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Preface

Articles in this report were obtained through a collaboration project “Historical review of
nuclear disasters during the process of nuclear development program by the former USSR” that
was organized by Imanaka under a research-grant of KAKENHI (8.4 million yen for three years).
Someone might doubt why the report of the previous project appears now. Of course, it should be
published two years ago, but the Fukushima-1 NPP accident did not allow me to do it.

In the morning of March 11, 2011, | welcomed Tykhyy Volodya from Kyiv, Ukraine at the
KANSAI airport. He was a foreign member of my project and invited to make a presentation at
the 110" Nuclear Safety Seminar “25 Years from Chernobyl” planned on March 18" at my
institute. It was in the afternoon of the same day when the M9 earthquake took place at about 180
km from the Fukushima-1 NPP. Then, everything suddenly changed around me. The plan to make
the KAKENHI report was blown away in the wakes of the Fukushima-1 accident for nearly two
years..

Through the experience investing the consequences of the Chernobyl accident, | often heard
from victims that their personal history was torn into two periods: “before Chernobyl” and “after
Chernobyl. Now | have a feeling that | am living in “after Fukushima”. | suppose many people
who suffered from the Earthquake/Tsunami and the Fukushima-1 accident have the similar
feeling.

One interesting thing happened to me after the Fukushima-1 accident that my works on
Chernobyl began to attract attentions of various people. So | decided anyway to make the report
of the previous KAKENHI project. Although the contents are somewhat different from that |
planned two years ago, | am a little relaxed after finishing a small duty. | would like to express
my cordial acknowledgement to all persons who contributed to this report.

February 2013
IMANAKA Tetsuji

< Project Member >

Representative:
Imanaka T. Research Reactor Institute, Kyoto University
Formal collaborator:
Kawano N. Research Institute for Radiation Medicine and Biology, Hiroshima University

Kimura S. National Institute of Occupational Safety and Health
Informal collaborator:
Nanasawa K.  NHK Broadcasting Culture Research Institute

Suzuki M. Greenpeace Japan

Foreign collaborator:
Tykhyy V. Institute of Mathematical Machines and Systems Problems, NASU, Kyiv
Malko M. Joint Institute of Power and Nuclear Research, BAS, Minsk

Streltsov D. Moscow State Institute of International Relations, Moscow
Shinkarev S.  Burnasyan Federal Medical Biophysical Center, Moscow
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First Days of the Chernobyl Accident: Private Experience

Nikolay Karpan
Ex-deputy chief engineer of Chernobyl NPP, Kyiv, Ukraine

26 April, 1986

From 21 April 1986 | was in Moscow on duty business. | had to discuss development of reserve
consoles for controlling of first and second units of the Chernobyl NPP. | booked my ticket for traveling
home, to city Pripiat, for Friday or for April 25. On Thursday morning | had very strong headache. Using
of drugs did not help me. Therefore I tried to finish my duties in order to departure from Moscow already
on Thursday. | was successful and could leave Moscow on Thursday. | went in the evening to the railway
station. | changed there my ticket and went to my train. To my surprise my headache left me as only my
train began its moving. | decided that this was a propitious omen and went to sleep. In the morning of 25
April my train reached Pripiat. It was Friday, the last working day. The weather in Pripiat was wonderful.
It was warm like in spring and sunny. | called the Head of nuclear safety department Aleksandr Gobov. He
told me that | might rest after the duty mission. He also informed me that 3 units were operated at full
power and that the fourth unit had to be shut down for the planned maintenance at the end of day. | was
not the whole week at home and was very happy to spend an additional day together with my children. My
son was 3 years old and my daughter was 1 year old at this time. This day slipped away very soon despite
that we went very late to our beds. Nobody could imagine that the next day will destroy our normal life for
a long time.

I was informed about accident at 4 o’clock by my kinswoman that lived in Pripiat. She telephoned
me in order to find out what happened at the Chernobyl NPP. She told me that people say terrible stories
about some explosion at the NPP. According her two her housemate returned home before end of their
shift and freighted all people in the house. They worked as builders at the construction pad of the
Chernobyl NPP. They had this night their night shift. They told that they were spectators of some
explosion at the NPP. | reassured her that no explosion could occur at the plant. | told her that | had on
Friday a telephone conversation with one colleague that informed me about the planned shutdown of the
fourth unit. Protection valves were examined usually before the shutdown. At this operation big amounts
of vapor are released into the atmosphere. This release causes a strong noise effect like some explosion. |
could calm my kinswoman but | became myself the feeling of some uneasiness. | began to call my
colleagues at the fourth unit of plant. However nobody answered my calls. Then | telephoned some
colleagues at the third unit of the plant. | was told that an explosion demolished roof of the central hall of
the fours unit. I looked through window and could see the changed contours of the fourth unit.

I took my bicycle and went to the plant. However | could not reach the plant. Militiamen stopped
everybody and demanded to get back to the city.

Returning home | began to call my supervisors. | was very surprised establishing that Aleksandr Gobov
was at home. Nobody told him something about an accident at the plant despite that he was the Head of
nuclear safety department of the NPP. Nothing was told also to the Head of Nuclear- and physical
Laboratory Anatoliy Kryat. | went to Gobov. We called from his apartment Bryuchanov, Director of the
plant. He asked us to come to the plant together with Aleksandrov, the Head of tryout production of the
plant. Bryuchanov informed us that he sent a car for him. We went to the town exit where we met also
Anatoliy Kryat. Some time later we came all to the plant. It was a little later than 7 o’clock in the morning.
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We went immediately to the bomb shelter of the plant that was constructed under the plant. There were
members of the Civilian Defense Stuff (CDS) of the plant and the heads of the plant including Director,
Chief Engineer, Secretary of the party committee of the plant, their vices as well as heads of some
departments.

The first what | could understand after coming ton the bunker and was very strange for me, was the
absence of exact information about the accident. We were no informed about what happened at the plant
and about details of the accident. Nothing was told us, newcomers, about undertaken and foreseen
countermeasures. It was told only that some accident happened at the fourth unit. But nothing was told
about people and their actions performed after the accident despite the fact that some actions for
mitigation of the accident were undertaken very soon after the explosion at the fourth unit. We were not
informed by people gathered in the bomb shelter about situation in the central hall (controlling hall) of the
fourth unit. Nothing was said how many people were there at the moment of explosion and how many
people were sent to the hospital. Nobody knew what doses were received by members of operation stuff as
the result of the accident.

It was to see that people gathered in the bomb shelter could be divided into two groups. Members of
the first group including Director and Chief Engineer were in some braked state. Members of the second
group tried to make some influence on the situation and actively act on it in order to change it in the
positive direction. However such people formed the minor fraction of the people gathered in the bomb
shelter.

The most important question for me was the question about what happened in the night at the fourth
unit. Some time later | could gather important information about the accident from people that were
eyewitness of the accident. At the moment of the accident some dozens of people were near to the
Chernobyl NPP including security guard, construction workers and fishermen that tried to catch fish in the
pond-cooler of the plant. I talked with all those that were very close to the fourth unit. There were about
one dozen of people that were not far from the fourth unit and that could see the development of events
from short distance. Their evidences were very important. | have been instructed by my supervisor to talk
with such witnesses and to record their evidences. Here is one of stories told me by two employs of the
Chernobyl NPP. They knew the site of the plant were well. At the moment of the accident they were
fishing in the pond- cooler of the plant. Hearing some first explosions they looked to the units of plant.
And at that moment a very powerful explosion occurred at the fourth unit. It was like a noise of some
airplane crossing the sonic barrier. The earth quaked under their foot. Then shock wave followed after the
explosion. Sparks and different red-hot objects in the black cloud were carried high in the night sky. Later,
after dissipating of the black dust they could see a glow that lighted from the below the high ventilating
chimney placed on the roof between the third and fourth units. They did not consider this glow as a result
of a fire. This was a cold glow of ionized atmosphere.

About fires after the explosion.

It was written much about fires on roofs of different buildings of the plant after explosion. It
was told that these fires could fully destroy the Chernobyl NPP. According to such statements the plant
was burning like some wooden storehouse. | studied this problem during some years. And | can tell that
there were no such fires. There were only some inflammations including very dangerous inflammations
that could cause serious fires. And all these inflammations arose inside of the plant and not on roofs of the
plant buildings.
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Here one fragment of the report of the fireman Ivan Shavrei: “I was near to the dispatcher office
of the fire service at the time of explosion. | was on-duty. | heard powerful flap like some explosion. I did
not consider it as some indication of some accident because releases of vapor were followed every time
with such flap (It is believed here examining of main protection valves before the shut down of reactor). |
was going to rest but in the following moment | heard another explosion. | ran to the window and heard
new explosions. | could see through window a black fireball over the roof of the turbo generator building
of the fourth unit of the plant...”.

The fireman Vladimir Prishchepa has written in his report: ”After coming to the NPP the second
division of firemen has connected a car pump with hydrant and water hoses with dry pipes of sprinkler
system. Lieutenant Pravik ran through the transport corridor to the turbo generator hall. We moved to the
line “A” and placed the car at the hydrant. Then we established a main line to dry pipe sprinkler system of
the roof of the turbo generator building. | mounted myself on its roof using a fire escape. When | was on
the roof I could see that slab floor was damaged. Close to the fourth unit I discovered a source of
inflammation. It was small. | wanted to come to it in order to douse this inflammation source. However it
was dangerous because of damaged elements of slab floor. | went back to the fire escape and then went
along the wall stepping on the fire water pipeline. | came to the heat source and doused it with sand. | had
to use sand because | had no possibility to lay there a water pipe. Then | went back to the fire escape and
met Major Telyatnikov on it. | reported him about the situation on the roof. He ordered to place an
operational post on the roof. | was at this post together with the fireman Shavrei .M. up to morning (up to
5 o’clock in the morning- N.Karpan). In the morning we had nausea and vomiting. We were given 2 drugs
for everybody and sent to the sanitary inspection room. We washed ourselves but vomiting kept on. | went
to the medical department of the plant. | was given there one drug. Then I was sent to the town polyclinic.
On other day, on 27.04.1986 | was brought to Moscow, to the clinic Ne 6”.

As can be seen from these fragments there were no heat sources on the roof of the turbo generator
building. This indicates that there was no necessity to place an operational post on this roof. According to
our study there was such necessity only in case of the roof of the reactor building of third unit of the plant.
There were serious heat sources there and they were doused by division of firemen of Lieutenant Pravik.
The Chernobyl NPP was constructed in form of two assemblies. Each of these assemblies included two
practical identical units and turbogenerator building placed between reactor units. The third and the fourth
rector units formed such assembly.

One can read in the report of Major Telyatnikov: “A glow can be seen in the central reactor hall
(benchmark plus 35.6 — floor of the central reactor hall, the central reactor hall and its roof did not exist).
Nothing could burn at such damage except the reactor. And we decided altogether that this glow was from
the reactor”.

This report indicates that firemen coming to the plant did not find some fire on the roof of the fourth
reactor unit. The glow that was seen from some distance proceeds from destroyed reactor. There was not
fire on the roof of reactor that is described even today because there was not roof on the reactor of the
fourth unit. It came fully down as a result of the explosion.

This conclusion agrees with the report of Serafim Vorobyev, the Head of Civilian Defense Staff of
the Chernobyl NPP: “In the night of 26 April at 2 minutes before 5 o’clock | received the call from
telephone operator. | was told to come immediately to the plant. I tried to find out the reason of this order.
The telephone operator answered in short: “Serious accident!” and hanged up the receiver. 1 am the
military man outside of service. | needed only one minute for dressing. Soon | was in my garage that was
near to my apartment. | took my car “Zhiguli” and went to the plant. By going to the plant | picked the
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Head of the 1 Department Igor Nikiforovich Rakitin and the Secretary of the party committee of the plant
Sergei Konstantinovich Parashin. By coming nearer to the plant Rakitin cried loud: “Look! Look!”. | took
a quick glance on the plant. I came in view the disintegration of the fourth unit and smoke coming
from it. However | did not see the fire. | felt an anxiety. | new that different accident occurred
sometimes at nuclear power plants but not such accident with such damage...”

Actions of the Chernobyl NPP stuff after the explosion.

Explosion demolished fully the roof and the west wall of the reactor hall. It also destroyed the wall of
the turbo generator building that was constructed between third and fourth units of the plant. The debris of
reinforced concrete elements formed by explosion damaged also the roof of the turbo generator building.
The explosion caused small inflammations on roofs of buildings near to the fourth unit. They were doused
by firemen simply by swatting with their gauntlets. They were not dangerous und did not require water for
dousing. By the way it was impossible to use water for dousing heat sources on roofs because of two
reasons. At first, the pressure produced by pumps was to low for bringing water on roofs. At second, the
dry pipes of sprinkler systems on roofs were damaged by debris caused by explosion.

Serious heat sources were only in the turbo generator building. They originate from shorting of
electrical cables damaged by fallen construction plates of the roof. According to existed regulation such
heat sources must be doused only by personnel of the plant but not by firemen. The first action of the stuff
of demolished fourth unit was to close the door to the central hall or to the space to the open atmosphere
that formed from the reactor hall as a result of the explosion. All stuff members that were at the fourth unit
at the time of the accident excluding lost Valeri Chodemchuk were gathered together and withdrawn to
secure place. The wounded Vladimir Shashenok was evacuated also to secure place. At the same time the
fifth shift of the fourths unit under supervision of Aleksandr Akimom began replacing of explosive
hydrogen in generators for nitrogen. It also began to switch out burning electrical equipment and pump out
many dozens tons of oil from turbines in order to prevent the propagation of fire to equipment of the 3%,
2" and 1% units of the Chernobyl NPP.

As can be seen from this information firemen worked on roofs and stuff members in different rooms of
the fourth unit or under much more dangerous conditions. Such conclusion can be drawn by comparison
of fatal cases among firemen and stuff members. It is known that six firemen died as a result of their 4
hours duty on roof. However, 23 members of stuff plus one man from the city Charkov that was on his
duty visit died as a result of their work in the destroyed fours unit after explosion preventing of fire and
explosions in the turbo generator building.

It is clear that not a number of died people can be measure of their risk and their heroism. | do not want
to underplay the role of firemen. Their heroic actions are well known. | only want to make clear that stuff
members of the fourth unit deserve also our recognition. It is clear that actions of stuff members
undertaken in first minutes and hours after explosions prevented worsening the accident. People need to
know what was done by members of the NPP stuff. | am convinced in the very high professional
competence of operators of the fifth shift that worked at the time of the accident. The supervisor of this
shift, Aleksandr Akimov, was the first who understood what happened at the fourth unit. He told at 3-40 in
the morning to the Supervisor of the plant shift Vladimir Babichev, that a “general radiological accident”
(the highest level of accident) occurred. Vladimir Babichev came to the plant after the telephone request
of the director of plant Bryuchanov.

Aleksandr Akimov assessed correctly the level of the accident. He understood the seriousness of the
accident and reported his conclusions to the director of the Chernobyl NPP. He did not leave the
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dangerous zone and did everything possible in order to make safer the demolished unit. He was a very
good man. Even at such extraordinary conditions he demonstrated his concern about other people. 4
specialists work at the normal conditions in the control room of the reactor unit: 3 operators and the head
of the shift. The senior engineer Kirshenbaum worked this night as the operator responsible for the
regulation of turbine. He was the youngest in the shift. He did not know well rooms of the reactor building
and Aleksandr Akimov ordered him to leave the operator’s room after explosion: ”You are here
unnecessary. You can not help us. Go away”.

My work

It was very disappointing that all information gathered in the accidental zone by senior specialists such
as Dyatlov, Sitnikov, Chugunov and Akimov was accessible only for Director and Chief Engineer of the
plant. Possibly it went to the Ministry but it was inaccessible for middle level specialists of the plant. This
was the reason that | had to gather the necessary information about consequences of the accident. Already
before 10 in the morning I could visit together with the head of nuclear- and physical laboratory Anatolyi
Kriat the central hall and control room of the third unit, the control room of the demolished fourth unit, the
seventh and eights turbo generators that were connected with the reactor of the fourth unit and some other
places. I could also examine being outside in the site of the plant the status of the destroyed fourth unit.

I do not want to describe all my tasks that | was given in the morning April 26,1986 by my supervisors.
I want to name only 2 my tasks. They were:

- To assess if the air cooling could be enough for preventing of melting of fuel assemblies that could
be caused as a result of residual heat release. This task arose because specialists were not assured
that water pumped into active core for cooling of it could reach the active core at whole.

- To estimate if there was some possibility for initiation of criticality of the reactor (how sure was
shut down of the reactor).

My assessment carried out on the basis of a method developed by specialists of the Principal Designer of
the Chernobyl reactor had shown that there was no sense to pump water in the destroyed reactor. They have
shown that the air cooling 6 hours after explosion in case of open reactor was enough for preventing the
further damage of fuel that could be caused as a result of residual heat release.

Assessment of the poisoning effect indicated that approximately at 19 in the evening concentrations of
iodine and xenon in fuel of the fourth unit will reach such level that initiation of chain reaction in the active
zone and new explosions could be possible. The probability of the chain reaction initiation was assessed as
100%. It was estimated on the basis of an assumption that absorbers entered in the active core for 50%
percents of their length and the amount of fuel in the active core was approximately about 50 critical
masses.

We did know by assessment of the probability of repeated chain reaction that all absorbers together with
fuel were thrown out the reactor. We did not know too that a half of fuel assemblies together with graphite
blocs were thrown out to the reactor hall. They formed there gorges of fuel and graphite. These gorges had
about 20 critical masses. There were all conditions for initiation of chain reaction (presence of nuclear fuel
and moderators — graphite and water). One needed only to wait the decay of poisoned substances that
absorb neutrons (iodine and xenon). The occurrence of self-sustaining chain reaction approached
implacably.

My report for the Head Engineer Nikolay Fomin and his deputy in the field of science Michail Lyutov
was short:
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e The pumping of water into reactor had to be stopped because the air cooling 6 hours after accident
was enough by the open active core.

e The poisoning effect will be not important at approximately at 19 in the evening. Therefore one
needed to introduce absorbers into active core for suppression of the chain reaction. Boron could
be used for this purpose. Thus one needed to find one ton of boron acid and dissolve it in the
water. This solution could be brought into reactor by using fire hydrants. It could be brought into
reactor by using hydraulic monitors of fire engine delivering solution of boron acid from the
ground.

e |t was necessary to order the plant photographer to make photos of destroyed unit and reactor
from helicopter. This was necessary to do in order to receive the picture of damage.

e |t had to give me an armored carrier for organizing of mobile dosimetry unit for measurement of
exposure dose rates of gamma irradiation as well as beta and neutrons fluxes at fixed points of the
NPP sites and near to the fourth unit. Such measurements could allow seeing dynamic of
development of an accidental process after termination of the poisoning effect. They had to give
the possibility to register timely velocity and direction of radioactive substances distribution. Such
information was necessary for adopting of decision about evacuation of the city Pripyat.

After preparing my report | borrowed by Seraphim Vorobyev (Head of Civilian Defense Staff of the
Chernobyl NPP) the military dosimetry instrument DP-5 and began my detailed study of the unit 4. | went
round the unit. It was seen from the north side damaged rooms of drum-separators, rugged tubes and
running water from them. It was to see also that pumped water could not reach the active core.

Exposure dose rates of gamma radiation in the morning of 26 April 1986 in distance 35-40 meters
from the destroyed reactor were not higher than 50 R/h. | went in the turbine hall up to turbine 8. The
maximal exposure dose rate in the area between turbines 7 and 8 was at the level 50 — 70 R/h and close to
turbine 8 up to 200 R/h. I could not find there fuel assemblies of fragments of fuel elements as well as
blocks of graphite. I could see in the turbine hall only different junk, soot and fragments of floor slabs..

Then 1 visited the control room of the unit 4 in order to control the deepness of penetration of absorbers
in the active core. | did not do some registrations of synchro-transmitters because | did not want to be very
long time in this room. | ran simply through the control room of the unit 4. A little later all information of
synchro-transmitters was noticed by the supervising foreman of the control and protection system Eduard
Petrenko. Using these data we demonstrated with Anatoly Kryat to our supervisors the possible scenario
of catastrophically development of events in the fourth unit if the additional absorbing substances will be
not added to the active core. | based my conclusions on a number of following assumptions. | knew that
critical dimension of fuel layer in case of the RBMK reactor was approximately 1 meter. | knew also that
absorbers could not reach the lower part of the active core. Using this information | assessed that about 10
critical masses of fuel were in the active core of damaged fourth unit in its lower area. Absorber could not
reach the this part of the active core.

I as well as Kryat and Gobov told many times about the possibility of initiation of the chain reaction to
our supervisors Lyutov and Fomins and to Bryuchanov (through party secretary Sergei Parashin). Serhei
Parashin informed me that Director of the Chernobyl NPP asked authorities to bring boron acid to the
plant. However, the boron acid was not received on 26 April 1986.

I was very upset because of impossibility to find the necessary amount of boron acid in order to
exclude the possibility of initiation of self-sustaining chain reaction. Not far from the NPP was the city
Pripyat with unprotected inhabitants. There was my family too. Director of the Chernobyl NPP told me
that he had no right to take the decision about evacuation of all these people.

27



First results of the situation assessment

The head of spectrometry laboratory of our department of nuclear safety Vitaliyi Perminov was
ordered to come to the plant together with the morning shift. He performed analysis of samples of water
and substances deposited on the ground. He told me at approximately 12 o’clock concrete facts that shown
the scale of accident. His spectrometric studies demonstrated that deposited substances contained products
of fuel fission. He also said that 17% of activity was linked with neptunium. This was an indication of the
active core destroying and the release of radioactive substances to the atmosphere. It was established that
all samples of deposited substances contained particles of nuclear fuel. The activity of water running to the
control room of the unit 4 was 107 Ci/l. Established data made clear that the reactor of the fourth unit was
seriously demolished. This information was reported to supervisors of the Chernobyl NPP: at first to
Lyutov and later to Bryuchanov and Parashin.

Radioactive contamination of water caused significant problems for people that tried to mitigate
consequences of the accident. They had no dosimetry devices and did know about the danger of
contaminated water. These people had no possibility to take a shower and change their dressing for clean
one. And this was the reason of radiation burns and acute radiation diseases among them. One needs to
notice here that contaminated dressing produced irradiation doses about 100-200 R/h even then when
personnel left dangerous places for normal one.

Immediately after receiving information about existence of fuel particles in air | called my wife. |
asked her to close windows and remain in the apartment. | asked her also to be ready for leaving Pripyat
for safer place. She had to prepare some small bag with children’s things and wait for me. The problem
how could | bring my family to safe place before “awaking” of reactor did not give me the rest. After
executing the most important tasks | asked the Director of the NPP for permission to use the plant’s bus
for bringing our shift to Pripyat for our lunch. I received such permission. However | did not want to
spend this possibility for my lunch. | wanted to use my time for bringing my family to the country town
Chernobyl to relatives of my wife. This town is about 18 kilometers from the city Pripyat. | asked Anatoly
Kryat to help me during the lunch time to bring my family to the Chernobyl town. He had a personal car
and agreed to help me. | called relatives of my wife and asked them to wait for our arrival. Then | called
my wife and told her that we will go to her relatives in the town Chernobyl. At approximately 14 we came
with Anatoly Kryat to our apartment block and took my wife and children. However we were stopped at
the exit from the city (bridge over the railway line) by an armed militiaman. He ordered us to go back to
the city. | understood from him that all exits from the city Pripyat were blocked by militia. This was an
order of authorities. Such order was adopted in order to prohibit a self-willed exit out the city. |
understood that all inhabitants of the city Pripyat became hostages of the situation and | became very upset.
The militiaman advised me to visit the city department of militia and asked there for permission for
leaving the city. | had to follow his advise. In the city department of militia | saw a lot of militiamen. They
all were in a big hurry. Occasionally | met there captain Vyacheslav Vashek. He was my landsman from
Ural and a very god man. I explained him my situation and asked him to accompany me to the Chernobyl
town. He agreed to help me if I could explain him what happened at the plant. The militia post at the
bridge over the railway line stopped us again. However, captain Vashek ordered militiamen not to hinder
us and we continue our travel.

I left my family in Chernobyl and went immediately with Anatolyi Kryat to the city Pripatyt, Coming
back I ran immediately to the plant. Underway | met groups of children. They wanted to see the destroyed
reactor. | explained them that it was very dangerous and ordered to run home.
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| appeared in the bomb shelter approximately at 15 — 30 and began prepare a mobile dosimetric group.
I was happy that I could bring my family to the Chernobyl town. And | could concentrate me fully for my
tasks. | tell about this episode of my life at first time in my life.

What was done from my recommendations?

When | came back to the plant | was given the following information:

- Water was pumped into the active core. This was decision of the Department of the Ministry of Power

of the USSR.

- No absorbing substances were added to the active core because no boron acid was brought to the plant.

- The helicopter was given for photographing of the destroyed reactor. Because | was absent by
evacuation of my family photos were made without my participation. They were made by Polushkin
(coworker of the N.A.Dollezhal Scientific- and Construction Institute of Power Techniques, Moscow)
and the Chernobyl plant’s photographer Anatoly Rasskazov. We were not shown photos made by them.

- We were given an armored carry. We began to ride every 2 hours from 16 with Yuri Abramov (shift
supervisor of the Department of Labor Protection and Safety Techniques) and crew of armored carry on
the same route performing measurement at the established places (5 points). We had instruments for
measure of gamma, beta and neutron irradiation.

We have seen by such measurements how water pumped into the active core for its cooling was
running on the northern wall from broken tubes. It accumulated fissions products and particles of fuel and
moved to the low levels of building to blocks 3,2,1 contaminating different rooms of the plant. The day
shift pumped out this water. 10 thousands cubic meters of water was pumped into reactor on 26 April
1986. The Deputy Chief of the Shop of Centralized Repair Yuri Yudin, Vladimir Babichev, Viktor
Smagin, Anatoly Kryat and other stuff members that were involved in assessment of the accident
consequences informed supervisors of the Chernobyl plant that pumped water did not came into the active
core.

The poisoning effect ended at the time assessed by me and approximately at 20 in the evening of 26
April 1986 we could fix the fire in the reactor and hear explosion’s noise. At the beginning the upper part
of units was lightened with ruby light. Later reflexes of light and fire (colors up to a glaring white color)
began to appear in some unequal intervals. They reached the upper part of ventilation tube and it seemed
that they were fed by some sources like water geysers. We could see that fire heights in different zones of
the central hall of reactor unit were unequal. This meant that there were a number of fire foci with
different intensity in the active core. The sound of fire was also unequal after its power and tone. It
changed from blare up to explosions like volcano explosions. The fire was so powerful that human

capabilities were not enough for its suppression. It was impossible to come near to the fire and nobody
tried to suppress it. Firemen have left already the plant. And there was no sense to send people for

suppressing of the fire.
The release of radioactivity out the reactor increased very significantly at this time. We could notice this

fact by measuring exposure dose rates at our established points. Our last measurements of exposure dose
rate on 26 April was performed at 24 in the night. At this time (4 hours of fire) the exposition dose rate of
gamma radiation increased by 10 times. Yuri Abramov had registered also at the last point of our route
(area opposite the north wall of reactor unit 4) appearance of neutrons (20 neutrons per second per squire
centimeter). The exposition dose rate of gamma radiation was about 20 R/h at this point in the morning
and in the middle of day. But it reached 200 R/h at approximately 24 o’clock on 26 April. All these facts
indicated that the new self-sustaining chain reaction was initiated in fuel after the finish of the
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poisoning effect. It was established later that all fuel was withdrawn out the active core. However
some fraction of fuel was deposited in the destroyed reactor hall. This resulted in formation of an
impulse reactor that produced outbursts by achieving of critical status. Necessary conditions for
achieving this status were created by constant pumping of water into the broken circuit of forced
circulation and absence of neutron absorbers in zones of deposited nuclear fuel.

The self-sustained chain reaction stopped itself at approximately 4 o’clock in the night of 27 April
because the local critical mass consumed its potential. However, the release of huge amount of thermal
energy and radioactive gases lasted after the finish of the chain reaction during 2 following weeks despite
of filling the active core with sand, clay, lead and boron.

After every visit of established measurement points we reported results of our measurements to
Bryuchanov and Fomin. They called the members of the Governmental commission that resided in Pripyat
and informed them about radiation situation.

We have ended our work at approximately 1 o’clock in the night of 27 April and went to Pripyat. Here
worked in the city hotel the Governmental commission from Moscow. No information about danger of
radiation was given to population and the life in the city was as usual despite the fact that the city was
filled with radioactive substances. lodine prophylaxis was not undertaken and this was the second fault of
the Governmental commission that did not undertaken protective countermeasures for the city population
protection. | consider as the first fault of the Comission the absence of efforts for bringing neutrons
absorber (boron) to gorges of fuel and to the shaft of reactor. And this caused initiation of the self-
sustained chain reaction in the evening of 26 April aggravating catastrophic consequences of the accident
for the whole world.

The question appears, why authorities did not undertake protection measures? The Head of Civilian
Defense Staff of the Chernobyl NPP gives the following answer on this question: “Already some hours
after the accident come to Pripyat the Second secretary of the regional party committee. He has taken
management of situation in his hands. He was according my opinion a clever party manager. He was
seriously upset because of the accident. However problems of the civil defense were not an aria where he
could find reasonable solutions. This field of activity has its own specific. It seems anything very easy
before one did not understood existing tasks and the necessity to solve concrete problems... In case of the
Chernobyl accident the following situation arose. It was necessary to undertake concrete measures but
there was no confidence that proposed solutions were correct. As a result one began to wait for decisions
of higher authorities. This means that responsibility was moved to them. Later a lot of higher authorities
came to Pripyat! The Head of the Civil Defense Staff of Ukraine General Bondarchuk and the Deputy
Head of the Civil Defense Staff of the USSR General Ivanov appeared soon in Pripyat. | hoped after their
coming that they will organize necessary countermeasures for protection of the city population. This did
not happen. No warning of radiation danger was announced. Why it was not announced is for me even
today a question”.

- Later many authorities said that they had no necessary information about radiation

situation ....

- Those information that was known in the morning of 26 April (10 hours in thy morning) gave basis for
decision to announce the warning. One did not need to know data about dozens and hundreds of roentgens.
One had only to base the necessary decision using the written reports of Bryuchanov. They were published
and it is possible to read them. Reports of Bryuchanov demonstrated clearly the necessity of population
warning. Here is one example. In the report about radiation situation in Pripyat signed by Bryuchanov and
Korobeinikov (Head of Laboratory of External Dosimetry of the Chernobyl NPP) was stated that exposure
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dose rates in the city were from 4 to 15 microroentgens per second. This was equivalent to 14 — 54
milliroentgens. In accordance with existed requirements of regulating documents it was necessary to
inform population in case if exposure doses exceed the level 0.05 milliroentgens per hour. It had to
explain people how they had to behave in this situation. At the level of irradiation 200 roentgens per hour
existed documents required using of horn signaling the existence of radiation danger.

