforms (with an average daily audience
of over 50-60 million people) aged 18 and older residing in Russia. The sample size was 1000 people
from 75 regions of the country.

The stability of public ideas about the mass casualties of the accident contrasts with a
noticeable improvement in attitude among Russians toward nuclear energy in general. From
2007 to 2022, the proportion of respondents approving its use in our country doubled [5.4].
From 2006 to 2019, the proportion of Russians who considered a Chernobyl-type accident
(quite/rather) likely to recur in the near future decreased from 60% to 30% [5.3]. Today,
Russians' fear of a new Chernobyl has dropped to a historic minimum, but not disappeared
entirely. According to VSIOM (Russian Public Opinion Research Center) polls conducted in
September 2025, one in five respondents directly associated nuclear technology with the
Chernobyl accident.

These concerns, coupled with perceptions of the dangers of any man-made radiation and the
potential for mass casualties from major accidents such as Chernobyl and Fukushima, underlie
the negative attitude of most Russians toward the idea of building a nuclear power plant near
their homes [5.5]. Local residents react negatively not only to plans for nuclear power plants
but also to other nuclear facilities, such as waste disposal facilities. When it comes to projects
related to the liquidation of decommissioned facilities and site rehabilitation, the question
“What will happen to the nuclear waste?” is a key one for the population.

5.3. Problems of communication between experts and the public
on issues of assessing radiation risks to health

The problem of changing the generally accepted opinions about the Chernobyl medical
consequences is related to a specific approach to regulation of radiation risks in the low-
dose range, which the international scientific community developed at the dawn of the
nuclear era [5.6]. Following the “duty of vigilance” with respect to technogenic radiation,
the International Commission on Radiological Protection (ICRP) recommended that, when
addressing radiation protection issues, any dose, no matter how small, can cause harm to
health (the linear no-threshold hypothesis).
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Harm from the low-dose exposure (<100 mSv) can neither be proven nor refuted against
the backdrop of other, more significant health effects. It may in principle be impossible to
do this with a sufficient scientific certainty. There is a practical scientific consensus that all
we know is that, if any, risk exists at low doses, it is very small and does not exceed socially
acceptable levels. Therefore, the ICRP maintains its commitment to the linear no-threshold
hypothesis but believes that it should not be the only one factor in decision-making; a
sense of proportionality is necessary when applying it at very low doses. The Commission
recommends that careful consideration is to be given to the advisability of applying significant
efforts and resources to further reduce already low doses, as the resulting health benefits are
uncertain (ALARA principle!*). In this regard, whenever publishing calculated health risk
estimates in the low-dose range, experts should disclose their high degree of uncertainty,
indicating the main sources of this uncertainty, and compare these estimates with the risks
from background/medical/occupational exposure and/or risks from non-radiation factors for
cancer development in the population, such as smoking, alcohol, chemical pollutants in the
environment, etc. (see Section 3.2.2).

In practice, experts often limit themselves to calculated risk values and/or absolute numbers
of cancer cases or hereditary diseases in a population, failing to mention that these estimates
are based on reasonable (but unproven) assumptions used for radiation protection purposes.
When these estimates are made known, they are perceived by the public not as calculated
values, but as proven facts.

Scientific hypotheses and ethical principles underlying regulatory standards should not
be automatically presented as definitive proof of harm from exposure to a particular factor
on health. However, this aspect is rarely addressed in both scientific publications and public
communications. A natural consequence of such communications is the people desire to
reduce to zero the widely publicized but in fact negligible radiation risks, while ignoring
other, more significant factors affecting their health. Recently, this issue has increasingly
attracted the attention of the ICRP and is gradually becoming a priority for the international
radiological community.

5.4. Conclusions for the section

4. Politically motivated decisions how to manage the emergency response operations at
the site and public risk communication during the accident acute phase led to long-term
consequences that were, in many ways, more serious than the accident itself. Five years
after the accident, the law on social protection of victims tied benefits and compensation
to criteria lacking scientific justification, depriving risk management in contaminated
areas of the necessary flexibility. As a result, the population affected by these interventions
increased by more than an order of magnitude, and the USSR subsequent collapse
created a situation in which the state commitments to the affected population became
fundamentally non-implementable in the full scope. Subsequently, any attempts by the
authorities to reduce social benefits were perceived with extreme severity. Forty years
after the accident, the Russian state continues to provide social support to approximately
1.5 million residents of contaminated areas, although the radiation situation in most of
these areas has completely returned to normal.

4 ALARA principle: “All exposures shall be kept as low as reasonably achievable, economic and social factors being
taken into account”. ICRP incorporated this principle into the system of radiation protection in 1977. Today it is better
known as the principle of protection optimization (ICRP-2007. Publ. 103, para. 211).



5. Long-term decisions on radiation risk management outside the 30-km zone were largely

based on the heightened perception of radiation hazard by the public and government
officials themselves. This subjective approach ultimately cost society far more and led
to a dead end. Until this lesson is learned, the perception of radiation hazard and its
consequences remains exaggerated across all levels of society and is a potential source of
conflict between the public and government authorities on all issues related to radiation
safety.

6. The task of reformatting generally accepted understanding of the Chernobyl medical

consequences and of any man-made radiation hazard largely hinges on a special approach
to regulating radiation risks in the low-dose range. This circumstance requires the expert
community to take a more responsible approach to risk communication, ensuring that the
desire of the society to reduce negligible radiation risks to zero does not obscure other,
often more significant, non-radiation risks from public awareness, which require priority
budgetary allocations.
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Safety
of nuclear facilities
in Russia

6.1 Lessons learnt for nuclear industry

The main Chernobyl lesson is a profound revision of approach to nuclear safety. Immediately
after the accident, the USSR implemented urgent measures to review the state of nuclear
safety and improve the safety of all operating nuclear reactors and, in particular, RBMK-
type reactors. Two units of the Novovoronezh NPP and the second unit of the Beloyarsk NPP
were finally shut down. However, the most important thing was the transition to a new safety
concept based on the principle of "defense in depth". The concept requires consideration of
not only design basis accidents and postulated initial events, but also beyond design basis
accidents with possible severe damage to core, including complete meltdown. This issue was
discussed in detail in the report of 2021 [6.1]. Today, it is important to consider the practical
changes that have occurred and are planned in the nuclear power industry of the Russian
Federation, which have their roots in the Chernobyl accident.

