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Abstract

The discharge of radionuclides to the Yenisei Rivjsr has substantially reduced after shutdown of direct
cycle reactors at the Mining&Chemical Combine; currently exposure dose rate above water surface
and radionuclide concentration in sewage water flows do not exceed the levels set by existing
sanitary rules. The results of other protection measures connected with decommissioning ofnuclear-
and radiation-dangerous facilities and environment restoration activity are considered in the
paper.Recently, the workers of the Mining & Chemical Combine, together with specialists from other
Russian institutions and with international participation, made significant progress in investigation
and monitoring of the radiological impact, primarily in the Yenisei River floodplain and around the
"Severnyi" radwaste disposal site. The inventory of man-made radionuclides in flood-plain deposits
of the Yenisei River was assessed and long-term radionuclide transport into the Kara Sea forecasted.
New local information on radionuclide pathways to man and environment was the basis for the
development of an original dosimetric model. The models of radionuclide migration in the
underground liquid radwaste disposal sites have been created and associated human doses predicted.
A GIS project has been developed for Yenisei River floodplain contamination.Future work will
include development ofM&CC ecological geoinformation cadastre and assessments of the impact of
radionuclide exposure on the environment, agriculture, fishing, and water quality, as well as
identification of necessary rehabilitation measures.

1. SOURCES OF RADIATION IMPACT

Two single-pass reactors were decommissioned at the Mining and Chemical Combine (MCC)
in 1992. The third reactor utilizing closed-loop core cooling continues to operate providing
heat and electricity to the City of Zheleznogorsk. After the replacement of power sources the
third reactor will also be decommissioned.
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Since 1964, a Radiochemical Plants (RCP) has been processing irradiated fuel from the
production reactors. The RCP will be involved in processing of liquid radioactive waste
(LRW) accumulated at the MCC and disposing of weapons-grade plutonium by fabricating
mixed uranium-plutonium fuel.

A significant amount of radioactive waste has been arisen from the reactor and radiochemical
productions. These wastes include some thousands of pieces of "contaminated" equipment,
including a unique large-sized one (production reactors), hundreds of kilometers of pipelines
and the production rooms of various kinds.

Storage-tanks and ponds have accumulated a large quantity of liquid radioactive waste which
total activity exceeds 110 million Ci. These wastes are to be processed and converted into
non-hazardous forms.

The industrial site and sanitary and protective zone (SPZ) of the MCC cover the area of
approximately 5500 hectares (55 sq. km) which is partially "contaminated" with
radionuclides.

For more than 30-year operation of the single-pass production reactors, the process departures
occurred at the early phase while developing safe and optimal modes of operation for both the
reactors and entire weapons-grade plutonium production complex have brought about a
certain radiation impact on the environment around the MCC site and in particular on the
ecosystem of the Yenisey River, the consequences of which more or less are traceable all
along down to Kara Sea.

2. RADIATION ENVIRONMENT WITHIN SPZ AND MONITORING AREA

The system to monitor discharges, releases and the environment within the SPZ and MCC
monitoring area provides necessary data on the effect of the facility on the environment. With
the single-pass reactors shutdown in 1992, the main sources of radionuclides releases into the
Yenisey River were eliminated. At the moment, the volumetric activity of water downstream
the MCC discharge point is less than 1% of the water permissible specific activity for the
population per NPB-99, and naturally occurring gamma background dose is 13 to 15 \xRJhr
(0.13 to 0.15 uSv/hr). Releases to the atmosphere have gone down 40-fold and in 1999 they
were 18% of specified norms.

Among artificial radionuclides basically 137Cs is detected in the near-surface layer of the
atmosphere within the SPZ.

Inhaling airborne radioactivity, the inhabitants living within 30 km downstream the MCC
discharges may get an internal exposure dose rate of not greater than 0.1 uSv/yr that is 10 000
times below the permissible level for population per NRB-99.