Radiation situation in the city Pripyat
Weather conditions in Pripyat during 26 April could be characterized as calm. Because constant release
of radioactive substances from the damaged reactor the radiation situation in the city aggravated steadily.
This demonstrates the scanned page of the workbook that contains results of measurements carried out in
Pripyat by specialists of the Laboratory of External Dosimetry on 26, 27 and 28 April 1986 sown in Fig.1.
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Fig.1. Scanned page of the workbook with measurement data of exposure dose rates in chosen spots in

the city Pripyat.

Exposition dose rates demonstrated in Fig.1 are given in milliroentgens per hour. One needs to

notice here that this table does not include data with exposure dose rates up to 2 roentgens per hour found
in some spots of the city. The same data are presented in Table 1. Table 2 gives exposure dose rates in
different places of Pripyat registered on 26 and 27 April 1986 (plan of Pripyat is shown as an annex to this
report).
It is to see from Tables 1 and 2 that a sharp increase of exposure dose rates in the city began after the
finishing of the poisoning effect (on April 26 after 19 hours). The exposure dose rates of gamma radiation
at the beginning of evacuation of Pripyat (at 14 hours on 27 April) were in the entire city in the range from
0.5 to 1 roentgens per hour. Children that played outside of their apartments could receive during 5 hours
the same doses as stuff members of the nuclear power plants. Real doses of people outside their
apartments were even much higher because additional contribution gave also inhalation of radioactive
gases and dust.
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Table 1. Exposure dose rates measured on 26 — 28 April and on 28 May 1986 at points chosen
around the fourth unit of the Chernobyl NPP (milliroentgens per hour).

Time of Chosen points

measurem.

Day E'me’ 1|2 | 3| 4|5 |6 | 7] 8 9 10 | 11 | 12 | 13| 14
ours
03 | 144 | 144 | - - - | 18 | 43 | 18 | 18 - - - - | 144
05 7 7 - 7 7 - | 14 | 14 | 18 - - - - 14
10 14 | 18 | 14 | 114 | 11 | 72 | 43 | 14 | 18 - - - - 7

26.04.86 | 12 14 | 14 | 11 | 14 | 11 | 72 | 54 | 18 | 14 - - - - 14
15 36 | 5 7 | 11 | 11 | 72 | 36 | 18 | 18 - - - - 36
19 | 25 | 36 | 14 | 24 | 29 | 140 140 | 360 - - - - 60
22 61 | 90 | 32 | 54 | 29 | 140 | 180 | 180 | 360 - - - - 60
01 58 | 90 - 54 | 24 | 216 | 180 | 180 | 360 | 410 | 540 | 614 | - 60
04 72 | 54 - - - 1108 | 144 | 180 | 220 | 360 | 430 | 540 | - 75
05%® | 140 | 140 | 100 | 90 | 54 | 180 | 180 | 250 | 250 | 200 | 360 | 540 | - | 140
07 | 200 | 200 | 150 | 100 | 100 | 300 | 400 | 450 | 500 | 500 | 540 | 550 | - | 450

27 04.85 11 | 250 | 250 | 200 | 250 | 200 | 300 | 400 | 450 | 500 | 500 | 540 | 550 | - | 450

o 12 | 300 | 380 | 290 | 250 | 250 | 200 | 430 | 540 | 540 | 650 | 900 |1000| - | 540
13 | 540 | 540 | 290 | 250 | 250 | 290 | 430 | 540 | 720 | 650 | 900 | 1040 | - | 540
14 | 540 | 540 | 380 | 360 | 290 | 430 | 500 | 540 | 720 | 700 | 1080 | 1080 | - | 540
19%° | 540 | 360 | 290 | 366 | 250 | 360 | 500 | 540 | 540 | 540 | 540 | 720 | - | 540
21%° | 540 | 400 | 360 | 320 | 290 | 360 | 540 | 500 | 540 | 720 | 720 | 900 | - | 540
19%° | 400 | 360 | 290 | 360 | 250 | 350 | 500 | 540 | 1010 | 1200 | 1100 | 900 | 590 | 230

28.04.86 19% | 440 | 400 | 360 | 290 | 290 | 360 | 540 | 500 | 940 | 1000 | 900 | 860 | 450 | 180

o 22 | 290 | 180 | 180 | 180 | - | 460 | 430 | 430 | 1080 | 1300 | 1370 | 1000 | 510 | 290
23% | 320 | 250 | 250 | 250 | - | 360 | 380 | 350 | 800 | 1080 | 880 | 860 | 500 | 180

28.05.86 - - | 120 | 84 | 130 | 67 | - - | 250 | 270 | 610 | 1100 | - | 400 | -

Table 2. Exposure dose rates in streets of the city Pripyat (milliroentgens per hour).

Name of street Day of measurements
26.04.1986 27.04.1986
Kurchatova Str. 22 320
Sportivnaya Str. 16 250
Hydroproektorskaya Str. 20 230
Stroitelei Str. 16 250
Squire at city park 86 280
Druzhba narodov Str. 62 380
Entusiastov Str. 53 520
Ohneva Str. 115 490
Labaratory of External Dosimetry 25 340

The radiation situation on 26.04.1986 on the territory of the Chernobyl nuclear plant is shown on
Fig. 2 given below.
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Figure 2 . Exposure dose rates on the territory of the Chernobyl NPP.
Notice: Exposure dose rates are given in milliroentgens per hour in those cases if only some figures are
shown. However in case of the most contaminated spots figures and letters are given. In this case one
needs to understand that exposure dose rates are expressed in roentgens per hour.

It is interesting that the Deputy Chairman of the Council of Ministers of the USSR Boris Shcherbina,
the Chairman of the USSR State Committee of Hydrometeorology Yuri lzrael and his deputy Yuri
Sedunof told on 6 Mai 1986 at the press-conference in Moscow that the exposure dose rate in area of the
unit 4 was only approximately 15 milliroentgens per hour. In reality the exposure dose rateeven in the city
Pripyat was from 1 to 3 roentgens per hour reaching in some spots 50 roentgens per hour. At the same
time the exposure dose rate in area of the plant was in the range of 5 — 300 roentgens per hour reaching in
some spots 1000 roentgens per hour and higher.

27 April 1986.

I do not know what happened in the city on morning because | left my appartment very early that day. |
went to the plant. Conservation of other units of the Chernobyl plant that were shut down after the
accident was the most important task for physicists on 27 April 1986. It was necessary to withdraw fuel
from active cores of reactors and to add additional absorbers of neutrons to them. These tasks have taken
the whole day. On 27 April the list of stuff members needed at the plant was formed. Other people were
allowed to go on evacuation together with their families.

Operators of control boards of other units were all this time on duty. There were also specialists in
turbine halls despite the fact that radiation situation in areas of turbine 7 and turbine 8 was bad. .

We were working from early morning up to 24. After finish of our work we were brought by bus to the
city. It was empty. It was to see militiamen that patrolled the city. They had no any individual protection
equipment. Seeing us they began to control our documents. They were interesting how dangerous was for
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them to be in the city. We recommended them to minimize their time outside of buildings and to protect
their respiratory apparatuses.

It was very strange to see dark blocks of apartment having no light windows. Practically all inhabitants
of Pripyat were evacuated. Only approximately 200 people were left for working at the plant.

28 April 1986.
Physists of our department of nuclear safety were busy with transforming reactors of units 1,2 and
3 in safe status all following days. We slept in our apartments in Pripyat. We finished our work only on 4
May 1986. From this time we had our apartments in the pioneer campus “Tale”.

Contamination of unit 4, ventilation tube’s floor roof of unit 3.

No measurements of radioactive contamination of roofs of the Chernobyl were performed in the
first days of the accident (26, 27 and 28 April 1986). Such measurements were organized later when
preparedness of roofs cleaning began. Recorder chart of measurements is given below.

Measurements of radioactive contamination of roof of the unit 3 were performed by the group
under supervision of Yuri Samoilenko. Data established by them were used later by planning of necessary
activity for roof cleaning from different radioactive debris and fragments of fuel assemblies. The exposure
dose rate on the shown recorder chart is given in roentgens per hour.
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Fig.3. Status of roofs of the unit 3 of the Chernobyl NPP (measurements of exposure dose rates
performed by Yu.N.Samoilenko and V.V.Golubev)
Notces:Flag denotes radioactive sources with exposure dose rates higher than 200 roentgens per hour.
Asterisk denotes radioactive sources with exposure dose rates higher than 1000 roentgens per hour.
Boxes presents areas of roofs of the unit 3 given in squire meters.

(Translated from Russian into English by M. V. Malko)
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History of radiation and nuclear disasters in the former USSR

M.V.Malko
Institute of Power Engineering, National Academy of Sciences of Belarus
Akademicheskaya Str.15, Minsk, 220 000, Republic of Belarus
E-mail: m.malko@tut.by

Abstracts. The report describes the history of radiation and nuclear accidents in the former USSR.
These accidents accompanied development of military and civilian use of nuclear energy. Some of
them as testing of the first Soviet nuclear, Kyshtym radiation accident, radiation contamination of
the Karachai lake and the Techa river, nuclear accidents at the Soviet submarine on August 10,
1985 in the Chazhma Bay (near Vladivostok) as well as nuclear accidents on April 26, 1986 at the
Chernobyl NPP were of large scale causing significant radiological problems for many hundreds
thousands of people. There were a number of important reasons of these and other accidents. The
most important among them were time pressure by development of nuclear weapon, an absence of
required financial and material means for adequate management of problems of nuclear and
radiation safety, and inadequate understanding of harmful interaction of ionizing radiation on
organism as well as a hypersecrecy by realization of projects of military and civilian use of nuclear
energy in the former USSR.

Introduction.

The first nuclear reactor in the USSR reached the critical state on the 25 December 1946 [1] or 4
years later than reactor constructed by Enrico Fermi [2]. The first Soviet reactor was developed at the
Laboratory N2 in Moscow (later 1.V.Kurchatov Institute of Atomic Energy). This was a very important
step in a realization of the Soviet military atomic program that began in September 1942. The Soviet
intelligence service could receive in a previous year the secret information about the beginning of studies
of the possibility to make a nuclear bomb in Great Britain and the USA [3]. As a result of an analysis of
this information the Soviet government decided to begin similar activity in the USSR. On September 28,
1942 the Chairmen of the State’s Council of Defense of the USSR 1.V.Stalin signed the Decree N 2352,
that had the title “On organization of the work on uranium” [3]. This decree ordered the Academy of
Sciences of the USSR to set up a special laboratory for carrying out the necessary scientific work for
development of nuclear weapon. The other decree of the State Council of Defense of the USSR appointed
professor 1.VV.Kurchatov as a scientific supervisor of the Soviet uranium project and a head of a special
laboratory named the Laboratory N2 of the Academy of Sciences of the USSR in February 1943 [3,4].

Construction of the reactor F-1 was accompanied by development of project of plutonium
production on an industrial level. On March 23, 1946 the Government of the USSR issued a Prescription
about construction of a special enterprise (Complex 817) for producing of fissionable materials for nuclear
weapon as well as a city for employers of this enterprise [5]. The most important facilities of the Complex
817 were a plutonium-production reactor (Reactor “A”), a radiochemical facility (Facility “B”) and a
metallurgical facility (Facility “C”). The Complexs 817 and the city for its employers (the city Ozersk or
Chelyabinsk-40) had to be constructed in the South Ural (approximately 1200 km in east direction from
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Moscow) in the Chelyabinsk oblast (region) approximately 100 kilometers in northwest direction from the
city Chelyabinsk and not far from the city Kyshtym .

The Complex 817 was renamed later as “Chelyabinsk 65" (“Chelyabinsk 40). Now it is known
under the name Production Association “Mayak” or in short form as PO “Mayak” [6].

Up to the middle of 1949 the Complex 817 produced plutonium enough for development of the
first nuclear device that was exploded at the Semipalatinsk Test Site on August 29, 1949 [1]. Its power
was equal to 22 kiloton TNT [1,7].

The first Soviet nuclear device was made only 13 months after beginning of operation of the
reactor “A” of the Complex 817. This was an outstanding achievement of the Soviet science and industry.
However, this success was achieved by continuous disregard for environmental and public safety. Three
specific radiation incidents that have their origin in the operation of Complex 817 or PO “Mayak” stand
out even at present. They are: intentional dumping of radioactive wastes in the Techa river: an explosion at
a radioactive waste storage in 1957 (Kystym accident); and a transfer of radioactive sediments from Lake
Karachay in 1967 caused by a wind storm. These and other accident are described in more details in the
present report.

Plutonium production reactor of the USSR

The first Soviet industrial reactor began its operation at the full power equal to 100 MW in June
22, 1948 [1]. It was constructed in Chelyabinsk oblast near the lake Kyzyl-Tash (Production Association
“Mayak™). By construction of this reactor the Soviet specialists changed the arrangement of the active
zone developed in the USA by construction of Hanford production reactors. They designed a vertical
arrangement of the active core instead of the horizontal scheme used by American specialists. This was
made in order to improve thermo-hydraulic parameters of the reactor.

The first Soviet production reactor was a heterogeneous thermal neutron channel-type reactor, in
which graphite was used as the moderator and light water as the coolant. The reactor core took the shape
of a vertical cylinder. The graphite stack consisted of blocks assembled into columns. They had axial
openings into which the fuel channels were inserted. The total number of fuel channels was 1,200 [1]. The
channels were made from aluminum. The aluminum alloy was also as a cladding material for fuel
elements. The natural metallic uranium was used as a fuel. The water for cooling of the active core was
taken from deep horizons of the lake Kyzyl-Tash [1]. It was then purified at a special chemical factory and
led to the topic of the active zone. After passing of it, the water was brought back to the lake Kyzyl-Tash.
As can be seen from here, the open cycle of cooling was used in case of the first plutonium reactor. The
project plutonium output of this reactor was established as 36 kg for 1949 [1]. Plutonium that was
produced by this industrial reactor was used for construction of the first Soviet atomic device [1,5,7]. In
1950 the second production reactor of the same type was constructed at the Production Association
“Mayak” [8]. Later a number of other plutonium production reactors were constructed at the Production
Association “Mayak” and at other weaponry facilities.

Table 1 presents information about plutonium production reactors constructed in the USSR. It can
be seen from this table that tree different types of plutonium production reactors were used in the USSR:
channel type reactors with natural uranium, graphite as a moderator, light water as a coolant; reactor of
vessel type with enriched uranium and light water as moderator and coolant and heavy water reactor of
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vessel type. However, the main role in production of weapon-grade plutonium played in the USSR
channel type reactor with graphite as moderator. Three generation of plutonium production reactors of
such type were developed in the USSR. Reactors A and Al-IR constructed at the Production Association
“Mayak” belonged to the first generation of plutonium production reactors. Their beginning power was
100 MW thermal. After reconstruction it was increased up to 900 MW thermal [9].

Reactors of the second generation, for example Reactor-AB, that was putted into operation at the
Production Association “Mayak” in 1950, was simply a further improvement of the Reactor A. It had
higher power and was safer in operation than reactors of the first generation. However reactors of the
second generation had also an open cycle. This means that water after passing the active core was pumped
out directly into a water reservoir.

The first channel reactor for plutonium production of the third generation was constructed at the
Siberian Chemical Combine [10]. This was the reactor EI-2. By designing of this reactor a closed circuit
of the active core cooling was provided. The thermal energy generated in the active core were transferred
from the first circuit to the non radioactive water of the second circuit for generation of water steam. This
allowed using thermal power generated in the active core for generation of the electricity. Development of
this scheme required increase of water‘s pressure in the first circuit above atmospheric pressure specific
for channel reactors of the first and second generations. The thermal power of channel reactors of the third
generation were increased up to 2,000 MW [11]. They produced annually 500 kilograms of weapon-grade
plutonium.

Table 1. Plutonium production reactors of the USSR [8]

Facility, Reactor Type of | Reactor Year
Location reactor generation | Start | Shut Reconstruction
down
PO «Mayak», A UGCh | 1948 1987 1963
Ozersk Al-IR UGCh [ 1951 1987 -
(Chelyabinsk-65) AB-1 UGCh ] 1950 1989 1973
AB-2 UGCh I 1951 1990 1972
AB-3 UGCh 1 1952 1991 1975
0OV-180 HWYV | 1951 1966 -
OV-190 HWV I 1955 1965 1962
OV-190M HWV | 1966 1986 -
«Ruslan» WWR | 1979 - -
«Lyudmila» UGCh Il 1987 - -
Sibirian I-1 UGCh I 1955 1989 1979
Chemical El-2 UGChT 1] 1957 1990 1967, 1980
Combine (CChC), OK-140 UGChT 11 1961 1992 1967
Seversk OK-204 UGChT 11 1963 - 1967
(Tomsk-7) OK-205 UGChT I 1965 - 1969
Mining and OK-120 UGCh 1 1958 1992 -
Chemical Combine
(MChC) OK-135 UGChT Il 1962 1992 1969
?é’)y (rKpacomper G206 UGChT i 1964 | - 1970
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Notices: UGCh - uranium channel reactor with graphite as moderator; HWV - heavy water reactor of
vessel type; UGChT - two purposes uranium channel reactor with graphite as moderator ypan-
rpa¢utosiii; WWR — water-water reactor.

Channel reactors of the third generation were two-purposes reactors. They were developed for
production of weapon-grade plutonium and electricity. They became prototypes of the first Soviet power
nuclear plant putted into operation in June 1954 in Obninsk. This NPP had the electrical power only 5,000
kwt [12]. Later channel power reactors of high power (from 1,000 to 1,500 Mw) were developed and
constructed in the USSR. This is so-called RBMK reactors.

Parallel to the development of the plutonium bomb great efforts were made in the USSR for
development of uranium bomb. Two different processes were studied for enrichment of uranium: gaseous
diffusion process of uranium isotopes separation and electromagnetic separation process [13]. The
experimental study of these processes began in 1946. It was carried simultaneously with construction of
the industrial plants for separation of uranium isotopes began. The plant for the industrial gaseous
diffusion process was erected near to the Ural city Nevjansk. The industrial plant for the electromagnetic
processes of the uranium isotopes enrichment was constructed near to the Ural’s city Verkhnyaya Tura.

Weaponry facilities of the USSR

The Production Association “Mayak” (PA “Mayak™) was one of three facilities for weapons-grade
fissile materials erected in the USSR.

On March 23, 1946 the Government of the USSR adopted decision about construction of a special
enterprise (Complex 817) for production of fissionable materials for nuclear weapon as well as a city for
employers of this enterprise [5].

The Central Direction of Industrial Construction Direction of the Peoples Commissariat of
Internal Affairs of the USSR (NKVD) was appointed to construct the Complex 817 and the city
Chelyabinsk-40 [5]. Later the NKVD was renamed as the Ministry of State Security of the USSR (Russian
abbreviation MGB), that later was renamed as the Ministry of Internal Affairs of the USSR (Russian
abbreviation MVD),

Approximately 45,000 thousand of construct builders and installers as well as many thousands of
prisoners were involved in realization of this secret project [5].

A big area (approximately 100 km?) including the industrial site of Complex 817 and the city
Ozersk located 10 kilometers from Complex 817 was fully isolated from surrounding world in order to
prevent any information leakage that could expose character of the project. This was achieved by
installing a special borderland and cordons of soldiers. The NKVD internal troops fulfilled this task [14].
The convoy troops of the NKVD were used as a security guard of prisoners that worked by erecting of
different objects of the Complex 817. Divisions of firemen of the NKVD were responsible for the fire
security. Divisions of militia were responsible for public security in restricted zone. The life of employers
of the Complex 817 and inhabitants of the city Ozersk was under full control of the NKVD. Nobody from
military or civilian personal could leave the restricted area without a special permission. A very stringent
pass control was established since beginning of the Complex 817 construction. It excluded fully an entry
of any outsiders to this restricted zone. At the same time members of military stuff or civilian persons
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could leave the restricted area only in case of official necessity [15]. The restricted area was not shown on
any open geographical map or plan as it not existed at all.

The Kystym accident characterizes stringency of security regulations applied in the restricted area
of the Complex 817 (PO Mayak). Solders and officers of the MVD participated at the mitigation of direct
consequences of the Kyshtym accident. However, even not all deputies of the Minister of MVD of the
USSR were informed about this accident [16]. Only a very limit number of the highest authorities of the
USSR knew about the Kystym accident. It was unknown for party functionaries and States authorities of
the highest rank [17]. For example, the majority members of the Central Committee of the Communist
Party of the Soviet Union did not receive any information about it [18]. No information was also given to
executives of the military-industrial establishment of the USSR as well as administration of biggest
enterprises of this establishment [16].

Also very stringent security regulations were in force in case of two other Soviet facilities for
production of fissile materials. Construction of them began a couple years after the Second World War.
Decree about erecting the Siberian Chemical Combine (Complex 816) was adopted by the Soviet
Government on March 26, 1949 (Decree Ne 1252-443) [19]. This facility had to product weapon-grade
plutonium and high enriched uranium for military use. It was erected in the Tomsk oblast not far from the
city Tomsk. The city for employers of this facility was constructed approximately 15 kilometers in north
direction from the city Tomsk [20]. It primary names was Tomsk-7, now the city Seversk.

Here one example of the regime regulations in the Siberian Chemical Combine. In accordance
with regulations adopted on April 2, 1957 the entry to the city Tomsk-7 was forbidden for persons that
worked outside of the USSR as well as citizen of Estonia, Latvia, Lithuania, Belarus and west regions of
Ukraine [21]. Many other categories of Soviet citizen were also forbidden to entry the restricted area of
the Siberian Chemical Combine.

The third Soviet weaponry facility, Mining and Chemical Combine, was constructed in the
Krasnoyarsk oblast. Start of its construction began in 1950 on the basis of the Decree of the Central
Committee of Kommunist Party and the Council of ministers of the USSR Ne 326/302ss/op from February
26, 1950 [22].

This enterprise was constructed at the right bank of the Enisei River 60 kilometers downstream
from the city Krasnoyarsk. It was constructed 200 meters underground in rocks in order to protect the
enterprise from attacks from air. The total volume of underground rooms of the combine reached 7 million
of cubic meters or 3.5 times large than the volume of the pyramid of Cheops [23]. 70 thousand of
prisoners and 135 thousand of military construction builders worked 6 years long by construction of the
Krasnoyarsk Mining and Chemical Combine [23]. It was erected only for production of weapon-grade
plutonium and produced before crush of the USSR 45 tons of it.

Radiological problems of nuclear weaponry tests in the Smipalatinsks polygon.

Significant radiological problems in the former USSR were caused by conducting of nuclear
weaponry testing. There were two test sites in the USSR: the Semipalatinst Test Site (STS) and the
Novaya Zemlya Test Site (NZTS) [24]. The NZTS is situated in the island Novaya Zemlya in the northern
part of Russia that has very low density population. The Semipalatinsk Test Site lies in north-east part of
Kazakhstan with also quite low density population [25]. The STS includes the east part of the Karaganda
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oblast (region) of Kazakhstan and the south part of the Pavlodar oblast of the Russian Federation. The first
test of the Soviet nuclear device was conducted in the Semipalatinsk Test Site. This occurred on August
29, 1949 at 7: a.m. [2]. Its power achieved 22 kilotons. The second testing follows on September 24, 1951
[26]. This time a atomic bomb was dropped from an airplane. The first Soviet thermonuclear test was also
carried out in the Semipalatinsk Test Site. This happened on August 12, 1953 [26]. The power of the first
thermonuclear device achieved 400 kilotons. Later hydrogen bombs of the megaton class were also
exploded at the STS. Bombs of this class were tested since 1957 only in the Nowaya Zemlya Test Site
[25].

456 nuclear tests were conducted in the Semipalatinsk Test Site between 1949 and 1989 including
116 atmospheric nuclear and thermonuclear explosions (26 of them near the ground) [24,27].

The test of the first nuclear device of the USSR carried out on August 29, 1949 caused the most
serious radiological problems. This device was installed on a metallic tower at the altitude 33 m [25]. By
its explosion the fireball touched the ground. This caused formation of radioactive particles from soil and
debris of the metallic tower and other constructions. They were carried downwind together with products
of fission. The wind velocity at test time was 40-50 km/h [28]. Therefore within 2 hours radioactive
clouds reached densely populated areas inside a 100-km from the hypocenter. According to report [28]
exposure dose rates at some places exceeded the background by millions of times.

Table 2. Exposure characteristics of populations affected by nuclear tests performed in the
Semipalatinsk Test Site [29].

Exposed Nuclear test Average cumulative | Number of | Person-years
settlements leading to dose person in at risk
main exposure estimate, 1949 - 1960 | cohort
(mSv)

Cheremushki August 29, 1949 1,746 538 14,740

Dolon August 29, 1949 1,590 941 27,670

Kanonerka August 29, 1949 718 1,239 22,310

Mostik August 29, 1949 448 485 37,080

Kainar September 24, 1951 451 718 81,410

Karaul August 12, 1953 455 2,836 15,350

Kaskabulak August 12, 1953 225 515 16,910

Kundyzdy August 12, 1953 233 613 13,490

Sarzhal August 12, 1953 665 1,013 28,710

Znamenka August 24, 1956 302 913 26,590

Combined 634 9,850 284,260

The radioactive fallout affected territories located up to a distance of 2,000 km from the
hypocenter of explosion. About 500, 000 people lived in these territories. They all received quite high
doses of irradiation because no countermeasures of radiation protection were undertaken at this test.
Significant radiological problems arose also after nuclear tests carried out at the Semipalatinsk region on
September 24, 1951 (atomic bomb), on August 12, 1953 (thermonuclear test) and on August 24, 1956
(atomic bomb).

Table 2 (Table 2 from the report [29]) presents mean external doses of the whole body irradiation
of inhabitants of the most affected by these tests settlements of Kazakhstan. The main contribution to
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irradiation of them as well as inhabitants other contaminated settlements gave shot-living gamma- and

beta-irradiators. They were received during quite long time beginning from the time of test (about 1 year).

Table 3. Doses of the whole body irradiation of most affected populations received in the first

day after explosions of the first Soviet nuclear device.

Exposed Nuclear test Average dose Dose of critical group

settlements leading to in the first day (mSv) irradiation in  the  first
main exposure day(mSv)

Cheremushki August 29, 1949 698 2095 - 3492

Dolon August 29, 1949 636 1908 - 3180

Kanonerka August 29, 1949 287 862 - 1436

Mostik August 29, 1949 179 538 - 896

According to assessment [28] approximately 40% of doses shown in Table 2 formed during the
first day after explosions. Using this finding as well as data presented in the third column of Table 2
allows to assess doses of the whole body irradiation received by inhabitants of contaminated settlements in
the first day after test. Such data evaluated in this report for inhabitants of settlements Cheremushki,
Dolon, Kanonerka, Mostik are presented in the third column of Table 3.

It is well known that some members of irradiated group accumulate doses that are 3-5 times higher
that the mean dose of this group. Such high irradiated persons form so-called critical group. The fourth
column of Table 3 presents assessment of doses of the whole body irradiation received by members of
critical groups of inhabitants of settlements Cheremushki, Dolon, Kanonerka, Mostik accumulated in the
first day after explosion of the first Soviet nuclear device. They were evaluated simply by multiplying of
data given in the third column of Table 2 with factors 3 and 5.

As can be seen from the fourth column of Table 3, doses of the whole body irradiation of
members of critical groups are in the range of doses that causes acute radiation syndrome [30]. This means
that at least members of critical groups in settlements Cheremushki, Dolon, Kanonerka, Mostik had to
experience acute radiation disease as a result of the first atomic test in the USSR.

There are data that allows assuming that manifestation of acute radiation disease could be possible
not only in mentioned settlements of Kazakhstan but also in other settlements of this country as well as in
some settlements of Altay Region (Russian Federation). Now it is known that radioactive clouds formed
by explosion of the first Soviet nuclear device reached also this region. According to report [31], the mean
dose of the whole body irradiation of inhabitants of the Uglovsky district of the Altay Region caused by
the first Soviet nuclear exploding reached 800 mSv. The main contribution to total irradiation of
inhabitants of the Uglovsky district as in case of irradiation of inhabitants of affected populations of
Kazakhstan gave shot-living gamma- and beta-irradiators.

The collective equivalent dose of the whole body irradiation of the Uglovsky district population
irradiation is estimated as 16,5-10° uexn-38 [31]. However radioactive substances deposited also in three
other districts of the Altay Region with the population 200,000 people. The collective equivalent dose of
the whole body irradiation in affected people of the Altay Region is assessed equal to approximately
28-10° PSv and the mean dose of irradiation equal to 142 mSv. 90% of the irradiation dose in affected
population of the Altay Region was received in the first year.
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The very high doss of acute and sub-acute irradiation of people in Kazakhstan as well as in the
Russian Federation (Altay Region) could cause also so-called chronic acute disease among irradiated
people. According to Soviet specialists [32] it develops if annual irradiation doses are about 100 mSv
annually and the total accumulated dose of the whole body irradiation exceeds 700 mGy.

However there is no any documentation that can give reliable evidence indicating manifestation of
acute and chronic radiation diseases among populations of Kazakhstan and the Altay region of the Russian
Federation affected as a result of nuclear tests at the Semipalatinsk Test Site. Detailed study of
radiological problems of nuclear explosions at the STS began only at the end of eighties. These studies
demonstrated reliable data about manifestation of different cancers among affected populations (leukemia,
lung, stomach, female breast cancers etc) [33]. In accordance with findings of the last report the excess
relative risk per sievert for all solid cancers combined was 1.77/Sv. This is by some factors higher than
excessive relative risk of cancers established for atomic bomb survivors. The last finding indicates that
radiation risk of chronic irradiation is higher than radiation risk observed for acute irradiation (atomic
bomb survivors).

Techa River radiation problems.

Reprocessing on the industrial scale of uranium irradiated in the first plutonium production reactor
of the PA “Mayak” (Reactor A) began in March 1949 [5].Because of the absence of reliable technology
for reprocessing and storing of radioactive wastes liquid radioactive effluents of reprocessing were piped
directly into the near Techa River [34]. Approximately 76 million cubic meters of liquid radioactive
wastes with total activity of B-emitters approximately 3 MCi (~10"" Bq) came as a result of this practice
into the river Techa in 1949-1956. This was a mixture of the radionuclides ®Sr, *°Sr, ¥'Cs, *zr, *Nb,
%Ru, °Ru and isotopes of rare-earth elements. Isotopes *°Sr and **’Cs determined about 25% of the total
activity of this mixture. About 95% of the waste was discharged into river from March 1950 to November
1951 [35].

The Techa River is a medium-size river that flows from a small lake located near the Production
Association “Mayak” [35]. Its length is about 240 km. It flows through rural areas of Chelyabinsk and
Kurgan oblasts before merging with the Iset River that is a tribute of the Tobol River a tribute of the
Enisey River. 41 rural settlements were located along its riverside. Inhabitants of these settlements were
not informed about discharge of radioactive wastes in the river and kept the normal habit of life. They
used water from the Techa Rive as drinking water, they cultivated their contaminated pieces of land and
used contaminated flood lands as a pasture for their cattle etc. This caused an exposition to external y-
radiation and internal irradiation from consumption of locally produced food and river water. The skeleton
and bone marrow were critical organs of irradiation [34].

