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Principal results of "DEWAM" project implementation, Russian Federation

A.F. Nechaev

St. Petersburg State Institute of Technology, St. Petersburg, Russian Federation

Abstract. This overview summarizes the key results of the four-year project "Decontamination and
Waste Management in the Course of Research Reactors Decommissioning" carried out within the
framework of the IAEA's CRP "Decommissioning Techniques for Research Reactors". The project
included two principal components: (1) info-analytical studies and development of a database system,
and (2) research and development in the areas of decontamination and waste management
technologies applicable to decommissioning. Details of the work are expounded in 29 publications and
annual Progress Reports; the results of the study are used in corresponding university courses; and
innovative technologies for radwaste processing and environmental restoration are planned to be
introduced into practice.

1. Introduction
The main objective of this contribution to the IAEA Co-ordinated Research Project

(CRP) on "Decommissioning Techniques for Research Reactors" was to create a
decommissioning database in terms of operating experience, technologies available in the
Russian Federation (RF), etc. This CRP coincided with a national programme being
undertaken in Russia, the "Decontamination and Waste Management in the Course of
Research Reactors Decommissioning" or DEWAM project and was factored into the content
of the project, as discussed below. As a result, not only is the database discussed but also the
background on much of the data it contains. Examples of Russian experience in
decommissioning research reactors are discussed along with development projects for several
different decommissioning and waste conditioning methods with practical examples of their
use.

Russia has prolonged, multiform and rather extensive practical experience in
decommissioning of research reactors and other nuclear facilities, the first projects being in
the earlier fifties. However, right up to the late eighties, state technical policy on
decommissioning had not considered such important issues as the strategy, regulation,
techniques, funding, etc., and each D&D project was dealt with as a first of a kind project.

There were several purposeful co-ordinated activities in the period from 1986 to 1991
(provoked, to some extent, by the Chernobyl accident), which were suspended by the
geopolitical and socio-economic reforms in the former USSR. Developments in this sphere
were not revived until the middle of the nineties.

Thus, at the time of the launching of the IAEA Co-ordinated Research Project (CRP) on
"Decommissioning Techniques for Research Reactors" many aspects of the national
decommissioning programme (Figure 1) were and still are in the active stage of evolution —
development, selection/optimization, concordance and official approval.

Understanding that regulatory, economic and administrative decisions may dictate
technical requirements for decommissioning, and in turn - existing technological bases may
influence the choice of preferable strategic approaches, it would be unreasonable to consider
techniques out of context with the general situation.
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This objective circumstance predetermined the content and the main trend of the
research project "Decontamination and Waste Management in the Course of Research
Reactors Decommissioning" (DEWAM) carried out at the St. Petersburg State Institute of
Technology (SPIT), Engineering Radioecology and Radiochemical Technology Department.

In particular, the scope of the project included two major missions carried out
simultaneously and in the close interdependence:

First, info-analytical investigations to (a) monitor the overall situation of "transferred
period" with feasible participation in the decision making process through advice to
authoritative agencies, expert appraisals, improvements of educational and training
programmes, etc., and (b) provide the necessary tools and information support for
comparative engineering analyses through the creation of a corresponding database system;

National Concept, Federal Laws, Decrees, Standars

General Framework
Licence procedures,

requirements I Unrestricted release
criteria

Financial posivision

Organizations responsible for regulation and implementation

'- JEngineering Issues
Spent fuel kg

tranporation, storage, S
reprocessing, B

disposal facilities §§

j |
Dismantling 1

techniques, methods 1

, 1
b

Decontamination/ER i
technologies I

I
Radwaste treatment, storage, transportation, disposal facilities I

Regional, local authorities

Figure 1. Principal components of decommissioning programme.

Second, research and development (R&D) in the areas of decontamination and
management of the radioactive waste already accumulated in the facilities intended to be
decommissioned or that expected to be generated during the decommissioning process.

Such an approach enabled the project to address several key areas of decommissioning
important for the harmonization of the national D&D programme, and yet still conform to the
terms of reference for the IAEA's CRP. It is important that, in terms of the present project
(focused on decontamination and radwaste management), the decommissioning of research
reactors (RR) is considered as a part of a global program, rather than as a specific,
independent area of activity. In other words, in general, programs developed and tested for
RR, must be applicable to other nuclear installations.

The principal results of the CRP related studies are expounded in 29 publications, and
included in the SPIT courses of lectures on "Radioactive Waste Management" and
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"Decontamination of Nuclear Facilities and Radioactively Contaminated Sites". A reference
book on "Decommissioning of Nuclear and Radiation Facilities" is planned to be completed
and issued in early 2002.

This paper represents a consistent overview of the recent developments and
achievements in the field rather than a detailed description of motivations, procedures of
works, and results of the separate subprojects implemented within the framework of the CRP.
Because of the space limitations, this paper cites only those publications prepared by the CRP
participants. The full list of references includes more than 200 entries.

This work was supported by the IAEA (302-T2-RUS-9681.3), Minatom RF
(1.02.28.2000.055), and RF Ministry of Education under Grants TOO-7.4-2766 and TOO-7.6-
2763.

2. Computerized D&D info-analytical system
In the absence of a centralized data base on research reactors and more or less

comprehensive catalogues on domestic decontamination technologies and radwaste
management techniques consideration was given to the fact that info-analytical support of
D&D activities could offer several important advantages to:

(1) planning bodies — clarity of the level of technical readiness for implementation of
D&D programs; understanding of the uncertainties to be encountered, and long term
priorities of technical policy; improved basis for realistic planning in the financial
sphere; a real base for objective competitive selection of technologies and techniques to
be introduced into practice;

(2) regulatory authorities — understanding of, and opportunities to react timely to
possible needs/implications/deficiencies/imperfections in legislation and regulatory
control;

(3) licensees — opportunities for proper planning, selection of optimal technical solutions,
the quest of convenient partners, etc.;

(4) technology developers — clarity of the actual directions for new developments and/or
necessary improvements to be competitive in the D&D market.

Under these circumstances the aim of subproject was defined as follows:

• to collect and systematize information on research reactors, decontamination technologies,
radioactive waste management techniques, and materials recycling methods (both market
tested and innovative) applicable for decommissioning purposes;

• to develop a system of criteria and procedures for comparative analysis of the data
collected;

• to create a computerized multicriteria decision - making tool which will allow
determination of the appropriateness of various techniques (or combinations of
techniques) to perform D&D programs.

