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FOREWORD 

This report covers the progress of research work and activities started and developed 
during 1992 in the framework of the five-year programme (1990-1994) of the European 
Energy Community on "Management and Storage of Radioactive Waste". This R&D 
programme has been adopted by decision 89/664/EURATOM of the Council of the 
Ministers of the European Community on 15 December 1989. 

The total amount of funding allocated to the programme is 79,6 million ECU over the 
five-year period. 

The Council Decision, together with the technical content and the indicative Community 
financial contributions for the individual sections of the programme, has been published 
in the Official Journal of the E.C., Nr. L395, 30.12.1989, p. 28-32. 

The programme is subdivided in : 

Part A : Waste management and associated R&D projects 
Part B : Construction and/or operation of underground facilities open to 

Community joint activities. 

A call for research proposals has been launched (OJ. of E.C. Nr. C55/4, 7 March 1990) 
to implement Part A of the programme through shared-cost research contracts with 
public organisations or private firms established in the Member States. Multipartner 
projects have been encouraged. 

Contract negotiations for the selected research proposals lead to the signature of 115 
contracts for both Part A and Part B of the Programme. The number of research 
projects running in 1992 are 105. 

The Commission is responsible for implementing and managing the programme and is 
assisted in this task by the Management and Coordination Advisory Committee "Nuclear 
Fission energy - Fuel cycle/processing and storage of waste" (see the annexed list of the 
Members of the Committee). 

In addition to shared-cost research contracts, the programme also includes study 
contracts, awards of training and mobility grants, as well as international co-operation 
agreements with states outside the Community. 

The co-operation among various teams within the Member States has considerably been 
promoted by the numerous multi-partner research projects. 

The presentation and discussion of the work carried out during periodical progress 
meetings of working groups of the various projects assures the exchange of information 
within contractors and representatives of public and private institutions in the Community 
which are interested in the specific research area. 

In order to provide a world wide information on the Community's activities in the field 
of the radioactive waste a biannual newsletter "EC-FOCUS" is edited. 
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In this report, the objectives, the working programme and a synopsis of progress and 
results obtained for each contract in 1992 are presented as prepared by the contractors, 
under the responsibility of the project leader(s). 

The Commission wishes to express its gratitude to all scientists who have contributed to 
this report. 

The previous annual progress reports of the programme are : EUR-11089 (for 1986); 
EUR-11482 (for 1987); EUR-12141 (for 1988); EUR-12761/Vol. 1 and 2 (for 1989) and 
EUR-14418 EN (for 1991). The overall results achieved including the progress of work 
for 1990 during the programme 1985-1989 have been presented and discussed at the third 
European Community Conference on Radioactive Waste Management and Disposal -
Luxembourg, September 17-21,1990 (Proceedings published under EUR-13389 - Elsevier 
Appi. Science Publisher). 

S. ORLOWSKI 
Head, Radioactive Waste and 

Fuel Cycle Division 
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PARTA 

WASTE MANAGEMENT AND ASSOCIATED R&D PROJECTS 

Al : STUDIES OF MANAGEMENT SYSTEMS 

A2 : WASTE TREATMENT 

A3 : SAFETY OF THE MULTI-BARRIER SYSTEM OF GEOLOGICAL DISPOSAL 



Al: STUDIES OF MANAGEMENT SYSTEMS 

Taskl 

"Studies of Management Systems" 

Topic 1 : System studies 

Topic 2 : Harmonisation of radioactive waste management practices and policies 

Topic 3 : Comparative assessment of disposal practices in various management 
schemes for toxic and radioactive waste 

Topic 4 : Information of the public 

Topic 5 : Transmutation studies 



Taskl 

Topic 1 : System studies 

Contract 

FI2W/0037 Study on depleted uranium (tails) and on uranium residues from 
reprocessing with respect to quantities, characteristics, storage, possible 
disposal routes, and radiation exposure. 

FI2W/0041 Waste management studies for large volumes of very low-level waste. 

FI2W/0044 Treatment, disposal, re-use of building demolition and site cleaning wastes 
from nuclear facilities. 

FI2W/0058 Treatment study of contaminated sodium with a view to decommissioning of 
FBR. 

FI2W/0067 Studies of minimising transport of spent fuel. 

FI2W/0119 Study of the retrievability of radioactive waste from a deep underground 
disposal facility. 

Topic 2 : Harmonisation of radioactive waste management practices and policies 

FI2W/0060 Assessment and proposal for activity limits for release of very low-level 
radioactive waste to landfills. 

FI2W/0066 Definition of reference level for exemption of wastes, suitable for 
incineration. 

Topic 3 : Comparative assessment of disposal practices in various management 
schemes for toxic and radioactive waste. 

FI2W/0042 Comparison of safety assessment methods for toxic and radioactive wastes. 

FI2W/0045 Study concerning the evaluation of toxic elements present in nuclear wastes. 

FI2W/0061 Disposal of radioactive waste and toxic waste in underground repositories. 

FI2W/0110 Use of methods and programmes developed in nuclear field for treatment 
and disposal of toxic and hazardous wastes. 
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Taskl 

Topic 4 : Information of the public 

FI2W/0036 Study of a communication strategy aimed at achieving a possible better 
understanding of the consequence of radioactive waste management in a 
well defined group of public. 

FI2W/0043 Information of the public in the field of decommissioning waste. Study of 
strategies and means for specific information. 

FI2W/0074 The evolution and implementation of a public information strategy on 
radioactive waste management. 

FI2W/0105 A public information campaign to support a proposed national deep 
repository for low and intermediate level radioactive waste 

Topic 5 : Transmutation studies 

FI2W/0103 Transmutation of long-lived radionuclides by advanced converters. 

FI2W/0104 Participation in a CEC strategy study on nuclear waste transmutation. 

FI2W/0106 Potentialities and costs of partition and transmutation of long-lived 
radionuclides. 
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Task 1 - Studies of management systems 

A. Objective 

The system studies concern the evaluation of various scenarios for the management of 
different types of waste. Harmonisation work mainly involves the development of 
common waste management criteria and schemes. Waste from dismantling operations 
and spent fuel where these are considered as waste are included as well as the 
development of analytical models for minimising transport of waste. An additional topic 
is the evaluation of the possibilities offered by transmutation to reduce the inventory of 
long-lived radionuclides. Information of the public in all fields of radioactive waste 
management and disposal is a further topic. 

B. Research performed under previous programmes 

System studies have been performed by comparing various management schemes for 
particular categories of wastes or groups of waste streams; the comparisons were based 
on evaluation of costs and radiological consequences to workers and the public. The 
management alternatives were studied for : 

solid plutonium contaminated waste, 
alkaline liquid wash waste from fuel reprocessing and zircaloy-hulls, 
reactor waste (waste from normal operation of light-water reactors), 
waste management implications of direct spent fuel disposal and disposal after 
reprocessing. 

Activities in the field of harmonisation of practices covered a review on "Objectives, 
standards and criteria of radioactive waste disposal in the European Community", the 
development of criteria for exemption from regulatory control for radioactive waste not 
linked to the nuclear fuel cycle, and first approaches to waste equivalence. 

C Present programme (1990-1994) 

Studies are performed under five headings corresponding to specific research topics. 

Topic 1 : System studies 

The system studies are based on the comparison of possible management schemes, with 
the definition of waste inventories at origin, an analysis of the subsequent steps in the 
possible management routes (treatment, transport, interim storage and disposal), 
evaluation of costs and determination of radiological consequences. The sensitivity of 
each scenario to modifications in waste quantities, release limits, and waste acceptance 
criteria is also evaluated. 
The main waste streams concerned are radioactive waste arising from decommissioning 
of nuclear installations, tailings from uranium-treatment, spent fuel declared as being 
waste and very low level waste candidate to being exempted from regulatory control. 
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Topic 2 : Harmonisation of radioactive waste management practices and policies 

The main field of activity is the development of the scientific basis for developing criteria 
for exemption of particular waste streams from regulatory control. Particular disposal 
routes considered are incineration and disposal at industrial waste burial sites. 

Topic 3 : Comparative assessment of disposal practices in various management schemes 
for toxic and radioactive waste 

Studies are performed which compare radioactive waste management schemes to 
management practices for waste streams involving radioactive isotopes in material not 
linked to the nuclear fuel cycle and toxic waste mixed with radioactive elements. 
Particular attention is paid to disposal of toxic and mixed waste in salt formations. 

Topic 4 : Information of the public 

Studies on strategies allowing efficient information to be given to the public, and on how 
a good degree of penetration through various media may be reached are in progress. 
Development of information materials (booklets, visual aids, etc.) is also part of the 
activities. 

Topic 5 : Transmutation studies 

After having established the inventory of long-lived radionuclides produced for a given 
reactor capacity in considering the spent fuel as a waste, the possibilities of reducing the 
inventory of long-lived actinides and fission products by partitioning and transmutation 
are calculated. The conventional routes are irradiation in thermal reactors with MOX-
fuel and a mix of light-water-reactors and fast breeder reactors, with long-lived 
radionuclides added in a homogeneous or heterogeneous way. Advanced possibilities 
considered are spallation devices and reactors with special fuel types. 
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Title: Study on Depleted Uranium (Tails) and on Ura
nium Residues from Reprocessing with Respect 
to. Quantities, Characteristics, Storage, 
Possible Disposal Routes, and Radiation 

. Exposure 
Contractors: NUKEM GmbH 8755 Alzenau, FRG (Co-ordinator) 

WasteChem Ltd., Manchester/UK (Partner) 
Contract N°: FI2W-CT90-0037 
Duration oT Contract: March 01, 1991 - Oct. 31, 1992 
Period covered: Jan. 01, 1992 - Oct. 31, 1992 
Project Leader: Dr. H.J. Wingender (NUKEM); 

J. Doran (WasteChem) 

A. OBJECTIVES AND SCOPE 

The objectives of the study are to: 
- determine the quantities and rates of accumulation of depleted uranium 

tails arising from enrichment of natural uranium in the past and the 
foreseeable future (until about 2010 A.D.), 

- allocate these data to the storages currently in existence, 
- characterise the substances with respect to their chemical, physical, 

and radiological properties, 
- identify and quantify possible ways to use and/or to dispose of these 

quantities. 

Estimates of radiation and dose rate levels will be made for the 
different treatment steps. Similar investigations will be performed for 
reprocessed uranium as it is and for the tails generated by re-enrichment 
of the reprocessed uranium. Based on a predefined 20 GWe nuclear capacity 
scenario, the results for the three types of residues (see Figure 1), ie. 
uranium tails, reprocessed uranium, and tails from the re-enrichment of 
this will be compared and conclusions derived. 

B. WORK PROGRAMME 

1. Basic data evaluation 
2. Investigation of use or disposal of the materials 
3. Relating the data to a predefined scenario 
4. Safety considerations 
5. Comparison and conclusions. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 

State of advancement 

The investigation has proceeded generally in line with the initial 
schedule. Difficulties with respect to source data availability - initial
ly faced - and resulting deviations from schedule could be cancelled out 
with some effort. In consequence, the contractor had to exceed the origi
nal budget. A draft version of the final report has been submitted for 
comment to the CEC in December 1992. 

Progress and results 

C I Basic Data Evaluation 

The study refers to experience from the UK, the Netherlands, Belgium, 
and the FRG. The data covers the following items: 

- reprocessed uranium (U r e) 
- tails uranium from the enrichment of natural uranium (Un a t) or U r e . 

The respective information had been communicated in the 1991 progress 
report. In 1992 the data has been detailed to some degree and essentially 
confirmed. 

C.2 Possible Use or Disposal of the Materials 

The possibilities to make use of uranium tails from U r e have been 
looked at discerning applications in the non-nuclear and in the nuclear 
domain (table I). Use of U in the non-nuclear field is recommendable for 
tails from natural U enrichment only. It is to be emphasised that using U 
does not mean its disappearing: the material re-emerges as scrap when the 
equipment containing U-devices is decommissioned. 

The following conclusions have been drawn with respect to the possibil
ities to use U-tails and reprocessed uranium: 

° The non-nuclear use of uranium will have a minimal effect on reducing 
the stocks of depleted or reprocessed uranium 

° Basically tails uranium and reprocessed uranium with todays assays 
represent a stockpile of U235 which facilitates some conservation of 
natural uranium 

Tails uranium ( U ^ t tails) ' s a v e ry 
fuel elements ana in' Fast Breeding 

suitable material for use in MOX 
Reactors 

According to is residual U235 content, reprocessed uranium is suitable 
for repeated energy production, either as-is in CANDU reactors or after 
a new enrichment, in LWR's. However the usefulness of the material 
depends on its composition, which is determined by its history as 
reactor fuel. New loading and burn-up strategies can move the limits of 
qualification for re-use. New selective enrichment methods might neces
sitate new valuations. 
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Ways to store or to dispose of the materials have been investigated 
taking into consideration their chemical, physical, and radiological 
properties as well as the quantities to be expected. One particular issue 
governing the result of this consideration has become the inherent energy 
potential. 

For relatively short term storage, uranium hexafluoride (UFg) might 
be the most appropriate compound, as it is a basis for many conversion 
steps (fig. 2). For long term storage exceeding 50 years and for final 
disposal uranium dioxide (UO2) is preferable because of its chemical 
stability, density, non-volatility and low chemical toxicity compared with 
UF6. 

Despite the currently perceived adverse economics (and, to some 
extent, public perception of nuclear power) of the use of tails in fuel 
fabrication for LWR's and FBR's, the present stock represents, not waste, 
but a very important strategic stockholding of energy. Such tails stocks 
in the UK have been calculated to represent more available energy than the 
total reserves of coal in the UK. Future energy resources will need to 
keep pace with demand from the world population, which is estimated to 
double before the middle of the next century, and reserves of fossil fuels 
are diminishing. Apart from the beneficial environmental effects, nuclear 
power will continue to provide a necessary part of our energy production. 
Thus, the UK position is clear; tails stocks will be stored as a usable 
energy source and utilised as demand dictates. 

No re-use outlets for U r e have been found, other than return to 
customers or enrichment for fuel fabrication. No disposal of U r e either 
for retrieval or non-retrieval has taken place, but this would only be 
done if the re-enrichment option were seriously uneconomically viable and 
U r e considered as waste. However disposal options would be evaluated. 

C. 3 Scenario Relation 

In order to relate the data and results to a more general scale, a 
scenario of reactor capacity of 20 GWe was chosen. The respective through 
- put of uranium (3,5 % enriched in U935) amounts to 600 metric tons of 
uranium metal equivalent per year, and this is roughly the amount of 
reprocessed uranium in this scenario, too. 

The respective data of the scenario are shown in table II for a 
particular example. It is to be emphasised that - in reality - there will 
be spectra 

- of residual enrichment in spent fuel, 
- of initial enrichment in fresh fuel, 
- of blending uranium fuel and mixed oxide fuel, 
- of enrichment demands according to fuel poisoning and 
- of storing/processing strategies of the materials. 

Whatever the activities are, in the end the amounts of U r e or/and of 
Utails,nat> Utails,re w i U b e P r e s e n t a n d t 0 b e d e a l t w i t h ' 
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C. 4 Safety Considerations 

Tails materials mainly consist of U238 and their specific activity is 
lower than that of natural uranium. 

Reprocessed uranium on the other hand contains some constituents 
which alter the radiation behaviour of the material in relation to natural 
or enriched natural uranium. As can be seen by the figures of the tables I 
to III in annual progress report 1991, these constituents are some newly 
formed uranium nuclides, which do not exist in natural or enriched urani
um. They are generated by nuclear processes during irradiation of the fuel 
elements in the reactors; their quantitative proportion depends on the 
burn up. ^ 

In addition to this, there are traces of impurities, consisting of 
fission products mainly being gamma emitters. 

In order to allow an assessment of the changed radiation properties 
of reprocessed uranium compared with those of natural or enriches natural 
uranium some, dose rate calculations have been carried out. 

The following parameters have been varied: 

- Initial enrichment of the reprocessed fuel elements (3.2 % to 4.4 % 
U235) 

- Final burp up (33 to 50 GWd/tHM) 

- Storage time after cooling and reprocessing (three months to two 
years). 

The calculation of the gamma dose rate caused by fission products is 
based on separation factors stated in the literature. 

Summing up it may be said, that 

- the gamma dose rate level of reprocessed uranium is higher than that of 
natural uranium or enriched natural uranium 

- the gamma dose rate level of reprocessed uranium depends on the burn up 
history of the former fuel element; the higher the burn up the higher 
the dose rate in reprocessed uranium 

- the gamma dose rate level of reprocessed uranium generated by uranium 
and its decay products increases during a period of ten years after 
reprocessing; after this time it remains constant. 

- this effect is superimposed by the influence of fission products always 
being present in reprocessed uranium; gamma dose rate of fission prod
ucts diminishes with time. Its magnitude depends on the separation . 
factors achieved during the reprocessing. 
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C.5 Conclusions 

In the nuclear fuel cycle of Light Water Reactors two materials arise 
whose utilisation today is not fixed definitely. These materials are the 
tails of the enrichment of either natural or reprocessed uranium and the 
reprocessed uranium itself. 

Real consumption of depleted uranium in the non nuclear field is 
minimal. The re-use of the materials in the nuclear fuel cycle is 
associated with various conditions, which are not easy to predict, i.e. 
the reloading and burn-up strategies for Light Water Reactors leading to 
qualitative changes of the spent fuel composition, the supply and the 
price of natural uranium influencing the enrichment conditions (e.g. the 
tails assay), or the success of the development of new technologies as 
selective uranium enrichment (e.g. LASER techniques as AVLIS or MLIS). 

The accumulating amounts of these materials in question have been 
estimated, their characteristics investigated, and possibilities for 
further treatment considered. These comprise an intermediate storage as 
well as a final disposal. 

Depleted uranium (tails and reprocessed) can be stored for several 
decades as produced, i.e. as uranium trioxide or hexafluoride: Adequate 
storage capacity is available. But there are also processes practicable 
and proven to convert these original materials into less reactive com
pounds better suited for intermediate or final disposal. 

According to the expected extension of the burn-ups in the future the 
isotopie composition of reprocessed uranium will change. As a result the 
emitted radiation of the materials will cause higher dose rates which must 
be taken into account when handling these materials. 

Regarding the variety of influences on quality and quantity of de
pleted uranium, it is very difficult to make long term statements whether 
these materials should be classified for use or for final disposal. Con
sidering the anticipated success in selective enrichment methods, an 
intermediate storage for the next few decades seems to be a good policy. 
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Table I: Possibilities to use reprocessed uranium and tails of 
natural and reprocessed uranium enrichment 

Non-nuclear domaine: 

U(metal) : -

(compounds) : -

Nuclear domain 

U(fuel) : 

ballast weights 
counterbalance weights 
X-ray/gamma ray shielding 
alloying constituent 

catalysts 
ceramic colours/dyes 
chemical reagents 
ceramic material constituent 

light water reactors 
breeding reactors 
CANDU reactors 
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Table II: Scenario related data 

Scenario parameters: 

20 GWe electricity generating capacity 
equivalent to 

- 600 metric tons of U metal annual fuel demand at 
- 3.5 Wt % enriched in U235 

natural U data resulting: 

- feed (Ungt demand) 
- product (fuel) 
- tails (0.2 % tails assay) 
- actual enrichment capacity 

examples: 
° Almelo 
° Gronau 
° Capenhurst 
° Eurodif 

reprocessing data resulting: 

- spent fuel reprocessed 
- U r p arising : 

(3.5 % - 2.5 % = 
1 % residual enrichment) 

- capacity example: THORP : 

reprocessed U data resulting: 

- feed (demand of U r e) : 
- product (fuel, 3.8 wt% U235) : 
- tails (0.2 % tails assay) : 

: 3880 tons/year 
600 tons/year 

3280 tons/year 

25 % of scenario 
16 % of scenario 
39 % of scenario 

337 % of scenario 

600 tons/year 
585 tons/year 

1200 tons/year nominal 
700 tons/year planned 

2900 tons/year 
600 tons/year 
2300 tons/year 
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Figure 1: Source of Arisings of Uranium Tails and Reprocessed 
Uranium in the Nuclear Fuel Cycle 
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Figure 2 : Uranium and the most known compounds 

AUC: ammonia uranyl carbonate 
ADU: ammonia di-uranate 
UNH: uranyl nitrate 
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Title : Waste Management Studies for Large Volumes of 

Very Low-Level Waste 

Contractor : Intera Information Technologies, United Kingdom 

Contract n° : FI2W-CT90-0041 

Duration of contract : March 1991 - September 1992 

Period covered : January 1992 - September 1992 

Project Leader : CM. Smith 

A. Objectives and Scope 

A significant proportion of the radioactive material which arises on 
decommissioning of nuclear facilities contains only small amounts and low 
concentrations of radionuclides, either as surface contamination, or as activation 
products within the body of the material. The objective of this study is to 
investigate the implications for waste management systems of various levels and 
forms of exemption criteria and the corresponding implications for routing low-
level waste materials arising from decommissioning. Following a review of the 
existing information on the volumes and radionuclide contents of the most 
significant low level materials which arise during decommissioning, and the current 
legislative background relevant to the disposal, recycling or reuse of such 
materials, the study will investigate the full range of radiological implications of 
adopting alternative clearance levels now under consideration. A number of 
related factors, such as volumes of materials which would require disposal as 
"radioactive" waste, the timing and the degree of dismantling, and the 
requirements for waste packaging are also addressed. 

B. Work Programme 

B.l. Characterisation of the waste arisings, the options for the management of 
the arisings, and the exemption principles and criteria within which the 
options have to be applied. 

B.2. Ranging of parameters which characterise the system identified in B.l., 
particularly those associated with the formulation of exemption. 

B.3. Evaluation of the radiological impacts following adoption of the relevant 
sets of parameter values characterising the system. 

B.4. Evaluation of the implications for routing of wastes following adoption of 
alternative formulations and levels for exemption by means of a 
comprehensive assessment and sensitivity analysis. 
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C. Progress of work and obtained results 

State of advancement 

The work carried out during the year 1992 has been focused on the completion 
of item 2 and development of the items 3 and 4. 

. Following on from the review of various waste management procedures, 
appropriate representations of these were made to assess the potential for 
waste material to give rise to a wide range of radiation doses to workers and 
members of the public. This involved aggregating the individual procedures 
(eg. dismantling, transport, smelting operation, post-disposal impact from 
landfill) into overall options (eg. unrestricted and restricted disposal, recycling) 
whose impacts are required to be quantified. 

. Available information on waste streams (eg. PWR contaminated steel, Magnox 
activated concrete) were collated. These were represented mathematically in 
terms of radionuclide contents, and the distribution of activity throughout the 
mass or volume. 

. Preliminary calculations were conducted of the annual individual and collective 
doses to workers and public for unit activity concentrations of each 
radionuclide, or for total activity, resulting from the various management 
procedures. 

. Given the information gathered on the composition of the various waste 
streams and the representations of the management options, their respective 
radiological impacts were calculated, as was their sensitivity to factors such as 
the assumed exemption level and delay prior to dismantling. 

Summary of the overall study 

A significant proportion of the radioactive waste which arises on decommissioning 
of nuclear facilities contains only small amounts or low concentrations of 
radionuclides, either as surface contamination, or as activation products within the 
body of waste materials. 

The primary objective of this study is to investigate the implications for overall 
waste management systems of various levels and forms of exemption criteria, and 
the corresponding implications for routing of low-level wastes arising from 
decommissioning. In addition, consideration has been given to related topics such 
as the amount of the radioactive waste to be disposed of given various levels of 
exemption, and monitoring requirements. The work was divided into four topic 
areas : 

1. Literature search and analysis of existing work on low-level decommissioning 
waste arisings, 

2. Review and mathematical representation of the options for managing large 
volumes of low-level and potentially exempt material, 

23 



3. Review of forms and levels of criteria practicable in the context of large scale 
exemption, 

4. Assessment and analysis of the radiological impact of adopting various 
management options, and their dependence on important parameters such as 
exemption level and delay after reactor shutdown. 

In the context of the arisings of decommissioning waste, numerous recent studies 
conducted by government agencies, international bodies and operators have been 
reviewed. The options for the management of very low level waste arisings 
include interim or partial measures, eg. deferred decommissioning and 
decontamination, as well as unrestricted and restricted final disposal and recycling. 
In the context of exemption principles and criteria, the recommendations of 
international agencies (the International Commission on Radiological Protection 
and the International Atomic Energy Agency) have been reviewed, as well as 
those of national authorities within and outside the European Community. 

The majority of the high volume low level wastes from decommissioning comprise 
the concrete and steel structures of nuclear power plants. Given the magnitudes 
of exemption criteria being considered in such contexts (expressed as limits on 
activity concentrations) there is considerable scope for the unrestricted disposal 
or reuse of very large fractions of the substantial concrete structures of most 
nuclear facilities, along with significant fractions of the potentially active steels and 
other metals outside the areas of greatest radioactivity. The volume of materials 
which has to be treated as radioactive waste is a function of many factors. These 
include particularly the delay prior to dismantling, the decontamination factor for 
the various affected surfaces and the exemption criteria assumed. Notably the 
adoption of higher concentration limits (around 50 Bq g*1) implies arisings of 
hundreds of m3 whereas lower values (around 1 Bq g"1) imply thousands of m3 per 
major faculty. 

A major interest concerns how the radiological impacts of adopting various 
management strategies for potentially exemptible decommissioning waste are 
dependent on factors such as the exemption limits adopted and the delay assumed 
between facility shutdown and dismantling, waste disposal or recycling. Extensive 
calculations have been undertaken to investigate this issue, on the basis of 
exemption for options giving rise to individual doses less than 10 ^Sv per year and 
collective doses less than 1 man Sv. A detailed explanation of the assumptions 
made and parameter values adopted in the assessment has been provided. 
Consideration has been given to the problem of defining the practice which is 
being exempted. In a sensitivity analysis gross activity concentration limits have 
been varied within the range 0.1-10 Bq g"1, in line with current international and 
national consensus, and delays between shutdown and waste processing up to 100 
years have been considered. 

Given the cautions nature of the assessment of individual doses, the results 
presented here confirm the considerable scope for exempting large fractions of 
both concrete and steel waste arising from decommissioning. Collective doses do 
not appear to be a significant factor in choices between management options. 
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The volumes of, and the annual individual doses associated with, material which 
is potentially exemptible, are both approximately linearly dependent on the 
numerical value of the exemption limit in the region of 1 Bq g"1, being somewhat 
sub-linear at higher levels. This follows from the best available data on the 
distribution of activity throughout the various waste streams. 

For some waste streams and management options, allowing the radionuclide 
inventory to decay prior to removal from the facility occasionally leads to an 
increased radiological impact per unit activity concentration owing to the ingrowth 
of some long lived radiotoxic nuclides, notably Am-241, and because older 
material at the same activity concentration tends to contain longer-lived 
radionuclides. 

For some exposure modes it is important to consider whether the distribution of 
individual doses associated with a given volume of waste should be addressed or 
allowed for in evaluations of impact, or whether average values are sufficient, 
especially in the light of the generally low doses involved. This reflects the 
absence of clear guidance in recommendations for exemption criteria on how to 
deal with uncertain exposure conditions. For some wastes and some exposure 
modes the distributions of dose do not appear to be very wide. However, in some 
cases it is possible, though unlikely, that individual doses may be an order of 
magnitude or more higher than those estimated on the assumption of exposure 
to average material in the volume being considered. 

Useful guidance on waste stream characterisation and corresponding VLLW 
exemption can be provided generically. The results presented here illustrate what 
is practicable in terms of assessment. Possibilities arise for the application of 
partial exemption of special exemption justified on a case by case basis, rather 
than blanket exemption at a higher level which could be harder to justify. 

Such assessments can be used to direct procedures and plans on a site-specific 
basis. However, better radiological control in management of decommissioning 
VLLW requires improved characterisation of the high volume waste streams 
involved. Particularly important is the distribution of radionuclide concentrations 
throughout the considered volumes, as this largely determines how much of the 
total waste volume can be considered for exemption. 
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Title: Treatment, Disposal, Re-Use of Building Demolition and Site 
Cleaning Wastes from Nuclear Facilities 

Contractors: NUKEM GmbH, FRG (Coordinator); WasteChem Ltd., UK; 
SGN, F 

Contract No: FI2W-CT90-0044 
Duration of contract: February 91 - December 92 
Period covered: January 92 - December 92 
Project Leaders: H.J. Wingender (NUKEM); J. Doran (WasteChem); 

S. Goetghebeur (SGN) 

A. OBJECTIVES AND SCOPE 

The study concerns waste materials arising from building demolition and from site 
cleaning activities associated with decommissioning of nuclear facilities. The study does 
not consider wastes such as dismantled and/or disassembled process equipment, 
radioactive process inventories, etc., as these wastes are assumed to have been 
removed from the facilities prior to building demolition and site cleaning. 

The objectives are: 
Establish an overview of building demolition and site cleaning wastes arising from 
various types of fuel cycle facilities (enrichment, fuel manufacturing, power 
reactors, reprocessing, waste treatment, spent fuel encapsulation). 
Consider sampling, monitoring and analysis tools enabling the characterization and 
classification of these wastes. 
Classify these wastes according to a 3 class scheme (release for unrestricted use, 
release for restricted use only, radioactive waste) and describe possible ways of 
re-use or disposal. 

Information from FRG, UK and France is to be used. Three partners contribute 
to the study (NUKEM: enrichment, fuel fabrication, reactors, fuel encapsulation; 
SGN-F: reprocessing, waste treatment; WasteChem-UK: enrichment, fuel fabrication, 
reactors, reprocessing, waste treatment). 

B. WORK PROGRAMME 

The programme of the study is structured according to following tasks: 
B.l Collection and compilation of waste data and characterization (3 partners) 
B.2 Investigation of sampling, monitoring and analysis tools (NUKEM) 
B.3 Material classification and investigation of re-use and disposal possibilities 

(3 partners) 

For standardization purposes, the information obtained is to be re-arranged in such 
a way that it reflects the waste arisings from a 20 GWe fuel cycle scenario (equivalent 
to 600 metric tons of heavy metal per year ). 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 

State of advancement 

With the completion of the study in December 1992, a report has been prepared 
which needs only editorial revision. 

As mentioned in the last annual report considerable difficulties occurred. The problem 
of completing the report in the given time frame and the limited finances was difficult. 
However, with extra efforts the report was completed, keeping to the original rimescale. 

Progress and results 

C.l Determination of the waste arisings 

The total waste arising from the demolition of the scenarios building structures is 
listed in Table I. The main portion of waste arising is generated by reactor demolition, 
i.e. 85% when the demolition starts as soon as possible after shut down. The lower 
portion in the case of UK results from a different strategy. Here, the reference strategy 
entailed the removal off site of the plant and buildings external to the biological shield 
within 10-14 years of shut down. Total building waste arising must remain the same 
irrespective demolition timing - only the categorized waste will change. The demolition 
and the removal of remaining structures occurs after 100-135 years. Approximately 5% 
reduction of the total building waste arising accrues from fuel encapsulation replacing 
reprocessing at the back end of the fuel cycle. Approximately 90% of the wastes 
contain reinforced concrete, 8% steel, 1,5% brickwork and 1% of other materials. 

A unified scheme for demolition waste estimation is difficult, since the regulations 
and the strategies practiced and/or envisaged are different from country to country and 
from plant to plant. Therefore, the listed waste arising data are strongly dependent on 
the model used. 

Two main types of building demolition strategy are considered: total demolition 
and step by step demolition. The first case employed in France: the materials with and 
without radioactive material are mixed. The average specific radioactivity is below the 
limits given by the regulations. However, a release of this material for unrestricted use 
is not possible. These waste materials must be disposed of in a near-surface landfill. 
The second case, as employed in FRG and UK: parts of floors and walls are removed 
at first which contain radioactivity. Then the remaining building structures are 
demolished. 

The amount of contaminated soil is difficult to estimate. Experience only exist for 
older plants in which such waste could be generated. In newer plants, such waste can 
be excluded or the amount is insignificant compared to the volumes produced by other 
sources. Therefore, this waste arising was not considered. 

The secondary waste expected during the demolition phase is also small. The part 
with radioactive impact is less than 1 % of the total radioactive waste arising and was 
not considered. 

The determination of the expected radionuclide content, distributions, concen
trations, and dose levels necessitates several assumptions along with suitable models. 
The only detailed experience exists in the ease of power reactor decommissioning. 
Here, the activation of the material by neutron irradiation can be precisely determined. 
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For calculating the surface contamination the operating data, the release rates of 
radioactive material and the possiblity for transfer of radioactive material was 
considered. The quantities expected are evaluated according to former decommissioning 
studies and/or experiences from the plant operation. 

The radioactive impact is conservatively calculated. A more precise estimation 
would be possible with increasing experience on nuclear plant decommissioning, especi
ally for the front end and back end plants. 

Assumptions for calculating the radioactive impact and surface contamination are 
made with a relative high uncertainty. One uncertainty results from the assumption of 
how to decontaminate the surfaces before the safe enclosure period, especially for plants 
on which there is no decommissioning experience. The other uncertainty results from 
the mass correlation of contamination corresponding to surface contamination. 

C.2 Sampling. Monitoring and Analysis Tools 

The wastes with beta and gamma radioactive constituents can be suitably monito
red (radionuclide content, distributions, concentrations, and dose levels) for release of 
these materials into the environment. Particularly in the case.of non-destructive analysis 
techniques (NDA) for large radioactive waste packages, the experiments and the routine 
measurements demonstrate the applicability of a monitoring system. Detectors and 
measuring systems are also suitable for localization of the contamination on building 
structures. When a gamma emitter is utilized as a lead-nuclide the survey technique can 
be used for measuring the surface contamination. With the application of the contami
nation register system (cataster), an effective waste management system can be 
established to survey the waste arising from the initial phase to the removal of the 
material from the surfaces, to the packaging of the material. 

In the case of alpha radioactive contaminated waste, a suitable NDA monitoring 
system does not exist. Surface measurements are unsuitable for crushed material. In this 
case, samples are used together with laboratory analysis. But, this method is unsuitable 
for routine monitoring because of the complex techniques and is time consuming. 
Sampling techniques have the disadvantage of being unable to estimate the activity at 
locations between the points on the sampling grid. The developed statistical methods are 
only useful when hidden "hot spots" can be excluded. A combination of NDA 
measurement with sampling collections could solve this problem when a lead-nuclide 
as a gamma emitter can be used in the NDA measurement. The developed measurement 
systems based on neutron detection are utilized in the area for waste treatment and for 
checking the limits of near-surface disposal. 

In both cases, i.e. (beta, gamma) and alpha radiation monitoring cannot be used 
at the present time because the material throughput is not high enough to process the 
large amount of waste. The delay would significantly increase the total cost of the 
project. For routine operation, new measurement systems must be developed to treat 
large amounts of waste. A key role in this scheme is played by the application-oriented 
user interface while measurements and testing routines must become more and more 
automated and interconnected. 

C.3 Material Classification 

The classification of the waste material governs the categorization of the material 
as: radioactive waste 

ready for restricted use 
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ready for unristricted use 

Two main groups must be considered when classifying the waste material 
according to the specific radioactivity content and surface contamination: 1. beta, 
gamma and 2. alpha radioactivity. Each group has its own limits given by the respective 
national regulations, needs its own measurement methods to control the waste material, 
and has its own strategy in waste management. 

For compilation of waste arisings from the 3 countries mentioned, a more general 
scheme for waste classification (pre-classification) is used according to the following 
definitions: very low level waste (VLLW), low level waste (LLW), and intermediate 
waste (ILW) and high level waste (HLW). 

In the case of VLLW, the radioactive content and the surface radioactivity are 
below the exemption limits and the waste material can be handled as "free of 
radioactivity". 

The significant proportion of the waste material which arises on plant demolition 
contains only a small amount of low concentration of radionuclides within the body of 
waste material. 

Wastes with higher activity are only generated by dismantling the biological shield 
when the demolition phase is started after a short safe enclosure period. Therefore, 
HLW does not arise in UK consideration. All these waste materials are suitable for final 
disposal and no extra classification in ILW and HLW is needed for this study. 

Based on the uncertainties for calculating the waste quantities and the different 
exemption limits in the three countries, detailed analysis is difficult. For this reason, 
no detailed consideration was given to calculation and estimation of waste arising in 
respect of the different exemption limits given by the separate authorities in the 
participating countries. 

Presently, large quantities of waste material classified as for unrestricted use are 
disposed of. A transportation to public landfills is already a complicated process. There
fore in the future, these wastes could be used unrest ri en vel y for road construction, dam 
building etc.. However, it must be demonstrated , that no accumulation and/or no 
mobilization of radioactivity can occur and produce any harmful effects on the human 
environment. 

In the context of waste treatment, disposal, and re-use, a major interest of this 
study concerns how these waste materials do not need to be disposed of, but rather to 
be re-used as restricted and unrestricted material. Numerous studies have been reviewed 
to investigate the waste arisings and the options for classification. Table I gives an 
idea of the waste proportions when considering optimistic options of waste management 
mentioned in research. 

No special strategies and procedures are considered to minimize the radioactive 
waste arising (pre-sorting, decontamination procedure, incineration, etc.). An effective 
minimization of radioactive contaminated waste can be implemented by doing an 
effective decontamination of the building structures in the beginning of the demolition 
phase, as well as during the different steps of the waste treatment phases. It is worth 
noting that the decontamination procedure can become too costly; thus, the direct 
disposal of the contaminated material may be then preferred. Therefore, for evaluating 
the waste amounts, the radioactive material should be also classified by criteria related 
to different waste treatment procedures. 
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Table I: Building Waste Material from Scenario Fuel Cycle Plants 

W 
O 

Front End Plants 

FRG 
UK 

Reactors 

FRG1 

UK2 

Back End Plants 

FRG3 

UK4 

F4 

Total Waste Arising 

m3 

90,400 
110,00 

1126,000 
60,840 

26,800 
203,700 
78,000 

Mg 

246,000 
386,500 

3110,000 
187,400 

75,300 
596,600 
202,600 

Un-restricted Use 

m3 

90,300 
109,700 

1121,000 
60,390 

26,700 
20,370 

Mg 

245,800 
386,200 

3100,000 
183,900 

75,200 
59,700 

Restricted Use 

m3 

110 

500 
450 

15 
183,290 
78,000 

Mg 

300 

2,300 
3,500 

45 
536,000 
202,600 

Radioactive 
Material 

m3 

84 

2,740 

5 

Mg 

240 

7,520 

10 

1) Building demolition as soon as possible 
2) Building demolition 100 years after shut down for reactors, 

50 years for other fuel cycle plant 
3) Building waste from encapsulation plant 
4) Building waste from reprocessing plant 



Title : Treatment Study of Contaminated Sodium with a View to De
commissioning of FBR 

Contractors : CEA - SIEMENS - FRAMATOME 
Contract N° : F12W - CT90-0058 
Duration of the contract : from April 1991 to April 1993 
Period covered : January 1992 • December 1992 
Project Leader : C Latgé (CEA - coordinator) 

N. de Seroux (Framatome) 
Mr. Hanebeck (Siemens) 

A. OBJECTIVE AND SCOPE 

In the Fast Breeder Reactor (FBR) decommissioning studies, sodium management is a ma
jor problem. Sodium becomes an important waste which must be taken into account in the 
final process. To handle this specific topic, a cooperative working group has been formed, 
with the French "Commissariat à l'Energie Atomique" (CEA), FRAMATOME and SIE
MENS. CEA is the project leader. 

The scope of work is based on a step by step approach, using available data and experimen
tal results with regard to the sodium inventory, sodium purification and waste treatment. 

The aim of this particular development program is to highlight optimized scenarios for so
dium destruction and recycling, based on a technical and an economical approach. Moreo
ver a Research & Development (R&D) orientation will be provided to improve the selected 
scenario and to allow a better understanding of fundamental processes. 

B. WORK PROGRAMME 

To perform the above scope of work, five main stages have been defined : 

a : Inventory of the sodium needs : 
The sodium balance, based on sodium needs for future FBR programs and existing wastes 
to be treated, is the starting point from which the problem is tackled and from which the 
scenarios to be highlighted later on are set. 

b: Assessment of sodium behaviour and characteristics : 
From an estimated contamination, provided by mathematical models which have been vali
dated using experimental data, it is possible to predict the behaviour and characteristics of 
the sodium to be treated. 

c: Sodium purification : 
Purification processes are examined with regard to the predicted quantities of contaminated 
sodium and the associated storage and transportation techniques. The R&D axes are defi
ned, according to the required level of knowledge in the waste treatment domain. 

d: Analysis of the scenarios and their main parameters : 
Using the previous steps as a reference, the main parameters of the scenarios are reviewed, 
with both a technical and an economical vision. This twofold approach allows the working 
group to highlight arguments to select and describe the scenarios to be analysed. 

e: Optimized scenarios : 
These processes, having been defined as suitable scenarios for sodium treatment, will be 
described. Further needs for R&D programs will be highlighted, to improve the processes 
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efficiency. 

C. PROGRESS OF WORK AND OBTAINED RESULTS 

CI . STATE OF ADVANCEMENT 

The cooperative working group was assigned in April 1991 the task of sodium management 
in the decommissioning studies environment. 
A first semestrial report was published on November, 1991, / l / and is included in the An
nual Progress Report 1991, IV. 

Two semestrial reports were published on April, 1992, /3 / and on September, 1992,IAl. 

The Reference /3 / describes the activation and the contamination assessments of the sodium 
to be treated after the final shutdown of the FBR. 
Then it lists the sodium purification processes : physical processes such as filtration and 
cristallization, or chemical processes such as molecular adsorption and isotopie exchange. 
It describes also available disposal processes for contaminated sodium. Sodium is conver
ted in an inert waste which is sent to a definitive storage. 

The Reference /4/, following the results of the previous work, gives an analysis of the main 
parameters for the choice of the scenarios for the sodium treatments, either to reuse it, or to 
dispose it. 
For the primary sodium, it details the storage conditions, the transportation possibilities and 
the scenarios following several axes : reuse, disposal, long term storage. 

The same work has been carried out for the secondary sodium. 

The milestones with regard to the sodium treatment in a decommissioning framework are 
presented on figure 1. 

C.n. SODIUM ACTIVATION AND CONTAMINATION 

The pollution due to the radioactive elements consists in : 

Primary sodium : 
- primary sodium activation coming from the neutronic flux within the core. 
- continuous contamination coming from tritium of control rods releases going 
through the clads and from corrosion products of the steels. 
- uncontinuous contamination coming from caesium of spent fuel subassemblies re
leases. 

Secondary sodium : 
- secondary sodium activation from the neutronic flux during its way through the in
termediate heat exchangers in the vessel (only sodium 24). 
- continuous contamination coming from tritium of primary sodium going through the 
pipes of the intermediate heat exchangers. 

A computer programme, CORONA, from CEA - France allowed us to assess the sodium 
activation and contamination level at the final shutdown of a FBR after a thirty years opera
ting time. 

We have noted fast decay of activation and contamination level when the reactor operation 
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is ended and a reduction by a factor of 5000 is quickly obtained in one year. Some radioac
tive elements, like Iodine 132, have very short half life and they are not to be taken into ac
count in our case. The short decay time of the sodium 24 brings a large contribution to the 
general decay. 

After the quick decay of the sodium 24, the secondary sodium activation and contamination 
is mainly due to the tritium. The long half life of this element cannot allow to expect signi
ficant modifications in time. 

Figure 2 gives the main activation and contamination levels to take into account at the final 
shutdown for the primary and the secondary sodium. We did not consider : elements with 
half life under 1 year, corrosion products (their concentrations stay very low) and gazeous 
products. 

CHI. SODIUM TREATMENT 

In the view of sodium reuse or easy disposal, several purification processes have been listed 
following the different elements being in the sodium. 

- the filtration of oxygen and hydrogen is carried out by solubility decreasing by the 
cooling of a secondary flow of sodium. They are crystallized and retained by filtration. 
FBR are fitted out with cold traps (figure 3) which include these functions. The final 
concentration can be very low, under 1 ppm for O and under 0.5 ppm for H. 

- the filtration of the tritium is carried out with cold traps. The tritium can be crystalli
zed by cooling like the isotope hydrogen and retained by filtration or can be fixed by 
isotopie exchange with hydrogen. The final concentration can be very low, as for H. 

- the control of the sodium purity is carried out with a plugging indicator : its principle 
is to measure a sodium flow through a calibrated hole during a cooling phasis. The 
reading of the flow/temperature curve indicates the purity level of the sodium. 

- the filtration of the solids particles such as metallic or fuel particles can be carried 
out by the cold traps. Specific filters in sintered metal are also very efficient (near mi
crometer squale). 

- the purification of caesium is made by adsorption on carbon material sorbent (mainly 
RVC type : Reticulated Vitreous Carbon). Efficiency is very good and it has been tes
ted successfully at KNK and RAPSODIE. 

- in case of water/sodium reaction in steam generators, the purification of sodium hy
droxide (caustic soda) can be carried out with cold traps. 

- corrosion products such as Mn 54 and Co 60 can be eliminated by adsorption on a 
nickel support but the efficiency is low. 

- caes i uni Mn 54 and Co 60 concentration level can be easily assessed by gamma spec-
tromeasure. 

Several sodium disposal processes have been examined. Three main processes have been 
distinguished : 
- reaction with steam : good efficiency but not adapted to large volume, 
- alcohol process : good efficiency but not adapted to large volume, 
- dissolution in water : good efficiency, adapted to large volume. 
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For these 3 processes, the successive phases are : conversion of the sodium in caustic soda, 
neutralization with acids, drying in salts, mixing with epoxy resins and definitive storage. 
Only one process has been developed up to an industrial scale : the water process NOAH. 

NOAH process has been developed and patented by CEA. A pilot plant has been ope
rated to validate the process and 2 tonnes of sodium have been disposed. NOAH pro
cess is chosen in DESORA plant at RAPSODIE for the operation of the primary so
dium disposal (37 tonnes). 

NOAH process principle (figure 4) consists in injecting small quantities of sodium in a 
large water flow in a vessel. The sodium is quickly scattered in the water and the 
conversion of the sodium is very soft The results of the conversion is hydrogen which 
is released in the atmosphere after several filtrations, and aqueous caustic soda which 
is sent to a liquid waste centre. 

Caustic soda can be purified in cesium with resins at this step. This can avoid to purify 
the activated sodium in cesium with RVC filters of which the use is quite expensive. 

The main interests of the NOAH process are : 
- operation in one step 
- good monitoring of the sodium quantity reacting at any time 
- process developed at an industrial scale. 

CIV. ANALYSIS OF PARAMETERS OF THE SCENARIOS 

Three parameters having an influence upon the choice of the scenarios are analysed hereaf
ter: 
- buffer sodium storage, 
- transportation of sodium and soda, 
- long term sodium storage. 

Buffer sodium storage : 
EFR (European Fast Reactor) plant is fitted out with seven sodium tanks. Their total capa
city is sufficient to store all the primary sodium but four of them need biological shielding 
addings to take into account the radioactivity. 
SPX plant is fitted out with six sodium tanks but their total capacity is insufficient to store 
all the primary sodium and three of them need biological shielding addings to take into ac
count the radioactivity. 
There is no problem to store the secondary sodium for the two plants. 

Transportation of sodium and soda 
Sodium transportation is expensive because heating and inert gas covering are necessary. 
But soda volume is four times larger after the conversion than the sodium volume. 
Eventually, the sodium transportation cost has been assessed lower than the soda transpor
tation cost per reactor plant 
The main transportation condition to fulfill, with regard to the regulations, is to have a dose 
rate under 10"4 Sv/h at 2 meters of the transport tank. Transported quantities per travel vary 
following the purification level and the storage decay. For example, for a total load of 21 
tonnes per travel, there are 12 tonnes of sodium and 9 tonnes of biological shielding when 
the sodium has not been purified and has not been stored, and there are 19 tonnes of sodium 
and 2 tonnes of biological shielding when the sodium has been purified at 98 % in caesium 
and has been stored 5 years. 
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Long term storage : 
Sodium can be stored for a transition period, waiting a reuse in FBR or an other solution. 
Storage can allow to differ large costs for disposal and to decrease the sodium activity by 
time decay. 
Storage time is the sole mean to decrease the sodium 22 activity. 
But long term storage brings cost penalty if the sodium has to be finally disposed. Its decay 
effect is negligible if the cesium is not purified by carbon traps. 

C.V. MAIN SCENARIOS DESCRIPTION 

The possible scenarios for the sodium treatments, taking into account the previous work, are 
then analysed, either to reuse it, or to dispose it. 
The scenarios can be separated in two groups : 
- there is one or several FBR to fill up in sodium --> scenarios of sodium reuse 
- there is no FBR to fill up in sodium --> scenarios of sodium disposal or sodium sale in in
dustrial field when it is desactivated. 

The possible scenarios are summarized in figure 5. The selected steps are : storage, purifica
tion, processing, final destination. 

a) Primary sodium : 

After reactor final shutdown, primary sodium can be disposed with the NOAH process 
or can be reused in nuclear or industrial field. 
If the sodium has to be disposed, it can be converted in the reactor site and aqueous 
caustic soda has to be transported, or it can be converted in the liquid waste site after 
its transportation. 
In each case, caesium and tritium purification has to be considered. 

al) Sodium reuse: 
Several scenarios have been examined : 
- reuse of sodium with activity below 10 Bq/g, in industrial field, 
- reuse of non purified sodium in a new plant 
- reuse of sodium purified at 98% and stored during 5 years, in a new plant 
- reuse of non purified sodium but stored during 30 years, in a new plant 
- reuse of sodium purified at 99% and stored during 5 years, in a new plant 
- reuse of sodium with activity below 10 Bq/g, in a new plant 
The new plant can be on the same site than the old one or in an other site. 

