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ABSTRACT

There are three principal ways to approaching the non-waste nuclear cycle: radical reduction of the long-lived
radioactivity generation; creation of the effective reuse procedure and, at last, radioactive waste transmutation.
Unlike nuclear fuel cycle, the drastic reduction of the waste arising from the design materials cycle can be
reached without need to address the technologies of burning or transmutation of the long-lived radioactive
nuclei.
The study shows the great potential of the nuclear technology in respect of the cardinal solution of the NPP
decommissioning problem and decreasing of decommissioning cost. The key issue of the solution is a radical
reduction of the radioactive waste arising from the decommissioning procedure. Generalizing, one may come to
conclusion that approaching the non-waste nuclear technology consists in the further developing of the nuclear
power infrastructure to a self-contained system including: innovated NPPs (more safe and generating less
amount of decommissioning waste), plants for reprocessing fuel and exposed design materials, storage facilities.
The paper contribute to the notion that such activity is economically and ecologically expedient.
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1. INTRODUCTION

To form a system view on the NPP decommissioning problem one should begin with the question: what kind of
nuclear power is he dealing with - growing or declining? Could the experience already got or will be got during
the process of the first NPP generations decommissioning be of use to revise design decisions for future nuclear
installations or there is no chance for decommissioning procedure improving for the reactors of the next
generation? This study is based on an anticipation of the nuclear power prolonged development and aimed to
contribute in making a prospect for nuclear technology to become more sustainable and acceptable.
When thinking over the decommissioning situation in the nuclear power in the whole and, specifically, summing
up the own experience related to experimental studies and calculation analysis at the stage of the fast reactors
preparation to decommissioning, the authors of the paper come to general conclusion that decommissioning
issues in themselves are of a technical nature while really principal and fundamental are the issues of the waste
arising from the decommissioning. Accordingly, a cardinal solution of the decommissioning problem is
reasonably to look for in approaching the non-waste principle realization.
The main goal of the paper is to consider the problem of decommissioning not as a specific procedure limited by
the NPP site and narrow frameworks of time but as an important component of the general strategy for the
nuclear cycle development.

2. AN IMPORTANT INDEX OF THE RADIOACTIVE WASTE REDUCTION

The management of radioactive materials arising from the decommissioning is a problem of the same scale as
the management of radioactive materials arising from the use of nuclear fuel. Actually, our estimations show that
in the closed nuclear fuel cycle one may expect about 8-15 m3 /GW of high-level waste and about 100 m3 /GW of
middle and low-level waste annually resulted from the fuel management. At the same time the stage of
decommissioning will produce about 2-5 m3 /GW of high-level waste and about 300-400 m3 /GW of middle and
low-level waste when reduced to annual rate. Some indices of radioactive waste arising under decommissioning
of the different types of the NPPs are shown in Table 1. The amount and inventory of the waste significantly
depends on type of reactor but in any case for all of them a great deal of the decommissioning waste is produced.



Table 1. Inventory of the radioactive waste for different types of reactors in existence, normalized GWe, tons.

Radioactive material
Activated material:
Steel
Graphite
Concrete
Na
Activated total
Contaminated material:
Steel
Concrete
Contaminated total

TOTAL

Graphite-Gas Reactor

12000
10000
2400

24400

24000
600

24600
49000

PWR

800

1900

2700

3900
2000
5900
8600

BN

5500
30

470
1300
7300

700

700
8000

It seems expedient from the system analysis point of view to consider the design (decommissioned) materials
cycle (DMC) in the same manner as the nuclear fuel cycle (NFC). Generally speaking, the spent materials arising
during the NPP operation should also be classified as decommissioned materials and attributed to DMC. Figure
1 shows that essence of the both chains being realized in the frameworks of a nuclear technological cycle is
practically the same.
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FIG. 1 Different Levels in Nuclear Fuel and Design Chains.



The crucial question which was a subject of discussions for decades in respect of NFC: to close or not to close it
- is also arising as regards DMC. For the time being the nuclear science and engineering have a little to suggest
except of the open DMC for the most precious exposed materials used in the reactor core and shielding while
recycling of materials in the non-nuclear industry has reached nowadays significant levels (in steel
manufacturing the percentage of scrap used approaches 95-100% in the electric furnace industry [1]). For the
time being the index of recycled metals and other precious design materials is one of the most evident drawback
of the nuclear technology.
Fortunately, there are no political obstacles related to the non-proliferation arguments in respect to design
materials reprocessing. That's why it's not excluded that the idea of the decommissioning materials closed cycle
will find more agreement in nuclear countries and will be realized all over the world before the consensus on fuel
materials recycling is reached. Absence of the political obstacles does not mean that all environmental and
economic problems of the NPP design material reuse can be easily resolved. Some of them are discussed below.
The general consumption of design materials M in any technology can be estimated by the simple equation

M = M 0 ( l + w + W + w 2 + . . . + W 8 + . . . ) = — (1)
1-w

where Mo - materials needed for the nuclear installations of the first generation; g - current number of generation; w - waste
ratio; r=l - w - reversibility (reuse) factor.

It can be easily derived from equation (1) the utmost importance of the reuse factor increasing, since having
reached r = 1 (for equilibrium state of the electricity demand) the technology consumes no natural resources for
design needs excluding initial ones, produces no waste and has all preconditions to be called ecologically clean.
Of course, non-waste recycling is a theoretical maxim but the goal may be formulated in more realistic terms in a
manner of well-known ALARA principle: to keep waste index "w" as low as it can be reasonably achieved.