The research reactors database contains rather detailed information about 42 nuclear
installations including the reactor's name, type, startup date, power, neutron flux, location,
and design features (fuel, reactor, active core, control and protection systems, equipment,
biological shielding). In addition, the results of statistical processing of the data compiled are
presented for comparative analysis.
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The decontamination and radioactive waste management database system consists of
several main databases: "Inventories" (facilities, operational waste, fuel, materials),
"Technologies" (general information, cost data, operational data and implementation data)
and "Closing" (storage, disposal and recycling) as well as auxiliary databases "Directory of
Companies", "Geo-information", "Documentary Support" and "Bibliography".

The "Decontamination technologies" files describe more than 100 commercially
available or innovative techniques including information on areas of application, the essence
of the methods, conditions for implementation, technical characteristics, decontamination
factor, producer/designer and comments. These files are supplemented with drawings where
possible.

The "Radwaste management" files include data on methods, areas of application and
necessary technical details. A few tens of radwaste processing and conditioning technologies
potentially applicable for D&D purposes (including environmental restoration methods) are
compiled and analyzed.

Auxiliary databases include: "Directory of Russian Organizations Involved in
Environmental Protection Activities", comprising 750 institutions; "Regulation"; "Disposal
Opportunities"; and the specialized files "Bibliography of Publications" and "Dismantling
Techniques".

A Database Management System (Figures 2, 3) allows one, in principle, to manipulate
and analyze this data for the selection, optimization and practical application of proper
decontamination technologies and radioactive waste management techniques complying with
up to date regulatory requirements, and storage/disposal capacities. Currently the
systematized information is used for educational purposes, and the first reference book on
decommissioning is planned to be prepared on this basis.
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Moreover the methodologies, procedures and criteria developed for comparative
engineering analyses were acknowledged by the state NPPs operation agency,
ROSENERGOATOM, as an effective tool for the optimization of nuclear power plant
radwaste processing/conditioning technologies, and included in the state programme.

3. Decommissioning of research reactors: Practical experience
This section (a part of the info-analytical activities) is devoted to a summary of

decommissioning projects at research reactors (RRs). It is aimed, first of all, at demonstrating
the diversity of RRs construction features and the variety of decommissioning options
available. Not the least of the motives is also the aspiration to dispel a widespread delusion
that decommissioning in Russia is, allegedly, an undeveloped nuclear sector. And, finally,
that practice is the only criterion for the determination of the viability of theoretical views.

Unfortunately it was not always possible to obtain verified information on some of the
important details of the decommissioning projects studied. However, general approaches,
techniques used, radiation situation and other data compiled provide analysts with quite
complete information for the objective assessments of the situations and for reasonable
planning for the actions required.

3.1. Experimental radioisotopes production reactor IR
The first practical experience in decommissioning-related activities was in the middle

fifties when the experimental uranium-graphite reactor, IR, was partly dismantled and
inspected after 4 years of operation.

3.1.1. Design features oftheIR reactor

Design features of the IR reactor include:

• fuel - 2% enriched uranium;
• material of moderator and reflector - graphite blocks;
• active core and reflector - vertical cylinder constructed from graphite blocks;
• roofing - aluminum alloy blocks on the 0.5 mm layer of cadmium;
• the graphite block stack was tied up by 10 arrays of steel bands and enclosed in a steel

housing;
• integral neutron flux in the center of the core — 4.5-x 1021 cm"2.

3.1.2. Dismantling

The technology for dismantling was developed by a special group formed from
operational personnel. About 40 unique tools and devices were designed and manufactured
for this purpose.

Specifically, temporary shielding for dismantling operations was constructed from 10
mm thick sheet steel in the form of a cylindrical tank 3.8 m diameter and 2.14 m high. The
tank had a through passage, the opening of which could be covered in part by movable vessels
filled with water. The tank was installed over the facility, in place of the upper shielding, and
flooded with water up to the 1.5 m level, in such a way that it was possible to accomplish
dismantling operations through the exposed part of the opening. The device used for
temporary storage of the dismantled upper shielding also resembled a metal tank 2.8 m high
with double walls. The thickness of the protective layer of water, in this case, was 900 mm.
For the removal of graphite blocks from the stack, bars with unclenched claws were designed
along with special conductors to clamp the surrounding blocks.
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Dismantling operations commenced with the decontamination of the upper structures
and high-pressure washing of the coolant systems and lower structures. The cooling gas
through the graphite was stopped. Then the uranium and radioisotopes were unloaded from
the core; following by the removal of the control and protective rods, experimental tubes and
the upper shielding, and the installation of the water-filled tank as a temporary shield. After
that a special conductor was placed in the vicinity of the graphite column intended to be
removed. Adjacent columns were fastened to the conductor with bars. To prevent the spilling
of radioactive graphite dust and pieces on the roofing, a metal tray with a funnel was installed
on the conductor. A cover was put on the funnel for the collection of the graphite pieces.

The graphite blocks were removed from the core column by column. To achieve this a
bar was brought into a channel of the graphite stack; the claw was let down in a metal
bushing, and the bushing, together with the column, was removed from the core. If dosimetry
data indicated abnormally high activity on the column, the graphite blocks were removed one
by one and placed immediately into a protective shielding container. All together 40 columns
containing 400 graphite bricks were removed, including 21 columns from the damaged areas
of the graphite stack.

3.1.3. Dosimetry and radiation protection

Before the start of dismantling operations, a special programme of dosimetry
measurements was developed, and the necessary equipment, additional means of individual
protection and dosimetry devices for general and individual dose control were obtained.

Detectors were placed at various points in the core, including the space between the
upper shielding and roofing of the facility; between the graphite blocks and the lateral water
shielding; under the graphite and over the drain tank. As a rule, two detectors from two
different dosimetry facilities were placed at each point of measurement.

The upper structures of the facility had practically no induced radioactivity. Surface
contamination did not exceed 74-1000 mBq. cm"2 (2 x 10"12 - 3 * 10"11 Ci-cm'2 generally. In
the area of the damaged cells the specific surface activity reached 7.4 kBq. cm"2 (2 x 10"7

Ci-cm"2). The dose rate at a distance of 0.5 m from the bottom of upper shielding was around
1 uSv-s"1 (100IU.R-S"1) and increased to 2 |j,Sv-s" (200 uR-s"1) at locations corresponding to the
damaged cells. The dose rate from the upper shielding, placed in the storage tank after
dismantling, did not exceed 10-20 nSv-s"1 (1-2 .̂R-s"1). Installation of temporary (operational)
shielding over the open core decreased the dose rate from 2|u,Sv-s"1 to 0.25 uSv-s"1 (200(a,R-s"1

to 25 U.R-S"1), with a dose rate at the assembly opening of 0.5 laSv-s"1 (50 |aR-s"'). The
strongest sources of y radiation were the damaged graphite bricks: the dose rate at a distance
of 0.5 m from a damaged block came to 600 u.Sv-s"1 (60000 uR-s"1) while it did not exceed
0.80 uSv-s"1 (80 uJR-s"1) in the undamaged area of the brickwork from which the block was
removed.