Sodium reuse can bring two main advantages : 
- cost saving : 
If the sodium can be reused in new FBR, new sodium buying is avoided. 
If the sodium can be reused in industrial field, it is sold to a customer. 
In these two cases, no major waste storage cost has to be considered. 
- time saving : 
New sodium delivery can necessitate several months from the supplier. If the old and 
new FBR are on the same site, reusable sodium can be delivered in few days. If the 
old and new FBR are not on the same site, reusable sodium can be delivered in one 
month. 

Sodium reuse in industrial field necessitates high purification means (division of the 
caesium and tritium content by 10 000) and long term storage (30 years due to the so-
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dium 22 decay) to decrease the total activity below 10 Bq/g. 
These conditions are difficult to reach. Industrial sodium price is also lower than the 
nuclear one. But the purification and storage cost can be covered by the sodium sale 
and that can avoid waste storage cost. 

Sodium reuse in nuclear field with activity above 10 Bq/g implies specific biological 
shielding measures during the sodium drying of the old plant, transportation, filling up 
and testing of the new plant. The plant has to be put in controlled areas several months 
earlier, due to the filling up and hydraulic testing phases. 
It is also possible to use sodium with activity below 10 Bq/g to avoid specific biologi
cal shielding measures. 

a2^ Sodium disposal : 
Sodium cannot be disposed directly. It has to be converted in a stable element being 
able to be treated in liquid waste centres. The conversion of 2000 tonnes of sodium ge
nerates large volumes of aqueous caustic soda, about 8000 tonnes. This soda can be 
used to neutralize acid liquid wastes from reprocessing centres or can be treated direct
ly as a waste. 
Sodium disposal is the sole way if no new plant is expected or if sodium sale is not 
possible in industrial field. 

The better cost balance has to be established between the plant capacity (cost of the 
plant) and the operation duration (cost of the operation). In the case of EFR, we have 
considered 2 years of operation for the disposal plant with a disposal capacity of 
1000 t/y. 

Several scenarios have been examined : 
- disposal of no purified sodium on the reactor site and transport of purified soda to a 
treatment center, 
- disposal of sodium purified at 98% on the reactor site and transport of no purified so
da to a treatment center, 
- transport of no purified sodium from the reactor site to a treatment center and dispo
sal of the sodium, 
- transport of sodium purified at 98% from the reactor site to a treatment center and 
disposal of the sodium. 

The operation can be carried out in the old plant site or in the liquid waste centre. 
Transportation cost has to be considered following the purification level. 
The disposal plant can be designed : either in several modules to be mobile between 
old sodium plants, or as a fixed plant on one site. 

Sodium disposal operation is the most unfavourable economical way because : 
- if there is a new plant to fill up, the total cost is the addition of the disposal cost and 
the new sodium cost, 
- if there is no new plant, sodium reuse cost in industrial field is not upper than sodium 
disposal cost. 

b) Secondary sodium : 

Secondary sodium is contaminated only by tritium, which is a beta emitter. No biolo
gical shielding is necessary for the operators. 
SPX secondary sodium activity will be about 2,5 103 Bq/g at the final shutdown. 
EFR secondary sodium, which is continuously purified in operation, will have an acti
vity bellow 10 Bq/g at the final shutdown. 
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bl") Secondary sodium reuse ; 
Several scenarios have been examined : 
- reuse of not purified sodium in secondary loops 
- reuse of purified sodium with activity below 10 Bq/g, in secondary loops 
- reuse of purified sodium with activity below 10 Bq/g, in industrial field 

Sodium can be easily reused in a new plant because no modification has to be carried 
out. If the sodium activity is above 10 Bq/g, controlled areas have to be foreseen ear
lier. 
This reuse has the same interest than for the primary sodium one : cost saving and 
time schedule reduction. A purification, if it is necessary, is made with cold traps. 
EFR secondary sodium can be reused directly without purification because its activity 
is below 10 Bq/g. 

b2i Secondary sodium disposal : 
Two scenarios have been examined : 
- disposal of sodium purified at 98% on the reactor site and transport of soda to a treat
ment center, 
- transport of sodium purified at 98% from the reactor site to a treatment center and 
disposal of the sodium. 

Sodium disposal is the sole way if no new plant is expected or if sodium reuse is not 
possible in indutrial field. 
Tritium purification has to be made in sodium to allow low tritium concentration in 
soda. 
NOAH process has been also selected for the sodium conversion. 
Secondary sodium disposal brings the same cost disvantages than the primary one. 

CVI. NEXT STEP 

Next step will consist to carry out a cost assessment of the different scenarios. They will be 
compared together and classified. Proposed scenarios will be highlighted in relation to the 
main technical conditions. 

References : 
HI CCE - Gestion et stockage des déchets radioactifs - Traitement du sodium contami

né - Rapport semestriel N°l - NOVA X 005 807 000 
/2/ CCE - Community's research and development programme on radioactive waste 

management and storage - Annual Progress Report - EUR 14418 EN 
131 CCE - Gestion et stockage des déchets radioactifs - Traitement du sodium contami

né - Rapport semestriel N°2 - NOVA X 006 067 000 
¡AI CCE - Gestion et stockage des déchets radioactifs - Traitement du sodium contami

né - Rapport semestriel N°3 - NOVA X 006 123 000 
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Figure 1 : Main Milestones 

Stepl 
Step 2 
Step 3 
Step 4 
Step 5 

04/91 10/91 04/92 
H + 

10/92 04/93 

Figure 2 : sodium activation and contamination levels 

PRIMARY SODIUM 
_ ,. „ . , ! Activity ; Total activity 
Radio-element j Period ; inBq/kg | inBq 

Ña 22 (B+ gamma)! 2,62: years I 1,33. ÏÓ7 Î 4,4.ÏÖ13 

Cs 137 (ß-,gamma)! 30years I 8,95.IO7 I 2,9.ÏÖ14 

Tritium (ß+) i 12,3 years ] 3,35.fÕ7 } ÏJ.ÏÖ14 

TOTAL I 15.ÏÖ7 I 4,9.ÏÖ14 

SECONDARY SODIUM 
Activity i Total activity 
in Bq/kg j in Bq 

i 

_ -

i 

2,5.IO6 ; 3,2.IO12 

2,5.106 1 3,2.1012 

EFR secondary sodium activity will be under 10 Bq/g in tritium because it will be conti
nuously purified during operation. 
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Figure 3 : cold trap 

Figure 4 : sodium disposal NOAH process 
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Figure 5 : scenario ways 
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Title Studies of Minimising Transport of Spent Fuel 
Contractor BAeSEMA 
Contract N° FI2W-CT90-0067 
Duration of contract September 1991 to February 1993 
Period covered January-December 1992 
Project leader Jonathan B. Taylor 

OBJECTIVES AND SCOPE 

The aim of the work is to establish a methodology and software tools for 
examining the implications for cost, environmental impact and safety of minimising 
the transport of spent fuel using multi-attribute utility analysis and linear 
programming techniques. 

The objectives are therefore : 

- to define two realistic, illustrative "base case" scenarios for the management of 
spent fuel and a framework for analysing their cost, transport requirements 
and environmental impact using an enhanced version of the DISPOSALS 
model 

- to define the data needed for analyses, and collect data for illustrative cases 
- to enhance, test and document the DISPOSALS model 
- to carry out illustrative analyses and report on the results 

B. WORK PROGRAMME 

1. Task 1 : Formulation of the Problem 

The costs and environmental impacts which need to be taken into account will 
be identified and a high level design document setting out the structure of the 
analytic model will be prepared. 

2. Task 2 : Data requirements 

A report describing the model's data requirements will be produced. 

3. Task 3 : Data Collection 

The best available data meeting the requirements identified in Task 2 will be 
collected and a summary report produced. 

4. Task 4 : Model Development 

Building upon the previous DISPOSALS work, a revised model will be 
developed to enable the illustrative analysis to be carried out. 
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5. Task 5 : Illustrative Analysis 

Using the revised model an illustrative study will be carried out based on the 
scenarios developed under Task 1. 

PROGRESS OF WORK AND OBTAINED RESULTS 

The status of progress has not been forwarded to the Commission for 1993. 
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Title: Study of the retrievability of radioactive waste from a deep 
underground disposal facility 

Contractor: ECN 
Contract no: FJ.2W-CT92-0119 
Duration of contract: July 1992 to July 1993 
Period covered: July 1992 to December 1992 
Project leader: J. Prij 

A. OBJECTIVES AND SCOPE 

Retrievability of radioactive waste emplaced in a deep repository in a geological formation 
has received increasing attention during recent years. Arguments in favour of keeping waste 
retrievable are that more suitable sites might be found, that technological advances and/or 
reduced fission material availability would give an incentive for extracting valuable materials 
from the waste, or that an economically feasible way could be found to transmute long-lived 
radionuclides to short-lived ones. 

The Member States of the European Community have not, up to date, included provisions 
for retrievability in their regulatory framework or in recommendations for disposal of waste. 
Other countries, like the United States, ask for an access to conditioned waste to be 
guaranteed for some decades. 

Two conditions govern the option to retrieve radioactive waste packages from a deep 
repository: 

- the packages should not be damaged (by pressure from the host rock, or due to 
corrosion, or other processes) 

- the position of the package and the nuclide inventory must be known, and this 
knowledge has to be kept alive. 

As those two conditions can be met for a few centuries at the best, provisions for 
retrievability makes sense only for up to 300 years (a widely used design limit for corrosion 
resistance of over-packs). During these few centuries, retrievability may be realised by 
keeping the access to the waste packages open, by maintaining in operational condition the 
access shafts and the main galleries. A second possibility is to dispose the waste in a suitable 
overpack and abandon the repository after backfilling, closing and sealing. In this case the 
waste will have to be re-mined from the surface. Although this re-mining will be very costly 
it is obvious that there will be a point in time, where the cost of keeping the repository in 
operating condition will be higher than those of re-mining from the surface to reach the 
waste packages in a closed repository. By way of illustration this break-even point is 
represented in Figure 1. 
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Figure 1 Cost comparison for retrievable storage and re-mining after final disposal. 

The objective of this study is to collect existing data on retrievability of heat-generating 
long-lived waste and to produce an un-biased set of data on implications in terms of cost 
when deciding adoption of a retrievability strategy. 

B. WORK PROGRAMME 

Present state of the retrievability option 

Existing information on retrievability of radioactive waste will be collected in EC-Member 
States and other countries having a nuclear energy production programme. This review will 
include regulations, recommendations and even opinions as long as they have been expressed 
in open literature or in open working documents of national or international bodies. Attention 
will be paid to aspects of non-proliferation in the case of direct disposal of spent fuel being 
declared as waste. 

Overview of expected modifications as a consequence of opting for retrievability 

This overview will examine aspects concerning design and fabrication of waste packages, 
design of the repository, operation and maintenance of the repository and associated 
equipment, surveillance and control of the installation, and maintaining a documentation 
system when changing from a final disposal concept to retrievability. 
For these factors an estimation of additional costs and occupational exposure will be 
attempted. Evaluations with regard to radiation protection and long term safety to the 
environment will be made without carrying out detailed performance assessment calculations. 
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Detailed evaluations for a reference disposal scenario 

A detailed evaluation under realistic conditions will be made in performing a comparison 
between the costs of retrieval of the waste from a suitable deep underground repository 
(including the annual costs of keeping the repository open) and the costs of re-mining the 
waste from a final deep underground repository (including the costs of closing and sealing). 

The assumptions and boundary conditions are: 

- The study is restricted to HAW (high level radioactive waste). The quantity of HAW is 
based on 20 GW installed nuclear power (in standard LWR NPP's) operating for a period 
of 30 years (scenario and data as in studies / l / and /2/). 

- Two types of waste management strategies will be considered: 
. direct disposal of all spent fuel 
. disposal of the HAW from reprocessing all the spent fuel 

- One loading sequence of the waste into the repository will be considered. 
- The disposal concepts will be chosen based on current state of the mining and disposal 

techniques. 
- Three types of host rock will be considered: clay, granite and rock salt. 
- One retrieving and one re-mining strategy will be selected. 

The activities to be carried out are: 

- select feasible final disposal and retrievable storage concepts for each of the three host 
rock formations, 

- assess the feasibility of the selected options: concise safety evaluations will be performed 
with regard to radiation protection and long term safety to the environment, 

- select a feasible retrieval and re-mining concept for each of the three host rock 
formations, 

- determine the total costs of each of the options selected: 
for the retrievable options the total costs are the annual costs to guarantee the 
retrievability, and the costs of the retrieval 
for the final disposal concepts selected the total costs are the costs of closing and the 
costs of re-mining. 

- evaluate the costs in present day value and determine for each of the host rocks the 
break-even point at which re-mining is more favourable from an economical point of 
view. This evaluation will be based on the present-day society and present day estimates 
of the economical parameters such as interest rates. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 

State of advancement 

A literature search has been performed trough the regular documentation systems on existing 
literature on the topic of retrievable storage of radioactive waste. 
A general inventory has been made of the consequences of retrievable storage and a start has 
been made with the conceptual planning for storage and disposal facilities in the three host 
rocks mentioned. 

Progress and results ^ 

Very little has been published on the topic of retrievability for EC and other relevant 
European countries and therefore other, more informal, sources of information will have to 
be used in the next part of the inventory. 

The design of the repository for both retrievable and re-minable storage will be based in the 
concept of storage in galleries which will be backfilled with a suitable medium. A general 
lay-out of the repository is represented in Figure 2. 

Infrastructure 

\ 
\ 

^Cro! ss galery 

and shafts Disposal drifts 
/ 

/ 

Figure 2 Lay-out of the mine building. 

In this way the decay heat will be fed into the surrounding rock and not primarily into the 
ventilation system. This concept implies that an overpack is required which withstands the 
rock pressure. 
For the current study it has been assumed that a Pollux container satisfies the requirements 
for mechanical integrity and corrosion resistance. An additional reason for the use of a heavy 
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overpack is the radiation protection during the storage and retrieval operation. 
The major problem arising from the disposal concept chosen is that the containers have to 
be retrieved or re-mined from the surrounding medium under high temperature conditions. 
Temperature calculations will have to show if artificial cooling is sufficient to create a 
workable environment or if a form of remote control has to be used. 

References 

IH J. Malherbe: Management of radioactive waste from reprocessing including disposal 
aspects, EUR-13116 (1991), Office for Official Publications of the EC, Luxembourg. 

/2/ P. Ashton et al: Analysis of scenarios for the direct disposal of spent nuclear 
fuel-disposal conditions as expected in Germany, EUR-12953 (1990), Office for 
Official Publications of the EC, Luxembourg. 
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Title : Assessment and proposal for activity limits for release of very low-level 
radioactive waste to landfills 

Contractor : CEA/IPSN, France, and ONDRAF/NIRAS, Belgium 
Contract No. : FI2W/CT-90/0060 
Duration of contract : April 91 - March 93 
Period covered : January 92 - December 92 
Project leader: P. Guetat (CEA/IPSN, coordinator),. L. BaeKelandt (ONDRAF/NIRAS) 

A. OBJECTIVES AND SCOPE 
In the frame of studies dealing with exemption of particular streams from regulatory 

control, the project aims to establish acceptance criteria for municipal and industrial landfill 
for unconditional exemption. 

Correspondances between levels of exposure and levels of radioactivity will be 
established. 

From this work, it will be possible to derive specific and surface activity levels 
corresponding to acceptance criteria for landfill for the two types of exemption. 

B. WORK PROGRAMME 
Three steps have been defined : 
Phase 1, F and B : Analysis of landfill disposal practices of industrial and municipal 

waste. 
A particular attention is paid to the regulatory context and on working conditions 

encountered in the different installations. 
Evaluation of the waste streams, at the level of some to hundred Bq.g~l for the most 

radiotoxic nuclides. 
Phase 2, F : Development of a radioprotection code CERISE, to establish the relations 

between exposure and radioactivity of waste, including a data bank for dose conversion 
factors. 

Evaluation of the exposures resulting of the water pathway using the code GEOLE 
(geosphere) and the code ABRICOT (biosphere). 

Separate calculations will be pursued for workers and public. 
Phase 3, F and B : Establishment of the correspondance between exposure and specific 

and surface activities of the wastes. 
Proposal of levels of radioactivities for the waste acceptance in the different types of 

landfill and for different dose criteria. 
Final report. 

C. PROGRESS OF WORK AND OBTAINED RESULTS 
State of advancement 

CEA 
Phase 1 and 2 are finished now. 
Informations and data concerning low level radioactive waste streams produced in 

different nuclear facilities were collected. 
Phase 3 is well in advance. Evaluation of worker and public exposures resulting of 

waste treatments has been already pursued starting with the evaluations of basic parameters. 
Dust measurements are being made on landfill sites. 
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ONDRAF 
Phase 1 is almost completed. The description of the legal context (of regional concern) 

will be updated in function of the most recent modifications published in the official journal. 
Dose calculations, as foreseen in phase 3, have been performed, using the code 

CERISE, and based on parameters derived from the actual management of landfills for 
industrial (hazardous and inert) waste. 

The water pathway, using the code GEOLE, will be evaluated within the next weeks. 

Progress and results 

CEA 
Scenarios of exposures were defined after visits of landfills. FIGURE 1 shows the 

selected scenarios. 
The first radiological impacts for workers and members of the public have been 

performed with the code CERISE for these scenarios including different pahways : external 
irradiation, contamination, inhalation and ingestion, 111. This code is modified to be in a 
more user friendly form. 

For the water pathway, the code ABRICOT and the code GEOLE are used. 
Three types of landfills are examined : large and small landfills for municipal waste 

(CET 2a et CET 2B) and one for industrial waste (CET 1). 
Measurements of dust concentrations on site and in the vicinity of site are presently 

performed to specify the choice of the values used in inhalation scenarios. While waiting, 
preliminary results are given in TABLE I to III. 

The case of a landfill including a cell only filled with low level radioactive waste will 
be examined (specific landfill). 

ONDRAF 
The study was performed on the same base as in France, with the following remarks : 

- two types of landfills were selected : 
- class 1 landfill for hazardous industrial waste (100,000 tonnes/year) 
- class 3 landfill for inert industrial waste (33,000 tonnes/year) 

- two campaigns of measurements of dust on a class 1 site were performed during 
the year 1992. 

- the transport pathway was also considered. 
The various scenarios studied are summarized in FIGURE 2. 
The maximal doses resulting of exposures to waste of unit specific activity (1 Bq/g) for 

workers and population are given in TABLE IV. 

For both countries, the next step is the final evaluation of the activities derived from 
the individual dose criteria to propose the radioactivity levels for the waste acceptance in the 
different types of landfills, and the writing of the final common report. 

REFERENCES 

III Presentation of the objectives, methodology and the project progress status in Brussels 
(October 1991). 

Ill GUETAT P., RENAUD P., SANTUCCI P., ASSELINEAU J.M., 
"CERISE : Code d'Evaluations Radiologiques Individuelles pour des Scénarios en 
Entreprises et dans l'Environnement." CEA/IPSN Report SERGD 92/03 (1992), 
for advance report of this CEC contract. 
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TABLE I (FRANCE) 

Maximal individual dose for workers in landfill and for 1 Bq.g-1 (in Sv.yl). 
(e.i. : external irradiation e.c. : external contamination fire : trench fire inn. : inhalation) 

Radionuclides 

3H 
14C 
32p 
35S 
36C1 
54Mn 
5 5 F e 

«»Co 
59NÌ 
6 3 N i 
90Sr+ 
94Nb 
99nrrc 

"Tc 
1 0 6 R u + 
108m A g + 
110m A g + 

125Sb + 
125j 
129i 
131j 
134Cs 
137CS + 
147Pm 
151Sm 
152EU 
154Eu 
2 2 6 R a + 

235U + 
238U + 
237 N p + 

238pu + 
239pu + 
240pu + 

241pu + 
241Am 
244Cm 

CETI 
(50,000 tonnes/year) 

1,37.10-12 

4,50.10 "9 

3,35.10-9 

3,55.10 -11 

1,64.10-9 

6,06.1o-6 

3,54.10-11 

1,99.10-5 

7,51.10-11 

3.38.10-11 

1,08. IO"8 

1,22.1o-5 

1,20.10-9 
1,28.1o-10 

1,52.1o-6 

1,31.10-5 

2,12.10-5 

2,99.1o-6 

8,10.10-9 
1,14.10 8 

2,18.1o-6 

1,19.10-5 

4,21.1o-6 

4,53.10-10 

2,22.10-10 

1,08.10 5 

9,46.1o-6 

2.05.10-5 

2,15.1o-6 

1,60.1o-6 

4.18.10"6 

2.89.10-6 

2,89.1o-6 

2,89.1o-6 

4,35.10-8 

2,92.1o-6 

1,74.1o-6 

(ing.,inh.; 
(inh. 
(e.i.) 
(ing.) 
(e.i.) 
(e.i.) 
(inh.) 
(e.i.) 
(e.i.) 
(inh.) 
(e.i.) 
(e.i.) 
(e.i.) 
(inh.) 
(e.i.) 
(e.i.) 
(e.i.) 
(e.i.) 
(e.i.) 
(e.i.) 
(e.i.) 
(e.i.) 
(e.i.) 
(inh.) 
(inh.) 
(e.i.) 
(e.i.) 
(e.i.) 
(inh.) 
(inh.) 
(inh.) 
(inh.) Æ 
(inh.) Ã.1 
(inh.) 
(inh.) 
(inh.) 
(inh.) 

CET 2a 
(150,000 tonnes/year) 

1,72.1o-11 

4,44.10-10 

1,57.10-9 
8,25.1o-11 

6.15.10-11 

2,18.1o-6 

l,27.10-n 

6,64.1o-6 

2,66.1o-11 

1,22.1o-11 

3,54.10-9 
4,06.1o-6 

2,58.10-8 

7,15.10-n 

5,20.10-7 

4.38.10-6 

7,10.1o-6 

1,00.1o-6 

3,58.10-9 
9,36.10-9 
8,28. IO"7 

3.98.10-6 

1,40.1o-6 

1,81.IO'10 

7,85.10-u 

3,60.1o-6 

3,16.1o-6 

6,84.1o-6 

7,44.1o-7 

5,08.10 7 

1,45.1o-6 

d 1,02.1o-6 

;JHÍ 1,02.1o-6 

1,02.1o-6 

1,53.10-8 
1,03.1o-6 

6,12.10-7 

(fire) 
(fire) 
(e.i.) 
(fire) 
(fire) 
(e.i.) 
(inh.) 
(e.i.) 
(e.i.) 
(inh.) 
(e.i.) 
(e.i.) 
(e.i.) 
(inh.) 
(e.i.) 
(e.i.) 
(e.i.) 
(e.i.) 
(e.i.) 
(fire.) 
(e.i.) 
(e.i.) 
(e.i.) 
(inh.) 
(inh.) 
(e.i.) 
(e.i.) 
(e.i.) 
(inh.) 
(inh.) 
(inh.) 
(inh.) 
(inh.) 
(inh.) 
(inh.) 
(inh.) 
(inh.) 

CET 2b 
(15,000 tonnes/year) 

5,46.1o-11 

1,40.10-9 

4,57.10-9 
3,22.10-10 

1,90.10-8 
5,45.10-6 

1,16.10-10 

1,66.10-5 

1,43.10-10 

1,15.10-10 

1,51.10-8 
1,05.10-5 

1,60.10-8 
4,92. IO"10 

1,31. IO'6 

1,10.10-5 

1,77.10-5 

2,50. i a 6 

1,16.10-8 
3,97.10-8 
1,99.10-6 

9,97.10-6 

3,52. IO"6 

1,56.10-9 
7,51.IO"10 

9,01.10-6 

7,90. IO"6 

1,73.10-5 

5,50.1o-6 

5,02.1o-6 

1,09.10-5 

9.82.10-6 

9,82. IO6 

9,82.1o-6 

1,47.10-7 

9,85. IO6 

5,89.10-7 

(fire) 
(fire) 
(e.i.) 
(fire) 

(fire) 
(e.i.) 
(inh.) 
(e.i.) 
(inh.) 
(inh.) 

(e.i.,inh.) 
(e.i.) 
(e.i.) 
(inh.) 
(e.i.) 
(e.i.) 
(e.i.) 
(e.i.) 
(e.i.) 
(fire) 
(e.i.) 
(e.i.) 
(e.i.) 
(inh.) 
(inh.) 
(e.i.) 
(e.i.) 
(e.i.) 
(inh.) 
(inh.) 
(inh.) 
(inh.) 
(inh.) 
(inh.) 
(inh.) 
(inh.) 
(inh.) 
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TABLE H (FRANCE) 

Maximal individual dose Maximal individual dose in a small oi 
15,000 tonnes/year) and for 1 Bq.g"* (in Sv.y"1). 

small ordinary landfill (CET 2b 

Radionuclides 

3H 
14C 
32p 
35S 
3ßCl 
54Mn 
5 5 F e 
60Co 
5 9 N i 
6 3 N i 
90Sr+ 
94Nb 
99mŢc 
9 9 T c 
106R u + 
108mAg 
110mAg 
125

Sb + 
125¡ 
129J 
131j 
134CS 
137CS + 
147P m 
151

Sm 
152Eu 
154Eu 
226 R a + 
235U + 
238U + 
237 N p + 

238pu + 
239pu + 

240pu + 

241pu + 
241

Am 
244Cm 

WORKER 

(Sv.y
1
) 

5,46.10-
11 

1,40. IO"
9 

4,57.10-
9 

3,22. IO"
10 

1,90. IO"
8 

5,45.1o-
6 

1,16.10 -10 

1,66.10-
5 

1,43.10-
10 

1.15.10-
10 

1,51. IO"
8 

1,05.10 "5 

1,60.10
8 

4,92. IO"
10 

1,31.1o-
6 

1,10.10-
5 

1.77.10-
5 

2,50.1o-
6 

1,16.1o-
6 

3.97.10"
8 

1,99.1o-
6 

9,97.1o-
6 

3,52.1o-
6 

1,56.10
 9 

7,51.IO"
10 

9,01.1o-
6 

7,90. IO
6 

1,73.10-
5 

5,50.1o-
6 

5,02.1o-
6 

1,09.10-
5 

9,82.1o-
6 

9,82.1o-
6 

9,82.1o-
6 

1,47.10-
7 

9,85.1o-
6 

5,89.10 "7 

PUBLIC 
non aquatic pathway 

(Sv.y
1
) 

7,77.10-
10 

9,39.10-
9 

U3.10-
1 0 

l,43.10-
n 

3,03. IO'
8 

3,54.10-
10 

4,47.10-
12 

1,30. IO"
6 

8,83.1o
11 

2,28. IO"
10 

7,76.10-
7 

3,14.1o-
6 

5,65. IO'
16 

2,81. IO'
7 

9.28.10-
10 

3,25.1o-
6 

1,39. IO-
10 

5,57.10-
8 

8,35.10-
10 

7,83.10 "8 

9,99.10-
10 

8,38.IO
8 

8,66.10-
7 

8,04. IO"
12 

3,07. IO"
11 

1,63.1o-
6 

1.05.10-
6 

5,37. IO"
6 

2,67.10 "7 

1,40.10 "7 

1,27.1o-
6 

1,65.1o-
7 

2,06.10 -7 

2,05.10-
7 

4,33.10-
9 

1,44.10-
7 

1,72.10-
7 

PUBLIC 
aquatic pathway 

(Sv.y
1
) 

2,29.10-
9 

1,29.10-
9 

-

-

1,81.10 "7 

-

-

3,86.10-
13 

1,93.10-
10 

1,06. IO"
10 

5,71.10-
9 

2.65.10-
7 

-

9,95.1o6 

-

2,72.10-
9 

-

-

-

3.42.10-
8 

-

-

5,27. IO"
21 

-

-

-

-

4.23.10"
8 

3,48. IO"
8 

3,02.10-
8 

1,01.10-
6 

-

9,01.1o-
11 

7,31. IO'
13 

-

-
™ 
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TABLE m (FRANCE) 

Maximal individual dose in an industrial waste landfill (CET 1 50 000 tons/year) for 
1 Bq.g"1 and for 1 Bq.cnr2 (in Sv.y"1). 

Radionuclides 

3H 
14C 
32p 
35S 
36Q 
54Mn 
55Fe 
60Co 
59NÌ 
6 3 N i 
90Sr+ 
94Nb 
99nrrc 

"Tc 
106R u + 
108mA g + 

110mA g + 
125Sb + 
125j 
129¡ 
131X 

134CS 
137Cs + 
147Pm 
isiSm 
152Eu 
154Eu 
226Ra + 
235U + 

238U + 

237Np + 
238pu + 
239pu + 
240pu + 
241pu + 
241Am 
244Cm 

Maximal individual dose 
for 1 Bq.g"1 (Sv.y1) 

1,37.10-12 

4,50.10 "9 

3,35.10 "9 

3,55. IO"11 

1,64. IO"9 

6.06.10-6 

3,54.10-11 

1,99.10-5 

7,51.IO"11 

3,38.1o11 

1,08. IO"8 

1,22.10-5 

1,20. IO"9 

1,28. IO"10 

1,52.1o-6 

1,31.10-5 
2,12.10-5 
2,99.10-0 

8,10. IO"9 

1,14. IO 8 

2,18.10"6 

1,19.10-5 

4,21.IO"6 

4,53. IO"10 

2,22.IO10 

1,08.10-5 

9,46. IO'6 

2,05.10-5 
2,15. IO 6 

1,60. IO'6 

4,18.10"6 

2,89. IO'6 

2,89.1o-6 

2,89.1o6 

4,35.10-8 

2,92. IO"6 

1,74. IO"6 

Maximal individuai dose 
fori Bq.cnr2 (Sv.y-1) 

3,60.10-11 

2,52. IO'9 

6,08. IO"8 

2,11.IO"9 

1,28.10 "8 

4,75. IO"7 

5,82. IO"10 

1,30. IO-6 

7,24. IO'10 

3,93. IO"10 

9,98. IO"8 

9,05. IO"7 

2,40.10-10 

4,13. IO"9 

2,35. IO"7 

9,45. IO"7 

1.51.10-6 

2,57. IO"7 

4,91.10 "8 

1,97. IO"7 

2,32. IO"7 

9,29. IO"7 

3,73. IO"7 

2,98. IO'9 

4,14. IO"10 

6,38. IO-7 

7,00. IO"7 

1,41. IO"6 

1,64. IO"7 

1,42. IO"7 

1,36. IO"6 

9,01. IO"7 

9,00.10 "7 

9,01. IO"7 

1,80. IO"8 

1,22. IO"6 

6,00. IO'7 
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TABLE IV (BELGIUM) 

Maximal individual dose for 1 Bq.g'l (in Sv.y"*). 

Radionuclides 

3H 
14C 
32p 
35S 
36C1 
54Mn 
5 5 F e 
60Co 
5 9 N i 

6 3 N i 
9 0Sr+ 
94Nb 
99mj c 
9 9 T c 

106Ru + 
108mAg + 

110mAg + 
125Sb+ 
125¡ 
129¡ 
131j 
134Cs 
137CS + 
147Pm 
151Sm 
152Eu 
154Eu 
226Ra + 
235U + 

238U + 
237 N p + 

238p u + 
239Pu + 

240pu + 

241pu + 
241Am 
244Cm 

Class 1 (100,00 tonnes) 

Workers | 

8,28.10-12 

3,68.10 "9 

2.63.10-8 

3,58.10-9 

1,61.10 "8 

1,06.10 "5 

2,81.10-10 

3,23. IO"5 

8,41.10 -10 

1,67. IO"10 

5,88. IO-8 

1,97. IO"5 

3,12.10-8 

6,60.IO9 

2,45.10 "6 

2,13.IO"5 

3,45. IO"5 

4,86. IO"6 

1,92.10-8 

5,22.10-8 
3,85. IO"6 

1,94.10 "5 

6,83.10-6 

5,31. IO'9 

4,25. IO"10 

1,75. IO"5 

1,54. IO"5 

3,33. IO"5 

3,97. IO"6 

3,08. IO'6 

7,74. IO"6 

5,66. IO"6 

5,66. IO"6 

5,66. IO'6 

8,49.10-8 
5,70. IO"6 

3,39. IO'6 

Population 

l ,22.10-u 

1,40. I O 9 

0,00 
0,00 
5,30. I O 1 0 

7,23. IO"25 

2,18. IO'1 7 

1.66.10-9 

1,62.1o-11 

2,60. IO'11 

4,37.10-8 
7,75.10-7 

0,00 
4,21.10-8 
1,31.10-22 
6,46.10-7 

8,53.10 "29 

5,96. IO"13 

0,00 
1,20.10-8 

0,00 
2,11.IO"14 

8,51.10-8 
4,53. IO"17 

6,25. IO"12 

5,15.10-8 
1,03.10-8 
1,33. IO"6 

9,30.10-8 
5,86.10-8 
3,05. IO"7 

5,84.10-8 
9,08.10-8 
9,04.10-8 
2,51.10 "9 

7,65.10-8 
1,10.10-8 

Class 3 (33,000 tonnes) 

Workers 

2,61.IO"12 

U 8 . I O - 9 

6,44.10-9 

1,14.10-9 

4,65.10-9 

7,95.10-6 

8,88.10-n 

2,42.10-5 

2,51.10-10 

5,22.1o-11 

1,21.10-8 
1,48.10 "5 

2,34.10-8 
2,11.10-9 

1,84.10-6 

1,60.10-5 

2,59.10-5 

3,65. IO"6 

9,53.10-9 

1,40.10-8 
2,89.10 "6 

1,45.10-5 

5,12.10-6 

1,68.10-9 

3,57.10-10 

1,31.10-5 

1,15.10-5 

2,50.10-5 

3,23. IO"6 

2,56. IO'6 

6,3 LIO' 6 

4,75.10-6 

4,75.10-6 

4,75.10-6 

7,12.10-8 
4,78.10'6 

2,85.10 "6 

Population 

4,08. IO"12 

4,67. IO"10 

0,00 
0,00 
1,77. IO'1 0 

2,41.10-25 

7,26.10-18 

5,55. IO"10 

5,41.10-12 

8,66.10-12 

1,46.10-8 
2,58.10-7 

0,00 
1,40.10-8 
4,37.10-23 
2,15.IO"7 

2,84. IO'2 9 

1.99.10"13 

0,00 
4,00.10-9 

0,00 
7,04. IO"15 

2,84.10-8 

1,51.IO-17 

2,08. IO'1 2 

1,72.10-8 

3,42.10 "9 

4,42. IO'7 

3,10.10-8 
1,95.10-8 
1,02.10-7 

1,95.10-8 
3,03.10-8 
3,01.10-8 

8,38.10-10 

2,55.10-8 
3,66.10 9 
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Title : DEFINITION OF REFERENCE LEVEL FOR EXEMPTION OF WASTES SUITABLE FOR 

Contractors 
INCINERATION 

Contract nc 

Duration of contract 
Period covered 
Project Leader 

CEA, IPSN/CEN-FAR, France and Empresarios Agrupados, Madrid, Spain 
FI2W-CT90-0066 
1 January 1991 - 30 June 1993 
1 January 1992 - 31 December 1992 
0. Cahuzac (coordinator - CEA) - F. Andaluz (EA) 

A. OBJECTIVES AND SCOPE 

In the frame of studies intented for groups of experts to develop common criteria 
for exemption of particular waste streams from regulatory control, the project aims to 
give correlations between waste activity levels and the individual doses due to their 
incineration. 

The approach for establishing radiological protection criteria for the incineration 
of very low radioactive waste involves : 

The identification of possible waste management scenarios including : sources 
terms, incinerator data, composition of wastes streams, mode of disposal or reuse 
of the residues. 
The establishement of dose levels corresponding to incineration of very low 
radioactive burnable material in a classical installation. 
The establisment for each scenario defined, of environment pathways and dose 
assessments. 
From this work, it will be possible to derive activity concentrations corresponding 

to acceptable level for incineration whithout special precaution. 
CEA/IPSN (France) and EA (Spain) took part on this study, EA investigating 

specially biological and organic wastes produced in Spain. 

B. WORK PROGRAMME 

Four steps are envisionned : 

1. Data Acquisition and Analysis : 
1.1 Data collect and analysis of base information on incinerator types, processes 

and working conditions. 
1.2 Definition of the characteristics of burnable very low level radioactive wastes 

arid expected quantities. 

2. Analysis 
Sampling and dust in situ measurement. 

3. Evaluation of the radiological impact : 
3.1. Definition of scenarios corresponding to significant pathways for workers and 

members of public. 
3.2 Adaptation of computer code CERISE to specific case of incineration. 
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3.3 Assessment of individual doses for the workers and radiological impact to the 
public as a function of quantities, waste activities and incinerator and site 
characteristics. 

4. Correlation between activity levels and individual doses 
4.1. Individual doses caused by unitary activity concentration of the waste in the 

considered scenarios. 
4.2 Determination of the average activity of the wastes corresponding to the 

individual dose exemption level. 
4.3 Determination of practical limits by groups of the nuclides 

C. PROGRESS OF WORK AND OBTAINED RESULTS 

State of advancement 

A collect of data about incineration of municipal waste, hospital waste and 
industrial waste are available. Complementary information will be necessary for 
workers operational conditions in cement works. 

Scenarios and radiological impacts have been carried out for municipal and 
hospital wastes. 

Progress and results 

l.Data acquisition and analysis 

CEA 
During 1992, efforts have been made on the following topics: 
-Review in available experience concerning incinerator exploitation, treatment of 

fumes, workers operational conditions in the plant and handling of by-products (storage 
and recycle). 

-Thorough examination of the current literature, specially to collect the data 
useful to determine, for each radionuclide, the distribution factor of radioactivity 
between gas, fly ash and bottom ash and eventually dechloruration residues. 

-Investigation on the conditionning of the fly ash. As required in a recent CCE 
directive, and because toxic elements are concentrate in the fly ash, it is not anymore 
possible to eliminate these ashes in a landfill without immobilisation. The national 
regulation concerning the elimination of this ashes is not presently issued. By lack of 
experience, the scenarios will be elaborated from the literature informations. 

EA 
During 1992 efforts have been made in order to: 
-know technical data and operational aspects of the Spanish incineration plants for 

both urban and clinical wastes: processes and changes undergone by materials (wastes), 
process parameters, operational conditions of the workers and treatment of by-products. 

-obtain practical data (from the experience) about generation rate of by-products 
(gas, fly ashes and bottom ashes) 

-obtain values of the radioactivity distribution factors between gas and ashes. 
Values have been taken from the current literature because of the lack of the 
experimental data. 

-know the treatment given to the fly ashes stream in the Spanish incinerators. 
Actually the fly ashes stream is added to the bottom ashes stream and disposed together, 
because there is not a national regulation concerning the immobilization of the fly 
ashes. Nevertheless provisions for treatment and stabilization of the fly ashes with 
special cement and others additives before disposal are being considered in the projects 
of the new plants in construction, in order to comply, in the future, with the recent 
CCE directive. 

57 



2.Analysis 

Information has been collected from the gas exploitation of different plants in 
view to determine the distribution of radionuclides in gas, fly ash, bottom ash and 
residues of dechloruration. The use of these data is difficult in a generic study because 
of the dispersion of the data. 
Some experiments carried out at Grenoble on Ce02 and CsCl samples shows that 
respectively 74% and 89% of the contaminants are collected in the bottom ash. Ce02 is 
representative of PuC>2 or UO2 and CsCl is representative of moderatly volatile 
contaminants. These experiments have been worked out only at 550° and it will be 
necessary to make investigation with higher temperature 

3.Evaluation of the radiological impact 

CEA 
In view of establishing evaluation of radiological impact, the computer code 

CERISE has been revised, especially concerning the data file on dose factor ; other 
ameliorations are envisaged. 

Preliminary impact assessment have been performed for the individual during all 
operational activities : incinerator exploitation, storage or recycle of by-products. The 
different pathways considered are presented in table I and preliminary results in 
table II. 

Definition of scenarios which can result in exposure to people, choice of 
parameter values have been performed for municipal incinerator, hospital incinerator 
and industrial incinerator excepted for the scenarios concerning the fly ash which 
requires more information (see 1.). 

Calculation is carried out for municipal incinerator : the different pathways 
considered are presented in table I and preliminary results are compiled in table II. 

EA 
-The CERISE computer code methodology has been analysed and several test 

performed for training. 
-Exposure scenarios conditions and pathways for workers of an incinerator of 

clinical wastes and for the public in the surroundings have been defined. Values of the 
exposure parameters have also been determined. 

-Radiological calculations have been performed for the relevant posts and 
situations in the considered scenarios. 

-The exposure scenarios, posts and pathways are presented in table III. 
Preliminary results are showed in table IV. 

4.Correlation between radioactivity levels and individual doses. 
Not yet treated. 
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incinerator workers 

-wastes loading 

-ashes disposal 

landfill workers 

-chimist 

track conductor 

road construction 
workers 

population 

-external exposure 
-inhalation 

-external exposure 
-inhalation 

-hand contamination 
-face contamination 
-ingestion transferred by hand contamination 

-external exposure 
-inhalation 

-external exposure 
-inhalation 

-exposure to the incinerator plume 

-external exposure due to deposits 
on the ground 

-ingestion of contaminated 
vegetables 

TABLE I 

PATHWAYS IN THE CASE OF INCINERATION 

OF VERY LOW LEVEL WASTES IN A MUNICIPAL INCINERATOR 
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H3 
C14 
P32 
S35 
CR51 
MN54 
CO60 
FE59 
NI63 
SR90 
ZR95 
TC99 
AGllOM 
1129 
1131 
CS137 
PB210 
PO210 
RA226 
NP237 
TH229 
AM241 
U233 
PU239 

INCINERATOR 
Bq.g-1 

1.25E+05 
2.88E+03 
2.66E+03 
3.16E+04 
6.61E+03 
2.29E+02 
7.44E+01 
1.62E+02 
3.07E+06 
1.53E+04 
1.31E+02 
6.47E+05 
7.00E+01 
6.21E+01 
2.94E+02 
2.99E+02 
9.07E-01 
2.71E+03 
1.09E+02 
1.78E+02 
4.06E+01 
3.47E+02 
5.79E+02 
3.47E+02 

'"only for bottom ashes 

DERIVED LEVEL OF ACTTV 

IN( 

LANDFILL 
Bq.g-1 * 

3.16E+12 
1.04E+09 
8.92E+07 
1.06E+09 
1.10E+03 
3.68E+01 
5.97E+01 
5.32E+02 
2.56E+08 
3.34E+05 
2.13E+01 
4.18E+06 
1.13E+02 
3.96E+03 
1.15E+02 
5.52E+01 
2.47E+04 
2.89E+05 
1.75E+04 
1.47E+05 
1.02E+05 
1.88E+03 
1.44E+07 
8.64E+06 

TABLE II 

TTY FOR THE CASE OF 

ZINERATOR 

ROAD CONSTRUCTION 
Bq.g"1* 

4.06E+09 
1.62E+08 
3.78E+06 
9.54E+08 
1.54E+02 
3.48E+00 
5.46E+00 
6.34E+01 
6.07E+05 
6.08E+03 
2.34E+00 
1.00E+20 
1.08E+01 
3.60E+02 
4.72E+01 
5.03E+00 
2.25E+01 
4.49E+01 
1.59E+03 
6.23E+02 
1.42E+02 
1.21E+00 
2.02E+03 
1.21E+03 

MUNICIPAL 

The reference levels used to calculate the activity levels are: 
- 10 ftSv/y for the public 
- 50 /iSv/y for workers or for the public concerned with low probability scenario 
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EXPOSURE SCENARIOS 

ON INCINERATOR 

-post of furnace loader 

-post of ash worker 

ON SANITARY LANDFILL 

-post of equipment operator 
(exposure similar to the ash worker 

ON INCINERATOR SURROUNDINGS 

-individual of the public 

PATHWAYS 

-External Exposure 
-Inhalation 

-External Exposure 
-Inhalation 

-External exposure 

-Inhalation 

-Inhalation ) 
> (exposure to the plume) 

-Immersion J 

-External exposure(from deposits on the ground) 

-Ingestion (of contaminated vegetables) 

TABLE III 

EXPOSURE SCENARIOS AND PATHWAYS DUE TO THE INCINERATION OF 
VERY LOW LEVEL RADWASTE 



TABLE IV 

UNITARY DOSES CAUSED BY THE INCINERATION OF BIOLOGICAL SOLIDS AND ORGANIC LIQUIDS (CONTAINING 1 Bq/g) 

IN THE DIFFERENT SCENARIOS OF THE PRACTICE (Sv/a) AND DERIVED ACTIVITIES (Bq/g) 

IO 

| NUCLIDE | 

j P-32 
I S-36 
\ 1-125 
i FE-59 
i CA-45 
J H-3 
[ C-14 

| TOTAL 

ANNUAL DOSES IN THE SELECTED SCENARIOS Sv/a \ 

FURNACE LOADER | 

TOTAL DOSE | 

2 .56E-13 | 
l 3 .33E-13 ¡ 
i 9 . 2 5 E - U 
1 7 .73E-09 
1 1.49E-12 
1 2 .92E-14 
1 1.01 E-12 

1 7 .83E-09 

ASH WORKER | 

TOTAL DOSE | 

3 .20E-16 j 
4 .17E-16 j 
1.38E-10 i 
5 .79E-10 ¡ 

i 1.86E-12 i 
i 3.65 E-17 j 
| 1.26E-15 ¡ 

i i 
j j 

J 7.19E-10 ¡ 

i ~ 1 

PUBUC.INCIN. j 

TOTAL DOSE | 

1.44E-10 
1.76E-11 
B.63E-10 
2.73E-12 
7.97E-13 
1.62E-11 
5.43E-10 

1.59E-09 

MAXIM DOSE i 
Svia | 

1 .44E-10 | 
i 1.76E-11 | 
i 8 .63E-10 | 
i 7 .73E-09 ] 
| 1.86E-12 
i 1.62E-11 
\ 5 .43E-10 

i 7 .83E-09 

1 

LIMITATIVE | 
SCENARIO i 

public 
public 
public 

fumac.loader 
ash worker 

public 
( public 

1 turnac loader 

1 
1 

i 
DERIVED i 

CONCENTRATIONS i 

i 
6.94E+04 i 
5.68E+05 i 
1.16E+04 j 

i 1.29E+03 j 
1 5.38E+06 i 
I 6.17E+05 i 
1 1.84E+04 ¡ 



Xitlfî.: Comparison of Safety Assessment Methods for Toxic 
and Radioactive Wastes 

Contractor: Intera Information Technologies Ltd. 
Contract No.: FI2W-CT90-0042 
Duration of Contract: March 1991 - February 1993 
Period Covered: January 1992 - December 1992 
Project Leader Graham Smith (Intera) and Carlos Torres 

(IMA/CIEMAT) 

A. Objectives and scope 
The need for safety assessments of waste disposal stems not only 

from the increasing implementation of regulations requiring the assessment 
of environmental effects but also from the more general need to justify 
decisions on protection requirements. Just as waste disposal has become 
more technologically based, through the application of more highly 
engineered design concepts and through more rigorous and specific 
limitations on the types and quantities of the waste disposed,consequently 
the assessment procedure become more sophisticated. It is the overall aim 
of this study to improve the predictive modelling capacity for 
post-disposal safety assessments of land-based disposal facilities through 
the development and testing of a comprehensive yet practicable assessment 
framework. 

Within this project the disposal of toxic, radioactive and mixed 
hazardous wastes is considered. The term "toxic wastes" is interpreted 
broadly to include any kind of liquid or solid non-radioactive waste which 
could give rise to some detrimental environmental effects, post-disposal. 
The associated work programme is being undertaken jointly by Intera 
Information Technologies, Environmental Division, United Kingdom, and 
Instituto de Medio Ambiente of Centro de Investigaciones Energéticas 
Medioambientales y Tecnológicas (IMA/CIEMAT) , Spain. 

B. Work programme 
B.l. To review the different waste types and to compare and contrast 
concepts and methods adopted for their land based disposal. 

B.2. To review the kinds of criteria adopted for authorising disposals, 
in so far as they relate to post-disposal environmental impact. 

B.3. To review the different assessment methods which have been used to 
assess post-disposal environmental impacts and to evaluate the advantages 
and disadvantages of alternative assessment methods. 

B.4. To identify the types of post-disposal impact which might arise and 
use a scenario analysis, according to a well defined procedure, to 
determine how such impacts may arise. 

B.5. To develop a practicable framework for assessment of post-disposal 
safety for disposal of wastes to land-based facilities taking full account 
of existing methodological developments. 

B. 6. To test the application of the proposed framework on a 
representative set of example disposals. Illustrations will reflect 
realistic problems of environmental assessment. 
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C. Progresa of work and obtained results 
State of advancement 

The following programme items have been successfully completed 
during 1992 without need for modification of the work programme: 

the identification of the types of post-disposal impact which might 
arise and the determination of how such impacts may arise. 

- the development of a practicable framework to assess post-disposal 
safety for the disposal of wastes to land-based facilities taking 
account of existing methodological developments. 

- the identification of suitable example disposals to demonstrate the 
application of the proposed framework. 

The items which remain to be completed by February 1993 are: 
- the testing of the proposed framework on the representative set of 

example disposals. ^ 

Progress and results 
1. Identification of post-disposal impacts (B.4.Ì 
1.1. Procedure for the identification of post-disposal impacts 

To allow the identification of impacts and how they arise, it is 
necessary to develop a conceptual model of the disposal system, its 
environmental setting and the associated release, transport and exposure 
mechanisms and media. To aid this, the scenario analysis approach 
outlined in Figure 1 can be used. 