In 1951 or 2 years after beginning of radioactive wastes discharge into river medical examinations
of the health status of residents of settlements located along riverside of the Techa River started [34].
Visiting teams of specialists from the Biophysics Institute of the USSR Ministry of Health Care and from
Medical-Sanitary Department carried out the exams. These visits were not able to perform regular
examination and treatment of affected persons. Therefore special dispensaries No 1 and No 2 were
organized in Chelyabinsk and the city Shadrinsk of the Kurgan oblast [34].

42



Medical examinations demonstrated that a fraction of inhabitants of settlements located in the
Techa River riverside had changes in their hemopoietic, immune and other systems. These findings led to
diagnosis of chronic radiation sickness (CRS) and other radiation-induced reactions. According to archive
data [36] 935 cases of chronic radiation sickness were diagnosed primarily among of residents of affected
settlements located along riverside of the Techa River. This number was decreased after more detailed
examinations to 66 cases [34].

There were a number of reasons for overestimation of the incidence in chronic radiation sickness
among residents of settlements affected as a result of the discharge of radioactive wastes into the Techa
River [34]. Firstly, doctors did not know doses of irradiation. Secondly, residents of affected settlements
did not know anything about reasons of their illness and regular aminations of their health status. Thirdly,
there was no correct understanding of possible health effects of combined chronic irradiation (external and
internal irradiation).

Establishing of different health effects was the reason for resettlement of residents of high
contaminated settlements to clean areas of the Chelyabinsk and Kurgan oblasts. This action was
undertaken after 1956 when people received quite significant doses of external and internal irradiation.
Approximately 10,200 persons including children were resettled to clean areas of the Chelyabinsk and
Kurgan oblasts.

As can be seen from Table 4 this were mostly residents of rural settlements of the Chelyabinsk
oblast located in a head of Techa rive. They received the highest external and internal doses of bone tissue
and bone marrow.

Table 4. Techa riverside settlements, distances and the number of inhabitants [3]

Village of first exposure Distance from release | Evacuated® 1950 population”
point
Chelyabinsk oblast

Metlino 7 Yes 961
Techa-Brod 18 Yes 77
Asanovo 33 Yes 787
Maloye Taskino 41 Yes 114
Gerasimovka 43 Yes 268
GRP 45 Yes 49
Nadyrov Most 48 Yes 155
Nadyrovo 50 Yes 149
Ibragimovo 54 Yes 136
Isayevo 60 Yes 366
Farm of Trust nj.42 70 Yes 379
Muslyumovo station 71 No 432
Muslyumovo 78 No 1,958
Kurmanovo 88 Yes 914
Karpino 96 Yes 169
Zamanikha 100 Yes 299
Vetroduika 105 Yes 134
Brodokalmak 109 No 3,095
Osolodka 125 Yes 330
Panovo 128 Yes 103
Cherepanovo 137 Yes 181
Russkaya Techa 138 No 1,170

43



Baklanovo 140 Yes 396
Nizhnepetropavlovskoye 148 No 766
Chelaybinskaya oblast total 13,388
Kurgan oblast
Beloyarka-2 155 Yes 319
Lobanovo 163 No 578
Anchugovo 174 No 1,010
Verkhnaya Techa 176 No 869
Skilyagino 183 No 426
Bugayevo 186 No 1,028
Dubasovskoye 190 Yes 650
Biserovo 202 No 457
Shutikhinskoye 203 No 1,081
Progress 207 Yes 186
Pershino 212 No 1,016
Klyuchevskoye 223 No 1,226
Markovo 230 No 134
Ganino 234 No 1,039
Kurgan oblast total 10,101
Chelyabinsk and Kurgan oblasts together 23,489

% Indicates whether residents of the village were moved to another location as a result of the
radioactive contamination.
® population estimates taken from 1950 official estimates.

This can be seen from Table 5 that contains results of an assessment of irradiation doses of bone
tissue and bone marrow accumulated during first 25 years after beginning of radioactive wastes discharge
into the Techa river.

Table 5. Doses of bone marrow and bone tissue accumulated during 25 years by resients of
settlements along the riverside of the Techa accident [37]

Settlement Distance from Status, Population, Bone Bone
“PA Mayak”, evacuated | persons Marrow | tissue
km (mSv) (mSv)

Chelyabinsk oblast

Metlino 7 Yes 1242 1640 2260

Techa-Brod 18 Yes 75 1270 1480

Asanovo 33 Yes 898 1270 1900

Maloye Taskino 41 Yes 147 1100 1680

Gerasimovka 43 Yes 357 980 1630

Geologorazvedka 45 Yes 238 750 1220

Nadyrov Most 48 Yes 240 700 1180

Nadyrovo 50 Yes 184 950 1800

Ibragimovo 54 Yes 184 950 1800

Isayevo 60 Yes 434 590 1190

Farm of Trust Ne42 64 Yes 487 630 410

Muslumovo 78 No 3,230 610 1430

Kurmnovo 88 Yes 1,046 380 880

Karpino 96 Yes 195 480 1150

Zamanikha 100 Yes 338 360 850

Vetroduika 105 Yes 163 440 1060

Brodokalmak 109 No 4102 140 310
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Osolodka 125 Yes 362 340 830
Panovo 128 Yes 129 380 910
Cherepanovo 137 Yes 222 250 590
Russkaya Techa 138 No 1472 220 530
Baklanovo 141 Yes 480 75 170
Nizhnepetropavlovskoye 148 No 919 280 680
Kurgan oblast
Beloyarka-2 155 386 310 750
Lobanovo 163 626 220 530
Anchugovo 170 1093 260 630
Verkhnaya Techa 176 979 290 700
Skilyagino 180 492 400 900
Bugayevo 186 1074 250 600
Dubasovskoye 200 703 160 370
Biserovo 202 465 260 630
Shutikhinskoye 203 1109 80 180
Progress 207 205 170 400
Pershino 212 1143 150 340
Ganino +Markovo 215 220 120 290
Klyuchevskoye 223 1309 80 170
Zatecha 237 1135 170 400

Data of Table 5 show that even people in settlements located about 200 kilometers from the head
of the Techa River accumulated doses of the bone marrow and bone tissue in hundreds of millisievert.
This demonstrates that significant amount of radioactive substances released in the Techa river at its head
were transferred up to the Iset River located 200 kilometers from the PA “Mayak™. This transfer meant
that radioactive substances could be transferred through rivers Iset, Tobol and Enisei up to the Arctic
Ocean increasing possibility to discover the place of the Soviet plutonium production facility. In order to
prevent such possibility release of radioactive wastes of the PO “Mayak” was practically stopped in
November 1951.

Very high irradiation doses of the bone marrow and bone tissue received residents of the
settlement Muslumovo that was not resettled. Examination performed in this settlement in 1993
demonstrated that exposure dose rates in some areas with lengths about 100 meters were 6-7 microsievert
per hour [37]. Areas with the enhanced exposure dose rates were also found in personal subsidiary plots of
residents of this settlement. It was established that radioactive contamination of personal subsidiary plots
was caused by using of dung of the cattle that grazed on flood lands of the Techa River. It was found that
dung emitted y-radiation at the exposure dose rates about 0.5 — 3 microsievert per hour [37].

Last time a number of reports with results of radioepidemiological studies of the mortality from
cancers among residents of settlement located in the riverside of the Techa River were published
[34,38,39]. These studies were performed for the cohort of evacuated and remined residents of settlements
located in the riverside of the Techa River. The mean dose of the whole body irradiation of this cohort was
assessed equal to 0,31 Gy [34]. According to the report [34] 46 fatal solid cancers and 31 fatal cases of
leukemia (excluding chronic lymphoid leukemia) occurred in the cohort containing 29,873 persons up to
the end of 1999. Similar results were observed also in reports [38, 39].

Studies of the cohort of residents of settlement located in the riverside of the Techa River [34,38]
allowed to establish very important data in respect of chronic irradiation of normal population with low
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doses and low dose rates. It was established that no threshold exists for carcinogenic impact of such kind
of irradiation. It was also found that excessive relative risks of mortality from solid cancers and leukemia
in members of the cohort of residents of settlements located in the riverside of the Techa River are by
approximately 2 times higher than by atomic bomb survivors. This means that coefficient of radiation
risks observed for atomic bomb survivors can not be transferred for chronic irradiation of normal
population.

It is clear that data on numbers of additional fatal solid cancers and leukemias presented here do
not express all possible health effects caused by release of radioactive wastes into the Techa River in
1949-1956. One needs to remember that the cohort studied in reports [34,38] comprises only residents of
settlements located in the riverside of the Techa River. However, the total number of persons that were
affected through release of radioactive wastes is much higher. It is approximately 142 thousands [40]. This
number includes also residents of settlements that located near to settlements of located in the riverside of
the Techa River. It is also necessary to remember that detailed studies of health effects of this release
began practically at the end of the USSR existence. This means that a lot of data important for assessment
of the impact of radioactive wastes on health was lost. This does not allow to describe full picture of
health effects in population suffered from release of radioactive wastes into the Techa River.

Kystym radiation accident

At the beginning of fifties special storage for radioactive wastes originated from reprocessing of
irradiated uranium was erected at the PA Mayak. It consisted a number of tanks made from stainless steel
and installed in concrete canyons embedded partly in the ground [41]. They were located about 2
kilometers from the radiochemical plant (Plant “B”). The volume of each tank was 300 cubic meters. Each
tank had a water cooling system placed on the internal wall. Construction of cooling systems did not allow
their repair. The cooling system of one tank was out of operation in 1956 due to corrosion of metallic
tubes caused by an impact of mixture of radioactive salts. Specialists of radiochemical plant assessed the
possible consequences of a complete failure the defect cooling system. According to performed
assessments such failure could not influence a safe storage of radioactive wastes. Considering these
conclusions nothing was made during a year after establishing of problems with the cooling system. It
turned out later that these conclusions were incorrect. The failure of the cooling system caused expulsion
of water, warming and concentration of highly explosive nitrates and acetates containing in the tank. An
occasional spark from defective control equipment initiated chemical reactions between these components.
This caused a powerful detonation and destruction of a tank. The energy of explosion was assessed later
equal to 5 — 10 tons of trinitrotolulol (TNT) [42]. This accident occurred at 16:30 on September 29, 1957.

Approximately 20 Millions Curie of radioactive substances was there in the tank before explosion.
Approximately 18 Millions Curie (90%) fell on the territory of radioactive wastes storages and other
objects of the industrial are [43]. Approximately 2 Millions Curie (10%) formed a radioactive cloud that
moved in north-east direction from the place of accident because of strong wind from south-west direction.
It reached the altitude of 1 kilometer. Falling of radioactive substances by passing of radioactive cloud
contaminated some territories of Chelyabinsk, Serdlovsk and Tyumen oblasts of the Russian Federation.

Table 6 gives information about composition of radioactive substances released to the
environment as a result of explosion [43]. It can be seen from it that short-living radioisotopes ***Ce, ***Pr,
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%Zr and * Nb made the main contribution to the initial activity of released radioactive substances. They
fully determined radiation situation in a first year after accident. However, the long-term radioactive
situation in contaminated areas was determined by isotope *’Sr that gave together with isotope *Y only
5.4% of the initial activity. Therefore the isotope **Sr was chosen as a quantitative indicator of radioactive
contamination. It was found that approximately 15,000 km? were contaminated with this isotope to the
level higher than 3.7 kBg/m? (0.1 Ci/km?). Approximately 1000 km? had the level of contamination with
%51 > 2 Ci/lkm? (74 kBg/m?).

Table 6. Composition of radionuclides in damaged tank of the PA “Kystym” [43].

Radionuclide Half-life Irradiation type Specific contribution to
priamarytotal activity, in %

*Sr 51 day B, v Traces

“sr + %y 28.6 years B 5.4

®Zr + *Nb 65 days B, v 24.9

"®Ru + "Rh 1 year B, v 3.7

BiCs 30 years B, v 0.036

Ce + *Pr 284 days B, v 66

“'Pm 2.6 years B, v Traces

" Eu 5 years B,y Traces

920y o Traces

The level of contamination decreased monotonically in direction of the radioactive cloud passing
and had quite sharp boarders in a crosscut axes [43]. The maximal total contamination reached 15,000
Ci/km? and maximal contamination with the isotope “Sr was approximately 4,000 Ci/km® The
contaminated area had a form of a strip that crossed Chelyabinsk, Sverdlovsk and Tyumen oblasts of
Russia that went through rural areas of these oblasts of Russia. This strip, “Kyshtym footprint”, received
the official name of “East Urals Radioactive Trace” (EURT) [43]. 217 settlements with approximately 272
thousands of residents were located at the time of explosion in the area with the isotope *°Sr 3.7 kBg/m?
and higher [44].

Because the Kystym accident was the topic secret of the USSR it was unknown even for high
party functionaries and for high rank of the Soviet State authorities [45]. Nothing was also known in West.
The first information about the Kystym accident appeared in West only in 1974 when the Soviet dissident
biologist Zhores Medvedev published at the end of fifties his article about a radiological accident in the
South Ural [46]. Zhores Medvedev did not known exactly when it happened and what the reason of it was.
He had drawn his conclusions about the accident on the basis of an analysis of some published articles in
the open Soviet scientific literature about incidence of ionizing radiation on animals and plants in the Ural
Region. According him a radiological accident occurred in the Kystym area at the end of 1957 or at the
beginning of 1958 with release of approximately 50 MCi (1.85-10® Bq) radioactive substances.

Report of Zhores Medvedev [46] caused a number of different of hypotheses on origin of the
accident including very exotic. For example, it was proposed that Soviets dropped an atomic bomb with
equivalent of 22 TNT in order to examine the strengths of radiochemical plant and its infrastructure [47].

Controversial debates in Western about the Kyshtym are described in details in the book of
Rosalie Bertell [48].
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Correct information about this accident became available only after crush of the USSR. It is
known today that this accident occurred at 4:25 p:m on September 29, 1957 and that it was caused by
explosion of radioactive waste in a defect storage [43,49].

The power of explosion was so high that the upper cover, a heavy concrete plate, was thrown off
in the distance of 200 meters. In a building located in 200 meters from the waste‘s tank not only all
windows but even one wall made from bricks were damaged. Windows of all buildings in a radius of more
than 1,500 meters were also crushed. Eyewitnesses of explosions told later that a column of smoke and
dust formed over the damaged waste‘s tank. It shimmered with red and orange light that was similar to the
aurora borealis [50].

The radioactive cloud contaminated different buildings of industrial area, military quarters, fire
department, location of military construction builders and the prisoner’s camp [50].

According to [49], the commander on-duty ordered all officers and solders to go to quarters, to
occlude all destroyed windows using all available materials and wet floors in quarters. A dark radioactive
cloud overhung the location of troops soon after the military staff reached its quarters. It became very dark.
Outside of quarters big flakes began to drop from the cloud. Smaller particles were dropping also on the
next day. Specialists in dosimetry appeared soon in the location of the military stuff. After measurement of
exposures doses they told to commanders that all people had to be evacuated immediately from
contaminated quarters to clean areas of the restricted zone. However, the commanders could not undertake
this action without permission from Moscow. It came at the beginning of night of September 30, or 8
hours after the accident. The evacuation of the military stuff began at 2 in the night. The trucks that even
had no tents were used for evacuation. Some solders and officers had to walk because there was no place
enough in trucks. After evacuation all solders and officers undertaken the sanitization and received clean
clothing. However nobody understood how to perform the sanitization. Therefore all solders and officers
simply washed themselves some during some hours with hot water. That such method could not assure
required decontamination of hair and skin.

Significant deposition of radioactive substances was registered also in location of the prisoner
camp where there were 1,100 prisoners and 80 persons of the guard [51]. The head of guard was informed
about radiological situation only at 2 in the night of September 30. All prisoners together with their guard
were evacuated in the period from 4 to 8 in the morning to clean area. After evacuation they had
sanitization that lasted 3 days.

General Ptashkin, the Division Commander of Internal Troops of the MVD that guarded the
restricted area informed in a secret report to Moscow, that as a result of the explosion a fraction of
industrial area and area of military quarters were significantly contaminated. It reported that exposure dose
rates achieved in some places 5,000 — 6,000 microroentgens per second [52]. This was approximately 1
million times higher than the exposure rate of background irradiation.

Many rural settlements outside of the restricted area were contaminated to high levels of radiation
too. Therefore, authorities in Moscow decided to evacuate residents of the most contaminated settlements
such as Berdyants, Saltykovo, Galikaevo and Russkaya Karabolka (Kasli district, Chelyabinsk oblast) [53].
Practical realization of this decision began 7-10 days after the accident when inhabitants of contaminated
settlements received quite high doses of irradiation. Measurements performed in the rural settlement
Berdyants before evacuation demonstrated that exposure dose rates were about 40-50 microroentgens per
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second close to stomach of children [54]. Anserine droppings emitted radiation with the exposure rate
about 50-70 microroentgens per second.

Later another contaminated settlements were evacuated too, so the full number of evacuated
settlements reached 23 [43]. All residents of contaminated settlements were evacuated or resettled to near
districts of the Chelyabinsk oblasts. This was made on the cost of the State.

The evacuation and resettlement of affected residents were performed in 5 steps. Table 7 shows
number of evacuated or resettled persons and other relevant data.

The total number of all residents evacuated or resettled in 5 phases was 10,800. The highest doses
of irradiation received residents of settlements Berdyants, Saltykovo, Galikaevo and Russkaya Karabolka.
The mean arithmetic effective dose of their irradiation was 52 rem (520 mSv). This value was estimated
on the basis of the mean external dose, 17 rem, and the mean dose of stomach irradiation equal to
approximately 160 rem.

Table 7. Dynamic of evacuation and doses of irradiation received before evacuation [43].

Evacuated groups and | Average density of | Time of | Average dose received before
number of evacuated | *°Sr deposition, gvacuation  after | evacuation
persons, thousands Ci/km? accident, days External  dose, | Effective
rem equivalent dose,
rem
I; 0.60 500 7-10 17 52
I1; 0.28 65 250 14 44
Il; 2.0 18 250 3.9 12
1IV; 4.2 8.9 330 1.9 5.6
V; 3.1 3.3 670 0.68 2.3

Only residents of settlements with the level of contamination by the isotope *Sr > 2 Ci/km? (74
kBg/m?) were evacuated or resettled as a result of the Kystym accident [43]. The mean contamination
level of remaining settlements where about 270,000 residents lived was approximately 1 Ci/km® (37
kBg/m?) with ®Sr. Despite of quite high irradiation doses of evacuated and resettled residents no reliable
evidences of such radiation-induced health effects as cancer were observed among them during 30 years
after accident [43]. The possible reasons of such finding could be quite low collective doses of irradiation
and quite low follow-up. For example, the collective effective dose of the whole body irradiation of
evacuated and resettled residents is only approximately 980 PSv. This value was estimated on the basis of
data presented in Table 7. It is quite small in order to established statistical significant health effect of
irradiation.

According to the report [43] only decrease of leucocytes in peripheral blood, decreaseOf the
number of platelets as well as functional neurological disturbances. The most possible reason of such
results of medical examinations can be late and not adequate observation of affected people.

Evacuation of residents of high contaminated settlements was performed by troops of the Ministry
of Internal Affairs of the USSR. It was forbidden to explain the real reason of evacuation. It was forbidden
even using the word “radiation”. The people in settlements foreseen for evacuation were said that it was
dirty in their settlements [55]. They did not want to leave their houses, their asset and graves of their
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parents. In order to avoid evacuation they have undertaken a general cleaning of their houses. They asked
authorities to see that their houses were very clean and therefore there were no necessity for evacuation.

All persons that were involved into performing of evacuation and mitigation of direct
consequences of the accident or that knew about accident were enforced to sign a special document that
required keeping the secrecy about the accident and its consequences. A very serious punishment expected
those persons that did not fulfilled this requirement.

This policy of the hypercecrecy became later a serious handicap for many people affected by the
accident. Many of them became ill as a result of significant irradiation. However they were not allowed to
tell their doctors the reasons of their illness. This made impossible for doctors to establish correct diagnose
and apply correct treatment of illness [56]. Such policy caused loosing of very important data about health
effects of ionizing radiation and makes impossible correct estimation of health effects in all groups
affected by the Kyshtym accident.

Deputy Head of the Department of Special Troops of the MVD General-Leutnant G.l.Aleinikov
prepared a special report on the Minister of the Interior of the USSR about reasons and consequences of
the Kystym accident [57]. He sugested to carry out a full analysis of the accident and made a number of
proposals regarding the necessity activity in affected areas. He suggested also making familiar all other
divisions of the MVD with experience accumulated by direct mitigation of the Kystym consequences.

Unfortunately last proposal of General-Leutnant was no accepted by authorities and all experience
accumulated in Kystym was newer used in the USSR. According to the General-Leutnant (in resignation)
of the MVD of the USSR N.l.Demidov [58] by mitigation of the Chernobyl accident were made practical
the same errors as in Kystym. And this aggravated significantly its consequences.

Karachai Lake radioactive contamination

The Karachai Lake located near to the radiochemical plant (Plant “B”) of the Production
Association “Mayak”. This lake was used since autumn of 1951 for storage of liquid radioactive effluents.
The total activity of radioactive wastes loaded into this lake is assessed equal to approximately 120
Millions Curie [59].

The water level in the Karachai Lake decreased very significantly in 1962-1967 outcropping the
lake shore contaminated with radioactive substances. The wind storm that happened in 1967 caused
significant transfer of radioactive substances and contamination of the environment. Approximately 0.6
Millions Curie were transferred from Karachai Lake on this way [60]. This caused a significant
contamination of 63 rural settlements located on the territory of 2,700 km* with 41.5 thousands of
inhabitants. Some of these settlements were contaminated in 1957 as a result of the Kyshtym radiation
accident.

In order to prevent the further transfer of radioactive sediments it was decided at the end of
nineties to lay hollow concrete blocks on the opened bottom of the Karachai Lake. This decision was
realized some years ago. However it did not solve problems of the Karachai Lake. Very serious problem
of radioactive wastes loaded into the Karachai Lake causes penetration of radioactive substances into a
subsurface waterbearing formation. Assessment show that about 4 Millions cubic meters of radioactive
substances already penetrated up to the depth 100 m [59]. They migrated slowly into direction of the
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Chelyabinsk city water intake. Therefore a very serious problems has to expect in the future in respect of
water supply of this city.

Nuclear accident in the Chazhma Bay.

A serious accident occurred on 10 August 1985 at a Soviet submarine K-431 by fuel reloading
[61]. The submarine belonged to the first generation of Soviets atomic boats. Such submarines were
supplied with 2 identical pressurized water reactors that had the power 70 MW and used enriched uranium
(21% of *°U) [62]. Their design was similar to design of western pressurized nuclear reactors (PWRs).

The submarine was moored at the pier of shipyard in the Chazhma Bay (not far from the city
Vladivostok). It was discovered by finishing of a fuel reloading that the gasket of the cover of the port
side’s reactor was untight. By elimination of this defect a compensation grid was withdrawn out the active
core. This initiated a chain reaction on prompt neutrons and powerful explosion that damaged the reactor.
One fuel assembly was thrown out the active core. Its metallic construction dropped into VI partition of
submarine near the cover of the reactor of starboard.

Witness of the accident observed rich flash of white color up to 6 meters in the height. It was
followed by orange-grey fume that was rising up to 20 meters in the height. Immediately after explosion a
fire began in the VI partition. 4 hours were required for its suppression. Explosion damaged also strong
hull of the submarine. There were other serious damages of the submarine.

The active core at the moment of explosion contained only a fresh fuel. This was a reason that
released radioactive substances were mostly short-living radionuclides with negligible contribution of
such isotopes as °Sr and **'Cs [63]. The total activity of released radioactive nuclides was only about 5
millions Ci. Decay of short-living radionuclides caused a rapid decrease of the activity of radioactive
substances discharged to the environment. Assessment carried out in the report [63] showed that it fell up
to approximately 0.8 Ci to days after the accident.

The significant fraction of fission products and dispersed particles as well as substances formed by
the fire fell around the submarine in the area with the radius 50-100 meters. The exposure dose rate in this
area was about 250-500 milliroentgens per hour 7.5 hours after the accident [64].

Another fraction of released radioactive substances deposited in some kilometers from peer in an
empty area. Thus, only stuff members of fleet as well as fireman suppressed the fire developed at the
submarine were affected of this accident.

Immediately after explosions naval specialists and specialists of the enterprise that served
submarines organized dosimetric measurements, localization of high contamination and liquidation of
direct consequences of the accident [64]. Military personnel as well as personnel of the enterprise that was
not involved in this activity were evacuated from the zone of accident. Different other countermeasures
were also undertaken. This was made in order to decrease a number of persons that could be irradiated as a
result of the accident.

Approximately 2,000 persons were involved in liquidation of direct consequences of it [64]. The
mean dose of the whole body irradiation of this group was about 5 rem. Approximately 290 persons from
this group received higher doses of irradiation. The symptoms and signs of acute radiation diseases were
registered by 39 persons. However, acute radiation diseases developed only by 10 persons. 10 persons (8
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officers and 2 other persons from military personnel) died from injuries gotten during the explosion. These
data show that the accident in the Chazhma Bay caused quite serious health effects.

The primary reason of the Chazhma Bay accident was inserting of an additional positive reactivity
to the active core. This caused a development of an uncontrolled chain reaction. It means that it had a
character of a nuclear explosion. It demonstrated that a water-pressurized reactor can explode like a small
nuclear bomb after inserting of a positive reactivity into active core.

The accident in The Chazhma Bay was some kind of a general repetition of similar accident of a
large scale. Careful analysis of this accident could be very important for Soviet specialist in the field of
nuclear safety. Unfortunately, the information about the accident in the Chazma was kept in the USSR like
some topic secret. Ten months later the Chernobyl accident occurred. Its primary physical reason was also
the inserting of a positive reactivity into active core [65].

Chernobyl accident

The Chernobyl NPP accident has become the most severe technical accident in the history of
humankind. It took place on April 26, 1986, during an electromechanical experiment. The aim of the
experiment was a determination of the amount of electrical energy produced by the electrical generator in
the process of an idle turbine rundown. The program of the experiment did not take into account a number
of important physical and thermal-hydraulic features of the reactor and the whole reactor unit. This caused
some wrong operations of the personal and as a result the total destruction of the active core of the forth
unit of the Chernobyl NPP as well as considerable damage of the third unit of the plant [65]. The
witnesses of the Chernobyl NPP accident claim that destruction of the Chernobyl reactor occurred as a
result at least of two consecutive explosions. Specialists believe that the first explosion was caused by an
explosion-like formation of vapour in the active core of reactor. This caused complete displacement of
water from reactor and nuclear explosion in the drained active core [66]. The power of this second
explosion is estimated to be approximately 0,28 kilotons TNT [67], which is in 50 times less than the
power of the atomic bomb dropped on Hiroshima.

The damage of the Chernobyl reactor caused the release of a huge amount of radioactive
substances into the environment. They spread far beyond the borders of the nuclear plant [68, 69]. These
substances where deposited in many countries of the northern hemisphere including Japan [70], causing
considerable radioactive ecological problems. However, Belarus suffered most severely from the
Chernobyl NPP accident than any other country of the world. Such conclusion can be drawn by comparing
densities of the isotope **'Cs deposition in the different countries of the world. This isotope was chosen
after the Chernobyl NPP accident as a quantitative indicator of radioactive contamination. According to
data [68], the maximal contamination with **’Cs beyond the borders of the former USSR has not exceeded
185 kBg/m? (5 Ci/km?). In Belarus the maximal density of **'Cs fallout reached 59,200 kBg/m? (1600
Ci/km?) [71] or about 300 times more than maximum contamination beyond the former USSR.

Approximately 23% of the total amount of the isotope *’Cs deposited on the territory of Belarus
[69,72]. Assessment carried out in the report [73] show that doses of the whole body irradiation reached in
some rural settlements 300 mSv. The maximal doses of the whole body irradiation could reach in Belarus
1,500 mSv. Similar results were established by authors [74]. Doses of the thyroid gland irradiation in
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Belarus were one order in magnitude higher than doses of the whole body irradiation. In some cases they
exceeded 50 Gy [75]. Similar irradiation arisen also in affected regions of Ukraine and Russia [72].

As a result of an extensive irradiation additional thyroid cancers in children and adults [76-85],
leukemias in children and adults [86-91], stomach cancers [92], lung cancers [93], female breast cancers
[94, 95] as well as nonmelanoma skin cancers [96] manifested in Belarus after the Chernobyl accident.
Statistical reliable data indicating manifestation of radiation-induced stomach, colon, lung, thyroid and
urinary bladder cancers in the Belarusian liquidators as well as of all malignant neoplasms combined
together have been established [97,98].

An increase in the incidence of thyroid cancers was also established in children of Ukraine and
Russia affected at the Chernobyl accident [99, 100]. In case of Russian liquidators radiation-induced
thyroid cancers and leukemias as well as cancers of digestive and other systems were also found [101-103].

It was established in reports [84, 90-95, 98, 102] that radiation risks of the incidence in malignant
neoplasms manifested in affected regions of the former USSR as a result of the Chernobyl accident are
higher by some factors than radiation risks established for atomic bomb survivors.

Additional to malignant neoplasms a significant increase in the incidence in general somatic
disease was established in affected populations of Belarus, Ukraine and Russia as well as in liquidators of
these countries [104-111]. Data of the Belarusian, Ukrainian and Russian specialists about link between
the incidence in general somatic diseases correspond qualitatively with findings observed by survived
inhabitants of Hiroshima and Nagasaki for which higher incidence in cerebrovascular and other somatic
diseases in comparison with no irradiated Japanese population was [112-115]. It was found that radiation-
induced general somatic diseases in case of atomic bomb survivors gave the similar contribution to the
additional mortality as radiation-induced cancers.

An assessment of the incidence in radiation-induced malignant neoplasms in Belarus was
performed for the period 1986 — 2056 in report [116] based on the analysis of medical data registered in
Belarus. Published data of the Belarusian Cancer Registry were used for the assessment. It was estimated
that approximately 28,300 solid cancers other than thyroid cancers, about 31,400 thyroid cancers as well
as approximately 2,800 additional leukemias can be expected in Belarus in 1986-2056 as a result of the
Chernobyl accident. According to performed assessment the excessive absolute risk, EAR, of radiation-
induced solid cancers averaged for 1986-2056 will be about 230 cases per 10,000 PYSv. This value is in a
qualitative agreement with the value of EAR established for the incidence in radiation-induced solid
cancers in the cohort of atomic bomb survivors in 1958-1998 (52 cases per 10,000PYSv) [117]. A
qualitative assessment of excessive absolute risk of the incidence in thyroid cancers and in leukemias was
carried out in the report [116]. Estimated values are also higher by some factors than radiation risks of
thyroid cancers and leukemias established for atomic bomb survivors.

An assessment of additional incidence in cancers in affected European countries that can be
expected in the period 1956-2056 as a result of the Chernobyl accident was performed in the report [118].
It was carried out by indirect transition of radiation risks estimated for Belarus. The estimated results are
presented in Table 8.
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Table 8. Predicted numbers of excess cases, 1986-2056, in European countries after the
Chernobyl accident.[118].