A high level of radioactive aerosol contamination of the premises accompanied
dismantling operations. During the removal of the damaged graphite blocks specific
radioactivity in the air reached 7.4 kBq-dm"3 (2 x 10"7 Ci-dm"3), and the intensity of
precipitation accounted for 8-500 kBq/(m2-h)( 2.2 x 10~7 - 14 x-10"7 Ci/(m2-h)). Plastic coated
clothes and respirators with goggles were used to protect personnel from the radioactive dust
and aerosols. When necessary personnel were provided with breathing air masks connected to
a supply of clean air. Protective overalls were replaced several times per shift.
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When leaving the working hall, employees were subject to a preliminary
decontamination and contamination checkpoint in a washing station situated at the exit from
the hall. Then, outside the protective gate to the working hall, employees were again treated in
a special extension. Here they removed the protective overalls, and then passed through a
stationary contamination checkpoint.

Strict dose control was implemented at all work sites and in the working hall as a whole.
The floor in the hall, covered with stainless steel sheet, was washed repeatedly until all the
surface contamination was removed. A large number of pointers and explanatory pamphlets
were used to inform the workers. All the employees were provided with individual
electrodosimeters and individual film badges. The maximum permissible level of exposure
was set at 0.5 mSv (50 mR)-per shift. On average, the radiation exposure of personnel during
the 10-month period of the work was below the permissible limit.

3.2. Heavy water research reactor TVR
The heavy water research reactor, TVR, at the Institute of Theoretical and Experimental

Physics was commissioned in 1949 and operated for 37 years — until 1986. The design
power of the reactor was 500 kW; after reconstruction it was increased to 2.5 MW. In 1986
the reactor was inspected, and then shutdown for decommissioning.

From 1988 to 1997 the following decommissioning-related actions were undertaken:

(1) Radiation surveys were carried out for the core, support systems and facilities for
temporary storage of radioactive waste. The composition and specific activities of
reactor materials, and the surface contamination of equipment, pipelines and
experimental devices were determined.

Documents entitled "Technical and Economic Substantiation of TVR Reactor
Decommissioning" and "Technological Process of Reactor Structures Dismantling" were
developed

On the basis of the results of the radiation survey and the documents prepared the
following decommissioning operations were carried out: (1) unloading of the spent nuclear
fuel from the core to the water storage pool with subsequent transportation to the
radiochemical complex "Mayak"; (2) an inventory of heavy water; (3) dismantling of
equipment outside the concrete shielding; (4) decontamination of the reactor site.

In the course of decommissioning an important problem encountered was the tritium
generated in the heavy water during the operation of the reactor. The specific activity of the
heavy water, drained from the reactor and the primary cooling system, was 0.23 TBq/L. Inner
surfaces of the reactor tank and all the piping connected to the tank were subjected to vacuum
drying.

A special facility for purification of heavy water from the mechanical admixtures with
the aid of fibreglass filters was installed in the support systems compartment of the reactor.
After purification, the heavy water was placed in standard 30 L stainless steel drums. At
present these drums are stored in the warehouse of the Institute (without processing of the
heavy water). Because of the long lifetime of tritium (T1/2 = 12.3 year), and the high
permeability of tritium vaporous, the problem of heavy water management in the course of
TVR decommissioning continues to be topical.

After unloading the spent fuel the following equipment was dismantled: (1) pipelines
and components of the primary cooling system; (2) pipelines and components of the gas
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cooling system for the graphite; (3) vacuum systems of the reactor tank, primary and gas
circuits; (4) control systems, and experimental and auxiliary equipment.

Both standard and specially developed tools and facilities were employed in the
dismantling operations. All the work was carried out in isolated enclosures equipped with
exhaust-fans. Additionally, the workstations for gas or mechanical cutting of metal were
equipped with mobile ventilation facilities connected to the main exhaust-fan system.

After removal of the spent reactor fuel from the 6 m deep storage pool, 55 tons of
radioactive light water remained in the pool. This water was treated and transported to SIA
"Radon". The pool was decontaminated using specially developed technology and remote
equipment.

One of the most radiation-intensive operations was the removal of horizontal channels,
made in the form of "pockets" (300 mm length; 200 mm diameter), from the surface of the
inner vessel of the reactor. As the dose rate in the area of these channels was 250 uSv/h, a
special machine was developed and manufactured which carried out these operations. This
machine was installed in the reactor on a securely fixed base at a depth of 4 m. The machine
was equipped with a crown milling cutter and could be moved remotely in the horizontal
plane.

During reactor operation, (particularly, in the early years, when the centralized radwaste
storage facility was absent and experience in radioactive waste management was rather
limited), some radioactively contaminated areas (Pd=30 u.SV/h) were created on the reactor
site. Therefore, together with the dismantling activity, environmental remediation operations
have been carried out since 1990. As a result more than 200 tons of radioactive soil and
asphalt-concrete waste have been removed and transported to the disposal site of SIA
"Radon".

In general, the decommissioning project has been carried out successfully without
radiological impact on the environment and population, with a limited number of employees
involved, and with full adherence to the national standards and rules of radiation safety.

3.3. Heterogeneous research reactor WWR-2
The WWR-2 reactor is a heterogeneous, thermal neutron facility. Water is used as the

coolant, moderator and upper shielding of the reactor. The core loading of the WWR-2 is
4.5 kg of 235U; the maximum neutron flux in the center of active core is 4-x 1013 n-cm"2-s"'.
The active core of the reactor (a cylinder 400 mm in diameter and 500 mm high) consists of
assemblies of 10 mm diameter fuel rods. Structural components of the reactor (piping, grids,
tank, etc.) are made from aluminum alloys. The initial power of the reactor, as commissioned
in 1954, was 300 kW; after reconstruction in 1957 it's power was increased to 3 MW.

In 1983 the WWR-2 reactor was shutdown for reconstruction aimed at meeting new
safety requirements and targets for new programmes of experimental research. However,
under public pressure it was decided to start decommissioning operations instead of
reconstruction. During its 29 years in service, it had operated for about 150,000 hours.

To provide the necessary infrastructure for dismantling activities, an on-site storage
facility for unloaded spent fuel and high-activity structural components of the reactor was
constructed in 1983. In addition: (1) the building for the contamination checkpoint for
personnel was reconstructed; (2) the post for radiation and dosimetry control was upgraded
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with the necessary equipment; (3) special tools for dismantling operations as well as handling
and transportation devices were obtained; (4) special compartments for temporary storage and
conditioning of radwaste generated in the course of decommissioning were organized.

