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The Swedish report, SSI 95-20 (in the Swedish language) also included material
handed over to the delegation during the visit. The original language was Russian
and it have been translated to Swedish and are not included in this report.

The excluded material is:

Medical and demographic data concerning the health of population

Report on radiation and environmental situation at PMCPU

The population's health in connection with the environmental situation in
the town of Baleij, Tjita region



An assessment of the health and environmental situation in the mining
community of Krasnokamensk, East Siberia, Russian Federation

1 Background

In November 1994, the Swedish Ministry of the Environment was informed that the
population in the mining community of Krasnokamensk in Eastern Siberia had severe
health problems caused by the uranium mining in the area. During the following
period, the Minister of Environment got questions from members in the Swedish
parliament on that subject. One reason why this subject reached such importance is
that Swedish nuclear industry bought uranium from Krasnokamensk.

The Swedish Ministry of Environment turned to the Swedish Radiation Protection
Institute (SSI), to seek answers to these questions. A similar approach had earlier
been applied regarding the health and environmental situation at uranium mines in
Canada. As the Swedish Radiation Protection Institute had no information about
neither the health nor the environmental situation in Krasnokamensk, it was decided
that a delegation, under the leadership of SSI should visit the area on a fact-finding
mission.

The results from this fact-finding mission have been analysed by the delegation and
are presented in this report.

The delegation wishes to thank those who have contributed so that this mission
could be fulfilled. We specially would like to thank Mr Stefan Gullgren at the Swedish
Embassy in Moscow who arranged meetings with Russian authorities in Moscow.
We also would like to thank the Russian Embassy in Stockholm who has supported
us through contacts with Moscow and Erich Backes from Intemexco in Frankfurt, who
has helped us with practical arrangements. We also want to thank Dr Per Hall at the
hospital "Radiumhemmet" and professor Gunnar Walinderfor their help with medical
and radiobiological comments. Finally, we want to thank our skilled interpreter, Mr
Hans Magnusson, who through his knowledge of the Russian language and the
Russian society has been of great value to us.

2 General description of Krasnokamensk

Introduction
Krasnokamensk is situated in eastern Siberia, 30 kilometres from the border with
China and Mongolia. The area is a typical prairie landscape with very few
inhabitants, except for the town of Krasnokamensk. Some 30 years ago, geologists
found a uranium mineralisation in the area which was large. It was later decided to
start uranium mining on a large scale. The area is also rich in other minerals such as
gold, molybdenum and semi-precious stones, there are also large amounts of coal.

The first settlement in the area was built by geologists and it grew into the village of
Octyabrskij. This village was situated close to places where uranium was later
mined. Later, the town of Krasnokamensk was constructed and today has 70 000
inhabitants. The town is, for environmental reasons, situated 13 kilometres from the



mines and 4 kilometres from the coal-fired power plant. The industrial area outside
the town also comprises also a plant for sulphuric acid fabrication and a mill for
uranium concentrate production.

The uranium mining by the "Priargunsky Mining Chemical Production Union,
PMCPU" is carried out at three underground mines and an open pit mine. The ore
has a uranium content of 0.2-0.3% of uranium which is normal in many uranium
mines in the world. The maximum production capacity is 3 500 metric tonnes per
year. The main part of the ore is treated in the mill in a conventional way, while some
low-grade ore is either heap-leached in a special pile above ground or in-situ
underground. The production of uranium concentrate is carried out at the mill by
treating the uranium-bearing solution through ion exchangers or liquid/liquid
extraction, followed by treatment with ammonia to produce a precipitation and drying
of the uranium concentrate. The sulphuric acid is produced in the industrial area.

The coal-fired power plant, 500 MW supplies electric power and heat for the town of
Krasnokamensk and the industry, as well as electricity for large parts of the Tjita
region.

Since the mining started, the whole area and the town of Krasnokamensk has been
provided with different utilities and supplies from the "Industrial combinate", in other
words PMCPU. The town and the mine have been, and are still very much self-
sufficient. During the last years, some functions were transferred to the town
administration. Earlier, the PMCPU was responsible for housing in the town of
Krasnokamensk but not for the village of Octyabrskij. This village has been the
geologists'/prospectors' own, but today it is included in the town of Krasnokamensk.

The delegation to Krasnokamensk

During the month of August 1995, a Swedish delegation under the leadership of the
Swedish Radiation Protection Institute went to the Russian Federation on a fact-
finding mission concerning the health and environmental situation in the mining
community of Krasnokamensk in south-eastern Siberia.

The delegation first went to Moscow to visit ministries and central authorities which
are responsible for the health and environmental situation in the whole of the
Russian Federation, thus also in Krasnokamensk. We also had the opportunity to
visit the Russian Academy of Medical Sciences and meet one of the authors of the
report from which statements about the health situation in Krasnokamensk were
taken and then published in Sweden.

The second part comprised visits to local authorities responsible for health and
environment in Krasnokamensk. We also had long discussions with the mining
company regarding the impact of uranium mining on health and the environment.



The mining community

In the beginning of the 1960's, prospectors and geologists had discovered a large
uranium mineralisation in the area. At that time, there were practically no inhabitants
in the area, which was situated in the middle of the prairie about 600 kilometres from
the nearest larger town, Tjita. The climate is a typical inland climate with cold winters
and warm summers. The average temperature over the year is just below freezing
point.

The uranium mineralisation was of such size that it was early realised that uranium
mining on a large scale could start. Prospectors/geologists built the first houses in an
area, which today is situated in the industrial area. The village, Octyabrskij, grew in
the time and there are now around 1 100 apartments there with around 2 900
inhabitants. Most houses are one-family houses, often with a cellar. Stone material
from the area was often used as building material. The houses mostly have gardens
where the inhabitants themselves can grow vegetables.

The town of Krasnokamensk started to be constructed in 1968 and the uranium
mining was started in 1972. The town was built outside the industrial area, 13
kilometres from the nearest uranium mine. The town has nine different microregions
in which there are shopping centres as well as housing. Most houses are 5 to 12
floors high. There are 70 000 inhabitants. Outside the town, further away from the
industrial area, there are summer houses, dachas, for the inhabitants of the town.

Krasnokamensk is well equipped with hospitals, schools and day nurseries. The
heating of houses and other buildings is supplied by the coal-fired plant which also
supplies electricity. The town has a well functioning collective transport system and
an airport.

Besides the vegetables grown on the dachas, there are also large greenhouses
managed by PMCPU which are heated by waste heat from the industrial factories.

Those who live in Krasnokamensk are mainly of Russian origin. When the uranium
mining started, a large part of the work force was recruited from other similar
industries in the Soviet Union. The authorities had criteria which meant that the
inhabitants were mostly young, healthy people. The average age was low, and is still
lower than in the Russian Federation.

PMCPU has during many years offered a good working environment, health care and
the possibility for the inhabitants to grow vegetables in dachas, as well as otherwise
good conditions. The wages for mining workers in the Russian Federation was and
are still higher than those for many other workers.

With the break-down of the Soviet Union, the situation worsened in Krasnokamensk
as well as in the whole of the Russian Federation. PMCPU, which earlier had
delivered uranium and other metals to the Soviet state, suddenly had no place to sell
their products. Economic problems for PMCPU and through them the whole
community was a new and unusual situation which meant that the inhabitants had to
start living under other conditions. In order to survive, PMCPU' around 1990's started
to sell uranium concentrate on the export market to Western countries.



In the village of Octyabrskij, the economic situation is especially difficult. The
inhabitants are mostly geologists, and the Ministry for Geology does not, at present,
have the resources to support prospecting work. Those who can are moving to other
areas of the Russian Federation, but due to the unemployment in the whole country
only a few people have been able to find other work so far.

3 Assessment of the health and environmental situation in
Krasnokamensk

The Swedish delegation has received material, which shows how health and
environmental questions in Krasnokamensk are handled both at the central level in
Moscow and at the local level in Krasnokamensk. The delegation has, with this
material as well as what we have seen during visits, formed the opinion that the
situation is not different from what is normal in an industrial operation of this size.
Certainly there are major problems in the area, but these are not caused by the
uranium mining, they are social and economic in value. Thus it can be mentioned
that the consumption of alcohol has increased. It was also noted that diseases such
as tuberculosis have increased.

The average length of life in Krasnokamensk, as well as in the whole of the Russian
Federation, has been decreasing and is, currently for men just below 60 year which
is really low. This is explained by the worsened social and economical situation
during the last few years.

According to one report we have read, during the period from 1989 to 1994 the total
mortality increased from 3.7 to 7.1 per 1000 inhabitants in Krasnokamensk. A large
part of this increase is said to be related to the increase in "severe damages" and
"poisoning" (80% of the poisoning consists of alcohol surrogate poisoning and the
toxic properties of large amounts of alcohol).

In spite of the increasing mortality in Krasnokamensk, the figures are lower than
those for the whole of the Russian Federation.