6.1.1. The progress in state regulation of atomic energy use

The main milestones in the development of the national system of state regulation of
nuclear safety in the Russian Federation were the following: the adoption of the Federal
Law "On the Use of Atomic Energy" (1995), the ratification of the conventions "On Nuclear
Safety” (1998) and the Joint Convention "On the Safety of Spent Fuel Management and on the
Safety of Radioactive Waste Management" (2005), the adoption of the Federal Laws "On the
State Atomic Energy Corporation "Rosatom" (2007) and "On Radioactive Waste Management"
(2011). Russia began submitting regular national reports on nuclear safety and management
of spent nuclear fuel and radioactive waste, which justified its commitment to the principles
of nuclear safety and the availability of the necessary resources to ensure the functioning
of an independent state safety regulatory body. Currently, the regulatory framework in this
area, which includes, in addition to the listed laws, acts of the Government of the Russian
Federation, federal norms and regulations (FNR) in the field of atomic energy use and safety
guidelines, is largely formed. Rostekhnadzor (Russian Federal Service for Environmental,
Technological and Nuclear Supervision) executes the main regulatory functions regarding
the peaceful use of nuclear energy. By the end of 2025, Rostekhnadzor had approved and
implemented 108 Federal Norms and Regulations on various safety aspects, as well as 146
safety guides containing recommendations for meeting FNR requirements. The development
of the FNR system continues at present, including the establishment of safety requirements
for new installations.

The Russian system of regulatory safety requirements incorporates the principle of
defense in depth, as well as requirements for a detailed analysis of the potential for beyond
design basis accident and its development characteristics. FNR define five levels of defense
in depth, three of which are related to the analysis of beyond design basis accidents and
response to them: Level 3 (Prevention of beyond design basis accidents by safety systems),
Level 4 (Management of beyond design basis accidents) and Level 5 (Emergency planning:



preparation and implementation of action plans to protect personnel and the public at the
NPP site and off-site).

Requirements for accident analysis, including beyond design basis and severe accidents, as
well as accident management and actions to protect personnel and/or the public, are included
in FNR, which establish safety requirements for all categories of nuclear facilities (nuclear
power plants (NPPs), ships and other floating craft with nuclear reactors, nuclear service
vessels, research nuclear facilities, nuclear fuel cycle facilities, etc.). For example, the "General
Provisions for Ensuring the Safety of Nuclear Power Plants" (NP-001-15, paragraph 1.2.16)
stipulate that approximate lists of beyond design basis accidents for each reactor type are
established in federal norms and regulations in the field of nuclear energy use, and the final
lists of beyond design basis accidents (including severe accidents) are presented in the Safety
Analysis Report (SAR). It is also established that the analysis of beyond design basis accidents,
presented in the NPP SAR, forms the basis for making action plans to protect personnel and
the public in the event of accidents, as well as for drafting guidelines for the management of
beyond design basis accidents.

Accident analysis should include representative scenarios for determining accident
management actions. Representativeness of the scenarios is ensured by considering the
severity levels of NPP condition and, in addition, the possible operability or inoperability of
safety systems and specialized technical tools for managing beyond design basis and severe
accidents.

In recent years, due to the need to meet requirements for realistic (not conservative) beyond
design basis accident analysis, including assessments of the probabilities of evolution and
consequences of beyond design basis accidents, a significant amount of work has been carried
out on the development of computational codes.

6.1.2. Practical implementation of requirements for analysis and management
of severe accidents (development of the methods for modeling and managing
severe accidents)

The practical implementation of the requirements for severe accident analysis involves
continuing work to improve computational codes for analyzing severe accidents at NPPs
with VVER reactors. In recent years, the development of the SOCRAT/B1,B2 code (certified
by the Scientific and Engineering Center for Nuclear and Radiation Safety, SEC NRS, in 2022)
was completed. This code is designed to model the physicochemical, thermal-hydraulic, and
thermomechanical processes occurring at the in-vessel stage of beyond design basis accidents,
including severe accidents, from the initial event to the end of melt release from reactor vessel.
In 2021, the SOCRAT/B3 version of the computational code was also certified. This version
is designed to analyze the radiation consequences of an accident, including the release of
radioactive substances from fuel into the gas gap, primary circuit of the reactor, containment,
and the atmosphere. The code system also describes the release of radioactive substances
from structural materials and melt, the interaction of corium with sacrificial material of core
catcher and concrete, the removal of heat from the melt to external water cooling system of
core catcher, and other phenomena.

The TITAN-1/V1.0 calculation code has been developed and certified. It is an integrated
thermal-hydraulic, fuel element and neutron-physical code for multiphysical modeling of
VVER-1000 and VVER-1200 reactors in normal operation and abnormal operation modes,
including the initial stages of accidents up to the maximum design limits of fuel element
damage, by performing coupled neutron-physical, thermomechanical and thermal-hydraulic
calculations.

The developed and certified codes enable a new level of safety analysis for nuclear power
plants with VVER reactors, including uncertainty analysis for calculations involving variations
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of the Siberian Chemical Plant (JSC SCP, Rosatom Fuel Division enterprise) as part of the PRORYV strategic industry
project



in the initial data within specified limits. The developed software also enables probabilistic
safety analysis of nuclear power plants.

Along with traditional nuclear energy technology based on thermal reactors, for many
decades, the Russian Federation has been actively developing fast reactors with liquid
metal coolants. Two sodium-cooled fast reactors, the BN-600 and BN-800, are successfully
operating at the Beloyarsk NPP. Within the framework of the «<PRORYV» project, the sodium-
cooled BN-1200 reactor and the innovative lead-cooled BREST-OD-300 and BR-1200 reactors
are being developed. To support these efforts with a sophisticated system of safety analysis
codes, the "New Generation Codes" project is being implemented. Its goal is to create a code
system describing the processes occurring in reactor units, NPP premises, equipment, at site
and adjacent areas.

To date, more than twenty computational codes have been developed and are in use,
covering a variety of topics, from neutron physics calculations to the dispersion of fission
products in the environment. This system of computational codes enables the safety analysis
of nuclear facilities at all stages of their lifecycle, including RW and SNF management. The
development of new-generation codes was made possible by the combined efforts and
effective collaboration of organizations of the Rosatom State Corporation, the Academy of
Sciences, national research centers, and higher education institutions.

6.1.3. Extending the operation life of RBMK reactors and preparing them
for decommissioning

Measures to improve the safety of Russian NPPs were discussed in the report of 2021 [6.1].
Here, we limit our consideration to the safety and decommissioning of RBMK reactors.