The dismantling operations were carried out in the following sequence: (1) investigation
of the radiation levels to be encountered during the dismantling with the subsequent
estimation of radiation doses; (2) unloading and transportation of spent nuclear fuel to the
special on-site storage facility; (3) decontamination of the primary circuit of the reactor; (4)
consecutive dismantling of equipment, pipelines and metal structures in the reactor hall and
pumping module; (5) demolition of the concrete shielding and removal of contaminated soil
with the sorting and transportation of waste to the temporary storage facility or to specially
prepared areas at the reactor site; (6) removal of non-radioactive waste.

After unloading the fuel and decontaminating the primary circuit, the following systems
were dismantled: reactor tank, rolling basket, structures of the water-shielding tank and cast-
iron blocks of the biological shield. Since the level of radioactivity of the equipment and
shielding had decreased considerably in the ten years since the reactor was shutdown (1983),
standard methods with some shielding adjustments were used in the dismantling operations.
To be specific, the metal structures were cut up using oxy-acetylene, plasma and contact-arc
cutting, and the handling and moving of the pieces was carried out with the aid of slings,
cables, pulleys, hand-winches and crane. The dismantling of the metal exhaust-pipe (42 m
high and 0.85 m diameter) was carried out in two stages: four upper sections of 30 m total
length were brought down, and then these and the lower part on the foundation were cut into
transportable pieces with an oxy-acetylene torch. These cylindrical pieces had bottoms
attached and were then used as containers for the radioactive waste removed from the reactor
site.

The total weight of the dismantled equipment, pipelines and metal structures (including
the components of radiation shielding) came to around 630 tons, of which 600 tons was
contaminated or had an induced activity and had to be treated as radioactive material.

The maximum level of gamma radiation from the cast-iron elements of the biological
shielding, located near the active core, was about 3 Sv/h. Operational liquid radioactive waste
(total volume - 14 m3; total activity - 2.6 x-1010 Bq) was stored on-site in metal tanks. Solid
radwaste (total mass - 70 tons; total activity - 3.1-x 1012 Bq) is in storage in the special
building. The rest of the solid radwastes were transported to Moscow SIA "Radon" for
processing and disposal. The spent nuclear fuel is currently located in the water pool of the
on-site storage facility, and will eventually be sent to "Mayak" for reprocessing.

During the five months of D&D operations the radiation doses that personnel were
exposed to did not exceed the official limit of 50 mSv/a. Continuous dose measurements
around the perimeter of the reactor site indicated that there was no radiation impact on the
surrounding population from the decommissioning work.

3.4. Reactor physical technical RPT
The uranium-graphite RPT reactor in Moscow was commissioned in 1952 with an

initial power level of 10 MW. After reconstruction in 1957 it's power level was increased to
20 MW. hi 1962 it was decided to decommission the RPT reactor, and to construct a new
research reactor MR (materials testing reactor) in the same building.

After unloading the nuclear fuel and dismantling the support systems the frame of the
RPT reactor together with the graphite stack was sealed "in situ" in concrete.
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The solid radioactive wastes (primarily the elements of support systems) were placed in
deep concrete modules in the reactor building. Low level liquid radwastes were stored,
without processing, in metal storage tanks.

In 1963 the multi-loops reactor MR was placed in operation in the same building. This
experience - "in situ" disposal of a reactor after fuel unloading and dismantling of equipment
with subsequent construction of a new reactor facility on the same place - was also used in
1993 as a decommissioning option for the S3VI-2 reactor.

3.5. Research reactor RG-1M
In 1970 an analytical complex to be used for neutron activation analysis of raw

materials and the end products was placed in operation at the Norilsk mining and
metallurgical complex. The complex included a 100 kW research reactor; five radiochemical
and two radiometric labs. A pool-type reactor, RG-1M, was placed in a 1.6 m diameter by 4.8
m deep concrete pit lined with stainless steel. The reactor pool (1.5 m diameter, 3.5 m high)
manufactured from titanium alloy and filled with demineralized water contained an active
core (60 fuel pins and 30 graphite reflectors), the channels for regulation and protection
systems, experimental and thermometric channels, ion chambers and some other auxiliary
equipment. The primary cooling system included a heat exchanger, a pump and filters for
coolant purification. The reactor was covered with a 430 mm thick cast-iron plate, equipped
with rotary plugs. The neutron flux in the active core was 2.3-x 1012 n-cm"2-s"'.

In 1998 it a decision was made to decommission the reactor complex.

3.5.1. Radiation situation

Based on the results of experimental investigations and radiological computations the
accumulated activities include: 5 x-1011 Bq — for 2200 kg of reactor components;
1.3-x 10u Bq — for the reactor pool liner; 7.4-x 1011 Bq — for the concrete; and 3.7-x
1010Bq — for all equipment in the radiochemical laboratories. Activity of the coolant did not
exceed 103 - 104 Bq-dmf3; surface p-contamination of the primary cooling system was 100-

0 1

200 cm" -min" . During construction of the facilities for the collection and storage of liquid
radwaste the dose rates varied from 4 to 18 pSv-h"1 (over the drainage pit); the walls were
P-contaminated up to 20 cm^-min"1; the flow — 150 ... 300 cm"2-min"'; external surfaces of
the waste storage containers — 100 ... 250 c m ^ 1

3.5.2. Decommissioning programme

The decommissioning concept and programme have been developed on the basis of
comprehensive engineering and radiation surveys.

The first stage of the DECOM programme — defueling the reactor and shipment of the
spent fuel to the radiochemical plant "Mayak" — was carefully planned and successfully
carried out in 1999. The subsequent stages of decommissioning include:

• dismantling and conditioning/containerization of in-reactor equipment and structures for
transportation to the radwaste storage/disposal enterprise "Radon";

• alteration of the existing radwaste storage facility (RWSF) and the reactor shaft into
stationary repositories for on-site disposal of both solid and liquid radioactive waste.

RWSF is an underground reinforced concrete compartment about 6 x 9 m in area and
5.5 m deep with a 5 mm thick steel liner and one upper inlet. This facility (as a part of the
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reactor complex) is situated in a permafrost mountain-mass, far from the dwellings and
industrial buildings of Norilsk. In the RWSF six installed LRW storage containers occupy
about 10% of the space.

Operational and decommissioning low level radwaste (a total mass of about 5000 kg)
containerized in 200 L metal drums will be placed in the compartment such that the distance
between anycontainer and the nearest wall is greater than 0,5 m. The total number of
containers in a compartment will be around 50. After the drums are in place they will be
surrounded with concrete up to their tops and covered with a concrete "pillow" 300 mm
thickness. The upper layer of the "pillow" will be hydroisolated. After that 1.5-2.0 m of the
bedrock will be spread over the repository to prevent the thawing out of the soil in the
summer period. For radiological monitoring observation boreholes 10 m deep are arranged
around the RWSF. It is envisaged that institutional control will also be applied.