3. DIRECTIONS OF APPROACHING TO THE NON-WASTE NUCLEAR DESIGN MATERIALS CYCLE

There are three principal ways of approaching to the non-waste nuclear cycle: radical reduction of the
radioactive source and, hence, radioactive waste production; creation of the effective reuse procedure and, at last,
radioactive waste transmutation. Unlike NFC, the drastic reduction of the waste arising from the design materials
chain can be reached without need to address the technologies of burning or transmutation of the long-lived
radioactive nuclei.

But to decrease significantly the quantity of the waste coming from DMC it is necessary to revise a lot of
technical and technological decisions of a tradition, preserving those of them which meet the more strict waste
criteria and seeking for the new ones, if not. Innovations may affect the design of the future advanced nuclear
installations, the purity of the materials used, demands for the technologies applied and the severity of the units'
operational regulations. From the standpoint of the authors, directions of scientific and engineering activity and
social aspects must be envisaged to make an appreciable progress in realization of the non-waste principle for
DMC: development of the analysis, computer codes and nuclear data base to get a new level of an accuracy for
radwaste characteristics; revision of the nuclear installations' design and technologies on the ground of more
strict waste requirements; creation of the reuse and recycling industry; concern in respect of radioactive materials
proliferation; etc. There are a lot of important tasks in the frameworks of these directions. Some of them are
listed in Table 2.
In course of the last 5-10 years the directions and tasks which are pointed out in Table 2 were investigated with
different extent of elaboration by the specialists of the IPPE Scientific Center (in parallel with solving the
practical problems connected with decommissioning of the First NPP, BR-10, BN-350, BN-600 and other
nuclear installations). In the paper the discussion will be focused on the issues of design and technologies
improving while other three directions will be only indicated.
The residual activity and waste amount calculations has been fulfilled in the frames of the methods and codes
being usually used for the design analysis. The only distinction is the more elaborate appreciation of the
radionuclides generation in the reaction chains induced by neutrons. For this purpose a code similar to the well-
know code FISPACT [2] was developed and the FISPACT itself was used for the validation. Activation cross-
sections were taken from a special division of the ABBN -93 library [3]. Altogether, more then a hundred
neutron reactions on the main components and impurities of the coolants were considered.
When concentrations of long-lived radionuclides and the design materials' flows were calculated, the analysis
was carried out to answer the key question: how sensitive is the amount of radwaste to design improving? How
much of spent materials could be recycled immediately or free released after 50-100 years period of cooling
down? If reuse or release from the radioactive control is possible, then the procedure of the material final burial
is not necessary and the problem of technological materials arising from decommissioning is converted into the
inner problem of the nuclear power, much less exposed to the verdict of the public.



Table 2. Directions of scientific and engineering activity and specific tasks in approaching the non-waste
principle for decommissioning materials cycle

Directions of scientific and
engineering activity

1 .Fundamental studies

2. Revision of the nuclear
installations' design and
technologies

3. Development of the
effective post-operational
system of radwaste
management

4. Organizational measures to
mitigate decommissioning
problems

Specific tasks

1.1 Development of nuclear chains calculations: nuclear data, methods and
codes. Error estimation. Sensitivity analysis

1.2 Increasing of the accuracy of the experimental methods for impurities
and low-level activity measurements

1.3 Correction of the activity concentration exemption levels
1.4 Exposure of the low-level activated materials and direct experimental

studies of their properties
1.5 Economic analysis

2.1 Determination and use the dependence between type of reactor and
specific waste generation

2.2 Determination and use the dependence between installed capacity of the
reactor unit and specific waste generation

2.3 Strengthening of the anti-activation shielding of the design and
constructive materials

2.4 Search and implementation of the low-level activated materials for a
design and for a coolant

2.5 Reduction of the fission and corrosion products contamination with the
technical and technological measures

3.1 Assessment and use of the decontamination potential as a way for direct
exemption

3.2 Direct reuse of spent design and technological materials (a coolant,
radiation shielding, etc.) after technological procedures of purification

3.3 Determination of the economic and ecological expediency for the waste
of high-level and middle-level activity recycling

3.4 Determination of the economic and ecological expediency for the
fabrication industry based on recycled and refurbished materials

4.1 Creation an effective system of non-waste activity funding
4.2 More strict regulation on decreasing activation and contamination
4.3 Development of the organizational measures ensuring the principal of

radwaste materials non-proliferation

For the last time the exemption procedure and exemption level standards were corrected significantly. Probably,
the existing ones should not be considered as finally determined. At least, the authors observe the tendency for
the process to converge. Thus, for the time being, the standards accepted in Russia [4] are in a good agreement
with International Basic Safety Standards [5]. The exemption level technique defined in [5] is very convenient
for practical use and it was applied in the paper. The exemption standards suggested in [6] were taken as basic
ones. For the cases when necessary data were absent in [6] the exemption levels from [4,5] or even own
estimations of the authors were used.
So, the main index which is of interest in the paper is total amount of radwaste for final disposal. The less
radwaste - the better for the technology used. Together with the total and specific amount of radwaste another
indicative criteria can be used. The point is that in the course of ten-years NEA Cooperative Program on
Decommissioning (1985-95) [7,8] an important dependency was established, namely: the cost of
decommissioning procedure follows directly the amount of the radwaste aimed final disposal. The cost of final
disposal was esteemed as 20,000 US $ per ton of waste including intermediate storage, package and
transportation. Evidently, this monetary index is much more convenient in determination of the effect which
different measures contribute to the total decommissioning cost decreasing.