RBMK-type reactors. Channel-type reactors had a number of undeniable advantages
over other designs, but they were not widely used worldwide. Only the USSR and Canada
commissioned RBMK and CANDU channel-type reactors. This explained the limited scientific
and practical basis for objective safety analysis and justification for nuclear power plants with
RBMK reactors.

The primary tasks of minimizing the design deficiencies that caused the accident
development and contributed to its scale were addressed within the first five years after the
accident. The period of urgent actions ended in 1993-1994 with an international peer review
(coordinated by the IBRAE RAN and GRS) that included an in-depth safety assessment of
Unit 1 of the Kursk NPP. The review concluded that the safety level of Unit 1 of the Kursk
NPP with RBMK reactor was comparable to that of western nuclear power plants of the same
construction period, allowing the continued operation of this type of reactor.

Subsequently, a fundamental safety analysis was conducted for each RBMK reactor unit to
justify decisions on extending their operating life beyond the initially established 30-year
period by 15 years. The greatest challenges had to be overcome due to the condition of the
graphite stack of the first generation RBMK reactors. In 2012, deformations of graphite
columns reached critical values at power unit No. 1 of the Leningrad NPP. To address these
issues, a technology for restoring graphite stack was developed. A decisive role in the
development of this technology was played by the chief designer of the RBMK reactor (N.A.
Dollezhal Research and Development Institute of Power Engineering, JSC «NIKIET»), the
RMBK project's scientific leading organization (NRC Kurchatov Institute), and Diakont JSC.
Implementation of this technology made it possible to fully utilize the extended operating
life. In 2018 and 2020, following the completion of this additional period, Units 1 and 2 of the
Leningrad NPP were finally shut down, followed by Units 1 and 2 of the Kursk NPP in 2021
and 2024. Currently, seven power units with RBMK-1000 reactors are operating within their
justified operation life (as a result of modernization).
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As part of the work to extend the operation life of RBMK reactors, an integrated code is
being developed for the safety analysis of RBMK reactors in normal operation mode, abnormal
operation modes, and beyond design basis accidents.

Decommissioning preparation programs are being implemented at the shut-down reactors,
which include studies of the radiation and other characteristics of graphite stack to develop
solutions for further management of graphite-containing waste.

6.1.4. Development of two-component nuclear energy

The State Corporation “Rosatom” has developed a Strategy for the Development of nuclear
power engineering in Russia through 2050 and for the period up to 2100 (hereinafter referred
to as the Strategy), which is known as a Two-component Strategy. The first component is
NPPs with VVER-type thermal reactors, which will feature greater maneuverability (VVER-S
reactors with spectral regulation) and a wider range of power ratings, including low-power
nuclear power plants. The second component is fast reactors with full or extended nuclear
fuel breeding (breeding ratio from 1 to 1.3), the ability to burn long-lived radioactive isotopes
formed during nuclear fuel irradiation, and high efficiency of energy conversion cycle (>42%).
Such a fleet of reactors, in addition to fundamental solution of the problem of their fuel
supply, will help resolving the problem of accumulation of long-lived minor actinides —
americium, neptunium, and curium. Fast reactors will become the practical implementation
of the concept of inherent safety. Liquid metal coolant with a high melting point eliminates
the risk of leaks and core dehydration. The high boiling point of liquid metal coolant makes
it possible to avoid high excess pressure in reactor vessel. The integrated design of primary
circuit with an additional barrier eliminates coolant loss. Preventing accidents requiring
evacuation of the population is an important requirement for fast reactors.

An example of new approaches being implemented when considering safety issues and
making decisions on new facilities is the conclusion of the RAS expert group on the topic "Fast
Reactor with Lead Coolant: BREST Technology," prepared in 2019. The terms of reference
for the RW review were approved by Academician V.E. Fortov, the President of the Russian
Academy of Sciences (RAS). The expert group included 13 leading Russian scientists, including
nine RAS academicians. More than 50 documents totaling over 100,000 pages were presented
to the experts. The final point of the generally positive expert opinion was formulated as
follows: "If future operating experience of the BREST-OD-300 reactor proves positive, then given
the competitive characteristics of the BR-1200 reactor, which must be achieved at the design stage
using proven and new technical solutions, the way will be opened for the widespread use of fast
reactors with lead coolant. In reality, only fast reactors with heavy liquid metal fuel allow us to
eliminate deterministically the causes of the most severe accidents that require the evacuation of
the population.”

Over the past 10 years, new technological advancements and experience have been built
across all components of the future energy system. In particular, 50 years of experience in
operating fast neutron power reactors has been supplemented by the operating experience
of the BN-800 reactor fully loaded with uranium-plutonium MOX fuel. Construction of the
BREST-OD-300 fast reactor (Figs. 6.1 and 6.2) is underway at the site of the Siberian Chemical
Plant (Seversk, Tomsk Region) as part of a pilot demonstration power plant complex, which
will enable a closed fuel cycle at the nuclear power plant.

A number of features, primarily the integral reactor design and equilibrium core, as well as
the lead coolant and MNUP fuel, make this reactor unique. Preparatory work is underway at
the Beloyarsk NPP site for the construction of the BN-1200 fast reactor.

Recent technological developments in thermal reactor design include the design of the
VVER-S reactor and the development of new types of nuclear fuel. In 2025, for the first
time, nuclear fuel was loaded into the innovative TVS-5 fuel assembly (fifth-generation fuel



assembly) in VVER-1200 reactor at Unit 6 of the Novovoronezh NPP. The new fuel assemblies
TVS-5, manufactured by the Novosibirsk Chemical Concentrates Plant, will undergo trial
operation in an 18-month fuel cycle over three fuel cycles. The design features of the TVS-5
allow for the fully automated production of VVER-1200 fuel assemblies, which is essential for
the industrial production of uranium-plutonium fuel for VVER reactors as part of the strategic
transition to a two-component nuclear power system with a closed nuclear fuel cycle.

The initiatives of the State Corporation “Rosatom” are supported by the Russian Government
and are included in the Russian Energy Strategy adopted in 2025. The key new objectives for
the nuclear energy industry are defined as follows:

= Ensuring the maneuverability of nuclear power plants to maximize their use in daily load
regulation of power systems, taking into account the compensating measures;

= Creating a range of low- and medium-capacity NPP units for commercial operation,
including in remote and hard-to-reach areas;

= Developing and implementing technologies for fast reactor and closed nuclear fuel cycle.