The second facility for radwaste disposal is the shaft with the reactor tank inside from
which all the equipment has been removed and the coolant drained. The shaft is also concrete,
and covered by a 500 mm concrete "pillow" with hydroisolation and by 1.5-2.0 m of the
bedrock.

Safety analysis demonstrates that radioactivity will not penetrate the engineering
barriers for at least 300 years, and, in general, the disposal facilities meet present regulatory
requirements. All decommissioning activities are carried out under the control and
supervision of local and central offices of the state nuclear inspection agency.

3.6. Training reactor facilities VM-A and VM-4
Two prototype PWR nuclear power facilities (NPF) with power levels of 70 and

90 MW thermal, commissioned in 1968 and 1983 respectively, were operated at the USSR
Navy's Training Center (Paldisky, former Estonian Soviet Republic) until 1983 when both
reactors were shutdown for decommissioning. Each NPF, located in a special reactor
compartment, included the reactor itself, steam generators, pumps and other systems of the
primary and auxiliary circuits. All necessary equipment for process control was placed in
adjacent compartments. Both NPF were located in a common stand hall, 180 m long, 18 m
wide and 22 m high, equipped with two electrical bridge-cranes of 50 t hoisting capacities.

3.6.1. Radiation situation

The NPFs were operated in accordance with the regular programme of training courses,
a regime of operation containing rather frequent shutdowns. Normally the operating power
level did not exceed 20-30% of the nominal ones. There were no incidents or even any
deviations from the planned operating regime. There were no radioactive contamination
incidents recorded of the reactor sites or adjoining areas during their operation.

The dose rates encountered were:

• 0.12 and 0.15 u-Sv-h"1 — in accessible areas of VM-A and VM-4, respectively;
• 1.1 and 0.2 uSv-h"1 — in the reactor rooms;
• 1.9 and 0.23 jaSv-h"1 — on top of the reactor.

The total accumulated radioactivity (without nuclear fuel) was assessed as 1-x 1015 Bq
in VM-A and 3.9-x 1014 Bq in VM-4 with the following percentage of radionuclide
composition: 60Co — 31, 55Fe — 58, 59Ni — 1.2, 63Ni — 10.3. 99% of this activity was
concentrated in the reactor itself and in the iron water-shielding tank.
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This information was confirmed by the results of an independent radiation survey
carried out by American specialists in 1995.

3.6.2. Decommissioning programme

As the first inevitable stage of decommissioning, the nuclear fuel was removed from the
Training Center and sent to the radiochemical plant "Mayak" for storage and possible
reprocessing.

An International Expert Group (formed by the initiative of Estonian Government) with
participation of specialists from Russia, IAEA, and a number of Western European countries
critically analyzed a multivariate concept of the All Russian Institute of Complex Power
Technology, and selected a safestore option as the most preferable temporary decision for the
next 50 years.

Conservation of the reactor compartments (RC) was carried out as follows:

(1) the RCs were separated from the adjacent compartments which, in turn, were
completely dismantled;

(2) After unloading the fuel standard lids were put on the reactors and welded to support
frames; all the openings in the lids were hermetically sealed as well;

(3) the reactors and the primary cooling systems were drained; sorbents from the filters of
the coolant purification system were removed; all pipes related to the primary circuit
and drainage systems were sealed; some components and structures, located above the
biological shielding, were dismantled;

(4) reinforced concrete shelters were constructed around both RCs. In addition, for
shielding purposes, around 30 m of concrete were poured in RC Nl, and 41 m in RC
N2; the air inside the RCs was dried, and external surfaces of RCs were painted with a
special corrosion-resistant enamel.

The NPFs were thus transformed into a safe storage state, provided with three radiation
protection barriers: (1) hermetically sealed primary cooling systems, (2) hermetically sealed
frame and bulkheads of the reactor compartments, and (3) construction of shelters capable of
withstanding such external impacts as an earthquake of magnitude seven, an air percussion
wave, or the fall of heavy objects, etc.

The RCs do not require maintenance, active control or an energy supply for the duration
of the storage period. Periodic radiation measurements inside the shelter and air sampling can
be done through special penetrations in the walls of the shelters.

After five-years of observations the storage conditions are characterized as "normal".

Since 1999 Russian experts have participated in the development of a programme on the
RCs management after completion of the temporary storage period. Three main options are
under consideration: (1) on-site disposal of the RCs without dismantling; (2) dismantling of
RCs with subsequent conditioning and disposal of the radioactive waste generated: (3)
prolongation of the "safestore" period for up to 300 years.

The final solution has not yet been decided.

4. Lessons learned
Experience gained in research reactor decommissioning (or decommissioning related

activities) covers practically all the options potentially available and officially approved,
including:
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• partial dismantling, inspection, decontamination and following reconstruction intended for
facility life extension_(see 3.1);

• care and maintenance regime accepted at some research reactors in expectation of
dismantling operations;

• partial dismantling with in situ disposal of the reactor and subsequent construction of an
advanced apparatus in the same reactor building (see 3.4);

• dismantling of reactor and equipment, demolition of buildings with on-site temporary
storage of radioactive waste (see 3.3);

• complete dismantling of facility with environmental remediation of the reactor site -
green field state (see 3.2);

• decontamination and dismantling of reactor and radiochemical laboratories with on-site
disposal of radioactive waste (see 3.5);

• preparation of reactors for "passive" long term storage — "safestore " concept (see 3.6).

The choice of a D&D option depends on the cost of the project, which may vary widely
(Table I). However economics is not the most crucial reason. As usual the combination of
technical, social (including public pressure) and political factors dictate the final solution.

A number of lessons can be learned about reactor materials behaviour from practical
decommissioning experience. This information is important for proper organization and
implementation of dismantling operations. As examples one could mention the following:

Table I. Comparative costs assessment of decommissioning options*

1

2

3

4

5

6

7

8

9
10

Expenditures

Decontamination of
premises, equipment and
pipings:

decontamination systems
operational expenditures

Deep decontamination of
scrap metals:

techniques
operational expenditures

Preparation for safestore:
capital investments
running expenditures

Maintenance of facility

Supply of remote equipment

Dismantling:
reactor
equipment, piping, etc.

LRW processing

IRW processing

Radwaste disposal
Total

Decommissioning after safestore period (years)
5 • . •

without
decont.

-

0.35
0.80

0.90
2.24
-

30.0

31.0
9.81
0.03

4.18

9.48
89.23

decont.

1.0
0.5

0.35
0.80

0.90
2.24
-

30.0

31.0
3.27
0.31

4.18

9.48
84.03

30

decont.