Cancers Share,
and countries Excess cases Relative risk in %
Cases 90%ClI RR 90%ClI of RR %

Thyroid cancers

Belarus 31,400 15,400+47,500 2.625 1.797+3.460 33.9
Belarus, Russia
and Ukraine 65,800 31,800+99,900 1.151 1.073+1.230 71.1
Other countries of
Europe 26,800 11,500+42,200 1.019 1.008+1.030 28.9
All countries 92,600 44,000+141,200 1.050 1.024+1.077 100

Solid cancers other than thyroid and non-melanoma skin cancers

Belarus 28,300 11,800+44,800 1.015 1.008+1.023 21.7
Belarus, Russia

and Ukraine 82,000 30,900+133,100 1.002 1.001+1.004 62.9
Other countries of

Europe 48,400 4,300+92,500 1.000 1.000+1.001 37.1
All countries of

Europe 130,400 42 ,900+217,900 1.001 1.000+1.001 100

Leukaemia

Belarus 2,800 1,000+4,600 1.047 1.017+1.078 21.7
Belarus, Russia

and Ukraine 8,100 2,400+13,800 1.008 1.002+1.014 62.8
Other countries of

Europe 4,800 -870+10,470 1.001 1.000+1.003 37.2
All countries 12,900 2,800+23,000 1.003 1.001+1.005 100

It gives excess cancers estimated for Belarus, for Belarus, Russia and Ukraine combined together,
for all other European countries combined together as well as for all European countries including Belarus,
Russia and Ukraine combined together. The last column of Table 8 gives contribution of country or of
group of countries to the total number of assessed malignant neoplasms that can manifest as a result of the
Chernobyl accident.

As can be seen from data of this table 92,600 additional thyroid cancers (90% CI from 44,000 to
141,200 cases), 130,400 additional solid cancers other than thyroid and non-melanoma skin cancers (90%
ClI from 42,900 to 217, 900 cases) and 12,900 additional leukaemia cases (90% CI from 2,800 to 23,000
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cases) are expected in all affected countries of Europe as a result of the Chernobyl accident during 1986-
2056. Approximately two thirds of all excess cancers will occur in Belarus, Ukraine and Russia. Belarus
alone will contribute approximately 34% of thyroid cancers and about 20% of all other excess solid
cancers and leukaemia that can be expected in countries of Europe affected as a result of the Chernobyl
accident.

Data presented in Table 8 show those health effects of the Chernobyl accident are more significant
that is recognized by the International Radiation Community that rejects even possibility to establish
statistical reliable manifestation of radiation-induced cancers caused by this accident. Data presented in
Table show that such possibility exists at least for Belarus.

The accident at the Chernobyl NPP has affected all spheres of the man’s activity in Belarus [119].
As a result of this accident 2,640 km2 of agricultural lands have been excluded from the agriculture
turnover. 54 collective farms and sovkhoses have been liquidated, 9 processing industrial plants for the
agroindustrial complex have been closed down. Arable lands and gross agricultural crop yield reduced
sharply, the cattle stockhas decreased considerably.

Great damage has been incurred by the Chernobyl accident on the forestry of Belarus [119]. More
than a quarter of the forest resources of Belarus - 17.3 thousand km2 of forest were subjected to
radioactive contamination. In the middle of nineties the annual losse3s of wood resources exceeded 2
Millions of cubic meters.

22 layers of mineral and raw resources of building sand, sandy-gravel materials, clays, chalk and
peat were brought out of use [119]. The territory of Pripyat oil and gas bearing field whose resources were
evaluated in 52 millons tons of oil has been excluded from the geological exploration plans.

The accident at the Chernobyl NPP caused significant economical problems for Belarus, Ukraine
and Russia. According to assessment [119], economical loses of Belarus in 1986-2015 caused by
overcoming of the Chernobyl consequences will be 235 Billions of US dollars or equal to 32 annual
budgets of Belarus in 1985. 81.6% of this sum or 171 Billion of US dollars will be connected with the
support of production functioning and realization of protection measures [119].

Protective measures include resettlement of residents of high contaminated settlement
(contamination level with the isotope **'Cs higher than 555 kBg/m?) and providing safe living conditions
for population living in areas with the contamination level with the isotope **'Cs less than 555 kBg/ m?.

The accident at the Chernobyl NPP was simply devastating for Belarus. It caused the relocation of
a large number of people in Belarus. According [120], 24,725 persons were evacuated from May to
September 1986. During 1991-1998, another 110,000 persons were resettled from highly contaminated
areas to clean territories of Belarus [120]. Evacuation and resettlement were performed with financial and
material support of the Belarusian State. Additionally, up to the end of year 2000, approximately 200,000
persons moved from contaminated areas without any state’s assistance [121]. On the whole, at least
335,000 persons in Belarus lost their place of living and their property. It is clear that such extensive
evacuation and resettlement fully destroyed the social life of the most contaminated areas of Belarus and
caused significant psychological tensions and stresses.

Similar problems and similar financial and material loses arisen as a result of the Chernobyl
accident in Ukraine and the Russian Federation. According to assessments of the Ukrainian specialists
performed in nineties of the last century summary loses of Ukraine in the period 1986-2015 will be 178.7
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Billions of US dollars (on the state of currency rate for 1984) [122,123]. Approximately 116 thousands of
residents of contaminated settlements of Ukraine were evacuated in 1986 days after the accident [122,123].
This number includes about 50 thousands of inhabitants of the city Pripiat that were evacuated on April 27,
1986. In 1990-1998 approximately 100 thousands of residents of high contaminated settlements of
Ukraine were resettled to clean areas.

The economical loses of the Russian Federation in 1986-2015 were assessed to approximately 200
Billions of USA dollars [124]. 186 persons were evacuated during summer and autumn of 1986. Only very
small area in the 30-km zone belonged to the Russian Federation. And this is a reason of a small number
of evacuated persons in this country because only residents of 30-km zone were objects of evacuation. The
30-km zone is a kind of orbicular area around the Chernobyl NPP. Its radius is approximately 30
kilometers.

Information presented here shows summary loses of Belarus, Ukraine and the Russian Federation
as a result of the Chernobyl accident will be about 600 Billions of US dollars in 30 first years. This
accident caused evacuation and resettlement of many thousands of persons and devastated big territories
that were affected as a result of the Chernobyl accident. | was the reason of significant social-
psychological tensions and stresses. All these consequences made the accident at the Chernobyl NPP the
most sever technical accident in the modern history of humankind.

Discussion and conclusions

This report does not pretend to give the full picture of nuclear and radiation accidents as well as
radiation situations in the former USSR. It gives only description of some large radiation accidents and
situations such as Semipalatinsk polygon, radiation situation of the Techa River, Kyshtym radiation
accident, radiation contamination of the Karachai Lake, nuclear accidents at the Soviet submarine on
August 10, 1985 in the Chazhma Bay (near Vladivostok) as well as nuclear accidents on April 26, 1986 at
the Chernobyl NPP. These accidents caused irradiation of many hundreds of thousands of persons,
destroying of normal life on big territories of the former Soviet Union, significant economical loses
significant social-psychological and medical consequences. However, there were much more other
radiation accidents in the former USSR that occurred at nuclear power plants with channel graphite
reactors and pressurized water reactors, at weaponry facilities and mining enreprises as well as at other
enterprises of the nuclear industry [126]. The Soviet policy of hypersecrecy was the reason that all these
accident and situation were unknown not only for western specialists but also for the Soviet citizen and
specialists. This caused additional aggravations of accidental situations and unnecessary suffering of many
people.

Many of these accidents have their historical roots in realization of the Soviet military project in
the field of nuclear energy. It required an allocation of huge financial and material means at the time when
the whole European part of the territory was in ruins as a result of the German aggression. Development of
the nuclear weapon at such conditions aggravated immensely the life conditions of Soviet people.
However, the Soviet leaders were oppressed to concentrate all economic means for construction of nuclear
weapon because they knew that a number of plans of nuclear attacks on the USSR were developed in
Washington. Possessing of own nuclear weapon reduced the threat of such attacks. Existence of this threat
influenced fully the Soviet nuclear project. All efforts of Soviet specialist were directed only on receiving
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of fissionable materials and construction of nuclear weapon. Problems of possible harmful influence of
radiation on specialists and workers involved in realization of these tasks as well as possible irradiation of
general public did not play an important role in the USSR. And this caused a number of large accidents
with significant irradiation of many hundreds thousands of people in the USSR. Some of these accidents
were discussed in the present report.

The USSR could solve the problem of nuclear weapon development in very short time despite
very big economical, material and civilian causalities during the Second World War. The first nuclear
device was exploded at the Semipalatinsk Test Site on August 29, 1949. This was a very significant
achievement of Soviet science and industry. However, the practice of hypersecrecy installed in the first
years of development of the Soviet military roots became a normal practice of all activity in the field of
nuclear energy in the former USSR including the field of peaceful use of it. This made impossible the
transfer of experience accumulated by mitigation of radiation accident that occurred at different
enterprises and nuclear power plant.

The accident at the Chernobyl NPP gives telling information of negative influence of the regime
of hypersecrecy adopted in the former USSR on safety of nuclear objects. In 1975 an accident of the
Chernobyl type accident happened at the Unit Nol of the Leningrad NPP [65]. As a result of this accident
some technological channels were damaged and a big amount of radioactivity was released to the
environment. This accident happened as a result of an inserting of positive reactivity in some adjacent
technological channels. Critical analysis of this accident by specialists in reactor safety could be very
useful for abolishing the most negative features of the RBMK reactor. It could be very useful for operating
personal of nuclear power plants with such reactors. However all information about this accident was
classified and therefore not inaccessible.

A lot of important information about effectiveness of different countermeasures in case of large
radiation accidents was accumulated at the Kystym accident. However this important information was
fully inaccessible for Soviet specialists in mitigation of radiation accidents. And as a result of this policy
many errors suffered by mitigation of consequences of the Kystym accident were repeated after the
accident at the Chernobyl NPP. The hypersecrecy and totalitarian system of the former USSR are more
important reasons that have been turned big areas of its territory in the main polluted areas on our planet.
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Overview of the nuclear tests conducted at the Semipalatinsk Nuclear Test Site
and archival data that can be used for retrospective dosimetry
Chronology of the nuclear weapons testing and their general characteristics

Sergey Shinkarev
Burnasyan Federal Medical Biophysical Center, Moscow, Russia

The first nuclear test was conducted in the USSR at the Semipalatinsk Nuclear Test Site (SNTS)
on August 29, 1949. During the following 40 years 456 nuclear explosions were carried out, including 111
atmospheric events (86 events in air and 25 surface events) [1]. The most powerful events were as follows:
the first surface thermonuclear event on August 12, 1953 (400 kt) and event conducted at a high altitude
on November 22, 1955 (1.6 Mt). After the onset the Limited Test Ban Treaty signed in 1963 only events
in shafts and tunnels were conducted at the SNTS. As a rule, in case of such events radioactive releases
were absent even onsite. Exclusions were four cratering events carried out in the framework of the
program of peaceful use of energy of nuclear explosion: January 15, 1965 (140 kt), October 14, 1965 (1.1
kt), October 21, 1968 (0.24 kt), and November 12, 1968 (0.24 kt) [1]. The last event conducted at the
SNTS was on October 19, 1989.

The atmospheric events provided the main contribution to the radioactive contamination of
environment and to the radiation exposure of the population. According to official data [2] the total yield
of all atmospheric events conducted at the SNTS is reported to be equal to 6.58 Mt. The general
characteristics of the atmospheric events are presented in Table 1. Of those 111 events, only for 52 events
the exposure rate from fallout measured off-site (outside the territory of the SNTS) in the Republic of
Kazakhstan and for 14 events in the Altai krai of the Russian Federation was detected to be higher than the
background exposure rate [1].

Atmospheric significant events

During the testing period it was revealed that the radiological conditions in the areas of fallout
depended upon not only the type and composition of fission material, yield of event and height of
detonation above ground surface, but also upon meteorological and season conditions, as well as upon
landscape features under moving radioactive cloud. The doses received were extremely variable and
depended on location, lifestyle, and other factors. The most important were the four following events: #1
(August 29, 1949; yield of 22 kt), #2 (September 24, 1951; 38 kt), #4 (August 12, 1953; 400 kt), and # 28
(August 24, 1956; 27 kt). It is estimated that these events contributed more than 95% of the collective dose
to the population living in areas close to the SNTS.

During the atmospheric testing era the maximum permissible dose to the population from external
irradiation from a given event was that corresponding to an exposure outdoors of 0.5 R according to the
Radiation Safety Standards that were valid at that time. It means that no special countermeasures for the
populations were required if the exposure outdoors was expected to be less than 0.5 R. So, only those
events that might have resulted in exposures of more than 0.5 R in inhabited areas were considered to be
significant.
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Table 1. The characteristics of the atmospheric events conducted at the Semipalatinsk Nuclear Test Site

[1].
Date Yield, | whore Date Vield, | whore

# |(ddmoyy| Type kt | fallout were # |(ddmoyy | Type kt | fallout were

) detected ) detected
1 | 29.08.49 | Surface 22 RK*, AK** 37 | 26.08.57 Air 0.1 RK
2 | 24.0951 | Surface | 38 RK 38 | 13.0057 | Air 5.9 -
3 | 181051 | Air 42 RK 39 | 26.0957 | Air 13 ;
4 | 12.08.53 | Surface | 400 RK 40 | 28.1257 | Air 12 -
5 | 23.08.53 Air 28 Onsite*** 41 | 04.01.58 Air 1.3 -
6 | 03.09.53 | Air 5.8 RK 42 | 17.00.58 | Air 0.5 RK,AK
7 | 08.09.53 | Air 1.6 RK 43 | 13.0358 | Air 1.2 :
8 | 10.09.53 | Air 4.9 RK 44 | 14.0358 | Air 35 -
9 | 20.0954 | Air 0.2 RK 45 | 15.0358 | Air 14 ;
10 | 01.10.54 | Air | 0.03 RK 46 | 180358 | Air | 016 | RKAK
11| 03.10.54 | Air 2 RK 47 | 200358 | Air 12 :
12 | 05.10.54 | Surface | 4 RK 48 | 220358 | Air 18 -
13 | 08.10.54 | Air 0.8 Rk 49 | 01.09.61 | Air 16 -
14 | 231054 | Air 62 RK 50 | 04.09.61 | Air 9 -
15 | 26.10.54 | Air 2.8 RK 51| 05.00.61 | Air 16 :
16 | 30.10.54 | Surface | 10 RK 52 | 06.09.61 | Air 11 -
17 | 29.07.55 | Surface | 1.3 RK,AK 53 | 09.09.61 | Surface | 038 | RK,AK
18 | 02.08.55 | Surface | 12 RK 54 | 10.09.61 | Air | 0.88 RK
19 | 05.08.55 | Surface 1.2 RK 55 | 11.09.61 Air 0.3 -
20 | 06.11.55 | Air 250 RK 56 | 13.09.61 | Air | 0.001- -
21| 221155 | Air | 1600 | RK,AK 20
22 | 16.03.56 | Surface | 14 RK,AK 57 | 14.0961 | Surface | 0.4 RK
23 | 25.03.56 | Surface 5.5 Onsite 58 | 17.09.61 Air 20-150 RK.AK
24 | 2240856 | Surface | 27 RK 59 | 18.09.61 | Surface | 0.004 RK
25 | 30.08.56 | Air 900 RK 60 | 18.09.61 | Air | 0.75 -
26 | 02.09.56 Air 51 ) 61 | 19.09.61 | Surface 0.03 Onsite
27 | 10.09.56 | Air 38 RK,AK 62 | 20.0961 | Air 48 -
28 | 171156 | Air 900 RK 63 | 21.09.61 | Air 0.8 RK
20 | 141256 | Air 20 ) 64 | 26.09.61 | Air 12 .
30 | 08.0357 | Air 19 ; 65 | 01.1061 | Air 3 -
31| 03.0457 | Air 42 RK 66 | 04.1061 | Air 13 -
2 | 060457 | Air = ] 67 | 121061 | Air 15 -
33 | 10.0457 | Air 680 RK 68 | 17.10.61 | Air 6.6 -
21 | 120457 | Air ” ] 60 | 19.10.61 | Air 0.281- RK
35 | 16.0457 | Air 320 - :

_ 70 | 25.10.61 | Air 0.5 RK

36 | 220857 | Air 520 RK
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Date _ Territories, Date _ Territories,
YIE"d, where Y|eld, where
# | (dd.moyy | Type kt | fallout were # |(ddmoyy | Type kt | fallout were
) detected ) detected
71 | 30.10.61 Air 0.09 - 108 | 26.11.62 | Surface | 0.031 RK,AK
72 | 01.11.61 Air 2.7 - 109| 01.12.62 Air 2.4 -
73 | 02.11.61 Air 0.6 - 110| 24.12.62 | Surface | 0.007 -
74 | 03.11.61 Air 0.9 - 111| 24.12.62 | Surface | 0.028 -
75 | 04.11.61 | Surface 0.2 RK . . .
_ * RK is Republic of Kazakhstan (off-site);
76 | 01.08.62 Air 2.4 RK ** AK is Altai krai:
77 | 03.08.62 Air 1.6 RK,AK *** Onsite means inside the territory of the
o osomer | av | oo | - | Sembadiichs b e
79 | 07.08.62 | Surface 9.9 RK,AK
80 | 18.08.62 Air 7.4 -
81 | 18.08.62 Air 5.8 RK
82 | 21.08.62 Air 20-150 -
83 | 22.08.62 Air 3 -
84 | 23.08.62 Air 2.5 -
85 | 25.08.62 Air 0.001- -
20
86 | 27.08.62 Air 11 RK
87 | 31.08.62 Air 2.7 -
88 | 22.09.62 | Surface | 0.21 RK
89 | 24.09.62 Air 1.2 -
90 | 25.09.62 | Surface 7 RK,AK
91 | 28.09.62 Air 1.3 -
92 | 09.10.62 Air 8 -
93 | 10.10.62 Air 9.2 -
94 | 13.10.62 Air 4.9 -
95 | 14.10.62 Air 0.001- -
20
96 | 20.10.62 Air 6.7 -
97 | 28.10.62 Air 7.8 -
98 | 28.10.62 Air 7.8 -
99 | 30.10.62 | Surface 1.2 RK
100 | 31.10.62 Air 10 -
101| 01.11.62 Air 3 RK
102 | 03.11.62 Air 4.7 RK,AK
103 | 04.11.62 Air 8.4 -
104 | 05.11.62 | Surface 0.4 RK
105| 11.11.62 | Surface 0.1 RK
106 | 14.11.62 Air 12 -
107| 17.11.62 Air 18 -
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After the end of nuclear weapons testing the problems related to possible consequences of radiation
exposure at local and regional levels received increased attention. A new criterion to select significant
nuclear events was developed based on current Radiation Safety Standards [3] and on the Conception of
radiation medicine and social protection [4]. According to this criterion an event is considered to be
significant if the effective dose to an adult living off-site at the point of maximum exposure rate during the
year following the nuclear explosion would exceed 5 mSv.

On the basis of the archival materials related to the characteristics of the events and to
meteorological and radiological conditions, a detailed analysis has been carried out of the radiation
exposures to the populations following each atmospheric event. Of 52 events for which fallout off-site was
detected, only 11 were found to satisfy this criterion. These 11 most significant events were classified into
two groups. The first group includes six events (##1, 2, 4, 18, 28, and 148) for which the lifetime effective
dose to an adult living off-site at the point of maximum exposure rate would exceed 50 mSv. The second
group includes five events (##13, 19, 20, 26, and 41) for which the effective dose to an adult living off-site at
the point of maximum exposure rate during the year following the nuclear explosion would exceed 5 mSv
but the lifetime effective dose would not exceed 50 mSv. Characteristics of the 11 most significant events
conducted at the SNTS are presented in Table 2 [5].

Selection from all nuclear events conducted at the SNTS only 11 most significant events allows the
specialists to concentrate their efforts on the analysis of radiological conditions and dose assessment from
those events that might have resulted in substantial exposure to the populations.

Trajectories of the radioactive clouds based on the data [6-9] related to the most significant events, as
well as the locations of some settlements, the residents of which are under consideration in several
epidemiological studies are shown in Figure 1 [10].

Methodology used to assess external whole-body dose to the residents

A detailed description of the methods used in the methodology of estimation of external exposure to
the populations living in the areas of local fallout from nuclear tests is available in [11]. This methodology is
based on the coupling of data on radiation exposure of the populations and environmental transfer models.
The usable data are maintained in the archives of the Ministry of Defense and of the Ministry of Health, as
well as those of other organizations of the Russian Federation that took part in nuclear testing operations at
the SNTS. The most useful data are exposure rates measured along the trajectories of the radioactive clouds.
The exposure-rate measurements, which were usually taken aboard low-flying aircraft, were sometimes
supplemented with ground-level monitoring. In the archives of the Ministry of Defense of the Russian
Federation, the measurement data of exposure rate are presented in different forms: (1) original
measurements with indication of time, location, height above ground surface, and reading of the instrument,
and (2) maps showing isopleths expressed in units of net infinite external gamma dose in Roentgen.

The methodology of assessment of external whole-body dose consists of two steps. On the first step
the radiological conditions in a settlement located in the area of local fallout are reconstructed and absorbed
dose in air is assessed. On the second step the dose assessment for the population groups living at the
location of interest is carried out taking into account their lifestyle and dietary habits.

The model used to predict or reconstruct the radiological conditions after each test in areas where
measurements were lacking requires information on test yield, type and composition of fission material, date
and time of explosion, height of radioactive cloud top, height of detonation above ground surface, and
average wind speed over the height of the radioactive cloud [10].
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Table 2. Characteristics of the 11 most significant events conducted at the Semipalatinsk Nuclear Test Site [5].

Characteristics Events
Date 29.08.49 | 24.09.51 | 12.08.53 | 05.10.54 | 30.10.54 | 29.07.55 | 02.08.55 | 16.03.56 | 24.08.56 | 22.08.57 |07.08.62
Number of event according to 1 5 4 13 18 19 20 2% 28 4% 148
reference [1]
Local astronomical time of explosion| 7:00 13:10 7:30 9:00 10:00 8:00 9:00 11:00 6:15 12:30 9:00
Height above ground, m 30 30 30 0 55 2.5 2.5 0.4 93 1880 0
Total yield, g, kt 22 38 400* 4.0 10 1.3 12 14 27 520 9.9
Maximum height of radioactive 9 116 16 5 10.2 5.1 6.2 8.5 12 18.8 5.7
cloud top, Hpax, Km
Average velocity of radioactive 47 26.4 64.6 43.3 32.9 42 36.6 39 71.2 29 10
cloud move, Vg, km h

* Estimated value, it was assumed that total yield of thermonuclear event #4 was a sum of fission yield of “**U (75% of total energy) and yield of thermonuclear
synthesis of light nuclei (25% of total energy).

** Explosion in alr was at high altitude. Radioactive fallout occurred at dlstance of 37-260 km from Experimental field.
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Figure 1. Trajectories of the radioactive clouds related to the most significant events and locations of some settlements, the residents of which are under

consideration in several epidemiological studies [10].
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The main parameters characterizing the radiological conditions at the location of interest and used in
the external exposure assessment are derived by means of the model:
o fallout arrival time, H+t (h);

e duration of fallout At (h);
e exposure rate at time H+24 h, Py, (MR h'l).

Whenever possible, the values of exposure rate, P,4, Were derived from the available measurements
of exposure rate in the location of interest or in its vicinity [6-9].

Using the above data, it is possible to assess absorbed dose in air at the point to which the exposure
rate is assigned.

A total absorbed dose in air, Dy, due to fallout consists of two components: (1) dose from
radioactive cloud, D¢ o9, during its passage through a given point from the fallout arrival time, t,, to the end-
of-fallout time, ty+At, and (2) dose from fallout, D04, deposited on the ground from the end-of-fallout time,
to+At, until infinity.

Dair = Deioud + Draltout (1)
where Dy, is a total absorbed dose in air, mGy;
D.ioug is absorbed dose in air from gamma radiation emitted from the radioactive cloud, mGy;
Dranout 1S absorbed dose in air from gamma radiation emitted from the activity deposited on the ground,
mGy.

Empirical equation to estimate D04 has the following view [11]:

Detoud = Kair X 0.5 X At X Ppeg x (1+1.5%q %) 2)
where kg, = 8.7x10° mGy mR™ is a conversion coefficient to absorbed dose in air, mGy mR™;

At is duration of fallout, h;

Pres iS exposure rate at the end-of-fallout time, mR ht:

q is total yield of explosion, kt.

In order to assess dose from fallout, Doy, it IS Necessary to determine a functional form of the time-
dependence of exposure rate. This dependence was taken from [12], according to which the exposure rate
P(t) at any time t (starting from the end-of-fallout time, ty+At) can be assessed on the basis of available
historical measurement of exposure rate P(t,,) performed at time t,, as follows:

P(t) = P(tm) % (t/tm)™ @)
where n=13 for ty+At<t<100h;

n=09 for 100<t<1000 h;

n=12 for t>1000 h;

to+At is the end-of-fallout time, h.

Then, the dose from fallout, Dsyjout, IS €Stimated as

3 lei
Datou = Kar x - [ P(t)dlt (@)
i1ty ;
where 1,1, 12, 1o 3 are equal to to+At, 100 h, and 1000 h, respectively, h;
te1, te2, te 3 are equal to 100 h, 1000 h, and oo, respectively, h.
In order to assess external whole-body dose to the residents it is necessary to take into account their
lifestyle and type of residence of the population groups living at the location of interest:
e age-dependent number of hours spent outdoors; and
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values of the shielding factor related to the ratio of the outdoor and indoor exposure rates for the gamma
radiation emitted from the radioactive cloud and that for the activity deposited on the ground.
The equation to assess a whole-body dose, Dpogy, is as follows:
Dbody = Dair X CF x [toudoors+(tday - t0utd00rs)/ kshield]/ taay (5)
where CF is a conversion factor to convert absorbed dose in air to absorbed dose in the body (uGy per uGy)
depending upon age (assuming 100% outdoor occupancy), dimensionless;
toutdoors 1S time spent outdoors, h;
tsay=24 h, hours in a day; and
Kehieia i the shielding factor related to the ratio of the outdoor and indoor exposure rates for gamma
radiation emitted from the activity deposited on the ground, dimensionless.

Methodology used to assess internal dose to specific organs

In case of assessing the internal exposure to the residents living in areas of local fallout from
radioactive clouds due to nuclear weapons testing, usually the estimates of internal dose to (1) thyroid from
radioiodines, (2) whole body from radiocesiums and (3) red bone marrow from radiostrontiums are
considered. As a rule, internal doses to whole body and red bone marrow are much less than those from
external exposure. So they deserve much less attention than internal doses to thyroid which might be
substantially higher compared to those from external exposure. So, the main interest is usually given to
assessing thyroid doses to the residents from radioiodines.

A detailed description of the methodology to assess thyroid dose from internal exposure to
radioiodines is given in [11]. The main issues of that methodology are described in [13] and in this paper.
Similar to assessment of external dose [10] the methodology of assessment of internal dose to thyroid
consists of two steps. On the first step the radiological conditions in a settlement located in the area of local
fallout are reconstructed. On the second step the dose assessment for the population groups living at the
location of interest is carried out based on the reconstructed radiological conditions taking into account their
lifestyle and dietary habits.

To reconstruct parameters of the radiological conditions that are pertained to assessment of internal
dose to thyroid the same input data (as for external exposure [10]) are used in the model:

type and composition of fission material;

date and time of explosion;
height of radioactive cloud top, Hmax, (km);
height of detonation above ground surface (m); and
average wind speed over the height of the radioactive cloud, Va, (km h™).
The main parameters characterizing the radiological conditions at the location of interest and used in
the assessment of internal dose to thyroid derived from the model are as follows:

o fallout arrival time, H+t (h);

e duration of fallout At (h);

fraction of the activity of the radionuclides in fallout assigned to the biologically active particles with
diameter d<50 pum, ngy<so (dimensionless);

average concentration of radionuclides in ground-level air during the time of radioactive fallout (Bq m™):
radionuclide ground deposition density at time H+24 h, o5 54 (Bq m™);

exposure rate at time H+24 h, P,, (MR h™).

69



It is worth noting that the main pathway of radionuclides intake for the populations living in the
contaminated territory was cows (horse) milk. To assess internal thyroid dose to the residents based on the
reconstructed radiological conditions the following parameters accounting for lifestyle and dietary habits are
used:

e age-dependent breathing rates;

e type of milk consumed;

e age-dependent milk consumption rates.

It is necessary to stress that two important concepts were introduced in the methodology [11]:

(1) “Biologically active fraction”, defined as the fraction of the total activity on fallout particles with
diameter less than 50 microns. That fraction is retained by vegetation and will ultimately result in
contamination of dairy products.

(2) “Relative distance” derived as a dimensionless quantity from the parameters of an event and
meteorological data. It describes how the biologically active fraction is distributed with distance from the
site of the explosion. At locations with equal values of relative distance, the biologically active fraction
will be the same for any test.

Biologically active fraction, nq<so, of fallout is estimated according to the following equation:

Naso = 1 - [1 - 0.6X(Hmax X Vay) *Ixexp(-4 x X.*) (6)
where
Nasso 1S the biologically active fraction of fallout, dimensionless;
Hnmax is the height of the radioactive cloud top, km;
V,v is an average wind speed over the height of the radioactive cloud, km h': and
X, is a relative distance, dimensionless.
The values of relative distance, X,, are calculated according to the ratio:
Xr = (X % Wso) / (Nmax % Vav) 7)
where
X is a current distance along the trace axis, km; and
Wi, is a sedimentation velocity for fallout particles of 50 um; it is assumed to be equal to 0.73 km h*
for soil types typical for the SNTS.

Empirical dependence of biologically active fraction of fallout versus relative distance was derived

from fitting of experimental data received for various nuclear events conducted at the SNTS (see Fig. 2) [13].

Tas<s0, dimensionless
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Figure 2. Variation of biologically active fraction with relative distance. Fitting of experimental data
received for various nuclear events conducted at the Semipalatinsk Nuclear Test Site [13].

Data on lifestyle and dietary habits
According to the information presented in the reports [14, 15] the populations of Russian and
Kazakh ethnicity who lived in 1949-1962 in the settlements at the territory of the Republic of Kazakhstan
adjoining the SNTS had differences in lifestyle, dietary habits, as well as their homes were done of different
materials (wooden — Russian homes, and adobe — Kazakh homes). The age-dependent values of the average
time spent outdoors (h per day) by the Russian and the Kazakh populations in those settlements are given in
Table 3.

Table 3. The age-dependent values of the average time spent outdoors (h per day) by the Russian and the
Kazakh populations in 1949-1962 in the settlements at the territory of the Republic of Kazakhstan adjoining
the SNTS [14, 15].

Age, y 0-1 2-3 4-5 6-11 12-16 16-18 18+
Time spent Russians 3 4 5 6 8 10 16
outdoors (h d™) by Kazakh 4 5 6 8 10 12 16

It is worth noting that the Kazakh population consumed horses milk (koumiss), while the Russian
population consumed cows milk. The age-dependent values of the average rate of cows and horses milk
consumption (L per day) by the Russian and the Kazakh populations in 1949-1962 in the settlements at the
territory of the Republic of Kazakhstan adjoining the SNTS are given in Table 4 [14, 15].