The density of soil contamination with 137Cs within the monitoring area within 15 km
downstream the discharge points ranges from 1900 Bq/m2 to 5000 Bq/m2 (50 to 130
mCi/km2). The specific activity of plutonium radionuclides in soil is less than 5 Bq/kg that
corresponds to in-soil average contents of these technogenic radionuclides at the territory of
Russian Federation. Radiation dose rate on the contaminated areas within the SPZ range from
0.2 to 3 u.Sv/hr (20 to 300 uR/hr). There are small local areas of some square meters
contamination on which reaches up to some thousands of micro R per hour (up to 10 mSv/hr).
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The MCC monitoring zone covers 1500 km along the Yenisey River beginning from the
discharge points. Studies of radionuclide contamination of water in Yenisey River, soil, grass
and food being conducted on the river floodplain show that the radioecological situation in the
river basin is satisfactory.

The exposure rate in the inhabited areas along the river bank within 15-500 km downstream the
MCC discharge point does not exceed 10 to 30 uR/hr (0.1-0.3 uSv/hr). However, on particular
islands and some fioodplain areas within 15 to 250 km downstream the discharge point, there are
"spots" where exposure rate ranges from 30 to 200 [iR/hr (0.3 to 2.0 uSv/hr) and the soil
contamination there reaches 20 Ci/km2 (740 kBq/m2) of gamma-emitting radionuclides. All along
the Yenisey River the specific activity of plutonium-239 and-240 does not exceed 20 Bq/kg.

This is the consequence of radionuclides release into the Yenisey River with single-pass reactors
cooling water and its subsequent migration due to changes in hydro-geological conditions of the
river. The shutdown of the single-pass reactors has practically put to an end the source of the
radionuclides.

Since 1996 we have been working to the implementation of an automated system for
monitoring radiation environment within 30 km around the MCC. At present, 10 gamma-
radiation monitoring stations are in pre-operational use. In the year 2000 we plan to expand
the monitoring system by establishing 10 advanced extra stations: 3 alpha and beta
radiometers, 1 gamma-spectrometer and the remaining are for monitoring exposure rate.

3. REHABILITATION OF WASTE STORAGE FACILITIES AND CONTAMINATED
TERRITORIES

At present, in order to normalize the radiation environment within SPZ and Yenisey River
floodplain according to NRB-99 and OSPORB-99 requirements, it is necessary to complete
the R&D and design and exploratory activities for contaminated areas. We plan to accomplish
these activities by 2005, and associated financing is equal to 12.6 million RUR. After
developing the design documents we will define rehabilitation measures to be taken for
particular contamination places.

Further studies have to provide for implementing an ecological geo-information cadastre at
the MCC, assess radioecological consequences of radionuclides release in the environment
(ecological, agricultural, fishery, water supply and other aspects) and work out rehabilitation
measures to be taken.

According to the Federal Program (FP) "Radioactive Waste and Nuclear Spent Fuel Handling,
Utilization and Disposal for 1996-2005" (paragraph 5.2) approved by Russian Federation
Government Decree No. 1030 dated October 23, 1995 and FP "Russian Nuclear and Radiation
Safety", the assessments of contamination within the sanitary and protective zone are to be
made and associated rehabilitation is to be made.

In addition, for the purpose of normalizing radiation environment within SPA according to
NRB-99 and OSPORB-99 it is required that storage ponds, solid radioactive waste burial sites
and liquid radioactive storage tanks be eliminated and laid up. A total of approximately 700
m3 of sludge which activity exceeds 1 million Ci (3.8-1016 Bq) has been accumulated in eight
(8) storage tanks of 8000 m3 capacity each. This sludge must be retrieved and processed.
Moreover, other tanks contain about 500 m3 of used ion-exchange and filtering materials that
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are also to be removed, solidified and disposed. Now, we are conducting R&D activities for
developing techniques of utilizing these wastes.

Open storage ponds with a total capacity of about 1 million m3, that are storing liquid low
level waste, contain approximately 50,000 m3 of sediments which total activity is about
40,000 Ci.

In order to have the aboveground radioactive sludge storage eliminated or laid up, the hydro-
geological studies for predicting radionuclide migration after the ponds liquidation are being
conducted. We are studying the composition of the sediments and techniques for handling
them. According to the project developed, one of the ponds has been at 80% filled up with the
local ground. We are planning to decommission the "Severny" liquid radioactive waste
(LRW) disposal site after disposing of all liquors arising from the decommissioning of reactor
and radiochemical plants.