Regarding the health conditions, there are no indicators which show that the health
conditions in Krasnokamensk would be worse than in the Russian Federation. The
reports we read show on the contrary in many aspects a better situation than in the
rest of the country. Compared to the Swedish situation, however, it is worse. Among
other things, tuberculosis has increased so that Krasnokamensk is now approaching
the same level as in other parts of the Russian Federation. The mortality rate of
children in Krasnokamensk is lower than in the Russian Federation and corresponds
to the situation in Sweden in the 1960's.

The material also shows that the frequency of cancer is lower in Krasnokamensk
than in the Russian Federation. Calculated per 100 000 inhabitants, the cancer
frequency in Krasnokamensk is 2/3 compared to the whole of the Russian
Federation. This is probably because cancer is more frequent at a higher age, and
as Krasnokamensk has a younger population the number of cancer cases are less.
As a comparison, it can be mentioned that the cancer frequency in Sweden, with a



population of a high age, is higher than in the Russian Federation and about 3 times
as high as in Krasnokamensk.

None of the authorities which the Swedish delegation visited considers that the
cancer frequency is higher in Krasnokamensk than in the Russian Federation. The
Russian Academy of Medical Sciences has the same opinion. The figures which
have reached the Swedish Ministry of Environment, stating that the cancer frequency
is 200 to 300% higher in Krasnokamensk than in the Russian Federation, are
according to Dr Kolesnikov, Head of the East Siberian branch of the Russian
Academy of Medical Sciences, caused by misinterpretation of his preliminary report
and by mixing up the numbers.

In connection with our visit to the mines, we could state that the working environment
there is better than in other Russian mines. This can be explained by the fact that
those who started working in the uranium mines in Krasnokamensk had been
recruited from other similar work in the Soviet Union and had a high level of
competence. Thanks to these people, good mining technology was introduced from
the beginning. Work environment questions had high priority and were implemented
already when the starting up the mine.

Regarding the outer environment, there is an impressive number of rules for
management and control. Solid waste from uranium production as well as from the
coal-fired power plant are handled in an adequate way. The environmental impact
we could find was concentrated to the industrial area. The mining company has an
extensive radiological and ecological program and all values of radioactive
substances as well as radiation doses measured are below the Russian standards.
These are at the same level as the recommendations from the International Atomic
Energy Agency, IAEA.

The material also shows that in the town of Krasnokamensk both the radon level in
the apartments and gamma radiation are low. The coal-fired power plant, 4
kilometres from the town, emits sulphur dioxide as well as nitrogen oxides. The level
of these gases in the outdoor air in Krasnokamensk is as high as that in Stockholm
during the 1980's.

There is one place where the situation is more unfavourable. This is the small village
of Octyabrskij, situated in the middle of the industrial area. Increased concentrations
of radon have been measured in a number of apartments, and about 50 of these
have radon levels exceeding the Russian limit, which is the same as in Sweden. All
of the authorities which we met have said that the village is situated in an unsuitable
place, and we agree with this. We have noted that there are advanced plans to
evacuate and demolish the apartments there with the highest radon levels.

The conclusion of the Swedish delegation is that we could not find any significant
impact on the population of Krasnokamensk which can be related to uranium mining
in the area.



Appendix 1

General

1 a Members of the Delegation

In order to cover a broad enough field it was necessary for the Swedish Radiation
Protection Institute (SSI) to enlist the help of external experts.

The delegation that went to Krasnokamensk comprised:

Hans Ehdwall. SSI, radiation protection inspector with experience of occupational
and environmental protection in connection with uranium recovery. Head of
delegation.

Agneta Rising. Vattenfall, Ringhals, radiation protection expert with the
environmental characteristics of nuclear power as a specialist area.

Ingemar Lindholm. Swedish Nuclear Waste Management Co, (8KB), expert on
environmental issues of uranium mining.

Håkan Winaren. Barsebäck Kraft AB, BKAB, expert on the financial aspects of
uranium mining.

Bertil Persson. University of Lund, Professor of Medical Radiophysics.

Anders Hialmar. the Swedish Metallic Industry Association, expert on occupational
environmental issues in connection with mining operations.

In addition, the delegation was assisted bv Hans Magnusson, interpreter.

The profile of the various members of the group was ideal for the task at hand. It is
possible that a medical expert would have added to the already considerable
expertise of the delegation. However, the need for such expertise has been satisfied
through consultations with experts prior to as well as after the journey. We would
particularly like to mention Dr Per Hall as well as Professor Gunnar Walinder, both of
whom have considerable insight into the relationship between radiation levels and
health effects.



Appendix 1

1 b Itinerary

The planning of the trip started with a meeting with Deputy Minister Konovalov;
MINATOM. The meeting took place in Frankfurt on March 31 and our proposal was
presented. Since Krasnokamensk had previously been a closed society which
foreign citizens had not been allowed to visit, it was necessary to obtain MINATOM's
permission to travel there. We were informed of the necessary procedures and how
we should establish contact in the future.

The group met for the first time on April 7 and the trip was then scheduled for some
time during Weeks 26 and 27. Weeks 32 and 33 were reserved as possibilities. In
addition, we had acquired considerable information about Krasnokamensk, in
particular and on Russia, in general, by extending a special invitation to Professor
Stefan Hedlund from the University of Uppsala and an expert on Russia.
Furthermore, Dima Litvinov, Greenpeace described his observations on his visit to
Krasnokamensk.

After considerable contact with the representatives for MINATOM and its trade
organisation, Technabexport", the trip was finally carried out from August 8 to 18.

Our intention was, during a period of about 10 days, to visit ministries and central
authorities in Moscow as well as to visit Krasnokamensk and at the site itself, meet
local authorities and representatives from the Priargunsky Mining Chemical
Production Union (PMCPU) Group as well as pay a study visit to the industrial
facility.

In order to establish contact with different ministries and central authorities, we
contacted the Swedish embassy in Moscow. We explain what our task was and the
embassy was then able to arrange the meetings.

Once we had arrived in Krasnokamensk, we were very well received. PMCPU as well
as the local authorities we visited were open and welcomed our visit. The people we
met were very competent within their areas of expertise and if, in connection with our
visit, it was impossible to present the information we asked for, they asked us if we
would mind waiting for one or two hours while they retrieved the information which
we were then given. There was also great flexibility in that people were willing to
deviate from the programme that they had devised for us so that, by organising us
into small groups, we were able to visit the areas and institutions that we wished to
see.

Our immediate impression was, and still is, that we were allowed to see what we
wanted to see and that no attempt was made to conceal anything from us.
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1c Institutions visited

A list of the ministries, local and central authorities and companies that we visited, is
presented below. The list also presents the most important of those people that we
met on the visits. All of the meetings in Moscow, with the exception of that with
MINATOM, had been arranged through the Swedish embassy in Moscow.

Ministries in Moscow

Russian Atomic Energy Ministry (Ml N ATOM)
- Mr Vitalii Chatalov and others

Russian Ministry of the Environment and Natural Resources
-Ms Larisa I Yanchik, responsible for the Russian delegation in the Russian-Nordic
co-operation on environmental protection issues.

Russian Ministry of Health
-Dr Igor F Tsukanov, (main specialist)

Central Authorities in Moscow

Russian State Committee for Sanitary and Epidemiological Monitoring
(Gosanepidnadzor).
- Mr AI Savinykh

Russian Authority for Radiation Protection and Nuclear Safety. (Gosatomnadzor)*
- Mr Alexander Zhokin
- Mr Vladimir M Iryushkin

Other Organisations in Moscow

Russian Academy of Medical Science
- Dr Sergei Kolesnikov, Chairman of the East-Siberian subsidiary of the Russian
Academy of Medical Science

* This authority was formed relatively recently and has taken over parts of
MINATOM's supervisory and regulatory tasks and reports directly to the President of
Russia.
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Local Authorities in Krasnokamensk

Local Committees for Health Care:
- Nikolaj N. Pridoprigorin, Chief Medical Officer
- Lydia A. Zhirkina, Responsible for the Regulatory Authority
- Galina Zhurkova, Head of Out-Patients
- Natalia Abravnika, Assessment of Short-term Incapacity for Work
- Dr Pritchkorenkia, Head of Prophylactics
- Dr Chimerbajedva, Organizational Authority
- Vladimir G. Prochuk, Head of Industrial Sanitary Laboratory

Local Ecological Committee
- C E Moskvin, Head

Local Gozatomnadzor
- Alexander A Krivolatov, Site Manager

Citv Administration
- Sergei P. Picherskij, Deputy Mayor, Krasnokamensk
- Nina M. Vishnenka, Head Administrator, Octyabrskij

Companies in Moscow

Technasbexport Co Ltd
- Ludmilla Zalimskaya, Deputy Director of "Uranium Service"

Companies in Krasnokamensk

Priargunski Mining - Chemical Production Union
- Stal S. Prokrovsy, Managing Director and Member of the Russian Academy of
Science
- Vitali F. Zaitsev, Chief Engineer.
- Dr Peter Sawa, Head of Environmental Protection
- Juri V. Lossky, Chairman of the Mining Trade Union
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Structure of Authorities
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Appendix 1

1f Priargunsky Mining-Chemical Production Union (PMCPU)

A.