The first step is to identify the release and transport media, 
exposure points, and human and environmental effects. The mechanisms by 
which the associated release, transport and exposure may occur are then 
considered (ie the links between the media, exposure points, or human and 
environmental effects). All the possible features, events and processes 
(feps) which have been identified are then screened in order to reduce the 
number to be assessed in detail. Criteria such as low probability or low 
impact can be used as a screening mechanism. Simple scoping calculations 
(for example /l/ and /2/) of certain feps can be used to make preliminary 
assessments of impacts to aid screening. Each possible combination of 
feps is termed a scenario. These scenarios are identified and the number 
reduced by grouping them into categories (those with the same impact, 
those causing pollution of the same media, etc.). Finally those scenarios 
for which detailed modelling should be undertaken due to their high 
probability of occurrence, high impact, etc. are identified. 

1.2. Post-disposal Impacts 
How post-disposal impacts arise and their nature will vary depending 

upon: waste characteristics; disposal facility characteristics; geosphere 
factors; environmental factors; human factors. Therefore, without 
consideration of a particular waste and a particular site, it is only 
possible to make general comments about pathways and impacts. The main 
pathways for contaminants to escape from the disposal facility are : 
groundwater; gas; intrusion (human/biotic) ; and erosion (by 
water/wind/ice). Once contaminants have reached the biosphere there are 
a large number of pathways by which they can reach man. For example, 
Figure 2 shows the range of possible pathways for contaminants discharged 
from groundwater into the biosphere. 

Impacts can be considered in terms of impacts on humans and impacts 
on the general environment. In some cases it is assumed that the 
protection of humans will ensure the protection of other species (eg /3/). 
However, the concept of considering risks to both humans (individuals and 
groups) and to ecosystems is being introduced in some countries, for 

64 



example the Netherlands /4/. In addition to the consideration of biotic 
health effects, it is also relevant to consider the effect of contaminants 
on resources such as water supplies and land. 

2. Development of the assessment framework (B.5.Î 
In light of the aims of the project, it was proposed to develop a 

general assessment framework which: 
is applicable to all waste types and land-based disposal facilities. 
is applicable to varying levels of data availability. 

- is quantitative in its approach. 
- has a range of possible end points. 
- allows the comparison of the environmental impacts of different 

disposal options and waste types. 
It was concluded from a review of assessment methods carried out earlier 
in the project /5/, that the use of the quantitative performance 
assessment approach was most suitable. This approach is considered to 
have several advantages over other approaches mainly due to its ability to 
quantify the behaviour of the disposal system. The framework illustrated 
in Figure 3 was developed. It consists of the following steps: 
- Collect and collate data. This involves collecting any site 

specific data which might be available concerning the waste and 
associated contaminant characteristics, the facility design, the 
geosphere, the biosphere, and the associated physical, chemical and 
biological processes. 

- Review the criteria relating to post-disposal safety which are 
relevant to the site, waste and contaminants being considered. This 
review should take into account the specific objectives of the 
assessment and should identify relevant end points for the 
assessment. 
In light of the criteria, review the data collected in Step 1, 
identify any gaps in the data and obtain the necessary data. 

- Develop conceptual model(s) of the system by identifying possible 
features, events and processes (feps) using the approach described 
in Section 1.1. 

- Screen the possible feps which have been identified in Step 4 in 
order to reduce the number to be assessed in detail (see Section 
1.1) . 

- Identify scenarios and reduce the number for further detailed 
consideration (see Section 1.1). 

- Select/develop mathematical code(s) to represent relevant scenarios 
and their associated processes at a level of detail appropriate to 
the available data and relevant safety criteria. A variety of codes 
could be used depending on the nature of the scenarios, processes, 
data and criteria. 

- Obtain any further site and/or generic data which are necessary for 
the mathematical code(s). 
Verify and validate the code(s). 

- Taking account of the uncertainties through the use of statistical 
and expert elicitation techniques, use the code(s) to estimate the 
end points defined in the safety criteria identified in Step 2. 

- Compare the results with the relevant criteria. 
The level of detail incorporated into applications of this framework 

will depend on a variety of factors such as the resources available, the 
level of understanding of the disposal system and its processes, and the 
perceived severity of the existing or potential environmental problems. 
The above sequence should be seen not as a once-through process, but as an 
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iterative procedure, with each iteration taking account of changes in 
conceptual assumptions and data values arising from the previous 
iteration. Iterations might require the repetition all the steps or just 
particular steps in the framework. 

Steps 7 to 10 of the framework require the application of computer 
codes which can be used to assess the scenarios chosen for detailed 
modelling. It was decided to develop an example code which could be used 
within steps 7 to 10 of the assessment framework and could also be used to 
demonstrate the benefits of the quantitative approach adopted. Rather 
than develop a code which only considers only one aspect of the disposal 
system, it was decided to develop an integrated assessment code with 
characteristics similar to those illustrated in Figure 4. 

As a starting point, it was decide to use an existing code, VANDAL 
(Variability ANalysis of Disposal ALternatives). VANDAL has been developed 
as part of the radioactive waste disposal assessment methodology of Her 
Majesty's Inspectorate of Pollution of the UK Department of the 
Environment (UK DoE) /6/. It allows the simulation of the release of 
radionuclides from a disposal facility, their transport in the geosphere 
and the biosphere, and eventual uptake by humans. It includes a 
groundwater flow module, a radionuclide release (vault) module, a 
radionuclide transport module, and a compartmental biosphere module HI. 
VANDAL has the ability to run in either deterministic mode (all parameters 
fixed) or probabilistic mode (some parameters sampled). 

It was recognised that certain developments would have to be 
introduced to VANDAL to allow the development of a code for the assessment 
of both radioactive and toxic waste disposals. In particular, it was 
considered that there was a need to represent the effects of chemical and 
biological processes in toxic waste disposal facilities. Therefore a 
review of such processes was undertaken and consideration was given to 
their possible representation in the example assessment code. In 
addition, a sub-contract was let to RM Consultants of Abingdon, UK, by 
Intera and IMA/CIEMAT to allow RM Consultants to assist with the 
specification and implementation of the developments. As a result of the 
review of chemical and biological processes and additional input from 
Intera, IMA/CIEMAT and RM Consultants, a list of possible developments was 
outlined to improve the code's modelling capabilities. The developments 
were then prioritised based on their perceived importance and ease of 
implementation within the budgetary and time restraints of the project. 
The developments which were undertaken can be divided into three broad 
categories: 
- source term developments (introduction of a new gas generation 

module). 
- flow and transport developments (introduction of a new gas transport 

module). 
- biosphere developments (introduction of a more flexible module which 

allows consideration of gas migration in the biosphere). 
The resulting new code has been called the SACO (Safety Assessment 

Comparison) code. All modifications have been tested and documented to 
ensure the correct operation of the code. SACO has been developed as a 
modular code, thus providing the user with the flexibility to replace or 
omit modules of his/her choice. In particular, this allows for the future 
development of both new and existing modules to replace/provide an 
alternative to existing modules. 

More details concerning the development of the assessment framework 
are given in /8/. 
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3. Identification of Suitable Teat Cases (B.6.) 
Identification of suitable example disposals to demonstrate the 

application of the proposed framework has been undertaken. The tests will 
include appropriate demonstrations of the enhancements made to the 
assessment code, and will be designed specifically to reflect realistic 
problems of environmental assessments, for example any lack of 
comprehensive waste and site characterisation data. Tests will be 
undertaken for radioactive, hazardous (non-radioactive) and municipal 
waste, and shallow and deep disposal facilities. 

It is proposed to consider three broad categories of test case; a 
shallow unengineered disposal case, a shallow engineered disposal case, 
and a deep engineered disposal case. For both shallow cases, disposal of 
radioactive, hazardous and municipal waste will be considered, whilst for 
the deep case, disposal of radioactive and hazardous waste will be 
considered. It is proposed, where possible, to use data from international 
intercomparison exercises which have been established in order to test and 
compare the performance of assessment codes. The provisional list of data 
sources and their associated exercises is given in Table I. 

List of publications 
GROGAN, H.A., LITTLE, R.H., SMITH, G.M. and TORRES, C , Institution of 
Water and Environmental Management 1992 Conference, Birmingham, UK, 28-30 
April 1992. Proceedings pp 37.1-37.15. 

LITTLE, R.H., GROGAN, H.A, SMITH, G.M. and TORRES, C , Land Disposal 
Practices in Europe and North America. Paper to be published in the 
Journal of the Institution of Water and Environmental Management. 

LITTLE, R.H., TORRES, C , CHARLES, D., GROGAN, H.A., SIMÓN, I., SMITH, 
G.M., SUMERLING, T.J. and WATKINS, B.M., Post-Disposal Safety Assessment 
of Toxic and Radioactive Waste: Waste Types, Disposal Practices, Disposal 
Criteria, Assessment Methods, and Post-disposal Impacts. CEC Report to be 
published. 
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DoE/HMIP/RR/91/058 (1991) 
/3/ HOFFMAN, F.O., BLAYLOCK, B.G., FRANK, M.L., HOOK, L.A., ETNIER, E.L. 

and TALMAGE, S.S., Oak Ridge National Laboratory Report ORNL/ER-9 
(Draft) (1991) . 
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Premises for Risk Management - Risk Limits in the Context of 
Environmental Policy. Annex to the Dutch National Environmental 
Policy Plan *sKiezen of Verliezen" (To Choose or To Loose), Second 
Chamber of States General, Session 1988-89, 21137, No.5 (1989) 

/5/ LITTLE, R.H., TORRES, C , CHARLES, D., GROGAN, H.A., SIMÓN, I., 
SMITH, G.M., SUMERLING, T.J. and WATKINS, B.M., Post-Disposal Safety 
Assessment of Toxic and Radioactive Waste: Waste Types, Disposal 
Practices, Disposal Criteria, Assessment Methods, and Post-disposal 
Impacts. CEC Report to be published. 

161 SUMERLING, T.J. and THOMPSON, B.J.G., American Nuclear Society 
International High Level Radioactive Waste Management Conference 
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/9/ 

/IO/ 
/11/ 

/12/ 

IAEA, NSARS Co-ordinated Research Programme on the Safety Assessment 
of Near-surface Radioactive Waste Disposal Facilities. Progress 
Report No. 1, Version 2 (1992) 
OECD/NEA, PSACOIN Level la Intercomparison, OECD/NEA, Paris (1990) 
OECD/NEA, PSACOIN Level 2 Exercise Problem Specification and 
Questionnaire for Stage 1. NEA Probabilistic System Assessment Group 
(1992) 
KLOS, R.A., SINCLAIR, J.E., TORRES, C , MOBBS, S.F. AND GALSON, 
D.A., International Symposium on the Validity of Environmental 
Transfer Models, Stockholm, 8-10 October 1990. Proceedings pp 383-
394. 

Table I: Proposed Data Sources for Test Cases 

Shallow Shallow 
Unengineered Engineered 

Deep 
Engineered 

F a c i l i t y 
D e s i g n 

Waste 
Type 

- R a d i o a c t i v e 

- H a z a r d o u s 

- M u n i c i p a l 

NSARS 

NSARS 

To b e 

To b e 

L e v e l 1 
(1) 

L e v e l 1 

d e t e r m i : 

d e t e r m i : 

NSARS Level 1 PSACOIN Level la 
(2) 

NSARS Level 1 PSACOIN Level la 

To be determined To be determined To be determined 

G e o s p h e r e NSARS L e v e l 1 NSARS L e v e l 1 PSACOIN Level 2 
(3) 

Biosphere NSARS Level 1 NSARS Level 1 PSACOIN Level 2 
& & & 

PSACOIN Level lb PSACOIN Level lb PSACOIN Level lb 
(4) 

Notes : 

1. See reference /9/ 
2. See reference /10/ 
3. See reference /ll/ 
4. See reference /12/ 
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1. Identify Relevant End Points; 
Release and Transport Media; 
Exposure Points; Human and 

Environmental Effects 

2. Identify Release, Transport, 
and Exposure Modes and 

Assign Probabilities 

3. Screen the Features, Events 
and Processes identified in 

Steps 1. & 2. 

4. 

5. 

Identify and Group Relevant 
Scenarios 

Specify Scenarios for 
Consequence Analysis 

Figure 1: Scenario analysis technique for the analysis 
of post-disposal impacts 
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1. COLLATE INFORMATION 

2. REVIEW CRITERIA & IDENTIFY 
RELEVANT END POINTS 

ï 
3. REVIEW DATA & COLLECT 

FURTHER DATA 

I 
4. DEVELOP CONCEPTUAL MODELS OF THE 

DISPOSAL SYSTEM 

I 
5. SCREEN POSSIBLE FEATURES, EVENTS & 

PROCESSES 

I 
6. IDENTIFY SCENARIOS FOR DETAILED 

ASSESSMENT 

7. SELECT/DEVELOP MATHEMATICAL 
CODE(S) TO REPRESENT THE SCENARIOS 

ï 
8. OBTAIN DATA FOR CODE(S) 

9. VERIFY & VALIDATE CODE(S) 

ï 
10. ESTIMATE RELEVANT END POINTS WITH 

UNCERTAINTY BOUNDS 

11. COMPARE RESULTS WITH 
RELEVANT CRITERIA 

Figure 3 : The assessment framework 
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PHYSICAL, CHEMICALS 
BIOLOGICAL PROCESSES 

CONTAMINANT RELEASE I I 

GROUNDWATER FLOW & 
TRANSPORT 

■ I GAS FLOW & TRANSPORT, 

I 
I ENVIRONMENTAL I 

1 PROTECTION CRITERIA f 

I I 

BIOSPHERE MODEL 

TRANSPORT PATHWAYS 

EXPOSURE PATHWAYS 

>C' CONSEQUENCES 
(end points) 

Figure 4: Structure of the proposed assessment code 
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litis. : Study concerning the evaluation of toxic elements present in 
nuclear wastes 

Contractor : ONDRAF/NIRAS, BRUSSELS 

Contract nr : FI2W-CT90-0045 

Duration of contract : from 01.04.1991 to 31.03.1993 

Period concerned : 01.01.1992 to 31.12.92 

Project leader : A. De Goeyse 

A. Objectives and scope. 
The management of radioactive waste is mainly determined by the 

safety conditions of the final disposal. Those safety conditions must 
cover the radiological aspects but also the chemical toxicity aspects 
coming either from the radioactive isotopes or from the non radioactive 
components of the waste. 

The aim of the study is to make an evaluation of those chemical 
elements and of their quantity in the different waste streams. 

The different waste streams will be identified systematically (per 
producer and per category) making a segregation between them based on 
the production process (operational, technological, dismantling, 
packaging, conditionning,...). 

The chemical properties of the identified waste streams will be 
included in a general databank covering the identification and 
quantification, the physico-chemical properties, and the radiological 
characterization of the nuclear wastes. 

To define the field of the inventory and to structure the inquiry, 
we take advantage of the experience of similar works performed in other 
European countries. 

The evaluation and characterization of the chemical toxicity of 
nuclear waste is performed in collaboration with Indaver N.V. 
(Antwerp-Belgium), a mixed treatment plant company for chemical waste. 

B. Work programme. 
1. Selection of toxic elements, in particular heavy metals, in 

function of the actual local, national and european legal 
context. 

2. Evaluation of the presence of these toxic elements in the 
nuclear wastes, and structuration of the collected information 
based on the following criteria : - type of producer 

- type of process 
3. Definition of toxic elements/limits (orders of magnitude) 

acceptable for the admission of waste on a shallow land burial, 
referring to the operation criteria for conventional landfilling 
of industrial waste. 

4. Definition of measurements or evaluation methods to identify and 
quantify the toxic elements in nuclear wastes. 

5. Preventive actions to avoid the use of toxic elements in the 
nuclear installations. 
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C. Progress of work and obtained results 

State of advancement 

To collect the information on heavy metal content of radioactive 
waste at the most efficient way, ONDRAF-NIRAS opted for an inquiry 
system. 

Therefore a form was developped, covering systematically the 
different characteristics of the waste like specific identification 
parameters, origin, quantities, physico-chemical properties (with a 
special attention for the heavy metals) and radiological 
properties. 

To make the compilation by producers easier, the form is translated 
in informatical language, using lotus software. 

The systematic inquiry has been presented to the selected 
producers. In a first step, the producers defined the waste fluxes 
and in a second step some fluxes were chosen as test case to 
complete the form. 

Both steps occured in close collaboration between producers and 
ONDRAF-NIRAS. 

Because the present management of radioactive waste in Belgium is 
not really based on the concept of "waste flux", the above 
mentionned first step tooks much more time than originally expected 
and is still current for some of them. 

Therefore, some producers started on a parallel way a compilation 
of available information on the presence of heavy metals in 
[current waste, in packaging, or in structures] possibly concerned 
by dismantling. 

As already mentionned, the available data on heavy metals in 
radioactive waste is actually quite limited as well for production 
waste as for dismantling waste (dismantling programs are not yet 
finalized). 

As a result of this situation, some assumptions, projections and 
extrapolations will be needed to obtain a global evaluation of the 
amounts at stake. 
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Progress & Results. 

1. Revue of foreign studies on chemical aspects of radioactive 
waste. 

Three studies of first interest were reviewed and are shortly-
presented hereafter, pointing out the most important 
conclusions. 

1.1. Switzerland : "Inventar chemisch-toxischer Stoffe in nuklearen 
Endlogern und ihre Freisetzung in die Umvelt" (Technischer 
Bericht 85-61 NAGRA 1986). This study, performed by 
Electrowatt and Motor-Colombus, was requested by the federal 
authorities for agreement on final burial of radioactive waste 
(project Garantee). 

An inventory of ecotoxical substances was performed, based on 
a list provided by the federal ministry of environment and 
using 3 criteria : 

- presence in more than 500 kg per site 
- reactivity (corrosion, explosion) 
- solubility/volatility 

The use of this criteria combined with the specifications of 
the swiss management of radioactive waste reduced to a few 
heavy metals the list of substances to be checked. A specific 
study of Cadmium was performed and the conclusion, 
extrapolable to other metals is that the presence of 
chimiotoxic substances in radioactive waste does not influence 
the safety of final depositories in such a way that measurable 
effects on man and environment can occur. 

1.2. Canada : "An assessment of the long term impact of chemically 
toxic contaminants from the disposal of nuclear fuel waste" 
(AECL-8367, Atomic Energy of Canada limited 1987). 
This specific study on nuclear fuel started with a list of 58 
selected elements. Through a selection procedure (exclusion 
system) based on natural abundance in the geosphere/biôsphere, 
the solubility and the comparison between chemical and 
radiological toxicity, a final list of 12 elements (only 
metals) was selected for long term assessment. 
The conclusions of the study, based on a stochastic approach 
are restricted to a qualitative level. 

Depending on the type of conditioning and the pathway, only 
chromium, molybdenum and lead exceed acceptable levels of 
concentrations in some simulations, with a probability less 
than 0,02. 

The main conclusion, on a management point of vieW, is that 4 
factors affect the results : 

- 3 factors (elemental inventory, release rate and toxicity) 
have an influence on the magnitude of impact 

- 1 factor (elemental mobility in the geosphere) has an impact 
on the frequency of occurance of impact. 
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1.3. USA : "The management of mixed low-level radioactive waste in 
the nuclear power industry" (prepared for the National 
Environmental Studies Project, Nuclear Waste Management and 
Resources Council by Rogers & Associates Engineering 
Corporation with Nuclear Waste Management, Inc., 1990). 
This study, as mentionned by the authors themselve, is more 
interesting for the approach used than for the results : the 
startpoint of this study is that a nuclear power plant is not 
a producer of waste, but a producer of steam. Further, this 
production does not require any chemical process. As a logic 
consequence, waste and specially mixed waste produced in a 
nuclear power plant, is a direct consequence of the toxic 
products introduced as raw material on the plant, taking any 
possibility of contamination into account. 

In the context of the legislation in force in the USA, a 
qualitative comparison of disposal performance for mixed waste 
was made between two types of disposal facilities : 

- the first one is licensed under the radioactive 
legislation 

- the second one is licensed under the radioactive and 
chemical legislation. 

The conclusion of this qualitative comparison, for the options 
and pathways selected by the authors, is that no significant 
difference of safety efficiency can be shown. 

2. Heavy metals in radioactive waste. 

Near the systematic inquiry, the Belgian power plants (owned by 
the company Electrabel) performed a preliminary study on heavy 
metals present - or possibly present - in radioactive waste. 
Informations provided by other producers pointed also out the 
presence, for example, of mercury in lab-waste, in such 
concentrations that it could be classified as toxic waste in the 
non-radioactive sector. 

2.1. Heavy metals in rods. 

An inventory of silver, cadmium, antimony, beryllium and boron 
in control, poison and source rods was performed, giving the 
following results for the whole life of the 7 reactors : 

- 23168 kg Ag 
- 1521 kg B 

8 kg Be 
- 1449 kg Cd 

28 kg Sb 
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2.2. Heavy metals in evaporator concentrates, filters and resins. 

4 heavy metals are present in the waste selve : 
- chromium, cobalt and nickel come from the corrosion of 
pipes 

- boron is used as neutronic poison. 
1 heavy metal, zinc, is used in galvanisation of drums used 
for the packaging of conditionned waste. 
The following quantities are annually produced : 

3150 kg B 
0,33 kg Co 
22 kg Cr 
30 kg Ni 

4000 kg Zn 

2.3. Heavy metals in decommissioning waste : zinc and copper. 

The following amounts are to be considered with caution, 
because they are the results of : 

- total inventories without evaluation of decontamination 
possibilities (exemption levels are not yet legally 
defined) 

- estimations of surfaces which could be contaminated in 
case of major accident. 

A major accident could result in a contamination of 46.600 kg 
of zinc for the 7 reactors (41.300 kg for the reactor 
buildings and 5.300 kg for the space between inner and outer 
containment). 
A total amount of 81.000 kg of copper is present in the heat 
zone of reactor Tihange 3 (motor pumps and cables). 

3. Admission criteria for heavy metals on ¡Landfill. 
A comparison was performed between the legal norms in force and 
the effective acceptance criteria applied on the reception of 
industrial waste. 

Because the owner of such an installation has to complete with 
the norms in any time, even in the future, for example after 
closure of the site (concentration of pollutants in leachate), 
the acceptance criteria are often more restrictive than the law 
actually in force, and are based on regional norms under 
development, foreign or international norms. 
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Title; Disposal of Radioactive Waste and Toxic 
Waste in Underground Repositories 

Contractor: GSF-Forschungszentrum für Umwelt und 
Gesundheit, GmbH; Stichting Energieonderzoek 
Centrum Nederland (ECN) 

Contract No; FI2W-CT90-0061 
Duration of contract; from March 1st, 1991 to February 28th, 1994 
Period covered; January 1st - December" 31st, 1992 
Project Leader; Th. Brasser (GSF - Coordinator) 

A. van Dalen (ECN) 

A. OBJECTIVES AND SCOPE 

The initial objective of a mutual research project between GSF and ECN 
is to delineate the statutory boundary conditions pertaining to an 
underground emplacement of hazardous wastes. At the same time the wastes of 
relevance to disposal are to be characterized according to type, 
composition, origin, toxicity, and volume, while taking the particularities 
of the situation in both countries into due consideration. Assumed potential 
hazards to the environment emanating from disposal are to be assessed on the 
basis of these data. The current strategies for an underground storage of 
hazardous wastes are described and compared with the concepts for the final 
disposal of radioactive wastes. Reference is taken to the special R&D topics 
of final disposal, such as the selection of the host rock, investigation of 
the geomechanical and hydrogeological situation, transport methods, 
backfilling and sealing techniques as well as the more complex subjects, 
such as the spreading of toxic agents and the safety analysis. This mutual 
project is to combine the basic knowledge of the repository concepts for the 
disposal of radioactive and hazardous wastes. 

B. WORK PROGRAMM 

2.1 Consideration of legal stipulations for the underground disposal of 
toxic wastes, based on the aims, requirements, techniques and safety 
concepts of radioactive waste disposal. 

2.2 Description of the types of waste, their composition, origin, toxicity 
and assessment of their potential hazards to the environment emanating 
from the emplacement. 

2.3 Description of strategies for underground disposal of toxic wastes and 
comparison with the concepts for radioactive waste disposal. 

2.4 Compilation of special requirements on the disposal of toxic wastes in 
deep geological formations, summarizing those results which can be 
generally adopted from the R&D work in the field of radioactive waste 
disposal. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 

Federal Republic of Germany 
2.1 Legal Stipulations 
2.1.1 Execution of waste management legislation in the new Bundesländer 

Waste disposal in the five new federal states will continue to present 
considerable difficulties during the next five years. With the acceptance of 
the environmental law for the Federal Republic of Germany, however, the ba
sic legal conditions have been established for environmentally compatible 
waste management in the acquired regions. 

In conformance with the criteria presented by the Federal Minister of 
the Environment, Nature Conservation, and Reactor Safety (BMU), an inventory 
has been completed on the infrastucture for waste disposal in the new Bun
desländer. The necessary legislative measures are in progress there, and the 
concepts for these Bundesländer are being extended. 

Under the provisions of the immediate programme for environmental pro
tection, measures are being implemented by the German Federal Government in 
the field of waste management and funded with a total volume of 819 Mio DM 
for 1991 and 1992. 

The support of large-scale industrial demonstration projects is also of 
substantial importance. In this connection, of course, only individual pro
jects have hitherto received immediate support, because the lead time for 
planning of such projects is very long in the new federal states, too. In 
individual industrial areas, however, this measure will result in the ame
lioration of a number of waste problems. 

In all of the new federal states, the ministries of the environment 
which have been established are already operative. The entire structural or
ganization will be completed shortly. The associated environmental authori
ties are likewise being established with specification of the fields of com
petence by means of regulatory statutes in conjunction with the law relating 
to waste management or ordinances relating to competence. 

The status of execution differs among the various federal states; espe
cially in Sachsen-Anhalt and Thüringen, planning data are already available. 

2.1.1.1 Sachsen-Anhalt 
A preliminary consultant draught of a general concept for planning of 

problem waste disposal has already been submitted. The expected agreements 
concerning problem wastes in the future will result in the following plan
ning requirements for waste disposal facilities: 
- 2 CPT (chemical-physical treatment plants) 
- 2 HWI (hazardous waste incineration plants) 
- 1 HWL (hazardous waste landfill) 
- 1 UWR (underground waste repository) 

2.1.1.2 Thüringen 
The following facilities are currently being planned for processing and 

disposal of problem wastes in Thüringen: 
- 2 HWI (locations: Rositz and Kirchheiligen) 
- 3 HWL (Rehestädt, Aga; search for the location of an additional facility) 
- 1 UWR (Merkers / Springen) 
- 4 CPT (Rositz; three additional locations currently being discussed) 

The underground repositories already planned in Sachsen-Anhalt 
(Zielitz) and in Thüringen (Springen) are described in section 2.3.2 of this 
report. 

79 



2.2 Characterization of wastes 
2.2.1 Radioactive wastes 

On behalf of the German Federal Minister for the Environment, Nature 
Conservation, and Reactor Safety (BMU), the German Federal Board of Radia
tion Protection conducts an annual survey of the quantities of radioactive 
wastes occurring in the Federal Republic of Germany. The first survey was 
performed in 1984. 

By means of the interrogation, the unconditioned as well as conditioned 
radioactive wastes are determined with respect to polluter or plant. The 
survey of spent fuel elements is conducted by the BMU itself. In 1990, the 
new federal states were included in the survey for the first time. 

The inventory of unconditioned radioactive wastes with negligible heat 
generation in the Federal Republic of Germany totals 14 875 m 3 at present; 
of this total, almost 75 per cent originated from the old federal states. 
The preponderant share of these wastes is still located in or at the 
respective nuclear power stations. 

So-called transient wastes involve radionuclides with short half-lives, 
which have disintegrated to such an extent after a corresponding decay pe
riod that conventional disposal is possible. 

A total volume of 1584 m is currently present in the Federal Republic 
of Germany. 

The inventory of unconditioned radioactive waste which generates heat 
was about 73 m at the end of 1990. These wastes originate exclusively from 
the reprocessing of spent fuel elements at the reprocessing plant in Karls
ruhe (WAK). 

No heat-generating, unconditioned radioactive wastes were present in 
the new federal states by the end of 1990. 

The inventory of conditioned radioactive wastes with negligible heat 
generation was about 50 000 m at the end of 1990. Of this total, only about 
150 m originated from the old federal states. The average rate of waste 
production was about 4200 m /a from 1984 to 1989; some 6900 m of waste was 
incurred in 1990. The major shares of waste originate from large research 
installations (about 40 per cent) and from nuclear power stations (about 33 
per cent). Some 800 m originates from the new federal states; of this to
tal, some 700 m has been deposited in the final repository for radioactive 
wastes in Morsleben (ERAM). The major portion of the conditioned wastes in
curred is still in intermediate storage in or at the nuclear power stations 
(about 90 per cent). Hence, no intermediate storage facilities were required 
in the new federal states. The utilization factor for the existing and ope
rating intermediate storage facilities is currently about 43 per cent. 

About 93 m of conditioned, heat-generating waste was produced in the 
Federal Republic of Germany in 1990. The wastes originated especially from 
research institutions (about 44 m ) and from reprocessing of spent fuel ele
ments (about 35 per cent). The total amount of conditioned heat-generating 
wastes was 367 m at the end of 1990. 

No conditioned, heat-generating, radioactive wastes were present in the 
new federal states at the end of 1990. Only small quantities are expected to 
occur annually after discontinuation of operations at the reprocessing plant 
(RPK) in the future. Major inventory changes can be expected only after vi
trification of fission product solutions from the RPK, or after the return 
of heat-generating wastes from foreign reprocessing of spent fuel elements 
from German nuclear power stations. Intermediate storage facilities must be 
constructed for this purpose. 
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2.2.2 Chemical toxic wastes 
Especially wastes which require surveillance, but also other materials 

which must be deposited underground, may contain a wide variety of different 
components, and the composition varies from one batch to another. Potential 
hazards to humans and to the environment result from the discrete, indivi
dual constituents of the respective wastes. Consequently, the present clas
sification of wastes with respect to origin or major components is too 
coarse. By means of waste analysis, therefore, the potential environmental 
hazards associated with the wastes must first be determined. 

The wastes destined for underground disposal in rock salt formations 
can be subdivided into two main categories: 
- wastes of mineral origin, as well as refining products 
- wastes from conversion and synthetic processes, 
as well as other types of wastes, to the extent that they fail to satisfy 
the classification criteria for disposal at the surface. 

The wastes just indicated possess different chemical-physical and toxi-
cological properties. Consequently, the chemical characterization and toxi-
cological appraisal of these wastes with respect to the associated potential 
hazard as well as the assessment of their behaviour in the long term are of 
vital importance for disposal. 

Because of a great lack in data availability in the course of the cur
rent project the most important UWR-relevant wastes are chemically charac
terized. 

The object of the characterization of UWR-relevant wastes is, as far as 
possible, the complete detection of the sample material. The task was limi
ted to the determination of inorganic parameters. 

All samples were subjected to pressure solubilization, total solubili
zation, and solubilization with aqua regia. A few samples were solubilized 
by silicon fusion. All solubilizates were examined by ICP-AES; a very broad 
element spectrum was thereby determined. 

2.3 Concepts 
2.3.1 Radioactive wastes 

Morsieben (Sachsen-Anhalt) 
In 1970, the Bartensieben salt mine was selected by the former German 

Democratic Republic from ten salt mines under consideration for use as a fi
nal repository for radioactive wastes at Morsleben (ERAM). It was transfer
red to the legal entity of the former nationalized combine "Kernkraftwerk 
Bruno Leuschner, Greifswald", as a dependent plant department. The Morsleben 
final repository is located north-northwest of Morsleben in the county of 
Haldensleben in Sachsen-Anhalt. 

In the Bartensieben salt mine, the extraction of potassium salts began 
in 1912; predominantly rock salt was produced after 1969. The salt was mined 
by panel working with chambers 100 m long, 30 m wide, and 30 m high, with a 
total cavity volume of 5 Mio m . 

After detailed suitability studies, the site permit was granted in 
1972. In 1974, permission was granted for the construction of a final repo
sitory, subject to a provision for conversion of the shaft plant as well as 
research and development work on transport and final disposal techniques. 
The construction phase was followed by commissioning with trial operation in 
1978. In 1981, the first permit was granted for continuous operation with a 
validity of five years; this was followed by a second permit for continuous 
operation on 22 April 1986. 

On 1 s t July 1990, the Omnibus Act Relating to the Environment of the 
German Democratic Republic became effective. Thus, among other items, the 
Nuclear Energy Act for the Federal Republic of Germany also became effective 
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in the German Democratic Republic. The final repository for radioactive 
wastes in Morsleben (ERAM) received the legal status of a national final re
pository in conformance with § 9a, clause 3 of the Nuclear Energy Act. 

As a result of the reunification of the two German countries on 3 
October 1990, the competence for operation of the final repository was 
transferred to the BfS. On 7 November 1990, the BfS commissioned the Ger
man Association for the Construction and Operation of Final Repositories for 
Waste Materials (DBE) with the management of the final repository. 

After the decision by the German Federal Adminstrative Court dated 25 
June 1992, there are no further legal obstructions to the continuing opera
tion of the ERAM. The legal action for discontinuation of operation was ul
timately rejected, and decisions to the contrary by the District Court in 
Magdeburg during the precedent year have thus been reversed. The BfS is now 
committed to continued operation of the ERAM as a federal final repository, 
in compliance with § 9a, clause 3 of the Nuclear Energy Act. 

Preparations are under way for the final disposal of radioactive wastes 
by the BfS and DBE. The final disposal is to commence after specification or 
examination of the operating conditions, the costs incurred, as well as the 
product requirements. In the final repository at Morsleben, priority is ta 
be given to radioactive wastes from the new federal states, but wastes from 
the old federal states also are to be deposited there. 

Erzbergwerk Konrad (Lower Saxony) 
On 31 s t August 1982, the PTB, the competent agency at the time, filed 

an application with the state government of Lower Saxony for initiating the 
Konrad project evaluation procedure in compliance with § 9 b of the Nuclear 
Energy Act. At the end of March 1986, the PTB then submitted a plan which 
was in its opinion complete to the Environmental Ministry of Lower Saxony 
(NMU). Within the scope of advance participation by state authorities, this 
plan, together with a summary, was submitted to about 80 state authorities 
with the request to provide preliminary opinions on the completeness of the 
plan. 

The initial results of the advance participation by state authorities 
and the results of the examination of the plan for completeness and examina-
bility of the zoning documents by the NMU and its experts led to a revision 
of the plan which was terminated with the submission of the March 1989 ver
sion. 

s t 
On 1 November 1989, the new Radiation Protection Ordinance became ef

fective. On this basis, the plan was revised again and submitted with the 
April 1990 status to the zoning authority on 31 May 1990. In the joint 
opinion of the NMU and its experts, as well as the BMU and BfS, a basis now 
existed for continuing the project evaluation procedure. In a letter dated 
15 June 1990, the NMU confirmed for the BfS the maturity of the zoning do
cuments for exposition. 

On 8 May 1991, the exposition of the zoning documents was announced 
by the NMU, after the German Federal Constitutional Court, in a decision da
ted 10 April 1991, demanded compliance by Lower Saxony with the instruc
tions of the BMU to conduct the public participation. During the period from 
16 May to 15 July 1991, the documents were displayed for inspection at 
five locations. The time for discussion began on 28 September 1992. 

Gorleben 
Since 1979, the Gorleben salt dome has been under investigation to de

termine its suitability as a final repository for all types of solid and 
consolidated radioactive wastes. 
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The mine for exploration of the Gorleben salt dome is located in 
eastern Lower Saxony, in the community of Gartow, in the county of Lüchow-
Dannenberg. 

The Gorleben salt dome is one of many salt structures of the North Ger
man lowlands. It consists of thick stratigraphie sequences of Zechstein 
salt, which have undergone intensive folding in the course of halokinesis. 

The objectives of the surface exploration in Gorleben were as follows: 
- investigation of the hydrogeological conditions of the overlying and adja

cent formations, 
- obtaining of site data for appraisal of the operational and long-term 

safety of the projected final repository, and 
- determination of appropriate shaft construction sites. 

Besides some 150 exploratory boreholes and wells for long-term pumping 
tests, 4 deep wells with a depth of about 2000 m as well as 44 salt dome top 
wells have been drilled for exploring the salt dome. 

The evaluation of results obtained from the wells has been supplemented 
by reflection seismic and seismological measurements. 

The underground exploration phase is currently in progress in the Gor
leben salt dome. This phase comprises the excavation of shafts 1 and 2, the 
development of the mine lay-out necessary for the exploration, as well as 
the accompanying geoscientific investigations. 

Until 1994, the underground exploration is still restricted to the ex
cavation of the shafts. The exploratory measures are an absolute prerequi
site for a project evaluation procedure. 

2.3.2 Chemical toxic wastes 
Herfa-Neurode 

The underground repository (UWR) at Herfa-Neurode is operated in combi
nation with the adjacent Wintershall potash salt mine. The Wintershall 
mining claim, to which the underground repository for chemical toxic wastes 
belongs, is located in the salt deposit of the Werra basin. This salt depo
sit extends over an area of about 1100 km2. Potassium salt is worked at a 
total of five mines (two are located in the old federal states, and three in 
the former German Democratic Republic. 

The salt deposit is predominantly flat. The overall salt formation, 
which was deposited during the Zechstein some 240 Mio years ago, has a 
thickness of about 300 m and consists essentially of rock salt. Two potas
sium salt strata, each of which is 2.5 to 3 m thick, are intercalated in 
this salt formation. Only the potash strata are exploited at the Wintershall 
mine. The two potash strata are separated by about 60 m of middle Werra rock 
salt. 

The salt formation is covered by alternating strata of clays and dolo
mite, which in turn is overlain by Buntsandstein with a thickness of 300 to 
600 m. Four clay strata which belong to the interstratification, with a to
tal thickness of about 100 m, seal the salt formation from the Buntsandstein 
aquifer. Consequently, the salt formation has persisted unaffected since its 
deposition some 240 000 000 years ago, with the exception of the edges. More 
than 30 000 t/d, that is, over 8 Mt/a of raw salt is currently being ex
tracted at the Winterhall mine. Thus, a useful cavity volume of more than 
3 000 000 m is created annually; this space could be made available for the 
disposal of wastes. 

The wastes delivered to the UWR are classified into material catego
ries. Similar wastes within a given category are deposited together. 

Wastes of different material categories are deposited in separate repo
sitory zones. The categories comprise the following: 
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a. cyanides, b. polychlorinated hydrocarbons, c. arsenic, d. mercury, 
e. electrolytic residues, f. chemical distillation residues, g. filtration 
and clarification residues, h. evaporation residues, i. dye and pigment re
sidues, j. monochlorinated hydrocarbons, k. tars, 1. wastes encapsulated in 
concrete, m. herbicides and pesticides, n. dry materials, o. capacitors, p. 
transformers, q. residues from incineration plants for problem wastes and 
household refuse. 

At present, the annual capacity is about 120 000 t/a. The available ca
pacity of the underground cavities is larger. The cavities currently appro
ved by the state mining authority for waste disposal are sufficient for ac
commodating about 120 000 t/a for some twenty years. As a result of potash 
mining, a useful cavity volume of more than 3 000 000 m is created an
nually; this space is suited for accepting at least 1 Mt of wastes. 

A study has been conducted for appraising the long-term safety of the 
underground repository at Herfa-Neurode. In this study, the hazard potential 
has been considered from the standpoints of "rock mechanics", "hydrology", 
and "carbon dioxide"; any associated impairments of the repository concept 
have been ruled out. 

Zielitz (Sachsen-Anhalt) 
For the Zielitz potash mine, the regional planning procedure is cur

rently in progress for the planned construction of an underground repository 
for problem wastes. 

The underground repository at Zielitz belongs to Zielitzer Kali AG; the 
proprietor is Mitteldeutsche Kali AG. The planned underground repository is 
to be operated in conjunction with the mining of the potash deposit. 

The mining claim is connected with the surface by the open shafts Zie
litz I (806 m) and Zielitz II (740 m ) , as well as the ventilation shafts 
Zielitz III (425 m) and IV (429 m ) . 

The Zielitz I shaft was excavated between 1968 and 1970; it is employed 
as hoisting shaft. The Zielitz II shaft was excavated between 1966 and 1969; 
it is employed for man haulage and material handling as well as for upcast 
ventilation. The hauling installation consists of a wide frame with a useful 
area of 15 m2. The Zielitz III and IV shafts are designed exclusively for 
the purpose of ventilation and can be employed for man haulage only in emer
gencies . 

The bedding horizon consists of sylvinite with layer thicknesses from 0 
to 20 m; the average layer thickness is 7.3 m. 

The mine structure selected for waste disposal purposes has a cavity 
volume of about 4 600 000 m . It was worked in a depth interval between 316 
and 424 m during the period from 1976 to 1984. The waste disposal area can 
be isolated from the other fields. 

Springen (Thüringen) 
The Springen potash mine is located in the Werra potash district to the 

southwest of Eisenach in Thüringen near the border with Hessen. For the site 
at Springen the regional planning procedure for the construction of an un
derground repository for chemical toxic wastes has already been concluded. 
The initiation of the project evaluation procedure is currently in prepara
tion. The owner of the planned final repository is likewise Mitteldeutsche 
Kali AG. The Springen potash mine (formerly Heiligenroda) is a relatively 
old mine; potash extraction was already in progress in 1914. 
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2.4 R&D Transfer 
2.4.1 Selected projects of the GSF 

Together with partners from industry, universities, and governmental 
authorities, the GSF-Institut für Tieflagerung has executed or begun a wide 
variety of projects for the final disposal of radioactive wastes. The re
sults of these projects may be useful in connection with the underground 
disposal of chemical toxic wastes. 

The titles of selected R&D projects are as follows: 
- Rock-mechanical and geophysical investigations for exploring and monito

ring final repositories in salt formations 
- Hydrogeologicai investigations and long-term observations in the area of 

the Asse ridge 
- Disposal and consolidation of weakly and moderately radioactive wastes in 

underground cavities 
- Investigation of the stability of a final repository in salt formations 
- Investigation of appropriate backfilling materials and development of 

techniques for filling cavities 
- Dam construction in salt formation - experimental dam 
- Filling and plugging of boreholes, drifts, and shafts in a final reposi

tory 
- Geochemical investigations of the occurrence and behaviour of water and 

salt solutions in formations for final disposal 
- Geochemical investigations for the case of "water and brine invasion" 
- Long-term safety analysis for final repositories in geological formations 

The Netherlands 
2.1 Legal stipulations 
2.1.1 Legal aspects of waste disposal underground 

One of these days the political discussion has to end on the question 
if it is desirable to use the underground for waste disposal. Also is circu
lating for advise an extension of the minerules of 1964. This extension is 
formulated by the Ministries of Economic Affairs and The Environment. Till 
now it is only permitted to bring materials underground in a mine if they 
are needed in relation to the exploitation of the mine, or materials extrac
ted together with the minerals e.g. formation water, rock. 

The introduction of other materials underground is also necessary to 
use salt caverns as storage facilities for mineral oil and natural gas. Also 
for this reason the mine rules have to be extended. Only after publication 
in the State-Journal (Staatscourant) the rules have legal properties, until 
that time changes and amendments are possible. 

In principle the new rules indicate that bringing down other materials 
(oil, gas, wastes) can be done only by the owner of the mine. His actions 
have to be in accordance with the minelaws and rules regarding the safety of 
the mine, properties at the landsurface above the mine (environment), and 
the working conditions of the miners. 

This means that the mine owner has to set conditions for acceptability 
of the wastes. Also the Minister of Economic Affairs has to accept the waste 
for disposal with the consent of his colleage of The Environment. 

Harmonization between the viewpoints of both ministries regarding the 
new mine rules has not yet been attained. 

2.2 Characterization of wastes 
2.2.1 Data collection and classification of chemical toxic wastes 
2.2.1.1 Introduction 

The registration of chemical wastes is limited to those materials of 
owners or producers that are in one of the classes mentioned in the law as 
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chemical waste and are to be handed over for treatment and/or disposal. The 
action of handing over to another party (a processor, collector or disposer) 
has to be declared to an institute on behalf of the government. As long as 
materials from production processes are stored on-site of the plant they are 
not registrated as wastes. In most cases they are known to exist. Reasons 
for this on-site storage are lack of disposal sites, not suitable forms for 
disposal, or are under study for recovery processes. In practice there is a 
reasonable accurate knowledge about the amounts of chemical wastes present 
and wastes to be produced in the near future. The increase in registration 
recently is mostly from small producers. An overview of chemical waste 
registration in the years 1988-1990 has been published in December 1991 
(Basisdocument Chemisch Afval 188-1990). The comparison of the registrations 
during these three years gives also the possibility to comment the trends in 
waste production and the reliability of the^data collected. 

The classification of chemical wastes is based on the toxicity to the 
environment. The first step in law making -the chemical waste act 1976, de
cree 1977- was based on concentrations of toxic elements and compounds pre
sent in the waste materials. Also a number of processes are cited known to 
result in chemical wastes. 

2.2.1.2 Chemical Waste Classification for Disposal 
Actually three classes of wastes are in use abbreviated C-l, C-2, and C-3 

according to the toxicity of the wastes to the environment. Originally the 
wastes were considered as final wastes after treatment for recovery of val
uables or to produce an acceptable waste form for disposal (neutralization, 
solidification, non-reactive, etc.). Under pressure of environmental groups 
the disposals have to be considered as storage until newer and better tech
niques are available to recycle the wastes. This means storage at land sur
face with control, maintenance, and remedial action if necessary. According 
to the environmentalist view a non-retrievable underground disposal is not 
allowed. 

For the actual situation it makes no difference: there is no under
ground facility available. Under the guidance of the Ministry of the Envi
ronment a public discussion is going on the theme "Is the deep underground 
suitable for waste disposal and is it desirable". Next to the ethical argu
ment in the discussion is the growing pressure of the steady accumulation of 
waste. 

The waste classes C-l, C-2, and C-3 contain typical the wastes also 
suitable for disposal underground in a saltmine. The yearly production 
amounts to about 200.000 tons. To be added are possibly the "historical" 
wastes originating from contaminated soils and stored wastes from older pro
duction processes. The collection of wastes for storage (disposal) has to go 
on until space in a saltmine becomes available for disposal. 

In the Netherlands there is no saltmine in operation to the complete 
procedure to obtain the concession (ownership) for exploitation has to be 
started according to the minelaw of 1810. 

2.3 Concepts 
2.3.1 The total amount of waste available for disposal 

The annual volume of waste to be disposed of then depends on two impor
tant parameters: 
- Start of the mining project, i.e. the construction of the shafts 
- Start of the disposal operations. 

The construction of the shafts is considered the start of the mining 
project. The duration of the preceding legal procedures can not be estimated 
very precisely since part of the necessary legislation is not yet available. 
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The procedures are expected to take at least five to ten years. During this 
period exploration of the specific location considered for the repository 
may begin. Legislation will also influence the components and duration of 
the exploratory phase of the project. It is assumed that shaft construction 
may start in the year 2000. 

With the available annual amounts of waste to be considered after 1990, 
it is clear that the amount of waste to be stored at surface in interim 
storage linearly increases. Every year of delay results in a larger volume 
of stored waste at the start of the project. Once construction of shafts and 
development of the mine has started it will take about 6 years at least be
fore salt production may begin. Because of the operational separation bet
ween mining and disposal operations, a certain amount of cavities has to be 
created before disposal can begin. In this study, it is assumed that dispo
sal of the waste in drums will begin 8 years and the bulk volume waste 10 
years after the beginning of the project. 

The cumulative amount of waste to be disposed of in an interim storage 
facility at surface is a result of the start of underground disposal and the 
lenght of the disposal period. It is clear that start of disposal in year 15 
or 20 of the project necessitates more surface interim storage facilities. 
The annual production and disposal capacity of the disposal mines is also a 
result of the start of the mining project and subsequently the start and du
ration of the disposal operations. 

2.3.2 Mining and disposal operations 
The waste drums are collected in the El-containers of the subsequent 

waste category at surface. They are transported to the disposal level 
through the waste transport shaft. At the disposal level the containers are 
transported to the specific disposal gallery by trackless equipment. 

The bulk waste is-disposed of in large cavities, i.e. rooms. There are 
five successive phases in mining and disposal operations: 
1. Room preparation for production 
2. Production of salt 
3. Room preparation for waste disposal 
4. Waste disposal 
5. Sealing of remaining openings 

A general planning for a mine based on the expected amounts of waste in 
the Netherlands will be developed to demonstrate the magnitude of the opera
tions to be performed. In the planning of the different disposal mines, the 
mining and disposal activities will be contemplated in more detail. 

2.3.3 Consequences of disposal operations on the mine lay-out 
The combined production of salt and disposal of toxic wastes asks for a 

suitable infrastructure underground. 
Shaft capacity should be used efficiently. It is proposed that skip 

transport is planned in the exhaust air shaft and waste transport through 
the fresh air shaft. The latter asks for strict monitoring of the wastes for 
transport to prevent contamination of the ingoing air stream. 

Waste and salt transport, as well as mining and disposal should be 
strictly separated from each other. This not only affects the mining venti
lation system but also the underground routing of material streams. For the 
mining ventilation a suitable monitoring system is necessary along the 
transport routes and in the exhaust air ways and galleries. This, and sepa
ration of material routing may lead to extended infrastructure. This exten
sion should be balanced against its purposes and use since the development 
is generally a cost intensive part of a mining project. 
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2.4 R&D Transfer 
2.4.1 Introduction 

The experience and lessons learned from the disposal of radioactive low 
and intermediate level wastes can be of profit for the management of toxic 
chemical wastes. Both types of wastes were disposed of in the earlier days 
in the way of shallow land burial or landfill. In both cases the isolation 
from the environment proved to be insufficient. Radwaste . considered most 
dangerous, received the attention as the first one. Studies were started at 
laboratory scale to investigate the behaviour of radionuclides in soil. In a 
later stage the large scale natural systems - analogs - were taken for study 
subject. It proved to be not so easy to connect the short duration experi
ments with the very long term processes in nature. The scientific knowledge 
on very long term behaviour became more important with the decision in most 
countries to dispose in principle all radioactive waste deep underground. 
Safety studies seemed to be necessary until the last radionuclide has de
cayed. Since this proved to be no practical viewpoint the idea of an cut-off 
time was introduced. This means that the long-term is limited for most of 
the safety related processes to 10 or 10 years. 