Table 4. The age-dependent values of the average rate of cows and horses milk consumption (L per day) by
the Russian and the Kazakh populations in 1949-1962 in the settlements at the territory of the Republic of

Kazakhstan adjoining the SNTS [14, 15].

Age, y 0-1 2-3 4-5 6-11 12-14 14+
Milk consumption Russians 0.3 0.35 0.45 0.5 0.6 0.7
rate (L d) by Kazakh 0.25 0.35 0.5 0.6 0.7 0.7
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Based on actual measurements conducted indoors and outdoors at the time of radioactive fallout
following nuclear weapons testing, the shielding factors were assessed for typical wooden homes (where
Russian residents lived) Kqieig=3, and typical adobe homes (where Kazakh residents lived) Kgnielg=13 [14].

Review of the archival data on the exposure rate measurements

Majority of the measurements of gamma exposure rate was provided by ground and aircraft
monitoring, carried out by specially trained groups. Only tested and calibrated dosimetry equipment was
allowed to use for measuring exposure rate in contaminated areas by those groups. All dosimetry instruments
were calibrated in a dosimetry laboratory of the radiation safety department of the SNTS. Standard sources
of ®Co and **’Cs were used for the calibration purposes. The dosimetry instruments with readings, which
differed more than 30% of actual value, were prohibited to use for exposure rate measurements [16].

Below is the archival information regarding radiation measurements following the four nuclear tests
that provided the highest contribution to the collective dose to the population living in areas close to the
SNTS.

Test#1

The first nuclear test conducted in the USSR was exploded at special Experimental Field of the
SNTS on August 29, 1949 at 7:00 of local time. Nuclear device with yield q = 22 kt (*°Pu) was settled at the
top of metal tower (30 m) [1]. Radioactive cloud reached altitude Hy.x = 9 km and moved by wind to
northeastern direction. On that day the weather conditions were unstable, sometimes it rained with sharp
increase of wind velocity. Average wind velocity in the layer from ground level to 6 km was about 60 km h™.
Velocity of average wind in the layer from ground level to the maximum cloud top height was about V,, =
47 km h™.

The scientific leaders knew nothing about radioactive fallout at far distances from the point of
detonation, so ground-level monitoring was planned to be provided only in the vicinities of the point of
detonation. It was supposed that radioactive products would be raised at high altitude and be dispersed. In
that case intensive radioactive fallout can be only in the epicenter of the explosion and in the nearest vicinity
of it. However, just by chance, five days after the explosion outside the Experimental Field in the direction,
where radioactive cloud moved, glass-looking radioactive particles were revealed.

Measurements of exposure rate (aerial and ground-level monitoring) were conducted from
September 5 to 13 (start was one week after the detonation). The results of measurements of the exposure
rate in area of local fallout from event #1 are presented in report [17]. That report was the first research
report with presentation of aerial and ground-level data in area of local fallout from nuclear event. It reflects
an initial phase of development of aerial and ground-level monitoring. In particular, it is noted in report [17]:
“Aerial monitoring carried out on September 5 revealed that fission debris deposited from radioactive cloud
on ground extend from the center of the Experimental Field to the northeastern direction as continuous strip.
The width of that strip increases and equals to 50 km at distance of 100 km and to 130 km at distance of 600
km. The length of that strip is about 700 km. The largest populated area was city Biysk (at distance of 570
km).” With respect to general results of radiation monitoring it reports: “From September 5 to 13 ground-
level monitoring was provided in order to determine level of gamma-radiation and to measure the width of
the strip of fission debris fallout up to vicinity of Biysk city.”
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Ground-level monitoring showed data which were in agreement with data received by aerial
monitoring regarding distribution of radioactive debris. At distance of 100 km from the center of the
Experimental Field the width of the strip of fallout was equal to 35 km. The highest level of gamma-radiation
(more than 3 pR s™) was observed in a central part of the strip with the width of 1-5 km. In the vicinity of
Biysk city the width of that strip was up to 115 km, but level of gamma-radiation decreased to 0.048 uR s™.
Observation showed that “sources of gamma and beta-radiation are fission debris deposited on ground
surface and environments. Sources of radiation in air were not observed.”

The first monitoring by aircraft (plane Li-2) was conducted on September 5, 1949 from 10:25 to
16:00 of local time. Exposure rate was measured by instrument PR-6 (ECHO-2) with measuring limits from
0.001 uR s™ to 3 puR s™ (0.036 mR h* to 10.8 mR h™). Glass gamma-counter located in pilot cabin was used
as detector of that device. Instrument PR-6 was the most sensitive one among all the instruments available
that time. Instrument PR-6 is a survey meter designed to detect uranium ore. The lower energy of gamma
guantum the higher sensitivity of the detector (glass gamma-counter). The measurements conducted inside
plane at a known height have been re-calculated to the corresponding measurements at h=1 m above ground
using the scaling factor. The results of aerial monitoring data are given in Table 5 [17, 18].

Ground-level monitoring was conducted by the survey meters of the same type PR-6. The only
difference was that detector was covered by aluminium shield with width of 2 mm in order to cut beta-
radiation and low energy gamma-radiation. The route was from point “M” (later called town Kurchatov) to
city Biysk through settlements: city of Semipalatinsk, village Borodulikha, village Uspenskoe, town
Zmeinogorsk, village Savvushka, village Kuriya, village Krasnoshchekovo, village Verkhnya Kamyshenka,
village Ogni, village Verkhnee Anuiskoe, village Smolenskoe. Having reached city Biysk, the monitors came
back to point “M” along the same route. The results of ground-level monitoring data are given in Table 6 [17,
18]. With respect to measurement related to Dolon in Table 6 it is necessary to stress that according to report
[17] it was a measurement outside Dolon village at the axis of the radioactive trace located near this village,
in addition this measurement was conducted by a special team of radiation safety department with the
instrument other than PR-6, which was used to measure exposure rate inside the SNTS.

Test#2

The second nuclear test conducted in the USSR was exploded at the SNTS on September 24, 1951 at
13:10 of local time. Nuclear device with yield q = 38 kt (**Pu) was settled at the top of a steel tower (30 m)
[1]. Radioactive cloud reached altitude Hyax = 11.6 km and moved by wind to south-southeastern direction.
Velocity of average wind was V., = 26.4 km h™. A local fallout area was formed along trajectory of the
radioactive cloud. The territory where net infinite gamma exposure might have been higher 1 R extended up
to 200 km from the border of the SNTS. At the border of the SNTS the width of local fallout area was about
40-45 km and its maximum width was 60-65 km at distance of 140 km.

Local fallout was revealed in territories of Abay, Chubartau, and Ayagyz raions of Semipalatinsk
Oblast with main settlements: Kainar, Chubartau, and Kara-Aul, respectively.

Starting from event #2 aerial monitoring became the main way to investigate radiological conditions
outside the territory of the SNTS. Aerial monitoring was continuously developed with respect to instruments
and methods during nuclear weapons testing in atmosphere. The results of aerial monitoring data of local
fallout area from event #2 are given in Table 7 [16].
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Table 5. Aerial monitoring data of local fallout area from event #1 [17, 18]. Aerial monitoring was conducted on September 5, 1949 from 10:25 to 16:00.

Distance from the point

Geographical coordinates

Aerial measurement,

Exposure rate corrected

Location of point of measurement of detonation, km North latitude East longitude Altitude, h, m Preas, LR S to h=1 m, Peg, uR S
15 km to west from lake Suzuxer 70 50°25' 78°50’ 50 0.05 0.066
8 km to south from lIzvestkovii 72 50°34' 78°51 50 >3 >5.46
10 km to east from Grachi 75 50°45' 78°45' 50 0.042 0.052
Budenya 95 50°37" 79°07’ 50 >3 >5.46
16 km to south-east from Budenya 105 50°30’ 79°17 150 1.4 7.6
17km to south from Belokamenka 127 50°24' 79°3¢6 130 0.032 0.085
Kanonerka 135 50°43' 79°42' 100 0.15 0.45
5 km to north-west from Petropavlovka 175 50°47' 80°21" 100 0.32 1.0
Topolnoe 177 50°59’ 80°06' 50 0.85 1.53
Kalininskii 51°02’ 80°24' 60 1.8 3.67
17 km to east from Shadrukha 51°11' 80°13' 50 0.35 0.62
5 km to south-west from Stepanovka 205 50°12’ 80°38' 210 1.8 17.8
10 km to north-west from Korostelevskii 51°07’ 80°50’ 240 0.09 0.98
Korostelevskii 239 51°03 81°00’ 240 0.013 0
Kyzylkuduk 230 51°13' 80°47' 250 0.9 12.4
10 km to west from Sovetskii Put 250 51°07’ 81°08' 250 0.014 0.14
17 km to south-east from Rakity 242 51°21’ 80°52’ 250 0.05 0.51
city Rubtsovsk 267 51°31 81°08' 250 0.03 0.24
10 km to north-west from Talovka 313 51°26' 81°55' 250 0.08 0.93
10 km to south-east from Talovka 330 51°25’ 82°02’ 250 0.5 6.8
16 km to south-east from Savushka 335 51°25’ 82°23' 700 0.017 0.25
Kurya 344 51°36' 82°17' 240 0.27 33
10 km to north-east Kurya 353 51°40 82°23' 250 0.06 0.65
Trusovo 361 51°41 82°30’ 230 0.022 0.106
6 km to north from Elytsovka 374 52°02' 82°40’ 240 0.013 0
6 km to south from Beloglazovo 390 52°03' 82°50’ 250 0.013 0
10 km to west from Burakovskii 387 51°57 82°59’ 250 0.017 0.056
8 km to north-west from Berezovka 401 51°53' 82°54' 260 0.05 0.55
Berezovka 402 51°49’ 82°58’ 250 0.065 0.72
Verkhnya Kamyshenka 403 51°45' 82%p’ 280 0.1 15
Bolshoi Bashchelak 453 51°31’ 83°58’ 410 0.12 3.53
10 km to south-west from Ust- 458 52°18' 83°34' 250 0.12 1.49
Charyshskoi wharf
20 km to south-west from Istok 486 52°09' 84°07' 150 0.032 0.106
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Lacation of point of measurement Distance fron_1 the point Gec_)graphical coordinate:s Altitude. h. m Aerial measurerlnent, Exposure rate cprrectteld
of detonation, km North latitude East longitude T Pieasy LR S toh=1m, Pey, URS

23 km to south-west from Sychevka 526 52°01 84°12' 130 0.013 0

20 km to north-west from Karpovo 511 51°59’ 84°36’ 85 0.05 0.101

8 km to north from Karpovo 515 51°53’ 84°46' 60 0.028 0.03

13 km to south-west from Verkhnee 530 52°12' 84°46' 25 0.05 0.05
Anuiskoe

17 km to nort-east from Verkhnee 550 52°21' 84°53 80 0.03 0.044
Anuiskoe

city Biysk 559 52931 85°10’ 105 0.032 0.065

* _ P IS estimated net gamma-exposure rate corrected to h=1 m above ground after background (equal to 0.013 pR s™) subtracting.

Table 6. Ground-level monitoring data of local fallout area from event #1 [17, 18]. Ground-level monitoring was conducted from September 5 to 13, 1949.

Distance from Geographical coordinates .
. . ; Date of Time of Measured exposure rate
Location of point of measurement the point of . . h= a1
detonation, km North latitude East longitude measurement measurement ath=1m, pR's

Belokamenka 122 50°33’ 79°36’ 5.9 11%° 0.01
Dolon 118 50°40’ 79°18' 12% 33"

Mostik 90 50°42' 79°07’ 14% >33

Cheremushki 76 50°39 79°04’ 17% 0.01
railway station Bel-Agach 250 50°46' 80°40' 7.9 10% 0.01
Krasnyi Aul 241 51°03' 81°02' 11% 0.06
Rubtsovsk 269 51°31 81°08’ 15% 0.03
Bezrukavka 277 51°35' 81°16' 17% 0.01
Ust-Kalmanka 425 52°07" 83°20" 8.9 10% 0.03
Korobeinikovo 450 52°10’ 83°42' 12% 0.04
Oskolkovo 415 52°17' 83°10’ 17% 0.005
Bystryi Istok 505 52°23' 84°22' 9.9 13% 0.05
Verkhnee Anuiskoe 506 52°13' 84°34' 14% 0.05
Sychevka 510 52°02' 84°41' 20%° 0.04
Belokurikha 530 51°59’ 84°55' 10.9 13% 0.025
Altaiskoe 540 51°57' 85°18' 15% 0.01
Biysk 560 52°31 85°10 19% 0.05
Zonalnoe 545 52°40' 84°51’ 12.9 13% 0.04
Bulanikha 552 52°48' 84°52' 14% 0.02
Borovlyanka 522 52°37' 84°24' 16% 0.03
Troitskoe 554 52°59' 84°37' 18% 0.01
Marushka 596 52°52' 85°24' 13.9 12% 0.025
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Distance from

Geographical coordinates

Location of point of measurement the point of Date of Time of Measured exposurelrate
detonation, km North latitude East longitude measurement measurement ath=1m, pR's

Gornovoe 600 53°04' 85°19' 13% 0.015
Ovsyannikovo 632 52°56' 85°58' 15% 0.03
Elytsovka 663 53°16' 86°10’ 17% 0.02
Togul 655 53°29' 85°47' 19% 0.01
35 km along the road from “M” to city of Semipalatinsk 85 50°37’ 78°55’ 13.9 20%° 0.02
40 km along the road from “M” to city of Semipalatinsk 90 50°36’ 78°59’ 13.9 207 0.8

45 km along the road from “M” to city of Semipalatinsk 94 50°36' 79°03' 13.9 20% >3

50 km along the road from “M” to city of Semipalatinsk 100 50°36' 79°07 13.9 20" >3

70 km along the road from “M” to city of Semipalatinsk 114 50°36' 79°20/ 13.9 19% 0.02
5 km to south from Belyainka 318 51°12 82°07' 7.9 17% 0.08
Belyainka 320 51°16' 82°07' 7.9 17%° 0.16
Savvushka 324 51°20' 82°08' 7.9 20% 0.9

Kurya 340 51°36' 82°17' 7.9 21% 0.95
10 km to east from Kurya 344 51°37' 82°17' 8.9 10% 0.8

Savvushka 324 51°20' 82°08' 12.9 17% 0.3

Kurya 340 51°36' 82°17' 12.9 12% 0.3

Krasnoshchekovo 377 51°40' 82°45' 8.9 12% 0.3

Krasnoshchekovo 377 51°40’ 82°45' 12.9 14% 0.18
Kamyshinka 403 51°45' 83°06' 8.9 19% 0.1

Ogni 439 51°55' 83°33' 8.9 20% 0.045
Antonyevskoe 468 51°59’ 83°57’ 8.9 20" 0.06
Petropavlovskoe 478 52°03' 84°04' 8.9 217 0.08
Verkhnee Anuiskoe 510 52°13' 84°34' 8.9 227 0.052
Malaya Smolenka 537 52°10’ 84°54' 8.9 22% 0.05
Smolenskoe 548 52°17' 85°00’ 8.9 23% 0.05
city Biysk 570 52°31’ 85°10’ 9.9 8% 0.048
6 km from Biysk along road to Oirot-Tura 576 52°34' 85°14' 9.9 11% 0.03
20 km from Biysk along road to Oirot-Tura 587 52°38' 85°22' 9.9 117 0.03
30 km from Biysk along road to Oirot-Tura 598 52°42' 85°29' 9.9 11%° 0.036
34 km from Biysk along road to Oirot-Tura 602 52°43' 85°32' 9.9 11°° 0.045
38 km from Biysk along road to Oirot-Tura 605 52°44' 85°34' 9.9 12% 0.05
42 km from Biysk along road to Oirot-Tura 609 52°46' 85°37' 9.9 12%° 0.05
45 km from Biysk along road to Oirot-Tura 613 52°47' 85°40 9.9 12% 0.05
50 km from Biysk along road to Oirot-Tura 617 52°49' 85°42' 9.9 12% 0.05
55 km from Biysk along road to Oirot-Tura 622 52°50' 85°46' 9.9 12%° 0.015
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Distance from Geographical coordinates .
. . ; Date of Time of Measured exposure rate
Location of point of measurement the point of . . h= a1
detonation, km North latitude East longitude measurement measurement ath=1m, pR's
10 km from Biysk along road to Khairyuzovka 569 52°36' 85°06' 9.9 16% 0.036
20 km from Biysk along road to Khairyuzovka 570 52°41' 85°03' 9.9 16 0.034
30 km from Biysk along road to Khairyuzovka 569 52°46' 84°58' 9.9 17%° 0.028
40 km from Biysk along road to Khairyuzovka 570 52°51' 84°55' 9.9 17%° 0.022
50 km from Biysk along road to Khairyuzovka 571 52°56' 84°52' 9.9 18" 0.017
55 km from Biysk along road to Khairyuzovka 571 52°58' 84°50’ 9.9 18% 0.012
* - measurement outside Dolon on the trace axis
Table 7. Aerial monitoring data of local fallout area from event #2 [16].
Location of point of measurement Distance from the point Geographical coordinates melsltr;ir?:;nt Aerial measurement, | Exposure rate corrected
P of detonation, km North latitude East longitude H+t h ! Prneas, LR 8™ toh=1m, mR h?!
meass
50 50°00’ 77°30’ 17.78 225 1620
85 49°39’ 77°33 18.00 88 634
20 km to north-east from Kaynar 120 49°20 77°11 19.00 78 562
125 49°16' 77°37 18.22 31 224
132 49°12' 77°40' 20.05 26 188
Kolkhoz named Telman 155 49°30 78°43' 68.00 0.1 0.72
160 48°58' 77°53' 40.07 8.5 62
40 km to south from Kaynar 180 48°50’ 77°23 68.00 0.1 0.72
20 km to north-east from Kara-Aul 190 49°05' 79°27' 42.00 0.1 0.72
20 km to west from kolkhoz named 220 48°24' 78°28’ 43.00 0.1 0.72
Molotov
kolkhoz named Molotov (Baykoshar) 225 48°24' 78°46' 43.00 4.0 28.8
230 48°22' 78°47' 41.54 2.0 14.4
390 47°08' 80°05' 158.00 0.5 3.6
Zhuz Agach 400 47°05' 79°44' 67.00 0.1 0.72
Taskesken 410 47°13' 80°47' 66.00 0.8 5.76
415 47°02' 80°42’ 66.10 0.3 2.2
Novotroitskoe 420 47°21' 81°12' 66.00 0.1 0.72
460 46°40' 80°38’ 66.92 0.1 0.72

7




Test #4

The event carried out on August 12, 1953 was the first Soviet thermonuclear explosion. It was the
most powerful surface event in the world. Its yield was q = 400 kt [1]. This event was exploded at 7:30 of
local time. Nuclear device was settled at the top of a steel tower (30 m). Radioactive cloud reached altitude
Humax = 16 km and moved by wind to southeastern direction. Velocity of average wind was V,, = 64.6 km h™%.
A local fallout area was formed along trajectory of the radioactive cloud. The territory where net infinite
gamma exposure might have been higher 1 R extended up to 400 km from the border of the SNTS.

Local fallout was revealed in territories of Abay, Georgiev, and Ayagyz raions of Semipalatinsk
Oblast with main settlements: Sarzhal, Kara-Aul, Kyzyltas, Zhurekadyr, Egyz-Kyzyl and others.

Following each nuclear test with fallout identified outside the territory of the SNTS a fallout pattern
was drawn based on the results of actual measurements of the exposure rate due to both aerial and ground-
level radiation monitoring. As a rule such fallout pattern contains the isopleths expressed in units of net
infinite external gamma dose, D, (in R). The estimates of dose D were calculated using the results of the
exposure rate measurements (Ppess) at time of measurement to..s and assuming the variation with time of the
exposure rate accordingly to the law of t", where n was usually taken to be equal to 1.2. In fact, very
frequently the results of actual measurements of the exposure rate were not kept but only the fallout patterns
were kept. Use such fallout pattern allows for estimating the exposure rate at H+24h. The estimates of the
exposure rate decay-corrected to 24 hours calculated for several locations following the event #4 are given in
Table 8 [16].

To assess exposure doses from event #4 to the population it is necessary to account for evacuation.
In order to provide radiation protection for the population before the event #4 was exploded all the residents
had been evacuated from the settlements located in the sector where the radioactive cloud was expected to
move to. The radius of that sector was estimated to be equal to 120 km. The largest settlement in that sector
was Sarzhal located at the distance of 110 km. The central farm of kolkhoz named Telman was located on
the territory of that settlement. The residents of Sarzhal together with their cattle had been evacuated to clean
area before the event #4 was exploded. They were resettled 16 days after the explosion. Gamma exposure
rate did not exceed 40 mR h™ at that time (16 days after the explosion). Thus, the residents of Sarzhal were
exposed to radiation since they came back to their settlement.

The second large settlement was Kara-Aul which was a raion center in Semipalatinsk Oblast. That
settlement was located outside the area of obligatory evacuation at distance of 200 km from the Experimental
Field. So, evacuation of the residents from that settlement had not been conducted before the event #4 was
exploded.

However, after the explosion, when it became obvious that radioactive cloud moved toward to Kara-
Aul a decision was made to provide an urgent evacuation of the residents and cattle to clean area. The
residents of Kara-Aul came back to their settlement 10 days after the explosion. Gamma exposure rate did
not exceed 50 mR h™* within the territory of the settlement at that time (10 days after the explosion). Thus,
the residents of Kara-Aul were exposed to radiation before evacuation and since they came back to their
settlement.
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Table 8. Estimates of the exposure rate decay-corrected to H+24h for some settlements and points located in local fallout area derived from fallout pattern from

event #4 [16].

Distance from the point of

Geographical coordinates

Infinite external

Estimated exposure rate at

Location of point of measurement detonation, km North latitude East longitude | gamma dose, R H+24 h, Py, MR ht
17 km north-east Tailan 100 49°44' 78°47 33 160
12 km south-west Tailan 100 49°38' 78°26' 28 140
Tailan 100 49°40 78°34' 1060 5110
16 km south-west Sarzhal 110 49°28' 78°36 2.1 10
Sarzhal — kolkhoz named Telman 110 49°35’ 78°44' 250 1230
12 km north-east Sarzhal 110 49°38' 78°53' 3.8 19
8 km south-west Kara-Aul 200 48°52' 79°12' 17 93
Kara-Aul 200 48°56’ 79°16' 150 825
Mamyzhan 200 49° 79° 0.4 2.2
11 km south-east Mamyzhan 200 49°07' 79°30" 8.3 46
Kyzyltas 217 48°48' 79°44' 1 5.6
22 km east Zhanaenbek 250 48°37" 79°56' 37 213"
40 km east Zhurekadyr 270 48°30’ 80°08’ 21 122"
12 km north Ushbiik 300 48°34' 80°37" 0.5 3.0
Aigyrzhal 300 48°17' 80°29' 6.0 36
5 km south Egyz-Kyzyl 300 48°05' 80°22' 0.1 0.6
40 km north Kyzylkesek 400 48°15' 82°02 0.1 0.64
30km south-west Kyzylkesek 400 47°45' 81°42' 0.1 0.64
30km south-east Kyzylkesek 480 47°51 83°05' 1.6 117

* - points located on the axis

Table 9. Estimates of the exposure rate decay-corrected to H+24h derived from fallout pattern for some settlements and points located in local fallout area where dry

fallout occurred following event #28 [16].

Distance from the point of

Geographical coordinates

Infinite external

Estimated exposure rate at

Location of point of measurement detonation, km North latitude East longitude gamma dose, R H+24 h, P,,, MR h*
Bensen 100 50°08 79°12/ 23 107"
Znamenka 122 50°04' 79°35’ 7.5 37
Shcherbakovka 134 50°08 79°40 10 507
Sementau 140 50°10’ 79%44' 6.0 30
Repinka 154 50°04/ 80°02’ 5.0 26"
Baltataran 172 50°10’ 80°11' 1.7 8.9
Arkalyk 185 49°53' 80°20’ 0.3 1.6
Kara-Mola 210 49°56' 80°41’ 0.8 4.4
Karponka 213 49°59 80°44' 3.2 18
Terestambaly 217 50°05’ 80°48' 2.5 14
Novotaubinka 224 49°50’ 80°51’ 0.8 45

79




10 km south-west Mal.Karasu 240 49°57’ 81°08' 24 13"
Oktyabryskii 255 49°48' 81°17 1.6 9.1
Bagrationovka 259 50°11 81°21’ 1.6 9.1
Bakyrchik 284 49°43' 81°35 0.8 4.6
Pervomaiskii 306 50°16’ 82°01' 0.8 4.6
Ekaterinovka 320 49°33' 82°08’ 0.5 3

Verkhneberezovskii 320 50°16’ 82°13 0.5 3

Tavricheskoe 322 50°10’ 83°03' 3.0 18
Shnikora 324 49°44' 82°13’ 2.0 12
Sekisonka 346 50°18' 82°35’ 0.2 1.2
Leninka 356 49°43' 82°40' 2.0 12
Cheremshanka 384 50°25’ 83°04' 0.6 3.7
Asubulak 392 49°33' 83°03’ 0.8 4.9
Leninogorsk town 410 50°20’ 83°30 0.6 3.7

* - points located on the axis

Table 10. Estimates of the exposure rate decay-corrected to H+24h derived from fallout pattern for some settlements and points located in local fallout area where

wet fallout occurred following event #28 [16].
Location of boint of measurement Distance from the point of Geographical coordinates Infinite external Estimated exposure rate at
P detonation, km North latitude | East longitude gamma dose, R H+24 h, P,,, MR h*
Spot “A”
5 km south-west Borodino 263 49 °56' 81°26' 9.5 58"
Mitrofanovka 278 50°04' 81°36’ 7.0 40
Troinitskoe 287 49 °56' 8145 8.0 46
Kamenka 297 49°58' 813 7.0 40
290 50°01’ 81°48’ 10 58"
Porletarskoe 309 50°04' 82°03 7.0 41
Kanaika 313 49 °55' 8153 8.0 47
Donskoe 325 50°05’ 82°16’ 5.0 30
Uvarovo 332 50°04' 82°22' 5.0 30
Praporshchikovo 337 50°02 8227 6.0 36
Zavidnoe 327 49°51' 82°16' 7.0 42
12 km south Gerasimovka 335 49°51’ 82°25' 11.0 66
Gerasimovka 338 49°58' 82°27 9.0 53
Ust-Kamenogorsk city 350 49°58' 82°39' 13.0 79
Surovoe 372 49 °50' 82°53' 8 49"
Spot “B”
Glubokoe 342 50°10’ 82°32' 3 18
8 km west Bobrovka 354 50°08’ 82°39' 3.5 21
Belousovka 360 50°09’ 82°35’ 3 18
5 km north-west Tarkhanka 365 50°08’ 8253 3.3 20
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Test #28

Event #28 was conducted at the SNTS on August 24, 1956 at 10:15 of local time. Nuclear device
with yield q = 27 kt (**Pu) was dropped from aircraft and was exploded at height of 93 m [1]. Radioactive
cloud reached altitude Hmax = 12.1 km and moved by wind to east direction. Velocity of average wind was
Vo = 71.2 km h™. A local fallout area was formed along trajectory of the radioactive cloud. That area
continuously extended.

It is important to note that at distances 240-450 km from the center of Experimental Field two
radioactive spots were appeared. Those spots have likely been formed due to local rains. The level of
radionuclide deposition density in those spots was about 4-10 times higher comparing to that in surrounding
territories.

Within the framework of “south” spot “A” with square of 3,200 km? the value of average exposure
rate at H+24 h was about P,,=48 mR h. While in area of “north” spot “B” with square of 500 km? the value
of average exposure rate at H+24 h was about P»,=19 mR ht

Local fallout was revealed in territories of Novopokrovsk and Charsk raions of Semipalatinsk Oblast,
in Tavrichesk, Podgornensk, Nikitin, and Serebryakov raions of East-Kazakh Oblast. Substantial exposure to
the residents was in large settlements Znamenka, Octyabryskii, Bakyrchik, Pervomaiskii,
Verkhneberezovskii, Glubokoe, Belousovka, Asubulak, Leninogorsk town, and large industrial city Ust-
Kamenogorsk, which occurred to be in a middle part of local fallout area in the most contaminated place
(“south” spot “A™).

The estimates of the exposure rate decay-corrected to H+24h derived from fallout pattern for some
settlements and points located in local fallout area where dry fallout and wet fallout occurred following event
#28 are given in Table 9 and Table 10, respectively [16].

Conclusion

Of 111 atmospheric nuclear tests conducted in 1949-1962 before the onset the Limited Test Ban
Treaty was signed, only 11 events might have resulted in external dose to the residents outside the SNTS that
would exceed 5 mSv during the year following the nuclear explosion.

A short description of the methodology to assess external and internal doses to the residents living in
the settlements adjoining the SNTS is given in the paper.

The most important were the four following events: #1 (August 29, 1949; yield of 22 kt), #2
(September 24, 1951; 38 kt), #4 (August 12, 1953; 400 kt), and # 28 (August 24, 1956; 27 kt). It is estimated
that these events contributed more than 95% of the collective dose to the population living in areas close to
the SNTS. Available data related to radiation measurements conducted following those four nuclear events
have been presented.
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Introduction

The operation of nuclear propulsion plants on the USSR Navy submarines led to a number of
incidents and accidents accompanied by overexposure of personnel including cases of lethal doses. The
curtain of secrecy around Navy radiation accidents started lifting with 1990°s publications in “Morskoy
Sbornik” (the official journal of the Russian Navy), newspaper “Pravda” and other periodical editions.
There were also books published based on recollections of the parties involved in these tragic events. One
of the most comprehensive publications on radiological and radioecological consequences of Navy
accidents appeared in 1999 [1].

During more than 30 years of use of nuclear reactors on the USSR Navy submarines hundreds of
breakdowns and accidents of radiological significance took place. The main reasons for these situations
were technical imperfections of the nuclear propulsion plants’ equipment and also errors of the personnel.
Not every case of deterioration of radiation conditions on nuclear-powered submarines was accompanied
by personnel overexposure. In most of cases, the timely taken measures to normalize the radiation
situation and radiological protection measures allowed prevention of the crew overexposure. For example,
seal failures of the primary coolant circuit happened on dozens of submarines in different periods, but only
one case in 1979 due to a variety of causes resulted in radiation injuries to personnel.

The structure of Navy radiation accidents accompanied by personnel overexposure is shown in
Table 1. By 1991, there happened seven major accidents at submarine nuclear propulsion plants: five at
sea (1960, 1961, 1968, 1979, and 1989), and two at ship repair yards during reactor refueling (1965 and
1985). Besides, there were six radiation accidents registered in the Navy related to the handling of spent
nuclear fuel and of other sources of ionizing radiation.

The most severe radiation accidents took place on first-generation nuclear submarines in 1961 and
1968. According to the actual classification, six accidents by their character and scale belong to site
incidents, i.e. those having only on-site (or within the vessel or shipyard) impact, and one to accidents
which have off-site (outside the vessel or shipyard) impact with the risk of population overexposure [1].