National projects will serve as the primary policy documents for development through 2030.
In 2025, the Russian Government completed the National Project "New Nuclear and Energy
Technologies." Ten federal projects are included in the national project. Their implementation
will contribute to Russia's entry into the top ten countries in the world in terms of research
and development, as well as to increasing the share of domestic expenditures for these
purposes to 2% of the gross domestic product. The National Project "Nuclear and Other
Energy Technologies" provides for a comprehensive solution to the problems of improving
the safety of nuclear energy during its large-scale development, the final resolution of
SNF problem, the full utilization of the energy potential of uranium raw materials, and the
technological strengthening of the non-proliferation regime in accordance with the Initiative
of the President of the Russian Federation at the UN Millennium Summit in 2000.

6.1.5. Modern approaches to regulating the safety of existing and prospective
nuclear facilities

The Chernobyl accident suspended experimental research at nuclear power plants for a long
time and generally slowed the development of nuclear energy technologies in Russia and
worldwide. Recent years have seen a resurgence of interest in promising innovative nuclear
technologies, including technologies for fundamentally new nuclear reactors. Innovative
developments in nuclear industry necessitate the development and implementation of
new design and engineering solutions, technologies, and structural materials, provided
that personnel, the public and the environment are protected from unacceptable radiation
exposure.

Most existing requirements were developed based on the experience of past accidents;
however, in today's reality, this approach to development cannot be considered sufficient.
Proactive development of safety requirements and the regulatory framework is necessary to
maintain the priority of safety in the new conditions.

This must include identifying redundant and outdated requirements and developing new
requirements that take into account the specific features of innovative and advanced reactors
and address regulatory deficiencies.

Let us give some examples.

As mentioned above, one of the key objectives of the strategy for development of two-
component nuclear energy is the creation of a pilot demonstration operational installation
with a BREST OD-300 reactor. To ensure effective safety regulation of lead-cooled fast
reactors, a "Plan for the development (revision, updating) and implementation of regulatory
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documents governing safety issues in the implementation by Rosatom State Corporation
organizations of the task of creating fast reactors with closed nuclear fuel cycle, with the
establishment of priorities and commissioning deadlines" has been developed and approved.
In accordance with the plan, new Federal Norms and Regulations have been developed and
implemented, establishing requirements for the design and operation, as well as for the
justification of the strength of the reactor equipment unit and piping of lead-cooled reactors
(NP-107-21 and NP-108-21).

Another example concerns the development of regulatory framework for the safety of
floating nuclear power units (FPU). In parallel with the design of the Akademik Lomonosov
FPU, the development of new versions of the Federal Norms and Regulations (FNR) was
initiated, including a new version of the General Safety Regulations (NP-022-17) and the
Nuclear Safety Rules for Ships and Other Floating Craft with Nuclear Reactors (NP 029-17),
as well as documents establishing requirements for emergency preparedness and response
(NP-079-18) and requirements for safety analysis report (NP-023-20). The early development
of these FNRs ensured the availability of up-to-date safety requirements, taking into account
the specifics of floating nuclear power units, at the stage of obtaining the operating license
for the Akademik Lomonosov FPU.

One of the promising areas is hydrogen energy. The concept for the development of
hydrogen energy in the Russian Federation, approved by Decree of the Government of the
Russian Federation No. 2162-r dated August 5, 2021, provides for the use of nuclear energy to
produce hydrogen with a low hydrocarbon footprint. Specifically, the concept envisages the
creation of nuclear power and technology plant with fundamentally new high-temperature
gas-cooled reactors (HTGRs), for which there is currently no operating experience in the
Russian Federation. In this regard, active efforts are underway to improve the regulatory
framework governing the safety of nuclear and hydrogen energy facilities. This activity is
carried out through ongoing collaboration between the Scientific and Engineering Center for
Nuclear and Radiation Safety (SEC NRS) and nuclear industry organizations involved in the
development of innovative technological solutions. Work was carried out to identify potential
safety regulatory issues and identify approaches to improving the regulatory framework.

"Priority Action Plan for the Preparation of Draft Amendments to Regulatory Legal Acts of the

Russian Federation and the Development of Safety Requirements for New Reactor Units and
Related New Nuclear-Hydrogen Energy Technologies" was developed, which was approved
by the management of Rostekhnadzor and the State Corporation “Rosatom”. As part of this
activity, draft amendments to the General Safety Provisions for Nuclear Power Plants (NP-
001-15), the Nuclear Safety Rules for Reactor Installations at Nuclear Power Plants (NP-082-
07), and new Federal Norms and Regulations (FNR) with requirements for safety analysis
reports for nuclear power plants with HTGR and other regulatory documents will be developed.

Another promising area is the afterburning of minor actinides in molten salt reactors,
which helps reducing the long-term potential hazard of waste from the reprocessing of spent
nuclear fuel from power reactors. Currently, in accordance with the State Program of the
Russian Federation "Development of the Nuclear Power Industry" approved by Decree of the
Government of the Russian Federation No. 506-12 of June 2, 2014, a design for a research
molten salt reactor (RMSR) is being developed. In this area, with the participation of SEC
NRS and JSC NIKIET, the main developer of the project, work has been carried out to identify
potential safety regulatory issues and determine approaches to improving the regulatory
framework. A "Plan for the Development (Revision, Update) of Regulatory Documents
Governing the Safety of Research Nuclear Facilities with Molten Salt Nuclear Reactors" has
been approved. In accordance with the specified plan, a draft amendment to the General
Provisions for Ensuring the Safety of Nuclear Research Facilities (NP-033-11), a draft of new
FNR “Nuclear Safety Rules for Molten Salt Research Reactors,” as well as a number of other
Federal Norms and Regulations and standardization documents will be developed.



To proactively develop safety requirements and the regulatory framework, the regulatory
body and its scientific and technical support organization systematically analyze domestic
and international experience in the design and regulation of safety of new technologies,
as well as the applicability of existing requirements to effectively regulate the safety of
such technologies. As a result, through active interaction between the regulatory body and
designers and other organizations in the nuclear industry, plans are being developed to
improve the regulatory framework for the use of nuclear energy. This proactive approach
to safety regulation helps ensure a high level of safety for future innovative installations,
comparable to the level achieved for existing installations.

6.2. Lessons for emergency response

6.2.1. Establishment of the modern system of emergency response

The Chernobyl accident clearly demonstrated the need for an effective emergency response
system for radiation accidents. Relevant tasks were set at the state level as early as 1987, but
they were put into practice only in the 1990s.