Beyond that time it has to be shown that no real dangerous situations 
will develop, but no detailed study is needed. But even this time to the 
cut-off is so long that short-term laboratory studies have less importance 
compared with the results from thermodynamic data on minerals. In nearly all 
cases wastes are produced and conditioned under conditions different from 
those in the environment of the final disposal place. This means that a re
arrangement to a new stable situation will occur on the long time scale. 

2.4.2 Long term Safety 
At least twenty years have been devoted to study the predictability of 

a nuclear waste repository in a salt formation. Due to a better geologic 
knowledge the problems of diapirism and sLberosion. of a salt formation va
nished from the timescale for serious effects on the slow decaying waste 
(cut-off time). The main danger to the formation is still the intrusion of 
water due to some voids inside the salt formation and an imperfect layer 
leaking groundwater in. To minimize the effect no more excavations are made 
than strictly necessary and at the end of the operational lifetime all space 
is backfilled, and dams and barriers constructed up to ground level. 

The radiation doses to individuals calculated according to this scena
rio are smaller than the levels accepted nowadays. 

In principle the same can be carried out for a salt production mine, 
but keeping in mind that the space to be filled or backfilled is orders of 
magnitude larger compared with the nuclear facility, the formulation of a 
scenario of events in the toxic chemical waste is much more complicated than 
in the nuclear waste. Chemically speaking the nuclear waste consists of only 
concrete and iron. The reactions with brine are predictable. Toxic-chemical 
waste is a complex collection still to be defined. Reactions and solubili
ties in brines have to be determined before the next scenario step can be 
performed: expulsion of the contaminated brine into the surroundings of the 
salt formation. The transfer through aquifers to the biosphere and the ef
fects there are in analogy to the well developed programmes for radioactive 
waste. 

Very long-term processes have to be assessed in another way. There is 
ample time for mineralisation of the wastes buried. Based on the chemical 
composition of the wastes the stable end products have to be calculated 
thermodynamically. According to recent views on salt-dome formation it is 
most probable that diapirism starts again due to a tectonic pulse in rela
tion to crustal rearrangements, mountain building, etc. 
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Title : Use of methods and programmes developed in nuclear field for 
treatment and disposal of toxic and hazardous waste 

Contractor 

Contract 

Duration of contract 
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Project leader 

NUCLECO S.P.A., SNIA Tech. 

H2W-CT91-0110 

from 01/01/1992 to 30/06/1993 

from 01/01/1992 to 31/12/1992 

F. Lo Giudice (NUCLECO S.P.A. - co-ordinator) 
V. Pellecchia (SNIA Tech.) 

OBJECTIVES AND SCOPE 

Aim of the research is to make a general overview on the industrial wastes (by the 
technical and regulation point of view) in order to identify toxic and hazardous wastes 
(THW) subjectable to be processed with methods or techniques up to now adopted only 
for low and intermediate level radioactive wastes. 

B. WORK PROGRAMME 

B.l. To select and evaluate THW groups, featured by an environmental impact 
involving particularly restrictive management rules similar to low activity radwastes. 

B.2. To select the radwastes treatment and disposal techniques already tested and used. 

B.3. To analyze the feasibility of converting specific kinds of THW into an inert form, 
with reduced volume and hazard, allowing a landfill disposal. 

B.4. To develop the basic design of a pilot plant performing a selected process for 
THW treatment 

B.5. To study for the process : costs/benefits analysis, environmental impact, future 
experimental campaign with the pilot plant, interventions in-situ. 

C. PROGRESS OF WORK AND OBTAINED RESULTS 

This research has identified refuses containing asbestos (RCA) as the wastes more suitable 
for the compaction and immobilisation process, widely considered a good balance between 
technical and economical features for low activity radwaste management. In the second 
half of the year, an experimental campaign, pointed to verify the feasibility of the above 
mentioned process for RCA has been started and is still in process. In fact this activity 
has been shifted three months for reasons due to the availability of NUCLECO facilities, 
engaged for nuclear waste treatment Results of the experimental tests will be used to 
set up the definitive input data for the RCA treatment, whose basic design and 
benefits/costs evaluation are the main targets of the present research contract. 
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State of advancement 

For what concerns the above mentioned 2.2.1 and 2.2.2 points, the 
relevant activities have been performed, while experimental tests as per 
point 2.2.3, in real scale have started and will be completed at 
beginning of 1993. We must underline that these tests will interfere 
with normal utilisation of the nuclear facility; any time we must 
satisfy two main conditions: the availability of plant between, two 
nuclear campaign, and adequate decontamination of shredding and 
compacting confinement areas according to Health Physics which state 
adequate monitoring either for nuclear reasons as well as for asbestos 
free floating fibers counting. 

Progress and results 

Industrial (but not only) wastes are defined toxic and hazardous if 
the concentration of pollutant elements is higher than a value defined 
as limit concentration (LC). To follow this definition it is necessary 
at first to define correctly which are the pollutant elements and which 
are the sources of their production that means the identification of the 
industrial production processes by the chemical-physical point of view. 

More precisely, this means that the residues of some particular 
production processes are suspected to be toxic hazardous wastes 
depending by the overcoming of the LC value. 

The classification, according to the regulation, is very useful 
because allows to group the wastes produced in the European Countries in 
order to evaluate the total volume produced each year, the trend of 
production and the different capabilities to dispose the wastes. 

Asbestos (as dust and free fibers) is one of the groups in which 
are divided the toxic hazardous wastes, and maybe this group represents 
one of the most consistent by the quantitative point of view. 

Wastes containing asbestos can be produced by various kind of 
sources. 

Generally these wastes can be divided in wastes coming from mining 
and milling activities, from manufacturing of materials containing 
asbestos, from the maintenance of a lot of industrial plants in which 
asbestos was used due to its behaviour in terms of thermal insulation or 
chemical resistance, from the demolition of structures (buildings, 
ships, railway carriages etc.) and finally from the consumption of a lot 
of products of domestic or industrial use. 

Mining activities and the cement industry are the most relevant 
sources of wastes by the quantitative point of view. 

In the light of the above mentioned concepts the first activity 
performed is related to the evaluation of entity of RCA produced and 
stored waiting for final treatment and/or disposal. 

In Italy, for instance, this first step of work has identified a 
production of RCA ranging in the field of some tenths of thousands of 
tons per year, excluding refuses coming from mining activities which up 
to now have been collected in an amount of millions of tons. 
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These numbers give a significant idea of the problem relevant to 
RCA treatment and disposal, and justify the interest pointed to minimise 
the environmental impact and disposal costs. 

To do that, the compaction and cement embedding of solid radwaste 
process has been considered the most promising for RCA treatment and 
successive disposal. 

As consequence of above statements, it has been established a test 
programme in order to verify the feasibility of the process, in full 
scale by means of real RCA gathered from the decommissioning of obsolete 
plants where asbestos has been removed. 

RCA collected in plastic bags and delivered to NUCLECO facility in 
metal drums, have been previously shredded and then compacted using two 
different pressing equipment available in the plant: 
1 - vertical four columns heavy load press (1500 tons maximum); 
2 - horizontally mounted double stroke press (80 tons). 

First results show that the only shredding reduces the volume of 
RCA by a factor 2, while the following compaction step, depending on the 
pressing load, provides a further reduction by a factor 3-=-5, so 
attaining a total Volume Reduction Factor (VRF) ranging between 6-rlO and 
a corresponding increase of the volumetric mass (initial = 0.2 kg/dmc, 
0.4 kg/dmc after shredding up to an average value of 1.2 kg/dmc after 
pressing). 

This result is quite positive overriding the corresponding results 
obtained by compacting other categories of solid wastes, where normal 
values of VRF are in the range of 3-=-5. 

On the other hand the negative result obtained is the very low 
consistency of compacted RCA, which makes in fact quite impossible to 
handle the pressed material for the following overpacking operations. 

Many tests have been carried out by increasing load pressures and 
varying the RCA packing before pressing. 

After these process steps the compacted material has been 
transferred in concrete overpacks and then embedded in a mortar matrix 
with the same recipe as duly qualified for radwaste embedding. 

During the above process steps, done in nuclear containment 
conditions, have been taken air samples in order to evaluate the 
contamination due to asbestos free fibers. The results of the analysis 
gave very high values of contamination justifying the choice to perform 
all the operations inside containment rooms (tent or containment box). 

Also the final step of embedding has been carried out using such 
containment criterion. 

The final result, in terms of volume reduction, shows a total VRF 
about 3, in spite of the handling difficulties a/m which have produced a 
not negligible increase of volume after compaction partly due to the 
spring-back effect and partly due to the collapse of pressed material 
during the overpacking. 

The next step, after a 28 days curing period will be the cutting of 
the final manufacts, in order to check the embedding effectiveness to 
retain asbestos fibers, which is the most important parameter to 
characterise the final product for disposal towards a less restrictive 
dump category. 

It is foreseen to get the complete data set within the first 
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quarter of 1993. The analysis of these results will allow to set up 
the input data for the final choices to implement the basic design of 
the plant. 

Anyway, the data already gathered during experimental campaign show 
that it is very difficult to attain at the same time the best 
performance in terms of volume reduction and quality of embedded 
material (according to the preliminary concepts already developed at 
basic design level without experimental check). This means that after 
completion of cost/benefits preliminary analysis, it would be necessary 
to make a choice between two different paths: 
1 - embedding RCA in an inert matrix, declassifying it, in order to 

dispose the waste in low category dumps (less expensive and with less 
environmental impact too), in spite of an increase of the volume and 
weight of the manufacts due to the embedding. 

2 - only high volume reduction in order to minimise the disposal costs 
(based on the waste volume) in higher category dumps. 
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Title : Study of a communication strategy aimed at achieving a possible 
better understanding of the consequence of radioactive waste 
management in a well defined group of public 

Cont rac tor ; ONDRAF/NIRAS. Belgium 

Contract N° : FI2W-CT90-0036 
Duration of contract : 24 months : from April 199 Ito March 1993 
Period covered : January - December 1992 
Project leader : V. Vanhove 

A. OBJECTIVES AND SCOPE 

Starting from the hypothesis that the information of the public on radioactive waste management 
is confronted with prejudice and ignorance, the study tries to establish whether it is possible, 
by working out and disseminating an argumentation that is well adjusted to a specific target 
group, to reduce obstacles to information and to induce the public to understand and accept the 
approach of ONDRAF/NIRAS. 

The study consists of two phases : 

1. Identify the target : determine the orgin and state of the knowledge of the target group on the 
subject concerned; work out documentation and arguments by following the general 
argumentation of ONDRAF/NIRAS and by adapting it to the target group; 

2. Apply this argumentation to the target group andregistertheresultingmodifications of public 
opinion. 

B. WORK PROGRAMME 

The following planning has been worked out : 

1. definition scope project 

2. determination communication model and plan 

3. development prototype pedagogical package 

4. definition concept and content information centre. 
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C. PROGRESS OF WORK AND RESULTS OBTAINED 

State of advancement 

During the period considered, the results of the opinion poll conducted in the autumn of 1991 
were used to define the scope of the project and to determine the communication model and plan 
that will serve as a basis for the further development of the project. 
The first steps were taken to develop a pedagogical package, the structure, form and content of 
which have been determined. 
Preparations were also made to define the concept and the content of an information centre tuned 
to the pedagogical package and, like the other information, intended to inform 15-to-18 year old 
students. 

Progress and results 

1. The determination of the communication model 

The results of the first phase of the study, i.e. the qualitative attitude survey conducted on a 
representative sample of the target group (15-to-18 year old students) completed with individual 
interviews with teachers from various disciplines, were used to construct a communication model 
that will serve as a basis for the further development of the project. 

Main results of the opinionpoll 

1. The survey and the discussions have revealed that there is no real demand for information on the 
issue. The lack of interest requires an organized and structured framework within which the issue 
can be dealt with. Schools can provide this framework. 

2. Owing to the lack of interest and specific expectation, interest must be stirred. School manage
ment and organizing authorities should be contacted for this purpose. 

3. It appears from the survey that the content of the information should cover the following five 
aspects : technical-economic, humanitarian, political, technical and deontological aspects. 

4. The public targeted by this study should be as broad as possible, this means that the communi
cation strategy must not only be focused on the elite of the future scientists. Other education levels 
and disciplines should have access to the information. The actual goal is indeed to provide 
youngsters with keys to a better understanding of the issue, with a view to changing their opinion 
and attitude. 
Information should be provided by experts who are confronted daily with the issue. 
The project must therefore be organized jointly by pedagogical experts (teachers), experts 
(authorities, scientists and ONDRAF/NIRAS in its capacity as expert in the field of radioactive 
waste management). 
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5. Direct confrontation with or visual and on-site immersion in the daily reality of the issue is 
considered to be the best experience. 

6. Dissemination of information should be as wide as possible. The study should be used at national 
level. 

7. Information on the various aspects of the issue (technical-economic, humanitarian, political, 
technical and deontological) is essential. 

8. The objective is to bring about positive change in the students' opinion and attitude towards 
radioactive waste management. 

Global framework 

1. It was found that producing documents only is considered inadequate. Youngsters have a need 
for participating in the experience of experts who are confronted daily with the reality of 
radioactive waste management. The intervention of an expert lends credibility to the information. 

2. Immersion in the daily reality of management lends more value to the information. Visiting a 
specially designed information centre and theprocessing facilities is of immense importance from 
the point of view of insight and conviction (immersion in daily reality). 

3. The scope of the project is determined by the budgetary, functional and human framework. 

Communication plan 

Starting from the structured and organized framework provided by the school environment, the 
communication plan is executed on four levels. 

1. school management and organizing authorities 
2. teaching staff 
3. students 
4. students and teachers 

2. Form of the project 

The project developed within the scope of this study consists of a pedagogical package, composed 
of documents and audiovisual material. The project is focused on visual and on-site immersion in 
the daily reality of radioactive waste management. 
For this purpose, an information centre is being equipped on the site of BELGOPROCESS, the 
industrial subsidiary of ONDRAF/NIRAS. 
The initiative was taken by ONDRAF/NIRAS, in its capacity as expert in the field of radioactive 
waste management. The actual project is being developed in cooperation and in consultation with 
various experts, i.e. teachers forthepedagogical aspect and scientists/authorities forthe scientific and 
technical matters of no immediate interest to ONDRAF/NIRAS. 

- 96 



The pedagogical package will be composed of: 

. an introductory document intended to arouse the interest of the school management and the 
organizing authorities; 

. a pedagogical manual for the teachers; 

. an introductory videotape placing the topic in its social context; 

. an introductory document for the students, to be used in school; 

. visual and on-site immersion in the information centre in Dessel where visitors will be directly 
confronted with the management of radioactive waste; 

. reference files for the students; 

. a feedback file for ONDRAF/NIRAS (optional). 

2.1. Description of the pedagogical package 

a. File for organizing authorities 

Owing to the lack of interest in the issue and the absence of particular expectations with 
regard to the information's content, attention and interest must be aroused, in the firstplace 
on the part of the school management and the organizing authorities. 

b. Pedagogical manual 

A manual will beprovided to the teachers telling them how to use and apply the pedagogical 
package, and dealing with the various aspects of the issue. 
The manual will provide the teacher with additional information and possibly also 
exercices which he will be free to incorporate in his teaching package. 

c. Introduction of the issue 

In order to introduce the issue to the students, the pedagogical package will contain a 
videotape of 15 minutes and an introductory document "Handling radioactivity", which 
will prepare the students for a visit to the information centre and the processing facilities 
ofBELGOPROCESS. 

Introductory videotape 

This videotape is intended to introduce the issue to the students, to raise questions, to draw 
their attention and to give them food for thought. It raises questions, but does not answer 
them. 
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Introductory students file "Handling radioactivity" 

This file is introduced at school, to prepare the students for their visit to the information 
centre inMol-Dessel and the processing facilities of BELGOPROCESS, where radioactive 
waste management is explained in more detail. 
The objective is to familiarize the students with the phenomenon of radioactivity and with 
its daily applications, i.e. to demystify the phenomenon by providing the keys for a better 
understanding. 

d. Reference students files 

After visiting the information centre in Mol-Dessel, where experts will explain radioactive 
waste management in an interactive and visual manner, the students will receive two 
reference files summarizing in a comprehensible manner the information provided during 
the visit. 

Students file II "Managing radioactive waste " 

This file gives a brief description of what is currently being done in Belgium with the 
radioactive waste produced, more particularly with regard to processing/conditioning and 
storage. 
The file goes more deeply into the management cycle of radioactive waste. 

Students file III "Disposal of radioactive waste" 

This file, which is also a reference file as a reminder of the visit, sketches in broad outlines 
the ongoing research and development activities as well as the envisaged solutions. 

e. Feedback file 

Through an optional "assignment" which could be carried out in class after visiting the 
information centre, the youngsters arc incited to voice their opinion on the issue. This file 
comprises a limited survey to gauge whether the visit has changed the youngsters' attitude 
towards the issue. 
There is a possibility of using role-playing in which the youngsters would play specific 
parts. 
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2.2. Information centre 

An information centre, specially equipped to familiarize the youngsters with the management 
of radioactive waste and to achieve understanding of the issue, is being realized in Mol-Dessel 
on the industrial site of BELGOPROCESS, where the processing and storage facilities for 
conditioned waste arc located. 

This information centre, which will be developed in an existing building on the 
BELGOPROCESS site (in the former cafetaria of the EUROCHEMIC reprocessing plant), is 
the epicentre of the project. 
Visual and on-site immersion in the daily reality of radioactive waste management will benefit 
the credibility of the information and help to retain the students' attention and interest. 

Concept of the information centre 

The concept was chosen on the basis of the communication plan. This means that the 
information centre is developed around three modules. 

Module I : Handling radioactivity 
Module n : Managing radioactive waste 
Module HI : Disposal of radioactive waste (future solutions) 

During theperiod considered, a limited invitation to tender was sent out to eight Belgian design 
offices. 
Finally, a design office from Ghent, Bailleul, has been entrusted with the design and the 
realization of the modules for a total amount of 8.900.000 BEF (excl. a large cloud chamber, 
estimated at 1.950.000 BEF). This office has been chosen because the concept proposed links 
up well with the global project and is expected to yield the anticipated results. 

The concept has just been decided on. 

Priority target groups 

The information centre is in the first place intended to familiarize 15-to-18 year old students 
with the management of radioactive waste with a view to changing their attitude and opinion 
towards the issue. Another priority target group is the local population, living in the vicinity 
of the industrial processing facilities of Bclgoproccss. And of course, the information centre 
will also open its doors to all persons interested in this matter. 

Accessibility 

The information centre will only be accessible on written request. 
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Yisiî 

a. Objective 

The target figure is two groups of 100 people per day. This comes down to four visits of 
50 students (1 bus) per day or two visits every half day. 

b. Programme 

. welcome (20 minutes), consisting of : 

a videotape of 15 minutes to bring all visitors on-the same level of understanding for an 
optimum proceeding of the visit; 

division of the whole group in three smaller groups (max. 15persons), each accompanied 
by a guide to shepherd them through the visit; 

. one hour of interactive work on the student files II and HI; 

. limited visit, per bus, to the processing facilities on the BELGOPROCESS site (half 
hour); 

. debriefing and conclusion of the visit (max. 15 minutes). 

c. Organization 

To improve its efficiency, the visit will be conceived as a guided explorative trip through 
the management cycle of radioactive waste. The groups will be limited so that individual 
questions and interests can be dealt with to the greatest extent possible. 
This approach emphasizes the interaction between guides and visitors and ensures that the 
message gets across. 

To retain the youngsters' attention and interest, very distinct atmospheres have been chosen 
for the development of the various modules, and the design and use of the various materials. 
Moreover, the modules will be strictly separated from each other. 
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Title : Information of the public in the field of decommissioning waste 
Study of strategies and means for specific information 

Contractor : CEA Saclay - Direction du Cycle du Combustible (DCC) 
Contract N° : F12W-CT90-0043 
Duration of contract 
Period covered 
Project leader 

June 91 - May 94 
January - December 92 
Mrs. Daniele Gerster 

A OBJECTIVES AND SCOPE 

DCC/UDIN is the nuclear dismantling installations unit of CEA and manages most of 
its waste. The nature and importance of the waste justifies public information. UDIN is in a 
good position to transpose and transmit technical and economical information. 

The first step of the work aims at : searching and defining a good media dissertation 
and realizing a pilot operation of communication. 
The results expected will form a practical contribution to solve sociological problems issued 
by waste management, whether they be hazardous or not. 
The economical benefits expected from this information will be tied to human analysis, 
positive and intelligent, in solving conflicts related to waste management in the European 
Community. 

To answer public needs for information, several partners were selected : 
- University of Paris-Orsay to translate technical information into common 

("popular") language 
- A group of sociologists explore and explain the fears and hopes of the public. 
- A movie maker skilled in technical, didactic and TV films. 

B WORK PROGRAMME 

The programme of the study is approximately structured according to the following 
steps : 

Bl : Selection of partners, define basis of discourse and iconographie data ; evaluation 
of application to actual dismantling plants (e.g. : G2-G3, Rapsodie) 

B2: Analysis of similar actions evolving in other fields ; investigation of results, 
definition of the basis of the discourse. 

B3 : Investigation of different fields ; selection of targeted public ; acceptance of such 
a public ; approach and motivation of (media) "atypique" persons and evaluation 
of their reactions to the proposal discourse. 

B4 : Methodology of pilot operation : study of original communication charter ; 
meetings with support producers.; contacts with media. 

B5 : Development of adaptation operations and validation of the elaborated processes. 
B6 : Final Report with global recommendations. Drafting of Annexes according to the 

discourse and transposable actions. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 

STATE OF ADVANCEMENT 

A large part of 1992 was devoted to analyzing the context of the study. An attempt 
was made to draw conclusions from the controversy in France concerning radioactive waste, 
to describe the viewpoints of those people involved at the local and national level, and to 
come to a preliminary opinion and thoughts on the mechanisms determining this opinion in a 
conflictual situation. The role of communication in risk management has also been studied, 
the goal being to know why, over and above information, communication is necessary when, 
beyond the technical (knowledge), legal (regulations) and economic (the market) approaches, 
politics becomes an issue? And if, when risk is the question, is it really a question of risk (and 
not of some large-scale debate on society)? Lastly, a preliminary study was made with a view 
towards laying down wording concepts for information documents. 

PROGRESS AND RESULTS 

1 - Bibliographical study in various countries 
According to the literature, no special information programs dealing with dismantling 

wastes seem to exist. 
77 people were questioned (outside of France), all specialists in nuclear 

communication or dismantling in Europe, Canada, USA and Japan (50% of them answered). 
Twenty five answers deal explicitely with communication. Several brochures, magazines and 
journals were attached. It seems that this material is directed more at elected officials, 
journalists or political authorities than the general public. The actions mentioned are 
conventional: conferences in associations, local meetings, press meetings, television and video 
programs, toll-free telephone number, ... The comments received bring out three major 
lines : dismantling is essentially a problem of waste ; the economic factors may be important 
locally (loss of jobs, of revenue) ; communicating with the public through structured groups, 
local representatives, the media, is unavoidable. 

2 - Analysis of the controversy 
The controversy concerning six radioactive waste disposal sites in France has been 

analyzed.The analysis was made based mainly on the local press which rather faithfully 
describes everything that happens in the communities involved. 

For the four underground laboratory sites, the controversy was triggered by the 
announcement that it was possible that the region be chosen for an underground laboratory, 
and then for the installation of a high activity radioactive waste disposal. To reach its goals, 
the "disposal" industry must convince or appeal to the largest number of key people who may 
be considered neutral at the start of the action. These authorities are those with whom 
discussion, or even négociation, is possible. They are mainly elected officials, industrials, 
craftsmen, business people, as well as salaried employees, (all of whom may be represented 
by unions), media, other authorities who may play an important role as a relay of public 
opinion through their reputation or their position as doctors, teachers, lawyers, religious 
representatives, etc. All environmental defense associations are anti-nuclear. Questioning the 
choice of nuclear and its industrialization are part of their dogma. Therefore, from the very 
start of the action, they must be considered a major opponent with which négociation will 
prove very hard if not impossible. 
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In the prevailing controversy, the assertions exchanged essentially involve: 
- technical criteria: what are the risks involved? what technical solutions are feasible 

to avoid these risks? can the waste continue to be stored on production sites? what are the 
alternatives if any? etc... 

- economic criteria: what economic impact will the project have on the communities 
or the region? will the positive impact outweigh the negative impact?... 

- political-institutional criteria: are the fundamental principles of democracy 
respected? is the information provided unbiased? can a governmental agency be trusted? 
shouldn't the role of those at the origin of waste production be reconsidered?... 

But for any of the parties to change their opinions, these arguments may play only a 
secondary role. The adversaries will also bring in the range of symbols and values. Emotion 
and gut feelings will be appealed to. The adversaries will either be valorized or discredited, 
the problem of waste will either be dramatized or played down. The risks perceived and the 
credibility of the main protagonists then appear as the major stakes in a controversy, the result 
of which may depend more on psycho-sociological factors than on the technical reliability of 
the information or the arguments presented. Nuclear waste provides the opportunity to 
overthrow the powers that be and, co-relatively, the policies and solution that were only the 
expression of a modus vivendi and not of a public consensus. What role does information 
have in such a debate if it does not benefit from communication networks? 

3 - Interviews of dismantling authorities 
The points of view of the different dismantling authorities have been gathered and 

analysed through an inquiry made in Marcoule, a pilot region for dismantling in France, after 
consulting with some nationally reknowned nuclear authorities. Those people interviewed 
were mainly representatives of associations, teachers, local elected officials, union leaders, 
industrialists (including nuclear plant operators), and representatives of the administration. 

Marcoule is the dismantling site for two graphite-gas reactors, G2/G3, used in the 
production of nuclear electricity and materials for defense programs. A very slightly 
contaminated scrap metal melting furnace has been installed inside the very G3 reactor 
containment. The controversy concerning this operation results from the planned re-use of 
very low radioactive ingots thus produced. Detailed analysis of the answers received brings 
out some predominant ideas: 

- information concerning large industrial projects is one of the facts of life in our 
highly industrialized democratic societies. It is considered an indispensable element of 
technological democracy, especially where potentially dangerous industries are concerned. 

- dismantling nuclear facilities and the resulting low activity wastes is a particularly 
sensitive subject in the eyes of the public since, although it is indeed a question of very low 
radioactive wastes, they are nevertheless "nuclear". Without a doubt an information 
campaign on this subject is opportune, as the inquiry has shown. But before taking any 
action, it is important to examine not only the content of this information and the media used, 
but also those to whom the information is addressed as well as the vectors used. 

- the data gathered clearly shows that, as a first step, the information should be 
directed not at the general public but rather to relays of opinion, often poorly informed, even 
among nuclear operators (even if they consider that the information has already been 
satisfactorily communicated and that some information must not be released outside the 
company such as whatever concerns exemption thresholds and more generally, regulations). 
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- to be credible, the information addressed to the "general public" must not come from 
a single source, especially if the operator is the source. Experience in other fields has proven 
that information coming from groups that represent diversified interests was perceived as 
being more reliable than that coming from a single source. 

Any information campaign on the dismantling and waste theme will provide the 
advantage of presenting the issue in precise terms and bringing about a democratic debate. 

4 - Analysis of particular documents 
- The Le Déaut report 

Mr. Jean-Yves Le Déaut, then President of the Parliamentary Office for the 
evaluation of scientific and technological choices, was, in 1990, put in charge by the National 
Assembly of a report on the management of very low radioactivity waste. The interest of the 
French public opinion (and consequently, their elected officials and political authorities) was 
aroused in 1990 by a local press campaign against the rehabilitation of a storage site for very 
low radioactivity wastes and residues coming from a uranium ore processing facility 
dismantled between 1970 and 1979. The writer interviewed, most often during public 
meetings, more than 70 people from different Ministries (environment, health, labor, 
equipment, industry, ...), CEA, COGEMA, ANDRA, labor unions, "anti-nuclear" 
associations, European Communities, etc. He came to several conclusions: 

- no exact definition exists, as yet, of the notion of "noxious radioactivity" and it is 
difficult to communicate on orders of magnitude for the assessment of this radioactivity; 

- current French legislation is abundant and confused (613 pages in the Journal 
Officiel), rife with successive addenda. Furthermore, the operators do not apply this 
legislation, they "self-censure"; 

- an exemption threshold must be set up (2 Bq/g in alpha) and two additional types of 
specialized disposals must be created (one for waste from 10 to 100 Bq/g in beta/gamma, the 
other for radium-bearing wastes); 

- epidemiological studies on the effect of low doses must be developed. 
It may be mentioned that, on all these subjects, the issues of information and 

communication are both of paramount importance... and extremely difficult! 
- The French Press 

We have not analyzed the very many press campaigns that have been launched in 
France on low activity wastes and their disposal. Those cases that have been dealt with only 
rarely explicitely refer to dismantling (debris coming from the demolition of laboratories or 
plants and used as filler for roads for example). The other controversies regarding 
dismantling passed on by the Press concern the re-use, once considered unrestricted, of scrap 
iron and other very low activity metals or materials. 

In mid-September, CEA organized a trip to Marcoule for the Press on the theme of 
dismantling and of the future of the resulting materials, taking the example of the G2/G3 
reactors mentioned earlier. A moratorium in fact was set up: no more very low activity 
material will come out of CEA centers, even for controlled disposal. As soon as it is no 
longer a question of reusing very low activity materials, the dismantling operations are better 
understood on the technical level, and even on the social level since it does not imply a site 
shutdown and the subsequent loss of jobs. The re-use of surfaces thus released for the 
construction of future nuclear facilities is even, in some cases, presented as obvious, 
preventing the nuclearization of new sites. 
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The dismantling shown in situ remote from any crisis context, "cold bloodedly", as an 
operation concerned with the safety of workers and the environment based on proven 
techniques, manageable amounts of waste and acceptable costs, benefited from an overall 
positive image. 

5-State of Opinion 
A national inquiry on nuclear was made in France in March 1992. The results of 

specific questions on waste and dismantling issues are analyzed here, as are the answers 
concerning nuclear information and communication. 

Waste is the second argument against nuclear, ranking just after Chernobyl. Among 
the subjects regarding environment of most concern to the French, nuclear waste ranks 
second after the ozone layer but ahead of chemical waste, deforestation and nuclear power 
stations (5th place). 

The disposal of radioactive waste ranks 5th in French interest in nuclear, after 
measures in case of accident, risks involved in power plants, impact of radioactivity on man 
and effects of the facilities on the environment. 

To the question "whom do you trust in the issue of radioactive waste?", ecologists 
rank first, followed by "nobody", and the Ministry of Environment (Brice Lalonde, the 
previous French Minister of Environment was a former anti-nuclear militant from way back. 
He was replaced by Mrs S. Royal whose reputation comes from her local opposition to 
underground laboratories involved in the study of radioactive waste disposal). ANDRA and 
CEA come next. Industrials take the very last place. To the question "should we re-use the 
metals from nuclear facilities that are dismantled?": 35.6% answered "do not agree", 18.6% 
"agree", 18.2% "maybe" and 27.6% gave no opinion. To the question "when radioactivity is 
very low, it is not dangerous": 31.6% answered "do not agree",34.9% answered "agree", 
22.8% answered "maybe" and 10.8% gave no opinion. Lastly, when French people were 
asked which sources of information tell the truth about nuclear, the ecologists come in first, 
followed by consumer associations, doctors and the CNRS. At the top of the least credible 
sources came politicians followed by unions and journalists. 

6 - Communication and risk management 
In collaboration with CNRS research scientists and the "Commissariat Général au 

Plan", this theme is under preliminary study. It is shown why the discussions on risk can be 
understood only if they are placed back successively in the context of the debate on energy 
choices (here, nuclear), and then of broader debates that shake society. 

An attempt has been made to describe the social process whereby, at a given time, a 
risk takes on importance. The risk that may threaten populations (or future generations) 
constitutes, for the citizen-individual not directly concerned by the activity generating the 
problem, a means to communicate with others on subjects having only a remote relation with 
the risk involved, but with which he is deeply concerned (his children's future for instance). 
To be able to hope to sort this out, through the messages delivered, progress must be made in 
the way how to question the public and how to answer to this public. What does the public 
really want when it declares unbearable a residual risk deemed reasonable by experts? 

For nuclear, the simultaneous analysis of the risk and the activity generating the risk 
leads to this conclusion: the risk declared to be perceived, insofar as it expresses the opinion 
held concerning the activity, cannot be dealt with as a request addressed only to the safety 
system. It must be placed back in the framework of a wider social play where the advantages 
of the potentially dangerous activity may counterbalance the disadvantages. 
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7 - Working out wording concepts 
A study was made with a view towards working out the contents of public 

information on the dismantling of nuclear facilities and the resulting wastes, without 
prejudicing the media used to disseminate this information. 

A first step drew up an inventory of the possible elements that could be used, based 
on the information provided by dismantling specialists. The areas covered are: the facilities to 
be dismantled, general dismantling regulations, a comparison of the different strategies, 
possible re-use of the site, solutions for packaging and storing waste, the inventory of the 
facility's radioactivity, available technologies, surveillance and maintenance measures, the 
future of the materials. These elements have been structured: the technical, economic and 
social stakes have been brought out. It was made evident that dismantling resulted from an 
organized strategy and not from the pressure of events. If there is one fundamental notion to 
be put forward in communication with the public (which so often shows an irrational fear 
regarding nuclear), it is that those people responsible for dismantling have a rational conduct 
(which is expressed particularly through strategies). 

The second step consisted in determining, in the light of sociological and 
bibliographical studies, the place and treatment that will have to be reserved for each element 
defined in the first step so as to organize them into a coherent discourse. The amount of 
information is such that it is necessary to sort it out, especially with respect to what is known 
of the target-public demands. However, we must not neglect to provide information on 
essential points the implications of which may not have spontaneously perceived by the 
public. But there is not only one public and first of all the goals targeted must be defined 
when addressing each one of these publics and, for each one, work out a specific content, 
choose the best adapted media and find the most efficient way to disseminate this information. 

8 - Continuation of the program 
To continue the program, the study will be developed in two directions: 
- the role of in-house communication and of the personnel, 
- the use of the image as information media 
The first information vector, especially locally, is the personnel of a facility. It is 

indispensable that this personnel have a minimum of knowledge about the strategy applied in 
his/her field of activity, the techniques used up and downstream of his/her own work, and the 
stakes involved by the communication in the sector under consideration... and that he/she have 
the appropriate supports to transmit this information. 

For this purpose, an in-house inquiry is necessary. An attempt will be made to draw 
out a methodology for training personnel in outside communication, which may be transposed 
to sectors other than that of dismantling waste. 

At a time of image and television supremacy, the video media is unavoidable. A 
concrete example (a video production) will be given. 

In parallel, the preparation of a written reference document at several levels of 
technicality on dismantling and its wastes will be pursued. 
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Title The evolution and implementation of a public information 
strategy on radioactive waste management 

Contractors GCI London 

Contract n° FI2W/CT90/0074 

Duration of contract From July 1991 to June 1993 

Period covered January 1992 - December 1992 

Project leader Michael McAvoy 

A. OBJECTIVES AND SCOPE 

The Radwaste Plan of Action, now extended to 1999, requires that the public has 
to be informed of developments in radioactive waste management in the 
European Community. Member states and the European Commission should 
provide the public with regular information regarding radioactive waste 
management and storage. 

Aims & Objectives 

The aims of the CEC radioactive waste information programme are : 

To provide a firm basis for the evolution of Community policy on the 
public information aspects of radioactive waste disposal. 

To enable the communications lessons learned by individual Member 
Country authorities to be shared across the Community. 

To provide a resource base of independent and authoritative 
communications materials to be used in the communications programmes 
of Member countries. 

Cooperation with other contractors 

A key element of the radwaste programme is to enable the lessons learnt by those 
responsible for public information to be shared amongst the national agencies to 
enable the development of "best practice". A seminar was organised in Brussels 
in June 1992, at which radwaste communicators from the national agencies 
described their public information strategies and experiences. 
Participants included : ONDRAF/NIRAS, ENRESA, Nirex, BNFL, NAGRA, 
Swedish Nuclear Fuel and Waste Management Co. 
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B. WORK PROGRAMME 

1. A review of European Community public information policy 

2. Information exchange between national agencies to encourage best 
practice. 

3. Development and production of authoritative information materials. 

C. PROGRESS OF WORK AND OBTAINED RESULTS 

1. A review of European Community Public Information Policy 

Since the introduction of the Radwaste Plan of Action in 1992, the 
foundations for developing a firm Community policy on radwaste 
communications have been established. 

An initial report by consultants explored the following : 

The extent and scope of current opinion research in the EC 

Strengths and weaknesses of the radwaste and nuclear industry's 
public information strategy 

Recommendations for a role for the CEC 

A review of young people's knowledge of and attitudes to 
radioactive waste agencies 

A survey of relevant information materials available for schools and 
teachers' use 

Suggestions for developing a flexible teaching package which could 
be incorporated in various EC syllabuses for the 14-16 age range 

2. Exchange of Information between member agencies 

In order to share the communication experiences of member country 
national agencies and encourage "best practice", a public information 
seminar was organised in June 1992. Representatives of national agencies 
outlined the range of activities employed in communicating about radwaste. 
A proceedings document of the event was produced and a questionnaire 
has since been compiled and sent to radwaste communicators to further 
assess communications activities. 
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Production of Authoritative Information Materials 

In addition, a number of authoritative and credible information materials 
have been produced : 

A leaflet entitled "Managing Radioactive Waste", which provides 
background information about radioactivity and the management of 
radioactive waste in the European Community. The leaflet has now 
been produced in English, French, German and Dutch and has 
been distributed to all national agencies. 

A video entitled "Securing the Future" provides an overview of the 
work carried out by the Commission and member agencies in 
providing safe and secure storage and disposal of radioactive waste. 
The video examines the variety of storage and disposal facilities 
throughout the European Community and explores the sources and 
different categories of radioactive waste, both natural and man-
made. The video has been distributed to national agencies for use 
in public information programmes. 

A detailed report entitled "Managing Radioactive Waste in the 
European Community". This brochure provides background 
information about radioactive waste, including sources and 
categories, regulation and control, safety measures and R&D work, 
in addition to a detailed overview of the role of the Commission in 
European radioactive waste management. The brochure will be 
distributed to all important European and national opinion formers, 
specifically those with an interest in the environment and energy. 

Exhibition panels to be used at CEC radwaste events, which 
includes background information about radiation sources and the 
role of the Commission in ensuring that radioactive waste is 
managed to the highest standards. 
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A public information campaign to support a proposed 
national deep repository for low and intermediate level 
radioactive waste 
Contractor: BNFL (IK) - Institut SYMLOG (F) University Surrey (UK) 

Contract No: F12W/CT91/0105 
Duration of contract: 1 November 1991 to 3 0 April 1995 
Period covered: 1992 
P r o j e c t L e a d e r s : B. Williams (BNFL - coordinator) 

C. Mays ( Inst i tu t Syrnlog) — 
P. Allen (University Surrey) 

A. Objectives and Scope 
The primary objective of the campaign is to gain support 

in Cumbria for a radioactive waste repository at Sellafield 
through the dissemination of factual information in various 
forms to the public. 

Opinion polls will establish an initial baseline level of 
support which will represent an appropriate yardstick for 
evaluating the effectiveness of the campaign as it progresses. 
Analysis and comparison of data gathered from subsequent polls 
and interviews will enable change in support to be measured. 

A second objective is to generate information in a 
suitable form for detailed consideration by other European 
Community Member States by assisting them to produce similar 
programmes of their own. The comparison of the baseline 
opinion data in the United Kingdom and France will be the 
principal method for fulfilling this objective. 
B. Work Programme 

This involves opinion surveys, the development and 
production of appropriate publications and videos, the 
development of exhibition material and display facilities and 
informing the public of this new material. The main 
components of the campaign are:-
i. Opinion Research 
a. The University of Surrey Robens Institute would conduct 
detailed research work, obtain baseline measures • of public 
understanding and reactions to the siting of the Repository at 
Sellafield and identify particular concerns by conducting a 
survey in Cumbria. 
b. The Institute would evaluate the various publicity media 
available for the BNFL information campaign and advise on the 
most effective methods to communicate to the public. 
c. The Institute would also conduct follow up surveys to 
assess the effectiveness of the campaign in terms of changes 
in the knowledge and attitudes of the Cumbrian people. 
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ii. International Comparisons 
a. The Institut SYMLOG de France would carry out detailed 
research work involving comparisons of Cumbrian public opinion 
data and French public opinion data concerning the siting of a 
radioactive waste repository. 
b. The Institut would compare the public opinion data with 
the interview data from appropriate officials concerned with 
radioactive waste management in France and the UK. 
c. The Institut would also compare institutional approaches 
and the extent to which their policies are appropriate, given 
public views. 
iii. Publications 

Two brochures would be produced aiming to provide the 
Cumbrian public with background information on the need for 
and purpose of, a radioactive waste repository. 

The first one, produced early in the campaign, would 
generally describe the nature of the waste, the proposed area 
selected and the impact it would have on the community. 

The second one would be produced nearer the time of the 
public planning inquiry and explain the findings of the 
investigation, the proposals and forthcoming steps. 
iv. Videos 

Two videos would be produced and made freely available to 
the public. The first will cover geological investigation and 
be used to the end of 1993. The second would run during the 
public planning inquiry and explain the findings of the 
investigation, the proposals and forthcoming steps. 
v. Exhibition Material 

The main exhibition material would be situated in the 
Sellaiield Visitors Centre which is now well known as a major 
tourist attraction. 
a. Interactive Video 

This will be a principal element of the programme 
designed as a system to promote an informed attitude towards 
nuclear waste management. Most of the general public would 
use the product unattended, irrespective of age or educational 
ability. It will be necessary to refurbish part of the 
Sellafield Visitors Centre to incorporate the interactive 
video. 
b. Portable Display 

A portable display will also be produced comprising a 
lightweight scissor unit housed in a tube. The face of the 
display will measure about two square metres when expanded. 
This will be used at public meetings. 
c. Borehole Exhibition 

A small exhibition would be located in a Portacabin at 
the central borehole site and will be designed to make it 
suitable for VIP visitors. 
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vi. Informing the Public of Nev Material 
Regular public information notices will be placed in 

local and regional newspapers to advise the general public 
where information on the repository can be obtained. 
C. Progress of Work and Obtained Results 
1. REPORT BY UNIVERSITY OF SURREY ROBENS INSTITUTE 
a. Tasks 

The tasks allocated to the University of Surrey Robens 
Institute, and carried out during the period, were to design 
and develop a questionnaire, commission a survey using this 
questionnaire to obtain baseline measures of knowledge, 
attitudes and beliefs with respect to the proposed Repository, 
and analyse the results with the aim of providing a background 
to the information campaign. 

The questionnaire also had the aim of identifying any 
particular concerns of the population and was to be designed 
to permit direct comparisons between the situation found in 
West Cumbria and that of French people, as revealed by 
national opinion polls. 

Five main criteria were used to form the basis of the 
questionnaire. The first concerned the affiliations of the 
population in terms of geographical area, commitment to 
residence in that area, employment in the nuclear industry 
and/or membership of ecological groups. The second concerned 
information in terms of seif-attributed knowledge, use of 
information sources and information needs. The third was to 
gauge support for the Repository. The fourth was to measure 
levels of perceived confidence and trust in the main 
institutions concerned with the development and the fifth was 
to examine confidence in the decision procedure. 
b. Implementation 

French survey results were obtained in the Spring 1992 
and the Cumbrian questionnaire was produced. The survey was 
conducted in July and August 1992 and comparisons between its 
findings and those from French surveys have subsequently been 
conducted by Institute SYMLOG de France. Consequently some 
information on the questionnaire responses can be found in the 
SYMLOG report. 

The survey area was divided into three zones. The first 
closest to Sellaiield and the third furthest away. Zone 1 
comprised the West coast, from Maryport to Millom, including 
Cockermouth. Zone 2 comprised Barrow and Lakeland whilst Zone 
3 was the M6 corridor including Carlisle and Penrith. The 
survey was weighted in favour of the coastal zone (Zone 1) ; 
twice as many respondents were sought in this zone compared 
with the others. The sample was representative of the 
population as a whole with respect to age and sex composition. 
c. Summary of Results 

One very important and unusual characteristic of the 
population proves specific to this area, namely the 
considerable proportion of people who are employed in the 
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nuclear industry; most of them for British Nuclear Fuels. 
Having some employment connection with the industry, either 
directly or through some other family member, is obviously 
likely to be a major factor affecting beliefs, knowledge and 
attitudes towards a development like the proposed Repository. 
The survey found that a total of 31 per cent of the sample had 
some employment connection with the industry through one or 
more family member. 

Since there is a stronger concentration of employees in 
the areas closest to Sellafield the sample found few employees 
in the outer zones. These latter areas therefore constitute a 
useful 'control' element for the effects of employment in the 
industry. 

The survey also found systematic differences in the 
stability of the population. The analysis was based on 
questions about the length of time people had resided in their 
area and about their intentions with respect to moving from 
the area. A large majority had been resident for fifteen or 
more years and this proportion was greatest in the coastal 
zone. The people living closest to the proposed development 
have, on the average, been in the area the longest whilst 
there appears to have been rather more recent migration into 
the rural and Lakeland areas of Cumbria some distance from the 
Sellafield site. Those in the coastal area were also 
significantly more committed to their location than those in 
the outer zones. 

Awareness and knowledge about the Repository was 
variable. In effect awareness reduced with increasing 
distance from the 'site. It also depended on the employment 
connection. However, even in the immediate area of Sellafield 
nearly 12 per cent had not yet heard of the Repository. 
Amongst those who had heard the overall level of knowledge 
that people attributed to themselves was very low. Analysis 
confirmed that both employment connection to the nuclear 
industry and geographical location had an effect on the level 
of self-attributed knowledge about the Repository. 

To provide a baseline for the enquiry, respondents were 
asked to give their opinion of the proposal. The figures show 
a considerable level of antipathy towards the Repository with 
the majority view being opposition (47 per cent). However 
those who did not know or who were generally unsure also 
comprise a large group, 41 per cent, whilst only 12 per cent 
welcomed the proposal. 

Several factors were found to have some effect on the 
measured attitudes. These were age, sex, qualifications, 
zone, employment status with respect to the industry and the 
level of self attributed knowledge about the proposal. A 
further analysis was conducted to discover which of these 
factors appeared to have the most influence in determining or 
predicting support. It was found that three variables; zone, 
employment status and sex were the most significant 
contributors. Of these, employment status and zone had 
similar large effects, with sex having about half the 
influence. Combined together these three pieces of 
information accounted for nearly three-quarters of the 
variation, which demonstrates their considerable power in 
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accounting for response. 
Analysis shows that two-thirds of those opposed to the 

Repository claimed to know very little about it, or were 
unsure that they knew enough. Amongst those who were 
undecided about the development 86 per cent claimed to know 
little or nothing. In contrast, amongst those welcoming the 
proposal over a third claimed to know quite a lot or be well 
informed. 

However, whilst it could be said that a large majority of 
those who were opposed to the Repository claimed to know 
little or nothing about it, it does not follow that those who 
support the Repository are well informed. The majority of 
such supporters also claimed little or insufficient knowledge. 
Of even more importance is the finding that about as many who 
opposed the development as supported it claimed to be well 
informed. Thus the likely impact of information cannot be 
assumed to produce change in the one direction of greater 
support. 

Similar strong effects for area of residence and 
employment affiliation with the industry were found in the 
case of trust for BNFL and other nuclear industry 
organisations. As noted above those people living in the 
areas farthest away from Sellafield were least like those 
living near the site and least trusting of the industry. Their 
responses probably reflect the views of the national 
population of UK. 

Finally, the views of the sample with respect to the 
decision procedure are worthy of remark. The overall response 
when asked if they thought that their views would be taken 
into account was negative, two-thirds thought that their views 
would be ignored. The level of confidence in the correctness 
of any decision taken was also equivocal; 4 0 per cent had at 
least some confidence in the decision but a nearly equal 
number were less than confident. Clearly both the process and 
its likely outcome are currently viewed with suspicion, 
although these findings were also dependent on where people 
lived with those nearest the site having a little more faith 
in the process. 
2. REPORT BY THE INSTITUT SYMLOG DE FRANCE 

Institut SYMLOG de France, a research organisation 
concerned with risk analysis and communication, carried out 
two levels of international comparison. Persons active in 
informing the public on radioactive waste management issues in 
France and the UK were interviewed. A more detailed report 
was produced in December 1992 comparing Cumbrian and French 
national opinion survey data. 
a. Tendencies 

This analysis pointed first to apparent acceptance of 
siting a repository in the Sellafield area, based on a 
professed lack of concern for the radwaste probleiţţ in 
comparison to other environmental problems. Cumbrian data 
showed, however, a great diversity of view underlying this 
average result. 

The implication for the risk communicator would be that a 
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unified audience does not exist. A standardised information 
approach may not achieve satisfaction. Such data as these 
might best be exploited to identify target populations within 
which specific information needs may be better met. 
b. Data 

West Cumbrians described themselves as less likely than 
the French to take personal resistive action in response to a 
repository. This comparatively passive attitude seemed to be 
based on pragmatic reasoning as to the costs associated with 
resistive action such as moving away. The expectation by 
these residents that their own neighbours would be more likely 
to take action (joining protest groups or signing petitions, 
etc) coupled with the large range of negative images given in 
free responses, indicated however that de facto acceptance was 
underlain by anxiety. The rejecting feelings were apparently 
not finding outlet for expression. 