In the late 1960's, PMCPU started to construct mines, initiated other industrial
activities as well as built the town of Krasnokamensk.

Besides uranium and other mineral production, PMCPU started to be responsible for
other "societal" activities. The attached structural plan from 1993 shows PMCPU's
entire range of activities in Krasnokamensk. However, over the past few years, the
responsibility for some of these activities is being gradually transferred to the city of
Krasnokamensk.

Until the early 90's, the entire "industrial combinate" was closed and unknown to the
world. On account of the company's focus on the uranium market outside Russia, a
number of foreign companies have shown an interest in PMCPU.

PMCPU is answerable to MINATOM via ATOMREDMETZOLOTO (Russian
Committee for State-Owned Property) which has a 51% share in PMCPU. A French
company, KOLTJUGA, owns 15%.

B.

Uranium sales on the world market provide Russia and PMCPU with income which is
distributed as follows:

State taxes 20%
Special environmental tax 17%
Charges for sales and transportation 6%
Remaining available funds 57%

Of PMCPU's remaining available funds, salaries account for about 35% while
environmental costs account for about 25%.

* These taxes are accumulated in a fund from which PMCPU, after submitting an
application, can obtain contributions for special environmental projects.
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Structural Plan
of Priargunsky Mining - Chemical
Production Union and its service
companies and organizations
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1g Measurements made by the delegation

Radiation doses in connection with the trip.

During the trip to Moscow and Krasnokamensk, the radiation doses to the
participants were registered with the help of personal dosimeters (TLDs) and
direct display dosimeters (RAD100).

The trip took a total of 249 hours, of which 19 comprised flying time. Almost 2 hours
was taken up by a visit to the uranium mine, and residence in Moscow and
Krasnokamensk comprised a total of 225 hours.

The radiation doses received by the participants as a result of these three activities
was as follows:

Activity Hours Radiation Radiation
dose uSv dose per unit

of time uSv/h
Flight 19 37 2
Uranium mine 1.7 3 1.8
Residence in Krasnokamensk 225 42 0.19
and Moscow
Total 246 82
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Health Situation in Krasnokamensk, Eastern Siberia, Russia

Authorities

The most important authorities within the field of health are:
The Ministry of Health
Gossanepidnadzor (roughly corresponds to the Swedish Board of Health and
Welfare)
Gosatomnadzor (corresponds to the Swedish Radiation Protection Institute and the
Nuclear Power Inspectorate)
Ministry of the Environment

The authorities are represented on the state and local level in Krasnokamensk.

Health Situation in Russia

The general health situation in Russia is deteriorating. Economic developments in
the country after perestrojka have led to a decrease in the BNP each year. The
economic crisis is leading to an increase in social stress which, in turn, is leading to
an increase in the number of heart attacks, violence and suicide as well as an
increase in alcohol consumption and related ailments and diseases. The frequency
of cancer is increasing as well as that of infectious diseases, including diphtheria,
tuberculosis and hepatitis.

The diet of the population is unbalanced. Meat, fish, eggs, vegetables, fruit and
berries are more seldomly consumed, while the consumption of potatoes and flour
products is increasing due to the economic crisis.

In many cases, medicines are in short supply, hospital equipment is old and in poor
working order (a doctor with 9 years' training after school earns less than a cleaner,
however, surgeons earn considerably more). The population is resistant to the idea
of vaccinations, partly due to the fear of side-effects and HIV contamination.

The environmental problems are also extensive. However, releases of hazardous
substances are on the decrease since many industries are being phased out.
However, with a weak economy, measures to improve the environment are given low
priority.

The average lifetime of men has decreased drastically - 65 in 1988 and 59 in 1994.
The average lifetime of women has declined from 74 to 72 during the same period of
time.

in Russia, the number of births is decreasing and the mortality rate is on the
increase. In 1992,1993 and 1994, the natural population growth was negative, i.e.
the population is decreasing. The cause is reported to be the deterioration in the
social and economic situation.
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Health Situation in the Krasnokamensk Area

The general deterioration in the health situation in Russia also applies in
Krasnokamensk, including the village of Octyabrskij. However, the situation in the
Krasnokamensk area was, from the outset, many times better than that in Russia as
a whole. However, economic crisis has also affected the population here.
Unemployment in Octyabrskij is higher than in the town of Krasnokamensk.

Compared with Russia, the population in Krasnokamensk is younger. The local
society is well-organised with a good infrastructure: good water distribution, heat and
electricity supply, schools, day-care centres, hospitals, large greenhouses and for
many, the possibility of cultivating crops on their own plots. Furthermore, many
individuals undergo regular health checks through their jobs.

The statistical basis is too small to distinguish Octyabrskij with its just under 3,000
inhabitants from Krasnokamensk with regard to disease statistics. Those individuals
responsible för health statistics at the hospital have not been able to discern that the
health situation is worse in Octyabrskij than in Krasnokamensk. If any differences
exist, they are too small to detect. However, it was possible to observe one trend in
the other direction: that the frequency of illness per individual is higher in
Krasnokamensk than in Octyabrskij. Children living in the village of Octyabrskij are
sick-listed 1.5 times a year, whereas children living in Krasnokamensk are sick-listed
2 times a year. Both common colds and other diseases are registered since children
in Russia are not allowed to stay home from school without a doctor's certificate.

Cancer

The frequency of cancer in Krasnokamensk is on the increase. Over the past 10
years, both the number of cases of sickness and the number of cancer fatalities have
significantly increased. However, the figures are still lower than in the county of
Chita oblast and are much lower than in Russia. The number of cases of cancer per
100,000 people in Krasnokamensk has increased from 90 to 150 over the past 10
years (1985 to 1994). During the same period in the Chita area, the cancer
frequency increased from 170 to 201. The corresponding figures for Russia were
248 and 276 (no data are available for Chita and Russia, for 1994. Instead, the
figures for 1993 have been used (see Figure 1).

The increase in the figures for Krasnokamensk can largely be explained by the fact
that, at the outset, the town comprised young people who moved there when the
activity was started in the late 60's and early 70's. These people are now at an age
where cancer, which is primarily a disease of old age, is beginning to appear. For
purposes of comparison, it can be mentioned that for Sweden in 1992, the number of
cases of cancer was 472 per 100,000 because the average lifetime in Sweden is
longer.

Some of the increase in the cancer frequency can be explained by the improved
possibility of detecting cancer-related diseases. Methods of examination using
instruments have been expanded and doctors are more watchful of early symptoms.
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Figure 1
The figure shows the frequency of cancer per 100,000 inhabitants in Krasnokamensk compared
with the corresponding frequencies for the Chita region, Russia and Sweden.

Of the forms of cancer which have occurred, cancer of the lungs and bronchial
tubes is the most common (21%), followed by tumours of the stomach (19%) and
cancer of the breast (10%). The figures are for 1993.

Frequency of cancer of the lungs/bronchial tubes per 100,000 inhabitants:

Krasnokamensk
Russian Federation
Chita Area

1991
26.5
45.9
42.5

1992
33.5

42.7

1993
36.7

41.3

The frequency of lung cancer is increasing. However, the figures are lower than
in the Chita area.

Visits to the Doctor

The total frequency of disease for the population in Krasnokamensk is higher than
that in the Chita area and Russia.

Youths Number of visits to the doctor
per 1,000 inhabitants

1992 1993 1994
Krasnokamensk
Russian Federation
Chita

1,372
965.
923

1,436 1,293
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One explanation may be that the registration of the number of cases of sickness in
the town of Krasnokamensk is more efficient than that in the rural areas of Russia.
The registration of disease in Krasnokamensk is constantly controlled by the Office
of Health and the Medical Statistics Office. Furthermore, in order to visit a doctor in
the first place, there must be access to adequate medical care.

Birth Rate and Mortality Rate

The birth rate and mortality rate are also increasing in Krasnokamensk. The social
and economic stress caused by a lower standard of living is considered to be the
cause of these changes. Unlike the Chita area and the Russian Federation, the
natural population growth in Krasnokamensk is still positive. The table below shows
the birth rate and mortality rate per 1,000 inhabitants, over the past few years. The
child mortality rate is also shown.