The Federal Law No. 68-FZ of December 21, 1994, "On the Protection of Populations and
Territories from Natural and Man-Made Emergencies," defined the structure and content
of the Unified Russian State System of Prevention and Mitigation of Emergency Situations
(RSES), established under the leadership of EMERCOM of Russia. Between 1997 and 2000, a
system of crisis centers and scientific and technical support centers was established, including
organizations with valuable Chernobyl experience. These included the Emergency Medical
Radiation and Dosimetry Center of FMBA of Russia, the Scientific and Technical Support
Center of the Nuclear Safety Institute of the Russian Academy of Sciences, and the Federal
Information and Analytical Center of Roshydromet, based at the NPO Typhoon. Permanent
information exchange with authorized national agencies of foreign countries and the IAEA
crisis center became mandatory.

Rostekhnadzor exercises authority over the implementation of accident prevention
actions and the preparedness of enterprises to mitigate their consequences. It has adopted
a number of mandatory Federal Norms and Regulations establishing requirements for the
emergency preparedness of organizations operating nuclear facilities. Rostekhnadzor has also
established an Information and Analysis Center (IAC), which oversees the implementation of
emergency response actions by operating organizations, including through the assessment of
their actions during emergency exercise. The practice of assessing the actions of operating
organizations during emergency exercises has become regular over the past few years, not
only for nuclear power plants but also for other categories of nuclear facilities.

6.2.2. Current state of the emergency preparedness system

Currently, RSES consists of functional and territorial subsystems, operating at the federal,
interregional, regional, municipal, and facility levels, covering all regions of Russia. The
Government Commission for Prevention and Elimination of Emergencies and Fire Safety,
as the RSES coordinating body, manages the coordinating bodies of the RSES functional
subsystems at the federal level. The functions of the RSES day-to-day management body
are performed by the EMERCOM Main Department "National Crisis Management Center"
(NCMC).

EMERCOM of Russia coordinates the activities of emergency rescue services, emergency
rescue teams, and public associations, and organizes interaction and coordination of the
activities of the forces and resources of executive authorities, local governments, and
organizations involved in emergency rescue operations.
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Within the framework of RSES, a functional branch subsystem for the prevention and
elimination of emergency situations in organizations (at facilities) of the State Corporation
“Rosatom” (BSES) has been formed and is operational. This subsystem ensures the response
and mitigation of the consequences of radiation accidents at industry facilities, and during
the transportation of nuclear materials and radioactive substances.

Monitoring the implementation of emergency response actions by operating organizations
has become one of the functions performed since 2005 by the Rostekhnadzor-managed RSES
functional subsystem for monitoring nuclear and radiation hazardous facilities, including
through the Rostekhnadzor Information and Analysis Center (Rostekhnadzor IAC). Within
the BSES, facility’s emergency prevention and response systems operate at nuclear power
plants and other nuclear and radiation hazardous facilities. The Nuclear Power Plant
Emergency Assistance Group (NPEA) coordinates the actions of the affected NPP with other
emergency response participants. Key elements in the NPP emergency response support
structure include the Rosenergoatom Concern Crisis Center, the Rosatom State Corporation
Situation and Crisis Center (Rosatom SCC), and Technical Support Centers (TSCs) at design
and engineering organizations and leading Russian institutes and enterprises, as well as the
resources of Rosatom ETC and its branches. Support for decision-making on public safety is
provided by specialized TSCs established at the country's leading scientific organizations —
IBRAE RAN, FMBC FMBA of Russia, VNIIAES, and NPO Typhoon. Interaction between the
Rosenergoatom Concern Crisis Center, Rosatom SCC, Rostekhnadzor's IAC, and the TSCs is
practiced monthly during emergency response exercises at nuclear power plants, with the
participation of IAC of Rostekhnadzor.

The procedure for implementing measures to ensure emergency preparedness at Russian
nuclear power plants and implementing the "Plan of Actions for the Protection of Personnel
in the Event of an Accident at a Nuclear Power Plant" is defined by the Federal Norms and
Regulations in the Field of Atomic Energy Use. The Federal Medical and Biological Agency
of Russia plays a leading role in organizing the medical response to radiation emergencies,
providing medical care to victims of emergencies at organizations (facilities) under its
responsibility, including those of the Rosatom State Corporation. In 2023, the Federal Medical
and Biological Agency of Russia established a Crisis Management Center.

The Government of the Russian Federation (Resolution No. 1007 of November 8, 2013)
defined the composition of the forces and resources of constant readiness of the federal level
of the RERS, which includes:

= From the State Corporation Rosatom: emergency rescue teams staffed by professional
rescuers from JSC Emergency Technical Center of Rosatom (St-Petersburg, ETC SPb) with
specialized or regional branches in the cities of Vladivostok, Novovoronezh, Seversk, Glazov,
Murmansk and the Epron Emergency Rescue and Underwater Technical Works Center in
Selyatino; emergency technical centers in Sarov (Nizhny Novgorod Region) and Snezhinsk
(Chelyabinsk Region); a separate paramilitary mine rescue team in Krasnokamensk
(Zabaykalsky Krai); the Robotics and Emergency Response Center in Moscow;

= From the FMBA of Russia: Emergency Medical Radiation and Dosimetry Center and
regional emergency centers;

= From other agencies: centers based at the Nuclear Safety Institute of the Russian Academy
of Sciences and “NPO “Typhoon”.

The system provides response to radiation accidents in nuclear industry organizations, as
well as support for regional and other response systems in the event of similar accidents in
other areas of activity.



6.2.3. Radiation monitoring systems

All Russian NPPs operate automated radiation monitoring systems (ARMS) in their
respective locations. These systems are integrated into an industry-wide subsystem with a
central monitoring station at the Rosenergoatom Concern Crisis Center. Since 2008, data from
the ARMS systems located in the monitoring areas of 21 key Rosatom enterprises has been
displayed online in real time at www.russianatom.ru . Territorial ARMS systems, equipped
with stationary radiation monitoring stations and mobile radiometric laboratories, operate
in 29 regions of the Russian Federation. These systems are integrated into the Unified State
System for Monitoring the Radiation Situation in Russia (USMRS), with its main information
and analytical center at the “NPO “Typhoon” (Obninsk).