In 1985 there was a particularly significant release of radioactive material following a
spontaneous chain reaction and a thermal explosion of reactor on a Pacific Fleet submarine. It happened
during reactor refueling on a ship repair yard in Chazhma Bay. The emission amounted to (1.9-
2.6)x10"" Bg. The reactor explosion led to scattering of reactor and fuel composition fragments within a
radius of several dozens of meters and to massive radioactive contamination of watercraft, moorings,
constructions, territory and water area in the accident zone. The radioactive plume spread downwind
30 km, and the radioactive trace area made up 45 sq. km. This accident resulted in overexposure and death
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Table 1. Structure of Navy radiation accidents resulting in military personnel overexposure

Place of accident Type of accident
. . Ship repair without
Object of accident Total At sea yards and significant off- | with off-site risk
other places site risk
Submarlr_le nuclear 7 5 2 6 1
propulsion plant
Spent nuclear fuel and
other sources of ionizing 6 - 5 5 -
radiation
Total number 13 5 7 11 1
Table 2. Structure of radiologic effects of the Navy radiation accidents by 1991
Radiation injured, number of Deaths caused by radiation
Overexposed i
persons accidents, number of persons
Object of accident , total According to
number of - Other
Official the exposure Overexposure
persons causes
doses
Submar-me nuclear >1000 193 85 12 10
propulsion plant
Spent nuclear fue
and other sources of >50 37 33 - -
ionizing radiation
Total number ~1100 230 118 12 10
Chornobyl NPP 237 (initially) 135 29 2

of people. The Chazhma accident which happened 8 months before the Chornobyl catastrophe was its
sinister forerunner, analogue, though with significantly lower-scale consequences. Unfortunately, for
reasons of secrecy the data on the character and the consequences of the Chazhma accident did not help to
start a campaign on fundamental improvement of situation in the field of nuclear power safety in the
USSR.

During the radiation accidents on nuclear-powered submarines at sea, the personnel were exposed
to the combined effect of the next radiation factors:

— External uniform y and B radiation from the cloud of radioactive noble gases and radioactive
aerosols;

— External non-uniform y and B radiation from contaminated surfaces and from conduits and
reservoirs filled with highly radioactive liquids and gases;

— Inhalation of radioactive gases and aerosols, mainly radioactive isotopes of iodine;

— Deposition of radioactive aerosols on skin, mucosa, and clothes.

The set of radiation factors and the character of personnel exposure in the accidents on submarines
staying at the ship repair yards were not different from those characteristic of the Chornobyl NPP accident
in 1986 [2, 3]. Several persons were affected by the external y-n radiation with a minor neutron
component. The personnel overexposed as a result of safety violations in the work with spent nuclear fuel
and other sources of ionizing radiation were mainly affected by external y radiation.

In the Navy accidents, more than 1000 persons were affected by overexposure (Table 2). 230 of
them (according to the official medical documents) suffered acute radiation injuries of different severity
degrees. In 12 cases radiation injuries were fatal. Another 10 persons died in 1985 from blast injuries. The
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doses of y radiation the most of the deceased had received would have given hope for their recovery from
radiation injury.

The main cause of death of the submariners was not the external y radiation but  radiation exposure
of skin and upper respiratory tract, that is, a radiation factor the effect of which is rather easy to prevent.
Regretfully, the same reason caused death of 2/3 of the deceased Chornobyl catastrophe witnesses and
emergency workers in 1986, that is, 25 years after one of the biggest radiation accidents occurred on the
nuclear-powered submarine K-19 [2, 3] in 1961. In the accident of 1961, the exposure doses to thyroid
gland which the K-19 personnel received due to intake of iodine radionuclides reached several dozens of
Grays [4]. In 1986 several persons from the Chornobyl NPP personnel and emergency workers received
the same doses to thyroid [2].

Thus, the prompt radiological effects of the Navy accidents are similar to the effects of the
Chornobyl NPP accident in 1986. Considering the wide range of doses to the exposed personnel and the
term of approximately 50 years after the exposure the results of clinical-epidemiological examination of
this cohort along with other similar groups (Hiroshima and Nagasaki atomic bomb survivors, population
affected by the nuclear test explosion on the Marshall Islands and others) are of particular scientific
interest. However, one of the issues of concern about the organization of such examination of the
overexposed Navy personnel is the uncertainty in their radiation exposure doses.

Radiation dose to Navy personnel

In the Navy accidents there were practically no cases of dose registration with individual dosimeters.
For this reason, the personnel exposure doses were assessed involving calculation, and exposure doses
which resulted in manifestation forms of radiation injuries were improved according to the clinical-
laboratory indices.

Doses of internal exposure (in this case, doses to thyroid from iodine radioisotopes) were assessed
on basis of the results of thyroid radiometry held in the first days after an accident. However, considering
that the first Navy radiation accidents happened in the 1970s when methodological approaches to the
reconstruction and the verification of exposure doses were imperfect, it is reasonable to apply modern
methods of retrospective radiation dose assessment in order to correct the doses of emergency
overexposure to the submarines personnel.

As far as we know, there were two attempts of trueness verification of the officially registered doses
to this cohort and also of the diagnosed severity degrees of radiation injuries. The first attempt was made
in 1991 and later continued in 2001. In 1991 experts from the Central Medical Laboratory of the Navy
together with the Institute of Medical Radiology of the USSR Academy of Medical Sciences (nowadays
Medical Radiological Research Center of the Russian Academy of Medical Sciences, MRRC) recovered
the addresses of the majority of persons making up this cohort, recollected materials about the doses, the
character of exposure, clinical-laboratory indices in the acuity, and examined in the MRRC hospital 15
persons who had suffered from acute radiation syndrome of different degrees of severity [4]. In 2001, in
the 32" Central Navy Clinical Hospital (CNCH, situated in the town of Kupavna, Moscow region,
Russian Federation) another 24 persons from the same cohort were examined with the participation of the
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personnel of the MRRC and the French Institute for Radioprotection and Nuclear Safety [5].

The second attempt was made in 1995 by the experts from the Ukrainian Military Medical
Academy who examined 12 crewmen, residents of Ukraine, from the submarines which had suffered
accidents. The examination was held in the Principal Military Clinical Hospital (PMCH) of the Ministry of
Defence of Ukraine with the participation of its medical personnel [6-10]. In total, there are about 50
persons overexposed in the Navy accidents that now reside in Ukraine, so there is a possibility to increase
the number of the people being examined.
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Fig. 1. Diagram of external exposure dose distribution (cGy) to the K-19 crewmen who were
overexposed in 1961 (n=119). The dotted line is the fitted probability density function for the
normal distribution.
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Fig. 2. Diagram of internal exposure dose distribution (cGy to thyroid) of the K-19 crewmen who
were overexposed in 1961 (n=119). The dotted line is the fitted probability density function for the
normal distribution.

86



Crew members from the submarines which suffered accidents were examined at the MRRC (1991),
CNCH (2001), and PMCH (1995). The examination included, apart from the conventional methods, the so
called biological dosimetry: electron paramagnetic resonance (EPR) spectroscopy of tooth enamel as well
as almost all existing cytogenetic methods. It was made by means of the routine method of analysis of
stable and unstable chromosome aberrations using a common light microscope, and also methods of
analysis of stable chromosome breakages by fluorescence in situ hybridization (FISH) and by complete
karyotyping of differentially G-stained chromosomes (G-banding).

Besides, the doses and the severity degrees of radiation injuries of the examined people were
revised retrospectively by comparing their neutrophil and platelet dynamics graphs in the acuity of the
acute radiation syndrome (ARS) with the corresponding dose calibration curves of these blood parameters
[11].

As we see on the diagrams, dose distribution of external (Fig.1) and internal (Fig.2) exposure of the
K-19 crewmen (suffered accident in 1961) is near-normal, which can be indicative of their stochastic
nature and of the precision of doses reconstruction. In the Figures 1 and 2 we can also see the doses
distribution parameters for external and internal (to thyroid) exposure.

The dependence of the internal and the external doses of the K-19 personnel is shown on the
Fig. 3. From the figure we can see that the higher the external and the internal exposure doses are, the
stronger is their correlation. Within the range of external exposure doses lower than 140 cGy and internal
exposure doses lower than 410 cGy there is a weak linear dependence of these values (average value of
correlation factor is 0.13). At the same time we can observe a strong correlation of internal exposure and
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Fig. 3. Dependence between the internal and the external doses to the K-19 crewmen
overexposed in 1961 (n=119): ¢ — actual personnel exposure doses; 1 — fitted curve; 2 — fit
confidence interval (confidence probability of 0.95); 3 — predicted distribution range of actual
points (confidence probability of 0.95)
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external exposure doses in the range higher than 140 cGy for the external exposure and higher than 410
cGy for the internal exposure. The plot points in this range of doses are closer to the fitted curve than in
the range of the lower doses. This can also evidence the trustiness of doses reconstruction for submarine
personnel, as the radiation conditions in the submarine compartments during the accident were determined
also by the radioactive aerosols air concentration, and respiratory protective devices were not always used
even while in the compartment of the damaged nuclear power plant. The individual cases of discrepancy
between the internal and the external doses could be a result of violations of radiation safety requirements
during food intake. Food contaminated with iodine radionuclides could have provided a substantial
supplement to the doses received through the inhalation pathway.

When analyzing exposure doses in this contingent we can see a certain discrepancy between the
exposure doses to the personnel and the extent of severity of the acute radiation syndrome (ARS). ARS
was diagnosed to all the 138 members of the K-19 submarine crew. It is known that ARS of 1% degree
develops in a person after receiving a dose of 0.75 Gy or more, thus even considering the effect of a
combined exposure the diagnosis of ARS can be made to only 32 members of the crew. It is considered
that the diagnosis of radiation injury was made even to the persons who received low doses in order to
provide them a higher level of social protection. The same approach to the diagnosing of ARS to the
overexposed personnel was used in other cases of Navy accidents. It should be noted that the cases of
ARS diagnosis for social reasons also took place in 1986 among the overexposed Chornobyl NPP
personnel and clean-up workers [3].

In that way, social reasons in diagnosing radiation injury resulted in 4 times overstatement of the
number of radiation illness cases for this crew, mainly on the account of the overdiagnosis of the 1* degree
of ARS. This brings up the question whether the severity degrees in more serious cases of ARS

correspond to the exposure doses.

Analysis of individual cases

Figure 4 represents the actual neutrophil dynamics in the acuity of ARS for three members from the
submarine K-19 personnel who had the diagnosis of the 2™ degree of ARS, compared to calibration curves
of neutrophil dynamics for the doses of 1 and 2 Gy. It can be seen that the actual curves of neutrophil
dynamics in the first two cases (the examined persons-P. and -E.) are closer to the calibration curve for 1
Gy, and with certain conservatism it can be said that they lay between the two calibration curves and the
actual received dose was close to 1.5 Gy which corresponds to the 1% degree of ARS.
According to the calculations (officially) the external doses to the examined persons were 0.36 and 0.8 Gy,
and internal doses (to thyroid) 5.6 and 36.0 Gy respectively. For person-C., the actual curve of neutrophils
dynamics has a good agreement with the calibration curve for 2 Gy. The actual dose to person-C. may also
be higher because the concomitant radiation skin injury which is present in this case can attenuate the
degree of neutropenia manifestation and the depth of the second depletion [11]. Thus in this case the
diagnosis of ARS of 2" degree is appropriate, though the officially registered external dose for person-C
is 0.65 Gy and the internal dose is 2.0 Gy — that is, the external dose in this case is understated.

During hospitalization of the overexposed submarine personnel which took place 30-35 years after
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Fig. 4. Dynamics of neutrophil counts for the submarine personnel members -P (a), -E (b)
and -C (c), diagnosed ARS of 2" degree. Solid lines are the calibration curves of neutrophils
dynamics (figures near the curves are doses in Gy); dotted lines are actual dynamics of
neutrophil counts for the examined persons in the acuity of ARS.

The axis of ordinates shows the neutrophil counts x10°I* on a logarithmic scale.

The axis of abscissas shows the number of days after the overexposure.
the accident, their complaints and levels of hematological, biochemical, and immunologic indices
corresponded to the diseases diagnosed during the examination and had a bad correlation with the
estimated exposure doses [6-9].

We would like to mention a high social adaptation of the great majority of military personnel
affected by the nuclear submarine accidents. The majority of them have lived a productive life succeeding
in professional activity and making a good career without having particular social benefits and privileges.

General frequency of chromosome aberrations in routine stained preparations in a long term after
the overexposure (30-35 years) made up in the examined persons 5.10+0.46 per 100 metaphases and
significantly exceeded the background level, but had no correlation with the dose [8, 10].

The differentially G-stained metaphase chromosomes analysis [10] showed the level of
chromosome aberrations per 100 metaphases of 26.28+1.93, which statistically exceeds the indices of
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respective control and 5 times exceeds the results of routine examination. Chromosome-type aberrations
were the prevailing type of chromosome damage with the frequency of 25.68+1.91%. Stable markers of
radiation action were represented by translocations, inversions, and insertions registered with an average
frequency of 10.07+1.32%, being their relation to the frequency of unstable markers of radiation action as
34 to 1. This may give a possibility of use of chromosome damage analysis in differentially stained
preparations for retrospective exposure doses assessment but presently strong relationship between these
effects and exposure doses is unknown. In the above mentioned work [5], method of fluorescence in situ
hybridization (FISH method) was used to detect stable chromosome breakages. The results also confirmed
to some extent the trueness of officially registered exposure doses to the submarines personnel who
suffered accidents.

Dose assessment using electron paramagnetic resonance (EPR) spectroscopy of tooth enamel,
though having its disadvantages, is considered to be a better method for retrospective evaluation of low
exposure doses. Dose assessment using EPR spectroscopy in the examined persons 30-35 years after the
accidents showed a high grade of correlation with the officially registered doses, which can evidence a
rather exact calculation of exposure doses which did not induce manifest forms of ARS (Table 3) [4].

Method of biological dosimetry by estimating the frequency of chromosome aberrations in

Table 3. Exposure doses to the submarines personnel who suffered accidents assessed by
EPR spectroscopy of tooth enamel compared to the officially registered data (based on
calculations) [4]

N Examined persons’ | Officially registered (calculated) | Doses based on the results of
0. L
initials doses, Gy EPR spectroscopy, Gy

1. V.N.A. 0.12 0.062

2. P.Yu.V. 0.15 0.075

3. R.Ye.N. 0.05 0.08

4. S.V.S. 0.08 0.12

5. K.L.L. 0.11 0.21

6. P.V.P. 0.2 0.29

7. B.V.M. 0.49 0.57

8. R.A.S. 4.0 3.6
M+Mm 0.73+0.48 0.63+0.43

Table 4. Military personnel exposure doses resulting from the safety violations during
preparation of a submarine nuclear power plant to refueling

Dose, Gy
No. Exposed According to | According to the | According to the | According to the
persons . . S . . .
the calculations cytogenetic  |hematologic indices| final diagnosis of
indices dynamics ARS
*- *xk-
1 A 260020 | 3077520 <4.0 4.0-6.0
2. Z. 2.2540.15 1.50 >1.0 2.0-4.0
3. K. 2.4040.15 1.00 1.0 2.0-4.0
4. Ch. 1.90+0.15 <0.25 <0.5 1.0-2.0

* according to the part of aberrant cells
** according to the general frequency of chromosome aberrations
*** gceording to the frequency of dicentrics and rings
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peripheral blood lymphocytes immediately after exposure was for the first time used in the Navy in 1984
for the evaluation of the doses to 4 seamen who were overexposed during the preparation of a submarine
nuclear power plant for refueling. The integrated data on exposure doses for these overexposed persons
received by different methods of retrospective dosimetry including the cytogenetic are shown in Table 4.

From this table we can see that the dose calculation by spatial-temporal characteristics of exposure
and source radiological parameters even in the nearest time after the exposure not always shows results
close to the true ones. The dose values determined on the basis of cytogenetic indices and dynamics of
hematological indices are nearly equal, but they were not adequately taken into account when making a
final diagnosis. For this reason the degree of severity of ARS is overstated. The official diagnosis to
person-A is 2-3" degree of ARS, with 2" degree to person-Z and person-K and 1% degree to person-Ch.
Objectively, according to the data in the table the severity of ARS is one degree lower than other
examined persons, while in the case of person-Ch we can speak only of overexposure.

For illustration purposes, Figure 5 presents calibration curves (D=1 Gy) and actual neutrophil and
platelet dynamics curves for person-Z (a), and platelet dynamic curve for person-Ch (b). For person-Z the
dynamics of the both indices in the second depletion phase descend more than the respective calibration
curves for 1 Gy dose in the second depletion phase. For person-Ch, the platelet counts correspond to the
physiological standards. Therefore, the dose values assessed on the basis of cytogenetic indices and those
assessed on the basis of hematologic indices are almost congruent.

Summing up it should be noted that in general the officially registered doses to the overexposed
submarine personnel assessed on the basis of calculation method are close to the true ones, and the
correlation between the primary and the final assessment of ARS cases in the Navy and in the case of the
Chornoby! catastrophe (Table 2) are similar. This gives evidence of a high professional qualification of the
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Fig. 5. Dynamics of hematological indices for person-Z (a) and person-Ch (b). 1 — neutrophil
dynamics calibration curve for 1 Gy dose; 2 — actual neutrophil dynamics for the examined
persons; 3 — platelet dynamics calibration curve for 1 Gy dose; 4 — actual platelet dynamics
for the examined persons. The axis of ordinates shows the neutrophil counts x10° I'* and
platelet counts x10™ I"*. The axis of abscissas shows the number of days after exposure
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Navy radiologists (specialists of clinical and preventive medicine) 25 years before the accident at the
Chornobyl NPP. At the same time, organization of radiation epidemiological investigations of this
category of persons needs more accurate dose estimations with the use of more informative modern
methods of retrospective dosimetry. This, in its turn, will lead to a reconsideration of radiation injuries
severity.

All these studies are indicating good sense with relation to scientific truth. But regarding the social
aspect, the situation should not be changed or the level of social protection of these military personnel
should even be improved. The authorities had been hushing up these tragedies for too long, and the
military personnel overexposed in the submarine radiation accidents had been receiving no attention or
care from the state.

Conclusions

1.Radiological consequences of the Soviet Navy accidents are significant and the number of ARS cases is
comparable to the number of ARS cases to Chornobyl catastrophe witnesses and clean-up workers in
1986.

2.Results of a careful clinical-epidemiological examination of the personnel overexposed in the Navy
accidents not only have value for radiobiology and radiation medicine specialists but can also become a
basis for the evaluation of the effectiveness of social protection strategy for the Chornobyl catastrophe
clean-up workers.

3.The officially registered exposure doses to persons affected by the Navy radiation accidents in some
cases differ from the actual ones due to the imperfections of radiation monitoring facilities at the time of
the accidents.

4.There was a tendency of clinical overstatement of the exposure doses resulting in diagnosis of 1* degree
of ARS to persons who received external doses lower than 0.75. In some cases even 0.2 Gy was
overstated as ARS severity for 2", 3" and 4" degrees.

5.In general, exposure doses to the affected by the Navy accidents and their ARS severity degrees were
evaluated with rather good accuracy.

6.The use of modern methods and approaches to the retrospective dose assessment allows more accurate
evaluation of the submarine personnel exposure doses as well as verification of every ARS case, thus
creating a necessary dosimetric basis for the organization of a correct radiation epidemiological
investigation for persons of this contingent.

7.Regretfully, tragic experience of nuclear power plants operation at the Navy vessels was not subject to
analysis of specialists in order to improve nuclear safety, radiation protection, and emergency response
organization in other fields of nuclear energy use in the USSR.
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Atomic Physics and Atomic Industry in Ukraine
Outline of History and Present

Volodymyr Tykhyy
Kyiv, Ukraine

Introduction

In 1920, a young Ukrainian National Republic (UNR) lost its independence and two years later de
jure became a part of the Soviet Union (USSR). All the time since then and until 1991, when Ukraine
regained its statehood after the collapse of the USSR, it was in effect one of the provinces of a huge
empire, in which all economic, political, social and other decisions were taken in Moscow, the ultimate
goal of these decisions apparently having been USSR world domination. The role of regions - such as
Ukraine - was to supply the necessary resources and work force.

USSR’s atomic project was at the core of the policy of Soviet hegemony - it was run from
Moscow by the omnipotent Central Communist Party Committee (read as Stalin, until his death in 1953)
and the KGB, in strict secrecy. The major part of important documents on the Soviet atomic project,
stored in archives in Russia, is still classified and will hardly be made public in the foreseeable future.
However, general information has been published in recent years, and it is quite sufficient for the writing
of this outline of the history of atomic industry in Ukraine.

Soviet atomic industry’s scientific and educational potential was (and still is) located mainly in
Moscow and its vicinities, and partly deep in Russian territory, near the Urals and in Siberia. However,
main research activities on atomic physics in the early years of its development (before WWII) were
concentrated in Leningrad (Physical Technical Institute headed by Prof. loffe) and partly in Kharkiv.
Either due to the Soviet Government’s a Russian leaders’ gift of foresight, or merely due to the fact that it
was easier to hide the atomic project’s huge production facilities (with their multi-thousand-people labor
camps around them) in Siberia, just a fraction of atomic facilities, and none of the most important ones
(e.g. uranium enrichment, plutonium production or warhead design) were located on Ukrainian territory.
While reactor production was concentrated in Russia (including the major undertaking of the Soviet
epoch — the "Atommash" plant near Volgograd), nuclear power plants were built not only in the Russian
Federation (31 reactors on 10 sites are still in operation , but also in several Soviet Socialist Republics
(Kazakhstan, Ukraine, Armenia, Lithuania). Many of them are still in operation.

The history of Ukrainian atomic physics was not the same as the history of the Soviet atomic
industry. The Academy of Science of Ukraine, which was created in 1918 in Kyiv during the short period
of existence of Ukrainian National Republic, was quite independent from the communist government
until the early 30ies; only then was it subjected to the rule of the Government and later - to the Academy
of Science of the USSR (which was created in 1925 from the Russian Academy, and moved from
Leningrad to Moscow in 1936). After that the Academy of Science of Ukrainian SSR played an inferior
role, working on the problems which were formulated by the Soviet Government (and the Academy of
Science of the USSR) in Moscow. Ukrainian Academy’s funding was extremely limited. However,
several institutes and a university, which were located in Kharkiv, had better opportunities for staffing
and better funding for research in natural sciences, including physics. Kharkiv was a capital of Ukrainian
SSR during the period of 1919-1934; Kharkiv is located some 700 km SE of Moscow, very close to the
etnic Russian territory - so it was considered less "nationalistic” than Kyiv.
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In this paper we will not discuss the issues of Chernobyl NPP disaster and it's consequences,
because there are plenty of publications which look at them from perhaps every thinkable angle.
Ukrainian atomic industry and science were not independent, so below we put a very brief timeline of the
Soviet atomic project and atomic industry. Of course, we pay more attention to events that occurred on
Ukrainian territory. We close the table at 1991, when Ukraine declared it's independence and the USSR
disintegrated.

Timeline: Soviet Atomic Science and Atomic Industry

Information related to Ukraine is in bold.

1918 24 September. The State Rentgenological and Radiological Institute founded in Petrograd
(Leningrad). The Head of Physical-technical department - Prof. A.loffe.

1928 Ukrainian Physical Technical Institute (UPTI) founded in Kharkiv

1932 A special group for investigation of atomic nucleus was created in Leningrad Physical
Technical Institute (LPTI).
10 October. A group of UPTI scientiscts (Leypunsky, Sinelnikov, Valter, Latyshev) for
the first time in the USSR split lithium nucleus using a particle accelerator.

1937 The first in Europe cyclotron was started at Radium Institute (Leningrad).
The 2.5 MeV (energy of accelerated protons) Van-de-Graaf accelerator launched in UFTI
(Kharkiv)

1939 Zeldovich, Khariton, Leipunsky proved the possibility of chain reaction in uranium.
Commission on isotopes was created (chaired by V.l.Vernadsky, creator and President of the
Ukrainian Academy of Science in 1918-1919). As the first steps, Commission initiated
production of heavy water and work on separation of uranium isotopes.

1940 Commission on uranium created (chaired by V.G.Khlopin). Presidium of Academy of Science
of USSR approves the program of the first soviet uranium project.
Flerov and Petrzhak discover spontaneous fission of uranium nuclei.

1942 Stalin signs a decree "On organization of works on uranium", which resumed uranium-related
investigations in LPTI.
27 November. State Committee of Defense orders start of works on geological exploration,
production and processing of uranium ores.

1943 11 February. State Committee of Defense orders beginning of works for military use of atomic
energy.
14 August. A large group of LPTI physicists (including Kurchatov, Alikhanov, Flerov) are
ordered to move to Moscow for permanent work.

1945 20 August. A Special Committee for coordination uranium works created (chaired by NKVD
Chief L.Beria).
During the year, the Soviet Union signed several agreements with Czechoslovakia, Bulgaria,
Germany to create jointly operated uranium mines on territories of these countries.
On the Soviet territory, first specialized factories for uranium processing and enrichment were
established. The process of creation of huge industrial facilities for military and - later -
peaceful atomic programs continued until late 50s.

1946 8 April. A specialized design bureau for nuclear bomb construction is organized in Sarov town
(later known also as Arzamas-16) in present-day Nizhegorodskaja oblast.
This was the first of at least 10 secret "closed” cities which were founded between 1946-1957
around specialized atomic industrial facilities (uranium enrichment, component
manufacturing, plutonium production, weapons design etc.) At that time, workforce needed for
these facilities ("numbered factories™) and cities (tens of thousand for each one) was supplied
by nearby concentration camps. Total population of these cities was over 700,000 in 2002.
25 December. The first Soviet reactor (F-1) became critical at the Laboratory # 2 (currently
Kurchatov Institute) in Moscow.

1947 14 August. The Council of Ministers of USSR decrees the construction of
hydrometallurgical ""Plant # 906" (later Pridneprovsky Chemical Plant) in the city of
Dniprodzerzhynsk, Dnipropetrovsk oblast in Ukraine. This plant was intended for
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processing of ore from Pervomaiske and Zhovtorechenske uranium deposits (Ukraine)
and uranium-rich blast-furnace slag. Later it processed up to 60 % of uranium ore
produced in the Soviet Union.

1948

The first Soviet reactor for production of weapon-grade plutonium was launched at Plant # 817
(in the "closed" Ozersk city, Cheliabinsk oblast). More than 45,000 people (including inmates
of concentration camps) worked at its construction site.

1949

27 August. First Soviet nuclear bomb test (20 kilotons) at Semipalatinsk range.
In the Institute of Nuclear Problems of Academy of Science of USSR, a 680 MeV
synchrocyclotron was launched.

1951

24 July. Plant (Kombinat) # 9 (now Eastern Mining and Processing Complex near Zhovti
Vody, Kirovograd oblast of Ukraine) was created on the basis of Pervogo Maya and
Zheltaya River mines.

Creation of Plant # 586 (from 1966 - Yuzhnyi Mashynostroitelnyi Zavod). A huge tractor
factory that was under construction in Dnipropetrovsk was re-oriented towards the
production of rockets (ballistic, for nuclear submarines etc). By 1960s, thousands of these
rockets were armed with nuclear warheads produced by the Soviet atomic project, and a
rough parity between the US and USSR nuclear weapons was achieved.

1952

9 September. Stalin signs the Decree of the Government of the USSR on launching the
program for construction of nuclear submarines.

1953

26 June. The Ministry of Medium Machine Building is created (to manage all tasks related to
atomic project).

July 28 The Council of Ministers of USSR decreed to create two prototypes of ship nuclear
reactors: water cooled reactor and liquid metal reactor.

12 August. The first soviet thermonuclear (H) bomb tested.

1954

June 27. The world's first nuclear power plant was launched in Obninsk, 100 km South-West
of Moscow. The 5 MW NPP had a water-graphite reactor of channel type.

14 September. A nuclear bomb was detonated over soviet troops at Totsk range in Orenburg
oblast during military maneuvers which imitated nuclear war conditions. Many participants of
that maneuvers still live in Ukraine.

Similar exercise was conducted two years later, in September 1956 at Semipalatinsk range,
where 4 bombs, of them one H-bomb, were detonated, and 43 min after the last bomb exploded
two companies of paratroopers were parachuted close to the epicenter.

1956

26 March. Representatives of governments of 11 socialist countries signed in Moscow an
agreement establishing the Joint Institute for Nuclear Research in Dubna, 120 km North of
Moscow. Of 11 founding countries 3 do not exist any more (USSR, GDR, Czechoslovakia), 2
discontinued their membership (Albania, China), 2 new countries joined (Cuba and Vietnam)
and 8 former Soviet republics, including Ukraine, joined as independent states.

Feb 2 First tests of R-5m rocket with nuclear warhead took place at Kapustin Yar test site

1957

29 September.Major nuclear disaster at Plant # 817 (later known as "Mayak", near present-day
Ozersk city in Cheliabinsk oblast) resulted in radioactive contamination of the area of 23,000
sg.km.

A plant that was later renamed Hartron was founded in Kharkiv. It's task was to develop
and produce control systems for nuclear missiles (such as SS18, SS19 and other). In
1990th the plant started production of electronic equipment and control systems for
nuclear power plants.

5 December. The first nuclear-powered ice breaker "Lenin" was set afloat.

1958

17 December. The first Soviet nuclear submarine was accepted for experimental service.
At Plant # 816 the first dual-purpose uranium-graphite reactor was launched. It produced
plutonium and generated electricity (thermal power 1,450,000 kW). It was designed by the
same team (A.P.Aleksandrov, N.A.Dollezhal) that later designed Chernobyl reactor # 4.

1959

January. First kilogram of U;Og produced at Plant # 9 in the city of Zhovti Vody,
Dnipropetrovsk oblast.

1961

The first underground nuclear explosion at Semipalatinsk test range.

1964

First two units of energy-generating Beloyarsk NPP (Ekaterinburg oblast) were put into
operation. It was equipped with water-graphite channel type reactors.
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First unit of Novo-Voronezh NPP with VVVER-type reactor launched

1965 15 January. With underground nuclear blast an artificial lake Chagan of 20 mIn.m3 was created
in the Semipalatinsk nuclear test site.

A world most powerful (at the time) linear electron accelerator for 2,000 MeV was
launched in Kharkiv Physical Technical Institute,.
The Government of the USSR takes a decision to design a 1000 MWt (el) RBMK reactor.

1967 2 February. The Central Party Committee and the Council of Minister of USSR approve
the decision to build a Central-Ukrainian (Chernobyl) NPP near Kopachi village in Kyiv
oblast.

1968 1 July. In Washington, London and Moscow a Nuclear Weapons Non-Proliferation Treaty was
signed.

1969 Kharkiv Turbine and Generator Plant starts production of turbines for nuclear power
plants which were constructed in the USSR and abroad.

1972 An underground nuclear blast of 3.5 kt was used to extinguish a fire on a gas production
well in Kharkivska oblast.

1972 - With the support of Soviet specialists several NPPs launched in socialist countries: Bogunitse,

1974 Czechoslovakia; Greifswald, German Democratic Republic; Kozloduy, Bulgaria.

1973 23 December. The first unit of Leningrad NPP with RBMK reactor was launched.