Questions pertaining to perceived competence and 
credibility of officials in the Sellafield repository siting 
process showed relatively high levels of confidence and trust 
compared to the French, indicating that many of these 
officials have become familiar to the local community. A 
degree of suspicion and pessimism dominated, however, in the 
highly negative responses to questions as to whether enough 
information was given and whether the views of the people 
would be taken into account. 
c. Acceptance as a multi-dimensional concept 

These data imply for risk communicators the necessity of 
approaching "acceptance" as a multi-dimensional concept. The 
brand of acceptance revealed here by survey seemed composed of 
pragmatic inertia, underlain by reticence, suspicion, 
frustration and pessimism. 

Ignoring such dimensions of "acceptance" would not only 
handicap information efforts, but could lead to residents 
lending (passive) support to any extreme position tending to 
express the negative feelings which up to then have not found 
constructive outlet, or positions tending to "get the problem 
out of the way". 
d. Implications for community management risks 

This "uneasy acceptance" state is suggested to threaten 
the community's ability to resolve complex problems. The 
radwaste management problem combines technological, economic, 
environmental, and social aspects. It is not the only issue 
before the public to do so today. More and more, communities 
will be confronted by urgent problems affecting the 
environment (eg toxic waste) and in today's social and 
political context, there will be less willingness to "just let 
the experts go about their business". It is thus equally 
urgent for communities to learn the skills necessary for 
negotiating such issues, to explore mutually agreeable 
compromises, to build reciprocal trust among the officials and 
the publics faced with waste management. 

Successful community risk management is threatened by a 
situation in which persons feel underinformed, underempowered 
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and resistant. Thus all institutional officials have an 
interest in developing responses to this situation. 
Information is a big part of this response. However, the main 
issue here would not appear to be "packaging technical 
information in an easy-to-understand form". The challenge is 
rather to develop a range of forums for information and 
exchange as diverse as the persons and concerns present in the 
community. 

The Sellafield Repository Project Information Unit, 
structured to remain close to community concerns and 
interests, is seen as apt to be particularly well adapted to 
favour such exchange. 
e. Special status of environmental concerns 

The Cumbrian survey also pointed to highest marks given 
to environmentalists - both militants and members of the 
establishment - for competence and credibility. The 
opportunities afforded by these groups for expressing persons' 
apparent desire to "save" the environment are of value to the 
community. The low rate of militant group membership among 
the Cumbrian sample indicates however that such groups do not 
correspond fully to residents' concerns or personal 
convictions. All officials in the waste management process 
might do well to explore what "protecting the environment" 
means in the idiosyncratic views of the public, in order to 
favour active participation by residents in the diverse 
efforts possible to improve environmental conditions. 
f. Conclusions 

De facto acceptance was revealed in this survey analysis 
to combine recognition of the complexity of the waste 
management problem, a large range of negative but 
underexpressed sentiment, and a feeling of powerlessness. The 
challenge to risk communicators is thus not solely to package 
desired technical information in easily understandable form, 
but to creative interactive forums for exchange of 
information. These communication opportunities should allow 
residents to express their current reaction to the situation, 
develop a fuller grasp of the complex socio-economic and 
technical problem of waste management, and become active in 
identifying solutions. 

Such interactive communication forums may be proposed by 
any number of groups within the community in order to maximise 
the range of expression and gathering of elements toward 
better management of the radwaste problem. These forums can 
also serve as training for the community to handle other 
complex problems affecting their social, economic and 
environmental status. 
g. Proposals 

In order to test the generalisation of these action 
conclusions, and permit their transfer to other Community 
Member States as well as to other waste management issues, 
Institut SYMLOG would suggest: 
i. Similarly detailed site-specific public opinion research 
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in a French community pre-selected to receive a repository or 
laboratory. 
ii. Communication policy-building seminars for decision 
makers on the basis of comparative data. 
iii. Design of background material aids for creating 
recommended interactive community risk management forums. 
3. REPORT BY BRITISH NUCLEAR FUELS pic (BNFLÏ 
a. Introduction 

The main responsibility of BNFL in this campaign is the 
co-ordination of a comprehensive information service to the 
general public in Cumbria on the proposed radioactive waste 
repository at Sellafield. Established in late 1991 the 
Sellafield Repository Project (SRP) Information Unit has 
coordinated the public relations functions associated with the 
Repository. It is based at Sellafield and includes personnel 
seconded from UK Nirex Ltd. 

The publicity work covered .in 1992 including brochures, 
exhibitions, video production and public information notices 
is detailed below and has involved close liaison with UK Nirex 
Ltd. 
b. Publications 

A brochure "Sellafield Repository Project - A 
site-specific concept for public consultation" had been 
produced in December 1991. This outlined the investigations 
to be carried out in the Sellafield area and detailed the 
preferred design for the repository via spiral tunnels or 
drifts. It welcomed comments from the local population. This 
booklet was widely distributed in the Cumbrian area and was 
reprinted in June 1992. 

Following the results of local opinion surveys by 
Copeland Borough and Cumbria County Councils in 1992 it was 
evident that further information was required on the plan to 
bring forward the development of an underground Rock 
Characterisation Facility (RCF). This Laboratory Facility 
would provide detailed information to allow a better 
assessment of long-term safety and on the final location, 
design and orientation of the repository. A report was 
prepared on the RCF in the form of a 27-page consultative 
document and this has been distributed to interested parties 
in the UK and to the general public particularly in the 
Cumbrian area. This is a comprehensive publication covering 
the RCF and its geological and environmental implications. 

The Repository is also featured in schools materials 
produced by educational consultants which help in filling the 
requirements of the national curriculum and its attainment 
standards for children studying subjects such as geography, 
the sciences and social studies. 

The Sellafield Repository Project has also been included 
in a number of UK Nirex Ltd and BNFL publications, including 
both organisations' annual reports which have had wide 
distribution to the general public. 
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c. Videos 
Three videos were produced at the end of 1991 - "Alien 

Beans" which consisted of animation sequences and was made for 
young people; "Tunnel in Time" which was aimed at GCSE level 
students and the other for more general adult audiences 
"Design for Disposal". The latter is a 12 minute production 
and outlines the types of nuclear waste and the conceptual 
design for the repository and the transport, safety and 
environmental aspects considered in the selection of 
Sellafield as the proposed site. This video has been 
distributed freely throughout 1992 from the Whitehaven 
Information Office and shown at public meetings and mobile 
exhibitions throughout Cumbria. 

A 10 minute video has just been completed showing the 
progress of the geological investigations being carried out at 
Sellafield. Whilst it will be of principal interest to 
specialised audiences it will be suitable for the general 
public. 

A major new video on the Sellafield geological 
investigations is planned for production in 1993. This will 
take account of the results of opinion research carried out 
during 1992. 
d. Exhibition Material 
i. Interactive Video 

It was established that the benefits of an interactive 
video system describing the Repository Project and providing 
answers to people's concerns would greatly enhance the 
campaign. It was envisaged that five information stations 
could be purchased three located at the Sellafield Visitors 
Centre, one at the refurbished Whitehaven Office and one 
fitted to an existing mobile exhibition. This would involve 
sophisticated hardware consisting of touch screen television, 
a laser disc player and a computer with an interface board 
allowing both computer generated and video images to be shown 
on the screen separately, or simultaneously. The equipment 
would be contained in an attractively designed and constructed 
console. It is a proven technique with high reliability and 
good quality of presentation. 

It is planned to go ahead with the interactive video in 
1993 and the feedback from all opinion research carried out in 
1992 will be invaluable when production takes place. A major 
refurbishing of the Sellafield Visitors Centre will shortly 
take place and the interactive video and associated 
information panels on radioactive waste will be incorporated. 
ii. Portable Display 

A portable display within a tube has been produced and 
used comprehensively in support of speakers at schools and 
other public venues in Cumbria. 
iii. Borehole Exhibition 

The initial plans for the campaign included a portacabin 
exhibition at the central borehole site. This was rejected as 
it exposed the public to unnecessary dangers and the optimum 
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position to receive visitors lay within a neighbouring town. 
Whitehaven, twelve miles north of Sellafield was selected 
partly as a BNFL Information office already existed there. 
The refurbishment took place in mid-1992 incorporating an 
information desk, information panels and models and has proved 
successful. The overall philosophy of deep disposal and the 
geological investigations in a wider context can be discussed 
in attractive surroundings. However from early feedback it 
was found that people living adjacent to Sellafield were 
interested in the more detailed investigations and there is a 
need to meet them at the portacabin on site. Some 
refurbishing will consequently take place there in early 1993. 
iv. Informing the Public 

In January and February 1992 and from July 1992 to the 
end of the year comprehensive announcement notices were placed 
in the local Cumbrian newspapers. This was in part inviting 
the public to come and see a touring mobile exhibition at 
various venues including local agricultural shows and also 
advising people if they wanted more information on the 
Repository to either visit or phone the Whitehaven Information 
Office. 

Another method of supplying information is by a series of 
SRP newsletters prepared at approximately monthly intervals. 
These are distributed to Regulatory Authorities, the media, 
local councillors and as handouts at the Sellafield Visitors 
Centre. 
v. Future Publicity Proposals 

It is intended to apply for planning permission to build 
the RCF laboratory in mid-1993 subject to satisfactory results 
following further hydro-geological borehole investigations. 
The precise timescale for the production of a new brochure and 
new video will depend to some extent on the outcome of these 
surveys. 

The interactive video will be produced in 1993 for 
incorporation in the Whitehaven Information Office as well as 
a refurbished Sellafield Visitors Centre which will also 
include new panels on radioactive waste. There will also be 
some refurbishing at the borehole site. 

The coming year will be a most important one for the 
Sellafield Repository Project and the associated publicity 
materials to be produced will play a major role in achieving 
public acceptability. The main focal point for information on 
the repository will continue to be the Whitehaven Information 
Office. 
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Title: Transmutation of long-lived radionuclides by advanced converters 
Contractor Siemens AG Power Generation Group (KWU) 
Contract No: FI2W-CT91 -0103 Task 1 
Duration of contract: October 1 st 1991 to September 30th 1993 
Period covered: 01.01.1992 to 31.12.1992 
Project Leader: Dr U. Wehmann 

A Objectives and Scope 

The study will analyse the possibilities, limits and technological development steps 
needed for transmutation of actinides and long-lived fission products in unconventional 
advanced reactors and other advanced transmutation devices. The notion "unconventional 
advanced reactor " means a fast reactor with unconventional fuel or a coupled system of fast 
and superfast zones or a small unit, which mainly will be constructed for transmutation. The 
other advanced transmutation devices are special accelerators, spallation machines and 
fusion reactors. 

This study is one part of a coordinated partitioning-transmutation study of a group of 
organisations: CEA, ECN Petten, SIEMENS. 

B Work Programme 

1. Large fast reactor with MOX- and metal fuel, fast zones and high axial leakage. 
2. Fast reactors, small units 
3. Spallation machines 
4. Fusion reactors 
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C Progress of Work and Obtained Results 

C1 State of Advancement 

Referring to programme items 1 and 2, reference cores with MOX fuel and sodium 
coolant have been defined and investigated. Mainly the following physical aspects have been 
studied: 

Minor Actinide (MA) transmutation efficiency in dependence of core geometry 
Pu238 build up in MA transmuters, Pu-buming potential 
Transmutation efficiency of MA being irradiated in special peripheral S/A. 
Influence of MA admixture on operational and safety parameters of the core 

The study for the MOX cores is now complete and calculations for metal fuel cores are 
under way. 

Regarding item 3, various publications about accelerator driven transmutation devices 
have been studied and a preliminary judgement on the potential of these concepts has been 
given. 

C2 Progress and Results 

C2.1 Fast Reactors with MOX fuel (item 1 + 2) 

Four different core layouts have been considered: 3 layouts which are EFR-like (core 
radius » 2 m), but varying in core height (100 cm, 70 cm and 50 cm) which corresponds 
to reactor powers of 3600 MWth, 2600 MWth and 2000 MWth and one layout with a small core 
(70 cm core height, 450 MW^). The boundary conditions for the neutron physics calculations 
(including some typical EFR-type operational parameters) are given in Table 1. MA content in 
the heavy metal has been assumed to be 0, 5 and 15 %, where the case without MA is taken 
as reference. The following topics have been studied: 

Influence of core size on performance parameters of the reference cores 

- The sodium void effect (SVE) is strongly decreasing with decreasing core volume (from 
6$ for core 1 to 2.5 $ for core 4 at EOEC (= end of equilibrium cycle)). 
The Doppler constant is reduced in case of core size reduction. 
The absorber worth is increased, but the reactivity loss per cycle is also increased in 
case of core size reduction. 

Influence of MA admixture on performance parameters 

The main results are given in Table 2 for the EOEC state 
The SVE increases by about 0.13 $ per % MA admixture, thus the negative effect of 
a moderate MA admixture on the SVE could be easily compensated by a relatively small 
core size reduction. 
The Doppler constant is reduced in case of MA admixture: for moderate MA contents 
the Doppler constant is reduced by 5 % for 1 % MA admixture. In order to keep inherent 
self-stabilizing properties of a fast reactor, a large MA content seems undesirable. 
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- The reactivity loss per year is strongly reduced in case of MA introduction. On the other 
hand the decrease of the shutdown worth of the rods is only small so that as a whole 
MA introduction is beneficial for shutdown worth requirements. 

Influence of core size on MA transmutation efficiency 

In order to compare the transmutation capabilities of the various cores, one may take a 
look at the relative transmutation rate per year (or cycle). This can be transformed into effective 
transmutation half times (THT) which is the period after which the content of the MA is reduced 
by a factor of 2, assuming continous full power irradiation including normal shutdown periods. 
Typical THT values are between 6 and 10 years as can be seen in Figure 1, where the mean 
Pu enrichment was taken as the parameter characterizing the core size. Due to their high flux 
level, the large cores show a very good transmutation efficiency. A large MA content is benefi
cial for the THT. 

MA transmutation efficiency in peripheral zones 

The transmutation capabilities of the axial and radial blanket zones fora large core (EFR-
like) have also been investigated. Generally, due to the low flux level in these peripheral zones, 
the transmutation efficiency is considerably less favourable than in the core zones. Also, a large 
relative Pu238 build up in these zones is expected. 

Plutonium burning capabilities 

The Pu burning capabilities mainly depend on the mean Pu enrichment: a high 
Pu enrichment is beneficial for Pu burning. A reasonable upper limit is a mean Pu content of 
about 30 %, both for fuel solubility and for a large Doppler constant. Unfortunately, as can be 
seen in Fig. 1, such a high Pu enrichment deteriorates the MA transmutation efficiency. 

Pu238 build-up 

The generation of Pu238 is inevitable when transmuting MA (Np237 capture). This is an 
undesirable feature of MA transmutation because Pu238 has a high radioactivity and heat-
generation which is unfavourable for reprocessing and fuel fabrication. At the moment a 
Pu238 content of 5 % relative to total Pu is considered as a reasonable upper limit, although this 
is not a technological limit. If this limit is to be respected, the MA content at BOL has to be 
restricted to 3 %. 

Conclusion 

If a MOX-fuelled fast reactor is taken as a MA transmutation device, the best solution 
would probably be a large core but with reduced core height (e.g. as our core no. 2). If a Pu238 

limit of 5 % is to be respected, such a core could allow the introduction of about 900 kg MA. 
It could transmute about 65 kg MA per year which is the yearly production of about 2-3 LWR's. 
A "normal" EFR type reactor with 1 m core height could transmute the MA waste of 4 LWR's. 
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C2.3 Spallation machines (item 3Ì 

Two concepts of accelerator based transmutation devices have been studied in detail: 

- The PHOENIX concept 

In this concept which has been developed at BNL, emphasis is on the transmutation 
of the MA and I129. The MA are transmuted in a fast neutron spectrum. The proton 
beam of the accelerator hits by aid of a beam expander up to eight target modules. Each 
module is similar to the core of the Fast Flux lest Facility (FFTF). Apart from the fuel 
composition, the technology is much the same as FFTF, including sodium as coolant. 
PHOENIX is designed to operate at a keff-level of 0.9. In a device with eight target mod
ules 2.61 MA and 300 kg I can be transmuted per year which corresponds to the yearly 
production of LWR's of about 75 GWe. A disadvantage of this concept is the large Pu 
buildup, most of it being Pu238. 

The Los Alamos ATW concept 

In this concept all actinides including Pu are transmuted and as a fission product mainly 
Tc" is transmuted. Contrary to the PHOENIX concept, the transmutation processes 
take place in a D20-moderated environment with a high thermal flux (> 1015 cnr^s-1). 
The proton beam in ATW supports 4 target/blanket modules. The target is surrounded 
by an annulus of technetium in D20, an actinide slurry region and a D20 reflector. The 
actinide slurry is contained in double walled pressure tubes. The design is mainly based 
on the CANDU technology. A new feature is the continuous processing of actinides and 
technetium in separate loops. ATW operates with a keff of 0.95. It transmutes the waste 
of LWR's of about 7.5 GWe. 

Conclusion 

Compared to the PHOENIX concept, ATW seems to be very advanced and ambitious, 
whereas the PHOENIX concept is more realistic in the extension of a proven technology. Keep
ing in mind that for both concepts the operational keff is between 0.9 and 0.95 and that therefore 
much care has to be taken regarding criticality safety and that integral powers and power densi
ties are similar to commercial power reactors, it seems questionable wether one can take con
siderable credit of the subcriticality of these systems regarding simpler licensing or better public 
acceptance, compared to conventional power reactors. 

C3 List of publications 

1.) U.K. Wehmann 
Some Physics Aspects of Minor Actinide Recycling in Fast Reactors IAEA Specialists 
Meeting on Use of Fast Breeder Reactors for Actinide Transmutation, Obninsk, Septem
ber 1992 

2.) U.K. Wehmann, W. Löhr, A. Stojadinovic 
Design Studies on LMFBR Cores with Reduced Sodium Void Effect and Minor Actinide 
Burning 
Proc. Int. Conf. on "Design and Safety of Advanced Nuclear Power Plants" 
(ANP '92) October 25-29 1992, Tokyo 
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Maximum burnup of 20 % 

Maximum linear rating limits: 
520 W/cm at BOL, 410 W/cm at EOL 

1 year cycle length with 5-batch refuelling 

Fresh LWR plutonium (40 MWd/kg HM): 
pu238 . pu239 . pu240 . pu241 

2 : 54 : 26 : 10 

Minor actinide composition: 
Np237 : Am241 : Am243 : Cm244 

49 : 37 : 11 : 3 

Minor actinide contents in the HM: 
0(ref.), 5%, 15% 

Plutonium contents were adapted so that keff is 
about 1.01 at EOC with rods out 

Homogeneous recycling of minor actinides 

: Pu242 

: 8 
: Am241 

: 2 

Table 1 : Boundary conditions for neutronphysics calculations 

parameter 

fissile SVE 

[ $ ] 

Doppler constant 

[ $ ] 

Aoper 
full power year 

[ $ ] 

control rod worth 

[ $ ] 

MA-
content 

0 % 
5 % 

15 % 

0 % 
5 % 

15 % 

0 % 
5 % 

15 % 

0 % 
5 % 

15 % 

core 
1 

5.9 
6.5 
7.5 

- 1 . 7 
- 1 . 3 
- 0 . 7 

- 8 . 9 
- 4 . 6 
+ 1.6 

25 
24 
20 

core 
2 

4.4 
5.1 
6.3 

- 1 . 6 
- 1 . 2 
- 0 . 6 

-10 .4 
- 6 . 7 
- 1 . 5 

23 
21 
17 

core 
4 

2.5 
3.1 
4.8 

- 1 . 1 
- 0 . 8 
- 0 . 5 

-12 .3 
- 8 . 9 
- 4 . 9 

31 
30 
27 

Table 2 : Performance parameters of cores with different MA contents (EOEC) 
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Fig. 1 : MA transmutation efficiency in core regions 
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Title: Participation in a CEC strategy study on nuclear waste transmutation 
Contractor: Stichting Energieonderzoek Centrum Nederland-ECN 
Contract No: F12W-CT91-0104 
Duration of contract: from 1 November 1991 to 31 October 1993 
Period covered: from 1 January 1992 to 31 Decerrber 1992 
Project Leader. K. Abrahams 

A. OBJECTIVES AND SCOPE 

This contract "Participation in a CEC strategy study on nuclear waste transmutation" has 
first of all as an objective the improvement of the nuclear data base needed for strategy 
study on nuclear waste transmutation, including inventory calculations. A second 
objective is the presentation of a contribution to the CEC strategy study, in the form of 
a paper on transmutation of long-lived fission products. Both objectives fit into the 
"Integral Research Program 1991-1994 for the study of Recycling Actinides and Fission 
Products" of the Dutch national centre ECN [1], which has the intention to give a 
contribution to an international effort to evaluate the recycling option of the nuclear 
waste problem. Besides strategy and scenario studies, reactor physics research, and an 
effort towards small scale demonstrations of transmutation possibilities, the integral 
program is focused on the nuclear parameters, relevant for transmutation. 

Although the Netherlands Energy Research Foundation ECN, acted as the sole contractor 
for this contract, there has been a close collaboration in related strategy studies, such as 
the ones of CEA and Siemens. 

B. WORK PROGRAMME 

2.1 Preparation of a nuclear data base for actinides and fission products, which is 
needed for the experimental verification of technological aspects of transmutation 

2.2 Preparation of derived data in order to asses the ORIGEN nuclear data library for 
transmutation studies. 

2.3 Performing sample burn-up calculations for several scenarios with the updated 
ORIGEN nuclear data library. 

2.4 Investigation of possibilities of transmutation of long-lived fission products. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 

State of advancement 

In coordination with CEA and Siemens the work on three Community contracts is being 
harmonized. These three contracts regard studies on possibilities to reduce the long-term 
radio-toxicity of nuclear waste, and the ECN work is of vital interest, as far as it aims 
towards common data sets and standardized libraries for relevant cross sections, and the 
ECN work on long-lived fission products is considered to be an important contribution 
to the joint studies. 

As a first step the Petten group now has adapted codes and libraries (ORIGEN and 
FISPACT, and especially working libraries of cross sections, nuclear decay constants, 
and risk data) for reactor physics and burnup calculations. With respect to the work on 
codes and libraries the ECN data set has been used as a basis. Next the most recent 
JEF-2 library has been inspected on quality and completeness. As the JEF-1 library is 
readily available in processed data, it has been used as a back up. Especially for nuclear 
data on actinides and long-lived fission products this data set could be improved, but in 
general the improvements for inventory calculations are not large. Therefore it can be 
expected that a number of earlier conclusions, which have been based on the previous 
data set, are still valid. Substantial progress was reached in the study of fission product 
transmutation (work programme 2.4 is almost completed by now). It has been shown 
that the partitioning and transmutation, e.g. by means of accelerator techniques, would 
enable the reduction of the dose risk from the long-lived and geo-chemically mobile 
fission products Tc-99 and 1-129. 

Progress and results: 

Chapter 1. Work programme 2.1 and 22: Common data sets 

Regarding the nuclear data programme it can be mentioned that this work mainly 
relates to nuclear data on actinides and long-lived fission products. Existing codes and 
libraries (based upon JEF-2) have been evaluated. Apart from this contract, ECN will 
make an effort towards small-scale demonstrations of transmutation possibilities by using 
the Petten High Flux Reactor (HFR) [2], which is an ideal test reactor for thermal 
transmutation. This effort in itself is not subject to the present contract, but it is 
strongly related and relevant information will be used to be included in the report for 
this contract. For example: In order to support these demonstrations, some nuclear data 
are required: capture cross sections of Tc-98,99 of Ru-100, 1-128, 129, Xe-130 and 
also for elements in carrier materials and elements in cladding. Further the (n2n) cross 
sections for Tc-99, Ru-100, 1-129, and Xe-130 are needed. Most of these data have been 
extracted from the available libraries. For reactor physics and burnup calculations, the 
codes ORIGEN and FISPACT are being adapted together with their working libraries of 
cross sections, risk data, yields and decay constants. 

Limitations and formats of the data sets to be used were defined in agreement with 
work of the partners in these CEC strategy studies. These definitions have been 
coordinated on quarterly meetings, and concern the following work: 

- Standardized libraries based upon JEF-2 will be used. ECN has checked the JEF-2 
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files for completeness and delivered improved 1129 and Tc99 compilations. A 1129 
evaluation has already been finished and forwarded to CEACadarache. An update of 
the Tc99 evaluation has been prepared. 

 At Petten the relevant JEF2 data have been processed by means of the NJOY code 
into 172 group constants (XMAS structure). 

 The laboratories engaged in the present study averaged the data over standard spectra 
(PWR N4 en FBR Super PHENIX), which were exchanged. Resulting one group data 
(for infinite dilution) have been compared for the most important actinides . 

 For PHENIX moderated blankets, a standard LWR and for the Petten HFR the fission 
product transmutation capabilities have been compared [3]. 

For the most important actinides table 1 gives an image of the present state of the 
evaluation. Part of the differences between JEF-2 and ORIGEN-S is due to corrections 
for self shielding, which are made in ORIGEN-S only. 

Nuclide 
Symbol 

U 
U 
u 
u 

Np 
Pu 
Pu 
Pu 
Pu 
Pu 
Ain 

Nuclide 
Z/A 

92231 
92235 
92236 
92238 
93237 
94238 
94239 
91210 
91241 
9-12-12 
952-13 

Fission cross section in LWR spectrum 
JEFI.l 
(barn) 

5.3801 IO""' 
3.8723 10

+ n t 

3.1407 IO-
01 

1.0882 IO
- 0

' 
5.3365 10-°' 
2.3662 
1.0250 10+

02 

6.4856 IO
-01 

1.0508 10+"
2 

4.6587 IO"
01 

1.5710 IO
-01 

JEF2.2 
(barn) 

5.3801 10-
u
' 

3.8801 10
+ 0

' 
3.1407 IO"

01 

1.0526 IO"
01 

5.2256 IO"
01 

2.3500 
1.0245 10+

02 

6.4850 IO"
01 

1.0505 10
+ n 2 

4.6587 IO"
01 

4.4080 IO"
0
' 

ORIGENS 
(barn) 

6.9247 IO"
01 

4.0620 10+
01 

5.8125 10-°' 
1.0728 IO"

01 

4.3883 IO"
01 

2.1138 
1.0102 10+

02 

4.4132 IO"
01 

1.0917 10
+ n 2 

2.8498 IO"
02 

9.2180 IO
-02 

Capture cross section in IAYll spectrum 
JEFI.l 
(barn) 

2.0913 10+°' 
9.0179 
8.1003 
5.0151 
3.2235 IO

+0
' 

2.7682 IO
+01 

5.7968 10+
01 

2.1977 10
+ o ? 

3.5503 10
+o

' 
2.8188 10

+o
' 

1.9108 10
+ m 

JEF2.2 
(barn) 

2.0913 IO
4
"

1 

8.7055 
8.1003 
5.0334 
3.2668 10

+(1
' 

2.7697 10
+n

' 
5.8711 l 0

+ o
' 

2.1977 10
+ n 2 

3.5627 10
+nl 

2.8188 l 0
+ n l 

4.8930 l 0
+ n l 

OR1CF.N S 
(barn) 

3.4832 l()
t n

' 
1.1396 IO"" 
9.6135 
1.0358 
4.3179 IO

4
"

1 

3.5193 IO
+nl 

4.2231 M)
+n

' 
1.0939 IO"

12 

3.7895 IO
41

" 
5.7553 10"" 
7.2257 IO"

11 

Nuclide 
Symbol 

li 
V 
U 
li 

Np 
Pu 
Pu 
Pu 
Pu 
Pu 
Am 

Nuclide 
Z/A 

92234 
92235 
92236 
92238 
93237 
94238 
94239 
94210 
94241 
94242 
95243 

Fission cross 
JEFI.l 
(barn) 

3.2897 IO"
01 

1.9759 
1.0513 10-°' 
4.5675 IO"

02 

3.2318 IO"
01 

1.1271 
1.8883 
3.8218 IO

-01 

2.6361 
2.6239 IO"

01 

1.9974 IO"
01 

section in LMFHR spectrum 
JEF2.2 
(barn) 

3.2897 IO
-01 

1.9810 
1.0513 IO"

01 

4.4147 10"
02 

3.1677 10"
01 

1.1196 
1.8633 
3.8218 IO"

01 

2.6150 
2.6239 IO

-0
' 

2.0654 IO
-01 

ORICÎEN-S 
(barn) 

5.1000 IO"
01 

2.0300 
1.1600 IO"

01 

4.2800 IO"
02 

3.6000 IO"
01 

1.3800 
1.8500 
3.5400 10"

nl 

2.4900 
2.7800 IO-

01 

2.3700 10-*" 

Capture cross 
JEFI.l 
(barn) 

6.4103 IO"
01 

6.0230 IO"
01 

5.8226 IO"
01 

3.5302 IO"
01 

1.7546 
7.2837 IO

-01 

5.7136 IO"
01 

6.0807 IO"
01 

5.2310 i n
- 0 1 

5.1623 IO"
01 

1.6634 

section in LMFHR speci rum 
JEF2.2 
(barn) 

6.4103 IO""' 
5.7121 IO"

01 

5.8226 IO"
01 

3.5188 IO"
01 

1.6615 
5.8152 IO"

01 

5.6425 IO"
01 

6.0806 IO"
01 

5.6721 IO"
0
' 

5.1622 IO""' 
1.8023 

OR K ! FN -S 
(barn) 

4.5000 IO"
01 

5.6600 IO"
01 

6.6300 10-
n
' 

2.9600 Kr"
1 

7.6500 1 0 " ' 
2.2100 IO""' 
5.0300 IO '" 
4.1500 10 ■'" 
1.3200 IO■■"' 
3.4200 IO"*" 
5.5500 IO-'" 

Table 1: One group cross sections for the most important actinides averaged over some 
standard PWR N4 and Super PHENIX spectra (JEF data only for infinite dilution). 
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Chapter 2. Work programme 2.3 : Sample burn-up calculations 

There are some results available from calculations on LWR's and LMFBR's with an old 
one group data set taken from literature. Although final conclusions can only be made 
when these calculations have been repeated with the new library, a summary of 
preliminary conclusions showed to be a good preparation for further work. Because it 
has been shown that the old JEF-1 and the new JEF-2 files do not lead to important 
discrepancies for the major components of nuclear waste, these preliminary conclusions 
will not change significantly. Calculations were made for an (unrealistic) scenario in 
which all transuranium nuclides were recycled until equilibrium was reached. For an 
LWR as well as for an LMFBR, the actinide radio-toxicity increases after recycling, and 
eventually reaches an equilibrium value, which depends on the scenario and especially 
on the cooling time. After an equilibrium has been reached the total toxicity (waste plus 
fuel) hardly changes, and most of the waste which is generated will be due to losses in 
reprocessing. Scenario studies e.g. performed at ECN Petten [4] show how one may 
reduce the production of actinide activity by repeatedly recycling in power reactors. 
Whereas light water reactors in such an unrealistic scenario would reach a relatively 
high equilibrium alpha-activity (PWR-EQ in fig.l) after many recycling steps, fast 
reactors would reach their equilibrium (FBR-EQ) relatively soon. Our studies indicate 
that there are certainly possibilities to reduce the overall source term of radioactive 
waste by means of reactor based incineration systems. Because the value of the 
equilibrium toxicity is about an order of magnitude higher than that of LWR "once 
through" spent fuel, and the assumed losses were of the order of 1%, a total reduction 
of the waste toxicity of roughly a factor ten might be reached. This however would 
imply that the cycle continues indefinitely unless the last reactor loading is disposed of 
safely in some other way. A main difference between LWR and LMFBR scenario's is 
the time it takes to reach equilibrium, which ranges from 50 years up to hundreds of 
years. Of course this equilibration period could be shortened, for instance if one could 
load an LWR with artificial equilibrium fuel. 

fr', ,',',■'7rYJ BOC TttltN/ill EOC 

10 16 

Alpha-

radio 
activity 

(Bq) 

PWR PWR-MOX PWR-EQ FBR-MOX FBR-EQ 

Figure 1: Alpha radio activity in PWR and FBR reactors [11]. Here 
BOC stands for "beginning of cycle" and EOC for "end of cycle", EQ 
stands for the equilibrium situation after recycling many times. 
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It is much too early to draw conclusions from these preliminary calculations, as more 
advanced transmutation schemes (including partitioning) are possible. Actinide recycling-
scenarios will reduce risks for future generations, but also may impose new risks for the 
present generation. It would seem that a net reduction could be reached in collective 
radiation dose for the present generation because less mining would be needed per unit 
of produced energy. If one however would recycle the uranium, this reduction in 
collective radiation dose will be offset, at least partially, by the build up of U-232 and 
U-234 during the irradiation. These uranium isotopes cannot easily be transmuted and 
may act for a long term as a source of Tl-208 and Ra-226 background in the uranium 
tailings. It is not yet clear whether the integrated radiation dose for the population would 
decrease by actinide incineration in normal power reactors, and further study is 
necessary. Important arguments to continue research may first of all based upon the 
wish to reduce the source term of radioactive waste and, correspondingly, to reduce the 
number of repositories. Secondly one may wish to destroy and peacefully use weapons 
material or limit the need for safeguarding in case of retrievable storage of actinide 
waste. 

Chapter 3. Work programme 2.4: Study of possibilities of transmutation of fission 
products by means of thermal neutrons 

It should be investigated whether transmutation of fission products could be helpful in 
further reducing the long-term radiation dose. It seems obvious that this would be so if 
one could transmute Tc-99 and 1-129 by neutron capture to harmless Ru-100 and Xe-
130. Some first considerations on this study are given below. Under coordination with 
the partners a full discussion paper on this subject will be given, which may serve as a 
basis for a final report on fission product transmutation. 

3.1. Introduction on motivation for partitioning and transmutation of fission products. 

There are geo-chemically mobile components, which after a very long period of time 
may leak out of deep repositories towards the surface. A few long-lived (up to millions 
of years) waste elements give a high contribution to the long-term dose-rate. 
Considerations on the risk of waste disposal will depend on scenarios for leaching out 
waste from imposed barriers. If these scenarios would also involve leaching out by 
water, after human intrusion of the disposal site, the high mobility amplifies the risk of 
Tc-99, 1-129 and Np-237. Although toxicity of fresh spent fuel is hardly determined by 
Tc-99 or by 1-129, the long half life and the high yield in the fission process and the 
geo-chemical mobility are such that the risk for these two radio-nuclides -will be 
amplified to a value, which already may be dominant after expiration of a thousand 
years period. Methods are being searched to diminish the technetium solubility by 
reducing agents such as metallic iron, tin, copper, manganese and vanadium, as well as 
the compound stannous chloride. At the moment experimental verifications are being 
made [5]. If such an immobilisation cannot be trusted over very long periods, one 
should consider as special candidates for transmutation of fission products the following 
isotopes: technetium (Tc-99), iodine (1-129), and cesium (Cs-135), as well as geo-
chemically mobile actinides such as neptunium (Np-237) and its precursors. Therefore 
experiments on transmutation of these isotopes are being performed. In general Table 2 
(refs. 4,6) shows, for a hypothetical set of unperturbed granite repositories the surface 
dose-rate, due to leakage of the stored amount of nuclear waste from an assumed EC 
total nuclear production over the next 100 years (relative to natural rates). 
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TABLE 2: RELATIVE GLOBAL DOSE RATE DUE TO LEAKAGE OF STORED 
SPENT FUEL FROM A 120 GW(e) LWR PARK OPERATING FOR 100 YEARS 
(such a park could generate the electric power in the EC according to CEA) 

Period : 

Storage : 

Nuclides : 
Tc-99 
I -129 
Cs-135 
U-235 
U-238 
Np-237 
Pu-239 
Am-243 
Relative 
dose rate 

0- One million years 

Vitrified 

100 % 
-
-
-
-
-
-
-

0.2 ppm 

Direct storage 

98 % 
2 % 
-
-
-
-
-
-

2 % 

0- Hundred million years 

Vitrified 

17 % 
-

10 % 
-
-

71 % 
-
3 % 

12 ppm 

Direct storage 

46 % 
1 % 

24 % 
6 % 

14 % 
5 % 
4 % 
-

400 ppm 

The last line in table 2 indicates the dose rate relative to the natural background. In the 
case of direct storage there is an expected average individual dose-rate of the order of a 
few percent of present natural dose rates. Proper vitrification and removal of Tc would 
reduce the collective dose rate to 0.01 man Sievert per year, and would lead to marginal 
individual dose rates. Contributions of U-235 and U-238 show that vitrification is 
beneficial even for uranium ore which never has seen a reactor! It could be concluded 
from this table that the surface dose-rates due to leakage, is negligible especially if one 
could properly vitrify and/or transmute mobile components. 

It has to be noted that the results of this UK study [6] rely heavily on assumptions on 
the effectiveness of vitrification and on geological characteristics of the repository. They 
may not be quite representative for other repositories, as calculations are based upon site 
dependent geo-chemical characteristics. If the waste is not in contact with oxygen, the 
mobility of Tc will be strongly reduced. In clay repositories [7] or in rock salt [8] 
repositories the 1-129 risk could dominate, especially if the spent fuel is stored directly. 
Although there are differences among the deep geological repositories, it nevertheless 
can be concluded that, if the repositories remain unperturbed, fission products will 
dominate the collective risk in case of direct storage of spent fuel for the first million 
years. As for example follows from [6], the removal of Tc and I from the waste, would 
reduce the collective one million year dose with more than five orders of magnitude. 

In order to reduce the long-term risk, one may decide on transmuting Tc-99 and 1-129 
to stable Ru-100 and Xe-130 by means of low-energy neutron capture. An intense flux 
of thermal neutrons may be created with a spallation source, an accelerator-driven 
reactor, a fast reactor with a moderator flux trap, a thermal high flux reactor or any 
other high flux device, based on fission, fusion, spallation or a combination of these 
processes. 

Possibilities to include transmutation of fission product waste in common fuel cycles are 
not available, and special burner scenarios should be studied. Fission products can be 
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transformed into less harmful or even valuable materials by neutrons, and some groups 
are working on this solution. Such work is proceeding within the OMEGA project in 
Japan and the ATW project in Los Alamos. Demonstration tests e.g. at the Petten High 
Flux Reactor and the PHENIX reactor (in a moderated irradiation facility) are prepared 
by the Dutch and the French organisations ECN and CEA respectively. In a recent study 
the possible transmutation rates and mass reductions have been estimated for 
experiments in the High Flux Reactor (HFR) located in Petten (the Netherlands) and in 
PHENDC (France). For small, but not too thin targets, the effective half lives are about a 
few years for Tc-99, 1-129 and Cs-135 irradiation respectively in HFR or in an LMFBR 
moderated irradiation facility [3]. In fact it seems that transmutation rates in both 
facilities are comparable for similar sizes and loadings. It has been claimed [9] that 
accelerator based systems could transmute the annual production of Tc-99 and 1-129 
even more efficiently. ^ 

3.2. Studies on homogeneous recycling of fission products 

Global scenario studies on light water power reactors show that in principle such 
reactors could consume their own technetium production by means of neutron capture 
only in case that some surplus of technetium is being situated in the core. If the Tc 
would be homogeneously mixed through the LWR fuel, the inventory of Tc (a few 
hundred kg) would probably be too high to be practical in present scenarios for 
reprocessing this fuel. For inhomogeneous combinations of waste and fuel, the 
inventory would have to be even higher, and in general it can be stated that problems 
with LWR based incineration are complicated whereas only marginal advantages are to 
be expected. Therefore incineration schedules have been studied, which use an 
inventory as low as possible, and which would involve a high flux thermal neutron 
field for example at accelerator-based reactor systems. Unfavourable for any 
incineration scheme, which uses neutrons generated in the fission process is that the 
very fission process yielding these neutrons, also yields fission product waste. Simple 
calculations show that for fission products such as Tc-99 (yield about 6 %) and 1-129 
(yield about 1 %), the amount of newly formed fission products competes significantly 
with the amount of transmuted fission products unless the concentration of Tc-99 and 
1-129 in the reactor is high. Environmental economy therefore may favour 
transmutation in an intense thermal neutron field in a special burner High Flux Reactor 
or in a flux produced by a spallation neutron source (in both options one should 
generate electricity for economic reasons). 

3.3. Studies on heterogeneous recycling of fission products. 

As it seems hardly practical to recycle the fission products homogeneously in the 
reactor fuel one might wonder whether a heterogeneous recycling method might be 
more efficient. This method might involve the use of special targets for example for 
iodine, or it might involve the application of technetium layers on the cladding and/or 
the fuel pellets. Especially the moderated sub-assemblies of LMFBR's might be of 
interest in this respect. Decisive in respect to the choice of the method will be the 
possibility and the effort needed to regenerate new targets after the old target has been 
used long enough (a bum up of more than 20 % in a heterogeneous target is probably 
a practical limit due to failure of the cladding and target material). 
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Title : Potentialities and costs of partition and transmutation of 
long-lived radionuclides. 

Contractor: CEA-Centre de Sad ay; France 
Contract n° : FI2W-CT91-0106 
Duration of contract : October 1991 to September 1993 
Period covered : January to December 1992 

Project Leader : G. Baudin 

A. OBJECTIVES AND SCOPE 

The purpose of this conceptual study is to analyse the different strategies of waste 
management aiming at reducing contents of long lived radionuclides by partitioning and 
transmutation ; technical ways and costs will be evaluated. 

In a first step reference scenario will be defined ie to draw up an inventory of long 
lived radionuclides produce by the European installed or foreseen reactors and estimate 
radiotoxicity of such nuclides. 

In a second step will be estimated the expected decrease of radionuclides stockpile 
according to two mains scenarii : first one using presently known or available technologies, 
second one taking into account all foreseen innovative technologies. 

B. WORK PROGRAM 

The different items of this program are the following : 

1.- References scenarios : 
. definition of involved reactors (number, type,..) 
. evaluation of produced radionuclides (Am, Np ...) 
. potential radiotoxicities. 

2.- Step one : available technologies : 
. separations : 

. definition of processes 

. evaluation of efficiencies and losses 

. costs. 
. transmutation : 

. in FBR 

.inPWR 
3.- Step two : foreseen technology : 

. same items as for 2 
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C. PROGRESS OF WORK AND RESULTS OBTAINED 

1. Selected Scenarios 

The evolution in material balances and radiotoxicity has been assessed for three reference scenarios: Rj, R2, 
R3 and two separation-incineration scenarios RP¡ and RP2, namely: 

Rl - UOX-fueled N4 type PWR reactor and direct storage 
of the irradiated fuel, 

R2 - UOX reactor, reprocessing and multirecycling of the Pu as MOX, 
R3 - idem R2 but recycling of the Pu in a FBR of the EFR type, starting in 2020. 

RPl - separation and transmutation with currently feasible technologies: RPj.l for transmutation in PWR and 
RP1.2 for transmutation in FBRs. 

R?2 - separation and transmutation with advanced methods: incineration-dedicated reactors, accelerators,... 

l.a - Evolution in material balances for Rj, R2, R3. 

The three scenarios have only a small impact on the evolution of the depleted uranium stockpile coming from 
reprocessing plants which will reach about 1,400,000 t in 2100, after a linear increase. The irradiated heavy 
metal stockpile increases linearly for Rj and will reach 180,000 t in 2100. The stockpile stabilizes rapidly for 
R2 at 7000 t (5-year cooling). For R3, the UOX decreases from 7000 to 2500 t in 2100, whereas during the 
same time the MOX increases from 0 to 2000 tons. 

By 2100, heavy metals and fission products increase linearly to reach the values given in the table below (in 
tons): 

Scenarios 
Rl 
R2 
R3 

Np 
120 
100 
90 

Am 
148 
420 
250 

Cm 
15 
65 
40 

Cs 

700 
2500 

Tc 

200 
200 

I 

52 
55 

l.b - Evolution in the radiotoxicity for the 3 scenarios Rj, R2» R3-

The radiotoxicilies were inventoried: 
- in the waste intended for final disposal. The radiotoxicity is always much lower than in scenario Rl. 

R3 generates two limes less radiotoxicity than R2, 

- for the cycle that represents the total toxicity to be managed in the event of total nuclear shutdown in 
2100. 
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2. Separation 

2.a - Aqueous Processes 

Radiotoxicity calculations have been made, estimating reprocessing losses at 0.3% for Uranium, 
0.5% for Pu and 5% for the other long-lived elements. 

The separation processes considered show that, although in-plant recovery of neptunium and 
technetium is possible on condition that some modifications are made to the process, the other elements 
must be separated from the fission product solutions from reprocessing. 

The most highly developed processes use an actinide, lanlhanide cocxtraction (TRUEX or 
DIAMEX)as a first step, subsequently followed by a separation between the two families (TALSPEAK, 
TRAMEX, diamides,...). -

Selective extraction processes are being developed. 

Using the most advanced processes, it was possible to define a plant design based on the following 
assumptions: 

- recovery of Np in the plant 
- extraction of Ln + Am + Cm by DIAMEX 
- separation of Ln-Am/Cm by the DIDPA, 
- separation of Am-Cm by HDDIBMP. 

After oxalic precipitation and calcination, Np02, Am02 and Cm02 (or their mixture) are 
obtained and separated from fission products and lanthanides. 

2.b - Non-Aqueous Processes 

Two methods are examined: 

. chlorides: at the present time, most of the research is being done in the USA under the IFR 
framework and in Japan which has actually transposed the IFR process for metallic fuels or oxides to the 
processing of fission product solutions; 

. fluorides: abandoned today but was studied in the USA, in France and in the former USSR in the 
'60s and '70s. 

These processes arc not very far advanced and it is difficult as of yet to evaluate their losses. 

3. Transmutation 

Whatever type of reactor is used, the recycling can be done either as homogeneous fuels or as 
heterogeneous targets. The following must be studied for each option: 

- the influence of actinides on the physical parameters of 
the core, 

- the transmutation yield, 
- the variations in mass and radiotoxicity of the minor 
actinides. 
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The studies were first carried out for FBRs. 

In a homogeneous method, the maximum allowable enrichment of minor actinides is limited by: 

- the consequences on the safely parameters (sodium voiding, Doppler), 
- the increase in Pu 238 enrichment over the course of irradiation. 

Enrichments of 2.5% by mass of heavy isotopes for a large core like EFR and of 5% for a smaller 
core such as PRISM appear reasonable. In order to recycle all of the minor actinides produced by a nuclear 
industry, it is necessary to supply approximately 20% of the total fast reactor power using EFR-type 
burners, or 15% if PRISM-typc burners are used. 

The potential radiotoxicity of the waste depends mainly on the performance of the process used in 
separating different isotopes during reprocessing. With a loss rate of 0.3% for Pu and 1% for minor 
actinides (Np, Am, Cm), we show that the radiotoxicity could be reduced by a factor of 7 to 30 depending 
on the time scale (from 100 to 10 million years) compared to the reference scenario corresponding to a 
closed fuel cycle. 

Radiotoxicity reduction factors/reference 

Losses 

0.3%Pu+ 
1% (Np, Am, Cm) 

Targets 

40% 
100% 

103 

14 

20 

104 

6 
10 

105 

8 

11 

106 

33 
25 

107yeais 

25 
25 

The size of the core and the nature of the fuel have little effect on these results. 

Heterogeneous recycling presents the advantages of not modifying the standard fuel and of 
concentrating the wastes in specific targets. 

In FBRs, the ability to "stockpile" these very important wastes could be attained (less than 2 EFRs 
to manage the minor actinides of the current French nuclear industry, with targets enriched to 100% in 
actinides placed in the outermost layer of the core). 

However, other problems specific to the manufacture of the highly enriched targets and their 
maintenance under irradiation, particularly for Am02, have been established involving fluctuations of the 
neutron flux shape and power variations in the targets which are very difficult to control. The use of 
targets with reduced concentrations (approximately 50%) appears more reasonable. 

The initially attractive idea of a single recycling of the targets, i.e. burning the waste in a single 
irradiation, is not realistic. The levels of irradiation are insufficient to ensure the complete burning of the 
waste and, in addition, it is necessary to reprocess the targets to recycle the Cm and Pu produced. 

With mullirccycling, the fraction of FBRs necessary to recycle all the waste produced by a nuclear 
industry is 30% of the total power supply compared to 20% in the case of homogeneous recycling. 

137 -



The radiotoxicity of the waste is also reduced by a factor 6 to 30 depending on the time scale. 

So the reference scenario for homogeneous transmutation in FBR to be studied in EFR is a fuel 
with an initial concentration of 2.5% of minor actinides in heavy metal. 

For heterogeneous transmutation in FBRs, the scenario is defined as a specific target Np02-
Am02 embedded in an inert matrix (A1203) with an enrichment in minor actinides of 40% of the 
total mass. 

These specific S/As arc placed in the outermost layer of the EFR core and irradiated three 
limes more than standard fuel subassemblies. 

For PWRs, a similar approach is made in homogeneous and heterogeneous mode to define the 
equivalent transmutation scenarios. 

Consequences of incineration on the physical characteristics of the fuel: 

Recycling the americium and neptunium in homogeneous form will modify the physical 
characteristics of the fuels after irradiation: activity, neutron emission, residual power. 

-in PWRs 

For a N4 fuel with a burnup of 47.5 GWd/t, adding 1% americium requires an initial 
enrichment of 4.75% in U 235 and of 5.06% for 1% of neptunium. Consequently, at the end of 
irradiation, the following results are obtained after 5 years of cooling: 

Property Standard Am Standard Nn 
recycling recycling 

Total activity 2.3 1.5 
ß, y, activity 1.1 1.1 
«3 activity 14.4 5.4 
Neutron source 28.2 0.7 
Total residual power 3.4 1.7 

-in FBRs 

Introducing 3% of Np and Am gives, in EFR, a burnup of 150 GWd/t of oxide without 
changing the initial plutonium content. 