6.2.4. System of scientific and technical support for decision-making

The accident at the Fukushima Daiichi Nuclear Power Plant in Japan became a full-scale
test for RSES. Immediately after the accident, at the request of the Russian Government, the
Rosatom State Corporation, the Nuclear Safety Institute of the Russian Academy of Sciences,
and Roshydromet were involved in predicting the consequences. Nuclear Safety Institute
experts conducted a separate accident scenario modeling for each of the Fukushima Daiichi
NPP units, taking into account the state of the units and meteorological and hydrological
conditions. Calculations were performed using domestic computational codes for analyzing
severe accidents and the contamination of the atmosphere and marine environment. As early
as March 12, 2011, the Russian Government received conclusions on the timing of hydrogen
explosions at the power units and the absence of a radiation hazard for the Russian Far East,
even under the worst-case scenario. This conclusion formed the basis for developing RSES
response actions and was used to inform the public [6.2, 6.3].

The second instance of testing the status of response systems was the participation
of the IBRAE RAN in decision-making on intervention measures following the radiation
incident in Elektrostal in April 2013. Promptly prepared detailed forecasts of the radiological
consequences helped the Elektrostal administration and the Moscow region leadership make
informed decisions and avoid unnecessary socioeconomic losses.

The task of developing an off-site emergency response system for nuclear facilities remains
relevant [6.4]. It is the radiation protection system for the population and territories that
ultimately determines the overall scale of the consequences of a severe accident for society.
The complexity of these tasks is primarily due to their interdisciplinary and interdepartmental
nature. Due to the extreme rarity of severe radiation accidents, the specifics of decision-
making regarding radiation protection of the population inevitably falls on the periphery
of regional authorities' attention. In those regions where there are no territorial radiation
monitoring and response systems, in the event of a real radiation threat, authorities find
themselves in an even more difficult situation.

The tasks focused on monitoring the prevention of accident consequences are addressed
by the functional subsystem for monitoring nuclear and radiation hazardous facilities.
For example, as part of the task set during the Fukushima-1 NPP accident to assess the
potential consequences of the accident for the Russian Federation, the functional subsystem,
with the assistance of the Rostekhnadzor scientific and technical support organization,
quickly assessed the accidental releases, which were subsequently confirmed by precision
assessments by the IAEA [6.5].

Rostekhnadzor IAC has formed expert groups comprised of employees from Rostekhnadzor's
central office and the scientific and technical support organization to work in emergencies
at nuclear power plants and other nuclear facilities. Following the accident at the Fukushima
Daiichi NPP, participation of the Rostekhnadzor IAC in assessing the actions of operating
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Figure 6.3. Meeting of the IBRAE RAN TCC Expert Group on the results of the emergency forecast at the Fukushima
NPP, March 2011

organizations has become systematic. From 2011 to the present, the Rostekhnadzor IAC has
participated in over 100 emergency response exercises. These activities are primarily focused
on nuclear power plants. However, the range of nuclear facilities covered is expanding. In
recent years, a regulatory framework has been developed for nuclear research installations,
nuclear fuel cycle facilities, ships and other vessels with nuclear reactors. All necessary
exercise assessment methodologies, in line with the best IAEA-recommended practices, have
been issued, and activities to assess these exercises are underway

An important component of the Rostekhnadzor IAC activity has been and continues to be
the support, development, and improvement of computational and analytical capabilities
and information support, for which Rostekhnadzor has concluded the necessary information
exchange agreements with the Rosatom State Corporation, Roshydromet, and EMERCOM of
Russia. The Rostekhnadzor IAC is provided with real-time data on the radiation situation in
the areas where nuclear power plants are located, including the process parameters of NPP
power units, as well as on the radiation situation in the areas of other nuclear facilities.

To predict accident progression, the Rostekhnadzor Information and Analytical Center is
equipped with specialized models for rapid assessment of the condition of nuclear power
plant units, at a speed exceeding the actual rate of accident processes. To quickly assess
release parameters, the Rostekhnadzor IAC has developed and is using calculation tools for
rapid assessment of radionuclide distribution within NPP premises during severe accidents.

To assess the radiation consequences of accidents at various territorial scales, including
transboundary ones, software tools implementing atmospheric transport models, developed
by the scientific and technical support organization of Rostekhnadzor, have been introduced
and are being used.

Since 1999, the Emergency Medical Radiation and Dosimetry Center (EMRDC), part of the
Branch Emergency Situation System (BESS), has operated at the Institute of Biophysics (now
the A.L. Burnazyan Federal Medical and Biological Center of FMBA of Russia). The EMRDC
supports the Rosatom SCC and the Rosenergoatom Concern Crisis Center in providing



recommendations on personnel protection and medical support for emergency response
actions to protect the population. Based on the experience of EMRDC, regional emergency
centers at the Research Institute of Industrial and Marine Medicine in St. Petersburg and
the South Ural Federal Scientific and Clinical Center for Medical Biophysics in Ozersk were
established in 2010 within the system of FMBA of Russia,.

The activities of emergency centers include scientific, methodological, and expert-analytical
support for FMBA organizations, assessment of their readiness for medical response, and
direct participation in mitigating the medical consequences of emergencies. For this purpose,
specialized radiology teams have been formed within the medical units, clinical hospitals, and
hygiene and epidemiology centers of FMBA of Russia.

The creation of a response system in the agricultural sector remains urgent. The Chernobyl
experience has shown that agriculture remained a critical sector of the economy throughout
the post-accident period. With this in mind, it would be appropriate to supplement the
RERS with a specialized situation center for radiation accidents under the Russian Ministry
of Agriculture. The functions of such center could be performed by the VNIIRAE National
Research Center "Kurchatov Institute”, a leading scientific organization that has coordinated
Chernobyl accident response efforts in the agricultural sector since 1986.

6.3. Conclusions for the section

1. After the Chernobyl accident, approaches to nuclear energy safety have fundamentally
changed. Chernobyl has made us realize the priority of safety and the need for a deep
understanding of the processes that occur during severe accidents at nuclear power
plants. The methods and principles used today are based on this experience and provide
for the comprehensive development of technical systems and the implementation of
organizational and management measures at the national, industry, and facility levels.

2. The Russian Federation has developed a modern system of state regulation of nuclear
safety. The regulatory framework in this area includes a multi-level system of requirements
covering all stages of the life cycle of nuclear facilities, both those in operation and those
planned for construction. Requirements for accident analysis, including beyond design
basis and severe accidents, as well as accident management and actions to protect
personnel and the public, are included in federal standards and regulations for all
categories of nuclear facilities.