Total a
Year

^efficient

I
Is f or m
Birth

K RF
1985
1989
1990
1991
1992
1993
1994

14.1
13.4
12.4
10.9
10.5
8.9

16.6
14.6
13.4
12.1
10.7
9.4
9.4

ituralp

I

opulai\ion movements (per 1,000 inhabitants)
Mortality I

Ch K

18.1
16.7
15.1
13.3
11.7

3.3
3.8
4.3
5.1
7.3
7.1

RF
11.3
10.7
11.2
11.4
12.2
14.5
15.6

Ch

8.3
8.7
8.7
9.5

11.9

Natural growth I
K

10.8
9.6
8.1
5.8
3.2
1.8

RF
5.3
3.9
2.2
0.7

-1.5
-5.1
-6.2

Child mortality
Ch K RF Ch

9.8
8.0
6.4
3.8

-0.2

12.7
10.0
6.5

10.0
12.4
16.7

17.8
17.4
17.8
18.0

20.1
19.5
19.9
20.5
22.7

K= Krasnokamensk
RF= Russian Federation
Ch= Chita Area

The increasing mortality in Krasnokamensk over the past 5 years is believed to be
due to the increasing number of severe injuries and cases of toxicity (80% of the
cases of toxicity consist of alcohol surrogate poisoning and the toxic effects of large
doses of alcohol).

Tuberculosis

In Krasnokamensk, active tuberculosis increased significantly during 1994.

Cases of active tuberculosis per 10,000
1992 1993 1994

Krasnokamensk 14.5 11.8 35.2
Chita 35.6
Russia 35.7

The main cause of the increase in the number of cases of sickness in
Krasnokamensk is believed to be:

1 The social factor (psychological insecurity, lack of a balanced diet)
2 The release of prisoners from work camps
3 The methods of investigation for detecting tuberculosis are used to a

lesser extent.
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Infant Mortality

In 1994, infant mortality in Krasnokamensk increased to 16.7 per 1,000 births. Over
the previous 5 years, the infant mortality rate has varied between 10.0 and 12.7. The
corresponding figures for Russia and the Chita area are higher, namely 18.0 and
22.7.

Health Situation for Employees of the Mining Company

No difference can be found in the cancer frequency for employees who are exposed
to radiation in their work, compared with the rest of the population. However, other
types of injuries occur, e.g. accidents with temporary sick-listing as a result as well
as infections and alcohol-induced ailments. For information on possible radiation-
induced effects, see the section below.

Among the employees of the Priargunsky Mining-Chemical Production Union
(PMCPU), 20 cases of cancer were detected in 1994 (In 1993, the figure was 17 and
in 1992, the figure was 19). This represents 11 -19% of the total number of cancer
cases in Krasnokamensk. Among the adult population of the town, 38% were
employed by PMCPU and this leads to the conclusion that the cancer frequency is
lower among those who are employed at PMCPU than among the population of the
town, in general.

Radiation-induced Effects on Man and the Environment

The biological effects of ionising radiation (radiation from radioactive substances, X-
ray equipment etc.) are well identified and are described in scientific literature.

Ionising radiation from radioactive substances has always existed. Man now has 100
years of experience of using this radiation and studying its effects.

The clinical effect which can be expected as a result of exposure to low doses of
radiation is only an increased risk of cancer. However, this increase in the risk is so
small that it cannot be observed. It cannot be proven that this risk exists. However, it
cannot be proven that this risk does not exist. To be on the safe side, it is assumed,
within radiation protection, that there is an increased risk even if this cannot be
definitely established. No other diseases have been described as a result of
exposure to low doses of ionising radiation.

With exposure to medium level doses of radiation, there is a risk of cancer and a
figure can be attached to this risk on the basis of scientific studies. However, the
increased risk is small in relation to everything else that can cause cancer in man.
The risk values which are used are supported by extensive research. No other
clinical effects have been described in man as a result of exposure to medium level
doses of radiation.

A foetus which is exposed to a medium level radiation dose from the 10th to 17th
week of pregnancy, will incur a greater risk of mental retardation. It has only been
possible to determine this effect for doses greater than 100 millisievert received
during the above-mentioned part of the development of the foetus. Such a significant
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exposure of the foetus does not occur in Krasnokamensk, Octyabrskij or at the
company.

Only a few cases of foetal malformations are described in the scientific literature.
These effects have been associated with very high doses of radiation, where the
mother has undergone radiation therapy for cancer and the fact that she was
pregnant at the time was unknown.

It has not been possible to establish, with certainty, the occurrence of genetic
damage induced by ionising radiation in man. It has not even been possible to prove
this among the children of survivors of the atomic bomb attacks on Hiroshima and
Nagasaki. To be on the safe side within radiation protection, the risk of genetic
damage is still assumed.

With the high radiation doses that are required to induce acute radiation sickness,
many different clinical effects occur. These effects are temporary and after recovery
(this takes many months), there is a greater risk that the individual will contract
cancer later on in life. Acute radiation sickness occurs at doses above 1,000
millisievert.

For leukaemia, the latency period (period from the time of irradiation to the
occurrence of cancer) is about 10 years. For other forms of cancer, the latency
period is a few decades. However, the latency period for children is shorter.

In general, man is considered to be the organism that is most sensitive to radiation.
The environment can tolerate higher radiation doses than man.

Views of the Authorities

All of the authorities with which we have had contact agree that the activity in
Krasnokamensk is of the size and nature that compliance with the extensive
regulations which exist is of particular importance. None of the authorities with which
we have had contact consider that the cancer frequency in the Krasnokamensk area
is higher than in the rest of Russia.

Views of the Russian Academy of Medical Science

The researchers at the Academy who wrote the "alarm report" (see summary in
Appendix 6) from which data have been taken, which have then been communicated
to the Ministry of the Environment, do not believe that the frequency of cancer in
Krasnokamensk is higher than in the rest of Russia. According to Dr Kolesnikov, the
report has been misinterpreted.

Views on the summary by the Russian Academy of Medical Science's Report
(for the complete summary, see Appendix 6)

1 Content of the Report

According to Per Hall, doctor at Radiumhemmet, the report summarises the
unsatisfactory social, economic and environmental situation in the Chita area. The
inhabitants have an unbalanced diet and are exposed to air pollution (mercury, lead,
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manganese, arsenic) as well as ionising radiation. The Chita area is the only
supplier of Russian uranium. This was alleged to have caused high radiation doses
in the area.

Most of the report describes the occurrence of diseases which are related to the
ionising radiation. The most frequent of these diseases are cardiovascular diseases,
diseases of the digestive tract and diseases of the lungs. Descriptions of the
decrease in the birth rate and a high frequency of foetal malformations, genetic
damage and perinatal disorders are provided.

Some of the figures are remarkable, e.g. 100% of the children are believed to be sick
and 67% of them are believed to have orthopaedic complaints. Just over 50% of the
children and 70% of the men who were called in are reported to be suffering from
mental disorders. A high frequency of such unusual congenital disorders as
cataracts has been registered. An evaluation of the physical development showed
that 68% of the children were found to have low "parameters" and that 100% were
underweight. There is a 2-3 times increase in the cancer frequency in the area and a
30% increase in the risk of cancer in the hemtopoietic organs."

2 Comments on the Report

Per Hall has the following to say about the report: "It is very difficult to form an
opinion about the reliability of the report. The report contains certain obvious errors
such as classifying flat-foot as an orthopaedic disease. It is even claimed that the
cases of congenital cataracts are radiation-induced which is difficult to believe since
this would require doses which are hardly compatible with the survival of the foetus
or mother. However, the greatest problem is that you can't get an idea of how the
risks were estimated or how different diseases and conditions of ill-health are
defined."

He goes on to say: "Even if we assume that the figures are correct, it is highly
improbable that all of these diseases are caused by ionising radiation since nothing
more than a greater risk of cancer and malformations in connection with exposures
during the foetal stage after exposure is described. The extensive descriptions of
other physical diseases and mental disorders are not presented as effects of ionising
radiation in medical literature. If such suffering is a fact, then other environmental
factors have, in all likelihood, played a very significant role."

Letter to the Ministry of the Environment

A letter that was received by the Ministry of the Environment on December 22,
1994, refers to a report written by the Russian Academy of Medical Science. In the
letter, the following claims are made concerning the health situation in
Krasnokamensk:

1 -Between 1979 and 1991, the percentage of cancer mortalities (compared with
other causes of death) among men in Krasnokamensk rose by 320%.

2 -The average age for cancer mortalities is decreasing.
3 -Cancer and the preliminary stages of cancer have also increased among women

and, in certain areas, exceed the normal frequency by 200 - 300%.
4 -The percentage of children bom with malformations is 400% higher than normal.
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5 -Problems in connection with foetal development were detected in 51% of all of
the pregnancies.

6 -The mortality rate among children in Krasnokamensk is 10-20% higher than
among children in other towns in the region (these towns also had very severe
environmental problems).

One of the tasks of the delegation has been to assess the extent to which these
claims agrc- e with the view held by the organisations responsible for health and
environment in Russia.

The assessment made by the delegation on the basis of the responses of the federal
and local ministries and authorities as well as the hospital in Krasnokamensk to
direct questions concerning these claims is provided below.