After 5 years of cooling, compared with a standard fuel: 

- the activity of the heavy nuclei is increased by 10%, 
- the neutron source is multiplied by 2 owing to the production of curium, 
- the total residual power is multiplied by 1.7. 
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A2: WASTE TREATMENT 

Task 2 

'Treatment of Radioactive Waste" 

Topic 1 : Minimization of radioactive discharges 

Topic 2 : Reduction of waste volumes to be disposed of 

Topic 3 : Waste de-categorisation and actions at the source 

Topic 4 * : Spent fuel conditioning for disposal 

Topic 5 : Potentialities of transmutation of long-lived radionuclides 

* No activity running on this topic 
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Task 2 

Topic 1 : Minimization of radioactive discharges 

FI2W/0054 Improvement in the performance of the conventional treatment of liquid 
effuents by co-precipitation. 

FI2W/0057 (Part of work programme carried out by LNETI = see topic 2) 

Topic 2 : Reduction of waste volumes to be disposed of 

FI2W/0052 Compaction of radioactive hulls by high-temperature melting in a cold 
crucible. 

FI2W/0053 Wet oxidation of organic containing wastes. 

FI2W/0057 Advanced processes for the treatment of low level liquid wastes at a pilot 
plant scale. 

FI2W/0095 Process design and feasibility study for incineration under pressure, 
condensation and effluent treatment of radioactive waste. 

FI2W/0100 Melting of incinerator ashes using a microwave furnace. 

FI2W/0108 Treatment of radioactive solvent waste by catalytic oxidation. 

FI2W/0118 Press compaction of LWR hulls. 
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Task 2 

Topic 3 : Waste de-categorisation and actions at the source 

FI2W/0062 New macrocyclic extradants for radioactive waste treatment : Ionizable 
crown ethers and functionalized calixarenes. 

FI2W/0070 Decontamination of solid alpha, beta, gamma waste for de-categorisation 
purposes in terms of disposal route. 

Topic 5 : Potentialities of transmutation of long-lived radionuclides 

FI2W/0047 Partition of radioactive wastes. 

FI2W/0112 High-level liquid waste partioning by means of completely incinerable 
extractants. 
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TASK Nr. 2 : TREATMENT OF RADIOACTIVE WASTE 

A. Objectives 

Improvement of radwaste management schemes by means of new treatment 
processes allowing : 

* the minimization of radioactive discharges into the environment; 
* the reduction of the waste volumes to be disposed of; 
* the de-categorisation of waste packages in terms of disposal routes; 
* the removal of long-lived radionuclides from high level waste for partitioning 

and/or transmutation purposes. 

B. Research topics investigated within the programme 1985-1989 

Investigations were carried out on volume reduction techniques for liquid waste 
from reactor operation, spent fuel reprocessing and from research centres. The 
work was focused on ultrafiltration techniques, electrochemical ion-exchange and 
chemical precipitation coupled with centrifugation. 
Research work was devoted to the waste de-categorisation for making easier 
conditioning, transport and disposal operations of a number of alpha and MLW, 
particularly on : 

- treatment flow-sheets relying on solvent extraction; 
- chemical precipitation and inorganic ion-exchange techniques; 

exhaustive decontamination of solid alpha waste by leaching with 
electrogenerated Ag(II). 

New immobilisation matrices (modified sulphur cement, ceramics and new cement 
formulations) have been investigated for various wastes like incinerator ashes, ion-
exchange resins, sludges, dissolver residues. 
Actions taken at the source of production (MOX fuel fabrication plant) for 
reducing alpha waste arisings also played an important part in this programme. 
Quality assurance schemes for waste products in conditioning facilities for 
cementation, drying and compaction were elaborated and critical parameters for 
disposal criteria selected. 

C. The present programme 1990-1994 

Presently Task 2 comprises 13 research contracts, four of them being 
multinational. They cover the following topics : 

Topic 1 : minimization of radioactive discharges 

- Setting up of a downstream treatment processes for low level liquid effluents 
at the La Hague reprocessing plant (CEA Cadarache). 

- Radium recovery from uranium tailings (LNETI). 
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Topic 2 : Reduction of waste volumes to be disposed of 

- Recovery of boron from PWR low level liquid waste by electrodialysis, 
reverse-osmosis, distillation, ion-exchange and electrochemical ion-exchange 
as alternative treatments (Laborelec, AEA Harwell and CEN/SCK). 

- Volume reduction of alpha-bearing incinerator ashes by microwave furnace 
and melting processes for spent fuel zircaloy hulls in a cold crucible (CEA-
Valhrô). 

- Ion-exchange resins destruction by H202 (AEA-Winfrith) and by incineration 
with oxygen under pressure (Bertin, CEA-Cadarache and INITEC). 

Topic 3 : Waste de-categorisation and actions at the source 

- Evaluation of decontamination performances of leaching technique with nitric 
acid and electrogenerated Ag(II) on different solid alpha-bearing wastes 
(CEA-FAR). 

- De-categorisation of medium-level reprocessing concentrates by using "tailor-
made" macrocyclic extractants (calixarenes and crown-ethers). This 
multipartner project associates CEA-Cadarache with the Universities of 
Barcelona, Belfast, Mainz, Parma, Strasbourg and Twente. 

Topic 4 : Conditioning of spent fuels in view of their direct disposal 

There are no activities running on this topic. 

Topic 5 : Potentialities of transmutation of long-lived radionuclides 

- Development and testing of enhanced treatment scheme for separation of 
long-lived radionuclides from high level liquid waste. This co-ordinated 
research programme is being carried out by CEA-FAR and KfK. 
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Title : Improvement in the performance of the conventional 
Treatment of Liquid Effluents by Co-Precipitation 

Contractor : CEA-DCC 
Contract N° : FI2W/CT90/0054 TASK 2 
Duration of Contract : From May 1st 1991 to April 30th 1995 
Period Covered : January-December 1992 
Projet Leader : FROMONT Michel 

A. OBJECTIVES AND SCOPE 

The capacity of treatment of the COGEMA irradiated fuel reprocessing plant at The 
Hague is to be progressively increased from 400 to 1600 tonnes a year. The regulations 
concerning the release of radioactive effluents into the sea remain unchanged, that is to say 
they authorize : 

- 45000 Ci (1665.103 GBq) for all radioelements (except tritium) including 6000 Ci 
(222.103 GBq) for Sr90 and Csl37; 
- 45 Ci (1700 GBq) for a emitters. 
The efficiency of radioactive liquid effluent chemical treatment should therefore be 

improved. 
At present, the Liquid Effluent Treatment Plant (so called STE3) implements a process 

involving a chemical co-precipitation for low activity (act.ß<5 Ci/m3) and medium activity 
(act.ß<300 Ci/m3) radioactive effluents and a neutralization, followed by filtering for any 
effluents suspected of the slightest radioactivity (act.a<10-4 Ci/m3, act.ß<10"2 Ci/m3). 

In association with the treatment plant (STE3) operators who are to supply actual 
radioactive effluents, we propose to implement complementary treatments in a hot laboratory, 
using for example mineral exchangers, organic extradants and chemical precipitation, the 
application of which, in the STE3 plant at The Hague, should entail only minor modifications 
to the existing process. 

B. WORK PROGRAMME 

The work programme consists of : 
10/91 to 10/92 

-the characterization of the chemical forms of the radioelements to be removed, 
- the insolubilization of these radioelements by means of mineral exchangers in powder 
form (oxydes, sulfates, phosphates,...), of supported organic extradants (active 
carbon, silica) and of precipitation treatments. 
10/92 to 10/93 
- the study of the separation of the insolubilized adivity by means of the most 
appropriate processes : tangential filtering, centrifugation or columns used singly or in 
series. 
10/93 to 10/94 
- the carrying out of tests on a radioactive pilot mock-up (1/60 scale). 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 

- State of advancement 

The evolution of the radioactive liquid effluents discharged into the channel 
by the STE/La Hague shows a reduction of 30% of the active effluents and of 
50% of the suspect effluents (so called "V"), but the distribution stays almost 
unchanged : 27% of 90Sr, 23% of 127Sb, 17% of 106Ru and 3% of 137 Cs . To 
reduce the released activity, we focused therefore our attention to these 
radioemitters. Moreover, V effluents should be investigated as they account for 
21% of the discharged alpha activity, although they represent only 6% of ß 
activity. With complementary treatments implementation in view, our goal is to 
obtain a decontamination factor of the order of 10. 

During the previous period (1991), the ionic form identification tests 
carried out by means of electrophoresis indicate that ruthenium is under molecular 
and anionic forms at the same time, that strontium is always under cationic form 
and that antimony is under anionic form at the pH of the effluent. 

Considering these results, we studied the fixation of radioelements on 
organic resins, mineral exchangers and active carbons. Some products yield good 
results for strontium and antimony, but a compromise must be found for the pH of 
the treatment. On the other hand, results for ruthenium are disappointing with at 
best a decontamination factor of 3 with active carbon. 

PROGRESS AND RESULTS 

1. PERFORMANCE OF ORGANIC RESINS 

Sr elimination can be achieved by means of a resin column. The best 
results are obtained with the iminodiacetic resin TP207 which proves to be more 
effective than the carboxylic resin CNP80. Figure 1 compares the efficiency 
between the two materials. Sr85 which is used for y analysis is eluted from the 
resin CNP80 just after flushing the column by the effluent, whereas it appears in 
the eluted effluent after 700 volumes of resin bed for the resin TP207. 

According to the analytical conditions, 600 m3 of effluent can be purified 
per m3 of resin TP207. Moreover, elution would require 8 m3 of IM nitric acid 
winch would be recycled on a chemical treatment line. 
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2. USE OF MINERAL EXCHANGERS 

Sbl25 elimination is possible by using mineral exchangers. Four different 
exchangers giving the best results are selected to study the influence of the pH in 
the effluent range : Zirox (zirconium oxide), Manox (manganese oxide), Pertitanic 
(pertitanic acid) and Oxti (titanium oxide). As can be shown in figure 2, Zirox 
gives the higher decontamination factor (DF). Nevertheless a quantity of 5 kg/mß 
is required to obtain a decontamination factor higher than 50. As the present cost 
of this product is expensive (1500 FF per kg), the treatment can be considered as 
excessive. 

3. TREATMENT BY USE OF TITANIUM OR ZIRCONIUM 

According to the cost of the previous mineral exchangers, we are turning 
toward the use of materials containing titanium and zirconium. The products have 
to be produced at industrial scale. Their particularity is that they can be used 
either by precipitation in situ either as preformed precipitates or in powder. 

Whatever the form of the product, tests give always the same results. 
Decontamination factors increase with the quantity as can be observed for 
titanium obtained by precipitation in situ in figures 3 and 4. Then, DF of Sb 
decreases as the pH increases, whereas the contrary is observed for Sr. With the 
objective to reduce Sr and Sb, a compromise must be adopted to emilinate in one 
step these radioactive products. 

Metatitanic acid G3 which is a material containing TÌO2 seems to give 
attractive results for decontamination. With the consideration of price, it is less 
expensive than the other products and gives the highest volume concentration 
factors (produced sludges are reduced in volume). 

4. ELIMINATION OF ALPHA EMITTERS AND CAESIUM 

For alpha emitters, few tests carried out with active carbon and titanium or 
zirconium salts are good but they must be confirmed in the future. They seem to 
act as strontium in so far as elimination increases as pH becomes more basic. 

As the quantity of caesium: is not important in the effluents we received, 
some treatments give good result, but they are more attributed to floculation of 
traces of ferrocyanure-nickel preformed precipitate and not to the treatment itself. 

LIST OF PUBLICATIONS 

No publications other than progress reports dealing with the work under 
with contract. 
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COMPACTION OF RADIOACTIVE HULLS 
BY HIGH-TEMPERATURE MELTING IN A COLD CRUCIBLE 

Contractor: CEA - DCC - CEN Valrhô 
Contract No: FI 2W CT90 0052 
Contract duration: January 1991 to December 1992 
Period covered: January 1992 to December 1992 
Project leader: R. Picchiato 

A. OBJECTIVE AND SCOPE 

The cold-crucible high-temperature melting process for compaction of cladding 
hulls has been developed in France by the CEA at Marcoule since 1982 under 
inactive conditions in a full-scale industrial prototype, and since 1988 under active 
conditions in a laboratory facility (Cell 73). This method reduces the waste volume 
and exchange surface area, and eliminates any occluded radioactive gases. Its 
feasibility has been demonstrated for conditioning radioactive stainless steel hulls. 

This research project involves compacting radioactive zircaloy cladding hulls in 
Cell 73. The programme objectives are: 
• to produce zircaloy ingots from radioactive hulls; 
• to characterize the ingots; 
• to determine the volatility balances; 
• to assess the decontamination factor obtained. 

B. WORK PROGRAMME 

B.l Production of four radioactive ingots in Cell 73 with zircaloy hulls from the 
Obrigheim reactor. 

B.2 Investigation of the activity partition between the flux and ingot. 
B.3 Characterization of two ingots: 

• Structural homogeneity 
• Internal activity distribution 
• Leaching resistance. 

B.4 Determination of the process volatilization balance. 
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C. PROGRESS OF WORK AND ORTATNED RESIJI/TS 

State of A d v a n c e m e n t 

The fourth ingot planned under this contract was produced in cell 73, with a 
composition identical to that of the three previous ingots. It was produced under the 
same conditions as the third ingot, hut with a larger quantity of flux added from the 
beginning of the melt. 

The structure, homogeneity and internal radioactivity distribution were investi
gated in two ingots, Zi-06 and Zi-07. 

The current state of advancement is as follows: 
B.l All four active ingots have been produced: Zi-03, Zi-04 & Zi-06 in 1991, and 

Zi-07 in 1992. 
B.2 The activity partition between the flux and ingots has been determined for all 

four ingots. 
B.3 Characterization of ingots Zi-06 and Zi-07 is nearing completion. The exami

nation of ingot structure and homogeneity has been terminated. Only the 
leach test of ingot Zi-07 in the CLÓVIS cell is still in progress, after delays 
resulting from contamination problems while testing specimen Zi-06 in cell 73. 

B.4 The process volatilization and off gas balance has been determined for all four 
ingots. 

P r o g r e s s a n d R e s u l t s 

1. Production of Ingot Zi-07 (B.l) 
Ingot Zi-07 was produced from a mixture of 90% active zircaloy hulls1 and 10% 

inactive stainless steel hulls; this composition was required after safety studies 
covering interactions between water and the molten metal. Fifty percent of the flux 
was melted from the beginning, and the total flux quantity represented 9.8 wt% of 
the active hulls. 

No unmelted hulls were observed in the ingot. 
The mass balance deficit was comparable to the results obtained for the first 

three ingots: about 1.05% for the metals and 5.78% for the flux. 

2. Radionuclide Volatilization for Ingots Zi-06 and Zi-07 (B.4) 
The volatilized a activity was very low. 
The most volatile ß-emitter was 137Cs, which accounted for some 90% of the total 

ß activity recovered from the off-gas. Small amounts of 134Cs and ^Sr were also 
found. 

"^Some Inconel or stainless steel fragments of springs or grids remained after manual sorting, 
however. 
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Tritium released during melting was largely recovered as tritiated water after 
oxidation into the CuO furnace at the end of the off-gas treatment cycle, although 
the presence of oxygen in the circuit caused a small fraction to be converted to 
tritiated water after oxidation in the oxygen directly in the off-gas stream. 

3. Slag Activity for Ingots Zi-06 and Zi-07 (B.2) 
The oc-emitter fraction trapped in the flux increased significantly between melts 

Zi-06 (61.86%) and Zi-07 (79.2%). This may be attributed to the use of a higher 
grade of CaF2 flux in larger amounts from the beginning of melt Zi-07. 

Most of the ß activity in both melts (86.7% and 87.4%) was due to ^Sr. Over 
90% of the ^Sr in the hulls was recovered in the slag. 

4. Ingot Activity and Chemical Analysis (B.2) 
Elemental analysis showed uniform metal chemical composition for all the 

samples. 
The a and ßy activity was also uniformly distributed. The activation products 

(^Co and 125Sb) remained concentrated in the ingots. This homogeneity was 
confirmed by a and ß autoradiography, although some local heterogeneities were 
observed. 

A large fraction of the tritium was trapped in the ingot: about 14.8 MBq-g-1 

(400 uCi-g-1) in ingot Zi-06 and 9.62 MBq-g-1 (260 uCi-g"1) in ingot Zi-07. 
The activity distribution in the off-gas stream, the slag and the ingot is 

indicated in Table I (Zi-06) and Table II (Zi-07), together with the overall hull 
decontamination factors. 

5. Metallographic Examination of Ingots Zi-06 and Zi-07 (B.3) 
Density measurements, followed by optical and scanning electron microscopic 

observation and by a and ßy autoradiography showed overall microstructural and 
radioactive homogeneity in the ingots, despite local three-phase heterogeneities. 
Each ingot consisted principally of pure zircaloy, with two minor phases resulting 
from the zircaloy-stainless steel mixture. Most of the activity was concentrated in 
the zircaloy phase, which exhibited the greatest solubility for fission products. 

6. Leach Testing (B.3) 
Ingot Zi-06 was leached for 28 days in distilled water in cell 73. Two test 

specimens were leached: one from which all the outer surface was removed, and the 
second comprising a large fraction of the ingot exterior. However, contamination 
problems arising mainly during specimen handling operations corrupted the test 
results. 

Fresh leaching equipment was installed in a clean cell, CLÓVIS, and leach 
testing has recently begun on specimens from ingot Zi-07. 
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Table I. 
Activity Distribution for Ingot Zi-06 

Activity Percentages as of April 30,1991 

Nuclides 

^(Sr+Y) 
137CS 
134Cs 

106(Ru+Rh) 
144(Ce+Pr) 

125Sb 

«Co 
«Mn 
154Eu 

Total ß 

239-242py 
238 P u + 241 A m 

244Cm 
242Cm 

Total a 

A 
Volatility 

(%) 

3.93 
74.68 

(68.56) 

(0.28) 
0.01 

(9.38) 

16.31 

0.57 
0.83 
4.43 

1.64 

B 
Slag 
(%) 

93.13 
20.66 

(18.69) 

(0.29) 
0.10 

(71.39) 

34.36 

11.32 
66.82 
87.82 

61.86 

C 
Ingot 
(%) 

2.94 
4.66 

(12.75) 

(99.43) 
99.89 

(19.23) 

49.33 

88.11 
32.25 
7.75 

36.50 

A + B 
Decontamination 

Efficiency (%) 

97.06 
95.34 

> 87.25 

<0.57 
0.11 

> 80.77 

50.67 

11.89 
67.65 
92.25 

63.50 

( ) The measured results only allow decontamination factors to be indicated as 
upper or lower limits. 

— Values measured at detection limits with no statistical significance. 
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Table II. 
Activity Distribution for Ingot Zi-07 

Activity Percentages as of April 30,1991 

Nuclides 

«(Sr+Y) 
137Cs 
i^Cs 

106(Ru+Rh) 
^(Ce+Pr) 

i^Sb 
«Co 
«Mn 
i«Eu 

Total ß 

239-242pu 

238pu +241A m 

244Cm 
sferr i 

Total a 

A 
Volatility 

(%) 

5.86 
82.05 

(54.42) 

(1.32) 
0.001 

(1.40) 

16.15 

9.40 
5.23 
3.71 

5.35 

B 
Slag 
(%) 

90.54 
14.65 
(9.17) 

(0.59) 
0.14 

(29.23) 

23.91 

64.65 
84.41 
92.69 

79.02 

C 
Ingot 
(%) 

3.60 
3.30 

(36.41) 

(98.09) 
99.86 

(69.37) 

59.94 

25.95 
10.36 
3.60 

15.63 

A + B 
Decontamination 

Efficiency (%) 

96.40 
96.70 

> 63.59 

< 1.91 
0.14 

> 30.63 

40.06 

74.05 
89.64 
96.40 

84.37 

( ) The measured results only allow decontamination factors to be indicated as 
upper or lower limits. 

— Values measured at detection limits with no statistical significance. 
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WET OXIDATION OF ORGANIC CONTAINING WASTES 

Contractor: 
Contract No: 
Duration of contract : 
Period covered: 
Project Leader: 

AEA Decommissioning and Radwaste 
F12W/CT90/0053 Task 2 
from March 1991 t o February 1995 
January - December 1992 
Dr. N S Holt 

A. OBJECTIVES AND SCOPE 

A wet oxidation process for the destruction of organics from 
intermediate level radioactive wastes has been developed in parallel by 
AEA Technology (Decommissioning and Radwaste) for the treatment of 
reactor sludges from the Winfrith Steam Generating Heavy Water Reactor, 
and by Nuclear Electric for the treatment of spent organic ion exchange 
(IX) resins from their nuclear power stations. 

The process, which is based on catalysed reaction with hydrogen 
peroxide, has already been subject to experimental investigations up to 
10-50 kg inactive resin batch using pilot scale plant for the above 
applications. 

The main objective of this programme is to demonstrate the 
feasibility of the wet oxidation technology on a range of real 
radioactive wastes by the design, construction and operation of a fully 
active mobile pilot plant (50-100 kg/day capacity). 

The key organic wastes identified for investigation include:-

o IX resins from power reactor operation 
o Decontamination liquors 
o Mixed reactor sludges from WSGHWR 
o Solvents and scintillants 
o Cellulose containing soft wastes. 

B. WORK PROGRAMME 

Task 

Task 

Task 

Task 
Task 
Task 

Task 
Task 

2 

2 

2. 

2. 
2. 
2. 

2. 
2. 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

The programme consists of the following tasks:-

Analysis of literature data and assessment of candidate 
waste in UK and EC context. 
Evaluation of previous experimental results outside this CEC 
contract. 
Completion of wet oxidation experiments at small scale for 
both inactive and active conditions. 
Appraisal of alternative plant concepts. 
Evaluation of complete treatment schemes. 
Design, construction and operation of a mobile active wet 
oxidation pilot plant. 
Drawing-up of flow sheets 
Analysis of safety and economic aspects 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 

State of Advancement 

In the first year of the project (1991), the published world-wide 
experience of wet oxidation techniques for radwaste treatment was 
reviewed, and the results of previous studies by AEA and the UK nuclear 
industry evaluated comparatively. After assessment of current and 
planned future organic radwaste streams in the UK, several waste types 
were identified as candidates for wet oxidation treatment. Amongst 
these, ion exchange resin waste classified as intermediate level (ILW) 
was the major target group. Laboratory studies confirmed the 
feasibility of treatment for three important IX resin types, and 
established the optimum reaction conditions for each using a batch 
reaction mode. At this point sufficient information was available to 
initiate the design of the mobile active pilot plant. The first step of 
the design stage was to examine all possible reaction concepts, ranging 
from a simple batch tank reaction system to a fully continuous process, 
and to select the most appropriate for a mobile treatment facility. A 
semi-continuous reaction concept was chosen as the lead option, which 
combines the relative simplicity of a batch reactor with the enhanced 
throughput of continuous processes. 

In the year covered by this report (Jan-Dec 1992), the design for the 
mobile active pilot plant has been completed. This procedure has 
included a two-level Hazard and Operability (HAZOP) study on the 
preliminary design and subsequent scheme design. The final detailed 
design produced was subjected to a rigorous safety review procedure 
before authorisation for plant construction was granted. The completed 
wet oxidation plant will be available for commissioning trials in 
February 1993. 

The assessment of data from previous experimental programmes undertaken 
by AEA and Nuclear Electric has been completed and a report issued. 

Further experimentation at laboratory scale with inactive waste 
simulants has demonstrated that efficient organic removal from mixed 
organic/inorganic IX material, non-foaming and foaming decontamination 
liquors (including a chelating agent), cellulosic material (paper/cloth) 
and scintillation cocktail residue are achievable using a batch 
reaction. Semi-continuous experiments using cationic IX resin and also 
with WSGHWR reactor sludge have shown that significantly less hydrogen 
peroxide is required for this reaction mode relative to the equivalent 
batch reaction. Samples of spent radioactive IX resin stored at the 
Trawsfynydd Magnox power station have been obtained for future 
laboratory scale experimentation. 

Progress and Results 

Task 2.2 - Analysis of Literature Data 

This task has been completed, with the production of a 
comprehensive literature survey, and an assessment of UK candidate 
wastes. Considerable information regarding candidate waste for wet 
oxidation treatment in an EC context has also been gathered. 
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Task 2.3 - Evaluation of Previous Experimental Results 

Both AEA and Nuclear Electric had performed extensive research and 
development work on the wet oxidation process prior to the commencement 
of this programme. A review of this earlier experience has been carried 
out /l/. The review covers experimental studies undertaken by AEA at up 
to 250kg batch scale using non-radioactive WSGHWR reactor sludge 
simulant, and supporting small scale active experiments. Nuclear 
Electric's parallel studies on a range of organic IX resins at up to 
10kg resin batch scale, and product conditioning using a wiped film 
evaporator are also discussed. 

Task 2.4 - Completion of Wet Oxidation Experiments 

The susceptibility of several candidate wastes to treatment by wet 
oxidation was examined at laboratory scale with non-radioactive 
material. The following waste types were studied: 

Mixed inorganic / organic ion exchangers 
Soft cellulosic waste 
Chemical decontamination liquor components 
Foaming decontamination mixture 
Scintillation cocktail residue 

In addition to the above, which were studied using a batch reaction 
mode, the possibility of treating mixed reactor sludges from the WSGHWR 
and Lewatit DN IX resin by a semi-continuous reaction scheme was 
considered experimentally. These latter experiments were carried out to 
support the decision, from the plant concepts study, to proceed with the 
semi-continuous process design for the mobile plant. 

a) Inorganic / Organic Cationic Exchanger Mixtures 

Both organic Lewatit DN, a phenol-formaldehyde based resin, and 
the inorganic zeolites AW500 and Decalso Y have been used by the UK 
nuclear industry for 1 3 7Cs removal from fuel storage pond water. In 
some cases, mixtures of Lewatit DN with one or other of the zeolites are 
present in waste storage facilities. The efficiency of the wet 
oxidation of Lewatit DN alone was compared with that of Lewatit DN / 
zeolite mixtures. 

It was found that for laboratory scale batch reaction, the 
presence of either zeolite reduced the efficiency of organic removal 
from the Lewatit DN component, especially with regard to the initial 
oxidation and resultant dissolution of the resin. This effect may be 
attributable to competitive binding of catalyst cations by the zeolites, 
and results in an increased hydrogen peroxide requirement for treatment 
of such mixtures. However, the volume reduction achieved in each case 
by removal of the Lewatit DN component was unchanged by the presence of 
zeolite components. 

b) Soft Cellulosic Waste 

A mixture of tissue paper and cotton cloth was successfully 
treated, with 95% of the original organic content removed. When dried, 
the treated residue represented 24% of the initial waste mass, and 
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consisted mainly of catalyst salts. Higher mass reduction is 
anticipated if a semi-continuous reaction scheme were used. The key 
application for this treatment is for plutonium and transuranic 
contaminated cellulosic material. 

c) Chemical Decontamination Liquor Components 

Typical components of chemical decontamination mixtures were 
individually subjected to wet oxidation treatment. These comprised 
citric acid, formic acid and EDTA. For each substance, over 99% removal 
of organic carbon was demonstrated using an initial 10g I"1 solution of 
organics. 

d) Foaming Decontamination Mixture 

The mixture used for testing consisted of a solution of 
surfactants and a secondary alcohol in dilute sulphuric acid. When 
aerated it produces a foam of finite lifetime before returning to liquid 
form. It was found that during batch wet oxidation, each organic 
component of the mixture was oxidised. In these initial trials, 85-90% 
of the original organic carbon present was removed. Near complete 
removal of organic carbon is considered likely if the more recent semi-
continuous reaction system were employed. 

e) Scintillation Cocktail Residue 

Efficient oxidation of a typical scintillation cocktail has been 
shown, both with and without the presence of the xylene base solvent. 
Over 95% reduction in organic carbon was achieved, with the option of 
preliminary xylene recovery and recycle. 

f) Semi-Continuous Reactions 

In this modification to the batch wet oxidation reaction, 
successive batches of organic feed are added throughout an extended 
reaction period. This maintains a large excess of organic substrate at 
all times and hence tends to increase overall reaction efficiency. The 
reaction is terminated when an upper limit for solid inorganic salt 
products from the oxidation is reached. 

It was found that the efficiency of reaction was enhanced for both 
cases studied relative to the equivalent batch reaction. For WSGHWR 
sludge, an increase in hydrogen peroxide utilisation efficiency from 45% 
for batch reaction to 86% for semi-continuous reaction was achieved. A 
smaller but significant increase from 42% to 60% was measured in the 
treatment of Lewatit DN resin. Thus the semi-continuous process may 
potentially halve the hydrogen peroxide requirement for IX resin 
treatment relative to single batch reaction. 

Task 2.5 Appraisal of Alternative Plant Concepts 

The study has concluded that the semi-continuous process i.e. 
partially continuous waste feed with batch discharge was the preferred 
option and offers advantages of high throughput for a given reactor 
size, increased efficiency of hydrogen peroxide use, and improved 
control of product conditioning and discharge/2/,/3/. 
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Task 2.7 Design, Construction and Operation of a Mobile Active Pilot 
Plant 

Following from the appraisal of plant concepts and plant options 
studies, an overall scheme design and subsequent detailed design of the 
plant has been produced. A HAZOP 2 has been carried out on the scheme 
design and its recommendations incorporated into the detailed design. A 
pre-construction safety assessment of the risks associated with plant 
construction, commissioning and operation has been completed and 
approved /4/. Construction and assembly of the plant is near 
completion, with initial commissioning trials scheduled for February 
1993. 

The pilot plant is housed within a standard ISO transport 
container, and as such is readily mobile. It is based around a 160 1 
glass lined reaction vessel, and has an anticipated throughput of up to 
1001 per day for IX resin. The only external facilities required are 
415 V electricity supply, water supply and hydrogen peroxide storage 
tank. For routine conditions, the plant is capable of fully automatic 
operation, via a sequenced control and data acquisition (SCADA) system. 

External or internal radiation shielding may be fitted as required and 
the plant may be operated at a remote control desk to further reduce 
radiological dose to personnel. 

List of Publications 

/!/ WILKS, J.P., HEBDITCH, D.J., "A Summary of Experience in the 
Application of Wet Oxidation to Radioactive Waste Streams", AEA D&R 
Report CPDD(91)P763 (1992) 

/2/ AEA D&R Report CPDD(92)P753 (1992) 

/3/ HOLT, N.S., FINLAYSON, F., "Wet Oxidation Mobile Plant Options Study 
and Process Selection", AEA D&R Report AEA-D&R-0359 

/4/ TWISSELL, M.A., WILKS, J.P., HOLT, N.S., "Preliminary Safety Report 
/ Pre-construction Safety Report - Mobile Wet Oxidation Pilot 
Plant", AEA D&R Report CPDD(92)P829 (1992) 

/5/ TWISSELL, M.A., WILKS, J.P., HOLT, N.S., "Wet Oxidation of Organic 
Wastes - Second Semestrial Report", AEA D&R Report CPDD(91)P798 
(1992) 

/6/ TWISSELL, M.A., "Wet Oxidation of Organic Wastes - Third Semestrial 
Report", AEA D&R Report CPDD(92)P906 (1992) 
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Title : Advanced processes for the treatment of low level liquid 
wastes at a pilot plant scale 

Contractors : LABORELEC (B) - SKC-MOL (B) - AEA-Harwell (UK) - LNETI (P) 
Contract n° : FI2W - CT90 - 0057 (DTEE) 
Duration of contract : from April 1/1991 to 31/12/1994 
Period covered 
Project leader 

1992 
Coordinator 
SCK 
AEA 
LNETI 

R. R00FTH00FT 
P. DE REGGE 
A. TURNER 
J.P. GALVÃO 

A. OBJECTIVES AND SCOPE 

The objectives of the programme are : 
a) Eliminate boron from low level liquid waste of PWR plants. 

Five processes will be evaluated (electrodialysis, reverse osmosis, 
distillation, ion-exchange and electrochemical ion-exchange). 

b) Demonstrate the capabilities, reliability and cost-effectiveness of 
these processes for the treatment of real PWR wastes over realistic 
time scales at representative throughputs. 
As a part of this, it is a key goal to achieve low activity discharge 
levels (< 2 MBq/m3) and high waste volume reduction factors (> 500) 
in a cost-effective way. 
An additional goal will be to obtain purified boric acid with less 
than 1 ppm Cl~ and a B-recovery of more than 75 %. 

c) Evaluate electrochemical ion-exchange (EIx) on wastes from a nuclear 
research center (Harwell) in comparison with the flocculation/sand 
filtration process currently used for the removal of Cs, Co and 
a-emitters. 

d) Evaluate electrochemical ion-exchange and reserve osmosis for the 
removal of Ra and other heavy metals from uranium mine tailing wastes 
in comparison with flocculation. 

B. WORK PROGRAMME 

First the composition of the waste streams will be identified. To 
select the optimal equipment batch experiments are carried out on 
simulant wastes. On the basis of these, bench-top experiments will be 
realized, firstly with simulant and then with genuine waste. 

On basis of the obtained information one or more pilot plants will be 
designed and built. They will be used for testing on real waste : 
- at Doel or Tihange PWR-stations 
- at Harwell research laboratories 
- on the Portuguese site Sacavém for uranium mine tailing wastes 

The processes which will be evaluated are 
1) electrodialysis 
2) reverse osmosis 
3) distillation 
4) ion exchange 
5) electrochemical ion exchange 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 

State of advancement 

For PWR-low level waste, both simulant and genuine waste treatments 
have been performed with different techniques. Reverse osmosis does not 
seem to allow boron recoveries in excess of 75 X. 

Electrodialysis and electrochemical ion exchange seem the most 
promising techniques. Evaporation under pressure can also give a high 
boron recovery but is a more expensive and less desired technique. 

Conventional ion exchange is not selective enough or gives low 
regeneration efficiencies. Reverse osmosis and electrochemical ion 
exchange have been tested on simulant and genuine uranium mine tailings. 

For the treatment of Harwell LLW the design of a pilot plant has been 
completed. 

Further investigations on electrode manufacturing and chlorine 
evolutions have been performed. This results in the production of 
electrode materials at much lower price and with reduced chlorine 
production. 

Progress and results 

1. Membrane techniques on simulated PVR-waste 

1.1 Electrodialysis 

It has been demonstrated in a first step (without EDTA) that 
B-losses increase with pH. 

The removal of activity has been efficient under all conditions but 
adsorption of mainly Co on the membrane surfaces occurs. 

With EDTA in the solution, similar conclusions have been found i.e. 
B-losses increasing with pH. 

EDTA has also an effect of desorption of Co which had been accumu
lated previously on the membranes. 

The removal of EDTA itself is good. 
The loss of B becomes significant at pH 8 (10 - 15%) and important at 

pH 9. 
Figure 1 summarizes the influence of pH and EDTA on boron losses of 

simulated waste treated by electrodialysis. 

1.2 Reverse osmosis 

1.2.1 Membranes in_cellulose_acetate 

The amount of B which passes through the membrane is a function of 
pH. When the pH increases the B is more and more present as a borate ion 
which does not pass through the membrane. 

The retention becomes significant at pH > 6 and is important at pH 9 
(85 X). 

Figure 2 summarizes the influence of pH. 
The influence of EDTA was not examined on this type of membranes. 

1.2.2 Thin_film composite membranes 

In thin film composite membranes (Film-Tech) the tests have been 
performed in presence of EDTA. 
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The boron recovery in the permeate is too low. At its best only 
about 50 % of the B is passing the membrane (to be compared to a goal of 
75 % recovery). 

2. Membrane techniques on real PWR-vaste 

All tests have been performed on an electrodialysis bench-top 
installation in the waste building of the Doel nuclear power stations. 

The equipment contains three vessels of 1,5 1 each and a stack of 30 
membranes. The flow rate (recirculation) is 200 1/h. The vessels 
contain respectively the product, the brine and the electrode rinsing 
solution. The composition of the waste to be treated is given in table 
I. It has been shown that the activity and the polluting salts are 
removed in a short treatment time (10 to 15 min). In a second series of 
tests primary waste (higher B-content) was used. 

The number of treatments without replacing the concentration has 
progressively been increased. As the boron is not lossed to the 
concentrate, only activity and conductivity are increasing in this 
concentrate. Up to 35 batches have been treated without major problems. 

During this test the pH in the product water varied between 4,2 and 
4,8. 

The conductivity in the brine (concentrate) increased continuously to 
approximately 800 us/cm starting from 50 us/cm in the initial solution. 
The product water shows conductivity from 3,7 to 8 us/cm. In all cases 
the activity in the product water remained below 1,8 MBq/m3. In the 
brine it increased to 40 LMBq/m3. 

3. Distillation on simulated PVR-waste 

The results of distillation of boron trimethylester, already perfor
med in 1991, have been confirmed and succesfully concluded. Tests on 
steam distillation of boric acid have been realised in 1992. As the 
volatility is due to undissociated boric acid, the efficiency decreases 
at high pH. At 100°C the distribution coefficient of B is 0,005 to 0,01. 
It increases with the temperature. 

Distribution coefficients have been measured in the range 5 to 10 
bar. 

A test at 5,9 bar with a simulated solution of 2580 ppm of H3B0, 
(437,1 ppm B) gives a condensing vapour with a content of H,B0~ Between 
2000 and 3000 ppm giving a distribution coefficient of 0,027 

The pollution by Cl~, P0, , Cs and Co in the condensate is very low. 
At 10 bar the distribution coefficient for H3B03 is 0,03. 
At 8,75 bar a distribution coefficient of 0,032 has been obtained. 

4. Ion-exchange on simulated PWR-waste 

Amberlite IRA-743, an ion exchange resin from Rohm and Haas is 
considered as specific for borate and boric acid. 

The theoretical capacity is 5,7 mg B/ml resin. At low boron 
concentrations however, the operating capacity varies between 1 mg/1 (at 
10 ppm B) and 3 mg/1 (at 100 ppm). 

The regeneration of the resin is rather low i.e. the boron concen
tration during elution remains low. Recovering small concentrations of 
boron is a problem. 
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5. Electrochemical ion exchange on simulated PWR-vaste 

Different types of electrodes and combinations of electrodes have 
been tested at several flow rates in order to assess Cl~ and Na+ 
concentrations in effluent from continuous units. 

The best performance was obtained by a combined continuous unit using 
IRC84 and IRA910 as cation and anion materials respectively (first 
tests). 

Other types of ion exchangers have been tested afterwards. All 
results indicate that the rate of removal of Cl~, Na+, Cs+ and PO, ~ is 
higher at low pHs. The removal of B is also lower at low pH as the 
dissociation of boric acid is suppressed. 

At high pH sodium and borate ions are removed from the stream as the 
majority ionic species. The rate of removal of trace species decrease 
accordingly. 

When EDTA is added to the solution 50 X of the cobalt is found in the 
anion concentrate, indicating that the addition of EDTA produces an 
anionic cobalt species. The removal of caesium or sodium is not affected 
by EDTA. 

Finally a combination IRA910/CG120 was selected for tests on genuine 
waste at Doel nuclear power plant. 

In addition a cell was developed for the concentration of boric acid 
as an alternative to evaporation. The best conditions for this concen
tration process are : 

- high current density 
- right balance of feed flow rate / concentrate flow rate 
- pH between 9 and 10 

6. Electrochemical ion exchange on real PWR-waste 

The tests have been performed on the same solution as the electro-
dialysis. 

In all cases low activities (< 1,5 MBq/m3) have been obtained. 
Analysis of the results are continuing. 

7. Electrochemical ion exchange on Harwell LLV 

The design of the pilot plant has been completed. This unit 
comprises two large scale modular continuous cells using Ir/Ta coated 
Ti-electrodes. 

Due to the presence of particulate activity, better results are-
obtained with prefiltered solutions (5 u filters) but the decontamination 
factors remain better for conductivity than for activity. This may be 
due to the presence of colloidal activity not removed by the coarse 
filter. 

8. Electrode manufacture 

Inexpensive current feeders are being developed. The most stable 
electrode materials have been runnning for over 20 months. The materials 
used cost approximately 100 £/m2, almost a 10 fold improvement over the 
equivalent cost of platinised titanium. 
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9. Chlorine evolution 

During continuous EIX processing of PWR-LLW the concentration of Cl~ 
in the anode concentrate compartment is approximately 700 ppm which can 
be oxidized to chlorine. This evolution of chlorine gas causes three 
problems : 

- corrosion of outlet pipes 
- potential degradation of anion exchange material and binder 
- potential health risks associated with toxic gases. 
Materials which could reduce the rate of oxidation have been tested. 

It has been found that manganese oxide coated substrates offer a surface 
that produces less than one sixth of the chlorine of a platinised 
titanium electrode under identical anodic conditions. 

10. Treatment of uranium mine tailings 

10.1 Lab-tests with_reverse_osmosis 

These tests were done on flat membranes from Amafilters to assess 
sulphate and chloride retention. The membranes which were tested were 
cellulose acetate and polyamide composite. 

At 40 bar operational pressure retentions for SO,-, are 96,9 X on 
polyamide and 98,7 X on cellulose acetate. For CI these values are 
respectively 93,9 and 66 %. 

10.2 Bench-tojD R0_tests 

All tests were carried out on a polyamide spiral wound membrane of 
0,3 m2 of area. For concentrations of 2300 ppm S0,= in the influent 
values of < 2 to 5 ppm have been found in the permeate. Most elements 
are rejected more than 99,5 X. Only Na+ and Cl show somewhat lower 
results (96 and 83,3 X respectively). 

On genuine waste similar or even better results have been obtained 
(passage of Cl~ 5 X). Volume reduction factors of 6 could be achieved 
and approximately 80 X of permeate could be recovered. However calcium 
sulphate precipitation occurs. 

10.3 EIX 

A system combining EIX and internal precipitation has been tested on 
streams containing only radium and a simulant waste. In the radium only 
stream DFs of 100 were obtained at low flow rates. During the treatment 
of simulant stream DFs of > 5 have been obtained. 
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Table I : Characteristics of waste solution 

Total Y 
58 
Co 

134 
Cs 

137 
Cs 

95 
Nb 

54 
Mh 

60 
Co 

B ppm 

Conductivity uS/cm 

pH 

Before filtration 

63,7 

27 
3,8 
2,7 
1,4 
0,9 
15,2 

After filtration (5 u) 

15,1 

19 
202 
6,74 
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Fig 1 Elfictrodialysis B-loss as a function of p'H 
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Fig 2 Boron passage as a function of pñ 

REVERSE OSMOSIS : Cellulose Acetate Membranes 
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Process design and feasibility study for incineration under 
pressure, condensation and effluent treatment of radioactive 
waste 
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A. OBJECTIVES AND SCOPE 

The main objective of this research is the evaluation of the technical feasibility as well as 
economical and safety implications of the combustion of a range of organic wastes 
containing radioactive elements, by means of oxygen under pressure, using a new type of 
incinerator relying on the recent technical developments achieved within the MESMA 
(Autonomous Energy Module) project. 
In particular, the study will have to demonstrate that this new type of incinerator enables a 
quantitative destruction of organic wastes while only giving rise to the release of inactive-
gases (in terms of radioactivity and chemical toxicity). 
The work to be performed is mainly focused on the study of the adaptation of a closed loop 
for combustion under pressure operating at 60 bar - including the setting-up of a suitable 
off-gas treatment - to incineration of at least four types of typical organic containing 
radioactive wastes (spent ion-exchange resins/sludges according to French and UK 
formulations, spent solvent used in the Eurex plant, decontamination liquors). 
BERTIN has to adapt the process, developed for the MESMA project, to the case of waste 
incineration. The CEA will make a review of the possible waste to be processed, and will 
perform some laboratory trials in order to check the behaviour of waste samples under 
conditions of incineration. INITEC will design the main components of a plant, based on a 
10 kg/hour throughput, and will make an evaluation of the process'safety. 

B. WORK PROGRAMME 

The work programme comprises eight distinct steps : 

1. Identification of radioactive waste : different organic wastes will be analysed. The 
choice will take into account the incineration characteristics as well as the interest in 
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removing organic elements from the waste (amount produced, existing solution of 
removal,...) 

2. Drawing-up of process flow-sheets : for several selected wastes, the best process and 
its main operating parameters will be defined 

3. Design of the main plant components : relying on before mentioned flow-sheets, all the 
components of a 10 kg/hour throughput the pilot plant will be designed 

4. Treatment and conditioning of secondary waste : ashes, dust, liquids and gases 
(uncondensable gases and the release of storage tanks under pressure) 

5. Process safety : an analysis of risks will define control and safety procedures necessary 
for the plant 

6. Bench-scale tests : some tests will confirm the hypothesis made upon the waste 
gasification and flue gases amount 

7. Technico-economical evaluation : they will be done for a full scale incineration plant, 
around 50 to 100 kg/hour throughput 

8. Radiological impact : assessment will be made by following the belgatom's 
methodology for instance or another tried method. 

C. PROGRESS OF WORK AND OBTAINED RESULTS 

1. State of advancement 
Work carried out over the last year has made it possible to : 
- study and partially characterize the thermal degradation of various types of waste 

(resins, TBP, citric acid) in air and nitrogen and at various temperature levels 
- complete the process study by establishing new flowsheets for three configurations. The 

comparative analysis of these three configurations, together with the initial pyrolysis test 
results, have led to retain different solutions which depend on the type of waste. 

After having asked the European Commission's advice, it has been established that the 
treatment of resins should be considered as the prime objective. So, a modification to the 
technical programme is at present being looked into in order to conceive and erect a testing 
bench devoted to characterizing the incineration under pressure of resins and the nature of 
the secondary waste generated during the incineration (pollutants and radioelements). 

2. Progress and results 
2.1. Drawing of process flowsheets 
2.1.1. The three prpcess configurations considered (see figure 1) 
In configuration No. 1, cooling of the furnace and of combustion gases at the outlet of the 
furnace is performed by recirculation of cold gases. Ashes are collected in a cyclone filter. 
At the exhaust of the cyclone, the combustion gases are cooled, then treated with ozone 
(oxidation of NO to obtain NO2) before being cleaned (SO2, NO2) in a scrubber. If a 
process pressure of 60 bar is chosen, the CO2 condenses at around 10°C. The exhaust 
system enables the uncondensable gases (Ar, N2) to be evacuated, and the process pressure 
to be maintained constant. 
Radioelements are captured first in the cyclone filter, then in the water condensed in the 
cooler, next in the scrubber, and finally in the CO2 condenser (if P = 60 bar). A T.H.E. 
filter could be placed in the exhaust system if necessary. 

In configuration No. 2, the furnace is cooled by water. 
Injection of water into the furnace enables the exhaust gas temperature to be controlled at 
around 900 to 1 000°C. These gases are then quenched with water. 
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Most of the ashes (and radioelements) are captured during this phase. 
The waterlogged gases are next cooled in the H2O condenser, then treated with ozone 
(oxidation of NO to obtain NO2) before being cleaned in a scrubber. If a process pressure 
of 60 bar is chosen, the CO2 condenses at around 10°C. The exhaust system enables the 
uncondensed gases to be evacuated. 
Radioelements are captured first in the quench disposal, next in the H2O condenser, then in 
the scrubber, and finally in the CO2 condenser (if P = 60 bar). A T.H.E. filter could be 
placed in the exhaust system if necessary. 

Unlike configurations No. 1 and No. 2, configuration No. 3 is based on the pyrolysis/post-
combustion principle. Gas treatment processes at the outlet of the post-combustion 
chamber are the same as in configuration No. 1 (configuration No. 3A) or configuration 
No. 2 (configuration No. 3B). 
The technology of the pyrolysis chamber needs to be defined according to the type of waste 
(liquid or solid). This chamber is kept at a constant temperature (500°C to 600°C) by 
means of electrical resistances. 

2.1.2. Comparison between the different configurations 
Comparison between configuration No. 3 and configuration No.l or 2 
The three main advantages of configuration No. 3 are : 
- controlled thermal decomposition (pyrolysis) of the waste, particularly in the case of 

resins the oxidation reaction of which (process 1 or 2) could be difficult to control 
(violent reaction) 

- significant decrease in the quantity of dust, and therefore radioelements, in the 
combustion gases. This point is to be confirmed by elementary tests. 

- reduced quantity of polluting elements (S, P, N) in the pyrolysis gases, whence a 
simplification of the gas processing systems and a decrease in the gas and liquid flow-
rates (also to be confirmed by elementary tests), and a predictable decrease in corrosion 
problems. 

However, complete destruction of waste is not achieved because of the fixed carbon 
contained in the waste, which is not oxidised. 

Comparison between configurations 1 and 2 
The choice between configurations 1 and 2 essentially depends on the type of waste, and 
particularly on its sulphur, nitrogen and phosphorus content. 

- Case of TBP 
Since TBP neither contains sulphur nor nitrogen, the analysis of flowsheets shows that 
configuration 1 enables a significant decrease in the flow-rates of "secondary waste" to 
be processed : 11 to 34 kg/h in the liquid phase for configuration 1, as opposed to 100 
to 110 kg/h for configuration 2, the gas phase flow-rates being equivalent in both cases. 
However, process 2 is simpler from the technological point of view (no cyclone, and 
therefore no output of solid matter, small sized gas scrubber, no recirculation), and is 
therefore more compact. 
If the factor of 3 to 10 on the flow-rate of liquid to be processed is not an excessively 
constraining factor in the case of configuration 2, this process is the one that should be 
retained. 
Furthermore, configuration 2 overcomes the problem supplying the hearth with a solid 
neutraliser (Ca( C00H )2) and the risk of fouling the cooler. 