1.0
0.5

0.35
0.80

2.88
3.20
8.74

16.0

22.3
2.97
0.31

2.09

7.11
68.25

50

decont.

1.0
0.5

0.35
0.80

3.88
4.40
15.73

15.0

18.50
2.70
0.31

1.46

6.64
71.30

100

decont.

1.0
0.5

0.35
0.80

0.91
5.60
17.00

14.0

16.50
2.50
0.31

1.05

5.69
76.27

Costs are given in arbitrary units.
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• under the "normal" operation of uranium-graphite RRs the areas where the maximum
changes to graphite properties occur is on the periphery of the core near the upper and
lower bounds of the stack;

• the uranium from a damaged fuel element remains in the clearances between the blocks
and between the columns within an area encompassing a few cells around the damage
point. The greatest concentration of uranium is observed in between the ends of the
blocks. Because of that it is impossible to completely remove the uranium. During reactor
operation this uranium accelerates degradation of the graphite and contributes to
radioactive contamination of the cooling gas;

• serious corrosion damage takes place at the points of the contact between aluminum and
stainless steel, etc.

Both domestic and foreign decommissioning experience clearly demonstrates that "as-
built" drawings do not always reflect current conditions and sometimes do not include
important data, e.g. information on the weight of components that may be have to be handled
during decommissioning, or on the chemical composition of materials, etc. To overcome
possible problems:

• it is advisable to start a decommissioning project as soon as possible after shutdown while
the memories of operating personnel are fresh enough to validate support documentation;

• the drawings have to be checked as much as possible, e.g. by visual inspection;
• personnel need to be continuously reminded that when they find conditions different from

those expected, the work must be stopped and management consulted before work can
continue;

• sufficient time must be allocated for the development of the decommissioning strategy
and preparation of a decommissioning plan;

• decommissioning tools should be designed and fabricated with sufficient flexibility, etc.

The most important concerns, in the projects discussed, relate to decontamination and
radioactive waste management issues, which may give rise to serious difficulties in D&D
activities caused by the lack of appropriate methods or techniques and the lack of capacity for
storage and/or disposal of decommissioning waste. The overall results clearly demonstrated
the validity of such concerns.

5. Advanced processing technologies
In accordance with national regulations, obtaining a license for decommissioning (or

even for facility life extension) requires one to demonstrate that all the radwastes accumulated
at a reactor site can be removed or transferred to an environmentally safe form, and that all
waste expected to be generated during the decommissioning process will be adequately
managed.

Typical liquid radioactive wastes are a rather complex composition of non-radioactive
substances (toxic or harmless, chemically active or inert) containing a very small weight
percentage of radionuclides. This circumstance has to be taken into account because the
presence of large amounts of "secondary" compounds in the radwaste may lead to:

(i) the needless increasing of the volumes of conditioned waste by including non-
radioactive macrocomponents in the final form;

(ii) the limitations in selection of appropriate isolating matrices owing to the specific
properties of chemical compounds; and

(iii) the serious difficulties in extraction/isolation of radionuclides.
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Such a situation is typical for "historical" wastes from research reactors, which
normally have a complicated character in respect to chemical composition, specific activities
and concentrations of organics (Table II).

The obvious objectives of processing technologies for these wastes are:

(i) the separation of macrocomponents (solids and water) in a form which allows them to
be stored without special precautions (preferably as non-radioactive waste) or to reuse
them in technological processes; and

(ii) the concentration of radionuclides in the smallest volume possible and in a form which
reliably isolates the activity.

The presence of complexing organics makes it practically impossible to employ such
traditional techniques as adsorption or ion-exchange for the isolation of polyvalent
radionuclides. Careful analysis of the data available and a critical review of the fundamental
physico-chemical interactions indicates that organics may have a strong influence on the
effectiveness of liquid radwaste decontamination from monovalent 137Cs, as well. Generation
of neutral associates of cesium with organic anions is initiated by sodium nitrate, and makes
137Cs inactive in respect to selective sorption. The amount of such associates is assessed to be
of about 0.1% of the total cesium concentration, but it means that the removal of organics
from the radwaste may dramatically increase the decontamination factor (by a few orders of
magnitude). Thus removal of complexing organic constituents is one of the key preconditions
of the treatment of liquid radwaste.

Table II. Inventory of liquid evaporator concentrates stored at AM reactor

Parameter

Density, kg-m"3

pH
Dry remainder, g-dm"3

Na, g-dm"3

K, g-dm"j

Fe, g.dm"3

CCO, g(O2) dm"j

NO3", g-dm"3

Cl",g-dm"J

SO4
2", g-dm"3

Silocoacid, g-dm"3

Soaps, g-dm"3

Oils, g-dm"3

Extracted greases, g-dm"3

Anionic surfactants, g-dm"3

1J /Cs, Bq-dm"j

yuSr,Bq-dm"3

a-emitters, Bq-dm"3

Uranium, Bq-dm"3

Plutonium, Bq-dm"3

Americium, Bq-dm"3

Curium, Bq-dm"3

Content
TankOV-175
1991
-
>10
550
-
-
1.55
252
196
14.4
-
29.3
16.5
4.5
3.1
162
4.7-10*
-
3.8104

2.0-103

2.4-103

3.2-104

1.6-103

1996
1.28
13.6
540
130
3.2
-
156
177
18.0
27
-
13.0
-
32
122
3.810s

<103

5.3-104

6.3-103

5.7-103

4.1-104

<103

Tank OV-176
1991
-
>10
376
-
-
1.35
155
142
6.3
-
12.8
10.0
12.5
5.7
117
4.210 s

-
2.0-104

<103

<103

7.7-103

1.2-104

1996
1.23
13.3
400
110
2.3
-
118
150
14.0
20
-
8.0
-
14
75
3.810s

<103

1.9-104

1.3-103

1.3-103

7.7-103

8.4-103

1997
1.24
-
410
90
3.0
-
100
195
11.4
-
-
2.5
-
33
41
4.810s

-
-
-
-
-
-

183



The method of electro-stimulated destruction (ESD) of organics has been proposed to
achieve this end. The original idea of the ESD method is based on the following reactions for
cathodic reduction of molecular oxygen:

O + 4e -> AOH

HO~ + OH~

The anode of the ESD cell is fabricated from lead dioxide. The gas-diffusive cathode is
made from a special hydrophobic electro-conductive material able to absorb of about 500
volumes of oxygen; the oxygen coming from air pumped into the gas chamber of the system.
The principal advantage of ESD is the intrinsic safety of such a "destructor" as compared to
water electrolysis with the generation of hydrogen.