1 The frequency of cancer in Krasnomesk is lower than in Russia"

No data are available for 1984 and before then, since these data have been
submitted to the state archives. The statistics from 1985 and onwards, in terms of
the number of fatalities (total) from cancer per 100,000 individuals, are as follows:

100-1
80-
fin
40-
20

n -4- -4- -4- -t- -4-

85 87 88 89 90 91

The increase from 1985 to 1991 is 30%. This is natural since the frequency of
cancer increases with an increase in age and the number of elderly people in
Krasnokamensk has increased. The following table which shows the number of
cases of cancer per 100,000 inhabitants can serve as an illustration of this:

Krasnokamensk
Chita area
Russian Federation
Sweden

1985
89.8
170
248
455

8
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The conclusion is that, for the figures to be meaningful, information on the age
structure of the sample population must be provided. Otherwise, the figures may be
interpreted to mean that the frequency of cancer in Russia is 176% higher than in
Krasnokamensk and that the inhabitants of Krasnokamensk are, therefore, healthier
than those in the rest of Russia. However, this would mean disregarding the fact that
the average age of the inhabitants of Krasnokamensk is significantly lower than the
average age in Russia.

2 The average age of sick people as well as for people dying of cancer
has been at the same level for the past 10 years.

Cancer is a disease which is characterised by age and which often, typically occurs
between the ages of 50 and 60. Some cancers, with current instrumental methods of
investigation, and the greater watchfulness of the doctors in detecting symptoms,
can be detected at an earlier stage.

3 The total cancer frequency in Krasnokamensk is lower, in Russia as well
as in the Chita area.

See 1 above.

4 The statistics which are available for the last few years report only single
cases of malformations in new-born infants. During the period from 1991
up to the first half of 1995, the number of cases has varied between 0
and 2 cases per year.

The statistical data are far too small to serve as a basis for conclusions to be made.
If 1 case occurred c,;e year and 2 cases occurred the following year, the increase
during the period will be 100%. However, any conclusions drawn on the basis of
these data, concerning trends in any direction, would be far too uncertain. There is
no increasing trend and no connection to the fact that the parents of the infants
worked with uranium mining

5 The formulation is unclear.

The doctors' view is that the number of foetal development problems was zero in
1994 (see 4 above).

6 This is incorrect. The infant mortality rate in Krasnokamensk is lower
than in the Chita area as well as in the Russian Federation.

The infant mortality rate per 1,000 children born during 1994 was 16.4% in
Krasnokamensk (between 1989 and 1993, it has varied between 10.0 and 12.7),
18.0 in Chita and 22.5 in the Russian Federation.
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Environmental Issues

Location of the Plant

The town of Krasnokamensk is located in Eastern Siberia in the county where Chita
is the residential town. The town is about 500 kilometres to the south east of Chita,
east of Mongolia and only about 20 kilometres from the border with China.

The town has about 70,000 inhabitants. Over the past year, the population has been
stable (between 69,000 and 71,000 inhabitants).

The town was constructed from scratch on the grass steppes when the ore was
found. The town has an inland climate with hot summers and cold winters and low
precipitation which mainly occurs in autumn. Since there is low precipitation in the
beginning of the summer, it is difficult to cultivate crops without watering. The steppe
is used, to a certain extent, for cattle rearing. However, it can be very fertile if it has
sufficient water.

The industrial facilities consist of the following:

- three underground mines for uranium and molybdenum ore,
- an open pit mine for uranium ore,
-a.uranium mill,
- a sulphuric acid factory,
- in-situ leaching on a small scale,
- a waste area for tailings deposits from the uranium mill,
- a 500 MW el coal-fired cogeneration plant
- a coal mine (open pit),
- a factory for zeolite production,
- a radiation and environmental laboratory,
- a railway
- a local electricity distribution network

The cogeneration plant is situated about 4 km east of the town. The dominant wind
directions (NW and NE) mean that emissions from the cogeneration plant do not
usually move in the direction of the town. Coal ash is deposited at the cogeneration
plant. The ash is covered with clay and topsoil. Thus, there is no open tailings dump
near to the cogeneration plant. The coal mine is situated 9 km from the town while all
of the uranium production facilities are located 12-20 km from the town.

On the other hand, the village of Oktyabrsky is located between different mining
shafts, at a distance of about 500 m from these shafts as well as from open tailings
dumps.

Mines for molybdenum and gold, a facility for zeolite recovery and limeworks are
located at a greater distance from Krasnokamensk (50 km or more). In Mongolia,
there is a uranium mine which produces, for the company, small quantities of ore -
about 3% of the total production of the company. The same regulations apply in
Mongolia as in Russia.
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Among the attached photos, there is a photo which shows how the facilities are
located in relation to the town and to each other.

Environmental Organization of the Mining Company

The organization of Priargunsky Mining includes a special department for
environmental issues which is headed by the radiation protection and environmental
manager, Dr P Sawa. The organization has about 100 employees. The company set
up the environmental department at an early stage - two years before the Russian
environmental authority was formed. There is an active interest in environmental
issues and the manager, S. Pokrovsky, has written a doctorate thesis on "Uranium
Mining and Environmental Issues". He is also a member of the Russian Academy of
Science.

Authorities

The most important authorities in the environmental area are:

Government Local Level Tasks
Level Krasnokamensk

Ministry of the Municipal Ecological Radon and gamma radiation,
Environment Committee airborne and waterbome releases

Gossanepidnadzor Local Gossanepid- Radon emissions, measurements,
nadzor environmental monitoring, hospitals,

occupational diseases

Gosatomnadzor Local Gosatomnadzor Radiation protection in the working
environment and safety

In addition, there are state and local organizations for industrial safety.

There is also a regional level in Chita with, e.g. an ecological authority.

In Russia, there is an extensive body of regulations which specifies, in detail, which
measurements must be carried out. Examples of such measurements are described
below.

The state-run Gosatomnadzor, which is a relatively newly formed authority without a
previous counterpart, has initiated its programme for the licensing of Priargunsky
Mining's activities. A temporary licence was issued in 1994 and registered at the
Ministry of Justice. Work is now being started to obtain a permanent licence.

Airborne Emissions

The actual quantities of emissions to the air of dust, sulphur dioxide, nitrogen oxides
and ammonium from the,industrial facilities in 1994 as well as the current limits for
emissions are provided in the table below.
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Facility

Cogeneration plant

Dust
Sulphur dioxide
Nitrogen oxides

Sulphuric acid factory

Sulphur dioxide

Uranium mill + mine

Ammonium
Nitrogen oxides

Emissions in 1994
tonnes/year

8540
11200
3450

3310

243
73

Limits for emissions
tonnes/year

29000
18300
3590

10600

995
353

The table below shows the total emissions from the entire Priargunsky "combinate"
from 1993 to 1994, compared with the current limits for emissions.

Substance

Sulphur dioxide
Nitrogen oxides (NO2)
Carbon monoxide
Hydrocarbons

Emissions 1994
tonnes per year

14600
3540
365
311

Emissions 1993
tonnes per year

18400
3140
501
234

Limit
tonnes per year

30200
4220
599

The limits for the emissions have been established with the approval of the
ecological committee in Krasnokamensk and have been adopted at the regional level
in Chita.

The emissions from the cogeneration plant are predominant.
The limit for sulphur dioxide emissions corresponds - with a combustion of 3.5
Mtonnes of coal per year - to 100 mg S/MJb which is the same as the limit for existing
Swedish plants with emissions of less than 400 tonnes per year. In new Swedish
coal-fired plants, the limit is 50 mg S/MJb. it can be observed that the Russian limit
is, therefore, higher than that which applies to new Swedish coal-fired plants.

The limit for nitrogen oxide emissions in Krasnokamensk is 35 mg N02/MJb, which
can be compared with the fact that the limit for new Swedish coal-fired plants < 500
MW is 50 mg N02/MJb and > 500 MW is 30 mg N02/MJb. Thus, the Russian limit is
almost similar to the Swedish.

Emissions of radon and uranium to the air are measured from all of the shafts, ore
deposits and tailings deposits etc. Official limits have been established by the
Ministry of the Environment A comparison of the total actual emissions in 1994 with
the limits is provided in the table below.
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Total emissions of radionuclides to the atmosphere, terabecquerel per year

Type of radionuclide Established official limit Actual emissions in 1994

Radon-222 4 200 300

Natural uranium 0.081 0.047

Radon emissions largely originate from 17 shafts and exploratory shafts while the
emissions of natural uranium mainly originate from the cogeneration plant, which is
common for coal-fired power plants.

A detailed summary of these emissions is provided in the appendix to this appendix.

Environment in the Town of Krasnokamensk

The town of Krasnokamensk was developed in the late 60's and early 70's. It
consists of housing with 5, 9 or 12 storeys.
Housing is supplied with district-heating via hot water from the cogeneration plant.
The town is divided into nine districts (micro regions) each of which is provided with
services in the form of shops, daycare centres and schools.