1976 23 February. "Sibir" nuclear icebreaker launched.

19 December. First unit of Kursk NPP with RBMK-1000 reactor launched.

Production started at the "Atommash” plant near Volgodonsk, Rostov oblast. The plant
produced equipment for civil nuclear power plants.

First unit of Armenian NPP with VVVER-440 reactor launched.

1977 September. The first unit of Chernobyl NPP with RBMK-1000 reactor launched.

1979 A 0.3 kt nuclear blast was detonated 800 m below surface at Yunyi Kommunar coal mine
in Donetsk oblast.

1979 - 9 units commissioned at 5 Ukrainian nuclear power plants

1986

1986 26 April 1986 - catastrophe at unit # 4 of Chernobyl NPP
October 1986 - Chernobyl NPP units #1 and #2 restarted

1987 Rivne NPP unit # 3 and Zaporizhzha unit # 3 commissioned
December - Chernobyl NPP units # 3 restarted

1988- At Khmelnytska, Yuzhno-Ukrainska and Zaporizha NPPs four new units commissioned

1989

1990 2 August - the Supreme Council of Ukrainian SSR introduces moratorium on
construction of nuclear power plants in Ukraine

1991 24 August - Ukrainian Parliament adopts the Act of Declaration of Independence of
Ukraine. The Act establishes Ukraine as an independent, democratic state.

Atomic and nuclear physics in Ukraine
History

The Academy of Science of Ukraine (ASU) was created in 1918 (first President V.Vernadsky), but during
it's early years the main focus of the Academy was on humanitarian studies. Only in 1929 the Institute of
Physics was founded in Kyiv. There was no research on atomic physics in the Kyiv Institute of Physics
until post-World War 11 period, when A.Leypunsky (who had worked in Leningrad, Kharkiv and
Moscow) was it's Director in 1943-1949).

Research on atomic physics during pre-war period was concentrated in the Ukrainian Physical

Technical Institute (UPTI), founded in 1928 in Kharkiv (in 1938 it was renamed Kharkiv Physical
Technical Institute (KPTI), and in 1993 the the Institute was reorganized into the National Science Center
"Kharkiv Institute of Physics and Technology"). In 1930, the Director of Leningrad Physical Technical
University Prof. loffe initiated transfer of several young talented scientists from LPTI to UPTI, and this
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led to outstanding results and establishing of several scientific schools in Kharkiv. Some of these scientist
just completed their research work in the best laboratories of England, Germany, Denmark (Sinelnikov,
Landau). In October 1932, a group of UPTI scientists (Leypunsky, Sinelnikov, Valter, Latyshev) for the
first time in the USSR split the atomic nucleus using a particle accelerator to bombard lithium with
protons, thereby repeating the achievement of Cockroft and Walton of half a year earlier.

In 1932, a laboratory of atomic physics was organized in LPTI under the direction of I.Kurchatov.
Together with K.Sinelnikov he graduated the same Tavrichesky University in Crimea in 1923. LPTI and
UPTI closely cooperated until 1937, when NKVD (KGB) arrested a group of UPTI scientists accused of
espionage. Some spent several years in jail, some were shot down, some had to change the job or leave
the city. In 1930th UPTI was one of leading Soviet research centers in high-vacuum techniques,
development of accelerators, low temperature physics, crystal physics. The department of theoretical
physics (L.Landau, E.Lifshyts, I.Pomeranchuk and others) was very strong until the espionage case of
1937, after which many prominent physicists moved to Moscow. In 1938 UPTI was renamed Kharkiv
Physical-Technical Institute (KPTI) and subordinated to the Academy of Science. Many UPTI/KPTI's
leading physisists (A.Akhieser, L.Landau, I.Lifshyts, K.Sinelnikov) taught at Kharkiv Politechnic and
later at Kharkiv University (when it was re-established in 1932-1933), thus educating young researchers
not only for UPTI, but for all Soviet Union.

During the Warld War 11 both KPTI and Institute of Physics worked in evacuation. When they
moved to Ukraine in 1943-1944, the Government planned to merge the Institute of Physics and KPTI into
one and move all research to Kyiv, but K.Sinelnikov asserted the independence of KPTI and became it's
Director for 1944-1965. The leader of the Soviet atomic project, I.Kurchatov included KPTI in his orbit.
A specialised "Laboratory # 1" was organized in KPTI for atomic project works (nuclear physics of
medium and high energies, metallurgy for nuclear industry etc.) KPTI received funding, staffing and all
resources directly from the Minsredmash in Moscow.

In 1947 the Ministry of Education of the USSR approved the new specialty "Nuclear physics"
which was taught at Kharkiv University. Students worked on their diplomas at KPTI. Experience of
Kharkiv physicists was also used for founding new education institutes in Moscow and other places - e.g.
A.Leipunsky was the first Dean of Moscow Engineering Physics Institute.

In 1960-1980th, KPTI retained it's position of the leading Ukrainian center for nuclear science.
New research directions were developed, like plasma physics, cryogenic physics, elementary particle
physics, radiation material science etc. Several academic institutes were founded on the basis of KPTI's
departments.

The Kyiv Institute of Physics also experienced a rapid growth after the war. Academician of the
Academy of Science of Ukraine A.Leipunsky was the Head of the Institute's Department of Nuclear
Pphysics until 1952. First electrostatic accelerator was launched in the institute in 1947, 120-cm cyclotron
in 1957, 10-MW research reactor VVR-M in 1960, Van-de-Graaf accelerator ESG-5 in 1964. However,
Institute of Physics was not substantially involved in the Soviet atomic project. The Institute of Nuclear
Research of the Academy of Science of Ukrainian SSR was organized (on the basis of several
departments of the Institute of Physics) in 1970.

Current status

At present, numerous areas of nuclear physics are investigated at the Ukrainian research institutes of the
National Academy of Science of Ukraine. Most of them belong to the Department of Nuclear Physics and
Power Engineering of the Academy, headed by Academician I.Nekliudov from Kharkiv Institute for
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Solid-State Physics, Materials Science and Technologies). The list of institutes follows (scientific
specializations of the institutes are clear from the name):

National Science Center ‘Kharkiv Institute of Physics and Technology’ (Kharkiv):

- Institute of Plasma Physics

- Institute for High-Energy Physics and Nuclear Physics

- O. I. Akhiezer Institute for Theoretical Physics

- Institute for Plasma Electronics and New Methods of Acceleration

- Institute for Solid-State Physics, Materials Science and Technologies

Institute for Nuclear Research (Kyiv)

Institute of Applied Physics (Sumy)

Institute of Electro physics and Radiation Technologies (Kharkiv)

Institute of Environmental Geochemistry under NAS and Ministry for Emergencies (Kyiv)

Research and Training Center ‘Physical and Chemical Materials Science’ under Kyiv Taras
Shevchenko University and NAS of Ukraine (Kyiv)

The Academy approved the Conception of the Program of investigations of the department of
nuclear physics for 2007-2011 in November, 2006. The name of the Program is "Fundamental problems
in physics of elementary particles and nuclear physics", it covers over 50 research themes. The funding
for the Program will come from the state budget - 47.4 min Ukrainian Hryvna for 5 years. As everywhere
in the world, institutes also work on numerous other research programs, which are funded from other
sources. Most institutes maintain tight scientific contacts and receive significant funding from foreign
research centers.

One institute of the Academy of Science which is directly involved with the work of Ukrainian
nuclear power industry, the Institute for Safety Problems of Nuclear Power Plants, belongs to the
Department of Physical and Technical Problems of Power Engineering. It was created in 2004 by
reorganization of the Inter-departmental Scientific Center "Shelter" of the Academy of Science. Main
directions of the Institute's work include: safety and efficiency of NPPs; technologies of nuclear waste
management; technologies of decommissioning of NPPs; scientific investigations at the Chernobyl
"Shelter" object; technologies of conversion of the "Shelter" object into ecologically safe system.

Of course in this short paper it is impossible to describe the results of the work of Ukrainian
scientists during last decades. However, some general problems of the Academy of Science of Ukraine
(which are equally acute for the nuclear physics) make prospects for the future not very optimistic.
Among these problems - aging of the research personnel (average age of candidate of science in the
Academy is 53 years, doctor of science - 62 years), lack of new experimental installations, obsolete
equipment etc. Academy is too big (over 44,000 employed, of them 17,000 research staff), state funding
is very low and opportunities for external funding (from industry, business, international funds) limited.
About 70 % of budget funding is used for personnel's salaries and little is left for other needs. There is
ongoing discussion on the ways of reforming of Ukrainian science, but very little has been done so far.

Nuclear Industry in Ukraine: from Atomic Bomb Project to *'Peaceful Atom"

Uranium ore mining and processing

An essential problem during the early stage of the Soviet atomic project was the procurement of uranium
ore. The first Soviet nuclear reactor was fueled with uranium from the German atomic bomb project.
Then the Soviet Union started operating mines in East Germany, Czechoslovakia, Bulgaria and Poland
(Soviet Block countries - SBC), and eventually large domestic sources were discovered in Ukraine,
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Kyrgyzstan, Uzbekistan and other republics. Supply of uranium during first years of Soviet atomic project
(tons):

— 1946 - USSR 50.0, SBC 59.6;

— 1947 - USSR 129.3, SBC 209.8;

— 1948 - USSR 182.5, SBC 451.9;

— 1949 - USSR 278.6, SBC 988.7;

— 1950 - USSR 416.9, SBC 2056.8.

Geologists were the first who started atomic bomb related works in Ukraine. In 1945, Ukrainian

geologists discovered uranium ore at Pervomajsky and Zheltorechensky deposits in Dnipropetrovsk oblast.
These were the first large uranium deposits discovered in the USSR.
In 1947, the Kirovska Specialized Geological Expedition was created by the order of the Minister of
Geology of the USSR. It's role was to explore uranium deposits in Ukraine, Belarus, Moldova, Northern
Caucasus and Western provinces of Russian Federation. This organization still exists as a state enterprise
Kirovgeologia, with headquarters in Kyiv. It continues exploration of uranium in Ukraine and to a lesser
extent abroad.

The ore of Pervomaisky deposit was of iron-uranium type, and it was explored during production
of iron ore. The production of uranium ore at Pervomajsky and Zheltorechensky deposits started in 1948
and during following years several mines up to 800 m deep were built. The ore was processed at a
hydrometallurgical plant # 906 in the city of Dneprodzerzhynsk. Later, in 1951, a new plant (kombinat) #
9 (now the Eastern Mining and Processing Plant (Eastern MPP) near the city of Zhovti Vody) was created
(see below). Pervomaisky deposit was exhausted during 1948-1967, and Zheltorechensky during 1948-
1989 (production at this deposit exceeded initial estimates).

Meanwhile, extensive exploration of uranium in Ukraine continued, and new deposits were
discovered in the same area (Dnipropetrovsk, Kirovograd, Mykolaiv oblasts). Production at the two of
them, Devladivske and Bratske, was organized with the use of the technique of bore-hole sulphuric-acid
underground leaching (other chemicals were also used). Devlatovske deposit was exhausted during 1964 -
1983, and Bratske in 1970-1990. These areas still suffer from the problems of underground water
pollution due to mining operations.

Major achievement of Kirovgeologia was a discovery of Michurinske deposit on the floodplain of
Ingul river near the city of Kirovograd in 1964, and later of Vatutinske deposit in 1966. Two most
productive mines of Eastern MPP - Ingulska (in operation since 1969, depth 340 m, expected close down
2020-2030) and Smolinska, in Malovysky district of Kirovograd oblast (in operation since 1973, depth
640 m, expected close down 2020-2025) operate on these two deposits. Reported productivity of mines is
20,000 - 25,000 ton/month.

Several more deposits were explored. In accordance with the state program "Uranium of Ukraine™,
production at these deposits should be started in the near future. Some of them are intended for
underground leaching technique (e.g. Safonivske in Mykolaiv oblast) and others for mining. Of these
deposits Novokostiantynivske in Kirovograd oblast is considered the largest in Europe. The construction
of mines at this deposit was started in 1984 but stopped in 1989. Large investments are needed to
complete these mines and start production.

Prydniprovsky Chemical Plant

It was discovered in 1947 that iron ore from Pervomaisky deposit is rich in uranium. During blast furnace
production of iron from this ore uranium concentrated in slag. Blast furnace # 6 of Dniprodzerzhynsk

100



metallurgical plant was selected for smelting uranium rich ore, and by a decision of the Council of
Ministers of USSR of 14 August 1957, a special plant for uranium extraction was to be built in
Dniprodzerzhynsk. That was Plant # 906, known by it's non-secret name as a Slag Fertilizers Plant (by-
products of uranium production from slag were reprocessed into fertilizers). More than 16,000 people
worked on its construction, many of them inmates of concentration camps which were relocated to the
area from the Urals.

In Dneprodzerzhynsk there already existed a plant which produced various chemicals, including
acids (present name "Dniproazot™), so both the raw materials (uranium-rich slag from blast furnace # 6,
then uranium ore from Wismut enterprise in GDR, then uranium ore from Ukrainian and Soviet Central
Asia deposits) and reagents were at hand. The production of yellow cake in Ukraine was launched. Of
course workers of the smelter and plant # 906 did not know what was their product, and the plant was
carefully fenced and guarded. At the peak of a "cold war", Plant # 906 processed over 60 % of uranium
ore mined in Soviet Union. It also produced other materials needed for Soviet atomic bomb project, like
heavy water (5.8 t in 1957 - 25 % of total Soviet production). In 1966 the plant was renamed - it became a
"Prydniprovsky Chemical Plant" (PCP). For it's own needs it started production of ion exchange resins
necessary for new uranium extraction technologies. Later on production of zirconium was launched.

In 1991, when supply of uranium ore and demand for various military-oriented products of PCP
dropped, production of uranium concentrate was stopped. In 1990s the plant was divided into several
separate plants (production of ion-exchange resins, nonferrous metals, zirconium, hydrometallurgical
plant etc) and bankrupted in 2002. Production of ion-exchange resins and zirconium meets the needs of
Ukrainian nuclear industry, but PCP does not produce uranium concentrate any more.

A state enterprise "Baryer" was created in December 2000 to manage the PCP's radioactive
tailings of uranium production (over 42 min ton with estimated total activity over 2.7*10" Bq) . One of
the storages contains parts of the dismantled blast furnace # 6. The works on the tailings and other objects
of the former PCP were carried out in accordance with the State Program of 26.11.03, which was replaced
by a new State Program of 30.09.09.

Eastern Mining and Processing Plant

A specialized mining company "Plant (Kombinat) # 9" in the city of Zhovti Vody,
Dnipropetrovsk oblast, was created on the basis of Pervomaisky and Zheltorechensky mines in
July, 1951. Construction of hydrometallurgical production department of the plant was started in
1955, and in January 1959 the first kilogram of U3;Og was produced. During the following years the
scale of uranium mining and production increased, several deposits were developed with the use of
underground leaching, new mines were constructed. In 1989 the plant was renamed Eastern Mining and
Processing Complex.

At present, the State Enterprise Eastern Mining and Processing Complex is the only enterprise in
Ukraine engaged in the mining of uranium ore and production of a uranium oxide concentrate. It operates
two mines, hydrometallurgical plant and other subdivisions. The plant is under the supervision of the
Ministry of Energy, and it's importance will increase when the state program "Uranium of Ukraine" is
implemented.

Construction of nuclear power plants

First soviet atomic reactors were designed for production of weapon-grade plutonium. All of them were
located in Russia. Then there was a turn for nuclear reactors for submarines. However, by mid-60s the
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potential of Soviet nuclear industry exceeded the demand from the military. And so the era of "peaceful
atom" began, and nuclear power plant for electricity and heat generation were built.

In February, 1967 the Central Committee of the Communist Party and the Council of Minister of
USSR approved the decision to build a Central-Ukrainian (Chernobyl) NPP near the Kopachi village in
Kyiv oblast. This NPP was to be based on graphite-moderated RBMK reactors. Other sites in Ukraine
were also investigated and later on more nuclear power plants were constructed. The main problem with
siting of Ukrainian NPPs was lack of cooling water and unfavorable geological conditions in many areas.
However, by the time of Chernobyl disaster in 1986, four NPPs were in operation in Ukraine, and five
other were under construction.

The first unit of Chernobyl NPP was launched in 1977, and the second, third and fourth in 1979,
1982, 1984. Two more units of ChNPP were under construction when the catastrophe on reactor # 4
occurred 26 April 1986. This became a turning point for a growing Ukrainian nuclear energy industry.

On 02.08.1990 the Supreme Council of Ukrainian SSR introduced a moratorium on construction
of nuclear power plants in Ukraine. The construction works were suspended and never resumed at four
new NPPs (Krymska, Odeska, Kharkivska and Chygyrynska in Cherkasy oblast - see the map). Of them,
the degree of completion of Krymska NPP was rather high and the satellite city of Scholkine was already
built for its workers. Now the city gradually deteriorates as there are few jobs available for its inhabitants.
Negative impacts of cancellation of three other projects (Odessa, Chygyryn, Kharkiv) were lower.

In accordance with international agreements signed by Ukraine, the last operating unit # 3 of
Chernobyl NPP was closed down in 2000. More details on the current status of Ukarinian NPPs could be
found in the last section of this paper.

Peaceful use of nuclear technologies included underground nuclear explosions. Soviet experiments
(published data give the number of 124 peaceful undeground blasts) were conducted not only in Siberia or
Kazakhstan, where in 1965 an artificial lake Chagan was created by a 140 kt nuclear blast, but also in
Ukraine.

In 1972 an underground nuclear blast of 3.5 kt was used to extinguish a fire on a gas production
well in Kharkivska oblast. In 1979, nuclear explosion of about 0.2-0.3 kt was used near Gorlivka city in
Donetsk oblast, to shake the rock in and around the "Yunyi kommunar" coal mine and thus reduce the
concentration of methane gas in the mine. That nuclear blast was detonated on 16 September 1979 at 800
m below the surface, and a glassified capsule of about 100 m? still exists at the site of the explosion.
Unfortunately, none of these blasts produced the expected result - the fire continued, and the level of
methane gas in the mine remained high.

Ukrainian industry's input into nuclear energy sector

The work on nuclear weapons, nuclear missiles, atomic submarines and later power nuclear reactors
needed huge material and human resources. Whole new industry sectors were created, hundreds of new
plants, mines, research and design institutes established. Many of them were located in Ukraine.

Here we cannot provide even a general overview of design and production facilities located in
Ukraine, which provided various supplies for the Soviet atomic industry. Most of them were the so called
"P.O.Box-organizations" - because there requisites were simply "p.o.box # XXX". Only authorized
personnel new where they were located and what did they produce. But several enterprises are now well
known all over the world.
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The Kharkiv Turbine and Generator Plant was built in 1929-1932. Since 1969 the plant supplied
turbines for many NPPs constructed in the Soviet Union and socialist states. In 1980, by the decision of
the Soviet Government it was designated as a main supplier of turbines for nuclear power plants and
renamed Turboatom. Between 1982-1985, Turboatom's turbines were installed at Yuzho-Ukrainska,
Zaporozhzha , Balakovska and Kalininska NPPs. Turbines for Krymska, Odeska, Kharkivska and
Chygyrynska NPPs were also produced. At present Turboatom is the world's fourth largest supplier of
turbines.

The plant that now is known as Hartron was established in 1959 in Kharkiv, Ukraine. The main trend
of its activity was development and implementation of control systems for ballistic missiles (such as SS18
and SS19, equipped with the nuclear warheads), carrier-boosters and space vehicles. Under a new
economic environment, Hartron Corp. has had to adapt to civilian applications, and now its products
among others include commercial industrial control systems for fossil-fuel and nuclear power plants,
transport, gas and oil pipelines. Hartron is the Ukraine's leading enterprise for reconstruction of
instrumentation and control systems for Ukrainian nuclear power plants.

Hartron Corp. includes enterprises located in Kharkiv and Zaporizha, which produce various
radioelectronic equipment for nuclear power plants. In 1994, Hartron and Westinghouse established a
joint venture, Westron.

Ukrainian Nuclear Industry: Current Status

Ukraine is heavily dependent on nuclear energy - it has 15 reactors generating about half of its
electricity. Important weakness of the Ukrainian nuclear industry is the fact that it receives most of its
nuclear services and nuclear fuel from Russia. In 2004 Ukraine commissioned two large new reactors.
The government plans to maintain nuclear share in electricity production, and this will involve substantial
new construction. Plans for this development have been already announced. Here we do not discuss these
plans and concentrate on present situation.

On 17 October 1996, the Cabinet of Ministers of Ukraine created a State-owned Enterprise
National Nuclear Energy Generating Company (NNEGC) “Energoatom”, which merged five Ukrainian
NPPs (Chernobylska, Zaporizhzha, Yuzhno-Ukrainska, Rivne, Khmelnytska). Later on Chernobyl NPP
became a separate entity, so at present NNEGC “Energoatom” operates four NPPs and several other
separated enterprises (see details below).

NNEGC “Energoatom” is subordinated to the Ministry of Energy of Ukraine, which formulates
the state policy in nuclear energy sector, represents interests of Ukraine in IAEA and other international
organizations which deal with the nuclear energy issues.

Another government organ with a special status, the State Nuclear Regulatory Committee of
Ukraine (SNRCU) performs functions of the national regulatory body on nuclear and radiation safety. It
issues licenses and exercise control over all activities related to radioactive materials and sources of
radiation, including NPPs. Under the supervision of a Chief State Inspector on Nuclear and Radiation
Safety (Deputy Chairperson of SNRCU), the State Nuclear Safety Inspectorates work at all five
Ukrainian NPPs. The national policy on radiation protection of population is defined by the National
Commission on Radiation Protection appointed by the Parliament of Ukraine.

Chernobyl NPP and the State specialized enterprise "*Chernobyl NPP**
After the accident of 26 April 1986 at reactor # 4 of ChNPP, units # 1 and # 2 were restarted already in
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October, 1986. Unit # 3 was restarted in December, 1987. Three units worked in usual mode until the fire
of 1991 at one of unit # 1 turbines. After the fire, the unit # 1 was stopped and never put in operation
again.
After the accident of 1986, there was a permanent pressure from Western governments which insisted that
ChNPP did not meet nuclear safety requirements and should be shut down. Eventually an agreement
between the Government of Ukraine and donor countries was reached to close down Chernobyl NPP. In
return, Western countries pledged technical and financial support for solving the problems emerging from
this closure (economic, energy supply, radiation safety, social). The agreement between the G7 countries,
EU Commission and the Government of Ukraine was signed on 25 December 1995. In accordance with
the agreement, four critically important facilities were to be built or completed near the ChNPP:

— completion of the industrial heating plant, IHP (put in operation in 2001, DOE of the USA donated

$22.5 mln);

— liquid radioactive wastes treatment plant (LRWTP);

— spent fuel interim storage facility # 2 (ISF 2);

— Industrial Complex for Solid Radioactive Waste Management (ICSRM).

The last reactor # 3 which was still in operation was shut down on 15 December 2000. After this,
Chernobyl NPP is legally in the state of decommissioning. Chernobyl NPP was taken out of NNEGC
“Energoatom”. It became a State specialized enterprise "Chernobyl NPP" (SSE ChNPP) with the main
task of decommissioning the NPP and transformation of the Shelter object into ecologically safe system.
The license for decommissioning works was issued by SNRCU to SSE ChNPP in March, 2002.

The conditions for decommissioning were very unfavorable, because there were no plans, no
necessary technical facilities, no accumulated funds. However, significant progress in planning and
preparatory works has been achieved since 2002, and the “State Program of Chernobyl NPP
Decommissioning and Shelter Transformation into Ecologically Safe System” will come into force on
January 1, 2010. It was approved by the law of January 15, 2009.

One of the main responsibilities of SSE ChNPP is management of the Shelter object
("Sarcophagus"). Since it's construction in 1986 it underwent a series of repairing, however, the state of
construction elements is deteriorating. The nuclear fuel (current estimates show that about 95 % of what
initially was in the reactor, with total activity about 16 million Ci is still inside or under the Shelter)
undergo destructive processes, and the amount of fine-dispersed fuel increases. This potentially creates a
threat of incidents and consequent radioactive contamination. Another problem is possible radioactive
contamination of ground water, although on-going investigations show lack of tendency of uranium and
plutonium spreading by underground water flow.

By joint decision of the Ministry of Emergencies of Ukraine and National Academy of Science of
Ukraine, the responsibility for scientific supervision of the Shelter object and its transformation into
ecologically safe object was assigned to the Institute for Safety Problems of Nuclear Power Plants of
NASU.

It is assumed that the solution for the problem of Shelter object will be a New Safe Confinement
(NSC). The process of designing and preparation works for NSC (funded by the donor countries through
European Bank for Reconstruction and Development) is underway. The NSC will have to provide
necessary conditions for transformation of the Shelter object into ecologically safe system, including
removal of fuel containing materials, radioactive waste management and dismantling of Shelter object
structures. So far, the result of joint Ukrainian-international efforts at ChNPP are not very encouraging.
Except of IHP, all other facilities are under various stages of construction/completion. Perhaps the worst

104



situation is with ISF 2, which was constructed but could not be put into operation due to various technical
faults and problems. At present, new technical conditions and terms of reference for additional works are
considered.

National Nuclear Energy Generating Company “Energoatom”

As of fall, 2009 NNEGC “Energoatom” is a managing company which is in charge of four NPPs and
several separated subdivisions. Each NPP and each subdivision is a legal entity with its management,
bank account etc. An overview of the four NPPs follows:

— Zaporizhzhya NPP - six VVER-1000 reactors commissioned between 1985-1996, with scheduled
close dates between 2015-2026. Zaporizhzha NPP is the first Ukrainian nuclear power plants where
on-site dry storage facility for spent fuel (SFDSF) was built. It was loaded for the first time in 2001.
It is expected that the capacity of SFDSF will be sufficient for all life span of the NPP.

— Rivne NPP - two VVER-440 and two VVER-1000 reactors commissioned between 1981-2005, with
scheduled close dates between 2011-2035.

— Yuzhno-Ukrainska NPP - three VVER-1000 reactors commissioned between 1983-1989, with
scheduled close dates between 2012-2019. To compensate peak loads and secure good operating
conditions of YuU NPP, Tashlyk Hydro accumulating Power Plant is being constructed. The first
two hydraulic units were put into operation in 2006 and 2007. Upon completion the THAPP is
expected to have generating capacity of 906 MW and to work on average 3.1 hour a day
(turbining).There exists on-going controversy around THAPP because it will flood valuable
ecosystems.

— Khmelnytska NPP - two VVER-1000 reactors commissioned in 1988 and 2005, with scheduled close
dates 2018 and 2035. The construction of two other units was started in Soviet period but later
stopped.

It should be noticed that at present it is expected that the lifetime of existing nuclear power plants
will be extended by about 15 years compared to scheduled close date. The process of necessary checking
and licensing of such extension is underway for Rivne-1.

The share of electricity generated by NPPs (percent of total generation) remains high: 2000 -
45.3%, 2004 - 53.2%, 2005 - 52.3%, 2006 - 46.9%, 2007 - 47.5%, 2008 - 46.8%. In December, 2008
NNEGC “Energoatom” issued a statement of intention for completion of two units at existing site of
Khmelnytska NPP. Construction works on these two units were started in 1985 and discontinued in 1990.
New design and new permits are needed for completion. Currently the preparation of EIA in accordance
with Ukrainian legislation is announced.

Since the time of dependence of Ukraine, directly at NPPs a system of personnel training was
created. This system is based on the latest legislation framework, IAEA recommendations and
international experience. Training centers, created at each NPP, form one of the main components of NPP
personnel training. The total staff of these centers comprise 436 persons, of them 160 instructors.
Simulator training base was created by joint efforts of specialists from the USA, Russia and Ukraine.

In 1993, the first in Ukraine full scale simulator of the main control room was launched at
Zaporizhzhya NPP. In December 1997 a similar simulator was put into operation at Khmelnitsky NPP. In
2001 a full scope simulator for Rivne NPP unit # 3 personnel training was put into operation. At present,
8 simulators work at Ukrainian NPPs. In 2000 Zaporizhzhya NPP received a license for training of the
operating personnel. Now all training centers have similar licenses.

Main separated subdivisions of NNEGC “Energoatom” are:

105



— “AtomRemontService” - improve management and efficiency of maintenance and repair at
nuclear power plants; created partly to employ the personnel of Chernobyl NPP after its closure;

—  “Atomkomplekt” - supply of materials and services for Ukrainian NPPs;

— "Scientific and Technical Center" - created in 2003 to create in Ukraine a complex and effective
system of scientific and technical support of nuclear power industry;

— "Atomenergomash" - manufacturing of equipment for Ukrainian nuclear power plants;

— “Emergency and technical center” - works on the issues of preparedness of Ukraine for quick and
effective actions in case of accidents at nuclear power and industrial enterprises;

— "Atomproectenginiring” (created in December 2008) - coordinates investment activities of
NNEGC “Energoatom”, especially construction of new and completion of unfinished NPPs.

Services and education for nuclear power plants

It should be noticed that there are numerous enterprises which provide essential services for the nuclear
energy industry and which are independent from NNEGC “Energoatom”. Among them, here we will
mention Kharkiv Scientific-Research and Design Institute "Energoproekt™ (which worked in 1970-80s
closely with All-Union Design Institute "Teploelectroproekt”, later renamed as Atomenergoproekt, in
Moscow) and Kiev Design and Research Institute "Energoproekt” (with two institutes mentioned above,
Kiev institute participated in designing of many power plants, among others, Rivne and Khmelnytska
NPPs). These design institutes are located in Ukraine and incorporated under Ukrainian law, but their
ownership issue is not very clear, as well as their potential after many years of significant work underload.

While there are many universities which have atomic and nuclear physics in their physics
curriculum, only three universities teach students in specialty "atomic energy engineering™: National
Technical University "KPI" (Kyiv), Odessa Polytechnic University (Odessa) and Sevastopol National
University of Nuclear Energy and Industry (SNUNEI). For example, students can take this specialty at
Kyiv Technical University at a sub-department "Nuclear power stations and engineering thermal
physics" of the Heat-and-Power Engineering Department (which was founded back in 1931). SNUNEI is
a relatively young university, it was organized in 1996 on the basis of a former Soviet Navy Engineers
Higher College, which trained officers for Soviet nuclear submarines since 1964. "Atomic energy
engineering" is only one of many specialties at this university, while other specialties related to nuclear
industry include dosimetry, radioecology, radioactive waste management. The number of graduates at
these specialties in all three universities is not very large.

There is no higher education for reactor personnel in Ukrainian universities, equivalent to the
Russian specialty 140305 (070500) - "Nuclear reactors and power plants”, which is taught in Moscow,
Obninsk, St.-Petersburg, Tomsk. As it was mentioned above, extensive personnel training programs are
carried out directly at Ukrainian power plants.