The effectiveness of the ESD method is compatible with traditional methods (ozonation,
electro-chemical oxidation). Its advantages are:

- energy consumption is reduced by a factor between 6 and 20 (depending on the nature
of compounds destructed);

- the equipment needed is about 40 times smaller;
- initial investments and operational expenses are lower;
- it can be applied to solutions containing up to at least 400 g-dm"3 of salts content; and
- it guarantees that no "ratting mixture" is generated.

Pilot-scale trials have clearly demonstrated that, in some cases, the employment of the
ESD method for processing of radioactive liquid concentrates removes the necessity for any
ion-exchange decontamination stage, since polyvalent radionuclides are separated:

(a) by co-precipitation and subsequent filtration, and
(b) by selective sorption together with cesium.

The volume of the concentrates treated can be reduced 200-500 times and most of the
activity can be transformed into a solid form. The residual activities of 60Co and 137Cs in the
product water are less than 3 Bq-dm"3 (below detection limit of the analytical equipment used)
while initial concentrations were 4.0 x-105 and 6.3-x 106 Bq-dm"3, respectively. Electricity
consumption is about 20-25 (A-hour)-dm'3. This scheme was successfully employed for the
treatment of borate solutions containing the evaporator residues from the NPP, with the
WWER type reactor, and now an "advanced version" of the scheme is being tested for
application to the "historical" waste from research reactors.

The "advanced version" is a self-supported, self-regulated ESD system that does not
require any external energy source. Cells with gas-diffusive cathodes and special anode-
adsorbents have been constructed and investigated in depth under laboratory conditions.
Unlike the cells with an external power supply, these systems have somewhat lower
productivity and consume pure oxygen. Nevertheless, an independent, self-regulated
destructor provides obvious advantages for rendering both radioactive and chemically toxic
wastes. At present the "hot" tests are being conducted at the AM reactor in Obninsk.

The destruction technique, developed in SPIT, offer several advantages that are inherent
in the system. First, the oxidation/destruction processes are accomplished at near ambient
pressure and temperature. Second, all waste stream components and most oxidation products
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are contained in an aqueous environment that acts as an accumulator for any inorganics which
were present in the original waste stream, and also provides a thermal buffer for the energy
released during oxidation of the organics. Third, the generation of secondary waste is
minimal, as the process needs no additional chemicals. Finally, the entire process can be shut
down by simply turning off the power (or shutting off the oxygen supply), affording a level of
control unavailable in some other techniques.

However, the wide diversity of radwaste (with regard to chemical and radionuclides
composition; properties and concentrations of inorganics contained; presence of insoluble
deposits, complexing organics, etc.) does not permit the effective use of the same technology
for all the waste streams. Thus it is logical to have a set of functional modules that enable one
to choose the appropriate technological approach, depending on the waste compositions and
the ultimate goals of processing.

To develop this concept the various experimental capabilities, theoretical ideas,
practical experiences and creative energies of the investigators from SPIT, the Alexandrov
Research Institute of Technology and St. Petersburg State University have been collected
within the framework of the St. Petersburg R&D Initiative (SPRDI). The intentions of the
SPRDI Group are to develop an industrial mobile facility equipped with a family of flexible
functional modules. These plans are based on the results of preliminary R&D that has already
provided essential information needed to resolve the problem.

In particular, the technology and modular unit for treatment (MUT) of low level
radwaste has been developed and tested in semi-industrial conditions. MUT involves basic
functional modules for microfiltration, ultrafiltration, reverse osmosis and ion-exchange, as
well as auxiliary modules for the radwaste preparation, softening, and spent resin
regeneration. The modules are arranged in two purification lines (Figure 4).

Ultrafiltration
module

Microfiltration
module

LRW
preparation

module

Module
for softening

of concentrates
with reagents

r JT\

Reverse osmosis
module

Microfiltration
module

XJ

Ion exchange
module

Source LRW

Resin
regeneration

module

Intermediate tank (concentrate) Purified water

Figure 4. Flowchart of the modular membrane-sorption unit for concentration of liquid radioactive
waste.

The capacity of MUT is 0.5 m3 per hour. The product water is subjected to continuous
radiation and chemical monitoring. MUT has treated more than 500 m3 of liquid radioactive
waste with the following characteristics: 10 — 100 mg-dirf3 of suspensions; 1 — 43 mg-dm"3

,-3 -3of corrosion products; 1.3 — 27 mg-dm" of ammonia; 1 — 24 mg-dm" of oil products; 0.24
-3— 0.36 mg-dm" of surfactants. The initial specific activity was between 3.7-x 10 and
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3.7-x 104Bq-dm"3 the final product had less than 37 Bq-dirf3

maximum permissible level for 90Sr).
(the National Standard

In addition to MUT, the facility described above includes a modular unit for
conditioning (MUC) which converts the radioactive concentrates into a stable solid form and
packages it in suitable waste containers (Figure 5)

The unit provides for the cementation of compounds directly in barrels, which are fitted
with built-in mixers. The process does not require the handling of cement slurry and
minimizes the risk of radioactive contamination in the work areas. The concentrates that arise
in MUT are solidified with a solution/cement ratio of about 0.7, and with the addition of
10 weight % of environmentally innocuous sorbents (clay, vermiculite, zeolite, etc.).

The maximum release of radiocesium into the environment (e.g. in the case of
accidental flooding of the storage/disposal facility) is assessed to be no more than 2% of the
initial activity for Portland cement; 1% for slag Portland cement, and 0.3% for alumina
cement (leaching rate comes to 1-x 10"5 g-cm"2-day"1}. The leachibility of heavy metals is 50 to
100 times lower than that of cesium. This solidified waste meets the regulations for storage in
engineered facilities and for disposal in shallow repositories.

The prototype modular facility has already been successfully employed for LRW
processing at several enterprises in the Far East and the Northest regions of Russia. To expand
its usage and to improve treatment technology and/or safety and reliability of the conditioned
radwaste, a number of other options are under consideration within the framework of SPRDI.

Intermediate

LRW tank

ofMUT

Equipment control
system with operator's

post

Module for storage,
supply and dosing

of compound
components

Module
for LRW receiving
supply and dosing "•

Module
for mixing and

output of compound ^ ^

Module
for sealing

of containers

System
for procedural control

of parameters

Radiation
and dosimetry control

system

To interim storage and burial

Figure 5. Flowchart of the LRW solidification unit.