Even if some of the buildings are run down, the landscaping with trees gives a
positive impression. The cultural centre is very decoratively furnished and has an
auditorium which can seat 800 and where, at the time of our visit, preparations were
in progress to celebrate the miners' day.

For 70,000 inhabitants, there are 30,000 summer cottages with plots where each
family can cultivate vegetables.

The town has a continuously operating control station which regularly (twice a day)
measures hazardous chemical substances in the air: sulphur dioxide, nitrogen
oxides, ammonium and dust. The average values of dust, sulphur dioxide and
nitrogen oxides in the town as well as the current limits are compared in the table
below with values from Stockholm.

Air pollution Average value Limit Average value Limit for
1994 Krasnok.mg/m3 in 1993 for Sweden
Krasnok.mg/m3 Stockholm

Dust 0.325 0.5
Sulphur dioxide 0.04 0.5 0.056* 0.05
Nitrogen oxides 0.05 0.085 0.052** 0.05
x Torkel Knutssonsgatan, measurement at roof level;
"* Hornsgatan 108, measurement at ground level

This indicative comparison shows that the sulphur dioxide content is higher in
Krasnokamensk than in Stockholm while the content of nitrogen oxides is almost the
same (five different measurement points at street level in Stockholm show values of
between 0.044 an'd 0.052 mg/m3).
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In Stockholm, the sulphur dioxide content in the air has decreased considerably
since the late 60's. The average value for Krasnokamensk in 1994 corresponds to
the sulphur dioxide levels which existed in Stockholm in 1986.

The nitrogen oxide concentrations are largely caused by automobile emissions from
the traffic which is denser in Stockholm than in Krasnokamensk.

The Swedish limits for sulphur dioxide and nitrogen oxides relate to the 6-month
winter period.

All of the comparable values from Stockholm and Sweden have been compiled by
the Environmental Administration in Stockholm's 1993 Annual Report "Air in
Stockholm".

The levels of dust in Krasnokamensk are due to the fact that the climate is dry.

The indoor radon levels in Krasnokamensk are low, due to the fact that there is multi-
storey housing in the area, constructed on concrete foundations without cellars.
There are no sources in the soil, in the building material or in the outdoor air which
would result in high radon emissions. The values in the table below show that almost
all are lower than the limit for newly constructed Swedish housing, 70 Bq/m3.

The drinking water in Krasnokamensk is obtained from artesian wells about 30 km
from the town.The water is of good quality. An analysis shows that the
concentrations of a series of inorganic and organic substances are below the limit.

The radon concentration in drinking water is 1.7-44 Bq/litre (average value, 37
Bq/litre, a low value). The concentration of natural uranium in drinking water is
0.022-0.09 mg/litre (average value, 0.046 mg/litre). The highest permissible
concentration is 1.8 mg/litre.

Of all of the chemical substances in the drinking water, only the concentration of
fluoride is higher than the limit established by the state for the quality of drinking
water, GOST 2874-82.
A high fluoride concentration in water generally occurs in the Chita region.
The gamma radiation in Krasnokamensk varies between 0.07 and 0.25
microsievert/hour (pSv/h). From 1993-94, more than 30,000 measurements were
carried out in the town and the neighbouring area. The average value for the
measurements is 0.154 uSv/h, which is a normal value which results in an annual
dose of about 1 millisievert per year (mSv/a), almost the same as in Sweden.

In the centre of the town, there is a digital monitor which continuously measures and
displays the level of gamma radiation in real time. It is visible from a great distance
and at the time of our visit it showed 0.13 uSv/h. This is an example of the
information provided by the mining company. Other examples include articles in the
local newspapers and the sale or hiring out of radiation monitors to anyone who is
interested.
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District Gamma radiation Radon
^Sv/h concentration

Bq/m3

Centre 0.10-0.28 10-28
Micro region 1 0.09 - 0.23 4-59
Micro region 2 0.10-0.21 4-38
Micro region 3 0.11 - 0.27 36 - 92
Micro region 4 0.07 - 0.25 15 - 97
Micro region 5 0.10 - 0.28 23 - 53
Micro region 6 0.10 - 0.30 27 - 29
Micro region 7 0.09 - 0.24 26 - 58
Micro region 8 0.08 - 0.27 24 - 51
Micro region B 0.08 - 0.24 8 - 30

Measurements have been carried out of the gamma field from the entire area
surrounding the town of Krasnokamensk and the mining facilities. The
measurements show that, not including the actual mines and the industrial facilities
where the values may be higher, the level is below 0.25 microsievert per hour.

Environment in Oktvabriskv

In Russia, there are completely separate organizations for geology and ore
extraction. The geologists belong to the Geolograzvedka organization which reports
to the Ministry of Geology while uranium mining companies, e.g. Priargurnsky
Mining, report to the Ministry of Atomic Energy, MINATOM.

When the geologists discovered the ore deposit, construction of a temporary village,
Oktyabrisky, was started near to it in 1964. The geologists also excavated three
small shafts for investigations which led to piles of stone.

The village is still in existence and is mainly inhabited by geologists, only 10% of
those who live there work for Priargunsky Mining. The village now has about 2,900
inhabitants, the population is gradually decreasing. In time, schools and daycare
centres have been constructed in the village. The village largely consists of single-
storey housing for one or two families. The buildings usually have their own kitchen
gardens. About 80% of the buildings are equipped with district-heating from the
cogeneration plant, the others are heated by coal or wood.

The concentrations of sulphur dioxide and nitrogen oxides in the indoor air in
Oktyabrisky are almost the same as the concentrations in the town of
Krasnokamensk.

Priargunsky Mining has never been responsible for the village because the village
belongs to the geologists. The village currently has the status of an independent
"district" but belongs to the town of Krasnokamensk. The village has its own
municipal office and its own mayor, Nina Michailovna Vishnenka.
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In time, Priargunsky Mining has expanded the mine by adding several shafts which
are located about 500 metres from the village. Excavation is currently in progress at
a depth of 300-600 m below a part of the village. The old shaft which the geologists
dug is still there as well as some piles of tailings, i.e. stones with a uranium
concentration of about 0.005%. These are also located at a distance of about 500 m
from the village.

The gamma radiation level in the village is 0.168 uSv/h, on average. The
Gossanepidnadzor authority has stated that there are locations in the village with
higher levels of gamma radiation due to the use of tailings from the uranium mill for
walls or housing. Some of these tailings have been removed, but some remains. The
gamma radiation value agrees with the value we measured with our own instruments.

The village has about 1,100 flats, almost all located in single-storey buildings with
cellars. Measurements of indoor radon levels showed that a number of these
buildings had radon concentrations which exceeded the international limit of 400
Bq/m3.
The radon concentrations in the cellars of the buildings are often twice as high as in
the actual dwelling.

When we discussed this, Priargunsky Mining maintained that these radon levels
were natural and did not originate from the mining operations, while the
Krasnokamensk Ecological Committee maintained that regardless of whether the
radon levels were due to mining operations or nature, the most important thing was
that countermeasures had to be implemented.

The town of Krasnokamensk has drawn up a plan which means that 52 flats must be
evacuated and dismantled in two stages. Work on the first building, comprising 18
flats, was already started in 1995. The families who were evacuated will be given
new flats, either in Krasnokamensk or Oktyabrisky, when others leave the village.
The evacuation and dismantling work will be financed by municipal funds. A standing
programme exists, called "Radon", which involves the financing of evacuation and
measurement instruments, but no funds have yet been allocated to Oktyabrisky from
this programme.

For purposes of comparison, it can be mentioned that SSI estimates that, in Sweden,
there are 130,000 - 200,000 dwellings with a higher radon content than 400 Bq/m3.

With regard to half of these, the cause is considered to be that the construction
material contains blue concrete with uranium. With regard to the other half, the
cause is considered to be the radon emissions from the soil.

So far, about 20,000 such dwellings have been dealt with in Sweden. The
countermeasures largely comprise increasing the air circulation in housing made of
blue concrete as well as of extracting the air from the foundation beneath the house,
in the case of dwellings where the radon originates from the soil. Thus, in Sweden,
dwellings with radon concentrations above 400 Bq/m3 are not dismantled. This is
considered to be too drastic a measure.



Appendix 3

The limits which apply in Russia mean that the radon levels in dwellings and
premises may not exceed 200 Bq/m3. The daughters of radon are measured and the
measurement values are converted into radon values. If the radon level is higher
than 200 Bq/m3, countermeesures must be adopted. If the radon concentration is
higher than 400 Bq/m3, the question of evacuation must be taken up. Proposals have
been put forward to reduce these limits to 100 and 200 Bq/m3.

When the matter was discussed with different authorities as well as the mining
company, the view was that it was unfortunate that this village, which was originally
intended to be temporary, became permanent since, in accordance with Russian
building regulations, permanent buildings may not be located within an industrial
area.