The nearest activities for laying up the "Severny" LRW deep injection site are to:

• observe a radionuclides spreading contour with respect to reference points within the
rock massif;

• specify geological boundaries in collaboration with scientific institutes;

• have the results of the storage-stratums operation analyzed by R&D institutes.

The decommissioning of MCC's facilities will give rise to a significant amount of solid
radioactive waste (SRW) with different activity levels. The capacity of the existing SRW
storage has practically been used up and a new storage facility is to be constructed for waste
disposal. A task order for the design of such a storage facility was approved by Minatom and
submitted to a design institute to start the work.

4. DECOMMISSIONING OF PRODUCTION FACILITIES

We began decommissioning the reactor plant in 1992 when two single-pass reactors were
shutdown. The activities have been carrying out in accordance with local projects developed
by VNIPIET. At the moment, the reactors are in nuclear safe condition, some metal structures
have been dismantled, reactor units are being isolated an laid up on-site.

It will be feasible to decommission the radiochemical plant (RCP) after processing all the fuel
rods irradiated in the reactors and treating and disposing of all LRW arisen from the weapons-
grade plutonium production. The first phase of the RCP decommissioning is to retrieve sludge
accumulated in 300 m3 reservoirs and 3000 m3 storage tanks. A total amount of accumulated
sludge is estimated at approximately 7000 m3 the total activity of which is about 100 million
Ci.

At the end of 1980s, a concept of handling radiochemical production waste was developed.
The concept provides for the following:

• sludge agitation in and retrieval from tanks;

• processing of the sludge retrieved thus extracting basic quantity of uranium,
plutonium and other long-lived nuclides;

• processing of liquors to extract uranium, plutonium with subsequent removal of the
raffinates produced;
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• solidification of insoluble residues;

• temporary storage of solidified waste.

Since no equipment is practically available for handling sludge under effect of strong radiation
fields, the MCC, on its own, is developing, testing and implementing the equipment for sludge
agitation in and retrieval from the big tanks with subsequent feeding the sludge retrieved to the
processing facility. At present, we have developed design projects for and built on sludge retrieval
and processing facilities for one of 3000 m3 tanks.

Having been accumulated for 35 years and subjected to complex physical and chemical
processes, the in-tank sludge is highly compacted, very viscous (clay-like) and of small
fluidity, and make the retrieval activities difficult. A sufficient financing of R&D studies and
sludge processing may speed up the activities.

5. RADIATION MONITORING

We would like to give emphasis to the adaptation of new Radiation Safety Code (NRB-99).

hi decommissioning hazardous productions at the MCC, the personnel doing the most
difficult and radiation hazardous works will get an annual dose of external radiation exceeding
20 mSv. For example, such works are reactor dismantlement, mounting of sludge retrieval
equipment, etc. In 1999, 49 people received the external radiation dose exceeding 15 mSv and
30 people of them got more than 20 mSv (reactor plant data). The maximum individual dose
received was equal to 35 mSv.

Both the production technology and equipment status do not allow the external radiation dose
to be brought down. The higher qualification the personnel have the higher radiation dose they
receive, and safety requirements do not allow a less qualified personnel to be involved.

The NRB-99 requirements can be met by increasing operational staff or appropriate
surveillance. Regulatory bodies have to temporarily mark up the dose limit for this kind of
personnel until the reactor and radiochemical productions are decommissioned.

Before taking effect, the NRB-99 must be supported with a whole lot of regulatory
documents, ministry codes and manuals on radiation safety and monitoring, and appropriate
hardware and software. At present, the dosimeters and radiometers available at the MCC have
become obsolescent and require replacement. Moreover, new devices must be in compliance
with certified measurement techniques. The purchase of the control devices for measuring all
parameters specified in NRB-99 will cost about 37 million RUR.

To make final decision on the contaminated areas rehabilitation, a comprehensive assessment
of a possible impact on the environment is to be carried out. The MCC Radioecological
Center is studying the affected environment. Annually, since 1987, a team of Russian and
foreign specialists goes on an river-boat expedition down the Yenisey River to study the
floodplain within the compass of 1500 km downstream the MCC. The purpose of the
expeditions was and still is to comprehensively study the selected floodplain areas to obtain
data for:

• studying radionuclides spreading profile along the Yenisey River and assessing the
accumulation of radionuclides in the floodplains to specify monitoring areas;
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• studying the way of radionuclides intake into the human body via food chains;

• studying the formation of external radiation doses;

• developing criteria for rehabilitation of areas contaminated with radionuclides within
the river floodplain.