Nuclear fuel and nuclear fuel cycle
Serious problem for Ukrainian nuclear energy industry is a supply of fuel. During the period of Ukrainian
independence, nuclear fuel assemblies for Ukrainian NPPs were provided by Russian Corporation
"TVEL" (i) as a compensation for nuclear warheads transferred from Ukraine into Russia and (ii) on the
basis of contracts between Ukrainian NPPs, NNEGC "Energoatom" and TVEL Corporation. Ukrainian
Government works on diversification of nuclear fuel supply, maintaining working contacts with
Westinghouse and other Western companies.

No spent nuclear fuel (SNF) processing takes place in Ukraine: spent fuel was exported to Russia.
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There exists a plan to build a centralized storage for SNF from VVER reactors in the 30-km zone of
Chernobyl NPP, but the project is very controversial and its licensing and implementation (if it comes to
implementation) will not be easy.

At present, the State Enterprise Eastern Mining and Processing Complex is the only enterprise in
Ukraine engaged in the mining of uranium ore and production of a uranium oxide concentrate. It operates
two mines, hydrometallurgical plant and other subdivisions. The plant is under the supervision of the
Ministry of Energy, and it's importance will increase when the state program "Uranium of Ukraine" is
implemented. Currently Ukrainian uranium industry capacity produces about 30 % of uranium that is
needed to fuel Ukrainian NPPs. Enrichment of uranium and production of fuel assemblies take place in
Russia. There are plans to develop capacities and to introduce some other elements of nuclear fuel cycle
in Ukraine, but they are still far from implementation.

Sectoral program "Uranium of Ukraine" (for the period of up to 2030) pays special attention to the
increase of uranium production. For this, new uranium deposits should be put into production and the
capacity of existing processing plant increased. There are several uranium deposits which are suitable
either for underground mining or leaching from the surface technology. The ore is not very rich but the
quantities of reserves are large, and this allows for relatively cheap industrial methods of mining and
processing. Design works for mining and processing of uranium ore are conducted by the Institute for
Industrial Technology in the city of Zhovti Vody in Dnipropetrovsk oblast. The Institute was founded in
1970 to serve the needs of atomic energy industry and it has a significant record of implemented designs.

Ukrainian zirconium production sector includes Vilnogirsk State Mining and Metallurgical Complex
in Dnipropetrovsk oblast (ore mining and processing, production of zirconium concentrate) and a State
Enterprize "Zirconium™ in Dniprodzerzhynsk, which have specialized technological departments for
production of nuclear-pure zirconium. A state program "Nuclear fuel of Ukraine". approved 23
September 2009, sets the goal of creating a full cycle of zirconium production at "Zirconium" State
Enterprise, which should supply all zirconium rolled products necessary for Ukrainian nuclear industry.
According to the Program, some construction elements of fuel assemblies will be produced in Ukraine as
well.

Final Remarks

Nuclear physics in Ukraine has quite rich history. It contributed to the success of the Soviet nuclear bomb
project - especially during the 1930s-50s, but the field of research and available resources were dictated
by the central government in Moscow. At present, there are numerous areas where Ukrainian nuclear
physics still has substantial potential. However, it is unclear whether this potential will be converted into a
vibrant science. Insufficient funding and neglect by the government of Ukraine, as well as inefficient
internal management, soviet-type organizational structure of the Academy of Science, lack of proper
cooperation with universities lead to deterioration of Ukrainian academic institutes, especially those
which need significant investments to maintain experimental base. Except for some rare occasions,
Ukrainian nuclear science and Ukrainian nuclear industry have very limited contacts, and it means that
the science cannot count on financial support from the industry.

In Ukraine, the share of nuclear energy in total electricity generation is very high, but the industry is

heavily dependent on the supply of equipment, fuel and expertise from Russia. The only improvement
that is planned is in-country production of fuel assemblies, but the dependence on enriched uranium will
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remain. Ukrainian share in production of equipment (like turbines or electronics) for nuclear industry in
the former Soviet-block countries is quite high, but the success of this sector depends on Russia's efforts
to remain an important player on the world's nuclear industry market.
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Chernobyl Catastrophe and Establishment of Civil Society in Ukraine

Yuri Scherbak
Ambassador Extraordinary and Plenipotentiary of Ukraine,
Chairman of the Ukrainian Environmental Association “Green World” (1989-1992),
Chairman of the Party of Greens of Ukraine (1990-1992)

The explosion on April 26, 1986, at Reactor No.4 of the Chernobyl nuclear power station
(Ukraine) has been the world's worst nuclear accident and "“the greatest environmental catastrophe in the
history of humanity”, according to the United Nations. Chernobyl is a global phenomenon that has
affected lives of millions of people living on immense territories of Ukraine, Belarus and Russia, as well
as in tens of other countries of the Northern hemisphere.

The Chernobyl catastrophe confronted the humankind with a number of scientific, technological,
international law, medical, socio-economic, cultural and psychological problems, most of which remain
topical in the 21% century.

The Chernobyl accident had also a great impact on the government and society in such totalitarian
state as the Soviet Union was in 1986, with its single-party Communist system of governance, domination
of the Marxist-Leninist ideology, powerful repressive agencies (KGB and the Ministry of Interior), the
command economy system, which had been already in crisis, and the hostile external policy of
confrontation with the West.

Let us recall that the Chernobyl accident took place on the planet divided by the Cold war and the
confrontation between the Soviet and Western military and political blocs. The world was governed by the
political figures who, by now, have already quitted the stage and have been almost forgotten: U.S.
President Ronald Reagan, General Secretary of the Communist Party of the USSR Mikhail Gorbachev,
who had made only first steps towards ‘perestroika’ and *glasnost’, Prime-Minister of the United
Kingdom Margaret Thatcher, Head of the People’s Republic of Chine Deng Xiaoping, Chancellor of West
Germany Helmut Kohl and Head of East Germany Erich Honnecker, President of Poland General
Woiciech Jaruzelski and other symbols of the inter-bloc struggle.

In the Soviet Union, which, according to the Gorbachev’s vision, had to move towards
liberalization (which eventually led to the dissolution of the USSR), the paranoia of secrecy and
preparation for the “big” war with the West was still reigning, and this had greatly affected the situation
with the Chernobyl catastrophe. Consider the following facts: from the moment the reactor exploded, an
estimated 90 to 200 mIn Ci of radiation was released into the environment; this level is at least 100 times
higher than the radiation caused by the explosion of the two bombs dropped on Hiroshima and Nagasaki.
Nevertheless, from the very first hours after the catastrophe, the Soviet authorities took unprecedented
measures to block any information about the nature of the explosion, radiation levels and the number of
victims. Within a few days after the accident, the control over information in the zone around the
Chernobyl nuclear power plant was handed over to the KGB, and a very strict censorship was imposed in
mass media.

As a person who took part in many catastrophe-related activities (first of all, the medical ones)
from the first days of the accident, I can attest that some of the imposed prohibitions were of a criminal
nature. To my certain knowledge, when Minister of Health of Ukraine Dr. A. Romanenko, while making
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his television statement in the beginning of May, 1986, upon his return from the United States, tried to
raise the question of evacuation of children from Kiev and introduction of simple preventive measures to
limit the dangerous impact of radiation on the organism, he was forbidden to do so by censors from the
Central Committee of the Communist Party of Ukraine. In addition to the ordinary political censorship in
place, there were specialized forms of censorship that any publication on Chernobyl had to undergo:
nuclear-physical, meteorological (regarding radiation levels), medical, etc.

It is also worth noting that, at the moment of the catastrophe, there was no political opposition in
the USSR, few dissidents were languishing in prison camps and civil society was practically non-existent
— civic organizations (associations of writers, artists, scientists, journalists, physicians, sportsmen, etc.)
were under the control of the KGB and the Communist Party and were not allowed to take part in political
activities.

Despite the strict limits imposed by the Communist regime, which maintained the total control
over the state and society, in Ukraine (just as in Russia), there were small islands of intellectual freedom,
which started to rapidly develop under the influence of the Chernobyl events. Society was gripped by the
fear for the fate of children, who had been exposed to radiation, there was a growing distrust in authorities
triggered by the reigning atmosphere of lies and prohibitions, and more and more people wanted to
understand what had really happened in Chernobyl.

Among such islands of freedom was the Writers’ Union of Ukraine (certainly, not the whole
organization but some of its progressive members) and the scientific and technical community, in
particular, within the Academy of Sciences of Ukraine: many scientists worked on liquidation of the
catastrophe and fully understood the gravity of its consequences for the population and the environment in
the areas affected by radiation.

In the beginning of May 1986, in Kiev, which is located only 110 km from the Chernobyl nuclear
power plant, the tension was growing and signs of mass panic started to show: the lack of true information
and the government’s blatant lie regarding “successful” combating of the catastrophe’s consequences only
reinforced the panic rumours regarding a possible explosion of the “bubbler” at Block 4 of the Chernobyl
nuclear power plant, which in its turn could have triggered an explosion at Block 3 and had unforeseeable
consequences of the nuclear Apocalypses for the Soviet Union and Europe.

During the summer months of 1986, | often spoke to various audiences in Kiev, as a person who
saw the catastrophe zone with his own eyes (on those days | often published my articles in Ukrainian and
Russian newspapers), and | was astonished at the prevailing mood of criticism and indignation at the
informational policy of the government. Even disciplined members of the Communist Party openly
criticized the authorities for participation of children in the May-Day demonstrations of 1986, when the
radioactive cloud was spreading over a number of regions of Ukraine and had already conquered the Kiev
sky.

A similar mood, although even more hostile to the Communist regime, had overtaken intellectual
circles — scientists, writers, physicians, journalists and others, who, in private conversations, often gave a
highly negative assessment of the situation and discussed the ways to improve it.

Changes were imminent in the Writers’ Union of Ukraine, and the secretary of the Union Board,
famous Ukrainian poet lvan Drach, invited me, a writer and a doctor of medicine, to establish and chair
the environmental commission of the Union. It is worth noting that, even before Chernobyl, a number of
writers criticized authorities for the worsening of the environmental situation in Ukraine. Their criticism
aimed, in particular, at the changes in the water regime of the main river of Ukraine — Dnieper — which
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provides water to 35 million people in Ukraine. Dnieper had been covered with a system of dams and
water storage basins, resulting in large land areas being submerged into water and in growth of
environmental problems caused by the artificial “seas”.

By the end of 1986, the environmental commission of the Writers” Union of Ukraine was created
out of writers from all regions of Ukraine — from Crimea to the Carpathian Mountains, from Donetsk to
Volyn, from Kiev to Odessa. We prepared a plenary session of the Writer’s Union on environmental
issues, invited scientists and journalists, and conducted a conference in April 1987. Immediately, as the
world “Chernobyl” was pronounced, there was a request to raise the curtain of secrecy over the problem of
nuclear pollution of the territory of Ukraine. Writer L. Kovalevska from Prypiat (a town near the
Chernobyl nuclear power plant), who published an article on inadmissible mistakes and miscalculations in
the construction of the plant’s Block 5 in a newspaper shortly before the catastrophe, became a hero of
our meeting. Although the commentary of Kovalevska did not refer to the active Block 4, after the
catastrophe, her article was often cited by foreign newspapers as a proof of low quality of works at the
Chernobyl nuclear power plant. Writers and scientists raised the question of inadmissibility of
construction and concentration of large numbers of nuclear power stations in Ukraine, in particular in
Crimea, which is a seismically dangerous area, and on Dnieper, near the ancient capital of Ukraine
Chygyryn.

If criticism regarding construction of non-nuclear objects (bridges, basins, biofactories, chemical
facilities, etc.) was perceived by authorities as more or loss tolerable, the anti-nuclear movement presented
a serious danger for the Soviet leadership because it conflicted with the far-reaching plans of the USSR’s
energy industry to build an extensive network of nuclear power plants (only in Ukraine, in the zone of the
Chernobyl nuclear power plant, it was planned to construct 12 energy blocks). On the other hand, nuclear
power plants remained to be an important part of the military nuclear complex, which (as embodied in
Sredmash — the Ministry of Medium Machine-Building) was a closed “state within a state”. The anti-
nuclear movement was seen by nuclear-industry “hawks” as very dangerous, because it seriously limited
their monopoly to take decisions, undermined their lucrative business and, finally, destroyed the myth
about the “atom for peace” and the safe development of nuclear energy.

In 1987, a group of writers and scientists from the Academy of Science of Ukraine reached a
conclusion that it was necessary to establish an independent environmental organization that would defend
the environment of Ukraine despite the narrow-sighted interests of various ministries and agencies causing
damage to the human environment. The newly established organization was named “Zeleny Svit” (“Green
World”) and had among its founders a scholar from the Council of Development of Productive Forces
Development of the Academy of Sciences of Ukraine V. Sahayev and Ukrainian writer S. Plachynda.

The appearance of new independent environmental groups, even though they were few in number,
triggered a chain reaction in society: already in 1987, local organizations under the aegis of the Green
World were established in several regions of Ukraine. In the end of 1987, the Green World received a
serious support from the quasi-nongovernmental organization called the Ukrainian Republican Peace
Protection Committee, headed by well-known Ukrainian writer Oles Honchar, who, in his speeches before
1986 brought up serious environmental problems of Ukraine on numerous occasions. The Peace
Protection Committee was governed from Moscow by the Communist party and operated under the KGB
control. It was assigned a special role — to act in the West together with anti-war and anti-nuclear
movements and thus contribute to fulfillment of objectives of the Soviet foreign policy — to influence
public opinion in NATO member-states and persuade the outside world of the Soviet Union’s
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peacefulness. The Peace Protection Committee maintained close contacts with a number of Western anti-
war organizations and, to a certain part, was less ideologized than other Soviet civic organizations.

The Ukrainian environmental association “Green World” was officially set up in December 1987,
at a session of the Ukrainian Republican Peace Protection Committee under the chairmanship of O.
Honchar. At that moment, the organization had 27 members. The Peace Protection Committee provided
the association with its prestigious premises near the Verkhovna Rada (Parliament) of Ukraine and
afforded a very important official backing for the Green World’s activities.

In the summer of 1987, a delegation of the Peace Protection Committee, including me as a member
of the Committee’s Presidium, visited two Canadian cities - Toronto and Winnipeg - and, inter alia, took
part in the anti-nuclear demonstration in the latter city. “Say no to a new Chernobyl” and “Chernobyl
should never happen again” were among our slogans we used during that march. | was very impressed by
the statement of the mayor of Winnipeg (he participated in the demonstration and | had an opportunity to
interview him) regarding declaring Winnipeg a nuclear-free zone. The mayor asked me whether Kiev can
do the same and declare its territory nuclear-free. | understood that, because of Chernobyl, Kiev had
actually become a “nuclear zone”, with its territory being contaminated with radioactive fall-out, however
none of us knew and, certainly, could not decide whether any nuclear weapons were in Kiev or Ukraine
(not to say about where they were located and how many of them there were). The Chernobyl catastrophe
made us understand more deeply the link between the so-called “atom for peace” and military classified
aspects of nuclear proliferation.

After the Green World was officially born in 1987, the green movement in Ukraine started to
grow both quantitatively and qualitatively. In March 1988, the first conference of the Green World was
held in Kyiv, during which the strategy and tactics of the independent environmental movement was
elaborated. Conference delegates included not only activists of the green movement but also oppositionists
— members of the future opposition organizations “Rukh”, “Ukrainian Language Society” and others, and
leaders of political parties that would be established later.

It is worth noting that the state organization Environment Protection Committee, which was in
charge of state activities related to environmental protection, took a hostile stance towards creation of the
Green World, suspecting it of an encroachment on its monopoly.

Was the Green World an opposition organization standing against the existing regime in the
USSR? Without a doubt, it was.

First, the Green World was a grass-roots protest organization, created not on a signal from above
but spontaneously and to expresss interests of the general public and not of the state establishment.

Second, the organization had a distinctively national character and protected interests of Ukraine
and Ukrainian people, including all ethnicities leaving on the territory. It is interesting to note that
American journalist Jane Dawson published her book “Eco-nationalism” (1996), where she paid particular
attention to “the anti-nuclear activism and national identity in Russia, Lithuania and Ukraine”.

Third, the Green World rejected the official Communist ideology and adopted the words “Survival.
Democracy. Humanism” as its main motto, thus drawing the organization closer to respective Western
pacifist movements and green organizations. It was officially declared that the Green World emerged as a
fruit of perestroika and new political thinking, as a result of the need for self-protection in the situation
when the state was alienated from its citizens, amid the economic and national crisis that overtook the
country.
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Fourth, the Green World made a stand against the main pillars of the Communist regime — the
total secrecy, closedness of the state, non-transparent decision-making, absence of open discussions and
unwillingness to hear the voice of society.

And, finally, fifth, the Green World argued against the monopoly of the military-nuclear and
industry-nuclear complexes over determining the nuclear policy of the state, which was contrary to
societal interests. The proposal of the Green World to establish a moratorium on building new nuclear
power plants on the territory of Ukraine was quite radical for that period (1988-1990) and was met with
fierce opposition of representatives of the nuclear lobby. The key to success of the Green World
was joining of efforts of eminent experts in the field of environment with those of “green” activists: the
professionalism and expertise of prominent environmental researchers helped to avoid populism in the
organization’s activities, while the enthusiasm of activists ensured the effectiveness of its mass actions.

In 1988, independent environmental organizations sprang up in all regions of Ukraine - in tens of
cities, towns and villages. Many of those organizations became collective members of the Green World.
The abandonment of the idea of a centralized vertical control in favor of a horizontal construction of the
association, where all member organizations preserve their own structures and objectives, was a major
distinction of the Green World from typical Soviet civic organizations, which were under the harsh control
of the Communist party. Essentially, the Green World became not just a civic environmental organization
but also a prototype of future political movements and parties, oppositional to the existing Soviet regime.

Despite this fact, even though the authorities counteracted the Green World’s activities and
introduced under-cover agents into the organization’s ranks, they nevertheless did not dare to resort to
direct repressions. The period of Gorbachov’s liberalization, the time of “perestroika” and “glasnost”, was
already starting and authorities flirted with “informal” organizations, as they were called then, including
the Green World. As the Head of the Association (I was elected at the First Congress of the Green World
in 1989, when the Programme and the Statute of the organization were adopted and the executive board
was elected), | contacted with representatives of the Central Committee of the Communist Party of
Ukraine, who were watchful of our association’s activities. | found out that there were two fractions within
the Central Committee of the Party — the “hawks”, who demanded to lock in all independent non-
governmental organizations (later these people supported the coup d’etat organized in August 1991 to stop
the Gorbachev’s policy of reforms), and the “doves”, who advocated for cooperation with informal
organizations. However, despite their efforts to cautiously adjust the harsh party line, the “doves” were not
able to affect the collective decision-making.

The first steps towards democracy, of which the Green World can be proud, were particularly
symbolic: for the first time within the 70-year period of the communist dictatorship, the Green World
conducted a free environmental meeting in Kiev in 1988, where participants demanded authorities to tell
the truth about Chernobyl. The meeting speeches reflected the belief of the orators in the correlation
between environmental and political problems, as well as their understanding of the need to ensure
independence of Ukraine as a precondition for avoiding environmental catastrophes, for which the central
Moscow authorities were to be blamed.

In April 1990, at the 4™ anniversary of the Chernobyl accident, the Green World, together with
mass political opposition organization Rukh organized the “Chernobyl Week”. It included a research and
practice conference on alternative energy and the first mass manifestation over the period of the
Communist dictatorship, conducted on April 22, the Earth Day, with 70 to 100 thousand participants. We
were walking the Kiev streets together with famous Ukrainian dissident Leonid Pliusch, and he could not
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hide his emotional tears upon seeing the huge crowd of demonstrators under green and national blue-and-
yellow flags. Near the monument of Lenin, members of a nationalist organization started to throw Lenin’s
books to the pedestal of the statue. It was a sign that the time of the Communist domination was rapidly
approaching its end.

In 1988-1989, the Green World, which started with a group of intellectuals, turned into a powerful
nationwide movement with a well-developed structure.

On October 28, 1989, on the day when the First Congress of the Ukrainian Environmental

Association “Green World” opened, | published an article in the newspaper “Green World”, which
contained the following lines:
“The Founding Congress of the Green World is taking place at the moment of revival of the honor and
dignity of the people, at the time of truth and choice, when the fate of our country is chosen... We openly
and loudly tell the world about the reasons that have led to the today’s crisis: the negative destructive
trends in the global development of the so-called scientific and technological revolution in its most
aggressive predatory form were magnified in the Soviet Union and the Ukrainian Soviet Socialist
Republic as a result of a colossal social and technological experiment on people and land during the most
of 20" century. This experiment is building of the arrogant and cruel utopian super-state of Stalin and
Brezhnev. This state was built on the blood, misfortune and slavery of millions of people. This state
wanted to rise over others not with the health and wealth of its people but with plant chimneys, nuclear
powers and the soil mutilated by melioration.

This state has fallen today (These words were written two years before the Soviet Union actually
collapsed — Y.S.). Unfortunately, it is the people and not the leaders who pay for all the wrong-doings.

The environmental misfortune of Ukraine is coronate with Chernobyl’s nuclear crown of thorns —
this ugly monument to the state monopoly and optimism.

What waits for our children and grand-children? What do we have to do to reduce the harmful
influence of radiation on the today’s and future generations? These are the questions that the Green World
keeps asking and searching for answers.”

The main principles of the Green World Association, as adopted by the Congress, were the
following:

- the primacy of environment over economy and politics;

- democracy and full transparency in environmental issues;

- all-people’s participation in solving environmental issues;

- combination of scientific and humanistic principles;

- environmentalization of education and awareness-raising.

We called for the establishment of a true rule-of-law state; we supported ideas of political,
economic and cultural sovereignty of Ukraine.

By the time of the Congress, the association had more than 150 collective members in all regions
of Ukraine, as well as collective members in Canada, the United States, Australia and Argentina. The
Green World had an International Commission, which worked a lot on correspondence with foreign
organizations and reception of guests from abroad. Green activists from many countries of the world were
coming to Ukraine to share their experience and to take part in meetings, demonstrations and marches of
protest against spreading of nuclear power and pollution of environment.

In 1988, a delegation of Greenpeace visited Kiev, and | established good relationship with the
delegation’s head, President of the Greenpeace David McTaggart. We helped Greenpeace to establish a
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permanent representative office in Ukraine, which was headed by one of the Green World’s organizers
and a member of its Secretariat V. Tykhyi. Among the results of the constructive cooperation between the
Green World and Greenpeace was a medical laboratory that examined Chernobyl children and carried out
physical and chemical analysis of soil, water and air. In addition, a mobile laboratory to monitor the
environmental situation in Ukraine was established with the help of German environmentalists. As part of
its international activity, the Green World organized recreation and medical treatment of children from
contaminated areas abroad. One of the most active members of the Green World, N. Preobrazhenska,
played a significant role in this process.

In 1989, owing to its openness, democratic principles and the successful organization of a number
of environmental actions (a ban on the construction of the second stage of the Chernobyl nuclear power
plant, the cancellation of the building of the Crimean and Chygyryn nuclear power plants, the closure of a
high-power radar in Zakarpattia region, the shutdown or conversion of several dangerous chemical and
biological facilities, the creation of a program on saving Dnieper, etc.), the Green World became a
respected and highly regarded organization in Ukraine. Our representatives presented their views at the
discussion of Chernobyl issues in the Verkhovna Rada (Parliament) of Ukraine; they prepared and
submitted draft laws and resolutions on addressing topical issues related to environmental interests of
society.

It was a period of turbulent, interesting and somewhat romantic activities. People worked not for
money, as now, but for the sake of the idea — ensuring Ukraine’s independence and victory of democratic
principles.

People trusted the activists of the Green World: many representatives of the green movement were
elected to the parliament of the Soviet Union during the 1989 elections and to the parliament and local
councils of Ukraine during the 1990 elections. The year of 1989 became a turning point for my own
destiny: | was elected a member of the Soviet Union parliament in one of the Kiev constituencies (with
more than 300 thousand voters); in the parliament, | joined the opposition group of Academic A. Sakharov
and was elected the head of the Subcommittee for Nuclear Energy and Environment of the parliamentary
Committee for Environmental Issues. All these achievements considerably widened my ability to affect
governmental authorities and seek answers from them.

It is worth noting that my election campaign, in which I won over 6 other candidates, was
consistent and followed the program of the Green World: to ensure the declassification of Chernobyl data,
to establish a commission on investigation of the catastrophe and to find those who were really responsible
for the accident, and to provide effective assistance to all people who suffered from Chernobyl, in
particular to children.

In Moscow, | received a great support from the famous Russian environmentalist, Academic
Alexei Yablokov, as well as from members of the Environmental Committee and members of parliament
coming from Ukraine. One of these Ukrainian MPs — Professor L. Sanduliak — became a co-head of the
Green World and coauthored the Act on the State Independence of Ukraine in 1991.

Under our pressure, the Presidium of the Supreme Soviet (Parliament) of the Soviet Union
adopted resolution No. 1648-1 of September 1, 1990, “On the Establishment of the Commission on
Investigation of the Causes of the Chernobyl Nuclear Plant Catastrophe and Evaluation of the Actions of
Officials in the Aftermath of the Accident.” Six members of the parliamentary Committee for
Environmental Issues, including me, were included in this Investigation Commission, and a member of the
Green World from Crimea, Prof. Tikhonenkov, became its head. Within the Committee, upon my
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initiative, we conducted parliamentary hearings (for the first time in the history of the Soviet parliament)
on two nuclear accidents: in addition to Chernobyl, we discussed the 1957 chemical explosion in
Kyshtyma of Sverdlovsk region, which was accompanied by the significant emission of radioactive
substances into the atmosphere (the trace of the explosion was 100 km). Extensive territories were
polluted with radiation and some populated areas had to be evacuated. To some extent this accident
reminded the one in Chernobyl, although at a considerably smaller scale.

We engaged prominent experts and participants of the Kyshtyma events, as well as famous Soviet
dissident Zhores Medvedev, who authored a book on the Ural tragedy, into the discussion. During the
hearing we reached the conclusion that the secrecy around the Kyshtyma accident had not allowed to use
the experience learned during those events at combating the aftermath of the Chernobyl catastrophe.

Chernobyl hearings evoked huge societal response because high level officials - Ministers of
Health of the USSR E. Chasov and of Ukraine A. Romanenko, Head of the Hydrometeorological Agency
of the USSR Y. Israel and many others - took part in the hearings and accounted for their actions. During
the hearing, one of the most important questions that we had raised was the following: why was the
decision of the Government of Ukraine of May 3, 1986, to evacuate children from Kiev put on hold for a
longer period? The answer of Academic II’yin, the Director of the Radiobiology Institute in Moscow and a
representative of the military-medical complex, was cynical: he said that he had been strongly against the
evacuation — and the official Moscow had supported him — believing that radiation would not harm
children in any way. However, under the pressure of facts and, in particular, under the pressure of the
public, who declared him “the enemy of the Ukrainian people”, II’yin had to confess that, at that time,
doctors were unable to assess the moral and psychological, as well as political consequences of their
actions, and he admitted his guilt.

During the hearing, Chasov and Israel assured participants that, under the pressure of public
opinion, the data on radioactive pollution of the territory of Ukraine, Belarus and Russia, the data on
pollution of water, air and foodstuffs, and information about the state of health of people living on the
contaminated territories had been declassified. Only four years after the accident the curtain of secrecy
over the global man-made nuclear catastrophe had been raised at the cost of enormous efforts of civil
society!

My green movement colleagues and | achieved this small but symbolic victory over the state and
fulfilled some of the promises given to our voters. However, this was just the first step. It was still
necessary to determine the causes of the accident and to find out the names of those people who issued
criminal orders. In 1990, thanks to the efforts of the Green World and other non-governmental
organizations, a public trial — the so-called Chernobyl Nuremberg - was held in Kiev. In compliance with
all legal requirements and procedures of a trial (prosecution, defense and hearing of witnesses), the
catastrophe had been investigated and guilty persons had been determined. A number of secret orders of
the Ministry of Health of the USSR and Ukraine - on the prohibition to indicate the radiation doses of
children in their medical documents, on the prohibition to make diagnoses related to radiation exposure,
on the strengthening of the secrecy regime regarding the treatment and the state of radioactive poisoning
of the staff of the Chernobyl nuclear power plant, etc. — had been disclosed (data about radiation in soil,
water, air and foodstuffs were classified immediately after the accident).

The 1990 Chernobyl Declaration on the Protection of Rights and Interests of the People of
Ukraine, Belarus and Russia from the Consequences of the Global Radioactive Catastrophe stated the
following:
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«In the course of an independent public investigation and during the first session of the
International Standing Panel of the Chernobyl process, it was established that the full burden of the
responsibility for the catastrophe should be placed on the state, its authorities and leadership, guilty of
criminal actions, along with the political leadership of the republics, who created a command-
administrative bureaucratic system with its totalitarian regime.”

The verdict of history had been brought: the criminal Communist system of the state ideological
monopoly, repression and absence of democracy and civil society, was pleaded guilty.

Five years after the Chernobyl catastrophe, the Soviet Union ceased to exist. Chernobyl is one of
the important reasons among other factors that instigated the infamous fall of the Communist empire and,
in particular, conduced to advance the adoption of the declaration of Ukraine’s independence. The people
did not forgive the state and the ruling party their lies, which had led to millions of human tragedies,
losses of lives and worsening of health for thousands of young people and children.

Chernobyl undermined the faith not only in the Communist system and its ideology, but also in
the objectivity and justice of such international organizations as the IAEA, WHO and associations of
experts (physics, doctors and others), who, by serving the nuclear energy industry, showed their
willingness to hide the truth from the public, to belittle the damage caused by the accident to human health
and to “whitewash” the nuclear energy at any expense.

* ok *

Twenty-five years have passed since the Chernobyl events. A new generation of Ukrainians, born
after the catastrophe, has come to the world that had radically changed. Many people no longer remember
the circumstances in which society existed in 1986 — the all-mightiness of the Communist party and the
KGB, the atmosphere of society’s closedness and the lack of access to information.

When recalling those days, | think today that the establishment of the Green World in the
totalitarian regime was a dangerous enterprise, and our fates could have been very tragic. | do not want to
say that we were heroes — me and my fellows — N. Preobrazhenska, V. Tykhyi, A. Panov, A. Glazovyi, R.
Bratun, V. Korobetsky, D. Grodzinsky and many others. We just understood that nobody but us could do
this work. We felt responsible to Ukraine; we felt support of thousands of people, and this support chased
away all our fears and doubts. We were proud that, for the first time within the 70 years of the repressive
dictatorship system, we were laying ground for a new, more democratic and just society in Ukraine.

I think that, having written my documentary novel “Chernobyl” based on the hundreds of stories
of catastrophe eyewitnesses, | have fulfilled my oath given on the May days of 1986 — to uncover the truth
about Chernobyl. Years go by, and the emotional outburst dies down, as it was after Hiroshima and
Nagasaki. Most Chernobyl secrets have been revealed. The flight of history in the time of globalization
has accelerated, and after 1986 the world has witnessed many wars and catastrophes, tsunami and
earthquakes, terrorist acts, splashes of exotic infectious diseases and man-made accidents. The memory of
Chernobyl is passing. Therefore the duty of those who keeps the memory is to tell others how long and
difficult was the path towards establishment of civil society in Ukraine after the 1986 explosion in
Chernobyl.

September 2010
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