An epoxy-acrylic composition was selected as a prospective material for solidification
of radioactive concentrates. This composition can be produced in air by ionizing radiation at
ambient temperature with technologically acceptable doses. After conversion to a 3D-form
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epoxy-based compositions acquire unique properties: high thermal resistance (up to 540 K);
good physico-mechanical characteristics (compression strength up to 240 MPa, bending
strength up to 1200 MPa; Brinell hardness up to 250 MPa); excellent water and oil resistance;
high radiation stability (at least up to 100 MGy); and low leachibility (less than 10"6 g-cm"
2-day"1). The thermal conductivity of the composition is between 0.5 and 1.0 W-rrf'-K"1, and
can be increased by an order of magnitude by the addition of boron nitride.

In order to decrease the dose required for final "solidification", i.e. formation of a stable
3D-structure, special stabilizers based on 3-ethylen-4-amin (TETA) can be used. Experiments
have demonstrated that the dose for final solidification can be decreased to 1.0-1.5 kGy with
the addition of 1-3% TETA, while the initial TETA-doped epoxy-acrylic composition is
viable (suitable for application) for 30 days after mixing.

It is important to emphasize that solidification does not required an external radiation
source. The process is carried out by exposure to the ionizing radiation of the radwaste
incorporated in it. Stable forms can include up to 60% of radioactive concentrates.

The simplicity of this technology and the good performance characteristics of the
conditioned radwaste have stimulated efforts to develop corresponding equipment for
subsequent use as "solidification" modules either in the existing MUC or as an independent
facility.

A considerable volume of data has been obtained on the incorporation of simulated
radioactive waste (typical metal oxides with addition of ~1.7% of Sr, and 5.35% of Cs) into
silicate ceramic matrices additionally protected with glass-like or ceramic-type isolating
coatings.

The matrix itself was a mixture of calcine with quartz and AI2O3 in proportion
1.0:0.84:0.16. A protective coating was prepared from naturally occurring materials typical to
the Northwest region: granite and nepheline syenites incorporated in the tails of apatite ore
with sodium carbonate being added as a flux. After cold pressing the samples were sintered at
900 °C for one hour and cooled down to room temperature in an air-hardening mode.

Research indicated that protective coatings of the standard 10-12 mm thickness
synthesized from the naturally occurring materials could ensure safe contact of the ceramic
radwaste forms with underground waters for several hundred years, i.e. for a period sufficient
for the decay of 90Sr and 137Cs. Adaptation of the laboratory methods to industrial conditions
(preferably to the conditions of a mobile facility) is considered as one of the objectives of
SPRDI.

An engineering analysis of innovative technologies already carried out within the
framework of SPRDI confirms the validity and practicality of the approach adopted.
Variations of the number, succession and predestination of technological modules enables one
to provide optimal conditions for the treatment and conditioning of practically any waste in
accordance with the set goals which, in turn, can be different depending on the waste type,
prehistory of the waste storage, transportation and disposal requirements.

In addition, in the framework of the DEW AM project, rather promising results have
been obtained on managing such specific decommissioning waste as activated graphite that
had been contaminated with fission products. This technology involves covering the
decontaminated graphite blocks with composite metallic coatings. Potentially, "conditioned"
graphite waste can be stored in simplified facilities or disposed of in geological formations.
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However additional "hot" tests are required to demonstrate any advantage of this method over
others.

The CRP project's group has also contributed to the development of industrial
technology for deep treatment of metal waste created during the decommissioning of nuclear
installations. A new facility for decontamination remelting of metal scrap was put into
operation in April 2001.

6. Decontamination technology for environmental restoration of nuclear installation
sites

At present there exists a broad spectrum of technologies for decontamination of both
man-made and natural objects. The database created within the framework of the DEWAM
project includes more than 100 domestic methods and techniques potentially applicable for
decommissioning purposes but not always commercially available and often requiring
modification to be employed in a given decommissioning project.

Under these circumstances the efforts of the CRP project's group in the
decontamination area were logically concentrated on the solution of concrete problems by
means of reasonable adaptation of known technologies or combinations of methods and
techniques (with necessary improvements and/or modifications) to the site-specific
conditions.

Two such projects deserve mention in the context of the present overview. These are:

(1) the design, development, and fabrication of a facility for decontamination of surface and
drainage water collected at the radwaste storage and disposal site of SIA "Radon"; and
the development and "hot" testing of soil-washing technology for environmental
remediation of a decommissioned laboratory site.

It is clear that both situations (contamination of soil and drainage water), in one way or
another, could be typical of research reactor sites.

The facility for the purification of surface and drainage waters contaminated with 137Cs,
90Sr and plutonium involves an electrochemical cell with a dividing electroconductive
membrane; a cascade of mechanical filters (quartz filter and polymer filter with a pore size
from 1-20 urn); and a cascade of sorption filters based on the strong cation exchanger KU-2-8
and the selective sorbent "Ferrocyanide NZA". It was demonstrated that the expensive
synthetic sorbents NZA with a relatively short working cycle can be successfully replaced by
modified natural sorbents based on mordenite, clinoptilolite or glancomite.

Semi-industrial trials reliably demonstrated the effectiveness of the technology
developed. In particular, decontamination factors were defined as 150-500 for 137Cs (Ajn.<
5.6 x 103 Bq-dm"3); 100-150 for 90Sr (Ain < 1 x-103 Bq-dm"3) and more than 300 for
plutonium (Ajn.< 2 x-103 Bq-dm"3). Capacities of natural Cs-selective sorbents and ion-
exchangers were assessed to be about 103 and (5-6)- x 102 column volumes, correspondingly.

The second project, the decontamination of soil, has been carried out for environmental
restoration of the Shkipersky Protoc site situated almost in the downtown of St. Petersburg at
Vasilievsky Island. As a result of past bad practice, the urbanosoil (sand, clay, builder's
refuse, peat and the scraps of wood) is contaminated with 137Cs and 90Sr up to a level of
1 x 105 Bq-kg"1. The distribution of activities is close to equilibrium with some concentration
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of radionuclides in the organic constituents. Leachibility of cesium and strontium by the
natural water is nondetectable on a real time scale.

Soil-washing technology was proposed as an alternative to soil excavation with
subsequent transportation and disposal of more than 10000 ton of waste at Leningrad Special
Enterprise "Radon".

In laboratory experiments the following factors, which influence the effectiveness of
decontamination, have been investigated and optimized: composition of washing solutions,
temperature of mixing, the rate of passing the solution through the column with soil, ratio of
solution's volume to the mass of soil, and concentration of reagents.

As a result, 4-5% aqueous solution of HCI was selected as an optimal washing fluid
with the soil/solution ratio of 1.3:1. The spent decontamination solution was recycled after
electrochemical regeneration. Secondary wastes were neutralized and evaporated to dryness.

Application of this technology decreased the mass of radioactive waste from 10000 tons
to approximately 50 tons (secondary decontamination waste and some soil). Less than
3000 tons of soil must be transported to the "normal" dust heap, and the rest is suitable for
unrestricted use.
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