- 169 



Finally, on the basis of the hypothesis that it would be necessary to inject a neutraliser 
(Ca( C 0 0 H )2) into the hearth, it could be introduced with all or part of the water 
injected into the hearth without any need to modify the principle of the process. 

- Case of resin mixture 
Unlike TBP, resins contain sulphur and nitrogen which reappear in the form of oxides in 
the combustion gases. It is therefore necessary to scrub the gases for both processes. In 
the case of configuration 2, for a comparable exhaust gas flow-rate, the flow-rate of the 
liquid to be processed ("secondary" waste) is reduced by a factor of 5, whilst retaining 
the main advantages mentioned for TBP (no cyclone or recirculation system) : 
furthermore, the gas scrubbing system of the process (bubble scrubber) will be very 
compact. 

- Case of other types of waste (decontamination liquor, WINFRITH and EUREX solvent) 
The phosphorus, sulphur and nitrogen content of other types of waste is closer to that of 
resins than to that of TBP. Therefore, for the reasons stated earlier, configuration 2 will 
be preferable. 

- Conclusion 
If one wishes to retain a simple process for all types of waste, configuration 2 is the 
obvious choice. 

2.2. Treatment and conditioning of secondary waste 
Two types of treatment are currently under consideration, and should be confirmed during 
the subsequent part of the study. 
2.2.1. Liquid phase treatment 
In the case of configuration 2, the liquid effluent from the quench, the condenser and the 
gas scrubber contains dust, salts and radioelements. After precipitation of the radioelements 
(at pH 7 for U, Pu, Ru in the case of TBP ; at pH 9 for 60Co and in the presence of barium 
for 90Sr, case of resins), filtering is to be carried out. 
2.2.2. Gas phase processing 
At the output of the process, only RUO4 for TBP and traces of 137Cs are present in the 
gas. A T.H.E. filter is to be included in order to filter these radioelements 
The filter residues (salts, ash, radioelements) and the pyrolysis residue (case of anionic resin 
with configuration 3) can be embedded. 

2.3. Bench scale tests 
In order to conceive the behaviour of wastes during their incineration initial experiments on 
a thermobalance have been performed. So, the work focused on thermal analyses - mass 
spectrometry experiments - in order to understand the thermal degradation of some 
compounds and identify the nature of the volatile products. The thermal decomposition of 
TBP, cationic and anionic 1ER and citric acid was studied by thermogravimetry(TG), 
derivative thermogravimetry (DTG) and differential thermal analysis (DTA) techniques 
using a NETZSCH STA 409 thermal analyser system coupled with a mass spectrometer. 
Samples weighing approximately 90 mg, placed uniformly in an alumina crucible, were 
heated from 20°C to 1 000°C at a 10°C.min"' rate under air or nitrogen. The gas flowed at 
a rate of 50 ml.min"!. The reference crucible was empty. 

Main results are presented table I to IV. 
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Temperature 

200 - 230°C 

320 - 600°C 

Air 

TG : Am = 86 % 

DTA : endothermic 
peak at 320°C 

TG : Am = 7 % 

DTA : exothermic 
"massif' 

(Am)total = 9 3 % 

Nitrogen 

TG : Am = 96 % 

DTA : endothermic 
peak at 283°C 

(Am)total = 96% 

Comments 

degradation of TBP 

boiling 

oxidation 

Table I - Characteristics of the thermal degradation of Tributylphosphate 

Temperature 

0 - 100°C 

163°C 

140 - 260°C 

300 - 560°C 

Air Nitrogen 

DTA : endothermic peak at 70°C 

DTA : endothermic peak 

TG : Am = - 90 % TG : Am = - 90 % 

DTA : endothermic peak at 237°C 

TG : Am =- 4,5 % 

DTA : exothermic peak 

at 547°C 

(Am)total = 100 % (Am)total = 9 6 % 

Comments 

loss of H2O 

melting 

degradation of 

citric acid 

oxidation 

Table II - Characteristics of the thermal degradation of citric acid 

(Am : weight loss) 
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Temperature 

40-200°C 

280 - 320°C 

500 - 600°C 

500 - 960°C 

Air 

TG: Am = -41,5% 

Nitrogen 

TG : Am = - 34 % 

DTA : endothermic peak at 150°C 

TG: Am = -21,5% TG : Am = -18 % 

DTA : endothermic peak at 310°C 

TG : Am = - 34 % 

DTA : exothermic "massif' 
due to oxidation 

(Am)totaI = 97 % 

TG : Am = - 10 % 

(Am)total = 62 % 

Comments 

loss of H9O 

loss of functional 

group (- SO3H) 

base polymer 

degradation 

Table III - Characteristics of thermal degradation of cationic 1ER 

Temperature 

40 -200°C 

280 - 320°C 

500 - 600°C 

500 - 960°C 

Air 

TG : Am = - 64 % 

Nitrogen 

TG : Am = - 56 % 

DTA : endothermic peak at 155°C 

TG : Am = - 15 % TG : Am = -19,8 % 

DTA : endothermic peak at 440°C 

TG:Am = - 1 9 % 

DTA : exothermic "massif' 
due to oxidation 

(Al")total = 9 8 % 

TG : Am = - 7,2 % 

(Am),otaI = 83 % 

Comments 

loss of H7O 

and - N (CH3)3 

loss of functional 

group - N (CH3)3 

base polymer 

degradation 

Table IV - Characteristics of thermal degradation of anionic 1ER 

(Am : weight loss) 
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MELTING OF INCINERATOR ASHES 
USING A MICROWAVE FURNACE 

Contractor CEA DCC/DPR/SCD 
Contract No: F12W CT91 0100 
Duration of Contract: July 1991 - June 1995 
Period Covered: January 1992 - December 1992 
Project Leader: J.J. Vincent 

A. OBJECTIVES AND SCOPE 

The purpose of this investigation is to design, build and test an inactive prototype microwave 
melting facility for incineration ashes, with a capacity not exceeding a few kilograms per hour. 

The microwave melting technique will significantly reduce the ash disposal volume while 
ensuring chemical and mechanical stability comparable to that of the most favorable radioactive 
waste containment matrices. This technique is also particularly well suited for the treatment and 
conditioning of radioactive ashes, which are produced in relatively small quantities (about 10 m3 

per year) based on projections for the French MELOX mixed U02-Pu02 oxide fuel fabrication 
plant. 

B. WORK PROGRAMME 

B.l Bibliographic review. 
Interrogation of data bases covering microwave melting (existing processes, operating 
conditions, dielectric properties of materials). 

B.2 Laboratory study. 
Specification and development of a glass composition for ash incorporation compatible 
with certain constraints: 
• moderate melting temperature (1100°C), 
• satisfactory microwave susceptibility, 
• suitable glass leaching resistance. 

B.3 Selection of a melting device. 
• Generator power and frequency. 
• Melter type: casting furnace or expendable crucible furnace. 
• Energy transmission mode: single-mode or multimode. 
• Crucible structure: cooled metal or refractory material. 
• Glass casting mode: batch or continuous. 
• Microwave cavity design. 

B.4 Design and construction of the melting facility. 

B.5 Testing and development. 

B.6 Technical and economic assessment. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 

State of Advancement 

Task Bl (bibliographic review) was carried out during 1992. Existing processes were 
inventoried, and data on the dielectric properties of materials were compiled. 

Task B2 (laboratory study) is nearing completion. The glass composition has been specified 
and tested, but leach tests have not been terminated. 

Work is advancing on task B3 (selection of a melting device). The selected design calls for a 
cooled metal casting furnace heated by a single-mode generator operating at 915 MHz. Other 
devices continue to be investigated, however. 

Work has been initiated on task B4 (design and construction of the melting facility) with SGN 
as the prime contractor. 

Progress and Results 

Task 1. Bibliographic Review 

Existing Processes. Patent data bases and the IAEA data base were searched for the keyword 
microwave, yielding 80 references to publications and 60 references to patents. Most of the work 
in this area has been done by the Japanese (60-65%) and the Americans (25-30%). Only a few 
references to British and German work and none to French work were found. 

Many of these documents concerned melting of dried radioactive sludge, generally low or 
medium-level waste. Patents covering ash melting processes have been filed by Kobel Co., New 
Japan Radio Co. Ltd. (NJR), and the JAERJ. AU these patents are for multimode (or highly 
degraded single-mode) systems in which microwaves are directed at right angles or obliquely to 
the material. These techniques have a number of drawbacks which we will attempt to avoid in 
designing a more advanced melter. 

Dielectric Properties of Materials. A bibliographic search was conducted on dielectric 
relaxation mechanisms under the effects of a microwave field. The dielectric constants of glass 
component elements were compiled, revealing that no glass components are receptive to 
microwaves at room temperature, but that one of the principal components (aluminum oxide) is 
highly receptive at temperatures above 400°C. An additive capable of increasing the microwave 
susceptibility of the mixture is therefore required; magnetite (Fe304) was finally selected for its 
strong microwave absorption capacity at low temperatures. 

Task 2. Laboratory Study 
A glass composition was initially defined on the basis of process requirements: containment 

integrity (leaching resistance), low viscosity, and moderate melting temperature: the primary glass 
components are SÌO2, AI2O3, Na20 and B2O3. 

As this glass is not receptive to microwave heating, a suitable dielectric additive was required 
to ensure suitable low-temperature microwave susceptibility. Fe304 (magnetite) was finally 
selected for this purpose. An investigation of the effect of the magnetite concentration on the glass 
melting time (Figure 1) led us to adopt a concentration of 5 wt% in the final glass composition 
(Table I). 
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Task 3. Selection of a Melting Device 
Single-mode operation was chosen to obtain a high specific power rating and ensure more 

uniform heating without the hot spots observed in multimode systems. 
Microwaves directed parallel to the surface were adopted rather than perpendicular or oblique 

waves to increase the melting surface area and minimize hot spots. 
Having selected these two techniques, we opted for a continuous casting melter using a cooled 

metal structure to limit corrosion. The facility will use a 25 kW 915 MHz generator to allow a 
throughput of several tens of kg/h. 

A device similar to the one selected for this investigation has already been tested by the CEA 
at Cadarachc: a cooled metal single-mode furnace rated at 6 kW and operating at 2450 MHz with 
a capacity of 2-3 kg/h (Figure 2). The tests confirmed the feasibility of the vitrification process, 
but several problems remain, notably occasional current overloads causing the generator circuit 
to trip, and excessive cooling rates resulting in poor glass homogeneity that is incompatible with 
radioactive containment requirements. 

Task 4. Design and Construction of the Melting Facility 
Work has begin to design and build a melter implementing the selected process, with SGN as 

the prime contractor. The facility is scheduled for completion in July 1993, and testing should 
begin before the end of the year. 

Table I. Selected Glass Composition 

Si02 

AI2O3 
Na20 
B2O3 
CaO 

Fe304 

CeC-2 
Fe203 

ZnO 
Ti02 

MgO 
BaO 
CI 
C 
S 

37.0% 
12.4% 
16.6% 
15.2% 
5.0% 
5.0% 
2.9% 
0.3% 
1.9% 
0.1% 
1.4% 
0.4% 
1.3% 
0.1% 
0.4% 
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1 - Generator 
2 - Magnetron 
3 - Piston attenuator 
4-Water outlet 
5 - Feed hopper 

6 - Blending motor 
7 - Feedpipe 
8 - Feed aperture 
9 - Piston attenuator 

10 - Gas outlet 

Figure 2. Melting Facility Schematic 

11-Water inlet 
12 • Cooling air 
13 - Casting nozzle 
14 - Casting pot 
15 - Balance 
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Title: Treatment of radioactive solvent waste by catalytic oxidation 
Contractor ENEA 
Contract N°: FI2W-CT91-0108 
Duration of contract: from 1 October 1991 to 31 March 1994 
Period covered: January - December 1992 
Project Leaden Alfredo LUCE 

A. OBJECTIVES AND SCOPE 

As a result of past reprocessing campaigns performed in the EUREX pilot plant, about 26 m3 

of spent solvent were produced. Taking into account the difficulty to process this waste type 
(a mixture of tri-butyl-phosphate, tri-capryl-amine, kerosene and methyl-benzenes) according 
to existing technologies, this research activity aims at setting-up a suitable treatment process 
capable of reaching three major objectives: 
1) reduction of the waste volume by a factor at least equal to 10; 
2) oxidative destruction of the reduced volume waste; 
3) compatibility of the processed waste with conventional immobilisation matrices like 
cement 
For the specific purpose, it is intended to investigate the potentialities of the combination of 
distillation with wet oxidation according to the management scheme reported in figure 1. 
The research activity will comprise the implementation of the following items: 
1) Laboratory scale distillation tests using genuine samples of EUREX spent solvent waste. 
2) Wet oxidation experiments both on laboratory scale with genuine waste and on bench 
scale with simulated waste, using hydrogen peroxide in presence of a catalyst. 
3) Cementation tests of the aqueous waste arising from the wet oxidation. 
4) Preliminary design of a full scale treatment plant 

B. WORK PROGRAMME 

The work programme includes the following tasks: 
1. Conduction of laboratory scale distillation tests with genuine waste coming from the 
EUREX plant storage. Scope of the tests is the optimisation of the operating parameters in 
order to get a DF of the top fraction which satisfy incineration criteria in conventional plants. 
2. Wet oxidation experiments 
2.1. Laboratory-scale experiments. These experiments will be conducted using the bottom 
product generated during distillation tests of the genuine solvent waste. 
2.2. Bench scale experiments. These experiments will involve processing of 3-5 litres 
batches of inactive simulated waste in order to quantify the scaling-up effect and to optimise 
the process parameters which enable a minimisation of the final aqueous waste volume. 
3. Conduction of cementation tests using ordinary Portland cement (possibly with inorganic 
additives) on the inactive aqueous waste coming from the wet oxidation bench-scale 
experiments. 
4. Preliminary design of a full scale treatment plant for processing the whole stock of the 
EUREX solvent waste, including the distillation section, the wet oxidation section and the 
interface with the cementation plant. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 

State of advancement 

The first task of the programme (Distillation Tests) has been completed in line with the time 
schedule. We believe that the feasibility of the distillation as method to drastically reduce the 
volume of the waste has been demonstrated. More than 88% of the solvent waste can be 
distilled with a negligible rising of the activity, so that the top product of the distillation can be 
conventionally incinerated according with the environmental radioactivity receptivity. 
The bottom residue needed for wet oxidation hot laboratory experiments has been produced 
but the tests haven't been started yet, due to internal problems of setting up the tests in safe 
conditions. However those problems have been overcome and the preparations for the tests 
have been completed. 
A section of the cold technological hall of the EUREX plant has been modified for the cold 
bench scale wet oxidation experiments. The equipment needed has been supplied and the tests 
will start within January 1993. 
The first approach to the problem of cementation of the residue has been done at the end of 
the year; an exhaustive campaign of tests will be started as soon as a sufficient amount of 
aqueous solution, coming from the bench scale tests, will be available. 
Some more cold distillation tests are planned in 1993 in order to better define some design 
parameters concerning the Preliminary Design task. 

Progress and results 

1. Distillation Tests 

The distillation tests has been carried out inside a laboratory fume hood. The equipment is 
completely borosilicate' glass made, and consists of Reboiler, distillation column, phase 
separator and condenser. The distillation column is a packed type with Wilson helices 
packing. The main characteristics of the column are: 

Internal diameter 25 mm 
Packed height 300 mm 
Wilson spiral diameter 3 mm 

Estimated HETP = 30+50 mm (height of packing equivalent to one theoretical plate). 

Several hot tests have been conducted as described in the Progress Reports HI HI, carried out 
utilising quantities of genuine waste ranging between 0.6 and 5 litres in batch steam 
distillation. Efforts have been made to maximise the decontamination factors and to minimise 
the operating time. 
The described tests confirm the feasibility of the distillation process in order to obtain a 
substantial volume reduction of the waste before the chemical treatment. 
Table I shows a resume of the main data concerning the distillation of about 5 litres of waste, 
DFs included. 
If we report the above data in terms of the entire stock of Solvent Waste to be distilled we 
obtain the data of Table II, which shows the global ripartition of the activity between the 
streams. So the total residual activity in the distillate to be incinerated is: 

cc+ß = 2.21 E+07 Bq (« 0.6 mCi) 
a = < 1.55 E+04 Bq (« 0.42 ^Ci) 
ß = < 7.52 E+05 Bq (= 0.02 mCi) 

(The y activity released is of the same magnitude of the ß one.) 
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In order to establish if this activity can be released to the environment the authorised 
discharge limits of the EUREX plant for the gaseous effluents has been examined (Table HI). 
The achieved results show that the distillate can be conventionally incinerated, because all the 
residual activity can be completely released to the atmosphere without any filtration. The 
respect of the authorised discharge limits assures that the discharged activity is much below 
the limits of the local environmental receptivity. 

The radionuclides limits for inhalation reported in the EEC directive have been also 
considered (EEC DIRECTIVE 3/9/1984, CE Official Gazette N° L265 5/10/1984). 
After an estimation of the combustion gases coming from the combustion of the distillate the 
conclusion is that the radionuclides concentrations in the released gases are compatible with 
the established limits. 

2. Wet Oxidation Experiments 

2 . 1 . Laboratory scale experiments 

It has been decided to use the same installation used for the distillation tests with some 
modification, especially studied for the new safety requirements. So the reboiler will be used 
as reactor, while the packed column will be a high efficiency demister. This technical choice 
is being considered also for the future real plant, in order to obtain a very compact 
installation. 
As described for the distillation the equipment is installed inside a laboratory fume hood; due 
to the safety consideration about explosion hazard, the reactor will be ventilated with N2, in 
order to maintain the possible flammable gases always below the explosion limits. 
Although some preliminary cold tests have been already done, full details about the setting up 
of the experiments, the safety consideration and the results of the tests will be given in the 
next semestrial report, when the complete outline will be probably available. 

2 .2 . Bench scale experiments 

Bench scale experiments with simulated waste have been prepared in order to quantify the 
scaling-up effect and to determine the process parameters which enable a minimisation of the 
final waste volume. Tests will involve processing of 3-5 litres batches of inactive simulated 
waste with about the same composition of the bottom product of the distillation, of course 
without contamination. 
All the equipment has been installed inside a cold technological hall of the EUREX plant and 
consists of: 
• Reactor borosilicate glass made, volume = 301., equipped with stirrer, heating, pH-meter, 
Temperature measurement, off-gas condenser, sampling. 
• On-line monitoring of the off-gas flow-rate and composition, referring to main gaseous 
decomposition products (CO2, CO, O2). 
• Other equipment: dosimetric pumps, instrumentation, data acquisition, etc. 
Tests will be conducted within the first months of 1993, producing simulated aqueous waste 
to be used for the cementation tests. 

List of publications 

IV A.LUCE, F.TROIANI, Treatment of Radioactive Solvent Waste by Catalytic Oxidation, 
CEC Contract N° FI2W-CT91-0108, First Progress Report, April 1992. 
ill A.LUCE, F.TROIANI, Treatment of Radioactive Solvent Waste by Catalytic Oxidation, 
CEC Contract N° FI2W-CT91-0108, Second Progress Report, October 1992. 
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Table I - Resume of the Main Results 

Solvent Waste 
Distillate 
Residue 

DFs 

a+ß 
(Bq/I) 
900000 

1000 
7.96E+06 

900 

ß (n.v.) 
(Bq/1) 
176000 

<34 
1.55E+06 
>5000 

a 
(Bq/1) 
52500 
<0.7 

4.65E+05 
> 50000 

(ml) 
4898 
4333 
565 

V 
( % ) 

100 
88.5 
11.5 

n.v. = non volatile radionuclides 

Table II - Ripartition of the Activity 

S.W. 
Distillate 
Residue 

CC+ ß 

(Bq) 
2.25E+10 
2.21E+07 
2.25E+10 

(Ci) 
0.608 

5.98E-04 
0.608 

ß(n .v . ) 
(Bq) 

4.39E+09 
7.52E+05 
4.39E+09 

(Ci) 
0.119 

2.03E-05 
0.119 

a 
(Bq) 

1.31E+09 
1.55E+04 
1.31E+09 

(Ci) 
0.0355 

4.19E-07 
0.0355 

Volume 
(1) 

25000 
22125 
2875 

Table III - Authorised Discharge Limits (ADL) for the EUREX Plant 

Activity 

Noble gases 

ß-Y 

a 

ADL 

<2E+04Ci (lyear) 
< 1 E+04 Ci (13 weeks) 
<2E+03Ci (24 hours) 

<3mCi (lyear) 
<1.5mCi (13 weeks) 
<0.3mCi (24 hours) 

<0.5mCi (lyear) 
<0.25mCi (13 weeks) 
<0.05mCi (24 hours) 

Notes 

In terms of equivalent ^°Sr, 
where: 
137Cs and 134Cs = Activity/10 
Other = Activity/100 
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PRESS COMPACTION OF LWR HULLS 

Contractor: KfK# Karlsruhe, Federal Republic of Germany 
Contract No.: FI 2W-CT92-0118 
Duration of contract: May 1992-April 1994 
Period covered: May 1992 - December 1992 
Project leader: H. Frotscher 

A. OBJECTIVES AND SCOPE 
Within the framework of in-house R&D activities and under EC Research 

Contract Fl 1W-0020-D, which expired in late 1989, the Karlsruhe Nuclear 
Research Center developed high-pressure compaction of hull and structural 
material wastes as an alternative conditioning technique. 

In this phase of activities compaction tests with approx. 90 kg of radioactive 
hulls from the KKS dissolution campaign in WAK were to be carried out in Mol, 
but did not materialize for a number o f technical and administrative reasons. 

The current EC Contract, Fl 2W-CT 92-0118 DOEO, and agreements signed 
between KfK and representatives of German electricity utilities have now made it 
possible to conduct these radioactive experiments at KfK-HVT/HZ with the WAK 
hulls so far kept in interim storage. 

The German electricity utilities perceive an economic benefit in volume 
reduction and an advantage in repository safety arising from compacted hull 
waste, which must be accepted back in Germany under reprocessing contracts 
with foreign reprocessors. Within the framework of the contracts mentioned 
above, utilities also support planning for an industrial application of the 
technique as well as studies of the long-term behavior of the compacted product. 
The demonstration tests supply basic data for that planning and also furnish 
products to be used in studies of gas releases and leaching. 

B. WORK PROGRAMME 
1 . PROVISION AND PROVING OF THE EXPERIMENTAL DEVICES 
1.1 Manufacture of the hydraulik press 
1.2 Licensing procedure for the compaction process in the hot cell 
1.3 Provision of the digital signal processing 
1.4 Manufacture of special hot cell plugs 
1.5 Manufacture of the device for the coaxial double ring bending test 
1.6 Manufacture of the device for the diametral compression test 
1.7 Functional testing and optimization of the press and signal processing 
1.8 Inactive operation of the experimental devices in mock up 
1.9 Installation of the press in hot cell 
1.10 Manufacture of the stainless steel cans. 
2. EXPERIMENTAL PROGRAM 
2.1 Transport of 18 hulls containersto the hot cells 
2.2 Radiological characterization of hulls prior to the compacting 
2.3 About 80 compactions of hulls in stainless steel cans at 275 MPa 

compression force 
2.4 Mechanical and radiographical examinations of products 
2.5 Dismantling and Disposal of the press 
2.6 Disposal of excess hulls and products. 
3. FINAL REPORT 

LIST OF PUBLICATIONS 

IM H. Frotscher, KfK, 
Presentation of 3rd progress meeting of working group on task 2 
on Oct. 21 to 23,1992, at Lisbon (P). 
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C. Progress of Work 

The main activities performed in the year under review comprised preparations 
for running the experiments. These were primarily procurement (press and digital 
measured data processing system) and design (ultimate load test systems and hot 
cell plugs) work for the test setup. In addition, the notification of change was 
drafted and filed in order to obtain the permit by the authorities to compact hulls 
in the hot cell. 

LIST OF PUBLICATIONS 

IM H. Frotscher, KfK, 
Presentation of 3rd progress meeting of working group on task 2 
on Oct. 21 to 23,1992, at Lisbon (P). 

184 



Contract n° 
Duration of contract 
Period covered 
Project leader 

Title : New macrocyclic extractante for radioactive waste 
treatment : Ionizable crown ethers and functionalized 
calixarenes 

Contractors : CEA-Cadarache (F) - Universities of : Barcelona (E), 
Parma (I), Mainz (D), Belfast (IRE), Twente (NL) 
and Strasbourg (F) 
FI2W-CT90-0062 
January 1991 - August 1995 
January 1992 - December 1992 
Coordinator : J.F. Dozol (CEA-Cadarache) (F) 
F. Lopez Calahorra (E) - A. Mc Kervey (IRE) -
V. Boehmer (D) - R. Ungaro (I) - MJ. Schwing (F) -
D. Reinhoudt (NL) 

A. OBJECTIVES AND SCOPE 

The main objective of this research project is to synthesise new macrocyclic 
compounds (ionizable crown ethers and functionalized calixarenes) capable of 
decontaminating a selection of real wastes (medium level reprocessing concentrate) 
to such an extent that these can subsequently comply with waste acceptance criteria 
for a near surface disposal site (waste de-categorisation). The selective cation 
removal concerns the following radionuclides : the actinides, the caesium and 
strontium. The second objective of the research is to develop a suitable separation 
technique enabling the use of low inventory of new macrocyclic compounds while 
showing potential for subsequent scaling up. 
These new macrocyclic extractante have to demonstrate significantly higher 
decontamination and selectivity performances that those already recorded with more 
conventional ones (e.g. bidentate organophosphorous extractante, DC18C6 crown-
ether...) for similar purposes. 

This research activity will consist of the implementation of the following items : 

- Identification of the liquid waste streams to be de-categorised as well as the target 
decontamination factors; 

- Synthesis of "tailor-made" macrocyclic compounds capable of performing the 
desired waste decontamination; 

- Setting-up of an experimental screening procedure for selecting the macrocyclic 
extractante deserving further development and testing; 

- Determination of the extractive properties of a selection of new macrocyclic 
compounds (batch experiments); 
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Development of suitable separation techniques; 

Implementation of continuous decontamination experiments with genuine waste; 

Appraisal of the results achieved and prospects for future developments and 
scaling-up. 

Six European universities (Barcelona, Belfast, Mainz, Parma, Strasbourg and Twente) 
and one French nuclear research centre (Cadarache) are associated to perform the 
work programme described hereafter. The respective contribution of each participant 
is summarised in fig. 1. The whole research project is co-ordinated and supervised 
by the CEN-Cadarache. 

B. WORK PROGRAMME 

1- The EHIC Strasbourg tests all the macrocycles synthesized in the frame of 
the contract, after this screening (or simultaneously) the most promising 
products undergo extra tests in Cadarache. 

1-1. Screening by extraction experiments of alkali, alkaline earth, lanthanides (and 
later thorium IV to simulate actinides IV) with the macrocycles. 

1-2. Determination of the stability constants of the previuosly cited cations in 
methanol medium. 

2- The laboratory of Cadarache tests after the screening carried out at 
Strasbourg the extradants prepared by the various universities involved in 
the project 

2-1. The conditions of utilisation of each extractant will be sought in order to use 
these compounds in liquid-liquid extraction (and in SLMs in particular). 

2-2. Distribution coefficients are determined for several cations : n Na, M Mn, 
40 Co, œ Sr, m Cs, m Eu, ™ Np, » Pu, M Am. 
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2-3 Transport experiments are carried out for the macrocycles presenting high 
distribution coefficients. 

2-4. The techniques rendering the use of these compounds possible are developed 
(supported liquid membranes, centrifuge extractors) and the most promising processes 
tested in hot cells. 

3- The four universities (Belfast, Mainz, Parma, Twente) working on the synthesis and 
basic research of calixarenes devote their efforts to prepare selective extradants and 
work in close collaboration, but each of them works more specifically in the following 
areas : 

3-1. Parma University synthesizes calixarene podands, calix crowns and calix spherands 
with acidic chains in order to remove caesium and strontium and functionalized 
calixarenes for the elimination of actinides. 

3-2. Belfast University prepares new calixarenes with various functions (ester, ketone, 
amide...) and then switchable calixarenes. 

3-3. Mainz University synthesizes tetraester derivatives of bridged calixarenes and also 
tetraamide derivatives and compounds with various functions on the "lower rim" of 
bridged calixarenes. 

3-4. The University of Twente tests the potential of synthesized macrocycles for the 
separation/transport of cations via S.L.M. and if necessary modifies the structure of the 
macrocycles in order to improve the stability of the membrane and the transport of 
cations through this membrane. 

4- The University of Barcelona synthesizes crown ethers with pendant ionizable groups 
such as phosphoric and sulfonic in order to allow for the removal of caesium and 
strontium from a highly acidic solution. 

5- During the first two years, synthesis, basic studies, measurements of characteristics 
and of distribution coefficients of nuclides between organic and aqueous phases have 
been carried out. 

6- Different kind of membranes will be built with macrocycles for the transport or the 
separation of cations. 

6- The new process defined with functionalized calixarenes or ionizable crown ether will 
be compared with the process using CMPO and neutral crown ethers. 
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C. PROGRESS OF WORK AND OBTAINED RESULTS 

1 - State of advancement 

Since the beginning of the contract more than 40 macrocyles have been synthesized by 
the several Universities involved in the project and screened at the EHIC Strasbourg. 
About 20 were tested at Cadarache with nuclides in simulated liquid waste. 

2 - Progress and results obtained in the various laboratories 
2 - 1 . European Higher Institute of Chemistry of Strasbourg 

The research activity of the year 1992 can be divided in two periods : the first one as 
subcontractant of the University of Belfast and the second one, from september, as full 
contractant. About 40 new compounds have been screened toward alkali, alkaline-earth 
and lanthanide cations, mainly by cation picrate extraction experiments, from a neutral -
aqueous solution to dichloromethane, and by determination of the stability constants of 
the complexes in methanol. 

Caesium removal. The best class of caesium over sodium selective compounds are 
the calix[6]hexaesters, from Belfast, and the calix-crowns, from Parma. Their excellent 
efficiencies are comparable and confirmed in the Cadarache conditions. The best three 
compounds so far are the p-dealkylated calix[6] hexabutylester, the 1,3 dipropoxy calix[4] 
arene-crown-6 and the /?-dealkylated calix[6] hexaethylester. Their Cs+ /Na+ 

selecţivities, expressed by their disbribution coefficient ratios, range between 100 and 
200. The calix[5] arene-crowns from Mainz are also Cs selective but less than the latter 
because of a higher Na + extraction level. The pentaamides (6 compounds) and 
hexaamides (5 compounds) display only little selectivity for Cs over Na+ whereas the 
tetraamides (10 compounds) are all selective for Na+ and thus useless for caesium 
removal. 

Strontium removal. The best candidate so far is the p-tbutyl calix[6] 
hexadiethylamide, from Belfast, with a Sr^+ /Na+ of 14. This value is lower than the 
ones reported above for the Cs + /Na + selectivity because of a higher degree of 
extraction of Na + . In the same conditions the Sr 2 + /Na + selectivity of DC18C6 is only 
12. 

Lanthanide complexation. The determination of the stability constants of Pr5 , 
Eu-*+ and Yb^ complexes with 5 calixarenes carboxylic acids shows the formation of 
the fully deprotonated complex accompanied by protonated species. These calixarene-

acids are lanthanide selective over sodium and strontium but their complexing ability is 
pH dependent and increases with decreasing acidity. 

Miscellaneous. The capped calixarene amides, prepared jointly by Belfast and 
Mainz display no extraction nor complexation with alkali cations. The interpretation of 
the first tests on one ionizable crown-ether, the monosulfonated benzol8C6, from 
Barcelona, is presently in progress. 
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2 - 2. CEA Cadarache 

The following macrocycles have been received and tested in Cadarache : 

- Calixarenes from University of Belfast 

Tetramer ester : 1 
Tetramer amide : 1 
Tetramer amide : 2 
Pentamer amide : 2 
Pentamer ester : 1 
Hexamer ester : 3 

- Calixarenes from University of Parma 

Octamer ether : 1 
Hexamer ether : 1 
Tetramer hydroxamic acid : 1 
Hexamer amide : 1 
Tetramer amide : 1 
Hexamer amide : 1 
Tetramer amide : 1 
Hexamer crowns : 2 
Tetramer crown 6 : 4 
Tetramer crown 7 : 1 

- Ionizable crown ethers from Barcelona 

Sulfonic crown 6 : 3 
Sulfonic crown 7 : 2 

Caesium removal 

The measurements at Cadarache confirm those carried out at Strasbourg, the most 
efficient compounds for caesium removal are the calix[6]hexaesters from Belfast and the 
calixcrowns from Parma. Their selectivity for caesium towards sodium is higher than 
104. Moreover these products are good carriers for caesium transfer through SLMs, they 
transport more than 80 % of caesium in less than 10 hours, although their concentration 
is only 10"2M in the S.L.M. 

Strontium removal 

The best results for strontium removal are achieved with penta amide calix[5]arenes or 
hexaamide calix[6]arenes prepared at Belfast University, these products possess Sr 
distribution coefficients higher than those obtained with crown ether DC18C6. 

189 



Actinides removal 

So far, no calixarene, contrarily to the CMPO, is able to extract all the valences of 
actinides. Calixcrowns and tetra amide calix[6]arenes, tetraester calix[4]arenes, although 
less effective than CMPO, allow to extract more than 90 % of plutonium. Tests carried 
with calixcrowns show that depending on the size of the crown, Plutonium or Neptunium 
can be transported quantitatively, but no transport of trivalent actinides occurs. 

2 - 3 . University of Belfast 

The objectives of University of Belfast during 1992 were to synthesise a range of new 
chemically modified calix[4],[5] and [6]arenes with ligating functional groups on the 
lower rim with selectivity for caesium, strontium and lanthanide extraction. All new 
compounds have been submitted to EHIC Strasbourg for model extraction studies and 
stability constant measurements. Many of the compounds have also been supplied to 
CEA Cadarache. 

The new compounds synthesised are : 

1. Tetramer amides ( 10) 
2. Pentamer amides (6) 
3. Hexamer amides (5) 
4. Bifunctional tetramer amides and esters prepared jointly with Mainz (7) 
5. Tetramer thioamides (4) 
6. Hexamer esters (3) 
7. Tetramer acids (3) 
8. Pentamer esters (2) 

The principal conclusions of the Strasbourg measurements are for caesium removal : 
tetramer amides are not useful ; penta and hexaamides are slightly selective ; two of the 
hexaesters, the dealkylated ethyl ester and the dealkylated butyl ester, are highly 
selective for caesium over sodium showing the largest log Ke (Cs)/Ke (Na) values for all 
calixarene derivatives so far studied in the programme. 

For strontium removal : the hexamer diethyl amide shows significant selectivity 
for strontium over sodium in extraction. 

2 - 4 . University of Mainz 

In a joint effort with the group in Belfast (Pr Mc Kervey) several capped calix[4]arenes 
have been prepared by reaction of the 1,3-diacid chloride derived from t-
butylcalix[4]arene and various diamines (including diaza crownethers). First 
complexation studies in Strasbourg revealed, however, no ionophoric properties, which 
are interesting for the target ions of this project. 
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Bifunctional tetraester and amide derivatives of t-butyl calix[4]-arenes (another joint 
topic with Belfast) have been mentioned there. 

Four crownether derivatives of t-butyl calix[5]arene (1,3 calix[5]crown 5 to crown 7 and 
1,2 calix[5] crown 6) have been synthesized for the first time. Two of them have been 
converted to the trimethylether in the cone-conformation, and one triester derivative 
was obtained. This further derivatization is complicated by conformational problems 
and/or by a strong complexation of alkali cations. The compounds studied so far in 
Strasbourg show appreciable Cs + over Na+ selectivity, which however, has to be 
further improved. 

The fexaethyl and methylester (as well as the hexaacid) of a new macrocycle consisting 
of three methylene linked biphenol units have been obtained by alkylation with 
ethylbromoacetate (one of the two possible stereo isomers) and by transesterification, 
respectively. Again Cs selectivity is found for the neutral ester ligands, while the 
ionizable ligands, like in the crown-ether series, still have to be studied (e.g. in 
membrane transport experiments). 

2 - 5 . University of Parma 

The major attention in 1992 has been devoted to the removal of caesium cation by 
synthesizing various calixarene crown ethers. Both calix[4] and calix[6]arenes have been 
used as starting materials and the size of crown moiety has been varied in order to 
incorporate between five and seven oxygen atoms in the ring. 

Calix[6]arene crown 5 and crown 6 derivatives have been synthesized and tested for 
their extraction properties. 

The work on calix[4]arenes has been mainly focused on the synthesis of flexible or 
conformationally rigid crown ethers fixed in one of the possible conformations : cone, 
partial cone or 1,3 alternate. Following the preliminary extraction results, the synthesis 
of various calix[4] arene crown-6 derivatives fixed in the 1,3 alternate structure has been 
particularly investigated. 

This structure, infact, reduces the sodium affinity of the ligands and, at the same time, 
increases the stability of the caesium complexes through the interaction of the cation 
with the polyether chain and the aromatic rings. 

2 - 6 . University of Twente 

After the start of the participation in the project on September 1, 92 all the necessary 
equipment for the membrane transport experiments has been installed, and as long as 
no carriers are available for further testing, concentration has been focus.ed on the 
synthesis of a bis (cyclohexyl) 18 crown 6 substituted with an NPOE functionality, to 

- 191 -



make the molecule more lipophilic, as was agreed at the brainstorm meeting in Mainz 
(Sept. 92). 

2 - 7 . University of Barcelona 

Complexation abilities of HSB18C6 were studied. The complexation abilities of 
HSB18C6 are not very different from the ones of its non ionizable relative 18C6. The 
sulphonic group attached to the aromatic ring of the crown ether seems not to produce 
an important effect on the complexation properties of the latter. 

The extraction abilities of (C1 7 CO)2 DB 18C6, (C17 COH)2 DB 18C6 and (C18)2 DB 
18C6 have been studied (these compounds have been synthesized as precusors for new 
lipophilic and ionizable crown ethers). The low extraction abilities could be due to the 
high lipophilicity of those products. 

Sulphonic acid derivatives, that are being synthesized at Barcelona, are expected to 
show higher extraction abilities. 

pBenzo bis (ethylenoxy 16 crown 5), o benzo bis (ethylenoxy-16-crown 5), o benzo bis 
(ethylenoxy-19-crown 6) and its sulphonated derivatives have been synthesized, but the 
complexation measurements have not yet been carried out. 
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liíle Décontamination of Solid Alpha, Beta, Gamma 
Waste for De-Categorisation Purposes in Terms of 
Disposal Route 

Contractor Commissariat à l'Energie Atomique (CEA) - Centre 
d'Etudes Nucléaires de Fontenay-aux-Roses 
(CEN/FAR) - Département des Procédés de 
Retraitement (DPR) 

Contract n° FI2W/CT90/0070 
Duration of contract from April 1991 to March 1993 
Period covered January-December 1992 
Project leader J. Bourges 

A. OBJECTIVES AND SCOPE 

Nuclear activities in the radiochemistry building of Nuclear Research Center in 
Fontenay-aux-Roses, concern principally the study of fuel reprocessing and the 
production of transuranium isotopes. During these activities solid wastes are 
produced that are contaminated with a, ß, y emitters for hot-cells studies and with 
a emitters only for glove-box experiments. In order to improve the management 
of these wastes, two facilities are engaged : 

- ELISE, a group of glove-boxes for the treatment of a active solid wastes; 
- PROLDŒ, a hot-cell for the treatment of a, ß, y active solid wastes. 

In these facilities, leaching processes were developed in order to : 

- decontaminate these wastes, especially in a emitters, to obtain a level of 
residual alpha contamination < 0.1 Ci/t of the conditioned wastes which will 
be suitable for surface site disposal; 

- recover actinide elements and recycle redox agents. 
The leaching process is based on the use of electrogenerated oxidizing agents 
(Ag(II)) in nitric acid or reducing agents (Cr(IJ), Ti(UI), V(II) in sulphuric acid, 
which are particularly suitable to provoke the dissolution of plutonium dioxide. 

B. WORK PROGRAMME 

n. Laboratory scale studies 

11.1. Oxidizing process : the following studies were scheduled : oxidizing 
dissolution of different compounds of plutonium such as fluoride, 
phosphate, carbide, nitride...; exhaustive alpha decontamination of zircaloy 
hulls of irradiated mixed oxide fuel by Ag(II) leaching method; 
electrochemical destruction of organic species. 

11.2. Reducing process : characterization of redox couples, comparison of their 
performances and choice of reaction media will be realized. 

11.3. Recycling of electrochemical mediators : the study of processes for 
recycling of silver will be performed. 
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EEL Pilot scale experiments 

111.1. Silver(II). leaching process : in PROLIXE and ELISE facilities, runs on 
about 20 kg of different kind (mineral, metallic, organic) of a, ß, y wastes 
will be achieved. More than 1 500 kg of wastes will be treated in 2 years. 

111.2. Recovery of actinides and redox mediators : the recovery of actinides will 
be systematically realized. The recycling of silver will be performed at pilot 
scale. 

PROGRESS OF WORK AND OBTAINED RESULTS 

The status of progress has not been forwarded to the Commission for 1993. 
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T ì t l e : Partition of Radioactive Wastes 
Contractor: Kemforschungszentrun KarLsruhe (KfK) 
Contract N°: FI2W-CT90-0047 
Duration of contract: from 1st March, 1991, to 28th February, 1993 
Period covered: from 1st January, 1992, to 31st December, 1992 
Project leader: Z. Kolarik 

A. OBJECTIVES AND SCOPE 

• Separation of long-lived actinides and fission products would reduce the ra-
diotoxicity of Purex process high-level wastes. This would lower the costs 
and risks of final waste disposal. 

• The aim of the work is to obtain distribution data, which are applicable to the 
development of a solvent extraction process for the separation of plutonium, 
neptunium, americium, curium and technetium from the highly active Purex 
waste solution (HAW). The target decontamination factors are 50000 for Am 
and Cm, 1000 for Pu and 100 for Np. 

• Application of solvent extraction for treatment of highly radioactive materials 
is well developed. Existing knowledge of the chemistry and engineering of the 
method can serve as a starting point for the project work. 

B. WORK PROGRAMME 

1. Compilation and assessment work, including the elaboration of a survey re
port and the formulation of conclusions for the start of the experimental work. 

2. Measurement of distribution and kinetic data for the elements to be separated 
and for lanthanides, and the working out of a proposal of a flowsheet. 
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PROGESS OF WORK AND OBTAINED RESULTS 

State of advancement 

The experimental work was concentrated on 
a) the separation of transplutonides(lll) from lanthanides(lll), 
b) the possibility of reaching sufficiently high decontamination factors for actinides, and 
c) the valency adjustment of neptunium. 
The transplutonide/lanthanide separation was attempted by the extraction of solvated 
salts other than nitrates, using n-octyl(phenyl)-N,N-di-isobutylcarbamoylmethylphosphi-
ne oxide (OOD(iB)CMPO) and tributyl phosphate (TBP) as solvating extractants. Am(lll) 
and Eu(lll) were used as representatives of the transplutonide and lanthanide groups 
respectively. An Am(lll)/Eu(lll) separation factor ofjî - 12 is reached in the extraction of 
thiocyanates solvated by OOD(iB)CMPO. The separation efficiency is not improved by 
adding antagonists like trioctyl amine and 2-ethylhexanol or synergists like trioctylme-
thylammonium thiocyanate. The separation factor can be as high as 100, if di(2-ethyl-
hexyl) dithiophosphates are extracted in the presence of TBP. The extraction in the 
presence of OOD(iB)CMPO yields a separation factor as low as 2.0 to 2.5. Satisfactory 
decontamination factors can be reached in the repeated extraction of Am(lll) and Np(VI) 
nitrates with OOD(iB)CMPO and TBP respectively from simulated HAW. A less satisfac
tory decontamination factor is reached in the extraction of Pu(IV) nitrate with TBP. The 
oxidation of Np(V) to Np(VI) with nitrous acid in simulated HAW is completed within 2 -
5 min. 

Progress and results 

1. Extraction of transplutonide(lll) and lanthanide(lll) salts other than nitrates 
We have previously shown IM that an Am(lll)/Eu(lll) separation factor of 8 - 12 is 

reached in the extraction of thiocyanates with OOD(iB)CMPO. We tried to improve the 
separation efficiency by adding alkyl ammonium extractants to the system, namely tri-
octylammonium and trioctylmethylammonium thiocyanates (TOAT and TOMAT respec
tively). We measured the distribution ratios of trace Am(lll) and Eu(lll) as functions of the 
concentrations of TOAT (initially 0.002 - 0.02 M in the organic phase) or TOMAT (initially 
0.0075 - 0.16 M in the organic phase), OOD(iB)CMPO (initially 0.02 - 0.2 M in the organic 
phase), thiocyanate ions (initially 0.003 - 0.05 M in the aqueous phase), and HCl (initially 
0.005 - 0.1 M in the aqueous phase). Lauronitrile (25 vol.%) modified dodecane was used 
as a diluent. TOAT causes a pronounced antagonistic effect, while a rather weak syner
gistic effect is observed in the presence of TOMAT. Unfortunately, neither TOAT nor TO-
MAT enhance the Am(lll)/Eu(lll) separation factor. Am(lll) and Eu(lll) form mixed 
OOD(iB)CMPO-amine complexes, namely [RH+]3[M(SCN)6-nB3\| with TOAT and 
[R+][M(SCN)4-3B~] with TOMAT (RH+ and R+ are the trioctylammonium and trioctylme
thylammonium cations respectively, B is a OOD(iB)CMPO molecule, M is Am or Eu, and 
n is 2 or 3). 

The Am(lll)/Eu(lll) separation factor is lowered to a value of 6 - 7, if the lauronitrile 
modifier (25 vol. %) is replaced by the originally suggested 121 TBP modifier (33 vol.%). 
2-Ethylhexanol (20 - 30 vol.%) lowers the Am(lll)/Eu(lll) separation factor to ~6. The al
cohol suppresses the efficiency of the extraction with 0<DD(iB)CMPO, and its addition 
could be needed if the separation of transplutonides(lll) and lanthanides(lll) desires a 
higher concentration of thiocyanate ions (~0.1 M). 

A solution of di(2-ethylhexyl) dithiophosphoric acid (HDEHDTP) and TBP in dode
cane has been reported to extract trace Am(lll) selectively over Eu (III), indeed at initially 
0.05 M Eu (III) in the aqueous phase 131. We confirmed the necessity of the presence of 
the TBP synergist in the system, but we found out that the separation was only possible 
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Figure 1. Am(lll)/Eu(lll) separation by the extraction of di(2ethylhexyl) dithiophosphates in 
the presence of TBP: The effect of the Eu(lll) concentration. Organic phase: 
0.75 M di(2ethylhexyl) dithiophosphoric acid + 0.25 M TBP in dodecane. Initial 
aqueous phase: 0.05 M HN03 + 1.0 M NaN03 + trace Am(lll) + variable Eu{lll) 
22°C. 

at macro concentrations of Eu(lll). The distribution ratio of Eu(ll!) increases with de

creasing Eu(lll) concentration, and Am(lll) is not separated from Eu(lll) at trace concen

trations of the metals (see Figure 1). The behaviour of Eu(lll) can be explained by po

lymerization of a Eu(lll)HDEHDTP complex in the aqueous phase. Experiments with 
macro Am(ll l) amounts have not been possible in our laboratory and, thus, we have no 
Information about the dependence of the distribution ratio of Am(lll) on the Am(lll) con

centration. Nevertheless, the separation effect reported In /3/should be ascribed to dif

ferent concentrations of Am(lll) and Eu(lll) In the system rather than to different stabilities 
of the extracted complexes of the metals. 

OOD(IB)CMPO enhances the extraction of Am(lll) and Eu(lll) by di(2ethylhexyl) di

thiophosphoric acid (Figure 2), causing a much stronger synergistic effect than TBP. 
Both elements are extracted at a rather high concentration of a mineral acid in the 
aqueous phase. The reverse effect, i.e. that of HDEHDTP on the extraction with 
Ofl>D(iB)CMPO Is better visible In the presence of chloride ions than with nitrate ions 
present. The reason Is that Am(lll) and Eu(lll) are strongly extractable by 0<J>D(IB)CMPO 
Itself as solvated nitrates. The Am(lll)/Eu(lll) separation factor for trace metals in 
Figure 2 Is unsatisfactory. It Increases from 1.3 at 0.02 M OOD(iB)CMPO to 2.14 at 
^0.16 M OOD(iB)CMPO. Variations of the CXDD(IB)CMPO to HDEHDTP concentration ratio 
and of the Eu(lll) concentration did not make it possible to achieve a separation factors 
of > 3 . Contrary to the system involving TBP, increase of the Eu (111) concentration sup

presses the distribution ratio only as far as the loading of the solvent reduces concen

trations of free 0<DD(iB)CMPO and HDEHDTP. 

2. Attainment of high decontamination factors 
The attainment of high decontamination factors for actinides in repeated extraction 

may be impeded e.g. by adsorption on colloids or vessel surfaces or by the existence 
of minute fractions of actinides in stable ¡nextractable forms. To check the role of such 
phenomena, we repeatedly contacted an actinide containing aqueous solution with equal 
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Figure 2. Am(lll)/Eu(lll) separation by the extraction of di(2ethylhexyl) dithiophosphates in 
the presence of 0ΦD(iB)CMPO: The effect of the OΦD(¡B)CMPO concentration. 
Organic phase: 0.10 M di(2ethylhexyl) dithiophosphoric acid + 30 vol.% 2ethyl

hexyl acetate modifier + variable OΦD(iB)CMPO. Initial aqueous phase: 0.5 M 
HCl + trace Am(lll) and Eu(lll). 22°C. 

volume of a fresh organic phase. The number of contacts was 9 in each experiment. After 
each contact we measured the distribution ratio and the fraction of the actinide remain

ing in the feed. The repeated extraction of Am(lll) from a simulated HAW solution with 
OΦD(iB)CMPO at a high HN03 concentration is shown in Figure 3 as an example. The 
attained decontamination factor is ~ 2 . 5 x 10

5
, i.e. higher than the target value 5 x 10*. 