3. The accident at the Chernobyl nuclear power plant, as well as subsequent experience
in regulatory activities, became the basis for the development and implementation
in regulatory practice of approaches to monitoring the preparedness of operating
organizations for possible accidents, as well as for the development of own capabilities of
the authorized state safety regulatory body to ensure such monitoring.

4. The strategy for developing domestic nuclear energy based on the combination of thermal
and fast neutron reactors meets the objectives of enhancing nuclear and radiation safety
by closing the nuclear fuel cycle and optimizing fuel supply. The development and
implementation of fast reactors and other innovative nuclear technologies (hydrogen
energy, etc.), as well as the improvement of the technical characteristics of existing
reactors, is taking place within a proactive approach to safety management and scientific
support.

5. Established in the 1990s as part of the Unified Russian State System of Prevention and
Mitigation of Emergency Situations (RSES), the Branch System of Emergency Situation
(BSES) of Rosatom was formed and developed based on the experience of mitigating
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the consequences of the Chernobyl NPP accident. Regular emergency trainings and
comprehensive emergency exercises, as well as experience of responding to real-
life radiation emergencies, demonstrate that the system is functioning effectively. To
further improve and develop it, in 2022, the State Corporation “Rosatom” approved and
is implementing the "Program for the Development of the Rosatom State Corporation's
Emergency Preparedness and Response System up to 2035 and Beyond."

6. The scale of the consequences of a severe accident is determined, first and foremost,
by decisions made by authorities regarding radiation protection of the population and
territories outside the affected facility. Experts believe it is advisable to focus on improving
this element of NPP defense-in-depth, particularly in terms of developing a state system
of scientific and technical support for decision-making on radiation protection of the
population and the economic activities in contaminated areas.



Conclusion

. The Chernobyl accident led to severe and multifaceted consequences, primarily in the

socio-economic sphere.

— Nearby areas of three Soviet republics and territories remote from the Chernobyl Nuclear
Power Plant, including many European countries, were contaminated. Immediately
after the accident and for several years, about 200 thousand residents were resettled,
mainly in Ukraine and Belarus and, in significantly smaller numbers, in Russia;

— Significant areas of land were excluded from economic use, and even larger areas
required the implementation of protective actions, mainly in the areas of agriculture
and forestry, which significantly complicated the living conditions of the population,;

— An unreasonably large number of people were involved in the mitigation of the
consequences of the accident, including those unprepared for work in conditions of
radioactive contamination, who received the status of participants in the mitigation of
the consequences of the Chernobyl accident (liquidators);

— The legislative assignment of numerous benefits and compensations for liquidators
and residents of contaminated areas, unrelated to the actual doses received, has led
to a widening of the socioeconomic consequences of the Chernobyl accident and has
become a reason for many people to worry about their own health and the health of
their children. Because of the lack of necessary flexibility in the law on social protection
for victims, 40 years after the accident, the Russian state continues to provide social
support to approximately 1.5 million residents of contaminated areas, although the
radiation situation in the vast majority of these territories has completely returned to
normal.

. The implementation of restoration and rehabilitation programs in contaminated areas and
for those affected by the accident was accompanied by scientific research, including the
use of radiation epidemiology methods. The profound economic crisis that developed in
the late 1980s and early 1990s triggered significant changes in the demographic situation
and economic life in the contaminated areas and throughout the country, significantly
complicating the task of identifying the consequences of the accident. Nevertheless, from
the first years after the accident to the present, the scientific community, including the
international one, has maintained that the long-term radiological consequences of the
accident are very limited.

. Acute radiation sickness was diagnosed among 134 liquidators who received high and very
high doses of radiation in the first 24 hours after the accident, and 28 of them died within
the first 120 days. For liquidators who were not diagnosed with ARS and for residents of
contaminated areas, the exact number of cases and deaths from radiation exposure is
impossible to determine because of the probabilistic nature of long-term effects from
medium and low doses of radiation. Today, 40 years after the accident, research by Russian
experts (MRSC and FMBC of FMBA of Russia) has established that the overall medical
and radiological consequences of the accident for the health of Russian residents include
several dozen cases of cancer deaths among liquidators and up to 200 cases of thyroid
cancer, the vast majority of which did not result in death. Currently, the average age of
male liquidators is 73 years; 52% of this contingent survived this age. Moreover, according
to Russian statistics, only 41% of the male population of the Russian Federation survived
this age, which indicates that liquidators live somewhat longer compared to the reference
male population of the country.
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4. The experience of the Fukushima Daiichi accident convincingly demonstrated that the

7.

long-term consequences of Chernobyl could have been significantly reduced by the timely
adoption of protective actions, limiting the number of participants in emergency response
operations, and more rational organization of work in the first years after the accident,
including through a well-thought-out information policy.

In the vast majority of Russian territories classified as radioactively contaminated zones,
the radiation and hygiene situation has returned to normal and no longer requires
restrictions on economic activity. Cases of product rejection exceeding standards are rare
and involve small volumes of produce only at isolated farms in the southwest Bryansk
region. In these limited locations, the timeframe for reducing radioactive contamination
levels to regulatory limits may extend beyond 2050. Attitudes toward radioactive
contamination in these areas range widely, from outright disregard to continued
adherence to some recommendations for economic activity. Cases of full implementation
of the entire range of recommended measures, including at the level of agricultural
enterprises, are unfortunately quite rare, although these measures have proven their
effectiveness.

. Following the Chernobyl accident, many countries revised their nuclear energy policies,

and in some cases, decisions were made to decommission existing nuclear power plants
and abandon the construction of new nuclear power plants. In Russia, the accident
initiated a profound review of the conceptual foundations for ensuring the safety of
nuclear technologies. This new approach is being implemented in the designs of new
thermal and fast reactors and in the practical construction of new nuclear power facilities.
One of the key safety components is the emergency response system of the Rosatom State
Corporation, which was established immediately after the accident, has been intensively
developed since the beginning of the 21st century, and is currently functioning reliably.

The Chernobyl accident has become a global phenomenon, demonstrating the discrepancy
between the severity of the radiological consequences of the accident and their perception
by society. While the humanitarian consequences of the accident were catastrophic, its
medical and radiological consequences were significantly lower than those of other major
man-made accidents, in which hundreds and thousands of lives are lost, and natural
disasters, which claim tens of thousands of lives, as well as significantly lower than the
dominant public perception (Chernobyl's tens and hundreds of thousands of victims).
Correcting public perception is a necessary condition for breaking the "Chernobyl dead
end" and resetting public attitudes toward the planned expansion of nuclear energy in
Russia.
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Appendix.