A major problem for the inhabitants of the village of Oktyabrisky is that the
geologists' organization "Geolograzvedka" had had their grants for prospecting
reduced which meant that geologists in the village had been laid off. It is currently
very difficult to find new jobs in the area.

The impression we received from the village is that it looks like other villages in
Siberia, that most of the households have gardens and that, at the time of our visit in
August, the vegetation was green and flourishing. We visited a daycare centre which
was very well equipped with rooms for different activities such as play, drawing,
resting, cultural activites etc. as well as a playground outside.

Working Environment in Connection with Ore Mining

The development of the mining activity was started in the early 60's.

The geologists who came to the area in the early 60's had started mining operations
on a small scale before the mining company started.

Mining expertise was introduced into the area through the recruitment of personnel
from other Soviet mines. It was primarily employees who were young and healthy, as
well as their families, who were recruited.

At present, three underground mines and an open pit mine are being worked.
However, the open pit mine is almost exhausted. Besides the old "geological mines"
which are not being developed now, there are also traces of previously worked
fractures and mines.

The personnel live in the town of Krasnokamensk, which is located about 15 km from
the mining area. The village of Oktyabrisky is situated in the mining area,
constructed by the geologists in the beginning of the 60's. A small share of the
villagers, about 10%, are employed by the mining company.

A central system for the supply of fresh air as well as for the manufacturing of
compressed air is also located in the mining area.
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The open pit mine, which is about 300 m in depth, is a common type. In order to
improve the turnover of air in the open pit mine, when necessary, two powerful fans
were installed at a depth of about 100 m. The fans are mainly used in winter, when
there is a risk of inadequate air turnover and thereby, high levels of radon in the
open pit mine.

The machinery in the open pit mine consists of drilling equipment, excavators and
trolleys. The rock is transported up through the open pit mine by trolley. The rich ore
is taken to the uranium mill while the low-content ore is taken to a dump where it is
leached with sulphuric acid (1-2%) outdoors in a deep bath. After leaching, the acid
with uranium in the solution is taken to the uranium mill. The open pit mine was in
the last stages of working. The roads are watered three times per day in order to
avoid dust rising.

It was stated that the radiation doses to the workers in the open pit mine were 5-7
mSv/a, on average.

An underground visit was made to Mine 1. The visit was made at a depth of 350 to
360 m. The area was an older one. At 350 m, which had been a haulage level, we
passed zones which had been reinforced in a professional manner. Concrete
grouting was a common method.

At a depth of 360 m, loading, scrapping and drilling were demonstrated. All of the
machines were of Russian fabrication. The mining method was a declining cut- and
fill stoping method. The mined drifts were grouted together with a cement mixture.
Together with the grouting, cables were laid which later provided data on any
movements or fracturing of the grout. No serious accidents had occurred using this
method of mining. Sometimes the ceiling had caved in but the warning system had
worked and consequently no personnel had been harmed. The method has been
used for about 20 years.

The loading was carried out with electrically operated loaders which supplied
electricity via cables wound around a drum. The scrapping was carried out manually.
The drilling was carried out using a pneumatic drill with compressed air. The mining
company wishes to avoid diesel operation since it would result in air pollution in the
mine.

The shift teams each consisted of three people. These shifts can access many
working points. Before work was continued during grouting, the area was left to settle
for at least three months.

The radiation doses to the miners comprise gamma radiation, radon + daughters as
well as long-lived alpha radiation (i.e. uranium dust etc.). Most of the dose
comprises radon + daughters - about 80% of the dose.
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The radiation dose measurements are carried out by Priargunsky Mining. The
Gosatomnadzor Authority takes samples and checks the competence of the mining
company to carry out the measurements.

Each worker is informed of his or her own radiation dose. The radiation doses are
updated once every three months when those who are reaching the limit can be
given other duties.

The average dose in the underground mine was estimated at 5 mSv/a, the maximum
dose at 20 to 30 mSv/a. In an appendix to this appendix, a table is provided showing
the number of miners who have exceeded 30% of the limit for radon and gamma
radiation.

The limit in Russia is 50 mSv/a, which is the same as the Basic Safety Standards
currently applied within the EU.

According to Gosatomnadzor, the Russian government is planning to introduce the
limit for radiation doses, in accordance with the International Commission on
Radiological Protection's recommendations, ICRP-60. For the miners, this means a
maximum dose of 100 mSv over a 5-year period, which is considerably more
stringent that at present. Priargunsky Mining expects to fulfil the new requirements.

Radon measurements are carried out in different zones of the mine. The values are
then multiplied by the period of time a miner has been in a zone. This is a method
which is commonly used in uranium mines, but in some modern mines, such as Cluff
Lake in Canada, personal dosimeters are used (developed by the French Atomic
Energy Commission).

Working Environment at the Uranium Mill

The uranium mill is situated a few kilometres from the mines. The ore is taken to the
mill in trolleys. The uranium mill was taken into operation in 1976.

The ore is crushed and pulverized in ore mills into fine sand which is mixed with
water to become a slurry. The concentrated slurry is leached in sulphuric acid at a
temperature of 70° - 80°, which causes the uranium (and other metals) to dissolve.
The mixture is separated with ion-exchangers. The uranium residue is then
reclaimed from the ion-exchanger by using an acid solution. This solution is once
again distilled by using liquid/a liquid extraction where the uranium first becomes an
organic solution and then a water solution. The solution is treated with ammonia and
carbonate. A yellow powder, ammonia-uranyl carbonate, with the chemical formula of
(NH4)2{U02(CO3)3} precipitates.

The powder is first dried at 280°C and then dried in a furnace at a higher
temperature until it is converted into uranium oxide with the composition of 90% U02

+ 10%U308.
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The end-product is extremely pure when sent to the west for further refining. The
grade is actually unnecessary high if compared with the uranium concentrate
produced in the west. However, the purity does not affect the price. The powder is
packed into barrels in accordance with international standards and is shipped in
containers to St Petersburg for export to the west.

Ammonium molybdate is also produced at the mill as a by-product. Additionally
refined molybdenum sulphides are also produced and these are used as lubricants.

The ammonium is recovered in the drying process and is used to manufacture
artificial fertilizers.

The acid solution from which the uranium is removed is neutralized with lime until the
pH is 7. This solution together with the leachate residue is pumped, in slurry form, to
a waste pond, see below.

During the visit, the uranium mill looked like similar facilities in the west which had
been built in the 70's.

In the uranium mill, an extensive system is used for recycling the sewage water from
the mine and the leachate tailings area as process water in the uranium mill. Clean
water is only needed in the final washing stage, and only 2 rrfVhour.

On account of the small need for new water, no sewage water is deposited from the
leachate tailings area into nature. Natural evaporation is adequate.

During the initial stages of crushing and pulverization, radon is found while the other
parts of the process are associated with a certain level of gamma radiation and, in
the final stages, which involves drying, there is a risk of the formation of dust
containing uranium (alpha radiation). Samples are regularly taken of the air in the
furnace section and the alpha radiation is analyzed. Mouth covers are used in the
leaching section and during the final stages since they are effective in blocking
uranium particles.

The average dose for about 1,100 employees at the uranium mill is 1 mSv/a. The
highest radiation doses are around 5 mSv/a and the 66 individuals who can receive
such doses are provided with personal dosimeters.

At Gossanepidnadzor, equipment is used to determine the uranium concentrations in
man via urine samples. Each employee undergoes a medical examination once a
year, at which time a urine sample is analyzed to determine the uranium
concentration.

After perestrojka, the controls by the authorities were four to five times as many as
before. These controls are now carried out at least twice a month. This is
inconvenient for Priargunsky Mining, but according to the company, it is necessary.
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About 300 of the 1,100 employees are women. A Russian law was recently passed
whereby women of fertile age (up to 38), as of 1996, are not allowed to engage in
"hazardous work". This, in turn, will cause problems for the women, since it is difficult
to find new jobs. The company will also have difficulties in finding new employees
with the same level of expertise.

Gosatomnadzor's Views

The neutralized solid waste which consists of fine particles, often less then 0.1 mm in
size, is transported in slurry form by pipeline, at a temperature of about 60° to a
waste pond a couple of kilometres from the uranium mill. The bottom of the pond is
lined with a layer of clay which is 0.5 m thick. This is then covered with a layer of
plastic, where the leaktightness of the joints is checked by a new method. Finally, the
plastic is covered by another layer of clay whcih is about 0.5 m thick.

The outlet temperature means that, in winter, when the temperature is -30°C, the
pipeline can stand for 24 hours without pumping before it freezes.

The uppermost pond is large, 3.8 km2. The largest part of the pond is covered by
water while 0.8 km2 is taken
problem with dust formation.
water while 0.8 km2 is taken up by the fine brown powder, although there is no

In the summer of 1994, the evaporation was 600,000 m3, which means that there was
no need for water sewage. On the contrary, water had to be added. The situation is
similar to that at the uranium mill in Australia: Ranger and Olympic Dam, both of
which have uranium mills where none of the sewage water is released to the
environment.