6. HEALTH OF PERSONNEL AND POPULATION

The effect of the MCC operation on the health of personnel and population can be assessed
based on radiation doses and demographic data characterizing the peoples health. The
technogenic impact of MCC involves two time periods:

• prior to decommissioning two single-pass reactors in 1992;

• subsequent to 1992, when only the closed-loop core cooling reactor has been in use.

Prior to 1992, radiation doses to population were basically due to internal exposure (fishermen
were members of critical group) and to external radiation from radionuclides contained in
Yenisey River water and floodplain ("spots" of increased contamination).

The results [1] have shown that the maximum annual radiation dose to the population living
on Yenisey River floodplain prior to decommissioning single-pass reactors did not exceed
limits specified in then NRB. Data provided by so-called ecological movements [2, 3] and
data available at the Federal Administration "Medbioextrem" [4, 5] confirm this fact.

Therefore, it is not practicable to single out the radiation impact on the population health even
during he MCC full-mission operation. However, the analysis of demographic data indicates
that the health properties are getting worse that is characteristic for both the entire
Krasnoyarsk Territory and the Russia as a whole.

After decommissioning the single-pass reactors, the discharges and releases of radionuclides
have decreased many times and annual radiation doses do not exceed norms set forth in NRB-
99. Such basic properties as mortality and cancers of the inhabitants in the most contaminated
regions (Sukhobuzimsky and Zheleznogorsk) do not depart from those averaged on the
territory and the Russia.

As to MCC personnel, it should be noted as follows. After the start-up period was finished
and sanitary and hygienic conditions at the MCC were improved, the radiation impact on the
personnel decreased to a level below the regulation requirements [6].

At the same time, there are negative demographic trends. The sickness rate among the MCC
personnel regarding some illnesses (nervous system, osseous and muscular system, stomach
ulcer, etc.) gets to surpass the same rate in the city. The case is caused not only by hazardous
impacts but also by social and economic status of the personnel, decrease in rendering
preventive treatments and lack of valuable nutrition.

As indicated in references [4, 6], for the MCC entire operation there have been no overdosing
to the personnel. According to data on doses incurred in 1999, 30 people received more than
20 mSv and the maximum dose was 35 mSv.
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7. INTERNATIONAL PROJECTS FOR ASSESSMENT OF THE EFFECT OF MCC ON
POPULATION HEALTH AND THE ENVIRONMENT

With participation of Russian specialists including specialists from the MCC, some
international projects for the assessment of the MCC ecological impact have been completed
or still are being conducted. The following projects are worth of being pointed out:

• The project of Russian and Swiss Red Cross for the assessment of radiation
environment around the MCC (completed);

• The project of International Institute for Applied System Analysis (IIASA)
"Biosphere Radiation Safety" including two studies (published in English):

(l)Releases of Radionuclides to Surface Waters at Krasnoyarsk-26 and Tomsk-7.
(Report IIASA RR-99-3, May 1999);

(2)Deep Well Injection of Liquid Radioactive Waste at Krasnoyarsk-26 (Vol. 1. Report
IIASA RR-00-1, February 2000).

• The ISTC Project No. 245 RADLEG (Former USSR Radiation Legacy). This project
has been conducted from June 1995. So far, a computerized information system
RADLEG has been developed. The basis of this system is a database (DB), available
to general use, containing data on radiation sources of primary military and civil
sectors of the nuclear fuel cycle of former USSR.

The information system developed is not a final product and will be subject to expansion. A
new information obtained as a results of archive data processing comes not only from Russian
entities but also from Kazakhstan, Ukraine and other CIS countries. Now it is evident that
keeping the DB's common unified structure unchanged will make it difficult to enter new data
into and work with the DB. If is wise to develop a database of distributed (relative to CIS
territory) meta-data that will provide only brief information from local databases and links
allowing users to refer local DBs for more detailed information.