The Am(ll l) fraction left in the HAW solution did not decrease in the last three con

tactings, although the distribution ratio was ~ 5 . The residual
 241

Am radioactivity had most 
probably its origin in the usual contamination of the glove box. Very similar results were 
obtained in the extraction of Am(ll l) f rom the HAW simulate at 3 M HN03. 

Neptunium was extracted from the HAW simulate with a 30 vo l .% solution of TBP 
in dodecane. To oxidize Np(V) in the simulate to Np(VI), sodium nitrite was added to a 
concentration of 0.003 M before the first contacting. At initially 3.7 M HN03 in the simu

late, the target decontamination factor 100 was reached after the 5th contacting and a 
value of ~5000 was attained after 9 contactings. The removal of Np from the HAW simu

late was quite unsatisfactory at initially 6.3 M HN03. The distribution ratio of total Np was 
> 1 only in the first contacting. Then it decreased from the 2nd to 5th contacting, and in 
the 6th to 9th contacting it was as low as ~0.05 and corresponded to the distribution ratio 
of Np(V). ~ 1 5 % Np remained in the HAW solution. Most probably nitrous acid decom

posed at the high HN03 concentration to nitrogen oxides during the first and second 
contacts, and remaining Np(V) could not be oxidized in the fol lowing contacts. 

Plutonium was also extracted with 30 vo l .% TBP in dodecane. Its radioactivity in 
the extract was very low in the 5th to 9th contacting, and it could not be measured due 
to interferences by the radioactivity of

 241
Am. The attained decontamination factor was 

lower than the target value 1000, namely 200  400 at two HN03 concentrations. The res

idual amount of Pu in the HAW simulate remained practically unchanged after the 7th to 
9th contacts at 3.4 M HN03 and after the 5th to 9th contacts at 6.2 M HN03. In the latter 
case the distribution ratio of total Pu was in the 4th and 5th contacts markedly lower than 
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Figure 3. Removal of Am(lll) from a HAW simulate in repeated extraction: The solvent was 
0.2 M OOD(iB)CMPO + 25 vol.% laurom'tnle in dodecane, contact time was 2 
min. Room temperature. 

in the first three contacts. Thus, most probably a fraction of Pu existed in the simulate in 
a form inextractable with TBP. In our suggested flowsheet the residual Pu will be ex
tracted by OOD(iB)CMPO together with lanthanides and transplutonides, and will not 
escape into the alpha decontaminated waste solution. 

3. Valency adjustment of neptunium(V) 
The oxidation of weakly extractable Np(V) to well extractable Np(VI) by nitrous acid 

was further investigated. The aim was to reach a good extractability of total Np by 30 
vo l .% TBP in dodecane. The optimum nitrite concentration at 4 - 6 M HN03 is 0.001 to 
0.005 M and a higher HN03 concentration within the above range supports the extraction 
of Np. In a simulated HAW solution the oxidation is completed in 2 - 5 min. Let us re
member that an oxidation t ime of > 10 min is needed in pure HN03 solutions IM. 
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Title : High level liquid waste partitioning by means of 
new completely incinerable extractants 

Contract n° FI2W- CT91 0112 

Contractors : 1/ Commissariat à l'Energie Atomique, 
Centre d'Etudes Nucléaires 
de Fontenay-aux-Roses, 
Direction du Cycle du Combustible, 

2 / University of Reading, Department of Chemistry. 

Duration of contract : From October 1991 to September 1993 
Period covered : January 1992 to December 1992 
Proiect leaders : Charles MADIC CEA (coordinator) 

Michael HUDSON University of Reading 

A. OBJECTIVES AND SCOPE 
High level waste partitioning constitutes one of the key step of any advanced 

management strategy for radioactive waste aiming at transmutation of long-lived 
radionuclides into short-lived ones. 

The main objective of this research activity is the demonstration of the 
suitability of new types of diamides as well as triazine-based compounds for the 
removal of actinides from high level liquid waste and the subsequent purification of 
minor actinides from rare earths respectively. 

This research activity is closely coordinated with that under study at the KfK-
Karlsruhe on the same subject. 

B. WORK PROGRAMME 
This study will comprise the implementation of the following steps : 
1. Synthesis of new organic extractants 

1.1. Synthesis of diamides 
1.2. Synthesis of triazine-based extractants 
1.3. Synthesis of alpha-hydroxo or 2-oxo carboxylic acids. 

2. Extraction tests 
3. Extractants stability 
4. Partitioning flow-sheets 
5. Counter-current experiments 
6. Scaling-up of the preparation procedure for diamides/triazine-based 

extractants. 
7. Solvent regeneration 
8. Cooperation within the community. 
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C PROGRESS OF WORK AND RESULTS 

Advances 
During the course of 1992, we have investigated a wide range of routes for the 

synthesis of diamides and alkyltriazines (TPTZ). Significant quantities of the 
diamides may be prepared by a modification of established reactions using 
malonyldichloride. A new route for the synthesis of alkylTPTZ compounds has been 
developed. 

The extraction properties of diamide molecules have also been the subjects of 
numerous studies such as : 

° suppression of third phase formation when extracting nitric acid or nitrate salts 
by diamides in solution in aliphatic diluents by the selection of proper alkyl groups of 
the diamide, 

0 study of the experimental conditions to achieve the Am(III)/Fe(III) separation 
by kinetic means, 

° study of the actinide (III)/lanthanide (III) separation from aqueous thio-
cyanate/nitrate solutions using diamides extradants, alone or in synergistic 
combination with quaternary ammonium salts. 

Progress and residís 

1.1. and 6 Synthesis of diamides extradants 
The purity of the reagents which were being utilised in France was studied and 

it was established that the reagents were not pure as determined by mass 
spectrometry which is the principal method of analysis. In view of the fact that it is 
quite possible for minor component to play a significant role in the extraction of 
lanthanides and actinides, the nature of the minor components was investigated. It 
was established that the principal impurities were the hydrolysis products from the 
acid chloride. In addition, monoamides and another product, which probably comes 
from the secondary reaction between the acid chloride and the amine, were formed. 
Consequently, alternative methods which did not use the reactive malonyldichloride 
were initially investigated. 

In view of the low reactivity and cost ot the malonyl diester, this was 
investigated as a suitable precursor for the diamides. The reaction of the diester of 
malonic acid and amines was investigated and found to give high yields for the 
reaction with ammonia. The reaction with amines, however, did not produce 
significant quantities of the diamides even when high pressures (10 bar) and 
temperatures (100°C) were used. Studies with the malonyl dichloride were then 
considered in great detail. It has been established that the principal cause of the 
formation of the impurities and the reported low yields (15 %) has been the lack of 
attention to the temperatures used for the initial reaction between the malonyl 
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dichloride and the amine itself. The malonyl dichloride is so reactive that it was 
considered that much lower temperatures than hitherto have been used should be 
investigated. Consequently, the temperature of mixing was reduced to -40°C and was 
not allowed to rise to more than -5°C during the addition of the amine. An additional 
stage of refluxing has also been incorporated. This modification has significantly 
increased yields and has allowed pure diamides to be prepared. A quantity 
(100 g 45 % yield) of the pure diamide (EysrCOCBUCONE^) [1] has been prepared 

by this method. 
In addition, the alkylation reaction to produce (E^NCOCHRCONEu) [2] has 

been investigated. The principal problem with previous studies has been that it has 
not been appreciated that the CHL protons are not strongly acidic is the case with the 

malonyldiamide. Consequently, a wide range of bases has been investigated for this 
reaction and it has been established that they have to be as strong as sodium ethoxide 
in order to extract one of the CHU protons. The conditions for the optimised reaction 

are that the diamide such as [1] needs to be refluxed with a sodium alkoxide prior to 
the addition of the alkyl bromide. Under these conditions, the yields of the compound 
[2] are high (ca.98 %). As required under the contract, a quantity (100 g) of the 
sample has been sent to Dr. Madie for studies at Fontenay-aux-Roses. 

1.2. and 6 Synthesis oftriadne derivatives 
A wide range of methods of synthesis of the triazine (TPTZ) [3] and its 

alkylated derivatives (RTPTZ) [4] has been investigated. It has been established that 
the traditional methods of cyclisation of cyanopyridines using strong acids or bases 
which are successful for [3] do not work for [4] when the alkylated cyanopyridines are 
used. It has been clearly shown that one reason for the poor yields in the synthesis of 
[4] is that the intermediates formed are stable, which is not the case for [3]. 
Consequently, it has been necessary to investigate new methods for the synthesis of 
the alkylated TPTZ [4] derivatives. After many detailed studies, it has been 
established that novel conditions are required in order to convert the intermediates to 
[4], The new high pressure route for the synthesis of the reagents gives the maximum 
yields (30 %) of the pure reagents such as trimethylTPTZ (MeTPTZ) [5]. This such 
an important advance in the synthesis of these compounds that the CEA will shortly 
consider patenting this method of preparation. Consideration will also be given to 
patenting compounds such as [5] because these could have significant advantages over 
the traditional TPTZ derivatives with respect to the hydrophobicity of the extradants. 
Currently, there are attempts to improve the yields of this process. It is possible that 
an additional advantage may be gained using a catalyst such as a lanthanide. It has 
also been suggested that iron(III) may also be used. A small quantity (2 g), of [5] has 
been sent for studies at Fontenay. Further quantities will be sent in the near future. 
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2. Extraction tests 
Optimisation of the structure of the diamide to avoid third 
phase formation. 

When developing liquid-liquid extraction processes, it is very important to select 
extracting molecules, or solvent mixtures, thus avoiding the formation of third phase 
i.e. splitting the organic phase into two parts when extracting solutes. For example, 
for the well known TRUEX process, based on the use of the 
carbamoylmethylphosphine oxide (CMPO) extracting agent, it was necessary to use a 
modifier, such as the tributylphosphate (TBP) in order to suppress third phase 
formation occurring during the extraction of nitric acid or metallic nitrates by CMPO 
solutions in aliphatic hydrocarbon diluents which are the preferred diluents for 
industrial applications. Another possibility is to suppress third phase formation by the 
CMPO extractant is to use lauronitrile as a diluent, as demonstrated by Z.KOLARIK 
at KfK (Germany). Third phase formation during the extraction of nitric acid or 
metallic nitrates by diamides is also observed. In order to suppress that problem and 
to be able to use an aliphatic hydrocarbon diluent, we decided to optimize the 
structure of the diamide extractant. 

Third phase formation during the extraction of nitric acid at room temperature 
by various diamides (malonamides), of general formula (RR'NC(0))2CHR", were 
studied. It was clearly shown that an increase in the length of the alkyl groups R, R' 
or R" increases the solubility of the nitric acid-diamide solvates in the aliphatic 
diluent used, named TPH. For example with R=CH3, R'= n.C4H9 > an increase in 
the length of radical R" induces a great effect on the minimun of the concentration of 
the aqueous nitric acid necessary for diamide third phase formation during nitric acid 
extraction. For example,these nitric acid concentrations were : 3.5 ; 4.7 and 9.6 M for, 
malonamides with, respectively R" = C12H25, Q4H29 and C18H37. Moreover it 
was shown that increasing the degree of branching of the R" group does not have any 
effect on the third phase phenomenon. However, introducing one or two ether 
functions into the R" radical decreases the nitric acid concentration required for the 
appearance of the third phase. 

Third phase formation is also observed when extracting metallic nitrates by 
diamides solutions in TPH. This phenomenon was studied in the case of the 
extraction of Nd(III) and U(VI) nitrates. Good results were obtained, especially for 
the two malonamides : (CH3C4H9NC(0))2CHRM, with R" = C14H29 and CI8H37. 
For example, 0.041 and 0.15 M Nd(m)-loaded organic solutions can be obtained by 
extraction from 4 M aqueous nitric acid solutions with respectively these two 
diamides (0.65 M) diluted with TPH. The loading capacity was lower in the case of 
the extraction of U(VI) nitrate. It appears that, up to now, the diamide 
dimethyldibutyltetradecylmalonamide, DMDBTDMA, seems to be a good 
compromise for the development of a HLLW partitioning process. We named this 
process by the acronym DIAMEX, for DIAMide Extraction. 
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Influence of various chemical features on theAm(III)/Fe(III) separation 
Fe(III) is always present in liquid wastes. Its presence is due to the corrosion of 

the equipment by aqueous acidic solutions, mainly nitric and its separation from the 
minor actinides, especially Am(IQ), must be studied for the design of a minor 
actinide HLLW partitioning process. This problem is acute for the diamide 
extractants which possess a rather good affinity for Fe(III) nitrate, in particular high 
aqueous nitrate ion concentrations. 

Kinetic or thermodynamic factors were considered for this Am(m)/Fe(III) 
separation. 

For diamides with alkyl R" groups, it was shown that the rate of Am (III) nitrate 
extraction is rapid in comparison with that of FelTQ), and consequently their mutual 
separation via kinetic means could be considered, for example with the use of fast 
centrifugal contactors. With R" an ethoxy radical, no such difference is observed in 
the kinetics of the extraction of Am(in) and Fe(III) but at equilibrium Am(III) is 
extracted more than Fe(III) : a moderated separation factor close to 7 or 8 is 
obtained. Other parameters influencing the Am(III)/Fe(III) separation were studied, 
and the results are summarised below : 

° parameters with a positive effect on the separation factor : 
1/ increase of the diamide concentration, 
2/ increase of the Fe(III) concentration ; 
3 / use of continuous phase emulsion mode, 
4/ increase of the aqueous nitric acid concentration : an optimum is 

obtained for the range 4 to 5 M. 
° parameters with a negative effect on the separation: 
1/ use of a benzenic diluent instead of the TPH, 
2/ the presence of large concentrations of nitrate salts in the effluent. 

The results seem to be sufficient for the design of a flow-sheet for 
Am(III)/Fe(in) separation using the difference in the kinetics of extraction with 
diamides extractants. Nevetheless, it will be necessary to try to improve such a 
separation by the use of selective Fe(III) complexing agent. 

Actinide (HI)/ lanthanide (III) group separation by diamide extraction from 
thiocyanate-nitrate media. 

Following a first extraction cycle using diamide, a general minor actinide 
partitioning process must include the subsequent Ac(III)/Ln(III) group separation. 

To achieve this goal, the possibility to use a diamide extractant was considered, 
alone or in synergistic combination with quaternary ammonium salts. The principle of 
the separation consists in the extraction of thiocyanate complexes of trivalent ions. It 
is well known that polarisible ligands such as SCN" ions, possess a greater affinity for 
trivalent actinides than for trivalent lanthanides. 

With the diamide extractant dimethyldibutylpentadecylmalonamide 
(DMDBPDMA) diluted in TPH extraction of Am(m) and its separation from Ce(III) 
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and Eu(m), which were used as representatives of light and medium lanthanides, was 
observed in moderate concentrations of thiocyanate ions in aqueous solutions. 
Separation factors (S.F) close to 6 were observed. With the addition of quaternary 
ammonium salts such as trilaurylmethylammonium or trioctylmethylammonium to 
the diamide organic phase, synergistic phenomena are observed with a greater 
increase of the affinity of the solvent for Am(III) leading to a substantial increase in 
the separation factors between Am(III) and the lanthanides. For example, excellent 
S.F(Am/Eu) equal to 20 has been observed. Such an increase in the separation 
between Am(III) and Ln(III) may be due to the fact that the extracted complexes 
contain four thiocyanate ions in the case of the synergistic mixtures, instead of three 
for the extraction of metallic salts wih diamide alone. 

If encouraging results concerning the Ac(m)/Ln(III) group separation have 
been obtained using such a system, it must be mentioned that it does not fulfil the 
requirements for the design of a good process. This difficulty lies essentially in the 
non incinerability of the thiocyanate ion. Other work using alkyl TPTZ derivatives 
will be done in this field next year. 

& Cooperation within the community 
Upon the request of M. Lucien CECILLE, Charles MADIC attended a meeting 

in Brussels on September 9th, 1992, in order to discuss with Z. KOLARIK, L. 
CECILLE and J. RIESGO VILLANUEVA, the new orientations of the research 
work to be realized by Z. KOLARIK, at KfK (Germany), on the design of HLLW 
minor actinide partitioning TRUEX type process. 
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Part A3 

Task 3 

"Characterisation and Qualification of Waste Forms, Packages and their Environment" 

Topic 1 Waste form characterisation and performance 

Topic 2 Containment and barrier properties of the near-field (including modelling) 

Topic 3 Radionuclide assay : development of standard methods and equipment for 
specific applications 

Topic 4 Quality control of waste conditioning 

- 206 -



Task 3 

Topic 1 Waste form characterisation and performance 

FI2W/0012 The behaviour of Pu, Am, Np and Tc during the corrosion of the Cogema 
glass R7T7 in salt solutions. 

FI2W/0020 Consequences associated with gas production in geological repositories 
(PEGASE). 

FI2W/0025 Characteristics of bitumenized radioactive waste. 

FI2W/0026 Natural analogues of bitumen matrices in a deep repository. 

FI2W/0027 Aqueous corrosion of nuclear glasses: influence of disposal conditions. 

FI2W/0028 Effect of insoluble active dissolution fines on fission product glasses. 

FI2W/0031 The corrosion of nuclear waste glasses in a clay environment: mechanisms 
and modelling. 

FI2W/0032 Basic leaching for pure Beta long-lived emitters in radioactive wastes. 

FI2W/0055 Chemistry of the reaction of as-fabricated and high burnup spent U0 2 fuel 
with saline brines. 

FI2W/0077 Container properties ensuring safety: gas emission, biodegradation, 
corrosion. 

FI2W/0094 Gas generation in supercompacted waste products. 

FI2W/0099 Impact of additives and waste streams constituents on the immobilisation 
potential of cementitious materials. 
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Task 3 

Topic 2 Containment and barrier properties of the near-field (including modelling). 

FI2W/0022 The effect of microbial activity on the near and far fields of a deep 
repository. 

FI2W/0030 Corrosion of selected packaging materials for disposal of heat-generating 
radioactive wastes. 

FI2W/0035 Theoretical and experimental study of degradation mechanisms of cement 
in the repository environment. 

FI2W/0040 The performance of cementitious barriers in repositories waste in practice. 

FI2W/0096 Completion of the corrosion programme in Boom clay (in situ experiments). 
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Task 3 

Topic 3 Radionuclide assay : development of standard methods and equipment for 
specific applications. 

FI2W/0010 Determination of fissile material in waste package by neutron transport 
interrogation. 

FI2W/0034 Inventory and characterisation of important radionuclides for safety and 
0109 storage-correlation to key nuclides easy to measure in waste types. 

Topic 4 Quality control of waste conditioning. 

FI2W/0009 Construction and testing of a computer tomography assembly for routine 
operation. 

FI2W/0014 Behaviour of low-level radioactive waste under fire accident conditions. 

FI2W/0018 Non-nuclear non-destruction testing methods to determine free water, gas 
pressure and matrix level in waste drums. 

FI2W/0019 Test for process control during treatment of low and medium radioactive 
waste in practice. 

FI2W/0021 Establishment of non-destructive or partially destructive test procedures for 
determining the characteristics of waste containers. 

FI2W/0023 Non-destructive characterization of radioactive waste packages by advanced 
radiometric methods. 

FI2W/0107 High Energy Accelerator Tomography 
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Task 3 - Characterisation and qualification of waste forms, packages and their 
environment 

A. Objectives 
- Determination of the relevant properties and performances of waste forms and their 

environment (Characterisation) 
- Development and validation of models and data bases describing the long-term 

evolution of disposed waste (Modelling) 
- Improvement of the control of radioactivity in the waste and the quality of waste 

products/packages. 

B. Research topics dealt with under the 1985-1989 Programme 
In the previous programme, the following main research actions were pursued : 

Characterisation of low and medium level wastes : 

Eleven waste forms were selected for joint investigation and specified as reference 
formulations for conditioned LLW and MLW. Many of the characteristics of 
these waste forms relevant to the long-term safety in different disposal 
environments were determined with simulates and, as far as available, with real 
waste specimen. 

Testing and evaluation of high active and special alpha-bearing waste forms : 

During the period 1985-1989 the development of new candidate waste forms for 
the High Level Liquid Waste Stream was reduced in favour of extended testing 
and evaluation of the industrial reference borosilicate formulations. Corrosion, 
nuclide leaching, radiation damage and thermal stability were investigated in 
laboratory test series with inactive and spiked simulates. 

Study of container and buffer/backfill materials : 

The coordinated action on container corrosion launched in the second programme 
was concluded : corrosion rates and mechanisms of carbon steel, Ti-Pd and 
Hastelloy were determined under representative conditions. 
A variety of argillaceous and cement-based buffer materials were tested to 
determine suitable formulations for the various repository options. 

Development of a standard waste hostrock interaction test : 

The Repository Systems Simulation Test which permits the testing of HLW glass 
formulations in conditions representative of geological disposal was developed and 
validated in a Round-Robin campaign by 14 laboratories. 

Development of methods for the Quality Assurance of Waste Packages : 

Non-destructive test methods such as computer tomography and active neutron 
interrogation techniques for assaying alpha emitters as well as techniques and 
procedures for sampling solidified waste were the most important items of a wide 
range of R&D projects. 
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G Present programme (1990-1994) 
1. Waste form characterisation and performance 

- Characterization of heterogeneous waste forms 
- Effects of radiation, corrosion, biodegradation, etc. on waste form stability 
- Gas generation by corrosion, radiolysis and biodegradation 
- Effect of inclusions on waste form crystallisation and stability 
- Chemistry of reaction of spent fuel with saline brines 
- Mechanisms of nuclide release under repository conditions 

2. Containment and barrier properties of the near-field 

- Effect of microbial activity on the near-field 
- Theoretical and experimental study of degradation mechanisms of cement in the 

repository environment 
- Modelling and testing of the hydration of backfill and sealing materials 
- Corrosion of selected packaging materials for disposal of heat generating radioactive 

waste 

3. Radionuclide Assay : development of standard methods and equipment for specific 
application 

- Establishment of a European basis for the determination of relevant nuclide 
concentrations in industrial LLW and MLW : Study of existing methods and compilation 
of data bases, evaluation of currently used scaling factors and correlation. 

- Development of equipment and methods for the assaying of LLW and MLW including 
the validation of scaling correlations for relevant emitters. 

- Development of methods for measuring (checking) the nuclide inventory of conditioned 
TRU-wastes 

4. Quality control of waste conditioning 

Research actions to develop methods permitting the measurement and certification of 
compliance with quality requirements/criteria. Subjects being addressed include : 

- Establishment of sampling procedures and techniques 
- Verification of chemical composition 
- Detection of unwanted or undeclared substances 
- Detection/measurement of waste/matrix interaction, gas generation and release, 

container corrosion and swelling 
- Measurement of physical properties of waste products and packaging 
- Homogeneity, thermal stability, etc. 

D. Programme implementation 
The above topics and areas of research are being tackled under 28 contracts, the majority 
of which are multi partner and trans-european. Further details are provided in the 
summary reports listed hereafter. 
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Reten t ion of Pu, Am, Np and Tc in t h e Corrosion of COGEMA* Glass 
R7T7 in S a l t S o l u t i o n s . 

Con t r ac to r : Kernforschungszentrum Kar ls ruhe 
Con t r ac t : F12W0012 
Durat ion of c o n t r a c t : Januar 1991 - December 1994 
Per iod covered: February 1992 - December 1992 
P ro j ec t Leader: Dr. Werner Lutze, I n s t i t u t für Nukleare 

Entsorgungstechnik 

— *We were adv i sed by CEA Marcoule t o use a d i f f e r e n t d e s i g n a t i o n fo r t h e 
g l a s s . The g l a s s i n v e s t i g a t e d he re was f a b r i c a t e d by CEA Marcoule c l o s e l y 
s i m u l a t i n g t h e chemical composi t ion of t h e g l a s s produced by COGEMA a t La 
Hague i n t h e i r v i t r i f i c a t i o n p l a n t s . The g l a s s from Marcoule i s d e s i g n a t e d 
CEA R7T7 i n t h e t e x t . — 

A. O b j e c t i v e s a n d S c o p e 

High-level radioactive waste from the reprocessing of German 
spent fuel is vitrified at La Hague. Glass blocks will be 
returned to Germany and must be disposed in the deep underground 
eventually. The repository is under construction and will be 
located in the Gorleben salt dome. The repository constitutes a 
system of technical and natural barriers (multibarrier system) 
against the release of radionuclides. The glass is one of the 
technical barriers. A detailed understanding of the glass 
performance must be obtained for all conceivable accidental 
conditions including contact with water. The respective results 
shall be used to describe source terms in the framework of 
safety analyses. 
The subject of this investigation is to study the chemical 
durability of the highly radioactive French borosilicate glass 
R7T7 in one of the three German "standard" salt solutions as a 
funtion of time and temperature. This work complements previous 
investigations on the durability of a very similar but non
radioactive CEA glass by measuring the release behaviour of Pu, 
Am, Np and Tc. 

B. Work programme 

1. Installation of the hot cells: One hot cell has to be 
equipped with crushing, milling and sieving devices to prepare 
glass powder. The other cell has to be equipped with three 
ovens, devices to handle autoclaves, a balance, a pH-Meter and 
sampling and filtering devices. 
2. Modification of analytical techniques: Te, Pu, Am and Np have 
to be separated from concentrated salt solutions for activity 
measurements (<X,ß,y spectrometry). 

3. Equipment for corrosion tests: Tests sail be performed in 
autoclaves. Previously used Teflon liners for inactive glass 
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have to be replaced by tantalum to resist both radiation and chemical corrosion. 
4. Corrosion test conditions: Powdered CEA R7T7 (4.5 g, average 
grain size 86 \Lm) shall be corroded in 25 mL (S/V = 10,000 m_1) 
of salt solution at 110, 150 and 190°C for 45, 90, 180, 360, 720 
and about 1000 days (individual experiments in duplicate for 
each time and temperature). 
5. Solution analyses: Samples shall be taken after completion of 
each experiment. The leachates shall be filtered to separate 
colloids. Concentrations of B, Si (glass formers) and of Te, Pu, 
Am and Np shall be determined. pH shall be measured in the. 
unfiltered leachate. 
6. Analysis of corrosion layers: Sample surfaces will be 
observed under the light microscope and in the SEM. Host phases 
for actinoids and Tc will be searched and analysed, if possible. 

C. Progress of work and obtained results 

State of advancement 

The report covers the period from February to December 1992. 
Work performed under this contract includes the following: 
1. Reinforcement of the shielding of the experimental cell for 
the glass corrosion experiments. 
2. Equipment of the hot cell 
The cell was equipped with ovens, autoclaves, argon hood and 
purge system, a balance, a pH meter and specially manufactured 
tools to handle the autoclave. Cold tests were performed with 
the equipment. 
3. Preparation of the CEA R7T7 powder and the leachant for the 
corrosion tests. 
The previously prepared CEA R7T7 powder was sieved to obtain the 
desired size fraction (86 |lm average grain size) . The powder was 
then transferred to the hot cell in which the corrosion 
experiments are performeded. 
The concentrated magnesium rich salt solution was prepared and 
the stock transferred into the cell. 
4. Experiments were performed with the newly designed autoclaves 
(tantalum liner and gaskets) to guarantee tightness. 
5. Several 45 day corrosion experiments were performed with 
inactive R7T7 glass to compare corrosion data with previous 
obtained results 
6. The analytical procedures for the quantitative detection of 
Te, Np, Pu and Am and some other radionuclides were tested by 
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The salt solutions were prepared by dissolving analytical grade 
chemicals at 80°C in deionized water. The composition (in g/L) 
is: 4.13 NaCI, 1.42 KCl, 438.90 MgCl2, 29.90 CaCl2, 0.07 CaS04. The solution is stable and clear at room temperature. 
The autoclaves were modified to withstand the y-irradiation. The 
Teflon liner was replaced by a tantalum liner. This required 
extensive testing of the performance of gasket materials to 
guarantee long-term tightness of the autoclaves. Gold, graphite 
and elastomere gaskets were tested and graphite was selected.for 
the corrosion experiments with the radioactive CEA RITI. Gold is 
also suitable but is too expensive. Tightness was tested in a 
series of 45 day experiments at 190°C with only salt solution in 
the autoclave. In case of gold and graphite gaskets, losses of 
water were less than 10~2 % of the liquid. 

In order to test the analytical procedure for non-radioactive 
elements, four 4 5 day corrosion experiments were performed with 
simulated CEA R7T7 glass. After completion of the tests, the 
leachates were analyzed for eight glass constituents by ICP-AES. 
Table 1 contains the results. 

HMI(*) 
KfK 
KfK 
KfK 
KfK 
average 
KfK 
Table : 

Li 
ppm 
742 
551 
558 
534 
590 
563 

L: Coi 

Sr 
ppm 
138 
128 
126 
130 
129 
128 

Tiparison 

B 
ppm 
1843 
1886 
1858 
1878 
1872 
1872 

Mn 
ppm 
231 
194 
192 
194 
199 
195 

Zn 
ppm 
982 
847 
853 
897 
875 
868 

of concentrations i 

La 
ppm 
195 
876 
177 
179 
178 
177 

of glass 

Pr 
ppm 
58 
49 
54 
50 
50 
51 

consti 

Nd 
ppm 
175 
175 
175 
179 
180 
177 

tuents 
leachates from this study and from previous corrosion 
experiments (44 day and 45 day experiments, 190°C, S/V 
= 9,050 m-1, Mg salt solution). 
(*) results from previous experiments by W. Lutze an 
R. Müller, Hahn-Meitner-Institut Berlin. 

These results are compared with those previously found with the 
Teflon lined autoclaves. The results show that no significant 
difference between the two types of experiments can be detected. 
The maximum deviation of 30% in the case of lithium appears to 
be high, but, as shown in our annual report for 1992, the 
interpretation of the corrosion process is not affected. The 
concentration of boron in solution is a measure of the 
advancement of the corrosion process. This value is in excellent 
agreement with previous results. 
The surface of the corroded glass was examined (Fig.2) by SEM-
EDX. The typical alteration phases (powellite-type, cerianite-
type and Mg,Al,Si-compounds were found in agreement with what 
was found in previously experiments. 
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dissolving some of the CEA R7T7 and comparing the results with 
those given by CEA Marcoule. 
7. A short term corrosion (45 days) experiment was performed at 
190°C with the radioactive CEA R7T7 to test and assure the safe 
functioning of all remotely handled operations before, during 
and after the experiment. This included sampling and analyses of 
the solution, filtering procedures and the recovery of the glass 
powder and sample preparation for SEM-EDX surface analyses. 
8. The corrosion experiments with the longest test duration, 
360, 720 and 800 days, were started for all temperatures, 110°, 
150° and 190°C. 

Progress and results 

CEA R7T7 powder with a grain size fraction of 72 |im to 100 ̂ im, 
average grain size 8 6 Urn, was prepared from the as delivered 
cylindrical glass block (8.6 cm diameter, 11.5 cm length). The 
block was crushed in a 100 kN hydraulic press. The fractured 
material was further treated in a jaw breaker and the resulting 
pieces of glass were milled in a centrifugal mill until small 
enough particles were obtained to provide optimum yield of the 
desired size fraction. Figure 1 shows the mashines used for the 
powder production in the background and the glass, after passing 
through the jaw breaker, in the foreground. 

Figure 1: Jaw breaker (left), centrifugal mill (middle) and 
sieving mashine (right). Powdered CEA R7T7 in the 
foreground. 
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Powdered radioactive CEA R7T7 was dissolved in 1 N HN03 and 
radiochemical analyses were performed. Table 2 contains the 
results. The data are compared with those provided by CEA 
Marcoule. As seen, the agreement between the measurement of the 
two laboraties is good. 

Figure 2: SEM micrograph of inactive glass corroded in soin. 2 
for 45 days at 190°C. Pyramids: powellite-type phase, 
spherical particles: cerianite-type phase, background: 

: Mg,Al,Si-compounds. 

nuclide 
Pu-238 
Pu-239/40 
Np-237 
Np-239 
Am-243 
Cm-24 4 

;" 

KfK 
Bq/mg 
2.4 E5 
4.4 E3 
7.4 EO 
2.7 El 
2.7 El 
7.0 E2 

CEA Marc. 
Bq/mg 
2.4 E6 
2.7 E3 
no value 
no value 
no value 
5.2 E2 

nuclide 
Tc-99 
Cs-134 
Cs-137 
Eu-154 
Eu-155 
Sb-125 
Am-241 
Co-60 

KfK 
Bq/mg 
2.0 El 
2.2 E3 
4.7 E5 
4.1 E3 
1.0 E4 
1.5 E3 
2.1 E4 
1.5 E2 

CEA Marc. 
Bq/mg 

no value 
2.2 E3 
4.7E5 
no value 
no value 
1.9 E3 
2.1 E4 -
1.2 E2 

Table 2 : Specific activity of various radionuclides in CEA R7T7 
glass .(Column 2: determined by a spectrometry; column 
5: determined by y spectrometry. 

In September 1992 all long-term corrosion experiments (360, 720 
and 800 days) were started at 110, 150 and 190°C in the hot 
cell. 
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In order to test all manipulations necessary to successfully 
complete corrosion experiments in the future, a 45 day 
experiment with radioactive glass has been carried out. At the 
end c-f the experiment the following procedure was executed: 
Opening of the autoclave after cooling; immediate measurement of 
pH (result: pH = 3.55), see figure 3, filtration of the leachate 
through a 0.45 |lm filter; fitration of the filtrate through a 
0,18xl0~2 |im filter; measurement of radioactivity for various 
radionuclides in the two filtrates. The results of the activity 
measurements are listed in table 3. The values for Tc and Np are 
still missing. 

Figure 3: Measurement of pH in the radioactive leachate in the 
hot cell. 

filtered 0.45 \lm f i l t e r e d 1.8xE-3 ¡Lm. 

radionuclide Bq/ml norm, mass 
loss [g/m2] 

Bq/ml norm, mass 
loss [q/m2\ 

Co-60 
Cs-134 
Cs-137 
Pu-238 
Pu-239/240 
Am-241 
element(*) 
B 

3 
2 
7 
3 
3, 
3, 

.0 

.7 

.3 

.4 

.8 

.0 

E3 
E4 
E6 
E4 
E2 
E4 

ppm 
1872 ) 

2 
1 
1 
0. 
0, 
0, 

3 
4 
8 
016 
0097 
16 

2 
1 
3, 
1, 
3. 
9, 

.8 

.3 

.2 

.3 

.3 

.3 

E3 
E4 
E6 
E4 
E2 
E3 

4.7 
ppm 

2.1 
0.66 
0.78 
0.006 
0.008 
0.05 

Table 3: Specific activities and normalized mass losses of 
radionuclides measured in the leachate of the 45 day 
corrosion experiment at 190°C before and after 
microfiltration. 
(*) from Table 1 
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The comparison of the normalized mass losses (NL) of the radio
nuclides with that of boron (table 3) shows that only fractions 
of the activities are found in solution, e.g. 40% for Co and 15% 
for Cs (last column). The low NL values for actinoids indicate 
that these elements form insoluble secondary phases. Comparison 
of the third and the last column in table 3 shows that fracions 
of the radioactivity in the leachate can be filtered. The nature 
of radionuclide containing phases is not yet known. Further 
measurements (activities on the filters and on the container 
walls) and SEM/EDX analyses of the particulates are necessary 
before the results can be discussed in detail. 
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Title : Consequences of gas production in geological repositories (PEGASE) 
Contractors : ANDRA, ENRESA, GRS 
Contract No: FI2W/0020 
Duration of contract : 1 August 1991 to 31 July 1994 
Period covered : 1 January 1992 to 31 December 1992 
Proiect leader : S. Voinis (ANDRA Coordinator), M.A. Cunado (ENRESA), 

W. Müller (GRS) 

A. OBJECTIVES AND SCOPE 

This project intends to model the overall impact of gas production in the 
nearfield and in particular on the groundwater flow, the durability of engineered 
barriers and on the radionuclide migration. The wastes forms will include spent 
fuel, vitrified wastes, medium level waste. The different rock formations envisaged 
are granite rock and salt. This project is divided in four stages : 

1. Description of processes 
2. Analyse of gas transport mechanisms 
3. Modelling of the system 
4. Calculations in specific disposal conditions 

B. WORK PROGRAMME 

B.l. Description of processes 

This step will consist in identifying the mechanisms for gas formation in the 
different waste repositories considered in the project scenarios from bibliographic 
or experimental studies and to establish the common data for the development of 
the models and for calculations. Analytical laws will be defined through this study 
to be integrated in the future modelling. 

B.2. Analyse of gas transport mechanisms 

The transport concerns the near-field and the host-rock. A listing of the 
main phenomena will be identified and studied. 

B.3. Modelling of the system 

The modelling will be based on specific developments or on already existing 
models for the different repository conditions considered by each participant. 

B.4. Calculations 

The calculations will be performed for the repository conditions defined by 
the participants. The aim of these calculations is to verify that engineered barriers 
and waste matrix are still playing their safety role in the presence of gas. The other 
aim is to discuss the results and their consequences on the future research. 
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C PROGRESS OF WORK AND OBTAINED RESULTS 

CI . Task 1 

C l . l . Data reference and bibliographic synthesis 
On the basis of an exchange of information; working group 1 

(ANDRA/ENRESA/GRS) created for Task 1 has finished two reports : 

Data reference : the characteristics of wastes, concepts are described in this 
chapter. 
Bibliographic synthesis : a compilation of the description concerning the 

potential gas formation mechanisms is finished. 

This synthesis has been used for the establishment of the gas formation codes. 

C 1.2. Gas formation codes 
Two codes have been developed. The name of the first one is GASFORM 

which has been developed by ENRESA/TNITEC It evaluates the consequences 
associated with the production of gas in underground storage facilities for 
radioactive waste. The model is intended to include spent fuel; glasses, and 
intermediate level wastes. 

The model calculates the gas generation due to the following mechanisms : 
canister corrosion, cladding corrosion, microbial degradation, external radiolysis, 
internal radiolysis, radioactive decay and water vaporization. The scheme in annex 
1 shows the structure of GASFORM code. 

A first application with this code has been made for the ENRESA concepts. 
Preliminary calculations have shown that the generated gas from canister corrosion 
is one order of magnitude greater than that produced by cladding corrosion, two 
orders greater than microbial degradation and three orders greater than radiolysis 
and radioactive decay. The water vaporization is insignificant. This code will be 
coupled with the transport model that will be developed by ANDRA/BERTIN. 

Another code has been developed by GRS. Its name is GABI. GABI's code 
is charged to calculate the gas formation due to the corrosion canister and internal 
radiolysis. Concerning the corrosion, two anaerobic metal corrosion reactions can 
be selected for inner and outer container corrosion. 

In fact, a preliminary evaluation has been made to determine the most 
important phenomena to model. This GABI code will be coupled to the diphasé 
code TOUGH2 or PHOENICS. The scheme in annex 2 presents the results 
obtained with the GABI's code for the GRS concept. 

A first evaluation has been made by ANDRA for the external radiolysis and 
corrosion canister mechanisms. The calculation has been made with analytic 
laws (hand calculations). 

In this next year, a benchmark will be intended to compare essentially the 
GABI and GASFORM codes. Same scenarios and data must be defined. Results 
will be obtained in the middle of 1993. 
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C.2. Gas transport 

C.2.1. Transport in salt 
GRS is studying the coupling between PHOENICS or TOUGH2 to GABI. 

Some tests are necessary to understand well these two transport codes and some 
adaptations are necessary for the GRS concept and scenarios applications. In fact, 
the gas formation in the near-field is not independent of the gas transport. The 
coupling is very important. The limits conditions will be well identified. 

C.2.2. Transport in granit 
A physical analysis has been made to determine the predominant phenomena 

and parameters to be integrated in the global codes. One aspect of the work after 
will be to couple GASFORM to this. The scheme in annex 3 shows the different 
phenomena taken into account in the model. 

Specifications of this code is still to be discussed before doing the informatie 
development. The organisation of the code will be presented in the PEGASUS 
meeting. 
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ANNEX 1 

GAS GENERATION MODEL 
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ANNEX 2 

Accumulated gas volume (mol) 

0,001 
1 101 201 301 401 501 601 701 801 901 
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Tiüe : CHARACTERISTICS OF BITUMIMZED RADIOACTIVE WASTES 
Contractants : CEA/DCC ( Cadamene et Saclay), SCK/MOL, NIRAS-ONDRAF, 
RISO NATIONAL LABORATORY 
Contract n ° : FI2W-CT90- 0025 
Period covered :01-03-92 to 31-12-92 
Project leader : M.BRUNEL, Task leaders : MM.VAN ISEGHEM, DE GOEYSE, 
NOMINE, BRODERSEN 

A.OBJECTIVES AND SCOPE 

The objective of this study is to investigate the leaching behaviour of the bitumen 
encapsulation of representative and homogeneous reprocessing sludges or 
concentrates wastes under geological disposal conditions. 

The influence of the. bitumen matrix and the type of waste treated will be closely 
examinated. 

The present study will include realistic disposal scenarios and comparison of 
Eurobitum and M80/100,M40/50 and MR90/40 will be possible in regards to 
efficiency confinement of radioactivity. 

The tests that should enable us to evaluate encapsulation stability are steady 
leaching tests in different media conditions constitued by water (CEA 
C AD ARACHE and SACLAY), by a cement/clay mixture and clay/clay water 
mixture( SCK MOL and CEA SACLAY) with different size samples from a few 
cm3 to the full size bitumen block. 

Understanding of water uptake in and release of dissolved materials when 
bituminized materials are disposed of under saturated as well as unsaturated 
conditions and quantification of swelling, swelling pressure and leaching phenomena 
are improved by RISØ NATIONAL LABORATORY. 

The small size samples of bituminized coprecipitation sludges will be prepared 
by CEA CADARACHE. 

B. WORK PROGRAMME 

B.l. Sampling 
Samples are taken from an inactive and an active drum or are fabricated in 

suitably equipped shielded cell. The size of the samples is between 20 cm3 and 200 
1. 

B.2. Inactive leaching tests 
Tests are carried out by SCK Mol Laboratory in a cement/clay mixture and a 

clay/clay water mixture, at 23°C and 40CC, for duration until 480 days. Emphasis 
will be on leaching kinetics of inactive waste constituents. 

B.3. Active leaching tests 
Tests are carried out in similar conditions as B.2 (media, temperature, duration) 

by SCK MOL for the small saples (20cm3) and by CEA SACLAY for 200 1, 20 1,2 
1 and 0.2 1 samples. Leaching tests in water will be performed on 0.4 1 samples in 
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static and uncontinuous conditions by CEA CADARACHE and on 200 1,20 1,2 1 
and 0.2 1 for CEA SACLAY. Emphasis will be on leaching processes and kinetics 
of the active waste constituents. 

B4. Migration of water and ions through membranes of bituminized products. 

Uptake of water into bitumenized waste is important for the understanding of the long-
term behaviour of the material. 
Diffusion of tritiated water and 134Cs ions is studied using membranes made from pure 
bitumen, bitumen mixed with crystals of soluble salts such as NaN03 or with insoluble 
sludge particles, for example BaSCy The measurements of the amounts of diffused 
materials are supplemented by measurement of the electrical conductivity over the 
membrane. This gives additional information about the migration mechanisms and the 
quality of the membranes. 

B5. Swelling and swelling pressure. 

Unrestricted swelling, water uptake and Na-leaching from samples of bitumenized 
materials containing soluble salts are followed using a weighing technique and chemical 
analyses of the leachants. The materials are simplified versions of typical waste products. 
This makes it possible to investigate the influence of single parameters such as bitumen 
type, salt content, crystal size, presence of sludge particles, etc. 
Pressure development due to water uptake in confined samples of similar materials is 
also investigated using a technique where swelling caused by water penetrating through 
a cement mortar barrier results in replacement of mercury from a bottom reservoir up 
in a long capillary tube. 

B6. Model describing water uptake and leaching. 

A research model describing the water uptake in bituminized materials containing 
soluble salt has been developed. The dynamics of the swelling and the generation of an 
internal solution-filled pore structure are modelled on the micro scale. Some simplifying 
assumptions about geometry of the system, etc. are made. The water is supposed to be 
transported as vapour through the bitumen films surrounding the crystals. Diffusivities 
for tritiated water obtained in the above-mentioned membrane experiments are utilized. 

C. PROGRESS OF WORK AND OBTAINED RESULTS 

C.l. CEA CADARACHE 
A shielded cell has been prepared for the fabrication of small size active samples. 
This cell is a 30 m3 parallelepiped with a tight 8 m3 tank. It is equipped with 

four remote manipulators and two rectangular observation parts, fitting fpr 
cendrillon type flasks (liquids) and Padirac RD15 type flasks (solids). 
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1992 was devoted to the internal equipment of the cell. The interior equipment 
which will enable us to carry out the coating are: 

- for the synthesis and spiking of the waste: 
The requisite equipment for this operation is a decanting mixer that will allow us 

to fabricate the sludges required for encapsulation using real or spiked effluents; 
means for measuring the chemical oxygen potential, the pH and the dry extract are 
provided. 

- for coprecipitation sludges encapsulation: 
The cell is equipped with a one liter stainless steel mixer with heated double 

casing; it also has a condenser for distillate hold-up during encapsulation and a 
sludge flow valve. All these equipments can be remote operated and both the 
driving and monitoring operations are outside the cell. 

All these equipment are now tested and are ready to work. The fabrication of 
inactive samples will be possible during march 1993 and the fabrication of active 
samples after the inactive fabrication. 

C.2. NIRAS-ONDRAF 
During the first semester of 1992, the full size drums of inactive Eurobitum were 

selected for taking inactive samples. A prototype tube for sampling was developed, 
designed.constructed and tested at SCK/CEN. Tests of sampling on inactive 
Eurobitum waste simulates confirmed that cylindrical Eurobitum samples can be 
taken from drums by core-cutting and by pressing the sampling tube into 
Eurobitum product. • 

During the secondsemester of 1992,a sampling tube for sampling inactive 
Eurobitum samples for leaching tests was costructed. We are considering to patent 
this tube in 1993. 

For the sampling in an active Eurobitum drum, the work began by the selection 
of the drum to be sampled; the concept and the procedure for sampling in regards of 
contraints which not allowed the transfer of this drum in SCK/CEN to be sampled. 
In this new context, the active drum will be sampled at the Eurobitum plant: the 
sampling procedure is now written and the construction of the equipment for 
sampling the active drum at a distance of 4 meters will be elaborated. It will be 
tested on an inactive drum. 

C.3. SCK MOL 
The concept of leaching tests to investigate the behaviour of bituminized 

reprocessing coprecipitation sludges under geological disposal conditions was 
elaborated during the first semester of 1992 and the experimental set up of the leach 
tests is designed. 

The radionuclides which can be used as tracers and with which the active 
bitumen samples will be doped were selected following several criteria which are: 

- the inventory of the radionuclides in the active waste form, 
- the precision and the accuracy with which the concentration of these 

radionuclides can be measured in the leachant, 
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- the importance of the radionuclides in terms of their mobility in the Boom clay 
layer (data from performance assessment studies for the Boom Clay Formation 
under the Mol site), 

- radiation protection regulations and safety limitations during the leaching tests. 

Leach tests on inactive and active CEA bitumen will start at SCK/CEN as soon the 
bitumen samples are available. 

C.4. CEA SACLAY 
During 1992,leaching tests on several species of bituminized waste form have 

been undertaken in the leaching facility of CEA in SACLAY. 
In one way, the preparation of different samples which size are respectively 0.2, 

2, 20, and 200 liters have been fabricated to start a leaching scale effect study. 
In another hand, M80/100 bitumen samples have been prepared. 
The first three months results for scale effect are available : for the 137 Cs, it 

has been seen that there is probably not a scale effect when changing the size 
sample; the preliminary conclusion will be probably not the same for the 60Co. but, 
tests are continuing to confirm these conclusions. 

C.5. RISO NATIONAL LABORATORY 

Eight membrane experiments have been made, but so far results are only 
available for the first four. Three types of French bitumens (Mexphalt 40/50, 80/100 and 
R90/40) were employed. The diffusivities for water were found to agree with previous 
measurements. There was not much difference between the three types of bitumen, nor 
were there any large effects of the presence of soluble salt crystals. 

Eight samples made from the same three bitumens mixed with 20 or 10 weight% 
NaN03 crystals (and 30 % BaS04 in the last four) were studied using the unrestricted 
swelling technique. The swelling rates were low as found previously for similar materials. 
An interpretation model for the results have been made. An example of the output is 
shown in Fig. 1 illustrating the swelling and water penetration. The pore structure 
developing below the surface is divided into two layers, an upper one with open water-
filled pores from which the NaN03 is leached, and a lower one where water is present 
in droplets of saturated sodium nitrate solution. The modest rate of swelling is partly 
compensated by a simultaneous contraction which probably is caused by out-diffusion of 
air trapped during casting of the sample. If the contraction had not occured the swelling 
would have followed the upper curve marked sw. 

Six samples of similar materials are studied using the confined sample technique. 
All had developed a certain pressure, up to 1.9 bar for the highest one. The systems are 
somewhat difficult to set up, but otherwise the principle is well suited for the purpose. 
It should be stressed that the pressure is not hydrostatic but an internal osmotic pressure 
due to the fact that the water uptake is faster than the leaching of ions from the samples. 
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