Russian organizations and specialists
who made a decisive contribution to
the Chernobyl accident response

Numerous organizations from civilian ministries and agencies, as well as units of the USSR
Ministry of Defense, actively participated in the work within the 30-kilometer zone of the
Chernobyl Nuclear Power Plant. Their work was led by:

= Task forces of the Government Commission (USSR Council of Ministers);
= Task forces of the 3rd Main Department of the USSR Ministry of Health,;
= Task force of the USSR Ministry of Medium Machine Building.

= Task forces of the Ministry of Defense, the Ministry of Civil Defense, the Chief of the
Chemical Troops, and the Chief of the Engineering Troops.

Significant contributions were made by the command and personnel of the aviation
units, chemical troops, engineering troops, and civil defense forces. The tasks of organizing,
coordinating, and conducting work in the 30-kilometer zone and the construction of the city
of Slavutych were carried out by the Kombinat PA, with the involvement of organizations
and agencies of Union and republican subordination, including the Construction Directorate
(US-605) of the Chernobyl NPP formed from special military construction units of the USSR
Ministry of Medium Machine Building.

Under the leadership of the Interdepartmental Coordination Council on Scientific Problems
of Chernobyl under the Presidium of the USSR Academy of Sciences, a great deal of work was
carried out by scientific organizations:

= Kurchatov Institute of Atomic Energy;

= Branch of the Kurchatov Institute of Atomic Energy;

= Joint Expedition of the Kurchatov Institute of Atomic Energy;
= VNIPIET,

= NIKIET;

= VNIIAES;

= V.G. Khlopin Radium Institute;

= Institute of Biophysics of the USSR Ministry of Health,;

= Branches No. 1 and No. 4 of the Institute of Biophysics of the USSR Ministry of Health;
= Institute of Applied Geophysics;

= Research Institute of Radiation Hygiene;

= All-Russian Research Institute of Agricultural Radioecology;

= Institute of Medical Radiology of the Russian Academy of Medical Sciences;
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“NPO “Typhoon”;
L.Ya. Karpov Scientific Research Institute of Physical Chemistry.

Scientific and design organizations made a significant contribution to mitigation of the

accident consequences by developing robotic systems, military and special equipment with
enhanced crew protection:

Central Research Institute 12 of the Ministry of Defense;
Central Research Institute 15 of the Ministry of Defense;
All-Russian Research Institute of Steel;

All-Russian Research Institute Transmash;

NIKIMT;

Central Research Institute of Robotics and Telecommunications.

A large number of leading Russian experts and scientists were involved in the scientific

justification of accident response actions and their subsequent implementation. Many of
them dedicated years and decades of intensive work to this topic. Their work played an
important role in ensuring the safety of the populations of Belarus, Russia, Ukraine, and the
world. Invaluable were the contributions of

Academicians A.P. Alexandrov, S.T. Belyaev, L.A. Bolshov, E.P. Velikhov, and L.A. Ilyin
in coordinating research efforts;

V. Ya. Voznyak, V. A. Gubanov, V. A. Vladimirov, N. V. Gerasimova, S. I. Voronov, and
T. A. Marchenko in managing practical efforts to overcome the consequences of the
accident;

Academician Yu. A. Izrael, Yu. S. Tsaturov, N. K. Gasilina, V. V. Chelyukanov, E. D.
Stukin, E. V. Kvasnikova, V. M. Shershakov, V. A. Borzilov, S. M. Vakulovsky,
K. P. Makhonko, A. I. Nikitin, S. M. Voitsekhovsky, V. G. Bulgakov, I. I. Kryshev in
organizing work on monitoring radioactive contamination of the environment;

Academician V. A. Legasov, Corresponding Member of the Russian Academy of
Sciences V. A. Sidorenko, Professors A. A. Abagyan, E. O. Adamov, V. G. Asmolov,
R. V. Arutyunyan, A. A. Borovoy, E. P. Ryazantsev in analysis of the causes of the
accident and the assessment of core state and structures of the damaged reactor;

A.N. Usanov, E.I. Ignatenko, E.N. Pozdyshev, O.A. Kochetkov, S.V. Kazakov,
A.P. Panfilov, L.F. Belovodsky, A.F. Lyzlov, E.K. Vasilenko in the organization and
implementation of practical work to bring the nuclear power plant and the 30-kilometer
Chernobyl zone into a safe condition, the construction of the Shelter and ensuring the
radiation safety of participants in the work to mitigate the consequences of the accident;

Professors P. V. Ramzaev, E. V. Ivanov, M. I. Balonov, M. N. Savkin, R. M. Barkhudarov,
0. A. Pavlovsky in dosimetric support for population protection,;

Corresponding Member of the Russian Academy of Medical Sciences A.K. Guskova and
Professor A.E. Baranov in highly qualified care to liquidators exposed to high doses of
radiation and subsequent monitoring of them;

Professor A. M. Nikiforov in providing highly qualified medical care to participants in the
work to mitigate the consequences of the accident;

Academician of the Russian Academy of Medical Sciences A. F. Tsyb, Corresponding
Member of the Russian Academy of Sciences V. K. Ivanov in the field of radiation
epidemiology;
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= ProfessorF. A.Tikhomirov,I.I. Maradudin, A.I. Taskaev, G. M. Kozubov,G. N. Romanov,
I. N. Ryabov, V. A. Shevchenko in the field of radioecology;

= Academician N. A. Korneev, Academician R.M. Aleksakhin, RAS Corresponding Member
N. I. Sanzharova, M. A. Khudyakov, V. G. Svetov, N. V. Goncharik, A. P. Povalyaev,
V. F. Bochenkov, S.K. Firsakova, N. A. Loschilov, A. N. Ratnikov in the field of
agricultural radiology;

= L. A. Osipyants, A. V. Simonov in information and analytical support for actions to
overcome and analyze the consequences of the accident at the Chernobyl NPP.

It is also important to note the enormous role played by military leaders in the mitigation
of the consequences of the accident:

= Chief of the Chemical Troops of the USSR Ministry of Defense, Hero of the Soviet Union,
Colonel General V. K. Pikalov;

= Chief of the Engineering Troops of the USSR Ministry of Defense, Marshal of Engineering
Troops S. Kh. Aganov;

= Hero of the Soviet Union, Colonel General of Aviation N. T. Antoshkin.
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