The meta-database will contain information not only on radiation sources but also on
radionuclides transport that makes it able to assess impacts on one or two prioritized regions
and come up with recommendations for countermeasures to be taken. It is the experts opinion
that the Mining and Chemical Combine is a site of the highest priority (the runner-up is
North-West Region of Russia).

A pilot GIS-project for describing the MCC region radionuclide contamination including the
Yenisey river-bed has been brought about as a part of the RADLEG information system. The
geo-information system (GIS) is a friendly interface for users since it provides a clear picture
of a radionuclide contamination of the territory. We will continue developing the GIS in order
to have it included new layers reflecting the radiation impact assessment results.

Since 1998, the ISTC RADLEG project has been in close cooperation with an international
project SCOPE-RADSITE. The RADSITE studies cover four regions of the globe: the USA,
Europe, CIS countries and Asia, and provides for the following phases: radiation sources
description, pathways (pathways database), dose assessment and impact on health,
environmental impact and countermeasures. For the two last years there have been five
international workshops on these two projects. The fifth workshop entitled "Assessment of
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Mining and Chemical Combine Impact on Population's Health and The Environment" was
arranged by Minatom in August, 2000 and held in Zheleznogorsk and Moscow. The
participants were 15 Russian entities involved in RADLEG project and three representatives
of the RADSITE project.

In particular, the participants have pointed out that:

• the MCC in collaboration with Russian and foreign specialists has conducted a lot of
activities for studying and monitoring the radiation environment within the target
areas, including Yenisey floodplain and Severny geologic waste disposal site. A
"stock" of radionuclides in the floodplain and a long-term forecast of the intake of
radionuclides into Kara Sea (NPO RI and MCC) are under assessment. The
radionuclide migration within the LRW geological disposal site was simulated and
expected doses have been estimated.

• RF Minatom, Federal Administration "Medbioextrem", Institute of Biophysics have
completed the justification of a project for developing a medical and Dosimetric
register for the personnel of nuclear sites and a database for the affected population.
The project will require intensive support by nuclear sites with involvement of
independent Russian and foreign experts representing RADLEG and SCOPE-
RADSITE projects.

As planned, the next workshop will be held in Zheleznogorsk in 2001.

CONCLUSION

The MCC was designed and put into operation based on the technological experience gained
at the MA YAK PA and therefore, the radioecological factors around the MCC are more
favorable. It was also due to the location of the main facilities inside the rock massif.

The decommissioning of the reactor plant was began in 1992. According to local project
developed, the two single-pass reactor were put into a nuclear safe mode and reactor units are
being laid up and isolated on site.

It is feasible to decommission the radiochemical plant only after processing all the irradiated
fuel from the reactors, treating and disposing of all LRW arisen from the weapons-grade
plutonium production. We will have to put radioactive waste of the activity of 110 million Ci
into non-hazardous forms.

As provided for in Federal mission programs, the SPZ will be rehabilitated.

In closing, it should be noted that in villages located along the Yenisey River bank the
radiation environment does not differ from that outside the affected area and is not subject to
extraordinary rehabilitation. It is not practicable to single out the effect of radiation on the
population's health within areas under investigation. Such a conclusion was made based on
the results of works done by some ecological commissions in cooperation with specialists
from environment surveillance entities and entities of the Ministry of Health.
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DISCUSSION AFTER THE PRESENTATION OF I.R. ZYAPAROV

J.L. Smith-Briggs (United Kingdom - Session Vice-Chair): Did I understand you to say
that the current contamination of the Yenisey was of no environmental significance?

I.R. Zyaparov (Russian Federation): It is of no significance as far as the health of the local
population is concerned. Apart from the island, we did not find any excessively high doses. As
to the island, the dose rate is 26 TR/hour, and there are individual hot spots with dose rates of
up to 100 TR/hour.

J.L. Smith-Briggs (United Kingdom - Session Vice-Chair): Do you consider the presence
of hot particles to be a matter for concern?

I.R. Zyaparov (Russian Federation): Yes I do.

J.G. Barnes (USA): Is there in Russia a standard dose limit considered to be a safe limit for
the population?

V.A. Rusanov (Russian Federation): Yes, 1 mSv/year.
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