Holes have been drilled around the pond where checks to ensure that there is no
leakage from the leachate tailings are carried out.

In winter, the water in the pond freezes, but in summer it thaws completely. There
are no problems with permanent ice formation, similar to those encountered at
corresponding ponds near to a mine in Canada.

There is clay near to the pond. When the uranium mill is no longer operated, it is
expected that the water will be removed and the tailings covered with clay and
topsoil. Several piles of topsoil were accumulated when the reservoir was built. The
area will then be restored as a part of the steppes.

Site Restoration

There are two areas where nature has already been restored from industrial use.
The first is a waste pond with coal ash. The coal ash was transported in slurry form
to a pond, about 50 x 200 m in size. Most of the pond which was used to store coal
ash was covered by water, and only had a small solid surface.
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When the coal ash had reached a thickness of 10-12 m, it was first covered by an 80
cm thick layer of clay and then 20 cm of topsoil. This layer of soil was sown with
grass seed, lika the adjacent, untouched steppe area. During the visit, we had the
impression that there was no difference between the steppes and the restored area.
Coal ash is associated with the risk of heavy metals. These have now been isolated
from the surface by the layer of clay.

In Sweden, coal ash occurs in a number of coal-fired cogeneration plants. Some of
this ash is used as fill material in roads etc., "cefyir. Some of the Swedish coal ash is
deposited onto municipal refuse dumps where further leaching is currently checked.
When such a tip is full, the surface is covered in order to reduce the risk of leaching.

In the same way, an area in Krasnokamensk, which had previously been a waste
dump for uranium ore at the 3 R mine, has been recovered. Large piles of ore
containing between 0.05 and 0.2% uranium were deposited.

The ore (and some of the waste) was first removed, then the surface layer was
scraped off and covered with 80 cm of clay and 15 cm of topsoil. This was a large
area of 10 ha which has recently been restored. The grass now grows on a gently
sloping area which is similar to the adjacent steppes.

The gamma values prior to the restoration were up to 2.2 uSv/h, while the values
were around 0.2 uSv/h after restoration.

The low levels of rainfall in the Krasnokamensk area mean that the risk of leaching is
low, when the waste is covered with clay.

Sampling of Foodstuffs

Gossanepidnadzor takes samples of milk, potatoes, and beets which are then
analyzed to establish the uranium content. These samples normally have
concentrations of 0.035- 0.05 mg of uranium per litre, which can be compared with
the fact that the limit is 1.1 mg of uranium per litre. Samples are taken from different
sovchoser up to 10 km from the mining area in the wind direction.

Plans have been made to expand the programme with additional measurement
instruments so that samples can be taken from different kitchen garden plants, e.g.
cabbage. Plans have also been made to include samples from private plots.
Krasnokamensk, with a population of 70,000 has 30,000 summer cottages with plots
where potatoes, vegetables etc. are grown.

Visit to the Radiation Safety Laboratory in Krasnokamensk

We visited a radiation safety laboratory which is a special unit for radioecological
research and control of radiation in the working environment. After the Chernobyl
disaster, the laboratory was equipped with modern equipment for the measurement
of alpha, beta and gamma radiation. The laboratory also had the use of equipment
for radon measurements and gamma spectrometry of environmental samples.
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The exposure of the miners to radon was measured by connecting a carbon filter
with a suction to the battery pack for the miner's lamp. The equilibrium activity in the
filter was measured at the laboratory by a special instrument which they had
developed. The exposure to gamma radiation was also monitored using conventional
TLD dosimetry.

The measurement results were stored in a database from which it was possible to
produce detailed reports of radon emissions and uranium in the environment and
radiation doses to the personnel. Such reports are regularly submitted to the
operations management.

The general impression we received was that the personnel at the laboratory was
very competent and well-educated. The equipment was completely adequate to
solve the task of monitoring the exposure of personnel and the environment.

Financial Investment of the Mining Company in Environmental Measures and Industrial
Safety

Priargunsky Mining has informed us of how large the company's investments are
within the environmental and industrial safety areas, in relation to the total costs.
This is presented in the table below:

Ecology. Industrial Safety and Environmental Protection

Share (%) of the total costs
Year 1985 1988 1991 1994
Total costs of the company 100 100 100 100
Ecology, industrial safety 6.7 6.4 7.3 9.0
Restoration work - 0.6 0.12 8.2
Other environmental protection 3.4 4.0 9.3 9.5
costs

These figures include a series of different costs.
The high figure for restoration costs in 1994, is related to the fact that the 10 ha area
was restored at the R3 mine, where a tailings deposit had previously been. Other
costs for environmental protection include radiation and dose measurements.

The costs also include the accumulation of funds for future restoration work. It is
difficult to accumulate funds in roubles due to the risk of inflation in Russia.
However, for this purpose, Priargunsky Mining has been given permission to
accumulate funds in an account in USD.

The mining company is now investing about 25% of its total costs into environmental
and industrial safety measures.

The "Restoration Reserve" applies for all minerals, including uranium, in accordance
with state regulations. In this context, it can be mentioned that the uranium assets
are estimated to be sufficient for the operation of the mine for a further 30 years.
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Appendix 1

Radionuclide emissions to the atmosphere, terabecquerel per vear

Type of radionuclide.

Type of
radionuclide
Radon - 222

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Total Radon 222

Natural uranium
1
2
3
4
5
6

7

8

9

10

Total natural
uranium

Shaft 3 v
Shaft 3r
Shaft 9k
Shaft 8k
Shaft 2
Shaft 5v
Shaft 4r
Shaft 11k
Test shaft JU
Test shaft N
Test shaft V
Test shaft O
Test shaft M
Test shaft L
Shaft 7r
Shaft 13 r
Shaft 11v
Uranium mill tailings
deposit

Cogeneration plant
Tulukui" open pit mine
Tailings dumps RU-1
Tailings dumps R-4
"Urtuisky" open pit mine
"Urtuisky" tailings
deposits
Ore tailings deposits R-
4
"Urtuisky" coal tailings
deposit
Central ore tailings
deposit
Ravine B

Official
emission limits

246
246
246
246
246
246
246
246
246
246
246
246
246
246
246
246
246
22

4200

0.077
0.00036
0.00068
0.00060
0.00026
0.00053

0.00032

0.00013

0.00028

0.00025

0.081

Actual
emissions in

1994
12
35
17
17
31
31
14
9
15
15
8
5
4
19
6
17
25
18

300

0.046
0.0000037
0.00037
0.00041

0.0000037
0.0000037

0.000074

0.000041

0.000026

0.0000037

0.047
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Appendix 2

Number of miners with doses to the lungs (radon + daughters) within limits corresponding to
parts of the acceptable annual dose, analyzed according to doses less than 0.3. 0.3-0.5.
0.5-1.0 as well as greater than 1.0

Year 1995 1 st half of year
Months 1-6

Mine
Total <0.3 0.3-0.5 0.5-1.0 > 1.0

Minel 1599 1029 148 22 0
Mine 2 513 297 187 29 0
Workshop 5 5 5 5 0 0 0
015
RU-1 1681 1285 345 51 0
Mine 4 600 575 18 7 0'

Number of miners with external radiation doses (gamma) within limits corresponding to parts
of the acceptable annual dose, analyzed according to doses less than 0.3. 0.3-0.5. 0.5-1.0
as well as greater than 1.0

Year 1995 1 st half of year
Months 1-6

Mine
Total <0.3 0.3-0.5 0.5-1.0 > 1.0

Minel 1599 1199 0 0 0
Mine 2 5 1 3 5 1 3 0 0 0
Workshop 5 5 5 5 0 0 0
015
RU-1 1681 1681 0 0 0
Mine 4 6 0 0 6 0 0 0 0 0
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Visiting the Russian Academy of Medical Science. The picture shows from the left
sitting Dr D Orlov and Dr S Kolesnikov, standing H Magnusson and l Lindholm
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Map showing the Krasnokamensk area. 1 cm on the picture corresponds to
approximately 3 km in reality
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View of the town of Krasnokamensk

View over the village Oktjabrskji
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Digital instrument showing the actual level of gamma radiation in the centre of
Krasnokamensk

The 500 MW coal-fired cogeneration plant situated approximately 4 km outside the
town
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Open pit mine. In the middle of the picture, fans securing the ventilation during
winter time are shown..

Heap leaching of low grade uranium ore. Low concentrated acid penetrates the ore
and dissolves the uranium.
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Equipment for ore loading in one of the underground mines.

Mine elevator top (to the left) and building for mine ventilation.
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The uranium mill

Ponds for wastes from the uranium mill
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The delegation visits the laboratories for radiation safety
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Restored areas where earlier uranium ore has been stored.
Children in Krasnokamensk
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Children in Krasnokamensk

View from the day care centre in Oktjabrskji
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